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I. Introduction

We propose to measure the s dependence of elastic and inelastic
p-p and p-d scattering,at t values ranging up to t =-2.0 (GeV/c)Z.
The basic idea is to use a small, single magnet, high resolution
spectrometer and look at recoils from the gas jet target. The use
of a magnet will allow measurements at wnigher values of t than are
accessible in the current recoil experiments at C@, areatly en-
hancing the usefulness of the gas jet. he unique ability of the
internal target to span the entiie cuciu, range in the main ring
.greatly facilitates the study of the cenerally sios variations
with s, characteristic of high energy scattering. The primary
physics questions addressed by this experiment are, for elastic
p~-p scattering:
1) Does shrinkage persist at high t?
23 Does the break seen at © =-1.2 (ueJ/c)z at 24 CevV develop

>s 1t move as s increases?
3) What is the s dependence of do/dt for t's beyond the break
(dip)?

into a dip? If so, how fast? Doe

for inelastic scattering:

1) What is the s and x dependence of the inclusive proton
spectrum for larce values of t

2) How does the production of the N* (1520) and N¥* (1688) as
a function of s and t, compare with elastic scattering.

and for p-d scattering:

.l) How do coherent inelastic processes on deuterium compare

t]> .2 (cev/c) 27

with elastic p d scattering for
The investigation of the questions concerning elastic scattering
requires an understanding of the inelastics, making it advantageous

to study them simultaneously.
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We summarize the reasons which make this proposed experiment well

suited for the investigation of these questions:

a) The internal target laboratory allows for the widest
accessible variation in s. No special provisions are
necessary to accept whatever energy the machine may attain.

b) The recoil kinematics for elastic scattering are-insensitive
to the incident enerqgy.

c) The t resolution would be gquite high, enabling us to in-
vestigate the possibilitv of quite narrow structures in t.

a) These investigations would cause little interference witn

the gcneral program of the laboratory.
IT. Motivation

1) Proton-Proton Elastic Scattering

The shrinkage of the forward peak in p-p elastic scattering,

as seen in experiment 36, 1is cenerally interpreted as an increase
in the interaction radius of the protonl. On the other hand,
some models interpret this sharpening of the peak as being due to
the further blackening of a constant area interaction recionz’a.
The break in do/dt okserved at t =-1.2 (Gev/c)2 at 24 Gev4 is
interpreted as the firgst diffraction minimum which is filled by
the real part of the scatterina amplitude, i.e., the proton is
still cuite orey at these enercies. As the position of this
diffraction minimum also reflects the radius of the interaction
region, measurinag how this break (dip) moves with s will be a

good test between the two tvpes of models.

In the near future, experiment 36 will have a precision measurement
of the "blackness" of the proton over the s rance available at MAL.
It would bhe interesting to studv the rate at which the break forms

c
. . . . . 2
into a dip over thils same energy region. Recent ISR results”™ at
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1500 Gev, indicate that a dip has indeed formed at a t =-1.3 (GeV/c)2
(See fig 1) indicating a preference for the second type of model

i.e. those with a constant area of interaction. One of these

models, the impact picture of Cheng, Walker, and Wu3,predicts a

slow increase in do/dt with s, for t values Lkeyond the break and

for s above 100 Gev. One of the primarv motivations -for this

experiment is the test of this strikine prediction.

2) The Inclusive Proton Sprectrum

The study of the inclusive proto. -am as a fanction of s,t
“and M2 will provide very useful tests ot preseit Regge para-
metrizations for this reaction. 1In particular we will be able to
extract effective Regge trajectories from the data and study the t
dependence of triple Regge couplings. For large values of t one
may cxpect cut contributions to become important, thus leadinag to
a flsttening of the effective trajectories Independently of any
specific model however, the study of the inclusive proton spectrum
is complementary to that of pp elastic and we can expect to observe
related dip structures in do . This experiment 1s unigue in that
it will span continuously dg large region of s and M2 as shown in

figure 2.
3) N* (1520) and N* (1688) Production

It would be interesting to compare the s and t dependence for N* (1520)
and N* (1688) production with elastic scatterina. If the production
.of these resonances and elastic scatterinc proceeds via the same
diffractive mechanism, the features of elastic scatterinc at every s
should be reflected in the production of these isobars. While it
would be difficult to resolve the N* (1520) from the N* (1688)

in the high s region, we could resolve them at low s and measure

the sum . of the two channels at high s.
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4) Coherent Deuteron Interactions

Coherent deuteron processes are primarily interesting because

they enhance diffractive channels. Experiment 186 will measure
recoil deuterons at small |t| (g.l-(Gev/c)Z) in order to study
diffractive dissociation. Glauber theory relates processes happening
in the "double zcattering" region (|t|z .25 (Gev/c)z) %o the single
particle processes at t/4, i.e. just that region covered in
experiment 186. In the Glauber model, with this as input, the
coherent inelast:c processies in the double scattering region and

in the interfercnce~ reqion between single and double scattering
(i.e. |t§3 .25(Gev/c)z) are a means for studying the gross features
of such exotic processes as forward N*-nucleon elastic scattering.
Even rather coarse measurements of forward elastic scattering of
N*'s would be very useful for determining whether or not these

are composite particles. Extracting such information is compli-
cated boxh by poorly understood ground state deuterium properties
as well as off the mass shell effects7. Comparison of the in-
elastic to elastic scattering, and making measurements at both

low and high energies can reduce these uncertanties.
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IT1. Experimental Considerations

1) Resolution requirements

The technicue procvosed is a single arm spectrometer and thus
employs the missing mass technique. The mass resolution varies
inversely with the beam momentum so a successful experiment at hiqgh
energies requires good resoltuion. In prianciple, in order to
isolate elastic scattering from inelastic scattering, a mass
resolution of one pion mass is reouired. In practice one can get
by with resolving elastic scattering from the closest st: ~~*—~~ 1in
the mass spectrum. Mass spectra in this t region have bzen measured
at 24 GeV by Allaby et al4 and are shown in fig. 3. The first
structure seen above t=-.4 (Gév/c)2 is the N* (1520). To resolve
elastic scatterinc one thus needs a mass resolution somewhat better

than 0.5 Gev/cz.

The angular resolution recquired for a mass resolution Am 1s

Ap = mim
Po\/‘t|
where P, is the incident beam momentum. For Am = .5 Gev/cz,
Po = 500 Gev/c and |t] = 1 (Cev/c)2 an angular resolution of 1 mrad

is required. The enerqgy resolution required is

AT 4m2Aq
* Pt

. . . . 2
where T is the recoil kinetic eneray. Again at 500 Gev, |t|=1 (Gev/c)
, - 2 ; . . . . .
and Am= .5 Gev/c” an enerqgy resolution of 0.4% is required. This
corresponds to a momentum resolution of .3% or, for a 20° bend, a

determination of the bend to 1 mrad. An apparatus that determines



-6

angles to better than 1 mrad is reguired. The resolution reguirements
for the cohercnt deuteron measurements are somewhat less stringent

since the t values of interest are about a factor of five lower.
2) Backgrounds

We have two types of background to contend with. First there is
the target associated background consistiug malnly of m 's and K's
produced in the gas jet. Second there i: room ba quround primarily
due to the scattering of the beam in the residual gas from the jet.

We will discuss these separately.

i) Target Associated Backgrounds
To estimate typical K and m fluxes from the targe’: we consider

200 Gev pp elastic scattering at t =-1.2 (Gev/c)z. The value of X

12

. +
for these protons is =.9. TFor 7 's at the same angle and momentum

: + .

X =6 and for K 's X =.7. At 24 Cev, for these values of X and P ,

the ratios of the invariant cross sections for the three particles
4 T

RN S T o tal - AN
aie: 'JfL‘ru.g;lx.LJv \see Flg. a4

] .
B &2 ‘ E‘d—03 L Egﬂ?) L =50:3:1.
dp” | pprpx’ dp” |ppom % dp”| pp K x
The large predominance of protons is due to the fact that elastic

scaltering occurs near the kinematic boundary for n's and K's. It
is expected that these invariant cross sections vary slowly or not
at all with s, so we don't expect much contamination near the elastic
scattering region. On the other hand, for more inelastic events,
the situation is not as favorable. For protons emitted with half
the momentum of the elastic recoil, X = 8. For w's and K's at the
same angle and momentum X = .3 and = .5 respectively. Here the

ratios of the invariant cross sections are (again roughly)
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In this reagion particle identification is necessary. Here the
protons are slow, § = .5, and have a flight time over a 3 meter
apparatus which is 4 nanoscconds lonaer than that of a v, so
protons and m's coculd thus be distinguished by measuring time of
flight usinag the machine RP structure. Also these protons would
be below the threchold of a lucite Eherenkov counter. Thus, there
are two handles for particle identification where it is necessarv.
The deuterons w..ll be guite distinctive, their f = .3. Comparing

time of flight to momentum measurements will unigquely identify them.

ii) Room Background

We have measured .he instantaneous singles rate in a 50 cm2 counter,
about 2 meters from the veam pipe withﬁvlolo protons per booster
pulse,to be 7.3 megacycles. We could attribute most of these
particles to beam interactions in the residual gas, produced by the
gas jet,in the upstream beam pipe. Soon the accelerator will
overate with perhaps 100 times as much beam in a booster pulse, at
which time we can expect instantaneous background radiation of

5 megacycles/cmz. For this exzperiment we plan to sacrifice solid
angle and use a small detection apparatus made up of elements with
areas not exceeding a few cm2. In this way the rates in the
scintillato:s could be kept below a megacycle even for a circulating
beam of 1012/booster pulse. The precision spatial measurements will
be done by small proportional wire planes where each wire covers

- 2 . . :
1 cm” of area, keeping the rates per wire below 1 megacycle.

At the current time an effort is underway to reduce the cuantity
of residual gas going into the upstream beam pipe by revising the
vacuum system. If this is successful it will be an obvious benefit,

but in any case we will prepare for the worst case conditions.
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IVv. BExperimental Apparatus

1) Hardware

We propose to decouple the measurement of scattering angle from

the momentum measurerment by using the magnet to bend vertically.

We need a B+ | of 15 kilogauss meters with a gap of 5 tb 10 cm

along the field lines and 15 cm across. This magnet would be
mounted on an arm which would pivot about the target point. (See
Figure 5). The jet will be viewed from 50° to 80°, throuch a

<hin titanium window. The space from the target window to the
magnet entrance would be about 1 meter and in this space we would
have 1 horizontal and 2 vertical proportional wire planes (PWP) covering
5 cm horizontally and 7.5 cm vertically,with wire spacing of 1.5 mm.
Behind we would have 3 vertical chambers and two horizontal chambers
ranging in size from 7.5 cm x 15 cm to 10 cm x 30 cm again with

1.5 mmm wire spacing. The total number of wires will be 550 for

the momentum measurement and™150 for the scattering angle measure-
ment. The vertical wire planes together with the small vertical
dimension of the beam at high eneragies (< 2 mm) should givea bend-
ing angle measurement to an accuracy of ~l mrad. The scattering
angle measurement will be limited by multiple scattering. For this
reason the amount of material in the snectrormeter will be kept to

a minimum. At the window to the vacuuwn chamber we will have a thin
(<l mm thick) scintillator for trigeering. Behind the last PWP's
will be a scintillation hodoscope for the triqqer,‘a rough ancular
measurement, and for the time of flight determination. Following
that will be lucite Cherenkov counters for fast particle identifica-
tion. In all the drift spaces will be vacuum pipes with thin mvlar

windows to minimize multiple scatterina. After a trigger the wires
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will be read-out and the time of the count in the rear hodoscope
relative to the machine RF will be determined. These data will be
accurnulated by a PDP-8 computer and written on tape between jet

bursts.
2) Trigger

The trigger must pick out particles originating from beam ~ gas

jet collisions. It is our experience thoi the room background is
highly correlated with the machine RF structure and including a

gate generated from the RF into the fast coincidence eliminates this

room background effect from the triagger.
3) Monitoring

To study variations with s,measurements made at different times
and under different conditiocons have to be related. Therefore it

is critical to have an effective monitor of the beam on target,

While there is a good possibility that a monitor may be devised

R - o e I - . P PR PRI, M [ T . o Lo B i
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s
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neasurements we could have an adecuate (=5%) monitor independent

=3

of the success of these other methods. Figure & shows a pulse
height distributicon in a solid state detecter mounted in the vacuum
system and viewing the jet at an angle of 86° from the beam line.
The peak corresponding to elastic p-p scattering is clear and has
very little background under it. The s devendence of the total
cross-section, the slcope parameter and the real part of the forward
amplitude are well enough known to relate the elastic counts at
fixed t to beam on target to5%. The guality of this monitor will

improve with further total cross section measurements.
4) Operatinag Inside the Main Ring

We are familiar with the problems associated with operating inside
the main ring, in particular the limited access availilable for
maintenance of equipment. We plan to modularize the detection
apparatus so that defective units can be replaced rather than
repaired in place. Feepinag the apparatus small in scale arestly

focilitates this.
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3) Rates
i) pp elastic scattering

] . . ' -32 -31
[SR results (Fig. 1) give do/dt between 10 and 10 c / Gev/c)

for |t|>1.0 Gev at 1500 Cev. Tor a solid angle 5 cm horizontal and
15 cm vertical at a distance of 2 meters we have, for recoils at

60° (t=1.0 (Gev/c)2/

A¢ = .15m/ (2.0 m x SING60° x 27) = _.015
At = 4Vt 40 = 4 x 1 x 1 x 59%— = .T (Gev/c)2

For 5 x lO12 protons/pulse, a jet with density 2:><J..O—7 gms/cm2 ,
.3 seconds in duration ard do/dt = 10—3l cm2 (Gev/c)2 we expect

an elastic evewn. rate of 23 7
X /0";) (E’r‘o‘f ,‘%’.ﬁ"k’/'oz} Lo 2/550 X Lx1e”? '{’Arc’i:/am X 3 xio ﬁm/éﬂﬁ X

" A1\
w fo 2l e/ laevs )t ®. (Gedf )t X .3 s5€c X.0I5 (A(.;"_,

=1.4 events/jet burst.

This corresponds to 1003 evenig per jet burst per hour which s

adecuate for the purposes of these investigations.

ii) pp inclusive scattering
The invariant cross gection Sd?i?/dthz at t = -0.5 (Ge\/'/c)2 and
s = 400 GeV2 is 10 mb/GeV2 (Exp. 67). With the above gecometry

this gives a counting rate of

— 3 W7 G e
M, Ak = 2.5 }l_\‘\.:i‘ N A R m\l-; A S WD
R S S T Vo
o B -
N AR A S R T A S
= 1200 events/jet burst
iii) pd elastic scattering
- 2 : 8 : .
at t=-.25 (Gev/c)” we estimate from 24 Cev data that do/dt will be
-29 2 2 .
about 2 = 10 cm”/(Gev/c)”. Ad is, of course, the same, At = .1
2 , . . - -6 2 L
(Cev/c) ™, the jet is more dense 1070 gms/cm” so we expect an elastic
event rate of o
2 4 e Fon . o ‘[t..’.‘ . -
Sxpelfpioiyx Swiet Cuc/sec o 8 516" arg fgm X 10 ©9umfem? x
g, A .
X 2x/o Tm”/ (G f“/““ o d d C¥ML%??:ﬁ1' X o3 st x, ul
=075 events/jet burst.
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V. Procedure

After the installation of the equipment we would need about two weeks
of running for tuning and debugging. Since the resolution require-
ments for the colerent deuteron and the inclusive proton measurenents
are less stringent and since the event rates are higher we would
study these first. This should take two weeks with at least two

jets per pulse. For elastic p-p scattering we could run 6 to 8

t positions at 10 energies in a week. These measurements would
indicate the position of the break as a function of energv. We

would then study this region carefully for another week. We
therefore ask for 6 weeks of running at the highest machine encraqy

with 2 or 3 jets per cycle.

VI. Other Experiments

An extensive program for hadron scatterincg in this t range is

vlanned for the meson laboratory. These experiments will study
o F + o , . . - .
1 ,K7 and p scattering for a wide range of t values and for energies

v

up to 200-300 Gev. Our cxreriment could not match these experiments
in terms of t range or in the variety of the incident particles.

to s = 940

Ut

We will span a wider randge in s, however, froms = 1

2 . §
Gev™, overlapping both AGS and ISR measurements.

The ISR results on pp elastic scattering, referred to in this proposal,
were a motivation for this proposal. We are particularly interested
in seeing how the dip seen at 1500 Cev forms and moves as a function
of energy. Our t resolution will be about ten times better, enabling
us to study the depth and position of this structure with more

precision.
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VII. Details

1) Timetable

We could start on the procurement and the construction of the
apparatus immediately. We have commitments for experiments 186
and 188, but we could install this appavzius soon after their

completion which would most likely be July or August 1973.

2) Manpowexr

We could have 2 or 3 PhD physicisits auw o me students in residence
at NAL. Others can be here during the summer for installation and
start up, and subsequently for runs. The possibility exists for
extending the collaboration to one more institution or to other

interested individuals.
3) Eguipment

We would provide the proportional wire planes and their readout
electronics, the scintillation hodoscopes and a PDP-8 computer. We
would expect NAL to provide facilities for the maugnet and to operate
the gas jet target. Magnets similar to what we need exist at cyclo-
tron laboratories and we are currentlyv looking into the possibility
of borrowing one for this experiment. If not, with NAL's assistance,

we could build one.
4) B# and Beyond

The experiment described in this proposal has been designed for the
present internal target facility at C@. The proposed laboratory at
Bg would allow us to make the lever arms for the angle measurements,
before and after the magnet, 2 or 3 times longer, giving better mass
resolution. This would simplify the separation of elastic scatter-
ing events, particularly at 400 and 500 Cev. The longer lever arms
wonld also make the apparatus suitable for studying these react-
ions at the c¢ven higher energies which could be available with the

cneyvgy doubler.
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For a roview of the many theoretical models for pp elastic
scattering see:
J. D. Jackson, Rev. Mod. Phys. 42 (1970) 12.

For example: Tse Yuen Cheng, Shu Yuan Chu and Archibald W.
Hendry. "A Unified Picture of Proton-Proton Elastic Scattering
3

from 3 to 24 Cev/c". Indiana University preprint C00-2009-33,

1972.

H. Cheng, J. K. Walk=zr, and T.T. Wu. "Impact Picture of Very-
High~Enexrgy Hadron Iateractions (With Numerical Results)"

MIT preprin. 72-3477.

J. V. Allaby et al, Cern Rome Collaboration report at the
Fourth International Conference on Hich Energy Collisions,
Oxford, Encland (April, 1972) .

C. Rubbia et. al., Talk presented during the parallel sessions
of the XVI International Conference on Hich Enerqy Physics,

Batavia, 6-13 September 1972.

R. J. Glauber, Proceedings of the Third International Con-

ference on High Energy Physics and Nuclear Structure, New York,
N. - ¥. 1969, edited by S. Devons (Plenum, New York, 1970) pg. 207.
L. Van Hove, Nucl. Phys. B46 (1972) 75 and, Alfred S. Coldhabex

SUNY preprint.

U. Amaldi et al. Nucl.Phys. B39 (1972) 39.




Figure 1 cattering measurcments

Proton-Proton elastic s
from 3 Gev up to 1500 Cev. The t resolution
for the 1500 Gev data is shown together with an

optical model calculation for a "black" proton.

]

o . 2 . . . .
Figure 2 Aoman of the s and M7 recgion of the inclusive

X
~y

roton spoctrum which will be explored in this

e}

experiment. The vertical lines (fixed 8)~-are
regions covered at the ISR and lower enerqgy
machines. The sloped lines indicate the points

measured in experiment 67 at NAL.

Figure 3 The missing mass distribution seen at 2
4 . 2
Allaby et al”. Above |t|=-0.4 (Cev/c)® the structure

nearest the elastic peak is the N* (1520).

Figure 4: The invariant cross sections at 24 Cev for p's.
+ + .

k 's and 7 ‘s, taken from reference 4

Figure 5: a) An elevation view of the propocsed apparatus.
The detailed configuration depends upon the actual
dimensions of the magnet. b) A plan view showina
how the spectrometer fits into the tunnel.

Pigure 6: A recoil proton energy spectrum measured in a

Q

1 mm thick surface barrier detector, 86° from
the beam line. The peak at 10 Mev corresmonds

. . . . . L 2
to elastic p-p scattering at t=-.02 (Gev/c)".
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Up~date on Proposal 198 for Jet Target in Expanded C-0 Area

The eXperimental set-up is shown in Figs. 1 and 2. The
spectrometer consists of two quads and two bending magnets. We
show standard 2GS magnets (specs. enclosed, Figs. 9, 10 and 1l1)
but any similar or superconducting magnets would do. The magnets.
would be mounted on a rigid platform which pivots around the target
so that the spectrometer could be remotely controlled to view re-

coils from 45° to 90° in the lab.
Quads

The main function of the quads is to focus parallel rays
(rays having the same 6) to a point at the first wire chamber (see
Fig. 3). Machine vacuum is extended up to this first wire plane
(see Fig. 1). The recoil angle will thus be determined by measuring

one point and will be independent of multiple scattering. The

second function of the quads is tc increase the solid angle,

especially A¢ (Fig. 3).

Bendinc Maagnets

The recoil momentum resolution is limited by multiple scattering
in the middle wire plane (PC3 in Fig. 1) and helium. Multiple scat-
tering in PC2 and PC4 does not contribute. To minimize the uncertainty
in recoil momentum we bend by a large angle; 60° for recoil momenta
up to V1 GeV/c. At higher momenta, given the same magnets, we bend
less., We foresee perhaps two, at most three, different bend angles
to cover the proposed range (0.15 < |t| < 3.0 Gevz). Although we
bend less at high |t|, the loss in resolution is partially compen-
sated by the lower multiple scattering at high momenta.

Interface To Machine Vacuum

To get machine vacuum to PCl and maintain freedom of motion
we might use a 6" diameter foot long stainless steel bellows a foot
to one and one half feet from the target. This would allow pivoting
by 16°. Angles outside the range would be reached by "shimming"

the front end of the bellows with wedge shaped 6" diameter washers
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to give us different "central" angles. Four shims would be needed
to cover 45° < 6 < 90°. a gate valve between bellows and target

would separate machine and spectrometer vacuum during angle changes.

Counting Rate

The large solid angle resulting from the quads would give

12

an elastic counting rate of 10/machine pulse at 2.5 x 10 protons/

pulse in the region of the "dip" at |t| = 1.4 GeV2.

Monte Carlo Resolution Studies

The proposed apparatus has been "assembled" inside the memory
of a PDP-10. We allow an elastic event to occur somewhere (randomly)
in the beam-jet region and we follow the scattered proton through
the apparatus, allowing it to randomly scatter wherever it meets an
obstacle. When it passes a wire plane we make note of the nearest
wire. From the struck wire in the first plane (made up of double
planes with 1.5 mm wire spacing each to give an effective spacing
of 0.75 mm) we infer +the recoil angle. We "fit" a recoil momentum
to the three struck wires in the last three planes (single planes,

.. and p s
recoil “recoil
calculate a missing mass. The results are given in Figs. 4, 5 and

1.5 mm wire spacing). From the 6 so found we

6. Chromatic aberrations due to Ap = *4% have been included.

recoil
Our conservative estimates of the expected elastic mass

resolution for the "real" spectrometer at 400 GeV incident energy
are: AM = #87, t137 and *169 MeV at |t| = 0.15, 1.5 and 3.0 GeV2
respectively. Mass resolutions at energies other than 400 GeV can
be obtained by multiplying the above values by E/400, e.g., at 100
GeV and 1000 GeV they would be 0.25 and 2.5 times the above values
respectively.

The resolution in momemtum transfer t at 400 GeV and

t = -1.5 Gev® is At = $0.0012 GeV? (See Fig. 7).

For heavy missing masses produced in inelastic collisions
the resolution improves dramatically. For example, if the spec-

trometer is placed at the Jacobian peak, then 9M/3p = 0,

recoil
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BM/aerecoil is much less than for elastic and indeed the limiting
factor is BM/apinc. At 400 Gev, t = -0.5 GeV2 we get (from Monte

Carlo) AM = *10 MeV for MM = 13.0 GeV (see Fig. 8).
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B.00020E+30
0.00000E+20
0.0000BE+00
D.000022E+02
P.V22BRE+2P
B.000BRVE+DD

2.00082E+22
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P.14142E+01
2.0800BE+20
3.00000E+20
J.00000E+20
D.10200E+D1

NORMALI1ZgD TO

D.19000E+021

P.10900E+01
S.02000FE+00
HN.14142E+21
D.14142E+01
B.17321E+41
0.28284E+01
B.20000BE+1
B.17321E+01
2.304008E+01
V.26284E+01
#,28284E+01
N.37417E+01
0.45326E+01
B,47958E+¢1
N.53352E+01
v.S5099VBE+A1
W, 67082E+0C1
N.54772E+¢1
D.64307E+01
V.53852E+¢1
0.5831vE+01
A.60828E+¢1

W.48990E+01

2.45826F+21
B.469P4E+C1
3.41231E+21
P.40000E+01
2.30D0CE+C]
2.24495E+@1
D.0pBOVE+RY
B.10000E+01
D.,100080E+01
0,10000E+01
V.oo0vovE+0d
B.00000E+20
B.00000E+20
B.00000E+0D
V.00002E+22
N.00000E+DY

V.00IBRE+ED

3.00000BE+R0
B.0BAGBE-CD
N.RBOBE+D
B.00008E+20

2.00080E+22
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0 F833555Etbarennnnny

—Mass (@ev),

i
i

C3.312258+00
i @.,33725E+00
D.36205E+00
2.38705F+02

. 0.41205E+20

P.43705E+20
B.46225E+00
[ B.ARTE5E+00
0.51205€+22
3.53705E+08

. _D.56205E+00
2.5874SE+AY
L B.,61205E+02
T @B.637B5E+20
T P.66205E+00
B3.68705F+a0
D.71225€6+88
R.737256+00
0.76205E+30
. B.78705F+20
?.81235€+20
B.83705€+a0

_ B.862ASF+0Y
T B.8B705E+20
L B.91295E +02
. B.S3725F+0Y
T .96205E420
.9R7ASE+BY

. @.172121E+91
@.13371E+21
2.12621E+01

| 3.10871F+21
| TT0.11121E+91
2.11371E+91

- B.11621E+01
1 2.11871E+01
! B.12121E+21
@.12371E+01
@ 126218+
., 9.12871F+81
;~ B.13121F+a1
W 0.13371F+21
i B.13621€+01
T0.13871E+01
T3.14121F+01

!
i

- B.143718+01
ii B.14621E+01
r__ﬁvl4871E"'ﬂ1

)

2.15121E+01
0.15371E+01
2.15621€+21

VAR,.=TEST NO.

HISTOGRAM NO. 1 SUM =
1- @

M4 sannraasafbEPTE55%S

LT,
LLE. X JLT,
JLE. X LLT.
JLE. X LLT,.
SLE. X LLT,
JLE. X LT,
JLE. X LLT.
JLE. X LT,
LLE. X LT,
JLE. X .LT,
LLE. X LLT,
+LE. X LJLT.
JLE. X LT,
LLE. X LLT.
JLE. X LLT.
LLE. X LLT.
LLE. X LLT.
sLE. X .LT.
JLE. X LT,
JLE. X LT,
LE. X LT,
WLEs X oLT.
-LE. X LT,
JLE. X LLT.
LE. X LLT
LLE. ) oLT.
«LE. X .LT.
LLE. X LLT.
LLE. x LLT.
JLE. X LLT.
LE. X LT,
JLE. X .LT.
LE. ¥ JLT.
JLE. x .LT.
JLE. X JLT.
LLE. X .LT.
LE. x JLT.
JLE. x JLT.
JLE. X WLT.
.LE. X .LT.
JLE. X JLT.
.LE. X .LT.
LE. X «LT.
+LE. x LT,
JLE. X oLT.
.LEe X JLT.
+LE. X LT,
.LE. X LT,
LLE. X LLT.
JLE. X .LT.
LB X LLT.
JLE. X

T B.312065E+p0

B.35705C+80
2.362056+00
B.38705E+00
0.41205E+00
@.43705E+y 2
D.46205E+09
2.48785E+00
B.51285C+4 D
2.53795E+02
0.56205E+09
P.58745c+2¢
B.61205E+09
B.63705E+p7
@.66205E+00
B.68705E+38
@.712058+¢%
@.73705E+08
B.76205E+v0
B.78705€+22
2.812B5E+20
3.837956+30
B.BO6285E+0 D
B.RETPSE+2M
2.912658+00
2.93705E+45
B.962658+08
B.987856+01
@.10121E+21
?.14371E+01
R.18621E+01
P.10R71E+D1
B.11121£+31
M.11371E+41
#.11621E+21
P.11871E+@1
@.121218+01
P.123716+D1
B.12621E+01
0.12871E+21
#.13121E+01
B.13371L+01
#.13621E+01
@.13R71E+01
@.14121E+21
#.14371E+01
B.14621E+01
B.14871E+G1
2.15121E+01
?.15371E+91

B.13621E+01

L T T I 1 T T T I I S 1 S N 1 S T T T S T 1 T T T T L L 1 I S K O TN IO I U T I S O T 7 O L A [ T 1}

0.5A0PRE+D1
0,20002E+21
B, 0BRBRE+0D
D,000B0E+00
0.20200E+01
0., 30000E+80
2.,40002E+21
0,60880E+21
2,30000E+D1
0.40008BE+01
2.808000E+21
2.13203€+02
Y,80000E+31
0.70000E+01

0.,80000E+01

¥.19400E+82
D.25200F+02
B.15002E+22
B,.1280E+82
B.176396+82
B.300BcE+02
B.21009E+22
B.29404E+22
D.35380E+22
Q.38000E+22
B.32080E+02
W.274285+42
B,3100PE+B2
B.23000E+02
B.1200pE+22
B.110d0E+022
B,13630E+02
U.14400E+02
V,60400E+01
B.9RIABE+DL
U,40000E+D1
U,308d0E+31
B.1000pE+01
3.,20320E+81

G.,10800E+81"

V. GaYBYE+3Y
B.02V0BE+QY
2,00000E+3D
B.00BBBE+CY
0. 0RV0YE+DY
3.00200E+28
Y.0BICBE+D0
0.90VARE+DL
D.0DOEVE+DD
B,60000E+00
B,0020pE+0Y
D.0ooRpE+B0

3.49500E+43

-
+ -
+ -
+-
+ -
-
+ -
-
‘-
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
e
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
-
+ -
+ -
e
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -

p.22361E+21
#,14142E+01
B.OOBRBE+DD
B.0BVOVE+DD
P.14142E+01
0.020QuE+dp
D.20000E+01
A.24495E+21
W.17321E+01
n,2000vE+01
2.28284E+021
4,36056E+@1
D.28284E+01
8.26458E+01
D.282R4E+@1
D.,43589E+@1
D.50402E+01
A,3BT730E+01
,.34641E+V1
A.41231E+11
£.54772F+01
U.45826E+081
VW.53852E+01
2.59161E+01
d.61644E+071
B.56569E+01
2.51962F+01
NW.55678E+01
B.47958E+¥1
A.34641E+01
¥.,33166E+01
We36056E+¥1
Vie37417E+81
N.24495FE+11
D 30WPBE+U]
B.2V800E+A1
#.17321E+01
. 1BVBBE+B]
#.141428+02
2.183600E+01
G UL VE+D
B, 06LBYE+QY

B.0BnB0E+30

a,3EB0BE+80
A, Q0BG YE+BY
B, 702 E+0Q
J.BCYCBE+8Y
D BTOLOE+00

v.E2YEAEYR T

2.870G0F +08
¢.0C00VE+20
4.0000DE+D0

f([\at\)) 590\ —

et e e e ety —
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l HISTOGRAM NO. 3 SUM = 0.50000E+¥3 NORMALIZED TO ©.80820E+DY SCALE = 3.59
4 VAR, ~TEST NO. 2- @
T T T } : . e — —
*,{i PEFITICTSFenunnnnnn T [E AR R R L AR RET LT TR
et (Gav?) | o . S g —
L; 1: C Gav X LT, =0.15844E+01 = B.PDBROE+QY +- B.DBIRIE+DY 1 L - _ e
Y| -B.15B44E+€1 ,LE. X .LT. -@.15834E+01 = 0.U0ZBBE+00 +- 0.0800DE+00 I
11 =8.15834E+01 .LE. X .LT. -0.15824E+@1 = ©8.00000E+08 +~ ¥, 0VUBYE+0EY 1 . e S
5 -2.15824£+01 JLE. X .LT. -0.15814E+01 = @,00002E+00 +- 9.00082E+80 I
MO-2.,15814E+01 LLE. X JLT. -8.15804E+91 = §,D0000E+28 +- O,08482E+¢0 I
L =@,15804E+@1 JLE. X JLT. =0.15794E+21 = @.00002E+20 +- B.0CVORE+BY _ 1 s B —_
! =3.15794E+@1 JLE., X .LT. =B.15784E+D1 = 0.00000E+00 +- A.Q000BF+20 I
Y -2.157B4E+01 JLE. X JLT. -B.15774E+81 = D.0000BE+D8 +- B.P24820+82 I
i -@.15774E+01 LE. X .LT. =0.15764E+P1 = 0.000C0E+04 +~ 0.00000F+00 I e 3 A —
| =@.15764FE+01 JLE. X JLT. =0.15754E+01 = 0.00000E+00 +- 3.00400E+0Y I
o -@.15754E+01 JLE. X JLT. =8.15744E+31 = Q.B000RE+03 +- 4.000BEF+00 )
{1 -2.15744E+81 JLE., X .LT. =3.15734E+01 = B.0000BE+00 +- W,07200E+CD ) R e U —— -
ty =B.15734E+81 JLE, X .LT. =0.15724E+31 = 0.02000E+03 +- 4.00080E+00 )
M -B.15724E+21 JLE. X JLT. =0.15714E+01 =  B.02480E+0d +- 0.02000E+02 I R
7 =B.15714E+01 JLE. X .LT. =@.15704E+01 = 0,00208E+00 +- O.3MAR0E+00 1 e o S
I -2,15724€+01 JLE, X JLT. =-8.15694E+81 = Q.,80000E+00 +- 0.02003E+0¢2 I
3, =D.15694E+01 JLE. X .LT. -0.15684E+01 = 0,0000BE+02 +~- 1.00A00E+0D I
i -2.15684E+81 LLE. X .LT. -0.15674£+01 = 0,00002E+08 +~ B.02000E+00 I o e e SN
10 =8.15674E+@1 JLE. X LT. =B.15664E+81 = Q.00002E+00 +- 0.40006E+00 I
N -2,15664E+81 JLE, X JLT. -0.15654E+81 = @.0Q000E+B0 +- V.0AI00E+00 I
[ =@.15654E+81 JLE. X JLT. =2.15644E+21 = (.20808E+088 +- 0.0U4805+2¢ 1 e e e —
: =B.15644E+01 JLE. X JLT. =0.15634E+81 = 0.20004E+28 +- 9.000BVE+PD I
-6,15634E+01 JLE. X JLT. =D.15624E+31 = D,10000E+02 +- B,31623E+01 les
. _"9.15624E+81 JLE, X JLT. =0.15614E+¥1 = 0,33600E+@2 +- B.57446E+01 legenopnese — S —
P =0.15614E+01 .LE. X LT. =0.15604E+81 = ©8.12400E+03 +- ©Y,11136E+02 leauaabbauamabunbabatonRRuandanasts
\ -0.15604E+81 JLE, X LT, =2.15594E+21 = @.18300E+DB3 +- 1,13528E+02 I pn s aana s sn st s R bt NP ORBUIBRARIRIRNROERBRRNIDD
. =8.15594E+01 LLE, X .LT. =3.15584E+81 = 0.10902E+03 +- ©B,10440E+22 levssornanasnsptnantnpapaantpss J U U
=@, 15584E+81 JLE. X JLT. =8.15574E+81 = @§,370006+02 +- ».62828E+D1 leoeaaasans
" =B.15574€+P1 JLE. X JLT. ~0.15564E+81 = 0.4002¢E+01 +~ §.20000E+01 le
© =B.15564F+81 JLE, X JLT. -0.15554E+281 = 0.00000F+00 +- 7,2A000E+30 I o , e S
{1 =8.15554E+81 JLE, X (LT. =0.15544E+21 = 0.,000vBBE+3s +~ ©.0000vE+20 1
' -0.15544E+81 LLE. X JLT. -B.15534E+01 = 0,00000E+80 +~ 0.00000E+CD b | i
~2.15534E+01 JLE. X .LT. =B8.15524E+01 = @.Q0000E+00 +- #.p000UE+C0 1 - . - _H“Wy})“ ,,,,, — e
T=2.15524E+91 JLE., X JLT. =2.15514E+21 = 0,00000E+02 +=-  2.0000vE+0Q 7 1 o)
i3 - =2.15514E401 LE. X JLT. -B.15504E+01 = 0.00000E+02 +- ¥.00000£+08 o~ | e
D =B.15504E+01 JLE. X JLT. -0.15494E+01 = 0.0QRODE+RY +- Q.2I0HDLE+0D I £§ A+ o+ o
DT 0.15494E401 JLE. X JLT. -B.15464E+01 = Q.0000OE+28 +- v,@0000E+00 @Y | 7 — m
[y =@.154B4E+01 . LE. X .LT. -0.15474E+01 = ©.8000QE+D0 +- .2P000E+0 (3 | S o ct m —
 =@.15474E+081 JLE. X JLT. =0.15464E+01 = 0.00800E+00 +- 2.00d20E+00 < | - a. 2: B R —
T<0.154646+01 LLE. X JLT. =8.15454E+01 = 2,00000E+00 +- .0.02000E+80 g 1 7 o n O
L . =8.15454€+81 LE. X .LT. =0.15444E+01 = 0,20202E+28 +- @.00000E+00 ~r | I L e <J
© =D.154494E+01 JLE. X LT. -0.15434E+01 = 2.00000E+00 +- B.P0300E+0D 1 B RE o -V .
[ T=8.15434E+01 JLE. X .LT. =0.15424E+01 = @,0000CE+0D +- 1.00X0GE+0D 1T o —c 0o 9
€5 ! -2.15424E+21 LE. X .LT. =0.15414E+31 = 0.00B800E+03 +- U,00008E+00 1 o : 0N\ z
7 =8.15414E+81 .LE. X .LT. =0.15404E+81 = 0.00000E+00 +- @.00000E+0D 1 O P (4 I
L 728.,15404E+01 JLE. X .LT. =0.15394E+81 = 0.000@0E+03 +- 3.000Q0E+08 I Tt O jo) ~” o
£  -0,15394E+01 LE. X .LT. -0.15384E+81 = ©@.00000E+90 +- 0.00400E+00 I —_ 94 o 9
| -8.15384E+81 JLE, X .LT. =0.15374E+¢1 = @.00002E+00 '+~ 2.00200E+00 I o I P<,_<;“,ji:,é,w. e
| ©7<0,15374E+81 JLE. X LT. =2.15364E+21 = '0.00000E+B8 +=- 2.20002E+0D 1 Z )
£ -0,15364E+01 LE. X JLT. =0.15354E+01 = @.80000E+00 +- 0.00000E+00 I A o <
{0 =8i15354E+@1 JLE. X JLT. =3.15344E+01 = 3.00280E+28 +- 8.,02080E+22 I e e ;."; oo e
I T-@.15344E+91 JLE. X = Q.DDEORE+DO +- V.QPLDRE+DD I N < S
. . . . v
N S - , B S ———
2 - ’
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HISTOGRAM NQ.
VAR.~TEST NO.

4 B.12377E+02
Pl 2.124026+02

D.12452F+02
i ©.12477E02

,,f 9.12427E+22
-1

]

]

¢ 2.12502E+@2
1) 2.12527E+@2
\_9.12552E+02
B 12577E562
L @.126@2E+02
i 0.12627E+02
T R.12652E+B2
@.12677E+02
_8.12702E+082
TR 127276432
k B.12752E+62
v __B.17777€+62
.. 126802F+¢2

8.12827E+02
B .12652€+082

@.12877E+

B.12902F+02
ﬂ_a 112927€+02
! o 12952E+@2
: 129775+¢2
5.136ﬂ2ﬁ+62

| 2.13252E+D2
1 B.,13477E+82

T70.13192E+82
HB.13127E+32
i 2.13152E+82
LT 3.131776+8

| 8.13202E+22
2.13227E+82
f B.13252E+82
i B3.13277E+02
b z.isaw25+az
b V13827632
o 2.133528 402
i B.133776+02
C.13402E+92
2.13427E+22
d.13452E+32

!
i
'
i

i, B.13522E+22
Y2, 13527E+@2
i ©.13352E+82
«! 2.13577E+32

L R.13682E402

TTR.13627E%227

2.13477E%32

é $53533F5FSennnnnnnn
T N WP N
L A454¢, E(*@*J)— T

M4

1
1~

]

SUM = 8.50000¢+03

NORMALIZED TO

0.00000c+20

SCAL

g =

4.92

#utstzexn 555 TFFETE

hTTB. 136276702

B.12377E+42

JLE. X JLT. @.12432E+92 =
LE. X WLT, B.12427E+22 = ¢
VLE. X LTS B.124528+02 =
JLE. X JLT. @.12477E+22 =
_eLE X WLT.  @.12522E+92 =
LE. X JLT. D.125276+02 =
LE. X JLT. @.125528+92 =
LE X LT, ©.12577E+02 =
TLES X JUT. 2.12680E+82
LE. X JLT. B.12627E+22
WLE. X LT,  @.12652E+p2
CLEL X LT. B.12677E+p2 :
LLE. X JLT.  D.12702E+02
eLE. X LT, B.12727E+02
LE. X JUT.  Bo12752E+p2
JLEL X WLT. 9.12777E+22
oLE. X .LT. @.1282E+22
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ABSTRACT

We propose to measure recoils from the

internal H, and D, gas jet target at incident energies
up to 500 GeV and values of |[t| up to 5 Gev? using a
single arm magnetic spectrometer. The wide range of
incident energies, low target density and high lumin-
osity available at the internal target are well suited
for a high-resolution, high-statistics study of the

s and t derendence of pr elastic ahd inelastic scatter-
ing as well as elastic and coherent inelastic pd scat-

terina.
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Introduction

There has recently been a pronosal by Jovanovic, Malamud,
Nikitin and Kuznetsov to construct an'experimental hall at C-O.
To exploit the advantages offered by this new area we are here
revising our proposal #198. The physics objectives, discussed
in detail in our original nroposal, are briefly restated here.

By studying pp and pd elastic and inelastic scattering from 30 to
500 GeV in the |[t|rance 0.3 to 5.0 GeV2 we hope to find answers

to the gquestions:

1. Does shrinkage persist at high t?

2. How does the break in the elastic differential cross
section at 30 GeV develop into the dip observed at
the ISR?

3. Does the position of the dip vary with energy?

4. What is the s dependence of do/dt for t's beyond
the dip?

5. TIs there structure similar to that for elastics in
the inelastic production of nucleon isobars?

6. What is the x and s devendence of the inclusive proton
spectrumrnear the kinematic limit? In the context of
the triple Regge model, what is the strength of the
triple-pomeron coupling? To determine this one needs

to measure both x and s dependence.

7. How do coherent inelastic processes on deuterium

compare with elastic pd scattering?

Competing Experiments at NAL

There are two other exveriments at NAL studying elastic
scattering at "high" t:

1. NAL #7 (Meson Laboratory)

This experiment will use a double arm spectrometer in a
secondary beam. The expected counting rate is 20 events/day for
a cross section of 100 nano-barns so the data rate in the region

[t|] > 1 Gev2 may be marginal.
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2. NAL #177 (Proton Laboratory)

Elastic nn scattering will also be measured at hicher
momentum transfers (|t| > 5 (GeV/c)z). This experiment, also
using two arms, will have high luminosity and will be sensitive
to small cross sections. On the other hand, it will be difficult
for this experiment to reach lower |t] values. For example, at
400 GeV/c an event with |t| = 1 (GeV/c)2 will have a forward

scattering angle of 2.5 mrad - a difficult particle to detect.

Since the dip in the elastic differential pp cross section
occurs in the region 1 < |t]| < 2 GeV2, neither of these experiments

is well suited to study this structure.

Unique Advantages of the Internal Jet Target

The jet target has unique characteristics which make it
especially well suited for the physics we have proposed to inves-

tigate. These properties include:

1. Low density target permitting good mass resolution.

2. High luminosity permitting high statistics.

3. Continuous energy variation of the incident beam during the
machine ramp permittinag study of the energy dependence of

the processes studied.

In addition to these properties which are conducive to
a good experiment, the jet target has the practical advantage that
it is essentially parasitic in nature. Experiments in the internal
target lab will not affect the experimental programs being carried

out in the external beam lines.

3. Experiment #198 (Internal Target Laboratory)

In contrast to experiments #7 and #177, the proposed exper-
iment #198 does not detect forward going marticles but uses a
single arm to detect the recoil nroton. The separation of elastic
and inelastic events therefore relies on an accurate determination

.



of the missinc rass qoing forward.. Good mass resolution is in

turn dependent on a nrecise determination of the recoil anale
and the recoil momentum of the detected particle. A detailed
calculation of our mass resclution is presented later. lere we
outline the principal features of this problem and the general

design of our single arm spectrometer.

The spectrometer is shown in Fig. 1. We will use two
bending magnets which give a total Sé-dl of 50 ka-m and bend 3
GeV/c particles by 30° in the horizontal nlane. Six vertical
4and 3 horizontal proportional wire chambers will measure the
recoil ancgle and momentum. The forward chambers which measure
the polar angle will consist of pairs of planes with 1 mm wire
spacing "staggered" by 0.5 mm to give an effective smacing of
0.5 mm. Pions will be rejected by time-of-fliaght and a plastic
Cerenkov counter at low momenta and by a gas Cerenkov counter at

hich momenta.

We will build two different "Ifront ends® ror the spectrometer.
These are illustrated in Figs. 2a and 2b. The first (Fig. 2a) is

a standard set-up consistinc of wire mlanes separated by helium
bags. The second (Fig. 2b) is a "zero mass" and therefore "zero
multiple scattering" system consisting of a "slit" defined by veto
counters inside machine vacuum which is extended +5m to the first
magnet. In this system we trade off counting rate for high resolu-

tion.

The Multiple Scatterino Problem

The accuracy to which recoil angles and momenta can be
measured can be no better than the limits imposed by multiple
Coulomb scatterinag. There is no way to avoid this - the best we
can hope to do is to reduce the multiple scattering to the point where
its contribution is acceptable. Multiple scattering in a conven-
tional liquid hydrogen target typically limits the mass resolution
at 300 GeV incident enerqgy to vl Gev/c2 which is not good enouch

to separate elastic and inelastic events.



In cormparison, the largest contributions to nultinle
scatterina using a cas jet tarcet come from the vacuum exit
window and the detectors. In our set-up of Fig. 2a these contri-
butions can be reduced to the point where AM = 240 Mev/c2 at 400
GeV incident eneray and |t| = 1.5 Gevz. We can improve consider-
ably on this resclution by eliminating entirely the effects of
multiple scattering in our measurement of the polar angle. This
can be done by extending the machine vacuum un to the first magnet
as shown in Fig. 2b. Two small wnlastic scintillators in vacuum
A1 m from the target define a 1 mm wide "slit" by vetoing all
particles not passing throuch the slit. 2 second position measure-
ment is made with a wire plane immediately behind the vacuum exit
window which is 5 m from the tarcet. The ancle measurement,
having been made essentially in vacuum, is independent of any
multiple scattering and its accuracy depends only on the slit
size and wire spacing. Indeed, the accuracy is so good, A6 = 0.1

mr, that the incident beam divergence becomes non-neaglicible.

With the "slit" arrangement of Fig. 2b we obtain a mass
resolution of AM = #135 Gev/c2 at 400 GeV incident energy and
t = -1.5 Gevz. The price for this improved resolution is a
reduction in counting rate by a factor 30 from that of the con-

ventional wire plane system of Fig. 2a.

Resolution Calculations

The limiting factor in the mass resolution of the proposed
spectrometer is multiple Coulomb scattering in the vacuum window
and wire planes. We minimize the math through air by placinag
helium bags between the chambers and inside the magnets.

Fig. 2a shows the thicknesses of material through which
the scattered nrotons pass. The most critical window is the one
separating machine vacuum from atmosphere. In Exp. 188 (Rutcers -
I.C.) we used a 3-mil titanium window which was bench tested to

destraction and broke at 456 psi, i.e. 30 atmospheres. 3-mil H-



film (mylar) windows were also tested and found to hold up to 10
atmospheres. For the present exveriment we plan to use 3-mil
H-filr backed up by an isolation cate valve so that the H-film
window would see machine vacuum only during data-takinag. If
the accelerator section judged the H-film window too thin to
use over long periods, we would begin with a Ti window.

As an example we calculate the mass resoltuion at t = -1.5
.GeVZ, the region of the dip in the elastic cross section. The
recoil momentum at this t is »n = 1.5 GeV/c. Using the arrange-
ment of Fig. 2a with a 3-mil H-film vacuum window we get an
uncertainty in the polar anale of A6 = %0.37 mr. The uncertainty
in the angle of bend through the magnet is A¢ = 20.39 mr. For a
30° bend this corresponds to Ap/p = *0.76 x 1073, Multiplying
these uncertainties by &M/36 and 9M/op and adding guadratically
we obtain a mass resolution of 3240 MeV at 400 GeV incident energy.

Included in AA and Ad, in additio

+t~ i

¥

are measurement errors due to wire spacing. The incident beam
divergence is included in A6. The effect of the uncertainty in

the incident beam momentum is very small and has been neglected.

Our mass resolutions at 400 GeV are summarized in Table I.
Since the mass resolution is a linear function of the incident
energy E, resolutions at energies other than 400 GeV may be ob-

tained by multiplyina the values of Table I by E/400.

TABLE I. The mass resolution, in MeV, of the wire
plane (Fig. 2a) and slit (Fig. 2b) spectrometers at
400 GeV incident energies. Mass resolulions at
energies E other than 400 GeV can be obtained by
multiplying the aiven resolutions by E/400.

2 Mass Resolution (MeV) Mass Resolution (MeV)

t(Gev™) Wire Chambers (Fia. 2a) Slit System (Fig. 2b)
-0.5 £335 ¥150
-1.5 $240 £135
-4.0 +190 +125

-10.0 +215 ' _ +200




Countinc Rates and Backarounds

In the region of the break (t = -1.5 GeV2) we expect the

elastic rate for 5 x 1012 vrotons/pulse to be

N ; = L do/dt At Ao/2m

34 =31

= 10 x 10 x 0.2 x 0.02/27w

0.6/machine pulse

where L. is the luminosity. This is the expected rate for the
large solid angle system shown in Fig. 2a. For the slit system

(Fig. 2b) the rate is a factor 30 lower.

Although the elastic events occur at the kinematic limit,
due to the finite acceptance of the spectrometer (at t = -1.5
Gev?, AR bp = 5 x 1073

legitimate (reconstructable) inelastic events. We estimate the

x 0.15 GeV/c) we will be sensitive to

number of jinelastic events will be a factor V10 greater than

the number of elastic events. The lower limit on the trigger

rate will therefore be V10 greater than the elastic rate. Although
the upper limit on the trigger rate is difficult to estimate, we
feel it should not bhe too much higher since all spectrometer
elements are well inside the enlarged C-0 "alcove" and therefore

well shielded from all but beam~target interactions.

Event rates for our studies of pp - pX and pD -+ pD, as
calculated in our original proposal #198, will typically be
%103/machine pulse.

From measurements made during E188 we estimate the singles
rate in our first wire chamber (two meters from the target) to be
v1 Mc which leads to a 10% probability of having two wires fire
during the 100 ns resolvina time of the chamber. The probability
of "doubles" in the chambers further from the target will be much
less and we will isolate real from srurious tracks by using the

large decree of redundancy provided by our six chambers.



At recoil momrenta below 2 GeV/c protons are V3.5 ns
slower than 7's over the lencth of the spectrometer and we will
use time-of-flight (using RF signal) together with a "Fitch" type
lucite Cerenkov counter to separate p's from m's. Above 2 GeV/c

v
we will use a gas Cerenkov counter.

Summarz

The arcuments presented in this pronosal lead to the
conclusion that the internal target laboratory is the only area
at NAL in which the proposed nhysics objectives can be adequately
carried out. The unique pronerties of the laboratory, i.e., a
thin target due to the gas jet coupied with high luminosity due
to multiple traversals of the incident beam, make possible both
a high resolution and a high statistics experiment. The other
obvious advantage of the laboratory is the availability of a
variable energy incident beam and the possibility of extending
thé measureiments immediately to any higher energies that may

become available.
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Fig. 1. The spectrometer set-up inside an enlarged C-0 area. The C's
denote multi-wire proportional chambers and the T's denote plastic trigger
counters. Included in the trigger will be an RF signal. Helium bags are
used between all elements and inside the magnets. ’
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Fig. 2. Two variations of the "front end" of the spectrometer of Fig. 1.
Fig. 2a is the conventional, high rate wire chamber system. Fig. 2b is the

high resolution "slit" system.
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