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We have obaerved angular-correlation eUecta between pions emitted 

from antiproton annihilation events. This experiment was carried out with 

a separated antiproton beam1 of momeDtwn p- = 1.05 Bev/c. A total of p 

2500 am.dhilation events were observed in 20,000 pictures taken with the 

Lawrence Radiation Laboratory 30-in. propane bubble ~hamber. 

Pion pairs formed by the charged pions emitted in an antiproton• 

annihilation event can bo considered in two groupe: viz. , like pair• (in the 

isotopic -spin state I = Z) and unlike pairs (in the isotopic -spin state a 1 = 0, 1, 

or Z). We searched for correlation effects in these separate groupe. Our 

reaulte show that the distribution of the angles 'between pions of like charges 

is strikingly different from the diatdbution of the angles between piorus of un

like charges. The angles between pion pairs wae computed in the center of mass 

of the antinucleon-nucleon ayatem. 2 The results shown in Fig. 1 were obtained 

from the analysis of the "hyclrogenlike" events in which four and six charged 

pions, respectively, are emitted. We define aa ''hydrogenlike" those events 

giving rise to an equal number of positive and negative pions. Events showing 

vieible evapora.tion prongs are excluded from thie sample. The curves shown 

in Fig. 1 were calculated on the basis of the statistical model, expressed in 

3 the Lorentz-invariant phase-space (LIPS) form, for pion production from a 

• Work done under the auspices of the U. S. Atomic Energy Commission. 
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nucleon-antinudeon annihilation. This model imposes energy and momentum 

conservation, but no other conatl'ainte. The distribution of the pion-pair 

angles e12 for an annihilation iDto n pions of maea J.L is 
4 

cpn(c~a 'tz) = J I Pt Pz F n-z(W .. z) dwl dwz• 

with integration limits from w1 ~ ).Lt w2 ~ f' to max value& given by 

wuZ = (n- 2)2 J.Lz• Here we define 

W"z IW' ,z (- - ,z = \U .. wl- Wz - Pt + p z • 

lfn_z(W"2) ie the Lorentz invariant phase apace for (n- Z) piona, W ie the 

total enel"gy in the centet' of maee of the &Dtinucleon-nw:leon eyetem, and we 

have - -Pt•Pz 

To compare with the experimental distributions for event• with n:.t: 

charged pions, averages over +n values with n ~ n* are required. This takes 

into account the presence of additional neutral pions in the annihilation. We 

have used the frequency distribution of the pion multiplicity in annihilation 

events, as reported elsewhere, 5 for computing these averages. 

In Table l we have expre.-eed the distribution of pair angle• in term• 

of the ratio, 'Y• of the number of pion-pa.b angles greater than 90° to the 

number smaller than 90°. As can be seen from Fig. 1 (c) and (f), the pion

pair dietribution of llke and unlike pions combined agree very well with the 

LIPS model. 6 The distribution of angles between like pions [Fig. l(a) and (d)] 

* lit: deviates disfinctly from the LIPS model. The 'Yuk.e values for 4w and 6w 

differ from "LIPS by S and 3.4 standard deviations, respectively, in the 

direction of greater isotropy. The distribution of pion-pair angles for unlike 

pions appears to be slightly more asymmetric than the LIPS model predicts. 



Table 1 

The ratio y for like and unlike pion pairs and for the Lorentz-invariant pbaee-apace (LIPS) model. a 

- ' 
Uke pions Unlike pions All pions combined 

l 
1 Statistical model 

' 

N~ No. of pairs y f . i No. o pa.trs i 'Y No. o! pair& y y 

4 10Z l.Zl:kO.ll 1404 2.06:t;O.l2 1106 1.7Z*0.08 1.74 

6 214 1.06..0.15 1 318 . 1.91..0.23 53Z ~~.so.o.u 1.60 
... 

--~~---·-----~ ---~-------·-·-- ---~--------- --~--- -- -~----------~-- -------~---·· ---------~-- L.__ _____ ---~--~--------

a The ratio 'V is the :number of pion-pair angles greater than 90° compared to those smaller than 90° •· The 

errors quoted are the standard deviations baeed em the oum.ber of paire observed. 

• .. 
f 

~ 
~ 
t" • co 
co -.,. 
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In tbie case, the values of yunlike are 2. and 1. 5 standard deviations, respectively, 

removed from the value given by the LIPS model. 

We ha.ve also computed the invariant quantity 

for each pion pair. Here Q is the total energy in the center of mass of the 

pion-pion system. These distrdbutions are given in lrig. 2.. Within statiatical 

2 limite no significant difference between the a distribution of like and unlike 

pion pairs hal been obeerved. Cunea shown in Fig. 2 were also computed on 

the basis of tb~ UPS statistical model. The experimental 0 2 diatributiona show 

no marked deviation from the calculated curves. 

In view of the remarkable agreement of the combined data with the 

LIPS model, we consider this model to be a ,:·goocLr; description of the over-

all physical situation. We ascribe the deviations observed in the like and unlike 

pion pairs to the presence of additional pion-pion correlations. 

It should be noted that in order to retain the over-all agreement with 

the LIPS model, a correlation effect present in either of the two distributions 

must refiect on the other distribution. The effect we have observed clearly 

indicates the need for a. refinement of the LIPS model. 

Work is in progress to investigate modifications of the LIPS model by 

means of correlation functions which may account £or the observed pion-pion 

correlations. 7 These correlation fWlctions involve the radius R oi the 

interaction volume aa a parameter, and may enable one to determine its value. 

The role of eu.ch correlations will be to effectively enhance specific states. In 
with 

this connection the recently suggested resonance of the 2,.. aystem/.1 = 1. I = 1 

may be of particular interest. 8 

We would Uke to thank HowardS. White for his valuable help in the 

data analysis. 
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Figure Legends 

.Fii• 1. Distribution oi angle a between pion pairs as a function of coa e l ~· 
'l'he c::u.rvos correspond to calculatiou.s on the l....orGntz-lavariant phase-

epaee (LIPS) model. The d.eviatione of the expel'imeAtal distribution 

from the LIPS model are d.iacuaed ill the text. 

Fig. z. The distribution of 0 2, the square of the total energy in the center 

of maea of the pioa-pioa ayetem in wdta of ._., Z.. 
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