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Average numbers o f  p°, K*°(890) and K*°(890) produced in peripheral collisions (with the num ber of “grey” protons flg< 2 )  
o f  K + with Al and o f  n + w ith Al and  Au nuclei at 250 G eV /c a re  measured in the EHS(NA22) experiment at the CERN SPS. No 
evidence is found for suppression o f  vector meson production relative to K +p and  7t+p collisions at the same energy.

Inclusive vector meson production has been stud
ied in hadron-proton interactions in many experi
ments over a wide energy range (see recent work (refs. 
[1-4] and references therein)). However, corre
sponding results are quite scarce in hadron-nucleus 
collisions at high energies and in full phase space.

Recently, vector meson production has been stud
ied in hadron-nucleus collisions at 100 GeV/c in a 
Fermilab experiment [5], using the 30" hydrogen 
bubble chamber with thin metal foils mounted in
side. The 5000 events recorded have been divided 
into “peripheral” collisions (defined by the number 
n$ of grey protons, i.e. protons with momentum 
200 < 1300 MeV/ c  to be < 2 ) on Ag, Au and Mg 
on one hand and “central” collisions (with ng> 3 ) on 
Ag and Au nuclei on the other. In both peripheral and 
central collisions the authors find relatively small p° 
production:

<P°)per. =0.22±0.06, (1)

< P° > centr.  := 0.26 ± 0.07 , (2)

and even less (890) production (with an upper 
limit of (K*1 (890)) =0.07). They interprete this 
result as possible influence of a quark-gluon plasma 
formation, in analogy with suppression of J/\|/ pro
duction in heavy ion collisions.

The purpose of this paper is to present a similar 
study of K*°(890), K*°(890) and p° production in 
n+ and K+ collisions at 250 GeV/c on Al and Au 
nuclei, as performed by the NA22 Collaboration in 
the European Hybrid Spectrometer (EHS) at the 
CERN SPS. Our results do not support the conclu
sions reached from the Fermilab experiment [ 5 ].

Full details on the experimental set-up of EHS and 
on the minimum bias interaction trigger are given in
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refs. [6,7]. Due to the insertion of thin Al and Au 
foils inside the Rapid Cycling Bubble Chamber 
(RCBC), used as vertex detector, the study of inter
actions with hydrogen as well as with Al and Au nu- 

r elei became possible within a single experiment, sub- 
\ ject to identical experimental biases. Results on vector 

meson production in K+p and 7c+p interactions at 250 
GeV/chave already been published in refs. [1,3], and 
are used here for comparison.

The selection of the event and track sample is de
scribed in detail in refs. [8,9]. Events are accepted 
for analysis when the incident particle track is well 
measured and matches with hits in the upstream wire 
chambers, the reconstructed vertex position is within 
one of the foils, the outgoing tracks are satisfactorily 
measured and reconstructed, the loss of tracks due to 
measurement or reconstruction failure is at most one 
for charged particle multiplicities up to 10, and at 
most 20% for higher multiplicities. Quasi-elastic 
events or candidates for coherent interaction are ex
cluded. The loss of events is corrected for by multi
plicity dependent weights. Visual ionization infor
mation is used to identify protons up to 1.2 GeV/c 
and electrons up to 200 MeV/c. All unidentified 
tracks are assumed to be pions or kaons depending 
on the invariant mass distribution (tc+7c_, K +7t~ or 
K_7t+) under consideration.

After these cuts a total of 7622 events passed the 
selection criteria. However, an ionization scan has 
been made on the smaller statistics of 5809 events: 
2295 (2164) tt+A1, 1876 (1369) tt+ A u , 902 (856) 
K+A1 and 736 (553) K+Au events. The numbers in 
brackets correspond to events with the number of grey 
protons 2. Here we define them as protons iden
tified from their ionization in RCBC, with velocity 
0.2^/?^ 0.7 (or equivalently 0.19</?^0.92 GeV/c).

The relative fraction of events with 3 is small: 
only «  5.5% for interactions on Al and «  26% for in-

m

teractions on Au. Moreover, the charged particle 
multiplicity increases with increasing nB [ 9 ], so that 
the combinatorial background in the n+n~ and K±n:f 
invariant mass distributions is much larger for events 
with 3. Therefore, our statistics is insufficient to 
estimate reliably resonance production in central col
lisions (with rtg^ 3 ) #l. For the same reason we also 
do not present results for the K+Au sample, which 
has the smallest statistics, even for

The inclusive cross section of K*° ( 890 ), K*° ( 890 )

and p° in K+A1, tc+A1 and tc+Au interactions for 
events with 2 is obtained from fits of the K+7t” , 
K~tc+ and k +k ~ invariant mass distributions by the 
expression

d a / d M = B G ( M )  [l+/?BW(Af)] , (3)

where BW(M)  is a relativistic P-wave Breit-Wigner 
function, and BG (M) a background parametrized as

BG( M)  =  a x( M —Mlh)a2 Qxp( — a^M—a 4M 2) .

The olì and ß  are fit parameters; and Mlh is the thresh
old mass.

All details of the fitting procedure including those 
of experimental resolution effects, use of particle 
identification, treatment of mutual reflections of p°, 
K*°(890) and K*°(890), etc., are identical to those 
described in our study of vector mesons in K+p and 
7c+p interactions [1,3]. However, the fits were per
formed in the mass interval Mmin> 0.48 GeV/c2 for 
the n+n~ and Mmin̂ 0.70 GeV/c2 for the K±7c:p in
variant mass distributions.

For illustration, we show in fig. 1 the k+k ~ and 
K+k" invariant mass distributions in 7t+Al interac
tions. The curves are best fits with expression ( 3 ) us
ing the PDG resonance parameters [10] including 
experimental resolution. The inserts show the data in 
the resonance region after background subtraction. In 
spite of the large combinatorial background, clear p° 
and K*°(890) signals are present and well described 
by expression (3) n .

Our fit results are summarized in table 1, where the 
average numbers of p°, K*°(890) and K*°(890) in 
peripheral K+Al, %+Al and n+An collisions are com
pared to those measured in K+p and rc+p interac
tions [1,3] and to predictions of the two-string Lund 
model [11] (FRITIOF version 2 for elementary in
teractions and version 3 for collisions on nuclei). In 
the two FRITIOF versions we use the Lund scheme 
(JETSET 6.3) for string fragmentation with stan-

01 Since the same arguments can also be applied to the data sam
ple with nz>3 used in ref. [5], with comparable statistics, their 
result (2) for central collisions (surprisingly with the same 
error as for peripheral collisions ( 1 ) ) should be treated with 
great caution.

*2 Note that in ref. [5] the shape of the p° signal above back
ground had a two-bump structure, the p° mass is below the 
PDG value and its width is about twice the accepted value.
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Fig. 1. n+n~ (a) and K+rc~ (b) invariant mass distribution, corrected for reflections, in peripheral ( n ^ 2 )  k +A1 interactions at 250 
GeV/c.

dard parameters, except for a modified J-quark dis
tribution [12] taken to The 
latter was found necessary to describe the baryon x- 
spectra in this experiment [ 13 ]. In addition to pseu
doscalar and vector mesons we include tensor me
sons a2(1370), f2(1270), f ^ (1525) and K|(1430)
in the fragmentation scheme, in the ratios
PS: V:T = 50:35:15.

Table 1 shows that in peripheral meson-nucleus 
collisions the vector meson average multiplicities are 
the same within errors or even larger than in meson- 
proton interactions. In particular, for p° production 
in tc+A1 and n+Au collisions (the samples with the 
largest statistics) we find

<p°>k+rAI = 0.45±0.13,

<P°>5er.Au =0.43 ±0.21 , (4)

to be compared with 

<p°)n+p = 0.46 + 0.02 .

Our result (4) is twice larger than the value 
0.22±0.06 measured in ref. [5]. Furthermore, our

values for <K*°(890)> and <K*°(890)> are much 
larger than the upper limit of 0.07 for <K*± (890) > 
in ref. [5] **3.

Our observation that the average number of po’s 
per event in n+A collisions is independent of the 
atomic mass number A, follows naturally from the fact 
that the restriction to 2 selects interactions where 
the average number of projectile collisions is not very 
different from one. We find an analogous effect for 
71“ , Ks and A0 production [14]. This feature of the 
data is not reproduced by the FRITIOF model, which 
predicts a considerably larger p°-rate than measured 
in k+A collisions.

The large experimental errors for the other reac
tions and known discrepancies for elementary colli
sions (see table 1) prevent us from drawing strong 
conclusions as to the reliability of FRITIOF in pre
dicting K*° and K*° production in meson-nucleus 
collisions.

*3 The difference expected between our results and those of ref. 
[ 5 ] due to different beam momentum is «  20% [ 3 ].
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Table 1
Average multiplicities, <Res>, o f  p°, K*°(890) and ÏC*0 per col
lision (for events with /zg^ 2 )  in K +Al, 7t+Al and tc+ A u  interac
tions at 250 G eV fc  in comparison with the corresponding values 
in K +p and n +p interactions at 250 G eV /c  [1,3] and with 
FR ITIO F predictions.

Reaction <Res>

experiment Fritiof

K +A U K * °(8 9 0 )X 0 .3 4 ± 0 .1 6 0.29
K +A1->K*°(890)X 0.28 ± 0 .16 0.09
K +Al->p°X 0.71 ±0.21 0.60

7t+A U K * °(8 9 0 )X 0 .4 3 ± 0 ,1 0 0.13
7i+A l-K * ° (8 9 0 )X 0.17 ± 0 .1 0 0.13
7T+Al->p°X 0.45 ± 0 .13 0.72

tc+Au->K*°(890)X 0 .3 4 ± 0 .1 6 0.19
7i+Au->K.*°(890)X < 0 .28 0.17
7i +Au-+p°X 0.43 ±0.21 0.96

K + p->K *°(890)X 0.29 ± 0 .03 0,23
K + p-+K *°(890)X 0 .1 4 ± 0 .0 3 0.05
K +p-»p°X 0.31 ± 0 .0 4 0.40

7t+ p -K * ° (8 9 0 )X 0.13 ±0.01 0.07
K+p->ÍC*°(890)X 0.15 ±0.01 0.09
rc+p->p°X 0.46 ± 0 .0 2 0.48

In summary, in this analysis we find no evidence 
for suppression of vector meson production in pe
ripheral hadron-nucleus collisions, relative to me- 
son-proton interactions. This observation disagrees 
with the results of ref. [ 5 ].

We are indebted to the CERN SPS, beam and EHS 
crews for their support during the run of our experi
ment. It is a pleasure to thank the scanning and meas
uring staffs of our laboratories. The contributions of 
the groups at Aachen, Helsinki and Warsaw to the 
earlier phase of this experiment are gratefully 
acknowledged.
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