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A study of tho difforonti "l cross-section of pion- deuteron 

ol"stic sco.ttoring should provide inforno.tion on the phnso of 

the pion- nucleon scatt~ring cnplitudo at non-zero LloLlentun 

tri2nsfor, ti2king i2dvi2ntage of the intorference betVleon single 

and double scattering. 

An oxporiLlont o.l sot- up is hero proposed, consisting of 

scintillation cOlll1tors and "lire spark chcnbcrs vii th ongnoto

strictivo reed- out, ,';hich cOf.1binos [t lc.rec angular acceptanco 

[lJ1d C!. good nccurc.cy in the dotoITlino.tion of tho I10i:lontuo 

tr=sfor. 



1. INTRODUCTION 
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Tho aiD of the oxporioont is to Lloasure tho phaso of the pion

nucloon scattering anplitude at high onergius and non-z ero mooentUl7l 

transfer; nora precisely, to neasur e the ratio of the r eal to tho 

~~agina~ part of the s~etric rrp scattering anplitude 

T(+)=l[T + T J 
2 + -rrp rrp 

at a nonentun transfer of the order of It I = 0. 35 (GBV/c)Z , by 

the neasurenent of a dip in the olastic pion-deutoron angular dis

tribution at this value of t . 

This nothod has first beon proposed by Franco1
), in· tho frano

YfOrk of 0. gonoro.l nothod discussed by Glauber and Franeo
z

) , and 

than npplied to the olo.stic pd scnttering at 2 GeV incident 
3) 4) . 4 energy by Colel:lan and Frnnco , nnd to the e last~c p- He scat-

terings) by Czyz and Lesniak, nnd Bassol and Wilkin
6

) . 

The physical bas i s of the nethod is as follons. In the high

energy r egion, the pion-deuteron scattering anplitude is expressed, 

in the Glauber theo~, as a sun of terns in an iDpulse series, 

whose nain terns at snall nonentul:l t r ansf'er arc tho sinele scat

tering tero and the double scnttoring torn. In tho Glauber appro

xination (iDpnct pareneter appr oxination for the pion-nueloon 

scattering), high enorGY has the following nenning: 
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i ) t he \7avelength of' t he incident particle i s smaller t han t he deuteron 

size; 

ii) the e lementary pion- nucleon el astic cr oss -section has to be concentra

ted ma i nly i n a f'orward peak , Vlhose corresponding "optical r adius" has 

also to b e smaller than the deuter on s i ze. 

These condi tions a r e sati sf'ied i n the p i on-deuteron scattering when the 

energy of the incident pion is large r than, s ay, 800 MeV. In f act, a t the 

corresponding energy, the p i on-nuc l eon scattering amplitude a lready shoils 

a f'orward "diff'racti on" peak . 

The small momentum transf'er condi tion is given by the necessity, in 

the Gl auber approximation , of neglecting the effects of' the r ecoil of' t he 

deuteron; however , this condition can be relaxed if the Gl auber the ory is 

reobta ined starting f'rom a Feynman di agr am approach 
7

) , " hich a lloVis one to 

t ake care of the , reco il and r el a ti vity corr ecti ons ; in this way the the ory 

can bc expected to be valid in a r a nge of' momentum transf'e r 

In the Glauber theory , the pi on- deute r on scattering a mplit ude i s gi ven 

by 

(1 ) 

"here f' (cD and f' (-q) are the pi on-proton a nd p i on- neutron scatt ering 
p 11 

ampli t udes , G(iD i s the deuteron f'orm f'actor, ;;hich can be expressed a s 

the Fourier transf'orm of' the squa r e of' the deuteron bound sta t c wave fune ti on 

G(,D = r d'x 
J 



- 3 -

The variab l es a r e s uch that q i s the momentum transf~r vector (q2 = -t in 

the Breit system) , and, if k is the momentum of the incident pion in the 
-+ 

l ab system , q' is a t rw -dimensional vector, orthogonal to k. The first 

tViO terms correspond to singl e scattering, who r e the pion inte r acts Vii th 

only the proton (or tho neutron) inside the deuteron; the third term is 

the double scattering term, "here t he p i on inter acts VI i th b oth nuc18ons. 

At high energy, 'ihere the p i on-nucleon scattering sholls l1. for17ard 

peQk, the single and doub l e scattering 't erm have a completely different 

behavi our with t he momentum transfer. 

Firstly, in the for;iard direct i on, the s ingle scattering t0rms a r e 

much more i mportant than the double scattering term; it is knoVin that a t 

t = 0, applyi ng the optica l theorem, the first two terms expr ess the rrd 

tota l cross-section as the sum of the rrp and rrn total cross-section, and 

the third gives rise to tho G-lauber shado .. correction, proport i onal to the 

pr oduct of the rrp and = tota l cross-section, nhi ch turns out to bo a fev, 

per cent corr ection. 

At non-zer o angle, the single scattering t enn decreases very f a st with 

t , "hile the double scattering tonn has a much more gentle slope . A 'Iay 

of est imating tho slopes i s t o take both ' t he deuteron form f actor and tho 

pi on nucleon sca ttvring ampl itudes as exponenti als , in t : 

G-( - tAl = eb , t, f(t) = f(O) ebt . Then tho values of b and b , can be t akb n 

as b , ;;; 8 (G-eV /C) - 2, b ::: 4 (G-cV /0) - 2. With this parametri zation, the s in

gle a nd doubl e scattering amplitudes have the behaviour rlith t 

bst 
T , gle(t) = T (0) 0 

Sll! S 

Hith b s = 12 (G-eV/C) -2, bd = 2 (G-eV/c) - 2 . The f act tha t Ts(O) » Td(O) 

IDcans that for some value of t, t = to, t he absolute va lues of Tsingl e 

and Tdouble coincide . If tho deuteron form f actor i s pr operly computed 

from a deuteron >lave function rlhich r eproduces 1'011 the r apid docr oasc of 

the el nstic cross -secti on a t small t, and including tho pr oper amount of 

D- navo function , the value of to can be estimated to bo of the order of 

to~ -0. 35 (G-OV/c)2 . 

67/755/5 
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If- the pion-nucleon sca ttering amplitudes a re supposed to be purely 

ima",inary, )1ith positive imaginary part, for al l v a lues of t, then it i s 

easy to s ee from formula (1) that the -Single a nd double scattering ampli-
.. " . ;. 

tudes a re both pur ely imaginary and of tho opposite sign . The t wo contri-

buti ons therefor e tend to c a ncel . 

As a res~lt the el a stic pion- deuteron anf,ular distribution will shO\>1 

a zero for t = to . In g8nora l, if the real part of the pion-nucleon sca t

tering amplitude is non-z ero, instead of a zero the a nf,ula r distribution 

will show a dip ; this dip is filled up very r ap idly when the real part is 

increased from zero . Ther efor e-, the form of the el a stic differenti a l 

cross- section of- the pion- deuteron scattering is very sensitive to the 

real part of the p i on- nucleon scattering amplitude at a value of_ t close 

to- to. One has to B tress that at high energie s, nhere no -phase- shift 

analysiS is possiblo due to tho large numb or of a ngula r momenta involved , 

there is actually no nay of measuring expcrimen t a lly the pha se of a scat

t ering amplitude , except a t t = 0, where one can obta in the rea l part from 

the Coulomb i nterference experiments. The f act tha t the deuteron has iso

spin zero has tho rQsult tha t the r elevant rea l part i s that of the symmet-
o *) 

ric pion-nucleon ampl -i tude • 

The r eason for cho-oaingo a pion-deute ron sca t -t El ring instead of proton

deuteron (where one could hav e much more int ense bElams), is that the 

theoretical analysis i s f a r easier when the elementary inte raction is 

the pion-nucleon scattering amplitude, 17hich depends only on tllO inva riant 

amplitudes in the spin spaCEl , in contrast l7ith the nucleon-nucleon ampli

tude, n hich depends on f ive invaria nt amplitudes . 

'.ie think th.:.t it i s important to perform trIO k inds of experiments , 

one at r ather moderate ener gies (typically b el m' 1 GeV) , th e second one 

a t high Gnergi es (starting for example a t 6 GeV) . 

*) 
The syT.JJ:le tric anpli tude is the only one Vlhich i s present in the 
singl e scattering t ern . The double scattering contains also the 
square of the antisynnetric contribution; ho,lOver this effe ct 
b 

- , 
clng n quadrntic one , is soall Cot high energies . 

8e 
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The 10in of the i ntor:Jcdi1O'w enere;y oxperi1.l0nt is tnofold. Firs t 

of 1011, it is ten energy n.t which ono cnn s til l have a good knovrledgo 

of tho pion- nucleon sC10ttering oopli tude , ob t1Oined fran the clnsti c 
+ 

sC 10tte ring end pol(,riz1Otion ne1Osur e:.lonts f or 1T-p s01Ottering . One c= 

the r ef or e, usinG the ~xistinG lmoVil cdge of t he deuter on r:nv e function, 

prcdict the nc t UL,l position, Hidth n.nd deepnuss of the dip at t = to; 

the n e10surenent l7ill in th i s "1Oy be n chook of the Gl aub er theory. 

In this c onnection, it 'lOuld be useful to perfom 101so o.n a ccura te 
+ 

nonsuro,:lOnt, at tho sane onoreios , of' tho clastic 1T- P angular dis -

t r ibution, "hich lIill ro.lso have 10 sepnrc.te interest for the phe.se-,. ) 
shift anc.lysis of pion-nucleon sca tte r i ng • On the other hDnd, the 

deuteron pc.r[,I1oters are not so r:ell known in the r elevant int e rval of 

nonenturJ t ransfer ; n recent =p~ysis by tho Gourdin group of the 

el c.s t ic electr on-dcute ron scattorinG nnd of the deuter on photo- =d 

elect r o-disint<..gr Gtion
B

) shaHS th10t one h 10s SO::lO knowledge of the 

deuter on pnr~otors till a v101ue of q2 ~ 10 f - 2 ~ 0 . 4 (GoV/C)2 but 

still the un ccrtninty of tho pnrnnetors is large . The internodiato 

onore;y oxporinent ,Till the r ef or e 10110\7 al s o 10 blOtter deterr.!in1Otion 

of the deutoron p1Or c...,lCter . Since at 1011 the energi es the r e l ev10nt 

values of t a r c tho s ane ( t h e position of the dip is const1Ont Vlith 

the energy) , the sc..":10 v101ues c= then bu used ro.t high energie s . wo 

thin1:: tho:!:; ,~ :'.1oJc.ningf'ul c.nc.lysis of 0. hiGh- enereY pion- deuteron sca.t

tering r equir es c. pr oli;]inc.I"J oxpcrinont nt int..;r;",10dic.to energy, in 

ardor to "cro.librro.te" the theory. Tho h i eh- enereY expori::lOnt nill , of 

c ourse , Give infor[]ntion 1Obout the ph,;se of tho scattering ooplitude 

at non- zer o t in 10n (ll1ore;y region "hich is typical of o.ny high- energy 

nodel. It is not necess10ry to stross the inpor tance of the knonledge 

of this quantity; o.s (0.11 exxlplo , \iO sho.ll only r ene'.1b e r tho.t in the 

frc.Jcollorl: of a Ro(,[;e pole thoory, it y;ill eive 10 direct infomntion 

about tho t dopondonce of tho PO'.1Orru.1chuk (p) =d. tho p ' tre, j J ctori es . 

It is i.Jportro.nt, hOllOver, to choose ,;n onereY fo.r enou6h fron a np 
roson['.l1Cl:, sinco ncar ['. rosonc..ncc the Gr:.lubor theory shaus sono 
di fficulties, connected <lith the r o.pid vari1Otion of tho scro.ttering 
Q'Jpli tudo r:i th the energy. 

8~ 
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As a side remark, VIe shall say that it is not possible to 

interpret the dip pr edicted by the previous interference the ory, 

as the dip and the followinG secondary maximum nhich are present, 
+ 

at moderate energies, in the elastic 7T-P angular distribution, and 

v/hich could have an effect on the elastic 7T-d scattering . In fact ; 

the positions of the tno dips are quite diff erent [ I t 1",,0.35 (GeV/ C)2 

for the interference dip , It l:>:0.6 (GeV/c)2 for the dip in 7T:':P 

scattering]. Moreover, the secondary dip, which in Eq . (1) will 

affect the single scattering terms , will not show up in the actual 

7T-d distribution, since at It I = 0. 6 (GeV/c)2 the single scattering 

contribution is already overwhelmed by the double scattering con

tribution, on which the secondary dip and maximum have negligibl e 

effect . 

Let us now discuss briefly the limitations of the theory. 

A first limitation is the neglect of the spin- flip effects, 

since in the Glauber formulation all the particles ar e treated as 

spinless . The spin-non-flip and the spin- flip amplitude being in

~oherent , the presence of a substantial spin-flip contr ibution ,;ill 

have the effect of reducing the deepness of an eventual dip . This 

difficulty can, however, be taken into account by reformulating the 

shadow theory vii th a correct treatment of the spin variables . 

Another limitation comes from the f act that one always considers 

the deuteron as coupled only to the proton-neutron system; this effect has 

been o.nalysed by Gross 7), who has fow1d that it is small when the 

momentum transfer is not too high . 

A third and more drastic limitation comes from the fact that in 

the double scattering term one neglects inelastic intermediate states . 

For 0.11 these reasons, we think that a check of the theory in 

the intermediate energy region rlOuld be very important . In the 

high- energy experDcent one has ~lso the possibility of an indirect 

check by lookinG at the laq;e-angle scatterinG, \lell after the dip 

and the subsequent shoulder, since t here, in t he Glauber theory, the 

magnitude of the differential cross-section depends almost on the 

9 t 
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+ 
total 1T-P cross- sections and on the deuteron parameters , uhile its 

+ 
t - dependence is a function only of the (knovm) slope of the 1T-P 

elastic differential cross-section . 

2 . THE EXPERHiEln'.i>.L SET- UP 

67/755/5 
hsi/P 

Tl:le apparatus shoVin in Fig. 1 will al.low us to measure the 

differential cross- section for 1T-d clastic scattering in a r ange 

of momentum transfer from 0 . 15 to 1 . 2 (GeV/c)2, for an intermediate 

value of the kinetic energy of the incident pion; in particular, 

the pion momentum has been taken to be 900 MeV/c. The experimental 

problems cOITlectod \lith the detection of the deuterons , rrhich is the 

most delicate part of the experiment, are identical , honover, at 

10rl anq high energy. Tho pion branch Hill be different , because of 

the fact that at high energy the particles are much more concentrated 

forward, and the general background will be very differ ent too . 

In order to get an idea of the magnitude of the cross-section 

we mmt to measure, let us look at the existing p- d elastic scattering 

data. In the range of momentum transf er we are interested in, the 

cross- saction does not depend very much on the kinetic energy of the 

inc~dGnt proton' , 9" O) . The dependence of the p- d elastic scattering 

cross-section on the momentum transfer is shOlm typically in Fig . 2 , 
3) . for £\ proton kinetic energy of 2 GeV • The superlmposed curves ar e 

the theoretical predictions of Coleman and Franco·) , taking into 

account double scattering. 

'rhe anGular correl"tion betneen 1T and d is shovm in Fig . 3 for 

a 0 .9 GaV/c incident momentum, as Hell as the 1T and p correlation in 

the elastic scattering on a proton at rest . In Fig . 4 the quantities 

rel evant to the detection of deuterons "re shoun . 

','Ie propose to porform the lorr- energy experiment in the q3b 

beam. ,["lle experimental area available at presont is shmm in Fig . 5. 

At 2 . 8 m from the centre of tho last lens, a 7 rrun diameter image is 

obtained, \;ith a flux of 10s. 1T- per 3 x 10" intGractinf, protons, 
, 1 ) 

corresponding to 0. momentum bite of :': 0 . 5% • At t he iIJmGe the bean 

has a horizontal divergency of :': 35 mrad, and a vertical divergency 

of :': 5 mrad. 

9:: 
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The liquid deuterium target is the one used in the p -1Ty experiment , 

3 cm diamet<3r , 10 cm length . The total th i ckness in a dir ect i on normal 

to th e beam is 0.343 g/cm2
, that is 0.37 x 10-2 rad.lor.gth (see Appendix 1). 

Therefo r e the deuterons come out of the target if the momentum transfer 

is larg"r than 0 .08 (GeV/c)2; at 0.15 (GeV/c)2 the resitiual range is 

0 . 5 g/cm?, while t ho multiple scattering angle i s ~ 12 mr ad . The spark 

chambers and the path in a i r give a contribution to multiple scatt e ring 

of the same order, but an exact calculation has still to b e porformed, 

taking into account the energy losses in the various materials, and their 

di fferent Height i n the track determination . Tho situati on becomes bet

tor at hi gher momentum transfer; for ins t ance , a t 0 . 3 (GeV /c) 2 the multiple 

scatt"ring is two times small er, 

The detector consists of three systems of thrce wire spark chamber s 

each, with magnetostrictive r ead-out, plus scintilla tiQn counters! fo r 

triggering. Par t of theso chambers has a lready b een built and tested in 
1 2) 

the laboratory and in a beam , Somo partial description has been given . 

The Ctccuracy for locating a spark is 0 . 3 mm. 'rhe r esolving power for two 

near by sparks is 2 mm for tho smaller chambe rs and 4 mm for the larger one . 

However , the exi sting readout and data acquisition system limit the resolv

ing power to 4 mm am the ac curacy of location of a spark to 0 . 5 mm. The 

efficiency "of the chambers does not change when the angl e b et iwen tho tracks 

and tho wire planos is increased up to va lues a s large as 50°, I'lhile t he 

standard error in the location of tho sparks does not increasu apprec i ably 

up to values of 200~ 25° . 

The reason for having throe spark chambers on each ionizing branch i s 

to allow reconstruction in space and to increase the efficiency' against 

spurious sparkS . The central chamber will be placed slightly rotated i n 

a plane parallel to the other two in ordGI' to solve , as usual , the 

ambiguities when morc than one spark i s present . 

The trisger is given by 1, 2 , 3, 4 , 5. Th~ countors 1, 2, 3 have 

dimensions 12 x 2 x 0 . 5 ,cm' , 10 x 10 x 1 cm' with a central window 

2 x 0 . 5 cre', 15 x 15 x 1 cm', respectively, Tho counters 4 and 4 bis con

sist of 5 scintillator strips each, 130 cm long. Tho position of the 



- 9 -

oounters take into account the variation of time-of-flight vii th the re-

coil angle , and the velocity of propagation of the light in the scintil

lator . The delay between the zero time, given by the incident particle, 

and the counter 4 pulse is the same for all deutorons, in the accepted 

solid a ngle. It differs by at least 6 nsec (se8 ~'ig. 6) from the time-of

flight of the recoil proton going at the same anglo in the elastic rr- p 

scattering . A time selection allows the separation of p from deuterons , 

already in the trigger. Furthermore, the counter 5 consists also of five 

strips of scintillator 50 em long, 8ach of thorn in coincidence with the 

corresponding strip of counter 4, so as to allow a rough check of coplana

rity at the triggering stage . In order to cover the s ame range of azimuthal 

angle, the strips of counter 4 are suitably shaped . 

1:'Ie assume that tho most important background at this energy is the 

pion-proton quasi-elastic scattering . Due to the smallness of the deuteron 

binding energy , tho cross-section for the quasi-elastic scattering on a 

bound nucl eon will bc much largeJl' than tho cross-section for ol astic rr-d 

scattering in the momentum transfer region Vie are considering . To give an 
13) 4,14 ) 

idea, the p - p and p - d cross- sections on Vlhich information is 

available , have been plotted in Fig. 7 . 

The pr ecis i on in tho muasurement of th0 track directions will allow us 

to eliminate this background in the analysis . j,joroover, the coplanarity 

requirement, and tho timL-of- flight sulection should gr eatly r educe the 

spurious triggers . Only on tho basis of time-of-flight, the t ail of the 

Formi momentum distribution of tho proton (calculated assuming tho Hulthon 

Havc furio tion as tho corroct description of tho deuteron stato) would causo 

in the tribger a s ignal-to-noise ratio of 1: 1 if tho rr- p clastic croSS

suction is 50 times larger than that of tho rr-d, am1, if OUr timG resolution 

is :+: 1 1130C. Hh"n onO oonsiders the ooplanari ty roquircm.;nt imposod to the 

tribgor by tho suitable coincidenc os betweon th0 corrosponding strips of 

countors 4 and 5, this ratio becomes ovon bettor, although the exact figure 

has not yet b"on calculatod. 
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Our system should be ab l e to locate the dip in the w-d e l ast ic scat

tering cross - secti on Ylith high accuracy: . the error in the momentum trans

f er due to the spread of momentum of t he incident beam and to the errors in 

the measur ement of the various par ticle trajectorie s is about 2%. Moreover , 

an accurate calibration of the apparatus Cru1 be done r elatively easily , fil

ling up the target with H2 and measuring elastic w-p scattering; therefore 

we believe we can measure the absolute value of t he ~-d differential cross 

section to a few per cent (incl udi ng both statistical and systematic errors) . 

Assuming a n average cross- section for ~-d of 50 pb/sr and a solid anglo 
. -. 

of 0. 3. sr .Ne get : number of event /burst = 0 . 6x 105 x 0 . 5 x 10 x 0 . 3 x 0 .8:;- 1. 

Our syst em can be t r iggered about 5 times/burst, t he limitation being due 

to the Vlri ting on a magnotic tapo . . Thor ofor e , one could 0),.',,10 ct ~ 2 x 10" 

e vonts /day botwoen 0 .1 5 and 1. 2 (GeV/c) 2 
• 

To analyse 5 x 10" events, 50 hpur s of 3800 computer time is required . 

The possibility of pe rfor ming the same kind of experiment on "He tar

get is being taken into consideration, as well as using protons as incident 

par ticles . 

3 . READ-OUT ELECTRONICS 

The read- out electronics for the magnetostrictive wir e spark chambers 

has' been inten sively tested nuring a coupl e of months in the q,b and q'a 

test beams 15) , and needs no modification f or the experiment we are proposing . 

The magnetostrictive signals, picked up by suitable coils at one end 

of the reading wires , are amplified and shaped gi-ring stand ard 4-00 nsec, 

2 V pul ses . Since we r ead the x and y coordina~e in nine chamber s , a total 

of 18 amplifiers is required . 

The whole information is then serialized in a set of magnet ostr ictive 

delay lines , accor di ng to Fig . 8 . The delay l i nes have a standard equiva

lent length of 4-00 psec, negligible jitter , and a resolution of 800 nsec . 

The whole information r egarding one single coordinate (one refe rence pulse 

plus the sparks) is then contained in a time inte rval of 4-00 Ilsec ; the control 



unit, essentially a sophisticated stop scaler dr iven by the timi ng uni t 

(one single delay line r!ith recirculation) , then star ts and stops a number 

of succDssi ve scalers equal to the number of sparks. In other 170rds , He 

do not assign "a priori" a fixed number of scalers per eloctrode, bu t only 

the to t al numb er of sparks Vie expoct t o have . 

In the present proposal the numb~r of sparks Vie expect to have is 18; 

n i th a set of 30 scalers '<;10 will then allow tho occurance, for i nstance , of 

one extra track in a tel escopo a nd a total of six spurious sparks anYl7her e 

i n the system . 

Two 24-bit indicators, mounted as standard CERN scal ers , give tho num

ber of sparks recorded for each coordinate . The d i splay of these r egi ster s 

gives an immediate "heck- up of eventual failures in the systom . 

The whole writing proeess requires less than 8 msec; abou t 40 mseo ar e 

then needed to record the contents of the scalers on an I Bl:i 7330 magnetic 

tape unit , using standard CERN int erface. 
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APPENDIX I 

MATERIALS ON THE DEUTERON PATH 

g/cm 2 units of 
rad . length 

Tar get ( existing) 0 . 2610 D2 22 . 50x10- 4 

0.0 187 mylar") (target wall) 4.57 " 

0 . 0270 Al heat shield 1 . 13 " 
0 . 0014 mylar a lumi nized 0.34 II 

0.0347 myla r vacuum 8 . 48 " 

Spark chamb ors \la lls 0.056 myla r (6 x 0 . 009 ) 14. 00 II 

. .:.,. ) 
V1 J.re 0 . 1068 Cu 78.00 II 

Air path (over 1 . 5 m) 0 . 2 air 59 . 00 " 

,:. ) 62 . 5% C; 33 . 3% 0; 4. ;?Jb H. 

** ) The wire i s 0 .1 mm d i cuneter Cu , the interspace is 1 mm . For 12 wir e 
planes , the average thickness t r aversGd by one particle is 0 . 12 mm . 
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Fi&lI'€ Captions 

Fig. 1 

Fig. 2 

Fig. ' 3 

Experimental set-up, as seen in the horizonta l plane . 8, . . • 89 

are t,/O gaps .,ire spa rk chambers Vlith magnetostri ctive read-out, 

C, ••. Cs a r e scintillation counters . 

,[From V. Franco a nd E. Coleman, Phys.Rev. Letters 11, 827 (1966)). 
Differentia l cross-sections in th,) l ab system for elastic pd scat

' tering a t 2 . 0 GeV. The solid (broken) curve is the theoretical 

prediction, using nucleon-nucleon data, Vlhen doubl e scattering is 

treated (neglected). The dotted curve i s calculated Vlith the 

experimenta l loner limits for" a nd (l , and the dot-dashed pn pp , 
with theoretical predictions for "pn a nd "pp ; they both include 

doublo scattering. 

Angular correlation between pion and deuteron (proton) for elastic 

pion,~euteron (proton) scattering a t a n incident pion' momentum of 

900 MeV /c. The momentum transfer (-t ) of the deuteron is also 

shorm, as a function of the deuteron sca ttering a ngl e ; 

Fig. , 4 . . "?mentum transfer (kinetic energy) , r a ngo in deuterium, a nd mul

tiple sca ttering angle for unit of r adiation length, vs. deuteron 

momentum. 

Fig. 5 

Fig. 6 

Fig. 7 

Fig . 8 

q3b beam layout a t C.P.S. 

Deute ron (proton) timo-of-flight p er metro and r a nge i n'carbon as 

a function of deuteron (proton) scattering angl e in pion-deut e r on 

(-proton) el astic scattering at 900 MeV/c. 

Diffe rential cross-section in the l aboratory asa function of t he 

solid a ngl e of the r eco.il particle in p-d and p-p ela,stic scatter

ing at 2 GeV. 

Block diagram for th o read-out electronics. 

9f. 



~ 
~., 

IT beam 
0805 1-------1-",,-----""----

Cl 

51 52 53 

TT+D-TT+D 55 

incident TT momentum 900t:5 MeV/c 

o 1m 
55 \ 

FIG. 1 

\ 
\ 

57 

\-

IT branch 

58 

'-
'--

59 

'--
'---

'---
'-

'---
'--

'---o branch "-

C4 

'--
'-

'--
'

'-
'-



-:: 
'" --.0 

"-

D 

" c: 
"0 

--b 
:3 

10 5 

\ 

10 2 

10' 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

• 
Zolin et 01. 
Colemon elol. 

\'~ \\ 5 a ~-0.28 
' ~ - O. • pp 

'II \ ~ apo 
(from theory) \1 \. 'Jj'. _ ...... 

\\ ~(,------- ~~, 
' , ~~ " 
I·

v 

~'~ .. , 
\ \ - 2 a ~·0.12 '., " 
I a _ O. I PP .... ~' 

\ po ) • , 
\ \ (from expl. ~' ~ 
\ \ ~-0.19 • \ ~ - O. 2. a pp ) 

\ a
po 

.. from expl. \ (lower I,m,ts 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ ------\ ,/ 

\ / 
\ / 
\ I l-----------cfs----~~~-f;--------- 11 .. 55 1.0 

10-

2

0 
0.5 -t (GeV/c)2 

FIG.2 

l O ~ 



en (DEGREE S) 

80 

60 

40 

20 

10 20 30 40 

FIG.3 

10 ~. 

tD 
(GeV'/c') 

IT P and IT D elastic scattering 

incident n momentum 900 MeV/c 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

04 

0.2 

50 60 70 80 90 

ep ,eD (DEGREES) 



~ 

<:> 
r 

3+30 

8el R 
(rad) (g/em') 

2+20 

1+10 

o 100 

8c (p)·10 

200 300 400 500 600 700 BOO 

FIG. 4 

1.6 

400 

T 
t 1410-1ev) 

(GeV'/c' ) 

1.2 
T(p) and t(p) 

300 

10 

O.B 
200 

R( p) 

0.6 

0.4, 100 

0.2 

900 1000 1100 1200 1300 1400 
p (MeV/c) 



I 
~----'-.J...,4L-_'C~---rx:_ ~ <J?S:s=r1 

\ 

\ ~ ~,v 

I I 

',IlJ,RONics - - - --1 

I 

_ ' ~ ....L 4-.1 6 7 ~ 9 10 

'-1 ' 

F I G_ 5 -' [) • 

f 'T'-C: -1 



R ' 
(gm/cm') 

100~ "-

~ 
80f ~ 

e:> 
...... 

60 

40 

20 

20 30 40 

incident n momentum 900 MeV / c 

/ 

~euteron 

Time of Flight 

~ / 

~proton 

Range in C proton 

16 
Tof F 
(ns/m) 

14 

,12 

/110 

i 8 

, 6 

4 

2 

50 60 70 e (DEGREES) 

FIG. 6 



do [LAS] 
dO recoil 

10\ \ 
\ 

mb/sterad \ 

0\ 
10' 

-\ 
10 

-, 
10 

-lL_-;;-';-~Q:O.2~ 10 0 0.1 0.3 

o 
o 

6. Cork et al. 

Zolin et al. 

° d Coleman o Franco an 

cos e recoil 

0.4 0.5 0.6 0.7 08 

FIG.7 

lL. 



GATE 

_____ --IAmplifierl-_~ Delay 

+sha~ ~I~ign~e==~~ 

... 1 INITIAL TRI GGER 

~ 

Delay line f-

TIMER 

.L 

~ Control 10 mefs 
Un i t CLOCK 

Spark 
Regist.l 

Spark 
.~ 

Reaist2 r--

CERN 1 
25~ffS sea er 

~ 

35 

CERN 
IBM Magnetic 

Tape Ree. 7330 

FIG.8 




