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'Presented here are the results of our search for a difference in the angular
distributions of negative and positive T and K mesons produced in pp anni-
hilations, at the center—of-mau momentum of 657216 Mev/c (1.6 Bev/c in the lab).
There have been no direct theoretical predictions for such a difference. The
etatistical model prescribes an isotropic éietfibution for mesons of all charges. 1
However, the model of Koba and Takeda® assumes that 2 or 3 annihilation pions
are emitted from the antiproton and ptotén cloude. For annihilations in flight, the
instantaneous momentum of the pions from the p cloud will have a component
parallel to the p momentum, in additien to their internal momenta, 8ince the
model assumes that the pion cloud does not interact with the annihilation of the
cores, it is reasonable to expect this component of the pion momentum to produce
an excess of " over "' in the antiproton direction (forward). An equal exceos
of n' should also be expected in the direction of the proton (backward). ‘Evidence
for such an effect has been aéurce érior to this experiment. | Angular dietributions
of pions of both charges from pp annihilations in propane at a ¢.rm. momentum
of 470 Mev/c (1.05 Bev/c labd) hve not shown statistically sighiﬂeant deviation
from isotropy. 3 A study of pp annihilations into two piam‘ at our momentum
'ia also consistent with an isotropic distribution (8 1~ emitted forward, and 12 n~
emitted backward), However, annihilatione into g'x" pair‘s‘3 suggest forward
peaking for K (8 of the 11 K~ were emitted in the forward direction). 8
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Cur a;;‘alysia’ was done on two samples of events: (i) 1,620 events of the
type pp~ ﬁﬂ, with ne4,5,++-, 8 and (ii) 287 events of the tyiw PP K+K+nn,
with n = 1, 2.. 3 and 4—in which at least one of the K mosons was obsazrved to
| decay i.n-ﬁm chamber. Thess events were observed insida a central volume of
the ?3~i.n. hydrogen bubble chamber. The average antipreton momentum at the
point oi interaction was 1.6140.04¢ Bev/c (925 Mev kinetic energy) for Saraple (i),
and for 86% of .Samﬁe (i,i). The remaining 14% of Mle (i1} was from our run at
1.990.05 Bev/c. Thé experir:ncatﬁl conditions have been described previously. 5

o | m‘ Reactions pp=nt. an annihilations into 4-prongs have been analyzed,
in whiéh the identifiable reactions are: '
Sipmaneanten® (-
. asd | | : :
| §+p_~anf+zw‘*f'.' o v (2)
The abundances of gheka r,eaétiozw are_ahbﬁt 50% and 10%.' respectively. Competing
reactions | o : |
p+~p*3ﬂ + 2 e»nrfo o {3)
occur with frequencies of about 32%, 1%, and 1% f.'mw n= 2,3, and 4, respectively.
The dynamieax fit for each event was done by using sn IBM 709 computer
program (RICK). ® o
The pfo‘ﬁhbi;ztym&aﬁhgck‘gmhndwaamén em.twpw 4. pgbﬂgﬁwbéaﬁggwhﬂnggymnr.ﬁy
idcmtiﬁod as either Rgacuon (1) or (2) is negligibly ‘small,  When tho pronge are
wrongly traneformed into the pp c.m, system as pions, there is much too lmh
visible energy and, cdtméqﬁa&ﬁy. sevoral éniasing ”° 's are required in order
_ to conserve both momentum and energy. Gecondly, the plon contamination in the
P beam was 36%, and the pion cross section for produéing 4-prong starg small,
aamely, -about 2.5 mb comparod with.lfa mb for Pp - 4-prongs.
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Reactié:i. Pp = 2N 4+ 2!74' + ﬂo We identified 674 casesn of Reaction (1).

These eventa satisfied the fellowmg conditions: (a) the xz for the hypothesis (1)
was % 9; (b) the value ai‘ the miosing maos of 4-prongs, interpreted as plons,
was within 2.5 standard deviatiom of 138 Mev; (c) the fitted p momentum was
> 640 Mev/c; ané {d) there waa no fit for hypoéheaia (z).» Of this sample, 410

evente (60%) had X° £ 2.5 and a missing mass < 250 Mev, The still-unresolved

systernatic erreri of our measuring system produce an extended tail in the 'xz
distribution, so that tﬁe cutoff value of ‘%23 has £'o be increased geuerauy by a
_‘hcmr of two or three. The angular and momentum distributions of the pione did
no';: show any substmtﬁl difference between the aamplas'with xz' < 2,5 and xz <9,
Our confidence is increased by .tke ‘faé:t that the mmomentum distribution of 79 8
agrees very well with that of charged nts. _
The ¢.m. angular &iatribution for Reaction (1) is shown separately for

.ﬂ‘ and 7' in Figs. la and 1b. The %~ distribution d&aplaya a forward peak, ‘
whereas that'of the w' is backward, contrary gé the statistical model. As expected
on the basis of C and CP, 7 the distribution of ot appears to be equal, within
atatistic:a. ‘to the reflection of the angular distribution of rthe " tg, To analysze
the shape of the diatributiox;._ we have reflected the ©' distribution about cos @ =0
and added it to the 7" distribution (Fig. lc). We have found it conveniént {(without
inquiring into its physical meaning) to axpiess‘ aﬁr distribution in terma of the
expangion T a, P, (cosl), where P, are Legendie polynomials and the coeffi-
cients are (in units of numbers of pions): ay = 135.342.2, & = 24.123.9, a, = 18.245.1,

ag = 24.426.1, a, = 19.447.1, ag = 10 048.9, a, = - 14, 328.9, and 8, = - 10.2410.1. |
Note that the aharpnaas of the distribution makea the feurth order polynomial at
least essential for describing the observed eﬂect. The angular distmbution of the

ﬁo ‘s does not show statistically significant deviations {rom lcotropy. The
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‘momentum distribution of all charged pions agriéea well with the phose space
distribution, which predicts an average momentum (K) av = 439 Mov/c. However,
for T (n') emitted in forward (backward) cone with {cosd| 2 0.70, we observe

o (K) = 451410 Mev/c, whereas for the nonforward pions it is 42747 Mev/c. For

those events that have limultaneoualy a (ﬂ ) in the forward and a rf" (")
in the backward cone, _(ii) av * 495015 Mev/c (482826). It is interesting to note
that ths hydrodynamic model of muie‘iple-pian production in nucleon-nucleon coll@p‘ionea
pz'ea’ﬁ:ts an increase of pion momenta at small angles. ‘
To determine. whether the like pions (w ' or » ﬁ{}) hawe a tendency to bo

emitted in pairs in the !orward peak (Fig. Ic) .wgs have counted the number of
Reaction (1) in which both "'s have cos 8 » 0,80 (< -0.80 for n'v"), If the
pxob&ﬁﬁiti m‘:' ﬁn&ing the eeéoz\d 7" in this angular interval were independent
of ﬁnd.lng the first * in this interval, then the probabﬂity that both n rnesons
would be found there ‘would ba 1,940.1%. 9 ‘We observe simultancous fmrward
(backward}~gx,fgwmgn«mﬁfpai:mfmga& n"(n*) in 15 cages of Reaction (1), or 2.220.6%.

) It has been reported thax the én‘gleé betwcn, a;e‘lik"e; pions produced in
annihilation are smaller on the avet;ag'@ than the valuee’_,,pradié:ed by the phase
apace; 19 Qur éaté coﬁﬁrm t‘his‘ abaarvatiou.' The phase space predicts a value of
1.79 for the ratio y = (mzmber of pion pairs with a.ng,le » 900). (number of pion
pairs with angle < 90%), whereas we oburve y =1, 56&0 08 for like pions. To
find out whether or not this is caused, in part, by our angular distribution characterized
by the ahazp‘peak. we havs walizaied y for only those pairs in which at lesst one
#" has con 8 2 6.80 {£ «0.80 for w’-’*); and obtained vye 1. 38*0;13. For comparison,
we have al‘so evaluated y for the pairs in which at least one ¥ has cos 6 < -0.80
(* 0.80 for ﬂ*) and ob!;ained y= 2.05 £0.25. These two values of y differ by 2,7
standard deviations and indeeod indicate that the angular correlati.oaq between

like pione are influenced by the sharp peak in the forward direction (Fig. le).
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A

It wﬂl not be possible, however, to obtain a quantitatwa answar as to thé

importance of the Bose eﬁec_t“‘

studies.

and/or tetw interaetiop without further extensive

'Reaction Bp ~ 81" + 211", On the basis of X and the missing mass, 136

. 4-prong evente have been identified as Reaction (2). This is a 4-constraint case,

and the maximum acceptable XZ was taken to be 36; about 65% of these events
have xz < 10, The angular distribution of n'(ﬂ"’,) shows a forward (backward)
peak (Fig. 1d). | | . '

Reaction pp = 2% + ant 4 n n'o._ The remaining 810 events, which did not

" fit either Reaction {1) or (2), ware assumed to be Reactiaé, (3). However, this
sample containe an estimated 16% of annihilations into K mesons, Réactions

(4 to 7) (mee below), in which K mesons have not decayed in the eﬁambaf. Be-
caugse we t;razlxs{ormv wr_‘evénts into the ¢.m., nyuf:em by ascribing pién mass to

all charged prongs, the remitém ¢, ™, angm wxll be wrong for these events. Also,
thia aample containg 4~pmngs produced by 7 in zhe antiprcten beﬁm, whose
contribution c’ould be as high ae 5%, In spita.z of this background, the angular
distribution of "ﬂ" and n* exhibits features éirnilar to the ones of Reactions (1)

and (2) (Fig. le}, The average moment&n is 36949 amd 332248 Mev/c for forward
and nonforward pions, reapectively. |

(ii) Reactions Pp -'?«:-maﬂ Of the 287 Kﬁnw events, 138 were V-two prong

or V-4 prong events having a 2€+R° or K Ko pair from the reactions:
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o=kt + 1 + B nlrro . %)

Fov kot 0 R ey P ()

| PP~ K"+ s .KQ,{»n';we R - | {6)

and o |
sp~ K +mm” 420 4 K0 40,0, (7)

As can be seen ftoni th.e‘aature of I{eaéiiéné {4 to 7), this sample contains
a varioty of types of events from the point of view of the fit'thig procedure, with the
number of cbastr‘aim_s i, :i. and 4. Clearly, each of these reguires a separate set
of criteria for i&ant‘ifieation. We shall give only a ganotai outline: (a) the 12' -
distribution for each type of event agreed well wtth the expected distribution when it
was divided by 33 -(b) the missing mass distributions were used to determine the
_ nu;nbir of neutral partieies (‘ﬂe' 8, or &® plus s s) associated with each event;
and (c) the éata were examined and found to be reasonably {ree of biases by
looking at agimuthal diseﬂbutions of avents in.tha bubble chamber, their spatial
‘mstx?i!mzmn along the chamber, and the distribution of daeé.y times for K,Q(or 'RP)‘
The events were not gen-a-rauv ambigaous 28 to the number of missing neutral
particles. For most of the events, only one of the K mesone was observed to
decay withintﬁe chamber. Some events are ambiguous as to whidh particle iﬁ
the second X nﬁasoa. The detailed p?g;cédare for thé idantiifieatien and disposition
of the ambiguities of these events 'i# given elsewhere, 12 e angular distribution |
of both K~ and 7" (K and 7") has exhibited a forward (babkward) peak in a
fashion similar to the ones ofr Reactions (1 to 3), as shown in the histogramas in
Figs; 2a and 2b,
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| Our angular diétribu_tion indicates a possibility that two difforent annihi®-
lation meclhmniams ar_é operative: the etatistical one, which ie dominant and
 produces aa isotropic angular &atﬁbﬁti&n: and & dynamical xﬁwchanlsui responaiblo
fér the forward peak,. Whereas t‘hevet_werve& forwarﬂ-m-backward ratio F/B
is consistent with themadai of Koba and Takeda, 13 1t {s not clear whethor the
fact that kaons show sihﬁlg: angular distribution features {8 coneistent with
that model, becauso it has never been extended in all its manifestations for
‘the annihilations in fight. |

The‘\%ery récent:data on 'a.nunsutmﬁuproton annihilations at our momentum
indicate a possible excess of 1" i the direction of the proton. 1%

It is a pleasure to acknowledge om.-. pércigular indebtedness to L. W. Alvares
féé his guidance and discussions, and to A H. .Roeenf,eld for invaluable aid in the
concept of the'dat,-a analysis for this work. Thanks are due to J. Button,

' P. Gberhard, A, Huseain, J. Lasutti, G. Lyach, N. Xuong, C. Tate, and
C. mndaoicch for their help in varigus stages of the ekgerimant.
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LEGENDS
Fig. 1. Histograms of c.m. angular distribution of pions from Reactions (1 to 3):
| (a) and (b): w md ﬁ*fx@n Reaction {1); (c): combined distributions
{(a) plus reflected (b); () " and reflected #* from Reaction (2);
{(e): negative énd reflected positive prongs which did not fit Reactions (1)
aﬁd (2); and (f): cfombinéd data (c), (d), and (e¢). The forward-to-backward
ratio, F/B. is 1.1720. 04. 1. 06&0.99, 1.0840.04 and 1.13#0.03 for distri-
kmtiona {c)., (4), (e), and (£), raap&mvely. _
Fig. 2. Histograms of (a) combined angular distributions of K~ and reflected
v K’t’ from Reactions (4 to 7); and (b) 7 and r.eﬁee‘ted 1{" from Reactions
(4t0 7). The F/B ratio is 1.3740.18 and 1.2440.15 for distributione

© {(a) and (b), respectively.
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