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ABSTRACT

Results are presented on inclusive photoproduction in hydrogen of
2o, Zfsas, 53, and their antiparticles for incident energies between 20
and 70 GeV. Hyperons and antihyperons are mainly measured in the kine-
matical range of central and forward production (xF > ~-0.3). We find the
cross-section ratios G(Ztaes)/ﬁ(z;gas) = 1.4 £ 0.1, G(Efggs)/cdgfggs) =
= 1.3 + 0.2 and an antiparticle/particle ratio of about 0.3 for the three
sigma states. The results suggest an important role of the valence quarks
of both the beam projectile and target in the production process in quali-
tative agreement with current ideas of quark fusion models. The inclusive
production of Zf335 is also observed in a small subsample of the events
containing AA pairs. The X distribution of A(A) in AR events as well as
those in Ap (pﬁ) is the same as those in single A (A) inclusive events.
Weak signals in the K_pTr+ and AT T mass spectra are observed around

a mass of 2.26 GeV.
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INTRODUCTION

In this paper we present results of a study of inclusive production
of strange baryons in photon proton interactioms at photon energies from
20 to 70 GeV. The data originate from a general study of photoproduction
of multiparticle final states carried out at the CERN SPS using the Omega

spectrometer with a tagged photon beam.

The main part of this paper is concerned with 0, Efass, and EQ and
their antiparticles. The study of inclusive production of A and A based
on the same data has been published separatelyl). The reactions investi-
gated are listed in Table 1. No Q signal has been observed. The kine-
matical range of . (= ZpT//g) of the hyperon states accessible in this
experiment is typically g > =0.3. The results are discussed in terms of
a simple quark model picture by looking at cross~sectioh ratios of charged
hyperon states. Data of inclusive strange baryon production in the low

mass range (baryon mass < 2.0 GeV) already exist from hadron-hadron colli-

h,5) 647)
3

. . . . . s - 2,3
sions at high energies with incident piomns ’ ), kaons , protons

. g
and antiprotons ).

-+ +
The channels K pr~ and A(3m)~ are studied for baryons of mass > 2 GeV,

and show some evidence for a signal at 2,26 GeV.

We report also on results of inclusive hyperon production in events

with AL, Ap and Ap pairs.

EXPERIMENT AND DATA

The layout of the experiment is shown in Fig. 1. The experimental
details have been discussed elsewhereg). The features of the high multi-
plicity trigger conditions relevant for these data are given in Ref. 1.

A Cerenkov counter was used to identify charged particles, giving light for

pions with momenta > 5.6 GeV, kaons with > 18 GeV and protons with > 34 GeV.

. . s . + - — .
It did not distinguish between a K (K ) and p(p) in the range from 5.6 to
18 GeV, The fraction of protons in the K* sample was estimated to be

2)

- . - 1 )
34 * 4%, and for p in the K sample to be about 5% . A photon detector
measured photons in the momentuﬁ range of 0.5 to 20 GeV, and in a forward

9
angular range of *120 mrad ).
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We use the events from a trigger requiring a charge multiplicity
2 4 as described in Ref. 1. In addition to this trigger we add events
from another trigger with the same multiplicity requirement plus at least
one charged particle with no light in the Cerenkov counter, i.e. a koan
or proton (antiproton). The effective sensitivity of our experiment for

the reactions considered is in the order of ~ 40 nb™}

3. SELECTION OF EVENTS

The selection of events containing a A or A is discussed in Ref. 1.

The Xy range of A(L) is restricted to Xp

with a momentum < 100 MeV either from a V° or from the main vertex were

> -0.3 by the acceptance. Tracks

rejected because the acceptance for those tracks is not known sufficiently
well. About 70% of the A(A) could be unambiguously identified by detecting
a p(p) from their decays in the Cerenkov counter. The ambiguities between
A/Kg'and A/KC 0

S S
A(R) sample from those mass distributions obtained by assuming the T mass

were resolved by calculating the number of K_ in the ambiguous

for both decay particles. From this we estimated that 627 of the A/Kg
ambiguities are in fact A, and 327 of KO/KE ambiguities are A. Consequently,
we weighted events with an ambiguous Alby 0.62, and with an ambiguous A

by ‘0,32, Using these weights and the acceptance for A(A) (see Section 4y,
one finds a flat decay angular distribution in the helicity rest frame of

the A(K), as shown in Fig. 2. Figures 2a and 2b show, respectively, the

cos O distribution for the proton from the A, and for the m from the 1
decays in the helicity frame of the V°. The acceptance is indicated by the

solid curve. -The shaded areas give the contributions from the ambiguous

cases. The final data sample includes " 15000 A, "~ 5000 & and ~ 100 AR,

| In order to select events contalnlng a proton and a K s we took events
w1th at least one p051t1ve1y and one negatively charged particle with momen-—
tum above the T threshold and no light in the Cerenkov counter, This re—
quired restrictihg the photon energy to the range 40 to 70 GeV. We obtained

a final sample of ~ 26000 events with a proton and a K .
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ACCEPTANCE

The acceptance of the hyperons in reactions (1) to (5) (see Table 1)

was calculated by assuming a flat x

distribution, a p% dependence of
2
e—3pT

, and isotropic angular distrigutions for the hyperon decays. The
acceptance of A and A was taken from Ref. 1. The acceptance of the hyper-
ons is virtually independent of p;, as already found for A and A. In

Fig. 6a the acceptance for Z§335 is shown as a function of X This accep-
tance is the same for Ztsas, T13gs and their antiparticles. For reactions
(1) and (4), which contain a single photon or a 1% in the final state, the

acceptance of the photon detector limits the observed range of these hyper-

ons to XF > 0.15.

To calculate the acceptance for Z (£7) we used the assumptions above.
However, one has to consider a double decay, i.e.

yp > E + X
Amy
| L s

Two samples of = decays can be 6bserved. In the first sampie, the E
decays such that the F; is attached to the main production vertex, due to
the uncertainty of the vertex measurement, and therefore contains mainly
short range decays. In the second sample the WI is taken by the recon-
struction program as an extra track due to long range decays of the z .
The first sample represents v 707 and the second v 30%Z of all c decays.
To calculate the cross section for 5 , we used the events of both samples.
In the case of the §=; we used only the events of the first sample because
of the limited statistics, and corrected for the losses due to the second

sample.

In the case of the 5°(2"), which was studied by the corresponding

double decay process (2 > An%) the problem arises that the direction of
the m° (measured in the photon detector) was calculated by using the main
vertex position as reference point. Thus for long range decays of the =0,
the 7% direction is distorted resulting in a worse mass resolution. The
various effects on the acceptance have been studied by simulations with

the assumptions already made for E .
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For reactions (9) and (10) the geometrical acceptance of the Cerenkov

counter restricts, the x_ range of the identified protons and kaoms to

XF>00

Although the acceptance for all decay channels is known to only i3OZ,

F

the various losses cancel to first approximation when ratios of cross.

sections for inclusive hyperon or antihyperon production are considered.

5. - PRODUCTION OF LOW MASS HYPERONS
(BARYON MASS < 2 GeV)

2.1l Experimental results

A. Analysis of I states

In this section we report on the production of sigma states, i.e.
23132, Z?sss and their antiparticles. Figure 3 shows the raw data mass
distribution for Ay (a) and Ay (b). There is clear evidence for signals
at the nominal Z° mass value, with a spread consistent with the experimen-
tal resolution., The numbers of I° and EF were determined by fitting to
the mass spectrum a Breit-Wigner resonance term (BW) and a background
term (BG):

99 .G+ b BW .
dm

Here the Breit-Wigner function was taken to be of the form:
I‘.
7

(@® - m¥)" + 2T

where Ty is the resonance mass, taken as a free parameter, The width T

BW(m) =

was fixed for'ZD(EF) to I' = 0,015 GeV, consistent with the experimental
resolution, To describe the background, a third~order polynomial was
used. From the resulting fit, we get me = 1.193 £ 0.002 GeV with a

XZ/NDE x 0.9. We observe 250 * 40 Z° and 90 * 25 I° decays. Compared
with the number of observed A(L), the sample of observed 20(535 decays is
small, because most of the photons originating from such decays. do not hit
the photon detector or have a momentum less than 500 MeV and cannot be
measured by this detector (see Section 2), Accordingly, we give only the
ratio O{EE)/O(ED), assuming that the acceptance effects approximately
cancel. This ratio is found to be 0,36 * 0.1 (see Table 3) and constant

over x_ (x_ > 0,15), within large errors.

F F
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The mass combinations AT and Ar are shown in Fig., 4a and b, respec-—
- = <+ A .
tively, whilst those for Am and Am appear in Fig. 5a and b. To fit
+
these mass distributions, the Breit-Wigner width I' for the Zj13gs signals

was given the mass dependent form
29+1
T(m) = Tp(a/ap)” o(m)/pm)

where

o(m) = (qp + a9
q being the momentum of each of the decay products in the resonance rest
frame, 9g the value of q at the resonance mass and £ the relative angular
momentum of the decay particles. The mass spectrum was fitted in the
form

do
i BG(a + b BW)

with

BG(m) = alm - mTh)B e“Ym

where ¢, B and Y are determined by the fit and L. is the threshold mass
for AT combinations. This ansatz for parametrizing the background des-—
cribes in all cases a mass distribution obtained by combining a AR) from
one event in the data sample with the corresponding particle (m) found in
a successive event of the same type. In all fits the width TR of the
nggs signals was fixed to TR = 0.045 GeV, representing the natural width
of Zi385 v 37 MeV and the experimental resolution which is estimated to be
in the range from 15 to 30 MeV. The fitted resonance masses do not vary

significantly from the nominal value of m = 1.385 GeV and the XZ/NDF

L1385
was found to be v 1 in all fits. The number of combinations in the peaks

and the resulting cross sections are given in Table 2.

In the mass distribution of AT combinations, as shown in Fig. 4a,
a second enhancement is seen around 1.6 GeV, which has been included into
the fit by an additional Breit-Wigner term. The uncertainty in the number
of ZT355 as given in Table 2, is estimated by a second fit in which the

additional Breit-Wigner function has been omitted (not showm}.
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Figures 6 and 7 show the g distributions for ZT385 and 21385 and
their corresponding antiparticles. The number of ZT355(2I385) as a func-
tion of X, were obtained by fitting the mass spectra for each bin of Xp
separately. The data are corrected for acceptance which is the same for

Li13gs and z1385-

The p% distributions for ZngS and 2;335 and their antiparticles are
shown in Figs. 8 and 9. The numbers of 21385(51385) as a function of pT
are determined in the same way as described for the Xo distributions.
The p% distributions for I 345 and 31335 were fitted by a function of

the form

d R T
c e pr

- = a

giving a value for the slope b for each hyperon as follows:

0 < pZ < 1.2 Gev’ 0 < pl < 0.8 Gev’
Tiass ¢ b= 2.6 % 0.2GeV 2 Tises : b o= 2.5 % 0.5 Gey=?

Zises ¢ b= 2.6 £ 0.2 GeV'2 Tiaes : b = 3.0t 0.7 Cov-2

I
i+

B._ _Analysis of Z states

Figure 4b shows besides the Lj355 also a small signal in the © mass
region. The % was fitted by adding incoherently a second Breit-Wigner
term with a variable resonance mass and a fixed width of 0.015 GeV as
defined by the experimental resolution. The resonance mass was determined
by the fit to be m, = 1.32 £ 0.04 GeV. The curve in Fig. 4b represents
an overall fit including both resonances and the background term. In
Table 2 we give the number of observed & decays and the estimated cross
section. Figure 4b contains the events of the first sample with a W;
attached to the main vertex (see Section 4), whereas in Table 2 we include

also the number of £ found in events from the second sample.

We fitted the data of Fig. 5b using the same procedure as above, in-
cluding the 22335 and a contribution from E“, by fixing the mass and the
width of the latter at the values m, = 1.32 GeV and T = 0.015 GeV, We

observe 48 £ 15 events for the &= .
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The raw mass distributions of Am® and An® are shown in Figs. 10a
and 10b. Due to the acceptance for m° (see Section 4) the X, range of
the Am°(An’) system is limited to - > 0,15, Small signals in the 30(53}
mass region can be observed. Since the background cannot be estimated

sufficiently well, no cross sections are given,
5.2 Discussion

It has been observed in inclusive photoproduction of the A b and
the ¢ ) that the photon behaves just like a meson. The cross sections
are smaller than the corresponding pion cross sections by the factor ex-—
pected from vector dominance and when the quark fusion models, which
successfully describe the hadron data, are applied to the photoproduction
data, the shape of the effective photon structure function is indistinguish-

11
able from that of the pion ).

Consequently we can discuss our present data in the light of the
guark and diquark fusion models which have been proposed for baryon pro-
duction in hadron-hadron collisionslznls). No specific predictions exist
so far for the hyperon and antihyperon data considered here, but it is
possible to use the general ideas to give a qualitative explanation of

the general features of our data.

From Figs. 6 and 7 we see that the average value of ‘Feynman x for
the produced hyperon or antihyperon is (xF) = (0.15-0,20, With the photon
energies and hyperon masses involved, this means that the average fraction
of the beam momentum carried by a beam quark or diquark in the fusion pro-

cess is (x_) = 0.29 and the average fraction of the target momentum carried

B’
. . : * . - .
by a target quark or diquark is (xT) = 0,09 ). This latter value is suffi-

ciently small to exclude any contribution from valence diquarks in the

. . . . ‘ 16417
proton whose distribution is peaked towards large-xT ? ).
since we are considering beam fragmentation into baryonms rather than tar-

- Further,

get fragmentation, it is reasonable to restrict our discussion to the

fusion of diquarks from the beam with quarks' from the target.

Considering the photon as a superpOSLtlon of vector mesons, then the
diquarks in the beam will be formed prlmarlly from the comblnatlon of a

valence quark and a sea quark, Restricting ourselves to the p, w, and o,

*) To obtain the values for xp and =xp we used the relatlons Xp = Xp -~
- Xp, XBXp = M?/s, where M is the mass of the hyperon considered.
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taking them in the standard ratio of 9:1:2 and assuming that the probabi-
lity of finding an s-quark in the sea is half that of finding a u- or d-

' quark in the sea, then it is straightforward to show that

- o 27 7
olyp > 17) = 55 Vg + 5 Sy
U(Yp**E"_) «lg

5 °N
+ 9 7
o{yp > ) EVN+§SN
: - 7
U('Yp‘*Z) ESN
| - 9 7
olyp > T ) = 55 Vo + 5 8y
o(yp + E=5 «Lg
5 °N
- 1 13
olyp > Z ) E'VN * 50 SN
ey 13
olyp > £ ) « 50 S

where Vﬁ'and SN are, respectively, the values of the valence and sea

quark distributions of the nucleon at the mean value of X

Td oBtéin an estimate of the relative magnitude of the various cross
sections, we have used the distributions from Moorele) which provide a
good description of the low-Q? data in deep inelastic scattering. How-
ever, our ‘results are not particularly sensitive to this choice. The
model estimates and the corresponding experimental results are given in

Table 3, and show surprising agreement.

6. SEARCH FOR HIGH MASS HYPERON STATES
(MASS > 2.0 GeV)

‘We have looked for high mass hyperon resondnces in decay channels
. containing a A(L) and charged or neutral pions, or K_p'ni [reactions (9)-
(12) in Table l]‘ Weak signals are observed in A(3W)t and K_p'rrer at a
mass around 2.26 GeV, as shown in Fig. 11, The curves in Figs. llc and f
correspond to fits with a Breit-Wigner resonance term and a polynomial
background where the width of the signal is fixed to T = 0.05 GeV. The
fits give_cdnsistently a mass value of 2,26 * 0,06 GeV. The statiétical

significance is 3¢ in both cases.
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The weak signals in K—pﬂ+ and Aﬂ+w+ﬂ_ (Figs. 1la and d) are mear to
the mass of the charmed baryon A: [2.28 GeV 19)]._However, similar signals
are also visible in the channels K-pﬂ_ and AW+W_F— (Fig.s 1llb and e), in-
dicating that a hyperon state with isospin I = 1, already discussed in

19
other experiments ), could be present in our data.

Assuming that the fitted signal in Fig. llc measures the hyperon
candidate only, we calculate an upper limit for the production of A: in
K“pﬂ+ as 315 nb with 90% confidence level. It is in good agreement with
our earlier estimatezo), based on a subsample of events containing an

+ -
additional K (probably from a D decay) in the final state.

INCLUSIVE PRODUCTION OF AR, AP AND Ap PAIRS

In small subsamples of our experimental data we have measured hyperons
and antihyperons in inclusive production processes of baryon-antibaryon

pairs, i.e. in the reactions (6}, (7}, and (8) (see Table 1).

The selection and the kinematical range for both A and i are the
same as for the single particle inclusive prbduction discussed before
(1.e. g > -0,3, see Section 3). Protons and antiprotons are restricted
to have momenta in the range 18 < p < 34 GeV due to their identification

by the Cerenkov counter and are thus limited to g > 0,2,

The number of events observed in the reaction channels (6)-(8) are
collected in Table 4, together with estimates of background concerning the
protons (antiprotons) due to the inefficiency of the Cerenkov counter,
and the corresponding cross sections (orders of magnitude only). The
cross section for inclusive AR production is about 40 nb, and we observe
that the cross sections for Ap and Ap production are about the same and

account for ~ 10 nb.

In Fig. 12a we show the added mass distributions of A and A for
Al events. The Zi13ss is clearly visible, demonstrating that productiom
of excited hyperons is also important here., A correspondinghflggs is not
seen in the AT distribution (Fig. 12b). A similar asymmetry in particle-
antiparticle production is observed in the reaction chanmel yp - pp + X

n . . . . . 23
where A3, and Ajo3; production was studied in the forward direction ).
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Assuming that the hyperons and antihyperons in these events are
mainly produced independently of each other, they should show more or
less the behaviour seen in the single inclusive studies of A and A 1);
an excess of I;3435 production over 51335 would thus be expected (see
Section 5,2 and Table 3). Furthermore, their Xy distributions should
then be similar to the single produced A(L) and concentrate in the cen-
tral region., The raw data are shown in Figs. 13a and b in comparison with
the single A(R) distributions (dotted lines). We note that the Xg dis~-
tributions of the A(A) from AB(Ap) also exhibit this behaviour (dashed
lines in Figs. 13a and b); however, no clear 51335(21395) signals are
observed in fhese channels. Another indication for uncorrelated produc-

tion of the A and A in our AL events is the absence of any evident struc—

ture in the invariant AM mass distribution.

8. SUMMARY

From our study of inclusive photoproduction of hyperons and anti-
hyperons in the photon energy range of 20 to 70 GeV we note the following

facts:
i) 0(Z1385) > 0(E1345) by a factor of 1.4 * 0.1.
ii) O(Z )/6(Z1sss) = 0.32 % 0.06.

iii) The\ production of Zo, Z1385s and L1345 is in the order of 20 to 407

of the particle production,

) = =
iv) ZI13es and Ljzg5 are produced about equally.
v) No hyperon or antihyperon production is observed for XF > 0.7,

These results are in surprisingly good agreement with predictions from a
13
quark fusion model ), which has been proposed for baryon production in

hadron-hadron collisions.

+ . .
The inclusive production of L13gs is also observed in events con-
taining a AA pair. An uncorrelated production of A and & in these events

seems to be present in our data.
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Table 1

Reactions of inclusive baryon and antibaryon productions
considered in this paper '

Yp+...+)§ YP > ese + X
0 > fy LR s By (1)
Tises > Am ETass > Am (25
Z13es > AW_ E?aas > A (3)
5% > Anm® E0 > And (4)
5 - A el (5)
Cyp > AL+ X vp > AL # X (6)
yp > Ap + X yp ~ Ap + X (7)
yp > Ap + X (8)
Yp * pK'—ﬁ"' + X (9)
Yp > pK T + X (10)
yp > AGBM T + X (11)
yp > A(3m)~ + X (12)
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Table 2

Cross section‘estimates for various reactions, The cross sections
are an average over the photon energy range 20-70 GeV
weighted by the bremsstrahlung spectrum l/Ey.

Number of %) . %%)
' Acceptance X, range | Cross section
events F
(nb)
St e | 801 T 38 0.066 > -0.3 135 = 45
- 130
Z1ses | 653 * 37 0.066 > 0.3 100 + 30
T1ses | 262 + 23 0.066 > ~0.3 37 + 15
Trass | 196 + 24 0.066 > -0.3 28 * 10
: K )
- 160 * 28 (a)
z 0.07 > —Q. 28 +
50 + 18 (b) > > 9.3 J
el 48 + 15 0.053 > ~0.3 9t ¢

*) Includes all corrections for various losses, also branching
ratio.
*%) Error includes the uncertainty of acceptance.
*%%) First (a) and second (b) sample of © decays (see text).
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Table 3

Comparison of model predictions (see text)
for specific cross section ratios. and.the
corresponding: experimental values

~Cross. section: }Experimental | Model

. ratios - |. - values | predictions
0(Z1395)/a(A) 0.10 + 0.02 -
(iftg-i%r‘ss)/ﬁ(ﬁ) . _ o.iz ‘;4:.0“.02 -
6t a0s)/0(ITs8s) | 1.6 0.1 | 1.56
étET;ss)/é(ETaSQ) 1.3 # 6.2‘ 1.00
5%y /0¢) - | 0.36 +0.06 0.34
d(ﬁaas)/c(ﬂasg})” 0.27 +0.04 |  0.27
G(Efaas)/o(zzas;) 0.28 + 0.04 0.42
o(E ) /o(ET) 0.32 +0.13 0.6
G(E )/0(Z13e5) 0.28 + 0,06 0.33
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Table 4

Number. of events, estimates of background
from the Cerenkov counter, and cross sections
of reactions (6), (7), and (8). The cross sec~-
" tions are ‘not corrected for backgrounds, and
arie-an average over the photon emergy: range
'20-70 'GeV: weighted by the Bremsstrahlung
- gpectrum l/EY. '

Number Of'icubackground Cross section
events
: (nb) ..
[ 11 v 13 -9
[ 1 5 1
1 an o 14 | - ' oo T
JAp| 110 v 16 10

ML R O i LT L LU IR IR O DRI AL UL T T L O YT T L T T T LLUNRC LT i ] T R | MITNTR I [T
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Figure captions

Fig.

Fig.

" Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

1

10

LX)

Layout of the experiment,

a) cos O distribution of the proton from the A decay (small
curves show acceptance). Here, © is fhe angle of the pro- -
ton in the A rest frame relatlve to the A direction.

(A with cos 6 < -0,96 were rejected because of the hlgh
electromagnetic background. ' ,

b) cos 8 distribution of the xt from the A decay (small
curves show acceptance). O is defined above. (R with
cos § > +0,96 were rejected because of the high electro-

magnetic background.)

a) Mass spectrum of Ay combinations. The curve shows a fit
with a Breit-Wigner function plus a background term (see
text).

b) Mass spectrum of Ay combinations.

+
a) Mass spectrum of Am .

b) Mass spectrum of A

. + - -
The curves show fits of Zi13ss, L1385, and = .

a) Mass spectrum of A .

- +
b) Mass spectrum of Am .

—

. = - p
The curves show fits of Zj3ss5, Liaas, and Z .

!

dU(ETgas)/dxF {(a) and dG(ZTags)/dxF (b) as a function of Xy
The curve in (a) shows the acceptance for Ij3ass and Z13ss

(see also Section 4).

3 = ]
dc(Zlggs)/dxF (a) and do(Elggs)/dxF (b) as a function of Ko
dU(Ztgss)/dp; and dc(Z;aes)/dp; as a function of p%.
dc(ETaas)/dp; and dO(E;gas)/dp; as a function of p;.

a) Mass spectrum for Arn®.

b) Mass spectrum for AmY,
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Fig. 11 : a) Mass spectrum of K—pﬂ+.
b) Mass spectrum of ijﬁf,
¢) Sum of (a) and (b).
T T e e
d) Mass spectrum of Am 7 T ,
I Lo oo
e) ﬁass spectrum of Am 7 1 .
£) Sum of (d) and (e). '
Fig. 12 : a) Added mass distributions of Aﬂ% and Am. from AL events.

( 4, . .b) Added mass distributions of Ain~ and En° from AR events.

Fi@;-lSZN i+ 'k distributions of baryons (a) and antibaryons (b), raw data.
e T == AR from AR
-~ A(R) from Ap(Ap)

- 1
*r+ ACA) from the inclusive study

)

(arbitrary normalization).

v~ . : The acceptance-of A and & from all three channels exhibit
approximately the same behaviour, although they differ in

magnitude.
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