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ABSTRACT 

HADRON - NUCLEUS SCATTERING AT 70, 125, AND 175 GEV/C 

AND 

A HIGH STATISTICS STUDY OF HADRON - PROTON 

ELASTIC SCATTERING AT 200 GEV/C 

Alan Michael Schiz 

Yale University 

1979 

Results of two studies of small angle elastic 

scattering are presented. The first experiment measured 

hadron-nucleus elastic scattering at 70, ·125, 175 GeV/c 

incident momentum. The second experiment is a high 

statistics study of hadron-proton elastic scatterin3 at 

200 GeV/c incident momentum. 

Hadron-nucleus elastic scattering was measured for 

n±, K±, p, and p scatterinq from Be, C, Al, Cu, Sn, and 

Pb targets at .incident beam momenta of 70 and 175 GeV/c 

and for n+, K+, and p scattering from Be, Al, and Pb 

targets at an incident beam momentum of 125 GeV/c. In 

all cases the minimum -t is 0.001 (GeV/c) 2 ; the maximum 

-t is 0.07, 0.16. 0.30 (GeV/c) 2 for incident beam 

momenta of 70, 125, 175 GeV/c respectively. 

Parameterizations of the differential cross section, 



do/dt, in the forward direction are presented. 

Elastic scattering for TI-p, TI+p, and pp reactions 

was measured at an incident momentum of 200 GeV/c in the 

region of 0.021<-t<0.665 (GeV/c) 2 • The data are 

sufficiently precise to allow an investigation of the t 

dependence of the logarithmic forward slope, b = 
d/dt(ln(do/dt)]. Significant t dependence of bis 

observed. The data are also used to test bounds on the 

elastic scattering amplitude and fit to functional forms 

for do/dt suggested by the Additive Quark Model. 

The apparatus was a high resolution single arm 

forward spectr~meter located in the Meson Laboratory at 

Fermilab. It measured scattering angles up to 4 mrad 

and four momentum tranferred squared, t, down to -0.001 

(GeV/c) 2 for incident momentum up to 200 GeV/c. The x 

(=p measured/p beam> acceptance was from 0.85 to 1.0. 

The trajectories of the incident projectile and the fast 

forward secondary were measured using proportional wire 

chambers. This information was used to reconstruct the 

event and to check if an elastic scatter occurred: no 

information was used concerning the recoil target 

particle. The incident beam momentum was determined to 

0.03% (~p/p:o): the outgoing momentum of the scattered 

particle was determined to 0.1% (~p/p:o). Four Cerenkov 

counters simultaneously identified pions, kaons, 



protons, and antiprotons in the beam. 
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CHAPTEH l 

INT~ODUCTIO~ 

Measurements of hadron-nucleus and nadron-proton 

elastic scattering are fundamental. Tne distribution int, 

four momentum transferred squared, for elastic scatterin3 

provides information about the character of the stron1 

interactions. This study presents data taken at Ferrnilaj 

for both hadron-nucleus and hadron-proton elastic 

scattering. 

The hadron-nucleus elastic scatterin~ data, in addition 

to testing theoretical approaches 1 · 111 · 2 to tne scatterin~ 

process, also provide valuable engineering information tnat 

will aid in the design of ni3n energy experiments. while 

data exist for nadron-nucleus elastic scatterin3 al 20 - 30 

Gevl.3,1. 4 and at 40 Gev1 · 5 , there are no comoara~le 

published measurements at higher energies for nuclear 

targets heavier than helium 1 • 6 • These data taken at 

Fermilab fill that void. 

Specifically the reactions studied are n±, K± , p, and 

p scattering from Be, C, Al, Cu, Sn, and Po targets at 

incident beam momenta of 70 and 175 GeV/c and wt K+, and p 

1 



scattering from Be, Al, and Po targets at an incident bea~ 

momentum of 125 GeV/c. Tne t range covered varied with tne 

incident momentum. In all cases the minimum -t is 0.001 

(GeV/c) 2 ; the maximum-tis 0.05, 0.15, and 0.30 (GeV/c)2 

for incident beam momenta of 7~, 125, and 175 GeV/c 

respectively. 

Parameterizations of dcr/dt in the very forward t region 

(0.001<-t<0.030 (GeV/c) 2) will be presented. Hadron-nucleus 

scattering is concentrated in the forward direction; 

therefor.~, this forward t region represents the bulk of tne 

elastic scattering cross section. This is especially true 

as the atomic number of the nuclear target increases. It is 

important to note that the experimental elastic scallerin~ 

data include both interactions which leave tne target 

nucleus in its ground state (coherent elastic scattering) 

and interactions which excite or break up the target nucleus 

(quasielastic scattering). 

As mentioned above, the dcr/dt distribution for 

hadron-proton elastic scattering provides information about 

the nature of the strong interactions. In an optical model 

this distribution is dependent on the interacting pa!icles· 

sizes and opacities. In a Regge model this distribution is 

dependent on the structure of the Pomeron and of any other 

exchanges which contribute to elastic scattering. 
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Data tram early experiments 1 · 7 at -t<0.8 (GeV/c)2 ana 

at moderate energies (5 to 3~ GeV) were fit with a simple 

ex?onentiaJ function of t: 

do/dt = Aexp(bl) ( 1.1) 

where bis a constant. However later results at 

Fermilabl.B,l. 9 , SLAc 1 · 10 , and the ISR1 • 11 show a more 

complicated t depenjence of dcr/dt. An exponential with a 

quadratic term (where b and c are constants) 

jcr/dt = Aexp(ot+ct 2) ( 1. 2) 

gives a good representation of the data taken with Dea~ 

energies between 50 and 175 Gev1 · 8 in the intermediate t 

region (0.05<-t<l.U (GeV/c) 2). Very precise data at 10 and 

14 GeV from SLAc 1 •10 show an even more complicated t 

dependence, while the ISR1 •11 results suggest a break in the 

t distribution for proton proton scattering. Finally data 

from the CERN SPS l.l2 on the lo·3arithmic forward slope. in 

the small t region (-t<0.05 (GeV/c)2) are inconsistent with 

-----------------------

3 



extrapolated values of the slope as derived from data in 

the intermediate t region. 

The present study concerns n-p, n+p, and pp elastic 

scattering at 200 GeV/c incident momentum. The t range is 

from -0.021 to -0.665 (GeV/c) 2 (scattering an3les from 

"-'0.7 to 4.0 mrad). Thus in a single experiment, dcr/dt is 

measured over the small to intermediate t range. The 

apparatus was configured such that at the maximum t that 

was accepted, the data had good statistics. Therefore 

these data are refer red to as the "high - t data·•. 

The large number of events involved in this study 

allow a detailed analysis of the elastic scattering t 

distributions. The t dependence of logarithmic slope, 

b(t), will be presented where 

b (t) = d/dt [ln (d o/dt)) ( l. 3) 

The 11 b(t) ·• in Eq. 1.3 is not to be confused with the ''b'' 

used in Eqns. 1.1 and 1.2. 

The data are also used to test bounds on the elastic 

scattering amplitudel.13,l.l 4 and fit to functional forms 

suggested by the Additive Quark Model. 

4 



CHAPTER 2 

EXPERIMENTAL APPARATUS 

A. Introduction 

The apparatus used in this experiment was a single 

arm forward spect~ometer. The momentum and trajectory 

of the incident particle and of a single fast forward 

secondary were measured. A diagram of tne apparatus is 

shown in Figure 2.1. Table 2.1 gives the distances of 

some of tne major elements along the oeam line. 

The momentum of the incoming particle was 

determined to ~.03% (6p/p:o) by a proportional wire 

chamber (PWC) located at a momentum dispersed focus of 

the beam. Four Cerenkov counters simultaneously 

identified oions, kaons, and protons. 

The angle of the scattered outgoing particle was 

measured to 30 rad (o) by four stations of high 

resolution p~o~ortional wire chambers placed on either 

side of the target. For stability these cnambers were 

mounted on a 20 ton reinforced concrete block. 

A magnetic spectrometer, consisting of two dipole 

magnets and a station of PwCs, was localed just 

downstream of the concrete block. The spectrometer 

5 
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TABLE 2.l 

Layout of Apparatus 

The trajectory of an on-axis on-momentum unscattercd 
beam ~article is as follows (not to scale) : 

tt\r~d .-----
,Co nc.C"e,. \e. 

/ ! 8\ac;,K 
0 - - - -

The following elements are measured with respect to upstreatu 
end of concrete block (pt.O) 

Element 

High Resolution PWCl 

Eigh Re:sol u ti on PWC2 

Hi9"1 Res~lutio:l PWC3 

high Re~olution PWC4 
a Magnet 1 Entrance 

a Magr.et 2 Entrance 

Bend Point, P 
Magnet 2 Entrancea 

Magnet 2 Exita 

Z (cm) 

23.18 

373.38 

625.12 

1075.04 

1122.67 

1729.68 

1751. 90 

1774~12 

2380.91 

The f.ollowinq elements are measured along PR wi t~h respect. 
to the bend point P: 

Element 

PWC5b 

Veto Plane 

PWC6 

Z (cm) 

674.92 

705.47 
3640.14 

•Refers to Z of center of aperture as projected onto 
unbent beam line 

bThese cha.IDbers (an x and y) were tilted 8.477° with respect 
to line PR 
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measured the momentum of the outgoing particle to ~.1% 

(~p/p:cr). The current in the ma1nels was scaled with 

momentum such lhal the bend angle of the spectrometer 

for unscattered particles was 34 ~rad. Muons and 

electrons were identified 01 an iro~-scinli11ato~ 

calorimeter and 3 lead-scintillator shower calorimeter, 

respectively. 

The various elements are now descrioej in ~o~e 

detai1 2 · 1 . 

a. Bea;n 

The experiment was performed in lne M6 west beam 

line 2 • 2 in the Meson Lab at Fermila~. The beam 

oroperties are summarized in Taole 2.2. 

The beam had three sta3es, each with point to 

oa~aJJel to ooinl optics as shown in Figure 2.2. Th~ 

momentum spread (maximum ±!%) was selected via a 

horizontal collimator at the first focus. A PvvC with 

l mm wire spacing located at the second focus measured 

tne momentum of tne incomin.j particle. 

Two scintillation counters, SA ana Sci, intercepted 

the entire beam at the second focus. Together with four 

other remotely controlled counters, E, w, U, D, which 

8 



TABLE 2.2 

M6\\' Beam Line Characteristics 

Production Target Size 
for this experiment 

Production Angle 

Lab Angle 

Momentum Range 

Solid Angle 

Angular Acceptance 

Momentum Bite 

Dispersion 1st focus 

2nd focus 

width 
height 
length 

6p 

8 v 
eh 

10-200 GeV I c 

Afl 

AOh 
AB ·v 

Ap/p 

Ax 
Ap/p 

·AX 
Ap/p 

Properties at 3rd focus 

horizontal magnification 

vertical magnification· 

horizontal divergence 

vertical divergence 

1 nun 
1 mrn 
20 .. 3 cm 

2, 'I mr 

1. 0 mr 

2. 5 mr 

1 .. 34 µsr 

::1:0. 56 inr 

:1:0. 76 mr 

:t:O. 014% to 1. 0% 

6. 30 cm/% 

3,, 48 cm/o/o 

1. 5 

1. 3 

:1:0. 36 mr 

:1:0. 67 mr 
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formed a variable sized hole velo, these counters 

defined an upstream aperture. Further downstream, two 

other scintillation counters, Hl and H2, both with 7.6 

diameter holes, rejected particles with improper 

trajectories. 

Four Cerenkov counters simultaneously identified 

pions, kaons, and protons. The properties of these 

counters are given in Table 2.3. The upstrea~ 

counters, M6Kl and M6K2 2 · 3 , were used as threshold 

counters to identify pions. M6K3 2 • 4 and M6K4 2 • 5 were 

dif ferentia1 counters used to identity kaons and protons 

respectively. Figures 2.3 and 2.4 show typical pressure 

curves for these counters; Figure 2.5 shows the beam 

composition at the target as a function of beam 

momentum. 

At the third focus the bea~ was reco~bined in ~oth 

space and momentum. Here the beam was focused on a very 

small scintillation counter, Vl. For the high-t data an 

additional jaw shaped counter, V2, was inserted. ·rhese 

counters are described in more detail below. 

c. Detectors and Targets 

1. Scintillation Counters 

11 



TABLE 2.3 

Cerenkov Counters 

Number & Type Annulus Gas and Pressure, 
Name Type Length of Phototubes Angle 200 GeV 

l\'161<1 Threshold 29.3 m 2 RCA 31000 M He o. 54 psia 

MGK2 Threshold 18. 3 m 1 RCA 31000 M He 1. 6 psia 

M6K3 Differential 13.7 m 3 RCA 31000 M 10 mr He 28. 2 psia 

~I6K3 Differential 5. 8 m 8 Phillips 5 6 DVP 24. 5 mr He 156 psia 
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Bl, B2, VHl, Vrl2, Vrl3, and S in Figure 2.1 are 

scintillation counters. Tneir dimensions are given in 

Table 2.4. Bl and 82 defined the beam, while VHl was a 

hole veto that removed oeam halo. VH2 and VH3 will oe 

described later. S subtended the fuJJ apertu:e at tne 

downstrea~ enj of the apoaratus. 

Vl and V2 were, as mentioned above, pJaced at the 

third focus. They were used in the trigger for 

scattered particles. Several different sizes of Vl were 

used depending on the incident beam momentum: Taole 2.5 

gives the various sizes. Vl was viewed via an air light 

guide and was located in an aluminum foil coated 

oox. ~ne assemoly is shown in Figure 2.6 V~ was a 

jaw shaped counter and is shown in Figure 2.7. Fi9ure 

2.8 shows the relative placement of the two vetoes (and 

also the last magnet aperture projected to the veto 

plane). A more complete description of the use of Vl 

and V2 appears in the next chapter. 

2. Targets 

For the high-t running a liquid nyjrogen (Ld 2) 

target, 52.7 cm long, 4.4 cm. in diameter, was used. Tne 

vacuum windows were extended to just downstream of 

PWC Station 2 and just upstream of 

PWC Station 3. Figure 2.9 shows the hydrogen target. 

16 



TABLE 2.4 

SCINTILLATION COUMTER CHARACTERISTICS 

Counter 

Bl 

B2 

s 

VHl 

VHJ 

Horizontal 
(cm) 

1.91 

2.54 

30.48 

10.16 

12.7 

JS.56 

DIMENSIONS 

Vertical 
(cm) 

2.22 

2.38 

15.24 

10.16 

Thickness 
(cm) 

.16 

.16 

.64 

.16 

outer diameter .95 

41.91 .64 

8ve2 was a circular counter 

Hole 
Dimensions 

(if applicable) 

3 x Jcm square 
(4.lJcm from lower edqe 
J.Blcrn from vertical 
edge) 

2.54cm diameter (centered 
on scintillator center) 

3 .. 8lcm diameter: 

Phototube 

Amperex 2• 
56 DVP 

• 
.. 

.. 

• 

(19 .. 0Scm from lower edge: 
17.78cm from vertical edge) ~ 



Momentum 
(GeV/c) 

±70 

±125 

±175 

±200 

TABLE 2.5 

Vl SIZESa 

Horizontal Vertical 
(mm) (mm) 

20.25 4.90 

20e00 4.00 

20.~5 2.52 

20.15 2.52 

Thickness 
(mm) 

10.32 

l.0.32 

10.18 

10.18 

aVl was coupled to an Amperex 2" 56DVP Phototube. 

(14 Stage/K-Cs-Sn Photocathode) 

18 
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The hydrogen pressure was ke~t at 15.5±0.5 

psia; since gas and liquid were in equlibrium, the 

density of tne liquid nydrogen can be computed from its 

known thermodynamic properties. For tne data analysis a 

value of ~.07~5±~.0a gm/cffi 3 ~as used. Two sets ot 

carbon resistors in tne liquid nydro3en monitored lhe 

liquid level. The target was emptied oy usin~ a small 

heal leak into the target to drive the hydrogen into the 

reservoir. The hydrogen gas density is estimated to 

vary from 4.4xl0- 4 to 0.9xl0- 4 ~m/cm 3 . 

The nuclear targets were sized to give 

ap9roximately the same multiple scattering as the LH 2 

target. Tnis choice had the consequence that tne 

quantity "Length I Interaction Len·3th" decreased with 

increasing atomic number, giving more oackground to tne 

scattering. However tne angular resolution of the 

apparatus re~ained the same for all ele~ents. Tne 

target dimensions are given in Table 2.6. 

The nuclear targets were placed in a three piece 

aluminum vacuum can which in turn was mounted to the 

recoil detector (described in the next section). The 

pieces were joined by quick disconnect flanges for easy 

substitution of the targets. Each nuclear target was 

placed in its own holder and precision positioned by a 

31.2 cm long mylar tube to a precision of 1 mm. The 



TABLE 2 .. 6 

Nuclear Target Parameters 

Radiation 
A Diameter Length Densitl Length.

2
LR 

L/LR Target z (amu) (cm) (cm) (g/cm ) (g/cm ) 

Be 4 9. 01 5.40 1.600 1. 85 65. 19 0.045 

c 6 12.01 5.73 1.259 1. 64 42.70 0.048 

Al 18 26.9S 6.02 0.401 2. 73 24.01 0.04& 

Cu 29 63.55 6.32 0.080 8. 96 12.86 0.056 

Sn 50 118.69 6.32 0.084 7 .. 31 8 .. 82 o .. 070 

Pb 82 207.19 6.63 o. 026 11. 35 6. 37 0.046 



vacuum can and nolder are shown in Figures 2.1~ and 

2.11. 

3. Recoil Detector 2 • 6 

An assemoly called the recoil detector, consisting 

of four u-shaped scintillation counters, was centered 

around the target. Its function was to help separate 

elastic from inelastic events. Figure 2.12 snows tne 

assembly. Tne outer two counters, RVl and RV2, are 1 cm 

thick and 40.64 cm along the beam. A 1 cm thick lead 

plate was sandwiched between them, and this combination 

was used to detect gamma rays from neutral pions 

produced in inelastic collisions. A proton needed a 

kinetic energy of at least 15~ Mev (correspondin~ for 

elastic scattering to a -t, four momentum transferred 

squared, of .281 (GeV/c)~) to reach RV2. Tne remainin~ 

parts of the detector were not used in tnis experiment. 

4. Electron Scattering Rejection 

To reject scatters off of electrons in the target, 

two hole veto scintillation counters, VH2 and VH3, were 

used. These counters are located immediately upstream 

of PWC station 3: Table 2.4 gives their 

dimensions. The upstream counter had a 3.d cm diameter 

hole cut 19.05 cm from the lower edge and 17.78 cm from 

25 
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the vertical edges. Its upstream face was covered oy a 

1 cm lead sheet lo detect gamma rays from neutral pion 

decay. 

Tne downstream counter of the pair was circular 

witn an outer diameter of 12.7 cm and an inne·r hole 

diameter of 2.5 cm. 

5. Proportional Wire Cnambers (PwCs} 

All track measurements were done by PwCs. In 

addition to the momentum tagging chamber at the second 

focus, there were six sets or stations of PWCs. 

2.7 summarizes these chambe:s· characteristics. 

Stations 1 through 4 consisted of nigh 

Taole 

pressure, high resolution chambers 2 · 7 (7~ µ~ (o) spatial 

resolution) whicn measured the scattering angle. Tnese 

stations measured tracks in the x (horizontal) and 

y (vertical) directions. Station 3 also measured along 

the u and v directions (rotated from the horizontal 45 

and 135 degrees respectively). 

Stations 1 to 4 consisted of PWC doublets with an 

effective wire spacing of 200 µm anj an active area 3 cm 

in diameter. Each PWC singlet had a wire spacing of 40~ 

µm amd were assembled into pairs offset by half a wire 

spacing. This assembled staggered pair is called a 
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Chamber 

Momentum Taq9in9 

High nesolutionb 
PWC'g 
(Station 1-4) 

Station 5 
(x, y) 

Station 6c 

TABLE 2.7 

PROPORTiotll\L WIRE CUJ\MBER CHJ\MCTERIS'T.'!CS 

High Voltago 
Plane 

25\lm Al Foil 

25\Jm Al Foil 

25um Al Poil 

75um cu Wire 

S!gnd 
Wire 

25icm W 

Murnber 
of Wire_~ 

64 

Sµ Tungsten 76 
@ 4. 6gm 
Teno ion 

25\Jm W 32 

25\Jm W 160 

Wire 
Sp~=inq 

(mr.i) 

l 

0.4 

l.5 

2.0 

4 01stanee between ground plane and s!9n8l plane. 

8 

Window 
She 

8.2cm diameter 

1 Jcm diameter 
activa area 

8 10.2cm diameter 

l.GS 17.8 x-35.6cm 
rectangle 

boata 9iven for sinqle plane. Chambers composed of doublet comprised ~f 
tvo sinqlcts off9ct by 200µ and aeparated by J.8cm. 

coata 91vcn !or oin9lc plane. Chambor had two plan~s of!sct by lm.~. 
w 
0 



ArCOa , Flowed 
at .1-.21/min. 

75\ Ar., 24.6' 
Isobutane, 
.4' Freon at 
SOpsi (Not Flowed) 

ArCOz 
Flowed at 
.1-.21/min. 

ArC02 1 Flowed 
at .21/min. 

TADLE 2.7 (CONT.) 

PROPORTIONAL WIRE CHAM.DER CHARACTERISTICS (CONT .. ) 

Chamber 

Momentum 
Taqqinq 

High Resolu
tion PWC'a 
(Stations 1-4) 

Station 5 
(x, y) . 

Station 6 

Operatinq 
Voltage 

(kV) 

3.9 

3.0 

2.9 

2.9 

Output 
Signal Size 

lmv into lkn 

Time 
Resolution 
_<..._n_s....,) __ 

7 

w ,_, 



douolet. Tne signals from the two singlet planes were 

interleaved oy a special connector before being read 

inlo the online computer. The gas (75% argon, 25% 

isobutane, 0.4% freon at 50 psia) was not 

circulated: indeed the same volume of gas was used for 

months at a lime. Each singlet had a~ efficiency of 

99±1%. 

Station 5, consisting of 1.5 mm wire spacing x and 

y chambers, was located just do~nstream of the 

spectrometer magnets. These were used primarily for 

online monitoring of beam position and size at the third 

focus. Station 6, located at the end of the experiment, 

consisted of a pair of 2 mm wire spacing chamoers 

stag3ered oy 1 mm to obtain an effective l mm wire 

spacing. Stations 3, 4, and 6 measured lt.e momentum ot 

the scattered track. 

The chamber data was encoded oef ore being read into 

the online computer. A block diagram of the readout is 

shown in Figure 2.13. A signal from the fast logic 

called the COINCIDENCE GATE was needed in order lo read 

the PWC information into the online computer. More 

details on the fast logic are presented in the next 

chapter. The details of the readout system are 

described in references 2.1 and 2.8. 
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6. Muon and Electron Calorimeters 

Electrons were identified oy a lead-scintillator 

sandwich counter: muons by a iron-scintillator sandwich 

counter. Table 2.8 gives these counters· 

characteristics: Figure 2.14 shows the relative 

orientation of the counters. 

The horizontal spatial dependence of the electron 

counter response was tested by moving the bea~ 13 cm 

left and right from the center of the counter. The 

response in either pnototube changed oy over 5~% over 

tnis :an9e, out tne sum of their signals was constant to 

2.5%. Plots of lne summed pulse hei9hts from tne two 

electron calorimeter phototubes and from tne two muon 

calorimeter phototubes are snown in Figure 2.15 and 

2.16, respectively. Tnese plots are for unscallered 

pions and protons at 50 GeV/c. Clearly a single cul on 

the summed muon pulse neight (pulse height must be 

greater than that corresponding to the arrow in Fig. 

2.16) removes both electrons and muons. This is the 

case because electrons lost all their energy in the 

electron calorimeter. Thus for events ~here the 

incident projectile was an electron, the pulse heignt 

from the muon calorimeter was approximately zero. The 

electron signal is approximately 2.5% of the incident 

pions. At 7~ GeV/c tne percentage of incident electrons 
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TABLE 2.8 

Electron and Muon Detectors 

Detector Construction Size Phototubes 

Electron 15 - O. 25" Pb a. o" v 2 -RCA4522 
sheets intar- 15.75" H 4" Tubes 
leaved with 
14 - o. 25" 
scintillation 
sheets 

Muon 13 - 1. 511 Fe 22. o" v 2 - Philips 
sheets inter- 39.0" H 56 DVP 
leaved with 2" Tubes 
14 - o. 25" 
scintillation 
sheets 

a In the absorption length the elastic 
s~attering is subtracted. 

Radiation 
Lengths 

17. 2 

2~.3 

Absorption 
a Lengths 

0.61 

3.03 

w 
U1 
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to incident pions is less than 2.0%; for 10~ GeV/c and 

above tnis percentage is less tnan 0.1%. 

D. Spectrometer Magnets 

The two spectrometer magnets were identical in 

design to Fermila~ main ring 82 dipoles 2 • 9 . Tney had a 

5 cm vertical by 10 cm horizontal apertu:e and a 

magnetic len3th, /B•dl/8center' of 6.07 meters. In 

order to maximize the acceptance the upstream magnet was 

tilted 12.282 mrad with respect to the unbent 

beamline: the downstream magnet 29.9~0 mrad. Their net 

effect was to bend an unscattered oeam particle ny an 

angle of 34.12 mrad. A 67~.5 cm by 1 cm wide single 

turn flip coil and a precision charge digitizer were 

used to map the field as a function of x (horizontal) 

and y (vertical) to an accuracy of ±0.01%. The upstream 

ma3net had a maximum x and y variation over the physical 

volume of 0.02% and ~.04% respectively. The downstream 

maqnet had no measurable y variation and a x variation 

of 0.01%. 

During the experiment the currents in both the 

upstream bending magnets and in the spectrometer magnets 

were monitored by NMR probes located in ~.91 m monitor 

magnets placed in series with each magnet string. The 
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NMRs had a 0.1% full scaJe reading; the magnetic fields 

were maintained to 0.03% (l\B/B; a). 
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CHAPTER 3 

DATA ACQUISITION 

A. Introduction 

The data collection logic involved a two-level 

trigger. Tne first level used the scintillation 

counters in the experiment to provide a fast trig3er. 

Tne second level acted on those events that passed tne 

first level and used an analog device called the 

HAHDWARE SCATTEH FOCUS DETECTOR (HSFD)3.l. 

The three basic trigger types defined ~y the data 

acquisition logic were SCATTE~, BEAM, and PSACVT. The 

SCATTER trigger (60% of the data) defined a single 

incident oarticle that scattered in tne target region al 

a -t greater than 0.0~1 (GeV/c) 2 and produced a fast 

forward secondary that traversed the rest of the 

apparatus. The BEAM trigger (35% of tne data) was a 

sample of incident beam particles that fulfilled certain 

criteria upstream of the target. This trigger had no 

requirements downstream of tne target. Tne third 

trigger type, PSACVT, was used to study the systematics 

of the HSFD. 
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B. Scintillation 'l'rig3ers 

The first part of the various scintillation 

trigqers involved the scintillation and Cerenkov 

counters u~stream of the concrete block. Figure 3.1 

shows these elements. 

All triggers required a signal from JV and from C~G 

where 

H = D+UHHE 

CTG = Kaon+~ion+Proton 

The counters D, U, ~, B were described in lhe last 

chaoter. A signal from JV irnnlied the bea~ particle nad 

a co~recl trajectory. A signal from CTG implied 

oositive ?article identification. Tne signals from the 

various Cerenkov counters were scaled (oy anywhere fro~ 

a factor of 1 to 2-1 6 ). 

Figure 3.2 exhibits the remaining part of tne 

scintillation trigger system. A TAGdM trigger is 

defined as 

TAGBM = Bl•B2•VHl•Beam Rationer•JV•CTG 

The beam rationer was formed from signals from 91 and 
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:eiected incident particles within 4~J nsec of another 

particle. Figure 3.3 shows the rationer lo~ic in 

detail. A certain number of TA~dM triggers were 

reco~d~J ~y the o~1ine computer (reqardJess of the 

particle's su~sequent history) for 

normalization, alignment, and studies ot possiole 

systematic errors. Tnese recorded XAGB~ triggers are 

known as BEAM. 

~ne following is the scintillation trig3er for a 

scatter: 

FACEV£ = TAGBM~·PWCFOR·~ 

S was the large scintillate: tnal covered the mosl 

downstream aperture. A siqnal fro~ s implies the fast 

forward particle nad traversed the entire spectrometer. 

V meant tnat tne particle missed the vetoes at the 

third focus. For the nuclear target running only Vl was 

used: for tne nign-t running Vl was in conjunction witn 

tne jaw shaped veto V2. 

P~CFOR used the information from tne PWCs on the 

block. It required the x and y chamoers of Stations l 

and 2 to have one and only one coordinate: in addition 

the x and y cha~bers of Station 4 had to give a signal. 
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It took approximately 40J nsec for this first level 

of the trigger to make its decision. 
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C. Second Level ~rig~er: Hard~are Scatter/Focus Detector 

For tnis experiment a purely scintillation trig32r 

for scattered particles was inadequate. Because of 

multiple scattering uostrea~ of the target at oest only 

93% of the unscattered bea~ could oe focused onto Vl 

(the small veto scintillation counter at the third 

focus). Since the signal was less than 0.5% of the bea~ 

rate, this 10% beam halo would ~ave saturated the online 

comouter data handling capability unless additional 

ste?S were taken. Tne solution was a second level slow 

trig~er called the HARD~ARB SCATTER FOCUS DETEC~O~ 

(HSFD) whicn made use of information from the PhCS o~ 

the concrete block. A FACBVr triy]er nad to oass tne 

HSFD test before oeing written on ~agnetic tape. 

This second level trigger was an analo~ system 

which used the information from the hign resolution PwCs 

to perform two calculations in parallel. Figures 3.4 to 

3.6 schematically present these calculations wnich were 

made in both the x (horizontal) and y (vertical) planes. 
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In the first calculation tne incident trajectory 

was projectej to the veto plane. It lne horizontal 

(vertical) projection was inside a preset window, HFDX 

( BF DY ) w a s s e t t r u e . 'f n i s pr o c e 5 s s e 1 e c led t hose 

particles in the incident beam phase space tnat would 

nave struck tne veto if they were not scattered. In 

this mode tne analog system is caJled the 

Hardware Focus Detector (HFD) . 

In the second calculation the incident trajectory 

was projected to PWC Station 4 (most downstream PAC on 

the concrete block). If the orojected coordinate and 

the actuai coordinate differed ~y more than a fixed 

amount in the x (y) planes, then HSOX {HSDY) was set 

true. Tne preset amount corres~onded to a t ot 

app:oximateJy -~.0Jl (GeV/c) 2 . In tnis mode tne analo~ 

system is called the Hard"7are .Scatter Detecto: (ti.:30). 

Tne scatter triqger is then 

SCATTBR = FACEVT•{HFDX•HFDY) •(HSDX+HSDY) 

The results of the HFD and HSD calculations were 

recorded in analog to digital converters (ADCs). In 

order to study the effecl of the HSFD, a prescaled 
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number of FAC£VT triggers were accepted without the 

processor reguire~ent. These events are called 

PHESCALED ACCEPTED EViNfS (PSACV~). 

Figures 3.7 and 3.8 snow tne results ot tne HaFo 

operation. 

shaded area 

Fi~ure 3.9 presents a sample of PSACVT: 

are those PSACVT rejected oy the HSFD. 

The HSF0 took approximalely 5 µsec to make its 

decision. 

D. Online Computer 

tne 

A PDPlS/40 3 · 2 recordej the data and monitored tne 

a9paratus performance. The online pro~ran was designed 

primarily tor spee~ in jata acquisition anJ c0~ld read 

up to 80~ events per one second spiJJ. £wo factors were 

instrumental in achievinj tnis ni~~ rate. 

First an economical event format was implemented. 

An event generated about 30 18-bit words: about 2~ words 

for the partially encoded PWC hit locations (2003 wires 

in 16 chambers), 2 words of latch information, and 6 

words with 2 ADCs per word. Secondly a double bufferin~ 

scheme was used. During the spill as one ouffer filled 

with events, the other was written onto the disk within 

the PDP15. Between spills these records were 
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are those events rejected by HSD. 
HSD was set not to reject any 
triggers with a q greater than that 
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transferred from the disk to ma3netic tape via tne same 

ouffers. 'l'ne online monitor1n.3 was performed wnile tne 

events were in lnese buffers. 

All intormation was transferred to anj from the 

computer via CAMAC moduJes. Tne P~C encoded 

information (giving the chamber and wire activated) was 

stored in special word buffers before oein3 accepteJ by 

lhe co~puter. Tnese word ouffers had a special outout 

in order to input the necessary information to the HFSD. 

Stanjard CAMAC modules were used for scale:, 512 chan~el 

ADC, and latch information. In addition the comouter 

read in periodically from a scanning digital 

v~ltmeter (DVM) values of various phototu~e voltages and 

of lne Lrl 2 resistors. Finally tnere existed a system of 

··sta:1J-alone·· scalers w:-iicn were independent of the 

PuPlS. Tnese scalers served as dia~nostics to insure 

the ap~aratus was funclionin9 correctly. 

Besides recording the data, the PDP15 monitored the 

status of the a?paratus. Histograms and scattergrams of 

a variety of quantities could De produced. Some of the 

more relevant ones were 

1. PWC wire map distributions to give information 

concerning chamber efficiency and the beam 

tune. 

56 



2. ADC pulse height distrioutions. 

3. Scintillation counter Jatcn intormation lo 

delecl failures in lhe fast logic. 

These histograms were made on an event by event basis. 

Tables 3.1 and 3.2 give a list of latch and ADC 

i~formation written for each event onto magnetic la~e. 

Tne online computer could write a triqger onto 

magnetic tape in approximately 1 msec. 

Du:inJ the time a decision was oeing ~ade to reaj 

in a trig3er (e.g. by the HSFD), the loqic would not 

accept new events. The logic to accomplish this anj to 

reactivate tne apparatus is shown in Figure 3.10. PT~IG 

initiated the process that deactivated the 

equioment: note that a FACeVT, PSACVT, or BEAM activated 

PTRIG. BEAM and PSACVT a]so activated FTRIG which 

started the process such that an event could oe read in 

regardless of the result of the HFSD test. After a 

trigger was rejected, an event read into the PDP15, or a 

new spill occurred, the PWC word buffers, ADCs, latches, 
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TABLE 3 .. 1 

Computer Latch Information 

Latch Latch 

Bl HFDX (HFD in x plane) 
STROBE (from beam rationer) M6K2 (most upstream Cerenkov 

B2 counter) 
JV HSDX (HSD in x plane) 
Vl HSDY (HSD in y plane) 

VH2 BEAM 
VH3 PSi'\CVT 

DISCa Fl\ CE VT 
RVl HFDY (HFD in y plane) 
RV2 VHlb 
s FOl (for x of PWC station 1) 

LIGHT: F02b (for y of PWC station l) 
HEAVY F03b (for x of PWC station 2) 
BDIFa l4'Ql1 b (for y of PHC station 2) 
BGASa 

.... ~'!-"\ 

F09"-'b (for x of PWC station 4) 
V2 FOl~ {for y of PWC station 4) 

FOP'"' 

asee Figure 3 .. 1 

bFOn on if PWC plane had a wire activated 

cFOP on if any plane in PWC stations 1 and 2 had > 1 coordinate 

U1 
00 



TABLE 3. 2 

ADC Information (512 channels/ADC) 

ADC 

Muon Counter (sum of both phototubes) 

Recoil Detector Scintillators 
(see Fig. 2 .. 12) 

Electron Counter A 

Electron Counter B 

HSDX 
HSDY 
HFDX 
HFDY 
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and all scalers were cleared: the Jo9ic could now accept 

a new event. 

Tables 3.3 tnrough 3.6 give examples of actual 

rates. The tirst two taoles apoly to the nuclear target 

running; the latter two to tne hign-l running. 1ne 

differences between the scaler totals for the two types 

of running reflect the effect of the jaw snaped veto V2. 

Under tyoical run~ing conditions 5So,0JJ parlicJes 

per one second spill were incident upon tne apparatus. 

Approximately 250 trig3ers were reaj into tne computer. 

1' n e s e t r i g :J e r s we r e o f t n e t y p e FA Ce \I'£ , t' 3 AC v l' , and 

BEAM. The numoer of tne latter two reaj in depenjej of 

course on tne factor oy wnicn they were scaled. For 

9rescaJe factors ot ~- 10 for both, a~out l~ PSACVT and 

40 3EAM were accepted oy the computer in a one second 

spil J • 

In order to record as many of the rarer particles 
+ + 

as possible (P, K-) the predominant particles· (n-, p) 

trigger rate was scaled. Typically the predominant 

particles were scaled to result in a 60% live time for 

the apparatus and an effective rationed oeam of 10,~~0 

per one second spill. 
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TABLE 3.3 

An Example of Trigger Rat.es: 

Carbon at ~10 GeV/c 

For this example the presca:ers were set to the 
following: © TAGBM = 2-10 @ ACEVT = 2-10 @.Pion = 

@ Kaon = 2° @ Proton = 2° 

The rates are for a one second spill. 

SCALA.Ra 
NuIJlber of 3 Counts (lK = 10 ) 

Rl\tvB 419.Sk 
RATB 328.Sk 
GI~OM3 307.0k 
TAG BM 35.Sk 
VSCP..r:r· 127.4k 

EVENT 14.6k 
ACE VT 12.Sk 

FACE VT 8.4k 

PT RIG 8.4k 
TRIGb 322 

BEAM 36 

PSAcv·rb 12 

Apparatus Live Time 65% 

ascalers count only during live time 

bTRIG is number of events read in by PDP15. 

It includes BEAM, PSACVT, and SCATTERS which passed 

HSFD requirements. 

-4 2 
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TABLE 3.4 

Scaler Ratios: Carbon at -70 GeV/c 

These ratios are derived from Table 3.3 

RATIO 

RATB/RAWB .78 
GEOMB/RATB .93 

TAGBM/GEOMB .12 

VSCAT/GEOMB .41 

E'V'"ENT/SCAT .. 11 

ACEVT/EVENT .86 

FACEVT/ACEVT .67 

TRIG-(BEAM ~ PSACVT) 
.03 

PTRIG-(BEAM + PSACVT) 

aonly Vl was at the 3rd focus 

COMMENT 

Effect of Beam Rationer 

Effect of VHl and JV· 

Effect of Cerenkov Tagging 

Effect of 3rd Focus Veto a 

Effect of Cerenkov Tagging 

Effect of 5 counter 

Effect of High Resolution 

PWC requirements 

(PWCFOR) 

Effect of HSFD 
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TABLE 3. 5 

An Example of Trigger Rates: 
High-t Data at +200 GeV/c 

The prescal~3s wer~ set
0

to the folbowing: 1. TAgnM:2-12 
2~ ACEVT=2 3. P1on=2 4. Kaon=2 5. Proton=2 t. The 
rates are for a one second spill. 

SCALER a Number of Counts (lK=l0 3 ) 

RAWB 392K 

RA'fB 293K 

GEO MB 280K 

TAG BM l56K 

VSCAT 24.?R 

EVENT 13.2K 

ACEVT l.BK 

FACEVT l.OK 

PT RIG l.lK 

TRIGb 384 

BEAM 37 

PSACVTb 7 

Apparatus Live-Time - 60% 

aScalers count only during live-time 

bTRIG is number of events read in by PDPlS. It 
includes BEAM, PSACVT; end SCATTERS which passed 
HSFD requirements. 
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TABLE 3.6 

Scaler Ratios: High-t at +200 GeV/c. These ratios 
are derived from Table 3.5. 

Ratio Comment 

RATB/RAWB .75 Effect of Beam Ratios 

GEOMB/RATB .96 Effect of VHl and JV 

TAGBM/GEOMB .56 Effect of Cerenkov Tagging 

VSCAT/GEOMB .09 Effect of 
rd 3 Focus Veto 

EVENT/SCAT .53 Effect of Cerenkov Tagging 

ACEVT/EVENT .14 Effect of S counter 

FACEVT/ACEVT .56 Effect of High Resolution 
PWC Requirement (PWCFOR) 

·TRIG-(BEAM+PSACVT) 
.33 Effect of HSFD 

PTRIG-(BEA.~+PSACVT) 

aBoth Vl and V2 were at the 3rd focus. 



CHAPTEK 4 

DATA REDUCTIO~: NUCLEAR TAHG8T DATA 

A. Introduction 

Data reduction proceeded in severaJ steos as shown 

in Figure 4.1. There existed 70 data tapes wnicn were 

*ritten by the PDPlS. '£nese ta?es containej in encodej 

form PWC, ADC, latch, DVM, and co~puter scaler 

information (see Cnapter 3 ,Section o ) . 

The first step was to produce a set ot lio:ary 

ta?es ~hich were in a format tne Fermilao CDC66~d could 

conveniently read. Align~ent parameters of the 

apparatus ~ere tnen calculated. Next data summary tapes 

were produced which contained relevant kinematical 

quantities (such as q[=( -t) 1121 and tne recoil mass of 

the scatter). Tnen cuts were appliea to tne data, and g 

distributions were ~reduced for the target full and 

emoty data. 

In parallel Monte Carlo summary laoes were 

produced. These tapes contained the same kinematical 

quantities as the data summary tapes. Tne same cuts as 

applied to the data were applied to the Monte Carlo 

events, and from the passed events the followin3 two 
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NUCLEAR TARGET OFF-LINE ANALYSIS DIAGRAM 
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effects could ~e calculated: 

1. the apparatus acceptance as a function of q 

2. the migration of a generated g to a measured q 

due lo the finite measurement resolution of tne 

anparatus 

Finally the dat.a was normalized, a~j a target empty 

subtraction was performed. 'fne tneoreticaJ form of tne 

cross section was modified via tne Monte Carlo results 

and compared to the normal1zeJ data. From tnis 

comparison tne values of tne parametes of 

interest (total cross section, the forward slope, etc.) 

were extracted. 

B. Data Library Tapes 

The data library tapes were produced from the PDPlS 

data tapes by the program LPAK. Tne information from 

the data tapes was decoded and tnen written onto tne 

library tape in a form the COC660J computer could easily 

nandle (note tnal tne PDP15 uses 18 cit words wnile tne 

COC6600 uses 6~ oil words) . 
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For the purpose of the offline analysis tne PWC 

stations were classified as given in Table 4.1. Thus 

the momentum tag~in~ PWC was plane 15: the x of 

PwC station 1 was plane l, etc. For the case of the 

high oressure, hiqh resolution P~Cs, a plane referred to 

a doublet (160 wires with an effective wire spacinJ ~f 

20J µm; see Chapter 2, Section C). Reference to the 

wires for these P~Cs refer lo tnose of the stag~ered 

pair, not of each sin~let (thus adjacent wires come from 

different sin~lets). 

In order for an event to nave oeen written onlo tne 

lib:ary tape, the following criteria nad to be 

satisfied: 

1. One and only one valid coordinate in PWC 

planes l,2,3,4,9,10,l5 

2. At least two of PWC planes 5,6,7,8 had one and 

only one valid coordin3te 

3. At least one of P~C planes 11,13,14 nad one and 

only one valid coordinate 

What constituted a valid coordinate depended on sucn 

factors as wnelher a cnarnoer contained multiple 

coordinates, or whether a chamber plane consisted of a 

staggered pair doublet. Tne wire pattern of each 
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TABLE 4.la 

PWC Plane Definitions in Off-Line Analysis 

PWC Element Plane Number 

x = Station lb l 

y = Station lb 2 

x = Station 2b 3 

y = Station 2b 4 

x = Station 3b 5 

y = Station 3b 6 

u :: Station 3b 7 

v = Station 3b 8 

x = Station 4b 9 

y ::: Station 4b 10 

x = Station 5 11 

y = Station 5 12 

x = Station 6 13 

x = Station 6 14 

Momentum Tagging 15 

cSee Chapter 2, Sec. 5 for PWC station descriptions. 

bA plane refers to a staggered pair doublet. 
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coordinate was classified via cluster type. Some of the 

more relevant cluster types are given in Table 4.2. 

Table 4.3 gives the definition of valid coordinates for 

the P~Cs. 

If a chamoer was not a d~ubJel and there existeJ 

multiple coordinates in that chamoer, tnen tne 

information from tnal chamoer was considered invalid. 

This coulj or could not prevent an event fro~ navin~ 

oeen written onto the li~rary tape. If tne situation 

occurred in plane 15 (momentum ta93ing chamber) tnen by 

criterion 1 above, the event would ~ave been rejected. 

But if tne situation occurred in plane 13, then tne 

event still had a chance to have oeen written onto the 

library tape because of criterion 3 above. 

The situation was different for multiple 

coordinates in a dou~let PWC. Here oy use of the 

followin~ alqorithm multiple coordinate events could ~e 

salvaged: 

1. If there was one and only one coordinate witn 

cluster type 5,6, or 7 and all other 

coordinates nad cluster types 1,2,3, or 4, tnen 

the first coordinate was considered valid and 

kept for the future analysis, while the latter 

coordinates were deleted 



TABLE 4.2 

PWC Cluster Typesa 

Cluster Type Number 

l 

2 

3 

4 

s 

6 

7 

b 
Wire Map 

1010101 
t 

10101 
t 

101 
t 
1 
t 

11 
t 

111 
t 

1101 or 1011 
t t 
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a Listed are the most relevant cluster types. In 
actuality there existed 32 types. 

b~his map gives the pattern of PWC wires hit. For the 
siamesed PWCs the wire spacing is that of a doublet 
(i.e. 200 ~m)l = wire activated; 0 = wire not acti~ 
vated. The arrow indicates centroid. 

TABLE 4.3 

Valid PWC Cluster Types 

PWC Plane 

l - 9: Single coordinate 

1 - 9 = Multiple coordinate 

11, 12, 13, 14, 15 

Cluster Type 

3, 4, 5, 6, 7 

s, 6, 7 

3, 4, 5, 6 



Again refer to Table 4.2 for tne definition of the 

cluster types. 

~his alqoritn~ was develooed in liqjt of results 

f r o '11 t r a c k ma t. c n i n ·1 st u d i e s u s i n q l he f o i.J r s i n 3 l e t s ..::> f 

Station 3. tnese revealed tnat events witn coordinates 

in only one sin3let ot a douolel could oe ignorej wnen 

tnere was a cluster elsewnere in lhe dou~lel witn nils 

in ootn singlets. Tne coordinates wn1cn ~ave wires 

activatej in only one singlet are atlrio~teJ to delta 

rays emitted at sucn large angles lnal they appear in 

o~ly one sinqlet. The angular resolution of the events 

witn salvaged coordinates was the same as lnat of normal 

events. 

It was found that for a giv~n doublet 97i of tne 

events has a sinqle unambiguous coordinate such th3t tn2 

track position was kno~n lo within a wire spacin~. Tne 

cluster tyoes for these events were as tollows: 

1. 7~% - Cluster type 5 

2. 2~i - Cluster type 6 

3. 5% - Cluster type 4 

4. 2% - Cluster type 3 

The remaining 3% consisted of inefficiencies and 
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mu]liole coordinates. 

If an event passed lhe above tests, tne followin3 

assoc1ateJ information was ~ritten ~nto tne Jiorary 

tape: 

l. latch info:mat1on 

2. ADC intor~ation 

3. the centroid ot eacn p,,c coo:dinate a:1j its 

cluster type (one per PWC) 

4. a PwC status word 

Tne centroid was in units of half wire soacin3s (e.g. 

in 10~ µm units for the hi~~ resolution P~Cs: in 

l0JJ µm units for planes 13 and 14). Tne P~c status 

word contained the followin~ for eacn P~C plane: 

l. whetner a multiple coordinate occurreJ in tnat 

olane 

2. whetner that plane contained a valid coordinate 

In addition tne liorary tapes contained oookkeeping 

information (run number, date of run, etc.), DVM 

information, and computer scaler totals for each spill. 
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C. Alignment 

The next. step was to calculate the alignment 

parameters of tne apparatus so tnat tne P~c centroid 

values (in units of one na1f wire spacinj) could oe 

converted lo spatial coordinates. Tne details of the 

procedure are given in Appendix I. 

Tne procedure used a suoset of the BEA~ events 

written ant.a tne library lape. These events had to nave 

one and only one coordinate in eacn P~C plane. The 

final result was a set of values in real space for tne 

physical tenter of each PWC plane. These alignment 

parameters were then written onto the data library ta~e. 

D. Data Summa:y Tapes 

Next data summary tapes were made from lne liorary 

tapes. Tnese summary tapes contained toe various 

quantities given in Table 4.4. Toe pro]ram QVIN0 

performed this step ot tne analysis. 

Tnere was one requirement that involved the Jatcn 

information which was needed in order for an event to 

have been written onto the summary tape. The following 

latches had to be set: Bl, STROBE, 82, JV, FOl, F02, 

F03, F04, F09, F010 (where FOn refers to the FAST OR 
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TABLE 4.4 

Event quantities written onto Data 

Summary Tapes for Nuclear Target Data 

Quantity 

1) . Muon ADC 

2). q {:/:t) 

3) • Distance along beam line where scatter 
occurred <= Z) 

4) • Radius in PWC station 4 of event (:R4) 

5) • x cf event in veto plane a 

6) • of event in veto plane a y 

7) • x of event at Station 6 

8). Recoil mass squared associated with the event. 

9). Phi (~) of scatter. 

lC) . PWC status word 

11). Latch Information: Particle Type, BEAM, PSACVT, 

FACEVT, VH2, VH3, RVl, RV2, HSDX, HSDY, FOPb 

8 see Table 2.1 

bsee Table 3.1 
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from PwC plane n). 

£. Monte Carlo: Pnilosopny 

Tne goals of the Monte Carlo p:ogra~s were twofold: 

1. to calculate the apparatus geometric acceptance 

as a function of q (v':l) 

2. t.o simulate the effect, due to finite a?µa:at us 

resolution and multiple scatterin:j, of tne 

migration of a generated a to a measured q. 

This effect was realized ~Y a q-generated oy 

g-measured matrix. 

~nere were several sleps in tne Monte Carlo 

procedure. In the first part events were generateJ in 

q (with an aroilrary distrioution d1strioution to 

optimize computer efficiency), in pni (witn a flat 

distribution from minus pi to plus pi), and in z (with a 

uniform distribution correspondin9 to tne physical 

1 i m i t. s o f t he t a r get ) . 11 he r an g e o f q de pen .j e d on t h e 

incident momentum; the entire range of q of inte:est 

was generated. As explained in the next chapter, the 

method of normalizing the data automatically took 

absorption effects into account; these effects did not 
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need to be explicitly calculated. This fact allowed the 

flat z distribution used in the Honle Carlo. The 

generated evenls were traced through the apparatus to 

check if lhey would have traversed the entire apparatus. 

At each point where it occurred, multiple scattering of 

the particle was simulated. If an event failed to pass 

through the entire apparatus, its q-generated was noted. 

No further action was taken; a new event was generated. 

If the event passed through the entire apparatus, 

the second step simulated the finite measurement ability 

of the apparatus. Using experimentally derived PWC 

measurement resolutions, the coordinates of lhe 

generated event at each PWC were jitlered. Appendix II 

gives the PWC resolutions and the procedure used to 

calculate them. By means of the same program that 

calculated kinematic quantities for the data, using the 

jittered PWC coordinates, the same kinematic quantities 

were calculated for the Monte Carlo. These were called 

reconstructed quantities. 

For the first step of the procedure (where 

generated events passed through the apparatus) the 

experimental apertures did not correspond to their exact 

physical. dimensions. Most apertures were 



oversized (such as spectrometer magnet apertures), and 

the small veto at the third focus (Vl) was ignored. 

Thus the first step acted as a coarse filter of events; 

this was done for computer efficiency. If a generated 

event passed through the entire apparatus, the relevant 

quantities of its trajectory were saved. In a later 

step cuts were placed on these quantities to correspond 

to the actual apparatus. 

The next step involved all events that passed the 

loose apparatus cuts. Cuts were placed on the 

quantities associated with the trajectory of the 

generated event to correspond to the actual apparatus. 

Next the same cuts as imposed on the data were imposed 

on the respective Monte Carlo kinematic (reconstructed) 

quantities. For events that failed these cuts, the 

q-generated was noted, and the next event processed. 

For those events passing the cuts, the q-generated and 

q-reconstructed were kept. 

The final· step involved constructing the 

q-generated q-reconstructed matrix. This matrix 

normalized by the number of events in each q-generaled 

bin was then used to correct for the effects of 

acceptance and resolution. 
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f. Monte Carlo Summary Tapes 

Tne first step in the Monte Carlo procedure, the 

making of the Monte Carlo summary tapes, was performed 

oy the oro3ra~ LMCWH. These tapes contained the 

q-generated information, anj for those events which 

passed the loose a?erture cuts, a variety of quantities 

as qiven in Table 4.5. 

Tne incident bea~ phase was derived fro~ BSA~ 

events on the library tapes. Eacn dala run contributed 

to the incident pnase space used to derive the final 

Monte Carlo results. Tne BEA~ events used naa tne 

followin3 latches set: dl, ST~OBE, 82, JV, Sl, HFDX, 

and ~ruY. 

Tnese tapes were then processed ~y tne pro~ram 

LMCkD wnich applied the various cuts. LMC~D produced 

the q-~enerated q-reconstructed matrix and kept account 

of the number of events in each q-generated oin. 

G. Fin31 Analysis Steps 

The remaining analysis procedures are given in more 

detail in Cnapter 6. Briefly, the data were normalizeJ, 

and a target empty subtraction was performed. Tne 

theoretical cross section, do/dq, was modified via the 
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TABLE 4 .5 

Event quantities written onto Monte Carlo 

Summary Tapes for Nuclear Target Data 

!). Reconstructed Quantitiesa 

1. q of scatter 

2. ~ of scatter 

3. Distance along beam line where scatter occur.red. 

4. Radius at PWC Station 4. 

5~ x at veto plane 

6. y at veto plane 

7. x at PWC Station 6 

8. Delta p (Pin-Pout) of scatter. 

2) • Generated Quantitiesb 

1. Radius at PWC Station 4 

2.-9. x and y at spectrometer magnet's 

and exit apertures. 

10. x at veto plane. 

11. y at veto plane. 

12. x at PWC Station 6 • 

13. y at PWC Station 6. 

14. q generated 

entrance 

aFinite apparatus measurement error is taken into 
account. 

bFinite apparatus measurement error is not taken into 
account (refers to trajectory of the generated Monte 
Carlo event) • 



Monte Carlo results and then compared to tne data. 



CHAPTLct S 

DATA ki:.:OuC'I'lON: HIG~-t DATA 

A. Introductio:i 

The ohilosophy of the dat.a reduction for tne hig:i-t 

data was very similar to that for the nucJ ear lar12t 

data. The onlv ~ajar differen=e concerneJ tn9 

aooJication of the Monte Carlo results. 

'1' n e r e d u c t. i on pr o c e s s i s snow n schema t i c a J l y i n 

Figure 5.1. Different computer progra~s tnan in tne 

nuclear tar9et case were usej as a matter of 

convenience. ~ne analysis was performed on lJJ PDP15 

tapes having the same type of information as the nuclea: 

target data tapes (see Cnap. 4,Sect. D). 

B. Data Library Tapes 

Data library tapes were produced by LPAK and were 

exact.ly the sa~e in structure as those fo: the nuclear 

target data. See Chap. 4, Sect. B for details. 

C. Alignment 
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T~e alignment procedure WdS exactly tne same as for 

the nuclear target data. See Cnap. 4, 5ect. c for 

details. 

D. Data Summary Ta?es 

Th e pr o g r a rn H I 11 SD ma j e d at a s um iTI a r y t ape s f r om t n e 

librarv ta~es. Tne various quantities saved are given 

in 'l'a~1c 5.1 (a sliqht1y ditferef"lt set fro.11 tnat tor tne 

nucJear target data). 

Befoie an event could ~e written onto tne sum~ary 

tape tne tollowin3 latch conJ1lions nad to oe salisf1eJ; 

FOl, F02, F03, Fu4, F09, FOl~ 

2. LATCriES NOT SEr: Vrll, FO? 

E. Monte Carlo Philosoony 

For the high-t analysis there was only one goal for 

the Monte Carlo programs: to calculate the apparatus 

geometric acceptance as a function of q. It was snown 

that lne etfects due to finite apparatus resolution are 

ne~lible for this analysis. Tne main reason is that the 



TABLE 5.1 

Event quantities written onto Data 

Summary Tape for High -t Data 

Quantity 

1) • Muon ADC. 

2). q c=A> of scatter. 

3). ex, e y of scatter. 

4) • Distance along beam line where scatter occurred 
c=z> • 

5). Phi {~) of scatt~r. 

6) • 

7) • 

B) • 

9) • 

10) • 

x, y at PWC Station 

at Veto Plane a x, y 

x, y at PWC Station 

Recoil mass squared 

PWC status word 

4 

6 

associated with the event. 
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11). Latch Information: Particle Type, PSTGBM, PS~VT, 
FACEVT, VH2, VH3, RVl, RV2, HSDX, HSDY, Vl, V2 

asee Table 2.1 

bsee Table 3.1 



differential cross section is relatively gentle in tne 

region of q of interest.: tnerefore as many events are 

as likely to migrate into a given g bin as out. 

The Monte Carlo procedure, tnat of using a two step 

process, was the same as that_ for the nuclear target 

data. The onJy difference was that the jaw veto counter 

al the third focus was included. For details see 

Cha;J. 4, Sect. i. 

f. Monte Carlo 3ummary Tapes 

Tne first step in the ~onte Carlo p:ocedure, the 

ma k i n ·J o f i'1 on l e C a r l o s l.l m rn a r y t ape s , w a s o e r t or me .j o y 

tne pro~ra~ HITS~. These tapes contained q-~enerate~ 

information, anj for those events w!1ich ?3Sserj the loose 

a9erture cuts, the quantities given in Table 5.2. 

The incident bea11 phase space was derived from BcA:•1 

events on the library tapes. Each data run contriouted 

to the incident Phase space. The BEA~ events had to 

pass the followin~ Jatcn requirements: 

l. LATCHES SET: Bl, STHUd~, 82, HFDX, HFDY, FOl, 

fU2, FOJ, F04 
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TABLE 5.2 

Event quantities written onto Monte 

Carlo Summary Tapes for High -t Data 

1) - Reconstructed Quantitiesa 

1. q of scatter. 

2. ex, ey of scatter. 

3. Distance along beam line where scatter 
occurred. 

4. x, y at PWC Station 4. 

s. x, y at veto plane. 

6. ,x, y at PWC Station 6. 

2). Generated Quantitiesb 

1. q 

2. z 

3. x, y at veto plane 

aFinite apparatus measurement error is taken into 
account. 

b.. t t . ttk Finite appara us measuremen error is no a en 
into account. 
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2. LATCHES NOT SET: VHl, f0P 

Next the cro~ra~ HITkJ arypJied tne various cuts an~ 

stored the results necessary to calculate the geo:net.ric 

acceptance. The final sta3es ot tne analysis are given 

in Chapter 8. 



CHAPTER 6 

RESULTS: NUCLEAR TARGET DATA 

A. Final Analysis Steps 

The final analysis steps involving the data were as 

follows. 

The program QRNUC (see Figure 4.1) applied various 

cuts to the events on the data library tapes. A 

histogram in q for those events passing the cuts for 

full and empty data was produced. Also the number of 

BEAM events passing a subset of the above 

cuts (basically certain requirements on the beam phase 

space) for full and empty was kept. It is important to 

note that these BEAM events were required to traverse 

the entire apparatus. 

Next a target empty subtraction was performed; the 

following quantity was calculated: 

D (q) = [ (N~ (q) /Nf) 

-<N~t<q>1Nrt>11cr~ 

where 
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11 = q bin size 

r = Npx/A 

N = Avogadro's Number 

A = atomic weight of target 

P = target density 

x = target length 

N~(mt) (q) = number of counts in each q bin for 

scattered events passing all cuts 

for full (empty) data 

Nf (mt) • number of BEAM events passing cuts 

multiplied by Tagbeam Scale Factor 

for full (empty) data 

Note that N~(mt) gives the incident beam flux for the 

full (empty) data respectively; N~(mt) gives the 

number of events scattering into each q bin for the full 

(empty) data respectively. The units of D(q) were 

.. mb/(GeV/c) 11
• 

It is important to realize that the BEAM events 

used to deter~ine N{Cmt) traverse the same apparatus as 

the scattered events. Thus there was no need to correct 

the number of scattered events for apparatus absorption 

effects. Both scattered and BEAM events suffered the 

same amount of absorption. 
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A theoretical form for the differential cross 

section, do/dq, contained the parameters of 

interest (i.e. total cross section, forward slope, 

etc.). This theoretical form was then modified by the 

Monte Carlo results to take into account the following: 

l. apparatus geometric acceptance 

2. apparatus resolution effects 

Mathematically this is expressed as follows: 

T(qm) = f dcr/dqth(qg) •A(qg,qm) •d(qg) (6.2) 

where 

dcr/dqth = theoretical cross section at q = qm 

A(qg,qm) s matrix containing Monte Carlo results 

qg = q-generated 

qm = q-measured 

The exact form of do/dq will be given in a later 

section. 
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The fitting program used was MINUIT6.l (as a 

subroutine in NFITR); the parameters were derived by a 

lhi-squared minimization method, comparing O(q) to T(q), 

B. Data Cuts 

To extract the elastic scattering signal, a set of 

cuts was applied to both the target full and target 

empty data. Tables 6.1 and 6.2 present the cuts used 

for data at an incident momentum of 175 GeV/c for the Pb 

and Be ta~gets respectively. Also shown are the effects 

of the cuts. 

The track reconstruction requirements refer lo 

requirements on the PWC coordinates such that the event 

was written or ~he data summary tapes. Next the 

Hardware Focus Detector (HFD) latches had to indicate 

the HFD test was passed in both the x and y projections. 

A cut was placed on the pulse height from the muon 

detector ADC in order to veto any muons in the beam 

(either muons produced upstream of the apparatus or 

resulting from pion or kaon decay in flight). This cut 

varied with the incident beam momentum. Figures 6.1 and 

6.2 show the pulse height spectrum from the muon ADC and 

the cut used. 
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1). 

2) • 

3). 

4) • 

5) • 

6) • 

7) • 

8) • 

9) • 

10). 

11). 

TABLE 6. l 

CUTS TO EXTRACT ELASTIC SIGNAL 

Be 175 GeV/e 

Track reconstruction requirements on PWC c~ordinates 

HFD test passed. 

Muon Detector does not signal presence of a muon. 

No count from VH2 and VHJ 

Outgoing particle trajectory traversed the area 
inside spectrometer magnet apertures. 

( 7. 9] 2 ~ recoil mass squared ~ ( 9. 8 (GeV/c 2)] 
2

• 

HSD test passed. 

Scatter vertex in target region. 

Outgoing particle trajectory >O.Smm from edges of Vl 
'V 

Track ~ 1. 5 cm from center ~f PWC 
station 4. 

Events whose trajectories were in region of > 90t 
efficiency in rwc station 4. 

Fraction of Events 
Remaininq After Cut 

+ 
Tr 

.741 

.734 

.658 

.626 

.623 

.596 

.575 

.292 

.282 

.281 

.280 

.741 

.736 

.614 

.SBS 

.583 

.554 

.532 

.258 

.249 

.248 

.247 

p 

.741 

.736 

.695 

.657 

.654 

.624 

.607 

.363 

.354 

.353 

.351 



1). 

2). 

3). 

4) • 

s) • 

6) • 

7} • 

a1. 
9}. 

10). 

11) .• 

TABLE 6. 2 

CUTS TO EXTRACT ELASTIC SIGNAL 

Pb 175 Gc!V/c 

Cut 

Track reconstruction requirements on PWC coordinates 

HFD test passed. 

Muon Detector does not signal presence of a muon. 

No count from VH2 and VHJ 

Outgoing particle trajectory traversed the area inside 
of spectrometer magnet apertures. 

(192. 6 ]2 ~ recoil mass squared ~ (19 3. 4 (GeV/c 2
) J 2 • 

HSD test passed. 

Scatter vertex in ta~get region. 

Outgoing particle trajectory ~O.Smrn from edqes of Vl 

Track < 1. 5 cm from cente!" of PWC 
station 4. 

Events whose trajectories were in region of > 90% 
efficie~cy in PWC staticn 4. 

Fraction of Events 
Remaining After Cut 

+ 
1T 

• 721 

.708 

.636 

.631 

.630 

.601 

• 571 

~181 

.170 

.170 

.170 

• 721 

• 718 

.592 

.587 

~87 

.556 

,527 

.172 

.162 

.162 

.. 162 

p 

.721 

• 715 

.680 

.673 

.673 

.638 

.608 

.182 

.171 

.171 

.171 
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The requirement that VH2 and VH3 did not count was 

to suppress unwanted scatters from target electrons. 

The requirement that the outgoing track passed 

within the spectrometer magnet apertures was fulfilled 

by the EGG cut where 

where 

EGG = (xveto/a)m + (yveto/b)m (6.3) 

xveto(yveto) = predicted x(y) coordinate at the 

veto plane 

xveto(yveto) were calculated based on the scattered 

projectile-s outgoing angle and its momentum. The curve 

given by EGG = 1 represents the actual exit aperture of 

the most downstream spectrometer .magnet as projected to 

the veto plane. Thus the curve given by EGG < 1 means 

that the outgoing track had to pass within an area away 

from the actual magnet edges. For all cases the cut was 

EGG < 0.85. 

The recoil mass cut required that this quantity was 

consistent with the target mass squared. Figures 6.3 

and 6.4 show examples of a recoil mass squared 
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distribution along with arrows indicating the cut. 

There was a cut made to check that the scatter 

occurred in the region of the target. A z distribution 

(where along the bea~line the scatter occurred) is shown 

in Figures 6.5 to 6.8 along with arrows indicating the 

cuts. 

The other cuts, involving PWC Station 4 and the 

HSD, are self explanatory. 

C. Data Normalization and Target Empty Subtraction 

To perform the target empty subtraction, the target 

full and target empty distributions first had to be 

normalized. The BEAM events provided the normalization 

information. 

Unfortunately due to an error in the hardware 

trigger logic, the number of incident particles was not 

merely the number of BEAM events multiplied by a scale 

factor. The logic error caused a different amount of 

deadtime for SCATTER and BEAM triggers. The following 

formula for the number of incident particles corrected 

for this effect: 
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where 

Nf(mt)*F/(F*T) beam (6.4) 

Nf (mt) 
t = number of incident particles for full 

(empty) target data 

N~(mt) = 
oeam number of BEAM events (passing cuts) 

for full (empty) target data 

F = number of SCATTER triggers passing HFD 

requirement and cVH2~VH3) 

(F*T) = number of above SCATTER trig~ers that had 

the BEAM latch set 

The BEAM events used had to pass the following cuts: 

l. HFD latch set 

2. VH2, VH3 did not count 

The quantity D(q) was then calculated. 

D. Monte Carlo Acceptance 

As described in Chap.4, Sect.E there were two types 

of quantities involved in the Monte Carlo programs, 

generated and reconstructed. 
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The cuts applied to the generated quantities 

simulated the actual experimental apertures. The cuts 

applied to the reconstructed quantities were exactly the 

same as applied to the data. By this method, the Monte 

Carlo simulated the effect of apparatus resolution. 

Figures 6.9 and 6.10 present examples of the 

acceptance. 

E. Results 

Appendix III presents tables and graphs of the 

do/dl distributions for the reactions measured. To 

calculate dcr/dt for the data, the following formula is 

used: 

da/dtaata • D(q)/(2•q•e(q)] (6.5) 

where 

e(q) = acceptance as a function of q 

Table 6.3 presents the event totals for the various 

reactions. 
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TABLE 6~ 

HADRON-NUCLEUS ELASTIC SCATTERING EVENT TOTALS 

2 (in thousands) for -t > -t i (GeV/c) m n 

Target + k+ + -Momentum 1r p 1r k p (GeV/c) 

175 Be 16.4 7.6 3 '3. 0 11.8 4.5 l.S (t . = c 18.S 9.0 41.2 9.2 3.4 1.1 min 2 Al 12.0 6.0 23.8 5.1 1.9 o.s -.0018 (GeV/c) ) Cu 8.9 4.5 14.9 6.B 2.7 0.6 Sn 12.6 6.9 18.9 a.a 3.6 0.7 Pb 12.3 1.0 17.1 8.8 3 .. 9 0.7 

125 Be 9,4 3,7 23,3 
(t . = Al i1.s 6.6 23 .. 3 min 2 Pb 9.6 6.9 14.0 -.0016 (GeV/c) 

70 Be 8,2 4.1 13.7 10,0 4.4 8.l 
(t i • c 7.3 3.8 11.i 8.8 4.3 6.7 m n 

(GeV /c) 
2

> Al 11.S 6.1 15.0 13 .. 8 13.7 19.l -.0013 
Cu 11.0 6.4 11.0 8.2 8.4 9.2 Sn 15.8 9.5 16.2 15.5 16.6 15.5 ....., 
Pb 9.8 6.1 8.9 7.1 7.6 

....., 
6.4 0 



The theoretical cross section was parameterized as 

follows: 

·[1-4w2 ( l+~ ln [~] )J-1 
q2 . B Sw 

(6.6) 

where Coulomb-nuclear interference was neslected and 

N0 = Normalization factor 

I' = as defined in Eq. 6.1 

x = target length 

w,S = multiple coulomb scattering parameters 

z = atomic number 

G = electromagnetic form factor of p 

projectile 6 • 2 

Gt = electromagnetic form factor of nuclear 

target 6 •2 

crA = total cross section for projectile -

nucleus scattering 

bA • forward slope for coherent projectile -

nucleus elastic scattering 
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NA = number of individual nucleons involved in 

incoherent projectile - nucleus 

scattering 

ohp = projectile - proton total cross section 

bp = forward slope of proton - projectile 

elastic scattering 

The terms in Eq. 6.6 represent the following 

processes. The first two terms represent single, 

plural, and multiple Coulomb scattering 6 • 3 • The values 

of w, in units of (GeV/c)- 2 , for the targets are 0.0031 

(Be), e.0034 (C), 0.0035 (Al) I 0.0040 (Cu), 0.0047 (Sn), 

and 0.0038 (Pb). The values of B (unitless) for the 

targets are 12. 03 (Be), 11. 91 (C), 11. 43 (Al) , 11. 08 

(Cu) , 10. 7 7 (Sn) , and 9. 60 (Pb) • 

The third term represents coherent elastic 

scatering(from the nucleus as a whole); the fourth 

represents incoherent scattering (from individual 

nucleons). The incoherent scattering term represents 

interactions which excite or break up the nucleus (true 

elastic scattering leaves the nucleus in its ground 

state) but which are included in the elastic signal due 

to the experiment's finite momentum resolution. The 

parmeterization of the incoherent scattering follows the 
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approach of Ref. 1.3 • The parameters for the 

incoherent scattering term were taken from Ref. 1.3 and 

are given in Table 6.4. The fitting program fits for 

N0 , bA, and crA only. 

Figures 6.11 to 6.16 6 •4 present do/dt distributions 

for some of the reactions measured. Figures 6.11 and 

6.12 show dcr/dt distributions for proton scattering from 

the various targets (Be, C, Al, Cu, Sn, and Pb) at an 

incident momentum of 175 GeV/c. Figures 6.13 and 6.14 

present the scattering from Be and Pb targets 

+ respectively for the various incident projectiles (n-, 

K±, p, and p) at an incident momentum of 175 GeV/c. 

Finally Figures 6.15 and 6.16 present the momentum 

dependen€e (incident momenta of 70, 125, and 175 GeV/c) 

of do/dt for proton scattering from Be and Pb targets 

respectively. 

Figures 6.11 to 6.16 show the following. As the 

atomic number of the target increases, the dcr/dt 

distributions become more sharply peaked. For the Cu, 

Sn, and Pb target data, a secondary maximum is observed. 

The t of the second maximum decreases for increasing 

atomic number of the target. The shape of the t 

distributions do not depend in a significant manner on 

the incident beam momentum. 



TADLE 6. 4 

INCOHERNT SCATTERING TERM PA~ETERS ANO NUCLEAR CHARGE RADIUS, R 

Reacdon Momentum NA a a 
(Ge~,c)- 2 R 

(GeV/c) ~~.b) (fm) 

+ kt -Be ±175, +125, :t70 3.5 25., 20. 10. 2.20 11'-, 
p , p -Be " 3.5 40. 12. 2.20 

+ k± -c :t:l75, no. 3.4 25., 20. 10. 2.42 ,,.-, 
p , p -c " 3.4 40. 12. 2.42 

t k:t -AL tl75, +125, :t70 4.5 2 5. , 20. 10. J.02 1r , 
p , p -Al " 4.5 40. 12. 3.02 

1f:t; I k:t -cu :tl75, ±70 6.7 25., 20. 10. 3.66 
p , p -cu " 6.7 40. 12. 3.66 

+ kt -sn tl 75, :t70 0.2 25., 20. 10. 4.55 w-
p , p -Sn " 8.2 40. 12, 4.55 

:t k:t -Pb tl7S, +125, ±10 9.5 25., 20. 10~ s .. 42 1f I 

p ' p -Pb n 9.5 40. 12 .. s.42 

4second entry refers to Kaon· case 
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Table 6.5 presents values of N
0

, bA, and crA as 

derived from the fits. The solid lines in Figures 6.11 

to 6.16 present the results of these fits (using the 

parameterization of Eq. 6.6). Figures 6.17 and 6.18 

present the contribution of each term of Eq. 6.6 for 

some cases. 

The systematic errors in Table 6.5 were calculated 

in the following manner. A series of fits were 

performed where a cut on a particular kinematic variable 

(for example recoil mass squared) was varied while 

keeping all other cuts constant. The range the 

parameters of interest (i.e. N0 , bA, and crA) varied for 

the fits was taken to be the systematic error. In 

addition the dependence of the results on the values of 

NA and op in the incoherent scattering term (see Table 

6.4) was investigated. A variation of 30% in NA leads 

to negligible change in N0 and crA: however there is 

some effect on bA. This effect on bA is 4% for Be, 3% 

for C, 2% for Al, 1% for Cu, 8.5% for Sn, and 8.25% 

for Pb. A variation of one unit in bp has negligible 

effect on N0 and crA and, as compared to the effect due 

to the variation of NA, a negligible effect on bA. 

It is to be noted that for most reactions N0 , the 

overall normalization, is not close to 1.0 as would be 

expected. Since aA, the total cross section for hadron 
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TABLE 6. 5 

Results of fits to ~ata+usinq Eq. 6.6 
175 GeV/c: w , k , p 

ltlRanqe No "A bA X2/DOF 
(GeV/c) 2 (mb) (GeV/c)-1 

w+-ne ,0018-.0330 .86:t.OS(.04) 182.2± 7.2( 10.0) 64.9:t 1.5(3.0) 18.0/18 
k+-se .0018-.0330 .86± .os ( .06) 149. 3t 7. 4 ( 8.0) 58.0t 2.2(2.0) 20.1/18 
p -Be .0018-.0330 1.08± .06 (.OS} 249.2± 8 .J ( 10.0) 74.7t 1.0(1.S) 20.3/18 
.,,+-c .0018- .. 0330 • 82±.04(.04) 244.9± 7.5( 12.0} 67.6± 1.3(3.0) . 21.0/18 
x+-c ,0018- .0330 .87!.04(.03) 195.4:!: 7.5( 5.0) 60.4! 2.0(2.0) 18.3/18 
p -c .0018-.0330 .91± .04 ( .03) 345.2± 9.9( 15.0) 74.0± 1.0(3.0) 21. 6/18 
n+-J\l .0018-.0330 .76±.04(.05) 507. B:!: 16. 9 ( 15.0) 106.9! 2.0(2.0) 22.1/19 
Jt+-Al .0018-.0330 .80!.04(.02) 442.1± 19. 4 ( 10.0) 108.6± J.0(2.0) 22~5/18 

p -Al .0018-.0330 ,72±.04(.03) 764,J± 2J.5( 15.0) 120.3± l.5(2.0) 21. 9/18 
ir+-cu .0018-.0195 .73±.03(.04) 1117. 4t 47.9( 40.0) 190.3! 4.8(3.0) 13.4/12 
k+-cu .0018-.0195 ,73!.04(.06) 926.1± 54,0( 45.0) 185. 3± 7.4(3.0) 9.5/12 
p -cu .0018-.0195 .54±.03(.05) 1835.0± 79.9( 60.0) 217.8! J.2(2.0) 14.2/12 
-r.+-sn .0018-.0160 .62±.03(.04) 2320.3±102.0( 80.0) 312.9± 5.2(3.0) ll.7/10 
Jt+-sn .0018-.0160 .• 69±.03( .OJ) 1933.9±106.4( 50.0) 309.8! 8.7(3.0) 12.8/10 
p -sn .0018- .0160 .47±.03(.05) 3465.6~157.6(130.0) 338.3± 4.6(3.0) 13.1/10 
11'+-Pb .0010-.0095 .61±.04(.03) 3818.4±279.3(150.0) 436.7tl5.5(8.0) 7.9/ 6 ..... 
Jt+-pb .0019-.0096 .67:!: .04 (.OS} 3210.1±286.7(130.0) 410 • 5 t 2 0 • 9 ( 7. 0 ). 6.1/ 6 r-.J 

p -Pb .001s-.009G .ss~.oJc.os> 4803.3±219.6( BO.O) 455.3±10.l(S.O) 6.S/ 6 t0 



'!'ABLE l,.'5 (cont.) 

125 GeV/cs ,,.+I k+, p 

ltfRan9e No a A bA 
X2 /DOF (GeV/c) 1 (mb) (GeV/c)-z 

w•-se .0016-.0306 .90±.06(.05) 190. 3± 9.7( 6. 0) 65.6± 2.1(1.0) 24.2/25 
k+-ee .0016-.0306 .88± .06 (.OJ) l45.9:t 9.1( 3 .. 0) 60. l:t 2.4(1.0) 23.1/25 
p -Be .0016-.0306 .93±.07(.04) 269.0:t 12.4( 8.0) 70.7± LJ(0.7) 27.4/25 
11+-Al • 0016- • 0 3 0 6: .77±.04(.02) 521. 4:t 17.4( 11.0) 108 .1± 2.2(1.7) 27.2/25 
Jc+-Al .0016-.0306 .76±.04(.0J) 442.0± 19.2( 15.0) 102.5± 3.2(2.9) 26.0/25 
p -Al .0016-.0306 .70±.04(.02) 780.St 25.9( 14.0) 119.l± l.5(1.8) 26.5/25 
ir+-Pb .0016-.0100 .50±.04(.03) 4599.0 349.3(150.0) 448.1±13.6(4.0 4.8/10 
](+-Pb .0016-.0100 .59± .04 ( .03) 3864.7±319.5(175.0) 436.2±16.6(6.0) 9.7/10 
p -Pb .0016-.0100 .41± .04 ( .04) 6219.2±461.0(180.0) 47s.3±10. 5 ( 4. 0) 11.0/10 

70 + + GeV/c: w , k , p 

~+-Be .0013-.0324 l.OC± .OS ( .04) l70.9t 6.7( 4. 0) 65.h 2.8(2.0) 32.2/45 
.k+-se .0013 .0324 l.02± .06 ( .03) 135.8± 6. 9 ( 5.0) 61.8! 4.4 (6.0) S2.l/45 
p -Be .0013-.0324 l.06:.01co2) 251.6t 10.B( 7.0) 70.7! 4.8(3.0) 47.2/45 
11+-c .0013-.0324 .86±.04(.02 237.Bt 9.0( 6. 0) 63. 5± 2.8(2.0) 44.l/45 
Jc+-c .0013-.0324 l.06± .OS ( .02) 167.6:!: 7.7( 7.0) 58.7± 4.3(5.0) 46.6/45 
p -c .0013-.0324 l.00± .04 ( .03) 325.3! 7.5( 7.0) 70.S± 2.4 (2.0) . 46.~/45 

,_, 
"' w 



1r+-Al 
k+-Al 
p -Al 
11+-cu 
k+-cu 
p ;Cu 
n+-sn 
k+-sn 
p -sn 
n+-pb 
k+-Pb 
p -Pb 

1'--Be 
k--Be 
p -Be 

ltlRanqe 
(GeV/c) 2 

.• 0013-.0324 
.0013-.032~ 

.0013-.0324 

.0013-. 0144 

.0013-.0144 

.0013- .0144 

.0013-.0110 

.0013- .OllO 
•.0013-.0llO 
.0013-.0110 
.0013-.0110 
• 0013-. 0110 

.0013-.0324 

.0013-.0324 

.0013-.0324 

TABLE 6.5 (cont.) 

70 GeV/c: w+, k+, p 

.SS:!:.03(.04) 

.87:t.03(.02) 

.82t.04(.03) 

.77±.03(.02) 

.79±.03(.02) 
,70±.03(.02) 
• 73±.02 ( .02) 
.79±.03(.02) 
.65± .03 ( .02) 
.65± .OJ ( .01) 
.75±.04 (.02) 
.62± .04 ( .01) 

aA 
(mb) 

487.6± 13.8(10.0) 
408.9± 15.S( 8.0) 
720.3± 22.6( 7.0) 

1090.6± 42.9(15.0) 
901.1± 47.6(15.0) 

1477.5± 59.1(12.0) 
1905.2± 76.3(55.0) 
1512.2± 83.2(36.0) 
2544.3±107.1(30.0) 
3795.5±220.1(20.0) 
3028.9±231.9(50.0) 
4348.2±273.0(45.0) 

70 GeV/c: n-, k-, p 
.95:!:.04(.02) 
.92±.05(.05) 
.90±.09(.06) 

165.9± 5.8( 2.0) 
150.7± 7.6(10.0) 
289.S~ 17.6(10.0) 

bA 
(GeV/c)- 2 

107.0± 3.0(2.0) 
105.7± 4.4(2.0) 
11a.a± 2.4 CJ.o> 
1B7.4:t 6.9(2.0) 
173.6tl0.1(2.0) 
184.0t 5.6(2.0) 
259 .4:t 9 .5 (J.O) 
229.8±13.9(4.0) 
283.5± 8.3(2.0) 
421.3±13.0 (S.O) 
401.3±19.7(8.0) 
431.8±13 .2 (5 .0) 

61.0t 2.S(l.5) 
69.7! 4.0(7.0) 
68.S± 3.6(4.0) 

X1/DOF 

33.8/45 
45.6/45 
50.7/45 
26.8/27 
25.9/27 
28.2/27 
14.1/22 
14 .3/22 
26.8/22 
21.6/22 
24.4/22 
23.9/22 

45.9/46 
47.2/46 
46.4/46 



'!'ADLE 6.S(cont.) 

70 GeV/c: w-, k-, p 

ltlRanqe No a A bA 
X1/COF (GeV/c) 2 (mb) (GeV/e)- 2 

w--c .0013-.0324 ,98± .03 ( .02) 222.Jt 7.4( 4. O) 58.6± 2.6( 3. 0) 45.8/45 k--c .0013-.0324 ,93± .OS (.OJ) 207.6:t 9.5( s. 0) 68.2± 4.1 ( 3.0) 51. 7/45 
p -c .0013-.0324 .82±.08(.04) 391. 7± 23.1( 8.0) 72.3± 2.6( 4·. 0) 50.6/45 
11--Al .0013-.0324 .79±.02(.02) 483.9t 12.4( 5. O) 103.9± 2.7( l.5) 37.8/45 
k--Al .OOlJ-.0324 .84±.02(.03) 428.8± 11.4 ( 6. 0) 103.3± 3.1( 3. 0) 49.2/45 
15 -Al • 0013-. 0324 .63:!: .03 ( .04) 868.8± 28. 7 ( 11.0) 121. 7± 2.0( 2.0) 53.8/45 
w--cu .0013-.0144 .69± .03 ( .03) 1077.5± 48.8( 55.0) l72.4t 7~7( 3.0) 29.2/27 
k--cu .0013-.0144 • 77±.03 ( .03) 900. 4± 40.6( 55~0) 162.l!: 8.5( 4. 0) 16.4/27 
ii -cu .0013-.0144 .56± .04 ( .03) 1755.5± 90.9( 7 5. 0) 199.3± 6. 4 ( 3. 0) 26.3/27 
·w--Sn .0013-.0110 .67±.02(.02) 1825.6± 73.5( 40. 0) 253.9± 9. 4 ( 3.0) 21. 7/22 
Jt•-sn • 0013-. 0110 • 78± .02 ( .02) 1524.8! 62.2( 25. 0) 237.8! 9.9( 3. O) 24.3/22 p -sn· .0013-.0110 .61± .03 ( .02) 2649.1±113.1( 90 .O) 282.0:!: 8.0( 3.0) 24.1/22 
w·-Pb • 0013-. 0110 .65± .03 ( .03) 3186.6:t213.8( 40. 0) 386.6±16.4( 4.0) 17. l/22 
k--Pb • 0013-. 0 llO .67±.03(.05) 3088.6±194.3( 60.0) 386.Hls.sc s.o) 23.7/22 p •Pb .0013-.0110 .44±.04 (.OJ) 5616.4±408.7(150.0) 461.hl~. 7 (10.0) 25.2/22 I-' 

"" 01 



I ti Ranqe 
(GeV/c) 2 No 

w--Be .0018-.0333 .96±.06(.06) 
k--Be .0018-.0333 1. 2lt.09 (.OS) 
p -Be .0018-. 03l3 1.64±.31(.20) 
1f--c .0018-.0333 .• 86± .os ( .06) 
k--c .0018-.0333 l. 05±. 08 (. 06) 
p -c .0018-.0333 1.12:!:.26 (.OB) 
1f--Al .0018-.0333 .BJ:t.05(.06) 
k--Al .0018-.0333 .96±.06(.05) 
p -Al .0018-.0333 .lS!.04(.10) 
w--cu .001a-.0200 .63±.04(.05) 
k--cu .0018-.0200 .75t.05(.06) 
p -cu .001a-.0200 .47±.19(.06) 
,,--sn .0018-.0160 .55±.03(.02) 
k·-sn .OClB-.0160 .60~.05(.04) 

p -sn .0018-.0160 .31!.11(.08) 
n--Pb .001a-.0100 .59±.04 ( .06) 
k--Pb .001e-.0100 • 70:!:. 06 (. 06) 
p -Pb .001s-.0100 .46:!:.17 ( .13) 

TABLE G.S(cont,) 

175 GeV/ct w-, k-, p 

a A 
(:nb) 

16 a. 4± 7 .4 ( 7.0) 
128.0± 7.5( s. 0) 
191. O:!: 25.1( 16.0) 
23 7 .1± 10.3( 7.0) 
184.B:t 11. 3 ( 7.0) 
317.6± 48.2( 15.0) 
477.7± 23. 4 ( 18. 0) 
378 .. 7± 26.8( 10.0) 

1820.9± 39.6( 60. 0) 
1208.9± 61. 8 ( 4 5: 0) 
978.7t 72.3( 40.0) 

2035.S± 507.4(100.0) 
2310.St 123.6( 70.0) 
2057.h '163.9(120.0) 
4469.9± 939.9(100.0) 
3594.9± 284.8(175.0) 
3246.5~ 365.6(280.0) 
5271.5!1772.6(400.0) 

bA X2/DOF 
(GeV/c)-1 

65.8:t: 1.8( 4. O) 20.9/18 
61.6± 3.1( 2. 0) 11.1/18 
79.0± 6. 4 ( 4. 0) 7.6/18 
67.5:!: l. 9 ( 2.0) 20. 3/18 
68. 0± 3.6( 2.5) 20.1/19 
79. 6:!: 5.6( 2.0) 21.2/18 

106.2± 3.2( 4. O) 19.5/18 
94.3± 5.2( J.O) 9.4/18 

137. 8 :!: 4. J ( 4. 0) 24.8/18 
193.4!: 5.3( 2. 0) -10.6/12 
193. 8:!: 9. 9 ( 3. 0) 12.0/12 
225.9:!:15.3( 5. 0) 13.0/12 
299.H 7.6( 3. 0) 10.6/10 
294.4±12.5( .3.0) 9.7/10 
348.9±20.8( 8.0) 12.3/10 
406.5±17.l( 9.0) 5.6/ 6 
418.6±25.9(18.0) 11.2/ 6 ...... 
434.9:!:54.1(20.0) 6.8/ 6 "' °' 



Contributions to do/dt: p-Pb 175 GeV/c 
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Contributions to do/dt: p-Be 175 GeV/c 
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- nucleus scattering, was found to be strongly 

correlated with the overall normalization, the values 

for oA are not reliable in themselves. Over the t 

region fit the parameterization that is presented is 

reasonably good: however the values of aA derived must 

be used in conjunction with the values N0 found. 

Chapter 7 addresses the problem of the overall 

nomalization of the data. 
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Table 6.6 presents values of bA derived from fits 

over approximately the same t region for all reactions. 

Figures 6.19 to 6.24 present the values of the forward 

slope for coherent hadron - nucleus scattering (bA) that 

were found. In general for a given beam momentum and 

nuclear target, the forward slope is steepest when the 

incident projectile is a proton or antiproton and the 

shallowest when the incident projectile is a kaon. 

The data for the Cu, Sn, and Pb targets were fit 

substituting a Bessel function form for the exponential 

in the coherent term of Eq. 6.6. This was done in 

order to attempt to fit beyond the first minimum 

exhibited by these data. The fits resulted in a poor 

chi-squared per degree of freedom which implies a more 

sophisticated theoretical treatment is needed (such as 

can be found in references 1.1 (Glauber theory) and 1.2). 
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TABLE 6.6: Value of forward slope, bA, in the 

region 0.0018 ~-t ~0.0125 (GeV/c) 2 

Momentum bA 
X2 /DOF (GeV/c) (GeV/c)- 2 

175 64 .4:!: 2.7 2.3/ 8 
175 57.2:!: 4.1 11. 7/ 8 
175 77.8± 2.5 9.1/ 8 
175 63.3± 3.5 6.8/ 8 
175 60.9± 5.6 3.7/ 8 
175 75.4± 9.7 3.9/ 8 
175 62.3± 3.3 10.6/ a· 
175 57.5± 5.2 5.1/ 8 
175 74.l:t 2.7 10.2/ 8 
175 65.4:t 4.2 6.4/ 8 
175 59.8± 6.0 6.5/ 8 
175 85.5± 9.5 10.2/ 8 
175 106.3± 4.8 12.2/ 8 

. 175 111.1± 5.2 10.3/ 8 
175 121.9± 2.6 11.4/ 8 
175 109.2± 7.3 9.6/ 8 
175 87.8± 9.4 6.5/ 8 
175 131.4±10.7 ~ 10. 9/ 8 
175 186.9± 5.4 8.5/ 8 
175 183.6± 7.8 3.6/ 8 
175 217.4± 4.3 11.5/ 8 
175 192.8± 8.2 3.8/ 8 
175 192.7±13.l 8.3/ 8 
175 218.2±21.8 7.2/ 8 
175 308.1± 7.3 10.1/ 8 
175 299.8±11.2 10.5/ 8 
175 335.l± 5.3 12.l/ 8 
175 297.6± 7.9 4.1/ 8 
175 293.8±13.2 9.3/ 8 
175 345.5±21.6 10.6/ 8 
175 435.2±15.2 8.2/ 8 
175 411.6±20.1 6.7/ 8 
175 455.7± 9.8 7.2/ 8 
175 407.2±16.8 6.2/ 8 
175 419.3±25.4 10.7/ 8 
175 433.9±53.2 7.4/ 8 
125 64 .1± 3.9 15.7/12 
125 57.8± 5.2 10.6/12 
125 71.5± 3.3 14.3/12 
125 110.l± 4.4 9.3/12 
125 98.2± 5.1 11.9/12 
125 117.7± 2.7 13.7/12 
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TABLE 6.6 (cont.) 

Momentum bA 
.X2 /DOF (GeV/c) (GeV/c)- 2 

w+-Fb 125 4•49. 4±13. 3 5.5/12 k+-Pb 125 435.3±16.4 10.3/12 
p -Pb 125 475.9±10.1 12.7/12-'IT+-Be 70 65.0± 3.5 8.7/21 
k+-Be 70 60.9± 5.3 22.l/21 
p -Be 70 71.9± 6.3 23.9/21 
n---Be 70 60.3± 5.3 20.2/21 
~~-Be 70 64.8± 7.3 24.9/21 
p -Be 70 68.9± 6.5 19.6/21 
11+-c 70 61.1± 4.3 13.7/21 
k+-c 70 58.6± 6.7 16.1/21 
p -c 70 70.9± 3.8 24.2/21 
1T--C 70 57.4± 5.6 26.3/21 
k--c 70 69.3± 6.6 24.0/21 
p -c 70 69.5± 3.5 25.6/21 
n+-Al 70 107.6± 7.1 21.1/21 
k+-Al 70 107.4± 8.2 15.6/21 
p -Al 70 117.0± s.s 25.6/21 
'If--.Al 70 105.0± 4.4 14.8/21 
k--Al 70 102.4± 4.5 19.5/21 
p -Al 70 120.4± 3.8 21.0/21 
n+-cu 70 185.9± 7.9 23.8/21 
k+-cu 70 171.8±11.1 23.3/21 
p -cu 70 182.9± 6.3 25.7/21 
n--cu 70 167 .1± 8.2 18.8/21 
k--cu 70 159.9± 9.9 13.4/21 
p -cu 70 191.3± 9.5 15.8/21 
1f+-sn 70 259.4± 7.8 12.4/21 
k+-sn 70 229.2±12.1 13.8/21 
p_-sn 70 284.0± 7.4 25.1/21 
11' -Sn 70 252.6± 9.7 19.1/21 
k--sn 70 237.1±10.3 24.8/21 
p -Sn 70 281.7± 8.5 26.4/21 
11+-Pb 70 420.8±12.7 21.3/21 
k+-pb 70 403.4±18.8 25.2/21 
p -Pb 70 430.2±12.9 23.5/21 
,..--Pb 70 384.4±15.7 15.9/21 
k--Pb 70 ·385.1±15.3 22.3/21 
p -Pb 70 464.2±13.2 24.8/21 
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CHAPTER 7 

TOTAL CROSS SECTIONS: A CONSISTENCY CHECK 

Introduction 

By using the high resolution proportional wire 

chambers placed on the concrete block, a direct 

measurement of hadron - nucleus total cross sections was 

performed by means of the standard good geometry 

transmission method. Unfortunately since the nuclear 

target lengths were not optimized for this type of 

experiment, it was found that a measurement of 

reasonable accuracy (10 - 15%1 a ) could be performed 

only with the Be and C targets. Thus these results were 

used as a consistency check between this method of 

extracting total cross sections and the calculation of 

total cross sections from the fits to the elastic 

scattering differential cross sections. 

a. General Considerations 

In this section the principles behind the 

measurement of the total cross section via the 

transmission technique are described. 
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where 

The total cross section is defined by 

( 7 .1) 

It • number of transmitted particles 

1
0 

= number of incident particles 

o = total cross section 

n a target nuclei/unit volume = NPx/A 

x = target length 

p = target density 

N Avogadro 
, 
s Number = 

A = atomic weight 

In a target empty run, the following is measured 

where .. nmt, cft, xmt .. reflect scatterin9 from all 

objects other than the target itself. 

In a target full run, the following is measured 
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where "n", "a", and "x" are as in Eq. 7.1. 

Define 

Rf (mt) = 1 f (mt) I 1 f (mt) 
t 0 

Then 

(7.2) 

Experimentally one measures Rf and Rmt. 

However Eq. 7.2 gives the total cross section, 0 , 

if all that one measures is transmitted beam. But all 

counters have a finite spatial extent and in addition to 

transmitted beam measure very small angle scatters. In 

effect each counter overestimates the number of 

transmitted particles. 

To correct for this effect one can use an apparatus 

shown in Figure 7.1. Counter M measures the number of 

incident beams while Counters 1 - 6 measure transmitted 

particles. Each counter measures a cross section using 

Eq. 7.2. However these cross sections are eartial 

cross sections defined as follows: 

ni 
cr1 = a - ! 0 (do /dO) dQ 

ai = (l/nx)ln(R~t/Rf> {7.3) 

where 
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i = 1,2, ••••• ,n 

ni = the solid angle subtended by the ith counter 

The partial cross sections represent the cross section 

for scattering beyond an angle ei (corresponding to ni). 

Alternatively we can rewrite Eq. 7.3 as 

t??in 
oi = a - J 0i(do/dt)dt -

tz:1in 
f i (do/ d t) d t 
-oo (7.3a) 

where do/dt includes all elastic and inelastic processes 

that can occur. 

Therefore to measure the total cross section, a , 

one merely extrapolates the partial cross sections, a. , 
l. 

to zero solid angle. 

The situation is more subtle than the above 

suggests. We wish to measure the total cross section 

for strong not electromagnetic processes. However the 

partial cross sections contain contributions due to 

electromagnetic processes, i.e. 



where 

Then 

fn = strong elastic scattering amplitude 

fc = Coulomb scattering amplitude 

0~nel = 
1 contribution to cri by strong inelastic 

scattering processes 

enin 
cri cic I_![ !fc 1

2 + lfn 1
2 + 2(fc)Re(fn) ]dt + crfnel 

where fc has been assumed to be completely real. 

Hence the quantities (~cr i>c and (~cr i>cn must be 

subtracted from cr. before the extrapolation to zero 
1 

solid angle is performed. Here 

t~in .. 
( ~cr i>c = J_!ltcl 2dt 

t~in 

( ~cr i>cn = J_~(2(fc)Re(fn)]dt 
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Since electromagnetic processes are concentrated in 

the very forward direction, these corrections will not 

be too severe because the counters will detect most of 

the Coulomb scatters. Most electromagnetic scatters, 

being at small angles, will be considered as transmitted 

beam, thus not adding to the value of a particular 

partial cross section. 

c. Experimental Procedure and Analysis 

For the total cross section measurement, 

information was needed from only the high resolution 

PWCs located on the concrete block. Before 

extrapolating the partial cross sections to zero solid 

angle, a correction was made for geometric acceptance 

losses. Tnese were mainly due to the fact that the most 

downstream high resolution PWC was offset with respect 

to the beam center. 

The PDP15 data tapes used for this measurement were 

the same as used in the elastic scattering analysis. 

However after that point the two analyses diverged. The 

steps of the total cross section are shown in Figure 

7.2. 
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First a set of library tapes was written. LPAKX 

performed this task; basically these new library tapes 

contained all triggers with the BEAM latch set, in 

effect a sample of the incident beam particles with no 

requirements downstream of the target. Specifically the 

requirements for events written on these library tapes 

were as follows: 

1. BEAM latch set 

2. PWC planes 1,2,3,4, and 15 had one and only one 

good coordinate 

3. no requirements on the coordinates in PWC 

planes 5 - 10 

A good coordinate for the PWC planes is the same as 

defined in Chap. 4, Sect. B. Table 4.1 gives the PWC 

classification in terms of plane number. 

In planes 5 - 10 up to four separate coordinates 

were kept. Also if these chambers contained errors, 

this condition was noted. 

PWC errors included 

1. illegal card address. 
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2. empty wire map on a valid card. 

3. too many PWC coordinates (> 4). 

The next step was to accumulate histograms in 

angular bins of 50 rad for the "transmitted" particles. 

VNUXS accomplished this job. For an event to be 

recorded in these histograms, it had to fulfill the 

followin~ criteria: 

1. PWC planes 9 and 10 (X4, Y4) had to contain one 

and only one good coordinate 

2. At least two out the four planes 5, 6, 7, and 8 

had to contain one and only one good coordinate 

Again good coordinates for the PWC planes are defined in 

Chap. 4, Sect. B. Also an attempt to salvage events 

with more than two coordinates in planes 5 - 10 was 

made, as described in Chap. 4, Sect. B. 

For events fulfilling the above criteria the 

scattering angle was calculated, and a histogram of this 

quantity was made. This histogram was accumulated for 

both the target full and target empty runs. In addition 

the total number of incident beam tracks was recorded in 

each case. 
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The program SMCXS was used to calculate the 

acceptance correction. SMCXS was similar in philosophy 

to the Monte Carlo programs used in the elastic 

scattering analysis, especially for the high-t case. As 

in that case, the migration of data from bin to bin was 

ignored. Also there was no need to simulate the 

apparatus downstream of the concrete block. Finally the 

acceptance was binned in angle, the same bins as for the 

data scattering angle histogram. A typical acceptance 

curve is shown in Figure 7.3. 

Tne ~rogra~ VPAXS used the results from VNUXS and 

SMCXS to calculate the partial cross sections. There 

were 100 bins in the scattering angle histograms, and 

hence VPAXS calculated 100 partial cross sections. 

However only a subset were used in the extrapolation to 

obtain the total cross section. 

The ith partial cross section is given by the 

following formula: 

(7.4) 

where 
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i i 
T~ = E (If / I~t ) (1-°k)N~t + EN~/~ 

l k=l 
0 

k=l 
k = angle bin number 

n = target nuclei/unit volume (see Eq. 7 .1) 

x = target length 

I~(rnt) = number of incident particles measured 

in a full (empty) run 

Nf (mt) = 
k number of transmitted particles 

measured in the kth angle bin 

for a full (empty) run 

ak = acceptance correction value for the kth 

angle bin 

A derivation of Eq. 7.4 is given in Appendix IV. 

Typical exa~ples of the partial cross sections 

calculated are given in Figures 7.4 and 7.5. 

The final step to obtain the total cross sections 

was the-extrapolation to zero solid angle. VSXFT 

accomplished this step using the minimization program 

MINUIT6.l. 

The partial .~ross sections were fit to the 

following function: 

cr = cr - A(l. - exp(-se2) n n (7.5) 
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where 

on = nth partial cross section representing 

scattering beyond an angle e n 

a = total cross section 

This functional form occurs if one assumes that elastic 
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scattering is the dominate process for small angle 

scattering. Appendix IV gives a derivation of Eq. 7.5. 

The quantities a, A, B were fit for by VXSFT. The 

fitting program explicitly took into account the 

correlations between the different partial cross 

sections.· The quantity 

Q = ~ E 
j k 

is minimized, where 

(7.6) 

Jl' = ith measured partial cross section 

aY = ith theoretical partial cross section 

Gjk = inverse of covariance matrix between partial 

cross sections = (C)-J 

If the off diagonal terms of "G " are zero, then "O~ 

reduces to the familiar formula for chi-squared. Here 



2 
C j k a ~ ( Om ) ' m s min(j,k) (7.7) 

where ~2 <crm> is the error on the nth partial cross 

section. A derivation of Eq. 7.7 and the method to 

calculate the errors on the partial cross sections are 

given in Appendix IV. 

D. Results 
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To verify that the method used was correct, the 

total cross sections for n+, K+, and p scattering from a 

proton target were measured. The data were taken with 

the same apparatus but with the liquid hydrogen target 

substituted for the nuclear targets. These data were 

part of an experiment to measure the real part of the 

scattering amplitude in hadron - proton scattering 6 •3 • 

The results were compared with those of Carroll, et. 

a1. 7•1 • The incident momenta were 50, 100, and 200 

GeV/c (no measurement was made of the total cross 

section for K+p reaction at 50 GeV/c). 

Figure 7.6 shows the comparison between the two 

experiments. The errors shown are statistical only. 

The agreement between the two experiments is 

satisfactory. For the level of accuracy involved (10 -

15%), the method is adequate. 



COMPARISON BETWEEN THIS EXPERIMENT 
ANO CARROLL ET. AL. (Fermilab El04) 
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The results for the nuclear targets are given in 

Table 7.1 and in Figures 7.7 and 7.8. Total cross 

sections for pions, kaons, protons, and antiprotons were 

obtained at momenta of 175, 70 GeV/c for the Be and c 

targets and at a momentum of 125 GeV/c for the Be 

target. 

The range of partial cross sections used in the 

extrapolation was varied; within statistics no 

variation of the value of the total cross section 

resulted. 

The dimensions and density of the nuclear targets 

used are given in Table 2.6. 

E. Discussion 

The above results can be used in a comparison with 

the values of the total cross sections for hadron -

nucleus scattering as derived in the fits to the elastic 

scattering dcr/dt distributions (see Chap. 6, Sect. E). 

In fact this was the motivation for the above analysis. 



Table 7.1 

Total Cross Section Results 

Momentum a total a Momentum a total a 
(GeV/c} (mb) (GeV/c) {rnb) 

+ n Be 175 202.9 ± 23.1 n+C 175 270.6 ± 36.9 
K+Be 175 125.2 ± 28.5 K+C 175 169. 9 :!: 47.2 

p Be 175 288.8 ± 23.4 p c 175 316.5 ± 36.S 

Tr Be 175 196.3 ± 13.0 1T c 175 251.1 ± 23.9 

K Be 175 187.2 ± 20.0 K C 175 256.7 ± 37.2 

p Be 175 289.l ± 55.5 p c 175 335.3 ± 99.6 
+ 

lT Be 125 162.1 ± 29.5 -rr+C 70 244.7 t 39.9 

K+Be 125 193.9 ± 37.1 K+C 70 211.8 ± 53.8 

p Be 125 272.6 ± 31.9 p c 70 323.3 ± 51.5 
+ 

'11' Be 70 227.3 ± 22.3 ,,. c 70 217.9 ± 44.9 

K+Be 70 117.5 ± 27.4 K c 70 231.3 ± 54.8 

p Be 70 261 .. 1 ± 27.4 p c 70 329.8 ± 68.6 

11' Be 70 141 .. 3 ± 24.1 
- 70 156.2 29.7 K Be ± 

p Be 70 349 .. l = 40.5 
8 Errors statistical only. ..... 

l/l 
....... 
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Table 7.2 and Figure 7.9 present this comparison. 

There are three cases involving the measurements using 

the elastic scattering distributions: 

l. Normalization free; fit extends into Coulomo 

region 

2. Normalization fixed to l; fit extends inlo 

Coulomb region 

3. Normalization fixed to l; fit does not extend 

into Coulomb region 

160 

The Coulomb region was loosely defined as that region of 

t where Coulomb scattering made a significant 

contribution (typically .001 < -t < .002 (GeV/c) 2). 

Figure 7.9 presents a histogram of the quantity 

where 

r = (o(direct)- cr(el scat)]/E 

where 

o(direct) s a as measured directly (via 

transmission method) 

a(el scat) • a as derived from fits to elastic 



Table 7.2 

Comparison Between 'fatal Cross Sections as Perived by Direct 
.Measurement and from Fits to Elastic da/dt Distributions 

Momentum Direct (mb) Elastic do/dt Distribution (mb) 
(GeV/c) Case i Case 2 Case 3 

+ 
11' Be 175 202.9 ± 23.l 182.2 ± 7.2 164.3 ± 4 .. 9 167.4 ± 5.2 
K+Be 175 125.2 ± 28.5 149.3 ± 7.4 133.6 ± 6.2 137.3 ± 6.4 

p Be 175 288.8 ± 23.4 249.2 ± 8.3 260.4 ± 7.1 259.3 ± 7.3 

11' Be 175 196.3 ± 13.0 16B.4 ± 7.4 214.3 ± G.5 217.4 ± 6.8 

K Be 175 187.2 ± 20.0 128.0 ± 7.5 191.9 ± 6.4 194.5 ± 6.7 

·p Be 175 289.l ± 55.5 191.0 ± 25.1 339.2 ± 20.8 336.5 ± 21.3 
·+ 
11' Be 125 162.1 ± 29.5 190.3 ± 9.7 163.3 ±' a.1 167.6 ± 8.4 
K+Be 125 19 3. 9 ± 37.1 145.9 ± 8.1 132.9 ± 7.1 139.9 ± 7.6 

p Be 125 272.6 ± 31. 9 269.0 ± 12.4 257.1 ± 9.7 255.8 ± 10.3 
+ 

'Ti Be 70 227.3 ± 22.3 170.9 ± 6.7 170.5 ± 4.8 169.7 ± 5.2 
K+Be 70 117.5 ± 27.4 135.B ± 6.9 137.9 ± 4.9 133.7 ± 5.4 

p Be 70 261.1 ± 27.4 251.6 ± 10 .. a 261.9 ± 8.9 257.4 ± 9.3 - 70 141.3 24.3 165.9 ± n Be ± s.a 159.9 ± 4.4 163.8 ± 4.6 - 70 156 .. 2 29.7 150.7 ± K Be ± 7.6 140.4 ± 5.9 147 .. 0 ± 6.4 
p Be 70 349.1 ± 40.5 289.S ± li.6 271.8 ± 13.8 270.0 ... 14.3 .... 

....... 

°' ,_, 



Table 7.2 (cont.) 

Momentum Direct (mb) Elastic dcr/dt Distribution (mb) 
(GcV/c) Case r--- ----ca~e 2 Case 3 ---

n+C 175 270.6 ± 36.9 244.9 ± 7.5 214.6 ± 6.9 218.7 ± 7.2 
K+C 175 169.9 ± 47.2 195.4 ± 7.5 176.6 ± 7.3 179.4 ± 7.6 
p c 175 316.S ± 36.5 345.2 ± 9.9 326.8 ± 8.7 327.3 ± 9.1 -'TT c 175 251.1 ± 23.9 237.1 ± 10.3 214.3 ± 8.3 217.4 ± 8.7 -K C 175 256.7 ± 37.2 184.a ± 11.3 191.9 ± 9.4 194.5 ± 10.l 
p c 175 335.3 ± 99.6 317.6 ± 48.2 339.2 ± 41.2 336.5 ± 42.3 
ir+C 70 244.7 ± 39.9 170.9 ± 6.7 210.6 ± 5.7 223 .. 8 ± 6.2 
K+C 70 211.8 ± 53.8 135.8 ± 6.9 176.1 ± 6.2 177.0 ± 6.4 
p c 70 323.3 ± 51.5 251.6 ± 10.B 326.0 ± 8.9 323.5 ± 9.3 - 70 217. 9 ± 44.9 222.3 ± 1T c 7.4 200.7 ± 6.9 210.5 ± 7.1 

1Cc 70 231.3 ± 54.8 207.6 ± 9.5 195.1 ± 5.8 196.1 ± 6.2 

pc 70 329.8 ± 68" 6 391.7 ± 23.l 345.8 ± 18.1 360.7 ± 19.4 
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scattering data 

E = statistical error on numerator 

It was hoped that inspection of Figure 7.9 would give 

insight concerning the proper manner of treating the 

normalization of the elastic scattering data. However 

none of the results from the elastic scatering data seem 

to give total cross sections that are significantly more 

consistent with the total cross sections as measured 

directly. Part of this fact is due to the relatively 

large statistical errors on the total cross sections as 

measured directly. When the elastic scattering data was 

fit allowing the normalization to vary, a much better 

chi-squared per degree of freedom resulted than when the 

normalization was fixed to unity. In view of this fact 

and the above discussion of Figure 7.9, it is felt that 

the best way to fit the nuclear elastic scattering data 

is to allow the normalization to be a free parameter. 



CHAPTER 8 

RESULTS: HIGH-t ANALYSIS 

A. Final Analysis Steps 

The final analysis steps were similar to those for 

the nuclear target data. 

The program HITRO performed the function of 

QRNUC (see Chap. 6, Sect. A). 

The main difference in the two analyses was the 

application of the Monte Carlo results. For the high-t 

analysis only the geometric apparatus acceptance was 

needed, and it was used to correct the data not the 

theory. The following quantity was formed: 

d a/ d qd at a = D ( q) I e ( q) 

where 

e(q)= geometric apparatus acceptance as a 

function of q 
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All other symbols are defined in Cnapter 6, Section A. 

Next dcr/dqdata was compared to a theoretical form 

of the cross section, do/dqth' to extract the desired 

parameters (forward slope, etc.). The program 

MINUIT 6 •1 (as a subroutine in HITFT) was used in the 

fitting process. 

However before the fits were performed, three 

corrections were applied to the data: 

1. Coulomb scattering corrections 

2. Radiative corrections 

3. Correction for inelastic contamination under 

the elastic missing ~ass peak 

The program HITFT performed these corrections. 

B. Data Cuts 

In order to extract the elastic scattering signal, 

a set of cuts was applied to both the target full and 

empty data. Table 8.1 presents the cuts used for the 

+200 GeV/c (n+p, pp) and -200 GeV/c (~-p) data. Also 

shown is the effect of each cut. 

166 



l) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

Table 9 .1 

Major Cuts to Extract Elastic Signal 

Hiqh-t Data 

Cut 

Track reconstruction requirements on 
. PWC coordinates • HFD test passed 

No count from VH2 and VHJ 

HSD Test Passed 

Scattering angle in x and y projections >.25 mrad 

Track ~ 1.5 cm from center of PWC 
station 4. 

Outqoinq particle trajectory traversed the area 
inside of spectometer magnet apertures 

Scatter vertex no more than 40cm beyond 
LH2 target ends 

o.o ~ Recoil Mass Squared~ 1.76 (GeV/c2
>

2 

Events whose trajectories were in reqion of > 90t 
efficiency in PWC station 4. 

Outgoing particle trajectory did not traverse 
the area of the counter v at the third focus. 

Fractions of Events Remaining After 
Cut 

+ 
1T 1f p 

.446 .545 .546 

.368 .457 .447 

.366 .455 .447 

.355 .444 .443 

.352 .438 .440 

.342 .427 .430 

.293 .361 .375 

.215 .272 .287 

.167 .254 .269 

.120 .217 .231 
I-' 

°' ..J 



The first requirement was that VH2 and VH3 gave no 

signal in the event; this was to suppress unwanted 

scatters from target electrons. Next it was required 

that the HSD test be passed (this information was given 

by the HSD latch). Next the q of the scatter in the x 

and y projections had to be greater than 50 Mev/c. 

The quantity R4 represented the distance of the 

outgoing particle from the center of the PWC at Station 

4. It was defined as 

where 

x(y)4 = measured x{y) coordinate in PwC 

Station 4 

x(y)c = x(y) center of PWC Station 4 

169 

The z cut was the requirement that the scatter 

occur in the region of the target. A z distribution 

(where along the beam line the scatter occurred) is 

shown in Figure 8.1 with arrows indicating the cut. The 

dotted lines give the position of the LH 2 target. 
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The recoil mass squared cut required that this 

quantity be consistent with the mass of the proton 

squared (=.8804(GeV/c 2) 2). Figure 8.2 shows a recoil 

mass squared distribution with arrows indicating the 

cut. 

The requirement that the outgoing track passed 

within the spectrometer magnet apertures was fulfilled 

via the EGG cut where 

EGG = (xveto/a)m+(yveto/b)m 

where 

170 

xveto(yveto) = predicted x(y) coordinate at the 

veto plane 

xveto(yveto) were calculated based on the measured 

outgoing track-s angle and its momentum. The curve 

given by EGG • 1 represents the actual exit magnet 

aperture of the downstream spectrometer magnet as 

projected to the veto plane. Thus a curve given by EGG< 

1 means that the outgoing track had to pass within an 
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area away from the actual magnet aperture edges. Figure 

8.3 shows a scattergram of the events at the veto plane 

and the curve represented oy the EGG cut. 

The OVERSIZED JAW VETO were requirements using 

xveto and yveto. The xveto and yveto of the event had 

to be outside of the OVERSIZED JAW VETO {dashed line in 

Figure 8.3). This cut reduced the sensitivity of the 

results to not knowing the exact location in space of 

the jaw shaped veto. 

Tne final cuts were to take account of dead wires 

in PWC Station 4. Events that had x4 or y4 in these 

regions were rejected (again x(y)4 are the measured x(y) 

coordinate in PWC Station 4). 

From Table 8.1 it is seen that half of the triggers 

were eliminated by track reconstruction cuts imposed on 

the coordinates in the PWCs. The most important cuts on 

kinematic quantities were 

1. z cut. 

2. recoil mass squared cut. 

3. dead wires in PwC Station 4. 
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4. jaw veto cut. 

C. Target Empty Subtraction And Data Normalization 

The target empty subtraction was a 1% effect. To 

perform the subtraction, the number of incident 

particles in the target full and empty running had to be 

calculated. This number was given by the BEAM events. 

Unforturately due to an error in the hardware 

trigger logic, the number of incident particles was not 

the number of BEAM multiplied by a scale factor. The 

logic error caused a different amount of deadtirne for 

SCATTER and BEAM triggers. The following formula for 

the number of incident particles corrected for this 

effect: 

where 

N~(mt) = number of incident particles for 



Nf (mt) = 
beam 

full (empty) target data 

number of BEAM (passing cuts) 

for full (empty) target data 

F = number of SCATTER trigger passing 

HFD requirement and (VH2·VH3) 

(F*T) = number of above SCATTER trigger that 

had BEAM latch on 

The BEAM events had to pass the following cuts: 

l. VH2, VH3 gave no signal 

2. HFD test 

D. Monte Carlo Acceptence 

175 

As described in Chapter 4, Section E there were two 

types of quantities involved in the Monte Carlo program, 

generated and reconstructed. The cuts applied to the 

generated quantities simulated the actual experimental 

apertures. The cuts applied to the reconstructed 

quantities were exactly the same as applied to the data. 

By this method, the Monte Carlo simulated the effect of 

the apparatus resolution. 



Figures 8.4 and 8.5 present the geometric 

acceptance for the +200 (n+p, pp scattering) and -200 

GeV/c (n-p scattering) data. 

E. Additional Corrections 

There were two effects not included in the Monte 

Carlo results: 1) radiative effects 2) contamination of 

the elastic signal by inelastic scatters. Both of these 

process lead to t dependent corrections which had to be 

explicitly calculated. 

The correction for radiative effects was calculated 

by Sogara 8 • 1 • Table 8.2 gives the formula used to 

derive this correction. Using Sogard's formalism and 

taking into account the apparatus resolution for recoil 

mass squared, the correction for the specific cut on 

recoil mass squared was calculated. The measured 

differential cross section was corrected as follows: 

d o/dlcorr 0 
= do/dtmeas (e ) 

where Figure 8.6 presents e 0 - 1. The correction for 

the n-P reaction is practically identical to that for 
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Table S.2 

Correction for Radiative Effects 

i • i{ (~~-t in(g;,')-1 +z(k lnQ. -k 1nQ,)](21nA~', -31nq) 
_ 2µ•-..![¢(- (E,-£'3)(0-·tl ) +¢>( (£, -E,){Q-t) ) 

q (E, -tE1 )t-(E, -£1 )Q . (£1 +Ea}t +(£1 ~£1 )Q 

-e(- (E1·-E,)(Q+t) )-<>( (E:,-E,}(Q+t) } 
(£1 +£1)t-(£1 -E,)Q (£1 +£1)t +~£1 -£1 )Q 

-tn{9-t) ln(t+ (E,-E,)'µ')] 
· Q+t · £,E,t 

..:.r[ lni:-21n'l~~~ ( :. lnB,-.1 )- :. ( l'1B.ln E,2+:. -~(-R,B.)+4(R./B.)-¢(~.l+~C-R.))] 
• .![inf jfbj' ..!11..1 Jnn; ... ~J !.·,-M)-¢(_E,._M)+~t'-£,-~)· -~(fl.-'!) 

IJ, Eaa, E,a, \ Pa. Pa \ /,R, p,R, 

z· . } - I~ (s:un~ e."tpressbn with~- 3] • 

Tbt quanUty t ts t..'ie tour-momentum transfer 
squ~td, I• (p1 - p,/'; also, · 

••E,/E,,. 
~·(l 1 -4,µ2l):f'. 

•{! +8, )'n 6_• 1-p, ' 

•( E,-M)'n 
Jr.. E +M ' . . 

l.•IJE., 
aiut 

,,.,,/£,, 

f~) ls thee Spence !unction 

l
x ii 

•~>· -lnfl-7J ~ 
~ . , 

!>J +E1 - ~'/M f'• ~!",.;:M.. 
~·. ,, -E, ... µ'I /r1 p, - E, + M ' 

i,.•M' +µ1 -2ME1 • 

· •: •J>1(E: -M), 

-.• /.f(r.t-E~) 
.n.1 • M£i-µa ' 

£: •E1'*P•• 
n~e l • 1, 3. Also 

~ .. ~M;£,:-~tE~Ej+~'z.-i,ME";, 

c~•M~E, -ME.E;• ~'E.-E,MEj • 

'IWhere J•3, 1 when I =-1. 3. 
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the n+p reaction (to the fourth decimal place). 

The second correction was found by fitting the 

recoil mass squared distribution associated with 

different bins of q to an elastic peak and a term 

representing the inelastic scattering contribution. 

Figure 8.7 shows a representive plot of recoil mass 

squared for a particular q bin, and the results of the 

fit. Using the fit results, the amount of inelastic 

contamination was derived for the specific recoil mass 

squared cut. Figure 8.8 presents this contamination: 

it is approximately 2% at the smallest scattering angles 

and ranges up to 6% for large angle scattering for the 

pion case and up to 9% for the proton case. This 

correction is known to 10%. The measured differential 

cross section was corrected for the inelastic 

contamination as follows: 

do/dtcorr = do/dtmeas<l-C) 

where C is the inelastic contamination. 

It was observed that the final answers were not 

very sensitive to the corrections for inelastic 

contamination and radiative effects. Each applied 
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separat•?ly caused the final answers to vary by less than 

one standard deviation. Also the two effects act in 

different directions. 

F. Results 

After applying corrections to the data for the 

apparatus acceptance, radiative effects, and inelastic 

contamination, dcr/dq distributions were calculated. 

These were transformed to da/dt using the following 

formula: 

d o/dt = (l ./2q) d o/dq 

Figures 8.9 to 8.11 show the resulting dcr/dt 

- + di str ibut ions for n p, n p, and pp elastic scattering, 

respectively. Table 8.3 gives the actual values. The 

errors shown are statistical only: furthermore, there 

is an uncertainty in the overall normalization of 4%. 

The main contribution to this uncertainty is the 

statistical error involved in the method employed to 

calculate the incident flux. The pp distribution 

contains l.16xl0 6 events, n+p 2.22x10S events, and n-p 

4.28xl0 5 events. 
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TABLE 8.3 

Tabulation of differential cross sections. Errors 

are statistical only. Coulomb scattering contribu-

tions have been subtraFted, and corrections for 

radiative effects, inelastic contamination, and 

plural nuclear scattering are included. 

-
1T p 200 GeV/c 

2 2 
-t (GeV/c) do/dt [mb/(GeV/c) 1 
. 0206 25.38 ± . 47 
. 0221 24. 52 ± • 4"7 

. 0236 24.33 ± . 45 

. 0252 24. 17 ± . 44 

. 0268 23.90 ± . . 43 

. 0285 22. 70 ± . 41 

. 0302 22. 57 ± . 41 

. 0320 21. 74 ± . 39 

. 0338 21.81 ± . 38 

. 0357 21. 75 ± . 39 

. 0377 20. 5~ ± . 37. 

. 0396 19.69 ± . 35 

. 0417 20. 58 ± . 37 

. 0438 19.76 ± . 36 

. 0459 19. 10 ± . 35 

. 0481 19. 11 ± . 35 

. 0503 18.78 ± . 34 

. 0526 18. 48 ± . 33 

. 0549 18. 10 .. ± . 34 

. 0573 17. 51 ± . 33 

. 0598 16.86 ± . 31 

. 0622 16.45 ± . 31 

. 0648 15.96 ± . 30 

. 0674 15.72 ± . 30 

. 0700 15. 58 ± . 29 

. 0727 14.90 ± . 29 

. 0755 14.84 ± . 28 

. 0782 14.42 ± . 27 

. 0811 14.28 ± . 27 

. 0840 13.03 ± . 25 

. 0869 14.04 ± . 27 

. 0899 12.34 ± . 24 

. 0930 12.94 ± . 25 

. 0961 12.05 ± . 24 
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-t (GeV/c) 
2 

do/dt [mb/ (GeV/c) 
2

] 

. 0992 11.77 ± . 24 

. 1024 . 11. 04 ± . 22 

.1057 11.07 ± . 23 

. 1090 10. 51 ± . 21 

. 1123 10. 13 ± . 21 

. 1157 10.08 ± . 21 

. 1192 9.48 ± . 20 

. 1227 9. 11 ± .19 

. 1263 9.39 ± . 20 

. 1299 9.03 ± .19 

.1335 B.64 ± .19 

. 1372 B.44 ± .18 

. 1410 7.84 ± .17 

.1448 7. 53 ± .17 

. 1487 7.43 ± .16 

. 1526 7. 12 ± .16 

. 1565- 6.82 ± .15 

. 1605 6.66 ± . 14 

. 1646 6.22 ± . 14 

. 1687 6. 17 ± .14 

. 172~ 6. 19 ± .. 14 

. 1771 5.94 ± . 14 
·. 1814 5.74 ± .13 

. 18:57 5.37 ± .12 

. 1901 ~.OB ± .12 

. 1940 4.8:) ± .12 

. 1990 4.90 ± .12 

. 2035 4.63 ± . 11 

. 2081 4.42 ± . 11 

. 2127 4.33 i . 11 

. 2173 4.22 ± . 11 

. 2221 4. 14 ± .10 

. 2268 3.89 ± .10 

. 2317 3.54 ± . 09 

. 2366 3. 55 ± .10 

.-2415 3.46 ± . 09 

. 246=> 3. 17 ± . 09 

. 2::>15 3.02 ± . 08 

. 2566 3.08 ± . 08 

. 2617 2.88 ± . 08 

. 2669 2.82 ± . 08 

. 2721 2.82 ± ~ 08 

. 2774 2.61 ± . 08 

. 2827 2. !)9 ± . 07 

. 2881 2. 51 ± . 07 

. 2936 2.24 ± . 07 

. 2990 2. 12 ± . 06 

. 3046 2. 13 ± . . 06 

. 3102 1. 90 ± . 06 

. 31~8 1.98 ± . 06 

. 3215 1.85 ± . 06 
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-t (GeV/c)
2 

dcr/dt (mb/ (GeV/c) 
2 J 

. 3272 1. 75 ± . 06 

. 3330 1. 55 ± .05 

. 3389 1. 55 ± .'05 

. 3448 1. 49 ± . 05 

. 3507 1. 59 ± . 05 

. 3567 1.42 ± . 05 

. 3627 1. 42 ± . 05 

. 3688 1. 30 ± . 05 

. 3750 1. 23 ± . 04 

. 3812 1. 21 ± . 04 

. 3874 1. 18 ± . 04 

. 3937 1. 04 ± . 04 

. 4001 1. 07 ± . 04 

. 4065 . 98 ± . 04 

. 4129 . 91 ± . 04 

. 4194 . 87 ± . 04 

. 4260 . BB ± . 04 

. 4326 . 73 ± . 04 

. 4393 . 75 ± . 03 

: 4460 . 76 ± . 03 

.. 4527 . 75 ± . 03 

. 4:59:5 . 71 ± . 03 

. 4664 . 68 ± . 03 

. 4733 . 60 ± . 04 

. 480~ . 60 ± . 03 

. 4873 . 59 ± . 03 

. 4943 . 55 ± . 03 

. 5014 . 48 ± . 03 

. 5086 . 50 ± . 03 

. 5158 . 49 ± . 03 

. 5231 . 48 ± . 03 

. 5304 . 44 ± . 03 

. 5378 . 39 ± . 03 

. 5452 . 38 ± . 02 

. 5526 . 37 ± . 02 

. 5602 . 34 ± . 02 

. 5677 . 33 ± . 02 

. 5754 . 32 ± . 02 

. 5830 . 33 ± . 02 

. 5908 . 28 ± . 02 

• ~985 . 27 ± . 02 

. 6063 . 28 ± . 02 

. 6142 . 23 :t . 03 

. 6221 . 26 ± . 02 

. 6301 . 21 :! . 02 

. 6382 . 24 ±. . 03 

. 6462 . 23 ± . 02 

. 6544 . 22 ± . 02 

. 6625 . 20 ± . 02 
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+ 200 '1T p GeV/c 

-t (GeV/c) 2 do/dt [mb/ (GeV./c) 2] 

. 0220 24.09 ± . 46 

. 0235 23. 53 ± . 43 

. 0251 23.60 ± . 44 

. 0267 23.22 ± . 42 

. 0284 22. 91 ± . 40 

. 0301 22.32 ± . 41 

. 0319 21.77 ± . 39 

. 0337 22.01 ± . 39 

. 0356 20.89 ± . 38 

. 0375 20. 65 ± . 37 

. 0395 20. 53 ± . 36 

. 0415 19.97 ± . 36 

. 0436 19.21 ± . 35 

. 0457 18.70 ± . 34 

. 0479 18.76 ± . 33 

. 0501 18.22 ± . 34 

. 0524 17.29 ± . 32 

.. 0547 17. 18 ± . 31 

. 0571 16.86 ± . 31. 

. 0595 16. 53 ± . 30 

. 0620 16.31 ± ~ 30 

. 0645 16.23 ± . 29 

. 0671 15.61 ± . 29 

. 0697 15. 13 ± . 28 

. 0724 14.79 ± . 28 

. 0752 14.44 ± . 27 

. 0779 13.72 ± . 27 

. 0808 13. 56 ± . 26 

. 0837 13.02 ± . 26 

. 0866 13.35 ± . 26 

. 0896 12.63 ± . 25 

. 0926 12.20 ± . 24 

. 0957 11. 95 ± . 24 

. 0988 11.20 ± . 24 

. 1020 11. 3~ ± . 23 

. 1053 10.81 ± . 23 

. 1086 10.69 ± . 22 

. 1119 10.02 ± . 21 

. 1153 9.99 ± . 21 

. 1187 9.63 ± . 21 

. 1222 9.22 ± . 21 

. 1258 9.00 ± . 20 

. 1293 8. 54 ± .19 

. 1330 8.85 ± .19 

. 1367 8. 11 ± . 19 

. 1404 7.96 ± .18 
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-t (GeV/c)
2 do/dt [mb/ (GeV/c) 

2
] 

. 1442 7.71 ± .18 

. 1481 7. 15 ± .17 

. 1520 7.24 ± .18 

. 1559 6. 96 ± . 17 

. 1599 7.00 ± . 16 

. 1640 6.38 ± .16 

. 1681 6. 56 ± . 16 

. 1722 5.81 ± . 16 

. 1764 5.94 ± .15 

. 1807 5. 74 ± . 15 

. 1850 5.21 ± .14 

. 1893 5.35 ± . 15 

. 1937 4.90 ± . 14 

. 1982 4.91 ± . 14 

. 2027 4.40 i .12 

. 2072 4.37 ± . 13 

. 2118 4.36 ± .13 

. 2165 4. 11 ± . 12 

. 2212 4.00 ± . 11 

. 2259 3.67 ± . 11 

. 2308 3.87 ± . 11 

. 2356 3.44 ± . 11 

. 2405 3.45 ± . 11 

. 2455 3.21 ± .10 

. 2505 3.02 ± .10 

. 2556 2.97 ± .10 

. 2607 3.01 ± .10 

. 2658 2. 81 ± . 09 

. 2710 2.66 ± . 09 

. 2763 2. 54 ± . 09 

. 2816 2. 52 ± . 09 

. 2870 2.43 ± . 09 

. 2924 2. 18 ± . 08 

. 2979 2. 14 ± . 08 

. 3034 2.01 ± . OB 

. 3089 2.08 ± . 07 

. 3146 2.03 ± . 07 

. 3202 1. 77 ± . 07 

. 3259 1. 88 ± . 07 

. 3317 1. 68 ± . 07 

. 3375 1. 59 ± . 06 

. 3434 1. 57 ± . 07 

. 3493 1. 50 ± . 07 

. 3553 1. 38 ± . 06 

. 3613 1. 54 ± . 06 

. 3674 1. 36 ± . 06 

. 3735 1. 26 ± . 06 

. 3797 1. 17 ± . 05 

. 3859 1. 16 ± . 05 
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-t (GeV/c) 
2 dcr/dt [mb/ (GeV/c) 

2
] 

. 3922 1. 05 ± . 06 

. 3985 1. 09 ± . 06 

. 4049 . 96 ± . 06 

. 4113 . 99 ± . 06 

. 4178 . 95 ± . 06 

. 4243 . 86 ± . Ob 

. 4309 . 79 ± . 05 

. 4375 . 78 ± . 05 

. 4442 . 77 ± .05 

. 4509 . 75 ± . 05 

. 4577 . 74 ± . 05 

. 464~ . 73 ± . 05 

. 4714 . 59 ± . 05 

. 4784 . 60 ± . 04 

. 4853 - 57 ± . 04 

. 4924 . 60 ± . 04 

. 4995 . 47 ± . 04 

. 5066 . 48 ± . 05 

. 5138 . 51 ± . 04 

. 5210 . 41 ± . 04 

. 5283 . 41 ± . 05 

. 5356 . 46 ± . 04 

. 5430 . 39 ± . 04 

. 5505 . 29 ± . 06 

. 5579 . 41 :t 04 

. 5655 . 41 ± . 04 

. 5731 . 30 ± . 04 

. 0807 . 35 ± . 04 

. 5884 . 33 ± . 04 

. 5962 . 32 ± . 04 

. 6039 . 26 ± . 04 
"'6118 . 28 ± . 04 
. 6197 . 29 ± . 05 
. 6276 .13 ± . 08 
. 6356 . 23 ± . 05 
. 6437 . 19 ± . 04 
. 6518 .18 ± .05 
. 6599 . 16 t .05 
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pp 200 GeV/c 

-t (GeV/c) 2 dcr/dt [mb/ (GeV /c) 2] 

. 0206 62.33 ± . 60 

. 0220 61.36 ± . 58 

. 0235 59. 51 ± . 57 

. 0251 58.BO ± . 57 

. 0267 58. 17 ± . 56 

. 0284 57.01 ± . 55 

. 0301 55.79 ± . 54 

. 0319 54.82 ± . 53 

. 0337 53.27 ± . 52 

. 0356 52.49 ± . 51 

. 0375 51. 55 ± . 50 

. 0395 49.61 ± . 49 

. 0415 48. 54 ± . 48 

. 0436 47. 11 ± . 47 

. 0457 46.61 ± . 46 

. 0479 45.46 ± .46 

. 0501 43.71 ± . 44 

.·0524 42.26 ± . 42 
:0547 41. 40 ± .42 
. 0571 40.46 ± . 41 
. 0595 39.40 ± . 41 
. 0620 38. 57 ± .40 
. 0645 36.84 ± . 38 
. 0671 35.87 ± . 37 
. 0697 35. 11 ± . 37 
. 0724 33. 59 ± . 36 

. 0752 32.62 ± . 35 

. 0779 31. 70 ± . 34 

. 0808 30. 59 ± . 33 

. 0837 29. 56 ± . 32 

. 0866 29.60 ± . 32 

. 0896 27.93 ± . 31 

. 0926 26.78 ± . 30 

. 0957 26. 10 ± . 29 

. 0988 24.71 ± . 28 

. 1020 24. 54 ± . 28 

. 1053 23.74 ± . 27 

. 1086 22. 57 ± . 26 

. 1119 22. 19 ± . 26 

. 1153 20.69 ± . 25 

. 1187 20. 11 ± . 24 

. 1222 19.57 ± . 24 

. 1258 18. 53 ± . 23 

. 12'13 17.88 ± . 22 

. 1330 17.09 ± . 21 

. 1367 16.64 ± . 21 

. 1404 16. 14 ± . 20 
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-t (GeV/c)
2 

do/dt [rnb/ (GeV/c) 
2

] 

. 1442 15. 53 ± . 20 

. 1481 14. 92 ± . 19 

. 1520 14. 50 ± .19 

. 1559 13.49 ± . 18 

. 1599 13.03 ± . 17 

. 1640 12. 19 :t . 17 

. 1681 11.94 ± .17 

. 1722 11.34 ± . 16 

. 1764 10.92 ± . 16 

. 1807 10.49 ± . 15 

. 1850 10.03 ± .14 

. 1893 9.71 ± . 14 

. 1937 9.02 ± . 14 

. 1982 8.80 ± .13 

. 2027 B.49 ± .13 

. 2072 8. 13 ± . 12 

. 2118 7. 54 ± .12 

. 2165 7. 18 ± . 11 

. 2212 6.65 ± . 11 
.. 2259 6. 58 ± . 10 
. 2308 6.24 ± . 10 
. 2356 5.98 ± .10 
. 2405 5.85 ± . 10 
. 2455 5.39 ± . 09 
. 2505 5. 18 ± . 09 
. 2556 4.76 ± . 09 
. 2607 4.48 ± . 08 
. 2658 4.35 ± . 08 
. 2710 4.28 ± . 08 
. 2763 3.79 ± . 07 
. 2816 3. 70 ± . 07 
. 2870 3.66 ± . 07 
. 2924 3.41 ± . 07 
. 2979 3. 19 ± . 06 
. 3034 3. 19 ± . 06 
. 3089 2.84 ± . 06 
. 3146 2.79 ± . 06 
. 3202 2.62 ± . 06 
. 3259 2.56 ± . 06 
. 3317 2. 32 ± . 05 
. 3375 2.23 ± . 05 
. 3434 2. 13 ± . 05 
. 3493 2.00 ± . 05 
. 3553 1. 87 ± . 05 
. 3613 1. 86 ± .05 
. 3674 1. 71 ± . 05 
. 3735 1.62 ± . 04 
. 3797 1. 39 ± . 04 
. 3859 1. 41 ± . 04 
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-t (GeV/c)
2 do/dt [mb/ (GeV/c) 

2 J 
. 3922 1. 35 ± . 04 
. 3985 1. 32 ± • 04 
. 4049 1. 25 ± . 04 
. 4113 1. 12 ± . 03 
. 4178 1. 09 ± . 04 
. 4243 . 99 ± . 03 

. 430'7' . 93 ± . 03 

. 4375 . 93 ± . 03 

. 4442 . 86 ± . 03 

. 4!509 . 83 ± . 03 

. 4577 . 71 ± . 03 

. 464::> . 70 ± . 03 

. 4714 . 68 ± . 03 

. 4784 . 60 ± . 03 

. 4853 . 57 ± . 03 

. 4924 . 55 ± . 03 

. 4995 . 49 ± . 03 

. 5066 . 47 ± . 02 

. 5138 . 43 ± . 03 

. 5210 . 45 ± . 02 

. 5283 . 37 ± . 02 

. 5356 . 37 ± .02 
. 5430 . 39 ± . 02 

. 5505 . 32 ± . 03 

. -s~1-<1 • 3~ ± . 03 

. 5655 . 27 ± . 02 

. 5731 . 25 ± . 02 

. ~807 . 22 ± . 02 

. 5884 . 19 ~ . 02 

. 5962 . 22 ± . 02 

. 6039 . 24 ~ . 03 

. 6118 . 21 :t . 02 

. 6197 . 16 f . 02 

. 6276 .18 ± . 04 

. 6356 . 14 ± . 04 

. 6437 .13 ± . 02 

. 6518 . 14 ± . 03 

. 6599 .12 t . 03 
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The displayed and tabulated distributions are 

corrected for inelastic contamination and radiative 

effects. Also the contribution due to Coulomb 

scattering (including the Coulomb - nuclear interference 

contribution) has been removed. Table 8.4 presents the 

parameters used for this subtraction. The Coulomb 

correction only affects dcr/dt for -t< 0.035 (GeV/c) 2 and 

then only slightly. Making reasonable variations of the 

parameters listed in Table 8.4 changed the final answers 

by less than one standard deviation. 

6.3 
A correction for plural nuclear scattering in the 

hydrogen target is also included in Table 8.3 and 

Figures 8.9 to 8.11. To make the correction, the data 

was multiplied by the following quantity: 

where 

[l+Kexp(-bt/2)/b] 

- + b = b(t=0) (10.9,10.8, and 12.l for TI p, TI p, pp; see 
Table 8.5) 

K = 

at = hadron-proton total cross section 

f = NApx/A 

NA = Avogadro's number 

p = target density 

x = target length 



where 

p -p 

+ 11' -p 

'If -p 

'l'able B. t.t 

Parameters for Coulor:tb Scatte~in~ 

Contribution to do/dt 

2 bt/2 
4rra - ahpe ap/St P'P" + 

o. = fine structure constant 

p = ratio of real to imaginary part of the 
scattering amplitude 

198 

ohp = total cross section tor hadron-proton scattering 

b = forward logarithITlic nuclear slope 

-2 a b b (GeV/c) ohp(mb) p 

12.0 38.97 -.01 

10.5 23.84 .04 

10.S 24.33 .08 

~rom A. s. Carroll et al., Phys. Rev. Lett.~, 928 and 932 
(1974) 

bFrom R. D. Hendrick and B. L~utrup, Phys. Rev. Dll, 529 
(1975) 
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A = atomic weight 

At the largest t, this correction is 11% for pp 
+ 

scattering and 3% for n-p scattering. The correction is 

accurate to 5%. The effect of plural nuclear scattering 

on the data is important only when fits are performed 

using the entire t range measured. 

The next step of the analysis was to study in 

detail the shape of the dcr/dt distributions. To 

accomplish this study, fits were performed over small 

regions of t using an exponential form. Thus in the 

limit of infinitely small t regions, what is obtained is 

the forward logarithmic slope b as a function of t where 

b(t) = d/dt[ln(dcr/dt)] 

The entire t range was split into nine to ten 

subregions: the errors on the measured local slopes 

were still reasonably small. 

The fits were performed using a least squares 

minimization procedure: the program MINUIT6.l was 

employed. The fitting method was such that the endpoint 

of the ith bin was constrained to coincide with the 



beginning point of the i+lth bin. This procedure of 

course introduced correlations between the measured 

local slopes. When fits were performed without the 

above constraint, the values of the local slopes 

obtained were within one standard deviation of the 

results from the constrained fits. The constrained fits 

merely reduced the statistical error of the results. 

To estimate the systematic error, the local slopes 

were derived using a variety of cut variations. For 

example, the recoil mass squared cut was changed while 

keeping all other cuts the same. The maximum range of 

the values of the local slopes with respect to the 

different sets of cuts is the measure of the systematic 

error. 

Another source of systematic error was the 

uncertainty in the absolute value of the incident beam 

momentum. The beam momentum was known to ±1%. This 

contribution to the systematic error was added in 

quadrature to the other contributions to arrive at the 

total systematic erroras given in Table 8.5. 

To orient the reader, Figure 8.12 presents ~b vs. 

t" plots for some simple cases. Figure 8.13 presents 

the results of the above type of analysis for the data. 

Tne errors shown are the statistical and systematic 

errors added in quadrature. Table 8.5 gives the values 

200 
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LOCAL SLOPE VERSUS -t 

FOR 
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LOCAL SLOPE VERSUS -t: HIGH-t DATA: 200 GeV/c 
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Figure 8.13 



bl 

b2 

b3 

b4 

bs 

b6 

b7 

bs 

b9 

TABLE 8. 5 

Local Slope Values and Correlations 

v-p 200 GeV/c 

ltl Range 
(GeV/c)2 

.022-.036 

.036-.062 

.062-.102 

.102-.161 

.161-.252 

.252-.327 

.327-.400 

.400-.494 

.494-.583 

10.91 

9.30 

9.63 

9.18 

8.26 
7.62 

7.41 
6.92 

6.60 

x2/DOF = 130.4/113 

Value _
2 (GeV/c) 

± .55 

± .29 

± • 23 

:t .17 
± .11 
± .16 

± .24 

± .27 

± • a19 

a 
Covariance Matrix Correlation Coefficients, p 

b.b, 

203 

(. 25) 

( .18) 

( .17) 

( .10) 

(. 08) 

( .18) 

(. 22) 

(. 23) 

'. 43) 

bl 
1 J 

b2 bl b4 bs b6 b7 bs 

b2 -.499 

bl .020 -.511 

b4 -.102 .391 -.770 

hs .231 -.676 .472 -.591 

b6 -.238 .674 -.355 .039 -.388 

b7 .147 -.413 .200 .058 -.135 -.507 

bs -.067 .187 -.088 -.037 .110 .016 -.565 

b9 .024 -.068 .032 .015 -.045 .018 .116 -.565 

a is the covariance between 
b.b. 

J. J 

the quantities b. and b.; 
J. J 

is the standard deviation 

of b .. 
J. 
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TABLE 8.5 (cont.) 

pp 200 GeV/c 

Local Slope It I P~an~e Value 
(GeV/c) (GeV/c)- 2 

bl .025-.055 12.07 :t .10 ( .16) 

b2 .055-.084 11.53 ± .12 (. 08) 

bJ .084-.109 11.12 ± .12 ( .10) 

b4 .109-.152 10.71 ± .11 (.08) 

bs .152-.194 10.64 ± .18 (. 08) 

b6 .194-.246 10.38 ± .18 (. 20) 

b7 .246-.315 9.72 ± .15 ( .13) 

ba .3~.s- .424 9. 34 :t .13 ( .19) 

b9 .424-.528 9.48 ± .24 ( .19) 

blO .528-.644 9.35 :± • 61 (. 42) 

x2
/DOF = 115·.l/116 

Co\'ariance Matrix Correlation Coefficients, p a 
b,b, 

bl 
l.. J 

b2 b3 b4 bs b6 b7 

b;l .211 

bl -.454 -.180 

b4 -.355 -.644 .110 

b5 .204 .221 -.316 -.559 

b6 .036 .044 -.162 .252 -.675 

b7 -.160 -.151 .410 -.287 .232 -.611 

ba .141 .131 -.348 .221 -.103 .126 -.558 

b9 -.080 -.075 .198 -.123 .048 -.027 .122 -.530 

blO .032 .030 -.080 -.049 -.018 .oos -.021 .109 

a 
Pb. b. -

l.. J 

2 
ob.b.ob.ob .. ob.b. is the covariance between 

l.. J l.. J l.. J 

the quantities b. and b.; 
l.. J 

of b .• 
l.. 

is the standard deviation 

-.497 



TA:SLE 8.5 (cont.) 

+ w p 200 GeV/c 

Local Slope ltl Ran~e Value 
(CeV/c) (CeV/c)-2 

bl .024-.044 10.83 f .63 (.32) 

b2 .044-.072 9.33 ± .33 ( .19) 

b3 .072-.105 9.41 ± .31 ( .17) 

b4 .105-.144 S.83 ± .33 ( .18) 

bs .144-.181 8.56 ± .33 (.21) 

h6 .181-.241 8.64 ± .20 (.30) 

b7 .241-.309 7.48 ± . 24 (.25) 

ba .309-.374 7.26 ± .34 (.34) 

bg .374-.478 7.22 ± .30 (.33) 

blO .478-.604 5.96 ± .so (. 42) 

x2
/DOF = 99.1/114 

a 
Covariance Matrix Correlation Coefficients, p 

b,b, 
1 J 

bl b2 b3 b4 bs b6 b7 

b2 -.673 

b3 .183 -.503 

b4 -.029 .182 -. 713 

bs -.025 -.379 .533 -.703 

b6 .046 .476 -.514 .119 -.382 

b7 -.030 -.296 .305 -.003 -.187 -.404 

bs .015 .142 -.145 -.oos .146 -.065 -.558 

bg -.006 -.054 .oss .004 -.063 .060 .083 -.582 

blO .002 .016 -.017 -.001 .020 -.022 -.013 -.124 

o is the covariance between 
b.b. 

J. J 

205 
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the quantities b. and b.; is the standard deviation 

of b .• 
1 

1 J 
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of the local slopes along with correlation coefficients. 

Also presented are the systematic errors in the various 
+ regions of t for n-p and pp scattering. It is important 

to note that in some cases the systematic errors are 

significant when compared to the statistical errors on 

the local slopes. Since small regions of t were used to 

obtain the local slopes, plural nuclear scattering has 

negligible effect on these results. In fact the data 

fit was that of Table 8.3 without (hence divided by) the 

plural scattering correction. 

Also shown on Figure 8.13 are results of a fit to 

the data over the full t range using a quadratic 

exponential form (exp{ bt+ct 2)). Table 8.6 exhibits the 

values of b and c derived from these fits. For these 

fits the correction for plural nuclear scattering is 

included in the theory. Appendix VI gives the 

functional form used to fit the data. 

The local slopes do depend lo a degree on the bins , 

in t chosen. ·Figure 8.14 presents the local slope as a 

function oft for several different binnings. Table 8.7 

tabulates the local slopes measured for these different 

cases. Again it should be emphasized that the data fit 

was the same: what was different were the chosen 

subregions of t. 



p -p 

.. ·r. -p 

-n -p 

Table 8. 6 

bt + ct2 
Results from Fits of do/dt to e 

ltl Range b c 

~ 025 - .620 11. 73 ± .04 -2. 98 :!: 

.02 5 - .620 9 .9 4 ± .07 -3. 6 e ± 

.025 - .620 9. BS ± .06 -3. 43 ± 
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X2 /DOF 

.10 l 86. 0/125 

.16 106.0/125 

.13 142.4/125 
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TABLE 8.7 

Local Slopes using t Bins Different from those of Table B.S 

-
'YT p 200 GeV/c 

Local Slope ltl Ran~e Value a Local Slope ltl Ran~e Value a 
(GeV/c) (GeV/c) - 2 (GeV/c) (GeV/c) - 2 

bl .029-.044 9.52±.91 bl .025-.040 11.61±.54 

b2 .044-.073 9.28±.33 b2 .040-.067 8.74±.13 

b3 .073-.116 9. 6.4± .13 b3 .067-.109 9.77±.12 

b4 .116-.177 8.96±.09 b4 .109-.169 9.08±.13 

b5 .177-.272 8.02±.11 b5 .159-.262 8.11±.08 

b6 .272-.351 7.55±.20 b6 .262-.339 7.72±.13 

b7 .351-.426 7.53±.28 b7 .339-.413 7.40± .. 23 

bs .426-.509 6.56±.35 ba .413-.509 6.68±.28 

b9 .509-.583 6.75±.64 bg .509-.599 6.83±.48 

x2/DOF e 132.5/111 X2/DOF = 129.0/113 

aErrors statistical only 



Local Slope 

bl 

b2 

b3 

b4 

b5 

b6 

b7 

ba 

bg 

blO 

f tf Ran~e 
(GeV/c) 

.025-.050 

.050-.109 

.109-.160 

.160-.212 

.212-.261 

.261-.309 

.309-.380 

.380-.444 

.444-.514 

.514-.604 

x2/DOF = 100.1/113 

aErrors statistical only 

TABLE 8.7 (cont.) 

7r+P 200 GeV/c 

a Value _
2 (GeV/c) 

10.65±.45 

9.30±.17 

8.60±.22 

8.96±.29 

7.84±.37 

7.55±.40 

7.34±.35 

7.10±.49 

6.78±.65 

5.58±.90 

Local Slope 

bl 

b2 

b3 

b4 

b5 

b6 

b7 

ha 

b9 

blO 

f ti Ran~e 
\GeV/c) 

.022-.036 

.036-.062 

.062-.090 

.090-.115 

.115-.160 

.160-.207 

.207-.261 

.261-.349 

.349-.465 

.465-.604 

x2/DOF = !03.8/115 

Value a 
(GeV/c)- 2 

10.41±.67 

9.93±.29 

9.10±.16 

9.57±.37 

8.32±.28 

9.24::.30 

7.79±.30 

7.50± .. 18 

7.08±.22 

6.32±.41 



TABLE 8 .7 (cont.) 

pp 200 GeV/c 

Local Slope ltl Range Value a Local Slope Jtl Range Value a 

(GeV/c) 2 (GeV/c)- 2 {GeV/c) 2 {GeV/c) -2 

bl .024-.039 11.76±.39 bl .025-.044 12.11±.26 

b2 .039-.070 11.86±.18 b2 .044-.075 11.80±.13 

b3 .070-.100 11.29±.16 b3 .. 075-.112 11.02±.12 

b4 .100-.126 11.03±.17 b4 .112-.144 10.88±.18 

b5 .126-.172 10.63±.15 b.5 .144-.194 10.57±.15 

b6 .172-.236 10.43±.11 b6 .194-.256 10.43±.15 

b7 .236-.303 9.83±.10 b7 .256-.315 9.52±.18 

ba .303-.392 9.37±.13 ha .315-.411 9.38±.15 

bg .392-.478 9.40±-22 b9 .411-.507 9.46±.24 

blO .478-.604 9.42±.36 blO .507-.623 9 .25±.47 

x2/00F • 120.5/111 x
2

/DOF = 115.1/113 

"" ,_, 
aErrors 

f-t 
statistical only 
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By integrating do/dt over t, the total elastic 

cross section is derived. To calculate the 

contributions of regions in t not directly measured, the 

results of the fits from which the local slopes were 

obtained were use~ (using the functional form of exp(bl) 

for the extrapolation over unmeasured t regions). It 

was found that when the do/dt distributions were 

extrapolated to t equal to zero, they were consistent 

within the experimental errors with the optical point. 

Thus do/dt was normalized to the optical point for the 

calculation of the total elastic cross sections. Table 

8.8 presents the total elastic cross sections and the 

ratio of the total elastic cross section to the total 

cross section. The errors in Table 8.8 include, in 

addition to the statistical uncertainties, the 

systematic uncertainties due to extrapolatin3 the 

measured do/dt distributions over unmeasured t regions. 
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Table B. 8 

Total Elastic Cross Sections 

at 200 GeV/c 

0 Elastic(mb) 0
Elastic10Total8 

u p 3.21 ± .150 .132. :!: .006 

+ l.08 :!: 'If p .06.1 .129 :!: .003 

p p 6.82 ± .136 .175 ± .004 

aFrom A. s. Carroll et. al., Phys. Rev. Lett • .!!• 928 and 932 
(1974) 



CHAPTER 9 

HIGH-t ANALYSIS: DISCUSSION 

A. Local Slopes 

The results presented in Figure 8.13 clearly 

demonstrate the elastic scattering cross section for 
+ 

TT - p and pp reactions at 210 GeV/c are not consistent 

with a simple exponential (exp(bt)) (also see Table 

8.6). For pp scattering the behavior is poorly 

parameterized by an exponential with a quadratic term 

(exp(bt+ct 2)). However for TT±P scattering, the 

quadratic form describes the t distributions for -t>0.94 

(GeV/c) 2 • 

The local slope in the pp case decreases with 

increasing tin the region of 0.925<-t<0.258 (GeV/c) 2 • 

From 0.25<-t<0.65 (GeV/c) 2 the local slope has a 

constant value of approximately 9.5 (GeV/c)-2• 

For the pions, in the region 0.l0<-t<0.6e (GeV/c) 2 

the local slope decreases with increasing t. From 

0.93<-t<0.10 (GeV/c) 2 the local slope is relatively 

flati finally there is a sharp increase in the value of 

the slope in the region 0.02<-t<8.13 (GeV/c) 2 • 
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Figure 8.13 would indicate that in the region of 

approximately 0.25<-t<0.65 (GeV/c) 2 the behavior of the 

local slopes as a function of t is different for pions 

and protons. However the data do not have sufficient 

statistical accuracy to conclusively prove this 

contention. • + The rat10 R- was formed where 

+ + 
R- • (dcr/dt(pp)]/(dcr/dt(n-p)] 

and fit to the form of Cexp(dt). + Figure 9.1 shows R-

215 

along with the fiti Table 9.1 presents the fit results. 

An exponential describes the general behavior of R± (for 

the TI- case there is no particular region of t that 

dominates the contribution to the chi-squared) which 

would indicate similar dcr/dt shapes for the pions and 

protons. Also the value of d is in good agreement with 

that found at 175 GeV/c in Ref. 9.1. To definitively 

settle the question approximately four times the present 

statistics in the region of e.30<-t<0.60 (GeV/c) 2 would 

be required. 

Figure 9.1 shows small oscillations about the 

results of the fit to the R- ratio, but none in the R+ 

ratio. At the sensitivity of the measurement, it cannot 

be concluded whether the oscillations are real or are 
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TABLE "· t 

Results of fits of Rt (as defined in text) to Ced: 

ltl Range c d x2/DOF 

R+ + (p/'rr ) .022-.630 2.67 ± .01 2.08 ± .06 126.1/128 

R (p/n-) .022-.630 2.61 ± .01 1.98 ± .06 165.1/128 
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due to instrumental effects. However it is more likely 

the effect is due to the latter since the a+ ratio does 

not exhibit oscillations. In any case the point to 

point variations in the R- ratio are too small to affect 

the conclusions of the analysis. 

Figures 8.9 to 9.11 show a comparison of the 

differential cross sections for the 

experiments1 • 811 • 9 •1 •12 •9• 2 that have measured elastic 

scattering in the same kinematic region. Figure 9.2 

compares measured local slopes from this experiment with 

those measured by others 1.8,1.9,1.11,1.12,9.3,9.4. It 

should be noted that these other measurements of the 

forward slopes are calculated from fits over much larger 

ranges of t than used in this experiment. This is 

especially true for references 1.8 and 1.9 where fits 

were performed over their full t range (-0.03 to -0.40 

for Ref. 1.8; -e.e7 to -0.aa for Ref. 1.9), to a 

quadratic form. From the fit results, the forward slope 

at t equal to -e.2e (GeV/c) 2 was calculated. It is seen 

that there is good agreement between all the 

experiments. The results from references 1.12 and 9.5 

support the observation of a sharp increase in the local 

slope in the very small t region for n-p scattering. 
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An analysis similar to the one presented here has 

been performed for hadron-proton elastic scattering at 

energies of 10.4 and 14 c;ev1 • 18 • It was found that the 

n~ and pp scattering exhibit a behavior more 

complicated than· a simple exponential in t. Thus the 

phenomena observed at 280 GeV are also seen in an energy 

regime an order of magnitude less than that of this 

experiment. 

B. "Form Factor" Parameterization of d o/dt 

Theoretical models such as that of Cnou and Yang9.6 

and versions of the Additive Quark Model (AQM)9.7,9.8 

attribute the major part of the small t elastic cross 

section variation to the hadronic form factors of the 

target and the projectile. These form factors are 

assumed to be the same as the electromagnetic ones. In 

the AQM the form factors describe the spatial 

distribution of the quarks: in the very small t region, 

the scattering is dominated by single quark-quark 

scattering. In these models, dO/dt is given to first 

order as 

where 



A - N 0o2I16 ,m 2 

Ne • normalization factor 

o • total cross section 

F(t>target • hadronic form factor of the target 

F(t)projectile = hadronic form factor of the 

projectile 

Aqq(t) • quark-quark scattering matrix element 

The following forms for the proton and pion 

hadronic form factors were used in this analysis: 

F(t>proton = (l-(r~t/(1Zh2))]-2 

F(t)pion • [l-(r~t/(6fi 2 ))}-l 

where 

,dipole form 

,monopole form 

rp • proton electromagnetic charge radius 

rn •pion electromagnetic charge radius 
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The do/dt distributions were fit to Eq. 9.1 using 

the following three forms for Aqq: 

IAqq I 2 (t) • l+ut ,linear form ( 9. 2a) 

IAqq 1
2 
(t) s exp(ut) ,exponential form ( 9. 2b) 

IAqq 1
2 (t) • (l+ut/2) 2 ,quadratic form ( 9. 2c) 
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The linear and quadratic forms are phenomenological~ 

· 1 t a1. 9 • 7 
the exponential form is su99ested by Bia as e • 

and Levin et. a1. 9 •8 • In the case of the exponential 

form (Eq. 9.2c), one can identify u with the quark 

radius, rq' where 

(9.3) 

Note that in the Chou - Yang model, Aqq<s,t) is unity. 

The effect of plural nuclear scattering was taken 

into account in the fits, again by modifying the theory. 

Appendix VI presents the functional forms used. The 

results of the fits are given in Tables 9.2, 9.3, and 

9.4. 

The data are well represented over the full t range 

(0.025<-t<0.620 (GeV/c) 2) by Eq. 9.1 with the linear 

form for the quark-quark scattering matrix element. The 

fitted values of rp and rn are in remarkably good 

agreement with measured proton9 • 9 and pion9.le 

electromagnetic charge radii. It is emphasized that the 

linear form for the matrix element becomes unphysical 

for t>-1/u. Hence it is surprising that this 

parameterization of dcr/dt fits the data so well. 



Table 9.1 

Results of tits of da/dt to form factor parame·~erization 

with a linear matrix element, Eqns • 9.1 and 9.2a 

correlation Coefficients 

ltl Ranye A u r r 
(A,u) (A,r'IT') (A,rp) (u, r1r) (u,r J (r'IT',rp) X2/00F 

(GeV/c)- 2 'IT 
<¥"') (GeV/c) (fPl) p 

pp 0.025-0.620 79.89t.24 1.18±.02 .Sl:t .01 .582 .814 .910 119.8/122 

+ 
1f p 0.025-0.620 30.35±.18 .79±.05 .62±.04 .87±.03 .656 .112 .112 .131 .129 -.963 104.0/122 

w-p o.02s-o.620 30.98±,]7 .84±.04 .62t.04 .87±.03 .639 .099 .101 .116 .112 -.971 137.0/122 

Table 9.3 

Results of fits of dCJ/dt to form factor parameterization 

with an exponential matrix element, Eqn•. 9.1 and 9.2b 

Correlation coefficients 

f ti nanye A u rir r 
(A,U) (A,r,,> (A,rp) (u,rir> (u,rp) C r

11 
,rp) X1 /0CF 

(GeV/c) (GeV/c)- 2 
(fm) ( ¥"', 

pp 0.025-0.620 78.40±.27 3.32±.11 .72t!Ol .727 .792 .992 154.0/122 

pp 0.025-0.320 79.27:.t.36 2.67±.23 .75±.01 .807 .. 945 .997 78.4/70 

+ 
1f p 0.025-0.620 30.lB:i:.21 1.49±.19 .65± .. 04 .79±.04 .703 .233 .259 -.156 .678 -.829 103.0/122 

+ r. p o.02s-o.l20 30.ll;t. 26 l.68:t. 38 .63±.04 .70±.04 .797 .412 .499 .290 .733 -.433 67.5/78 

-" p 0.025-0.620 30.78t.19 1. 79t.16 .70±.03 .72±.03 .523 .304 .l67 -.410 .839 -.837 136.0/122 

11'-p 0.025-0.320 30.91!.37 1.26:t.Sl .61±.06 .84:t.06 .• 913 .606 .590 .631 .649 -.177 97.2/78 N 
N 
w 



pp 
+ 

'FT p 
-'FT p 

TABLE 9.4 

Results of Fits of da/dt to the Form Factor Parameterization with a 

Quadratic Matrix Element, Eqns. 9.1 and 9.2c 

ltl Ran2e A u -2 r,.. rp X2 /DOF 
(GeV/c) (GeV/c) (fm) {fm). 

0.025-0.620 79.32±.26 -1.65±.03 .79±.0l 124.9/122 

0.025-0.620 30.27±.19 -1.01±.08 .61±.05 .96±.04 103.0/122 

0.025-0.620 30.88±.18 -1.09±.07 .65±.04 .82±.03 136.1/122 



In contrast to the linear matrix element, the 

quadratic form for the quark-quark scattering matrix 

element (Eq. 9.2c) does not become unphysical. It too 

gives an adequate description of the data, and the 

values of rp and rn derived are in good agreement with 

the measured pion and proton electromagnetic radii. It 

is interesting to note that Eq. 9.2c predicts a dip in 

the pp elastic scattering t distribution at -t • l.2 

(GeV/c) 2• Akerlof et.ai. 1 •9 observe such a dip in pp 

scattering at 208 GeV/c incident momentum at -t = 1.5 

(GeV/c) 2• 

The fits using the exponential form for the matrix 

element were made using the full t range and a 

restricted t range (0.82S<-t<0.320 (GeV/c)2). Over the 

restricted t range, reasonable fits to the data were 

obtained. Over the full t range the pion data are well 

represented. However the proton data are not well 

represented, and value of rp is about 10% lower than 

measurements of the proton electromagnetic charge 

radius. 

Within the context of the above picture, one 
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expects that the pion and proton electromagnetic charge 

radii to be the same whether extracted from the pion 

data or from the proton data (obviously the pp data do 

not measure the pion charge radius). Therefore the ~-p, 
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n•p, and pp data were fit simultaneously using a single 

in some fits the u's were constrained to be 

equal, in some the u's were allowed to vary 

independently. - + Also fitting to the TI p, TI p, and pp 

data simultaneously reduced the correlation between the 

fitted parameters. Tables 9.5 and 9.6 present the 

results of these fits. Figure 9.3 shows the results 

using the exponential matrix element and fitting the 

data over the region 0.025<-t<9.320 (GeV/c) 2 • 

It is observed that for fits over the full t range 

requiring the u's to be equal, the data are not well 

represented; this fact is independent of the choice of 

the form for the quark-quark scattering matrix element. 

The data are well represented over the full t range when 

the linear matrix element is used, and the u·s are 

independent. Reasonable values of the electromagnetic 

charge radii are obtained; u for pp scattering is 

h f 
+ • greater t an u or n-p scattering. The fit to the data 

over the full t range using the exponential matrix 

element and allowing the u·s to vary independently is 

not as good as for the linear matrix element but still 

reasonable. Again u (or equivalently the quark radius) 

for pp scattering is greater than u for n±p scattering. 

The value of rp is approximately St low when compared to 

measurements of the proton electromagnetic charge 

radius. 



TABLE 9. 5· 

Results of Fite of ~o/dt to Form Factor Parameterization 
Using - + 1f Pr tr p, pp Data Simultaneouslya 

Matrix ltl Ranqe Aw- Aw+ AP Uw- u,,+ up r" rp X2/DOF 

Element (GeV/c) 2 (CeV/c)-2 (GeV/o)-2 (GeV/c)-2 ( f:n) (fm) 

Linear 0.025-0.620 ll.02t.15 Jo.•ot.14 79.89t.24 o.au.02 0.82:t.03 l.lBt.02 • 70t.Ol .eu.01 360.9/370 

Linearb 0.025-0.620 l0.25t.12 29.Slt.ll 81.lJt.23 1.03t.Ol 1. Olt •. 01 l.OJt.01 .63t.Ol .&Jt.01 506.0/372 

Exponential o.02s-o.&20 30.6Jt.17 29.97t.16 80.lU.27 1.76t.08 1. 7lt.09 2.J9t.09 .65t.02 .77:1:.05 446.9/370 

Exponentialb 0.025-0.620 29.89t.l2 29.48t.12 eo. Jlt. 2s 2.JJt.07 2.Jlt.07 2.JJt.07 .sst.01 • 77t .Ol 510.3/372 

Exponential 0.025-0.320 30.&li.25 30. 25±. H 79.28t.37 l.Glt_.26 1.Sh.26 2.67t.2• .69t.03 .7St.Ol 243.8/2)8 

Exponentialb 0.025-0.320 31).34.t.15 29.87t.1S 79. 97i. ll 2.10.17 2.u1.11 2.10.11 .S8t.Ol .791.0l 257.6/240 

a r_, r each set.to a ainale value for pion and proton eata 
n p • • 

b u,,- , uw+ , up constrained to be equal for pion and proton data. 
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TABLE 9.6 

Correlation Coefficients for Fits Using ~-p, + 
pp D•t• Simultaneously 11' p, 

Matrix ltl Ranie Correlation Coefficients Element (GeV/c) 

An- Aw+ A u .• u + up r11 p 7f 11 
Linear 0.025-0.620 An+ .479 

AP • 731 .826 

\: -1T .012 ·.053 -.318 

u"+ .521 .602 .648 -.015 

up .657 .764 .798 .047 .316 

rn -.009 .043 -.259 .813 -.012 .038 

rp -.011 .048 -.289 .910 -.013 .043 .581 

Exponential 0.025-0.620 Aw+ .622 

AP • 711 .853 

\l1r- -.026 .107 -.386 

UTI'+ .520 .659 .640 -.021 

up • 727 .942 .848 .101 .507 

rTr -.021 .oss -.305 .791 ..... c21 .079 

rp -.026 .106 -.382 .990 ~.021 .100 .715 

Exponential 0.025-0.320 An+ .778 

AP .au .882 

u11'_ .193 .400 -.063 

Un+ .706 .811 .796 .188 

up .828 .985 .882 .398 .752 

rw .164 .341 -.054 ·• 852 .160 .339 

rp .192 .399 -.063 • 997 .187 .397 .816 
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TABLE 9.6 (Cont.) 

Matrix It\ Range Correlation.Coefficients 
Element (GeV/c) 2 

All'- Aw+ AP u r1T 

Linear 0.025-0.620 An+ .407 
(u - = 

'IT AP .774 .615 u,.;+ = 
u· = u) p u .352 .876 .390 

r11' .643 .430 • 741 .313 

r~ .193 .489 .075 .781 .204 

Exponential 0.025-0.620 A,..+ .528 

(u - s: u + 
11' 1f AP .729 .911 

·= u • u) p u .519 .. 983 .867 

r,, .676 • 549 • 723 .S39 

rp .327 .623 • .C62 .731 .341 

Exponentiil 0.025-0.320 A,,+ .617 

(Un- P:U'fi' ... AP .756 .960 

= u • u) u .613 .994 .943 p 
rir .760 .629 • 757 .625 

rp .447 .726 .636 .786 .455 
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Over the region 8.825<-t<l.328 (GeV/c)2 the data 

are well represented by the fits using the exponential 

matrix element. This conclusion is true whether the u·s 

were constrained to be equal or were allowed to vary 

independently (though with independent u's the fit is 

slightly improved). Again rp is approximately Si low 

when compared to measurements of the proton 

electromagnetic charge radius. 

There is general agreement between the n±p and pp 

elastic scattering data and the AQM predictions. The 

fit resul~s show that the shape of dcr/dt in the region 

0.125<-t<l.628 (GeV/c) 2 is described by the product of 

the electromagnetic form factors of the projectile and 

the target. This is especially true in the region 

0.825<-t<0.320 (GeV/c) 2 where good fits to the data were 

found when using the intuitively appealing exponential 

form for the quark-quark scattering matrix element. The 

fitted values for rp and rn are remarkably close to 

their electromagnetic counterparts. The derived values 

of the quark radius (using Eq. 9.3) is ~s.JS±.03 fm 

from n±p elastic scattering and ~1.45±.02 fm from pp 

elastic scattering. Within the the context of the AQM, 

there is evidence that the hadronic and electromagnetic 

form factors of elementary particles are very similiar. 
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It is not claimed that the analysis tests the above 

theoretical ideas in a strict sense. First Eq. 9.1 

represents only the first order form for dcr/dt: higher 

order terms have been negl_ected. Also there were 

technical difficulties with the fitting procedure, since 

the results are very sensitive to the values of the 

proton and pion electromagnetic charge radii. Por 

example constraining rp to be 8.81 fm caused the fit to 

the pp data using an exponential matrix element to be 

quite poor. The spread in the published values of both 

the proton and pion electromagnetic charge radii is just 

too great_ to allow the data to definitively test the 

above theoretical ideas. 

c. Bounds on dq/dt 

Upper limits on the ratio of the scattering 

amplitude at a given t to the scattering amplitude at t 

equal zero can be calculatea1 · 1319 • 11 • These limits 

assume unitarity and analyticity of the scattering 

amplitude in the complex s-plane (where s is the center 

of mass energy squared). Figure 9.4 shows how the data 

compare to one such upper bound, Eq. 1.3 of reference 

9.11. It is seen that there is no violation of the 

bounds: however the data are close to saturating them. 

This behavior has been also observed at energies of 
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20-30 Gevl.13. 

S. M. Roy in reference 1.14 derives the following 

bound on do/dt for pion-nucleon I · e astic scattering: 

I bCt> I ct <t» i12 > 
-

(b(0)/2] (f(t)J 112 (3(f(t1)b2(t1))/(f(0)b2(0))-l] ( 9. 4) 

where 

f (t) = do/dt(t) 

t 

C a 

E • incident beam energy 

b(t) = d/dt[ln(do/dt)] 

In Figure 9.5 the right hand side minus the left 

hand side of Eq. 9.4 is plotted. For this study the 

data were parameterized by Eq. 9.1 with the linear form 

for the matrix element. Figure 9.5 demonstrates that 

the data satisfy the bound, in contrast to the 

conclusions of reference 1.149.1 2 • It is interesting 

that the bound is not violated for the pp scattering 

data: reference 1.14 does not address nucleon-nucleon 

elastic scattering. Strictly speaking the data test the 

bound only for -t>0.875 (GeV/c) 2 • For -t>B.25 (GeV/c) 2 

the right hand side of Eq. 9.4 is negative, and the 
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bound is not useful. At t=t1 ~e the two sides of the 

bound are by definition equal; thus at small t it is 

not surprising that the bound appears saturated. 

Finally Appendix V shows on general grounds that if 

do/dt is parameterized by Eq. 9.1 with an exponential 

matrix element and u, rp, rn are all greater than zero, 

then it is impossible to violate the bound at any t. 

D. Conclusions 

In the region 0.02S<-t<0.600 (GeV/c)2 at an 

incident momentum of 209 GeV/c the shape of the do/dt 

distributions for n-p, n•p, and pp elastic scattering 

have been studied in detail. The variation of the local 

slope as a function of t is similar for n•p and n-p 

elastic scattering, while there is indication that the 

variation is different in pp elastic scattering. 

Over the entire t range measured, do/dt for all 

three particles is inconsistent with the form of exp(bt) 

or exp(bt+ct 2). However functional forms involving the 

product of the electromagnetic form factors of the 

projectile and the target describe the data, especially 

for -t<0.30 (GeV/c)2. The Additive Quark Model leads to 

such functional forms for the elastic cross sections. 
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Finally no violations of bounds on the elastic 

scattering amplitude were found. 
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APPENDIX I 

ALIGNMENT PROCEDURE 

To calculate the alignment parameters (relative 

offsets) of the PWCs in the experiment, a sample of BEAM 

events was used. It was required that each PWC had one 

and only one coordinate. The BEAM events were used 

because the majority of these triggers traversed the 

apparatus without scattering. 

The first step was to assign the nominal beam 

momentum to the center of the beam distribution in the 

momentum tagging PWC at the momentum dispersed second 

focus. Second a straight line was fit, in the x and y 

projections, to the coordinates in the high resolution 

chambers Stations 1 through 4 on the concrete block (the 

u and v chambers in Station 3 were not used). Using the 

parameters of these fitted tracks and tracing through 

the magnetic field as required, coordinates were 

predicted at the u and v chambers at Station 3 and at 

the chambers at Station S and 6. Residuals, the 

difference between the actual and predicted coordinates, 

were then calculated. Finally a chi-squared for each 

chamber was formed using all the events in an iteration 
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(typically 500 to 3000 BEAMs). Tne average residual was 

used to correct the PWC offsets. 

It was found that the above procedure had to be 

performed in a particular manner to avoid systematic 

effects. First a prealignment using the above method 

was performed on the first 500 BEAM events in each run. 

Survey results were used to supply the starting offsets: 

each successive iteration used the corrected offsets. 

Events that failed a residual cut test at any PwC were 

eliminated: the test required that the residual be less 

than three times the chi-squared associated with a 

chamber. New chi-squares were calculated for each 

iteration. This prealignment terminated when the 

chi-squard change was less than twice the error matrix 

component for each chamber. Usually convergence was 

reached in three or four iterations. Note that the x 

and y chambers at Station l were kept fixed as the 

coordinate system origin. 

Next, starting at the beginning of the run, the run 

was divided into typically ten seg~ents containing 1000 

to 3000 BEAM events each. One iteration then determined 

the alignment parameters for that segment (since the 

prealignment offsets were used as starting values, only 

one iteration was needed to have convergence). Again, 

the x and y chambers at Station 1 remained fixed as the 
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origin. Also the offset of Station 6 remained constant: 

instead the magnetic field of the spectrometer magnets 

was varied. The final alignment parameters (chamber 

off sets and spectrometer magnetic field) were calculated 

by averaging the results of each segment. Care was 

taken to check the consistency of the parameters 

associated with each segment before the averaging was 

performed. Again, the alignment parameters were derived 

on a run by run basis. 



APPENDIX II 

PWC CHAMBER RESOLUTION AND ROTATIONS 

A. Chamber Rotations 

This appendix deals with PWC Stations 3 and 4 (the 

high resolution chambers downstream of the target). We 

want ei (y)', for each station where 

ei(y) = rotation angle of PWC as 

measured from the BEAM axis 

To calculate this rotation, one studies events of 

cluster type 5 (see Chap. 4, Sect. B). Label 

alternate wirespaces even and odd: an event is 

classified as even or odd depending on the wirespace 

that the particle passed through. 

Next define 

ex(y) • the angle in the x (y) plane as measured 

from the axis perpendicular to Station 3 
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ex(y) is measured within a constant using the 

information from the x (y) planes of stations 3 and 4. 

To derive the constant, B is calculated where 

B = ln[(even labeled events) / (odd labeled 

events)] 

as a function of ex ( y) • At 8x ( y) of 0 m r , f?x ( y) t · il 1 oe 

zero. 

Figures A2.l to A2.2 show plots of Bx(y) versus 

ex(y)• The angle of the beam is determined by where the 

BEAM events lie in the distribution. ei(y) is the 

difference between the point where the BEAM events lie 

in the ex(y) vs. ex(y) plot and the point where ax(y) 

is zero. The rotation angles, ei(y), are the 

following: 

l. PWC 3X Rotation = 0.8 mrad 

2. PWC 3Y Rotation = 0.0 mrad 

3. PWC 4X Rotation= 1.7 mrad 

4. PWC 4Y Rotation = e.0 mrad 

where PWC i refers to the PWC at Station i. 
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B. Chamber Resolution 

Consider the four planes of PWCs at Station 3 and 

the x and y coordinates of the track at each plane. 

Schematically the situation is as follows: 

y v 
l ~l 
~ 

x y u v 

where p is the track trajectory. Then it is easily seen 

that 

where 

XX = X9 y = Ye x 

Xy = X0 + lex Yy = Ya + iey 

XU = X0 + 21 ex Yu = Y0 + 21ey 

Xv = X0 + 31 ex Yv = Ya + 318y 

x· (y.) = x (y) coordinate at the ith plane, 
l l. 

i = ,X, y, U, V 

ax(y) =angle of trajectory in the x (y) 

projection 

There are two unknowns, x0 and y 0 , but four measured 

quantities: 



1. x a xx 

2. y = Yy 

3. u = uu 

4. v & vv 

where uu and vv are defined in a manner similar to xi. 

Thus u and v can be used to predict x and y, and by 

comparing the predictions with the measured values of x 

and y, the chamber resolutions can be derived. 

Thus· 

u = (xu-Yu)//2 = (x-y+21ex-1ey)//2 

v = (xv+Yv)/12 = (x+y+318x+218Y)//2 

and solving for x and y 

x* = [(u+v)//2]-[1(58x+ey>l21 

* y = [ (v-u)//2']-(1 (8x+38y)/2] 

where starred quantities are predicted values. 
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Define 

* s = x - x 

* t = y - y 

and thus 

02 = s 

02 = 
t 

We now consider the two major cases of cluster types. 

CASE l: Cluster Type 5: 

248 

Look at events where the coordinates in each of the 

planes in Station 3 are cluster type 5. Assume each 

plane has identical resolution which can be 

parameterized as 

a2 = a + b e2 
K X 

The u, v, y planes have a similar form with the same "a'' 

and "b''. 2 Then OS' 
2 at· are functions of e u and ev as well 

as of e and ey .. But x 



eu • <ex-ey>/12 

ev = (Sx+Sy)/12 

leading lo 

0'2 = s 

a~ = 
2a+ (b/2) < Je~+e~> = 2a+ (b/2) e s 

2a+(b/2) (30~+0~) = 2a+(b/2)9 t 

Plots of cr~(t) versus 6s(t) are given in Figures A2.4. 

A linear regression fit to the data gives 

a= (51.90 µrn± .2Sµrn)2 

b = (23.66 µJn± l.0lµrn) 2 x i0 6 

Pab = -.768 

x2/DOF = 15.86/15 

Therefore for cluster type 5 events we have 

and similarly for a;. The units of a and e are microns 

and milliradians respectively. 

CASE 2: Cluster Type 6: 

249 



(120)2 

C\J .... _ 

b(/) 

CLUSTER TYPE 5 

x = s distribution 
o = t distribution 

0 2 4 6 8 10 

®s,t (µ.rad) 
15 20 

"' l11 
0 



Due to a lack of statistics, a mixture of cluster 

types must be made for this case. Assume the following 

parameterizations: 

of = a + bef, cluster type 5 

2 + b·e?, 0 i = a l cluster type 6 

where i = x,y,u,v. 

There are two cases for mixing the cluster types. 

CASE A: x, y hits are cluster type 6 

u, v hits are cluster type 5 

Here 

2 
0 s,A 

2 
at ,A 

= (a+a")+(b"-b)e:+(b/2) (3e~+e~) 

= (a+a")+(b"-b)6~+(b/2) (36~+6~) 

CASE B: x, y hits are cluster type 5 

·u, v hits are cluster type 6 

Here 
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a~,B"' (a+a')+(b-b') e~+(b./2) (Je~+e~l 

at , 8 = < a+ a .. > + C b-b .. > a;+ < b .. / 2 > c .3 a;+ e~ > 

CASE A is related to CASE B by a+----+ a and b ~ b ... 

Then 

a2 +a2 = s,A s,B 
2 2 0 t,A+ 0 t,B = 

2(a+a")+(.5) (b+b") es 

2 < a+ a .. ) + c • s ) ( b + b .. > et 

These two functions are plotted in Figure A2.5 
I 

along witn the best fit to the data. This best fit 

gives 

(a + a'> = (60.47 µm± l.42µm) 2 

(b + b ') = (37.32 µm± 4.57µm) 2 x 10 6 

p = -.784 

x2/DOF = 4.04/12 

Using the results from CASE I, one derives that for 

cluster type 6 events 

where i = x,y and the units are as for CASE I. 
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APPENDIX III 

NUCLEAR ~ARGET DATA 

This appendix presents tables and plots of the 

differential cross sections, dcr/dt, for the measured 

hadron-nucleus reactions. The solid line in the plots 

is the result of the fit to the data using Eq. 6.6, as 

presented in Table 6.5. 

The data have been corrected only for effects 

described in Chapter 6. Hence no corrections have been 

performed for plural nuclear scattering effects, 

radiative effects, or for inelastic contamination (where 

the inelastic process involves particle production). 
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• 004' 1431. 59. .1070 o. 1 o • • oou '161 • 78. .1070 ''· 17 • • oo:ss 1228. 52. ·.1111 45. 10 • • 0053 '" . "· • 1111 28 • 12. 
• 0065 llH. 47. .1164 o. 10 • .oon 8:57. '1. .1164 38. tl. • oon 974. 42. • 1213 :so. " . • oon 801 • 56 • .12u 26. 12. 
• 0090 875. 38. • 1262 40. '· .0090 '91. ,. . .12'2 12. 12. 
.0104 841. 36. • IJ13 29. e • .0104 645. 41. • nu 4S. u. 
• 0119 725. 32. • 1364 29. e • .0119 '''· 44 • • 1364 29. u. 
• 0135 634. 29. .1417 19. 10. • OIJS 536 • 40. • 1417 20 • 10. .ou2 ,68. 27. • 1470 30. '· .0152 437. 35 • .1410 30. 13. 
.0169 537. 26. .1524 J9. '· .0169 419. 34. .1524 10. 1. 
.0188 447. 24. .1500 22. 1. • 0188 457 • JS. • 1580 11 • a. 
.0209 461. 24. • 1636 27. a • • 0208 JOO • 32 • .IU6 25. 11. 
• 0229 416. 22. .1694 24. 8. .0229 304. 28. .1694 26. 12. 
.0251 . 339. 20. • 1752 u. " . .02SI 101 • 28. • 1152 11 • •• • 0211 33'. 20. • 1812 s. .. . .0213 252 • 2,. .1812 17. "· • 0291 289. 18. .1972 ta. '· .02?7 . 24t• 2$. • un 10 • 1. 
.0322 28l. "· • 1933 2J. • • .0322 101 • 22. • un 17 • 10. 
• OHi 252. 18. .1996 22. I • • OHB ISB. 21 • , 1996 JO. 13. 
• 0374 208. 16. .2059 13. 6 • .0374 142. 20. • 20S9 18 • 10. 
• 0402 19:5. 16. .2123 17. "· • 0402 183 • 23. .2121 l2. 13. 
.0431 182. "· • 2189 u. 6 • .0431 143 • 21. • 2189 11 • •• • ouo 158. 15. .225~ a. :s • • 0460 148 • 21. .225, J6. u. • 001 134. 14. .2322 5. 4. .0491 ttl. "· • 2J22 o • •• .0523 124. u. • 2391 2•- 2• .052l IJO • 20. .2391 IO. 1. 
.0:555 122. 13. • 2460 a • 5. .osss 145. 21 • .2460 '· '· • 0589 121. 13. .2530 J. l. .058' 94. 17. ,2SJG 1. 7. 
.0.24 104. 12. • 2601 n. . '1 • • 0624 101 • 18 • • 2601 14 • u. • 06$9 108. 12. • 2614 13. 6 • . un o • 12. .2674 17. .. . 
• 0696 "· 12. • 2747 11. s. .0696 es. 11. .2747 . 12 • •• .07J4 87. 12. • 2821 '· 4. .013• n. 17. .2121 o • •• .0112 "· 10. .28" '· s. .0112 75. 17. .289' '· '· .oa12 "· 11. • 2913 10. '· .0812 47 • . 14• .2P7J 7 • 1. • oasa 1i. 12. • ;so50· '· s. • oasz 49 • IS. .ioso JS • 11. 



LI) 

\.C 
C'\I PIUNU9 - 1£1 175 6EU/C PIHJNUS - C1 17~ G£V/C 

UNITSa Ta C6EU/C)••2; DSl&MA/IT1 KILLlDARMSl<COEVIC>••2> UNITS& Ta CG£YIC>••2; DSlGlA/Dla HlLLllARHS/lC5EVIC>••2> _, 
HUH/Dr ERROR -T HlOHA/DT ERROR _, 

HIGllA/DI ERROR _, 
lllllA/Df EIROA 

• oots '778. 804. .0894 "· :56. .oon 6128. 289. .0994 ss. 15 • 
• 0021 Stat. 605. • 0936 96; ~6. .0021 40H • 192. .093' 7t • "· • 0021 3340. 427. .0980 120. 60. • 0028 lt79 • 148. .0980 " . "· • oou JOU. 312. .1025 289. 102. .oou 2693. 124. .t02S SI • 16. 
• 004S 3216. 3~8. . .1010 178. 10. .0045 2176. 105. .1010 u • 14. 
• 0055 2530. 301. .1111 o. o. .005~ 1923. 92. .1117 S6 • n.· • oon 2264. 211. .1164 o. o • .oon t 854• 86. .1164 62. u • • oon 2:?02. 256. .1213 120. 69. .oon U24. 11. • 121J 24 • 10. • o~u 2220. 247. .1262 o. o. • 0090 1616 • 74. • 12'2 :n • 12 • • 0104 1786. 214. • 1Jtl 34 • 34. .0104 1320. u. • nu so • IS • 
• 0119 IS89. 196. .1364 o • o. • 0119 1250 • 61. .nu u • 13. • 01 n 168'. 19'. • 1417 o. o. .013:5 1135 • 57. .1417 '· '· • 01~2 1231. IU. • 1410 46. u. .0152 1001 • s2. • 1470 14 • • • • out 113'. IS$. .1524 37. 37 • .0169 945. o. • 1524 " . u • • 0188 1153. 154. • 1580 41 • .. '. .0188 759. 44 • .1~80 52. u. • 0208. "'· 136. .1636 38. 38 • .0201 ~88. 38. • 1636 45 • "· • 0229 11.1. 122. .1694 ~o. ''°• .0229 671. 40. • 1'94 "· '· • 0251 194 .. 124. .1752 o. o. .02s1 524. 36. .1752 22 • 10. • 0273 BIO. 125. .1012 u. u. • 0213 4U • n. • 1812 4 • 4 • 
• 0297 584. 107. • 1112 ·o. o • .0297 . 397. 31. , 1872 u • u. 
• OlU sn. 107. .1933 44. 44. .0322 l76. 30. • 193J 22 • "· • 0348 4:53. 17. .nu 4S. 4S. .0348 298. 27. .nu 25 • 11. • OJ14 OJ. 103. .2ost o. • • .Ol74 308. . 28. .20~9 21 • 10. • 0402 5U. 101. .2123 o. o.· .0402 275. 27. .2121 n. 13. .oua J22. 86. .2'89 o. o. .04JI 214. 24. • 2189 u • '· • ouo 490. 101. .2255 46. u. • 0460 171 • 22. ,2255 s. s . 
,0491 2~5. n. .2322 o. o. .0491 112. 22. .2322 u. 9. 
• OS2J 368. 92. .2391 40. 40. • 0523 172 • 22. .2JU 12 • •• • 05:55 297. 82. .2460 47, 41. .0555 121. "· .2460 s • s~ 
• 0589 uo. 61. .2530 Sl. ~J. .0:589 1 U. u. .2530 JS • ,.., 
• 0624 212. 82. • 2&01 o. •• • 

.0624 104 • u. .2601 26. 13 • . o,,, 70. 40. .2674 o. o. .0659 ... u. .2674 10. 7 • ·°'" 242. II. • 2747 o. o •. .069' 88. u • .2747 '· '· .0734 232. u. . • 2121 . o. o • • 0734 61 • .... .2821 '· '· • 0112 "· 51. • 289' o. o • .0772 n. u • .2896 u. '· • oau 97. 56. .2971 o. o. .0812 '°· n. .2971 12. '· .11s2 170. 76. .J0$0 •• •• .OHZ '°• "· .JO:SI •• •• 



\..:> 

'° N klUNUS • C1 175 OEV/C PMUiUS - Ca 175 &EV/C 
UNITla la CGCV/C)••2; DS15KA/lla "ILLIJARNS/CCOlYIC>••2) UNITla Tl CG£V/C)••2; DSlllA/ITa llLLllAIMS/CIGEV/C)••2> 

•T lll&ltA/DT ERROR ·T .SIGH/DJ EIROR -T DllGMA/DT URDR -T HIGH/DJ ERROi 

• 001s 150l. 444. .oou 44. 20. • 0015 9982 • 1391. • 0894 197 • 114 • 
• 0021 l111. 276. .0936 39. u. • 0021 9520 • 1110. .0936 147 • 104. 
• 0021 "2629. 202. • 0980 78. 28 • • 0028 5741 • 804. .0980 147 • 104. • oou 2096. 163. .1025 30. 17. .oou 52lf •. 102. .1025 16 • 76. • oou 1806. 140, • 1070 10. 10. .oon 4102. ~82. .1070 IU • 108. 
.0055 1643. 127. .1117 29. 17. • 0055 4916 • HS. • 1111 12 • 72. 
• 006S 1484. 115. .1164 28. 16. • 0065 3962 • :512. .11u o • o. • o~n 1409. 107. .1213 u. 18. .0017 4565. 527 • .ml 67. 67• 
• 0090 1240. 98. • 1262 49. 22 • . .0090 2318. 362. .12u 74 • 14. 
.0104 966. 83. .uu 30. 11 • .0104 2948. 394. • nu 76. ''· • 0119 951, BO. .1344 10. 10 • .0119 :!129, 394. .1364 76. "· • ous 891. 75. .1417 JI. 18 • • oms 2435 • JJB. • 1411 o • o. 
• 0152 755. ''· • 1470 10. 10 • .0152 1941 • 297. • 1470 19. 79. 
• 0169 523. 55. • 1524 10. 10 • .0169 14&7 • 252. • tS24 o • o. 
• 0188 561. 56. • t 580 2J. 16. • 0188 nu . 257. .1580 87, 81·. 
.0208 509. 53. • 1636 11 • 11 • • 0208 u.n • 238 • • 1636 14 • 84. 
• 0229 404. 41. • uu 24. 17. .0229 no • 177. • 1694 11 • 81. 
.02'1 40. 49. .1752 10. 10. .0251 1281, 227. .1752 o. o. 
.021l 321 •. 42. • 1812 38. 19 • .027J 11s2 • 214. .18U n. 12. 
• 0297 35•. 43, • 1812 12. u. .0297 978 • 187. .1872 o. o. 
.0322 276. 39. • 1933 o. ·o • .0322 692 • 161. • 19JJ o. o. 
• 0348 2H. 38. . ''" o. o • .0348 '35 • 1'4• ·"" 14. 14. 
• 0374 208. 41. .2on u. 23. • 0374 Ht, 140 • .20S9 17. 17. 
• 0402 ns. 34. .2123 u. 12 • • 0402 457 • 144. • 212l o • • • • ou1 us. 32. .2189 o. o. .001 138. 80. • 2189 t2 • 92. 
• 0460 124. 21. • 225~ 20 • 14 • .0460 279. 114. • 2255 o • • • • 001 89. 24. .2322 12. 12 • • 0491 471 • n1. • 2322 o • o. 
• OS2J IOS. 26. .2391 o. o • • 0521 418 • 139 •. .2391 ns. na. 
• OS5S 1'8. 32. .2460 24;. "· • 0555 uo • ts. • 2460 o • o. 
.0589 82. 23. .2530 n •. 13 • • OS89 -no • ts. .2530 •• o. 
• U24 102. 26 .. • 2601 o. o •. .0624 51 • 51. .2601 o. •• • 0659 107. 21. • 2674 o. o. • 0659 H • H • .2674 o. •• ·°'" so. 18. .2747 o. o • .0696.' 41. 47. .2747 o. •• • 0734 "· n. • 2221 o. o • .0734 110. "· .2n1 •• o • • 0112 ta. 28. • 2&H 40. 2i • .0112 o. o. .2au •• o • • oau SJ. 22. .2973 o. . o • .oa12 200. us. • 297J •• o • ... S2 1,. 21. • JOSO u. tJ. • 0852 UJ • 101. .JOH • • o. 



" \D 
N P UJHUS - Al 1 175 &EV/C UINUS - ALI 175 OEV/C 

U•IJSa T1 CGEV/C)t•2; DSllltAIDT1 llLL1BARHS/tCIEV/C>••2) UHITS1 Ta COEVIC>••2; DSllKA/IT1 MILLllARNl/tCG£V/C>••2> 
·T ISJGKA/DT ERROR ·T IHHA/DT ERROR -T HIGKA/DT UROR. ., ISJGlll/DT EIROR 

.0015 27309. 1251. .0894 58. 34. .0015 28623. 1910. .0894 "· 64. • 0021 UOOT. 190. • 0936 55. 32. .0021 15340 • 1201. .0936 uo • 1~. .0021 12391. 617. .0980 18. 18. .0028 92472 123. • 0980 84 • Sf. .oou 1826. .o:s. • 1025 '14. :SI. .OOJ6 8135 • '97 • • 1025 107 • 15. .0045 7128. 414. .1070 83. 42. .0045 6291. ue. • IC70 49 • "'· .0055 un. JO. • I 117 n. 41. .0055 ~380. 4U. • 1111 o • o. .oon 5472. 312. • t 164 41. . 2f • .0065 4'70 • 440. • 1164 ... 48 • .0011 4252. 264. .121) 102. 41. .oon 3724. 316. .121l "· '8. .0090 4265. 255. .1262 82. .. .. .0090 4014. 382. .1262 "· '8. • 0104 3885. 235. • uu u. 29. • 0104 2848 • 309 • • uu 49 • 4'· .011 t 2958. 200. • 1364 68. l9 • • 0119 2265 • 269. • 1364 o • o. • OIJS 2348. 175. .1417 45. l2. .OIJ:S 2103. 254. • 1417 . o • o • .0152 2322. 110. .1470 80. 40. .01:52 1785. 229. • 1410 u . "· .010 US4. 142. .1524 84. .. 2. .0169 1399. 200. • 1524 49 • o. • 0188 1288. 125. • ueo 118 • ,3. .OP:IB 13.,9. "'· .• '500 SS • 55. • 0208 1106. 118. • UJ6 42.· 30 • .02oe tm. 178. • uu 49 • 49. • 022• 860. "· .1694 "· 38. • 0229 . 126 • 10. .1694 S2 • S2. • 0251 -836. 98. .11:12 22. 22. .02:11 7~9. 141. .17S2 o • o. • 0213 '78. 17. • 1812 o. o. .0273 574. 122 • .1112 56 • ~6. .0297 433. "· .1872 o. o. • 0291 ~.u • 119. • 1872 58 • "· • 0322 '"• 76. • uu o. o.· • 0322 448 • 109. • 193l o • o • • 0348 370. 65. . "" 24. 24 • • 0348 298 • to. .1996 114. 11 • • OJ74 261. :u. .2059 24. 24. .0374 "'· 68. .2059 o. o • • 0402 234. 54. .2123 o. o. .0402 145, "· .212J o. o • • OUI 138. 42. .2189 25. 2,. • 04JI 176 • 12. .2189 o. o • • ouo 261. SB. • 22:55 o. o. .0460 184. 1~ • .22~5 '°· ,o . • 0491 122. 41. .2322 26. 26. • 0491 no • 67. .2322 124. 88 • • 0,23 178. 48. • 2J91 24. 24 • • o~m o • o. • 2m o • o • • 0555 S1. 26. • 2460 SI. 36. .OS55 30 • 30. • 2460 o • o • • 0589 78. 32. • 2530 s:s. 39. .0,09 1Sl • "· .2~30 o • o. • 0624 125. u. • 2601 25. u .. . .0624 IU • 73. • 2HI o • o • • 065' 41. 2f. .2674 IO. 10. ·°''' , ... 4.5. • 2.\14 o • o • ·°'" sa. 29. .2747 o. o. .069' 60.· 48 •. • 2747 • • •• .07l4 80. 36. •2821 o. o. • 0734 :se • n. .2821 o. •• .0112 "· n. • 289' •• •• •0772 1S5 • 71 • • 28H •• •• .oeu "· :n. .2t7l •• o. • 0812 . 41 • 41. .297:1 o. •• • oas2 u. a. .;ioso •• •• • 0852 •• • • eJtH ,J. g. 



00 

"' "' Plf UfUS - AL I 11S.GEV/C Pl"IHUS - CU1 175 GEV/C • 
UNllS1 Ta CCEV/CJ••2; DSIGIA/111 NILLl8ARMS/llOEV/C)••2) UNIJl1 Ta C6EV/C)tt2; 19llHA/Dla KILLJIAlHl/CllEV/C)••Z) _, HIG,.A/DT ERROR _, 

HIGllA/DI ERROR _, 
lllGMA/IT ERROR ·T lllCIA/DT £1RDR 

.OOIS 27608. 4939. • 0894 30l • JOJ. .oon 102"'· 3461. .0894 123. 71. 

.0021 19117. 3667. • 093' o • o • .0021 '1994. 2306. • 093' 111 • 11. 
• 0021 13346. 2555. • 0980 140 • 48,. .0028 4171J. 1651. • 0980 7t • H. 
.OOH 1n02. · . 2150. • I025 o. o • .oou 30241; 1273. • I02S us • 72 • 
• 0045 117'8. 24'2. .1010 o • o. .0045 2uu. 1082. • 1070 11 • 57 • • ooss 139'2. 20S9. ·' "1 J24. 324. • 0055 1879' • 888. • 1117 76 • , .. 
• 0065 11810. 1001. .1164 o. o • .oou 1ns.. 760. • 11'4 • • • • • 0011 881'. 1501. .121l o.· o. • 0071 11012 • , .. 2. • 1211 . n:s • 71 • 
• OOH f014. 1462. .1262 o. o. • 0090 9228 • 538. .1262 11 • 5S. 
• 0104 5782. 1134. • .nu us. 125 • • 0104 1216 • 462. • nu 40 • 40 • 
• 0119 5920. .. ., .. • tJU o. o. .0119 5397 • 387. • nu u . 42 • 
• 01n 46U. "'· • 1417 o • o • .0135 4287. lJS. .1417 97 • '8. 
• 0152 282t. 764. • 1470 o. C>. .0152 2629 • 263. • 1470 IH • "· • 01'9 1904. '°~· .1S2t o. o. .out 1820. 21l7. .1~24 no. 87 • 
• 0188 1125. 459. • uao o. o. • 0188 1245 • 170. • 1uo o • o • 
• 0208 219S. 634. .uu o. o. .0~08 859. 140. .1636 so • ~o. 
• 0229 7U. 357. • 1694 o. o. • 0229 ~28 • 118. .Ut4 134 • 77. 
• 02~1 . 122J. 462. • 11'2 o. o. • 0251 '79 • 121. .1752 47 • 47. 
• 027J 1392. 02. .1812 o. o. • 0273 275 • 11. , 1812 tn. 10 • 
• 0291 521. 301. .1872 o. o. .0297 214. 7J. • 1872 o • • • • 0322 J:u. 249. .19lJ o. o~· .0322 2n. 79. .nn "· .. . 
0348 362. 256. .1996 o • o. .0348 327. 87. ·"" 44. .... 

• 0374 186. 186. • 2059 o • o • .0374 321. 88. .20S9 o. o. 
• ou2 1 U. 191. .2t2l o. o • • 0402 221 • IO. .2123 o. o. 
• OUI ~89. uo. .2189 o • o. • OUI 230 • 11. • 2189 • • o. • ouo 204. 204~ .22s:s o. o • • 0460 242 • "· .22s' · SI. S1. 
• 0491. 201. 201. .2322 o. o. • 0491 •~t • 113. .2322 o. •• • 0521 o. o. .2391 o • o. • 0523 26' • 84. • 2391 • •• •• • osss o. o. .2460 o • o. • 055$ 294 • "· .2uo SI. ~1. • osu o. o. • 2Sl0 ·o • o. • 0589 241 • 13 • • 2:no so • so. 
• 0624 218. 218. • 2601 o • o • . • 0624 151. 64. .2601 49 • 49. • 06U o. o. • 2674 o. o. .0659 52 • J7. • 2'74 so • 50. 
·°'" 221. 228. .2747 o • •• .069' 147. "· .2747 IH. 19. 
• 0134 o. o. .2a21 o • o. • 0134 \52 • "· • 2121 o • •• • onz 2S9.· 2n. · • 28'6 o. o • .0112 140. 70 • .289' •• •• • 0112 271. 271. .297i o • o. • 0812 18' • n. • 2'1J o • •• • oasJ •• o. .JOH o. •• .oa:s2 114 • "· .ioso •• • • 



°' '° "' kHIHUI - CUa 11S OEV/C PMINUS • CU1 175 GEV/C 
UNlTSa 11 C5EY/C)••2; DSl8IA/ll1 NILL11ARNS/CCOEY/C)tt2) U>IJTl1 Ta CGEV/C>t•2; DSIHA/111 "1LLllARNS/f CO£VIC>••U 

-r HIGftA/ll £RP.OR 
_, DSJGKA/DT ERROR _, 

ISIGU/Dl ERROR _, 
HIHA/IJ lRROI 

• 001s . 10,076. ,014. • 0894 460. 206. .0015 132141 • l:i608. .0894 o • •• .0021 6$126. 3494. • 0936 163. us. .0021 81712. IOBU • .0936 611 ~ '"· .0021 J:nos. 2302. • 0980 o. o. .0028 5410f. nn . .0980 o. o. • oou 29161. 1867. • 1025 . o. o. .0036 4:5731. ,460 • .1025 707 • 707. .oou 21974. "''· .1070 1n. 1,9. • 0045 :SOl48 • 6221. • 1070 o • o. .oo's uu2. 12J4. • 1117 171. . 121; .0055 :110n. 4862. • 1117 o • o. .oou 112'3. 968. • I U4 97. 97 • .0065 20'98. 3550 • .tU4 o. o. • oon 10&72. 892. .121l . o. o • .0077 i9049. 3261. .1211 o. •• .0090 '890. 718. • 12u ea. as. .0090 16090.· 28'0 • • 12'2 o • •• .0104 ou. 514. .nu o. o • • 0104 13~89 • 2568. • nu o. • • • 0119 4420. :S26. .nu no. 134 • .0119 10121, 2151. • no o • o. 
• 0135 3304. 44t. • 1417 o • o. .Oll5 4816 • 1548. • 1411 o • o. 
• 0152 1981. 330. . • 1470 o. o • .• 0152 34S2 • 1508. • 1470 o • o. • out 1870. 318. .1524 o • o. • 0169 l:S55 • 111. • 1524 o • o. 
• 0188 1118. 218. .1seo o. o • • 01ea tl45 • UI. • ISOO o • •• • 0208 flt. 21,. .uu 112. 112 • .0208 2227. '°'· .1636 o. •• • 0229 Jfl. 138. • 1694 o • o. .0229 734 • ~.,. • 1694 o • o. 
• 0251 245 •. 110. .1152 o. o • • 02:u 136~ 520 • .1752 o. o. 
• 0213 uo. 125. .1812 o. o. .0273 1416. 708. • 1812 o • o. 
.0291 231. 107. .1812 o. o. • 0291 716 • ,06. • 1872 o • o. .Ol22 191. "· . nu o. o. • OJ22 o • o. • 19JJ o • o • .0348 o. o .. • HU o. o. • 0348 1579 • 790. .1tu 747 • 141. .OJ74 264. 118. • 2059 •• o. • 0174 1586 • 7U. .20S9 o. • • .0402 218. 10t. • 2123 o. o. • 0402 Ult • 820. • 212l o • • • .OUI 230. 1u. • 2189 o. o. • 0431 164 • "I. .2189 o. • • .ouo 217. 109. .2255 us. I 15. • 0440 816 • 571. • 225S o • o. .04'1 114. 81. .2322 o~ o. • 0491 '1286 • 10. .2122 o. o. .0523 419. U9. .2Jt1 o. o. ·°'2l too. '16. .2391 o. o. .os:u 420. U9. .200 o. o. • 0555 902 • ua.· • 24oO o • •• .0589 "· 59. .2530 o. o. • 0~89 442 • 442. • 2530 HI • "'· .0624 118 ... 14. .2601 o. o. .. • OU4 444 • 444. .2601 o. •• • 065' St. 59. • 2614 o. o. • 065' 441 • .. .. • 2'14 o • • • .069' Jll. 148. • 2741 o. o. • 0696 4'7 • 07. • 2747 o • o • .013• 137. 97. .2121 111. '"· • 0734 o • •• • 2821 o • o. .onz 71. 78. .289' o • o. • onz o • ••• • 2&9' •• o •. 

• oa12 o. o. .291J o • o. ;.0812 •• o • • 2971 •• o • • on2 171. 121. .J050 •• o. .08~2 •• • • • ion • • ., 



0 ,...... 
f'I PJ"1HUS - Slh 175 GEV/C ICHIHUS - SH1 175 OE'l/C UNlfl1 T1 C6CV/Cl••2: DS15nA/Dl1 "JLLIBAANS/Cl&EV/C)tt2) UNJTSa 11 CGEV/Cl••2; DSlllA/IT1 MJLLllARMS/CC&EYIC>••2t _, 

lllO"A/DT ERP.OR ·T lllOHA/DT ERROR -T l&IGKA/DT lRROR 
_, 

llUH/Dt EIROI 
• OOIS 25'826. 6809. .0894 109. 77. • 0015 260684 • IOOBO. .0994 123. 123 • • 0021 148449. 4JU. .Ot3' S4. 

~·· 
• 0021 132849 • 6085. .0936 o. o • • 0021 Utoo. 3060. .0980 uo. 92. • 0028 90089 • 4429. ..0980 2Jt • "'· • oou 64658. 2251. • 1on 122. 86• • 0036 62246 • J2U • • 1025 273. 19J • • oou 48'59. 1 BJS. • I070 JSJ. 144. • 0045 . 48671 • 2682 • .1070 o. •• • ons 35809. 1488. • 1111 o. o. .0055 31660. 2059 • • 1111 o • •• • oon 2HU. 1162. • 1164 ,8. ~a. • oon 201162 • 1598 • .11 '4 uo • 130. • oon 17672. 954. .12u IOI. n. .0071 16:i5J. 1343. .12tl 122 • 122. .0090 11 o:sr. 121. • 1262 u. 66. .0090 9&74 • I067. • 1262 o • o. .0104 ,V60. 548. .1313 183. 106. .0104 1;719. 824. • ll1J o • •• • 011 t S624. 482. .1364 128. 91. .0119 4335. 

'~'· 
.1364 o • o. .013$ · JI '2. lU. • 1417 220. 127. .OIJS 2907 • 541. • 1417 o • •• • 01s2 15~9. 254. • 1470 60. 40. .0152 1637 • 376. .HJO 40S • 234. • 0169 8~0. 191. • 1524 o. o. .010 590 • 22J. .n2t 2H • 18'. • 0188 U9. IU. .1580 123. 87. .0188 ~88. 199. .nao o • o. • 0201 114. 169. • 1636 o. o. .0208 100. 233 • ,1636 o • o. • 0229 493. 142. .1694 184. 106. • 0229 227 • 131. .1694 o • o. • 0251 1H. 1'5.· .1152 60. 60. • 0251 822 • 248. .1752 o. o • .0273 110J. 192. • uu 124. as. • 0273 525 • '"· • 1812 o • •• .0297 745. 159. . • 1872 213 • 123. • 0297 '84 • 221. .1872 o. •• .0122 1054. 189. • 19JJ 124. ea. • OJ22 IOU • 286. .nn Ut. llt. .0348 161. 166. · "" n. 65. • 0348 244 • '41. .nu o. o. .0374 '83. n1. .2059 "· ~'· • 037• . 889 • 2'8 • .205' o. o. .0402 551. 147. .2123 o. o. .0402 '"· 234. .2123 o. o, .ou1 463. 134. .2189 "· 69, • 0431 11J • 122. .2189 o. o. .ooo . 5ll. '42. .2255 o. o. • ouo 426 • 191. .2255 o • •• .0491 219. '"· .2322 o. o. • 0491 '75 • 123. .2322 o. •• .052l 154. n. .2391 o. o. • 0523 t1J • 122. .2391 •• •• • 055$ 402. 127. • 2460 o. •• .0555 180. 121 • .2460 111. 111 • .0:589 JU. I 15. .2530 68. 61. .0589 "· "· • 2uo o • o. .0624 360, 120. .2601 o. o •. .0624 o. o. • 201 •• ·09 • out 20. 102. • 2'74 o. o. .0659· 279. u1 • • 2674 o • o • ·°'" 268. 11 o. .2741 "· "· • 069' 201 • 142. • 2747 o • •• .0134 87. ,2. .2921 o. o. .0734 . 19'. 131 •. .2121 241. 241. .0112 261, 117. .2896 o. •• • 0772 2u • '"· • 289' o • •• .oau 160. tJ. .297J . o. •• • 0812 480 •. 240,. .297J •• •• .oasz St. 14. .us·o o. ••• • 0852 121 • 121 • .JOSO •• o. 



,.., 
" N 

'"uu; - SH1 11' GEV/C 175 GEV/C PIHINUS - Pia 
U~JJS1 la <GEVJC>••2; DSl8KA/DT1 MILLJIARMS/(CGEYIC>••2> uwn;, " <GEV/Ch•2; DSll"A/DT1 "JLLJIARHS/C C&tY/C)U2) ., lll&U/ll [RROR ·T HIGH/DJ ERROR -T HJGHA/DT £RROR •T HUH/IT ElRDR 

• 001s 3031 u. 28925. • 0894 o • o. • 001S ,40216 • 16824. .oau 105. 10, • 
.0021 158153. 18627. .0936 o. o. .oc121 3292U. 10102. • 093' 22s • "'· . • 0021 Ul7U. 150:50. • 0900 ISi • 8Sl. • 0020 198570 • U25. • 0980 110 • 110 • .0036 f7SJ~. · 10953. • 102s o. . (). .oo:u 135334 • un. • 102$ 211 • 

·~·· • oou UHB. 8511. • 1070 o • o. • 004s· 84196 • 36'2. .1010 Ill • 131. • 0055 'l&H. 7771. • 1117 89:5. 89~. • oo:s:s $47:50 • 281l • • 1117 o • o • • oon 37848. :5642. • 1164 o. o. .0065 l1S76 • 2014. .11u us . 12S. • oon 29422. 4773. • uu o • o. .0071 21131. 1659. • 121l 24l • 172 • • 0090 11537. 2884. • 1262 o • o. .0090 11517. 1157. • 12n 40S • 23-4 • • 0104 10912. 2728. • tl1J o. o • .0104 5825. 790. • nu 13' • IH • • 011 r :5942. 1981. • 1364 o. o • .0119 J91:S. "o. • nu 121 • 121 • • 01J5 18:S9. 1073. • 1411 o. o • • 013:5 l:S&S • ~74. • 1411 us • 135 • .01s2 o. o. • 1470 o. o • .0152 197t. 442. • 1470 123 • 12111 • out 1199. 848. ·.1524 o. o. • 0169 2016 • ~02. • 1524 o • •• .0188 1157. 818. • 1580 o • o. • 0188 2799 • 491. • 1:180 Ill • 131. • 02oa U!59. 9!58. • 1636 o. o • .0208 3357. oo. • 1636 129 • 129 • • 0229 1075. 7'0. • 1694 o. •• .0229 U84 • 437 • .104 135 • n,. • 0251 IOU. ,52. • 1152 o. o • .0251 1783. 450. • 1752 o • o • • 0213 Sll. :'ill. .1812 o. o. .0273 IJ49. 302. • 1812 o • o • • 0291 108t. 165. • un IUJ • 1UJ. .0291 1033. 261. • 1812 276 • '"· • 0322 543. sn. • 193l o. o. .OJ22 no • 232. • 19JJ •• •• • 0348 579. 579. .1996 o. o. .0348 '31~ 2IO. .nu 14' • 146. .0374 3446. 1407. • 2059 o • o • .0374 22•. tlO. .2059 
·~ •• • 0402 JIU. 1'406. • 212J o. o. .0402 13 • 73. .212l •• o • .ou1 '16. 6U. • 2189 o • o. .. ou1 238 • 138. • 2t89 o • o. .ouo 600. '°'· • 225S o. o. .04&0 , ... 217 • • 2255 o • o. .001 o. o. .2322 1112.· ·1112 •. • 0491 2n • 265. .2322 o. o. • 0523 ..... IOU. • 2391 o. o. .052l 700 • 233. .2391 1n • .,3 . • osss o. o. • 200 o. o • .0555 318. U9. • 24'0 ••• •• • 0~89 . o. o. • 2530 o. 

• •• .058' 351. uo • • 2no o • •• • 0624 ,39. ,39. • 2601 o. .. . . ..U24 157. 111 • .2601 o. o • ··°'" o.· o. • 2674 o. o. • 0659 ~oo • 204 • .2674 o. o. ·°'" o. o. .2747 o. •• .0'96 337 • "'· ,2747 o. o. .01l4 o. o. .2821 o. o. .0734 410. 210. .2121 •• •• .on2 o. o. .289' o. o. • 0112 au • 112. .289' •• •• .oa12 o. o. .297J o. o. .0812 110. 110. ,2971 o. •• .OH2 •• •• .ioso •• •• .oua 411 • 20s. .HSI •• ••• 



N 
f' 
('f uuus - '81 17~ GEV/C PHIMUS - Pis 175 GEV/C 

VNJTS1 Ta CGEVIC>••2; DSIOIA/IT1 MILLJIARHS/CCG£Y/C)•t2) UNlt81 11 CGEVIC)•t2; DSIOIA/IT1 •ILL11ARMS/CCG,V/C)••2) _, 
DSJG"A/DT ERROR -r ISIGH/IT ERROR -T DSIGHA/DT ERROR ·T HIHA/lf EAIOI 

• OOIS 7205'4. 2:5170. • 0894 o • o. • 0015 661811S • ,6354. .0894 o • •• .0021 . U8280. 1:5047. • 0936 2n • 2Sl. • 0021 417429 • 46973. .093' o. •• • 0021 20409'. 9776. • 0980 o • o. • 0028 2lUU • 28128. .0980 o. •• • oou 13184$. 7044. • 102s 245 • 24,. • OOH 2192&1 • 23914. .102s o. o • • 004, 84:564. ~· 19. • 1010 294. 2?4 • • OO·U I006J8 • 1517:5. .1070 o • o. • ooss 54'07. 392'. .1117 o. o. • ons "801 • 12408. • 1111 o • o • • oon 37225. Jl40. • 1164 280. 280 • • oon l1Ji1 • 7968. .1164 o. o • • 0011 17949. ""'· • 12u o. o. • 0011 19821 • '841 • • 1213 o • •• • 0090 601. 1838. .1262 o. o. .OOH 18885. 5238. .1262 2147 • 2147. • 0104 .,la. 108l. • nu 918. 530. .0104 . 8170. JU:S • • UIJ o • •• • Ollf 21.ll. '"· • 1J64 271 • 271. .ot u 641'. 28'9. .1364 o • o. 
.Oil' 2403. tu. • 1417 302 • J02. .ons 3712. 2143. • 1417 o • o. • 01s2 2178. 604. .100 o. o. .0152· un. 3867. • 1470 o • o • • 010 1805. 544. .1524 ~. o. .out 5813. 2~99. .IS24 o • o. • 0188 3&,B. 763. .1'80 o. o. • 0188 uuo • 1951. .1SH 2·ot0. 2otO • .0208 2022. 130. • uu o • o. • 0208 7954 • 3006. .UJ6 2n1. 20'1. .022• 1U1. 501. .1694 o. o. • 0229 3208 • 1852. • U94 o. •• .0251 922. 376. • 1752 o • o. • 0251 7619 • 2880. .1752 o. •• .0273 U6o. 502. .1812 o. o. . • 027J o • o. .nu o. o. .ozn 928. 379. • 1872 310 • J10. • 0297 o • o. .1872 o. o. .0122 186. 352. • 1933 o • o. • 0322 2227 • 1S7S. . un o • o. .0348 o. o. ·"" o. o. • 0341 •• o • ·"" o. o. .03]4" 338 •. 2lf• • 2ost 132. 3J2. • 0374 1191 • 1191. • 2059 •• • • .0402 163. UJ. • 2121 o. o. . • 0402 1157 • 1157. .2121 o • •• .OUI o. o. • 21at o • o. • 0431 o • o. .2189 o. •• .ouo 344. 244. • 22:ss o • o. • 0460 o • o. .22S5 o. o. .001 o. o. ~2322 o. •• • 0491 1214 • 1214. .2122 o. o. • 0523 o. o. • 2391 o • o. • 0523 247J • 174; • • 2391 o • o. .0555 o. o. .2460 o. o. • 0555 o • o. .2460 o. o. .058' "' · 16t. • 25JO o. o •. • O:S89 un • 113' • • 2no o • •• ·°'24 S2f. 305. .2601 o. . o •. · • 0624 o • o. .2601 o. •• ·°'" o. o. • 2674 o • o. .0659 26$3. 1176. .2674 o. •• .06U IH. 189. .2747 o. o. • 0696 o • o. • 2747 o • •• .0134 211. 211. .2821 o. o. .0734 o. o. • 2821 • • o. .0112 o. o. • 2896 o. •• • 0712 • • o • .21u o. o. .0812 •• o; . nn o • o •. • 0812 174' • 174t. ,2971 ••• •• .• H52 · u1. 2U9 .J0.$0 o. o. .oaa •• •• .ioso •• •• 



Pl 
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N 
PIPLUS • •Ea 12S GEV/C KPlUB • IEa 125 OEV/C 

UMllla la COEV/C)••2; DSlOIAJIT1 MILLIJARHl/CCGEYIC>••2> UNllS1 Ta C6EV/CU•2; HIGIA/DT1 IULLllARNSI< CIEVIC>••2, _, 
HUH/If CRROR _, 

DllOftA/DI EIROR 
_, 

11181\A/DT UROI 
_, lllllA/11 EIROR 

.0014 3403. 163. ..oos 144. 2~ • • 0014 JOO • 181. .0495 101. 25. 
• 0011 2398. 125. .0'18 106 • 22. • 00'8 2008 • 1Jl. • o:ua 1 u . 2'. 
• 002J nu. 101. .0541 UI. 26 • • 0023 1820 • IU. • O:S41 92 • 24. 
• 0028 1787. 92. .o~u 132. 26 • • 0028 1338 • n. .o~u 121. 2f. 
• OOJJ 1530. 82. .0588 103. 24 • • oon 1002 • 11. • one 81 • 25. 
• OOJt 1460. 1•. .0613 76. 20 • • 0039 1001 • 13. .uu '°'· 21. • oou IUO. 72. .oua 125. 28 • .oou tn.· "· .ona 16. "· • 005J 1146. 62. .OUJ 147 • 30 •. • 0053 90J • n. .0663 "· 29. • oou 1111. 59. .0689 "· 2~ • .0060 8:S7. '°· .0689 "· 25. • OOH 10:S3. 55. .07U 95. 24 • .oon "'· 52. .0716 56. 21. • oon 1076. 54. .0743 98. 27 • .0011 1J4. n. • 0743 61 • 2s. 
• 0086 895. 48. .ono n. 20 • .0086 '94. 49. • ono 10 • 27. • oon IOO:S. 50. .0'98 113. 28 • .oon . ,43~ o. • 0798 38 • "· • OIOS 780. 44. .0927 54. n . .OIOS 

~"· 41. • 0827 u • 24. 
• OIU '79. 43. • 08'6 60. n . • OIU 554 • 42 • .0856 S6. 21. • 0121 111. 40. .oen u. "· .0121 HI. 42. .0095 •• a. 
.0138 750. 41. • 0915 "· 2~ • .0138 478 • Jt. • 091 s 36. .. . • ouo 100. Jf. .Otu S5 • 17. .0150 44'. 37. • 0946 40. 16 • 
• 010 :u '· J4. ,0977 ~2. 16. • 0163 401 • JS. .0917 28. 14. 
,0116 ,,o. lS. • 1008 30 • u • • 0176 402 • u. .1001 48. "· • 0189 su. 34. .1040 5S. 11 • • 0189 l70 • n. • 1040 St • 21. 
• 020l ,o,. 14. .1073 83. 21 • • 020l 427 • u. • 1073 52 • 20. 
• 0211 412. ;11. .1106 39. 15 • • 0211 . 321 • n . ·"°' 52. 20. 
• 02n 401. 31. • 1139 SS. 17 • .02n 2n • JO, • "39 54. 19. 
• 0241 uo. 32. .1113 ". 18 • • 0248 2~1 • JO. • 117J la. 17 • 
• 02'4 J25. JO. • 1208 71. 20 • .0264 20s • 28. ~1208 44. "· • 0281 ltt. JI• • 120 JO. 12. .0281 257. u . .124l 14. ... 
.0298 2JS. 28. • 1278 49 • u. • 0291 194 • 2' • .1211 17. u. 
• OJ1S 274. JI. • uu u. '· .0315 214. n . .1314 '· , .. 
.OllJ 28'. u. • u:u 41. n. .03JJ 180. JO. .IJSI 

·~· 
10. .uu 241. Jo. .1388 32. 12. ·- • OJ~2. 131 • 26 • • 1381 44 • "· • 0371 2U. 29. .. 1425 32. 13. .0371 U9. 29. .1425 29. 14. 

.0390 227. JO. .14U J2. 12. • 0390 186 • 32. .uu JI. u. 

.0416 170. 26. .1502 40. 14. .ouo. 142 • 21. .u02 20. 12. • ou1 1'7. 2,. .1~41 15. 9. • out 1'4 • Jt. .1541 "I. 1. 
···~2 212. J2. .a no 14. •• .002 ... , . JO • .uao 45. 11. .H71 n2. 25. .1'20 n. 11~ • 047J ,. . :as~ .1'20 •• • • 



'q' 

I" 
N 

"LUI - JE1 12, G£U/C PIPLUS • ll 1 12~ GEY/C 
UWJTS1 T1 C6CVIC>••2; D8l8IA/JJ1 ftlLLliARN9/(COEYIC>••2> UHll61 Ta CS£VIC>••2; DSIGIAl•T1 •ILLllAllNS/CCl£VIC>••2t _, 

HlOHA/DT DROR -T DSlGMA/H [RROR _, 
HIGH/DJ lRROA ·T llllH/H EIRDR 

.0014 5153. t84. .0495 JOB. 34. • 0014 28114 • 930. • 049' 2n • 60. 

.0011 4937. 162. • n11 263. 32. • 0018 19198 • H7 • .n11 . "· u. 

.0023 J98l. 'U6. • 0,41 234. JO. • 0023 1472, • HO • • 0541 115 • .,. 

.0028 3635. 121. • o~u 311. 37. .0028 11733. 467 • .o:s.u IOI. ... 

.OOJJ ll61. 112. • o5ea 2:\9. 35. .oon IOJ47. 421 • .o:aa Jll. "· .OOJf 3145. 103. • 0613 207. JO. .0039 8131. 356 • • 061l 152 • ,2. .oou 28'5. 94. • 0638 209. JJ. .oou 128' • JU. .on a '°· 34. .0053 2794. av. • OUl 167. 30. .oon 1081. 102 • .uu "· ~·· .0060 238'. 10. ·°'" 220. J5. .0060 6371. 276. .out 57. 40. .oou 2,U, 80. .01u 203. 32. .0068 s:m. 248. • 07U , .. JI. .oon 2323. 74. • 074l U7. JJ. • 0017 4997 • 229 • • 074l 225 • 75. .oou 2142. "· .0770 141. 28. .oou 4451. 212. .ono .... 48 • .oon 1910. '4. • 0798 139. 29 • .oon 4264 • 20J. • 0798 112 • , .. 
• 0105 IBJJ. 62. • 0827 162. ll • • 0105 4047 • nz • .0827 176. ''· • 01 u 1711. '°· .0856 1U. 27. • 019' 3431 • 174. .0856 .... , .. 
.0121 uaa. 58. • oen 140. 27 • • 0121 JIU • 164 • • 0885 t7 • n. 
• 0138 uu. "· • 0915 112. 2~. .0138 271,. 152 • .0915 "· . ..... 
.OISO 13'1. SI. • 0946 101. 21. .ono 2311. 140 • .0946 103. 44. 
.01u 1111. 47. .0977 H. 20. • O\U 2021 • 129. .0917 ". 45. 

·°'" 126&. 49. • 1001 116. 22. .0176 182,. 122 • • UOI 71. 36. .0189 t 140. 46. .1040 127. 24. ·.our 1423. 108. • 1040 80 • .. .. 
.0203 10~8. u. • 107l 'ta. 24. .0203 nu. us • • t07l ''· JS .. 
.0211 ua. 44. .11 °' 90. 21. .0211 10n. "· .1106 175. ~s. 
.02Jl 824. 41. • 1139 47. 14. • 02n 951 • u . .1139 "· 30. .0248 182. 44. • I 17l 10s. 22. .0248 832. 92 • • 117J u • 19. .02u 121. 42. .1208 · 6S. . 11. .0264 5tt. "· • 1208 117 • H. 
.0211 656. 41. .1243 78. 18 • .0281 su. 11. • 1243 so • 2t. • 02u 621. u. • 1278 107. 22. .02'1 U4. ·H • • 1271 41 • 21. .OJIS 5U. 4l. • 1314 s:s. 

·~· 
.OJIS 406. n . .nu tJ. 11U. .un SJJ. 41. • 13S1 62. 1'. .OJJJ 3S7 • 70. .u:n "· 21. 

.0352 517. 40, .1388 75. 11.·- .Ol~2 lU. "· .1311 n. 38. .Ol71 137. ll. .1425 29. 12. • 0111 204 • 55. .1425 "· JI. .ouo 3'4. u. • tUJ SB. 15. • ono 244 • "· • un o • o. .0410 J7o. u. • 1s02 41. 14. • 0410 191 • ss. .1502 20 • 20. .001 JO, J6. • uu· 2,. 11. .0431 "''· 46 • .1541 • •• at • • oua 411. 41. .1580 41. IJ, ,0452 197. 70. .Hit 22. 22. .oui ;01. JS. • 1620 u. . ... • U1J 220 • ''· .1'21 •• • • 



lJ) 
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"" llPLUS • Als 125 IEV/C PPLUS • ALI 125 GCVIC 
UMJTS1 T1 C6EV/C)••2i DSl8IA/IT1 "JLLllARUS/CCGEV/C)••2J UMJTS1 la CGEY/C)••2; ISllKA/111 MILLlJARMS/lCGlV/CJ••2) 

·T HIGH/IT ERROR _, 
HIGllA/Df ERROR _, HIGHA/IT ERR DR 

_, 
HIHA/11 11101 

.0014 24025. U41. • 049$ Uf • "'· .0014 34332. 93'. • oos 244 • Sf. 

.0011 16426. 764. • 0511 82. 47 • .0018 211704. 7~9. • osu 171 • 54. 

.002J u111. ,19. • 0541 I 06. ~l • .002l 23039 •. 6JS. • 0~41 2'1 • "· .0021 92:50. 488. • 0564 no. " . .0028 19007. 5J7. • 0:564 111 • , .. .oou 80SJ. 434. • osea n . SJ. .0033 16829. 495, • 0~68 256 • "· .oon 6937. 386. • 06U 140. 70 • .0039 i'Oll. 434. • 061J 229 • "· .oou un. JU. · .oua 55 •. J?. .0046 1422'. 406. • 0631 147 • 49. .oon 5379. JOI. • OUJ 80 • H. .oon 12307. J65. . uu 260 • 78. .ouo 5019. 291,· • 0699 40. 40 • ,{1060 11547. ua. • 068' 258 • 78. 
• 0061 .tOl4. 2~0. • 0716 o. o • .0068 11 on. Jlt. .0716 290 • 81. • oon 382'. 230. • 0743 35 • 35. • 0011 8925 • 210. .074l "'· u • 
• 0086 4151. 239. • 0770 'u . 61. • 008' 8361 • 2'2. .ono us • 51. 
• 009:1 3017. 201. • 07'8 n . ·U. • oon 7811 • 241. .0798 206. u . .0105 2822. 189. • 0827 139. 70. • 0105 ,502 • 221 • .0827 227. "· • Ol U 2208. 165. .0056 "· 48. • OIU 5789 • 207. .0856 201. u • • 0121 2082. 157. • ooo:s 101 • 54. • 0121 5391 • 196. .oen IO. 36 • .0131 1991. ., .. • 0915 54 • 38. • 01J8 4500 • 178, .0915 129. o. .01:50 15tl. 138. • HU u • 50. • 01:50 3948 • 164. .094' 187. :S6. 
.OIU 1630. 136. • 0977 u. ... .. • 01n 3502 • 1~4. .0971 "'· ~'· .0176 1237. 11 o. .1008 "· ~o. • 0171. 2497 • us. .1008 88. u.· 
.0189 '°'' · 111. .1040 ''· Jt. • 0189 2735 • 139. .I040 132. 41. 
• 020J 1057. 110 .. • 107l 113. u . .020l 21$1. 121. .1013 151 • 50. • 0211 1048. '12. • 1106 145. S9 • .0211 1841. us. .11u IOI • JI. 
• 02n 1'1. 106. • t 139 21. 21. .02Jl no. 107. .1119 122 • 31. .0241 67J. "· • 1171 10J. 51 • .0248 u:u. 105. • 117l o . 21. 
• 02u 597. n. • 1208 2i' • 27. .0264 1031. n. .1208 112 • .u. 
.0211 :no. "· • 1243 "· o . .0281 1'0. 10l. ~ 124l "· :u. 
• 0298 418. "· • 1218 141 • 61. .0291 744. 81. .1211 U7 • SJ. 
• OltS 34'. ,,. • nu n . n. .OJIS 517. 7S. .U14 to7. 40 • 
• OllJ 229. u. • U51 45 • 32. .OJJJ 4U. n . .13'9 107. H • • on1 194. "· ·.1388 21. 21.- .0352 411. 74. .UBI "· lti .0111 22l. ,1. • 1425 o. o • .0311 J3'. u. • 142S 10 • 37. .ono 2ll. 70. • 14U S7 • ..o. • 0390 2s1 • 56. • 14U u • JI. .ooo. 221. 10. .1502 28. 21. • 0410 24' • ''· .1502 49. 28. .on1 321. 8~. • 1541 "· .., . • on1 Hf • "· .1541 sa. 29. 
.~n2 2l2. 11. .uao •• •• • 0452 276 • ,s . .uao J1. 26. 

···~i 
at. 24. .u20 •• o. • OUJ J21 • "· .u21 u. u. 
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"" "" PIPlUS • P81 l2:S GCV/C kPLUB - PDa 12$ G£Y/C 
UllTSa T1 CGEVIC>••2; DSIGIA/DT1 "lLLIIARNS/lCBEV/C>••2> UHlTSa Tl <GEV/C)••2; DSJ8IA/IT1 nJLLJIAIMS/CCOEVIC>••2• 

-T Hl&HIDT ERROR ·T llJG"A/DT ERROR ·1 Hlfi"AIDT ERROR -T llJIMA/JT EIROI 

.0014 672511. 16978. .0495 868. .. H. • 0014 '92076 • 2055'. • 0495 un • ~t2. .oc11 43017:5. 12211. • o"e 455. 321. • 0019 451760 • 14474. .0518 JIO • 310. 

.0021 l10240. 93&0. .OHi "''· JSJ. • 0023 289600 • 10389. .0541 uu. '82. 

.021 224398. 7329. .0564 263. 2'3. • 0028 2228~9 • u11. .U64 o. •• .OOJJ 15649'. ,050. .0588 27S. 275. • OOJJ 141~27 • 6523. • nu 751 • 531. • oon 1111 U. 4991. . uu 532. 37'. .~OJ9 I 12382 • 5602. .HU HJ. 363 • • oou 86478. 3929. • 0638 :S84. 413. .004' . 187~9 • 021 • • oua o • o • 

.OOSJ U589. 3263. .066J 332. 332 • .oosJ :ton. 3548. .06n 453. 4U, 
• 0060 0050. 2642. • 0689 601. .. 2:S • .oou 447'6 • 32'5. .0689 o. o. • oou 29708. 2071. • 0716 31:5. 31~. • oou 26967 • 2408 • • 0716 oo • 430. .oon 21152. u:u. • 070 o. o • .0011 117J2 • 1984. • 01u tu • '97. 
• 0066 13856. 1382. .ono 280. 200. • ooe& 1298' • 1410. .0110 JU. HJ. .oou 72'1. 1117. • 0798 o. o • • oon 748S • acn • • 0791 o • o. • OIOS 6421. tSI. • 0927 o. o • .otos 5S13. 929 • .0827 o. o. 
• 011' 4208. 674. • 0856 U7. 4~1. .0116 l0f4. 675 • .0856 us. .us. 
.0121 2149. 481. .osas 302. 302. • 0127 1467 • 464. • OU$ o • o. .oua 1679. 420. .ovu 2'4. 264. • 0138 1862 • .517. ·°"' o. o. 
.0150 2722'. 5H. .0946 487. 344. • 0150 550 • :189. .0946 o. •• .01u 2813. 535. ,0977 259. 2~9. • 0163 '105 • 391. .0911 o. •• .0176 2294. oo. • 1001 4,S. 329 • • 0176 142:1 • 451. .1008 317. U7. .out 344l. :190. .I040 o. •• • out U~t • Of • .1040 JJt. Jlf. 
.0201 1138. 343. .1073 232. 232. • 0201 1836 • sot. .to7J o. o. 
.0211 2UO. Sl2. • 11u o. o • .0218 2470 • 59'. • '106 212. 212. 
• 02n 3324. ,.1. • 1139 o • o • • 02ll 1122 • Sit. .1139 284. 214. 
• 0248 2JU. S31. .1173 o. o. • 0248 832 • 372. .111J o. •• • 0264 2U7. '26. • 1208 214. 214. .0264 1491 • 527. .1208 o. • • • 0281 1682. 486. • 1243 o. o. .0281 1'31 • 541. • 1243 •• •• • 0298 566. 283. • 1278 218 • 211. • 0291 186 • 211 • • 1211 •• • • • Ol1S 1166. 441. • 1314 241. 241 • .Ol1S nu. 557 ... .nu nt . 329 •. 
• Olll 1030. 420. .u:u 241. 241. .OJJJ "''· n1 • • usi •• o • 
.0352 tu. 418. .1308 o. o. . • 0352 :uo • 361. .1381 

~"· 3'7. 
• 0311 386. 27J. .1425 o. o. .0371 o. o. .1us o • •• • OJ90 IU. 423. .un o. o. .OJ90 28'. 289. .146J HI • UI. 
• 0410 o. o. • n02 o. o. .0410 o • o. .uu •• • • • ou1 '"· '"· .1:141 470 • J32. • 0431 •• ·~ 

.no •• • • • uu •• o. .1580 •• ,, .o•n •• • • • 1sao •• o • 
• 1411 ns. 27t. • 1,20 ••• •• .0471 sn • Ht. .uao Ht. Jlt • 



I' 
I' 
N 

PPLUS - PD1 125 PEV/C 
UNlfS1 11 CGEY/C)••2; DSllHA/111 "ILLJIARNS/CCGEY/Cl••2) 

_, ISlGKA/PJ UROR -T HJ&llA/Dt lRROR 

• 0014 740074 • uoa. .OH':I SU. Jl6 • 
• 0010 500566. '1607. • 0~18 ,~, . 428. 
• 0023 365031. 9443. .0541 IO:SO. 470 • 
• 0020 26346&. 7342. .0544 4U. 313 • 
• OOJJ 20i'J26. un. .0588 o • o. 
.oon 153291. 5095. • 0613 447. 316 • 
• 0046 110047. 4198 • • oua 01 • 341, 
• 0053 75455. 3582. .0663 ~58 • 394. 
.. 0060 56072. 2034. • 0689 o • •• • 0068 37301. 2231. .0716 o. o • 
• 0077 21509. 1825. .074l 304. J04 • 
.oou U27'. 134'1 • • ono Y43. 472 • 
• 0095 9096. 1014. .0798 591. 418. 
.010:s 6239. 923. .0827 o. o. 
.0116 5264. "' · • 0856 o • o. 
• 0121 4041. 693. • 0885 254 • 2~4 • 
• 0138 4185. 768. • ons 44S • JU • 
• 0150 5724. 71 o. .0946 205. 205 • 
.0163 4426 • 614. .0971 218. 218. 
• 0176 4979. nr. • 1008 o • o. 
.0189 3138. 823. • IO•O 209 • 209 • 
• 0203 50.U • UJ. • 1073 us . 19:5. 
• 0218 4628. 726. • 1106 114 • 174 • 
• 02JJ 021. 682. .1139 o • o. 
• 0248 3484. 598. • 1173 191 • 197. 
.02&4 3101. 597. • 1208 180 • ISO. 
.0281 2416. 540. • 1243 112 • 172. 
• one t547. Uf. .1271 UJ • Ul. 
.0315 701. Jll. .1314 '°'· ~"1 • 
.0333 4ll. 250. .13~1 o • o. 
• OJS2 . 78&. 3~1 • • 1388 o • •• • Ol71 487. 281. • 1425 o • o. 
• 0390 124~. 470 • • 146l 22J • 22J • 
• ouo 818. JU. .1502 222. 222. 
.0431 115,. 437 • • 1541 197 • 1t7. 
• o.u2 UH. 528 • • 1~80 o • o. 
• 041J '"· 407. • 1,20 240 • 240. 



PIPLUS • l•E1 70 GEV/C KPLU9 • )[a 10 GEV/C 
00 UHJTS1 Ta CG£V/C)t•2; DSIGHA/Dls MILLIBAP.NS/(CGEVIC>••2> UNITS1 Tl CGEVIC>••2; DSlGMA/DT1 "ILLllARNS/CCOEVIC>••2> I' 
N 

-T DSIG"A/DT ERROR -T DStGHA/DT ERROR ·T HIG~A/DT ERROR 
_, 

DUDMA/DT ERROR 

.0012 4295. 197. .0239 3,2. 60. .0012 1067. 237. • 0239 354. 74 • 
• ~~14 3768. 1n. .0248 400. "· .0014 3176. 197. ,0248 241. 62 • 
.0016 JOU. 1 :;4. .o,sa 498. 72. • oou 2642 • 113. • 0258 262 • 64. 
.0~19 ~S91. IH. .0267 3S6. 62. • 0019 2199. 154 • ,0267 289. 61. 
• 0022 :2u. 1~4. • 0277 371. , .. .0022 1641 • 129. .0271 uo • u. 
• 0025 20:'0. 116. .0281 310. ~9. .0025 1397 • '16. • 0287 379. 79 • 
• 0028 '899. 108. .0298 305. 

~'· 
• 0028 i281 • 108 • • 0298 269 • ,,, 

• OOJI 1687. 100. • 0308 291 • :if. • 0031 1300 • 108 • • 0308 212. " . • OOH 1653 • 98. .0319 -125. 71. • 0034 1382 • 109. • Oltt 193 • :;a. 
.OOJB 1616. 96. .0329 293. 60. • OOJO '228. 102 • ,0329 tu. ~4. 

• 0"42 tlH. 87. .OHO 314. 63. ,0042 1242. 101 • ,OHO 107. :;9. 
• 0~46 1475. 90. ,OJS2 342. 65 • .0046 BlJ • 82. • 0352 121. 48 • 
• 0050 1303. Bl. ,Olli3 174. .. s • .ooso tSO. u. • Ol6l 69 • 35. 
• 00~4 1216. BO. .0374 241. ~5 • • 0054 893 • B-4. • 0374 170 • 57. 
• 0059 1221. 81. .OJ96 262. :;5 • .C059 S..13. Bl. .OJU 136. 48. 
• 006l 10CO. 74. • 0390 193. ·4& • • 0063 85-4 • 82 • • 03'8 160 • 

~· · • oou t 2C8. Bl. • 0410 159. 40. .01)60 737. n . .0410 69. 36. 
.O~Jl 109~. 78. .0422 '41. 41 • .OOll 642. 73. • 0~22 185 • ~'· • 0078 1012. 76. • 0435 219. 49. • 0078 654 • 75. ,0435 82. 36 • 
.0084 1125. 83. .0447 190. 46. .0084 100. so. • OH7 1 u • 44. 
.0(199 924. 78. .0460 158. . 41. • 008' no . 87 • • OHO 34 • 24. 
• C09' 942. eo. • 0473 233. 52. • oon 624 • BO • • 003 139 • 49 • 
• 0101 912. 82. • 0486 128. 37. • 0!01 689 • 87 • .o.ta& 19. 36 • 
• 0101 80. 82. .0500 '71. "42. • 0107 ,18 • 19. .0:)00 102 • Jt. 
• 0111 120. ;a. .0513 97. 32. • 0113 110 • 94. .0513 144. o . 
.0120 193. 80. .0~21 153. 41. • 0120 542 • 81. • 0527 u2 • 51. 
• 0127 688. 76. .0541 142. 39. • 0127 444 • 74. .0~41 78. 40 • 
,OIJJ 826. 87. .055:S 117. 35. • 0133 478 • 81. .0555 9:5. 39. 
• 0140 666. 72. .0569 199. 50. • 0140 466 • 74. .0569 74. 31 • 
• 0148 651. 73. .0583 132. 40 • • 01.u 270 • ~7. • 0583 12~ • 47 • 
• 0155 689. 78. • 0598 71. 29. • 0155 :184 • 87. .0598 u . 18. 
.0163 615. i'J. .0613 136. 41 • • 0163 458 • 'lih • 0613 129 • 49. 
• 0170 631. 76. • 0628 224. 50 •. .0170 408. '4 • .0628 ·33. 24. 
• 0178 :sn. 73. .0643 81. JI. • 0178 242 • 57. • 0643 52 • 30. 
.OIU :s 17. u. .0658 62. 28. .0186 412. 75. • 0658 :55 • 32. 
.0195 419. 61. .0673 3'. 22. .0195 344. 61 • • 0673 96 • 43. 
• 0203 411. 59. • 0689 125 • 42. • 0203 29l. 61. .0689 41 • 29. 
.0212 460. 67. .0705 Ul. 44. • 0212 364 • 13. • 070~ 132 • 54. 
.0221 ~J:S. 11. .0721 31. 22. .0221 384. :74. .0721 21. 23. 
.0230 . 401. 62. .0737 191. 62. • 0230 227 • 57. • 0737 H • 42. 



O'\ PPLUS - 8£: 70 GEV/C PIPLUI - Ca 10 GEV/C 
£" UMITSa T1 <GEU/C)••2; DSIG~A/Dlc "ILLlBARNS/C(OEY/C)••2> UNJJS1 Ta CGEV/Ct••~~ DSJ8"A/1Ta MILL18\INS/CC5£VIC>••2t 
N 

-T DSlGHA/llT ERROR .. , DSU!HA/DT ERROR -T ISIOKA/DT ERROR ., HIGH/DJ lRIOI 

.0012 HBJ. 267. • 0239 923 • 107. • 0012 !606 • 378. .0239 476. 90. 
• 0014 4160. 246. .0248 849. 105. .0014 6302. 310. .0248 '90. 1 u • 
• 0016 4820. 211. .0259 826. 101. .0016 5447. 271. .02'8 701. '17 • 
.0019 4448. 194. • 0267 835. 104' • .0019 46'7 • 250. • 0261 777. u1 • 
• 0022 4287. 186. .0277 161. 100. • 0022 1692 • 212. .0211 454. "· • 002s 378'. 170. .02a1 "5. 100. .002$ 34U. 201. .0287 07. 95 • 
• 0028 3477. uo. .0298 621. 93. • 0028 3158 • no. .0298 511 • 1U. 
.0031 3983. 16&. .9308 690. 98. • 0031 2&25 • '"· • 0308 543. 106 • 
• OOH l:iU. 155. .0319 519. 85. .0034 2599. us • • 0319 480 • 100. 
.0036 3144. 146. .0329 566. 91. .OOJB 2431. 158. • 0329 544 • 116. 
• oou 3242. 145. .0340 538. 90. .0042 2121. 145. ,0340 l5:S • 19. 
• 0046 3131. 142. .0352 451. 91. .0046 2485. n1. .01~2 220 • 70, 
• 0050 2816. 133. • OJU 414. 76. .0050 :!151 • 144. .03U 269. 75 • 
.0054 2703. 132. .0374 665. 100 • .0054 20ll. 139. .0374 25:S. , ... 
• 0059 2578. 127. • Ol36 434 • 77 • • oon 2HB • IH. .0386 237. ". • 0063 2541. 127. • 0398 524. 82. .0063 1845. 134. .0398 JU • 89. 
.oou 2387. 125. • 0410 4:?S. 11. • 0068 t810 • UJ. • 0410 224 • 67 • 
.oon 207t. 113. • 0422 336. 67. • 0073 1801 • 135, .0422 273. 11; • 
.0078 2l12. 126. .ous 222. 54. • 0078 1698 • llt. .0435 18. 39. 
.ooat 2168. 126. • 0447 358 • 69. • 0084 1773 • 144. .0447 105. 41. 
.oost 2213. 131. .O·UO 376. 71. • OG09 1635 • 141. .0460 150. S7. 
.00?5 2029. 1a. • 0473 208 • :;4. • oon 1691 • 146. • 0473 121. ·U • 
.0101 201l. Ill. .0496 343. 66. • 0101 1668 • 152. • 0480 125 • 41. 
.0107 1926. '34. .0:500 328. 62. • 0101 1428 • 141. • 0500 177 • ~,. 

.0113 2071. 144. .~Sil 158. 68 • • 01 IJ 121S • IJO. • osu " . 41. 
• 0120 U~7. 126. .0~27 169. 47 • .0120 uu. 140. .0527 90. 40. 
• 0127 1608. 126. • 0541 338 • 66 • ~0121 1152. 129. .0541 I u. 45. 
• Olll 172S. 137. • os:;s 329. 65. .0133 1322 • 144. .0555 1t4. SI. 
• 0140 1 JJI. 113. .OS69 282. 65. .0140 1075. n1. .0569 76. JI • 
• 0148 1470. 120. .0583 171. 49. • 0148 1113 • Ill. .o~n 133. 60 • 
.OISS UJ2. 122. .0598 269. 62. • 015, 948. '19 • ·.0591 "· 4J. 
.01u 1444. '21. • Ooll 321 • 69 • • 0163 960 • 129. • toll 112. !it • 
• 0270 1370. 122. .0628 227. ~:; ... .0170 901. 119. .0621 U1. "· • 0178 1226. 1u. .(1643 234. ~7. • 0179 1057 • Ill. .0643 44. 31. 
.018& 1253. 117. .06Z8 221. :57. • 018' 111 • 110. .oua n2. 54. 
.Ol9S 12U. 113. .0673 184. 5l. • 01n 609 • 106. • 067l 12J • ss. 
.020J 1071. 105. • 0689 232 • 62. .0203 658. '1J. .0619 60. 4J. 
.0212 943. 105. .0705 141. so. • 0212 1Jl. 11 t • .070S 214. ''· .'221 773. 94. .0721 20 ... 62. • 0221 530 • 97 • .0121 51. 36. 
• 0230 ..... 98, .07:11 ua. "· .ouo . "'· '°'~ 

.0717 ua • 11. 



0 KPLUS - C1 70 G£V/C rrLUS - C1 70 GEIJ/C co UMITS1 T1 CGCVIC>••2; DSIGKA/DT1 KlLLllARNS/CCGEVIC>••2) UHJT51 T• CG£VIC>••2; DSIDKA/DT1 "ILLllARNS/CC&EVIC>••2) N 

-T Hl6KAIDT ERROR -T DSl&KA/DT ERROR -T DSlGKA/Dl ERROR -l HIGltAIDT ERROR 

.co12 863&. 47,. • 023~ 421. 105. .. 0012 12201 • 496 • • 0239 1027 • 144. .oou 7266. 410. • 0248 48i. 122. • 0014 10:16 • 429 • .02411 1281. 17J. 
• 009' 5217. 335. • 0258 241 • es. • 0016 8901 • 387 • .0258 IOU, na. 
• 0019 4107. 289. • 0267 HJ • 108. • 0019 1~60 • J4l • • 0267 998 • U2. 
• 0022 J22J. 246. • 0271 200 • 82. • 0022 6678 • 312 • • 0211 1049 • 1U. 
.002:5 2876. 230. .0287 450. 120. .002~ 'us. 288, ,0287 911. 1'0. 
.0028 2636. 2U. • 0298 266. IOI. .0028 6128. 207 • • 0298 939 • "'· .OOJI 2018. 186. • 0308 419. 116 • • OOJI 5314 • 262. • 0108 791 • 140. 
.OOJ4 2012. 181. • OJl9 258. 91. .OOH 5546 • 263. • 0319 618 • 124. 
• OOJS 1786. 169. • 0329 J06 • 108. .0038 :il80 • 252. .0329 '"· ua. 
• 0042 uo. 162. • CHO 111. n • .0042 4196 • 237. .OHO 551, 120. • oou 1483. ,,o. • Ol52 238 • 90 • ..0046 420D, 221. • 0352 n5 • 140. 
.0050 I l6J. 143. • OJU 320. 101 • • oo~o 4378 • 22,. .0363 '"· 112. 
• OOS4 1476. 141. .0374 tu. 74 • .oo:u 3965. 211. • 0374 479 • 110. 
.0059 1415. 144. • 0386 IOO • 59. .005' 4328. 222. • 0386 434 • JOS. .oou \539. 152. • 0398 107 • ,2, • oon 3571 • 201. • 0398 601 • 121. 
.0068 IJJO. 142. • 0410 94 • S4. • 0068 3504 • 203. • 0410 JBS • 96; 
• 0073 1001. 125. .0422 260 • 92. • 007J 3868. 21' • • 0422 423 • 103. 
• 0078 1253. 1u. .0435 273. 86 • • 0078 3J91 • 206. • 0435 292 • 78. 
• 0084 1262. n1. .0447 '"· eo. • 0084 ll1t • 210. .0447 375 • "· • 0099 12U. 154. .0460 us. 74 • • 0089 J39J • 221. .ouo 380. "· • 009S 871. 130. • 0473 133 • 60. • oon 3380 • 224. .0473 122 • :;o. 
• 0101 1129. us. • 0486 248. 8J • • 0101 3231 • 230. .048' 232 • 70. 
• 0101 9U. 145. • o~oo 122. 61 • • 0101 3003 • 222. .osoo 420 • "· • 01 ll 885. llB. • 0,1l 28 • 28 • • 01 ll 25U • 205. .05U 216. 68. 
.0120 IOJO. 1S4. • 0527 84 • 41. • 0120 2911 • 226. .0527 257. 74. 
.0121 778. 132. .0541 "· •U • • 0127 2572 • 209. .05U 259. 1~. 
• 0133 129. 133. • 0555 35 • J~. • OtJJ 2495 • 2U • • 05~5 2u • 81. 
• 0140 644. 126. .o:sn 59 • 42. .0140 2•20. 2~3. • 056' na . 60. 
• 0148 144. Ill. .0583 165. 82 • .0148 2Jl2. 204. • 0583 341 • IOS. 
• 0155 778. 133. • 0598 u . 47 • .ou~ 2051. uo. • 0~98 204 • 12. 
• 0163 675. 135. • 061J 103. 60 • .OIU 2190. 213 • . uu 211 • 7:S. 
• 01;0 &06. 140. • 0629 ·12t. 75. .0110 1982 • 193 • • 0628 l95 • '14. 
,0178 554. 124. • o~u 34. 34. .0178 nu . 201a. • 0643 uo • 58. 
.0180 568. 121. • 06~8 o • o. .0186 1582. '"· • 0658 78 • 

·~· .0195 198. 151. • 0613 o. o. • ous 1441 • 177 • • 061l 87 • SI. 
• 020l 147. to. • 0689 41. 41. • 0203 1900 • 209 • .0619 178 • eo. 
.0212 ~u. 121. • 010~ n. se. • 0212 1223 • 155. .0705 221 • ''· • 0221 491. IU. • 0121 111 • '8. • 0221 9t2 • 142. .0721 JOI. n • • ouo soa. UJ. • 07J7 ua • "· • ono 1i21 • 174. .0111 '"· n • 



r-i PIPLUS • Al1 70 DEV/C kPLUS - Ala 70 OEV/C 
(JJ UNJTSs fa <GEVIC>••2; DSJ&KA/DT1 HILLI8ARHS/(CGEVIC>••2> UHITS1 Ta CGEVIC>••2; DSIGKA/DT1 HILLllAIMS/((0EVIC>••2> 
N 

-r ISIGttA/DT ERROR 
_, 

DSIG"A/DT ERROR ·T DSIGKA/DT ERROR _, 
HlGftA/Dl ERROR 

.0012 36312. 1121. .0239 927. 202 • .0012 341'8. 1369. .0239 "'· 217. 
• 0014 27860. 9ll. • 0248 1024. 218 • .0014 25111. 1113 • .0248 122. 228. 
• oou 22727. 807. • 0258 ~07. 163 • .0016 19627. fll • .0258 280. 140. 
• oou 17078. 679. .0267 946. 212. .0019 U791., 836 • .0267 661. 220. 
• 0022 14857. 612. .0211 460. 141. .0022 1305. 728. • 02n JU. 162 • 
.0025 13618. :571. • 0287 824. 200 • • 0025 11 JU • 440. .0287 526. "'· • 0028 11724. 515. .0298 "''· 155. .0028 ""· 581. .0298 ,.~ . 264. 
.0031 11464. 500. .0308 :us. 1 :;4. • OOJI 8179. 528 • • OJ08 553. 196 • 
• 0034 9329. HJ, .OJl9 467. 148. • 0034 7611 • 502 • • 0319 145. 102 • 
• 0038 8954. 426. .OJ2V 362. 12a. • 0038 710 .. 475. • 0329 140 • 99 • 
• oou 8362. 407. .0340 1JA, 78. • 0042 ,136 • 441 • .0340 560. 199. 
.ooo 7782. 398, .0352 JOS. 129. • oou 4295. 432. .0352 201 • 116. 
• 0050 '820. 358. • OJU 298 • 112. • 0050 610ft. 422 • .0363 "· 66 • 
.0054 7~84. 365. .OJ74 259. 106. • 0054 5114. 387 • .0314 201. , 16. 
.0059 6420. 347. .0386 484. 1-4& • • 0059 4324. 353. .0386 68 • ''· • oou 6405. 351. .OJ98 163. 82. • 0063 :ma • 395. .0398 u. 6J. 
• oou 5049. 314. .0410 2:51. 102 • .0060 J931. JU • • 0410 uo. 92 • 
• 007J 5584. 341. .0422 367. 130. .0073 4007. 360. • 0422 11. 71 • 
• 0078 4519. 313. .04JS 217. ''· .0078 Jm. 339. .043' 202. 116 • 
.0084 :5428. 357. .0447 129. 7:5 • .0084 360!1. 363. • 0447 67. 67 • 
• 0089 4JU. JJO. .0460 130. 7:S • • 0009 3544 • 370. .04'0 o. o. 
• 0095 J215. 285. .0473 88. 62. .0095 2199. 294. • OOl "· '9 • 
• 0101 4051. JU. • 0486 241 • 99. .0101 2U7, J65. .om. 117 • soa. 
• 0107 3480. 322. .0:500 217. 91. .0107 2055 • :uo. • 0500 o. • • • 0113 3051. JIJ, .0513 88. 63. ..0111 2591 • 359. .05U "· "· • 0120 3147. 315. .0527 49. ·O. • 0120 3075 • J87. .0527 o. o • 
• 0121 2824. 310. .0541 48. 48. ,0127 226• • 346. .O:i41 75. 75. 
.0133 2552. 299. .0555 98. 10. • 01ll 2H, • 364. • OSS5 76. 7, • 
.0140 2354. 288. • 0~69 216 • 109. • 0140 1798 • 313. .0569 ue. 119. 
.0148 2H&. 286. • 0583 n . 53. • 0148 U1i • 289. • osn us . 117. 
.0155 2241. 287. .0598 '°· 60. • 0155 1254. 267 • • osn 92. t2 • 
.01u 205&. 277. .0613 121. 85. .Ot6J 1508. 2U. .06U 117. 132. 
.0170 1715. 253. .0628 58. :St• • 0170 1273. 271 • • 0628 110. 127 • 
.0178 1485. 235. • 0643 226 • 131. • 0170 1613 • JO,. .060 o. o. 
.0186 un. 261. .0&58 65. n. • 0186 1377. 294 • .u~a o. o. 
• oan 1224. 227. .0673 166. 117. .0195 117Y • 278 • • 0673 o. o • 
.0201 11£0. 219. .0689 102. 102. • 020~ 821 • 228. • 0&89 o. o • 
.0212 1294. 240. .0705 o. o. • 0212 103f. 2'8 • • 070S o. o •. 
.0221 912. 199. .0121 10~. 10~. • 0221 60:'. 202 • .0121 o. o. 
• 02Jt t21'. 211. .07J7 111. 11:5. .02:so au. 221 • .0717 •• •• 



N PPLUS - AL1 70 GEV/C PIPLU& - cua 70 GEV/C 
(X) 

"' 
UNIT61 la <GEVIC>••2i DSlGHA/DT1 HlLLllARNS/CCGEV/C>••2> UNllS1 T1 C8EVIC>••2; DSI&HA/IT1 KILLIBARHS/CCIEV/C)••2» 

_, ISIGHAIDT ERROR -T HlGHA/DT ERROR ·T DSIG"A/DT ERROR _, 
HUKAllT ERROR 

• 0012 44456. 1417. .0239 1686. 308, .0012 156701. 4118. .0239 465 • 261. 
.oou 39542. 1258. .0248 1481. 296. .0014 120801. 3630. • 0248 299 • 212. 
• oou 29689. 1052. • 0258 1266 • 270, • 0016 91589 • JOIJ, • 0258 475 • 275 • 
.001r 27348. 964. .02'7 843. 225. • 0019 75:521. 2663 • • 0267 276 • 195, 
.0022 25063. 901. .0277 '35J, 271. • 0022 60050 • 2294. • 0277 t5J • UJ, 
• 0025 22032. 819. .0201 987. 247. .0023 47768. nn • • 0287 286 • 202. 
• 0028 19753. 756. .0298 665. 233. .0028 452~0. nn • • 0298 J70 • 262. 
• 0011 19760. 738. .0308 681. 197. .OOlt 39376. 1735 • .0308 JJO, 231. 
• OOH ISBD7, 652. • 0319 297. IJl • .0034 33666. 1S70 • • Olt9 301 • 21l. 
.0038 16' 02. 645. ,0329 460. 163. • 0038 29674. 1465 • • Ol29 161 • 161. 
.0042 14772. 610. ,OHO 112. 100, • 0042 207t1. 1419 • • 0340 167 • U7, 
.oou HSU, 601. .0352 494. 165. • 0046 25103. 1329 • • 0352 312. 220 • 
• 0050 12885. 559. .0363 704. 19~. .0050 22853. 1236 • • OJU 1'2. 172 • 
• 0054 11320. 521. .0374 439. 155. .0054 t90U, 1155 • • 0374 1n • us. 
• 0059 10943. 511. .0386 561. 177 • • 0059 18597. "13 • .0386 so2. 290 • 
• oou 1192"· - 540. • 0398 519. 164 • .0063 19171. 1130 • • 0398 02 • 284, 
• oou 10736. 518. .0410 319, 130. • 0068 1728?. 1087. .0410 no • 130. 
• 0013 10397. 525. .0422 111. 83 • • 0073 13760 • 998. • 0422 175 • 175 • 
• 0011 97'9. 519. • ous 441. 1 :56 • • 0078 11196 • 92J • .0435 '"· 157, 
• 0084 8913. su. • 0447 219. 11 o • .0084 11370 • 958, .0447 569. 285. 
• 0089 8&63. 523. .0460 221. 110 • • 0089 93(•8 • 900 •. • ouo JOI • 213, 
• oon 7315. 496. .0473 337. 138 • • 00'15 8568 • aaa. • 0471 389 • 22~. 
• 0101 6936. 506. ,040& 205. 102. • 0101 '938 • 19' • • 0486 417 • 241. 
• 0107 6711. 507. .0500 166. 96. • 0101 7258 • 861. • osoo JJ5 • 237. 
.01 '3 6664. 522. • 0:513 225. 113 • • 0113 sen • 780. • 0513 185 • 185. 
• 0120 4647. Ut, .0527 186. 107 • • 0120 '933 • 905, • 0527 4t2 • 231. 
• 0121 5630. 494. • 0541 I 84. 106 • • 0127 4323 • 692 • • osu o • o. 
• Olll 5695. 503. .0555 313. 140 • • 0133 3411 • ,13. • 0555 308 • 218. 
• et 40 4874. 461. .0569 138. 97. • 0140 27-U. 541. • O:S69 l48 • 246 • 
• 0148 Jl9&. 402. .0:;93 204. 118. .0148 3424. 647 • ,0583 JJ2. 2J4. 
• 01ss 3975. 431. .0593 o. o. .0155 2tt7. 499 • • 0591 • • o. 
• 016J 3331. 398. .C&IJ n. 77. • 0163 2990. 610 • • 0613 •• o • 
• 0170 2991. 311. .0629 222. 128. .0170 2084 • 505. .0628 224. 224. 
• 0178 2553. 347. .044J o. o. .0178 1139. 465 • .0643 200, 200. 
• 01u 2414. 352. .06511 81. el. .0186 '91. 282 • .0658 221. 22J. 
• 01n JOU. 406. .0673 10&. 10•. .0195 2091. ,40 • .0671 42S. JOI. 
• 020J 264l. J70. .0609 130. no . .0203 111' • iu. ·"'" 214. 21-4 •. 
• 0212 2671. 390. .0705 129. 129 • • 0212 o • o. • 01os o • o. 
• 0221 1170. lU. .0721 o. o. .0221 2'9. 190. .0721 o. o. 
• ono 1741. 2n. .07i7 14'. · uo. .02JO ,;J • ioa. • 01J7 •• o • 



M kPLUS - CU1 70 GEY/C PPLUS - CU& 70 GEV/C 
CX) 

N 
UNllS1 Ta CGEV/C)••~: DSIGKA/Dlt KILLllARHS/ClGEVIC>••2> UNJTSa la CGEVIC>••2; DSIDKA/ITa "ILLllAINS/(10EVIC>••2) 

-T DSIGHA/DT ERROR · 
_, D&IGnA/DT ERROR 

_, 
HIGKA/DT ERROR 

_, 
HIG"AIDT ERROR 

.0012 155253. S297. • 0239 use. 561 • • 0012 173969 • 5042 • .0239 u2. 412. 
• 0014 104432. 4114. • 0248 ,71 • 387 • • 0014 134087 • 4198. • 0248 35'. 2~2 • 
• oou 9Z988. 3702. .0258 41J. 335 • • 0016 113712 • 3707. • 0258 7S5. 117 • 
• 0019 61011. 2924. .0267 •• o. • 0019 88252 • 313J. .0267 "'· 329. 
• 0022 :Sl3U. 2598. .0277 229. 229. • 0022 8uao • 3027. .0271 731 • 365. 
• 0025 48360. 2443. .0287 o.· o. .0025 64650. 2529. .0287 340 • 241. 
• 0028 37074. 208'. .0298 211. 277 • • 0029 61670. 2409 • .0298 tn. 6U • 
• 0031 31 i':i2. 1'11. • 0308 246 • 246. .OOJI 57951. 2287. .0308 393. 278. 
• 0034 27045. 1734. .OJl9 o. o. • 0034 51152 • 2111 • .0319 537. JIO. 
• 0038 W541. 1629. .0329 o. o • • OOJ8 46104 • 1993 • .0329 1131. sn. 
• 0042 22977. 1S79. .0340 o. o • .0042 41336. 18'6. .0340 398. 282. 
• 0046 20395. 14J9. .0352 466 • 329. .0046 39793. 1794. .0352 371. 263. 
• 0050 194&4. 1394. .OJ6J :SU. 3'3. .0050 35156. 1688. .OJU 614. 354. 
.0054 18344. 13:>6. .0374 276. 216 • .0054 33399. UJ4. .0314 819. ·UO. 
• 0059 15488. 1232. .0386 o. o • .0059 33320. 1621. .0386 597. 34:5. 
• oon 13224. 1147. • 0398 o. o • • oou 25917 • 1433. ,0398 390. 21& • 
• 0068 123~1. 1123. .04t0 o. o • • oou 26072 • 1466. .0410 Jot. 219. 
• 007J 9520. 1 ou. • 0422 o. o • • 007J 209~4 • 1344 • .0422 1461. 5~2. 

• 0078 10467. 1091. • 0435 o. o • • 0078 21040 • 1381. .0435 1124 • 45'. 
• oou 8914. 1036. • 0447 o. o • .0084 17667~ 1302. .0447 3J9. 240 • 
• oou 7407. 981. • ouo 224. 224 • • 0089 15536. 126' • .0460 895. 400 • 
• oon 6741. 963. • 0473 194. 194 • .0095 14041. 1241 • .0473 Ul. 261. 
• 0101 6818. 9H. • 0436 208. 208 • .0101 13478. 1210 • .0486 828. 311. 
• 0107 6014. 1008. • 0500 o. o • .0101 11198 • 1167. .0500 200. 200. 
• 0113 4633. 84'. • 0513 552. 391 • .01 ll 10032. 1155. .0513 220. 220 • 
• 0120 5372. 981. • 0527• o. o • .0120 9849. 1186. .o:m 118. J66 • 
• 0121 3973. 811. • 0541 673. 388 • • 0127 1390 • 988. .0541 894 •. 400 • 
• OllJ 26JO. 657. .OS5:S 230. 2JO • • OtJl 11813 • 945~· .0555 734. 367. 
• 0140 2780. 674. .osn 260. 260 • • 0140 57JS • 865. .0569 207. 201. 
• 0148 3471. 796. .0583 a4B. 248 • • 0148 4514 • 811. .058l 395. 2'9. 
• 0135 . 1757. 556. .OS98 o. o • .ou:s 2661. 611. .OS98 OS. 350. 
• 01u 1303. 02. .0613 2'7. 267 • • 0163 2670 • 62f. .0613 638. 369. 
• 0170 1465. SIB. • 0628 o. o • .01'0 2190. '65. .0628 o • o. 
• 0118 928. 415. • 0643 298. 298 • .0118 2810. 64$. .0643 o • •• • 0186 1377. 487. • 0658 o. o • • OIU 2195. so. .0651 2n • 265 • 
• 0195 1249. 510. • U7l 318. 311 • • 01n 2656 • 664 • .067l 253. 2,J. 
• 020J 627. 362. • 0689 J20. 320 • .0203 999. 408. .out 25S • 2~. 

• 0212 112. 43'. • 0705 343. 343 • .0212 2412 • 6H. .0705 27J. 273. 
• 0221 402. 284. .0721 440. ...o . .0221 962. HJ. .0121 351. JSI. 
• UJO o. o. .01J1 au. ,H5. .ono IOI. i~a. .0111 ... o. 



qt PlPLUS - SH: 70 GEV/C kflUS • SNz 10 GEV/C 
CX> UNlTSa Ta <GEVIC>••2; DSlGHA/DT1 HILLJDARNS/((GEV/C>••2> UHITS1 Ta COEU/Clt•2; DSJ8KA/IT1 "ILL11ARNS/CCGEVIC>••2> N _, 

DSlGKA/DT ERROR _, 
HlGM/DT ERROR 

_, 
DSIGHA/DT ERROR ·T lllGH/DT ERROR 

.0012 411919. 8730. .0239 240. 240. • 0012 416151 • 10760. • 0239 JU •. 362 • 
• oou JI H54. 7234. .0248 1284. ~74. .0014 2a9511 • 8485. • 0248 o • o. 
• oo" 226968. 5907. .0258 854. '427 .. .0016 219869 • 709'. • 0258 643 • 4~4. 

.0019 18381 J. '1:56. • 0267 1429 • :iBJ. • 0019 171396 • 6110. • 0267 717. :;01 • 

.0022 148477. 4496. .02'}} 1303. ~32. • 0022 127052 • 5097. • 0271 327. 327 • 

.002s 124277. 3992. .0287 462. 327. • ~025 116JJ8 • 4748. • 0287 J48. 348 • 

.0028 104115. 3577. • 0298 :514. 36:! • • 0028 91543 • 411S. • 0298 o • o. 
• OOll 97376. 341 i'. .OJOB 942. 471. .0011 80506 • 3855. .0308 1417. 708. 
• OOH 74649. 2923. • 0319 446 • JU • .0034 70623 • 3468. • 0319 336. ll6 • 
• 0038 la81~J. 2735. .0329 118. ... ... • 0038 :52011 • 2910. .0329 o. o. 
• 0042 57401. 2496. .Ol40 708. -409 • • 0042 48722. 2890 • .OHO 1065. 615. 
• oou 52940. 2399. .0352 07. J:S2 • .oou 44318. 2653. .0352 748. :529. 
• ooso 47387. 2229. • 0363 471. 333, .0050 39747 • 2504. .OJn 354, 354. 
.0054 36547. 1996. .0374 917. 459 • .0054 32495, 2248. • 0374 JU • 345. 
• 0059 34609. 1907. • 0386 387. 273 • • 0059 27990 • 2000 • .0386 o. o. 
• oou 29J7J. 1755. • 0398 1431. 587. • 0063 25252 • nu • • 0398 721 • 510. 
.0069 26J~9. 1684. .0410 902. 451 • • 0068 21610 • 1074. • 0410 o • o. 
• 0073 23263. 1629. • 0422 465. 329. • 007J 20'31 • 1095, • 0422 J~O • 3:50 • 
.0078 214l9. U2J. .0435 878. "'39 • .0078 16508. 11u. • ou:s l30. JJO • 
• coat 16100. 1440. .04'47 252. 252. .0084 14921. 1700. .0447 1:n. 537. 
• Oll89 13200. 1340. .0460 439. 311. .oon 14741. 1737 • • 0460 o • o. 
.oon 12127. 1339. .0473 o. o. • 0095 10457 • 1'25. • 047J lit • 311. 
.0101 1943. 1102. .0'\86 201. 201. • 0101 7125 • 1280. • 0486 302. 302 • 
• 0101 7620. 1111. .0500 244. 244. • 0107 4567 • 1248 • .0500 o. •• .0113 5900. fll. .0513 217. 217. • 0113 5326 • I081. • 051J '54 • 461. 
.0120 4705. 889. .0527 o. o. • 0120 4~50 • 1072. • 0527 356. J:56 • 
.0121 2722. 660. • 0541 318 • 318. .0121 2tSO. 199. .0541 o. o. 
.0133 3520. 787. .0555 o. o. • 0133 1U54 • 701. • 0555 o • o. 
• 0140 1598. 565. • 05~9 2S5. 25:5 • • 0140 2103 • 795 • • 0569 383 • 313. 
.0148 1563. 5SJ. • o~eJ 325 • 32~. • 0148 1176. 588 •. • 0583 ,, .. 6'1. 
• 0155 745. 372. .0:>98 561. 397. .OU5 2521 • 840. • 0598 o • o. 
.OIU 997. . .... .0613 o. o. • OUl 1200 • 600. • 0613 421 • 421. 
• 0110 384. 271. .0628 o. . . o. .0110 ~11 • 408. • oue 421. 421 • 
.0111 1889. no. .064l o. o. • 0178 o. o • • 064J o. • • 
.0186 1429. 540. .0658 o. o. • 0186 o. o • • 06~8 o • o. 
.0195 o. o. .0673 414. .., ... • 019, 1188 • 594. • 0673 o • o. 
.020l ,.:s. J11. .0'89 o. o. • 0203 •4~ • 456. • 0609 o. o • 
.0212 su. 344. .0705 519. 519. • 0212 299 • 299. • 01os 15'0 • ltOJ. 
.0221 u:s. 383. .0121 4H. <t.\O. • 0221 Ul • JJJ. • 0121 o • o. 
• ouo 507. na. .07U Ha. aos. • ouo. • • •• • 07J7 •• • • 



a.n PPLUS - SN1 70 6EV/C PIPLUS - PB1 70 GEU/C 
Q) UMITSa Ta CGEVIC>••2; DSIGKA/DT1 MILLl8ARNS/((GEYIC>••2> UHIT&1 Ta C~EV/C•••2; DSIIMA/DTa HILLJIARHS/CCIEVIC>••Z> t"' 

-T D&IGHA/DT ERROR -T D&IGHA/DT ERROR -T DSIGKA/DT ERROR •T Dll&H/DT ERROR 

.0012 443006. 10017. • 0239 1420 • 635 • .0012 to1'490. 2'U7. • 0239 29'3 • 1476. 
• 0014 332200. 8178. • 0248 910. 525 • .0014 699965. 19919. .0248 1498. 1059 • 
• 001' 266034. 7000. .C258 1009. :;04 • .oou ~30502. uoo. .0258 nu. 1647. 
• 0019 207402. 5935. .0267 844. ~87 • .0019 416727. 14379. .0267 t37. 937. 
• 0022 169090. 5261. .02n 1539. 628 • .0022 344836. '2:'117. • 0277 3645 • 1823. 
• 0025 146621. 4711. .0201 4092 • 1056. • 0025 206874 .. 11192 • • 0281 2588 • 1494. 
• 0028 '3322:5. HU. .0298 1444 • 10:51. .0028 ' 224845. 95'6. • 0298 1425 • 1001. 
• OOJ' 122859. 4169. .0309 1668. 601 • .OOJI 178572. 8414. .0308 '"· '"· • OOH 105057. 3769. .0319 1318. . 590 • .OOH' 165175. 1910. .0319 23'5. 138J. 
• OOlB 95389. 3516. .0329 ""· 692 • .OOJQ 126998. 6871. • 0329 802 • 802. 
• 0042 1S7l2. 3115. ·.oHo t J9J. 623 • .0042 112670. 6379. • 0340 o • o. 
• oou 71444. 2985. • OJS2 1468. 65& • .0046 90873. 5157. .OJS2 HS. 98:5 • 
• 0050 63702. 2048. .0363 ti 12. 5~6 • • ooso 77035. 5182 • • OJU o • o. 
• 0054 51257. 2501. • 0374 812. 469 • .OO!i4 61929. 4629. .0374 o • o. 
• 0059 45976. 238:5. • 0386 '14'. ~10 • .005!t 51509. 4348. • 0386 o • •• • oou o:a. 2314. • 0398 'Ill. :su • .oou 41467. 3017. .0398 o • o. 
• 0068 33101. 2107. • 0410 5J3. 371 • .0068 39050. 3758. .0410 o • o. 
• 007J 26261. 1881. .0422 2746. 868 •. .0073 27020. 3104. .0422 2078. 1200. 
• 0078 24801. 18~9. .ous 518. 366 • • 0078 18004. 2684. .043, 137 • 837. 
• 0084 21143. 179l. • 0447 298. 298 • .0084 16186. 2699. • 0447 o • o • 
• 0089 171U. 1662. .0460 519. J67 • .0089 10402. 2080. • 0460 o • o. 
• 009:5 IHU, 1591. .0473 733. ~23 • • 009~ 8466. 1995 • • 0471 o • o. 
• 0101 9922. 1338. • 0486 475. J3o • .0101 6108. 1842. • 0486 o • o • 
• 0107 11105. 1.cse. • 0500 288. 200 • .0107 4172. "" · .0500 o. o • 
• 0113 6968. '102. .051J 257. 257 • .0113 2731. 1221. .OS1J 76'. 7n. 
• 0120 6151. 1105. • 0521 o. o • • 0120 1617. 934 • • 0527 o • o • 
• 0127 3026. 756. • 0541 l:l01. 750 • .0127 1702. 1029. • 0541 1712 • 1210 • 
• 01 ll 2910. 778. • 0555 83&. 483 • .0133 2385. 1192. • 0555 Ill • 831 • 
• 0140 2830. 817. • 0569 301. 301 • .0140 3131. 1'400. .0569 o. o • 
• 0148 3230. au. • osa1 384. 384 • .01.c8 1127. 197. .0583 o. o • 
• 0155 1979. 660. .0598 o. o • .0155 126J. 893. .0598 1767. 1250. 
• 016l 1648. 62l. .0613 331. 331 • .0163 1211. 899. .uu o. o. 
• 0170 906. 453. .0628 33&. ll6 • .0170 U38. 1730. .0628 1050. 1050. 
• 0178 992. 496. • 0643 424. 424 • .0178 2441. 1222. • 0643 o • o • 
• 018' '64. 482. • 06:S8 1123. ••a . .0184 3184. 1 :su. .oua un. 12'2 • 
• 01?5 2ll. 233. • 067l 488. 481 • .019~ 45:S6. 1722. • 0673 o • o • 
• 0203 1171. "'· • 0689 ~52. 5:52 • .0203. ~,84. 2082. • 0689 o • o • 
• 0211 1409. 575. • 0105 1837. 10&1 • .0212 2959. 147f. • 01o:s 164J • 9''3 • 
• 0221 2351. 714. .0121 1087. 1'9 • .0221 :us. 1418. • 072& o • o. 
• t2JO i212. vn. .01:11 SH. 199. .uu 2100. l4SO. • 07J7 • • o. 



ICPLUS - P8r 70 GEV/C PPLUS • PB1 'O G£V/C \0 UNITS1 T1 (GEVIC>••2; DSIOMA/DTa "lllliARHSIC<GEVIC>••2J UHJTSa Ta tGEV/C)••2; DSl8IA/DT1 MJLLllARNS/CC&EVIC>••2) CX) 

N 
-t ISJGHAIDT ERROR -t DSlG"A/DT ERROR -t DSIGHA/DJ ERROR -T ISUMA/DT ERROR 

• 0012 1024214. 31'11. • 0239 1146 • 11~6. • 0012 1028753 •. 28BU • • 0239 S421 • 2211. 
• 0014 125595. 25090. • 0248 232' • U-4:5. .0014 782617 • 23522. • 02u o • o. 
• oou 543116. 20706. • 0258 1279 • 1279. .0016 572163 • 19420. • 02~8 J023 • 17U. 
.0019 396691. 17404. .0267 o. o. • 0019 450948 • 16475. • 0267 4581 • 22t3. 
• 0022 32031. 15232. .02'17 uu. 141S. • 0022 354458 • 14295 • • 0211 1115 • 11 ts. 
• 0025 262392. 13252. • 0287 1339 • 1339. .0025 300516. 12677 • • 0287 1167 • 1828. 
.0028 22C042. 11830. • 0298 o. o. .0028 253951 • 11369. • 0298 o • o. 
• 0031 167Ut. 10205. • OJOB 2543 • . 1198. .OOlt 233745. 101>25. • 0308 o • o • 
• 0014 142134. 929'. • 0319 1240 • 1240. .0034 191946. 9434. • 0319 o • o • 
• 0038 119131. 8300. .0329 o. o. • 0038 157702 • 8478. .0329 o. o • 
• 0042 79193. 7035. • Ol~O o. o. .0042 129934. 1'78 • .0340 1040. 1040 • 
• 0046 81097. 6666. • 0352 o. o. • 0046 95874 • 6435 • .0352 1206 • 1206. 
• 0050 64411. 5905. .Ol6J o. o. .0050 tHU. 6567. ,OJU 1235 • 12]5. 
• OOH 64468. 5885. .0374 o. o. .OOS4 64359. 5220. .0374 o • o. .oon 35005. 4342. • 0386 o. o. ,OOH ~418t. 4940 • • 0386 o • o. 
• oou 420". 4788. .0398 o. o • • oon 49oeo • U32. ,Olfl H81 • 1719. 
• 0068 llt 2'. 4313. • 0410 1313 • nu. .0068 37461. 42:55. .0410 IOH. to3t. 
• 0073 26224. 3909. .0422 o. o. • 0073 29394 • 3674. • 0422 o • o • 
• 0078 2oso2. 3SU. • 043:5 o. o. .0078 23503 • 3392. .043:1 1025 • 102$. 
• 0084 1&359. 3275. .0447 o. o. • 0094 18708 • 3208. • 0447 o • o • 
• 0009 11633. 2741. .0460 o. o. .0089 12i!JI. 2546. .ouo o • o. 
• 0095 10955. 2829. • 04JJ o. o • .0095 11512 • 2574. .0413 o. o • 
• OIOI 340. 1725. • 0406 o. o • .0101 "16 • 2039. .0486 o. o. 
• 0101 6268. 3262. .osoo 1110. 1170. .0101 6409. 2052. .osoo o. o. 
.0113 9330. 2613. .osu o. o • .0113 nu. 1495. .mJ o. •• • 0120 3348. 1674. .0527 o. o • .0120 3958. uu. • OS27 o • o. 
• 0127 2161. 1597. .0541 o. o • • 0127 so8a • 1t2l. .om 2095. 1481. 
• Otll 2777. 1'03. • 05S5 1291 • 1291. • 0133 5107 • 19JO. .05SS H17. 1017. 
.0140 3889. 1945. .0569 o. o. .0140 5364. 2027. .0569 o. o. 
.0148 1751. 1238. .0583 o. o. • 0148 275~ • 1380 •. • osu o • o. 
.0155 1961. 1396. .0598 o. o. • 0155 5409 • 2044. .0598 o. o. 
.01n 2961. 1710. .0613 o. o. • 0163 4668 • 1906. • 0613 o • o. 
.0110 3290. 1899. .0628 o. . t. • 0110 5186 • 2117. .0621 12H • 12H. 
.0178 948. 948. .0643 o. o. • 0178 2243 • 12n. • 0643 o • •• .0186 2472. 1748. • 0658 2007 • 2001. • 0186 4811 • 2178. .0651 o. •• .otn 2021. 1429. ·°'7J o. o. • 019:5 5575 • 2101. .061l 1440. 1440. 
.020J o. o. .0689 o. o. • 0203 5641 • 21 l2. .0689 o. o. 
.0212 1 Ut. 1149. .0705 o. o. • 0212 7242 • 2:S&O. .01os o. o. 
.0221 no2. 1906. • 0121 o. o. .0221 J470. 17J~. • 0121 o • o • 
.0210 o. o. • q1u 25'1. 2561. .ono nu. 1774 • • 0111 • • o. 



...... PJHJNUS - B£1 70 OEV/C ICHINUS • B£1 70 GEV/C 
CX> UNlT&a Ta CGCVIC>••2; DSl&HA/tT: KILLllARHS/CCGEVIC>••2 UMJTSa T1 CGEVIC>••2; DSl8HA/DT1 HILLllARNS/f CG[U/C)•t2) 
N 

-T DSlSICA/DT £RRCR -T D&lGllA/DT ERROR -T ISlCKAIDT ERROR ·T DSIGKA/DT tRROI 

• 0012 4365. 174. .0239 477. 65. • 0012 397& • 222 • .0239 394. "· • 0014 J6JB. '52. .0248 334. 5J. • 0014 3253 • 192 • .0248 238. 60. 
.0016 2751. 120. .02se 440. 64. • oou 24il7 • 161. • 02~8 117 • 44. 
.oou 2243. 1 ti. .0267 41J. se • • 0019 1823 • 134. • 0267 2n • 63. 
• 0022 1964. 100. • 0277 403 • 61 • • 0(122 1799. 128 • • 0277 284 • "· • 0025 184:5. 95. .0207 262. '"· • 0025 1534 • 116. • 0287 291 • ,5. 
.ooze 1644. 88. .0298 35&. ~6 • .0028 l 134. 98. • 0298 22l. 60 • 
• 0031 1663. 87. • OJOO 273. 48. .0011 1512 • 110 • .0308 274. 65. 
• OOH 1558. 82. .0319 232. 47. • 0034 ":SJ • 94. • 0319 1:55 • :S2. 
.0038 1460. 78. .0329 273. 46. • 0038 1067 • 90. .OJ2t 195 • 52. 
• 0042 1207. 70. .0340 328. 56. • 0042 1027 • 86. • 0340 112 • :54. 
.oou 1 JU. 73. • 0352 251. '48 • • oou 1012 • n. • 0352 n . 31 • 
• oo:,o 1271. 71. .OJ6l 232. 46 • • 0050 10l8 • 86. • OJU '02 • :s:;. 
• 0054 1241. "· .0374 190. 42 • • 0054 871. n. • 0374 129 • 4' • 
• 00'9 1210. 68. .0306 221. 44 • • 0059 830 • 75. • OJU 111 • 42. 
• oou 10SO. 64. .0398 235. '45 • • 0063 soo • 74. • 0398 171 • :52. 
• 0068 1064. 65. • 0410 157 • 38 • • 0068 794 • 75. .0410 82. 31. 
• OOlJ 909. u. .0422 255. 47. .0073 792. 76. • 0422 1'7 • ~o. 

• 0078 1061. n. • 0435 190 • 41. • 0078 735. 15 • • 0435 194 • ~ . 
• 0084 892. n. .OH7 175. 40 .. .0084 717 • 77. • 0447 198. ~7 • 
• 0069 9S9. "· .0460 118. 32. • 0089 &H • 86 • • 0460 151. 48 • 
• 0095 772. 64. .0473 158. 36 • • OOPS 795. 87 • .0473 74 • JJ. 
• 0101 781. 1;7. .04C6 116. Jl. .0101 534. 74. • 0486 103 • 42. 
• 0107 794. "· .05(\0 148. 37 • .0107 544. 76. .o~oo '"· :52 • 
• 01 ll 882. 15. • OS1l 122 • 33 • • 011 J 473 • 73. • 0513 141 • .o. 
• 0120 au. 74. .0527 104. 33. • 0120 :m. 19 • • 0:527 130 • .... 
• 0127 '47. u. .0541 '°'· H . • 0127 711. 91 • • 0541 ua • 56 • 
• 0133 614. 68. .0555 n. 21 • • OIJJ 454 • 75. • 0~55 u. l• • 
• 0140 685. 70. .0569 151. 42 • • 0140 sao. n . .05&9 62. 36. 
• 0140 67:5. 71. • 0583 154. •U. .0148 415. 75 • • OSBl as. 42 • 
.0155 635. u. .0598 146. .. 1 • • OIS~ 482 • 76 • • 0598 60 • l:S. 
• OUJ :569. 

'~· • 0613 80. 30. • OIU 01 • 80. • 0613 121 • ~o • 
.0170 594. 67. • 0628 136. : 41 • • 0170 :67 • n . .0628 88. 44. 
• 0178 '456. 60. .06U 87. 36. • 0178 oi • n. .uu :52. J7. 
• 0186 520. u. .0658 76. J ... • 01u JOO • u. .u:sa 27 • 27. 
• 01n 559. 67. .0673 115. .. 1. • ons 257 • '1. .0673 71 • 

·~· • 0203 406. Sf. .out 92. 37. .0203 211. 57 • .0089 27. 27. 
• 0212 482. n. .070S 19. 45. • 0212 2u • u • .01os 40. 40. 
• 0221 JOJ. ~,. .0121· 112. .u. .0221 21a. 5' • • 0721 u • u. 
• ono .,,. ... .01:11 "· 19. .ouo 21J • 67. • 0111 ••• 4t • 



co PltIHUS - JEz 70 GEU/C PIHJHUS - C1 70 GEV/C 
00 UNJ?Sa Ta CGEU/C)••2; DSIG"A/DT1 KILLllARHSIC<GEV/C)*•2> UHITSa Ta <GE~IC>••2; DSl&HA/IT1 llLLIBARNS/CC5EV/C)••2) 
~ .. , HIGMAIDT ERROR 

_, 
HIGH/DJ ERROR -T DSIGHAIDT ERROR •T Dl1'1fA/DT ERROR 

• 0012 7022. 368. .0239 1055. u1 • .0012 8612. 335. .0239 712 • 106. 
• 0014 ~400. 307. .0248 1113. 161 • • 0014 U47 • 275. .0248 62J. U5. 
• 0016 4504. 272. • 0259 1092 • 148 • • oou 5282 • 241. • 02:i8 01. . ... 
• 0019 5059. 277. .0267 711. 128 • • 0019 4367 • 212. • 0261 481. tJ • 
• 0022 4705. 2&1. • 0277 781. 1'42 • • 0022 JSB6 • 186 • • 0277 51:1 • 100. 
• 002, 3964. 232. .0287 718 • 121. • 0025 3213 • 172. .0287 "'· 104. 
• 0021 3769. 221. • 0290 718 • 1JJ • .0028 2780. . 156. • 0298 396 • 11. 
• 0031 4293. 232. .OJOB 545. 114' • • OOJ1 7508 • 146. • OJOB 455 • 91. 
• 0034 3660. 209. • OJIV 484. 114 • • 0034 2484 • 142 • .031t 4SO. 92. 
• 0038 3560. 204. .0329 412. 94. .0039 2556. 142. .0329 357. n. 
.0042 3354. 194. .0340 697. 137. • 0042 2131 • 128. .0340 JU. 77. 
.ooo 3115. 185. .Ol52 438. 106. .0046 2108. 126. .0352 307, 11. 
.0050 J 111. 185. .OJU 516. 115. • 0050 2399 • 131. • 036J 241 • '2. 
.0054 2824. 174. .037'4 579. 121. • 0054 2002 • 121. .03'4 406. as. 
.0059 2944. 1n. .0386 516. . 113. • 0059 1809. 115 • .OJB& 265 • .... 
.oou 2885. 176. .0398 387. 97. • oon 1872 • 117. .0398 263. 68. 
.0069 2603. 176. .0410 436. 106. • 0068 1630 • 110. .0410 H9. a,. 
.0073 2l1S. 162. • 0422 20. 81 • • 0073 1639 • 114 • • 0422 202 • 61. 
• 0078 2503. 174. • 0435 351. 94 • • 0078 1002 • 121 • .0•35 18'. 

~·· • 0094 2l61. 175. .OH7 410. 103 • • 0084 1605 • 119. .0447 119. 45. 
• 0089 2444. 184. • 0460 352 • 91. • 0089 1250. 107 • • ouo 2lO. , ... 
• oou 2ll9. 187. .0473 392. 95 • • 009S 1431 • '"· • 0473 158 • SJ • 
• ~101 2099. 183. .0486 349. 97 • • 0101 1541. IJO • • 0486 151. 48 • 
• 0107 2239. 193. .0500 361. 96 • • 0101 1364 • 126. .0500 134. 47. 
• ot u 1874. 181. .0513 364. 94. • 01'3 1083. 114 • • osu 193. 56 • 
• 0120 2061. · 193. .0527 405. 108 • .0120 1073. 114. • 0527 9J • •'2 • 
• 0121 1978. 189. .O:i41 175. 71 • • 0127 I 071 • 117. • 0541 104 • .41. 
• 0133 1605. 175. .0555 106. 70 • • OIJJ 12'56 • 127. • 05SS 140 • n. 
• 0140 1863. 191. .o~u 193. 79 • • 0140 1205 • 12,. • o:;n 44. 31 • 
• 0148 1647. IU. .0503 230. 87 • • 0148 1129 • 122. .0583 44. JI. 
• 0155 1257. 154. .0599 313. 99 • .015~ 924. 114. • 0591 1n • 62. 
• 0163 1UJ. 186. • 061l 64. 

·~· 
.OIU BJI • 106. • 061l o • o • 

.0170 uo. 187. .0628 241. .. 91 • ~0170 770. 106. .0628 146. 
~'· • 0178 1573. 185. .0643 242. "· .0178 1085. 135. .060 131. "· .OIU 1771. 199. .0658 211. 94. .0186 712. 101. ·°'" "· 3'. 

.0195 1044. 152. .0673 200. 90 • .0195 944. 123. .067l 121. "'· • 0203 1198. us. .0689 254. 104. • 020J 797. 11' • • 0689 46 • 4'. 

.0212 1449. 178. .01os 20.· 124. • 0212 781 • 109 • • 070S It • u. 
• 0221 1041. 1n. .0121 5,. 56. .0221 '"· n. • 0121 IU • 65. 
.ono 157. us. .01:11 252. 126. .ono 6U. 102. .0111 "'· ''· 



O'\ K"INUS - C1 70 GEIJ/C PHIHUS - Cs 70 GEV/C 
CX> UNJTSa Ta CGEVIC>•~2; DSIGKA/DT1 KILLIBARNS/((GEVIC>•~2) UKlTS1 T1 CGEV/C)••2; DSIGMA/DTt KILLllARMl/CCG£VIC>••2) 
N 

-T D51GU/DT £R~OR -T ll&IGHAIDT ERROR -T DSIGHA/Dl ERROR ·T ISIGH/DT CRROR 

• 0012 8404. 456. .02J9 JJO. 99. .0012 1230 • 67J. • 0239 1376. 247 • 
• 0014 :noo. 365. .024B 236. 89 • • 0014 10534 • 591. .0248 ""· 291 • 
• oou 5583. 341. .0258 359. 100. • 0016 7941 • 493. • 02~8 818. 183 • 
• 0019 J99l. 280. .0267 203. BJ. .0019 7851. 474. .0267 UH. 264 • 
.0022 4034. 271. .0277 4>58. HJ. • 0022 721.5 • 443. • 0211 973. 218 • 
• 0025 3446. 246. .0281 466. 120. • 0025 7100 • 429. .0287 "' · 216 • 
• 0028 2791. 216. .0298 501. 125. • 0028 6512 • 399. .0298 787 • 191. 
• 0031 2566. 202. .0108 448. 124 • • OOJI 6274 • 385. .0308 '"· 222 • 
• ~034 2083. 1n. .0319 JU. 106 • • OOH ~4H. 3:S2. .OJl9 '83. 187 • 
• OG38 2216. 183. .0329 169. 69 • .OOJB 5024. 333. • Ol29 459 • 138. 
• 0042 21 tl. 17'. .0340 JU. 109 • • 0042 5263. 337 • • 0340 582 • 168. 
• 0046 1634. 152. .0352 4l:S. 126 • • oou 5951. 354 • .0352 430. 152. 
• 0050 1928. 165. .OJU 213. 80 • .ooso 50i•9. 323. .OJU 855. "'· • 0054 1683. 152. .0374 267. 95 • .0054 4t34. 2fl. • 0374 39'. 140 • 
• 00~9 1913. U2. • 0386 201. 78 • .0059 4S07 • 313. • OJ86 175 • 11. 
• oou 1~10. 145. • 0398 232. ea • .0063 4552. 306 • • 0398 638. 177 • 
• ocu 1544. 149. • 0410 220. SJ • • 0068 5009 • 324. .0410 J26. 12J • 
• OOi'l 1239. 1J6. • 0422 313. 104 • .0073 4331. 309 • • 0422 Jot • 126. 
• 0078 1117. 132. • 0435 128. 64 • • 0078 4316 • J.,. .0435 426 • 142. 
• 0084 UH. 164. .OH7 32J. 102 • • 0084 J:SU • 294. • 0447 479. 1~1 • 
• OC89 1288. 150. .0460 168. 75 • • 0089 J2H. 291. .0460 :m. 16' • 
• 0095 1066. 141. .047l 100. 59 • • 0095 41~1. 339. • 0473 98 • 70 • 
• 0101 901. 138. .0486 u . 49. • 0101 JJS7 • 322. .0486 84. 60. 
• 0101 1270. 161. ' • 0500 127. 64 • .0107 39'!1. 35' • .0500 141. 82. 
• 011l "40. 161. .0513 305. 96 • .0113 26J4. 309. • 0513 406 • 135. 
• 0120 845. 139. .OS27 213. 87 • • Ot20 2365 • 283. • 0521 315 • 121. 
• 0127 869. 145. .0541 66. 47 • • 0121 2574. 303. .0541 195. 97 • 
• OIJJ 8~0. 144. .0555 1'2. 76 • • 0133 2938 • 319. • 055S 450 • •~t. 
• 0140 957. 151. .0569 126. 72 • • 0140 2870 • 323. • 0569 434 • 164. 
• 0148 920. 1:; 1 • .0583 BJ. :S9 • .0148 2245. 287. • 0503 u . 62. 
• 0155 663. 1JJ. • 0598 155. 78 • • 0155 1688 • 257 • • 0598 58 • 58. 
• 0163 691. 1H. • 0613 143. 82 • • 01n 2369 • 301 • • O&IJ 211 • 122. 
• 0170 990. 165. • 0628 40. 40 • .0110 1751. 267 • • 0628 2'2 • m. 
• 01'8 895. 167. .064J u. 61 • • 0178 2&66. 353 • • 0643 192 • 111. 
• 0186 756. 10. .0658 104. 74 • .0186 2037. 285. .one 11. n. 
• Ol9S 758. 152. .0673 304. 136 • • 0195 2198. 314. • 067J 270 • IS& • 
• 0203 8'7. 167. .0689 86. 86. • 0203 218' • ·322. .out 

. '"· 256. 
·'212 580. 130. .01n 84. 84. • 0212 H11 • 247. .07H 250 • 111. 
• 0221 ~58. 12,. .0721 142. 101 • • 0221 101 • 241. • 0121 us • 105. 
• ouo 1H. uz. .07J7 7~. 15. • ono 1211 • 2n. .0717 111. 111. 



0 PJ"INUS - All 10 GEV/C KHJNUS - Ala 70 GEU/C 
q, UNJTS1 f 1 (CEV/C)••i; DSI5HA/IT1 "ILLIIARNSl<<GEV/C)••2) UNITS1 Ta CGCV/C)tt2; DSIGKA/DT1 "ILLllARNS/CCIEVIC>••2> 
N 

-T DSJGKA/DT ERROR -T DSlDHAIDT ERROR -T DSIGKA/DT ERROR -T DSl&llA/DT ERROR 

• 0012 33897 • 946. .0239 BOB. 165. .0012 JJJSS. 911. .0239 657. Ul. 
• 0014 27197 • 609. .0248 889. 174. • 01)14 25975 • ''°· • 0248 7'4 • 1~f. 

·.oou 20178. UJ. .02:sa 131. 165 • • 0016 190" • 635. .0258 '85. 1~3. 

• 0019 15730. 576. .0267 782. 1 :S6 • • 0019 15697. 559. • 0267 756 • 148 • 
• 0022 142IO. 525. • 0277 594. 136 • • 0022 13048 • 499 • .0211 407. 109. 
• 0025 12181. 475. .0287 687. 1~8 • • 0025 11811 • 455. .0287 Ut. 146. 
• 0028 10928. 440. .0298 521. 134 • • 0028 9862 • 405. .0291 404. 125. 
• 0031 t 0112. 417. .0308 395. 11 o • • OOJI 9099 • 393. .0308 'so. 136. 
• 0034 8398. 369. • 0319 34B • 105. • 0034 7669 • 340. .Ollt 441. 114. 
.0038 8202. 359. .0329 9S. ~s. • OOJ8 7514. 334 • .0329 235. SJ. 
.0042 8027. 353. .0340 334. 106. • 0042 6984 • 319. .0340 218. 82. 
.0046 7165. 329. .0352 256. 91. • oou '293. 298 • .OJS2 327. "· .0050 '637. JIJ. .OlU I :S 1. 68. • 0050 5949 • 286. .nu 112. 56. 
• 0054 6356 • 304. .0374 194. 87. • 0054 5407. 270 • .0374 216. 18. 
.oon 5711. no. .0386 U4. 73. .oou ,088. 264. .OJU 274. "· • 01)63 5764 • 292. .0398 271. 96. • oon 4462 • 248. .0398 157. 70. 
.0068 5I04. 281. .0410 221. 90 • • 0068 4729 • 261. ,0410 240. "· • OOJJ 4911. 281. .0422 160. 71. .0073 4547. 259. .0422 119. 

~·· • 0071 4~94 • 277. .OU'S 96. :5~ • • 0078 4038. 250 • .ous 89. St. 
• 0084 4095. 272. .0447 154. 69 • • 0084 3940 • 2'7. .0447 14J. , ... 
• 0089 H64. 293. .0460 '2. 44. • 0089 307~ • 235. .ouo "· 41. 
• 009' 3685 • 272. • 0473 109. 63. • 009~ 2885 • 232 • .0473 101. se. 
• OIOI 3702 • 281. .0486 201. 02 • • 0101 25&4 • 231. .0486 1'6. 70. 
• 0107 3471. 276. .osoo 193. 79 • • 0107 201. 226 • .osoo 269. to. 
• 01 IJ 3654. JOI. • 0513 146. 65 • • 0113 2680 • 249 • • osu 27. 27 • 
• 0120 2351. 229. • OS27 91. ~J • • 0120 2417 • 227. .0527 ~7. 40 • 
• 0127 2811. 2u. • 0541 61. '4J • • 0127 20o& • 216. .os•1 143. 114 • 
• OIJJ 2772. 264. .0555 213. 87. • 01Jl 1687 • 199. .0555 132. "· .0140 2302. 248. • osn 191. 85. • 0140 2021 • 221. .0569 142. n • 
.0148 2365. 257. .0~83 75. 53. • 0148 1862. 219 • • 0583 I05. 61 • 
.Ot5S 2262. 263. .0~98 us. '1. • 0155 2244 • 253. • ona 136 • 78 •. 
.0163 1704. 218. .061 J 132. 76. • 0163 1312 • 180. .061J 82. "· .0170 1333. 233. .G628 161. 9J. • 0170 1237 • 184. .0628 100. 70. 
.0178 I 199. uo. .0643 55. ~5~ • 0178 1728 • 219. .064l 152. 81. 
.018' 1641. 214. .0658 104. 74. .0186 121~ • 177. .06:sa t7. "· • 0195 1370. 198. .0673 338. 

·~·· 
• otn 15&5 • 204. .0673 126. at. 

.020J 1154. 183. .0689 106. 75. • 0203 8JI • 149 • .0689 o. o. 
• 0212 t72. 172. .0705 138. ''· • 0212 118'. UJ. .0705 192 • 111. 
.0221 1081. 188. .0121 J76. UJ. • 0221 183 • 1'4. • 0121 51 • 58. 
• ono tos.· 111. .on1 11. 71. • 0230 1100 • "'· .0111 12. 12 • 



,....... PtUNUS - Ali 70 GEV/C PIHIHUS - CU: 70 GEV/C 

°' UNlTSa Ta CGEV/C)u2; DSJGllA/ITI HllUURHS/C<GEV/Ch,•2> U"lTSa Ta CGEUIC>••2; DSIDKA/IT1 HILL11ARHS/CCIEVIC>••2> 
N 

-T DSlGttA/DT ERROR 
_, 

llSIGHA/DT EkROR -T DSIGHA/DT ERROR ·T ISIG"A/DT ERROR 

.0012 42873. 1228. .02J9 1971. 297. .0012 '0306. 4688. • 0239 772. J86 • 

.0014 35144. 1049. .0248 1273. 241. • 0014 l086S6.· 3817 • • 0248 342 • 242. 
• 001, 30782. 944. .0258 637. 177. .0016 791 JO. 3126. .0258 524 • JOJ. 
• oott 26~04. 852. .0267 1206. 224. .0019 6t 5J7. 267t • • 0267 o • o. 
.0022 2Jns. 786. .0271 87l. 190. • 0022 53757. 2411 • • 0277 574 • 332. 
.0025 21320. 726. .0287 963. 245. .002s 46506. 2200. .0297 . 362. 

~·· • 0021 20ll7. •91. .0298 739. 185. .0020 39500. nu. .0278 o. o • 
.0031 18~09. 64'. .OJOiJ na. 172 • .0031 35021. 1843. .0308 1'8. "'· • 0034 19553. 650. • 0319 926. 197 • .OOJ4 Jl189. 1742 • .0319 o. •• • 0038 U79J. 595. • Ol29 538. 157. .OOJB 31822. 1673 • .0329 o. o. 
.C042 '6799. 508. • 0340 001. 189. .oou 24002. 1432. .Ol40 o. o • 
.0046 15453. 558. .Ol52 383. 128. .0046 23987. 1423. • Ol~2 525. 303 • 
.0050 14943. su. • OJU 442. 133. .0050 21826 • 1341. .0363 us. 195 • 
• 0054 13214. 510. • 0374 361. 136. .00:;4 18900. 1238 • • OJ74. 509 • 294. 
.OOS9 12267. 491. • 0386 393. 131. .0059 171&7 • 1182. .OJ86 376 • 266. 
• oou 11146. 481. .0398 450. 1 .. 2. .0063 11785. 1202 • • 0398 I 86. 18' • 
• oou 10792. 472. • 0410 24S. 11 o. .0068 14323. 1092 • • 04IO 3'8 • 2~3. 

.007l 10732. 476. • 0422 340. 120 • .0073' 14659. 1124 • .0422 o. o. 
• 0078 10141. 474. .0435 340. 120. .0078 11872. 1049. • 0435 o • o. 
.0084 · 9UO. 476. .0447 327. 116. .0084 11074. 1046. • 0447 180. 180 • 
• oou 8701. 472. .OHO 249. 102. . .0089 10950. 1084. .0460 525. JOJ • 
• 0095 8578. 478. .0473 241. 108. .oon 9303. 1034. .0473 o. o • 
• 0101 7011. 453. • 0486 268. 109. .0101 6736. 884 • .0486 357. 252 • 
• 0107 6838. 447. • osoo 343. 121 • .0107 6548. en • .0500 783 • J91. 
• 0113 7440. 496. .0513 271. 103 • .011J 6155. 888. • 0513 o • •• • 0120 6553. 442. .0527 284. 107 • .0120 5605. 865. .0527 772. 446. 
• 0127 5708. 436. .0541 2 .. 5. 100 • .0127 3215. '70. .0541 "'· JBS. 
• 01JJ 4325. 381. .0555 284. 116 • • 0133 4oao. 800 • .osss us. 

·~· • 0140 4958. 41 J. .0569 203. 102 • .OHO 5394. tlt. • 0569 o • o. 
• 0148 4lJO. 400. • OSSJ 250. 112. .0148 J536. 772. • 0581 250 • 250 • 
.0155 5J26. 465. • 0598 519. 103. .0155 3&71. 767. .0598 523. 370 • 
.0163 3295. 342. • 0613 175. 101. .OUJ 2852. 672. .061J 253. ~l • 
.0110 3461. 369. .0628 428. 175. .0170 1~65. os. • 0628 o • o. 
.0178 4507. 424. • 0643 581. 205. .0179 2703. 676 • .0643 o. • • • 0186 203~. 274. .0658 138. 98. .Ola& 192S. 581 • • 0658 o • •• • Ot9S 2809. 326. • 067J 360. 180. .019~ 1107. 418 • • 067J au • ~77 • 
• 0203 226S. 2~~. • 06Cl9 141. . 100. .0203 1184. 447 • • 0689 428 • 4'28 • 
• 0212 1818. 271. • 070$ 183. 129. .0212 169 • 169. .070S HO • J,O. 
• 0221 IBJO. 202. • 0121 u1. 119. .0221 ua. 442 • • 0721 o • o • 
• ono 20J1. 307. • 0737 Jor. 119. • 02JO 11a • no. • 0737 • • • • 



N kH IHUS ·- CU: 70 GEV/C PHINUS - CU1 70 GEV/C 

°' UHITSa T1 CGEV/C)••2; DSlGKA/iTa HILLllARHS/CCGEVIC>••2) UHITSa Ta <GEU/C)tt2; DSIOKA/DT1 "ILLllARMS/CCGEV/C>••2) 
N 

·T DSIGHA/Dl ERROR -T l&UiHA/DT ERROR ·T ISJGKA/DT ERROR ·T HIUA/DT ERROR 

• 0012 10993. 4525. .0239 1t 2. 3~6. .0012 165618. sn2. .0239 1032. 5U • 
• 0014 105302 • 360&. .0248 790. 353. .0014 126149. 4724. .0248 457. J2J. 
• 0016 8SU7. 3130. .0258 161. 161. .0016 10105a. 4203. • 0258 o • o • 
.0319 ,2302. 2609. .0261 o. o. .0019 Yl994. 3815. .0267 242. 242. 
.0022 52459. 2295. .0277 177. t17. • 0022 OS095. 3515. .0211 256 • 256. 
• 0025 42840. 2042. .0287 334. 2J6. .0025 ii 649. 3164. .0287 o. o • 
• 0028 37485. 1846. .0298 322. 228 • .0028 61451. 2967. .0298 1 tu • 521. 
• 0031 3266&. 1678. .0308 o • o. .0031 ~642!5. 2654. .0308 211. 211. 
• OOH 27415. 1521. .0319 o. o • • 0034 491103. 2462 • • 0319 1147 • 51l. 
• 0039 27548. 1501. .0329 o. o • • 0038 50245. 2437 • • OJ29 780 • 4:51. 
• 0042 22303. 1326. • 0340 851. J81 • .0042 44287. 2249. .OHO 1232 • 5~1. 

• 0040 206~0. 12'9. • 0352 u2. u2 • .0046 38143. 2075 • .0352 468. 331. 
• 0050 17630. 1157. .OJU 359. 254 • .~oso· 36403. 2010. • 0363 1300 • :581. 
• 00:54 17438. 1142. • OJ74 157. 157 • .0054 36502. ! 997. • 0374 1568 • 600 • 
• 0059 14487. 1043. .OJ86 347. 246 • .0059 ::3268. 1902. .0386 252. 252. 
• oou 13637. 1011. .0398 o. o • .0063 273•7. 1723. • 0398 1246 • 5~7. 

• oou 12984. 999. • 0410 o. o • .0060 25816. 1'95 • • 0410 479 • JJI. 
• 0073 12650. 1003. .0422 369. 261 • .0073 22124. 1597. • 0422 1069 • 534. 
• 0078 1069'. 957. .0435 508. 293 • .0078 21S6S. 1u:s. • 0435 o • o. 
• 0084 9031 •· 908. • 0447 o. o • .0084 184U. ISU. .0447 o • o. 
• 0089 8716. 929. .0460 o. o • .0089 18648. 1636. • 0460 fl& • .ue.-
• oots 7206. 874. .0473 JSB. 253 • .009S 14274. HBO. • 04Jl 111 • ·'48. 
• 0101 7037. see. • 0486 J29. 233 • .0101 12531. 1419. • 0486 o • o • 
• 0107 7295. 912. .osoo 542. 313 • .0107 13867. 1'13. • 0500 2'1 • 261. 
• 0113 4951. 758. .0513 115. 175 • .0113 8739. 1224. • osu soa • l:it. 
• 0120 4679. 759. • o:m o. o • .0120 8203. 1209. .0527 '88. 4&• • 
• 0127 4127. 730. • 0541 410. 290 • .0127 5043. 971. .0541 o. o • 
• OIJJ 4053. 766. • 0555 513. 296 • ·.013l 7548. 1258. • oss:s 990 • 495 • 
• 0140 3167. 01. .0569 190. 190 • .0140 5897. 1135. • 0569 276. 276 • 
• 0148 3884. 771. .OSBJ •n. 400 • .0148 '975. 1253.· • nu o • o. 
• 0155 2508. 608. • 0598 o. o • .0155 2991. "'· .one JSO. 350 • 
• OIU 2193. 566. • 0613 o. o • .01n 29'4. 192 • • 0613 o • o. 
• 0170 2U5. 559. • 0628 215. 215. .0170 5645. 1086 • • 0628 o • o • 
• 0178 93~. 382. .0643 o. o • .0178 2483. 749. .064J "'· 464. 
• OIU 1292. 457. .0658 o. o • .0180 1403. :i1l. • 0658 o • o. 
• ou:s 875. 357. .0613 o. o • .0195 211. 211. .0673 o. o. 
• 020J 936. 302. .0'89 us. 39~. .020l· t130. 505. • 0689 o • o • 
• 0212 120. H2. .0705 o. o. .0212 1131. so,. .0705 •• o. 
.0221 1276. 482. .0121 o. o. .0221 UB4. ,.,. .0721 o • o. 
• ono 527. JO.. • 07J7 o. o. .ono 163 • 441. • 01u 111 • 711. 



M P1"1NUS - SNs 70.GCV/C KKIMUS - SN: 70 OEV/C 
CJ'\ UNITS& Ta CGEVIC>••2; DSlGMAJITa "ILLliARNS/((0EYIC>•~2) UHIJSa Ta CGEYIC>••2; DSIGMA/ITa "ILLllARNS/CC;EVIC>••2> 
N 

-T DSIGPIA/DT ERROR -T DSIGKA/DT EHOR 
_, 

DSl,•111\IDT UROR ·T HIGH/DT ERROR 

.0012 3'3619. 8115. .0239 414. 293 • .0012 413922. 8080. • 02J9 J87 • 274. 
• 0014 270373. 6435. .02.a 59~. 344. .0014 294046. 64'9. .0248 "'· 321. 
• oou 204138 • SHI. .0258 883. 441 • • ocu 22JOJ8 • 5411. • 02~8 825 • 413. 
• 0019 156820. 4581. .0267 1428. :540, .0019 158041. 4475. ,02'7 572. 330. 
.0022 125098. 3939. • 0211 t t 60. :522 • .0022 129742 • 3878. • 0211 07 • 309. 
• 002s "1697. 3636. • 0287 819. 410 • .0025 101364. Jl83 • • 0297 1340 • ~01. 

• 0028 91332. 3219. .0298 1322. HO • .0028 89064. 3090. .0298 412. 291. 
• OOJI '9860. 2968. • 0308 1J97. 570 • .0031 16900. 2784 • .0308 653. 377. 
• 0034 70503. 2708. .OJl9 889. 445. .0034 67097, 25~4. • 0319 832 • 4U • 
• OOJS 62408. 2~08. • 0329 994. 497. .0038 56894. 2333. .0329 2325 • 7JS • 
• 0042 51021. 2231. • 0340 1655. 62&. .0042 46384. 2075 • .0340 221. 221 • 
• 0046 457l6. 2090. • OJ52 1062. ~31. .0046 43841. 1979 • .0352 491. JS1 • 
• 0050 4U55. 2038. .OJU 428. JOJ • .ooso 38620. 1850. ,OJU 600. :S41. 
• 0054 3799 7. 1888. .0374 1581. :i98. .OOS4 ;; I 7li t. 1'69. .0374 634. JU. 
.0059 31974. 1712. .Ol86 206. 206. .0059 31700. 1648. ,0386 771. 396. 
.oou 25643. 1546. • 0398 o. o • .oou 26509. 1520. • 0318 557 • 322 • 
• 0068 22698. \407. • 0410 1312 • :m • .oou 21'814 1405. • 0410 204 • 204. 
• 0073 19897, 1414. .0422 1175. 526 • .0073 i8l25. 1312. • 0422 1319 • 531. 
• 0078 15428. 1290. .ous 198. 198 • .0070 177S7. ~lll. ,0435 370. 262. 
• 0084 1 JHJ. 1202. .0447 621. 359 • .0084 1012. 1215. .0447 581. 335. 
• 0089 12287. 1193. .0460 o. o • .0089 9431. IOI:. • 0460 537 • 310. 
• oon 12167. 1229. • 0413 416. 337 • .009S 9'36. IOU, .041J 445. 31~ • 
• 0101 91 t2. 1097. • 0486 2H. 234 • .0101 8946. 1115. ,0486 o. o • 
• 0107 6987. 988. .osoo 2JJ. 2Jl • .0107 J6S9. U2. • osoo 218. 211 • 
• 01 u 3931. 771. • 0513 20. 247. .0113 5514. 88J • .OSIJ o. • • 
• 0120 4729. 799. .0!527 504. 3~6 • .0120 3538. "'· • O~S27 o • •• • 0127 4517. 839. • OS41 705. 407. .0127 3496. 714 • ,OS41 o. • • 
• 0131 2610. 674. • 055S o. o • .OtlJ 1464. 488 • .0~55 188 .. 188. 
• 0140 18JS, !5SJ. • 0!569 o. o • .ouo 2964. uo • • 0!569 411 • 340. 
• 0148 1106. 452. • 0~83 564. 399. .0148 1379 • 488. • 0583 264 • 2'4 • 
• 0155 1846. 584. .0598 487 • 

~·· 
.0155 1208, 4!57. .0598 227. 221.· 

• OIU 980. 400. .0613 o. o • .0163 917. 374. .061l o. •• • 0170 802. 401. .0628 o • ·-o. • 0170 750. 375. .0628 384 • J84. 
• 0178 1139. 465. .0643 o. o. .0178 1243. 470. • 06U 5'2 • J97. 
.0186 423. 299. .0658 ·~9. 496. .018' 1187. o,. ,U!58 o. •• • ons 784. 392. .0673 o. o. .0195 367. 259 •. • 067J o • •• • 0203 37&. 2u. .0689 o. o. .0203 JSI. 248. .0'89 55J. at1 • 
• 0212 1291. :521. ~01n· o. o. .0212 o. o. .070S 402. 402 • 
• 0221 1361. ~14. .0121 o. o. .0221 545. J15. .0121 o. o • 
.ono t92. 444. .01n o. o. .0230 121. •as.- • 07J1 o • •• 



~ 
P"1HUS - SN: 70 G£V/C PJHIHliS - PIJ 10 OEVIC 

0\ UNITSa Ta <GEV/C)••2; DSIGKA/DT1 KILLliA~HS/CtGEVIC>*•2> UHITS1 Ta CGCV/C)••2; DSISHA/JT1 KJLLIBARHSIC<G£VIC>••2) 
~ _, 

llSlGHA/DT ERROR -r DSJGHA/DT ERROR -T llSlGt!fl/DT ERROR 
_, HIGMA/DT ERROR 

.t'Ol2 4244'2. 9767. .0239 2218. 784 • • 0012 923296. 26400. .0239 2457. 141' • 
• 0014 324650. 8081. .0248 2124. 751 • • 0014 651000. 21236. .0248 1111. IOU • 
• 0016 267069. 101>1. .0258 2J&J. 8J5 • • oou 00502. 17578. .02:;9 o. o • 
• 0019 207081. 603&.- .0267 2184. 772 • • 0019 360660. 14747. .0267 3719. 1860 • 
• 0022 165635. 5285. .0277 t876. 766 • .0022 294151. 12790. .0277 o. o. 
• 002s 149578. 48C8. .0287 tn. 948 • .0025 221 u:t. 10729. .0287 o. •• 
• 0028 138520. 4581. .0298 1179. 590 • .0020 196091. 10044. • 0298 1027. 1027 • 
• O?l1 113448, 4067. • 0308 1870. 763 • .0031 161473. 8983. .0308 2040 • 140. 
• OOH 1067J7. 3854. • 0319 1488. 46S • .OOH 134501. 7926. .0319 o. • • 
• OOJB 90341. 3513. .0329 2329. 880 • • OOJB 119947. 7354 • .0329 o. •• 
• 0042 78854. 3209. .0340 6JJ. 449 • .0042 95106. 6471. .0340 o. •• • oou 72068. 303~. .0352 1777. 795 • • 004' 81)695. ~870 • .0352 1893. 1338. 
• 0050 61114. 2331. • 0363 200:5. 759 • .0050 6:>6:54. 5290. ;.0363 1109. 1109 • 
• OOH 567'7. 2719. • 0374 18'4. 740 • .0054 55809. 4858. .0374" '"· 968 • 
• oon 46346. 2304. • 0386 1104. ~52 • .0059 40756. 4182. .0386 ''°· 910 • 
• oon 45548. 2384. • 0398 '91. 460 • .oon 43000. 4300. .0398 936. 9J6 • 
• 0068 374U. 2209. • 0410 1463. 654 • .0068 26168. 3350. .0410 o. • • 
• 007l 27972. 1940. • 0422 1573. 703 • • 0073 22084. 3221 • .ou2 914. "4 • 
• 0078 26422. 1953. • 0435 1323. 592 • .0078 17709. 2911.- .0435 o. o • 
• 0094 19685. 1701. • OH7 277. 277. .0084 17781. 3006. .0441 tu. 943 • 
.Oll89 10133. 1582.· • 0460 I026. :51 J, .0089 9439. 2225. .0460 tu. 946 • 
.oors 1'784. 1619. • 0473 637. •UO, .0095 8865. 2289. .0471 o. o • 
.0101 8~81. lll4. .0406 313. 313 • .0101 9584. 2396. .0486 o. o. 
• 0101 8603. 1268. • o:soo 936. 540 • .0107 , .... 2038. .0500 1171 • 1177. 
• 0113 sosa. 1012. • OS1l o. o • .0113 3821 • '709. .051J 2254. 1S94. 
• 0120 4JJ9. 886. .0527 337. 337 • .0120 2684. 1342. • 0527 o • o. 
• 0121 3127. 807. .0541 943. 544 • .0127 o. o. .0541 o. •• • 01 ll 2794. 807. • os~s 539. 391 • .Olll 2835 • 1418. .0555 o. •• • 0,40 1339. 547. • 0569 "88. 481 • .0140 Ull • 1084. .0569 o. o. 
• 0148 1481. 04. .0583 o. o • .0148 2104. 121'. .0583 o. o. 
• 0155 '976. 699. .0~98 326. 326 • .015:5 2JU. 1363. .0591 o. o. 
• OIU 1 ou. 489. • 0613 o. o • .OIU 3326. 1663. .0613 o • o. 
• 0170 1877. 71 o. • 0628 o. o.· . • 0170 1567 • 1108 • .0628 o. •• • 0178 sos. 359. • 064J 402. 402 • .0178 4917. 2007. .0643 o. o • 
• 0186 1415. 633. • 06~8 766. 5·0 • .018& 3545. 1:58'. .06S8 1754. 11S4 • 
• 01n 2BB7. 870. .0673 449. 4·0 • .0195 1026. 1026. .0673 o. •• • oiu 12:S7. su. • 0689 o. o • .0203 J&OJ. 1802. .0689 o • o. 
• 0212 2016. 762. • 0705 575. :ms • .0212 o • o. .01n o. o. 
• 0221 780. 451. • 0121 520. ~20 • .0221 :SUS. 1517 • .0121 o. o. 
• 02n 11u. 102. • 0737 o. o. .02:10 un. 1110. .0717 •• o • 



"' KPUHUS - PB: 10 GEV/C PlllHUS - Ph 70 GEV/C 
0\ UHllS1 Ta <GEV/C)••2; DSIGKA/DT1 HILlllARNS/C(6£Y/C>••2) UMJTS& Ts CGtV/C)t•2; DSIGMA/DT1 MILLllARMS/CCG£Y/C)••2) N 

-T DUGHA/DT ERROR ·T DSIGKA/Dl ERROR _, 
DSlGKA/D'f ERROR ·T HIGKA/DT ERROR 

• 0012 "' 995 • 25394. .0239 3038. 1117. .0012 920240~ 30493. .0239 4349. 2175. 
• 0014 '87516 • 20924. .0248 190•. 1 J.47. • 0014 699464 • 25045. .0248 o. o. 
• oo" 485537 • 16993. • 0258 849. 84'9. • 001& 522716 • 20825 • .0258 2405. 1100. 
• 0019 J6251ll • 14505. .0267 170. 1233. • 0019 4•7009 • 18737. • 0267 4'38 • 2469. 
• 0022 297848 • 12457. .0277 o. o. • 0022 330704 • 15840. • 0211 3695 • 2UJ. 
.0025 226246. 10718. • 0287 1812. 1281. • 0025 295711. 14491 • .0201 o. o • 
• 0028 19H01 • '711. .0290 o. o. • 0028 2l3UO. 12605 • • 0298 2720 • 1929. 
.0031 143688. 8058. • 0308 o. o. .0031 22sa2. 12109. .0308 13~4 • 13~4. 
• 0034 121252 • 7285. .0319 868. 868. • 0034 180424 • 1osn. • 0319 3686. 2128 • 
• 0038. "6626 • 7101. • 0329 800. 100. .OOJ8 U58l5 • 10070. • 0329 2265 • 1602. 
• 0042 106963 • 6721. .OHO 804. 804. • 0042 1274l2 • 8&31. .0340 '130. 1138. 
• OOH 17236 • 5560. • OJ:n ·1114. 1255. .0046 114SOO. 8056. .0352 o • o. 
• 0050 66504 • 5146. • OJU o • o. • 0050 92!»'9 • 7481. • OJ63 o • o. 
• OOH 59046 • 4917. • 0374 o. o • • 0054 67932 • 6471. • 0374 128S • 128~. 
• 0059 37799 • 3899. • o3e6 &SJ • B:SJ. .0059 S6~S6. S6U. • 0386 o • o. 
• oou 37483 • 3887. • 0398 o. o • • oon S4233 • SSH. • 0398 o • o. 
• oou 30156 • 3482. • 0410 851. 851 • • 0068 35310 • 4484. • 0410 o. • • • 0073 30389 • 3658. • 0422 o. o • • 007J 33061 • 4!i41. • 0422 o • o. 
• 0078 21064 • 3075. • 0435 o. o • • 0078 20JJ3 • 3594. • 0435 2586 • 112•. 
• 0084 14235 • 2608. • 0447 o • o. .0094 12140. 2862. • 0447 2504 • 177t~ 
• 0099 9JJ9 • 2142. • 0460 o. o. • 0099 62U • 2089 • • ouo o • o. 
.0095 8109. 2145. • 0473 o • o. .009, 109a4. 2936. • 0413 1458 • 14S8. 
.0101 2211. 1791. .048& o. o. • 0101 5576 • 2862. .048' 1260. 1260. 
• 0107 5094 • 1801. .0500 o. o. • 011.>7 4510. 2017 • • 0500 U62 • 1'62. 
• 0113 S7J1. 2026. • 0513 o • o. .0113 :5073. 2269 • • osu o. o • 
.0120 3145. 1407. • 0521 o. o. • 0120 44SS • 1992 • • 0527 1142 • 11~2. 
.0121 1312. 929. • 0541 o • o. • 0121 7436 • 2629. .0541 1121. 1721. 
• Olll 2658 • 1329. • 0555 076. 876 • • 0133 2823 • 1630. • 0555 o • o. 
• 0140 2156 • 1245. .0569 1211. 1211. • 0140 4071 • 2036. • 0'69 1715 • m~. 
• 0148 657 • 657. • 058J 1043 • 1043. • 0149 10240 • 3001. • 0583 o • o. 
• 0155 1476 • 1043. • osu o • o. • 0155 7315 • 276'. • 0598 o. o • 
• 0163 1559 • 1102. • 0613 4123. 1Y25. .01u 4415 • 2208. .0613 o. o. 
• 0170 2203 • 1272. .0628 o. :0. • 0170 1290 • 2752. .0628 o. o. 
• 0178 769 • 768. .0643 1135. 11J5. • 0178 o • o. .0643 1&08. 1608. 
• 018' JU7 • 1628. • 0658 o • o. .0186 6:S89. 2490. .06:58 2329. 2l2t. 
• 0195 1923 • 1360. .0673 USO. n:so. • 019~ 8172 • 3336. • 0673 219~ • 2195. 
• 020l 2~JJ • 1462. .068~ o. o. • 0203 JSBB • 2072. .out 2J04. 2104. 
.0212 3726. uu. • 01os o. o. • 0212 4222. 2111 • .070J o. o • 
• 0221 2957 • '1478. .0121 o. o. • 0221 4188 • 2094. • 0121 o • o. • ono 260.. 1~04. • 07J7 o • o. .ono nas • JOU. • 07J7 •• o. 
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APPENDIX IV 

DERIVATION OF SOME RESULTS USED IN THE 

DIREC'r MEASUREMENT OF TOTAL CROSS SECTIONS 

A. Derivation of Equation 7.4: 

All quantities are as defined in Chapter 7. The 

situation is schematically sketched in the figure below: 

x: Position of unscattered beam 

- --: "Disc" of a particular 

partial cross section 

- : PWC4 outline 

Particles whose trajectories lie in the shaded area are 

not detected. If a correction for this facl is not 

made, then the resultant partial cross sections will be 

greater in magnitude than they actually are. 
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We first show that there is no need to make an 

acceptance correction for the target empty data. 

Assume the target is such that it has a cross 

section of zero. Define 

N~(mt) = number of particles whose scattering 

angle is between ek-1 and ek in a 

full (empty) run 

R~ (mt) = N~ (mt) / I~ (mt) 

I~(mt) = number of incident particles in a 

full (empty) run 

Construct the nth partial cross section: 

n n 
an = ( 1/ rx) 1 n [ ( ~ R~t / L: R~) J 

k=l k=l 

where 

f = NApX/A 

NA• Avogadro-s number 

x = target length 

p = target density 

A = atomic weight 

Notice that N'(mt) has no correction for acceptance 

losses. Since R i is equal to R~t in this hypothetical 
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case, then 

an = (l/r x > 1 n ( 1) s e 

as expected. Hence there is no need to correct the 

target empty measurements when they are used in the 

calculation of the partial cross sections. 

Next we look at the realistic case where the cross 

section due to the target is nonzero. 

Let 

N~(mt) be as above 

N~'c • corrected number of particles whose 

scattering angle is between ek-l and ek 

in a target full (empty) run 

Rf ,c = Nf ,c;1f 
k k 0 

The nth partial cross section is given by 

n n 
an = ( l/ rx) l n [ ( r R~l Ir R~ 'c) ] 

k=l k=l 

Notice the target empty measurements need not be 

corrected for acceptance. We write 



where 

Then 

But 

N~,o = number of particles which scattered from 

material outside of the target in 

a target full run 

N~,i = number of particles which scattered from 

the target in a targetfull run 

and thus .. 

But 

where 

ak = acceptance value for the kth bin 

and nence 

completing the derivation of Equation (7.4). 
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B. Derivation of Equation (7.5): 

where 

on = a - /~do/dn(dn) 
n 

0 0 = nth partial cross section (for scattering 

angles > nn> 

a = total cross section 

dO/dn = differential cross section for all 

possible processes 

Assume dO/dn is dominated oy small angle elastic 

scatters and is of the form 

where 

p = incident beam momentum 

Thus 

Let 
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y • cose • l-e2;2 

dy a -e(de) 

Therefore 

an= a - A(l-exp(-B9~) 

as desired. 

C. A Comment Concerning Errors on Partial Cross 

Sections 

Let Nmt Nf ,c be as defined in the first part of k , k 

the appendix. 

Define 

n E Nmt(f,c) • Tmt(f,c) 
k n 

k=l 
Then 

mt mt f c f 
(l/fx)ln[(Tn /I

0
) I (Tn' /r 0 >J 

Thus ~ 2 (crn)' the error squared of on, is 



where 

But since the situation is described by binomial 

statistics (either a scatter occurred or it did not) 

The formula for ~ 2 (T~'c) is more complicated due 

to the presence of the acceptance factors. 

where 

Then 

we have 

wk • c1i11Wt> c1-ak> 
v k • (l/ak) 
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where 

~(z) = error on z 

cov(A,B) = covariance between A and B 

The quantities N~(mt) follow a multinomial 

distribution. Hence 

~2 (N~ (mt)) = 1 ~ (mt) [N~ (mt) /I~ (mt)) 

[l-(N~(mt>;i~(mt))] 

cov (NI (mt) ,N~ (mt)) = -I~ (mt) [Nf (mt) /I~ (mt) 1 

[N~(mt>;1~(mt>1 

D. Derivation of Equation (7.7): 

First the following lemma is proved. 

LEMMA: 
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Assume there exists two N-dimensional column 

vectors F and x and F = Ax where A is a NxN matrix. 

Assume the NxN covariance matrix V for the x's is known. 

Then z, the NxN covariance matrix for the F's, is 

PROOF: 

Let (FiFj) be the covariance between Fi and Fj. 

In reference A4.l it is shown that 

By definition 

N 

Fi • t AimXm 
m=l 

and therefore· 

Hence 

N N 
( z) . . • a ( F. F.) • L L A. kA. vk lJ 1 J l Jm m 

m=l k=l 



Hence 

N 

•L A·znDim 
m=l l 

N 
T •I: D · (A ) · 

m= 1 lm 111) 
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where .D•AV 

Q.E.D. 

Equation 7.7 is now derived. For each event, the 

scat~ered particle's trajectory can lie in one of N 

N 



where region 1 represents where unscattered beam 

particles would go: region N goes to infinity. 

The partial cross sections are written as follows: 

where 

00 N 

01 = J F < n) an = E en 
n1 n=2 

N 

02 = J 00
F < n) an = r en 

n2 n=3 

ON-1 = f F ( Q) d n = c N 

nN 

FW) = do/dn 

n. 1 1-

Thus it is observed 

01 1 1 ..... 
02 0 1 . . . . . 
• 

= 
• 

0N-l e " 0 . . . 

1 C2 

1 C3 

1 CN 
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or F = A x 

where F and x are N-1 column vectors and A is a 

(N-l)x(N-1) matrix. 

Let Z be the (N-l)x{N-1) covariance matrix for the 

F-s. Using the above lemma, it is seen that 

where Vis the (N-l)x(N-1) covariance matrix for the 

c 's. The. elements of V are as follows: 

Vii s Ll2 (ci) 

vij = 0, i~j 

where ~2 (ci) is the standard deviation squared of ci. 

Thus 

1 1 . . • 1 1 fl2(Cl) 1 B • . • e 

0 l . • . l l 1 1 . 0 

Z= 

e 

0 

" 0 • • • e 1 ~2 (CN) l l • • • 1 1 

Equation 7.7 follows from the matrix multiplication and 
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by noting that 

N 
E ~2(ck) = ~2(oi) 

k=i+l 

where ~2 (ai) is the standard deviation squared of the 

ith partial cross section. 
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APPENDIX V 

Following Lincoln A. · FajardoAS.l, it is shown that 

if the differential cross section has the functional 

form of equations 9.1 and 9.2b (form factor 

parameterization with an exponential matrix element), 

then the bound of reference 1.14 (the Roy Bound) cannot 

be violated. The bound is written in the following 

form: 

where 

h (t) = (b (t) /b (0)] (dO/dt (t)) 1/2/ (dO/dt (0)) 1/2 

b(t) = d/dt(ln(dO/dt)) 

t = 3t1 (l+ct1 > 

c = (BmprotonE>-1 

E = incident beam energy 

The first expression factors as 
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and is always less than zero. Thus the second 

expression will also be less than zero, and the bound 

cannot be violated. 
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If the differential cross section is given by 

equations 9.1 and 9.2b with the pion radius (r ) , proton 
7T 

radius (rp>, and u greater than or equal to zero, then 

h(t) is monotonically decreasing with increasing -t and 

satisfies 

Thus the Roy Bound cannot be violated if the 

differential cross section can be parameterized by 

equations 9.1 and 9.2b. 

The above considerations do not apply if the 

differential cross section has the functional form 

exp(bt+ct 2) since this form is not monotonically 

decreasing. However for this case the bound is violated 

only for rather extreme values of c. By numerical 

inspection it was found that at a laboratory energy of 

288 GeV, the bound is violated in the region 

8.8332<-t<S.8334 (GeV/c) 2 when b=l0 (GeV/c)- 2 and c•50 

(GeV/c)-4 • For b•le (GeV/c)-2 and c•l88 (GeV/c)-4 , the 



bound is violated in the region 0.8916<-t<e.0175 

(GeV/c) 2 • For b•l0 (GeV/c)- 2 and c•200 (GeV)-4 , the 

bound is violated in the region of e.e<-t<B.909 

(GeV/c) 2 • For b=le (GeV/c)-2 there is no violation if 

c<48(GeV/c)-4 • 
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APPENDIX VI 

CORRECTIONS FOR PLURAL NUCLEAR SCATTERING: 

HIGH-t DATA 

6.3 
The following formulae were used to include the 

effects of plural nuclear scattering on the high-t data. 

The correction factors for various single scattering 

terms are presented. The dcr/dt used in the fit to the 

data is given by 

da/dt··fit = do/dt single scatter[l+Correction Factor] 

SINGLE SCATTERING TERM CORRECTION FACTOR 

·exp ( bt+ct 2> K exp[.5(-bt-ct 2)]/(-b) 

Eqns. 9.1, 9.2a: + K(l-~ut) (l+bt) (l+ct) 2/(-u+2b+4c) 7r-p 

Eqns. 9.1, 9.2a: pp K(l-~ut) (l+ct) 4/(-u+Sc) 

9.1, 9.2b: + K e-ut/2 (l+bt) (l+ct) 2/(-u+2b+4c) Eqns. rr-p 

Eqns. 9.1, 9.2b: pp K e-ut/2(l+ct) 4/(-u+8c) 

where 

K c No~p/6471'fi2 

ahp • hadron-proton total cross section 
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N = NApx/A 

NA = Avogadro's number 

p = target density 

x = target length 

A = atomic weight 

b = r~/6fl 2 

c = r~/12fi 2 
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The correction factor for Eqns. ( 9 .1, 9. 2c) is the 

same as that for Eqns. (9.1, 9.2a). 
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