Z. Phys. C 76, 653-657 (1997) ZElTSCHR":T
FUR PHYSIK C

© Springer-Verlag 1997

Measurement of the decay rate and the parametety,«
of the decay K — pp~y

V. Fanti, A. Lai, L. Musa, A. Nappi, M.G. Setzu
Dipartimento di Fisica dell'Universit e Sezione dellINFN di Cagliari, 1-09100 Cagliari, Italy

R.W. Moore, D.J. Munday, M.A. Parker, S.F. Takac.O. White
HEP, Cavendish Lab., Physics Department, University of Cambridge, GB-Cambridge CB3 OHE, UK

G. Barr, G. Bocquet, J. Bremer, A. Ceccifgal. Cogan, D. Cundy, N. Doble, G. Fischer, W. Funk, L. Gatignon,

A. Gianoli, A. Gonidec, P. Grafstrom, W. Kubischta, V. Marzulli, G. Kesseler, J.P. Matheys, A. Norton, S. Plestini
B. Panzer-Steindel, H. Taureg, M. Velasco, O. Vossnack, H. Wahl

CERN, CH-1211 Geneva 23, Switzerland

V. Kekelidze, I. Kojevnikov, I. Potrebenikov, G. Tatichvili, A. Tkatchev
Joint Institute for Nuclear Research, Dubna, Russian Federation

L. Bertolotto, O. Boyle, B. Ha, N.E. Mc Kay, G. Oakland, H. Parsons, K.J. Peach, C. Talamonti, A. Walker
Physics Department, University of Edinburgh, GB-Edinburgh EH9 3JZ, UK

P. Dalpiaz, J. Duclos, A. Formica, P.L. Frabetti, M. Martini, F. Petrucci, M. Porcu, F. Rossi, M. Savrie, C. Simani
Dipartimento di Fisica dell'Universit e Sezione del'INFN di Ferrara, 1-44100 Ferrara, Italy

A. Bizzeti, M. Calvetti, M. Lenti, A. Michetti
Dipartimento di Fisica del’Universit e Sezione dellINFN di Firenze, 1-50125 Firenze, Italy

H.G. Becker, T. Beier, H. Bimef, P. Buchhol2, D. Coward, C. Ebersberger, A. Kalter, K. Kleinknecht, U. Koch,
L. Kopke, F. Leber, S. Luifz B. Renk, J. Scheidt, J. Schmidt, V. Setharting, R. Wilhelm, O. Zeitnitz
Institut fir Physik, Universit Mainz, D-55099 MainZz Germany

J.C. Chollet, S.Gpe, L. Fayard, J. Ocariz G. Unal
Laboratoire de I'Acélerateur Lirgaire, IN2P3-CNRS, Univeréitde Paris-Sud, F-91406 OrSayrance

G. Anzivino, P. Cenci, P. Lubrano, M. Pepe
Dipartimento di Fisica dell’Universit e Sezione dellINFN di Perugia, 1-06100 Perugia, Italy

P. Calafiura, R. Carosi, R. Casali, C. Cerri, F. Costantini, R. Fantechi, S. Giudici, B. Gorini, |. Mannelli, G. Pierazzini,
M. Sozzi
Dipartimento di Fisica, Scuola Normale Superiore e Sezione INFN di Pisa, 1-56100 Pisa, Italy

J.B. Cheze, M. De Beer, P. Debu, P. Hristov, E. Mazzucato, B. Peyaud, S. Schanne, O. StinRamprlay, B. Vallage
DSM/DAPNIA - CEA-Saclay, F-91191 Gif-sur-Yvette, France

I. Augustin, M. Bender, M. Holder, I. Schwarze, M. Ziolkowski
Fachbereich Physik, Univerait Siegen, D-57068 Siegn Germany

R. Arcidiacono, C. Biino, G. Govi, P. Ma¥s F. Marchetto, E. Menichetti,
Dipartimento di Fisica Sperimentale dell'Univeesié Sezione dell'INFN di Torino, 1-10125 Torino, Italy

H. Dibon, M. Jeitler, M. Markytan, |. Mikulec, G. Neuhofer, M. Pernicka, A. Taurok
Osterreichische Akademie der Wissenschaften, Insiitutfochenergiephysik, A-1050 Wien, Austria

Received: 4 September 1997

1 Present addresDepartment of Physics, Wayne State University, Detroit, * Present addressCERN, CH-1211 Geneva 23, Switzerland

Ml 48201, 5 Present addresdnstitut filr Physik, Universit Dortmund. D-44221 Dort-
2 Permanent addresdipartimento di Fisica Sperimentale dell’Univegsit mund, Germany
e Sezione dell'INFN di Torino, 1-10125 Torino, Italy 6 Present addressSLAC, Stanford, CA 94309, USA

3 Present addressCavendish Laboratory, University of Cambridge, Cam- 7 Funded by the German Federal Minister for Research and Technology
bridge CB3 OHE, UK. USA. (BMBF) under contract 7MZ18P(4)-TP2



654

Abstract. The rate of the decay of the neutral K meson into followed successively by an 88 m long evacuated tube and
K% — uu~y has been measured with the NA48 detector atby a helium-filled tank which contains the drift chambers.
the CERN SPS. A total of 59 events has been observed witifhe neutral beam continues in an evacuated beam pipe with
an estimated background of 14 events. The overall Kaora diameter of 16 cm through a central hole in the detec-
flux was determined to be .4 x 10°. This observation cor- tor. Decays occurring in the upstream part of the evacuated
responds to a branching ratio ()3.4 4+ 0.6444: 0.4Sy5) X region are measured. The outer diameter of each of the sub-
10~7. Using this branching ratio the parameter. describ-  detectors is typically 2.5 m. All detector components except
ing the relative strength of the two contributing amplitudes for the liquid Krypton calorimeter and the third out of four
to this decay, through intermediate pseudoscalar or vectordrift chambers were available during this run. We summa-
like mesons, was measured to bg. = —0.04106?2“1. rize the properties of the detector elements relevant for the
present analysis:

e A magnetic spectrometer with two drift chambers in front
and one after a dipole magnet operated to produce a
267 MeV/c transverse momentum kick. Each drift cham-
ber is composed of four double planes with staggered

The decay of the long-lived neutral K meson, K> iy, v_vires_to resolve I(_eft-right amb_iguities. Thg wire orienta-

sheds light on the structure of the, K— ~*y vertex. thns in the four views are horizontal, vertical, aﬂ@S"

Phenomenological models of this structure include vector With respect to the horizontal plane. The resolution of a

meson dominance of the photon propagator [1] and QCD coordinate in asmg_le drift chamber is 11, the mean

models involving penguin diagrams and pole diagrams [2]. Mmomentum resolution of the three-chamber spectrome-

Bergstom, Masé and Singer parametrized the form fac-  ter iSAp/p = 0.6%, giving a resolution on the invariant

tor of K, Dalitz decays by introducing a free parameter ~ kaon mass from K— 7"z~ decays of 2.8 MeVfon

oy~ describing the relative strength of weak transitions be- ~ average,

1 Introduction

tween two pseudo-scalar mesons (& 7°,79,1" — 7*7) ¢ A scintillator hodoscope located in front of the calorime-
or between two vector-like mesons in the intermediate state t€r 0 trigger on charged particles; .

(K. — K*y — p,w,d v — 7v*y) [3]. There is a 1s depen- o A sampling calorimeter made of iron plates and scintilla-
dence § = m2,/m2.) in the differential rate of the Dalitz tor planes designed to measure hadronic showers with a

decay and the invariant two lepton mass is constrained to readout iq ho_rizontal _and vertical projections. D_uring the
be greater than 2my,. As a consequence in the electron beam period in 1995 |t_Was also used to determine the en-
mode the dielectron mass spectrum is most sensitive to the ©rgy of electromagnetic showers. The energy resolution
form factor, while in the muon mode the measurement of the ~Was measured to be 23%/E(GeV) and 69%,/E(GeV)
branching fraction provides the most sensitive test. The first fOr électromagnetic and hadronic showers, respectively.
measurement of the parameter- was performed by the ~® A muon counter system consisting of three planes of
NA31 experiment at CERN in the K- e*e—~ channel [4]. plastic scintillator Wlth. an 80 cm thick iron wall in fronj[
Other measurements were made at Brookhaven (BNL exper- ©Of €ach plane. The first two planes have 25 cm wide
iment E845 [5]) and Fermilab (FNAL experiment E799 [6]) hor!zontal an.d ver_t|cal scmnllatpr strips, the third one
in the electron and the muon modes, respectively. Here we horizontal strips with 44.6 cm width.
I’eport the result obtained with data from a first run of thEA more Comp|ete description of the apparatus can be found
NA48 eXperiment. elsewhere [7]
The analysis presented here is based on data from a first

_ _ short run in 1995 with a proton intensity of about410'!

2 Experimental setup and data taking protons in each 2.4 s long SPS spill. They candidates

: . . and therpr normalization candidates were selected with a
The NA48 experiment at t_he CERN SPS |s_de5|gned to meafwo—particle trigger. All candidates must have at least two
sure the direct CP violation parametére in the neutral

; =, ) particles in the scintillator hodoscope and an energy depo-
k"?‘O” system with an accuracy ok20™". Long-lived kaons sition of more than 8 GeV in the calorimeter (MB trigger).

. : Whe K — upy candidates are required to have in addition
450 GeV/c protons striking a beryllium target located 126 Mwo hits in each of the first two planes of the muon detector.

upstream of the beginning of_the decay region. Charged Pane relative efficiency of these two triggers was measured
ticles are removed by sweeping magnets, and a neutral bea{H be (956 + 2.5)% using K — 7" 770 events with two

is defined by collimation tat0.15 mrad. The final collima- : ; -
tor is located about 100 m upstream of the detector and i%jﬂeé:atlzgge(;harged pions obtained from data taken with the
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events. To select K— puuy candidates, two sets of cuts The space coordinates of the photon can only be mea-
are applied in order to (a) select fully reconstructable eventsured with an accuracy limited by the strip width (11.9 cm)
without ambiguities and (b) suppress potential backgroundin the calorimeter; these coordinates are recalculated using
For the decay K— puuy, two background sources are rele- the condition that the ;p of the event should be zero for
vant: (1) K — 77— 7% events in which both charged pions K, — puuy events. Using these recalculated positions for
decay in front of the detector, or are misidentified as muonsthe mass calculation, the resolution in the invariant mass
and one photon is outside the acceptance of the detectocan be improved from 13.7 MeV/do 5.2 MeV/& while
(2) K. — muv events in which the charged pion decayed the signal to background ratio increases by a factor of three.
and a photon not correlated with the kaon decay products i¥he cuts on the invariant mass (485 Me¥/e M, <
detected simultaneously. 510 MeV/@) and the regions used for background subtrac-
tion are indicated by the arrows.

There are 59 events in the signal region. The background
is obtained by linear interpolation from the two side win-
dows. It is found to be 14 events.

3.1 Selection of K— pu~y candidates

K. — ppy candidates must meet the following require-

ments: L
3.2 Normalization

e There is only one electromagnetic shower with an energy o _ _
of at least 8 GeV without a charged track pointing to it The normalization of the K— 1y events is obtained from
within a distance of 12 cm. K. — muv events. To select the K— wuv events, the

e There are only two charged tracks which point to hits following cuts are applied:
in both of the first two planes of the muon counter. The o candidates must have one shower in the calorimeter with

distance from the beam axis of the charged tracks at
the position of the first drift chamber is between 10 cm

and 130 cm and greater than 12 cm in the calorimeter. ,

The momentum of each of the tracks has to be larger
than 3 GeV/c. The z-position of the common vertex is
between 0 and 90 m downstream of the final collimator.
The vertex is reconstructed with a closest distance of
approach (cda) of less than 4 cm. Monte Carlo (MC)
studies show that this cut removes about 30% of the

an energy of at least 9.4 GeV and a distance to the beam
axis of more than 12 cm.

They must have two reconstructed charged tracks which
meet the same requirements on detector geometry as
the K. — puy candidates. One track must point to the
shower in the calorimeter, the other one to a hit in each
of the first two planes of the muon counters. The mo-
mentum of the track associated with the shower in the
calorimeter has to be greater than 18.6 GeV/c, the mo-

K. — n*7~x° background events where both charged
pions decay in front of the detector but only 1.1% of the
K. — ppy events.

e The variable §? [8], which is the square of the kaon
momentum in the system where the longitudinal mo-
mentum of the charged tracks, with respect to the line
joining the decay vertex and the target, is zero, has to
be lower than—0.01 (GeV/c§. Note that p? is cal-
culated using only the charged track momenta under a
K, — 77— 7% hypothesis. This cut removes about 96% o
of the K. — n*7—7° background events but only 3.5% 3.3 Acceptance determination and kaon flux
of the K. — pu~y MC events.

e The square of the reconstructed transverse momentum &for K. — puy decays, an acceptance of @3 0.2,:4:)%
the kaon with respect to the line joining the decay vertexWas determined from 40000 Monte Carlo events using a
and the target must be less than 0.002 (GEA//Ehis cut full detector S|m_ulat|on_based on GEANT. The calculatl_on
removes about 91 % of the K- 7uv plus accidental Was checked with a simpler Monte Carlo program using
gamma at this stage of the selection, but only 1.5 % ofonly smeargd values for energy and space coordmates of the
the K. — puy MC events. track_ed par_t|cles. Both results agreed. The matrix element for

e The ratio of the squares of the transverse momentum of€ Simulation was taken from [9]. The acceptance forK
the three particles and the transverse momentum of th&#v decays is (1®+0.1,,)% as determined from 225000
muon pairR = p2.(uuu7)/p3(puu) must be less than 0.05. Monte Carlo events. T_he Qeca){ K> mev W|.th subsequent.
This cut removes another 70% from the background mvcdecay m to u is m@stmgwshable from this channel; this .
events of the different background channels and abouias also been studied by Monte Carlo and the acceptance is

4.3% of the K — uuy MC events (see Fig. 1). found to be (&£ 0.04)%.
The K. — wur normalization events were scaled down

After these cuts 317 K— ppy candidates remain. Figure 2 by a factor of 2560 during the data taking. The efficiency of
shows the distribution of the invariapiu~y mass for these this downscaling was measured to be.@350.9)%, leading
events. Also shown is the expectation of the mass resolutioto a effective downscaling factor of 243522,;;.

as obtained from a Monte Carlo simulation of the& iy Using the number of K— mur normalization events,
decay. the K. — muv branching ratio of 0.271£0.0025 [10], the

mentum of the muon track has to be greater than 3 GeV.
e The reconstructed decay vertex must fulfil the same re-
quirements as the vertex of the K+ uu~y candidates.
e The same cut on the(p variable as for K — puuy
candidates is applied in order to suppressK =~ x°
background.

After these cuts 15988 K— wur events remain.
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by the arrows are indicated
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forementioned acceptance and the effective down-scaling??'® 1- Systematic error sources

factor, the number of kaon decays is determined to be cut changed from to  Change of BR
(1.22 4 0.02,44;) x 10°. E, [GeV] > 8 — 12 —2.0%
pu [GeVic] > 3 - 7 —7.0%
ph2 [(Gevic] < —-001 — 0 —2.6%
pp? [(Gevic] < —-001 — —0.02 +8.5%
4 Results cda [cm] < 4 — 2 —-1.9%
] p2, [(GeVIc] < 0.002 —  0.001 +0.7%
From the number of K— puvy events, their acceptance and Bratio < 0.05 — 0.02 +1.3%
the kaon flux, the result for the branching ratio is BR@# Puu~y [GeV] > 14 — 25 -1.7%

ppry/all) = (3.4 £ 0.6444s) x 1077,

The systematic error on the branching ratio has been es-
timated by varying the cuts that have the most important . . .
influence on the acceptance for K- uuy events. These ©Or results from the variation of the regions from which
are the cuts on the minimum photon energy, the minimum the background is subtracted. Another source of a system-

momenta of the tracks, the2p the F-ratio (R), the §2 atic error came from the measurement of the efficiency of
variable, the cda and the cut on the minimum kaon momenthe downscaling, this error was evaluated to-b3%. The
tum. Table 1 gives a summary of the cuts varied and the®"™r resulting from a relative reconstruction efficiency be-
change of the branching ratio. The resulting systematic er!Veen K — IMW ?}nd K — muv candidates turned out to
ror on the branching ratio is +9%8% obtained by adding P& compatible with zero.

the positive and negative contributions separately in quadra-

ture. An additional contribution of:8% to the systematic The final result on the branching ratio is:



D(Kp — py)
I'(all)

Using the formula given in [3] for the dependence of
the branching ratio on the parametes, the result can be
translated into a value fax,- of:

e = —0.04%%,

This result is in good agreement with former measure-
ments ofay+ from the K — puy branching ratio [6] and
from the slope of then.. distribution of the K — eey
decay [4] [5].

AcknowledgementsWe would like to thank the technical staff of the par- g
ticipating Laboratories, Universities and affiliated computing centres for g

their efforts in the construction of the NA48 detector, their help in the 10:

first year of operation of the experiment, and in the processing of the data.
The Cambridge and Edinburgh groups thank the UK Particle Physics and
Astronomy Research Council for financial support.

NooswN

657

= (3.4 4 064401 & 0.45,5) x 1077 References
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