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Study of Constituent Scattering in Hadronic Collisions

We pronose to study constituent scattering in hadronic collisions.
Instead of attempting to detect jets, we restrict our attention to single
particle production at very high x, in each am of a double arm spectrometer.
Present experimental facts and theoretical ideas lead us.to believe that

we will observe auark-auark scattering, essentially directly.

The apparatus to be used is a double arm magnetic spectrometer with
Cerenkov counters to identify hadrons. The experimental configuration is

Very similar to that of E-494 except for the following changes:

1. Hydrogen target
2. Larger aperture

3. Incident< , ™ and p beams

We request 1200 hours of data aquisition and 200 hours to tune the

experiment.



INTRODUCTION - GENERAL METHOD

In order to motivate our discussion, we quote the views of
Field and Feynmanl regarding quark fragmentation (jet formation). We
consider a quark emerging from a hard scatter. The quantity z represents
the momentum fraction which a hadron possesses relative to the quark
momentum.

(Quoted from Ref. 1.)

The theoretical picture which we use to guide our
thinking is this. As the quark q (presumably colored) ieaves
the others the forces responsible for confinement build up an
ever larger field until pairs of quarks q, q are produced which
breaks down the field. The many quarks and antiquarks produced
now gather into color singlets, qq and qgq forming hadrons.
These ideas are discussed by Bjorken2 and'analyzed in a one-
dimensional model by Casher, Kogut, and Susskind.3 of course
these hadrons such as N*, p may undergo further rapid disinte-
gration until they become the more stable hadrons which we
observe (i.e. m, K, NJ.

The field (color field), being independent of the
flavor of g, makes new pairs in a mamner independent of q. The
original quark finds itself in one of the hadrons near the higher
end of the momentum distribution, in particular if z is near 1 so
that the hadron carries most of the available momentum that
hadron contains the original quark. The lower z hadrons are
distributed in a way that gradually becomes independent of q

as z falls, and are ultimately uniform in rapidity (&n z).
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The new quark pairs are equally likely to be uu and dd -
from isospin symmetry but SU; is not assumed. Thus if we
suppose strange quarks have a higher intrinsic mass than
. non-strange, the rate of_gé pair production by the field
would be lower than uu or dd production. We disregard, for
our purposes, the rare production of charmed quarks or

other flavors.

Independently of the theories of Field and Feynman, this
View is obviously reasonable. If a hadron has X » .5 it possesses over
half the transverse momentum available in the center of mass. Thus its
momentum fraction z relative to the fragmenting quark must be near 1.
Hence, this particle is the only particle produced at high p, and it
should contain the original quark.

PREDICTIONS - NAIVE QUARK MODEL

It is possible, using the ideas of Field and Feynman, to
predict particle ratios at high X.. They envision hadronic interactions
at large p, as due to quark-quark elastic scattering. They assume that
the quark-quark scattering cross section is independent of the quark
identity so that particle ratios at very high X, can be predicted from
the quark model. Field and Feymman use measured values for the quark
distribution functions.1 We simply indicate the wealth of predictions

available using the naive4 quark model. The valence quark content:
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enables one to identify the outgoing hadrons in the following way.
Suppose we wish to study the Tn to ww ratio produced in pp
collisions at high x;. From the elastic scatter of a u and a u we
cannot produce any = since m does not contain u. Thus restricting
attention to 7 or 7 we must produce ma. In accord with the
preceeding ideas the probability of a u acquiring adto forma

equals the probability of a d acquiring a U to form a = .
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The particle ratios can be calculated. Furthermore for single particle

production

Predictions from the naive quark model are given in Table 1. The
Chicago-Princeton Group5 has measured the single arm ratios T w

for pp and pn collisions and obtain good agreement for both predictions,
(Their data fits the Field-Feynmman prediction even better.) Besides
confirming the quark model predictions in a rather stunning way, the
Chicago-Princeton Group has also showed that the data does indeed approach
the naive quark model prediction for foL.S. They show that x, and not

6

p, 1is the relevant variable in accord with the ideas of Feynman . Thus



to study constituent scattering we are best off at low s. This

argument breaks down at very low s (with momentu~ nass of proton)

since Feynman considers his hadrons all to have very large momentum.

We have emphasized the theories of Field and Feynman because

of their simplicity, predictive power, and agreement with experiment.
However, the importance of this constituent scattering study is not depen-
dent on any particular theory. The ability to predict particle correlations
at large x, should be an important requirement of any constituent theory.
- By studying correlations at large X, we study the quantum number flow in

the basic constituent collision. The results should be of great interest.



EXPERIMENTAL ARRANGEMENT
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In accord with the above ideas, we must set our thresholds near the

following P, values (X,=.5), according to incident momentum P .

PLAB (GeV)

100
130
200
300

400

12
+ Threshold

LAB

(GeV) = .5 x

Vs
2

3.44

3.91

5.94

6.85

The table is based on NN collisions, but the TN case is about

the same.

The rate at constant X, will increase rapidly with decreasing s.

Hence, we choose to run at 130 GeV, the peak of the pion production

7

curves for the new high intensity beam to be built in P-West . The

. . . . 1 \ 13, .
projected intensity is about 10 0 pions per 10 3 interacting protons.

We summarize the requirements for a good experiment to measure

constituent scattering:

1. high luminosity

2. noderately low s
3. hydrogen - deuterium target
4, variety of species incident

The first two requirements imply that the experiment should be

done at a fixed target accelerator, not a storage ring.

Our present experiment, E-494, is almost suited to the task right

now. The desired changes are listed below in order of importance:
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1. We must use a hydrogen (deterium) target.

2. We must increase the aperture of each arm (see rate estimates).
In addition, we should modify our apparatus to accept both
charges in each arm. This will increase our acceptance and
decrease systematic errors in charge ratio measurements.

3. We should use the new P-West beam. There ﬂfﬂ: p are available
as incident particles.

4. We should improve the P, resolution of our trigger.

ADVANTAGES OVER JET EXPERIMENTS

1.

By focussing attention on single particles at high X;, we study
guantum number flow in the basic constituent collisions. Jet
experiments attempt to detect fragmentation products at low P,
in addition to those at high X,. The information gained by thié
;dditional effort is not directly relevant to the basic collision
process.

By detecting only single particles we assign ourselves a well-
defined task which we are sure we can carry out. Jet detection
involves considerable difficulties because of the components at
low P, . It is difficult experimentally to even define a jet.

By using a relatively small solid angle pér arm but with a large
incident intensity we achieve a higher rate fof the interesting

high X, pairs than do the jet experiments (see rate extrapolation).

APPARATUS

The experimental plan is given in Figure 1. We show a design

using similar apparatus to that of Experiment 494. This apparatus has

been described in publicationss, so we mainly note the differences in the

new experiment.
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Target
The target is a liquid hydrogen (liquid deuterium) 2m in

length (.33 interaction lengths).

Spectrometers
Each spectrometer axis is set at tan 8 = .120. (This is
90° in M at PLAB = 130 GeV. B = lab horizontal production angle.)

By making full use of the magnet aperture and moving the magnets
a factor of 2 closer to the target, compared with Experiment 494
the lab solid angle of each arm is increased by a factor of 9.28.
The new aperture is specified by:

077 to .163

it

horizontal production angle tan B

vertical production angle tan -.017 to +.017

Rl

In addition, due to the large target, the beam penumbra extends
from tan 8 = .070 to .170.

The trajectories are measured by two sets of proportional
wire chambers (3 planes each) placed at 7.3 and 15.5 m from the target
in each arm (see Figure 2). An additional plane (drift chamber
or PWC) at 21lm measures the vertical position.' Trigger scintillation
counters are placed at 16.0 and 21.5 m from the target.

Particle Identification

The fraction of hadrons in the momentum band for full identi-
fication is shown in Fiqure 3 as a function of P,. We also-
show the corresponding curve for E-494. The improvement in the new
geometry is due to the larger lab production angle. We can reach
the same P, at lower momentum.

The C counters are 7.7m and 4.6m long respectively. The
gases are He in El and Ne-N_ in C.. Helium is required in the first

2 2

counter in order to give us an appreciable acceptance for particle
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identification at P, = 4 GeV. Neon, for instance, would cut our
single arm acceptance by a factor of 1.7 (and hence would cut our

pair acceptance by a factor of 3). We are using such a Cerenkov

v

system in E-494 and collect about 10 photoelectrons in Cl per

fast particle. This number is so low that we would not like to
shorten El further.

Hadrxon Calorimeter

The hadron calorimeter in each arm will be made either of
inexpensive scintillator énd steel or water (as iﬁ E-~494). We
have found in E-494 that good calorimeter-reSQIution is not
essential in a system with a good magnetic spectrometer. We do,
however, plan to construct a hardware device which reconstructs a track's
momentum on-line so that the magnetic spectrometer can be used in
the trigger. In this way we hope to avoid writing a large number
of tapes.

If a steel-scintillator calorimeter is used, we will make the
first plate out of lead in qrder to absorb electromagnetic showers
from the neutral beam. We do not antiéipate that neutrons will be
a problem sincé we are at90° in CM and often have plions incident.

(We will study this question further, however.)
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Momentum Resolution

The design of our experiment follows that of E288 and E494, in which
all detection devices are downstream of the magnets in order to withstand
high beam intensities. Consequently our momentum resolution is dominated

by the spot size of the pion beam (2mm RMS 7).

We plan to run the magnets with a transverse momentum kick of 1 GeV.

Thus
-3
bp_. 2xlom/5.6m _ s m
) TGeV 7 40 GV 1.4 % RS,

Including the contribution of other measurement errors we expect

6P . 1.7 3 RIS at p,~ 4 GeV.
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RATE EXTRAPOLATION

Using data from E494, we can extrapolate to our expected rate at
Py =130 GeV with the new larger aperture. In Table II, h'h™» 3.9 denotes
all pairs of hadrons with both P, »3.9 GeV. Aff’is the center of momentum
solid angle of each arm. The number of incident protons/hour is given by

1010 protons/pulse x 5 pulses/minute x 60 min./hour = 3 x 1012 protons/
' hour on target

(E494)

F. W. Busser et al.9 have shown that the conditional probabiiity of
finding.a second high P, hadron (into a given solid angle above a minimm
P.) opposite a high.E: trigger is roughly independent of s. Consequently
we expect the pair rate to scale with the single arm rate as s is varied
at constant transverse momentum. Since the single amm rate5 is propor-

tional to (l—XL)g, the pair rate at P ab=130 GeV for a given P, is

L
expected to be

Rizp =

[1-x.)° (at)?Jat 130 Gev X R

400
[(1-);)9 @a®)2] at 400 Gev

We see in Table II that the predictions agree with the data for h'h> 3.4,
but may be pessimistic for h'h)3.9. If they are indeed pessimistic, we
prefer to leave them so. |

In calculating the rate in a new 130 GeV configuration we include the
fact that pions are more efficient than protons10 in producing particles
at high transverse momentum. The improvement is a factor of 2.5 at X,=.5
(B =3.9 GeV) and a factor 1.7 at X,=.43 (P_=3.4 GeV). This factor is-

relevant to the pion running in the new experiment. For proton rumning
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we can turn up the intensity if necessary. We' include this factor linearly
since we assume that the conditional probability will remain roughly
constant under the change from a proton beam to a pion beém. We also
include an extra factor of 2 in the new configuration because both signs

of charge are collected in each arm.

In calculating rates into the larger aperture we cannot simply multiply

by the square of the solid angle ratio. The reason is that we have two-body

kinematics, where the component of the '"away' hadron's momentum (Pout)
in the @-direction relative to the trigger must be limited (see Fig. 4).
11

Indeed, the CCHK collaboration finds that < Pout> = 0.53 GeV.
In the ® - direction, however, we expect little correlation because the
colliding quarks center of momentum frame may be different from the

beam-target c.m.frame. So if we write

A < Al=a @) AST

ES .
we can square A({cos® ) in calculating the effects of the larger aperture.

&
The spread expected in @ is given by

. -
of ~r—xgew - 1 1%

The size of our expanded aperture in the c.m. is given by

X *
A (cos® ) = 0.709 . and & ¢ = 0.310

# # *
(The average AD BIU/A (cos® ) )

ti

H &
Note that 249 ~AQ , so that our @ aperture has approximately the
largest value for which the pair rate will vary as the square of the single

arm acceptance.
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For the rate calculation we use the factor Z/S(A.:L*)z instead of

@a®) 2,

¢ acceptance at P.>3.9 GeV. (We assume the average B, is 4.3 GeV). For

To obtain the final rates, we multiply by (.86)2 to account for

P>3.4 GeV the c acceptance is complete for particles above the magnetic
threshold, but we must multiply by (.8)2 to allow for differences in the

magnetic acceptance between E494 and the new configuration.

Number of Identified Pairs Expected in

1 hour 500 hours
+- pairs each X >.5 1.1 550
+~ pairs each X, ».43 6.6 3300
We would collect similar mumbers of ++ and -- identified pairs simul-

taneously.

Because of the correlation arguments just presented, we can estimate
the ratio of our acceptance to the acceptance of jet experiments for the
interesting high X, pairs. As an example of a jet experiment we take the

CERN SPS experiment NA3. Their acceptance is given by12

A (cos 9*)NA3=1.34 and AZI\‘I‘AZS:%[

Our Acceptance _ ( .709 )2
1.34

Acceptance NA3

Since NA3 plans to run at 107 incident particles while we propose to

10 :
run at 10 "per pulse, we have ~55 times their sensitivity for high

X, pairs.
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SINGLE ARM RATES

According to the previous discussion, in changing between
E494 and the configuration of this proposal, the single arm cross
section will drop by a factor of 13 for P. > 3.4 GeV. The center of
mass single arm solid angle increases by a factor of 3.4 so we expect
the single arm rate for P> 3.4 GeV to drop by a factor of 3.8.
To the extent that single arm background is proportional to the high
P, rate, this background will decrease in the new configuration.
However, it is probably safer to discuss ba;kground extrapo-
lations in the lab. The important background consists of low momentum
particles which confuse the PWC. In E494 this background started
to become serious at ~4 x 1010 incident pfotqns /second, a factor
of 4 higher than the P=Wést pion intensity. From our E494 running at
200 GeV(compared with 400 GeV), we estimate that the low P, rate in |
the E494 aperture drops by a factor of 1.55 between 400 GeV and
130 GeV. Extrapolating to the larger horizontal production angle
and larger vertical aperture, the singles rates are expected to increase

by a factor

T.55  * 7T X 485 = 1.2

This is quite satisfactory since we started with a safety factor of 4.
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PROPOSED RUNNING TIME

We request 1200 hours of data acquisition divided as follows:

Reaction hours

T p 250

™ d 250

7 P 250

o+ d 250

PP 100  front porch
pd | 100  front porch

1—2~(;E)_ total

The ™ data (500 hours) would be suitable as a first run. We
request 200 hours of front porch running(130 GeV) with 3 x 1010 primary
protons incident on our hydrogen target in order to perform a clean
proton measurement. This can then be used to separate the effects of

7r+ and p in the nominal w+ beam.
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RESPONSIBILITIES

Because of the increased aperture, all of the detection devices
except the upstream PWC will have to be rebuilt. Since we have built
similar devices in the past, however, we believe we can carry out the
task. We do hope to borrow some equipment. We note that the only
development project is the hardware reconstruction device. This device
is not vital, but would be a great aid to the experiment.

We request from Fermilab:

Magnets- The E288/494 magnets exist,

Target - 1liquid hydrogen (2 m)

Prep electronics- the E288/494 allotment

CbC 6600 time- standard treatment

Rigging- We will need rigging assistance in assembling the hadron
calorimeters.
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TABLE I

PARTICLE RATIOS FROM THE NAIVE
QUARK MODEL AT HIGH x,

+ +

T :w+w_:n_w_=4/4/l
KK :K K :K K =4/0/0
+ + - - -

pp:pp:pp=9/0/0

ﬂ+ﬂ+:ﬂ+ﬂ—:ﬂ_ﬂ_=2/5/2
K'K KK KK =2/0/0
+ 4+ + - - -

PP :pp :pp =9/0/0

ﬂ+ﬂ+:ﬂ+ﬂ“:w—w—=4/2/0
KK KK KK =2/0/0
+ + - - -
PP :pp pp =3/3/0
ﬂ+ﬁ+:ﬂ+ﬂ_:ﬁ-ﬂ—=2/4/0
KK KK KK =1/0/0
+ + + - - -
PP pp:pp =3/3/0
ﬂ+ﬂ+2ﬂ+ﬂ—2ﬁ~ﬂ-=0/4/2
KK KK KK =0/2/0
+ + + - - -
pPp:pp :pp =3/3/0
n+w+:w+w-:w—w—=0/2/4
KK KK KK =0/1/0
+ F + - = -
PP :pp :pp =3/3/0
ﬂ+ﬂ+:ﬂ+ﬂ—lﬂ-ﬂ*=2/5/2
KK KK :KK'=0/4/0
+ 4+ F - - -
pp:pp :pp =0/9/0
ﬂ+ﬂ+:ﬂ+ﬂ_2ﬂ—ﬂ_=l/4/4
KK KK KK =0/2/0

+ + + - - -
PP :pp :pp =0/9/0

ﬂ+:ﬂ—=12/6

K+:K~= o
+ -
p:p=-

ﬂ+/ﬂ-=9/9

K'/K =
4+ -

p/p =

T/ 7=10/2
K+/K—= »
+, -

p /p =9/3

7 n =84
K /K =

p' /p =9/3
ﬂ+/ﬂ—=4/6

K /K =4/3
p'/p =9/3

W+/W-=2/10

K /K =2/3
p’/p =9/3

w+/w-=9/9
K /K =6/6
p/p=9/9

ﬂ+/ﬂ_=6/12

K /K =3/6
p/p =9/9
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- THIS PROPOSAL
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FIGURE 3 Fraction £ of hadrons that can be identified.
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