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ABSTRACT 

A detailed study of larga -Pt phenomena is 
proposed using a magnetic spectrometer and hadron 
calorimeter. The single particle inclusive cross 
sections as a function of S and particle type will 
be measured. A search for hadron jets will be 
carried out and a measurement of their properties 
made. The structure of the recoil particles in a 
large-Pt event will also be explored. 
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A great deal of interest and speculation has been centered around the 

l
discovery at the ISR ,2 that, in high energy collisions, the single particle 

inclusive cross section does not falloff nearly so rapidly with increasing 

for P above ~1.5 GeV/c as it does below this point. Instead of thePt t 
-6P

exponential form of falloff, Ae t, extrapolated from measurements of 

small P the cross section appears consistent with a falloff of the form3 

extrapolated Ae t rate. See Figure 1. Some has been obtained in 

t , 

-9.5
APt 

.
and at Pt = 4 GeV/c it is several orders of magnitude above the 

-6P success 

relatinglarge-Pt inclusive cross sections to elastic scattering using parton 

models
4 

but the picture is far from clear. Recent results5 from ISR favor the 

. 6
S dependence predicted by the parton interchange model. Also, some very new 

ISR data exhibit very sharply correlated, jet~like structures7 associated 

with large Pt. The inclusive cross section at large P has been interpretedt 
- . 6,8,9,10,11,12 d' . . xrom many different points of V1ew an 1nvolves such exc1t1ng 

possibilities as parton-parton interactions, production of high mass gluons, 

and possibly other new fundamental processes. Current theoretical treatments 

of these phenomena can be found in references 13,14, and 15. 

To help sort out this jungle of theories a detailed mapping of the 

large-P phenomena is clearly called for. Its energy dependence, incoming
t 

and outgoing particle dependence, Feynman X dependence and behavior near 

the kinematic limit need to be established along with such things as 

multiplicity dependence (to what extent are large Pt-values correlated with 

high ~ultiplicity?) and the existence and nature oflarge-P jets7 •t 

The data are so recent and so limited that no clear-cut theoretical 

framework has been established and some or all of the competing prevalent 

ideas and predictions may prove inconsistent with more detailed resuits. 
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Clearly, an experiment at NAL can help shed a great deal of light on this 

problem because of NAL's high luminosity, expanded S range, and the facility 

for studying these distributions with various beam particles. 

We have planned an experiment to achieve the following physics goals: 

1) We plan to make a high statistics measurement of the single particle 

inclusive cross sections above P 2 GeV/c and out to the kinematic limitt 

(Pt = ~I:S). We will obtain the S and XF dependence and the incoming and 

outgoing particle dependence of the P distribution up to the highest energyt 

available in this beam. Accurate comparisons of negative and positive outgoing 

particle cross sections will be made. The cross sections for baryons and 

mesons will also be determined and compared. 

2) We will search for hadron jets associated with the large-p phenomenon.t 

We will measure the momentum of the individual charged particles in the jet so 

a full study of how the particles are correlated can be made. 

3) We will observe the recoil structure opposite the large-p particlet 

(or jet). We will measure the energy and angular distribution of single particles 

or jets in the recoil structure. We will also be sensitive to recoiling neutrons 

To analyze the large-p events we will use a large aperture magnetict 

spectrometer equipped with Cerenkov counters for particle identification. 

To study the recoil structure we will in addition employ a hadron calorimeter. 

Figure 3 shows a schematic of the apparatus. We propose to use a branch of 

the high intensity, 3.5 mr, Ml beam in the NAL meson lab. We would use much of 

the same equipment employed in our experiment 23A. The techniques involved 



3 


are a natural extension of that experiment. Figure 4 shows our acceptance 

in XF and Pt for a 200 GeV/c beam momentum. The shaded region shows the 

domain where we will obtain data during the running of experiment 23A. 

23A is designed to obtain data in the small-p region (Sl GeV/c}i however,
t 

data will naturally be accepted in the shadedlarge-ptregion on the graph. 

As can be seen, we will already have taken data which extends and compliments 

the data to be taken in this experiment. * 

We will use the three threshold Cerenkov counters and the single BMl09 

magnet used in 23A with the gap expanded to 12 inches. To obtain sufficient 

data at high P t where rates are expected to be very low, a high beam intensity 

is needed. Also, the interaction point needs to be determined with high 

precision to eliminate background from multiple inte~actions and walls. 

This necessitates the use of proportional wire chambers in the beam and 

downstream of the target. These we plan to have ready for experiment 23A. 

In addition we will use MWPCts after the magnet for the momentum measurements. 

A system of about 4000 wires total will supply the needed coverage. A simple 

ca1or1me'ter W1'th 1ead g1ass TI 0 d' " , 16 'II supply the recoil1SCr1m1nat10n W1 

information. 

Each incoming or outgoing baryon, kaon or pion will be uniquely identified 

by Cerenkov counters in the beam and in the spectrometer. Measuring the 

cross section for different incident particles will be very interesting; 

* It should also be noted that 23A will also obtain events over much of 

the region of this experiment in addition to the area given but without 

specific particle identification and at a much lower rate. 
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for instance it is possible that effects due to different constituent quarks 

might appear. with the proposed set up these cross sections will be 

measured simultaneously. The trigger system used in 23A can be simply 

adapted to restrict triggers to those events with Pt~2 GeV/c in an unbiased 

way so we won't be swamped with low P triggers. With a nominal setting oft 

Pt ~ 2 GeV/c, the actual acceptance falls to zero at 1.2 GeV/c. The trigger 

will accept both positive and negative secondaries so these cross sections 

will be measured simultaneously. Despite the rapid variation of these cross 

sections with Pt , this technique should permit accurate comparisons. 

Since we have opened the aperture of the BM109 magnet to 12"· we will be able 

to explore in great detail the jet-like hadron structure recently observed 

7at the ISR. When a 1arge-p particle from such a jet of multiplicity twot 

passes through the spectrometer,60% of the time the second particle from the 

same jet will also pass through the spectrometer. This acceptance falls to 

35% for a jet with twice this average opening angle. The typical opening 

angle one might expect for such jets is .3 Gev/c/Pt which is close to the 

ISR result. Consequently, independently of the ISR 4ata we expect our 

acceptance to be reasonable. 

We will use the proportional chambers immediately downstream of the 

hydrogen target to measure the trajectories of all charged secondaries 

produced in thelarge-P events. The information on wide angle (>.06) secondt 

aries on the recoil side will be supplemented with coarse (~20%) energy 

measurements provided by two adjacent hadron calorimeters. Each calorimeter 

will have a transverse cross section of 9" x 10". For a 200 GeV/c 

beam momentum, the two calorimeters will subtend center-of-mass angles from 

70° to 135°. In the center-of-mass system the calorimeter acceptance .is 

---------------- ...... _-_.. 
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opposite the spectrometer acceptance. The calorimeter-spectrometer tandem 

should therefore prcvide a highly efficient showcase for jet-jet events. 

The jet-jet correlation is obscured if the proportional chambers indicate 

that several charged particles entered a calorimeter at significantly 

different locations. We have calculated the background from ordinary hadron

hadron interactions and find (for the proposed configuration) that there will 

be a confusing background track in the calorimeters about 12% of the time. 

The information obtained by the calorimeters will also become less if the 

members of the same jet disperse significantly before entering the calori 

meters. Still in this case the calorimeters provide a valuable check of the 

exper~ment since they must verify thelarge-P character of the event.t 

To make an estimate of our event rate we have scaled (see Figure 2) 

the ISR results l ,2 to NAL energies and used the XF dependence of P
t 

found 

.. 117at P - 1.5 GeV/ c by Panv~n~ et a • Using the 15 inch LH target of 23A 
t 

6
and assuming a beam intensity of about 5 x 10 particles per pulse we will 

6obtain on the order of 1.6 x 10 events per 100 hours with Pt above 2 GeV/c. 

See Table I. 

TABLE I. 

Pt Momentum Range Events/100 hours 

2-3 BeV/c 1.6 106 

3-5 BeV/c 6.3 104 

>5 BeV/c 1.1 103 

We expect to divide the running time among three beam momenta up to 

the highest practical beam momentum. The data will cover the four charge 

combinations ++, +-, -+ and -- at the three momenta for the three types of 

beam particles. We expect to%everse the BM109 magnet once for each beam 

setting so we requiTe a total of twelve settings to co~lect the aata. 
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We expect to be able to answer the following type of questions: 

1) What is the detailed nature of the large-p inclusive cross 
t 

section - its XF and S dependence? Its inCOming and outgoing 

particle dependence? Does indeed the cross section scale with Pt/I:S? 

2) Do large-p jets exist at NAL energies? What is their structure,t 


particle composition, X and 5 dependence?
F 

3) What is the recoil structure accompanying large-p events (or jets)?
t 

Is there a single large-p particle (charged particle, ~o or neutron),
t 


many particles or jets? 


4) What is the angular correlation between recoil large P (or jet)t 

and the large P (or jet) observed in the spectrometer?
t 

We will be ready to run this experiment any time subsequent to our running 

of NAL 23A and with essentially no extra NAL support beyond that needed for 23A. 

Very little testing time is antic1pated (~50 hours) because of the similarity 

of this equipment to that in our previous experiment. We request 500 hours of 

data taking which is expected to provide ~8 l06large-pt events and yield 

decisive information on this new exciting region of hadron interactions. 
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Figure Captions 

1. 	 This graph shows the ISR results at large P t for 1T O ~ s and charged 
pions and is taken from the Chicago-Batavia Conference, Volume #3, 
p. 317. 

2. 	 This graph shows the S dependence of the cross section observed 
for large P. This is taken from M. Jacob, CERN preprint TH.1639-CERN. 
This depen~ence is consistent with the 1To data (R. Cool, private 
communication) • 

3. 	 Diagram showing the large P t and XF acceptance for this experiment with 
a 200 GeV/c beam. Shaded area shows the region naturally covered 
by experiment 23A. 

4. 	 Sketch of experimental layout showing magnet, Cerenkov counters, 
hodoscopesand wire chamber positions. 
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Scientific Sp:lkesman: Paul M. z.b::kett 

A detailed study of large-Pt phencm:ma is 
proposed using a magnetic spectrometer and hadron 
calori.rreter. The single particle inclusive cross sections 
as a function of S and particle type will be neasured. 
A seardl for hadron jets will be carried out and 
a neasuremant of the;ir properties made. The structure 
of the reooil particles in a large P event vr.i.ll also 
be explored. t 



The follaving is an update on the experinental details encarpassed 

in our NAL proposal #236. 

We find after detailed Monte carlo studies on rates for spurious 

triggers that we can open the magnet to 16 inches. We still plan to trigger on 

particles within the old aperture but the extra magnet size will allow even 

better detection of accorrpanying charged particles. Fig. 1 shcMs the effects 

of our detection efficiency for this aperture on a two particle jet of 

twiCB the size seen by the a:R. group~ The relative efficiency has fallen 

by only ~ at the two standard deviation point. 

In Fig. 2 we shcM rrore details of our calorirreter. A 10 radiation 

length garma detector is followed by an .iron calorirceter/the scintillation 

aJunters are segnented, tentatively, at 10 an in width. Half of the 

scintillators semple horizontal bands and.half verticle to give an overall 

energy location of ±5 an. In front of the ganma detector section we will 

plaCB two sets of prcportianal cb.a:rra:Jers separated by 1 an of lead. This 

will enable us to locate the 'ITo directions alm::>st as well as the chaJ:ged 

particle directions. We plan to control "noise" fran back scatter by 

judicious use of AI sheets and plastic scintillator. 

We have added another small (9" x 6") M'lPC about seven feet fran the 
IN ~,'ct., 

target~ll substantially aid in pattem reoognition and m:nentum neasure

nent. We also found from Monte carlo studies that our trigger could be 

substantially irrproved by adding another plane of trigger counters just 

after the magnet•. See Fig. 3 for an updated version of our set up. Total 

nlllli::>er of counters invelved is 65 • This arrangenent would give us a 

spurious trigger cross section about 10lJb from multi track events. More 

*We approximate the distribution by a gaussian of 17° standard deviation. 
This is about twice the angular separation of the charged track and 'IT°in 
the jet structure seen by the CCR gruop. 
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than 90%' of these spurious triggers can be renuved by sinple and fast on 

l.iI:lI= pattem recognition. Using the :recently :reported scaling fonn for 

the CCR data our trigger system would accept a lllb cross section above 

2 GeV/c Pt. The trigger would :reach nearly full efficiency at 3 GeV/c Pt 

and would sample with falling efficiency doNn to belCM 1.5 GeV/c. This 

will rover the possibility that large P jets involving several lCM Pt t 

particles are rrany ti.rres no:re frequent than are one or two large P t 

particles. 

Because of serre 'lmcertainty in the duty cycle at NAL at the t.ine this 

e:xper:iJrent might run we are prepared to take very high data rates. At 

a KHz data rate, use of a double buffered PC read out system would prcx1uoo 

<1% dead t:iIre. We are considering using a sinple m::xlification to the 

board designed at Co.mell by A. Bra.vman ($2.50/wire) to obtain the necessaxy 

double buffering. We don't expect this to affect the cost significantly. 

We have tested our PDP 11/45 and CAMAC system to read 100 data words (our 

expected nl.lIlber per event) at a KHz rate and sinultaneously write them out 

en disk and find no interference in the data rate. We find we would still 

have nearly 1000 machine cycles for filtering the spurious triggers befo:re 

writing on the disk but we could use the t.i.Ire between machine bursts to 

filter if necessaxy. 

We calculate writing a IIDdest 100 data tapes for off line analysis. 

We have checked the probability that a nonna.l event._ would produce a 

track through the Cerenkov CO'lmters by r-Dnte Carlo n:eans. This indicates 

that 12% of the t.i.Ire there might be a confusing second track in the 

Cerenkov COtmter5 but since we plan to JJeasure pulse height it. is likely 

that we can sort. out a' fair fraction of these double track events. The 
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very important ratio of '/f':K:P we will rceasure very well. The ability to 

distinguish particle types will also enable us to sort out resonance pro

duction such as N* and p. 

We have check.ed the oon:ection that must be made because of finite 

:m.::m:mtum resolution and the sharply falling cross section for large-pt 

which for fixed angle goes as the m::::m:mtum. For 100 GeVIc lab m:xrentum 

for which we estimate our accuracy. to be ""10%, the oon:ection would be a 

nodest 16% to a cross section that fell as IIp 8. We therefore believe that 
t 

even with a magnet producing ~ GeV/c bend (e.g. the 16" expanded BMl09) the 

:m.::m:mtum rceasuren:ent will not produce a s.ignificant final error in the 

cross section. Harlever since the oon:ection goes as the square of the 

error much worse resolution oould certainly present problems. 

OUr overall anplifier needs for the proportional chaIrbers in order 

to obtain the necessary m::::m:mtum resolution and '!!'o detection totals 

7600 wires. 

We estimate that by utilizing much of the equiptrent planned for 23A 

we can be ready to run in about 7 nnnths. 

These details are presented to enphasize that we can indeed do what we 

cl.ai.m3d in Prq;x:>Sal #236. OUr energy resolution, acceptance ( 51 one 

sterradian in center of mass), particle identification and data handling 

ability will enable us to !lake a detaned study of the la:rge-Pt phenatena. 

Concluding Remarks 

Only a magnetic spectrcrreter can give a single-particle spectrum which 

includes identification of charged-particle type. All recent parton rrodels 

p:redict that at high P t there will be inportant effects of particle type, 

both ino::rning and outgoing. In fact, the evidence fran theISR is that 

the beha"'d.or. of K' s and ~' s relative to 1T' S at high P t is one of the rrost 

.  ...~...--.--------------- 

http:beha"'d.or
http:check.ed
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striking features. The role played by kaons and ba:r:yons in high-Pt jet 

structure is a..lrrost certain to be very interesting and should not be missed. 



FIGURE CAPTICNS 


1. 	 Relative detection efficiency for two particle jets as a function 
of asiIru,thal angle (distribution shown has twice the width of jet 
structure observed by a:R group) • 

2. 	 Sc::hena.tic of our proposed calorim.:.=ter. 

3. 	 Schema.tic of.layout sharing additional features of the calorimeter, 
trigger hodoscopes and MW1?C IS. 

4. 	 Triggering efficiencies for particles bending tcMard and ;;MaY fran the 
beam as a function of Pt. 'It1e oorrplete cut off is near 1.5 GeV/c and 
full efficiency is reached at about 3 GaV/c. 

5. 	 Distribution of single particle events accepted by the trigger assuming 
the data has the fODn presented by the CCR group of 

Eda 1.5 IO-!6 e-26
• 

1 ~t4§-cm2. 

aSP = P 8. Zit
t . 

6. 	 Integrated single particle cross-section a.ooepted by trigger. 

7. 	 peyrou Plot showing acceptance of spect:rc.rreter,and ca1ori.n:eter• 

.---.~'--------~--------------------------
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Addendum II 
Proposal #236 

Subsequent to the large-pt workshq> we have continued to study details 

of our NAL proposal #236. We present here serre recent results which support 

our position that we have an excellent tedmique for. exploring the large-Pt 

phenorrena. 

1. Calorin:eter Design 

We have added to our calorin:eter and 1T O detector design slightly to 

increase the range of unifonn azimuthal acceptance. This does not involve 

a great many nore CO'lmters, the total now being 32. The center of mass 

azimuthal acceptance of the calorin:eter is shewn in Fig. 1 and a cross section 

of the calorin:eter at 10 feet fran the target in Fig. 2. ve plan to use 

32 one-inch iron plates in this calorin:eter, thuS :ircproving the resolution over 

the previous design. 

2. Calorin:eter Trigger 

ve calculated the background introduced fran ordinary small-Pt events 

to detennine the feasibility of triggering on lru::ge-P jets in the calorin:eter.t 

Figs. 3 and 4 show the expected energy distribution deposited in the calori

neter fran a randan association of srnall-P particles (P <1.8 GeV/c)t t 

produced in 200 GeV/c 1TP interactions. These calculations indicate that we 

cx:ruld set a ca.lorin:eter trigger threshold sorrewhere between 30 to 35 GeV and not 

greatly increase our backgro'lmd trigger rate. This corresponds to a Pt 

threshold of 3 to 6 GeVIc depending on the average polar angle. 

3. Cerenkov Co'lmters 

For the Cerenkov angles involved in large-Pt stulies it is easy to 

segmant each of the three Cerenkov CO'lmters used in our proposal into two 

separate units. This will enable us to sort out species in multiparticle 

-----.-.~.~~...- ---"--------------
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jets in a substantially larger fraction of cases. Even with three Cerenkov 

eX>lmters in tandem it will be necessary to have two pressure settings to 

cbtain ccmplete separation of 'IT'S, K's and pes over nearly all the interesting 

ItOJ.le11tun range for P t >2 GeV/e. When the pressure dlange is made we would 

also nove the COtmters slightly to rover the full 0 aperture of the nagnet. 

Approximate thresholds for each OOtmter are given in the follCMing table: 

K Tlu:esholds (GeV/e) 

Setting I 	 Setting II 

41 

38 

20 

79 

72 150 

These settings would also allaN separation of 'IT'S fran K's and P' s <Ja.m to 

6 GeV/e and pes fran K's and 'IT'S up to the max:i..mum allaved ItOJ.le11tun. Fig. 1 

shOllS the solid angle subtended by the OOtmters for Setting It. 

4. Beam Energy 

We would like to enphasize that the Ml beam line which we propose to 

use will be upgraded this winter to 285 GeV/e. In addition to the obvious 

advantage of larger s, this energy will be very useful in obtaining overlap 

with ISR work. This is also considerably higher than the 180 GeV/e ceiling 

currently on MG. 

5. 	 St&::ma.ry 

To recapitulate our overall viev we.would like to enphasize the follaving 

points: 

We propose to study large-P phenarena using a straight-forward,
t 

..~-..~ .~~--------------
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well understood hodoscope triggering scherre which will be sensitive to any 

jet containing at least one particle (11, K or P) with transverse rnc.mentum 

greater than 1.5 GeV!c. In addition, we will trigger on a threshold ener:gy 

in the calor:ineter. This gives us a trigger for 11 0 's and neutrons as well 

as llUlltiparticle jets. 

We will study llUlltiparticle final states in detail with a magnetic 

spect.rareter covering one steradian in the center of mass and will sillUlltaneously 

neasure particle species over a goc:d fraction of the region. This is very 

inportant for resonance identification as well as for a thorough investi 

. ga~on of the role that nesans and baryons play in large-Pt phena:tena.. 

The magnet is a conventional EMl09 that already exists and needs only to 

be m:xlified in the sane way as one ncM used in the proton lab. 

We have designed the proportional-chani::ler and data-ao:;{Uisition system 

to take high data rates with little dead t:ine. This provision is wise for 

any large-P exper:i.nalt because it will be very difficult to calculate all 
t 


sources of background. Also the question of the rates is c:otIl?Ounded by the 


uncertainty in the future duty cycle. 


Because of the lJJnited nunber of particles passing through. the spectr0

meter, we plan to begin pattern reoognition in the section of the spectra:reter 


dc:JWn stream fran the rna.gnet. The six MWPC' s and two hodoscopes, along with 


the incaning beam position, should be sufficient to sort out trajectories 


here. One would then work back to the target to eliminate many coordinates 


fran the MWPC's imrediate1y follCMing the target. This would greatly simplify 


the overall pattern reoognition. 


We will IIEasure charged particle angular distributions over nearly the 


entire C.M. solid angle. In additicn, we will study neutrals such as 11 0 


and neutrons over a region covering 1.6 steradians in the center of mass. We 


---_.__ ._- --------------- 
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will also explore the azirrnlthal pattem of the events out to ±50o fran 

ooplanarity• 



FIGURE CAPTICNS 


1. 	 This shews the C.M. acceptance of the calorirreter and rragnetic spectre

neter. The acceptance of the Cerenkov CounterS in their high m::llTeIltum 

position is also sham. 

2. 	 This depicts the cross section of the calorirreter at 10 feet fran the 

target along with the 1irniting aper.t':lre of the magnet. 

3. 	 This gives the distribution of the total energy deposited. in the 

calori.neter fram multiple hits fran ordinary interactions (P <1.8 G:;V/c). 

4. 	 This is the integrated cross-section for m:t.a.l.tiple hits fran ordinary 

interactions as a function of threshold energy in the calor.i.neter. 

We have folded in our expected energy resolution. 
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