
Volume 252, number 1 PHYSICS LETTERS B 6 December 1990 

Measurement of the partial width of the decay of the Z” 
into charm quark pairs 

DELPHI Collaboration 

P. Abreu a, W. Adam b, F. Adami ‘, T. Adye d, G.D. Alekseev e, P. Allen ‘, S. Almehed 8, 
F. Alted ‘, S.J. Alvsvaag h, U. Amaldi i, E. Anassontzis j, W.-D. Ape1 k, B. Asman ‘, P. Astier m, 
J.-E. Augustin n, A. Augustinus i, P. Baillon i, P. Bambade n, F. Barao a, G. Barbiellini ‘, 
D.Y. Bardin e, A. Baroncelli p, 0. Barring g, W. Bartl b, M.J. Bates q, M. Baubillier m, 
K.-H. Becks r, C.J. Beeston q, P. Beilliere ‘, I. Belokopytov t, P. Beltran “, D. Benedic “, 
J.M. Benlloch ‘, M. Berggren ‘, D. Bertrand w, S. Biagi ‘, F. Bianchi y, J.H. Bibby q, 
MS. Bilenky e, P. Billoir m, J. Bjarne g, D. Bloch “, P.N. Bogolubov e, D. Bollini ‘, 
T. Bolognese ‘, M. Bonapart aa, M. Bonesini ab, P.S.L. Booth ‘, M. Boratav m, P. Borgeaud ‘, 
H. Borner q, C. Bosio p, 0. Botner ac, B. Bouquet *, M. Bozzo ad, S. Braibant i, P. Branchini p, 
K.D. Brand r, R.A. Brenner ae, C. Bricman ‘“, R.C.A. Brown i, N. Brummer aa, J.-M. Brunet ‘, 
L. Bugge “‘, T. Buran “‘, H. Burmeister i, J.A.M.A. Buytaert w, M. Caccia ab, M. Calvi ab, 
A.J. Camacho Rozas ag, J.-E. Campagne i, A. Campion x, T. Camporesi i, V. Canale p, F. Cao w, 
L. Carroll X, C. Caso ad, E. Castelli “, M.V. Castillo Gimenez ‘, A. Cattai i, F.R. Cavallo ‘, 
L. Cerrito p, P. Charpentier i, P. Checchia ah, G.A. Chelkov e, L. Chevalier ‘, P. Chliapnikov t, 
V. Chorowicz m, R. Cirio y, M.P. Clara y, J.L. Contreras ‘, R. Contri ad, G. Cosme *, 
F. Couchot “, H.B. Crawley ai, D. Crennell d, M. Cresti ah, G. Crosetti ad, N. Crosland q, 
M. Crozon ‘, J. Cuevas Maestro ag, S. Czellar ae, S. Dagoret n, E. Dahl-Jensen aj, B. Dalmagne n, 
M. Dam i, G. Damgaard aj, G. Darbo ad, E. Daubie w, P.D. Dauncey q, M. Davenport i, 
P. David m, A. De Angelis “, M. De Beer ‘, H. De Boeck w, W. De Boer k, C. De Clercq w, 
M.D.M. De Fez Laso ‘, N. De Groot aa, C. De La Vaissiere m, B. De Lotto “, A. De Min ab, 
C. Defoix ‘, D. Delikaris i, P. Delpierre ‘, N. Demaria y, L. Di Ciaccio p, A.N. Diddens aa, 
H. Dijkstra i, F. Djama “, J. Dolbeau ‘, 0. Doll r, K. Doroba ak, M. Dracos “, J. Drees r, 
M. Dris aQ, W. Dulinski “, R. Dzhelyadin t, D.N. Edwards ‘, L.-O. Eek ac, P.A.-M. Eerola ae, 
T. Ekelof “, G. Ekspong ‘, J.-P. Engel “, V. Falaleev t, A. Fenyuk t, M. Fernandez Alonso ag, 
A. Ferrer ‘, S. Ferroni ad, T.A. Filippas aQ, A. Firestone ai, H. Foeth i, E. Fokitis aQ, 
F. Fontanelli ad, H. Forsbach r, B. Franek d, K.E. Fransson ac, P. Frenkiel ‘, D.C. Fries k, 
A.G. Frodesen h, R. Fruhwirth b, F. Fulda-Quenzer n, H. Furstenau k, J. Fuster i, J.M. Gago a, 
G. Galeazzi ah, D. Gamba Y, J. Garcia ag, U. Gasparini ah, P. Gavillet i, S. Gawne ‘, 
E.N. Gazis aQ, J.P. Gerber “, P. Giacomelli ‘, K.-W. Glitza r, R. Gokieli m, V.M. Golovatyuk e, 
A. Goobar ‘, G. Gopal d, M. Gorski ak, Y. Gouz t, V. Gracco ad, A. Grant i, F. Grard “‘, 
E. Graziani p, I.A. Gritsaenko t, M.-H. Gros *, G. Grosdidier “, B. Grossetete m, S. Gumenyuk t, 
J. Guy d, F. Hahn r, M. Hahn k, S. Haider i, Z. Hajduk aa, A. Hakansson g, A. Hallgren ac, 
K. Hamacher r, G. Hamel De Monchenault ‘, F.J. Harris q, B. Heck i, I. Herbst r, 
J.J. Hemandez ‘, P. Herquet w, H. Herr i, E. Higon ‘, H.J. Hilke i, SD. Hodgson q, 
T. Hofmokl ak, R. Holmes ai, S.-O. Holmgren ‘, J.E. Hooper aj, M. Houlden ‘, J. Hrubec b, 
P.O. Hulth Q, K. Hultqvist Q, D. Husson “, B.D. Hyams i, P. Ioannou j, P.-S. Iversen h, 
J.N. Jackson ‘, P. Jalocha am, G. Jarlskog g, P. Jarry ‘, B. Jean-Marie “, E.K. Johansson ‘, 
M. Jonker i, L. Jonsson g, P. Juillot “, R.B. Kadyrov ‘, G. Kalkanis j, G. Kalmus d, 

140 0370-2693/90/$ 03.50 0 1990 - Elsevier Science Publishers B.V. (North-Holland) 



Volume 252, number 1 PHYSICS LETTERS B 6 December 1990 

G. Kantardj ian i, F. Kapusta  m, p. Kapusta  am, S. Katsanevas J, E.C. Katsoufis a~, R. Keranen ae, 
J. Kesteman w, B.A. Khomenko  e, B. King x, N.J. Kjaer  aj, H. Klein i, W. Klempt  i, 
A. Klovning h p. Kluit  w, J.H. Koehne  k, B. Koene  aa, p. Kokkinias u, M. Kopf  k, 
M. Koratzinos i, K. Korcyl am, A.V. Korytov e, B. Korzen i M. Kostrikov t, C. Kourkoumelis  J, 
T. Kreuzberger b, j .  Krolikowski ak, U. Kruener-Marquis  r, W. Krupinski  am, W. Kucewicz ab, 
K. Kurv inen  a~, M.I. Laakso a~, C. Lambropoulos  u, J.W. Lamsa a~, L. Lanceri o, V. Lapin t, 
J.-P. Laugier c, R. Lauhakangas a~, p. Laurikainen a~, G. Leder b, F. Ledroit  s, j .  Lemonne  w, 
G. Lenzen r, V. Lepeltier n, A. Letessier-Selvon m, E. Lieb r, E. LiUestol ~, E. LiUethun h, 
J. Lindgren ae, I. Lippi ah, R. Llosa r, M. Lokajicek c, J.G. Loken q, M.A. Lopez Aguera as, 
A. Lopez-Fernandez n, D. Loukas u, j . j .  Lozano f, R. Lucock d, B. Lund-Jensen ~c, p. Lutz s, 
L. Lyons q, G. Maehlum ~, N. Magnussen ~, J. Maillard ~, A. Maltezos u, F. Mandl  b, j .  Marco ~g, 
J.-C. Marin  i, A. Markou ~, L. Mathis ~, F. Matorras ag, C. Matteuzzi ab, G. Matthiae P, 
M. Mazzucato ah, M. MC Cubbin x, R. Mc Kay ai, E. Menichett i  Y, C. Meroni  ab, W.T. Meyer a~, 
W.A. Mitaroff  b, G.V. Mitselmakher  ~, U .  Mjoernmark  g, T. Moa ~, R. Moeller aj, K. Moenig r, 
M.R. Monge aa, p. Morett ini  ad, H. Mueller  k, H. Muller i, G. Myatt  q, F. Naraghi m, 
U. Nau-Korzen ~, F.L. Navarr ia  z, p. Negri ab, B.S. Nielsen ~J, V. Nikolaenko t, V. Obraztsov t, 
R. Orava a~, A. Ostankov t, A. Ouraou c, R. Pain m, H. Palka am, T. Papadopoulou a~, L. Pape i, 
A. Passeri P, M. Pegoraro ah, V. Perevozchikov t, M. Pernicka b, A. Perrotta z, M. Pimenta  a, 
O. Pingot w, C. Pinori  ah, A. Pinsent q, M.E. Pol a, G. Polok am, p. Poropat °, P. Privitera z, 
A. Pullia ab, j. Pyyhtia a~, A.A. Rademakers  aa, D. Radojicic q, S. Ragazzi ab, W.H. Range x, 
P.N. Ratoff  q, A.L. Read af, N.G. RedaeUi ab, M. Regler b, D. Reid x, P.B. Renton q, 
L.K. Resvanis J, F. Richard n, j .  Ridky ~, G. Rinaudo r, I. Rodit i  i, A. Romero  Y, P. Ronchese ah, 
E.I. Rosenberg ~i, U. Rossi z, E. Rosso ~, P. Roudeau n, T. RoveUi z, V. Ruhlmann  c, A. Ruiz as, 
H. Saarikko ac, y .  Sacquin ¢, E. Sanchez f, J. Sanchez f, E. Sanchis f, M. Sannino ad, 
M. Schaeffer v, H. Schneider k, F. Scuri o, A. Sebastia f, A.M. Segar q, R. Sekulin d, M. Sessa o, 
G. Sette ad, R. Seufert k, R.C. Shellard i, p. Siegrist ~, S. Simonetti  ad, F. Simonetto ah, 
A.N. Sissakian ~, T.B. Skaali af, j .  Skeens ai, G. Skjevling af, G. Smadja ~, N.E. Smirnov t, 
G.R. Smith d, R. Sosnowski ak, K. Spang aj, T. Spassoff e, E. Spiriti P, S. Squarcia ad, H. Staeck r, 
C. Stanescu P, G. Stavropoulos u, F. Stichelbaut w, A. Stocchi ab, j. Strauss b, R. Strub ~, 
C.J. Stubenrauch ~, M. Szczekowski ak, M. Szeptycka ak, p. Szymanski ak, S. Tavernier  w, 
G. Theodosiou u, A. Tilquin ~, J. T immermans  aa, V.G. Timofeev ~, L.G. Tkatchev ~, 
D.Z. Toet aa, A.K. Topphol h, L. Tortora P, M.T. Trainor  q, D. Treille ~, U. Trevisan ad, 
G. Tristram ~, C. Troncon ab, A. Tsirou i, E.N. Tsyganov ~, M. Turala am, R. Turchetta v, 
M.-L. Turluer ~, T. Tuuva a~, I.A. Tyapkin ~, M. Tyndel  d, S. Tzamarias i, F. Udo aa, 
S. Ueberschaer  ~, V.A. Uvarov t, G. Valenti z, E. Vallazza Y, J.A. Valls Ferret  f, 
G.W. Van Apeldoorn aa, p. Van Dam ~a, W.K. Van Doninck w, N. Van Eijndhoven ~, 
C. Vander  Velde w, j.  Varela a, p. Vaz a, G. Vegni ab, j. Velasco f, L. Ventura ah, W. Venus d, 
F. Verbeure w, L.S. Vertogradov ~, L. Vibert m, D. Vilanova ¢, N.K. Vishnevskiy t, E.V. Vlasov t, 
A.S. Vodopyanov ¢, M. Vollmer ~, G. Voulgaris J, M. Voutilainen ae, V. Vrba ¢, H. Wahlen r, 
C. Walck ~, F. Waldner  °, M. Wayne a~, A. Wehr ~, P. Wei lhammer i, J. Werner r, 
A.M. Wetherell i, J.H. Wickens w, j.  Wikne af, G.R. Wilkinson q, W.S.C. Williams q, 
M. Winter  ~, D. Wormald  af, G. Wormser  n, K. Woschnagg a~, N. Yamdagni  Q, P. Yepes aa, 
A. Zaitsev t, A. Zalewska am, p. Zalewski ak, P.I. Zarubin ~, E. Zevgolatakos u, G. Zhang r, 
N.I. Zimin  ~, R. Zi toun m, R. Zukanovich Funchal  ~, G. Zumerle  ah and J. Zuniga f 

LIP, Av. Elias Garcia 14 - le, P-lOOO Lisbon Codex, Portugal 
b Institut3~rHochenergiephysik, OsterreichischeAkademieder Wissenschafien, Nikolsdorfergasse 18, A-I050 Vienna, Austria 

D PhPE, CEN-Saclay, F-91191 Gif-Sur- Yvette Cedex, France 
d RutherfordAppleton Laboratory, Chilton, Didcot OXI10QX, UK 

141 



Volume 252, number 1 PHYSICS LETTERS B 6 December 1990 

Joint Institutefor Nuclear Research, Dubna, Head Post O&e, P.O. Box 79, SV-101 000 Moscow, USSR 
’ Instituto de Fisica Corpuscular (IFIC), Centro Mixto Vniversidad de Valencia-CSIC, 

Avda. Dr. Moliner 50, E-46100 Burjassot (Valencia), Spain 
8 Department ofPhysics, University ofLund, Stilvegatan 14, S-223 63 Lund, Sweden 
h Department of Physics, University ofBergen, Allegaten 55, N-5007 Bergen, Norway 

i CERN, CH-1211 Geneva 23, Switzerland 
i Physics Laboratory, University ofAthens, Solonos Street 104, GR-10680 Athens, Greece 
’ Institut fur Experimentelle Kernphysik, Vniversitiit Karlsruhe, Postfach 6980, W-7500 Karlsruhe 1, FRG 
’ Institute of Physics, University of Stockholm, Vanadisviigen 9, S-1 13 46 Stockholm, Sweden 
m LPNHE, Vniversites Paris VI et VII, Tour 33 (RdC), 4 place Jussieu, F- 75230 Paris Cedex 05, France 
n Laboratoire de I’Accelerateur Lineaire. Vniversite de Paris-&d, Britiment 200, F-91405 Orsay, France 
a Dipartimento di Fisica, Vniversita di Trieste and INFN, Via A. Valerio 2, I-34127 Trieste, Italy 

and Istituto di Fisica, Vniversita di Vdine, I-33100 Vdine, Italy 
D Istituto Superiore di Sanita, Istituto Nazionale di Fisica Nucleare (INFN), Viale Regina Elena 299, I-00161 Rome, Italy 

and Dipartimento di Fisica, Vniversita di Roma II and INFN, Tor Vergata, I-001 73 Rome, Italy 
q Nuclear Physics Laboratory, University of Oxford, Keble Road, Oxford OX1 3RH, UK 
r Fachbereich Physik, University of Wuppertal, Postfach 100 127, W-5600 Wuppertal 1, FRG 
’ Laboratoire de Physique Corpusculaire, College de France, 11 place M. Berthelot, F- 75231 Paris Cedex 5, France 
’ Institutefor High Energy Physics, Serpukhov, P.O. Box 35, SV-142 284 Protvino (Moscow Region), USSR 
’ Greek Atomic Energy Commission, Nuclear Research Centre Demokritos, P.O. Box 60228, GR-15310 Aghia Paraskevi, Greece 
v Division des Hautes Energies, CRN-Groupe DELPHI and LEPSI, B.P. 20 CRO, F-67037 Strasbourg Cedex, France 
w Physics Department, Vniversitaire Instelling Antwerpen, Vniversiteitsplein 1, B-2610 Wilrijk, Belgium 

and IIHE, VLB- VVB, Pleinlaan 2, B-l 050 Brussels, Belgium 
and Service de Physique des Particules Elementaires, Faculte des Sciences, Vniversite de I’Etat Mans, 
Av. Maistriau 19, B- 7000 Mans, Belgium 

’ Department ofPhysics, University ofliverpool, P.O. Box 147, Liverpool L69 3BX, UK 
Y Dipartimento di Fisica Sperimentale, Vniversita di Torino andINFN, Via P. Giuria 1, I-10125 Turin, Italy 
’ Dipartimento di Fisica, Vniversita di Bologna and INFN, Via Irnerio 46, I-40126 Bologna, Italy 
BP NIKHEF-H, Postbus 41882, NL-1009 DB Amsterdam, The Netherlands 
ab Dipartimento di Fisica. Vniversita di Milan0 and INFN, Via Celoria 16, I-20133 Milan, Italy 
ac Department ofRadiation Sciences, University of Vppsala, P.O. Box 535, S-751 21 Vppsala, Sweden 
ad Dipartimento di Fisica, Vniversitb di Genova and INFN, Via Dodecaneso 33, I-16146 Genoa, Italy 
Be Department ofHigh Energy Physics, University of Helsinki, Siltavuorenpenger 20 C, SF-001 70 Helsinki 17, Finland 
*r Physics Department, University of Oslo, Blinder& N-l 000 Oslo 3, Norway 
gg Fact&ad de Ciencias, Vniversidad de Santander, av. de 10s Castros, E-39005 Santander, Spain 
ah Dipartimento di Fisica, Vniversita di Padova and INFN, Via Marzolo 8, I-35131 Padua, Italy 
ai Ames Laboratory and Department of Physics, Iowa State University, Ames IA 50011, USA 
a) Niels Bohr Institute, Blegdamsvej 17, DK-2100 Copenhagen 0, Denmark 
‘lr Institute for Nuclear Studies, and University of Warsaw, VI. Hoia 69, PL-00681 Warsaw, Poland 
ap Physics Department, National Technical University, Zografou Campus, GR-15773 Athens, Greece 
““High Energy Physics Laboratory, Institute ofNuclear Physics, Vl. Kawiory 26 a, PL-30055 Cracow 30, Poland 

Received 6 September 1990 

A determination of the partial width rCE of the Z” boson into charm quark pairs is presented, based on a total sample of 36 900 

Z” hadronic decays measured with the DELPHI detector at the LEP collider. The production rate of cc events is derived from the 

inclusive analysis of charged pions coming from the decay of charmed meson D*+-+D%+ and D*-+D%- where the x’ is 

constrained by kinematics to have a low pT with respect to the jet axis. The probability to procedure these xf from D*’ decay in 

cc events is taken to be 0.31 kO.05 as measured at &= 10.55 GeV. The measured relative partial width r&/r, =O. 162f 

0.030 (stat. ) * 0.050 (syst. ) is in good agreement with the standard model value of 0.17 1. Together with our previous measure- 

ment of the total hadronic width r,, this implies f, = 282 & 53 (stat.) f 88 (syst. ) MeV. 
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I .  I n t r o d u c t i o n  2 .  T h e  D E L P H I  d e t e c t o r  

Measurements of the hadronic and leptonic partial 
widths of the Z ° boson have already been reported by 
the DELPHI Collaboration [ 1-3 ]. A more detailed 
study of the standard model will need a determina- 
tion of the Z ° boson decays into all known quark fla- 
vours. This paper presents a determination of the 
cross section ratio 

a (e+e--*cc)  at x/~= 91 GeV. 
Rce= a(e+ e-  -*hadrons) 

Charmed mesons are usually identified via the re- 
construction of their decay products. However such 
an identification has an efficiency of only a few per 
cent due to the small branching ratios involved. 
Therefore another technique is applied here which has 
been already used at lower energies [4,5 ] and which 
does not require the reconstruction of exclusive final 
states. It is well suited to our present limited statistics. 

The charm quark is known to fragment predomi- 
nantly into a charmed vector meson D* which carries 
a large fraction of the quark energy [5-8] .  In the 
D *+-.D°n + decay ~1, whose branching ratio is about 
50%, the residual energy is 6 MeV and thus the max- 
imum transverse momentum of the n + with respect 
to the D *+ is only 40 MeV/c. Due to the relative 
transverse momentum of the D *+ with respect to the 
charm quark and due to the smearing in the charm 
quark jet reconstruction, the mean transverse mo- 
mentum PT of the n + with respect to its jet axis will 
be around 65 MeV/c whereas it is about 300 MeV/c 
for ordinary hadrons in the fragmentation of the jet. 

For this reason the p~- distribution of charged par- 
ticles relative to the jet axis will exhibit an accumu- 
lation of events at low transverse momentum which 
is characteristic of the decay of charmed meson 
D *+-.D°n + in ce events. Taking the probability for 
a charm quark to fragment into a D *÷ from a mea- 
surement at ~/s= 10.55 GeV [6], and assuming this 
is unchanged at 91 GeV we shall derive the ratio R~e. 
This assumption is in accord with another measure- 
ment at x/~=29 GeV [8] and with Lund model 
predictions. 

#1 Throughout the paper charge-conjugate states are implicitly 
included. 

The components of the apparatus relevant for the 
present analysis have already been described in refs. 
[ 1,2 ]. Some of its main features are recalled here. The 
charged particles are measured in a 1.2 T magnetic 
field (0.7 T for 14% of the total data sample) by a set 
of three cylindrical tracking detectors: the Inner De- 
tector (ID) covers radii from 12 to 28 cm, the Time 
Projection Chamber (TPC) from 30 to 122 cm, and 
the Outer Detector (OD) from 198 to 206 cm. For 
track reconstruction in the TPC, at least four space 
points are available for polar angles between 21 ° and 
159 °, and up to sixteen space points between 39 ° and 
141 °. 

In the Barrel part, covering polar angles between 
40 ° and 140 °, the trigger on hadronic events is made 
of redundant subtriggers based on the ID and OD 
chambers, and on the scintillation counters of the 
HPC (High density Projection Chamber) and ToF 
(Time of Flight). The trigger efficiency was found to 
be larger than 99.9% for hadronic events with a 
sphericity axis between 50 ° and 130 °. In the forward 
region, covering polar angles between 15 ° and 35 ° 
and between 145 ° and 165 °, the number ofZ ° events 
was enhanced by also triggering on an energy depo- 
sition of at least 3 GeV in each endcap of the FEMC 
(Forward Electromagnetic Calorimeter). 

3.  E v e n t  s e l e c t i o n  

This analysis relies only on tracks from charged 
particles, using all the data collected from September 
1989 up to May 1990 during the three scanning pe- 
riods around the Z ° peak (the mean center-of-mass 
energy was 91 GeV). Charged particles were selected 
as in refs. [ 1,2 ]: 
- polar angle 0 between 20 ° and 160 °; 
- momentum p between 0. I GeV/c and 50 GeV/c; 
- track length above 30 cm; 
- relative error on momentum measurement below 
100%; 
- projection of impact parameter below 4 cm in the 
plane transverse to the beam direction; 
- distance from the origin below 10 cm along the beam 
direction. 

Hadronic events were retained if they had at least 
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five charged particles and if the invariant mass of  all 
charged panicles was larger than 12 GeV/c  2. These 
requirements keep 92% of hadronic decays of  the Z ° 
and reduce any background to a negligible level. The 
resulting data sample corresponds to 10 100 (26 800) 
hadronic Z°'s accumulated in 1989 (1990), the in- 
tegrated luminosity being 540 (1200) nb-~ respec- 
tively. 

A detailed and reliable simulation is essential in 
order to establish the selection efficiency for charm 
quark final states. The quark fragmentation is based 
on the Lund parton shower model (version Jetset 6.3) 
[ 9 ]. The Monte Carlo simulation of the detector it- 
self includes secondary interactions and collection of 
electronic signals, allowing the generated events to be 
treated in the same analysis chain as the real data. We 
have shown that this simulation describes the distri- 
bution of various topological variables of  our had- 
ronic data well [ 10 ]. 

Background to n + mesons from D*+--,D°~ + de- 
cays in ce events comes from all other processes giv- 
ing low PT particles with respect to their jet axis. 
Charmed D *+ mesons coming from the decay of bot- 
tom hadrons have a lower momentum than those 
originating from the primordial charm quark. Pho- 
tons from n ° decays can convert inside the detector 
and the electrons from pairs have a 1OWPT at low mo- 
mentum. But above an energy of about 1 GeV, the 
simulation shows that their average PT is around 200 
MeV/c which is close to the PT of ordinary hadrons. 

Charged particles are clustered into jets by using 
the standard LUCLUS algorithm of the Lund pack- 
age [9]. The jet axis is not defined as the sum of mo- 
menta of  all charged panicles in this jet, out as the 
thrust axis of the jet computed with momentum 
squared weight [ 4 ]. Simulation showed that this def- 
inition increases the low PT n + signal to noise ratio 
by about 20%. 

In order to enhance the signal of  n + mesons from 
D *÷ decays, charged particles were retained if they 
had: 
- momentum p between 1.5 and 2.5 GeV/c; 
- projection of impact parameter below 2 cm in the 
plane transverse to the beam direction. 
The jet they belonged to had then to satisfy the fol- 
lowing requirements: 
- at least three charged particles inside the jet; 

- at least one particle inside the jet with a momentum 
larger than p; 
- polar angle of  jet axis fulfilling I cos 0jet I < 0.8; 
- ratio Zjet=Ejet/Ehemi > 0.9; 
where Ejet and Ehemi are respectively the total energy 
of the jet and the sum of the energies of  all charged 
particles in the same sphericity hemisphere. 

The 1.5 GeV/c  momentum cut reduces back- 
ground from b13 production, photon conversion and 
particles from soft fragmentation. Few 7t + mesons 
from D *÷ decay are expected above 2.5 GeV/c. The 
cut on the impact parameter reduces the remaining 
e -+ contamination. The cuts on the multiplicity in- 
side the jet and on the jet axis direction restrict con- 
sideration to jets in which the charged particles are 
well measured. The cut on Zj~t is intended to remove 
jets from gluon radiation and to enhance the signal 
from the primary charm quark. 

4 .  A n a l y s i s  o f  t h e  p T  2 d i s t r i b u t i o n s  

The previous cuts were applied to a Monte Carlo 
simulation of 34 500 qq events. The p2 distribution 
of charged panicles with respect to their jet axis is 
presented in fig. la for c~ events and in fig. lb for 
other qq events (where q stands for u, d, s or b quark 
flavours). The ce sample shows a clear accumulation 
of events with low p@, not apparent in the non-charm 
sample. According to the simulation, the contribu- 
tion of low p2 charged particles from bb production 
happens to be compensated by a depletion in the p2 
distribution associated to light quark pairs. This re- 
mark applies in particular to the rc -+ produced in the 
decay of D* -+ originating from beauty hadrons. It re- 
flects a slightly worse angular reconstruction of the 
jet axis, as defined in section 3, in the case of  u, d, s 
type quarks. 

The amount of  D *+--, DOn + decays contributing to 
fig. I a was evaluated as follows: 
- first thep  2 distribution of the ~+ from D *+--,D°n + 
decay in c~ events (hatched area in fig. la)  was fitted 
forp  2 < 0.01 (GeV/c)  2 with a simple exponential: 

S(pZT ) ~ ( N°s/  B 2) e x p ( - p ~ / B 2 ) ,  
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Fig. 1. p2 distribution of charged particles with respect to their 
jet axis for a Monte Carlo simulation of 34 500 qq events after 
the cuts specified in the text. Curves are the result of a fit 
S(p~-) +Ft(p 2) performed for p2<0.25 (GeV/c) 2 (full line) 
and the extrapolation of Ft (p~-) (dashed line). The simulation 
is performed (a) for ce events only, where n + from D*+--,D°• + 
and x- from D*---,I3°n - decays are presented in the hatched 
histogram; or (b) for all quark flavours except charm quark, where 
u~ + dd + s~ and bb contributions are presented in the upper and 
in the hatched histograms respectively. 

with the normal izat ion N O and the slope B left free, 
we found B = 6 5 + 3  MeV/c  and N ° = 3 6 6 + 2 2  x ± 
tracks; 

- with the slope B fixed, the dis tr ibut ion in p~ of the 
Monte Carlo events were fitted over the range 0 < 
p 2 < 0 . 2 5  (GeV/c )  2 as the sum S(p2)+F~(p 2) 

where F~ describes the long-range smooth p2 distri- 
bution• The sensitivity of the fits to the shape of the 
full p2 dis tr ibut ion was evaluated by trying the fol- 
lowing two functions with three free parameters each: 

Fl (p2) ~ a + b  e x p ( - p 2 / c 2 )  , 

a' 

F2(p~)~ l+b'p~+c'p~" 

The fit results are illustrated in fig. l and in table 1 
for our Monte Carlo simulation.  Both shapes cor- 
rectly describe the non-charm qq sample without sig- 
nif icant  signal; for the ce sample each fit S+F~ gives 
an amoun t  of signal Ns in agreement with the value 
366 +_ 22 expected. 

For the selected sample of real data (36 900 had- 
ronic Z ° events) fig. 2 shows the p2 distr ibutions of 
charged particles for two m o m e n t u m  intervals: 

1 . 5 < p < 2 . 5  GeV/c  (a) , 

3 < p < 4  GeV/c  ( b ) .  

At high m o m e n t u m  (b)  we see no significant ac- 
cumulat ion at low pZv in agreement with the Monte 
Carlo expectation, while in the m o m e n t u m  range (a) 
an excess is apparent. Following the same procedure 
as for Monte Carlo events, the distr ibution displayed 
in fig. 2a was fitted forp~  <0.25 (GeV/c)  2 with the 
shape S+F~ where the slope B = 6 5  MeV/c  is fixed 
and where the three parameters in F~ are left free. This 
fit yields N s = 3 3 6 + 6 8  ( z 2 / D F = 1 2 5 / 9 6 )  with Ft 
and Ns=426_+76 ( x 2 / D F =  128/96) with Fz. The 
average of these two results gives the measured 
x + + n  - signal: Ns=381 +72,  and the observed dif- 
ference between the two fits is converted into a sys- 
tematic error of + 64 due to the uncertainty on the 

Table 1 
Fits ofp 2 distributions of simulated events (34 500 generated qq 
events). 

Quark flavours Parametrization Signal Ns z2/DF 

ce--,D*+ ~D°n + S(p~) 366+22 0.34/2 

ce alone S(p~)+Ft(p 2 ) 392+_38 97/96 
S(p~)+F2(p 2) 360+_45 94/96 

all flavours S(p~) +F~ (p~-) 28 + 60 109/96 
except ce S(p~) +F2(p~) 12 +_ 64 110/96 
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Fig. 2. p~- distribution of charged particles with respect to their 
jet axis for 36 900 hadronic events detected in DELPHI. Curves 
are the result of a fit S(p~:)+F~ (p~-) performed for p~-<0.25 
(GeV/c) 2 ( full line ) and the extrapolation of FI (p 2T) ( dashed 
line) or F2(P 2) (dash-dotted line). The momentum of the 
charged particles is in the range 1.5<p<2.5 GeV/c (a) or 
3,0<p<4.0 GeV/c (b). 

shape o f  the background.  The signal to noise rat io is 
about  0.14 in the range p~ < 0.0075 ( G e V / c  2). 

This method  relies on an assumed slope for the ex- 
pected signal S(p.~). Another  me thod  is to fix the 
background Fi by fit t ing the p2  d is t r ibut ion  for p~ 
above 0.0125 ( G e V / c )  2. Then the subtract ion o f  the 
extrapolated background F, from the observed num- 

Table 2 
Experimental value of the signal N~ fitted from the p2 distribu- 
tion of 36 900 hadronic events, where N~ is quoted for p2 < 
0.0075 (GeV/c) 2. Due to the exponential shape of the pZr distri- 
bution of the expected signal, the integrated signal Ns over the 
full p2 range is obtained by multiplying N~ by a factor 1.204. 
The first line shows the values of N~ obtained with the shapes 
S(p~.) +F~(p2). The next two lines show the difference between 
the total number of tracks belowp 2 <0.0075 (GeV/c) 2 and the 
number given by the extrapolation of the fitted shapes F~(p.~) 
alone. 

p2 range Shape Shape 
used in the fit S(p 2) +F~ (p2) S(p2) +F2 (p2) 
(GeV/c) 2 

0-0.25 279+56 354+63 

Shape Shape 
El (p~) alone F2(p 2) alone 

0.0125-0.25 298 + 58 376-+ 70 
0.025-0.25 310_+60 458_+84 

ber  o f  tracks below 0.0075 (GeV/c )  2 gives an esti- 
mate  N~ of  the signal. The results of  this method  ap- 
pl ied to the real data  are summar ized  in table 2 for 
d i f ferentp~ ranges. Extrapolat ing from p~ larger than 
0.0125 ( G e V / c )  2, both parametr iza t ions  lead to a 
compat ib le  level o f  signal below 0.0075 ( G e V / c )  2. 
This  holds also for different p2T intervals,  especially 
for the exponent ial  curve Ft  whereas the extrapola-  
t ion from the inverse o f  polynomial  F2 presents a 
larger error. We can conclude that,  within statistical 
errors, the signal shape obta ined  from Monte  Carlo 
s imulat ion correctly describes real data. 

5. M e a s u r e m e n t  o f  the Z ° - , c ~  relat ive part ial  width  

The cross section R¢e=a(e+e--,ce)/ tr(e+e---- ,  
hadrons)  is measured as 

~h N~ 
Roe = ~ X 

ece X es 

where Nh stands for the number  o f  selected hadronic  
events ( N h = 3 6 9 0 0 ) ,  Ns is the number  of  f i t ted 
charged part icles in the signal at  low p2  ( N s =  
381 + 7 2 ) ,  eh and ece are the overall  efficiencies for 
hadronic  and ce events, and es stands for the effi- 
ciency to count n + mesons in ce events. With  our  se- 
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lection criteria,  eh and ece present  no significant dif- 
ference: eh/e~e = 1.000 + 0.005 f rom the Monte  Carlo 
s imulat ion.  The efficiency es can be expressed as 

es = ~ ( c e ~ D  *-+ + X  with D*+ ~ D ° n  + ) 

× #2(n + as measured)  × #2(n + as f i t t e d ) ,  

where ~ is the probabi l i ty  to produce DOn + from D *+ 
decays in ce events, #2 is the probabi l i ty  to recon- 
struct and select a n + meson, and  #3 is the probabi l -  
ity to count  these measured  n + in the fi t t ing 
procedure.  

~ can be ob ta ined  f rom a measurement  by the 
CLEO Col labora t ion  [6]  at x /~=  10.55 GeV of  the 
cross section 

a ( e + e  - ~ D  *-+ + X with D *+--,D°n + ) 

and averaging over  two decay modes  o f  the D O meson 
(see table 3):  D ° ~ K - n  + and K - n + n - n  + using the 
branching fract ions o f  the D O measured  by M A R K  
III [ 11 ]. This  probabi l i ty  does not  depend  on a mea- 
surement  of  the branching fract ion of  the decay 
D *+ --,DOn +, nor  on the rat io of  vector  to pseudo-sca- 
lar charmed meson product ion.  Fur the rmore  the 
above cross section was measured  for the con t inuum 
with a k inemat ic  constraint  forbidding the detect ion 
of  charmed mesons in Y (4S)  --, BB events. The prob-  
abil i ty thus ob ta ined  is ~ = 0 . 3 0 8 + 0 . 0 4 6  at x/Q= 
10.55 GeV, in agreement with the value 0.315 + 0.046 
deduced  from the HRS exper iment  at x /~=  29 GeV 

Table 3 
Computation of the probability ~l (cc --'D*-++X with 
D *÷--,D°n + ) from CLEO results at x/s= 10.55 GeV [6]. 

[ 8 ] but  where the error  on the cross section o fce  pro-  
duction,  including the b ~ c  t ransi t ion,  is not  quoted.  
In the following, the value ~ = 0 . 3 1  +0 .05  is used, 
with the assumpt ion  that  the f ragmenta t ion rate o f  
charm into D *÷ does not  change from 10.55 up to 91 
GeV center-of-mass energy. 

The probabi l i ty  #2 to reconstruct  and  select n + me- 
sons with our  cri teria descr ibed in section 3, is de- 
duced from the Monte  Carlo s imulat ion:  #2=0.27  + 
0.02. The ma in  causes of  loss are the m o m e n t u m  se- 
lection o f n  + between 1.5 and 2.5 G e V / c  and the re- 
qui rement  that  the n + is inside a je t  free from hard 
gluon radiat ion.  The error  takes into account a shift 
o f  + 10% in the m o m e n t u m  of  the n + f rom the un- 
certainty in the f ragmenta t ion function of  the charm 
quark. 

The propor t ion  ~3 of  these n ÷ mesons which are 
finally f i t ted from the overall  p2 d is t r ibut ion  is also 
taken from the s imulat ion #2 = 0.78 + 0.05, where the 
error  reflects an uncer ta inty  o f  5% on the slope B of  
the signal shape. 

Final ly the impor tan t  assumpt ion  is that  the only 
cont r ibut ion  to the observed accumulat ion  of  tracks 
at low p2 comes from D * + - , D ° n  + decays occuring 
in ce events. The background from the other  quark 
flavours, including bb, is evaluated with the Monte  
Carlo s imulat ion ( table 1 ) and  t ransforms into an 
18% systematic error  on the f i t ted value of  Ns. The 
electron background is negligible within the cuts be- 
cause, according to the s imulat ion,  their  p2  slope is 
large and a var ia t ion of  + 20% of  their  amount  would 
change Ns by only _+ 1%. 

The resulting cross section rat io is thus 

~1 = 0"O* 
R~ × a ° = 0.308 + 0.046 

where 
R°=a(e+e- - , ce ) /a (e÷e- -~hadrons )=0 .37+O.02  [6] 
a° =a(e+e--,hadrons) =3.33+0.05+0.21 nb [6,12] 
a°, =a(e+e - --,D*+ X with D*+--,D°n +, or D*- --,I)°n - ) 

= 0.379 + 0.046 nb 

a°. is computed from measurements shown below. 

Rce= 0.162 + 0.030 (s tat . )  + 0.050 ( s y s t . ) ,  

where the statist ical  error  results from the fitting pro-  
cedure and where the var ious  contr ibut ions  to the 
systematic error  are l isted in table 4. 

The predic ted  value of  the s tandard  model  for the 
rat io of  the par t ia l  width Fcc o f  the Z ° into c~ to the 
total  hadronic  width Fh is [ 13 ] 

Decay mode ofD ° B tr°, (pb) a) Branching fraction B b) 

D°~K-n + 17.0+ 1.5+ 1.4 0.042+0.004+0.004 
D°---,K-n+n-n + 33.0+3.0+1.8 0.091+0.008+0.008 

a) Ref.[6]. b) Ref. [11]. 

Fc._.Ze =0.171 ( S . M . ) .  
rh 
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Table 4 
Contributions to the systematic error on F~.IFa. 

Contributions Systematic error 

ratio of global efficiencies ehltce + 0.001 
probability (ce~D *+ with D*+~D°x + ) +0.026 
reconstruction and selection ofTt + mesons +0.012 
shape of the signal in fitting procedure + 0.010 
choice of the background shape + 0.027 
background from other quark flavours + 0.029 
electron background + 0.002 

total __ 0.050 

6. Conclusion 

An inclus ive  analysis  o f  Z ° - - c e  even ts  has been  

p e r f o r m e d  at LEP  us ing the  low m o m e n t u m  and  low 

Pw n -+ mesons  p r o d u c e d  in the  decays  o f  c h a r m e d  me-  
sons D *+ --DOn + and  D * -  --,Don - .  Assuming  tha t  in 

ce even ts  the  p robab i l i ty  o f  p roduc ing  such a low mo-  

m e n t u m  n -+ f r o m  D *± decays  is 0.31 + 0 . 0 5  [6 ] ,  the  

par t ia l  wid th  rat io  is found  to be  

fc.£ = 0.162 + 0.030 (s ta t . )  + 0.050 (syst . )  
Fh 

in ag reemen t  wi th  ano the r  m e a s u r e m e n t  [14]  and  

with  the  s t andard  m o d e l  p red ic t ion  o f  0.171 [ 13 ]. 

F r o m  our  p rev ious  m e a s u r e m e n t  o f  the  total  had-  

ronic  wid th  [ 2 ], 

F h =  1741 + 6 1  M e V ,  

we deduce  the  Z ° par t ia l  wid th  in to  c h a r m  qua rk  

pairs: 

Fee = 282 + 53 (s ta t . )  + 88 (syst . )  M e V .  
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