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Inclusive Pion-Proton Scattering

Abstract:

The reactions mw+ p = 1T+ vee and W+ p— K + s
will be studied over a wide range of the Feynman variables
X, Q and 5§ in order to test the conjectured scaling law for
hadron collisions and study the form of the yield distribu=-
tions, Particular attenticn will be paid to the vicinity of
X = 0, The experiment will be carried out with a simple one-
magnet spectrometer which takes full advantage of the kine-
matics and has wide acceptance and the capability of high
precision, :
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Inclusive Pion-Proton Scattering

I Introduction

Some recent conjectures1 on the nature of higﬁ energy hadron
collisions have led to quantitative predictions as well as to a
heuristic pictﬁre of these interactions. The predictions have not
been tested at high energiés; much of the older data_at low energies
is not of high statistical quality and notvall of it was taken with
the proper choice of kinematic variables. New experiments at lower
energies are under &ay and the results will be available for compari-
sonlwith high energy data.

The reactions withwwhich.ﬁéyare concerned hefe which are expeéted
to give some understanding of hadron structure and high energy colli-
sion processes are T+p?>T+anything. and ™ + p + K + anything.

Inclusive Proton-Proton scattering has been studied at ANL, BNL
and CERNygver a limited range of kinematic conditions buthas already
yielded some interesting generalizations about high energy collisions
and some significant comparison;rwith very high energy cosmic ray data.
Inclusi&e Pion-Proton reactions have thus far been studied oniy in
bubhle chamber expérimentg? A University of Washington group has an
experiment in progress at SLAC to study mp Scattering at‘energies up
to 16 Gev. Single pion yields with 2% accuracy for a variety ;f
kinematical conditions should be available‘withig a year. (Figure 1)

Feynman'has proposed a scaling law for the yield of hadrons in

high energy hadron collisions. As s becomes large the yield is




expected to approach

axdrs £(0,x)
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where x = P;/ /Eyz’ Q= 3*:

Aside from the 1/BE* factor the yielé becomes independent of é
and depends only on the transverse momentum and the longitudinal
momentum suitably scaled. If existing accélerator data is multiplied
by E* it can be seen that the function £(Q,x) is nearly factorable
into £(Q)g(x) and in fact can be fit over a limited region, at least,

by functions of the form
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If the yigld is integrated over x and Q we expect to obtain the average
'multiplicity of final pions times the inelastic cross section. If the

X dépendence of g{x) in the immediate vicinity of x=0 is ignored then
the integrated yield and hence the multiplicity can béAseen to be
proportional to g{0) log s/so. Thus g(0) can>b§ compared with data
taken at other energiés, in particular with low energy data and with
cosmic ray data and the ohset of the asymptotic region (i.e. no s~-depend-
ence) can be found. On the basis of existing 30 Gev p-p data?-v;g believe
that the "scaling” is already in effect at least to within 15 or 20%.
Data to bthaken at NAL at 50, 100 and 170 Gev/c should confirm the

scaling law and provide values for g(0) and So as_well as giving the

limiting form of f(ﬁg). ’
A number of models have been proposed to fit and interpret high energy

,datag; among these are the thermodynamic model and the multiperipheral model

whibh is under abtive stu&ylo at U, of W, The latest version will soon be

able to fit qr'p data,



3.
It would be of very gfeat interest to carry out an experimental
test of these conjectures in a simple direct way at the start of NAL
experimental operations. The experiment is quite straight forwarqgfor
fixed incoming pion energy one measures the.distribution in x of out-
going pions at several selected values of Q. This measurement is
carried out for three or four beam energies and the function f(x,Q)

can be extracted.

I Pion Proton Scattering

We propose a measurement of n+ and T yields with better than 1%
sta£istical accuracy under the kinematic conditions given below.
Data for the two charges should be iﬁteresting for distinguishing

leading pions from pionization.

Table I
Beam momentum = P:i 50, 100, 170 Gev/c
- Q .2, .3, .4, .5 Gev/c
X 0<x<.4

D ata in this range of'x can be obtained with one spectrometer setting. -
Eight combinations of P; and Q would be chosen for major data ;aking
runs, The beam momentum need not be especially well defined for this
experiment; AP/P of several peicent would bé fine. We would accept
data over a range of about 10% in Q for each magnet setting. Actual
values of @ and x for each e?ené would be determined with a magnet-wité

chamber spectrometer to be described below.’
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The precision requirements are modest by NAL standards; we will need
angle measurements good to about % mrad and momentum measurements to several
‘percent depending on production angle; at small production angles where the
momentum, in our scheme is not well determined, the poor precision does not
. affect the quality of the data (see figure L ), We are, after all, looking
for the smooth behavior of the yield as a function of By and x and not for
structure, Threshold Cerenkov counters would distinguish pions from kaons
and‘prgtons and a shower-wire spark chamber at the downstream end of the
apparatus would tag electrons, A simple hod&sCOpe system will be used to
select triggers and to tag spark chamber tracks, ‘ |
The apparatus to be described below will accept pions over a range
of x roughlyvfrom X = 0 to ,4 for a fixed value of Q and kaons over most of
that range; it is designed so that a range in Q of about 10% is accepted for
,éll these values of x, To compute an approximate data rate we assume a
60 cm long liquid hydrogen target, a maximum scattering angle of 140 mrad
. and an average azimuthal angular acceptance of the detector of 2%; for small
- scattering angles of the é‘aécepténcé will be comparable although the
Cerenkovaounter is longer, The event rate per pion is

30 10727 x 6 1023 x 4 x .02 x ,50 x ,05 = ,36 (10'4 per pion
s n, b, M Ax Ao
where we have estimated an acceptance of 507 in x and 5% in Q. The
azimuthal acceptance will be limited by the Cerenkov counters and will be
somewhat different for different ranges of production angle, The cross
section varies with ¢ but not too rapidly for small Q: The cross section for
» pilon yield has been obtained from the inelastic cross sectionqand the
multiplicity of pions of a given charge with the leading pion excluded
since it tends to have a larger x, (Figure 3)
At a pion rate of 107 per pulse we will get about 360 events per pulse
whic¢h is convenient from the point of view of daﬁa handling and deadtime,
At this rate we can collect 325,000 events/hour at each spectrometer setting,
" Background rates in the upstream spark ‘chambers can be estimated by
using the entire charged particle multiplicity and unit acceptance in Q, This
gives about 2 x 104 per second or about 50 gsec average‘spacing between back-
ground events; this is much greater than the sensitive timer of any chambers
that might be used, Suitable trigger hodoscopes will select secondaries in

the desired range of Q,




I1I., The Spectrometer
1, Beam ‘ ' ’ :

A conventional 2 foot long liquid hydrogen target will be placed in a |
high intensity wide momentum acceptance pion beam, By making fast coinci- .
dences with very small counters we hope to be able to utilize a rate of up
to 107 pions per pulse; if a lower intensity appears to be necessary the
event rate is still more than adequate, Each incoming pion will be tagged
for angle but not for momentum, Incoming angles will be measured to better
than % mrad with a pair of fine hodoscopes, . '

We would expect that the beam and target would be constructed by NAL

while the hodoscope and electronics would be supplied by us,

2, Magnet

3

A bending magnet with approximately a 2 foot wide aperture, an eight
inch gap and a value for _fB«dl of 1000 Kg-inches would meet our needs, (Fig. 4)

The magnet is being used in a mode in which pions with a fixed value
of Q emerge in parallel rays indepéndent of production aﬂglé;'rays with a
" few mrad of divergence are also accépted to give an appropriate range of
acceptance in Q, The magnet is placed sufficiently for downstream of the
target to permit the production angle to be measured to better than %~mrad.
The magnet®s horizontal aperture then limits the range of production angles
accepted to about 140 mrad, This is sufficient to allow us to get to x 2 0
for a wide range of Kinematical conditions,

A‘magnet with just the parameters we need is being considered for a
very similar spectrometer by W, Bakerf}'Many components including target,
magnets, hodoscopes, chambers and the 40 meter Cerenkov counter could be

shared,

3. Wire Chambers A
We will use a system of wire chambers for the angle determinations,

The small chambers before the anélysis magnet will be run in the brOportional
mode; The chambers are relatively small and the multitrack rate may be
sufficiently high to warrant the good time‘rééolution and multi-spark
efficiency that can be obtained with proportional chamberé? With the
sepérations chosen the spatial resolution will be adequate, The down~

stream chambers could prohably be wire spark chambers, A total of about 12
coordinate planes will be needed, the largest dimensions are about 1 meter,

We are prepared to build these or to collaborate with other groups in this,
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4, Cerenkov Counters ‘
In order to cover our desired range of x values for beam momenta from

.50 Gev/c to 170 Gev/c, we must be able to detect pions from 1,5 ﬁp to 80
Gev/c. .To cover this large range we will require three separate but similar
Cerenkov counters, Counters Cy and C3 are of such length that it probably
will prove necessary to build them in modular sections, But since these two
counters are the same diameter, this means that they are essentially the

 same counter, with C3 merely having more modules,

" The working index of refaction for C; and C3 can be taken from figure
Hydrogen has been chosen as the radiator because of the relatively high
number of photons/cm produced (0,11 photons/cm/atmosphere between 3500 A and
5000 A for G = 1, compared to 0,027 photons/cm/atmos, for halium§? The
index is not as high as some of the heavier gases, but the multiple scattering
and interaction probability are considerably smaller for hydrogen, The
amounts of hydrogen involved in the two counters are not large, corresponding

- to about 6 liters of liquid hydrogen in each case, 4s C; is a one atmosphere
counter, there should be minimal,safety hazard, C3 will have to have
adequately strong windows for its working pressure of ,15 Atm, This is not

serious, as C4 is dowmstream of our last spark chamber, As indicated on
figgre,S' » Cy covers the region from 10-30 Bev/c and C3 from 30-80 Bev/c,

The lengths and diameters of these counters are then determined by the

angular acceptance of the analyzing magnet, the angle of the Cerenkov cone,
and the number of photons/cm of iength. Each of the counters will be viewed
by a single 5" phototﬁbe. We hope to use a 4522 with a quartz or fused
silica face so that we can detect light down to 1800 A, The walls of the
pipes will be rough and black, and baffles will be inserted at regular
intervals to reduce the effects of delta rays?; A proposed design for Cy is
given in figure § . . ‘

Gounter C, is designed to sepérate n"s.from K*s below 10 Bev/c; Thus
it is a much more conventional counter, It will use Freon 12 as a radiator,
with a pressure varying from 1 to 5 atmospheres (absolute), depeﬁding on
the lower momentum limit desired, Again this.counter is placed downstream
of our last spark chamber so that multiple‘séattering in the windows or in
the gas will not affect our determination of angles,

Since the momenta of the secondaries are being determined the two
higher pressure Cerenkov counters C and C3 can be used to tag kaons;

together they will count kaons from about 10 Bev to the top of the interesting

range; by subtraction we can obtain the yield of pions and kaonsover most of

*
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the x region with adequate statistical accuracy, |

The Cl counter would bekggilt as a prétofype for C3 and itéelf‘poses no
. special problems; its design,construction can easily be carried out at the
University of Washington, We will also design C3 and construct the mirror
and photomultiplier sections; final assembly will have to be done at NAL,
The low moﬁentum counter Cg requires a pressure window of fairly large
diameter but similar pressure windows for a Cerenkov counter have already

16
been built and we anticipate no difficulty,.

5. Shower Spark Chamber )

Electrons among the secondaries will be tagged by a shower-wire spark
chamber array at the extreme downstream end of the spectrometer, Preiiminary’
estimates show that it is not difficult to intersperse layers of high 7
materials with wire chambers to have high efficiency for generating an
electromagnetic shower but low probability for hadron collisions (in particular
- for 1r © production), Such a shower detector is currently in use by a University
of Washington group doing n + p-» d +§ at the Berkeley cyclotron, The system
works well but a different readout mbde may have to be developed for the NAL

experiment where data rates are relatively high.

6, Trigger Hodoscopes

Three hodoscope arrays will be used to select output angles to generate
chamber triggers and gates, The.output angles that we want to select are those
angles within a few mrad of 0°, With the separations shown in the figure
the hodoscope counters could be approximately one inch wide so that the
total number of counters is not excessive, An alﬁernate method would be to |
use proportional chambers in a self gating mode, doing fast 1ogic on the
wire outputs before storing the data, In either case the trigger rate should
be no more than about 30% higher tﬁan the desired event rate, The hodoscope

design would be conventional and they could be built at U, of W,

7. VCOmputer
An on line computer will accumulate data from the wire chambers,
hodoscopes, Cerenkov counters etc, The data storage rate per event will be

approximately:




Hodoscopes (trigger) * 100 bits

Hodoscopes (beam) 12 bits
Cerenkov counters 21 bits
Wire chamber banks Sy 120
‘ 52 120

S3 120

S, 80

sc 300

for a total of about 900/evént or 50 18 bit words, The computer will

edit the data, form histograms, compute trajectories and store a condensed
version on magnetic tape, With an event rate of close to 500/sec the
transfer rate is about 75,000 6 bit bytes per second so high speed, high
density tape drives will be needed as well as substantjial data condensation,
We would expect that a suitable computer would be available at NAL, Detailed

specifications remain to be worked out,

Much of the softeware development effort could be shared with other
‘spec;rometeriusers. U. of W, is particularly strong in this respect since
~an automated bubble chamber analysis system is now being built here and we
have a number of expgrtéywho would participate in this experiment at a later

stage,
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1V, Conclusion

The Spectrometer outlined here is the most apprQPriate type for a study
of inclusive’reactions. It has a wide kinématic acceptance band and takes
‘full advantage of the kinemaﬁics to collect data in the interesting region
in terms of the Feynman variables directly, It has the important advantage
that without the. use of quadrupoles the analyzed beam going into the Cerenkov
counters is parallel making particle identification easy, The simplicity of
the system means that acceptance and solid angle can be calculated with high
reliability, The spectrometer can utilize a single magnet which could be
found at any existing accelerator while much of the ancillary apparatus such
as spark chambers, hodoscopes etc, are completely conventional, The high
momentum Cerenkov counter C3 alone is unique to the NAL energy range but
the specifications are such that it would find a multitude of uses; indeed
many people are considering just such a counter,

We view this experiment as an important but simple one which should be
_carried out early in the NAL experimental program, It can use a beam and
spectrometer shared by many users with only minor modifications, We would
" need a few additions such as the shower chamber, counter C2, some hodoscopes
ete, which we would provide, Members of our group have some exﬁerience in
building Cerenkov Counters and we would like to undertake to build the large
one for general use in this type of spectrometer, Table II shows the
personnel available for this effort; we are prepared to commit a Research
Associate and a student full time and a faculty member part time to begin
design at the end of the summer with increased personnel available as time
_ goes on, ,

The data taking phase could probably be completed inld0 hours of beam
with 107,pions per pulse; this will permit a variety of energies, and both
éharge states and will provide some kaon data; an extention might be useful
if the kaon data seemed interesting, The statistical accuracy will be
sufficient to permit distributions to be studied as a function of center of
mass energy (or beam momentum), The detection efficiency is 1ikéiy to change
. only .very slightly with incident beam energj so comparisons can be made with
high reliability, 1It is hard, at this staée’to predict the accuracy required
since one doesn't know to what extent the disﬁributions»limit, but we would
guess that 1% results would be useful, In addition to data taking time, a
substantial amount of tésting time at low beam intensity will be needed to
study the various Cerenkov counters and dther apparatus; perhaps 200 hours
will be needed but some of this can be shared with other experiments on the

same spectrometer,
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‘Personnel for inclusive Wp scattering experiment at NAL

Table I

Faculty

re

L]

UWJ-\}»NH

Prof, R, W, Williams

Prof, J, Rothberg ) .
Prof, Vv, Cook

Prof, XK, K, Young

Prof, D, Wolfe

Research Associates -

L4

N
.

Dr, A, 8. Schenck
Dr, L, Sompayrac
Dr, H, Romer

to be named

Graduate Students

1,
2.

to be named
to be named

Technical Staff

-

Eo N )
.

T, Proctor {(Computer Engineer)

4, J, Jaske (Physicist)

Mechanical Engineer (to be named)

S, Shankman (Electronics Technician)
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Figure Captions

Fig, 1 Peyrou plots for 16 Gev 7p collisions into a typical channel

Fig., 2 Pion production angle vr, laboratory momentum 100 Gev incident
pions, various values of X are shown, Curves for ? = ,2, .3,
o4 are plotted, :

Fig, 3 Cross section, as function of incident momentum for various
multiplicities

Fig., 4 Plan of the spectrometer and showing Cerenkov counters Ci, C2,
C3; spark chambers $; 84, Shower chamber SC; hodoscopes BHj,
BH2, R1, H2, H3 ]
Fig, 5 1«5 and Hydrogen pressure as function of 1abora£ory momentum for
: detecting various particles ‘

Fig, 6 A sketch of counter C] ahowing the spherical miror, baffles and
e - photomultipler moment,
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© Fig. 4. Distribution of transverse momentum versus c.m. longitedinal momentum
for the protons and pions produced in the reaction ™ p = pn“"rr'ﬁ"ﬂ" at 16 GeV/c.
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NAL Proposal 23A

Inclusive Tp and Kp Scattering
(Revised Version of NAL #23)
H. Romer, J.E. Rothberg, R.W. Williams, X.X. Young,
University of Washington

5 May, 1971

Abstract: Our proposal to do inclusive scattering in the wee-x
‘and positive-x region is revised tc take advantage of the nearly
total compatibility with NAL Exp. 7, elastic Tp scattering.

We show that the basic results offered by inclusive scatter-

ing experiments can be obtained by an increment of less than
four weeks 2t the end of Exp, 7.

The scheduled experiment on Tp elastic scattering, #7, leads by a
natural extension to a powerful and very interesting body of data on
inclusive reactions, th+w+anything, with simulataneous information on
Tp*K and K p>7 (K) inclusive reactions. Our proposal (NAL #23), with
supplement of Nov. 16, 1970, emphasizes that inclusive scattering at
high energies is expected to be a main road to new insights about the
structure cof hadrons and that the data is easily and quickly acguired.
Very recently there has been a quite impressive outpouring c¢f <¢hieoretical
interest in these processes; we discuss this briefly in the Appendix,
and give a partial bibliography.

The emphasis of this note is that with careful planning the major
obijectives of Proposal 23 can be achieved with the forward arm of the
Exp. 7 setup, used nearly intact, in less than four weeks'extra time
at the end of Exp. 7's run. We have explored this idea in some detail
with various members of that experiment, especially with Prof. D. I.
Meyer. Experiment 7 will obtain date in the resonance region of nearly-
.elastic scattering. We focus instead on the large-energy-~loss region
which is related to the "deep~inelastic” region of lepton scattering.

In terms of the parton picture, one is exploring the constituents of th=
hadrons. : .

The kinematic regions of interest for single-particle spectrxa in
Tp or Xp inclusive scattering are: a) The positive-x region

(xz(R” /pincident)cm) supposed to represent fragments of the beam

particle; b) The negative-x region, fragments of the target; ¢} The
wee-x or "pilonization" region, near x=0, setting in at about

2
lxl'\a_.E.“:..t.I_n..._
pl
cm
ing, region. The arrangement of Exp. 7, which has the incident beam
passing down the side of the magnet aperture, is ideal for regions (a}
and {(c). The principal changes from the Exp. 7 setup, in addition to

L
2 \f-. This is the trickiest, and prcbably the most interest-
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switching off the recoil leg, are to accomodate secondaries of low
momenta and both signs; and to increase the production-angle range.

We would acceonmplish the first by adding a third Cerenkov counter to

the two now planned in the Exp. 7 detecticn scheme; this third counter
is quite standard, a l-meter 5-atmosphere Freon counter which discrimin-
ates T's from K's in the <10 GeV/c region (see Supplement to Proposal
23 for details). The second change, to obtain larger angular and momen-
tum acceptance, would be in two steps:

a) With the elements of Exp. 7 essentially intact, run with the magnet
set to bend the desired secondaries toward the beam; this is sometimes
called "kinematic focussing”, and collects a large band of longitudinal
momenta with p, near a selected value. The maximum production angle
in this position weuld be 40 mrad giving much of the x> wee-x region.
Call this Position I. '

b) Move the target to 1.8 meters from the front face of the magnet,
Position II, (Fig. 1). This permits up to 200 mrad for the low-momentum
particles, and it can be seen (Fig. 2; see also the Supplement) that the
remainder of the x region to x=-.04 for 150 GeV incident 7's, or x=0

for 50 GeV/c m's, 1is covered.

To be able to run off a good experiment on inclusive scattering with high
efficiency in a short time, we must use the Exp. 7 equipment with as few
changes as possible. The University of Michigan-Argonne-NAL group has
indicated that everything in their set-up which is under their control
would become available to us. The Argcnne 6050 computer, however, might
be urgently needed at Argonne. Our own wire-charber system {(now in use

in cur inclusive Tp experiment at SLAC) utilizes an SAC wire-chamber data
system into a Hewlett-Packard computer (we plan to upgrade this to a 2116).
The U. cf Michigan uses the same SAC system. We would work out in advance
the details of getting the Michigan SAC running cguickly intc our computer,
should that become necessary (rates are low enough that we could buffer
all information onto tape, using only a modest amount of on-line checking).
In any case we would work closely with the Exp. 7 group before the change-
over.

Changes required for Z3A.

The changes reguired to adapt Exp. 7 to inclusive scattering are the
following:

1l. Cerenkov counters. The two long counters now planned for Exp. 7 (20 ft.
and 40 or €0 ft.) must have longitudinal vanes installed to prevent particles
outside our azimuthal acceptance from counting. (We rely on a small azimuthal
acceptance, V2%, to rprevent confusion from high-multiplicity events). These
vanes are simple flat surfaces of any light cpaque material. We plan to

test the vane system in advance. In addition, the low-momentum Cerenkov
counter must be installed behind the last wire chamber. A hodoscope to

assist in triggering may alsc be installed.
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2. Hydrogen target. The Michigan target assembly will accept an 18" long
flask, which is the size we would want to use in Position I. If Exp. 7
was using a smaller flask we weuld change this.

We estimate that these changes, including any computer change that
might ke necessary, cculd be done in 5 or & days.

3. Position II. Move target downstream tc within 1.8 m of magnet en-
trance. Change Exp. 7 counter hodoscepe {(adjacent to target) to one of

finer spacing.

The U. of Michigan group believes that their target set-up can ke
meved very quickly. Allow 2 days for this.

Physics Ohjectives.

We want to get everything of interest out of the positive-x and wee-x
inclusive scattering of m's and K's, utilizing the high rales available,
and choosing rarameters carefully. Writing the one-particle cross secticn
as

2 g
dag Inel.
a‘-"""—'z* = » F(S:XIP“ Y,

xdgL /{_ﬁﬂw___“_1
. 2 2
'7“2+ p; +m
Vﬁ p_ 2
cm

we want tc cee if F (the normalized invariant cross section)becomes inde-
pendent of the energy s. If sc, we can irterpret it (loosely) as the dis-
tribution of partons in the picn or kaon (x>0); for wee ¥, F may have
structure, such as a dip at x=0 (two fireballs); cusps have even been
suggested; in any case it must centain clues te the structure of hadrens.
To measure, in a shert time, a functicn of three variables we have twc
essential aids:

a) Our own measurements on Tp inclusive scattering at lower energies,

at SIAC. We will have good-statistics data at 12 and 16 GeV, over a

range of x, fcr several distinct values of p, . By ccvering the same
ranges of x, ard using the came values of ry » we get the best irformation
cn the energy derendence of F.

b) Existing cdata and theoretical models. The energy variation of F is
slow (perhaps’ as slow as A+Es'%), sc we_want large intervals of s72,
Thus Eo = 16, 50, and 15C CeV would be s% = 5.5, 9.7, and 16.7 GeV;
nicely spaced; twe energies at NAL (50 and 150 GeV) will be encugh.
Also the data so far, including pp+7 data from the ISR,” indicate that
the varietion of F with p; is smooth and appreoximately factcrable.
With cur spectrometer arrangement one magnet setting gives a continuum
in x and a restricted band of Py arcund the chosen p; . We therefore
chocse only three values of py * 0.2, 0.4, and 0.6 GeV/c, covering the
same range as in our SLAC experimert.

*
Preliminary data from A.D. Krisch.
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Finally, the choices of particles and signs: in the incident beam, K's
and 's will be tagged so we have both at once. In the spectroemeter we tag
n's positively, with less accurate identificaticn of K's. A principal
objective is the corparison of the F's for different particle combinations.
Excellent data on pp*7 will be available from KAL Exp. €3. The four
charge combinations available to us {(+ >+, +r-, -, ->-) all should have
real differences, particularly when the gquestion of exctic channels’ 9T ig
raised. We find that our own gquestions, and those raised by references
7 and Sr, will essentially be answered by deing only the first three, which
is what we propose. :

Run Plan.

From the foregoing, we have 2 target positicns, 2 energies, 3 magnet
settinge (p; bands), and 2 chargs combinaticas, fcx & total of 2€ runs.
With 10° picns per pulse we expect an av erage cf (5—10)x103 events/hour.

T data with statistical accuracy comparable with our SLAC experi-
ment would require runs averaging 8 hours for a total of 300 hours c¢f beam.
RAding the chargeover and tuneup time of & days, and target-moving time
of 2 days, we propose to have all the data in 3% weeks from the end of
Exp. 7 data—-taking.

We reguest a decigion now, since we chould work closely with the
Exp. 7 people as their plans take final form.




APPENDIX 5.

RECENT DEVELOPMENTS IN EXPERIMENT 2D PHENOMENOLOGY IN MULTIPARTICLE
PPODUC}. ICH.

Alberto Pignotti

University of Washington

The interest in inclusive experiments has increased steadily during
the past year and a half. This new trend probably criginated at the
1969 stony Brook Conference cn High Energy Collisions of Hadrons, where
R.P. pevnm;n1 and C.¥. Yarng and collaboratorsZ discussed regularities
that they evpected to be found in the spectra of particles produced at
high energy. OFf course, thare had been earlier discussions of such
experiments in the framework of various models, but the new ideas injected
a refreshing feeling of simplicity in the intricate world of strong
interactions.

Simplicity is, indeed, the attractive feature of inclusive experiments
for measurement as well as theoretical interpretaticn of the results.
A typical exclusive experiment at NAL encrgics will depend on roughly
twenty variables, whereas a single-particle distribution devends only
on three (If the scaling hypotheses of Feynmanl and Benecke et al.2 hold,
only two variables will suffice to describe single-particle distributions
at high energies.) In addition, because of the proliferation of chapnels
at high energy, each exclusive process - except, probably, the elastic one
becomes a small fraction of the total cross section. Furthermore, mosh
channels contain neutral particles, that are difficult to detect. Because
of these difficultiss and the paucity of inclusive data, we have, in
recent months, observed that several experimental groups have reanalvzed
o0ld bubble chamber experiments in an inclusive way 3 This is not, of
course, the most economlcal way to obtain inclusive information.

In spite of its simplicity and the amount of theoretical effort that
has gorie into the subject, inclusive experiments, and, in particular,
single particle distributions, are by no means fully understood. This
is partly so because the energies of existing accelerators are not high
enough, and can onlv suggest some trends. As an examole, it is instruc-
tive to compare the predictions of Fevnman's scaling law with those of a
recent CERN prevrint by Cocconi,4 in which the ten-vear-old model of ;
Cocconi., Koester and Perkins®is reexamined. Whercas Fevnran scales the
c.m. longitudinal momentum of the produced pions by the total ¢.m. energy,
{except for a kinematical factor that does not scale this wav), Cocconi
scales the same cuantity by the scuare root of the tcotal ¢.m. energy.

We thus have two fundamentally diffarent models, both c¢f which are
compatible with present data, and only experimsnts at higher energies
can discriminate between them, and, in d01ng so, throw light on scme
basic asvects of strong interacticns.
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The theoretical interest in inclusive experiments has received
further impulse as a conseguence of the work of Mueller®, which relates
the high-energy heshaviour of inclusive crecss secticns to Regge behaviour.
Some properties that follow from factorizetion of Regge residues and from
the presence of channels with exotic cuantum numbers have been discussed
by Hong-Mo Chan et al?, and by Veneziano.® The amount of theoretical
work in inclusive processes in recent months has become guite impressive.

As a final consideration, we would like to discuss an argument of
Kenneth Wilson, which shows an advantage in using an incident beem of
pions, rather than protons. In the cese of an incident proton. pions do
not tend to be produced with velocities larger than the proton velocity.
This is a dvnamical statement, which is verified experimentally, and can
be reproduced in various meodels. (By the same token, with a nroton target,
rather fast backward pions are kinematically allcwed, but not often producsd).
If we therefore assume the final pion velocity to e limited by that of the
incident proton, and its transverse momentum to be of approximately 300 MeV/c,
the final pion longitudinal momentum is forced to ke less than 1/3 of the
momentum of the incident proton. Mo such limitation exists for an incident
pion. Therefore, at comparable energies, an incident pion is more effective
at producing more pions: the longitudinal "clouwd” cf final pions stretches
out more, and there is a chance of observing asymptotic effects that could
only be observed at proton energies roughly three times as large.
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Inclusive ©p and Kp Scattering
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Your letter of 7 June indicates that immediately following the
completion of experiment 7, Meyer's equipment could be used for a
few short experiments if a computer were made available to replace
the computer which must be returned to ANL. We had indicated in
proposal 23A that our computer system will be available for this experi-
ment. We will make this computer available for other short experiments
in the interval between experiments 7 and 61.

The core of our system is a Hewlett Packard 2115A computer (8K)
(16 bit word memory, 2 micro sec. cycle time) with

a) two magnetic tape units (HP 2020, slow; Potter 2648, fast)

b) teletype

c¢) fast paper~tape reader

d) a SAC spark-chambered data acquisition system (MIDAS)

e) a software-controlled multiplexer of our own design {(very
flexible)

f) CRT display
This system is well matched to make a switchover from experiment 7
to experiment 23A as experiment 7 also uses the SAC spark-chambered
data acquisition system for piping all of their data into their
Argonne EMR6050 computer. We have been in contact with the Michigan
people to determine that a switchover from their computer to our
computer could be done quite expeditiously. Should we be approved to
do experiment 23A, we shall exercise the switchover of the computers
well in advance of the actual date of the experiment. Figure 1 is
a schematic of the data acquisition system of experiment 7. The
figure shows how the computers can easily be changed from the EMR

6050 to the HP 2115A. It requires switching one 18-pin cable.
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W. Baker indicates that making space available at the E7

experimental site for testing the HP 2115A should be easily accomplished.

Needs from PREP

NAL E7 will have from PREP: a) 20 scaler channels, b) 40
discriminator channels and ¢} a 564 scope. We shall need this apparatus

for P23A. E7 will leave the electronics in tact for the use of P23A.

Changes to Experiment 7 for 23

Besides the possibility of switching computers, we will also:

a) change the angle of the detectors downstream of the
spectrometer magnet.

b) mask the Cerenkov counters. The system will be worked
out for experiment 7. Also we will try it out on the
short Cerenkov counter which we will build for this
experiment.

c) installation of a scattered particle hodoscope (Vv8 elements).

These are shown in Figure 2.
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Supplement to Proposal #23, Inclusive mp Scattering

University of Washington, 16ANov./70

In view of “he present status of proposals 7 and 61 we are
submitting a revision of our proposal for the study of inclus’ive
pion-proton collisions.'/e have modified our original proposal
in several respects and are now avle to specify in greater detal
some of the apparatus,set-up and backgrounds. |

We plen to study secondary pions and kaons and have
extended the kinematic region which we will investigete.The

“region will be bounded by the laboratory variables p,momentum
and ,E%,production angle as follows:

3< 8o <Aoo Mrad.
L5ce p & o Gy

These bounds will permit us to accept events within a wide
range of x and Q (depending on incident EOmentum,pi) as given
in figure 1. To justify the choice of these boundsries we note
that a production angle of 200 mrad. is as large as one can get
to esgily with a relatively small aperture magnet.This choice
of anzle includes the interesting x=0 region for all of the
transverse momenta and incident momenta that are expecicd 1o
be interesting.Looking at secondary momenta below 1.5 Gev/c
then adds 1ittle useful range.

At the upper momentum end the limitations are clear if we
write the approximate kinematic relations: p€p=Q and x=p/pi ;
the first relation holds for our entire region and the second
for x > 0.06 . We have thus imposed a limit on x of 60./p; -
which allows us to go beyond xz=0.6 in most cases.This obviailes

the necessity for doing particle identification beyond a
momentw: of 60. Gev/c meaning shorter,more effective Cerenkov
counters snd laersger solid angle.Looking at the lesding pion in

the forward direction seems &t this point less interesting anyuey.
The minimum production angle is determined by’the ability

to measure that angle precisely encuch with a short lever arm;of

less significance is the limitstion imposed by beam svot size.

. . A - } C s _ P
A trensparent view of the reguircenments on piecision can be obtained

9]
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using the above kinematic approximations as well as the relation:
pO == + PEm

where ( is the effective field of the magznet in unitgs of
transverse momentum andéd QM is the measured angle of the
secondary particle leaving the magnet. Then we ‘have,in terms
of messureable quantities:

K= RS, _ &
ep‘ QM ‘ Pf /95‘." M}
? - 5 ‘ " The megnet is used in a mode in which
C.-06 Q matches the desired value of { so
P M BGm is nearly zero but ~ust be measured

of course,

x5 A2 L% , AP
R Gp P

N since Gum is small comtared to QP and
""i;‘ = —=ZZ since‘em can usuelly be measured

9? to higher precision than @P ;2 long
lever arm is gveileble downstream of the mozret.The contribution

ALl Sy

{

to measurcment error from mulitiple coulomb scattering depends

on mormentum both directly and through the Cerenkov zas pressure.
Determination of x and ¢ to 1C% at the very szallest

production angles and to about 2% =2t other angles sesn

8
end is consistent with checking scaling behavior as a function

of incident energy at the several-percent level.
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The requirements set by proposal #7 are very suitable for our
purposes. We will reguire at least 106 useful beam par£icle per pulse
with Cerenkov counters to identify incident particles and a scintillation
counter hodoscope to tag incident angies. An angular resolution of 0.1 mrad
is quite adequate and is not as strihgent as the requirements of Prop. 7.
A momentum spread of sevéral percent is acceptable without the need for
momentum tagging. The angular divergence requested by the memo of Nov. 4
from Novey (Prop. 61} is also adeguate but we can accept a lower intensity
and would prefer to tag particles. The beam spot size is not critical if
it can be made smaller than 2 cm diameter. The maximum rate that we can
tolerate depends on factors td be considered below but also depends some-

what on contamination of electrons etc.

2. Spectrometer

a) A suitable magnet would resemble the Argonne BM-109 discussed by
both Prop. 7 and 61. A magnet with the dimensions 8" x 24" wide x 72" long
with an effecfive field up to about 1000 Kg-inches uniform to about 0.5%
over at least 20" horizontally would be consistent withour spectrometer.

With a magnet of such dimensions we will need to place it at three
different distances(d) from the hydrogen targét to enable us to cover the
range of production angle(@p)needed and at the same time get the necessary
precision in production angle. The erfor in measuring production angle
will come both from error in beam divergence AGB and from position error As
in proportional chambers before magnet. Thus we would like

As < :
aé- V.1 mrad or V2% of Aep whichever is larger. Sp is needed for




4.

reconstructing secondary momentum and to find X and Q. For values of

X %.06 the approximate relation §x~= ég—hold. Furthermore the momentum
‘ AB
error %Ejis approximately —ég- if we assume that the angle of the
p

secondary after the magnet can be measured as precisely as necessary.
For 0<x<.06 the requirements on -angle measurement are not severe;
Aep = 5 mrad is good enough. (See fig. 2)

The three magnet positions which will cover the range of production
angles 3<Op<200 mrad and which will simultaneously permit a sufficiently

long lever arm to keep Aep small are tabulated below.

» Range of Typical
d AB
8p (mrad) Momentum range
2.5 m. 1 mrad 50~-200 1.5 -~ 10 Gev
4.5 m. .3 mrad 2065 3-20 Gev
11.5 m. .1 mrad 3-25 8-40 Gev

The lever arm which can be usea for angle measurement and which has been
used to compute AQP is, of course, smaller than the tabulated distances d.
In each position the magnet is oriented perpendicular to the original beam
direction>it is simply translated downstream. The movement can be carried
out either by rigging or by rails but will need to be performed only a very
few times during the run.

The distances have been chosen so that only about one foot of the
magnet aperture is used for the higher momenta and somewhat more is used
below 10 Gev. The Cerenkov counter which will identify high momentum
secondaries will héve an aperture limited to one foot or less while the
much shorter Cerenkov counter which we will construct for the low momentum

region will have an acceptance of about twenty inches.
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b) Secondary particle trajectories will be established by a sequence of
proportional wire chambers. "~ Two sets of these will be situated before

the magnet and three sets beyond. The chambers will have desensitized
regions where the primary beam traverses them and also for excessive
azimuthal angles; we will hold the azimuthal acceptance nearly constant
over the range of production angles. We have been building proporticnal
chambers at U. of W. for another experiment and have successfully de-
sensitized regioné of the chamber without affecting the wedge-shaped
useful region. Despite our own development program we would hope to be
able to use the chambers which will presumably have been installed in such
a spectrometer. Proposal 50,for example,calls for chambers of a size

and s@atial resolution very well suited to our purposes; their chambers
already exist. We need chambers with a maximum dimension of about

24 inches and with a spatial resolution of about 0.7 mm. If this resolu-
tion cannot be achieved with a single wire plane we would consider stagger-
ing planes which do not add much to cost of reédout and do not materially
increase multiple scattering. It is only near the forward direction that

we have severe requirements on resoluticen.

¢} The Cerenkov counters are expected to distinguish between secondary
pions and kaons over a very wide range of momenta. It will not be possible
to cover the entire rangekat a single gas pressure using only three

Cerenkov counters so we plan to take several runs changing only gas préssure.
No more than three runs should be needed to cover the regquisite range,
although this depends somewhat on the length and qﬁality of the Cerenkov

counters. We have made the conservative assumption that the number of
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rhoteoelectrons per cm (Ne) is given by’lOO sin28 and have prepared charts
showing the momentum range that can be covered. The momentum range is
limited on the low end by requiring some minimum number 65 photoelectrons -
from pions, and on the upper end by the onset of the kadn threshold.
These curves together with the required index of refraction (d = n-1)
are shown in figure 3 . We conclude that the counter could be made to
work in the ranges 10-20 Gev, 20-40 Gev, 40-60 Gev. The low momentum
counter can work simultaneously in the ranges 1.5 to 4; 4-9; 9-11. Only
part of this momentum range is needed for any one value of incident
momentum; see figure 2 . We shall be able to use the pion and kaon
counters discussed in Proposal 61 for detection of secondary pions and
kaongin the upper wmomentum ranges and will provide a low momentum freon
filled counter in addition. The Cerenkov counters will have to be de-
sensitized along the beam direction, for production angles less than
about 3 mrad., and for large azimuthal angles; this should be possible
with the use of an optical septum or baffles. If these precautions are

taken we don't expect a significant number of multiple tracks.
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d) An elaborate Monte Carlo program has leen written to simulate inclus-
ive scattering. Events are‘genérated with multiplicities given by a Poisson
distribution with the mean appropriate to the energy. For eachAchannel
longitudinal and transverse momenta of secondaries are chosen from distri-
butions obtained from existing accelerator data; the charged secondaries
are traced through ﬁhe apparatus. More detailed data should be available
soon and we plan to refine the calculation but present indications are

that the number of events with multiple tracks within the sensitive area

of the proportional chambers or Cerenkov counter is less than 5%. Figure 4
shows a typical distribution of secondaries in a chamber before magnet.

The characteristics of this sort of background (which comes largely from
thé secondaries of a single interaction) can be studied in detail with the
proportional chambers and we will certainly not have a systematic error
from this source as big as 1%. The beam intensity will be held to 106 per
second (about 7 x 104‘interactions per second) so accidental background in
proportional chambers ({(assuming even 50 nsec resolution) is no problem.

The reél multiparticle background is kept down by a limited azimuthal angle ac-
ceptance of about 2%. Since multiplicity does not grow very fast with
energy (log s) existing data gives a fairly .eliable picture. Background
is dependent on beam spot sizé and we would prefer to reduce it as much as
possible, even at the expense of some reduction in intensity. Correlations
in secondaries near the forward direction can be studied with the spectro-
meter in its normal position and will be used to provide corrections for
multiple tracks. The beam itself will go through- the spectrometer for

precise angle calibration.
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We can estimate the time required for data taking on the basis of 106
pions per second and a two foot target. We will need three magnet positions
to cover the angular range and three Cerenkov pressure settings‘for each
run. Data will probably be taken at about four or five beam energies»from
50 Gev to 170 Gev. The energies to be run can be determined after more
existing data has been evaluated. Approximately 104 events per hour will
be accepted. A five hour run for each condition should be adequate for
pions while for kaons poérer_statistiéal accuracy will be tolerated.
Assuming a total of sixty runs, permitting some extra energies in the most
interesting region we would use 300 hours for data taking. Adding to this
some checkout time for items specific to this experiment and some time for

contingency we would expect to need 350 hours of beam time.

Concluding Remarks

We wish to emphasize that the proposed experiment is a direct extension
of the measurements we are now preparing to Jdo, at SLAC, at 8, 12 and 16 Gev/c.
The same group, augmented in size, uéing some of the same instrumentation and
the same data-handling technigues, would carfy out measurements from 50 to
170 Gev/c. The range of kinematic variablesvto be covered is either the
same (in the sense of Féynman or Yang*) or wider, at the NAL energies. We
do not propose a survey of inelastic reactions -~ that will be available
fgom bubble~chamber studies - but an accurate set of measurements over a
region selected in such a way as to have a maximum impact on the emerging
picture of high-energy hadronic interactions. It is fortunate that this
region can be covered, at NAL, using facilities which will already be preseﬁt

for experiments 7 and 61, with only two changes of magnet position.

s

C. N. Yang has recently pointed out that the scaled variable "xX" is
approoriate to his "limiting-fragmentation" picture even though he does not
emphasize the center of mass. Phys. Rev. Letters 25, 1072 (1970).
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