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ABSTRI\CT 

It is proposed to measu;r::e t¥-o b~dy :flas!ic sC3ttering 
in the t and u-channel for p, p, K , K ) J( ,1( using a focus­
iug spectrometer in colncidence '<lith a counter-hodoscope 
system. t-channel reactions should be measurable Ull to 150 
GeV, and u-channel processes up to 75 GeV. 

SUl)ported by the t.T.S. Atomic Energy CO!'1T.ission. 



Introduction 

A number of the N.A.L. summer studies( 1-8) were devoted to two body 

scattering reactions in the t and u-channels of the form 

or 

where 

X is rc ± , K ±, P or :P 

In the past such reactions have been studies up to energies of the order 

of 25 GeV tn the t-channel and up to 15 GeV in the u-channel. At N.A.L. it should 

be relattvely easy to measure t-chamlCl processes up to energies in excef,S of 150 

GeV, and u-charmel processes up to energies of 75 GeV or possibly higher. 

The motivation for such studies is vlell knovlTI. The cross sectional de­

pendence can be empirically expressed as proportional to saC t), where S is the C. 

of M. energy squared and aCt) is the "Regge" parameter. The behaviour of aCt) is 

one of the most important inputs into all theories concerned "\-lith high energy pro­

cesses. At hi.gh energies these processes should be dominated by "leading trajec­

tories (or terms) II and are expected to display particularly simple features. In 

the t-channel, pomeron-exchange or diffraction scattering should domtnate and 

particle anti-particle scattering should become identical at high energies. Ten­

tative Serpukov results have led to questioning the point at vlhich this Pomeranchuk 

limit occurs. Even if these tentative Serpukov results prove to be incorrect, the 

differential cross sections and their energy dependence will be of great interest. 

To measure these scattering reactions we propose to set up (and/or use) 

a flexible "on-line" horizontal bend focussing spectrometer system(6) to measure 

the high energy outgoing particles from two body scattering in coincidence "lith 

scintillator and w:ire cCtamn,=r hodoscopes to define the angle and origin of the slow 
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outgoing secondary particles. Fig. 1 shows a schematic of the apparatus. Rejec­

tion of umlanted inelastic processes would be based on the resolution properties 

of the high energy spectrometer plus c-,)pianaraity and angular requirements. The 

focussing spectrometer would also be extremely well adapted to making initial beam 

surveys. Our proposal is based on the assumption that IIspectrometer ll facilities 

of the required type ( s) "lill come int 0 existance at N.A.L. We would also expect 

that similar proposals to ours will be made, and that the various groups will have 

to accommodate to some reasonable degree of cooperation. Our group at this moment 

is insufficlently staffed and financed to take over complete responsibility for 

the program in this proposal. HOI-lever, we believe that if this proposal is the 

only one approved ln this area of physlcs, that we would obtain the required per­

s onnel and support to carry this program through. VIe have not made a detailed 

manpower estimate. However the program is very similar in scope to the spectro­

meter programs vie have been associated "lith at S.L.A.C, and can be measured as 

being equivalent to one "S.L.A.C. unit", 

Required Measurement Precision 

VIe are proposing to measure all parameters of the "fast1l outgoing 

particle, in coincidence with the production angle of the slow outgoing par-[jicle, 

These measurements would overconstrain two body reactions by three constraints. 

VIe would make the folloYling II cuts 11 on the data: 

1) Measurement of the momenta of the outgoing fast particle, would de­

fine the missing mass of the slOlV' particle, At worst an appropriate momentum cut 

should include a very small fraction of events in which the slow outgoing particles 

are accompanied by single slovl rr-mesons, 

2) Coplanarity would be required between the incoming particle and the 

two outgoing particles. 
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3) Correct kinematic· relationships would be reC].uired between the pToduc­

tion angles of the slow and fast )?articles. 

~.) Identification of the mass ··of the fast outgoing particle viould be 

made with Cerenkov counters. 

t-channel processes will almost certainly be so dominated by the diffrac­

tion processes that we would expect either cut (1) (the measurement of momentum), 

or cuts (2) and (3) alone to provide sufficient rejection against unwanted events. 

We have in fact done high-energy photoproduction experiments relying on a single 

arm spectrometer, and one of us (D.M.R.) has been associated with a University 

College/Rutherford Laboratory collaboration '''hich has just measured K+p elastic 

scattering relying only on angular information. 

u-channel reactions "\-,ould make use of the same four cuts. As a rough 

guide, we note that the precisions reC].uired are: 

For cut 1: where (M.M.) is the missing mass, and 

Po is the incident beam momentum. LOvler predsion \wuld still lead to a very sub­

stantial rejection of ummnted events. We propose to operate vlith precisions in 

the neighborhood of O.lO/o accuracy or better for 6.p/p . 
o 

P'or cut 2; l::, P, the error in the determination of the azimuthal pro­

duction angle of the fast particle, is related to P'r' the C. ofM. momentum of the 

unobserved pion (the C. of M. system is that of the slow particle and the unobserved 

pion), by: 

The azimuthal production angle of the slow particle is trivially measured 

to the reC].uired precision. We propose to have azimuthal angular precision of the 

order of 0.1 milliradians for the fast particle. 
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For cut 3: 6 G, the error in production angle of the slow particle, 

should be ~ P,/Pslow' At typical t or u values the momentum Pslow of the slow 

outgoing particle would lie between 400 MeV/c and 2.0 BeV/c and measurements good 

to 1.50 would provide excellent rejection. We propose angular precision good to 
j 

o
'" 1 . 

After making the above cuts on the data we would expect to have a very 

clean sample of two body events. The t or u values are "ell defined for this 

sample from the production angle Q of the outgoing slml particle. As a rough 

guide 

lui (analytical result) 

(empirical result taken from 
kinematic tables) 

The oproposed angular precicion of 1 ensurec a measurement of t to better than 

0.1(BeV/c)2 over the whole range of' interest. He would expect this system also 

to be able to measure quasi tvlO body reactions in a second round of measurements. 

Philos of Measurement 

We propose a backbone of IIcoarse-grained!l scintillation hodoscopes 

on both detector arms. The fast scintillator resolving times would make them 

resistant to background. i,t the largest possible It I and luI values we would 

exrect this system to provide enough precision to give adequate identification 

8and to enable us to use the fullest available input beam intensities of '" 3 X 10

particles per burst. For the high morr,entum spectrometer, coarse grained hodoscopes 

would be located at the momentum focus (20 counters each spanning 0.1% 6p/p) and 

at the angular measurement positions (20 counters each with a precision of 0.5 

milliradjans) . 
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For the slCJw particles we would cover a solid angle of 1/2 steradian. 

We would use a bank of 20 horizontal counters located 2 ft. from the target to 

define the azimuthal production angle. '1'0 define the horizontal production angle 

to a precisjon of 1 0 "We would use two banks of vertical picket fence counters 

consisting of 50 and 100 counters located at 3 ft. and 6 ft. reSl)ectively from 

the target. Fig. 1 shoHS a schematic of the setup. We would expect to be able 

to analyze "on-line II "With this coarse-grained system. 

This backbone system would be spanned by large trigger scintillators 

Sl' S2' S3' Sh (c.f. Fig. 1) to provide the interrogation pu.lse. In add:ltion "Ie 

would add "Wire chamber planes which could be used to provide "fine grain" measure­

ment precision. 

The counters would be connected to an on-line computer and the data would 

be analyzed on a real time basis. 

~ectrometer Optics and Ins.tl'umentation 

'1lhe spectrometer olltics are at present being actively studied by N.A.L. (10) 

At present no hard decisions have been made. 

For the purposes of this proposal we append the design parameters of a 

partially optimised 75 GeV setup, "Which would be very "Well sulted for these mea­

surements. The potential precision of the device is ",ell above that required to 

make a clean separation of two body events. 

From our experience at the S.L.A.C. we believe that it will probably be 

considerably more convenient to mount this spectrometer (about 90 meters long) on 

a rotatable carriage, than to change the input beam angle and leave the spectrometer 

fixed. 

The question immediately comes up as to the feasibility of rotating a 

rr~gnet-counter system of 90 meters length "With the precision necessitated by this 

proposal. As a good example of such a rotating support system, one need only turn 
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to the S.L.A.C. 20 GeV spectro~eter which is 50 meters in length. The allgnment 

tolerances on the S.L.A.C. spectrometer are comparable with those we require. In 

general at S.L.A.C. an alignment of ± () .003 to 0.005 inches is maintained over the 

entire length. A roll angle of less than ±2 X 10-5 radians is maintained on 

the individual elements. If necessary, alignment vlould be maintained vdth a laser 

optical system. 

Besides the scintillation and wire chamber systems we would expect to 

use a differential Cerenkov counter to differentiate pions from kaons in the central 

spectrometer region where the beam is rendered parallel by the optics. 

We vJould expect beam divergences in the non-bend plane of the order of 

± 0.3mr corresponding to spot sizes at the target of ±: lrnrn for a 75 GeV spectro­

meter with 75 mlcro-steradians acceptance. At 150 GeV vie would expect about 

micro-steradians acceptance and the divergences '\wuld be about :! 0 .lmr. 

20

In the bend plane the sensitivlty to spot sizes is about a factor of 

ten less. Therefore problems ,·Jill not occur due to apparent spot sizes until 

11production angles in excess of 20 milliradians are reached, even vlith a long 

target. For diffraction scattering we believe vie will obtain sufficient rejection 

to make measurements, even out to the highest It I values that can be reached. 

This viill be particularly iml")ortant to check hypotheses such as the Drell hypothesis 

that IIcontact ll terms become dominant. 

We vlOuld propose the following Cerenkov counter characteristics( 11) to 

separate pions from kaons: (c.f., Fig. 2 for a schematic of the counter) 

At 75 GeV 

Lengt.h 10 meters 

Cerenkov angle 12 milliradians 

No. of photoelectrons 7 
Angular separation of pions fran 

kaons 2 milliradians 
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At 150 GeV 


Length 15 meters 


Cerenkov angle 8mr 


No. of photoelectrons 5 


Angular separation of pions and 

kaons 


Expected Rates 

Expected cross sections for the t-channel are given in Table I in terms 

Bt
of dajdt == Ae

Table I: Elastic Cross Sections 

O"tot A B O"Elastic 

Process (mb) .( mbLGev
2

) ~GeV-2) ( mb) COln.'1lent 

p + p 40 80 8 10 Falling slowly 

1C + p 25 32 9 3·5 Constant 

K + P 22 25 8 3.1 Constant 

Ii + P 52 135 9 14 Falling slmvly 

Expected cross sections in the u-channel can be approximately repre­

sented by 

dO" ) 300 / 2- :::; - ~lb GeV •( du u==O E2 

We tabulate counting rate" per hour for small u and t. (In actual 

fact full beam intensities would not be used and counting rates WORld be held to 
2about 10 to 10 counts per burst.) 
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Table II: Rates at 75 GeV 

We assumed a solid angle acceptance of the high energy spectrometer 

of 75 micro-steradians and a 20" liquid hydrogen target. 

Process 
Beam Intensity 

per burst 
It counts/hour" 

at srr.a11 t or u 

No. of decades over 
",hich cross section 
can be measured 

t-channe1 

p p 

,-c± p 

K+ p 

K ­ p 

:P p 

10
8 

10
8 

107 

10
6 

10
6 

6.3 X 109 

2.5 X 109 
8

2.0 X 10 

2.0 X 107 

2.0 X 107 

8·5 

8 

7 

6 

6 

u-channe1-----­
+ 

1(­ p 

K+ p 

107 

107 
4 X 103 

h X 10
2 

2.5 

1.5 

Assumed 

steradians 

Table III: Rates at 150 GeV 

solid f.ngle acceptance of the high energy spectrometer, 25 micro-

Process 
Beam Intensity 

Per Burst 
"countS/hour" 

at small t or u 

No. of decades OVer 
which cross section 
can be measured 

t-channel 

p p 108 5 X 109 
8.5 

+
1(- p 10

8 2 X 109 8.0 

K+ p 107 1.5 X 10
8 

7.0 

K ­ p 106 1.5 X 107 5·5 

15 p 106 1.5 X 107 

u-channel 
+ 

1(- p 10
8 1.0 

., 



Running Time pstimate~ 

\ole would expect to measure t-channel reactions at 25 GeV (to tie onto 

existing data)) 50 GeV, 75 GeV) 100 GeVand 150 GeV. Each energy 'l-lOuld take about 

20 hours to complete, giving a total time for a first survey of 100 hours per 

particle. To survey p ± , 1f ± , and K ± we would then require 600 hours of running 

time. 

For u-char.w"lel reactions we 'l-lOuld run at 25, 50, 75, and 125 GeV for 


+ - + 

1f , 1f , with about 25 hours for each run. For K;'" we would run at 25, 50, and 

75 GeV only, and for p at 25 and 50 GeV requiring 325 hours. 

If, as seemB probable, the high energy spectrometer had sufficient 

precision on its mill to measure a substantial range of t values, we would li.ke to 

repeat some of the p ±, 1f ±, and K± runs at 25, 75, and 150 GeV with a deuterium 

target. As It I ar.d E are the initial and final
f 

energies and Q the I)roduction angle, the measurement of It! is unaffected by Fermi 

motion, and it should be eastly possible to measure neutron diffraction scattering. 

These measurements would require a further 250 hours. 

Apparatus 

\-le would requtre liquid hydrOGen and deuterium targetry, spectrometer 

pm,ering, and a control computer of PDP-8 capacity. The actual spectrometer 

cost should be in the range of $500K(6) • 
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FIG. 1--Schematic of detection system. 1624A2 
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FIG. 2--Schematic of a large differential Cerenkov counter. 1624A3 
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APPENDIX 1 

ComI'onents of a 75 GeV SI'ectrometer 

Meters 	 Meters from target 

6.0 	 6.0 

3.4 ) 10 Kgauss) 10 ems radius 	 9.4 

22 	 31.4 


1.l~) 8 Kgauss) 10 ems radius 32.8 


2 34.8 


10 ) 20 s ~4.8 


6 	 50.8 

1.~·) 8 Kgauss) 10 ems radius 52 . 2 


22 7 4 .2 


3.4 ) 10 Kgauss, 10 ems radius 	 77.6 

6.0 	 83.6 

MOM.ENTUtvr DISP}~RSION - h.5 ems I'er %6.11/I' 

HORIZ. AND VERfrICAL tvlllGN. - 1 

RATIO 0]' VEH'r. to HORIZ. ACCEPTANCE - 8: 1 

SOLID ANGLE - 75 fJ.-steradlans 



Layout of High Resolution 75 GeV Spectrometer 
(- 75 f.lsr Acceptance) 

Object 
Ql 

Equivalent Optics 
Horizontal 

Diffe:rel1tial 
Ce:relJ..k:oTT 

Vertical Decode Planes 

Horizontal Decode Planes 

Equivalent Optics 
Vertical 1624Al 



IX 2 


Some ReJ2resentattve KinciJlatics 

2 	 . 
The spectrometer angle G, 

p(dMM /d)))g are tabulated for 

fOT n;p -)n)) Elastic Scattering in the t-Channel 

at/dD b'· the sensitivity factor£ (dJ:.itl/dG)p'· and
1a

input beam moment.a of 75 BeV/c and 150 BeV/c versus 

u 	 for both the pion and proton. miAG ls the ratio of (dG /dG ) for the two lab . p n 

production angles and V>iAG is the ratio of the corresponding (dp /dp ) for the lab 

azimuthal angles. 

G 

degrees 

n 

p 

1. t == -0.1 
0.241 

78.6 

n 

p 

2. t == -0·5 
0.541 
68.3 

n 

p 

3· t "" -1.0 
0.7 66 
61.1 

n 

p 

4. t := -1.5 
0.940 
56.0 

A. 	 Beam Momentum 75 

dt/drt
1ab 

BeV?~81' 

V1v11\G == 232.It. 

1788 
0.232 

VHAG := 98 .l~ 

1778 

0·535 

VI·lAG 65.h 

1765 
0.885 

VMAG == 50.5 
1752 
1.260 

Gey/c 

( dIvil,t/d9 ) 
p

2 
~~ 
HMAG 

47. Lf 

55.8 

:= 33.12 

HlvlAG "" 

105.8 

109·9 

33·7 

HMAG == 

1It.9.lt 

152 .3 

30.It. 

HM.l\G == 

182.7 
185.0 

27 ·5 

p 	 n 

2
p(dMM 	 /dp)G 

2
BeV

-140.7 
-33.4 

-140.7 

-52·9 

-lito .7 

-66.5 

--.-._------------ ­



APPENDIX 2 - (continued) 

B. Beam Momentum 150 GeVLc. 

1( 

Jl 

1. 

1( 

p 

2. 

II 

Jl 

3. 

1( 

p 

4. 

II 

P 

5· 

g 

degrees 

t == -0.1 
0.120 

78.7 

t == -0·5 
0·270 
68.5 

t ::: -1.0 
0.382 

61.3 

t ::: -1.5 
o .1~69 

56.3 

t ::: 1.9 

0.528 
53.1 

dt/dft/1 ' 
aD 

2/BeVsr 

\~AG := 466.1 

7158 
0.234 

W1AG = 197.2 

7137 

0·539 

VHAG == 131.3 
7112 
0.891 

VMAG == 101.6 

7087 
1.268 

WillG := 86.8 
7066 

1.59 

(d~12/dQ) 
2BeV /r Jl 

HVL4G == 65.5 
94.6 
111.8 

HMAG = 67.0 
211.8 

220.0 

HMo-AG 

299 
305 

== 60.7 

m1t~G 

366 

371 

::: 54.9 

nt-1AG 

412 
416 

::: 51.0 

Jl( d,);fM'2/dJl ) Q 
2

BeV

-281 
-20.76 

-281 

-66.4 

-281 

-105.1 

-281 

-132.1 

-281 
-148.4 



APPENDIX 3 

Elastic S j.n the u-Channel 

g 
degrees 

1. u -0.1 

140.8 

0.21;.6 

2. u -0.5 

104.4 

p 0.5~0 

3. u -1.0 

:rc 	 85·0 

0·761). 

4. u -1.5 

:rc 	 73 ·7 

0·93 

5. u == -1.9 

:rc 67.3 

1.055 

A. Beam Mom~~tum 75 GeY~ 

dt/dn
1ab (dwl/de)

p 
2Bey /sr Bey2/r 

YMAG = 146.4 HMAG = 146.2 

o .08Ll·5 Its.6 


1810 Lt8.7 


VMAG = 102.5 HMAG =: 101. 5 

0.17 2 106.4 


1800 106.It 


YlvLAG ::;;: 74.7 HMAG = 73.9 

0.323 149.8 


178"7 149.8 


Vl~.AG = 58.7 mvl.AG = 58.1 

0·519 183.0 

1775 183.0 

Vl,ffiG = 50.0 HMAG = 49.6 

0·709 205.6 

1765 205.6 

p(dYill/op) g 

Bey2 

-136.8 

-140.7 

-137.8 

-11+0·7 

-139.4 

-11+0.7 



2 

APPEHDIX 3 - (continued) 

B. Beam Momentum 150 GeVL~ 

dtjd.i11ab 2(dMM2jdg) p(dMM jdp)g
PQ 2 2

BeV Lsr BeV !..r BeV

1. u == -0.1 \!MAG ::: 292 HMAG ::: 291 

:n: 141.L~5 0.0845 96.0 -270.5 
p 0.122 7202 96.2 -281.5 

2. u ::: -0.5 VMAG := 205 HMAG '" 202 
:n: 101f .8 o .17Z( 212 -273.6 

P O.Z(O 7182 212 -281.4 

3. u :::: -1.0 VMAG := 149.5 HMAG :.= 11+( .8 

:n: 85. Jt 0.323 299.8 -275.6 

p 0.382 7157 299.9 -281.4 

Lf • u ::: -1.5 VMfiG == 117.7 lWLAG 116.5 

:rr 'f LI-.O 0·519 366 -276.8 

p 0.468 7131 366 -281.4 


