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A Measurement of D Meson
Production in 70 Fladronic Decays

DELPHI Clollal>olation

Abstract

A stuch' of the fi'agilenta,tion ploperties of chalrn ancl bottom cSrallis into D
mesons is presentecl. Flom 263 700 Z0 haclronic clecavs coilectecl in 1991 rvith the
DELPHI cletectol at the LtrP coiiicler'. D0. D+ ancl D** a,re LeconstLnctecl in the
mocles li-zr+, Ii-n+n+ ancl Doir+ follou,ecl bv D0 -+ Ii-n+. respectir.eli'. The
flactional clecav rviclths l(Zo -+ D/D-{)/f6 ale cletelminecl. anci fir'st results
ale presentecl fol the procluction of D mesons flom cc ancl bb evertts separateh'.
The arrera,ge enelgv fi'action of D*+ in chalm cFralk fragmentation is founcl
to be ( -{s(D.) ).: 0.487 + 0.015 (stat) + 0.005 (s".'s). Assuming that the
fi'action of D" ancl cha,r'm-barvons ploducecl at LEP is similar to that a,rouncl

10 Cle\'. the Zo partial u,iclth into chalm cpra,r'k pairs is cletelminecl to be l./16 :
0.187 + 0.031 (stat) + 0.023 (sl's). The plobabilitv for a b qnalli to fi'a,gment
into B, ol b-l;alvons is inferlecl to be 0.268*0.091 (stat)+0.100 (svs) from the

mea,sulecl plol>aliilitv that it flagments into a B0 ol B-.

(To be submitted to Zeitschrift fùr Physift)
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1 Introduction
D mesons aLe knoq'n to be alruncla,ntl.r' ploclucecl in the fi'a,gtleuta,tion a,tici clecav o{'

c ancl b clualks. The cliarm cllrarli fiagments clilecth' to the D. u'lieleas the ltottout
cpralli fragments first into a B u'hich snbsecluentll' clecavs to a, D. This cliffelence in
the haclronization leacls to enelgetic D mesons flom plimarv charm clttalks a,ucl a softer
sirr:ctmm from bottom cpra,rlis.

An analrrsis of the plocluction of D0. D+ ancl D** rn"*onst is plesentecl using Z0

liach'onic clecavs coilecteil in 1991 at LEP u'ith tlie DELPHI cletector'. Clharmecl nlesons

a,re r-econstructecl in the follon,ing channels :

- D"+ -+ DOn+ follou,ecl bi' D0 -+ Ii-;r+
- Do -r ii-zr+
- l)+ -+ Ii-zi+;r+
In the Iast tu,o channels. the ka,on is taggecl bv the iouization mea,sltrelnents uracle in

the Tirne Proiection Clharnber. Tire silicon stlip Veltex Detectol helps sepalate plimalv
anci seconcla,rv rrertices ancl impror.es the mornentum lesoiutiou of chalgecl palticles.

Aftel a brief clescriptior of the cletector'. the selection of Z0 hach'onic events ancl the
\Ionte (1a't-lo simulation a,r'e preselltecl in section 2. The rnethocls for veltex lecoustr-uction
ancl the selections ma,cle for the va,rions D rnesons ale cletailecl in section 3. In section 4

the results of the fits to the D meson energv spectla a,re gir,en ancl compalecl in sections 5

to 7 u,ith 1>r'evions a,na,h'ses Pelfolrnecl a,r'onncl the Ta5.

2 The Detector, Event Selection and Simulation
A clescription of the DELPHI apparatus can be founcl in lefe'-ence [1]. Onh' tlacking

cletectols fol chalgecl palticles rveLe Lelerra,nt fol the present anal-r'sis : the \tertex De-

tector'(\'D).the Innel Detector'(ID). the Time Plojection Clharnber'(TPC'), the Ottter
Detector (OD)and the Foru,alcl Clharnbers A ancl B (FCIA. FtlB). The coolclina,te svstem
is clefinecl ll' the polal angle d to the electlon beam clilection. :. the azimr-rthal angle o
ancl the laclius R.

In l1)91 the \ertex Detector consistecl of thlee lal"ers of silicon. at laclii 6.3 cm. !).0 crr
ancl 11.0 cnr. The la,-r'els allou'eci Ro coolclinates to be measlrlecl o\,'er a, length in: of
24 cnr. ancl clefinecl an acceptance for polal angles of 27-11'-130. 37-1430 ancl .12-1:]80 fol
hits in tire first. seconcl ancl thilcl la\.er". respectirreh'. The lesiclual of a hit in the innel
lavel relative to a cirargecl palticle u'itli hits associatecl in the outer lavers rvas measurecl

to have an average lesoltttiou of 9.0 1rm t2].
The TP('. the plirrcipal tlacking clevice of DtrLPHI is a cvlinclel of 30 crn innel laclius.

122 cm outel laclius ancl has a length of 2.7 m cliviclecl into trn,o hah'es seira,ratecl lrv the
high r,'oltage plane. Each half is cliviclecl into 6 sectols. each rvith 192 sense rviles ttsecl fol
tlre palticie iclentification. The clÛ ld.r enelgv loss of a chargecl particle is measulecl bv
these niles as the 80 % tlnncatecl rnean of the amplitucles of the s'ile signals. Accolcling
to the stuch'plesentecl in section 3.1 fol palticles fi'orn D0 cleca"vs. the tlEf clr r-esolntiou
has been measurecl to be 7.5 %,. Hou'eveL 2it %, of chargecl particles q,ith momentunr
a,bo'n'e t GeV/c have no dE f dr infolmation because thev ale too close to another tlack
or have too ferv r,r'ile hits (a minimumof 30 n'ires n'as recFrirecl).

TThroughout the papel charge-conjugate states are implicitly itrcluclecl
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B1' Lrsing the combinecl infolrnation flom OD+TPC'+ID+\'D tracliing cletectols a,

lesolntion of 3.ir % on o(p\ fJ) \\'as obtainecl for' .lir (ie\'/c mnons. Chalged particles u'ele
reta,irrecl if thev satisfiecl the follou'ing sc'lection c'literia :

- monentum betneen 0.4 (ie\'/r'ancl .-r0 Ge\-/c :

- relative elroL on nrornentun] measurement less than 100 (Z;

- rnore tiran :J0 cm tlacli lerrgth in the TPC:
- clista,nce to tire nominal interaction point along tire bea,rn clilection belou' 10 cm;
- plojection of impa,ct pa,rameter lelative to the intelaction point in the plane tra,ns-

verse to the bearn clirection less thatt -1 cur.
These selections allou, a leliable measulement of the multiplicity ancl momentum of

the chalgecl particles. Haclronic events r,l'ele then a,cceptecl ll' r'ecpriring :

- fir'e or' rrrore chalgecl palticles;
- total eneïgv of the chalgecl palticles gleatel than 12 % of the centle-of-r]:lass energ-\r"

assurning all chalgecl palticles to be pions.
A total of 250 500 irach'onic events lvas -qelectecl fi'orn the 1991 cla,ta sarnple a,t centre-of-

ilrass erleïgies betrveen 88.2 CieV ancl 9-1.2 Cie\'. This corlesponcls to 263 T0A Zo hach'onic
cleca-r.s u,hen collectecl fol the selection efficienc-l'rvhich u'a,s cletelminecl ll' N'{onte Clallo
simulation as clesclibecl belou,.

Sirnulatecl hach'onic events har.e been genelatecl using the Luncl Palton Shou,el \Ionte
(lallo ploglam [3]. The flagrnenta,tion pararneters of the simulationT neïe tunecl fi'om
varions event-sha,pe clistributions obselvecl in DtrLPHI hachonic final states [4]. The
fragmentation of c a,ncl b cpallis was clescribecl in the Luncl stling fla,grnentation rnoclel
ll' the Peterson fi'agmentation function [5] :

1Dr(:) \ffi (l)

u'here , : (E I pt)n.a.""/( E * p),t=,5, pi being the longituclinal momentum lelatir.e to
the cprark axis. For' b cprarli fi-agmentation. the Peterson coefficient sl, : 0.00813 33Ï *,ot
usecl [6]. The a,nah,sis pr-esentecl in section -l clescr-ibes the mea,sulement of the Petelson
coelficient. s.. fol c cprarli fi'agmentation.

Onl1, D or D* nlesons u'ere proclucecl in the cha,r'm c1-ralli fi'a.gmenta,tion. or in B meson
cleca,1r. rvith a rate D./D : i3. No D** proclnction n,as consiclelecl. a1>alt frotl a 20 %,

contribution in B nleson semi-leptonic clecavs. The D** contribution in the chalm cpralli
flagmentation ancl in B meson cleca,r's u'ill be discussecl in section 5.

The events r'r,e'.'e follorvecl through the detaiiecl cletectol simulation DtrLSI\I [7] u'hich
incluclecl simulation of seconcla,rv intelactions ancl cligitization of all electronic signals.
The simulatecl clata u'ele then processecl through the same analt'sis cha,in as the leal
clata. Tire Zo hach'onic clecat' selection effrciencv u,as thus estimatecl to be 95.0+0.{ %.
A total of 700 000 Zo hach'onic events u,as simulatecl fol lrackglouncl stuclies. ancl 10 000

events \veïe gener"atecl in each D0. D+ ancl D** cleca,r' channel in olclel to estimate the D
meson a,cceptance ancl reconstruction efficiencl'.

lThe relevant par-ameters were : effectiv" Â,J,-.n = 255 \,le\r'. invariant mass cut-off Q6 = 1.13 Cle\t'/c2, transverse
momentum spread o(7:7) - 0.395 ç.1t'/.- for prirnary hadrons: the fi'agmentation of light cluark {lavours was desclibecl by
the "symmetlicLuncl fragmentationfunction" w-ith coelficients o = 0.18and ô:0.34 GeV-2.
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3 Charmed Meson Reconstruction
The analvsis of chalrnecl mesorls u,as basecl on the sepa,r'a,tion betu,een Plitna,r'r' a,trcl

secorrclar'1' r,eltices a,ncl on kaon assigiunent using the dE f dt informatiou. A more cletailecl

clescliption of the D meson Leconslruction is pleserttecl in sections:J.l to:1.3. Ollv the
palt common to each ana,lt'sis is summaLizecl hele.

The mean transvelse position of the beam. lnou'n fol ea,ch fiii. u-as aclclecl as a con-
stlaint into a pr-imar-r' r'eltex fit. The mea,snlecl r'.ur.s. rviclt,hs of tire bea,m spot in the
horizontal ancl veltical clilections \\,el'e 150 ;rm ancl 20 frn]. respectiveh'. ('halgecl palticles
n'ere assignecl to the plintar)' intelaction veltex bv a tu'o-stage impact pa,r'auretel cut :

fir'st a loose cut (0.75 cnt) nith respect to the l>eam spot. then a tightel one (0.30 cm)
u'ith lespect to the veLtex flom the fir'st itelation.

Depencling on nhether the D0 ol D+ clecal'final state nas consiclerecl. a li-zr+ or
Ii-;r+n'+ combina,tion \va,s selectecl to compute a seconcla,Lv veltex in space. The D0 ol
D* monenturl was calculatecl ll' the snrn of the momenta of the clecav ploclucts flom
tiris seconclarv rreltex. Clhargecl palticles u'ere consiclerecl if thev hacl tnomenturn altove

1 (ie\"/c. ancl the energv fi'action, ,{r(D) : E(D)lEt"u,n. of the D meson n'as recFrilecl

to exceecl 0.lJ-r.

As tlie fittecl ver-tex positions was most plecise in the Rri plane. the clistance betr,l'een

the plimalr.ancl seconcla,r'\'r'ertices was calcnlatecl in this tlansr.erse plaue. This cljstance
u,as given the same sign as the scalar p-,.'oclr-rct of the D rnomenttiur n'ith tlte vector joining
the plimary to the seconcla,-,.'v r,'eltices. Its length in spa,ce rvas then cotnl>ntecl using the
clilection of the D meson. This signecl appalent clecav length in spa,ce. -\1,. u,as lecprirecl

to lie betrveen -O.|r cm ancl 2 cm in ot-cler to eliminate poolll' Leconstructecl vertices.
lrsing the \ærtex Detector', clecav lengths can be rtteasurecl n'ith a t'esolution of about

300 pm in the transverse plane. ol a,bont 350 gm in space. This lesoltttiou is much
snrallel than the appalent clecav length of cha,rmecl I) mesons ploclttcecl in cE errents ol
in B rneson clecavs, rvhich are tvpicalh'betrveen 1.ir mm ancl:J rnnt at LEP enelgies.
The corrrlrinatorial backglouncl ca,n be lecluced bf imposing a cut on \Lf o, the signed

appa,rent cleca\, length cliviclecl bv it" measulecl ellol. An enlichecl sample of b]J events
u'as obtainecl as follou,s : the appalent plopel time 1 of a, lecoustt'uctecl I) uresott is clefinecl

as /: lI .r\/(D)lp?) rvhele nI(D) ancl p(D) are the ma,ss ancl tttornentttmof the D
meson. For a D meson fi'om chalm cgrark fragmentation. 1 is the D propel clecav time
ancl is on average 0.-12 ps fol D0 ancl 1.07 ps for D+ [8]. For a Do ot'D+ from B decar.. lI
is greatel than the D cleca.r' length u'helea,s the D ntomentnur is lou'er ou average than
fol cc events. This lesults in a,n a,ppalent pïopel time r,vhich is longer lhan the B plopel
tinre. a,ssnmecl to be 1.:3 ps or] aveïa,ge in the follou'ing [9]. Seiectitrg frcrur tire sirnulation
clecavs rvith an appalent pïopeï tirne gr-eater thau I ps rvoulcl r'etain !) % of D0 tnesons

fi'onr cFevents ancl 60 % of Do fi'om bb evettts: u'hereas a selectiou of grea,tet'than 1.5 1is

rvoulcl r'etain 25 ç/t of D* mesons from cEeveuts ancl 60 t7, of D+ flom bFevents.
In the folloiving. rvhenever the nor-malisecl clecal' length \L lo or the apparent propel

time l is considerecl, the \.,ertex Detectol is recluilecl to have been usecl in the tlacli fit fol
at least tu,o chargecl particles fi'orn the D0 or" D+ decart' candidates.

No palticle iclentifica,tion n,as appliecl in the D** -+ (Ii-;r+)n + clecav mocle, but this
chanriel rvas used to check the dElfu infolmation as shon'n in section :].1 ancl Figule 3

below. Fol the D0 ol D+ analysis. the mea,surecl dEf fu of the kaon cancliclate nas
recluirecl to be at least one stanclalcl cler.iation belon the theoretical enelgr' loss of a pion.

The numl>er of leconstructecl D mesons r,r'a,s obtainecl b1' fitting the invaliant mass (or'

the rnass cliffelence in the case of D.+) clistlibutions in clifferent -{s intervals.
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3.1 D** _+ (Ii_r+;6+
The selection cliteria for the clecav D** -+ DOz'+ follou,ecl ll'D0 -+ Ii-;r+ r:eliecl

mainh' ou the small rnass clifferellce betu'een D** a,ncl Do mesons. ancl on tire peculiar
liinematics o{'the pion frorn the D"+ clecar'. heleaftel callecl the bachelor' 1-rion.

To leclr-rce the cornbinatolial bacliglonncl. the angle d* l;etrveen the Do flight clilection
ancl the liaon clilection in the D0 r'est frame u,as rec|-rilecl to satisfv the conclition cos 9* >

-0.6, -0.8. -0.9 for' -X6(D.+) in the range 0.15 - 0.25. 0.25 - 0.5. 0.,'r - 1. respectir.eh'.
For genuine D0 cancliclates an isotlopic clistlibution in cos 9* is expectecl u'heleas the
bacligrouncl is stlongll' peakecl in the bacllr,a,rci clilection.

The mass cliffelence _\i-[: l11"po"tr+)- 1111"p0") rvas computecl bv ac]cl'ng in tnln
all possible bachelor- pions to the "D0"' cornbination. rvirele "D0" refers here to canciiclate
Ii-;r+ pails u,ithout theil ma,ss being constlainecl to the D0 nla,ss. In olclel to leject
poolh' mea,snled tlacks. oniv chalgecl palticles n'itli a,n impa,ct pa,r-arneter lon'el than
0.3 cm n'ith lespect to the prima,r-r' r'ertex u'ere reta,inecl as bachelol pion cancliclates.
The four-momentum of these cancliclates rvas calculatecl aftel the plina,rv r.ertex fit.
These lequirements irnprove the -\;11 resolution ancl the signal-to-noise ratio r'vithout
loss of genuine D** from B clecar.s. The bachelor pion rnorlentum hacl to be betrveen
0.;3 Cie\'/cancl 4.,5 Ge\'/r:. colresponcling to -{E(D-+)betu'een 0.1J-i ancl 1.

The inr.ariant mass (Ii-r+) ancl tire mass cliffelence -\I1 ale shon'n in Figures l(a)
and (b). r'espectivell'. The mass clifference clistlibution is given fol a (Ii-r+)mass iuter'-
r.al betu,een 1.79 (ie\'/c2 ancl 1.9r1 (ie\'/c2. The (Ii-zi+) ma,ss is gir.en fol\;11 betu,een
0.1.135 Ge\'/c2 ancl 0.i-175 Cie\r/c2. The hatchecl histogla,ms (-s62,lsd up bv a factor'2)
ale the same clistlibutions for' -{s a,bove 0.55 u,het.'e the combina,tolial backglouncl is

significanth'r'eclncecl. The (ii-;r+) rnass clistlibutiorl \va,s fittecl b-r, u"ing the follor,r'ing
contributions : an exponential furrction fol the combinatorial backglouncl. a Gaussian
function for the D0 -+ Ii-;i-+ events, ancl a palametelization flom the Nlonte Clarlo simu-
lation of the D0 *+ Ii-n+(r0) contlibution r.vhich a,ppeals as a shonlclel belou, 1.7 (ie\'/c2.
The mea,surecl {Ii-zi+) mass is 1.8J-r9t0.00;3 tie\'/c2. al,rout tu,o sta,nclalcl cler.iations lon'eL
than the erpectecl Do rnass [8]. ancl the expelimental -,.'esolution is 2-1*3 \'Ie\'/c2. This
mass shifI, rvhich is also obselr.ecl fol the ciirect D0 anah,sis (see sectiou 3.2) ancl rvith
less significance fol the D+ (see section 3.3). coulcl be clue to resiclua,l alignment elrors of
the cletectols usecl in the tracking.

The signal in the rnass clifference clistlibutiorl \\ras describecl bl' a Gaussian function.
ancl tlre l>aciigrourrcl lx'the fr-rnction cr(-\jl/ - ntn)it . In olclel to have a better clescliption
of the bacligrouncl. especialh, at lorv -X6'. tire exponent i3 rva,s cleter-minecl using trn'o

clifferent backgrouncl estirnates :

- Iri the fir'st ca,se the uppel sicle bancl (2.1 tle\'/c2 to 2.lt Ge\'/c2) of the (Ii-;r+) mass
ciistlibLrtioll \\'a,s usecl n'ith the same selection clitei-ia as fol the D*+, r'ielcling a valne for
,,J of 0.-1.1 f 0.02.

- In the seconcl case onh' palticles u'ith charge opposite to the bachelor pion n'ele
lecinirecl in a (Ii-zr-) rnass combination: the selections in cosd* ancl in clistance ire-
tn'een veltices \vere rerflovecl. ancl the (Ii-zi-) rnass combinatiorl \va,s taken betlveen
1.80 Cie\'/c2 a,ncl 1.92 Ge\r/c2. The obtainecl l'alue fol,l3 was 0.43 * 0.02.

The fitiecl palametels weLe thus the nolrnalisa,tion, the centra,l r'alne and the u,iclth of
the Gaussian function. a,ncl the normalisation o of the ba,cliglouncl. The ctlr\re plesentecl
in Figule 1(b) is the result of a fit obtainecl l11r 21,'s12c'lng the high rnass ancl the same
sign backglouncl sha,pes. \\rithin statistical ellor both choices of the exponent i/ leacl
to compa,tible numbers of D** : 361t25 ancl :15,-rf25. countecl rvith the high (Ii-;r+)
rra,ssa,nclwiththe(Ii-zr-)massba,cliglouncls.r'espectivel)',for'-{6(D.+)above0.15. The
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fittecl value of l,i/ is 0.1.15:1t0.0001 Cie\'/c2 in goocl agreenent n,itli the (D.+ - D0)

mass clifference 18] ancl the resolution is 0.S*0.1 \Ie\'/c2.
FigLrre 2(a) clisplal's the erperimental appalent plopel time clistlibution fol l)o fi'om

D"+ u'itir -{r(D.+) a|ove 0.llr ancl q,ith the trl'o tlacks of the D0 having hits in the
\rer-tex Detector'. The estinatecl ltacliglounci. as clefinecl pt'erriouslr.. has lteen sttbtlactecl.
This clistribution (clata points) erhibits a tail at large positive ploper time rvhich is not
clesclibecl bv the clistribution of D0 in sirnulatecl cEevents (clashecl histoglant). This tail
is close to the D0 apiralent plopel time clistlibution from sitnulatecl B clecavs (clotted

histogram. u,ith a B lifetimeof 1.3 1is). Figule 2(b) clisplai's the nor-malisecl clecal'length
\L I o fol the same D0 cancliclates. The surn of cE arcl bb contlil>tttions (solicl histograms)
clesclibes the experimental clistlil>utions s'ell. Here the lelative plobabilities fol b ancl

c clnarks to fragment into a D** mesol] a.re taken as P1,*p*+ lP,--+o*+ : 0.E7. as cprotecl

in Table ,{ belou,. Selecting D.+ rvith a Do appalent plopel time gleatel than I ps. as

cliscussecl pler.ioush'. r'eta,ins 12il*15 D*+ oliginating mainh'frour B meson clecavs.

Tlre nreasurecl dEf dr clistlibutions fol pion ancl lia,on candiclates from Do mesons itt
these D** clecavs are pïesentecl in Figure 3 as a, function of the palticle montetttum. The
olrserved ionization loss is in goocl agreernent rvith the erpectation. Tlie nlean clE f dtr {or
a lia,on u'ith rnomenturlabove 3 Cie\t/c is about 1.6 stanclalcl cler.iations ltelon'the mean

dE lfu for a pion.

3.2 p0

The selection criteria fol D0 -+ Ii- n* cleca,r's u,ele similal to those alreach' plesentecl

fol the D0 flom D*+ cleca"v. but the liighel combinatolial bacliglottncl lecprilecl in aclclition

the follou,ing constraints :

- Each palticle rvas recprilecl to hale associatecl hits in the Veltex Detector'.

- At least one particle hacl to be measulecl irr the Outel Detector. This lecluilement
irlprovecl the invaria,nt ma,ss lesolution ancl the signal-to-noise r"atio.

- The tlE f dt information fi:om the TPCI was nsecl to select the kaon cancliclate. as

clefinecl above. This leclucecl the "Ii"zr cornbinatolial bacligrouncl by a 1âctor'3.'l ancl kept
alrotrt 70 (X,ol the genriine Do -+ Ii-n+ . rl,lten the clEf d.r infolmatiolt \ryas availabie.

- The 12 probabilit-r'of the fit of tlie Ii- ancl n+ cancliclates to a seconclar'\'r'er-tex in
space haci to be lar-gel than 1 %,.

Trvo event samples r,r'ele then selectecl :

1 . A fir'st sa,mple r,r'here the nolrnalisecl clecav length \L I o rvas lecluir-ecl to be a,bove 1.

In the simnlation . B y( of D0 fi'om cE errents ancl 9-l (/c, of Do flon blt evettts u'ele

retainecl r,r'ith this selection.
2. A bE enrichecl sa,rnple. obtained bl' recluiling that the D0 appar-ent plopel time q'as

greatel than 1 ps. This ploceclure lecl to the lejection of 91 7r of Do fi'orn cE events.

Dtre to the cliffelent plocluction lates ancl selection clitelia . 30 y,'of the D0 sarnples \\'ere

estimatecl to be also incluclecl in the previoush' clefinecl D*+ sa'rnple.

The (Ii-zr+) mass clistribution with lLlo above 1 is presentecl in Figule 4. A fit u'as

pelfolmecl rvhele the combinatolial backglouncl r,vas clescribecl bv a,n exponential function,
the D0 -+ Ii-zr* events wele assignecl a Gaussia,n shape, and anothel C,la,ussian function
of r.rn.s. lviclth ttO 14"[-/r:2 clescribed I5 %' of incorlectll, assignecl Ii+zr- pails n'here the
*kaon" cancliclate also fulfiliecl the dEf cl,r constlaint. The Do -+ Ii-n+(;r0) contribution.
n,heLe the a-0 rva,s not obserr,'ecl, \\ras pa,r"alnetelizecl accorcling to the simulation b)'fixing
the r.atio (Do -+ Ii-zi'+no)/(Do -+ Ii-n+) to 1.8. the reiative branching fraction ancl

I-J Ir. 7l'
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accei)tanceof the Ii-zi'+n0 clecav channel. The measnlecl D0 mass is 1.860+0.002 Cie\'/c2.
the (Ii-;r+) mass lesolution is 12*2 Nle\i/c2 and:ltj9t-10 D0 ale lecoustluctecl. The
hatchecl histogram (scalecl up bv a factor'[i) colleslroncls to Ii-n+ pails n'ith -Ts above
0.5it : the (Ii-ir+)mass resolntion is about :10 \Ie\'/c2 a,ncl 90+14 D0 a,re fittecl rvith a

bettel sigital-to-noise latio. Recpriling an al)parent proper time greatel than I ps letains
1.59*2J-r l)0 nresons lr'ith -{s above 0.15.

3.3 D+ -+ Ii-r-;r+
Clornl>arecl to the D0. the D+ -+ Ii-zr+;r'+ clecal'suffers from a higher combinatolial

backglouncl. but l>enefits fi'orn the longel D+ lifetime ancl fi'om the nniclue liaon assign-

ment in the thlee-particle combina,tion. Sliglitll'clifièr'ent selections n,ele thus appliecl fol
this deca,r' channel :

- At least trvo palticles n'eLe recpilecl to ha,r.e associatecl hits in the \elter Detector.
- The rnomenta of the liaon anci pion canclicia,tes hacl to exceecl 2 Cie\'/c ancl 1 (le\-/c.

lespectivelr'.
- The impact para,rneter of each track rvith respect to the seconcla,rl' r'eltex hacl to be

lou,el than 100 trlrn.
- For'-Ys belon, 0.55. the liaon hvpothesis r,r,a,s a,ssignecl using the dEf rk infolrnation.

This recprilenent r;r'as not llecessaLv above 0.5ir clue to the lou,eL bacligrouncl.
Tr,r,o evertt samples ruere then clefinecl :

1. A first sample u'here the nolmalisecl clecav iength JLlo rvas lecprilecl to be above 3.

This cLrt r-etains 6S) 7t, of D+ florn cE errents ancl 90 t/r of D+ fi'om l>6 events.
2. A b5 enrichecl sample, obtainecl bv lecluiling that the D+ appalent propeï time u,a,s

gleater than 1.5 ps. Tliis cut lejects 75 % ol D+ fi'onr ce events. As the D+ lifetime
is close to the B lifetime. the bb puritl- of this sample rvas rvealiel tha,n in the
Do anah'sis.

The invariant ma,ss clistlil>ution (Ii-r+;r+)for the fir'st sa,mple is siror,r'n in Figr-rle J-r. The
D+ signal..-r39t52 events. nas fittecl rvith a lineal backglonncl ancl a, Gaussian shape

for the D+ peali. Those Ii-n+ii+cancliclates compatible n'ith a D-+ + (Ii-"+)n+ clec'ar'

were ïernoved. The fittecl D* ma,s-* is 1.867*0.002 Ge\'/c2. cornpatible rvith the erpectecl
va,lne [8]. and the resolution is 2A+2 \'Ie\'/c2. The hatchecl histoglarn (scalecl np bv a fac-
tor 2) corlesponcis to (Ii- irtirt )events with -Xs a,bove 0.55. u'helethe dE f d;r infoltna,tion
is rrot usecl : the (li- irtir* ) mass lesolntion is al;out 23 \Ie\'/c,2 ancl 247f28 D+ are fittecl
u'ith a lou'r.r'l;acliglouncl. ReclLriring an appalent prol)eL time grea,tel than f .ii ps reta,ius

205f28 D* nresons rvith -ls al>ove 0.15.

4 Heavy Quark Fragmentation and D Meson Rates

The invaria,nt rna,ss spectr-a r,r,ele fittecl a,s desclibecl previouslf in eight -{6 intervals
ranging from 0.1J't to 1. The nurlber"of D mesons ancl theil efficiencies ale presentecl in
Tables 1.2 ancl:l for D*+. D0 anci D+. respectir.elr'. The ciuotecl elficiencies inclucle the
geonretlicai a,cceptance. the r-econstluction efficiencv ancl the clE f d,r constraint u,hich do
not clepencl on the oliginal cluar'lt flar.oul of the erient" ancl the selections on the nolmalisecl
clecal' length ol on the appalent propel time rvhich are cliffelent if the D meson is ploclucecl
in a cc ol a bE errent. In the follolving u'hen combining D*+. D0 ancl D+ samples. the
30 t/t of D0 cleca5rs. rvhich a,r"e also palt of the D*+ sampie. n'ill be incluclecl only 61.* it
the cprotecl r'esr-rlts.
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Fol each of the three D nlesol] t1'1tes. the -{p clistlibution ca,n be clesclibecl a,s the snur

of thlee contlibutious. accolcling to each cptalk flavottr' :

1 d,\r(D -+ Iin;r-) :2Bn li"o"Â,4.(-Yr) * i.P.rn F,,(Xa.e,,) f ilP5*ofr,(-{r. 'r,)] (2)
À2,, ,lXn

u'lrere 12,, is t,he nnrnbel of collectecl Zo liach'onic final statesl N(D) is the nttmbel of
measntecl D mesous, collectecl fot'a,cceptance a,ucl efficienciesi i.1 : fo/fn (cl:ucls.c.ll)
stancls for the nolmalisecl Z0 paltial u,iclth (i,,a" * j. -l- ll : 1), Bp is the ltlanching
fi'action Br(D -+ Iirrzr) (rr : 1.2): ,R.-+n a,ncl P64p ale the plobabiiities fol a c or a b
cluark to fla,grnent into a D meson. r'espectively; 11, is the fi'agurentation function fol each

cluarli flarronr.
tror light cluallis. f,.1, clesclibes the probabilitv to generate a D lneson aftel gluon

lacliation ancl corn'eLsion into a virtr-ral ce pair'. This contlibution is small ancl is cotlcen-

tlatecl at lou' -Y5 clue to the infi'a-recl clivergenct' of the gluon Blemsstlahlung spectlum.
In the follou'ing, tlie shape of i.a*Âa-(-{E ) rvill be talien florn the sirnulation. n'hele

< -{s(D) ).,.:,: 0.18 ancl u,ith a ra,te estirnatecl as .-r.0 * 2.5% of the chalm cFra,r'k la,te

j,,P.-iD.
Fol cha,rm ancl botton cprarlis. fl1=..u(-{a.s.,) inclucles the effects of initial state pho-

ton lacliation. gluon emission. the Petelson f-,-agmentation [5]. and B meson clecavs for'

l;5 eveirts. The fi'agmentation functiorrs Fo r'r'ele taken flom the simulation. Fol the
l;ottom cpralli. the Petelson coefficient s5 n'as fixecl to 0.00E. as cg-totecl in section 2.

Fbr each D meson type. an overall 12 fit rvas pelfoltnecl both to the {ïrll satnple (n'ith
onl,r' 2 \L lo selection for the D0 ancl D+ ) ancl to the sa,rnple with an apparent ploper'
time selection. The latter is conta,inecl in tlie former, ancl this wa,s taken into accouttt
in the fit. Accolcling to ecprations (1) ancl (2). the fi'ee parametels of the fits rvere : the
fragnrentation la,tes ^iuPr,-+oBn ancl 1,,4,*oBt, ancl the Peterson pala,tneter s. of the
charm clualk fi'a,gmentation function D.(:).

The -{r clistlibutions ale clisplavecl as full clots in Figules 6.7 ancl I for the D"+.
Do ancl D+ samples. r'espectivell'. The clistribution of D*+ mesolrs n'ith a D0 appalent
proper tirne longer than 1.0 ps is plesentecl as triangles in Figure 6. where the 9 %

fi'action of cc events has been snbtlactecl. This last clistribution is founcl to aglee n,ith
the b -+ D*+-{ \,Ionte Clallo pledictiorr lvltele t}re rrolnalisatit-,n is ol-rtained flom the fit
(clotted histoglams). It confirms that D mesons florn bF events have a softel spectrurl
than D mesons fi'orn cE errents (dashed histograms). A similar behar.ioul is observecl in
Figules 7 ancl 8 fol D0 ancl D+ nlesons. The D rneson clata (full clots) ale rvell fittecl bv
the sum of both cE ancl bb contlilrutions (solicl line histograns).

Clomparecl to the Do ancl D* channels. the D"+ clistlibntions have a, lou'el backgrouncl

ancl a bettel statistical a,ccurac\'. Fol this ïeasol]. the fit to tiie -Ys(D.+)clistlibutions is

usecl to cletelnine the Petelsol] parameter of the chalm clualli fi'agmentation fr-tttction :

..:0.07613:333 (stat)+0.004 (s),s) n'ith Âqcro:2r-r5 \Ie\' (3)

u'heLe the srrstematic erlol leflects the unceltainty 6n the bacliglouncl estirla,te. the ap-

parent propeï time selection ancl the Eu unceltaintl'. but cloes not inclucle the choice

of the other flagmentation parameter"s of the simulation. llsing 5r, : 0.00S13.33i [0],
tlre ratio s6/s. is founcl to be 0.11133â, in a,greement rvith the expectation (nr./Itty,)2 -
0.09 + 0.03 [5] n'here the eva,luation of the c ancl b c1-ralii masses from 

'-eference [8] is usecl.

From the fittecl €. r'alue. an ayelage -{6 for D** frorn cha,rm fragmentation is founcl to
be : 

( -ys(D.) ).: 0..rBT + 0.015 (stat)* 0.005 (s-r,s) (4)
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u'hich is less sensitive to the fragmentation pala,meter"s. This lesult is in agt'eement u'ith
plevions a,nah'ses at LEP [10] [11]. The measnlecl s. fï'om l)*+ q'a,s usecl to clesclibe the
shape of the chalrn cpralli fi'agmentation {ïrnction into D0 ol D* nresons.

The D mesol] procluction la,tes ale plesentecl in Table 4 together rvith tireir statistical
anci s1'stematic ellols. Fol the fir'st tirne at LEP. thet' ale measulecl for charm a,ncl l>ottour
clnarks sepalateh'. ancl inclucle D0 a,ncl D+ ploclr-rction. The Z0 clecav ra,tes iuto D rnesons

are the surn of ucls. c a,ncl l; cprarli contlibr-rtions. The Z0 ancl the chat'rn clttalk clecav

lates into D** ale in goocl a,gleement nith the values given in leferences [10] and [11].
Takilg the Stanclard \Iodel va,lnes j. :0.171 ancl il,:0.220. the n,eightecl a,r'ela,ge of
tlre rrreastrrecl latio Br-+n f Prap is :

R;-+D

Pr-" ): 0.76 t 0.1.-r (stat) t 0.06 (sr.s) (5)

It is somenhat lou,er than the va,lne of 0.9ii flom tire simulation. The cliffer"ence coulcl be

clne to a loneL flaction. .fa(lr), of b clualks f-,.'a,gmenting into Bo or' B- (see section 7). The
contlibution of b-baryon ancl c-balvon cleca-r's into D rnesolls lalgeh' ca,ncel in the ratio.
Hon,eveL some channeis. u'hich mal' be underestimatecl in tire sirnulation. exist only fs1

B meson cleca-r's (such as cFlesonances. D"Ii. À.p ol the b -+ r-r\\,'- transition). ancl rnav
explain the "chalm cleficit" u,hich has been ol>selvecl at the T4s [12]. In aclclition. the D
nleson selection rvitli -{s a,bor.e 0.15 coulci sr-lppless son}e D** contribution fi'otn b clttark
fi'agmentation.

The various contlibutions to the expelirnenta,l svstematic uncelta,int.\r are listecl in
Table .-r fol each tr'pe of D meson. The svstematic erlol on the Leconstluction efficiencv
lr'as estimatecl b1' r'a,rrring each selection clitelion both on the clata ancl on the NIonte (lalio
sa,m1>les. It is lalger for D*+. clue to the D0 anci bachelor pion selections. The unceltaintv
on the ba,cliglouncl estimate clesclibes obselvecl cliffelences in the simulation betu.'een the
fittecl numbe-,.' of D rnesons ancl theil erpectecl valne. In the case of D+ -+ I{-;r+n+. part
of the cliffelence is attlibutecl to the leflection of othel chalmecl hach'on clecar''s. such a,s

DJ -+ Ii+Ii-n+ or- ,\l + pli-;i+. The B lifetime nncertaintv affects the clata samples
s'heLe a selection nas appliecl on the nolma,lisecl clecal'length ol ol] the appat'ent proper
tinre. The liaon assigrnnent r-rsing dEld.r n'a,s nsecl fol the D0 ancl D+ sanrples oult'.

Ilsing tire D rnesor] branching fi'actions Bo : Br'(Do -+ Ii-n+) : 0.03ij5 + 0.0021.

B+: Br(D+ -+ Ii-;r+;r*) : 0.080 + 0.008 [8] ancl R*: Br(D*+ -] Dor+) : 0.ti81 f
0.016 113]. the fi'actional clecav iviclths of the Z0 into D nresons ale rneasulecl :

l(Zo -+ D.*-{;/fl, : 0.171 + 0.012 (stat) + 0.0i1 (svs.erp) + 0.011 (-*vs.Br)
-_^

f (Zu -+ D'/D"-{)/fh : 0.403 + 0.038 (stat) + 0.0:lE (svs.exp) + 0.023 (svs.Br') (6)

l(Zo -+ D+-X)/fh : 0.199 + 0.019 (stat) + 0.014 (svs.e.xp) + 0.020 (svs.,Br')

u.hele the branching latios into grouncl state D mesons inclucle the contlibutions fr-om

D*.
Sirnilai- ana,h.ses of D meson procluction har.e been publishecl on the scrte cleca)r chan-

nels a,t centre-of-rna,ss enelgies ar..ouncl the Ta5 : belon the BB thlesholcl for the charm
cpralli fi'agmentation [14]. ancl at the T+s fol the B meson blanching flactions [15]. Thel'
are snmrnalizecl in Table 6. rvhele CILEO ancl ARGTIS branching ratios fol B mesons a,re

combinecl. in the following. the DELPHI ancl T4s rneasurements u,ill be compalecl.
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5 Discussion on Primary D Mesons

In this section. the natule of the 1;rinrarv D rneson nill be cliscussecl. Itr chalm cprat'li

fi'agntentation ol in B meson clecar.. tire prrrrrnt'y D can be a D**. a D* or a D tnesou.

Sul;secluentiv the D** clecavs iuto D* ol into D. \\'heleas D* bt'auching fractiolls are no\\'
accnlateh'mea,sulecl l1:l]. r'ell'iittle is knou'n abont D** 1>r'oclnct,iou ancl clecar'[1i;].

The diffelence betneen the D0 ancl D+ plocluction flactions alises flom the obselvecl

(D.+ -+ D0n+)flaction. )'-. lr'hile D"0 a,lrva,r's clecav to D0. If .[r(c) is clefinecl as tlte proba-
bilityfol a charrn cpralli tofi'agment iirto a plirnalv chalgecl D. D* ol I)*" meson (assutnecl

ecp-ral to.f"(c). similalh'clefinecl fol the flagrnentation to a nentlal D meson). then the
plobal>ilities fol a chalrn cprar'li to fi'agment into fnnl state D mesons ale explessecl as :

P,,aP*18* : )-.fa(c)

f,,-+Do : (l+l-).fa(c) (i)
P.+n+ : (1- )-).f.r(c)

in tlre absence of D** ploclnction. ). - B*Pt'u,here Pr' : I-l(I'-l- P) is clefinecl as the
latio of the plimalv vector' tneson late to the total prirla,r-r, r'ectorfpseucloscalar mesor]

late. ancl B* as the branching fi'action Br(D*+ -+ DO;r+).

In fact the flaction of D"* merions proclucecl clepencls a,lso on the probabilitr'. .f/. for'

a clra,r'm cparli to fra,gment into a D*** ancl on the average bla,nchiug fraction B** :
Br(D.* -+ D.+-{) (assurnecl to l>e iclentical to D*o-T clecar'). T}ien tire abor.'e set of
ecy-rations (7) r'emains valici if the obser-r'ecl D** rate is leclefinecl as :

\'- : B*lH(28-" - &.) + Pr'] (E)

u,heLe the sarne notation as in leference [11] is usecl. Therefole flour the meastiren]ent of
)'-. infonnation on D** a,s lvell as on P1- rna,r' be obtainecl.

The sa,me lelations (7-E) holcl fol b cpralk fi'agmenta,tion x,heLe.fa(c) is leplacecl b1'

./a(b).the ploballilitl'for a b cprark to flagment into a c.halgecl ol uentral B tneson
(assunecl to l;e iclentical). Hou'evel B. m.ror. anci l>balvons. proclttcecl u,ith a b fi'ag-
rnenta,tion pr-obabilitr' ./" +.f,to = 1 - 2.ft(b). ma,)' clecaf into final state D mesons. The
avelage blanching ratio of B. ancl b-ba,rvons decaving to I) mesons is assutnecl to be a

flaction b. of the B rneson blanching latio Br(B -+ D-\ ). Then./a(c) in ecpra,tion (7) has

to be leplacecl bv Br'(B -+ D-Y)[2.fa(lr) + 6,(1 - 2.fa(b))].
As a, cr-oss-check on this formulation. rvhen aclcling ce a,trcl bb contlibntious. the fol-

lorving ratio is founcl compatible rvitir the expectecl value of 1 :

t{zt -+ oo/Do-x) - t(20 -+ D+-{)
(e)

2f'(zo -+ D-+-Y)B-
: 0.88 + 0.19 (stat) + 0.17 (svs.exp) + 0.10 (s1's.Br')

rl,hele the last st'sterna,tic erlor.' inclucles the el'roï on the D0 ancl D+ blanching latios [8].
The obselvecl fi'action of D*+ ploclucecl. ) 

-. has been obtainecl frorn a 12 fit to ecpration ( 7 ).
for cE and bF events sepa,ra,teh' :

)'(.) : 0.367 + 0.056 (stat) + 0.021 (sl's.exp) + 0.027 (svs.Br) (10)

)-(b) : 0.377 + 0.060 (stat) + 0.031 (svs.exp) + 0.027 (s1's.Br)

These va,lues are close to those measulecl alouncl the Ta5 : )-(c) : 0.426 + 0.039 (stat)*
0.030 (s-vs.exp) + 0.028 (s.r's.Br) ancl )-(li) : 0.394 + 0.023 (stat) + 0.030 (svs'exp) *
0.027 (svs.Br) : see Tairle 6.
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In the absence of D"* plocluction ancl if Pr- is eclual to 0.75. the nairre sirin couuting
exlrectation. a valne of )- : B*Pt.:0.51 + 0.01 is expectecl. The va,lue of )- r,r,ouicl be

leclncecl to 0.:i-l + 0.01 if a value of Pr. : 0..-.r u,as useci. Both the Ta5 ancl DELPHI clata

favoul a, D** fi'action colresporrcling to P1' lorvel than 0.75 if thele is uo D** plocluctiou.
Hor,r'ever D** lnesons have been observecl lli;]. The nteasurecl valne of )- is compatiltle

n.ith Pr-:0.75 if the blanching fi'action B**: Br'(D-- -+ D.+-{) is ior.r'el than P1'/2:
0.i18. erccolcling to ecFration (8). Tiris ambiguitr.u,ill be lesoh'ecl n,ith mole acculate cla,tzr,

ancl clilect D** measulernents.

6 Measurement of the Z0 partial \Midth f./fn
The Zo paltial u'iclth into chalm cprark pails can be infelrecl flom the DELPHI ancl

CLtrO [14] nreasur-ements. In cE events fi'om Z0 clecavs. the fraction of D n]esolrs proclncecl

is plopoltional to f./fr, times the plobabilitv fol a charm cpralk to to flagment into a

final state D meson. n'heLeas onh, this probabilitf is invoh'ecl at ceutle-of-ma,ss enelgies
a,r'ouncl 10 (ie\-. Trvo rnea,surements of f./f1, r,r'ill be preseutecl, the seconcl one t'elving
on less albitlalv a,s-surnptions.

If the D**. D. a,ncl chalm-ba,rvon plocluction r.'a,tios are assunecl to be similal at LEP
enelgies ancl at aronncl 10 (ie\'. then combining tire D*+" Do ancl D* clecav channels
ieacls to :

(j.P.-nBo )orr,"", (11)
f6 (P.*nBn ).,r"c,

0.1tj1 + 0.020 (stat) t 0.0i9 (svs)

u'hele the svstematic unceltaintv is clominateèl b5' the 8.5 % normalisa,tion ttttceltaintv
of ClLtrO.

Since all D** cleca,r' into D* or D mesons (neglecting D** clecaf into D*Ii). then
f../fr, ca,n lte measurecl a,ssnming only 1|1u1 the plocluction of I)" ancl chalm-ba,rr''ons
bv plimar'1'cha,rm cluarks is eclual at LEP enelgies ancl at a,r'ouncl 10 Ge\' :

l.

l. (i.4,-+no * i.P.-+o+ )o""ont
f6 (P.-+no * P.-+n+ )a,"",,

0.187 + 0.031 (stat) f 0.023 (s-r,s)

(12)

If tlre flaction of D. (ol cha,r'm-balvons) rvas to diffel b1' I0 (ft at LtrP enelgies anci at
arouncl 10 Ge\'. the value of l.-/f6 rvoulcl change b-r'about 0.002 in ecpration (12). Half of
the svstematic unceltaintv is clue to the CILtrO nolma,lisa,tion. The errors on the D0 attcl

D+ blanching fi'actions no\\: contribute to the sl,stematic error. although thel' partiall5'
cancel in the latio. These rnea,snïements a,r'e in goocl agleemeut u'ith the Stanclarci hloclel
expecta,tion j. : 0.171.

7 Measurement of /i(lr)
tTsing sirnilal alguments to those a,llove, the plobabilitv .fa(b) fol a b cFtarii to fi'agment

-alinto B" (ol B- ) rneson in Z0 hach'onic cleca,vs ca,n be infellecl flom DELPHI ancl T4s [15]
il]ea,suïements. In the lattel cas., R ol b-ba,r'von procluction is hinematicall"r, folbiclclen.
ancl ./a(b) is 0.5 at the Ta5. Hence the plobabilit,r' fol a b cprark to fi'agment into a D
rrreson at LtrP enelgies can be explessecl as :

Pu,-nBn: Br(B -+ D-{)BD [].f.,(b) + 6-(1 - 2.fa(lr))] (13)
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nhere Bp is the blanching latio Br'(D -+ Iirzn) (ri : 1.2) ancl the fraction ô.. clefinecl

in section 5. is a,ssnmecl to be 0.1 + 0.1. 1'he branching fi'actions Ër'(B -+ D-Y)Bp ale
listecl in Table 6 fi'onr Tas clata. The lates B,-+oBo a,re meastlt'ecl in DELPHI and listecl
in Table 4. assuming the Stanclalcl \Ioclel valLre ir, :0.220. Then./.1(b) can be rneasnrecl

fol each D meson ancl a neightecl avelage value computecl:

./a(b)
1

t- (4,-,'oBo )ouro",

(4"1e -+ D-{)Bo)r_u -ô" (11)
2(1 - ô,)

: 0.366 + 0.047 (stat) + 0.048 (s).s.exp) + 0.015 (svs.6.)

in a,greement q'ith the i'a,lue./a(b) : 0.40 of the simnlation. Both DELPHI ancl Ta5 r'esults

contlibute a similal systematic uncelta,intt'. The probabiliil' fol a b cpralli to fr"agment
into B" ol b-balvon is inferlecl :

./"*./,r, : 1-2./d(b) (15)

: 0.268 + 0.094 (stat) + 0.096 (s).s.exp) + 0.030 (s1's.ô')

This measulement confinns a,ncl imploves a recent one basecl onll' on B -+ Df+,Y cle-

.ur.s [17].

8 Conclusron
From 263 700 Z0 haclronic cleca,\'s collectecl in 1991. charrnecl mesons \l'ere reconstmctecl

using the channels D0 -+ Ii-r+. D+ -+ Ii-zr+zi'+ a,ncl D** -+ D0a+ follon'ed b1'D0 -+
Ii-n+. The D rnesoil appalent proper time rvas usecl to select an errlichecl sample of B
cleca,r. events. Frrom the obsen'ecl -Xs(D) : E(D\lEu.^ clistr.ibutions. the plocluction
flaction of each D neson in Z0 haclronic clecat's is mea,sulecl fol the fir'st time for cE aucl

for bE events sepa-,.'ateh'. The relative prol>abilities fol b ancl c c1-talks to flagtlent into a

final state D rneson is founcl to be in avera,ge :

. PJ*o ): 0.76 + 0.15 (stat)* 0.0ii (s's)
Pr-+D

rrre a'era'" """': 
ïî ::ïiïlîï,:î,ïffi",*1,t"""'"" 

is or;tainecr

ancl the fi'actional cleca,r' q,iclths of the Zo into D rnesons are mea,surecl to be :

l(Zo -+ D.+,{)/fh : 0.171 + 0.012 (stat) f 0.016 (svs)

l(Zo -+ no/Dt,r;7r,, : 0.403 + 0.0:lE (stat)t 0.044 (sr'-s)

l(Zo -+ D+-{;/16 : 0.199 + 0.019 (stat) * 0.024 (s's)

lr,her..e the branching ratios into glouncl state D mesons inclucle the contliltutions f-,.'om

D*.
Clomparing these lesults for cE ancl bE events sepalatelv with those meastu'ecl alouncl

tlie Tas [14] [15], solr]e D** procluction rvoulcl be favonlecl w'ith a blanching flaction
Br(D** -+ D.+-{) lower than 0.38 if the latio P1. of plimaly vector rrresons to vec-
tor{pseudoscalal mesons eclua,ls 0.75. OtheLlr,ise a lo'n'er value fol Py n,oulcl be favourecl.
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Assnnting that the fi'action of plinralv chalm cluallis ft*agnrenting to D. aucl chaln-
balvons is eclual at LEP energies ancl at alonncl 10 (le\'. the Z0 paltial u'iclth into c'halm
cpalk pails is clr:telmitrecl :

f,,
0.187 + 0.031 (stat)* 0.023 (s1's)

11,

Assuming the St,anclarcl \'Ioclel valne fr,/fr, :0.220. the probabilitr'./a(b) for a lr
clualli to fi'agment iirto B'iot B-) is rneasnlecl to be :

.la(b) : 0.3ii6 + 0.017 (stat) t 0.0ir0 (svs)

ancl the 1>r'obabilitl'fol a b cluarli to fi'agment into B* or b-balvon is infellecl :

.i" +.f,r,. - I - 2.fa(b) :0.268 + 0.094 (stat)t 0.100 (svs)
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Tables

0.15 - 0.25

0.25 - 0.35

0.35 - 0.-15

0.15 - 0.55

0.ir5 - 0.65

0.6ir - 0.75

0.75 - 0.85

0.85 - 1.00

+1.r * 11.3

101.-1 + 13.8

5E.4 + 10.5

ir2.9 f 8.1

53.2 + 8.4

3ti.0 + 8.0

1.): r .) F
r.).j) ï t. /

2.0 + 2.0

0.31

0.34

0.35

0.36

0.36

0.3ti

0.39

0.39

26..-r

rs2.I

22.0

12.+

9.0

2.7

+ E.6

+ 8.E

+ 5.7

+ 4.0

r.l.fï ')..)

+ r.8

0.02

0.0:]

0.03

0.0;l

0.03

0.0:l

0.03

0.03

0.17

0.18

0.17

0.1ti

0.15

0.11

0.14

0.12

Table 1: D** -+ (Ii-n+);r+ clata. shoq,ing the numbel N(D-+) of fitted D rnesons ancl
theil efficiencies (u,hich inclucle the geometlical accepta,nce ancl the reconstruction ancl
selection efficiencies )

Y6

Fr.rll sample

N1D.+ )tistat ) 
| "ffi.i",r.., 1

A1>palent ploper tinte > I ps
tl

N1P-+ )t(slar ) lelf. cr leff. blr

-{g

\Llo > I

N(Do)*(stat)1etr. cc 
leff. 

bE

Appalent plopel time > 1 ps

.lt-
r*(D0)+(stat)1eff. cF 

letr. bl:

0.i5 - 0.25

0.2ir - 0.35

0.3ir - 0..15

0.-15 - 0.ir5

[.':;i; - S.$il

0.6.-r - 0.75

0.75 - 0.Eir

0.Sii - 1.00

+ 24.7

+ 19.6

+ 17.7

+ 10.8

+ 10.4

t /.jl

+ 5.3

r 9.jt

1.).)I '). ')

72.ç)

j).). +

57.6

25.0

7.7

0.10

0.09

0.09

0.09

0.10

0.11

0.11

0.11

0.13

0.11

0.11

0.1i

0.1:3

0.13

0.13

0.13

42.rt

.f - r.):) -:)

48.4

1l-r.9

ii.9

7,9

1.4

1 3..-r

14.3

13.1

5.6

3.ii

2.7

1..il

+

+

+

+

+

+

*

0.01

0.01

0.01

0.0 r

0.01

0.0r

0.01

0.01

0.07

0.06

0.06

0.05

0.01

0.0.1

0.09

0.07

Table 2: Do -+ Ir.-n+ clata
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-Xg N1P+ )f (stat)

\Lf o >:1

eff. cc eff. blr

Ap1:alent ploper time ) 1.5 ps
tl

.\(D+)t(stat)1etr. cc 
I 
eff. blr

0. 1.-r

0.25

0.35

0..15

0.55

0.65

0.7ir

0.8.-r

- 0.2ir

- 0.:15

- 0.45

- 0.55

- t.l.0r)

- U. r:r

- 0.85

- 1.00

47.8

92.3

1Oir.0

.16.ç)

r.J.)..J

68.7

37.9

7.0

+ 20.0

+ 26.3

+ 24.6

+ 14.1

+ 21.9

+ 1,1.1

+ 8.2

+ 1.2

0.06

0.08

0.09

0. r0

0.2ti

0.26

0.26

0.2ii

0.08

0.10

0.12

0.12

0.32

0.32

0.32

0.32

38.7

.),t E.)+.1)

Dl.{-)

18.9

35.6

2r.it

.1.0

i.0

t 14.1-r

+ 12.6

t 1j"i.0

+ 6.9

+ 9.9

+ 6.6

+ 2.7

+ 1.0

0.02

0.02

0.03

0.03

û.08

0.08

0.08

0.08

0.05

0.06

0.Oii

0.06

0.15

0. r3

0.11

0.09

Table 3: D+ -+ Ii-;r+r+ clata

D*+ D0 D+

Table 4: D meson ploduction fractiorls nlea,sul"ecl in DELPHI (the fir'st elrol is statistical
ancl the seconcl one is s1'stematic). Bn is the branching ratio Br(D -+ Iirln) (, : 1.2) of
ea,ch channel D0 -+ Ii-n'+, D+ -+ Ii-n+n+ a,ncl D*+ -+ DOn+ follorvecl bv Do -+ Ii-n+.
The Standarcl N'Ioclel value 15 : 0.220 is usecl for the P1,;pBp computation. For

Pu,-+nlP,--+p. the value l. : 0.171 is also a'ssumecl.

l(Zu -+ D/D .\')BD (/,)fi, 0.425+0.029+0.026 1.47+0.14+0.14 1.59+0.1ir*0.11

^1,P,-pBs (7r) 0.100*0.015*0.007 0.403+0.07ti+0.01ii rl .) r^. -+0.0(19+0.u:llU..)U r _O.0î5_0.0)O

P,,-nBo ((/c) 0.509+0.073+0.0.10 1.4.1 +0.27+0.14 1.87+0.-10+0.21

Pb-+D I P,*n o.si13:33 + o.07 0.61 +0.20+0.07 0.87 + O.:1213:??
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D*+ D0 D+

\Ionte (larlo statistics 0.01 0.02 0.02

Backglor-rncl estimate 0.04 0.08 0.Oii

Reconstruction (nitiroû dEf k ) 0.04 0.03 0.0:l

clE f rk selection 0.0:l 0.02

B lifetime (r(B):i.3f0.1 ps) 0.01 0.01

eu (: o.oos13 33ï ) 0.01 0.01 0.01

Ligirt flar,'ou-,-s 0.01 0.01 0.01

Total 0.Oti 0.09 0.07

Talrle 5: Relatii'e svstema,tic unceltaintv on the Zo -+ D/D-\ decal' r'ates (exper-itnental

corrtlibution ).

D-+ D0 D+

P._+aBo (ft) lr4l 0.690+0.Oti1*0.0E1 2.11+0.20*0.20 2.07+0.28t0.19

Br.(B -+ D-{)BD $) lrsl 0.ii:t0+0.030+0.062 2.r8+0.09+0.13 2.17+0.20+0.i7

Table 6: D meson plocluction lates measureci at the T+s (the fir'st elrol is statistical. the
seconcl is svsterrratic ancl inclucles, in the case of chalm fra,gmentation. a 8.5 7t relative
contlibution lvhicli is common to ea,ch D meson)
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Figure Captions
Figure 1: The invariaut mass,l/(Ii-ii+) (a) and J.ilf: 'l"I(Ii-irtirt) -,1l1ti-"+;

(lr) clistrilrutions fol events n'ith -Xs : E(Ii-r+rt)1Ûv.o,,., above 0.15. The (Ii-n+) mass

clistril;ution is plesentecl for -\;11 in the range 0.1435-0.1-175 (ie\'/c2. The mass cliffeleuce
clistribution is plesentecl for a (Ii-ii+)nrass betu,een 1.î9 (ie\'/c2 ancl 1.94 tie\'/c2. The
solicl line cuï\'es ale fits zi,s clescribecl in the text. The ciasireci liues shou, the backglouncl
contlibution to the fits. The hatchecl histoglams (scaleci ttp bv a factor'2) ale the same

experimental clistlibution-o fol -{5' above 0.55.

Figure 2: Apparent proper tirne clistlibution 1: 1I.,1/(D0)lp(Do ) (a) ancl nortnalisecl
clecay length \Llo (b) for D0 rnesons flom D*+ nith -{s(D*+) above 0.1.-r. rvhele ltoth
tr.'a,cks (Ii-zr+) have hits in the Veltex Detector'. The measurecl clistribution aftel back-
gronncl subtraction is shou'n u,itli clata points. 'I'he sinulatecl D0 flotn cTevents (clashecl

histogram). sirnulatecl D0 fi'om bb eveirts (clottecl histoglarn). ancl sum of the cc ancl

Figure 3: The measulecl clElh as a function of the rnotttetttuurfor (a) pion ancl (lt) liaon

carrcliclates fi'om leconstlr-rctecl D0 in D** -+ (Ii-n+);r+ clecavs. The clEf d;t: is explessecl

in units of rninimnm ionization. The cLu'\ies are the erpectecl ionization losses fol pions
ancl kaons.

Figure 4: Ii-a-* invaria,nt ma,ss clistliirution for -{s above 0.15 ancl nolmalisecl clecav

lerrgtlr \Llo la,r'gel than 1. The kaon hvpothesis is assignecl florn the dE ldt infoltnation.
The solicl line culves are fits as clesclibecl in the text. The clashecl line shon,s the back-
glouncl contribution to the fit. The hatchecl histoglam (scalecl up bt'a factol ti) is the
same experimental clistribution for -{E' above 0.55.

Figure 5: Ii-n+zi*invariant rnass clistribution fot.' -{s a,borre 0.15 anci noltlalisecl clecal'

lengtlr \Llo > 3. The kaon h1'pothesis is assignecl fi'om the dEldr infblmation fol
-{6 belou, 0.ir5. The hatchecl histoglam (scalecl up bv a factor 2) is the same expelimental
clistribution for -{r ) 0.J-t5. The solicl line culves a,re fits a,s clescribecl in the tert.

Figure 6: -{s clistributions of all p-+ (full clots). ancl for D*+ q'ith a D0 appalent plopel
time longel than 1.0 ps (triangles). The clata points a,re corlectecl for a,cceptance a,utl

Leconstruction efÉciencl'. The 9 %, flaction of cE events is subtlactecl from the tliangles.
The shape of the N{onte (iallo plecliction fol D*+ ploducecl flom b cptalli flagmentation
is clisplal,ecl as a clottecl histoglam. its nolmalisation being imposecl b1' a fit to both clata

sanpies. The result of the fittecl c cpralk contlibution is plesenteci as a clashecl histoglam.
The sum of c ancl b cluarli fra,gmentation contributions is the ui)pel solicl line histogr"am.

Figure 7: X6 clistlibutions of D0 mesons lvith -\tr/o > 1 (full clots). or a,ppalent proper'

time a,bove 1 ps (triangles) n,here the 9 % cE contribution is subtractecl. The histograms
are as in Figule 6.

Figure 8: ,{6 clistr"ibutions of D+ merions rvith ÀI/o > 3 (fLrll clots). ol apparent
pt'oper tirre above 1.5 ps (tliangles) u,hele the 25 % cT contlibution is subtla,ctecl. The
histoglams are a,s in Figure 6.
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