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L sinple counter experiment is proposed to investisete
2 . e . . .
the s and s/4° denendence of the inverient cross section
for the single perticle inclusive resctlons ponapi and
pp-»nxk in a limited region of »nhase sprce

4(3/;«12<20, 40¢ 8 ¢ 0.1« \t{ ©0.6

mex’
near the kKinemetic limlt. The neutron resction will be
studied directly, using e nydrogen jet, =nd =lso by
messuring tne difference betvween pp-»nX »nd pD-»pX using
2 deuteriun jet. Dfhe letter will »nrovide laform=tion on
the line reversed resction pn -»pX.

The proposed experiaent will use the internsl torget

and 2ims to provide infornstion on specific thneoretical

)

U
)]

are;

w

issues in & very snort tiue intervel., These 1issue

1) Relative importence of PPP and PPR couplings in the
triple Regese freuework.
2) Diffrective versus triple Regse epprorcnes to the

aaderstending of single perticle 1anclasive resctionas.
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Phayvasics Justificntion

neorcticel progress since 1470 has reverled the physics

interest of single prrticle ilnclusive distrivations . As
= result of tnils progress it is now possible to do simple
experinents in tihis field, covering a very sacll rcsion of

phrse sprce ead designed to be relevent to specifiic theorevicel

This 1s the spirit of our propossl =nd in this context
we alm to =aswer experinentsally a limited number of qiestions
in e very saort tiue interval. The cuestions ere the following:
Cen the triple hezoe graph provide =2 ressonebl: description
of pp->»pX »~nd pp-*nik ot HAL enersies? If this is the cease

-~

vitat sre tne relstive megnitudes of the trinle Regge couplings?
row do tney couprre with valuaes obtsined from other experiments
(in perticular I3R)?

A'different epproach to the uaderstonding of single
perticle spectrse ot high energy is thet of the "Difframctive”
type models (Fireball, Nove, Diffrstive Excitetion etc.)g.
friple nezze ﬁnd.Diffr?etive models con it equally well
the 1.3kt dets on Fp—apxg. ovever, 5 we shell show below,
thie two approrcines lerd 10 veory differeat nredictious for
the mronltade ol pp-»nix es coaprred to pp.spi. by stadying

the two resctious simalteneoasly we will be nble to differeatinte

between the two types of models.
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T~ble 1
. s 2 .
1jk S/ il 8 e sssane
v 2 1 t
0P (/) * constrnt
57 (t) = 1 + 3t
PP (S/wlt' ) et v ,3",']'5 %
5 ~ A-(t) = 5 + 3
and (s me)at constont i
- - ©, E,‘:\ (t) = ‘t
: . Y
Akl ( E)/‘uz ) 1/(3 et Y '
-
Is ’/) -
wYw 2 (S/Aa)“t 1 constont
2t - -
W (”S/.vlz) v 12 5

tny combinsetion of

termsd in the

~bove teble

to pp=»pX. iHovever for np~rnX the first two terms =2re not
allowed. PFarthermore for pp=nX we heve R = g or A2 (I = 1)
wnerers for pp-»DX wWe coen neve o = g "%3’”” f excnanges.

It is establlisaned from two body scattering th=t the coupling

of the Q And Az trejectories to the nucleon vertex is mach

N

N

®

{

1

)

i

cenn contricate

smeller” then that of f end u)(g% = gA2, ge = B g*gczl/Sg%).~

If therefore the tfirst four coaplings in Teble 1 are

sufficient to describe pp-»pik we would expect a strong

suppression of pp-»nX over the reglon of velidity of

exprasion (1).

Ploare 2 1liustrates schematicelly whet we snouald sce

in this ¢rse (for pp.»pX we teke typic=l ISR dote). If on

tone otner hend we observe coapersule p end n production

near X 0.3 we must thnen conclude (in the triple LHegoe context)
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thet wwP 2nd wwi couplings are very iamportent for
pp<onX.  daca a pensvior woald, 2t best, be considered es
"eccldentrl" in tne triple wnegge freamewor< snd would imply
tnet the ww? =nd gt contrivutions should not be neglected
in tits to pp-» pX.

In rig. 2 we 2lso saov the rense of x to pe covered
by tne proposed experiment. The rise for x » 0.35 can be
recevanted for eiltner by tne PPP or PPR terms in expansion (1).
Panese two terms hsve different s derendences =2nd we snell
be s#ble to deteraine tﬁeir.relﬁtive contrivations.

There are mesny dirferent theoreticesl conjectures concerning
the relstive importence of taese couplings6 (mainly relsted
to the interpretetion of the ﬁ?rpriwkfeand duslity scheme)
and experinentsl informstion would be valuasble., PFig. 3
show3 some predictions for the Nﬁi enercy renge besed oa
fits to Iowt end sab-JlLL energles. The proposed experiment

will distinguish esmong these possibilities.

piffrective Tvpe sodels

In contrest to triple Regge models, Diffrective models’

2i'or x £0.85. 1In

predict comparsbie p eand n prodactlon
tnese aodels the observed periticle spzcetran is assumed 1o

come from the tnree graphs of ¥ige 4. Fits to ISR date of
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such models7 indicrte thet for x £ 0.85 graphs 4b and 4c
douninrte the cross section. In this cese the recoil nerticle
cones from tne firebsll or nove cescrding to its ground strte
which is eaunlly likely to be p or n. The rise nerr x = 1

ig sccoanted for by grepn 4e.
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sumnery of Phvasics Justificetion

By studying s 2nd s Mg dependence of pp-spX #nd
\ppwynx in a limited region of pihmnse sprce we expect tos
1) Distingalsn between "Diffrective" end "Qriple Regge"
type models.

2) Deteraine in the triple ‘lesge f{romework, if it spplies,

the relstive megnituades of the different possible couplings.




Kinematics
As can easily be shown)at high energy (s = Qmpl))the invariant cross section
is proportional to the event rate in a fixed solid angle and recoil momentum

bite in the labora*tory,

dgd o sdQU
depC dtdi?

SXHE is essentially fixed by the recoil lab angle and t by the recoil momentum.

. _ 9 2 .
t = mb + mc QECmb
M2 | 1 e m2
—= {1 -= (& - p_ sin B)} (terms of order —- neglected)
S m,oe c _ s

Figure 5 illustrates the region we intend to cover in the proposed experiment.
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Zxperinental glethod

The method of detection of the slow recoil Drotons
fromn tne resction
P+ P -»Dp+ X (2)
villi Le similsr to thet used in experiment €7, i.e., the
protons ere ldeatitied by renge, pulse heisht end tiane of
flient.
Iwo tecnnicues will be used to study ine physics in
P+ D ~»n + X. (3
Reactioq (3) crn be nensared directly by detecting the
recoil neatrons prodiaced by protons incident on a nydrosen
teroet or one can stady the line reversed resction
D+ n -5 p+ X (4)
using neutrons in a deuterium terget and detecting the recoil
rotons with the same fpparstas ased for resction (2).
To extrrmct the neutron intormestion one would need to subtract
the effect of the protons in the deuterium snd meke a
“Glaaber correction. %e propose to study 211 three

recciions (2), (3) and (4).
Tne proposed experiment would run in perallel witn AL

exnerimeat 736 (UJA~-US3R cdlleboration, pp elmastic nenr 900)
and use a great pert of the existing set up of NAL experimeat

#67 (Ratgers-Upsala collmboretion, pp inelestic),
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lerocet

The centrel fertare of tne proposed experimeant is tne
use of tne circuleting proton besrm during the accelerstion
renp in order to study the s dependence of the cross section.

This is mede possible by the use of a hydrogen ges jet target

Frow

loceted ot section C-0 of the mein ring et NAL. Ey pulsiag
the jet at different times during the remd it is possible

to study all energies between injection (8 GeV) and 300 GeV.
The jet tafget daty cycle (i.e., percentsage of the rcceleration
cvele during winich the jet cen be pulsed) is limited by

tne efficiency of the cryopunping system ~nd tne gps Jet

o

density. A typical figuare is 15% for e ges density of
10"7 gm/cmB. nis duty cycle allows two Jet pulses, each
lesting 200 ms, at ditfferent energies =2long the remp.

In addition to hydrogen, the gas Jet tsrget hess been
succesfully pulsed with deuterium.

The circuleting veem profile is sn ellipse 2 x 3 mn =nd

“with » vertical gas jet sbout 5 mm in dirmeter the Jet-berm

intersection rezion csn bte considered =s o point source.




The Beam

At present the NAL machine operates with single pulse injection. One pulse
is ~ 2 us long and goes around the machine every 20 us. The RF frequency is
53.24 Mc/s at injection énd 53.44 Mc/s at 200 GeV/c; Each beam pulse is
therefore separated into abeout 100 RF bunches each lasting about 1 ns and
occurring every 12 ns. This is a crucial point in our measurement of the recoil

neutron momentum.

For a jet duration of 200 ms the circulating proton pulse will traverse
) . . . . . A
the target 10 times. At present typical single pulse intensities are about
10 14 . ' ‘
5-10 protons so that 5-10 protons will traverse each 200 ms long jet target
pulse. Multipulse injection in the main ring and multiturn injection in the
booster are being attempted this month and it is not unrealistic to expect soon

an order of magnitude increase in the circulating beam intensity.

The recoll spectrometer

«

The proposed experiment will be performed inside the main ring and is

therefore severely constrained by space and accessibility limitations.

The recoil spectrometer configﬁration is sketched in figure 6.
Slow recoil protons are identified by range, pulse height and time of flight
in counters Tl - T6 and NI - N2. Counters Nl and N2 ére tapered scintillator
blocks and have a dual function. They are to be used as absorbers for recoil

protons from Dp-»pX or nl-»pX end =5 detectors for recoil

neutrons from pp-»>ni. The neutron energy will be
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determined by time of flight between one RF bunch andvdetection in the neutron
counters. Typical times of flight between target and neutron counters will be
about & ns after prompt particles. The neutron time of flight can only be
defined modulo 20 ns but this should présent no ambiguity as neutrons from the
previous RF bunch will not have sufficiént energy to trigger the neutron counters.
N1 and N2 will each be about 15 cg leng thus leading to detection

efficiencies of about 30% for neutrons with kinetic energy 150 < KE < 250 MeV.
Bias levels for these counters can safely be set at 30 MeV so that the detection
efficiency will not be sensitive to small changes in the bias. By requiring

consistency between neutron spectra in counters N1 and N2 as a function of

incident energy one can investigate non neutron triggers which will not

necessarily be the same for the two counters.

Backgrounds

Slow recoil proton identification is expected to be easy and ;lean.‘
Preliminary sfudies using aluminium absorbers instead of N1 and N2 have shown
that this is the case. TFor neutrons we expect to face -thl%?ektypes of spuriocus
triggers. Positive w's and K's stopping in N1 or N2 will be rejected by the
prompt vetos but will give delayed triggers from w+(K+} > u+3u3e+v which will
fake real neutrons say 1 us later. 7To protect against this the experiment will
be inhibited for 3 to 10 us each time a charged particle stops in N1 or HN2.

A second possible scurce of spuriocus slow neutron triggers may be fast
charged or vy particles reaching the neutron counters indirectly. This problem
can only be studied on site and we intend to deal with it by an appropriate
combination of veto counters and shielding blocks. The measured singles rates

in counters near the beam pipe are quite low and are due almost exclusively to
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interections in trne terget. 45 tne target is » point source
it is essy to saleld thne direct peth from terset to neltron
detectors by ilaserting tepered le=d bricks in tne s»ectrometer.
ne counting rote in tine detectors will then correspond to
perticles srrivins indireetly from the terset. The pulsed
mode of operestion of tne Jjet =2llows the simualtaneouis
me=sarement or nydrogen and non-nydrogen events. Ine point
tarzet =nd pulSed mode =re uniaue nroperties of the internal
target a2t WAL end they will be fully. exploited to identify
aneutrons from ppn interactions.

ne tnird possible cause of bacxkgrouands is Kg prriicles
interecting 1n tne neutron detectors. In the kinemsticel
regidn of the proposed experianent the'rntio ppw?KEX/ppwpr
is less then 17 so thet ﬁhis nossible source of bteckzrouand cean
be neglaected to first order.

Pinelly, we are =lso considzring the introdactioa of
s small meagnet in the recoll spectromcter in order to sweep

eway cnerged perticles.
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Normalization, Luminosity
As the gaé jét is pulsed vertically at a fixed radius and as the circulating

beam radius changes during the acceleration ramp and also from pulse to pulse

there is a need to monitor the luminosity (how much beamn hits how much target)
in order to normalise the data. This is even more so as the gas jet density
changes slowly as a function of time. We envisage three possibilities to

do this. -

a. Use an array of scintillators in the forward direction surrounding the beam
pipe about 10 m downstream of the target which will collect the diffractive
part of the total cross section. This monitor will be calibrated using a
target made of a thin (7u) carbon filament mounted on a rotating wheel
(60 ¢/s) and introduced in the circulating beam from below when the jet
is not in operation. With this target configuration we can ensure that
the carbon filament intercepts fully the beam and we can calibr;te-the
forward monitor against the circulating beam current.

b. Measure the rate of a éalculable process such as ep + ep. The kinematics
for this process is such that at 45° in the lab. one has.l MeV electroné
which can be identified by a solid state detector telescope.

c. Normalise all rates to the rate of slow wi in the recoll spectrometer itself,
As has been shown by several experiments below 30 GeV and at ISR the

~invariant cross section for pp ﬂiX scales in quite a large region of
s/MQ. In terms of the Feynman variable [x! 2 ] = Mz/s the cross section
is independent’of s for .15 < le < .85.

The range of x covered by our spectrometer for the above reaction is
.14 < |x| <18 which is just at the limit of the scaling region. In fact
in this range of x the cross section for reaction pp > 77X is independent

of s but that for pp - w X has a non scaling component. AS we cannot
distinguish between ﬂi we must rely on other experiments to get the weak

+
s dependence of pp » 7T X,
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0f the above threé possibilities ¢. is the simplest to implement and the
most attractive as it automatically takes into account possible s dependent
changes in the spectrometer acceptance (for example vertical movement of the
beam as a function of s). Possibility b. will prcbably be explored by HNAL
experiment 36 (pp elastic at 90°%). We also intend to investigate possibility
a. If a. or b. can give a reliable monitor of the luminosity our data on
PP ﬂiX can be used to derive physics information., However, as we want fé kéep
the proposed experiment short in time and simple we may have to rely on pp - ﬂiX

for normalisation.

Event rates
Preliminary test runs with the equipment of NAL experiment £ 67 have given
very useful information on proton event rates.
For reaction pp > pX and for:
“=1 jet pulse lasting 200 ms during ramp (170 < Py < 190 GeV/c)
10 "
-4.107" protons/beam pulse

-550 < p

recoil < 650 HeV/c

we get 2 recoil protons.

In the near future the circulating proton intensity is expected to increase
by an order of magnitude (multipulse injection in main ring + multiturn injection
in booster). Assuming:LOllbirculating protons, 30% neutron detection efficiency,
olpp »~ n¥X) ~ %{pp -+ pX) in our kinematical rcgion, we need 200 hours of running
to cover 20 energy intervals amd b values of S/M2 with 5% statistics for pp = nX

and 1.5% statistiecs for pp = pX.
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