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ABSTRACT 
It is proposed to build a strong focusing 

spectrometer. The spectrometer will be of flexible 
design and can operate either with 15~ steradians 
acceptance and to.03% momentum precision up to 
200 GeV/c or can be changed to give considerably 
larger acceptances at lower momenta. The first 
proposed experiment is to measure elastic scatter­
ing and quasi two-body elastic scattering of 
K+, K-, p, P on hydrogen and deuterium (neutron) 
targets, up to 200 GeV/c and at It I values of 
o 	to 1.5(GeV/c)2. 
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INTRODUCTION 

Focusing spectrometers have heen huilt and ooerated at SLAC, 

CERN and elsewhere for the analysis of particle momenta UP to 

~25 GeV/c. We are proposing the construction of a focusing 

spectrometer for MAL that would measure the momenta of particles 

scattered from a target up to 200 GeV/e with very high precision. The 

instrument incorporates a number of features, of wbich some are 

adaptations from previous desi~ns and some are novel. 

1) It will be a strong focusing device caoal;le of accepting 

15/lste radians at 200 r:.eV/c and analyzing momenta to a precison of 

:!O.03% in .1p/P. 

2) By moving the target closer to the spectrometer, or 

~lternatively I;y repositioning the front quarlrupole douhlet, the 

acceptance will he considerably increas~d at lower energies. 

3) The spectrometer will contain a region of high beam 

parallelism suitahle for the introduction of high precision 

differential Cerenkov counters for mass determinations. 

4) The input heam angle and production angle will be 

magnetically alterahle over a wide angular range, while the 

spectrometer remains physically fixed in position. 

5) If, as seems feasible, suital;le momentum dispersion can 

he introduced into the primary input heam the spectrometer will operate 

in an "energy loss" mode. In this mode the final focus maps the energy 

loss in the target and full physics resolution is obtainable even with 

a very large spread (~1%) in the input ':leam momentum. 
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6) Oetectors will be located in a well shielded environment 

90 m~t~rs downstream from the tar~et with counter planes of about 

8 cm X 14 cm. Such a spectrometer should utilize not only the beam 

intensities available at switch on, but the considera~ly higher 

intensities that can be expected later in the accelerator's history. 

The spectrometer components and length will be equivalent to 

about one-third those used for the main high precision 2.5 mr beam line 

and its construction should not be overly demanding. We expect the 

spectrometer and instrumentation to be used for many years in a set of 

developing programs. 

The past record of spectrometer facilities has been good. 

Over the passage of years they have usually not only measured the 

ori~inal set of processes for which they were designed, but have probed 

both deeper and in more detail into the physics than was originally 

expected. 

The areas of physics that can be investigated with such an 

instrument can be summarized as: 

1) ~lasttc scattering processes in both the u and t 

channels. 

2) Two-body quasi-elastic scattering processes such as 

7T++ P -7 1T+ + N+* whe re the resona nce l s produced v i a the exchange of a 

"pome ron". 

3) Two-body and quasi two-body channels, involving the 

+ p -' K+ + kr+.exchange 	of quantum numhers, such as 7T +-, 

4) Deeply inelastic processes such as 7T+ + P 7T++ anything-7 

+ 	 +
and K + 	 P K + anything.-7 
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5) Quark and exotic particle hunts. (We would hope to make 

some such hunts incidental to the 1 ine-up of the spectrometer.) 

This proposal splits into two parts. First, we rlescrine a 

proposed physics experiment which will serve as an excellent 

operational test of the facility. This first experiment is chosen 

a) for intrinsic physics interest, b) to he not too demanding so that 

even if the spectrometer is not performing with full capabilities 

initially the experiment can still be successfully carried to com­

pletion and c) to be hard to do by any other method. 

Various groups in this collanoration will suhmit other 

separate proposals for different experiments to be done suhsequently. 

PROPOSED EXPERIMENT 

We propose to measure da/rlt for the following set of 

reactions: 

pp pp 

pp pp 

We plan to do these experiments over an energy range from 50 GeV to 

200 GeV and at t-values hetween 0 and -1.S{GeV/c)2 as extensively as is 

posslhle within our time allocation. By use of the differential and 

threshold Cerenkov counters, p's, K's, and ~'s can he simultaneously 

irlentifled, permitting us in principle to collect ~ata on three 
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reactions at the same time. We further plan to repeat some of these 

measurements with deuterium as a target to study the elastic scattering 

cross section on the neutron. Simultaneously with measuring the 

differential cross section for elastic scattering, we expect also to be 

ahle to study the cross sections for "rliffractive" production up to 

missing masses of about 2 GeV. Previous experiments seem to indicate 

that several isobars have a total cross section nearly independent of 

ener~y and thus they should be accessihle to measurements in this 

energy range. 

After completion of the first experimental runs part of this 

collaboration will submit a proposal to extend these measurements. 

Elastic Scatterin~ 

Elastic scattering processes are among the most studied, as 

well as among the least understood of all two-body reactions. We 

propose here to make a systematic study of K-nucleon, p-nucleon, as 

well as p-nucleon scattering for energies between 50 and 200 GeV and 

for values of the four momentum transfer t from 0 out to ahout 

-1. 5UleV/c) 2. In the energy regions studied so far the cross sections 

for the various reactions have a rather different behaviour. The 

differential cross section for elastic pp scattering shows shrinkage 

hut no structure for It I less than 1(GeV/c)2. This is in contrast to 

the behaviour of pp elastic scattering which has an expanding 

diffraction peak in addition to structure in the angular distribution 
2

around -.6(~eV/c). The same disparity also exists in K-nucleon 

scattering; the differential cross section for K+p has a smoothly 

shrinking t distrihution, while K-p has no shrinkage and a dip in the t 
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distribution for t - -.8(GeV/c)2. 

These features are generally explained within the framework of 

In the t-channel allReggeizerl particle exchange in the t-channel(l). 

these reactions have the same quantum numbers and for energies up to 

20 GeV the rlata can be fitted with the P, p', w, p, and A2 

trajectories. In the case of nucleon-nucleon scattering, the 

scattering amplitude can be schematically rlecomposed as follows: 

A( pp) = p + pI - (j - p + A2 

A(pp) = P + pI + W + p + A2 

A(pn) = P + pI -w+ p - A2 

A(pn) = P + pI +w- P - A2 

From the fact that at high energies and small t-values the 

difference a(pp)-a(pn) as well as the difference a(pp)-a(pn) are both 

small it is generally concluded that the contrihution from P and A2 

exchanges can be neglected. Therefore the observerl differences between 

the pp cross section and the pp cross sections must be caused by w-

exchange, or written symbol ically: da/rlt(pp)-rla/dt(op) '" lmw. Thls 

would then imply that at the cross-over point, i.e., at the t-value 

where the two cross sections are equal, Imw=O. This can obviously be 

achieved by assuming that the residue of the w trajectory has a 

dynamical zero and vanishes for this t-value. This assumption, 

however, learls to contrarlictions. In particular, we would then expect 
2to see a dip in ITo photoproduction for t = -.2(~eV/c). Such a dip is 

not seen. Ry including ahsorption or cuts into the theories these 
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difficulties can be removed. The explanation in terms of pure 

t-channel exchanges is thus complex, and further experimentation over a 

wide range of variables is required before these processes are 

understood. 

If the alternative vie\'1Point of "dual ity" is used, s-channel 

quantum numbers remain relev~nt at high energies(2). In the s-channel 

picture pp and ~p as well as K+p and K-p have different quantum numbers 

and it is therefore not surprising that the s as well as the t 

dependences arp. different. In such a model we expect in general a 

cross section of the form: 

da (~~) = p2 + 2P J + •••••••dt 01>'1>' 

The contribution from the Pomeron is denoted by P and it is 

assumed that it only makes a contribution to the s-channel 

non-helicity-fl in amplitude. ~ is the contribution from the s-channel 

resonances. Jo Is expected to have maxIma and minima as an ordinary 

O-th order Bessel function as a function of t and in addition be 

dependent upon s. 

~Iow in elastic processes with exotic quantum numbers in the 

s-channel, like pp or K+p, there will be a contrihution only from the 

Pomeron term, e.g., da/dt(pp) = p2. Hence all the structure in the 

pp(K-p) cross section at high energies must come from the interference 

term between the Pomeron and the resonances. The interference term c~n 
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be extracted from the ratio: 

dUr -) dUr ) 
~pp - ~pp ~ J 

o 

We have evaluated this ratio at 8 and 16 GeV using the 6p cross 

section from the recent data of Birnbaum et al.(3) and the pp cross 

sections from the experiment by Foley et al.(4) The result shown in 

Fig. 1 has some resemhlance to a Bessel function (Rvt) with anJo 

interaction radius R of about 0.8 f. The cross-over point seems to 

move as a function of energy, but since we are using data from two 

different experiments this might simply be due to normalization errors. 

Since the cross-over point is strongly dependent upon the relative 

normalization it can only he determined in a meaningful way if both 

cross sections are determined with the same apparatus. Also a 

determination of the contribution from the P and A2 trajectories can 

only he made by comparing (pp) with (pn) or (pp) with (pn) as measured 

with the same apparatus. It is a prediction common to all models that 

at hir,h energies the differential cross sections for elastic scattering 

will all he dominated by the exchange of a single trajectory (the 

Pomeron) and thus the different reactions will have the same hehaviour. 

Hence at the highest energies it is mandatory to measure the cross 

sections for (pp), (pn), (PP), and (pn) scattering using the same 

aoparatus if we want to extract the differences between these processes 

in a reliable way and study how they approach this asymptotic limit. 

The same remarks we have made about nucleon-nucleon scattering 

also apply to K-nucleon scattering. Again it is very important that 
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these cross sections are measured with the same apparatus in order to 

be able to extract the small differences between them in a quantitative 

way. 

A check of systematic errors involved in extracting neutron 

cross sections from interactions in deuterium is conveniently provided 

by the charge symmetrIc relations 

dO +) d<7r - )W:n: n = (It'\:n: p , 

dO'r -) d<7( + ) (It'\ :n: n = (It'\:n: p • 

Sufficient pion data will be collected simultaneously with the proton 

and kaon-data to make these checks as well as to compare normalizations 

with other experiments studying rrp scattering. 

Resonance Excitation 

A high resolution single arm spectrometer is uniquely suited 

for the study of nucleon isobar production. The large mass acceptance 

of such an Instrument per~its mpasurement of isobar production up to 

about 2 GeV at the same time data is collected on the elastic channels. 

The high quality resolution is required to separate the isobars. At 

present there is only a limited amount of data availahle on isobar 

production at high energies. We propose here to measure the cross 

section for isobar production up to a missing mass of about 2 GeV using 

different incident particles. Previous experiments(S-13) show that at 

lower energies Isobars at masses of 1238 MeV, 1410 MeV, 1518 MeV, 

16 8 8 ~1 eVand a t t he h I g h est energ y 2 11 9 ~1eV are e xc i ted • The 

t-dependences of these reactions are quite different. For the N*(1238) 

and the N*(1410) the slope is ahout 16(GeV/c)2 whereas the two other 
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2isobars seem to have a slope of only 5(GeV/c). The N*(1410) and 

N*(1688) excitations seem to have constant cross sections over the 

whole energy range consistent with a quasi-~iffractive behaviour, 

whereas the M*(1238) excitation ~rons off sharply. The N*(1518) 

excitations decrease rapi~ly with energy up to about 10 SeV and at 

higher energies shows an energy independent behaviour. In view of this 

remarkahly dtfferent behaviour it is worthwhile to make a systeMatic 

study of these reactions at high energies. Such a study also permits a 

good check on factorization in the case of Pomeron exchange. According 

to this hypothesis the ratios 

pp -7 pN* = :rep -7 :reN* = Kp -7 KN* 
pp -7 pp :rep -7:rep Kp -7 Kp 

should all he equal. Here N* stands for any isobar that can be 

dlffractively produced. 

Time Estimate 

To carry out this program ahout 800 experimental hours are 

needed. In addition we request about 200 hours for checking out the 

apparatus previous to the run. Tahle 2 gives a breakdown of the 

expected time allocations to the various parts of the experiment. This 
12

time estimate has been based upon 3XI0 protons per pulse incident on 

the production target. As an example, Tables 3 and 4 show the expected 

rates for pp -7 pp and K-p -7 K-p as functions of incident energies and 

t-values. 
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tHE SPECTp.m~ETER DESIGN AND OPTICS 

The spectrometer will occupy a fixed location and will 

disperse particles in the horizontal plane. Changes of scattering 

angle will be introduced by magnetlcally steering the input beam. The 

layout is shown schematically in Fig. 2 and consist of a quad parr 

focusing a point object to a parallel beam followed by bend magnets and 

differential Cerenkov counters. The beam will then be reimaged to a 

point focus by a final quadrupole doublet. The length of the system 

will ~e about 130 meters. Twenty meters of 10 cm bore quadrupoles and 

twenty-four meters of standard NAl bend magnets will be required to 

construct the system. A rough measure of the complexity of the 

spectrometer can be obtained by comparing it to the 2.5 mr high 

precision input ~eam. The input beam is 400 meters long, will have 

three cross-over foci instead of the one focus of the spectrometer and 

will require about twice the amount of components. 

Considerable studies have been made by us as to the most 

economical design for the spectrometer. We believe the proposed design 

to be the most econom "lcal method for doing the physics in which we are 

interested. 

The solid angle acceptance will be increased at low energies 

by moving the front quads closer to the target, or alternatively by 

the target (and input beam focus) c 1oser to the spectrometer.moving " 1 

"Increasing the solid angle s hou ld be relative y~ither method of, 


simple. F" Ig. 3 shows the physical layout of the spectrometer in the 


Meson laboratory. 
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Table 1 gives the rough parameters of the system. Tahles 5 

and 6 give "transport" runs for a specimen hip;h energy configuration 

capahle of measuring up to 200 GeV/c with 15p steradians acceptance, 

and for a 60 GeV configuration with a 40P steradian acceptance. 

Table 7 gives the required alignment tolerances of the various 

components. The only stringent requirements for the spectrometer are 

on the lateral misplacements of the quads, and on the field precisions 

required for the quads. The physical alignment precisions are not 

excessive. The proposed 10 cm bore quads are expected to have fields 

good to .1% on the pole tips. This is adequate for our design. 

Use of Spectrometer in an Energy Loss Mode 

If the spectrometer is fed with an input heam with a 

horizontal momentum dispersion matched to that of the spectrometer, the 

spectrometer will operate as an energy loss spectrometer. In this morle 

of operation, particles that do not suffer any energy loss in the 

t~rget will be momentum recomhined at the final spectrometer focus. 

Those suffering an energy loss wTll be focused to an appropriately 

displaced image. As an example of operation in this mode consider a 

process such as: 

+ + '{"'+
:rc + P ~K + ~ 

With an input heam having an energy of 100 GeV and a momentum bite as 

high as 1% the spectrometer could still determine the missing mass of 
:of'the "L" to hetter than 50 MeV. 

In principle it is relatively simple to alter the 
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magnification of the 2.5 mr beam to achieve the required dispersion. 

Further investigation will be required to establish how easy this will 

be in practice, given the relatively "frozen" specifications for this 

beam. 

Decode Planes and Accuracy of Determination of Experimental Parameters 

Table 8 shows the transfer matrices from the target to 

the various decode planes for the 200 GeV/c configuration. One of the 

elegant properties of a focusing spectrometer Is the high 

"magnification" that can generally be -Found for any specific parameter 

at some point of a well designed system. For instance at vertical 

plane 1, the vertical input height is magnified by a factor 13. By 

linear combinations of the planes we will be able to measure the 

horizontal and vertical production angles, the momentum (or energy 

loss) of the particle, and the vertical production point. 

Input Be~m Steering and Scattering Angle Variation 

Figs. 4A and 4B show two methods that can be used to vary 

the scattering angle. The system in Fig. 4A will consist of 3 meters 

of bend magnets placed before and after the target. The first bend 

magnet will bend the input beam down and the second bend magnet, after 

the target, will steer the scattered particles back onto the 

spectrometer axis. Such a system will introduce up to 3 GeV/c 

transverse momentum at high energies. The system in Fig. 4B shows a 

3 meter pre-bend magnet placed 27 meters upstream of the target and a 

9 meter bend magnet placed just before the target. The main deflection 

is produced by the magnet Just before the target. It will be possible 

by re-rigging the bend magnets for either system to introduce either 
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vertical (orthogonal to the bend plane) or horizontal deflections. 

Primary Beam Dump and Background Problems 

It is proposed to dump the input beam into a beam dump 

just ahead of the first Quadrupole pair. 

The main counting systems should be almost totally 

unaffected by background from the beam dump as they will start 

90 meters downstream from the dump point, will have dimensions of the 

order 8 cm X 13 cm, and will be protected by 2 meters of bend magnet. 

The only point at which trouble could occur will be at the differential 

Cerenkov counter located after 3 meters of bend magnet behind the first 

Quadrupole pairs. If this counter counted in excess of 107 particles 

per second we would be rn trouble. However, this counter is located 

thirty meters distant from the dump point, and because of its special 

properties of very high directivity and high specificity of mass 

selection we do not envisage any severe background problems. It is 

worth noting that the location for the differential Cerenkov counter, 

with the spectrometer operated in a pair "energy loss" mode, would be 

after all the bend magnets. Therefore, even with the very high input 

beam intensities possible in such a mode, the Cerenkov counter would be 

in a very well protected location. 

Spectrometer 	~lignment 

Spectrometer alignment would proceed through four phases: 

1. Accurate magnetic measurements of individual 

components. 

2. Transit survey and alignment of the components in 

place. 
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3. Use of the precision input beam spot to delineate 

the ~eam axis and foci of the syste~. 

4. Exploration of the aperture of the spectrometer by 

sweeping the input beam across the spectrometer. 

All these types of measurement have been made routinely 

in the past on SLAC and other spectrometers to the required precisions. 

Costs 	of the Magnetic System 


Table 9 1 ists components and estimated costs. 


INSTRUMENTATION AND MONITORING FOR THE BEAM AND THE SPECTROMETER 

The detector systems for the beam and spectrometer will 

contain the following elements: 

1) DISC Cerenkov counters in the beam to identify the mass 

of the input beam particles, and differential as well as threshold 

Cerenkov counters placed in the spectrometer to identify the outgoing 

particles. 

2) Trigger scintillators to provide, along with the Cerenkov 

counters, an interrogation pulse. 

3) Charpak proportional counters placed in the spectrometer 

to ascertain the momentum and scattering· angles of the detected 

particles. 

4) A crude scintillator hodoscope close to the target to 

provide coplanarlty and some angular information. 

S) A monitor system to determine the intensity and the phase 

space of the input beam. 
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6) A data collection system capable of both "housekeeping" 

the equipment and providing an immediate "physics" answer. 

7) A liquid hydrogen target. 

8) Shower and interaction counters to identify electrons and 

muons. 

We discuss these items in detail below. 

Mass Discrimination 

The best instruments for providing mass separation at high 

momenta are the differential Cerenkov counters and the UV threshold 

Cerenkov counter. The most taxing requirement is to be able to 

separate pions from K mesons at the highest momenta. The DISC Cerenkov 

counter described in Appendix 1 is limited in solid angle but is ideal 

placed in the beam line for identification of beam particles, in 

particular those that represent a small fraction of the particles in 

the beam. The differential Cerenkov counter described in Appendix 2 

permits larger angular spreads in the beam and will be used with the 

spectrometer. 

Our second tool to provide particle separation is the UV 

threshold Cerenkov counter develooed at Serpukhov. One of these 

counters will be placed between the last quadrupole and the focal 

plane, the second after the focal plane. ~ach counter will be about 

25 meters long. At hi~h energies where there are few photoelectrons 

availahle we will add the signals. At lower energies they can he used 

as two separate counters. At 100 GeV/c an absolute pressure of 70 mm 

of Hg for hyd rogen ga sis requ i red to pu t K mesons at th resho 1rl, in 
3which case 50 meters constitute 0.75XI0- radiation lengths and a 

-15­



negligible amount of multiple scattering. The Prokoshkin group (tHEP 

preprint 69-63) have obtained 

N = 160 e~ 
e 

where Me is the number of photoelectrons in a 56 UVP photomultiplier, 

e is the Cerenkov angle in radians, and L is the active length in 

centimeters. With the counter set to K threshold 

2 2 
N = .036 (~) (100 (kV/e ) 

e 10 p 

for pions, giving about 1$ photoelectrons from 50 meters of counter at 

100 GeV/c. At 200 ~eV/c, this hecomes 4.5 photoelectrons, leading to a 

probabil tty for no signal of about 10-2
• 

One DISC Cerenkov counter will be located In the primary beam, 

one differential counter will be located in the parallel beam region 

after three meters of bend magnet and one at the end of the bend 

section. 

Trigger Scintillators 

The main interrogation trigger for the system will probably 
v

consist of CB-C 1-C -S 
i 

, where Si will be a scintillator either before
2 

v
the last Quadrupole pair, or at the momentum plane. Cs will be the 

beam Cerenkov counter, ~ will be the first differential counter, and 

C will be the second differential counter. The system will thus2 

require few scintillators to provide the trigger pulse. We will 
v 

probably only use r~ for less frequent particles 1 ike p and K's in 
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order to take advanta~e of the full beam intensity. 

Charpak Proportional Counters. 

On receipt of an interrogation signal we will interrogate 

eight Charpak planes located along the last sixty meters of the 

spectrometer. Because of the focusing properties of the spectrometer 

these planes will not he larger than 8 cm X 14 cm, and thus with a 1 mm 

wire spacing, will only contain a total of about 1,000 wires. In order 

to decode the particle trajectories and momenta, (c.f. Table 8) only 

the horizontal planes HI, HZ, and the vertical planes VI and V3 are 

required. H3 and VZ will be redundant horizontal and vertical planes 

and H'Z ann V'2 will he two redundant planes rotated at +45 o and -45 0 

to the vertical. 

The poorer time resolution of the Charpak chambers relative to 

scintillators should not be a problem as backgrounds are expected to he 

low in the focal plane region. The 1 mm chamber wire spacing should 

provide "'0.5 mm resolution. 

Recoil Pnrticle Detector 

For elastic scattering, detection of the recoil proton near 

the target will provide us with a coplanarity check and possibly 

angular information. In principle, this information is redundant hut 

in practice it may be of considerable help in the early stages of the 

experiment. A rather small number of strip counters parallel to the 

target axis are all that are required to define the coplanarity. 

If possihle we will also include two hodoscoDe planes 

separated by one meter to measure the production angles. Such a 

hodoscope would become increasingly useful at high t-values, where the 
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relationship between the laboratory angle of the recoil proton and the 

2 -1/2t-value Is given by sin e = (1+ltl/4m > • The an~ular system would 

be designed to measure the angle of the recoil proton to about 10 mr 

(F.W.ll.M.>. This measurement of the proton will determine dt/t to 

about 5Xl0-2 for t larger than 0.5(GeV/c)2. 

Beam Flux Determination 

6
The Incident beam flux monitors must handle from 10 to about 

1010 particles per second. For total flux determinations of 

instantaneous rates below 10 7 per second a simple scintillator 

telescope in the incident beam is sufficient. As an additional 

independent monitoring system, we plan to use a high pressure gas 

Cerenkov counter. For instantaneous rates above 107 per second the 

high pressure gas counter will be modified so that the total anode 

current of the phototube can be measured. A suitably designed system 

would yield an anode current of about 0.05 mA for a beam intensity of 

lOla per second. With a correction for dark current this device can be 

used over the entire range required, including absolute calibration 

against a counter at 107 particles per second. The calibration 

constant is sensitive to proton velocity and is expected to vary by 

ahout 4% in a known way for protons over 5 GeV/c. As a second incident 

beam monitor, above the range where individual beam particles can be 
2counted, we will install a thin scattering target (about 0.1 g/ cm ) in 

the beam. In counter telescopes set off to the side of the beam we 

would expect a counting rate of about 100 per second for an incident 

beam of 10 6/second, a counting rate of 106/second for an incident beam 
Laof 10 protons/second. 
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The DISC Cerenkov counter will be satisfactory for monitoring 

particles that make up only a small fraction of the incident beam, such 

as K mesons. 

Beam Position Monitors 

It is important that beam steering changes can be quickly and 

conveniently detected. By switching off the input beam deflecting 

magnets so that the spectrometer sits at 0° the relative momentum 

calibrations and beam alignment can be rapidly determined. However it 

will be important to determine that conditions have remained constant 

during an experimental data run. 

We will Install beam position monitors in crucial places along 

tpe beam 1 ine, in particular, just before the hydrogen target. ZnS 

screens will not be satisfactory in all cases because of the low beam 

Intensity. Several types of monitors are being considered and probably 

more than one type will he used since different ones will work best at 

different intensities. The monitors will be remotely retractable. We 

also plan to insert hodoscopes in the beam to determine the phase space 

of the beam at the target. 

Data Collection System and Preprocessor 

One of the advantages of a IIspec trometer" setup is that it 

performs a continuing group of experiments over an extended period. It 

is therefore worth the effort to provide a system of data processing 

that not only housekeeps but provides almost fully analyzed data 

on-line, leaving only the final detailed small corrections to be made 

off-line. The input Information to the computer will be contained in 

the trigger pulse, information from the threshold counters, pulse 
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height analyzers, the coordinates from the eight Charpak planes encoded 

as six eight bit numbers, and hodoscope information accounting for an 

additional three eight bit numbers. A typical input event will 

therefore consist of 100 to 200 bits. 

The operations to be performed on this information will 

require about twenty multiplications and additions per event to extract 

momenta, production angles, and perform cop1anarity and redundancy 

checks. Randomly sampled "raw" events will be acculTlu1ated on tape for 

both analyzed and ambiguous events so that reliable efficiencies can be 

subsequently determined. 

~very attempt will be made to have a system that will 

"immediately" detect physics features of interest and that will permit 

instant cross checks to determine whether they are valid, or whether 

they result from instrumental artifacts. 

Hydrogen Target 

The target can be of modest design and can be cooled by a 

local refrigerator unit as is now common practice in this application. 

The target will have provision for several cells, Including hydrogen, 

deuterium and empty cells. 

Miscellaneous Instrumentation 

We will build an NMR system to read the magnetic fields in all 

the bend magnets remotely and continuously with high accuracy. 

A light pulser system will be built for preliminary line-up of 

counters. 
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DIVISION OF RESPONSIBILITIES AND TIME SCHEDULE 

Counting, monitor equipment and interfacing to be provided by 

the user groups. 

~1agnets, power suppl ies, mechanical Installation, 1 iquid 

hydrogen target, and computer to be provided by NAL. Table 9 lists the 

magnetic components and estimated costs. 

Tahle 10 shows a breakdown of the equipment to be provided by 

the users groups. 

Time Schedule 

Provided we get a "green light" to proceed we would expect to 

have the magnetic system specified by Fehruary 1971, components 

del ivered by December 1971, and in place by March 1972. We would 

expect to have the counting equipment and detectors available for test 

and installation at this time, and to be ready to test and check out 

the system by June 1972. 
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· TABLE 1 

Design Parameters of Focusing Spectrometer for the 
Meson Laboratory 

Momentum resolution at 200 Gev/c 

Solid angle acceptancet:at: 
200 GeV/c 

60 Gev/c 

Maximum angular divergence through 
differential Cerenkov at 200 GeV/c 

Momentum acceptance 

Momentum dispersion 

Angular resolution 

Maximum intensity beam 

Maximum momentum 

Method of production angule variation 

Incident spot size 

f!>p/p 101 ± 0.03~ 

~ ~5~ steradians ., ; 

~40~ steradians 

t:fJ =± 0.2 mrad 

Ap/p = ~ (F.W.) 

3cms per ~ 

± .1 mrad 

1010~ - 101l/~se 

200 GeV/c 

Magnetic bending of beam 

lmm (F.W.) 



TABLE 2 

Estimates of Time in Hours Required for the Experiment 

\ 
I 

100 150Energy (GeV) , 125 I50 175 
Total time 

35 
i 2 I ! 22 2 2lHeaction t( GeV )t( GeV ) t(Gev ) : Time for reactionTime Time t(GeV

2
) Time ' t( GeV ) ; Time ! Timet(GeV ) 

! lr 
pp -7 pp 10 Ii, 0-1.0 1010 I 0-1.0 10 10 0-1.0 10 0-1.0 600-1.0 0-1.0 

1I 
10 I10 0-1.0 10 0-1.0 0-1.0 10 0-1.0 10 6010 I 0-1.0pp -7 pn* 0-1.0 , 
10 

t 
I 

t10 0-1.0 10 6010 ! 0-1.0 0-1.0 10 0-1.0pn -7 pn 0-1.0 1 10II 0-1.0 , 

Ii 
 I I II 

I I 
II 

f 

- - i 
i 

! I 
I 
I 
I 

~ t I
0-1.0 ! 20 IIt 0-1.0 30 II 0- .5 I 20pp -7 pp I 0-1.0 15 ! 0-1.0 I 15 100 

I
I 

1 

, I-- II i0-1.0 l 15pn -7 pn I 0-1.0 

I 
3015 II II I 

! 
I 

[ I i, I+ + 
!Kp-7Kp 40 11 0-1.2 40 !. 0-1.0 ! 30 16020 ! 0-1·5 I 

i 

30 0-1·50-1·5 1 IIi 
I+ 10 [I 0-1.5 10 

! 
IIK -7K N* 0-1.5 15 

I 
250-1·5 

+ + II 1\ 
I II IIK n -7K n 0-1.0 0-1.0 I10 ! 0-1.0 I 10 35I I,'I 

I I 
I 

i I 
! 
! I II

!i I~IK-p -7K-p I40 
I 

I 0-1.2 40 Ii 0-1.0 I 30 1600-1.50-1.5 20 ! 0-1.5 1 30 
III I,I11 IK-P -7 K-N* 0-1.5 0-1.5 15 25I10 i 0-1.5 I 10 I! , jII , i

IK-n -7K-n 10 I 0-1.0 10 0-1.00-1.0 15 

I 
! 351

I II il 



TABLE 3 


Expected Rates for P1> -7 P1> 


t 
GeV2 E 

r:teV -(1)p 
Count~2) 

hr. 
E 

}eV -(1)
1> 

count~2) 
hr. 

E 
GeV -( 1)

1> 

(2)Counts 
hr. 

E 
GeV -(1)p 

count~2) 
hr. 

E 
p'eV -(1)p 

count~2) 
hr. 

.0 50 7 X 105 5.0 X 106 
75 2 X 10; 2.2 X 106 

~OO 5 X 10~ 7.2 X 105 ...25 
-:> 

8 X 10-' 1.4 X 105 fL50 5 X 10:2 1.1 X 104 

.1 11 II 1.5 X 106 II 11 6.4 X 105 II II 2.2 X 105 II " 4.4 X 104 If If 
3.3 X 103 

.2 If If 4.6 X 105 II II 2.0 X 105 " If 6.5 X 10
4 If If 1.3 X 10

4 If If 9.8 X 10
2 

.3 If II 1.4 X 105 II If 6.0 X 104 If ff 1.9 X 104 If " 3.9 X 103 If If 2.9 X 102 

.4 II If 4.2 X 104 II If 1.8 X 104 It It 5.9 X 103 If n 1.2 X 103 If II 8.9 X 10 

.5 If If 1.3 X 104 ff II 5.6 X 103 If If 1.8 X 103 II If 3.6 X 102 If If 2.7 X 10 

.6 It " 3.8 X 103 n 11 1.6 X 103 n II 5.4 X 102 II 11 1.1 X 102 " If 8.1 

.7 II If 1.1 X 103 n " 4.7 X 102 If If 1.6 X 102 If If 3.2 X 10 II II 2.4 

.8 If n 3.4 X 102 If If 1.5 X 10
2 If " 4.8 X 10 II If 9.6 

II n 
.7 

.9 " If 1.0 X 102 fl !I 4.3 X 101 II If 1.4 X 10 !I If 2.9 
!I II .22 

1.0 If If 3.0 X 101 II 11 1.3 X 101 11 II 4.4 If " .9 " II .07 
-­ -- ­ , L. __._.......__' 

(1) Number of pIS 1>er pulse in 1% ~p/p. 
l2t

(2) Assumed .5m long liquid hydrogen target and da/dt = 80(mb/c~ev2) • e



TABLE 4 


Expected Rates for K-p ~K-p 


E E E E~2'Count&2) count&2) Count -It Count~2) Count~2)0 -(1) 0 (1)0 -(1)-<1) (1)0- -GeV2 GeV hr. GeV hr.K K GeV K hr. GeV K hr. GeV K hr. 

.0 4 X 10~
50 
 100
4 X 106 5.9 X 106 
75 
 7 X 105 1.6 X lot 
 2 X 105 6.1 X lOS 
 125 
 1.5 X 105 150 
 4 X 104 1.8 X 104 


6
II 
 II 
 II 
 II 
 II 
 It 4
II 
 f!8.0 X lOS.1 
 3.0 X 10
 3.0 X lOS 7.5 X 10
" " 9.1 X 103 

6
f! H It 4 
 II
II 
 H II 
 H It.2 
 4.0 X 1051
1.5 X 10
 1.5 X lOS 3.8 X 10
 4.5 X 103
" 

.3 H 4
H f!H It n II 
 II 
 II
2.0 X 105 "
7.5 X 105 
 7 ·5 X 10~ 1.9 X 10
 2.2 X 103 

4
II 
 II
II 
 II 
 II
II 
 II 
 II
.4 
 3.7 X 101
3.7 X 105 
 9.7 X 10
 "" 9.3 X 103 
 1.1 X 103 


.5 ItII 
 II 
 It II 
 II
II 
 II 
 2
II
1.8 X 101
1.8 X 105 
 4.8 X 104 

4.6 X 103 
 " 5.5 X 10 


4 
 !III 
 II 
 II 
 II 
 It L II 
 II
.6 
 2.4 X 104
9.2 X 10 
 9.2Xl0" 2.8 X 102:
2.3 X 103 
 " 
4 
 4 
 2
ItII 
 II 
 II 
 II 
 II 
 It4.6 X 101
4.1 X 10
 1.2 X 10
.7 
 " 1.1 X 103 
 1.4 X 10
"" 
4 It 2 
 II
II 
 It It It It II
2.3 X 101
.8 
 2.3 X 10
 6.0 X 103
" 5.7 X 10
 6.8 X 10 
" 
4 
 2
II 
 II 
 It It ItII 
 II 
 It1.1 X 10
 2.9 X 103 " 
 1.1 X 10 
 2.8 X 10
"·9 3.4 X 10 


It II 
 It It !III 
 n It It It1.0 5.6 X 10f 5.6 X 103 
 1.5 X 103 
 1.4 X 102 

1.7 X 10 


2
f! f! !IIt II 
 f! II 
 !I1.1 2.8 X 103 
 2.8 X 10f 7.3 X 10
 6.9 X 10 
" 8.3" 
2 nII 
 II 
 II 
 It If n1.2 1.4 X 103 
 1.4 X 10' 

~ 

3.6 X 10
 3.4 X 10 
 " 4.1"" 

2
II 
 II 
 n II 
 It n f! II
6.8 X 102
1.3 1.8 X 10
 6.8 X 10 
 1.7 X 10 
" " 2.1 
2
II 
 It II 
 nn It n !I !I1.4 3.4 X 10
 8.4 X 10 
 3.4 X 10 
" 1.08·5
2
!I !In !I !In n It n1.7 X 10
1.5 4.4 X 10 
 1.7 X 10 
 4.3" .5 


(1) Number of K- I S per pulse in 110 l::.p/p. 

(2) Assumed .5m long liquid hydrogen target and dO/dt = mb/GeV2
)~ 



TABLE 5 


NAL200 GEV/C SPECTROMETER WITH STANDARD ELEMENTS 29 NOV 70 


*' BEAM* 1.0000CO 200.00 GEV 
0.0 M 0.0 C.050 CM 


0.0 1.150 MR 0.0 

0.0 C. 050 CM 0.0 0.0 

0.0 4. 010 ~R 0.0 0.0 0.0 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*' DR I FT* 3.0 7.0COO M 
7.0 M 0.0 0.807 CM 


0.0 1.150 MR 0.998 

0.0 2.807 CM 0.0 0.0 

0.0 4.010 MR 0.0 0.0 1.000 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*QUAD* 5.00 1.52000 M -10.4323 KG 5.000 C~ ( -20.785 M 
LABEL = Q1 

8.5 M 0.0 1.012 CM 

0.0 1.579 MR 0.999 

0.0 3.309 CM 0.0 0.0 

0.0 2.548 MR 0.0 0.0 1.000 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*' DR I FT* 3.0 0.5000 M 
9.0 M 0.0 1.091 CM 


0.0 1.579 MR 0.999 

0.0 3.436 CM 0.0 0.0 

0.0 2.548 MR 0.0 0.0 1.000 

0.0 C.O CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*QUAO* 5.00 1.52000 M -lC.4323 KG 5.000 CfI ( -20.785 M 
LABEL = Ql 

10.5 M 0.0 1.374 CM 

0.0 2.162 MR 1.000 

0.0 3.695 CM 0.0 0.0 

0.0 0.844 MR 0.0 0.0 0.998 

0.0 c.o eM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*DR I FT* 3.0 0.5000 M 
11.0 M 0.0 1.482 CM 


0.0 2.162 MR 1.000 

0.0 3.737 CM 0.0 0.0 

0.0 0.844 fiR 0.0 0.0 0.998 

0.0 o. a CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 
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*QUAC* 5.00 1.52000 M -10.4323 KG 5.000 CM ( -20.185 M 
LABEL = Ql 

12.6 M 0.0 1.868 CM 

0.0 2.953 ~R 1.000 

0.0 3.130 CM 0.0 0.0 

0.0 C.945 MR 0.0 0.0 -0.998 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*' OR[ FT* 3.0 0.5000 M 
13.1 M 0.0 2.016 CM 


0.0 2.953 MR 1.000 

0.0 3.682 CM 0.0 0.0 

0.0 0.945 MR 0.0 0.0 -0.998 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*QUAO* 5.00 1.52000 M -lC.4323 KG 5.000 C~ ( -20.185 M 
LABEL = Ql 

14.6 M 0.0 2.544 CM 

0.0 4.030 MR 1.000 

0.0 3.40B CM 0.0 0.0 

0.0 2.640 MR 0.0 0.0 -1.000 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*DRI FT. 3.0 1.5000 M 
16.1 M 0.0 3.148 CM 


0.0 4.030 MR 1.000 

0.0 3.013 CM 0.0 0.0 

0.0 2.640 MR 0.0 0.0 -1.000 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


x.: QUAO* 5.00 1.52000 M 7.5459 KG 5.000 CfoI 29.331 M 
LABEL :: Q2 

17.6 M 0.0 3.613 CM 

0.0 2.852 MR 1.000 

0.0 2.687 eM 0.0 0.0 

0.0 1.665 MR 0.0 0.0 -0.999 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*DR I FT* 3.0 0.5000 M 
18. 1 M 0.0 3.816 eM 

0.0 2.852 MR 1.000 

0.0 2.604 CM 0.0 0.0 

0.0 1.665 MR 0.0 0.0 -0.999 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*QUAO* 5.00 1.52000 M 7.5459 KG 5.000 CM 29.337 M J 
LABEL = Q2 

19.6 M 0.0 4.147 CM 
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0.0 1.411 MR 1.000 

0.0 2.41 1 eM 0.0 0.0 

0.0 0.801 MR 0.0 0.0 -0 .995 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*'ORIFT* 3.0 0.5000 M 
20.1 M 0.0 4.220 CM 


0.0 1.417 MR 1.000 

0.0 2.311 CM 0.0 0.0 

0.0 0.801 MR 0.0 0.0 -0.995 

0.0 c. a CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


,*QUAO* 5.00 1.52000 M 1.5459 KG 5.000 CftI 29.331 M 
LABEL = Q2 

21.6 M 0.0 4.333 eM 

0.0 0.013 MR 0.024 

0.0 2.311 CM 0.0 0.0 

0.0 0.081 MR 0.0 0.0 0.015 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*DRIFT* 3.0 1.1000 M 
22.6 M 0.0 4.333 CM 


0.0 0.013 MR 0.025 

0.0 2.311 CM 0.0 0.0 

0.0 0.081 MR 0.0 0.0 0.019 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*' BEN 0* 4.000 3.05000 M 16.000 KG 0.0000 0.419 0 ) 

LABEL := 81 
25.1 M 0.0 4.333 CM 


0.0 0.141 MR 0.002 

0.0 2.31 1 CM 0.0 0.0 

0.0 0.081 MR 0.0 0.0 0.030 

0.0 0.032 eM -1.000 0.001 0.0 0.0 

0.0 2.000 PC 0.005 0.996 0.0 0.0 -0.002 


lie DR I FT* 3.0 20.0000 M 
45.1 M 0.0 4.344 CM 


0.0 0.141 MR 0.010 

0.0 2.329 eM 0.0 0.0 

0.0 0.081 MR 0.0 0.0 0.104 

0.0 0.032 CM -0.991 0.001 0.0 0.0 

0.0 2.000 PC 0.012 0.996 0.0 0.0 -0.002 


*TR AN SFORM* 1 

2.16189 3.1661 S 0.0 0.0 0.0 0.15143 


-0.26552 -C.OOOOI o. a 0.0 0.0 0.01315 

0.0 0.0 -4.86166 0.57163 0.0 0.0 

0.0 0.0 -1.73119 -0.00000 0.0 0.0 




-0.02004 
0.0 

-0.02755 
0.0 

0.0
C.o 

0.0 
0.0 

1.00000 
0.0 

-0.00003 
1.00000 

*BEND* 4.000 6.10000 M 
LABEL = B2 

51.8 M 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

16.000 KG 

4.360 CM 
0.439 MR 
2.335 CM 
0.067 MR 
0.095 CM 
2.000 PC 

0.0000 ( 0.636 D » 

0.109 
0.0 0.0 
0.0 0.0 0.127 

-0.999 -0.056 0.0 
0.113 1.000 0.0 

0.0 
0.0 -0.061 

*DRI FT* 3.0 
52.3 M 

0.5000 M 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.362 
0.439 
2.336 
0.061 
0.095 
2.000 

CM 
MR 
CM 
MR 
CM 
PC 

0.114 
0.0 
0.0 

-0.998 
0.118 

0.0 
0.0 

-0.056 
1.000 

0.128 
0.0 
0.0 

0.0 
0.0 -0.061 

*BEND* 4.000 6.10000 M 
LABEL = B2 

58.4 M 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

16.000 KG 

4.417 CM 
C.731 MR 
2.343 CM 
0.087 MR 
0.159 eM 
2.000 PC 

0.0000 ( 0.838 0 • 
0.193 
0.0 0.0 
0.0 0.0 0.151 

-0.995 -0.094 0.0 
0.197 1.000 0.0 

0.0 
0.0 -0.099 

*OR I FT* 3.0 
58.9 M 

0.5000 M 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.424 CM 
0.731 fiR 
2.344 CM 
0.061 MR 
0.159 CM 
2.000 PC 

0.201 
0.0 
0.0 

-0.994 
0.205 

0.0 
0.0 

-0.094 
1.000 

0.152 
0.0 
0.0 

0.0 
0.0 -0.099 

* BEN D* 4.000 6.10000 M 
LABEL = B2 

65.0 M 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

16. 000 KG 

4.562 CM 
1.023 MR 
2.352 CM 
0.087 MR 
0.224 CM 
2.000 PC 

0.0000 ( 0.838 D ) 

0.312 
0.0 0.0 
0.0 0.0 0.174 

-0.985 -0.141 0.0 
0.316 1.000 0.0 

0.0 
0.0 -0.146 

* DRI FT* 3.0 
65.5 M 

0.5000 M 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.518 
1.023 
2.353 
0.087 
0.224 
2.000 

CM 
MR 
CM 
MR 
C,I4 
PC 

0.322 
0.0 
0.0 

-0.983 
0.327 

0.0 
0.0 

-0.141 
1.000 

0.116 
0.0 
0.0 

0.0 
0.0 -0.146 
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* BENO* 4.000 3.05000 M 16.000 KG 0.0000 ( 0.419 0 ) 

LABEL = B2 
68.5 M 0.0 4.691 CM 

0.0 1.169 MR 0.385 
0.0 2.358 CM 0.0 0.0 
0.0 0.087 MR 0.0 0.0 0.181 
0.0 C.251 CM -0.915 -0.169 0.0 0.0 
0.0 2.000 PC 0.389 1.000 0.0 0.0 -0.114 

>(1; DR I FT* 3.0 1.0000 M 
69.5 M 0.0 4.143 CM 

0.0 1.169 f-IR 0.406 
0.0 2.360 CM 0.0 0.0 
0.0 0.081 MR 0.0 0.0 0.190 
0.0 0.251 CM -0.969 -0.169 0.0 0.0 
0.0 2.000 PC 0.410 1.000 0.0 0.0 -0.114 

¥QUAD* 5.00 1.52000 M 5.6038 KG 5.000 C,., 39.415 M 
VARY CODE :: 020000 

LABEL :: Q3 
71.1 M 0.0 4.125 CM 

0.0 1.282 MR -0.541 
0.0 2.408 CM 0.0 0.0 
0.0 0.629 MR 0.0 0.0 0.991 
0.0 C.251 CM -0.961 0.159 0.0 0.0 
0.0 2.000 PC 0.441 0.509 0.0 0.0 -0.114 

*DRIFT* 3.0 0.5000 M 
11.6 M 0.0 4.691 CM 

0.0 1.282 MR -0.538 
0.0 2.439 CM 0.0 0.0 
0.0 0.629 MR 0.0 0.0 0.991 
0.0 0.251 CM -0.951 0.159 0.0 0.0 
0.0 2.000 PC 0.451 0.509 0.0 0.0 -0.114 

*QUAO* 5.00 1.52000 M 5.6038 KG 5.000 CM 39.415 f-I 
VARY CODE = 020000 

LABEL - Q3 
13.1 M 0.0 4.499 CM 

0.0 2.146 MR -0.851 
0.0 2.582 CM 0.0 0.0 
0.0 1.266 MR 0.0 0.0 0.998 
0.0 0.251 CM -0.946 0.975 0.0 0.0 
0.0 2.000 PC 0.484 0.048 0.0 0.0 -0.114 

*DRI FT* 3.0 0.5000 M 
13.6 M 0.0 4.408 eM 

0.0 2.146 MR -0.844 
0.0 2.645 CM 0.0 0.0 
0.0 1.266 MR 0.0 0.0 0.998 
0.0 0.251 CM -0.942 0.915 0.0 0.0 
0.0 2.000 PC 0.495 0.048 0.0 0.0 -0.114 
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*QUAD* 5.00 1.52000 M 
VAR Y CODE = 020000 

LABEL = Q3 
15.1 M 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

5.6038 KG 

4.053 CM 
3.107 MR 
2.890 CM 
i.969 MR 
0.257 CM 
2.000 PC 

5.000 CPI ( 39.415 M 

-0.915 
0.0 0.0 
0.0 0.0 0.999 

-0.927 1.000 0.0 
0.531 -0.146 0.0 

) 

0.0 
0.0 -0.174 

* DR I FT* 3.0 
76.6 M 

1.5000 M 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.631 CM 
3.107 MR 
3.185 CM 
1.969 MR 
0.257 CM 
2.000 PC 

-0.893 
0.0 
0.0 

-0.906 
0.575 

0.0 
0.0 
1.000 

-0 .146 

0.999 
0.0 
0.0 

0.0 
0.0 -0.174 

*QUAO* 
VARY 

5.00 1.52000 M 
CODE = 030000 
LABEL = 04 

78.1 M 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

-7.0788 KG 

3.302 CM 
2.194 MR 
3.404 CM 
0.903 MR 
0.251 CM 
2.000 PC 

5.000 Cft! 

-0.714 
0.0 
0.0 

-0.877 
0.626 

( -30.749 M 

0.0 
0.0 0.998 
0.963 0.0 
0.098 0.0 

0.0 
0.0 -0.174 

*DR I FT* 3.0 
78.6 M 

0.5000 M 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.225 CM 
2.194 MR 
3.449 eM 
0.903 MR 
0.257 CM 
2.000 PC 

-0.697 
0.0 
0.0 

-0.865 
0.645 

0.0 
0.0 
0.963 
0.098 

0.998 
0.0 
0.0 

0.0 
0.0 -0.114 

*QUAD* 
VARY 

5.00 i.52000 M 
CODE = 030000 

80.1 M 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

-7.0788 KG 

3.079 CM 
1.692 MR 
3.501 CM 
0.231 MR 
0.257 CM 
2.000 PC 

5.000 Cft! 

-0.231 
0.0 
0.0 

-0.823 
0.703 

( -30.749 M 

0.0 
0.0 -0.969 
0.743 0.0 
0.530 0.0 

0.0 
0.0 -0.174 

* DR I FT* 3.0 
80.6 M 

0.5000 M 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.060 CM 
1.692 MR 
3.490 CM 
0.231 MR 
0.257 CM 
2.000 PC 

-0.205 
0.0 
0.0 

-0.808 
0.121 

0.0 
0.0 
0.743 
0.530 

-0.969 
0.0 
0.0 

0.0 
0.0 -0.174 

*QUAO* 5.00 1.52000 M -7.0788 KG 5.000 Cfol ( -30.749 M ) 
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VARY CODE = C30000 
82.2 M 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

*' DRI FT* 3.0 25.0000 M 
107.2 M 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

*TRANSFQRM* 1 
-1.47314 0.00000 
-0.72763 -0.67880 

0.0 0.0 
0.0 0.0 

-0.11=61 -0.22030 
0.0 0.0 

10.0 -1. 2. o. c 

O.COO 

*FIT* 10.0 -3. 4. o. C 

-0. COO 

*ORIFT* 3.0 25.0000 M 
132.2 M 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

*L ENGTH* 132.1596 M 

3.093 
1.814 
3.311 
1.336 
0.251 
2.000 

6.491 
1.814 
0.152 
1.336 
0.257 
2.000 

0.0 
0.0 

CM 
MR 
CM 
MR 
CM 
PC 

CM 
MR 
CM 
MR 
CM 
PC 

-3.04863 
4.11684 
0.0 
0.0 

I 0.000 

I 0.000 

10.162 CM 
1.814 ~R 

3.311 CM 
1.336 MR 
0.257 CM 
2.000 PC 

0.428 
0.0 
0.0 

-0.156 
0.776 

0.903 
0.0 
0.0 

-0.114 
1.000 

0.0 
0.0 

-0.00000 
-0.32801 
0.0 
0.0 

0.966 
0.0 
0.0 
0.008 
0.983 

0.0 
0.0 -0.999 
0.261 0.0 0.0 
0.902 0.0 0.0 -0.174 

0.0 
0.0 -0.176 
0.261 0.0 0.0 
0.902 0.0 0.0 -0.114 

0.0 3.24546 
0.0 0.81828 
0.0 0.0 
0.0 0.0 

1.00000 -0.02242 

0.0 1.00000 

0.0 
0.0 0.999 
0.261 0.0 0.0 
0.902 0.0 0.0 -0.114 
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TABLE 6 

NAL60 GEV/C SPECTROMETER WITH STANDARD ELEMENTS 29 NOV 70 


* BEAM* 1.000000 60.00 GEV 
0.0 M 0.0 0.050 CM 

0.0 1.550 MR 0.0 
0.0 0.050 CM 0.0 0.0 
0.0 5.830 MR 0.0 0.0 0.0 
0.0 0.0 CM 0.0 0.0 0.0 0.0 
0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 

* DR I FT* 3.0 5.1000 M 
5. 1 M 0.0 0.192 eM 

0.0 1.550 MR 0.998 
0.0 2.914 CM 0.0 0.0 
0.0 5.830 MR 0.0 0.0 1.000 
0.0 0.0 CM 0.0 0.0 0.0 0.0 
0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 

*QUAO* 5.00 1.52000 M -9.4806 KG 5.000 CM ( -6.697 M 
LABEL :: 01 

6.6 M 0.0 1.124 CM 
0.0 2.904 MR 1.000 
0.0 3.508 CM 0.0 0.0 
0.0 1.079 MR 0.0 0.0 0.991 
0.0 C.O CM 0.0 0.0 0.0 0.0 
0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 

>:< DR I FT* 3.0 1.0000 M 
7.6 M 0.0 1.415 CM 

0.0 2.904 MR 1.000 
0.0 3.616 CM 0.0 0.0 
0.0 1.079 MR 0.0 0.0 0.997 
0.0 0.0 CM 0.0 0.0 0.0 0.0 
0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 

*QUAO* 5.00 1.52000 M -9.4806 KG 5.000 CpI -6.697 M 
LABEL - 01 

9.1 M 0.0 2.030 CM 
0.0 5.340 MR 1.000 
0.0 3.385 CM 0.0 0.0 
0.0 4.060 MR 0.0 0.0 -1.000 
0.0 0.0 CM 0.0 0.0 0.0 0.0 
0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 

*DRIFT* 3.0 1.0000 M 
10.1 M 0.0 2.564 CM 

0.0 5.340 MR 1.000 
0.0 2.979 eM 0.0 0.0 
0.0 4.060 MR 0.0 0.0 -1.000 
0.0 0.0 CM 0.0 0.0 0.0 0.0 
0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 
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*QUAD* 5.00 1.52000 M 5.3559 KG 5.000 CM 12.549 M 
LABEL ::: Q2 

11.1 M 0.0 3.202 CM 

0.0 2.970 MR 1.000 

0.0 2.535 CM 0.0 0.0 

0.0 1.841 MR 0.0 0.0 -0.998 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*DR I FT* 3.0 1.0000 M 
12.7 M 0.0 3.499 CM 


0.0 2.970 MR 1.000 

0.0 2.352 CM 0.0 0.0 

0.0 1.841 MR 0.0 0.0 -0.998 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*QUAO* 5.00 1.52000 M 5.3559 KG 5.000 Cf<I 12.549 M ) 

LABEL = Q2 
14.2 M 0.0 3.727 CM 


0.0 0.021 MR -0.004 

0.0 2.214 CM 0.0 0.0 

0.0 0.132 MR 0.0 0.0 0.016 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*DR I FT* 3.0 1.0000 M 
15.2 M 0.0 3.727 CM 


0.0 0.021 MR -0.004 

0.0 2.214 CM 0.0 0.0 

0.0 0.132 MR 0.0 0.0 0.021 

0.0 0.0 CM 0.0 0.0 0.0 0.0 

0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0 


*BEND* 4.000 3.05000 M 4.800 KG 0.0000 0.419 0 ) 

LABEL = B1 
18.2 M 0.0 3.727 CM 


0.0 0.148 MR 0.001 

0.0 2.215 CM 0.0 0.0 

0.0 0.132 MR 0.0 0.0 0.040 

0.0 0.027 CM -1.000 0.003 0.0 0.0 

0.0 2.000 PC 0.006 0.990 0.0 0.0 -0.002 


*DR I FT* 3.0 20.JOOO M 
38.2 M 0.0 3.739 CM 


0.0 0.148 f<lR 0.080 

0.0 2.241 CM 0.0 0.0 

0.0 0.132 MR 0.0 0.0 0.157 

0.0 0.027 CM -0.997 0.003 0.0 0.0 

0.0 2.000 PC 0.084 0.990 0.0 0.0 -0.002 


*TRANSFORM* 	 1 

1.67123 2.40310 0.0 0.0 0.0 0.15743 
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-0.41612 o.ooooe 0.0 0.0 0.0 0.01315 
0.0 0.0 -1.02211 0.31964 0.0 0.0 
0.0 0.0 -2.63405 0.00000 0.0 0.0 

-0.01878 
0.0 

-0.01758 
0.0 

0.0 
0.0 

0.0 
0.0 

1.00000 
0.0 

-0.00003 
1.00000 

*BEND* 4.000 6.10000 M 
LABEL = B2 

44.3 M 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.800 KG 

3.758 CM 
0.439 MR 
2.255 CM 
0.132 t-IR 
0.082 CM 
2.000 PC 

0.0000 ( 0.838 0 

0.127 
0.0 0.0 
0.0 0.0 0.191 

-0.998 -0.066 0.0 
0.131 0.999 0.0 

0.0 
0.0 -0 .070 

0}: DR I FT* 3.0 
44.8 M 

0.5000 M 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.760 CM 
0.439 MR 
2.256 CM 
0.132 MR 
0.082 CM 
2.000 PC 

0.133 
0.0 
0.0 

-0.998 
0.137 

0.0 
0.0 

-0 .066 
0.999 

0.194 
0.0 
0.0 

0.0 
0.0 -0.070 

*BENo* 4.000 6.10000 M 
LABEL = B2 

50.9 M 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.800 KG 

3.824 CM 
0.731 MR 
2.273 CM 
0.132 MR 
0.137 CM 
2.000 PC 

0.0000 ( 0.838 0 ) 

0.224 
0.0 0.0 
0.0 0.0 0.228 

-0.993 -0.110 0.0 
0.228 1.000 0.0 

0.0 
0.0 -0.114 

~'oR I FT* 3.0 
51.4 M 

0.5000 M 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.833 CM 
0.731 MR 
2.275 CM 
0.132 MR 
0.137 CM 
2.000 PC 

0.233 
0.0 
0.0 

-0.992 
0.237 

0.0 
0.0 

-0.110 
1.000 

0.231 
0.0 
0.0 

0.0 
0.0 -0.114 

'Ie BEN 0* 4.000 6.10000 M 
LABEL = 82 

57.5 M 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.800 KG 

3.991 CM 
1.024 MR 
2.295 CM 
0.132 t-IR 
0.193 eM 
2.000 PC 

0.0000 ( 0.838 D ) 

0.358 
0.0 0.0 
0.0 0.0 0.264 

-0.980 -0.165 0.0 
0.362 1.000 0.0 

0.0 
0.0 -0.169 

*DR I FT* 3.0 
58.0 M 

0.5000 M 
0.0 
0.0 
0.0 
0.0 

4.010 CM 
1.024 MR 
2.296 eM 
0.132 MR 

0.369 
0.0 
0.0 

0.0 
0.0 0.266 
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0.0 0.193 CM -0.978 -0.165 0.0 0.0 
0.0 2.000 PC 0.373 1.000 0.0 0.0 -0.169 

*SEN 0* 4.000 3.05000 M 4.800 KG 0.0000 ( 0.419 0 ) 

LABEL = B2 
61.1 M 0.0 4.145 CM 

0.0 1.170 MR 0.438 
o. a 2.307 CM 0.0 0.0 
0.0 0.132 MR 0.0 0.0 0.283 
0.0 0.222 eM -0.968 -0.197 0.0 0.0 
0.0 2.000 PC 0.441 1.000 0.0 0.0 -0.202 

*DRIFT* 3.0 1.JOOO M 
62.1 M 0.0 4.198 CM 

0.0 1.170 MR 0.460 
0.0 2.311 CM 0.0 0.0 
0.0 0.132 MR 0.0 0.0 0.288 
0.0 0.222 CM -0.961 -0.197 0.0 0.0 
0.0 2.000 PC 0.464 1.000 0.0 0.0 -0.202 

*QUAD* 5.00 1.52000 M 1.6812 KG 5.000 CM 39.415 M 
VARY CODE = 020000 

LABEL = 03 
63.6 M 0.0 4.201 CM. 

0.0 1.152 MR -0.433 
0.0 2.362 CM 0.0 0.0 
0.0 0.646 MR 0.0 0.0 0.982 
0.0 0.222 CM -0.950 0.692 0.0 0.0 
0.0 2.000 PC 0.496 0.567 0.0 0.0 -0.202 

*OR I FT* 3.0 0.5000 M 
64.1 M 0.0 4.176 CM 

0.0 1.152 MR -0.422 
0.0 2.394 CM 0.0 0.0 
0.0 0.646 MR 0.0 0.0 0.982 
0.0 0.222 CM -0.946 0.692 0.0 0.0 
0.0 2.000 PC 0.507 0.567 0.0 0.0 -0.202 

* QUAD* 5.00 1.52000 M 1.6812 KG 5.000 CII' ( 39.415 M ) 

VARY CODE = 020000 
LABEL = Q3 

65.6 M 0.0 4.025 eM 
0.0 1.846 MR -0.810 
0.0 2.531 CM 0.0 0.0 
0.0 1.268 MR 0.0 0.0 0.996 •0.0 0.222 eM -0.933 0.967 0.0 0.0 
0.0 2.000 PC 0.5'+0 0.056 0.0 0.0 -0.202 

*ORIFT* 3.0 0.'5000 M 
66.1 M 0.0 3.950 CM 

0.0 1.846 MR -0.802 
0.0 2.600 CM 0.0 0.0 
0.0 1.268 MR 0.0 0.0 0.996 
0.0 0.222 CM -0.928 0.967 0.0 0.0 
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0.0 2.000 PC 0.552 0.056 0.0 0.0 -0.202 

"'QUAD* 
VARY 

5.00 1.52000 M 
CODE = 020000 
LABEL ': Q3 

67.6 M 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.6812 KG 

3.654 CM 
2.682 MR 
2.844 eM 
1.959 ~R 
0.222 eM 
2.000 PC 

5.000 C~ 3q.415 M 

-0.896 
0.0 0.0 
0.0 0.0 0.999 

-0.910 0.999 0.0 
0.589 -0.169 0.0 

) 

0.0 
0.0 -0.202 

*OR I FT* 3.0 
69.1 M 

1.5000 M 
0.0 
0.0 
0.0 
0.0 
Q.O 
0.0 

3.299 CM 
2.682 MR 
3.138 eM 
1.q59 MR 
0.222 eM 
2.000 PC 

-0.870 
0.0 
0.0 

-0.886 
0.632 

0.0 
0.0 
0.999 

-0.169 

0.Q9Q 
0.0 
0.0 

0.0 
0.0 -0.202 

*' fJlJAO* 
VARY 

5.00 1.52000 M 
CODE = 030000 
LABEL ': Q4 

70.7 M 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

-2.1236 KG 

3.029 eM 
1.890 MR 
3.356 CM 
0.910 MR 
0.222 CM 
2.000 PC 

5.000 CM 

-0.648 
0.0 
0.0 

-0.853 
0.683 

( -30.749 M 

0.0 
0.0 0.995 
0.950 0.0 
0.114 0.0 

0.0 
0.0 -0.202 

*' DRI FT* 3.0 
71.2 M 

0.5000 M 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.969 
1.890 
3.401 
0.910 
0.222 
2.000 

CM 
MR 
CM 
MR 
CM 
PC 

-0.629 
0.0 
0.0 

-0.840 
0.700 

0.0 
0.0 
0.950 
0.114 

0.QQ6 
0.0 
0.0 

0.0 
0.0 -0.202 

*QUAO* 5.00 1.52000 M 
VAR Y CODE = 030000 

LABEL = Q4 
72.1 M 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

-2.1236 KG 

2.869 CM 
1.526 MR 
3.455 CM 
0.221 MR 
0.222 CM 
2.000 PC 

5.000 CM 

-0.088 
0.0 
0.0 

-0.795 
0.754 

( -30.749 M 

0.0 
0.0 -0.924 
0.674 0.0 
0.588 0.0 

0.0 
0.0 -0.202 

*' DR I FT* 3.0 
73.2 M 

0.5000 M 
0.0 
0.0 
0.0 
0.0 
0.0 

2.863 
1.526 
3.445 
C.221 
0.222 

CM 
MR 
CM 
MR 
CM 

-0.062 
0.0 
0.0 

-0.779 

0.0 
0.0 
0.674 

-0.924 
0.0 0.0 
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0.0 0.0 -0.2020.0 	 2.000 PC 0.771 0.588 

CM ( -30.749 M
*QUAO* 5.00 1.52000 M -2.1236 KG 5.000 

VARY CODE = 030000 
LABEL = Q4 

74.7 M 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.928 eM 
1.769 MR 
3.330 eM 
1.304 MR 
0.222 eM 
2.000 PC 

0.541 
0.0 
0.0 

-0.726 
0.819 

0.0 
0.0 
0.166 
0.925 

-0.998 
0.0 
0.0 

0.0 
0.0 -0.202 

19- DR I FT* 3.0 
99.7 M 

25.0000 M 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

6.492 
1.769 
0.232 
1.304 
0.222 
2.000 

CM 
MR 
CM 
MR 
eM 
PC 

0.925 
0.0 
0.0 

-0.201 
1.000 

0.0 
0.0 
0.186 
0.925 

-0.267 
0.0 
0.0 

0.0 
0.0 -0.202 

*T R ANS FORM* 1 
-2.30815 
-0.82921 

0.0 
0.0 

-0.08020 
0.0 

-C.OOOOO 
-0.43313 

0.0 
0.0 

- 0.1405 7 
0.0 

0.0 
0.0 

-4.63859 
6.96382 
0.0 
0.0 

0.0 
0.0 

-0.00000 
-0.21558 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
1.00000 
0.0 

3.24545 
0.81821 
0.0 
0.0 

-0 .02242 
1. 00000 

10 .0 -1. 2. o. c I 0.000 

LABEL = F2 
- o. coo 

10.0 -3. 4. 0.0 I 0.000 

lAREL .­ F2 
- 0.000 

'I< DR I FT* 3.0 
124. 7 M 

25.0000 M 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

10.111 eM 
1.769 MR 
3.206 eM 
1.304 MR 
0.222 eM 
2.000 PC 

0.913 
0.0 
0.0 

-0.045 
0.987 

0.0 
0.0 
0.186 
0.925 

0.998 
0.0 
0.0 

0.0 
0.0 -0.202 

*L ENGTH* 124.69<17 M 
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TABLE 7 

Required Quad Alignment Tolerances 


Displacement Errors 

Amount of misalignment Permissible relative
Type of for 3mm displaceme~t of central misalignment for .5mm ray at rocaL ~Iane UUl'pLaCemen1:;Misalignment 

Horizontal displacement .86mm .14mm 
along x-axis .60 .10 

.98 .16 
1.47 .24 

Vertical displacement .96mm .16mm 
along y-axis 2.31 .38 

4.11 .68 
1.73 .29 

Rotation about horizontal 30.mr 5 • IlllI' 
(x) axis through center 24. 4.1 

75· 12·5 
113. 18.8 

Rotation about vertical 2.9mr •49mr
(y) axis throujh center 

5.6 ·93 
16.1 2·7 
8.3 1.4 

1 

-.---.~------------



TABLE 7 (continued) 

QUAD ALIGNMENT TOLERANCES 

Focussing Errors 

Amount of' Misalignment f'or: 
.15mr6Q 5mr 6Q

TYJle of Misalignment .05% 6p/p y x 

.31% = .18 KG-m .70 KG,-mJ Bdl error, 1.74 KG-mQl 
.:H = .10 KG-m 1.0 KG..m1.0 KG-mQ2 

Q ~= .12 KG-m
3 

1.0%= .32 KG-mQ4 I 

Quad field error, all quads high .31% 1.5% 5.0% 

Q high 11.5%1.2% ~l 
Q high .3&{o 3.&{o.:JJ12 
Q high .J2f3 

, Q high 2.2 %4 

Quad rotation about 2.3mr 15mr 23mrQlx-axis 
2.3 2315Q2 


Q
 3.8
3 

3.8Q4 I 

I
Quad displacement Q 2.8cml

along z-axis 
2'2cmQ2 

____ :~___1l=-____~.___ ~_____ J 
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TABLE 8 

Transfer matrices 	to decode planes and the decode algorithms 

for 200 GeV spectrometer 


Horizontal Decode 	Planes 

Units are ems, %, 	 milliradians 

Decode planes #Hl 	at middle of last quad pair. 

-~---------------".'-.-.--~~-~... ,' 

t 
1.c . S~ 	 it '''l'J 1'1> Z'" 

0.0 0.96019 
)( 0.631C3 J"2.47?9i\ C. C 0.0 

-0.16521e -1.07076 -2.6115<; C.O 0.0 0.0 

0.0 -11.62762 0.86427 0.0 0.0
0.0 

-8.12152 0.51767 0.0 0.0
0.0 C.O~ 	 1.00000 -0.02052

'%. -0.09239 -O.20Ci91 C.O 0.0 
0.0 1.000000.0 0.06 0.0 	 0.0 

Decode plane #H2 at momentum focus. 

cpx 
0 

t1 Yo 0 
S 	 ~' 't!0 0 

0.0 0.0 1,3.0671 Blc.ox -1.46121 0.00001 
0.7BSlde -0.67540 -C.68436 0.0 0.0 0.0 

-2.7675<:; -0.000,)0 0.0 0.0
Y O.r) 0.0 
cp 0.0 0.0 3.<)5957 -0.36132 0.0 0.0 

1.00000 -().O 20 5 2 z -0.OQ239 -0.20Q91 C.O 0.0 
r) .0 1.00000

S 0.0 0.0 C.o 0.0 

,. 

Decode plane #H3 at end of system (redundant) • 

• 

---...:; -	 cpx e 	 zYo0 0 	 0 0 ~ 
x -3.14970 -1.71C3E C.o 0.0 0.0 5.03077 
e - O. 67540 -C.?d436 0.0 0.0 0.0 0.78543 
Y 0.0 0.0 7.13134 -O.903~O ').0 o • :) 
cp 0.0 o. a 3.Q5'S57 -0.361.32 .J .0 0.0 

-0.OQ239 -C.2(}Q91z 	 c.o o.c l.COOCO -0.02052 
J 0.0 	 O.r) c.o 0.0 0.0 1.00000 

, 
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TABLE 8 (continued) 

Horizontal Decode algorithms 

1st Order Approximations: 

(H2)
5 = 3:"6bf 

= (Hl) - 0.31 (H2)e Milliradians o 2.47 

x = is assumed to be 0.05 ems or less 
o 

2nd Order corrected valued for the momentUm: 


6 = 6 (1 - 0.06 e ) 
corrected 0 

Convention. (Hl) is coordinate of displacement of particle orbit in ems on 
#Hl plane. 

Vertical Decode Planes 

Units are ems, %, milliradians 

Decode plane #Vl. After last quad pair. 

x 
0 

e 
0 Yo ~ 

0 
B' 

0 ~ 
'1 
e 
Y 
ell 

0.22728 
-0.67540 

C.O 
0.0 

1.7109C C.O 0.0 
-0.68436 0,,0 f ..p.0 'l 

0.0 \-12.66653 10.903301 
0.0 .. - 3. 9595'T -o.36I3T 

0.0 
0.0 
0.0 
0.0 

1.10360 
0.78543 
0.0 
0.0 

• 
~' 

-0.09239 
0.0 

-O.2CCJ91 
0.0 

C.O 
c. c 

0.0 
0.0 

1.00000 
0.0 

-0.02052 
1.00000 

... 

? 




TABLr:: 8 (continued) 


Decode plane #V2. At momentum focus (redundant). 


x 
0 

9 Yo 4> 
00 

x -1.46121 C.O(OOl C.o 0.0 

e ~O.&7540 -0.68436 
 C.o 0.0 

0.0Y C.0 -2. 7675C; - 0.000 a0 
4> C.O 0.0 3.95Sj7 -0.36132 
z -0.09239 - 0.2 C')91 C.O 0.0 
.5 c.o {J.O C.O 0.0 

Decode plane #V3. At end of system. 

x 
0 9 4> 

0 Yo 0 

x -3.14970 -1.71C3e C.O 1.1.0 
B - 0.67540 - C. t: 8 /t3 t C. C J,_ ~...!). () 'l: 
Y 0.0 C.O T7. 1? 1 3 4 1i -,). 9 03 } 2..1 
4> 0.0 0.0 3.95S?7 -0.36132 
z -0.C9239 - c. 2 CC)9l c.o 0.0 

0.0 0.0 C.O 0.0a 

Vertical Decode algorithms 

1st Order Approximations: 

= _ (Vl) + (V3) 
Yo 5.53_ 

.0 = - [tVl) + ~:~1 (V3) j 

2nd Order corrected value for ~ ~ o 

z 
0 

0.0 
0.0 
0.0 
0.0 
1.00000 
0.0 

."~"",*,,~0'~. 

z 
0 

0.0 
0.0 
1).0 
O.C 
1.000GO 
o.c 

.& 

3.06718 
0.78543 
0.0 
0.0 

-0.02052 
1.00000 

~ 

5.03077 
0.78541 
0.0 
C.O 

-0.02052 
1.00000 

.~-.~ 

" 




TABLE 9 

LIST OF MAGNETS AND THEIR COSTS* 

Unit 
Type No. Lengths in Meters Cost 

N.A.L. B2 Magnets 	 3 6.1 $ 36K 

N.A.L. Bend Magnets 2 3.05 14K 

Quads 4Q60 14 1.52 ll2K 

N.A.L. Bends 	 for beam 
Deflection System 4 3.05 28K 

Sub-Total. • • . . $190K 

Power supplies for Quads+ 42K 

Power supplies for Bends+ 44K 

SUb-Total. . • . • $ 86K 

Sub-Total . . • • . . • • • • 	 $276K 
+ Dies, fixtures, tooling for 4Q60 	 20K 
+ 25% for installation, cabling 75K 

GRAND TillAL . • . . . . . . . . . . . . . . . . . . . . . ,. . • . . . . • $.3':[:!lJK 

* Based on estimates from the N.A.L. main ring group. 



TABLE 10 


University Responsibilities 


UNIVERSITY 
ITEM 

DISC Cerenkov Counters 

GROUP RESPONSIBLE 

C.E.R.N. 

Differential Counters Stanford Group-

Trigger Counters and Fast Elec. and Cabling bLLT., Brown Uni v. 

Threshold Cerenkov's A .N .L . 

Magnetic Measurements Stanford 

Charpak Chambers Cornell, Univ. of Bari 

Preprocessor and Encoder and Interfacing Cornell, Univ. of Bari 

Software for Computer M.LT. 

Mechanical Slits, Beam Instrumentation. 
Monitors and Beam Hodoscoping C.E.R.N., Stanford, and A.N.L. 

Coplanarity. Hodoscope (side arm scintillators Stanford, N.E. Univ. 

Coordination Stanford 

This Table is based on the assumption that the various University Groups 
will continue to be funded next year at the same level as this year. In 
addition, funds have been requested by the Stanford University Group from the 
A.E.C. and by the Cornell Group from either the A.E.C. or N.S.F. for this 
experiment. 
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APPENDIXil 

DTFFEREN'l'H\L ACHROj\IAT CERENKOV 

COUNTER FOR NAT, 200 GeV BEJI~-1E~. 
A 

1. The number of protons produced by Cerenkov radiation is 

dN 	 . 2 ._ 1 
-- = 21fL a sJ..n e K - "f •dK 

With the best phototubes, the accepted light~band 

o 	 11 -1 
(2200 < A < 5000 A, AK 2.5 x 10 	 cm ) has an average effic­

iency L == 0.07, taking into account the losses in the optical 

systera of a DISC (see Duteil, et.al, CERN, 6£-14). 'l'ne tot.al 

number of photoelectrons per·unit length is then 

N _ 2 A}' ~ 6 2 80 2 1 	 _1~- - If aLl\." == 8 e ectrons cm
JJ 

If eight phototubes collect the light aJ.ong the circumfere~ce, 

the average numher of photoelectrons tube ~ ~ust be such 

that the eightfold coincidence has a probability of occ~rri~a 

O r: ..,' 1 - ",' 2/3 ;J. 0.1", ee! ~ 1::. ,._ • e . 

-N B(1 - e ) ~ 0.66. 

This gives ~ = 3.0, N == 8, N = 24, and for the lengt~ L of the 

·Cerenkov counter 

0.30 em. 	 (1) 
6 

2. 	 From the relC:ttion giving ti1e Cen:::nkov angle 


1
cos e ::-:: 0-_-
Sn 


differentiation gives 


dS dn 

tg 6 == S' + n- . 

When dealing with high-energy particles 

1= E 1Y - > > , s -­ 1 ­n 
2y 

1 



" 
and small Cerenkov angles (6 « I), the index of refraction of 

the gas in the c6unter is' close to unity (n - 1 « 1) and the 

first relation can be sim!?lified: 

1 
cos e ~ 1 -l(n

( 1 2» [1 - (n - l)} 

which gives 
20 r, 

(2)(n ~ 1) = 2- L 
F'or a gas, the relation bet:\'leen n and pressure P, in atmos­

pheres I J.S 

(n - l)p = (n - 1)p=1 x P 

and the pressure needed in the counter is 

,.­2- • -I 
0 I 1tP .- 1 + atIn. (3 )

2-rn--=--1~:;:1 ! (y El )
l... 

3. At fixed n, i.e., fixed gas pressure and t2m;er~ture 

the 

t wo P2.·rticleQ o-_~ 'n~-- ~At fixed energy (or mome~tun) E, ... - ---- h::"':;',;::) .1,\"1 

have m2 •. m2 
1 2

t.'lS = --.-- ­
2E2 

and in principle the separation of the two masses requires a 

circular sli t l'dhich, after chromatic corrections, accepts light I 

satisfying the relation: 

2E 


In pract the e£fecti.ve s2?aration, vlhen the "iJ2:1ted :?articles
I 

(K-Deson) are a small rcsnt of the un~anted ones (~ ~2son), 

http:e�fecti.ve


rous t be' at least :three times as large land the maximum energy 

resolved is given by the relation 

2 2 
ro - ro 

e n0 == 1 2 (4 ) 

6E 2 

TABLE :&-11 

~ d-p! 2.66 GeV 2 

p-K !0.63 II 

P-Ti! 0.86 " 

K-n 0.228II' II 

. n-lJ j 0.083 II 

f I 

" 4. A practical lower limit for the angular width of the slit is 
_4 

60 = 10 = 0.1 mrad - 20 sec. of arc. 

This represen ts also the maxiIllum be2J'il divergence accepted. by 

the counters at maximum resolution. 

First let us see what is the limitation introduced by 

the aberration of the spherical mirror that focuses the Cerenkov 

light on the slit: 

h - width of light beam 


r = 2£ - radius of curvature 


o 	= spherical aberration 


= width of image at focal plane 


r 	 \ r , 1 
0' - ( r L ;.2.6 = -	 2 cos e 

I 
2" • \COS 

Fig. B... l 

S 

3 




The confusion angle produced by spherical aberration is then 

o ... I --	 . (5)A8 Sph 

3= e , and the conditionSince h 

gives as an upper limit for 	the Cerenkov angle 

_1 33 
e < 10 . ::: 45 mrad, 

a condition not difficult to meet in our case. 

5. The chromatism of the Cerenkov radiation should be corrected 

because otherwise, at constant 6, the resolutio~ of Eq. (4) 

cannot be reached: 

1e MJ ::.: !:!!:. - -.~ .~---~~- -, V (n - 1)chrom n n - 1 . n 

\-lhere V ::: {n .. l)/t.n is ;'.bbe's !lUmber of the 9'as eval1.1a::ed for 

a pair of wavelengths (A 
1 

= 2800, A
2 

= 4400 A) representative 

of the band acce:;>ted by the photomultipliers. 

Using expression (2) one obtains 

a r 1- -- ;1 + 	 (6)60 chrom ,2V (y 8 ) , 
-;L I 

This eguation also shows that the chromatic angle is not 

constant, but changes as y changes. 

4 




rJ'ABI,E B-2 

v ;:::: (n .. l}/lln 	 n - ISubstance A	 =2800 A =4400 A=3600 
1 2 

Si0	 17.5 0.4742 

NaCl 9.2 0.580 

Kel 8.3 0.524 

_ Lf 

16.0 1.44 x 10 x P 
_4 

55 	 0.35 x 10 x P 

_4 
CO 2 19.3 4.62 x 10 x P 

_. It 
A. 	 21.4 3.01 x 10 x P

lV 
.. If 

7.06 	x 10 x P 

-_._--,.----------­

6. The chromatism of the Cerenkov light can in part be cor­

rected with an axicon (i.e., a circular prism). In the 

orisinal DISC, the axicon is composed of t~o elements glued to-

converge the blue 

and the ultraviolet light on the slit ~ithout any over-all 

deflection. For the J.arge a~d long-focus mirrors needed at 

our eners·.tes it is possi~le to use a single SiO eleme~t that,
2 

notwit~standing the slight over-all deviation of the light 

toward the axis, does not create any interference with the 

accepted beam. 

5 
.._._.----l--~________ 
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For a prism at minimum deviation 

n :::: sin(a + 8)/2 1 + 9 a :::: a(n -I}sin a/2 small a' 
angles 

de dn de::: 9 ~_ ;:: a (n - I)e- - n-=-l an ~ n - 1 V 

where V _. (n - 1) / L\n is the Abbe' number of the glass (see 

Table 2). 

The ~chromatism is obtained when 

69 9.. :::: 68 h f,c.rom 

consequently V f 
a :::: -- - ~e ,n - 1 i cnrom 

e ::: V!. L\ e (7)9.. chromO 

6 
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Since AO h depends on y [Eg. (6)] once a is fixed, when y
cram . 

changes, Q, should be changed in order to satisfy Eq. (7). In 

that case also a changes, and since the radius of the circular 

slit r i~ fixed, the change of Q, implies a slight change of 6, 

the Cerenkov angle. 

In practice, a fiY~.d pas!tion of the prism could be 

satisfactory over a limited range of y, and this is the solution 

descr ibed be101,." • 

for the 200 GeV beam 

The most demanding doublet is K~, and Table 3 show~ 

the valves of CAO needed. 

7. 

rl'ABL:r; B- 3 

Energy 6l1a 
(Ge'l) for K -. '!T 

[Eq. (4: ) ] 

200 0.95 x 10 

180 1.15 x 10-6 

-6150 1. 70 x 10 
_.6 

100 3.8 x 10 

The instrument ca~ be optimize& for 150 GeV K mesons (y = 300). 

-.6 _u 
Then aoe ;;.: 1.7 x 10 Ni th .1..\6= 10 ., S = 17 mrad, and 

[Eg. (1) J I the lens-tIl. of the counters is L = 0.3/8 
2 

- 10 
3 

cm - 10 m. These parameters determine all the others given 

in Table 4. 

When particles with y diff~rent from 300 are analyzed , 

the chromatis~ is not fully corrected. However, orovided 

7 
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TAB.!.J~ B-4 

2 
Cerenkov angle...................... . .• • ..... •• e == 1. 7 X 10- == 17 mrad I 
Slit 2.perture •••.••.•.•••••••.•.•.••..•..• 89 = 10- 4 ='0.1 mrad I 

~ 
s 1 i t wid t11. .. .. .. • .. .. • • .. • .. " .. • .. .. .. .. .. .. .. .. f f:l e = 1 .. 	 0 Inm t 

3
Focal length of mirror f = ~.. •.•. •.•• f = 10 cm = 10 m 	 i 
Diameter of accented bee.rn ..................................... .. 2p = 10 em 	 ! 

~ 

i 
!

Diameter of mirror = 2p + 20f ................ . 2R = 44 ern 	 I, 

Chromatism of Cerenkov light y=oo ....................... .. 88 , = 3.97 x 10

-4 	 I 


C11rom 	 !
[Eg. (6) J for air 

.~ y=300 ................... .. 	 -- 4 . 12~ x _ 10'_4 
.1, 
I 


8Gchrom 
~ 

Distance of prism from focal nlc..ne .................. .. ~ = fllO = 10
2 

cm 	 ~ 
~ Height of light beam en mirror cf + 2p •••••• h = 27 	 cm 
~ !-1inimum heigh,t of prism :....Ii 11 .2 /·f ......................... .. h ::: 2.7 em 	 .,1 


m 
Central radius of axicon e{f 2) ••••••••••••• o = 15.3 cm l 

eo 	 i, 
j Angle of SiO prism [Eq. (7) J •••••• ~ •••••••••• a = 0.152 = 8.750 

, I 

\ K d" ~ db' ' J hean eV1.atlon proa.uce y?rlsm...•••.•..•.•. 8 = 0.072 = 4.150 

, Distance of slit from axis = ef - e~ .....•.... r = 98 m..'1l 

Air pressure y =W; 1 + 1/(ve) 
2 

= 1.0000..••.•.. p = 0.478 atITI 1 

[Eg. (3)] -JOO r. 
! 

y -..I 	 1.0335 .•••...• 0.496 ; 
~ Y =200 1.0365 . ••••••• 0.520 	 I 

:; ~ ,~ , 	 Y =100 1.348 ............... .. 0.643
•; 

i 
I 
\ 	

Y == 50 2 .. 39 •••••• 4o4o •• 1.140 
_4 

Cn .. . f C k 1" J 8 e ' i y =100: .. roma ,.:~ sm 0 eren ov - ~g l1 C • • • • • • • chrem = 5.35 x 10 
j Width of beam at focal plane ..•.• £(8e'-88) = 1.23 rom
j 4 
;y= 50' ~ 	 " . . Chromatism of Cerenkov •.•.•.•••.••• 86 chrom == 9.5 x 10­
I 
I width of heam ••.•.••..•.•....••.• £(80"-80) = 5.4 rom 
J, 
I 
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( 

yo> 100, the resolution of the instrument remains almost un­

changed, as can be seen from the example given in the table. 
A 

~ Y = 50, the Cerenkov light is distributed, at the 

focal plane, over a ring '" 6 mm "wide and the slit should be 

opened accordingly. This is the case for 50 GeV protons (or 

antiprotons), but then the pK doublet is separated at the focus 

by 74 mm. Y % 50 should be considered the Im'lest value of y 

at" "'hich the instrument can be useful. 

8. Comments on the sed center 


a) The alignment of the counter \"lithin 0.1 mrad is delicate. 


Also, the particle beams should be of adequate ~uality. 


These ~equire@ents, however, should be met for any 

high-resolu on DISC, independent of its length. 

b) The great length implies a rather large mirror (2 R ", 50 em)
'" , I 

of long radius of cu:rtav,lture {2f ~: 20 m}, and a structure 0:: c,c.e­

"quate rigidity. 

0) The gas pressure inside the cour1ter I never greater than ~L 

few PSI above atmospheric pressure, only demands a container that 

can be evacuated. It allows thin (IO ern) windo~s for the beam. 

It is also possible to use the phototubes without any window 

in front, a gain in light collection. 

d) The width of the slit should be adjustable from the ou~si~e, 

over a r2i.I1ge from 1--6 Ifu'11. It is the only movable part of the 

counter. The light collection after the slit can be helped by 

mirrors arid light gi...d des. It is assu::led that aJ.l of the liS"ht 

eventually reaches the eight phototutas. 

10 



5
e) At fixed rs (or y, or E), dnln = 8!1G ~ 10- • 'l'his implies 

that the index of refraction of the gas ide the counter can 

be measured and monitored with a precision dn/n~ 10~8, if re­

producibility is wanted. A refractometer placed inside the 

counter itself is necessary.t to avoid pressure and temperat.ure 

differences. The refractometer used by Meunier et.al., consist ­

ing of an interferometer with a laser beam and an e ctronic 

. system reading the number of fringes, performed very well and 

seems to provide the best solutio~. Unless it can be found o~ 

the market, this part of the project constitutes by itself a 

seriou~ enterprise. 

f) Astigmatism of the prism: only the central ray crosses 


the prism nirl1U!Cl o~ev ia tion, ~ .. Rays coming fros 


of the 1 t cone, i.e., at an angle ~¢ = a/2 to the ce~tral 


ray, are deflected by ~ + ~e: 


d 8/0 ¢ == 0 at !ni!1imurt'l deviation (See Born and Wolf, p. 178). 

, 2 \ 
3 a 
~-72- , 
:I 'f 

2 \ 
tg I!' 1-- 2 tg¢ 1 ---2­
tg 4> 

and, at the focal plane, the width the image d'L1.E: to sm 

astigmatisL1 is ,
!1 2 1 \

Ar == 269 -- 2,E) a, rl' ­ast "8 n\ 
with the figures of Table 4 one obtains 

_4 -3 
L6 r = 2. 9 x 10 cm:o: 2. 9 x 10 [,lr.'•• 

aBc.­

11 




a completely negl~gible quantity compared l;1i th t.he 1 rom minimum 

width of the slit. 

This is true, however, only for particles moving 

along the optical axis. 

Off-axis particles give rise to astigmatism that for 

an axicon can become serious. This point should be analyzed 

more deeply. 

According to Meunier, a solution involving not an 

axicon but a curved-face corrector (a lens wi±h a hole) could 

be more advantageous and simpler to build. 

12 




APPENDIX .~ 

DIFFERENTIAL CERENKOV COUNTER FOR THE PROPOSED 200 BeV SPECTRamrER 

We consider the properties of a focussing Cerenkov counter of the type 

sketched in the figure. This design incorporates a positive veto for light 

outside the allowed Cerenkov cone. 

Signal nlA 

". 

mI Antid 

Fig. 1 

The inner ring is therefore sufficiently well defined using one or two 

Phototubes. With the tubes in coincidence we will have a 95% efficient device 

with only 7.2 photoelectrons. This in turn allows us to use a small Cerenkov 

angle e which leads to high resolution and reduces the chromatic aberrations. 

In fact using He as the gas no chromatic corrections will be necessary up to 

200 GeV/c. Also the density of the He will be easy to determine within the 

required accuracy. 

We propose to build such a device 10m long with a fixed Cerenkov angle at 

6.5 mrad and an efficiency of about 95% using the coincidence mode. Without the 

coincidence requirement we will have efficiencies close to 100% which would 

allow us to reduce the Cerenkov angle even further. The counter will be able 



l 

to separate ~IS from Kls between 50 GeV/c and 300 GeV/c. 

Counter Efficiency 

The numbers of photoelectrons per am is given by the well known formula: 

dNe • 21'\21(0'* E * • s~n "" (1)dl = 

Here ~l' ~2 are the cutoff wavelengths for the tube, e the Cerenkov angle and 

the conversion efficiency from produced ~ight to photoelectrons. For the 

phototubes we will be using selected 58DUVP"is with an average quantum efficiency 

of 25% between 2200 ~ and 5000~. Assuming a loss of l~ for each reflection 

and 2~ in absorption and general losses we have: 

dNe 170 g2 E!:!.otoe1ectrons
dt = cm 

-N)2 nlThe coincidence efficiency ~ = (1 e is assumed to be 95~ corresponding 

to 2N = 7.2 photoelectrons. For a Cerenkov counter 10m long, this leads to 

e = 6.5 mrad. 

~ -K Separation 

The most critical particles to separate· are Kia from ~·a. For a given 

index of refraction we have V= e • de. Tbe difference in P for ~ I sand 

+yu. P. Gorin et al., lliEP Prepring 69-63. Their measured threshold curves 
corresponds to a yield of = 160 • l . e2 • This value is used by H. Weisberg, 
E. Beier, D. Kreinick-N.A.L. Proposal No. 52. Reducing the yield to 100 e2 £ 
will make no appreciable change in the design. 

2 



Kls of the same momentum is given by: 

.228 
= 2E2 

( 2) 

Since the counter vetos the unwanted particle, we only have to require that 

most of its light is reflected into the outer ring and only a small fraction 

into the inner ring. We will therefore assume that Eq. 2 gives a sufficient 

separation. In Table I the separation between nls and Kls is listed for several 

incident momenta, together with the spread in angles caused by the chromatic 

aberrations ~eCH' the multiple scattering ~es, and the spectrometer optics 

~eH' ~ev· 

Table I 

P 
Q 

n 
- Q

K ~GCH ~Gs ± l::.G 
v 

t l::.G
H 

l::.Q Pressure 
(GeV/c) . ULrad mred mred mred rnrad !-Isr atm 

50 7.01 .194 .067 .220 .01~0 120.0 2.03 
100 1.75 .094 .034 .157 .028 60.0 .96 
150 .785 .0746 .022 .128 .024 40.0 .76 
200 .438 .0678 .017 .111 .020 30.0 .69 

,.250 .280 .0647 .013 .089 .018 19.2 .66 
·300 .195 .0630 .011 ..074 .017 13.3 .64 

350 .143 .0619 .010 .063 .015 9.8 .63 
400 .110 .0613 .008 .055 .013 7 ·5 .62 
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It is clear that the counter separates ~IS and K's up to 200-300 GeV with­

out problems. To extend the counter beyond this point, it is probably advantageous 

to correct for the chromatic aberrations in a standard way. The largest contri ­

bution to the spread in angles is then from the vertical angle of the incident 

beam l:::.8 which is approximately a factor of four larger than the l:::.8H• The
V 

Cerenkov light for different 8 ~hen gets ~ocussed as indicated in Fig. 2 ~orV 

.6.8 = o.
H 

.' 

\ , 

Fig. 2 

By only accepting light within the crosshatched area the uncertainty in 

ce due to the divergence will only be about .025. Of course the total light 

yield is now down by a factor of 2 making the device only 7CY/o efficient. How­

ever this efficiency is easily determined, and can be compensated for by either 

making the device longer, or by not requiring a coincidence between the two 

tubes atmosphere. Assuming we control and measure the density to .1% the 

error in angle caused by this will be .0054 mrad. 
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