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ABSTRACT

It is proposed to measure tgo body elastlic scattering
. = - + - .
in the % anrd u-channel for p,p, K, K, n , = using a focus-
ing spectrometer in colncidence with a counter~hodoscope
system. t-channel reactions should be measurable up to 150

GeV, and u~channel processes up to 75 GeV.
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Introduction

(1-8)

A number of the N.A.L. summer studies were devoted to two body

scattering reactions in the t and u-chamnels of the form
X+p-=2X+0p or X+ n-=X+n

where

. e g
X is x* , XK*, por p

In the past such reactions have been studies up to energies of the order
of 25 GeV in the t-channel and up to 15 GeV in the u-channel. At N.A.L. it should
be relatively easy to’measure t-channel processes up to energles in excess of 150
GeV, and u-channel processes up to energies of 75 GeV or possibly higher.

The motivation for such studies is well known. The cross sectional de-
pendence can be empirically expressed as proportional to Sa(t>, where 8 is the C.
of M. energy squared and G{t) is the "Regge" parameter. The behaviour of a(t) is
one of the most important inputs into all theories concerned with high energy pro-
cesses. AL high energies these processes should be dominated by "leading trajec-
tories (or terms)" and are expected to display particularly simple features. In
the t—channel, pomercn~exchange or diffraction scattering should dominate and
particle anti-particle scattering should become identical st high energies. Ten-
tative Serpukov results have led to questioning the point at which this Pomeranchuk
limit occurs. Even if these tentative Serpukov results prove to be Iincorrect, the
differential cross sections and their energy dependence will be of great interest.

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

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

the high energy oubtgoing particles from two body scattering in coincidence with

scintillator and wire champer hodoscopes to define the angle and origin of the slow




outgoing secondary particles. Fig. 1 shows a schematic of the apparatus. Rejec-
tion of unwanted inelastic processes would be based on the resolution properties
of the high energy spectrometer plus coplanaraity and angular requirements. The
‘foecussing spectrometer ﬁould also be extremely well adapbed to making initial beam
surveys. Our proposal is based on the assumption that "spectrometer" facilities
of the required type(s) will come into 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 accommodste to some reasonable degree of cooperation. Our group at this moment
is insufficiently staffed and fihanced to take over complete responsibility for
the program in this proposal. However, we believe that if this proposal is the
only cne aypproved in this area of physics, that we would obtain the reguired per-
sonnel and support to carry this program through. We have not made a detailed
manpower estimate. However the program is very similar in scope to the spectro-
meter programs we have been associabed with at S.L.A.C. and can be measured as

being equivalent Lo one "S.L.A.C. unit".

Required Measurement Precision

We are proposing to measure all parameters of the "fast” outgoing
particle, in coincidence with the production angle of the slow ocutgolng particle.
These measurcments would overconstrain two body reactions by three constraints.

We would make the following "cuts" on the data:

1) Measurement of the momenta of the outgoing fast particle, would de-
fine the missing mass of the slow 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 slow sw-mesons.

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

two outgoing particles.




3) Correct kinematic-relationships would be regqulired between the produc-
tion angles of the slow and fast particles.

L) Identification of the mass of the fast outgoing particle would 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 prbvide 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 which has just measured K%p elastic
scabtering relying only on angular information.

u-channel reactions would make use of the same four cuts. As a rough
guide, we note that the precisions reguired are:

For cut 1: %E < ﬁ(ﬁ.M. where (M.M.) is the missing mass, and
o o

P, is the incident beam momentum. Lower precision would still lead to a very sub-
stantial rejection of unwanted events. We propose to operate with preclisions in

the neighborhood of 0.1% accuracy or better for ép/po.

For cut 2: A ﬁ , the error in the determination of the azimuthal pro-
duction angle of the fast particle, is related to Pos the C. of M. momentum of the

uncbserved pion (the C. of M. system is that of the slow particle and the unobserved
pion), by:
b 5 v/,
The azimuthal production angle of the slow particle is trivially measured

to the required precision. We propose Lo have azimuthal angular precision of the

order of 0.1 milliradians for the fast particle.




For cut 3: A @, the error in production angle of the slow particle,

should be g pT/p At typical t or u values the momentum Pt ow of the slow

slow’
outgoing particle would lie between Loo MeV/c and 2.0 BeV/c and measurements good

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

~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 well defined for this

sample from the production angle © of the outgoing slow particle. As a rough

guide
~ 2 (L + cos @ . "
lu] ® Mp (i”t"?§¥;75) (analytical result)

o} oy ] 2.5
lt{ i~ [(90 25 e } (empirical result taken from
kinematic tables)

The proposed angular precision of 1° ensures a measurement of t to better than
O.l(BeV/c)2 over the whole range of interest. We would expect this system also

to be able Lo measure quasi two body reactions in a second round of measurements,

Philosophy of Measurement

We propose a backbone of "

coarse-grained" scintillation hodosccpesl

on both detector arms. The fast scintillator resolving times would make them
resistant to background. At the largest possible [tl and lu! values we would
expect this system to provide enough precision to give adequate identification

and to enable us to use the fullest available input beam intensities of ~ 3 X 108
particles per burst. For the high momentum spectrometer, coarse grained hodoscopes
would be located at the momentum fbcus (20 counters each spanning 0.1% Ap/p) and

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

milliradians).




For the slow particles we would cover a solid angle of 1/2 steradian.
We would use & bank of 20 horizontal counters located 2 ft. from the target to
define the azimuthal production angle.- To define the horizontal production angle
to a precision of 1° we would use two banks of vertical picket fence counters
consisting of 50 and 100 counters located at 3 ft. and 6 ft. respectively from
the target. Fig. 1 shows a schematic of the setup. We would expect to be able
to analyze "on-line" with this coarse-grained system.

This backbone system would be spanned by large trigger scintillators

S 82, 83, S& (c¢.f. Fig. 1) to provide the interrogation pulse. In addition we

l)
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.

Spectrometer Opties and Instrumentation

The spectrometer optics are at present being actively studied by‘N.A.L.(lO)

At present no hard decisions have bveen made.

For the purposes of this propossl we append the design parameters of a
partially optimised 75 GeV setup, which would be very well suited for these mea-
surements. The potential precision of the device is well 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 carrisge, than to change the input beam angle and leave the spectrometer
fixed.

The questioﬁ immediately comes up as to the feasibility of rotating a
magnet-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




to the 8.L.A.C. 20 GeV syectrometeruwhich is 50 meters in length. The alignment
tolerances on the $.L..A.C. spectrometer are comparable with those we require. In
general at S.L.A.C. an alignment of *0.003 to 0.005 inches is maintained over the
entire lengbh. A roll angle of less than *2 X lO"5 radians is maintained on
the individual elements. If necessary, alignment would be maintained with a laser
optical system.

Besides the scintillation and wire chamber systems we would expect Lo
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 would expect beam divergences in the non-bend plane of the order of
£ 0.3mr corresponding to spot sizes at the target of % lmm for a 75 GeV spectro-
meter with 75 micro-steradians accepbance. At 150 GeV we would expect about 25
micro-steradians acceptance and the divergences would be about 2 0.lmr.

In the bend plane the sensitivity to spot sizes is about a factor of
ten less. Therefore problems will not occur due to apparent spot sizes until
production angles in excess of 20 milliradians are reached, even with a 20" long
target. PFor diffraction scattering we believe we will obtain sufficient rejection
to make weasurements, even out to the highest [tl values that can be reached.
This will be particularly important to check hypotheses such as the Drell hypothesis
that "contact" terms become dominant.
(11)

We would propose the following Cerenkov counter characteristics to

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

At 75 GeV
Length 10 meters
Cerenkov angle 12 milliradians
No. of photoelectrons 7

Angular sepavation of pions from
& b
kaons 2 williradians




At 150 GeV

TLenglth 15 meters
Cerenkov angle ) Bmr
No. of photoelectrons 5

Angular separation of pions and
kaons 0.Tmrs

Expected Rates

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

of do/dt = APt

Table I: KElastic Cross Secbions

%ot A B “Blastic
Process (mb) (mb/GeVz) (GeV_Q) (mb) Comment
P+D Lo 80 8 10 Falling slowly
T+ p 25 32 9 3.5 Constant
K+ p 22 25 8 3.1 Consbant
P+rp 52 135 9 1h Falling slowly

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

sented by

(%g-) = -35239- ub/GeVg.
u=0 E

We tabulate counting rates per hour for small u and t. (JIn actual
fact full beam intensities would not be used and counbing rates would be held to

about 10 to 10° counts per burst.)




Table II:; Rates at 75 GeV

We assumed a solid anglevaccertance of the high energy spectrometer

of 75 micro-steradians and a 20" liguid hydrogen targetb.

No. of decades over

Beam Intensity "counts/hour" which cross section

Process ’ per burst at small t or u can be measured
t -channel

P P 10° 6.3 x 10° 8.5

¥ p 10° 2.5 x 10° 8

K p 10/ 2.0 x 10° 7

K 1 106 2.0 x 10/ 6

PP 106 2.0 x 10/ 6
u~-channel

ﬂt P 107 L x 103 2.5

xtp 107 I % 10° 1.5

Table IIT: Rates at 150 GeV

Assumed solid angle accepbance of the high energy spectrometer, 25 micro-

steradians

No. of decades over

Beam Intensity "counts/hour” which cross section
Process Per Bursth at small t or u can be measured
t~channel
PP 108 5 X 109 8.5
= p ‘ 108 2 x 107 8.0
4+
kt p 107 1.5 x 100 7.0
K p 106 1.5 X 107 5.5
5 p 10° 1.5 x 10 1.5
u~channel
+ 8 2

= P ‘ 10 2 X 10 1.0




Running Time FEstimates

We would expect to measure L-channel reactions at 25 GeV (to tie onto
existing data), 50 GeV, 75 GeV, 100 GeV and 150 GeV. Each encrgy would take ébout
20 hours to complete,. giving a total time for a Tirst survey of 100 hours per
particle. To survey pﬁ:, ¥, and K¥ we would then require 600 hours of running
time,

For u~channel reactions we would run at 25, 50, 75, and 125 GeV for
ﬂ+, %, with about 25 hours for each run. For K* we would run at 25, 50, arnd
75 GeV only, and for ﬁ st 25 and 50 GeV requiring 32% hours.

If, as seems probable, the high energy spectrometer had sufficient
precision on its own to measure a substantial range of t values, we would like to
repeat some of the p*, =%, and K* runs at 25, 75, and 150 GeV with a deuterium
target. As [t[ = 2 Ei Ef (1 - cos @), vhere Ei and Ef are the initial and final
energles and © the production angle, the measurement of |t! is unaffected by Fermi
motion, and it should be easily possible to measure neutron diffraction scatiering.

These measurements would reguire a further 250 hours.

Apparatus
We would require liquid hydrogen snd deuterium targetry, spectrometer
powering, and a control computer of FDP-8 capacity. The actual spectrometer

cost should be in the range of $SOOK(6).
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APPENDIX 1

Components of a 79 GeV Spectrometer

Meters Meters from target
DRIFT 6.0 6.0
QUAD Q1 3.4, 10 Kgauss, 10 cms radius 9.4
DRIFT 22 31.4
QUAD Q=2 1.4k, 8 Kgsuss, 10 cms radius 32.8
DRIFT 2 34.8
BEND M1 10 , 20 Kgauss 44,8
DRIFT 6 50.8
QUAD Q3 1.k, 8 Kgauss, 10 cms radius 52,2
DRIFT 22 Th.2
QUED Qb 3.4 , 10 Kgauss, 10 cms radius 77 .6
DRIFT 6.0 83.6

MOMENTUM DISPERSION - 4.5 cms per % Ap/p
HORIZ . AND VERTICAL MAGNW. - 1
RATIO OF VERT. to HORIZ. ACCEPTANCE - 8:1

SOLID ANGLE - 7% p-steradisans
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Some Revpresentative Kinewalics for xp - up Elastbic Scattering in the t-Channel

The spectrometer angle @, dt/dn

lab’

) 2 ,
‘the sensitivity factors (oMM /Sg)p, and

p(éMME/ép)g are tebulated for input beam momenta of 75 BeV/e and 150 BeV/c versus

u for both the plon and proton. HMAG is the ratio of (d@p/d@ﬂ) for the two lab

production angles and VMAG is the ratio of the corresponding (dép/déﬁ) for the lab

azimuthal angles.

degrees
i. 6% = -0.1
0.2k
P 78.6

2.t = -0.5

0.5k1

3.t = ~1.0
e 0.766

L.t = -1.5
¢.940

A.

Bean Momentum 75 GeV/c

at/an

lab
_Bev?/or_
VMAG = 232.h
1788
0.232
VMAG = 984
1778
0.535
VMAG = 65.4
1765
0.885
VMAG = 50.5
1752
1.260

(amme/a@)p
Bevggr

HMAG = 33.12
b7 b

55.8

HMAG = 33.7
105.8

109.9
HMAG = 30.4
149 .4

152.3

HMAG = 27.5
182.7

185.0

p(ame*/3p)

BeV2

-1h0.7

-10.46

-14%0.7
-33.k

-140.7
-52.9

-1h0 .7
-66.5




i

e

degrees

1.t =-0.1
0.120
78.7

2.t = -0.5
0.270
68.5

3.% = -1.0
0.382
61.3

Lot = -1.5
0.469
56.3

5.t = 1.9
0.528
53.1

APPINDIX 2 - (continued)

Beam Momentum 150 GeV/c

dt/dﬂ/lab
BeVQZsr
VMAG = 466.1
7158
0.234

VMAG = 197.2
TL37
0.539

VMAG = 131.3
7112
0.891

VHAG = 101.6

7087
1.268

VMAG = 86.8
7066
1.59

(5MM2/59>p
BeVEZr
HMAG = 65,5

94,6

111.8

HMAG = 67.0
211..8

220.0

HMAG = €60.7
299

305

HMAG = 5k.9
366

371

HMAG = 51.0
hie

416

pCéﬂMg/Bp)@

BeV2

-281
-20.76

-281
-66.k

-281
-105.1

~281
-132.1

-281
-148 .4




APPENDIX 3

Sone Representative Kinematice for xp -~ np Elastic Seattering in the u-Channel

o
degrees

1. u = ~0.,1
140.8
P 0,246

Al

Beam.Moméntum.?5 GeV/c

at /a0,

_ﬁpeVQ{sr
VMAG = 146k
0.08k45

1810

VMAG = 102.5
0.172
1800

VMAG = Th.7
0.323
1787

WAG = 58.7
0.519
NS

VMAG = 50.0
0.709
1765

2
(oM /a@)P

Bevgfr
HMAG = 146.2
48.6
L8 .7

HMAG = 101.5
106.h
106.h

HMAG = 73.9
149.8
149.8

MAG = 58.1
183.0
183.0

HMAG = 49.6
205.6
205.6

p(2e°/3p)

BeV2

-135.2
-140.7

-136.8
-140.7

-137.8
-1ho.7

-139.4
-140.7

-138.7
-140.7




2.

I,

o

degrees
»u = =0.1

1h1 ks
0.122

u = =0.5
104.8
0.270

1 = ~1.0

85.4
0.382

APPERDIX 3 - (continued)

lab

BeV2 sY
VMAG = 292
0.08k45
7202
VMAG = 205
0.1727
7182
VMAG = 149.5
0.323
TL57
VMAG = 117.7
0.519

7131

B. DBeam Momentum 150 GeV/c

(BMMQ/BG)P
Bevggr
HMAG = 291

96.0

96.2

HMAG = 202
212

212

HMAG = 147.8
299.8

299.9

HMAG = 116.5
366
366

2
(34 /3p)

BeV2

-270.5
-281.5

-281 .4

-275.6
-281 .4

-276.8
-281.4



