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Abstract - In this paper -we pre:...it a study o£ the reaction n d -*•«, n XI d 

at 9 GeV/c. The mass spectra arc in fair agreement with the predictions of 

a Regpeized pion Deck Model«However, the 5 channel azimuthal angular distri

bution indicates ,1 P exchange Deck contribution. The results of the partial 

wave analysis of the (3(f) - system are compared with those obtained in a 

hydrogen target : tne J =2* contribution is very small (1,5 t i,2)S in our datn 

which arc dominated by J =1 for low ciass whereas the J =o", 1 , 2~ have 

comparable importance in the higher mass region. 



1) Introduction 

The purpose of this paper Is to present the main features of the 

coherent prod-action of the (3nJ~ system in the reaction 

n'd^drTnV (i) 
at 9 GeV/c. 

In section 2 we discuss the event selection end th<ï differential 

and total cross sections* The mass spectra ore presented in section 3 and 

compared with the predictions of a Rcggcizcd picn exchange Deck model. 

A general agreement is found, hut the decay of the (3H)~ system shows 

clearly that it cannot be the only t-channcl exchange mode. The variation 

of the slope b of the four momentum transfer distribution t' as n function 
da 

of the ( pcrf) mass is studied. FinalLy^M B e c t i o u 4 ;ue report on the results or 

partial wave analysis of the (3fl) system which has been performed by using the 

Illinois program. The conclusions of the present analysis are discussed 

in sect 5. 

2) Data analysis and cross-section. 

2*1 Surcmnry of the analysis. 

We have used 240,000 pictures from the CERN 2m D11C 

exposed to an R.F. separated beam. The films were treated in two different 

ways. A first lot of 30.000 pictures was scanned for four prongs with at 

least one stopping track and for three prongs. This has givjn 34.000 events 

which have been measured with the College dc France Spiral Reader. The rest 

of the pictures were scanned only for four prongs and measured with manual 

devices. 

2.2 Selection of coherent events 

The measured events were processed through the CERN chain 

of programs and only those hypoteses consistent with the observed bubble 

density were kept. 

From 44.000 four prong measurements we obtain 1800 events fitting 

reaction (1) (4C) with a chi-squarcd probability bigger than 0.05. The 19.000 

three prongs events were fitted treating the unseen deuteron as a missing 

particle (IC) and using the following cuts on the deuteron range R projected 

on the front glass in the chamber system : 

error $R<l«5mm (R - <?R)^ 2.5mm 

and <R - S R>£4mm [f [ <f d ~ (f b c a r a U l 5 ° 

These; criteria are the some as those applied in sinilnr experiment1--; 



Only a small fraction (** 20S) of three and four prongs events fitted unara-

bigously reaction (1), The others were ambiguoust fitting also the <lC)resct£an 

n"a~*pnn"n*V . (2> 

In t h i s case , the coherent deuloron events ucre se lec ted by applying cuts to 

the neutron-proton e f fec t ive mass, to the angle between the proton and the 

nautrji i ond to the r e c a l l momenta In the laboratory reference frame, The cuts «i 

3 ûtitl 4 prongs M(pn)< I.995 GaV 

| « f i @ p n | > 0 . 7 5 

P 
4 prongs only 0,35 < £ - - 5 < 1.05 

F ina l ly we end up with 13G4 four prangs and 291 three pronfis 

events corresponding to the coherent production (1 ) , 

2.3 IUffcrcnti . i t And t o t a l c ross sect ions 

Fig 1 shows the d<T/dt^ d i s t r i b u t i o n 1 . By f i t t i n g t h i s 

d i s t r i b u t i o n in the region 0.02 < t * d < o , l (GcV/c) with the exponential 

function Ae d we obtain a slope of b=31, ~ 2* (CcV/c^ . This value i s 

In good agreement with the one obLained with s imi la r f i t s in previous 

experiments producing (3 Tl} - coherent ly inf(~d i n t e r ac t i ons [2J, Taking 

Into account the loss at s n a i l inonentum t . nnsfer and cor rec t ing for the 

ccanning and measuring ef f ic iency wc obtain f ina l ly a t o t a l cross sect ion 

3) General feature;; of the d ffrTn," f inal s t a t e» 

3.1 Effective pass spccrr.t 

Fig (2-4) show the two body mass d i s t r i b u t i o n The (It It") 

Mass combination (Fig 2) i s dominated by the P » but there i s an ind ica t ion 

for f ° production as w e l l . Ko p a r t i c u l a r s t ruc tu re s arc observed in the (IT. rç ) 

mass spectrum, A c l e a r ind ica t ion of d ° i s sceu in the los; mass (dfOof F i £ ^ 

and a low 

r.pectrura 

con t r ibu t ion of events in the high mass region (A-, mass region around l.C^CaV/r. 
* — • 

The It n. mass d i s t r i b u t i o n s for the A, and A„ regions are shown in f igure 6. 

The P i s dominant in the A. mass region and the f ° i s present in the A. mass 

teg ton, :,„ „___ . 
* t . n t - t , lt_, i s the four-momentum t r ans f e r to the deu te -

d I d mini d 
the m 

the given (311) mass. 
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3,2 Regneizcd Deck ffidel 

We compare our results Co the prediction of a Rcggeized 

pion exchange model described by the diagram of Fig 7a. The corresponding 

matrix clement, discussed in details in Ref £ * l i l i a s keen used to produce 

by Montecarlo method the curves drawn in Tig 2 to 6. The agreement is 

rcatomblc» but not completly satisfactory* One possible explanation Ear 

this disagreement could be the existence of other exchange mechanism, for 

instance the P exchange contribution reported in Fig ?b, This has been 

suggested by Berger0 and evidence has already been observed in other 

diffractive proccssosGO . The use of the <p s-channel azlnuthal angle 

of the (3tl5-5Pn" decay in the (3^J~ rest fra™e, is ve.y promising in 

this respect. For a fixed set of the kinenatical variables ^ s ,,,t. and 

i in our case) the <b_ E 0 region correspond to an interaction dominated by 

the "fl-exchange (small t^f p in Fig 7a) and the \ <ps \= If region to the one 

dominated by fl -exchange ( lar^e t1^-* 0 in Fig 7b). 

The experimental distribution in Fig 8 has been obtained by 

selecting events with G.ÔS^MCïUj -) ;<fo,8S Ge¥/e 2 and 0.02^ t* ^0.1 (GeV/c)*' 

The peak ncar<b =0 * s consistent vith the presence Df an important 

plan exchange contribution, whereas events "ithtk"")._7[ suggest a 

pexchange. Indeed we plotted in Fig 8 the prediction of the pton exchange 

Deck model normalized to the total number of events, "lie lack of events 

in the loft hand pea"; and the excès in the x-ight hand indicates that t. 

pion exchange amplitude does not saturate the channel nDplitudc and that 

f> exchange may be present. 



3.3 Four momentum transfer distribution nf the reactionists>>f"f\"d 

One of Lhe most characteristic features o£ low mass 

inelastic diffraction dissociation is the strong dépendance of the slope 

of Che d<37dt r dlctrihution on the mnss of the excited cluiitor. 

In order to investigate this phcnoncnon uc have fitted the four 

dC/rft' « A c~ UJ 

over the ranee 0 . 0 2 ^ ' t ^ 0,l(CoV/c) , and fox* various valueu of the 

M( j n ) system. 

There i s no v i s i b l e s t r u c t u r e seen "iCher as a di» or a break 

in the t ' d i s t r i b u t i o n (Fig 1) ; for a l l vaL-cs of M <£f!) the t 1 d i s t r i b u t i o n 

I s decreasing exponent ia l ly . We have reported in Table (I) the 

valuey of b as a function of H(F>Jl). 

The lack of s t a t i s t i c docs not allow a de t a i l ed a n a l y s i s , ncver thlens 

the re i s evidence for a v a r i a t i o n of the s lope . This behaviour i s co'.:.r.ioR 

to other d i f f r a c t i v e processes and many i n t e r p r e t a t i o n s have been supxo-Bted, 

To avoid kincwatical e f f ec t s we have performed the rcorc sof is t icntoc! f i t 

proposed in refCp} • T * 1 C r e s u l t s arc reported in Tab.fl] : \:c. obtain conpntiblc-

r e c u i t s with both ncthoc'B.\ se lec t ion on the <| angle has boon a lso 

upplied to the cvnnts to evidence v a r i a t i o n s in the production dyn<T,ics „ 

There i s a tendency for the sample with ' "[' «£HL to have higher slope but 

the la rge e r r o r s do not allow any conclusion ( i . e . for m(P¥l ) £ 1 . ^ G-c»yc j . ^c* 

obtain by using the c l n s s i c a l Method b=30. t 2. f fo< .TL j nd b«=2fr, Z 2.5 

(H.^) 

HCpTj ) 
, P ' W 

Total 
Cl.l.-.stc.-i! 
f i t r c f ( 3 

TiUithcid 
of r,-l!7 

0 .8 - 1.1 
+ 

3 5 - 4 36 - 6 

1.1 - 1. ' . 28 1 ( 2S - t, 

1,1, - 1.3 22 Î 4 23 î 5 

* We have only fitted region for m( p*} )"<^i ..fi CeV/c whore thf.rr- is a real 

p"* contributions as it comes out t'rorr. tlu: partial vavo. analysis (see sect t\) . 



4) }'• ' ' '".1 :-'-:Vt- -i^"1vi'JK «-•' jj__. _3fl sy:;tf". 

The Illinois partial wave analysis program in uecd to determine 

the spin parity structure of the 3 rt. syKtem f ? ] . Our sample of data has been 

selected by choosing events with 0,S < M(3tt) < 2,0 CeV / * nnd I t', |<a,l(CuV/< 
** ** /ç, a ' 

and consists of 1419 events. 

In tills Analysis the decay distributions of the 3 K system, assumed t-

decay via diplon lnteî.-raedlate state, nrc fitted to sets of atntns I JpL;t h y 

where ,T represent.: the spin parity am' it the spin projection c£ the 3 l{ s y s t e ^ 

L is ilic relative angular momentum between the dipion and the third pion 

and h in first approximation can be considered as the naturallty of the 

exchanges particle. The following, basic set of states with 11=0 lias been chrujcn 

0" SO* (£n.) 0™ PO* (|îO 1* SO4' ( J I T ) 1* PO* (CH> 

2" so* (t\) 2" PO + ($n) 2~ DO4" (* a) 
plus an Incchcrtv-.t i so t rop ic background. Rone M=l ( J =•- ) s t a t e s J i a v 0 a l : ' 

b e e n r'uhlucl. + -
Tne s wave î\ l\ r.ystffiià £ , i s parametrized by the Ci;K'.' Munich pha.îe 

sh i f t rj{j]] and the P> and 1° by s ing le iirult-Wtgncr funct ions , 

P 
The d o m i n a n t con t r ibu t ions of the t o t a l J s t a t e s of the 3 [\ system arc nhowu 

in Figure 2 $ as a function of K(3t£) . Tac 3 t\ system seems to he produced 

e n t i r e l y in unnatural p a r i t y s t a t e s . The lower mass region I i ( 3 î l ) < ï . 4 CeV i s 

dominated by the J = 1 s t a t e vhcreas in the higher mass region the three 

s t a t e s 0 , 1 cn-1 %"" are r.f comparable importance with a l i t t l e iorc 2™ near 

the A region-

The behaviour of tfic var ious decay modes is bhovm in l-igurcl.o -

lndepi'adantly of the 3n mass, the 0 s t a t e decays mainly in S wr.ve (Ê n,). 

The 1 s t a t e s decay mostly in S wave ( P t t ) in the lower region and equal ly 

in (Jff) and ( £ n ? above. Vintjtiy for 2~ in the A3 region the & ft, and f'ïï dtcay? 

are equal ly present» 

Tin 2 con t r ibu t ion in the A™ region i s enl» of% 1,5 - 1.2 f> never tire uss i t s 

presence improves s i g n i f i c a n t l y the f i t . 

In add i t ion we have, t r i e d other poss ible s t a t e s of spin 1 or 2 

with M=»l. The f ina l resul t ; ; arc not s i g n i f i c a n t l y changed and the contributif), . 

al the above s t a t e s a re always cons i s t en t with ze ro . 

These r e s u l t s arc compared to those of Ref{9} for "tï-p—>H pTiïl 

above 11 CeV/e, which arc shown as a cor.tiivjus l ine on the f igures 9 and 10. 

The agreement i s f a i r l y good. 



Itic fulli;wing conclusions can be drawn i ron t h i s study ; 

I) The main c h a r a c t e r i s t i c s of the studied react ion are s imi la r to 

those o t t a lncd a.t other e n e r g i e s The mass d i s t r i b u t i o n s are roughly in 

agreement with a KQ^ycizcd pion exchanges Deck moduli 

i t ) The contr ibut ion from the above model does not seem to s a tu r a t e 

the whole channel amplitude. The d C* /d£„ d i s t r i b u t i o n indica tes a P -exchange 

contr ibut ion» 

i i i ) A eï ir i i î lat lon ht-twetm the muss and the slope uf the t d i s t r i b u t i o n 

seems to be present in our ilat.lt 

iv) The p a r t i a l wave ana lys i s of the three pinn system confinas this 

dominance- of the J a 1 

con t r ibu t ions are pre mint at higher 

L 

http://ilat.lt


ttEFKREKCKS 

t . a) P.. Harr i s - Ph. D. Thesis TOE 22(1975) - Univers i ty o£ Khns tns to t fScn tUe-
b) L.A. Ijuiii e t a l - Dif f rac t lvc ly produced jnul t tpl lon enhancements in r(~d 

In t e rac t ions a t 15 GcV/c. To be publisher! 

2 . a) C.V. Home et nl - Phys. Kcv. _U, (1975), 966. 
b) D.P, Uilklns - Thesis for master of sciences - Florida s ta tu Univers i ty 

A study of hip.li energy t\ d deuterium experiment. 
FS11 Illir 72-8-23. 

c) K. Paler et .il - MP, 1133, 13 (1971) 
.i) 1). Harrison ct a l . Phys. ReV. K (1972), 2730, 

3 . a) i".L. Bcr;;er - Developments in the phonmwnoloiiy of two to three p a r t i c l e 
r e a c t i o n s . ANl.-l!i:P-r>!-75-32. 

b) K.L, Bercer - Phys. Rev. J_79_, (1969), 1567. 
c) K.L. Bercer - ABL-HEP-PIi-75-06 - A c r i t i q u e of the Ecepeizc'l Dock Model. 

4 . a) 1\ Bose t t i ec a l . Rucl. Phys. 71103 (1976), 189. 
b) J . M e l ot a l . Phys. Rev, L e t t e r s 16 (1976), 50/,, 
c) J . B i d e t a l . Phys. Rev. Le t t e r s _3£ (1976), 507. 

5. ») K i t t e l e t a l . Kucl. Pliys. B30 (1971), 333. 
t>) }l, Rivo.il est a l , Kucl. Phys. 1)87 (1975), 61 . 
c) S, PokorsM e t a l . t tacl . Phys. JU9 £1970), 113. 

6. 11.1. Mlettin^n and P. P i r i l . l - Pliys. Le t t e r s 40B (1972), 127. 

7. J . I) . Hansen c£ a l . JJucl,. Phys. JWU (1974), 403. 

.B. 1). Ilyams c t a l . Nucl. Phi's, J164_ (1973), 134. 

9, G. Ascoli ec n l . Phys, Rev. _m> (1974), 1963. 

http://Rivo.il


FIGURE CAPTIONS 

1, *r , d i s t r i b u t i o n - t h c crûsjrhatched region corresponds to the three pronj?, 
c o n t r i b u t i o n . O b v i o u s l y , t h o 3 prortf; ( ïvon t s wh ich r.omo. from a 
l i m i t e d l o t o f p i c t u r e s c a n n o t f i l l t o t a l l y t l i c h o l e : i t l o v t^ ( 

2. H H a n d t ^ " ^ mass r.pectra 

. , tv"d e f fec t ive nans ..icctrum ' 

5 . H 1 'L ef fec t ive mays .spectrum 

6« f£ (C r , B S ? spectrurj in ; 

1) AL region 0.9 t M

3 ï » 5 1 ' 3 CeV/c2 

2) A3 region 1.5 $ M-, < l.B CeV/c 

7 . The pion exchange (a) and a* exchange (b) Deck graphs for the reac t ion ir~d+. 

The blobs represent the fu l l e l a s t i c s c a t t e r i n g amplitudes. 

8 . Dis t r ibu t ion cf the "' U> ' j s»Channel nziinuthal angle* forPKoveutti and 

b;02 £ ] t * | < 0.1 (CeV/c) 2 . 

P + 

9 .Contribution:: of J = 0 , 1 , 2 and i so t rop ic background s t a t e s vcrsu 

rut* s for «vents 0 £ t^ $ 0.1 (GcV/c) . 

The so l id l i n e s are drawn by hand through e>;perinent:il points of 

fc~P-?ïfn"rç p reac t ion £?lc£,9J . 

10 .Contr ibut ions of parti.-.l waves [ J L M b)ampllfides versus rf„ . 

As in f igure 9-., so l id l ines arc r e s u l t s froc [Kef 9~] . 

ït N.B. Sol.id or dashed curves arc the pred ic t ions of the Re™eized Deck mode). 
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