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_.AN~l_H_H _ _I~LS __ o_F_5_. • .__7_GE_1 .... ~_c_p __ IN_T _HY_DR_(,_')G_EN_ INTO 

FOUR CHARGED PIONS 

A. Accensi*), v. Alles-Borelliff), B. French, R. Frisk, J.M~ Howie, 

w. Krischer, ;L. Michejda~), W.G. Moorhead, B.W. Powell, P. Seyboth~), 
P. Villemoes. 

CERN - Geneva 

Four-prong events produced in the 81 cm Saclay hydrogen bubble 

chamber by a 5.7 GeV/c separated a:ntiproton beam from the CERN proton 

synchrotron were measured with the CERN HPD system. After a single 

remeasurement of events which failed on the first pass through the system, 

19,093 events (89 °,..6 of all attempted) uere successfully reconstructed. An 

analysis of the.~PD measurements consisting of a comparison with a sample 

of events measured in the conventional manner and a study of the events for 

which measurements did :not satisfy the acceptance criteria will be 
. 1) 

published separately • This study has shown that no significant 

difference exists between the two methods. 

Only 191 events fitted the reaction 
- + + - -
PP~ nnnn 

giving a cross-section of 173 ~ 16 µb. A study of the "/!, missing mass 

and missing momentum distributions shows that the background of the other 

channels is negligible and only a few events could have been lost. The 

error of the croos-section includes an estimated 5 °)> uncertainty in 

separating the 4-pion channel from the total sample. 

:if) Now at the Rutherford High Energy Laboratory, Chilton. 

ff) Now at the Institute of Physics, Bologna. 

~) On leave of absence from Institute of Nuclear Research, Warsaw. 

au) On leave of absence from J\Iax-Planck Institute, Munich. 
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The angular distributions of pions in the c.m. system show very 

strong asyrnrnotry and anisotropy, as one can se(:') in Fig .1. Within the 

st~tistical errors they are reflections bf each other as is expected from 

C consorvation. After reflecting tho n + distribution and summing it up 

with the TC- distribution, we calculc-ited ·2 ratios: the forward to backward 
+ . + 

F/B = 1.33 - 0.10 and the pol~r to oq.uatorial P/E = 2.33 - 0.18. The forward 

excess corresponds to 0. 56 pions per event. 'I.'he backward poak (Le. for 

example for n a peak in the direction of a .tnrget proton) was already 

observed by Baltay et al. 2 ) at 3.25 GoV/c. Their F/B ro.tio is 1.29 ::!: 0.16 

and that of P/E 1.95 ::!: 0.22. It should bo noted that ne'L~tral n+n- resonances 

which are produced with strong collimation, as will be shown later, contribute 

equally to tll.e peaking in both tho forward o.nd the back-vJ0,rd directions. 

The influence of Bose-Einstein st0,tistics s0;ems to play a 

negligible role in tho interactions under study as there is no difference 

(1T±'IT±) between the dj_stributions of c .m. opening cmglo for like , " and unlike 

( n+ n -) pairs. '.I.'he n~tio of the numb0r of pairs ho.vine this lccrgor th2n 

90° to tho number of pairs having it smaller than 90° is oci.ual to 2.27 :!: 0.17 
+ for lilrn pairs and 2 .14 - 0 .17 for unlike ix1irs in agTeemo nt w:i_ -Ch the 

ordinary phase space prediction, which is 2,2 
3) 

The two-pion rrca,ss di tri but ions nro shown in Fig. 2, + -n n 

na,ss distribution (2a) exhi1:;its two peaks at 770 I!J:eV and 1240 NoV which we 

attribute to p0 and f 0 mGson production. Fitting this distribution, using 

a least squc::.res nethod, with a curve which is the sum of a ph2,se space 

curve and hrn Brei t·-V!igner curves together with o.pproprio.te phase spaces 

for pi,::m pairs in irhich both or only one of the pions in the pair were not 

in tho resonant corn.bino.tion, we obtained the following l'.lar2rneters: masses 

= 768 + 1·4- IfoV, M~o = 1240 :!: 20 HoV, widths f...., = 72 2;' 30 NeV, 
+ I pO ' - + 

= 102 46 I'foV and frequencies of resonance production f 0 = 0.24 - 0.07, 
p 

+ f 0 = 0. 25 - 0 .07. When compared with tlle data from the sm,10 reaction o.t 
f 

3.25 GoV/c 2 ), we notice that tho percentage of p0 events has not changed, 
+ while tho absolute cross-section for 4n- annihilations has decreased by a 

factor of 4. 
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In tho samo histogram (2a), wo notice 2. third buu1p around 

1550 1foV. If we look d tho nass distribution of tho doubly charged 

combinations (11'ig.2b) we notice a bump of 2.9 standard deviations above 

phase spD.co in D. mass region corresponding to that of the bump at 1550 MoV 

. + - ( in the n T: mass histogram. Adding those two histograms in Fig.2c which 

ono can do if ono is looking for an object with isospin I= 2), we obtain 

3 .4 standard deviations from tho :~1hase s1:iace curve which includes reflection 

of p0 (24 %) and f 0 (25 %) production. In terms of number of evonts wo 

observe, in the mass intervo.l 1.45 - 1.64 GeV, 152 ovonts whereas the 

oxpectod number is 116 ovo::.1ts. Uhon He try to fit tho n + n - distribution 

including 0, third Brei t-Uignor curve to account for tho burr1p, we obtain 

for tho p0 a lo.rgor uidth (138 IfoV) nnd a higher frequency of nbou-C 40%. 

~~he curvo givC)s thon cc bettor fit in tho rogion botwoon the p 0 2nd the f 0 

podrn. Wo think it is justified to tho :Soso-,syr:metrizc.tion effect 

in tho uc.ss distributi'..ll'lS boc~:.uso of tho similc,ri ty of the c:.nf;ular 

distrib·utions of t11u opor1in.g c::~r1glG fo:r lil:e n11d unlil~o pairs, vJ_hicl1 has 

been discus sod }Jreviously. This is espocic.lly truo for the combined n n 

mc.ss distribution where le small do7iations present in the n±n± and 

n mass spectra should cancel. 

If a rosonnnco with I = 2 corrosponding to the buup exists, it 

would ho.Vo a El!J.8S J\1 = 1540 :::- 30 no v' and a width r = 156 :!:: 80 Nov. .Te find 9 

however, no supporting evidence in our clnta from G n. of T)Toductio11 

and dC)ce:,y anglos for tJ1e peak region ccnd tho ncljocc:xc regions of n n spectre.. 

The) only other oxplm1atian for this 1rhich we could find is the 

possibility of a stc.tisticcLl fluctu,:ction. 

0 0 
A so2.rch for nssoc:Lt1tod production of p o.ncl f mesons c;0,ve n 

negntive result. Tho up}Jor 1irnit for o.ny of tho follouing 

p p ~ po Po, fofo, Poll 

is 15 ~Lb with a confidffnco luvel of 95c/o. 

reactions: 

'rlw 3TI ;;1c~s::i cEstribution follows closely the) plmse spaco curve. 

Tho upper limits for 

p p --7> n± Ar and p p ~ re± A~ 
aro oq_unl to 5 1J,b, a.gnin with. a 95'/o confidence level. 
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Therefore, when neglecting possible small contributions from 

the 2-body processos,we find th2.t single p0 and single f 0 production. 

contribute ns genuine 3-body reactions to about 50°;6 of the cross-section 

for the analysed ch:;mnol : 

pp--? 

pp--? 

0 + -
p n TI 

0 + -f TI TI 

(} = 42 ::: 13 !J,b 
+ cs == 43 - 12 ~cb, 

where we use tho results of the fit with two :Sroi t-\lignor curves. 
0 

The p 's 
0 

and f 1 s are produced in these reactions strongly collimc~tod in the forward-

backward directions, as is shown in Fig.3. The poak region ho.s been defined 
0 0 

to bo between 650 - 850 TioV for the p and llOO - 1300 NeV for the f • 

Background ovonts ho.vo been subtractod using n + n combinations in adjo.c.:mt 

regions ::md tho rosul ting distributions folded. It should be noted that 
+ -tho non-resonant TI n pairs are nlso rather col.limc,tod nl th.ough i10t as 

strongly as p's and f•s. 

Anot'hor u,;,y of looking 2.t the forwnrd-bacl-aiC~rd collimo.tion of 

p0 nnd f 0 mosons is n Chow-Low plot prosentod in Fig.4. For eo.ch 1/TI- ni.nss 

combination (thoro are 4 x 191 of thom) tho four-momentum transfers to beam 

anti proton and tar got l1roton wore plottod. Ono sees tuo groups of ~r;ioints 

+ - 0 0 
hmrinlS' sri1all t-values nnd n n masses corresponding to the p and f mesons. 

In Fig.5 we ho.vo plotted the absolute values of the cosine of 

th 1 ' t t' + • f Q d d tl 1 L ; ' Q o ang e oo ween ·no n corang ·rorc1 p ecc.y an io norma,__ GO cno p 

production IJlano in tho rest frc.;,ce of tho p 0 ~~oson. This distribution is 

signific;.mtly difforont fron the backgr:::mr.cl 1:mcl shovrs tlw.t p 0 noso:lS :..'re 

produced with their spin lying preforontially in th(; :productioi1 · plane. 

Fron this distribution we have detorninod tho spin deusi ty ;:ntrix oler:ent 
+ p00 :::::·0.67 - 0.25, which.is equal to the probu~Jility of hc.ving a spin 

:projoctio:~ IJCJUal to zoro, whuru th-.; quant:LzatioL o.xis is nlon.;· .tho nofi1Ci.l. 

0:1 tho other hand tho dece,y distribution of n:- ,:osons roli:~tivo to tho incident 

c.ntiprotor rnonontun (for p01 s onitted foruarc1.s) and tho one of' n+ cosons 

relative to tho target proton non0ntun (for p0 •s 0;2ittod backwards) 
0 

c,.lculated in the p rost frame is not only symmetric but also consistent 

with isotropy. 
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Fig. 1. Angulc .. r distribc.Ttion of nog,:,tivo n:cld rositivo in tho ccrntro 

[],) 

b) 

TL\,·~ mass di::::tribution. I'ho curve is tho best fit to the de.to. 
the follocr:i..ng forr;1: ph;cxw spc,co + tvro Brei t-Uignor curves for 
m1d fC; + ti1oir reilocticJilS J-:i_orL~~,~J~izud to tJ:-io totcLl lTVJ."L1bor of 

J!nirs _ 

+ + - - . ' . ' . 
TI TL nnd TI TI DGSS dis~ribution. 

curve normalized to nll ~vents. 

c) ll:..1ss of ·;c TL 

tho srr 1 of t11e cL1rvoo sli,:Ywr1 i1)_ 
coi ;j_.nrocl with n curvo which is 
• 2 d and b). 

Fig. 3. Folded production .r. c•.;,"+r··1''011··'-·'r.n°.· ·re· ·"' 0 ··-.·,·1cl 0 · ' 1 ' .t-L.0 v _ .. "'.L...., .. """ \_) J. t-~- p i1~ G11e con.·cre 

F·.g. 4. 

Fig. 5. 

Of TletSS Dnsl1ad t-hnncl pnrts nro rofloctions roJntivo 
to t:w cos Q = 0 :cxi.s. 

+ Chmr--Lou JJJ.ot of tho Tr re coubin~ctions. 

nbsoluto vnlvos of tho cosino of the anglo Distribution of tho 
+ botuoen tho TL from p0 -decny c;nd the norrnnl tcJ the production 

frnmo of the p0 -rneson. plrmo in tho reE:t 
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