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1: Introduction and Experimental Detaills

Photoproduction of strange particles has been studied in an 84-cm
hydrogen bubble chamber exposed to a bremsstrahlung beam with a
maximum photon energy of 5.8 GeV at the German Electron Synchrotron
(DESY). Details of the experiment and results on various other re-
actions have already been published(j). So far we have evaluated

1 200 000 pictures resulting in a total of 709 events with visible

strange particle decays.

All pictures were scanned twice. Cross section values given in this
paper have been corrected a) for geometrical losses due to the finite
chamber size and due to very short decay lengths and b) for the un-
observed decay modes. The correction factor due to geometrical losses
was on average 1.08 for /\o and 1.11 for KSO decays. Since the photon
energy is not known a kinematic fit cannot be carried out for hypo-
theses with a neutral particle not decaying visibly in the chamber.
For those hypotheses the photon energy was determined under the as-

sumption that only one neutral particle was produced.

About one third of the events were ambiguous between several hypo-
theses. To a large extent these ambiguities were due to the fact that
the photon energy was unknown. An investigation of simulated events
from FAKE(z) showed that after a proper modification of the kinematics
program GRIND events‘fitting a hypothesis for which the momenta of all
outgoing particles can be measured, are not contaminated by other hy-
potheses. In particular the reactions yp — AK" and fp — 5%kt
(with visible /\decay) could be separated from each other: only a
negligible fraction of simulated ELOK+ events gave a ﬁ\K+ fit. In ad-
dition according to the FAKE results no true EOK+ events were lost
in the identification procedure. On the other hand contamination of
the 20K+ events by other reactions (mainlyI\K+wo se.) was less than

20 %.

Table I gives the number of unambiguous events for various reactions




and the total number of events after apportionment of the ambiguous
events. The apportionment could be done for most of the cases by
starting for each reaction with those topologies in the chamber in
which the reaction could be identified uniquely. From there the num-
ber of events for this reaction in the other topologies was then
estimated. For example, for reaction {1>——* f\Kou’+ 13 events were
observed for which both the A and the K° decays were seen, This led
to an estimate of 42 events for this reaction contained in the one-
prong VO topology resulting in a total number of 55 events with at

least one visible strange particle decay.

The events of the reaction y{p —* pK+K_ come mainly from three prong
events with no visible decay for which kinematics and ionization were
compatible with that hypotﬁesis. This selection ensures that no pK+K_
events are lost. On the other hand these events may be contaminated
by events of non-strange reactions. The reactions yp — pK+K= and
rp —° pKOI_(o have been investigated in Refs. 1c and 14 in connection

with Qf production via {P —+Dp¢Y and the results are presented there.

In the rest of this letter we discuss the following reactions:

(1) yp — AK S (5) yp — AEn

(2) yp— 3% (6) yp— K
(3) yp— £'K° (1) yp — sTKet
(4) yp — AKT(a".0) (8) yp—* AK'm'

These are the more abundant reactions for which, except for Reaction
(4), also a clean kinematical identification was possible. For Re-

action (3) only events with a visible\Ko decay were used.



2.0

YK Production

Fig. 1 shows the total cross section for Reactions (1), (2),and (3)
as functions of the photon energy EY and Figs. 2 and 3 the different-
ial cross section for Reactions (1) and (2), respectively, for various

intervals of Ex.°

The differential cross sections for Reactions (1) and (2) show a marked
change with photon energy from‘near-isotropy to strong forward peak-
ing. This peaking at higher energies suggests a peripheral production
mechanism; the processes most likely to contribute are K and K* ex-
change. The contribution of K* exchange however is probably very small
because of the small K*Kr (3) and NYK*(4) coupling constants. K ex-
change, on the other hand, cannot contribute to Reaction (3) since
there is no direct Koio( coupling. This may be a reason why the

cross section for Reaction (3) is comparatively small at higher ener-
gies. Reaction (1) was compared with the predictions of the K-exchange
model with a gauge-invariant extension and with absorptive correct-
ions, as calculated by K. Schilling(5>. It turned out, however, that
these corrections depend strongly on the various assumptions which
must be made. Apart from the arbitrariness in the choice of a gauge-
invariant extension, the biggest uncertainty comes from the unknown
value of the absorption parameter C. Agreement with the experimental
cross section above EY' = 1.8 GeV and for momentum transfer squared

A2 < 0.4 GeV2 can be obtained by choosing the following parameters:

C =0 (no absorption), gENA /AT = 4.9 + 1.1
-2 2

C=0.8, A=8.50eV", g/ 4r = 15.8 1 3.5
-2 2

C =1.0, A = 8.5 GeV *, geyp/ 4T = 42 £ 9.4

Here gKNA is the KNA coupling constant.

This shows that a determination of giNA by this method requires a

much better knowledge of the various corrections.



Measurements for Reactions (1) and (2) have also been carried out by
various authors at photon energies below 1.2 GeV; the results, together
with a summary of possible theoretical interpretations, have been com-
piled by Grilli et al.(6) and Thom(7). Measurements have also been
performed by Elings et alo(8> at around 4 GeV and by the Cambridge
Bubble Chamber Group(9). Our cross section values are in agréement

with these previous results, within statistics.

Reactions (4) to (8)

Fig. 4 shows the total cross sections for Reactions (5) to (8) as
functions of E)r. For Reaction (5) only events with both A and x°

decaying visibly in the chamber were used.

In Fig. 5 we show as a function of Er the sum of the cross sections
for Reactions (1), (2), (3), (5), (6), (7), and (8) plus a number of
other reactions for which the momenta of all outgoing particles could
be measured and for which therefore the photon energy could be de-
termined uniquely. Thus these values are lower limits for the total

cross section for strange particle production.

Fig. 6 shows the effective mass distributions of AK, A¥ and K& for
the Reactions (4) and (5) and Fig. 7 the effective mass distribut-
ions of 3K, S« and KT for Reactions (6) and (7). The events are
plotted without geometrical correction factors. For Reactions (4)
and (5) possible candidates among the ambiguous events have also

been included.

In the A% mass distribution for each reaction there is evidence for

* * .
the Y1(1585), whereas no K (891) is seen in the K& mass distributions

H*
In Table II we give estimates for the cross sections of Y producticn

in the reactions *o_ 4+
(4a) (p — Y, K

(5a) yp — ¥, "%



for three energy intervals. The cross sections have been corrected

*
by a factor of 1.10 to account for the £ & decay mode of the Y1(1385)°

*
The Y4 peak for Reaction (4) comes of course from events with only one

«° and is therefore due to Reaction (4a).

To determine the cross section of Reaction (5a) only events with a
visible K° decay were used. Therefore the Y: peak for these selected
events is uniquely due to Reaction (5a). For events where only the A
decay is visible in the chamber, we cannot exclude the presence of one
or more additional #° mesons. In fact from the events in the Y: peak
with a visible K° decay we estimated the total number of events from
Reaction (5a) contributing to the Y: peak in Fig. 6. This number can-
not account for the whole Y: peak in this /\ﬁ'+ mass distiibution° We

therefore conclude that a considerable fraction of the Y1 peak in the

+ , . , , , .
A" mass distribution is actually due to reactions with one or more

o
T mesons.

¥
Strong production of the Y1(1385) has also been observed by the Cam-
bridge Bubble Chamber Group(9).

¥*
Besides the Y1(1385) we see a peak in the A" mass distribution of
Reaction (5) at about 1770 MeV (Fig. 6).

. ¥ ’ ¥*
Apart from the Y1(1385) and possibly the Y1(177O) we see no statistic-
ally significant production of other strange resonances in the Re-

actions (4) to (8).
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TABLE 1

Number of events with at least one visible strange particle decay

Number of Total Number of Total
Reaction unique number of Reaction unique number of
events events events events
AK* 122 127 nkKat (7%...) - 3
+..0 o]
K 16 / + 0
o4 ° (E)k"ﬁuo(w.-J 18 79
L K 30 51
+4+ = _0,_0
oKt KT 56 61 K (% ...) 12 23
pKK° 13 21 s ket (.. ) 3 11
AR 13 55 =k ko (wC...) 1 1
AN 28 28 ARt ete” 3 11
gOkOwt 4 17 K v e 1 1
skt 19 19 pK KR w0 (%, ) 1 2
nk KO (7°..) 6 10 KK e (.. ) 6 8
o\, +_0,_0 pKOK_W}vp(rO...) 2 3
{)L)Kﬁ'((?...) 30 95 - N
A +=0_+ -, 0
2o nK'K v w (Weae) 2 5
£ K% (w°. ) 3 10 Opm 4+ +,._0
o~ nK K et (¥ o) 1 2
PK KT 2 2 £ _+ 4+ -_0,0
pKK T 8 10 (l\)K rTrw r...) 4 13
AT 19 22 KT (2. ) 3 12
+,0_+_=
K'w & 1 g +o-
£o++‘_ > (‘E)Kofvu’(ﬁo...) - 11
EXww 6 T -, 0 +_+_0,_0
a4 ) _ S K Twyw (¥ ..) 3 14
PO &) - 2
TABLE II
' *
Cross sections for Y1(1385) Production
E (GeV *o_ .+ ¥4 .0
(( ) Y, K (}xb) Y, K s,ub)
1.42 - 2,0 0.2% + 0.23 0.3 + 0.3
2.0 - 3%.0 0.45 + 0.20 0.4 + C.2
3.0 - 5.8 0.22 + 0.10 0.1 + 0.1
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Figure Captions:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

N

Total cross sections for (a) {p —* /\K+, (b) yp —* ZOK+

and (¢) Yp — ¥ *k° as functions of the photon energy Er .

Differential cross section %f%* in the cm system for

(1>-—* Ala_ for three intervals of the photon energy EK .

Differential cross section %f%* in the cm system for

p— EZOK+ for two intervals of the photon energy EK~.

Total cross sections for (a) yp — /\Ko'i+, (b) ¢p — Z+K+T\'—’

(c) Yp —> Z—K+W+ and (d) Y P — /\K+\T+1T_ as functions of EX. .

Lower limit forthe total cross section of strange particle

production (see text)

Effective mass distributions for the Reactions
+_0 O+
¥p = AK® (unshaded) and yp —> AKT (shaded):

(a) AK, (b) AT and (¢) XT.

Effective mass distributions for the Reactions
U S -t
Yp —* 2 K’ (shaded) and yp —» 3 K'@ (unshaded ):

(a) €K, (b) Z & and (¢) KW.
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