DEUTSCHES ELEKTRONEN-SYNCHROTRON DESY

DESY 77/14
February 1977

AN
777_ :?_ %?4? Inclusive K2~Production in e+e_ Annihilation

B1AE

at Energies of 3.6 to 5.0 GeV

by
. PLUTO-Collaboration

J. Burmester, L. Criegee, H. C. Dehne, K. Derikum, R. Devenish,
J. D. Fox, G. Frauke, G. Fliigge, Ch. Gerke, G. Horlitz, Th. Kahl,
G. Knies, M. Rssler, R. Schmitz, U. Timm. H. Wahl,

s

H. Meyer and K. Wacker

Gesamthochschule Wuppertal

NOTKESTRASSE 85 - 2 HAMBURG 52



To be sure that your preprints are promptly included in the
HIGH ENERGY PHYSICS INDEX ,
send them to the following address { if possible by air mail ) :

DESY
Bibliothek

2 Hamburg 52
Notkestieg 1
Germany




Inclusive K:-productiou in e*¢” annihilation at energiea of 3,6 to 5.0 GeV

PLUTO=Collaboratioen

J, Burmester, L. Criegee, H.C. Dehne, K, Derikum, R, Devenish, J, D, Fex,

G. Franke, G. Fliigge, Ch. Gerke, G. Horlitz, Th., Kahl, G, Knies, M, Rtsaler,

R. Sebkmitz, ¥. Tiwmm, H. thl*, P, Waleschek, G, G. Winter, S, Welff,

W, Zimmermann

Deutscheas Elektronen Synchretron DESY
Hamburg

L&
Y. Blebel, H, Jensing, B, Keppitz and E, Lohrmann
II1. Institut fiir Experimentalphysik der Universitat Hamburg

A, Backer, J. Birger, C. Grupen, M, Rost and G. Zech

Gesamthechschule Siegen

and
H. Meyer and K. Wacker
Gesamthochschule Wuppertal

Abatract

We have measured the preduction cress section for K: in e*e” annihilation
from 3.6 to 5.0 GeV center of mass energy., A substantial increase of the
K: yield is observed around 4 GeV in qualitative agreement with the charm

hypothesis,

on leave from CERN

*
now at CERN

- -

The total eress section for e'e” annihilation into hedrons (GL) normalized
to the muon pair cross section (& ) shows a clear step of about two
units at & GeV center of mass energy. In addition the total cross section
is not flat above 4.0 GeV but shows considerable structure L, 2 . This is
usually attributed to the proeduction of pairs of charmed gquarks, adding

3 x (2/3)2 units of B = Wk/é%ﬂ.to the total cross section. The charmed
quarks then fragment into a pair of charmed hadrons which subsequently
decay by weak interaction preferentially into strange particles, A
sizeable increase in kaen production isx then expected above threshold

for charmed particle production, Furthermore the resonance like structures
in the total cross section at 4,03 and 4,415 GeVare assumed to have atrong
coupling to charmed hadrons. This should be detectable by measuring the

satrange particle yield in this energy region.

We have measured the K: preduction in e*e” annihilation inte hadrons using

the magnetic detector PLUTO at the et

e~ storage ring facility DORIS at
3)

DESY. Results on K:~e correlations as evidence for the semileptonic decay
wmode of charmed particles and on the total cross sectioh2 have been
reported, Reference should be made to those papers for details of the
experimental procedure. Briefly, the detector uses a superconducting
solensid to produce a field of 20 k{® ., The field volume is filled with

14 ecylindrical proportional chambers used for triggering and reconstruction
of eventa, The luminesity is measured by small angle e*e~-% ete” scattering,
as determined by four counter telescopes. The detection efficiency for

hadronie events is~ 80 %.

We have searched for K: production by calculating the effective mass of
oppositely charged pairs of particles assuming they are pions. To suppress
background from normal pien pairs a minimun distance of 15 mm from the
decay vertex to the e*e” interaction point was required, A vertex fit is
made constraining the momentum vector of the pion pair to the interaction
point. The masgss distribution for pion pairs satisfying the above criteria
is shown in Fig. 1. The background below the K: wmads has been estimated
from side bins and subtracted for all the following plots. The efficiency
to find a K:~+T; m: with this method is momentum dependent and has been
determined by a Monte Carlo study. The preductien angular distribution

was assumed to be isetropic. The detection efficiency is essentially zero
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below 150 MeV/c. It rises smoothly, and goes through a maximum of 21% at {2) U(Ks)/Q%M B H(Ks) - Rqﬁ (Ks) + RcE(Ks) + Ry (ks)

1 Gev/c. We cut at 200 MeV/c, and apply me correction for the toss of

Rqa and Rqa (KZ) bave been determined at Vs = 3.6 GeV and are assumed

lower momentum kaons. The loss can be estimated by extrapolating the ob-
to be independent of J@. The new part AR due to the charm and hearvy

served mwomentum dependence to zeroc momentum, and amounts to ~10% of the
observed yield. Trigger lesses not accounted for in the Monte Carlo tepton contribution is then given by

calenlations are estimated to be less than 10%. The data have been cor-

rected for the unobserved decay mode K:_,. . AR =R - Rq& (Va= 3.6)
Sizeable KZ production is found at all energies. The cross section for The ratiozﬁR(K:)AjR ig the number of K: per new event. Using our
inclusive Kz production is shown in Fig. 2a. A prominent peak at 4.075 GeV measured total cross section * and the Kz cross section in Fig. Za
is observed., For higher energies the Kg cross section shows little structure we calculate‘AR(K:)/zﬁﬂ shown in Fig. 2b {open points)}. No radiative
but has a higher level than at 3.6 GeV, corrections have been applied since they should approximately cancel

in the ratio. The coniribution due to the heavy lepten is expected to
The increase in Kz production is dominantly due to kaons with energies vield very few kaons8 . With the assumptions RLE (Kg) =0 and M{L) = 1.95 GeV
lesgs than half the beam energy. This is evident from Fig. 3a, b, where we we determine the number of K° per charm event {full points in Fig, 2b).
show the invariant cross section (s/8)*d67/d% vergus x = E(K:)/E(beam), Assuming  2°N (K:) =N (% + ga) = N (K*+K”) as supported by a recent
at s = 4,03 GeV and Jys»4.03 GeV each compared to the data at Vs = 3.6 Gev, experimentg , we expect N (K:)/charu event = 0.5 (neglecting the Cabbibe
At x >0.5 the spectra are seen to be fairly similar, as expected in quark angle), The data points, taking inte account the heavy lepton coentributien
fragmentation models. (full points), are slightly less than this prediction.

) In the total cross section resonance like structures have been observed
Discussion at %.03% and 4.415 GeV1 2 . At both energies we have taken fairly large
The excess K: which we observe at Va= 4.03 GeV as compared to /5= 3.6 GeV data sets. Comparing the normalized Ki yields at the two energies {see the
are concentrated at x <, 0.5, This supports the hypothesis that they come arrows in Fig. 2b), we have an indication of substantially less K: pro-
from the decay of intermediate charmed paira. Since the Kg increase is duction at 4.415 GeV,

largest for the very small x values we infer & dominance of multibody

3) &) 5},

decays in agreement with previcus indications In conclusion we find a significant increase of K: yield going from

V& = 3.6 GeV to J;?74.0 GeV, This is very well compatible with the charm

We next determine the kaon yield per annihilatioen event above threshold hypothesis. Just above threshold, at Jo = 4.0% GeV, we find a stronger
for charmed particle production. We do so in the spirit of the quark model Kz production than at higher energies, and there is an indi-

for e'e” annihilation inte hadrons. The hasic mechanisw is assumed to be cation of reduced K: production at the position of the 4.415 GeV

the production of a pair of quarks which subsequently fragments inte hadrons. resonance.

Above Vs = 4 GeV, we use the following expression for the normalized total

cross sectiont Acknowledgements
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been confirmed by a recent PLUTO experiment .

*
N . : . m cent data (unpublished).
Equation (1) can alse be written for the inclusive K: cross sectien. Values are taken from Ref, 2} and from more re (uap )
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Figure Captions

N (Tt )/ 5 MeV

Fig.l Mass distribution ofﬁr{“: pairs with a vertex outside the ete”

interaction point (see text)

—
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Fig.2 (a) The cross section fer e K: + anything as function of the
total center of mass energy. No radiative corrections have heen
applied.

(b) The nuwber of Kg per new event AR(K:)/AR (+)! (+) accounting

for a heavy lepton contribution.

Fig.3 (a, b) The invariant cross section {s/8)d o/dx versus x for 3.6 GeV (#), —
4.03 GeV (§) and (§)>4.0% GeV.
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