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We derive cross-sections for the inclusive production in i~P interactions at 100 GeV/c of ~r ° , K ° and A0fA ° of 
91.5-+5.7 mb, 5.2-+0.4 mb and 4.8-+0.4 mb respectively, which are all higher than pp cross-sections at this energy. We 
find indications that these differences can be attributed to "annihilation" processes. 

Introduction. We present results on the production 
of  3', Ks °, A ° and ~o in ~p interactions at 100 GeV/c. 
We also look for differences between pp and ~p inter- 
actions, which could be ascribed to the effects o f  "an- 
nihilation" processes. Both the present experiment and 
pp experiments at this energy suffer from limited sta- 
tistics, but we find that cross-sections for  the produc- 
tion o f  neutral particles are in all cases somewhat 
higher in ~p interactions than in pp interactions. In 
the case of  A ° /~o production (and possibly 3"s) the 
difference appears to arise mainly in the neighbour- 
hood of  y*  = 0, characteristic of  a central production 
process. 

The data to be described are the first on ~p ~ neu- 
trals above 14.75 GeV/c, and come from a 100 000 
picture exposure o f  the 30" hydrogen bubble chamber 
at Fermilab to a tagged beam of  negative particles. 
Information on the ~p charged multiplicity distribution 
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at 100 GeV/c [1 j and on the difference between ~p 
and pp topological cross-sections [21 has already been 
published. The efficiency for scanning for V° ' s  was 
about 90% for singly scanned film, and after measure- 
ment and remeasurement 93% of events had been satis- 
factorily measured. After all cuts we have 1015 V O,s 
associated to events inside our fiducial volume giving 
fits to A ° , K s and ,~o decays, or 3' ~ e+e - conversion. 
Ambiguities (affecting about 9% of  the events) were 
resolved by observing ionizations where possible, and 
otherwise by cuts on the transverse momentum of  
the decays and on the ×2 probabilities of  the fits. 

The data were corrected for scanning and measuring 
losses, for losses of  V ° ' s  decaying or converting outside 
the fiducial volume, or closer than 3 cm (2 cm in the 
case of  Ks °)  to the production vertex, and for inter- 
actions of  the strange particles. The pair production 

cross-section was taken from ref. [3], and the strange 
particle cross-sections were corrected for branching 
ratios taken from ref. [4]. A correction (~  2-3%) was 
made for the loss of  3"s below 40 MeV/c using the sym- 
metry o f  the reaction ~p ~ 3' in the c.m. system. 

Cross-sections and multiplicities. In table 1 we give 
cross-sections for A°/.A °, K ° and rr ° production, the 
latter taken to be ½ o(~p ~ 3'). We have used events in 
both forward and backward hemispheres in the c.m. 
system for the 3"s, since, apart from the loss of  very 
slow 3"s, no forward/backward asynlmetry was found 
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Table 1 
Comparison of neutral particle cross-sections in pp and pp interactions at 100 GeV/c. 

24 May 1976 

Charged Smoothed Smoothed 
Multiplicity o(pp~n o ) o(pp~lr ° ) o(pp~K ° ) a(pp~K 0 ) o (pp-, AO/A o ) o (pp--,AO/A'O) c 
nch mb mb mb mb mb mb 

0 0.65-+0.32 . . . .  0.02_+0.02 - 
2 4.8 +0.8 7 .2_+1 .5  0 .26-+0.11  0 .31-+0 .07  0 . 4 8 - + 0 . 1 2  0.360.14 
4 15.4 -+1.6 14 .5 -+1 .0  0 .97-+0.15  0 .77-+0 .15  1 . 1 4 - + 0 . 1 8  1.32-+0.24 
6 22.8 -+2.8 22 .8 -+4 .0  1.27-+0.17 1.1 -+0 .15  1 . 2 4 + - 0 . 2 0  0.80-+0.18 
8 23.0 -+2.0 20 .3 -+2 .2  1.39-+0.18 0.8 -+0.1 1.00-+0.20 0.64-+0.18 

10 11.6 -+1.5 10 .9 -+1 .0  0 .71+-0 .14  0.65-+0.1 0.62±0.14 0.46-+0.16 
12 6.9 +-1.0 6.3+1.0 0.46-+0.11 0.3 ±0.07 0 . 1 4 - + 0 . 0 6  0.04-+0.04 
14 5.4 -+1.2 2 . 5 - + 1 . 5  0 .10-+0.05  0 .07-+0 .07  0.16-+0.08 - 
16 0.2 -+0.2 1 . 0 - + 0 . 4  0.03±0.03 0.04±0.04 - - 
18 0.6 +-0.4 0.5-+0.5 - 0.02±0.02 - - 

Total a 91.5 -+5.7 86 +-6 5.2 -+0.4 4.1 -+0.3 4.8 ±0.4 3.6 -+0.4 

(nch) 7.45-+0.15 7.17-+0.19 7.25-+0.22 7.05±0.24 6.48±0.24 5.79-+0.29 
<n(V°)> 2.64-'0.16 2.70-+0.19 0.15±0.01 0 .13-+0.01  0 . 1 4 - + 0 . 0 1  0.11-+0.01 

Raw no. of 628 230 157 
pp events (backward only) (backward only) 

Average weight b 52.5 1.50 1.80 

a The errors on the pp cross-sections here include a 5% systematic uncertainty in normalization. 
b Excluding scanning and measuring losses, and branching ratios, c Unsmoothed values from ref. [5], scaled up to allow for 7,O's. 

within errors. For the K ° data, however, we have only 
used events in the backward hemisphere because of  the 
low detection efficiency for fast V's, but by C-invari- 
ance the cross-section in the two hemispheres must 
be equal. The A° /A  ° cross-section likewise uses only 
events in the backward hemisphere, but again C-inva- 
fiance implies that A ° and ~o distributions are related 
by a simple reflection about y*  = 0 in the c.m. Hence 
we lose no information on A°/A ° by using only the 
backward hemisphere, and i o(~p ~ A°/,A °)  = 
o(~p ~ A °)  = o(~p ~ ~o).  Table 1 gives cross-sections 
for different charged multiplicities at the primary 
vertex (corrected for undetected dalitz pairs and V ° 's) .  
We also quote mean associated charged multiplicities 
for V ° production and mean numbers o f  A°/~- °,  K ° 
and 7r ° produced per inelastic collision. For comparison, 
the corresponding quantities are given for pp inter- 
actions. There are pp experiments at 102 GeV/c [5] 
and 100 GeV/c [6], and rather than simply averaging 
their values, we quote "smoothed"  values for lr ° and 
K~ cross-sections, taking account of  pp data at other 

energies [7]. There are no data on the topological cross- 

sections for pp ~ ~o, but  this is a small contribution,  
so we have taken the same topological dependence as 
for pp ~ A °. Fig. 1 ( a - c )  shows the cross-sections with 
data at lower energies [8], and we also show the energy 
dependence o f  the pp channels, for comparison. 

The cross-section for ~p ~ ~r ° is higher by  ~ 5.5 mb 
than in pp interactions, though this is less than one 
standard deviation. Fig. l (d)  shows that (n(rr°)) as a 
function of  nch is virtually identical to pp interactions, 
implying that the degree of  correlation between charged 
and neutral pions is the same in both cases, and has not 
been significantly affected by  any annihilation compo- 
nent, in contrast to the behaviour found at 14.75 GeV/c 
[8]. This is also indicated by the correlation parameters 

f~o  = (non_) _ (no) (n_), which has the value at 
100 GeV/c of  0.94+0.24 for ~p, compared to 1.10±0.26 
for pp interactions. 

Fig. l (e)  shows the variation of  (n (K °))  with nch 
for ~p and pp interactions, and likewise fig. 1(0 for 
A ° / *  °. Again there is no clear difference between ~p 

and pp, indicating that correlations between charged 
particles and neutrals are similar in the two cases. We 
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can make an estimate o f  the "annihilation" component 
in ~ p ~  K~ and ~p ~ A°/A ° from the differences 
( ~ p -  pp), subtracting the cross-sections given in table 1. 
The mean charged multiplicities calculated from these 
differences are 8.0+1.3 and 8.4-+1.6 respectively which 
are probably both somewhat higher than for the overall 
samples o f K  s and A°/A ° events. Such an effect was also 
seen in the (~p - pp) multiplicity distribution o f  all 
events [2], where a mean charged multiplicity 9.06-+ 
0.56 was found; hence we are encouraged to associate 
the difference in cross-sections with "annihilations", 
an interpretation which receives some support from 
the single particle distributions presented in the next 
section. The mean charged multiplicity for ( ~ p - p p )  

n ° is also high, ~ 10, though with large errors. 
Single particle distributions. We now try to localise 

these cross-section differences in terms of  single par- 
ticle distributions. We find the most useful o f  these to 
be the centre-of-mass rapidity,y*. Fig. 2 (a -c )  shows 
do/dy* for our 7, Ks ° and A°/A ° data, folded about 
y* = 0 and halved in the former case, compared with 
pp data from refs. [5,6].  Fig. 2(d) shows the ~ p ~ A 0  
and ~ p ~  ~o data separately (the latter reflected into 
the forward hemisphere). 

The do/dy* distribution for the 7's, fig. 2(a), has 
the best statistics, and indicates that any difference 
between ~p and pp cross-sections is mostly coming 
from the region ly*l ~< 1.0. For ly*l > 1 the agreement 
is really rather close. For the K ° , fig. 2(b), the diffe- 
rence in cross-sections appears to be spread fairly uni- 
formly over the range o f  y*,  though our statistics do 
not permit us to say whether the K's are really behaving 
differently from the 7's. Fig. 2(c) shows the rapidity 
distribution for combined A°/~, ° production (the small 
pp ~ ~o contribution was estimated by scaling the dis- 
tribution at 200 GeV/c [9] to the 100 GeV/c cxoss-sec- 
tion). Here there is good agreement between iSp and pp 
in the proton fragmentation r e g i o n , y * < - l ,  but a sub- 
stantial excess in ~p in the central r e g i o n , y * > - 1 .  This 
observation invites interpretation in terms of  processes 
like ~p ~ (AA) + rr's, which cannot occur in pp inter- 
actions, and insofar as there are no leading baryons, may 
be akin to annihilation processes, (see fig. 2(e)), and 
yield central hyperons and antihyperons* ~. 

The statistical significance of  these effects is shown 
by making a direct subtraction o f  the data o f  refs. [5,6] 
from our ~p cross-sections. In the regions l y* l> l  and 
ly*l < 1 we obtain for o ( ~ p - p p  ~ 3'): -1 .1  -+7.5 mb 

and 12.1+11.2 mb respectively, for a(~p - p p  ~ K°): 
0.50+0.28 mb and 0.60+0.37 rob, and for o ( ~ p - p p  

A°/A°): 0 .16+0.36mb and 1.16+0.42 rob. It is clear 
that both ~p and pp experiments with much better 
statistics are required in order to observe these effects 
in any greater detail. 

The transverse momentum distributions o f  A°/A °, 
I ~  and 3' have been examined, and show no convincing 
differences from pp data in their shape, essentially just 
differing in normalization. The mean transverse mo- 
menta of  3', K ° and A°/~, ° are 0.16+0.01,0.46+0.03 
and 0.52 +0.04 GeV/c respectively, compared to mean 
values in pp interactions at 102 GeV/c [5]: 0.175+ 
0.020, 0.42+0.04 and 0.54+0.06 GeV/c .2 . 

Summary. We have derived cross-sections for the 
production of  3', K ° and A°/~, ° in ~p,interactions at 
100 GeV/c. In all cases the cross-sections are higher 
than in pp experiments at this energy. The difference 
in cross-sections tends to be associated with higher 
charged multiplicities, which inclines us to identify the 
differences with annihilation processes. In 3' and A°/~. ° 
production the differences are probably concentrated 
near y * =  0, while for K ° there may be a difference at 
larger ly*l as well. 

In this connection it may be worth noting that we have five 
events containing both A o and X °, corresponding to a cross- 
section ~ 0.6 mb, compared,with the inclusive p p ~  ~ 0  cross- 
section, ~ 0.2 rob. Further~ in four out o f  these five events 
the AT~ effective mass is small; less than 3.5 GeV/c 2. 

,2  This value is (pt) for A ° alone, and could be slightly affected 
by the inclusion of S,°'s. i / 
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