
27June1996 c&5 . . __ 
d 

__ EB 
ELSEWJER 

PHYSICS LETTERS B 

Physics Letters B 379 (1996) 330-340 

Kaon interference in the hadronic decays of the Z” 

DELPHI Collaboration 

P. Abreu ‘, W. Adam aY, T. Adye *, E. Agasi ae, R. Aleksan am, G.D. Alekseev P, 
R. Alemany aw, PP. Allport “, S. Almehed”, U. Amaldi i, S. Amato”, A. Andreazzaab, 

M.L. Andrieux “, P. Antilogus i, W-D. Ape1 9, Y. Arnoud am, B. Asman =, J-E. Augustin Y, 
A. Augustinus i, P. Baillon’, P. Bambade ‘, F. Barao “, R. Bar-ate”, M. Barbiau, 

G. Barbielliniat, D.Y. Bardinr, A. Baroncelli an, 0. Barring”, J.A. Barrio”, W. Bartl aY, 
M.J. Bates *, M. Battaglia’, M. Baubillier”, J. Baudot am, K-H. Becks ba, M. Begalli f, 

P. Beilliere h, Yu. Belokopytov’**, K. Belous aP, A.C. Benvenutie, M. BerggrenaU, 
D. Bertini Y, D. Bertrand b, F. Bianchi as, M. Bigi as, M.S. Bile&y P, P. Billoir w, D. Blochj, 
M. Blume ba, S. Blyth ‘, T. Bolognese am, M. Bonesini ab, W. Bonivento ab, P.S.L. Booth”, 

G. Borisov aP, C. Bosio an, S. Bosworth’, 0. Botner av, E. Boudinov *, B. Bouquets, 
C. Bourdarios i, T.J.V. Bowcock “, M. Bozzo m, P. Branchini an, K.D. Brand 4, T. Brenke ba, 
R.A. Brenner O, C. Bricman b, R.C.A. Brown i, P Bruckman r, J-M. Brunet h, L. Bugge ag, 
T. Buranas, T. Burgsmuellerba, P. Buschmann ba, A. Buys i, S. CabreraaW, M. Cacciaab, 

M. Calvi ab, A.J. Camacho Rozas ao, T. Camporesi i, V. Canale &, M. Canepa m, 
K. Cankocakar, F. Cao b, F. Carena i, L. Carroll “, C. Caso m, M.V. Castillo Gimenez aw, 

A. Cattai i, F.R. Cavallo e, V. Chabaud i, Ph. Charpentier i, L. Chaussard Y, J. Chauveau w, 
P. Checchia d, G.A. Chelkov P, M. Chen b, R. Chierici a, P. Chochulaa, V. Chorowicz’, 

J. Chudoba ad, V. Cindro aq, P. Collins i, J.L. Contreras ‘, R. Contri m, E. Cortinaaw, 
G. Cosme s, F. Cossutti at, H.B. Crawley a, D. Crennell*, G. Crosettim, 

J. Cuevas Maestro ah, S. Czellar’, E. Dahl-Jensen ac, J. Dahmba, B. Dalmagne ‘, M. DamaC, 
G. DamgaardaC, PD. Dauncey *, M. Davenport i, W. Da Silva”, C. Defoix h, 

A. Deghorain b, G. Della Ricca at, P. Delpierre=, N. Demaria’, A. De Angelis i, 
W. De Boer-q, S. De Brabandere b, C. De Clercq b, C. De La Vaissiere w, B. De Lottoat, 

A. De Min 4, L. De Paulaa”, C. De Saint-Jean am, H. Dijkstra’, L. Di Ciaccio &, F. Djamaj, 
J. Dolbeau h, M. Donszelmann i, K. Dorobaa”, M. Dracosj, J. Drees ba, K.-A. Drees ba, 

M. Dris af, J-D. Durand Y, D. Edsall a, R. Ehret 4, G. Eigen d, T. Ekelof av, G. Ekspong a, 
M. Elsing ba, J-P. Engelj, B. Erzenaq, M. Espirito Santa’, E. Falk”, D. Fassouliotisaf, 

M. Feindt i, A. Fenyukap, A. Ferrer aw, S. Fichet w, T.A. Filippas af, A. Firestone a, 
P.-A. Fischerj, H. Foeth i, E. Fokitis “f, F. Fontanelli m, F. Formenti i, B. Franek *, 

P. Frenkielh, D.C. Friesq, A.G. Frodesend, R. Fruhwirthay, F. Fulda-QuenzerS, J. Fusteraw, 

0370-2693/96/$12.00 Copyright 0 1996 Published by Elsevier Science B.V. All rights reserved 

PIISO370-2693(96)00572-2 



DELPHI Collaboration/Physics Letters B 379 (1996) 330-340 331 

A. Galloni “, D. GambaaS, M. Gandelman f, C. Garcia”“, J. Garciaa’, C. Gaspar i, 

U. Gasparini i, Ph. Gavillet i, E.N. Gazis af, D. Gelej, J-P. Gerberj, L. Gerdyukovap, 
M. Gibbs “, R. Gokieli az, B. Golob aq, G. Gopal *, L. Gorna, M. Gorski az, Yu. Gouz as*‘, 

V. Gracco m, E. Graziani an, G. Grosdidier ‘, K. Grzelak”, S. Gumenyukab,‘, 
P. Gunnarsson ar, M. Gunther av, J. Guy a, F. Hahn ‘, S. Hahn ba, Z. Hajduk’, A. Hallgren av, 

K. Hamacher ba, W. Hao ae, F.J. Harris ai, V. Hedberg ‘, R. Henriques ‘, J.J. Hernandez aw, 
P. Herquet b, H. Herr i, T.L. Hessing ‘, E. Higon aw, H.J. Hilke i, T.S. Hill a, 

S-O. Holmgren ar, P.J. Holt ai, D. Holthuizenae, S. Hoorelbeke b, M. Houlden”, J. Hrubec aY, 
K. Huetb, K. Hultqvist”, J.N. Jackson v, R. Jacobsson ar, P. Jalocha r, R. Janik s, 

Ch. JarlskogX, G. Jarlskog”, P. Jarryam, B. Jean-Marie s, E.K. Johanssonx, L. Jonsson ‘, 
P. JonssonX, C. Joram’, P. Juillotj, M. Kaiserq, F. Kapusta”, K. Karafasoulisk, 

M. Karlsson ar, E. Karvelas k, A. Katarginap, S. Katsanevas ‘, E.C. Katsoufisaf, R. Keranend, 
B.A. Khomenko P, N.N. Khovanski P, B. King ‘, N.J. Kjaer ac, H. Klein i, A. Klovning d, 

P. Kluit ae, B. Koene ae, P. Kokkinias k, M. Koratzinos’, V. Kostioukhine”P, 
C. KourkoumelisC, 0. Kouznetsov m,p, P-H. Kramer ba, M. Krammer aY, C. Kreuterq, 

I. Kronkvist x, Z. Krumsteinp, W. Krupinski’, P. Kubinec s, W. Kucewicz r, K. Kurvinen O, 
C. Lacasta aw, I. Laktineh Y, S. Lamblot w, J.W. Lamsa a, L. Lanceri at, D.W. Lane a, 
P. Langefeld ba, V. Lapin aP, I. Last ‘, J-P Laugier am, R. Lauhakangas O, G. Leder ay, 

F. Ledroit n, V. Lefebure b, C.K. Legan a, R. Leitner ad, Y. Lemoigne am, J. Lemonne b, 
G. Lenzen ba, V. Lepeltier ‘, T. Lesiak’, D. Likoay, R. Lindnerba, A. Lipniackaq, I. Lippi 4, 

B. Loerstad x, J.G. Loken ai, J.M. Lopez ao, D. Loukas k, P. Lutz am, L. Lyons ai, 
J. MacNaughton aY, G. Maehlumq, A. Maio”, V. Malychevr, F. Mandlay, J. Marco ao, 
R. Marcoa’, B. Marechal a”, M. Margoni 4, J-C. Marin’, C. Mariotti an, A. Markou k, 

T. Maron ba, C. Martinez-River0 ‘O, F. Martinez-Vidal awJ S. Marti i GarciaaW, J. Masik , 
ad 

F. Matorras ao, C. Matteuzzi i, G. Matthiae ae, M. Mazzucato i, M. MC Cubbin”, 
R. MC Kay a, R. MC Nulty “, J. Medbo av, M. Merkae, C. Meroni ab, S. Meyer q, 

W.T. Meyer a, A. Miagkov aP, M. Michelotto 6, E. Migliore”, L. Mirabito y, 
U. Mjoernmark ‘, T. Mea”‘, R. Moeller ac, K. Moenig i, M.R. Monge m, P. Morettini m, 

H. Mueller 9, L.M. Mundim f, W.J. Murray *, B. Muryn r, G. Myatt ai, F. Naraghi *, 
EL. Navarriae, S. Navas aw, K. Nawrocki az, P. Negriab, W. Neumann ba, N. Neumeister ay, 

R. Nicolaidou c, B.S. Nielsen ac, M. Nieuwenhuizen”, V. Nikolaenkoj, P. Niss =, 
A. Nomerotski 4, A. Normandai, M. Novake, W. Oberschulte-Beckmannq, V. Obraztsov ap, 

A.G. Olshevski P, A. Onofre u, R. OravaO, K. Osterberg O, A. Ouraou am, P. Paganini ‘, 
M. Paganoni’, P. Pagesj, H. Palka’, Th.D. Papadopoulouaf, K. Papageorgiouk, L. Pape i, 

C. Parkes ai, F. Parodi m, A. Passerian, M. Pegoraroi, L. Peralta”, V. Perevozchikov”r, 
H. Pernegger aY, M. Pernickaay, A. Perrottae, C. Petridou at, A. Petrolini m, M. Petrovyckab*' , 

H.T. Phillips *, G. Piana m, F, Pierre am, M. Pimenta”, M. Pindo ab, S. Plaszczynski ‘, 
0. Podobrinq, M.E. Pelf, G. Polok’, P. Poropatat, V. Pozdniakovp, M. Prest at, 

P. Privitera&, N. Pukhaevap, A. Pulliaab, D. Radojicicai, S. Ragazziab, H. Rahmaniaf, 
P.N. Ratoff t, A.L. Read ag, M. Reale ba, P. Rebecchi s, N.G. Redaelli ab, M. Regler ‘Y, 



332 DELPHI Collaboration /Physics Letters B 379 (1996) 330-340 

l?. Reid i, P.B. Renton ai, L.K. Resvanis ‘, F. Richard ‘, J. Richardson “, J. Ftidky “, 

G. Rinaudo”, I. Rippam, A. Romeroas, I. Roncagliolom, l? Roncheseaj, L. Roos “, 
E.I. Rosenberg a, E. Rosso i, P. RoudeauS, T. Rovellie, W. Ruckstuhlae, 

V. Ruhlmann-Kleider am, A. Ruizao, H. SaarikkoO, Y. Sacquin am, A. Sadovsky r, 0. Sahr”, 
G. Sajot “, J. Salt”, J. Sanchez”, M. Sanninom, M. Schimmelpfennigq, H. Schneiderq, 
U. Schwickerathq, M.A.E. Schyns ba, G. Sciolla”, F. Scuri at, l? Seager t, Y. Sedykh P, 

A.M. Segar ‘, A. Seitzq, R. Sekulin*, R.C. Shellard f, I. Siccamaae, P. Siegrist a, 
S. Simonetti am, F. Simonettoq, A.N. Sisakianr, B. Sitar 9, T.B. Skaalias, G. Smadjay, 

0. SmirnovaX, G.R. Smith*, A. Sokolovar’, R. Sosnowski az, D. Souza-Santos f, 
T. Spassov “, E. Spiritian, P. Sponholzba, S. Squarciam, C. Stanescua”, S. Stapnesag, 

I. Stavitski 4, F. Stichelbaut i, A. StocchiS, J. Strauss ay, R. Strubj, B. Stugud, 
M. Szczekowski”“, M. Szeptycka”“, T. Tabarelli ab, J.P. Tavernet w, A. Tilquin aa, 

J. Timmermans ae, L.G. Tkatchev P, T. Todorovj, S. Todorovaj, D.Z. Toeta”, A. Tomaradze b, 
B. Tome”, A. Tonazzoab, L. Tortora”“, G. Transtromer ‘, D. Treille i, W. Trischuk’, 

G. Tristramh, A. Trombini ‘, C. Troncon ab, A. Tsirou i, M-L. Turluer am, LA. Tyapkin P, 
M. Tyndel&, S. Tzamarias”, B. Ueberschaerba, 0. Ullaland’, G. Valentie, E. Vallazza’, 

C. Vander Velde b, G.W. Van Apeldoorn ae, P. Van Dam ae, W.K. Van Doninck b, 
J. Van Eldik ae, N. Vassilopoulos ai, G. Vegni ab, L. Ventmad, W. Venus *, F. Verbeure b, 
M. Verlato 4, L.S. Vertogradovr, D. Vilanovaam, P. Vincent Y, L. Vitale at, E. Vlasov”P, 

A.S. Vodopyanov P, V. Vrbae, H. Wahlen ba, C. Walck ar, M. Weierstall ba, P. Weilhammer i, 
C. Weiser 9, A.M. Wetherell i, D. Wicke ba, J.H. Wickens b, M. Wielers 4, G.R. Wilkinson ai, 
W.S.C. Williams”‘, M. Winter-j, M. Witek’, K. WoschnaggaV, K. Yipa’, 0. Yushchenkoap, 

F. Zach Y, A. Zaitsev ar, A. Zalewska i, P. Zalewski az, D. Zavrtanik”‘i, E. Zevgolatakos k, 
N.I. Zimin P, M. Zito m, D. Zontar aq, R. Zuberi ai, G.C. Zucchelli ar, G. Zumerle 4 

a Ames Laboratory and Department of Physics, Iowa State University, Ames IA 50011, USA 
h Physics Department, Univ. Instelling Antwerpen, Universiteitsplein I, B-2610 Wilrijk, Belgium 

and IIHE, ULB-VUB, Pleinlaan 2, B-1050 Brussels, Belgium 
and Faculte’ des Sciences, Univ. de I’Etat Mans, Av. Maistriau 19, B-7000 Mans, Belgium 
c Physics Laboratory, University of Athens, Solonos Str. 104, GR-10680 Athens, Greece 
d Department of Physics, University of Bergen, Allegaten 55, N-5007 Bergen, Norway 

’ Dipartimento di Fisica, Universita di Bologna and INFN, Via Irnerio 46, l-40126 Bologna, Italy 
f Centro Brasileiro de Pesquisas F&as, rua Xavier Sigaud 150, RJ-22290 Rio de Janeiro, Brazil 

and Depto. de F&ica, Pont. Univ. Catdlica, C.P 38071 RI-22453 Rio de Janeiro, Brazil 
and Inst. de F&ica, Univ. Estadual do Rio de Janeiro, rua Stio Francisco Xavier 524, Rio de Janeiro. Brazil 

$ Comenius University, Faculty of Mathematics and Physics, Mlynska Dolina, SK-84215 Bratislava, Slovakia 
h College de France, Lab. de Physique Corpusculaire, IN2P3-CNRS, F-75231 Paris Cedex OS, France 

i CERN. CH-1211 Geneva 23, Switzerland 
-i Centre de Recherche Nucleaire, IN2P3 - CNRS/ULP - BP20, F-67037 Strasbourg Cedex, France 

k Institute of Nuclear Physics, N.C.S.R. Demokritos, PO. Box 60228, GR-15310 Athens. Greece 
r FZU, Inst. of Physics of the C.A.S. High Energy Physics Division, Na Slovance 2, 180 40, Praha 8, Czech Republic 

m Dipartimento di Fisica, Universita di Genova and INFN, Via Dodecaneso 33, l-16146 Genova, Italy 
’ Institut des Sciences Nucleaires, INZP3CNRS Universite’ de Grenoble 1, F-38026 Grenoble Cedex, France 

0 Research Institute for High Energy1 Physics? SEFb I? 0. Box 9, FIN-00014 Helsinki, Finland 
v Joint Institute for Nuclear Research, Dubna, Head Post O@ce, PO. Box 79, 101 000 Moscow. Russian Federation 

9 Institut ftir Experimentelle Kerphysik, Universitiit Karlsruhe, Posrfach 6980, D-76128 Karlsruhe, Germany 
r Institute of Nuclear Physics and University of Mining and Metalurgy, Ul. Kawiory 26a, PL-30055 Krakow, Poland 

s Universite’ de Paris-&d, Lab. de I’Accelerateur Lineaire, IN2P3-CNRS, Bat. 200, F-91405 Orsay Cedex, France 



DELPHI Collaboration/Physics Letters B 379 (1996) 330-340 333 

t School of Physics and Materials, University of Lancaster; Lancaster LA1 4YB, UK 
” LIP IS7: FCUL - Av. Elias Garcia, 14-I(0), P-1000 Lisboa Codex, Portugal 

v Depurtment of Physics, University of Liverpool, i?O. Box 147, Liverpool L69 3BX. UK 
w LPNHE, INZP3-CNRS, Universitt?.~ Paris VI et VII, Tour 33 (RdC), 4 place Jussieu, F-75252 Paris Cedex 05, France 

’ Department of Physics, University of Lund, Siilvegatan 14, S-22363 Lund, Sweden 
Y Universite Claude Bernard de Lyon, IPNL, IN2P3-CNRS, F-69622 Villeurbanne Cedex, France 

’ Universidad Complutense, Avda. Complutense s/n. E-28040 Madrid, Spain 
Ha Univ. d*Aix Marseille II - CPP IN2P3-CNRS, F-13288 Marseille Cedex 09, France 

ah Dipartimento di Fisica, Universitb di Milan0 and INFN, Via Celoria 16, I-20133 Milan, Italy 
” Niels Bohr Institute, Blegdamsvej 17, DK-2100 Copenhagen 0, Denmark 

a’ NC, Nuclear Centre of MFE Churles University, Area1 MFE V Holesovickach 2, 180 00, Praha 8, Czech Republic 
a’ NIKHEF-H, Postbus 41882, NL-1009 DB Amsterdam, The Netherlands 

” National Technical University, Physics Department, Zografou Campus, GR-15773 Athens, Greece 
ag Physics Department, University of Oslo, Blindern, N-IO00 Oslo 3, Norway 

ah Dpto. Fisica, Univ. Oviedo, C/P P&ez Casas, S/N-33006 Oviedo, Spain 
ai Department of Physics, University of Oxford, Keble Road, O.x$ord OXI 3RH, UK 

qi Dipartimento di Fisica, Universitd di Padova and INEN, Via Marzolo 8, I-35131 Padua, Italy 
& Rutheford Appleton Laboratory, Chilton, Didcot OX11 OQX, UK 

” Dipartimento di Fisica, Universitci di Roma II and INFN, Tor Vergata, I-001 73 Rome, Italy 
am Centre d ‘Etudes de Saclay, DSM/DAPNIA, F-91 191 Gif-sur- yvette Cedex, France 

“’ Istituto Superiore di Sanitci, Ist. Naz. di Fisica Nucl. {INFN), Male Regina Elena 299, I-00161 Rome, Italy 
ao Institute de Fisica de Cantabria (CSIC-UC), Avda. 10s Castros, (CICYT-AEN93-0832). S/N-39006 Suntandee Spain 

‘p Inst. for High Energy Physics, Seljnukov P.O. Box 3.5, Protvino, (Moscow Region), Russian Federation 
q .I. Stefan Institute and Department of Physics, University of Ljubljana, Jamova 39, SI-61000 Ljubljana, Slovenia 

” Fysikum, Stockholm University, Box 6730, S-113 85 Stockholm, Sweden 
m Dipartimento di Fisica Sperimentale, Universitri di Tarino and INFN, Via P. Giuriu I, I-10125 Turin, Italy 

ai Dipartimento di Fisica, Universitci di Trieste and INFN, Via A. Valerio 2, I-34127 Trieste, Italy 
and Istituto di Fisica, Universitci di Udine, I-33100 Udine, Italy 

a’ Univ. Federal do Rio de Janeiro, C.I? 68528 Cidade Univ., Ilha do Fund&o BR-21945-970 Rio de Janeiro, Brazil 
By Department of Radiation Sciences, University of Uppsala, RO. Box 535, S-751 21 Uppsala, Sweden 

aw IFIC, Valencia-CSIC, and D.EA.M.N., U. de Valencia, Avda. Dr. Moliner 50, E-46100 Burjassot (Valencia), Spain 
aY Institut fir Hochenergiephysik, &err. Akad. d. Wissensch., Nikolsdovfergasse 18, A-1050 Vienna, Austria 

Z Inst. Nuclear Studies and University of Warsaw, 111. Hoza 69, PL-00681 Warsaw, Poland 
ha Fachbereich Physa University of Wuppertal, Posrfach 100 127, D-42097 Wuppertal I, Germany 

Received 30 April 1996 
Editor: L. Montanet 

Abstract 

The first measurement of like-sign charged kaon correlations in hadronic decays of the p is presented, based on data 
collected by the DELPHI detector. The charged kaons are identified by means of ring imaging Cherenkov detectors. A 
significant enhancement at small values of the four:momentum difference is observed in the ratio of like-sign to unlike- 
sign KK pairs and in the ratio of like-sign pairs to a simulated reference sample. An update of the measurement of 
KiK:!, interference is also presented. An enhancement is found in the production of pairs of Ki of similar momenta, as 
compared with a simulated reference sample. The measured Bose-Einstein correlation parameters A and r are similar for 
charged and neutral kaon pairs. The value of the Bose-Einstein correlation strength A is consistent with unity. 

’ On leave of absence from IHEP Serpukhov. 
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1. Introduction 

Correlations between identical pions have been 
studied extensively in different types of reactions (see 
[ 11) . An enhancement at small relative momenta is 
usually attributed to the Bose-Einstein (BE) effect. 
Interference between two neutral kaons has also re- 
vealed the influence of BE statistics. In particular, at 
LEP energies KEKg correlations have been measured 
in three experiments [ 2-41. Correlations between 
identical charged kaons have been studied in only a 
few experiments with hadronic or nuclear beams and 
targets [ 51. 

This paper presents, for the first time, results on 
correlations between K*K* pairs in e+e- annihila- 
tions, based on data collected by the DELPHI detector 
in 1994. The charged kaons are identified by the Ring 
Image CHerenkov (RICH) detectors. An updated re- 
sult for KgKg interference is also presented. 

The correlation function studied here is defined as 

R(Q) = 
P(q15q2) 

P(q1 )P(q2) ’ 
(1) 

where P( 41, q2) is the two-particle probability den- 
sity with the BE effect included and P (41) P (92) is a 
reference density where no BE effect is present. The 
analysis is made in terms of the kinematic variable Q 
defined by 

Q* = -(ql - q2)2 = M* - 4mi, (2) 

where ql and q2 are the four-momenta and M is the 
invariant mass of the pair of kaons. The correlation 
function R(Q) is parametrised by the function 

R(Q) = 1-t hexp(-r2Q2), (3) 

where the parameter r gives the source size and A 
measures the strength of the correlation between the 
kaons. 

2. Experimental procedure 

The study is based on a sample of e+e- annihila- 
tions into hadrons at a centre-of-mass energy around 
91.2 GeV, taken with the DELPHI detector [ 61. The 
analysis relies on the information provided by the 
tracking detectors: the Micro Vertex Detector (VD) , 

the Inner Detector (ID), the Time Projection Cham- 
ber (TPC) , the Outer Detector (OD) and the Forward 
Chambers (FCA, FCB) . 

Charged particles are selected if they have polar 
angle 0 with respect to the beam axis between 25O and 
155”, momentum larger than 0.2 GeV/c and smaller 
than 50 GeVlc, and measured track length in the TPC 
larger than 50 cm. Hadronic events are selected if they 
have at least 5 charged particles, total energy of the 
charged particles (when assigned the pion mass) over 
3 GeV in each of the two hemispheres (8 below and 
above 90”)) total energy of all charged particles larger 
than 15 GeV, total momentum imbalance less than 30 
GeV/c, and polar angle of the thrust axis satisfying 
1 cos 6th I< 0.75. 

To ensure that the analysis of K* pairs is restricted 
to charged particles coming directly from the Z” decay, 
the tracks used to calculate the Q-variable of a pair 

must have an impact parameter with respect to the 
mean beam spot for the fill of LEP below 0.1 cm in the 
transverse plane and 1 cm along the beam direction. 
These strict cuts on both transverse and longitudinal 
impact parameters remove most particles from Kg and 
A decays. 

The K* identification relies on the Barrel Ring 
Imaging CHerenkov (RICH) detector [ 71. A charged 
particle is identified by measuring the angle of emis- 
sion of its Cherenkov light, thereby determining its 
velocity, and its momentum. The K* were selected as 
in a previous study of inclusive K* production [ 81. 
The present analysis selected charged kaons with mo- 
menta larger than 2.5 GeV/c, which are identified with 
a purity of about 70% (estimated from simulation). 

A sample of 1,020,889 events from data collected in 
1994 pass the selections above and have both the liq- 
uid and the gas RICH operational, There are 108,262 
events with at least two charged kaons. 

The detector effects on the analysis were estimated 
using the DELPHI simulation program DELSIM [ 91. 
The events were generated using the JETSET 7.3 
Patton Shower model [lo] with parameters tuned to 
DELPHI data [ 111. 

The Kg analysis updates earlier results [3], and 
now includes all DELPHI data collected at LEP from 
1991 to 1994. A total of 3,041,134 events satisfied the 
hadronic event selection. The Kg are detected by their 
decay in flight into 7~+rr-. Such decays are normally 
separated from the Z decay point (primary vertex), 
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Fig. 1. Q-distributions for like-sign (black circles) and for un- 

like-sign (open circles) kaon pairs. The full line is a fit by Eq. 

(4) to unlike-sign pairs. The background after subtracting the 

+( 1020) is shown as the dashed curve. The lower plots show 

the Q-distributions for like-sign (black squares) and unlike-sign 

(open squares) pairs for the non-kaon pair selection. 

which is measured for each event. Candidates for sec- 
ondary decays, Vc, were found by considering all pairs 
of particles with opposite charge and applying the se- 
lection criteria described in [ 31. 

3. Correlations in the K+K+ and K-K- system 

In the present analysis the K+K- two-particle den- 
sity is used as a reference sample. The measurement 
of the R(Q) distribution requires the Q distributions 
for like-sign and unlike-sign kaon pairs. Fig. 1 shows 
the Q distributions for like-sign (close circles) and for 
unlike-sign (open circles) charged particle combina- 
tions, where all particles were identified as kaons. The 
unlike-sign distribution is normalized to the like-sign 
distribution in the interval 0.6 < Q < 1.5 GeV/c2. 

Fully simulated data showed that when Q is above 
0.15 GeV/c*, R(Q) is not affected by the detector. 
However there are significant losses of like-sign com- 

binations for smaller Q. Therefore the analysis was 
restricted to Q values above 0.15 GeV/c2. 

To measure the correlation for charged kaon pairs, 
the contamination of non-kaon pairs must be sub- 
tracted. Using the JETSET 7.3 PS model [ 101 to 
generate hadronic events, and with full simulation of 
these events in the detector [ 91, 58% of the pairs are 
found to be kaon pairs and the remaining 42% are 
predominantly Kr pairs. The background Q distribu- 
tion for non-kaon pairs was obtained from the same 
data by requiring the kaon hypothesis for one particle 
and non-kaon for the other. The simulation shows that 
the composition of this sample of non-kaon pairs is 
8% kaon pairs and 92% others. The fractions of pairs 
quoted are for all combinations (like sign plus unlike 
sign). The difference between the fractions for like- 
sign and unlike-sign combinations and the errors on 
these fractions (due to limited statistics for the simu- 

lated events) are less than the systematic uncertainties 
on the fractions. 

For convenience, the first selection is henceforth 
called the kaon pair selection (with 58% of kaon pairs 
and 42% others) and the second is called the non- 
kaon pair selection (with 8% kaon pairs and 92% oth- 
ers). The lower part of Fig. 1 shows the Q-distribution 
for the non-kaon pair selection for like-sign (black 
squares) and unlike-sign pairs (open squares). These 
distributions were normalized to the contamination of 
non-kaon pairs (42%) in the kaon pair selection. The 
distributions for non-kaon pairs were subtracted from 
the distributions for kaon pairs to obtain the Q dis- 
tributions for pure kaon pairs. The resulting distribu- 
tions for like-sign and unlike-sign pure kaon pairs are 
shown in Fig. 2a. The distribution for K+K- pairs is 
normalized to the like-sign kaon distribution in the in- 
terval 0.6 < Q < 1.5 GeV/c2. 

In order to remove the effect of the 4( 1020) in the 
unlike-sign reference sample the following procedure 
was adopted. The QK-+K- spectrum (Fig. 2a) was fit- 
ted to the form 

NK+K-<Q> =m.BW(Q>.BG(Q) +az.BG(Q> , 

(4) 

with BW( Q) the relativistic Breit-Wigner shape and 
the background term parametrised as 

BG(M) = (M-Mrh)(13exp(-a4M-~usM2), (5) 
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DELPHI 

KtK’ and KK 

Fig. 2. (a) Q distributions after subtracting the non-kaon contam- 

inations for like-sign (black circles) and for unlike-sign (open 

circles) kaon pairs. The full curve is a fit by Eq. (4) to un- 

like-sign kaon pairs. The background after subtracting the 4 ( 1020) 

is shown as the dashed curve. (b) Same as (a) but without q5 

contamination in unlike-sign charged kaon pairs. 

where M and Q are related by Eq. (2), the cryi are 
fitted parameters, and Mtf, is the threshold invariant 
mass of the two kaons (for more details of the fitting 

procedure used, see for example Ref. [ 121) . 

In the fitting procedure, the 4 mass was fixed to the 
PDG value [ 131 while the width was allowed to vary. 
The measured width of the 4 was 9.5 MeV, which 
includes the experimental resolution. The parameters 
cy] and a2 are then used to assign to the K+K- com- 
binations the weight 

W(A4) = 
ff2 

q.BW(M) + a2’ 
(6) 

The resulting K+K- Q-distribution without 4 con- 
tamination is shown in Fig. 2b together with the Q- 
distribution for like-sign kaon pairs. There is an ex- 
cess of same sign KK events for Q below 0.5 GeV/c’, 
which can be interpreted as a BE enhancement. The 
ratio 

R(Q) = 
N(K*K') 
N(M+K-) (7) 

0.8 

0.6 

Fig. 3. The ratio R(Q) for charged kaons: (a) for the unlike-sign 

reference sample and (b) for the Monte Carlo reference sample. 

The curves show the results of the fits using Eq (3). 

after all the above corrections is shown in Fig. 3a. 
The best fit to the expression 

R(Q) = 1 + Aexp( -r2Q2) , (8) 

gives the values: 

A = 0.82 f 0.11 (stat) f 0.25( syst) (9) 

r = 0.48 f 0.04( stat) f O.O7(syst) fm , (10) 

with x2 = 13 for 11 degrees of freedom and correla- 
tion coefficient 0.8. This fit is shown by the curve on 
Fig. 3a. 

It has to be remarked that the ratio (7) calculated 
using JETSET events without BE correlations and 
without 4 contamination in the K+K- Q-distribution 
is practically constant in the region 0.15 < Q < 
1.5 GeV/c2. This confirms the validity of using the 
K+K- two-particle density as a reference sample. 

The systematic errors quoted in Eq. (9) and Eq. 
( 10) include the uncertainties due to: 
- the fractions of non-kaon pairs which were obtained 

from simulated events. The fraction of non-kaon 
pairs (with central value 0.42) was varied between 
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0.33 and 0.5 1. This variation was estimated by com- 
paring the fraction of decay pions from Kg passing 
the charged kaon selection criteria from real and 
from simulated events. The error due to this source 
was estimated to be f0.15 for A and ho.02 fm for 
Y. 

- the variation of the reference sample due to 4 con- 
tamination. The K+K- Q-distribution without 4 
contamination was also estimated by another fit to 
the QKkK- spectrum using Eq. (5) but with the 4 
region (between 0.20 and 0.34 GeV/c2) excluded 
from the fit. For each point in the region with Q be- 
low 0.45 GeV/c2, the average of the two measure- 
ments was used and half the difference between the 

two values was considered as the systematic error. 
The systematic error was added to the statistical er- 
ror in quadrature. For the first data point in Fig. 3a, 
this procedure decreases R(Q) by about 20% and 
increases the error by about a factor two. The uncer- 
tainty from this source was estimated to be ho.14 

for A and ho.01 for r. 
- the inclusion of fe (980) decay kaons in the K+K- 

reference sample. The fo (980) correction was cal- 
culated as in [ 31. The uncertainty from this source 
was estimated to be fO.11 for A and f0.01 for r. 

- the final state Coulomb interactions. Correcting by 
the Gamow factor [ 151 increases h by 0.09 and 
does not change r. One calculation [ 161 suggests 
that the Gamow factor overestimates the size of the 
final state interaction. Hence it was decided not to 
correct the A parameter for Coulomb interactions 
but to include a systematic error of 10.09 for A due 
to this source. 

- another choice of the reference sample. An alter- 
native reference sample was calculated from simu- 
lated events without BE correlations and was nor- 
malized to the distribution of real events in the in- 
terval 0.6 < Q < 1.5 GeV/c2. The resulting R(Q) 
distribution is shown in Fig. 3b, together with the 
fit by Eq. (3). The fitted values of A and I are: 

A = 0.78 If 0.13 , (11) 

r = 0.42 rt 0.04 fm . (12) 

The relative uncertainties due to this different choice 
of the reference sample were estimated as the differ- 
ence between these values and the values measured 

rz- x 10 

$ 10000 

3 
9 8000 

z ._ 
b 
= 
w 

6000 

(a) Y 

Fig. 4. (a) &r- invariant mass spectrum for the accepted sec- 

ondary vertices used in the present analysis. (b) Two-dimensional 

plot of the absolute value of the difference from the nominal Ki 

mass Am (GeV/c2) when two or more Kg candidates are present 

in the same event. 

using the unlike-sign uncorrelated background, i.e. 
f0.04 for A and f0.06 fm for I-. 

The total systematic error was calculated by adding 
all contributions in quadrature. 

4. Correlations in the GKz system 

The &n- invariant mass spectrum from the ac- 
cepted Kg candidates is shown in Fig. 4a. A clear sig- 
nal of about 541,000 Kg is seen over a background of 
about 14% within &lo MeV/c2 of the peak. In an in- 
terval of f10 MeV/c2 around the nominal K” mass, 
the average detection efficiency for Kg to ~T+T-, de- 
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termined from a simulated sample and weighted by 
the momentum spectrum predicted by JETSET PS, is 
26.4%. 

From a sample of simulated data the background 
from A decays into ps-- was found to be uniform 
in the rTT+rTT- mass spectrum. The level of this back- 
ground is about 2% under the peak. The contribution 
from photon conversions was found to be negligible. 

The number of Kg pairs was evaluated using the 
same procedure as in Ref. [ 31. The correlation be- 
tween Amt and Am:! (the absolute differences between 
the invariant mass of the Kg candidate and the known 
Kg mass) is shown in Fig. 4b. The “signal region”, 
defined by AmI, Am2 < 10 MeV/c2, contains 75,065 
pairs. The number of true pairs in the signal region can 
be estimated as in [ 31, giving after background sub- 

traction 55,498 &280( stat) KiKi pairs among which 
25,501 f 188(stat) have Q < 2 GeV/c2. 

In the present analysis, simulated events were used 
to supply the reference sample. Other methods are 
possible, based on the use of particles from differ- 
ent events to provide an uncorrelated sample. Such 
‘mixed event’ methods have been useful in charged 

pion analyses [ 191, but have been found to be prob- 
lematic in their application to Kg data [ 21. A sample 
of 2,548,OOO simulated Z” decays was generated us- 
ing the JETSET model without BE symmetrization for 
the K”. These data were passed through the detailed 
DELPHI simulation and the simulated electronic sig- 
nals processed through the same programs as the real 

data. 
To measure the correlation function, we define the 

ratio R,,, <Q> =~xN~(Q)/Ns(Q),whereN~ ad 
Ns are the number of Kg pairs per interval of Q for 
real and simulated data after appropriate background 
subtraction, and n/ is a normalization factor computed 

as the ratio of Ns and NR in the range between 0.667 
GeV/c2 and 2 GeV/c2. NR(Q) and Ns(Q)/N are 
shown in Fig. 5. The correlation function R,,,(Q) is 
plotted in Fig. 6. An enhancement is clearly visible in 
the region Q < 0.6 GeV/c2. 

The best fit to the expression 

R(Q) = 1 + h exp( -r2Q2) 

gives the values 

(13) 

A = 0.61 f O.l6(stat) f O.l6(syst), 

Y = 0.55 & 0.08( stat) f 0.12( syst) fm , 

(14) 

(15) 

500- 

-. 

Oo 
/ * , / , , , , , I, 

a* 0.4 0.6 0.8 1 12 I.4 1.6 18 

Q (%K;) (W/e'; 
Fig. 5. Distribution of Kg pairs in data (points) and simulation 

without Bose-Einstein interference (histogram), as a function of 

Q. The simulated sample is normalized to the data sample in the 
range 0.667-2.0 GeV/c2. 

Fig. 6. Ratio Rmeas (Q). The curve shows the best fit to Eq. (3). 

with x2 = 23 for 10 degrees of freedom and correlation 
coefficient 0.8. The systematic errors were calculated 
by adding in quadrature all the contributions described 

in [3]. 
Decays of mesons like fa( 980) and ao (980), which 
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Table 1 
Parameters A and r in the Gaussian parametrisation in e + - e interactions at LEP, for different like-sign particles. 

Combination A r (fm) Ref. 

K&K* 0.82ztO.l lf0.25 0.48f0.04~tO.07 this analysis 

K”K’ s s 1.14f0.23zt0.32 0.76fO.lOf0.11 121 
0.61f0.16f0.16 0.55zt0.08f0.12 this analysis 

1.4f0.3f0.4 0.71f0.07f0.15 t41 

n-f& 0.3.5f0.04 0.42f0.04 El91 
0.4Oz!zO.O2 0.50f0.02 [211 

*or0 0.37zt0.03f0.12 0.40f0.03f0.13 [201 

Ai-* 1.06f0.05f0.16 0.49f0.01f0.05 WI 

(prompt pions) 
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mentum. A correction for fa(980) production (see 
our previous paper [ 31) , using the measured fa (980) 
production rate [ 121, shows that the fa( 980) can ac- 
count for only a small part of the measured BE excess. 

5. Summary and conclusions 

The first observation of like-sign charged kaon cor- 
relations in hadronic e’e- annihilations at the Z mass 
has been made using data collected by the DELPHI 
detector during 1994. The charged kaons are identi- 
fied with the RICH detectors. The correlation func- 
tion shows an enhancement, which we interpret as 
due to the Bose-Einstein interference between identi- 
cal bosons, and which can be represented by a Gaus- 

sian as in Eq. (8) with parameters 

A = 0.82 -+ 0.11 f 0.25 , (16) 

Y = 0.48 & 0.04 * 0.07 fm . (17) 

Low-Q correlations between pairs of Kg from the 
decay of the Z” have been observed with the DELPHI 
detector at LEP, using a sample of about 55,000 pairs 
coming from more than 3 million selected hadronic 
events. The results show an enhancement, interpreted 
as due to Bose-Einsten interference, which can be 
parametrised by a Gaussian as in Eq. (8) with param- 
eters 

A = 0.61 f 0.16 zlz 0.16, (18) 

r=0.55+0.08fO.l2fm. (19) 

Assuming that the strength of the Bose-Einstein ef- 
fect can be parametrised by A 5 1 for interfering pairs, 
and if only like-strangeness identical neutral kaons 
contribute to the observed enhancement at low Q, then 
A values considerably smaller than 1 would be ex- 
pected for KgKg pairs. According to JETSET PS, 28% 
of the low-Q KgKg pairs come from identical K” K” -- 
(or K” K” ) pairs; about 70% of these pairs originate 
from prompt sources. If the positive interference at low -- 
Q affected only the K” K” (or K” K” ) pairs, the ex- 
pected value for A would be = 0.2. Thus it is unlikely 
that only identical neutral kaons are responsible for 
the observed enhancement at low Q. Our results sup- - 
port the hypothesis [ 181 that Ki coming from K” K” 
pairs also exhibit constructive interference at Q N 0. 

The values of A and r measured at LEP for particle 
pairs using a Gaussian parametrisation for R(Q) are 
presented in Table 1. * The values of the h and Y pa- 
rameters for charged kaon pairs are in agreement with 
those obtained for KgKg. The correlation strength A 
is expected to be bigger for charged kaon pairs than - 
for KgKg, if KzKg pairs coming from K” K” do not 
interfere at low Q. Similar A values for charged kaon 
pairs and for KiKi pairs yield additional support to 
the prediction [ 181 of a dynamic enhancement at low - 
Q in KgKg coming from K” K” . 

*For charged pions the parameters A and r, shown with only 
statistical errors, are the ones obtained with an event-mixing refer- 

ence sample. The decay products of the v and 7’ mesons strongly 
influence the values of A and r when these parameters arc esti- 

mated by using an unlike-sign reference sample [ 221. 
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The radius of emission of kaons is consistent with 
that measured for pions. The average value of A for 

kaon pairs calculated by using all four measurements 
at LEP is AKK = 0.85 f 0.18, which is considerably 
higher than the ones for all pions and in good agree- 
ment with the value obtained for prompt pions [ 221. 
It may also be remarked that a non-negligible frac- 
tion of kaons is expected to come from the decay of 
long-lived charm and bottom states, and these are not 

expected to interfere with prompt kaons within the ob- 
served range of Q values. Correcting for this effect us- 
ing the JETSET PS model would increase A by about 
40-50%. 
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