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1. sinrle cO\..U1ter experi:l1cnt i;;:; propos 

2.the sAnd s / ~ de,endence of the ~nvpr t cross section 

for the 3in~le pArticle inclu.3ive reAction;;:; P9~"':!X And 

pp ~nX in R limited region of !)1:lASe Ace 

,2 "04 <: S / iii <. c::. , 40 <. s .c: smf'.x' 0.1'(" \t\ ~ 0.6 

nCAr the kinemptic limit. The ne;...l.tron reF1ction v:ill be 

st u.d ied directly ,.:tsing f' hydroE,;en jet, Andp 130 by 

e diff'crence betv,eenpp-)pX And pD-,>pX :.:tsing 

A de i.lt Q::dUifl jet. .rIle lAtter 11 provide informAtion on 

the line reversed reAct ion pn ...,.pX. 

l'he proposed experLlen t v.'ill use the in tern.pl tArget 

8nd sims to provide infornption on specific theoreticAl 

issues in A very .3hort t LJle in tervF11. These issilea are; 

1) He1f1tive Lnportpnce of ?PP And P.PH cOLl.p1ings in the 

triple Reg:r.e frp·'ilework • 

...tn(1erst p nding 01' sinGle pArticle i':'lcl.lsive repctio:1..3. 
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£heoreticpl progresb ~ince 1)70 hAS revepled the physics 

inte~est of sinsle p~rticle incl~sive distributions. As 

A result of tnis proeress it is now possible to do si~ple 

eX})CrL'1ent.s in ttlis t'ic~ld, coveri:ng A ver-::/ s.npll reGion of 

pbpse 3r)'~)Ce PGd desiened to be relevpnt to apecific theoreticpl 

'L1his is the spirit of ou.r propospl i-nd in this context 

C!"lh the triple he3.::~e erAph provide p repsonp bla description 

of pp ~pX And pp-~nX 8t ~\JAL enerfies"( If ti':J.is is the ce se 

'Nhat Flre tae relAtive !nf\3ni tQdes of the triple Rezge cov~plinGs? 

dow d.o they (;Odfl.)Fre wi ttl vaLles obtipined from other experiments 

( in rt iculqr I .3H) ? 

P. different p:pprm:;ch to the LlnderstClnding of single 

pp.rticle spectrA At hieh enerey 1.:s t1:18t of the !fDil'frActiive" 

type models (f'ireball, Novn, Diffr8tive i:::Xcitption etc.)2. 

tb.2 \:'\\0 f'.ppror'cnes lel"d to very di1'l'el'cnt lH'eclictiotl':1 i'or 

the ty.o re~~:ctio1l3 si;nLtlt~meo-lsly v;e will be r;ble to di.ffel'c~lt.L Lo 

bo·twGen tae t v.'o types of mod cIs. 

http:ti':J.is
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~2 	 ?
In tne li:nit G->.-.Q, ••i ~~, .3/,v1'-:"c.o thp inve,ripnt 

eroas l' or fI 

ijre 

( 1) 

:V' 	 • 1 

2v..:.here s .;:: S (p ;.- p. )
Ab 8 0 

;:t -	 sbe (P
b 

- pc) 
2 

set). '1
lJK 

fOhn i + j do not contrib~te to (1). rgble 1 gives the 

2 2i':.mctionpl d(3L)enQ(c;(we on s (1'or 3/~vl· fixed) snd on 3/HI 

r 

1'or:3 fixed) of the pOd ble contrib~tions to exp"'nsion (1). 
1". 

\:e hrlVe re::1triet ed the list tot erms i'~~ lling fI t ;no~)t li%e s -;.;. 
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rrb1e 1 


ij k: s v;e F.0 s.:une 


... 


( '/ ;)) 3/2 to t 
;,;;, Lvl s -?; 

.~ 

, 2 ~t 
(.3/Lil. ) 

(8/..;,2 ) 1/2 +:.. t 
2 C)t 1

(s/.:;l ) '- ­
,

1/2 - ';s ~ 

~(t) = 1 i­ ~t 

d.",( t)
./:\ 

;:: ~. i­ t 

c\-r,( t)
.\ 

= t 

r'.ny combinp.t ion of ter:il.3 in the !' bove tp b 

to PJ) ~pX. liovever 1'or ··)li1X the first tv;o ter:ns ore not 

p11.0Y.'cd. .i!'..lrtllermo.:ce for pp...",nX vie hr"ve H .:: ~ or 1'2 (I := 1) 

\VllercPS for PP-)pX we CAn l1pve H.:: S>, A
2 

, u.>, l' eXCr18Ilges. 

It is estpblL3l1ed i'rom two body sCAttering th::,t the cO'..:tpling 

01' the 9 ~3nd A2 trpjectories to the n:A.cleon vertex is m.lch 

5 N N N N N . N
:omeller then that of l' end W (g~ := gA ' gf = e(.,.J' g ~ <:: 1/5ef).' 

2 
If tnerefore the first fOQr co~p1ings i~ T~ble 1 81'9 

SQfficient to describe pp~pX we wou1dexpect 8 strong 

sapIJression 01' pp~·,nX over the .:cezior! oi' vAlidity of 

expP{L::li on (1). 

tile ot.rler llf~nd 'Iva 0 uderve c o;nppr:;:, ble P And n vrod:.l.c ti on 


rlef'cr x = O. d we mc:t.3t t:nen COrlcl:lde (in the tr l1.eg.::;e contex.t) 
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thAt 't\",,"P And ",~£i cOelp1in.:?;8 ~~re very Lnportf'lnt for 

pp '",)nX. Jelcn a beaRvior wOelld, pt best, be considered ps 

thpt the Ir'\\~) pnd ~~'lt contrib'-'ltions ~3hOt..tld not be neglected 

of x to De covered 

The rise for x ~ O. can be 

r'c('oclnted i'or eiti:wr by tne P?J:? or PPR terms in expansion (1). 

edS two terms hRve difl'erent s dependeClces And we 8hpl1 

be pble to deteriUii.1.e their rel~jtive contriu.l..tions. 

There pre many different theoreticpl conject:.:tres concerning 

the relRtive importnnce of tnese cOQPlineS6 (mainly relpted 

to the interpretption 01' tne liprpri-.b'reund diJPlity scheme) 

and experLnentel inform8tion wou.ld v81:.1pble. .I!'ig. 3 

owa so~e predictions for the JfL ener~y r~nse bpsed on 

1'its to I,3.1.t H.I."ld aelb-.U.L enereiea. The proposed experiment 

will distingaish AllOne these possibilities. 

In con tr('st to tri1!le Hegge :nodels, Diffrf'lctive mOdels 

' 2.pred iet c ompA:crc: ble P And n Ijrod ...:I.C t . lO.n. ""1 or X < o. In 

come Qn the three erapha of Pig. 4. Pits to I~R datA of .­



• • 
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such models? indicpte thpt for x .(. 0.85 erFlphs 4b And 4c 

do~inpte the cross section. In this opse the recoil pArticle 

co,nes from the firel..lpll or novFI cpscpding to its eround stFlte 

which is e~l.:tf'\ lly Ii i(ely t a be p or n. The rise nep r x = 1 

by grpDh 4p. 

:-:..... ~-ol$,(JrveY'_ 
:b- ' 

'=). 

p(Q') 

(~) 

(c. ) 

SLl,iTl:11pry of :rl1ysios Ju.stificAtion 

2By sti.ldyin:::; s pnd S/.vI d ependenc e of pp -:,..pX pnd 

1) Distine;.lisr1 betv,'een "DiJ.'f'rpctive" pmi '!frrlple Heg3e" 


type ,nodal.::;. 


2) Det er,nin e i:1 the triple' 


the reI" t i ve mpgn i'tclcies of the d iffer'en t possibIe c oL:l.p1ines.-
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Kinematics 

As can easily be shownJat high energy (s = 2mPl)the invariant cross section 

proportional to the event rate in a fixed solid angle and recoil momentum 

bite in the labora"!:ol'Y. 

sd2()
0: 

dtdH2 

2
8/11 is essentially fixed by the recoil lab angle and t by the recoil momentum. 

2t + m 
c-

2 m(terms of order -- neglected)
8 s 

Figure 5 illustrates the region We intend to cover in the proposed experiment. 

-
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anerLllentpl lJethod--.......-----------­

ihe aleti:1od of detection of the slow recoil protons 

fro;nthe recietion 

P t- P -'> P of- X ( 2) 

will aLni r to tl:l~~t 'J.secl in eXlierin:ent -/'67, i. e., the 

protons Are identil'i by rAne;e, pulse heieht And tLne of 

f11 t. 

rwo technir:,;18s will be used to st,:tdy tnephysics - in 

p of- P -)to n + X. ( 3) 

Reection (3) cnn be nens_~red directly by detectin[:; the 

recoil neJ..trons prod::wed by protO(lS incident on A hydrogen 

tAreet or one CAn st,~y the line reversed reFction 

(4 ) 

usin3' neu.tro ns in A deut erLll!l tf-' t Rnd detecting the recoil 

protons with the SAme pp;-)RrRt~ls_wed 1'01' l:'eection (2). 

To extrRct tha neutron inl'o1'rnption one violJ.ld need to subtrAct 

the effect of the protons in the deuteri~m And mA~e B 

GIR Ltber C or-rec t iorl. 'v.'e propose to stu.dy p 11 three 

reF CL i O;'iS (?), ( 3) Field (4). 

- Rnd use R greet pArt of the existing set up of NAL experi~ent 

//67 (Hu.t rs-UpsAla collpbor""tion, pp inelpstic). 

http:violJ.ld
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'rr> raet 
--~ 

l'he centrel fer"t~lre of tne proposed experi;nent is the 

use 01' the circ:J.18ting proton beAm during the AccelerAtion 

rR,np in order to stcl.dy the s de[)endence 01' the cross sectio~. 

This is mpde possible by the use of 8 hydrogen gAS jet tRrget 

locAted pt sectiO(l C-O oi' the mAin ring et NflL. By pulsine; 

the jet At different times d:.:tring the rAinp it is possible 

to study All energies br-;tv.'een inj action (8 GeV) And 300 GeV. 

Iltle jet tArget dutJ r cycle (1. e., percentpe:e of the pcceJerp tJ.0n 

cycle di.lring which the jet CRn be pulsed) is lLnited by 

tne efficiency of the cryopu;npine; S?stCii1 f·nd the s jet 

de:lSity. fJ. typicRl figu.re is l5~t for 8 gps density of 

-7 310 gm/cm. rrnis dLtty cycle Allows tVI'O jet pulses, eech 

lrstine 200 ms, st di1'feren t enere;ies slone the rR:np. 

In Addition to hydrogen, the gAS jet tprget hps been 

succesfully pulsed with det.:tteriu..'tl. 

The c~rculptine beAm profile is An ellipse 2 x 3 ~n And 

with p vertical gAS jet pbout 5 mm in dipmeter the jet-bepm 

interaection re3~on CAn be considered RS ~ point source. 

-
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The Beam 

At present the NAL machine operates with single pulse injection. One pulse 

is 2 ~s long and goes around the machine every 20 ~s. The RF frequency is 

53.24 lk/s at injection and 53.44 Mcls at 200 GeV/c. Each beam pulse is 

therefore separated into about 100 RF bunches each lasting about 1 ns and 

occurring every 19 ns. This is a crucial point in our measurement of the recoil 

neutron momentum. 
"---. 

for 	a jet dur'ation of 200 ms the circulating proton pulse will traverse 

104 
t 	 .tile 	target t1mes. 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 recoil'spectrometer 

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

therefore severely constrained by space and accessibility limitations. 

The? recoil spectrometer configuration is sketched in figure 6. 

Slow recoil protons are identified by range, pulse height and time of flight 

in counters 1'1 - T6 and NJ: - N2. Counters NJ. and N2 are tapered scintillator 

blocks and have a dual function. They are to be used as absorbers for recoil 

protons from I>I> -~pX or pD -~pX ,pnd ps detectors for recoil 

neutrons 1'rom pp -':> nX. ~he neutron enereY will be-



- f;, ­
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determined by time of flight between one RF bunch and detection in the neutron 

counters. Typical times of flight between target and neutron counters will be 

about 6 ns after prompt particles. The: neutron time of flight can only be 
, 

defined modulo 20 ns but this should pr$sent no ambiguity as neutrons from the 

previous RF bunch l.-.rill not have sufficient energy to trigger' the neutron counters. 

Nl and N2 will each be about 15 em long thus leading to detection 

efficiencies of about 30% for neutrons with kinetic energy 150 < KE < 250 HeV. 

Bias levels for these counters can safe be set at JZ.O HeV so that the detection 

efficiency will not be sensitive to small changes in the bias. By requiring 

consistency between neutron spectra in counters Nl 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 clean. 

Preliminary studies using aluminium absorbers instead of Nl and N2 have shm-m 

that this is the case. For neutrons we expect to facethrc~e types of spurious 

triggers. Positive w's and K's stopping in Nl or N2 will be rejected by the 

prompt vetos but will give delayed triggers from 1r+(K+) ..... l1+\l1J~:e\) which wHl 
) 

fake real neutrons say 1 l1s later. To protect agaii1st this the experiment Hill 

be inhibited for 3 to 10 l1s each time a charged particle stops in Nl or N2. 

A second possible source of spurious slow neutron triggers may be fast 

charged or y particles reaching the neutron counters indirectly. This probJ.em 

can only be studied on site and we intend to deCll vd th it by an appropriate 

combination of veto counters and shielding blocks. The measured singles l'a·tes-
in counters near the beam pipe are quite 10'.-1 and are due almost exclusively to 

http:probJ.em
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in~erpctions in toe t~r~et. As tne tRr~et i8 p point clo~rce 

it is ecay to aaield the dirpct 

detect ora by 

.2he cOLmtinc; r"'te in tne detectors will then correspond to 

pArticles prrivins indirectly from the tprge~. The pulsed 

mode of oflerA ti on ot' tht~ jet Allov,s the sim-ll t~:meoAS 

me"'sl.:l.rement of h,·~dr00en And non-hydroe;en events. l'(1e point 

t2rset end pulsed mode Are unique properties of the internRI 

t8rget Rt i~,\L end they v;ill be fu..113T . exploited to identi1'y 

neutrons from pp interRctions. 

K O , d 'bl f b' d' . Il'ile till.r p0381. e CR-:;tse 0 RC;(e;rO',lJl S lS . L ppr~l.c es 

interpcting in the neLl-tron detectors. In the k.inemAticp) 

region of the proposed experLnent the· rAtio PP-:">K~X/pp-+px 

is leos thAn 1;.0 so thRt th p03sible sou.rce of GAcke;rOlmd carl 

be neghlcted to first ord r. 

]'inplly, vte Are !C'loO considerine; the introdll-ction of 

A smRl1 mAgnet in the recoil spectrOtn2ter in order to sweep 

PWRY chArged pprticles. 
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Normalization, Luminositl 

As the gas jet is pulsed vertically at a fixed radius and as the cit'culating 

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

there is a need to monitor the luminosity (how much beam 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 usi~g a 

target made of a thin (7~) carbon filament mounted on a rotating wheel 

(60 cis) and introduced in the circulating beam from below when the jet 

is not in operation. Hith this target configuration we can ensure that 

the 'carbon filament intercepts fully the beam and We can calibrate' the 

forward monitor against the circulating beam current. 

b. 	 Measure the rate of a calculable process such as ep + ep. The kinematics 

450for this process is such that at in the lab. one has 1 MeV electrons 

which can be identified by a solid state detector telescope. 

+ 
c. 	 Normalise all rates to the rate of slow TI- in the recoil spectrometer itself. 

As has been shown by several experiments below 30 GeV and at ISR the 

+
invariant cross section for pp + TI-X scales in quite a large region of 

2s/M2. In terms of the Feynman variable Ixl 1 - M /s the cross sectionC:! 

is independent of s for .15 < Ixl < .85. 

The range of x covered by our spectrometer for the above reaction is 

.14 < Ix I <. 18 which is jus t, at the limit of. the scaling region. In fact 

in this range of x the cross section for reaction pp + TI+X is independent 

of s but that for pp .~ TI X has a non scaling component. As we cannot -
.f 

distinguish between 1T- we must rely on other experiments to get the we2.k 

+ 
s dependence of pp + ~-X. 



--
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Of the above three possibilities c. 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 probably be explored by NAL 

experiment;t.35 (pp elastic at 900 
). We also intend to investigate possibility 

a. If a. or b. can give a reliable monitor of the luminosity our data on 

+ 
pp ~ n-X can be used to derive physics information. However, as we want to keep 

+
the proposed experiment short in time and simple He may have to rely on pp ~ n-X 

for normalisation. 

Event rates 

Preliminary test runs with the equipment of NAL experiment ~ 57 have given 

very useful information on proton event rates. 

For reaction pp ~ pX and for: 

. -1 jet pulse lasting 200 ms during ramp (170 < Pl < 190 GeV/c) 

10
-4.10 protons/beam pulse 

-550 < Precoil < 650 MeV/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 1011circulating protons> 30% neutron detection efficiency, 

a(pp -}- nX) ~ ~(pp ~ pX) j.n our kil1cmatical region> we need 200 hours of running 

to cOVer 20 energy intcrviJls and 4 values of s/112 with 5% statistics forpp ._}- nX 

and 1.5% statistics for pp ~ pX. 

http:experiment;t.35
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