
Fermilab Proposal No. 338 

Scientific Spokesman: 

p'", M. Yager 
Physics Department 
University of California, Davis 
Davis, California 95616 

FTS 916 - 239-2227 
Corom: 916 - 752-2227 

PION-DEUTERON INTERACTIONS 

at 200 GCV/c and 400 GCV/c 

J. Erivln, J. Klems, lv. Ko, R. Lander, D. Pcllett, P. Yager 
University 	of California, Davis 

D~vis, Ca~ifornia 95616 

L. Dunn, 	 H. Lubatti, K. 1v!oriyasu, W. Podolsky 
University of Washington 

Seattle, Washington '98195 

J. 	Bartke, A. Eskreys, P. Malecki, K. Zalewski 

Institute of Nuclear Physics 


Cracoi", Poland 
30-055 CracOiv Ul. Kawiory 26A 

R. Sosnmlski, M. SZCZekOi-lski, A.Wroblewski, A. Zieminski 
Institute 	for Nuclear Research and Institute of Nuclear Research 

00-681 Harsaw, Poland Ho-za 69 

September 27, 1974 



W\L rroJlo::ul. l~O. " I') 
Spokenmnn: p. M. YA(~E 

ADDENDUM TO 218-A 
PhYH ic~; I), '}It. 

U • C. I). I\' i ~; 
Commercin1 916-7 5? ·t!.~ 7.7 
FI'S 
Home 

9Ih-239-(~2~7
9 6 -7 5() - 2) 2H 

PION-DEUTERON INTERACTIONS 
" 

at 200 GCV/c and 400 GCV/c 

J. Erwin, J. Klems, W. Ko, R. Lander, D. Pellett, P. Yager 
University 	of California, Dnvis 

Do.vis, CaUfornia 956lC; 

L. Dunn, 	 H. Lubatti, K. Moriyasu, W. Podols~ 
University of Washington 

Seattle, Washington 98195 

J. 	Bartke, A. Eskreys, P. Malecki, K. Zalewski 
Institute of Nuclear Physics 

Cracow, Poland 
30-055 Cracow Ul. Kawiory 26A 

R. Sosnowski, M. Szczekowslci, A.Wroblewski, A. Zieminski 
Institute 	for Nuclear Research and Institute of Nuclear Research 

00-681 Warsaw, Poland Hm~a 69 

ABSTRACT 

We propose to study n- d interactions at 200 and 400 Gev/c 
in the NAL 30-inch bubble chamber. We will measure cross sections, 
charged particle mu~tiplicities and momentum and mass spectra for 
n- n inclusive reactions, pion diffractive dissociation and 
nelltron diffractivc dissociation. We \'1ill search for the increase 
in the deuteron "screening" effect correction as predictcd by 
Sidhu and Quigg. 

1·1ay 2h, 1973 • 
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I. 	Tnl:ro(lllctiol1 

\ole propoG.c an exploratory experiment to study diffractivf! dissoci,;ttC1h' 

-and :rr n inclpsive final stutl~f, in :rr-d interact.ions at 200 GeV/c and 1100 G(N/c. 

the experiment would be l!onclucted in the NAL 30-inch bubble chamber filled with 

deutcriwn. A limited exposure of 50,000 pictures at each cnerfY will yic!ld 

important information on cross sections", chjOlrced particle multiplicities and 

the , mass spectrum of diffractively produced systems. The bare 30-inch bubble. 
chamber is sufficient for this experill)f!nt. However, if a dOlmstream spectro­

meter system is available, we would ~~pose to use it to detect fast outgoing 

tracks "lhich cannot be accurately measured in thc bubble chamber. 

II. 	Physics 

The purpose of this experiment is to utilize the properties of a deuteron 

target to look at phenomena which cannot be easily studied on protons. These 

are: (1) inclusive reactions such as :rr+ n..-?:rr anything, (2) diff'ractive 

dissociation of the neutron, and (3) diffractive dissociation of pions on 

deuterons and (4) a possible increase in the deuteron "screen~ngll correction. 

Inclusive Reactions 

Despite the existence of data on :rr -p inclusive reactions, it is no less 

,.compelling that :rr-n processes should also be studied. The :rr-+n topological 

Cross sections can supply missing information on the odd-number charged particle 

multiplicities. These results can be compared with the even-number distribu­

tions from :rr-p interactions to see if they fit into the odd-nruuber gaps, 

consistent with RNO scaling. 

The single :rr inclusive spectrum can give information about the role of 


isospin in the inclusive dynamics. By studying the fragmentation of the 


neutron 


(1) 

and the correspondinL~ proton dat.n, a comparison of 


(n..,.:rr-+ anythinc)::: (p~I(+ + anythinG) 

(2)(n~1f++ anything)=(p-t:rr-+ anything) 


will provide a test of 1;;0 cxehane;e doininance. 


_Crm:r, 80ct10111:1 find Stnti sties 

-, 

'l'he :rr -n iHeltu;ivl' cro::;r; sections shpuld be, eomparablc to the :rr -p dato. 
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At 200 GeV/f.:, clT (n-p) is 2h.0± 0.5 mb. 1) Subtracting the clo.:::tic cro:.w 

section (3.26 mb) leuver: "'\121 mb. At 4-> beam'tracks per: pictur~;, we I's1.imnt,· 

"'10,000 interactiona of all multiplicities at each enerGY. The::;e lr-n ('vents 

0.1"0 charact~rizcd by an odd number of charc:ed trac Its "lith or without a slow 

spectator proton. A large fraction of the spectator events can be caaily. 

distinGuished from either proton or deuteron :i.ntcrac!tions since the spectator 

will be emitted at backward laboratory"angles. 

Diffract-ive Dissociation 

Diffractive dissociation is oric ;::>f the most interesting phenomena which 

has been encountered in strong interaction physics. It is a manifestly inelar:U c 

scattering process which has properties such as angular distribution and, 

energy dependence that are nearly identical to those of elastic scattering. 

It does not fit neatly into either the p~rely elastic or inelastic categories 

and it is therefore one of the least well understood scattering reactions. 

Recently, new experimental results from NAL, Serpukov and the ISR are 

beginning to suggest that the cross section for diffractive dissociation is 

as large as that for elastic scattering. In addition, the first NAL bubble 

chamber experiments indicate that the charged particle multiplicities of 

diffractive reactions mey be extremely important for understanding new results 

in inclusive reactions. The di.ffractive multiplicity'is found to be completely 

different from that of ordinary multiparticle production. This has led to the 

idea of two-component theoretical models which contain both a diffractive and 
2a nondiffractiveor multiperipheral part. ) The multiperipheral conlponent 

is thought to be understood theoretically but little is known abo~t the very 

high enerGY behav:ior of the diffractive contribution, either' theoretically or 

experimentally. These t,YO components are difficult to separate in the present 

inclusive data; it is therefore important to perform ne,V' experiments in which 

onl;'! diff'ractive dissociation can occur in order to study the exact nature of 

this process at hieh energies. 

Coherent ProQuctiol1 

A well-IUlown tochnique for cleanly separating pion diffractive dissociation 

from other processes is to study eohcrent prod,uction on a deuteron or other 

heavy nucleus target. fbI' the inelusive reaction 

7{- + d-+l + x- (3) 

.the recoil deuteron remains inta.ct only if the x system is coherently 

produced. This imposes several vory important rest.rictions on the x- ny::;tclII 

alld the (·xchange meehnnlmn. 'l'hl~ int..:'rllal qunntwn mUlIber'£:: of x must b(~ the "Wilt' 
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Q::: tho:::e of the incident J{ (l1lc1 the [;p:Uhpari ty sericn mu::;t be the same. 'l'lte 

G-purity of the plan is alGo conscrVDd which mcunlJ only ~ ll\unhera or piona 

are dif'f'ractively' produeeu. 'l'hese Qre .just thb knovfIl prop0.rU(;,s of <Ii 1'1'l'act~vc 

disr;oCintion. A much more important restriction in obviou::;ly that the mOJl1c'nt um 

. tr.a.m;fer to the deuteron, 
'" 

(Ii) 
must be small, where M is the mass of x and p lApis the incident beam momqntum. 

The above t,vo requirement::: preferentially enhance diffractive dissociation 

over all other mechanisms in coherept production. Any reaction which involves 

a chanGe in quailtum numbers or large momentum transfer (e. g. due to spin-fiip 

coupling) is suppressed. 

The requirement that q be small is also essential for identifYing diffractive 

dissociation events. A significant fraction of the observed events will be 

interactions on a proton or neutron rather than the deuteron. Since it will 

be extremely difficult to measure the momenta of all outgoing tracks at 200 GeV/c, 

there \,li11 be some difficulty in identifYing deuteron tracks in the bubble 

chamber pict~~es. The usual kinematic fits (e. g. SQUAW) may not be able to 

separate deuterons from protons. However, the momentum-transfer dependence 

-l. (5) 
for coherent production has a very steep slope, A -::::. 40 G-tV , because of 

the deuteron form factor. The recoil protons, on the other hand, come from 

non-coherent reactions involving breakup of the deuteron and therefore have 

slopes of 8-10 GeV Thus, the coherent deuteron events can be selected by 

choosing only small t values, e.g. J t'- 0. OS- r; eV 7... 

The properties of coherent production therefore make it well suited to 

study at very high energies in a relatively small bubble chamber. Most of the 

recoil deuterons are expected to stop in the chamber and their momenta can be 

accurately measured from range and curvature~. The slope of <l.<Tjdt is thus very 

well determined by the measurement of a single slow track in the bubble chamber. 

Al1 previous experimcnt.s on coherent production have bcen lindted· in 

their ability to study high masses and therefore high Inultiplicities because 

of the ,low enerr,y beam. However, at HAL energies, the requirement thnt q be 

small can be easily satisfied for very large masses of the diffracted system 

x.' J'rom C'l;fW (11), we cnn see thntAt ~s.~:::200 GC!v/c,~cQn be restricted to 

values of 0.05 GeV'Z. or nmallcr, a.nd musses of :J GeV ~nd creater call 'be In·oduced. 

This mny be rclcvant for understandinc; the rise in the totnl cross [;('ction 



recently observed at the ISH. Since the cause of the rise is unknown, J.t is 

clearly important to sec if it may be carnine from processes which were in­

accessible to' study at 10\." enerc:ies. Diffractivc dissociation into hieh mass 

states is one of these proce::;ses since it is stronc:ly suppreec,\.)d by th,: nuclear 

form factor at 10vl enereies. This process has also never been studied in 

hydroc;en because of the difficulty of ss,parating it from the many inelastic 

channels. 

'}'he Seattle croup has been studyinG diffractive dissociation in 11""- d 
~ . \

interactions at 15 GeV/c. The Poli.sh groups have photos of 25 GeV/c \t-C) 
interactions in a 2m bubble ehrunber. Thus, in a simple bare-chamber experiment 

there will result preliminary information on the behavior of diffractive 

dissociation ove"r the energ..v interval IS"Gt.V/, -\.0 tjCC&(~ In particular, the 

quantity 'drf/H~ {' , where s t is the mass squared of the dissociated system, 

will be studied for inclusive diffractive dissociation. This double differential 

cross section is believed to be a measure of the three-Pomeron coupling. Thus, 
•

this experiment will give preliminary information about the three-Pomeron 

coupling. Because of the deuterium tarcet, there ''1ill be no contribution 

from isotopic spin one .exchanges) which fact considerably reduces the number of 

three-Reggeon couplings. 

Neutron Diffractive Dissociation 

Deuterium is useful for the study of diffractive dissociation of neutrons. 

"The dissociation 

(6) 

is known to have a large cross section. ( .." Z.OO/...4 ~)at lower energies. The 

related processes in hydrogen, 

are both 2-prone final states and much more difficult to separate from elastic 

sea.tterinG at 200 GOV/c. The neutron dissociation will be easier to identify 

since it will satisfy n !~-C fit in most cases. This '''ill also make it easier 

to mea.sure the higher multiplicity statesl such as n-'? pnit, p\t1rtr I etc. 

At iower en('rgies, meson diffractive cross sections arc known to be 

larger than nucleon diffractive cross sections. The study of higher multipli­. 
city states for both the plon and neutron at 200 GaV/e may provide further 

info11nation that 1mB been missing at lower cnergieG. 

C,l'om~ Scct:lOllfl ~U1d S1.nt:intie;' 

According to vn riotw tw(.)-componcut model flnalyses of NAL and Berpul,ov 

data, tho totnl (li1'fracttve cross-r.eeLion may be ns lnrc;c us 3-1, IIlb in n-p 

~ \ , , , I ~, 
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at 200 acv/c. L(,:::;:J than 1 mb of this has been identified in I)UtlU h-churccu 

prone final states in n recent NAL"bubblc chambcr experiment. 

LO'l'10r cner&v datu indicate that 1/3 arc nucleon dinsociutton and 2/3 o.r(~ 

'pion dis[;ociation. 'I'hw; 'l'TC expect,....., 1 mb for nucleon dif1'ractive stat!::::; and' 

'" 4 mb for pions, ",here ''Ie have scaled by a factor of 2 for the deuteron tarr;ct. 

At 4-5 beam tracks per picture, we estil!1ate "",)00 nucleon events and ,...~~OOO pion . 
events at each enerc;.y. Approximately 1/2 of the latter will have a deuteron 

recoil which is too short to be seen in the bubble chamber. 

Deuteron Scrcenin~ Corrections ' 

Serpukov da~a show a rise with incident energy i~ the deuteron screeninG 

The rate of increase form ~O to 60 GeV/c incident momentt~ may be param­

eterized bjJ 

Sidhu and Quigg have computcd the additional screening corrections that would 

arise from inelastic rescattering involving intermediate states reached by 

Ji'ffractive excitation. Their result for the rate of increase is in agreement 

with the trend of the data. Additional data at higher' energies 'vould help 

to clarify this effect. 

The difference between dvat 40.0 Gev/c and its minimum value at ...... 30 GcV/c 

is about 3 mb if the trend continues. We expect th~t the total itl cross 

section can be measured to an absolute uncertainty of ±2 1/2 percent, or ±l mb. 

Thus we can expect to confirm this continued rise to 400 GeV/c at a 

level of about 3 standard deviations. 

confidence 

III. Experimental Apnaratus 

The film will be scanned in parallel at the four laboratories. Among 

them, there are 10 scanning tables, available. These scanning tables will be 

operated ho hours per week and we estimate the total experiment can be doublc­

scanned in less than 2 months. 

The V'l'L owns an Astrodatn PEPR measur:!.ne machine connected to a PDP-IO 

computer. This system is used exclusively for bubble chamber data processing 

by the VTL. The PEPR system has alreadi mea::mrnd ho ,000 ,( d cvents from t.he 

SJ..AC 82-inch bubble chamber, so that no chun::;es will be needed to measure th.:: 

"NAI, "}.l.>\.~rjJIH'nt. By usinG the no,", VTL vertex r;uidnnce technique, ,-Ie cun m\.'Hl;tn'(' 

1,0 ('vents tlll hour :i f n 11 true!:.:s need to be llIcaGUI'C'll. The low llIult:i.plici t.y ]d (\1\­

d:tfi'rnction events eHIl l'c'udUy be bnndlc'd by l'I'~PR. 

In udditioll) tlw Insttt..uit' of Nuclear rhysicG at CrllcOlv hUll U "S\1eCpld I," 

http:measur:!.ne
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automatic mca~mrinG device, and tho Davi:::; group bas aeces:.; t.o t.h(~ L13L [;piral 

reader. 

Special classes of events may be measured on manually operated machines 

if, necessary. Amone; the four collaboratinG c;roulH:;, there cxi:::;i 6 film-plane , 
measurinc; projectors and I, imac;e-plane dic;itizers. Four of the: filll1-pl.::me 

devices have automatic track-followinG features. 

Thus, the collaboration possesses -the entire spectrum of measurinc; devices. 

available today. If anyone of them offers particular advantages for this 

film, that deviGc is available to us. 

Adequate computer facilities are available. The Cracovl c;roupand the 

Warsaw group each ha~ a CDC 6500; the VTL has its own PDP-10, and the Davis 

group has a remote batch terminal accessing the LBL CDC7600 system. 

" 
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