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The recent data on double strangeness production after 
antiproton annihilation on nuclei are analyzed within 
the conventional picture of the reaction, namely annihi- 
lation on a single nucleon, followed by rescattering of 
the products in the nucleus, assumed to proceed in a 
hadronic phase. General expressions for single and dou- 
ble strangeness are derived within this picture. The rele- 
vant parameters are determined, as far as possible, from 
the single strangeness production yields and are used 
to predict double strangeness production yields. The 
later are compared with experiment and found consistent 
with the conventional picture. However, the data seem 
to indicate that the strangeness production in the pri- 
mordial annihilation is different from what it is in nuc- 
leon-antinucleon reactions. An estimate of the S produc- 
tion rate is also performed. It is shown that the latter 
is much less sensitive to the rescattering process than 
in the A production case. 

PACS: 25.90. + k  

1. Introduction 

Strangeness production in antiproton annihilation on 
atomic nuclei has focused attention after it was suggested 
that it might carry on information on possible formation 
of quark-gluon blobs [1, 2] or on other unconventional 
mechanisms, like the genuine annihilation on several 
nucleons [-3, 7]. However, detailed study of the inclusive 
strange particle yields seems to indicate that the observed 
rates are consistent with the conventional picture [8, 9] : 
antiproton annihilation on a single nucleon followed by 
a rescattering process taking place within an ordinary 
hadronic system. Attention can be directed on multiple 
strangeness production since its rate is likely to be more 
sensitive to the detail of the rescattering process than 
the global strange yield. Working out a method to ana- 
lyze the data seems now advisable as experimental data, 
although still of limited accuracy and scope, have recent- 

ly been produced [10-13] and more are expected in the 
near future. 

In this paper, we derive relations for the single and 
double strangeness production yields, which pertain to 
the conventional picture of the reaction process referred 
above, but which are otherwise independent of the detail 
of the dynamics (i.e. cross-sections). These relations are 
relatively simple, owing to the use of some simplifying 
assumptions to be explained below, that do not really 
limit their generality. They are helpful as they show in 
a rather transparent way the various contributions to 
a given particle yield. We also show how these relations 
simplify in some typical regimes (like the low energy 
one), analyse the scarce existing data and try to extract 
from them relevant information on the properties of 
strange production. We find that, with the present lim- 
ited information, the double strangeness production in 
the annihilation on nuclei appears compatible with the 
conventional picture, although there are a few surprising 
figures in the data. We complete the paper by turning 
to another aspect of strange production in the same reac- 
tion: we present some predictions for the production 
rate of strangeness ( -2 )  baryons, i.e. the E particles, 
which, of course, is much smaller than the one of lighter 
hyperons. 

The paper is organized as follows. In Sect. 2, we con- 
sider single and double strangeness production for inci- 
dent antiproton momentum up to a few GeV/c, distingu- 
ishing between below and above the A.3 threshold. We 
only consider the following strange species: K, /s A, 
~3, Z, E, which are overwhelmingly important in this 
momentum range. In Sect. 3, we turn to the case of 
particle production. Finally, Sect. 4 contains our conclu- 
sion. 

2. General formulae 

2.1. The conventional picture 

In this picture, the incoming (or stopped) antiproton an- 
nihilates with a single nucleon and the resulting products 
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are then scattered by the nucleons of the target nucleus. 
Strangeness can be produced in such a process through 
two mechanisms: (a) the (primordial) annihilation itself 
(in the form of a KK or a YY pair); (b) the associated 
production induced by pions (and other mesons, such 
as o), t/) issued from the annihilation. Another type of 
mechanism, namely strangeness exchange, also plays an 
important role in shaping the strange events but it does 
not create strangeness, merely shifting it from one species 
of particles to the other (K N  --+ Yzc, Y N  ~ KX).  

2.2. Below the A A  threshold 

Let ~c be the primordial yield of strange annihilations 
(fiN--+ K K X ,  X being any non-strange meson system), 
fsE the average probability for a primordial/s to initiate 
strangeness exchange and fAt, the average probability 
for associated production, per primordial meson; let also 
M be the average meson multiplicity in annihilation. The 
hyperon, kaon, antikaon yields are then given by 

( Y )  = ~Cfse + fAP M (2.1) 

( U )  = ~ + fAt,M (2.2) 

(/~) = ,c(1 --fs~) (2.3) 

and the strange quark yield is given by 

( s )  = K +fAt, M. (2.4) 

Relations (2.1)-(2.4) are exact relations if we neglect the 
non-linearities in the rate equations governing the evolu- 
tion of the chemical composition of a reacting system 
containing several reacting species. This simplification 
appears quite justified by the low abundances of strange 
particles. The associated production and strangeness ex- 
change probabilities are complicated functions of the pri- 
mordial multiplicity and of the type and momentum of 
the particles. But the mean values appearing in (2.1)-(2.4) 
are well-defined quantities which can in principle be cal- 
culated from any dynamical model of the conventional 
picture, such as the intranuclear cascade (INC) model 
[8, 93. 

The yield for a given species (with specified charge) 
depends on the initial charge of the system and on the 
evolution of the charge configuration. However, simple 
expressions can be obtained if, as done henceforth, 
charge symmetry is assumed (we will see below that, 
for our purpose, this assumption does not really consti- 
tute a limitation). For instance, the Ks yield is then given 
by 

(K s } -- �88 [~c (2 --fs~) +fAt, M]. (2.5) 

In order to derive relations for exclusive strange par- 
ticle yields, one has to introduce more refined quantities 
than those entering (2.1)-(2.3). Let us assume for the time 
being that there are a fixed number L of pious associated 
with the kaons emitted in the annihilation and a fixed 
number N of pions emitted in non-strange annihilations. 
Let fASt, and fAN~ be the probability that a pion initiates 

an associated production in strange and non-strange an- 
nihilations respectively. We introduce two different prob- 
abilities for the pions are softer in the first kind of events. 
It is then easy to derive the following expressions for 
one-strange-particle rates 

( r )1 = ,cfsE (1 --fSAp)L + ~ (1 --fsE) LfSe (1 --fSAe)L-t 
+ ( 1 - to) N f ~  s (1 - f 2 s )  N -1 (2.6) 

(K) I  = ~c(1 _fSt,)L + (1 -- ~)NfA~pS(1 _fNpS)N-* (2.7) 

(K) I  = to(1 -fsE). (2.8) 

Strictly, one should allow fst, and fAUe s to depend upon 
L and N and introduce a distribution probability for 
these numbers. This would account for the fact that the 
more pions there are, the less energetic they are. This 
possibility considerably complicates the expressions. (In 
the appendix, we give the general expression for (Y)I). 
However, in practice, the L and N distributions are 
peaked on their average value. We therefore assume that 
fst, and fANs are independent of the number of pious 
and that the expressions (2.6)-(2.8) can be extended to 
the (non-integer) average pion numbers (henceforth, 
these numbers are designated by L and N also, in order 
to avoid proliferation of symbols). Of course, there are 
relations between f s t , , f f f ,  L, N (2.6) and fAt,, M (2.1), 
namely 

M = teL + (1 - x) N (2.9) 

and 

LfSe + (1 - ~c) N f a ~s (2.1 O) 
fAP= M 

For the two-strange-particle rates, one has the fol- 
lowing expressions 

( Y Y ) z  = Kfse LfSe (1 --f~e) L-~ 

L ( L -  1) (fASe) 2 (1 _fSp)L- 2 + ~c(1 -fsE) 2 

+ ( l _ t 0  N(N--  1) 2 (fffs)2 (1 --fANeS) N-2 (2.11) 

< YK> 2 = Kfse (1 --fse)L + (1 - K) Nf2es(1 --fANS) N-a (2.12) 

(KK>2 = ~c(1 -fse)  (1 -faSe) r. (2.13) 

Note that the rates (2.6)-(2.8) and (2.11)-(2.13) count 
events where there is the specified number of cited 
strange particles and not more, allowing, of course, for 
any number of non-strange particles. In this sense, they 
can be considered as semi-exclusive. However, the values 
given by the experimentalists generally refer to inclusive 
rates, i.e. counting events containing at least the specified 
configuration. So, denoting by ( Y X )  where X is any 
strange or non-strange system, the hyperon inclusive rate, 
we have 

( Y X  ) = •fsE + ~c (1 -fsE) [ 1 -- (1 __fSt,)L] 

+ (1 -- ~C) [1 -- (1 --fAUeS)N]. (2.14) 



Similarly, one has 

( K X >  = ~c + (1 - ~c) [1 - (1 --fANS) N] 

and 

(2.15) 

( K x )  = ~c(1 - f s J ,  (2.16) 

for the inclusive kaon and antikaon rates, respectively. 
It should be pointed out that the mean multiplicity 

of a given species is not identical to its inclusive rate. 
For instance, one obtains, with the same notation as 
above, summing (2.6), (2.11) and similar expressions for 
higher multiplicities, the following expression for the 
mean hyperon multiplicity 

( Y )  = ~Cfsg(1 + LfSp) + ~c(1 - f s J  LfSp + (1 - ~c) N J2  if, 
(2.17) 

or 

( Y )  = ~Cfs e + ~cLfSe + (1 - ~c) N f2p s, (2.18) 

which is indeed equivalent to (2.2), owing to expressions 
(2.9)-(2.10). The differences between the total, inclusive 
and one-particle semi-exclusive rates (2.18), (2.14) and 
(2.6) are however small in practice, because of the weak 
multiple strangeness production. 

As stated in the Introduction, f s  e, fANS ~ 1 ; it is there- 
fore useful to consider expressions to first order in these 
parameters. One has for instance 

( Y ) l ~ c f s ~ + ~ c ( 1 - 2 f s ~ ) L f S e + ( 1 - ~ c ) n f ~  s ,  (2.19) 

(YX) , ,~CfsE+tc(1- - f s jL fSe+(1- -~c)NfA Ns . (2.20) 

Using (2.18)(2.20), we also get, to the same order 

( g ) ~ ( Y X ) + l C f s E L f S v , ~ ( Y ) ~  + 2~cfs~LfSp, (2.21) 

which, with the help of (2.11), and to the same order, 
takes the form of the relation 

( Y ) ~ ( Y ) ~  +2(YY>2,  (2.22) 

which appears obvious when one restricts to one asso- 
ciated production only. 
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2.3. Comparison with experiment 

At low energy, associated production is low, so we can 
safely use the expressions mentioned at the end of the 
previous section. On the other hand, we arc faced with 
a problem imposed by the methods of detection: in most 
experiments, the latter allow the detection of K ~ and 
of what we will call 2%. These include free A's and Z~ 
which cannot be distinguished in general. Furthermore, 
one has to account for the fact that hyperons can possi- 
bly stick to the target remnant. As in [14], we introduce 
a parameter c~, which is the probability for an hyperon 
to eventually appear as a (free) ~. In these conditions, 
we can summarize the useful expressions as 

( 2 )  = ~ [tcfs E + MfAp] 

( K s )  ~ 1 [K (2 --fs~) + (1 -- ~c) NfANp s] 

<S) ~ K + (1 -- ~) NfA Ns 

(22) ~ ~2 ~cfs~ LfSe 

[KfsE + M fAp-- ~cLfSp] '~ ( ~ )  

( / q K s )  ~ ~(1 -fs~). 

(2.23) 

(2.24) 

(2.25) 

(2.26) 

(2.27) 

(2.28) 

Note that the rates (2.26)-(2.28) correspond to events 
with the two indicated strange particles, but also to 
events with more strange particles, some of these appear- 
ing as undetected strange particles (ex: A K + K s K  - for 
the rate (2.27)). These additional events contribute how- 
ever in higher order in fa  us or fSp and can then be ne- 
glected. For simplicity, we do not distinguish anymore 
between f A e , f S e , f ~  s ,  which, numerically, are expected 
to be very close to each other. 

Expressions (2.23)-(2.28) can be used in two ways. 
First, one can use the single particle yields <~)  and 
( K s )  to extract two of the parameters ~, K, fsE, fAe, N, 
assuming the others are known by other means, and 
then introduce their value in (2.26)(2.28) to predict the 
double strangeness production. Second, one may com- 
bine (2.23)-(2.28) to derive expressions which depend 
upon only one parameter (or even no parameter). If two 

Table 1. Experimental single and double strangeness yields (in 10-3) 

71 Ks Z ~ AKs AK + KsKs KsK- 

Xe at rest 24.6• 21.4• 1.6_+0.9 12.5 • 7.6• 2.8 • 
(Ref. [12]) 

Xe(0.4-0.9 GeV/c) 31.3 • 3.0 19.9 • 1.8 3.8 • 14.0 • 3.2 10.0• 1.9 +0.8 
(Ref. [12]) 

3Heatrest 5.5• 15.9___2.0 1.5 __+0.8 2.0 +_0.9 
(Ref. [10]) 

4He at rest 11.2_+ 1.2 10.7• 1.1 - 2.84• - 0.88• 
(Ref.[ll]) 

~He(0.6GeV/c) 15.3+_2.20 16.3_+2.2 7 • - 2.5 _+1.5 
(Ref. [11]) 

4.8• 

2.5• 
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expressions are obtained independently, they can pro- 
vide a consistency check of the physical picture. 

Let us now turn to experimental results. The data 
on double strangeness production are, unfortunately, 
quite limited [10--12]. They are presented in Table 1. 
No figure is given for .3A production, which seems to 
be consistent with zero. Therefore, because of (2.26), fae 
should be very small, in such a way that, in first approxi- 
mation, we can neglect these terms in expressions (2.23)- 
(2.25). Let us assume that fAP is negligible, at least in 
a first approach. This eliminates at the same time the 
question of the value of N and M (see (2.23)-(2.25)). We 
are thus left with three parameters (~, t~,fs~). We will 
successively assume that ~, tr or fse is known from other 
means to be specified. 

For  ~, we can use the INC calculations of [14, 15]: 
e,.~0.65 for He and c~0 .55  for Xe at rest. The values 
of ~c and fs~ can then be determined as follows. From 
(2.23)-(2.25), one easily obtains 

~c ~ (s) = ( ? )  + 2 (Ks),  (2.29) 
Z ~  

where one has neglected the terms in f~e s, and 

(2) 4efsE 
(Ks)  ,~ 2_~Z~se. (2.30) 

The predictions for the double strangeness yields are 
then given in the left part of Table 2. For the (KsKs)  
yield, the predictions are in agreement with experiment, 
thanks to the large uncertainties. As for the (AKs)  yield, 
we reach a good agreement, except for in flight annihila- 
tions on Xe and 4He targets. We come back on this 
point later on. 

If we choose x as given by ~TN data (central part 
of Table 2), we obtain, except for 4He, nonsensical results 
or, for 3He, an exceedingly small value of e. In other 
words, it is not possible to explain the single particle 
yields correctly if one sticks with the standard ~: = 0.05 
value. Note, however, that this value is not known with 
an accuracy better than 10%. 

In the right part of Table 2, we make a similar analy- 
sis, assuming that fsE is given by an INC calculation 
[15] of the interaction of a / s  of typical momentum with 
a Xe target: 0.55 at rest and 0.75 at 650 MeV/c. In that 
case one obtains rather good results for the double parti- 
cle yields. It is interesting to note that this analysis points 
to large values of e and values of ~c around 0.06. 

An alternative procedure would consist in using all 
the experimental yields (double and single) to determine 
the values of all the parameters entering (2.23)-(2.28). 
We did not attempt such an analysis, because of the 
large experimental uncertainties. However, it seems clear 
from Table 2 that, despite these uncertainties, ~: should 
be larger than 0.05 for Xe and less than this value for 
the He isotopes, that c~ should lie around 0.6-0.7 for 
Xe, slightly larger than those provided by INC calcula- 
tions [14, 15], and that fs~ is also roughly consistent 
with the INC values, although perhaps slightly larger. 

As we said, consistency checks can be elaborated 
from expressions (2.23)-(2.28). The most obvious (and 
the strongest) check is provided by the combination of 
(2.24) and (2.27), in the limit o f f a l ,=0  

(~lgs) ~ �88 (Ks). (2.31) 

Another one is obtained by combining (2.24) and (2.28). 
One obtains 

4 (Ks)  - 16 (KsKs)  ,'~ ~c. (2.32) 

The value of ~c cannot be well determined directly from 
experiment, as we just discussed. However the uncer- 
tainty on ~c is rather small, compared to the single and 
double Ks yields, and therefore relation (2.32) can be 
considered as a constraining test. Relation (2.31) is badly 
violated for Xe at rest and possibly for 4He in flight. 
This may indicate either misidentifications in the experi- 
ments of [11, 12], or a breakdown of our picture or 
charge asymmetry effects (see below however). Calculat- 
ing the l.h.s, of (2.32) for the data of Table 1 yields reason- 
able values, but still point somehow to small values of 
~c in He isotopes. 

Table 2. Predictions for double strangeness yields (see text for detail) 

e=0.55, 0.65 ~c=0.05 fs~(INC) 

K fsE (YIKs) (KsKs) 
(10 -2) (10 .3 ) (10 .3 ) 

Y~E (AKs) (KsKs) ~ tc (YIKs) (KsKs) 
(lO 3) (lO 3) (lO-2) (lO-3) (lO-3) 

Xe 6.52 0.69 6.1 1.26 >1 
atrest • • • • 

Xe0.4-0.9 6.82 0.83 7.8 0.7 >1 
GeV/c • • • • 

3He 3.60 0.23 1.37 1.73 0.15 
atrest • • • • • 

4He 3.00 0.57 2.80 0.81 0.20 
atrest • • • • • 

4He 4.43 0.53 3.82 1.30 0.44 
0.6GeV~ • • 10.55 • • 

0.73 
• 0.24 

>1 

0.70 
+_0.23 

1.37 0.84 
• • 

3.82 0.94 
• • 

0.76 5.89 6.1 1.7 
• • • • 

0.65 6A2 7.8 1.0 
• • • • 



Let us say a few words about the charged strange 
particle yields. It is very hard to generalize the expres- 
sions of this paper to charged particles, that anyway 
will not remain so attractively transparent. One can how- 
ever obtain bounds for the ratios K ~  + and K - / K  ~ 
One is obtained by taking the /~p and On values for 
these ratios, weighted by the proton and neutron abun- 
dances of the target. The other correspond to a complete 
charge equilibrium between the kaons and the rest of 
the target. In the Xe case, this means that K + / K  ~ lies 
between ~0.7 and ~0.8 (the same for K-/ft,~ If we 
call 7 this ratio, we also obtain 

<3K+> 
(~ lKs)  =2~. (2.33) 

Table 1 shows that this relation is far from being verified 
by the experimental data. We note that charge asym- 
metry effects introduce in the expressions of ( K s )  a cor- 

K - K  N - Z  
rection of the order o f ~ . ~ , . ~  x N + ~ '  where N and 

Z are the neutron and proton numbers and where K 
a n d / (  denote the final kaon and antikaon abundances. 
In Xe, this term is less than 7%. Using (2.34), we have 
to the same order 

<A ) = 2 <AKs> +-/<AK + >, (2.34) 
7 

which is also violated in the experimental data. 

2.4. Beyond the A A  threshold 

Let us define 2 as the rate of ~ N ~  Y'YX reactions 
(~N-~ Y N X  or Y W X  is negligible in the range we are 
interested in, i.e. up to a few GeV/c), E as the number 
of accompanying pions in these reactions and fR as the 
probability for the strangeness exchange 5YN--, K X  pro- 
cess. 

There is a strong hint [8, 9] that associated produc- 
tion in rescattering is still small in this range. Therefore, 
we continue to give formulae in first order in fAP. We 
can write 

<K) ~ 1~ + 2fR + Mfae (2.35) 

with 

M=(1  - ~ c -  2) N + x L  + AE (2.36) 

< Y )  ~ ~Cfs E + 2 + MfA e (2.37) 

<~> =,,(1 -fs~) (2.38) 

<?> =,~(1 -fR) (2.39) 

<S> ~ 1< -}- )c -]- M fA e (2.40) 

( Y Y )  ~ (~fsE L + 2C)fay + (Nfae) 2 (1 -- ,~ -- 2) (2.41) 

(YY)  = 2(1 --fR) (2.42) 

< Y K )  ~ tcfs E + 2fR + MfAp (2.43) 
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Table 3. Number of events, measured cross sections, measured and 
predicted rates for K s, A and Z productions in the/~-Ta reaction 
at 4 GeV/c (data from [13]) 

Reaction Number Measured Exp. rate Predicted 
of cross [%] rate 
events section [%] 

(rob) 

~Ta-~KsX 445 82.0_+6.0 5.04_+0.37 
p T a ~ A X  929 193 _+12 11.86+_0.74 
/STa ~ AX 21 3.8_+2.0 0.23_+0.12 
~Ta~KsKs X 17 4.0_+1.0 0.25_+0.06 
pTa-~KsAX 74 24.8_+2.8 1.52_+0.17 
~Ta~KsAX 1 0.4_+0.4 0.02_+0.02 
pTa~AAX 6 1.9_+0.8 0.t2_+ 0.05 
~Ta~AAX 19 6.7_+ 1.5 0,41_+0.09 
~Ta~K~ 1 0.6_+0.6 0.04_+0.04 
/STa-~ inelastic t628 _+30 

0.17 
3.0 
0.0017 
~17 

( K / ( )  = to(1 -Jse) 

( K K  ) ~ ( Y Y K K >  ~ (KfsF L + 2fR ]/.) fae 

( Y Y Y K  ) ~ 2(1 --JR) EfAe. 

(2.44) 

(2.45) 

(2.46) 

Expressions (2.37), (2.42) and (2.43) are compatible with 
the relation 

( Y ) =  ( Y K )  + ( Y f  z )  (2.47) 

which is true independently of any approximation and 
with 

( Y )  = ( Y ? )  (2.48) 

( K )  = ( K / ( ) ,  (2.49) 

which hold in the limit of negligibly small rates for the 
pN ~ Y N X  and fiN ~ Y'NX reactions. 

We now turn to the /5 (4 GeV/c)+ Ta experimental 
data [13]. Some of them are given in Table 3. The very 
small antilambda yield requires fR close to 1, which is 
expected on the basis of a large A annihilation cross- 
section. One has, using (2.41), (2.37) and E = L ,  which 
is quite reasonable, 

(.71) ~o:LfAv 1+ (2.50) 

where terms in ~cL and 2L have been neglected in front 
of terms in N. Using this expression, one infers from 
the data, assuming ~ ~ 0.75, that LfA e ~ 0.030 (with L ~ 4, 
this yields fAV~0.008). One can try to make the same 
kind of analysis as in the previous section and extract 
as many parameters as possible from the measured inclu- 
sive yields, namely 

( 4 )  ~ c~ (tCfs E + 2 + M fAv) (2.51) 

( K s )  .~�88 [tc(2-fsE) + 2.fe + Mfap] (2.52) 

( ~ )  = a'2(1 -fR). (2.53) 
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The symbols ~ means A + X0 and e' is the ratio of this 
abundance to total antihyperon abundance. Actually, ac- 
cording to [13], one can take e ' ~ l  and 2~0.013, the 
latter value taking account of the slowing down of the 
antiproton before annihilation [9]. Then comparison of 
(2.53) with experimental data yields fRg0.82. The use 
of (2.51)-(2.52) requires the determination of another pa- 
rameter. One should be tempted to use the value of ~c 
given by ~6p data of [16] at 4GeV/c. This procedure 
yields an unphysical value o f f s~g  1.20. This is in keeping 
with the difficulty of the INC calculations of [8, 9, 17] 
of reproducing correctly at the same time the .4 and 
K s yields. The link between this difficulty and the high 
value of tr indicated by /sp measurements of [13] was 
already pointed out in [9]. The systematics of other mea- 
surements (see [-18]) would favour a value of ~ 0 . 1 2 .  
We adopt this value as an alternative hypothesis and 
then easily determine that f s ~ 0 . 7 7  and c~0.74. The 
latter value is consistent with our guess above. It is ex- 
pectedly larger than at low energy. 

We use these values of the parameters to make pre- 
dictions for the double strangeness yields. We find 
(KsKs)_2-=O.O017, (AKs)=0.030,  ( A K s ) = l . 7 5 x  10 -~ 
and ( A A )  = 1.7 x 10 -3. These numbers should be com- 
pared to the experimental numbers 0.0025+0.0006, 
0.015+0.002, (2.5+2.5)x 10 -4 and (1.2+0.5)x 10 -3, re- 
spectively. The agreement is rather good, except for the 
AKs  yield. 

We can also attempt to use (2.36)-(2.49) to devise 
consistency checks. For instance, (2.47) requires that 

( A )  = 4(YIKs)  + (YI~), (2.54) 

which is badly violated by the data. Note that the param- 
eter ~ is absent from this relation. It is hardly imaginable 
that taking account of charge asymmetry would change 
relation (2.54) substantially. Similarly, one should have 

(7171Ks) "~ 1~ (7171), (2.55) 

which is also not fulfilled by the data. But one should 
keep in mind that the 1.h.s. has been measured with a 
poor accuracy. 

In conclusion, the double strangeness production 
seems to be consistent with the conventional picture. 
Our analysis requires, to some extent, a value of ~c smaller 
than the value advocated by [16]. Finally, there seems 
to be some inconsistency in parts of the data. 

3. -~ Production 

An estimate of the E production rate in/~ annihilation 
on nuclei can be obtained, in the same picture of primor- 
dial/SN annihilation followed by rescattering of the anni- 
hilation products. The E particles can be produced in 
the primordial annihilation or in the course of the rescat- 
tering process. In the latter, the most important reactions 
are the following 

•N SKX, (3.1) 

A N  ~ 3 K N X ,  (3.2) 

=N ~ E K K X ,  (3.3) 

where X is any meson system. To estimate the ~ yields 
corresponding to reactions (3.1)-(3.3), we have made sim- 
plifying assumptions, the main ones being: (a) produc- 
tion in the first rescattering collision; (b) negligible role 
of E induced strangeness transfer reactions (e.g. 
3 N  ~ AKN). 

If a R meson issued from the primordial annihilation 
has a momentum p and if, in its supposed straight mo- 
tion, it travels an average (over its direction of emission) 
distance (d)  through nuclear matter (of density p), it 
will induce a reaction (3.1) with a probability 

aeN-+-~x(P) [ 1 - e x p ( - p a ~ [ ] ( p ) ( d ) ) ] .  (3.4) 

The total rate per/5 annihilation is given by 

R (E) = av N ~gx  ~ d 3 P F (p) P (p), o;~n (3.5) 
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Fig. 1. Calculated 3 particle production rate per p annihilation 
on 4~ (upper part) and 238U (lower part) nuclei, as a function 
of the incident antiproton momentum. In each case, the upper curve 
gives the primordial E yield and the lower one gives the yield 
due to rescattering. The latter yield is splitted into contributions 
coming from rc (lozenges), A (dots) and K" (triangles) rescatterings 
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where F(p) is the normalized /< momentum spectrum. 
Similar expressions are applied for processes (3.2), (3.3). 
Cross-sections and angular distributions are taken from 
experiment [19], as far as possible. For the A N ~ S X  
process, no data are available. We have thus assumed 
the same cross-section as for N N  ~ A X  as a function 
of (P~ab--Po), where Po is the incident momentum at the 
respective threshold, since the reactions are rather simi- 
lar. 

The computed rates are given in Fig. 1 as a function 
of the incident/~ momentum. We also want to estimate 
direct ~ production, i.e. from primordial annihilation. 
This production rate is poorly known since a single value 
for the cross section, namely (ll_+3)/~b for /Sp~Z-  
+ anything at 7 GeV/c, is available [20]. We have then 
made the following assumption: we take the /~p-~ZX 
cross section to follow the same shape in the (Plab--Po) 
variable as the Op ~ A X  cross section, and renormalize 
it so that a ( p p - + Z X ) = a ( O n - ~ X ) = 2 a ( O p ~ Z - X ) ,  
the last cross section being constrained by the measured 
point. The rate estimated in this way is also plotted in 
Fig. 1. 

It is seen that primordial production is more impor- 
tant than the cumulated rescattering contributions. This 
is in contrast with the A case. For A production on 
Ta at 4 GeV/c, it was found experimentally that the A 
rate per/~ annihilation is one order of magnitude larger 
than in/~p annihilation. This has been explained mainly 
by strangeness exchange in rescattering [8, 9]. The small- 
ness of the rescattering contributions for S are of course 
due to the fact that they require associated production. 
In spite of the uncertainties due to simplifications and 
assumptions in the calculation, we feel that this conclu- 
sion is not likely to change in a more sophisticated evalu- 
ation. The main conclusion is that any rate of Z produc- 
tion in/5-nucleus, significantly larger than the predicted 
rate, would indicate with a high probability the presence 
of unconventional processes. This conclusion would be 
on much safer ground than for the A-case, since the 
subsequent rescattering process is much less important 
than in this case. 

One should however beware of the possible influence 
on the ~ rates of ~ rescattering which could, through 

p r i m o r d i a l  " ~ / ~  o.ool 
.~, 8=1 

[q 

1 0 - ~  = f 
6 9 2 

Plab (GeV/c) 

Fig. 2. Comparison between the calculated primordial ~ produc- 
tion rate in fiN systems and the S production rate in B = 1 annihila- 
tions, as calculated from the statistical model of [21] 

processes like ~ N  ~ A K N ,  bring down the observed S 
rate below the predicted one. 

A statistical model which predicts Z rate in B>0  
annihilation [21] may be referred to in order to estimate 
the influence of possible B > 0 annihilations. The predic- 
tions for the S rate per primordial B = 1 annihilation are 
given on Fig. 2. In contradistinction with the strangeness 
( -1)  hyperon production case, the B= 1 annihilations 
yield a smaller S rate, compared to B = 0 annihilations, 
in the frame of this statistical model. The origin of this 
feature can be traced back to the hindrance factor 
(~0.18) for strangeness production in hadronic reac- 
tions, which appears squared for ~ production and sim- 
ply linearly for A production. This calls for two remarks. 
First, the 3 production does not appear as a suitable 
observable to hunt for B > 0 annihilations. Second, the 
doubly strange particle production seems to be less sup- 
pressed compared to single strangeness production in 
/~p reactions than it is in other hadronic systems. 

4. Conclusion 

In this paper, we have investigated the double strange- 
ness production after/~-annihilation on nuclei, assuming 
hadron gas dynamics, but without resorting to any spe- 
cific model. We worked out simple expressions for single 
and double strange particle production yields, with the 
help of simplifying assumptions, which do not hamper 
the generality of these expressions. 

We analyzed the scarce available experimental data. 
We tried, as far as possible, to extract the relevant physi- 
cal quantities from the single strange yields and used 
these quantities to make predictions on the double 
strange particle yields. The agreement with experiment 
is rather good. However, the quality of the data is not 
good enough to consider this comparison as a decisive 
test. In spite of this aspect and of the fact that in practice 
we had to rely on some approximations (smallness of 
the associated production, e.g.), some conclusions seem 
to emerge with a reasonable confidence: (i) the primor- 
dial K/{ rate (parameter ~c) seems to be different from 
what it is in free space; at low energy, it is lower for 
light targets and larger for the Xe target. (ii) The strange- 
ness exchange probability induced by/~'s is rather large. 
(iii) There is a sizeable probability that the hyperon re- 
mains stuck to the target. Concerning the latter point, 
this possibility has not been investigated experimentally, 
except for the work of [22], where the delayed fission 
of a fissile target has been interpreted as induced by 
the weak decay of an hypernuclear target remnant. Theo- 
retical investigations [23, 24] are supporting this hypoth- 
esis. However, there is no direct measurement of the hy- 
pernucleus formation rate after antiproton annihilation 
on a nucleus. 

We also made a first estimate of the production of 
hyperons with two strange quarks (Z). We showed that, 
contrarily to the A production case, the total S rate 
is weakly affected by the rescattering. Therefore, this ob- 
servable appears to be well suited for the search of un- 
conventional processes occurring in the antiproton anni- 
hilation on nuclei. 
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Appendix 1. General expression for ( Y)I 

The general expression for ( Y ) 1  writes 

( Y)I = ~cfsE ~ P (L)(1 - f s  e (L))L 
L 

+ tr (1 fsE) ~'. P (L) LfSp (L)(1 --fASp (L)) L -1 
L 

+ (I -- tc) ~ e (N) Nfff s (N) (1 -fifes (N)) N - *, (A. 1) 
N 

where P(L) and P(N) are the probabi l i ty  distr ibutions 
of L and N respectively, normal ized to unity. This ex- 
pression simplifies iffSp and  fAUV s are constant .  One then 
has 

( Y)l = tcfs~ ~ P(L)(1 --fSAp)L 
L 

+ ~c (1 -fs~) Y~ P (L) L f 2  s (1 _ f s ) L - 1  
L 

+(1-tc) ~ P(N)NfSe(1-fa~f) u-1. (A.2) 
N 

For  any dis tr ibut ion P(n), one can write 

~ P(n)(1 --x)'=~P(n)e'ln(t-x)=g(--iln(1 --x)), (A.3) 
n n 

where g ( 0  is the characterist ic funct ion associated to 
the dis tr ibut ion P(n) [-25]. If  x is small, one can write 

~ P ( n ) ( 1  -x) '~g( ix)  
n 

, (ix) 2 ,, 
~ g ( 0 ) + i x g  ( 0 ) + ~ g  (0 )+ . . .  

X 2 X 3 

~ l - - x ( n ) + ~ - ( n 2 ) - - ~ .  (n3)+... (A.4) 

which differs f rom ( l - x )  <"> by a correct ion in (9(x2; z) 

where a 2 is the variance of  the distribution. Similarly, 
one has 

0 
P (n) n x(1 - x ) " - i  = x - -  { ~  P (n) (1 - x)"} 

. a (1 - x )  

x (n ) (1  - x) <'>- 1 (A.5) 

in the same approx ima t ion  as above. This justifies the 
approx ima t ion  employed  in Sect. 2. 

Note added in proof. After this paper has been completed, our 
attention has been drawn on the fact that the experimental value 
of ~c in section (2.4) could be somewhat smaller than the one we 
used. However, the difference does not change our conclusion in 
the sense that a unrealistically high value of fsE is still obtained. 
We are grateful to Dr. Y. Yoshimura for a useful correspondence 
on that point. 
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