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A study of charm fragmentation intd* * andDJ in e"e™ annihilations at/s=10.5 GeV is presented.
This study using 4.720.05 fo ! of CLEO Il data reports measurements of the cross sectigBg ") and
(D) in momentum regions above=0.44, wherex is the Dg momentum divided by the maximum kine-
matically allowedD ¢ momentum. Thd® vector to vector plus pseudoscalar production ratio is measured to be
Py(x(DJ)>0.44)=0.44+0.04.

PACS numbgs): 13.65:+i, 13.60.Le, 13.87.Fh

[. INTRODUCTION tion and the relative population of available spin states.
Measurements of primary hadron fragmentation can be
The production cross sections qﬁpairs inete anni- challenging .dut_a 'go cascades from highgr order resonances
hilations can be calculated using QCD, but the process ofiat can bf |nd|st|nqrwshable from the primary hadrons. The
fragmentation whereby hadrons are formed is nonStudy ofDg andD{" fragmentation inee” annihilations
perturbative and phenomenological models are used to d@t Vs=10.5 GeV benefits from the fact that=1 charm
scribe it. Two properties of hadron production that can bemesons have not been observed to decay to elheror
experimentally measured are the hadron momentum distribl>* * [1] and the influence dB events is kinematically elimi-
nated forx(Dg)>0.4, wherex is theD4 momentum divided
by the maximum kinematically alloweldg momentum. The
*Permanent address: University of Texas - Pan American, EdinDg system is thus particularly well suited for the measure-
burg, TX 78539. ment of the vector to pseudoscalar production ratio.
"Permanent address: Yonsei University, Seoul 120-749, Korea. ~ The vector to pseudoscalar production ratio is usually de-
*Permanent address: Brookhaven National Laboratory, Uptonscribed using the variable

NY 11973.
Spermanent address: University of Cincinnati, Cincinnati, OH P.,= v 1)
45221, VoV+P?
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whereP andV represent, respectively, the number of pseuframe. Since the background angular distribution is flat, the
doscalar and vector mesons directly produced through a pasignal to background ratio is improved by requirifapsc|
ticular production mechanism, e.gg"e” annihilations. >0.35. The signal to background ratio is further enhanced by
Counting the number of spin states available tolan0 requiring that co8,= —0.8, whered, is the angle of ther
meson leads to the expectation tHay=0.75. This spin momentum vector in th®_ rest frame relative to th®
counting model has been shown to be useful for describingnomentum vector in the laboratory frame; the signal distri-
theD** spin alignmenf2], but most measured values®§ bution is flat in this variable while background events peak at
have been significantly lower than 0.75 for charm mesonscosg,=—1.0. Because of the minimum energy restriction
Other models based upon the mass difference between tiier photon candidates, signal photons traveling in a direction
vector and pseudoscalar states predict valueB,ofhat are  opposite to theD¥ * direction in the laboratory frame are
less than 0.753], but more precise measurements are needegdxcluded from the candidate sample. By requiring &0s

to better determine any relationship betweléo and the -0.8, Wheregy is defined as the ang|e of the photon mo-
mass difference. mentum vector in thd} * rest frame relative to th®? *
momentum vector in the laboratory frame, additional back-
Il. DETECTOR AND EVENT SELECTION groundD? " candidates are suppressed.

The data in thi vsi lected f -~ coll Low momentumD_ candidates are difficult to analyze
€ dala In this analysis were coflected It cotli- because of the large amount of background from combina-

sions at the Cornell Electron Storage RI(@QGESR by the : c ;
. torics as well a8 decays. The analysis is therefore restricted
CLEO Il detector. The CLEO Il detector is a general purposg x(D2)>0.44 wherey 4
< )

charged and neutral particle spectrometer described in detal
elsewhere[4]. The data set used in this analysis contains

3.11+0.03 fb ! of data collected at th& (4S) resonance (D)= p(Ds) )
and 1.61-0.02 fb ! of data collected below thBB thresh- * Pmad DY)
old [about 60 MeV below thé&'(4S) resonancg for an ap-
proximate total of 5 10° cc events. and
In this analysis,D¥ © mesons are reconstructed via the
decayD? * —D_ y andD_ mesons are reconstructed via the PmaxdDe )= \/Ebean— sz;. 3

decay chainDJ—¢n* with ¢—K*K™ (inclusion of
charge conjugate modes is implied throughout this paper

All charged tracks used in this analysis are required t
have an origin close to the" e~ interaction region and must
be well reconstructed. When drift chamber particle identifi-
cation information is available, the specific ionization,
dE/dx, must be within two standard deviations of the ex-
pected value for candidate kaon tracks and within three stan-
dard deviations of the expected value for candidate pionynq
tracks.

Showers in the crystal calorimeter are considered as pho-

pmax(D;c +): \/( Ebeam™

For DX candidates, th&(D_) requirement is replaced by
(DX *)>0.5 where

p(Ds ")
D:+ E—+ 4
O = o) @

m2 —m2
D;+ Dt

2
s 2
—— —m_ . (5
4Ebeam ) D; ( )

ton candidates if they have a minimum energy of 100 MeV,
are within either the barre( cos6d<0.71, whereds is the
angle between the shower and thé beam directioh or
endcap (0.85 |cosf<0.95) regions, have an energy depo- In principle, B— D 7 can result inx(DS)~0.5. However
sition consistent with that expected for a photon, and do oL \cn deca),/s ardas—>u transitions ands thus heavily su,p—

include any crystals near a projected charggd track. . pressed, so they are expected to be a negligible source of
Candidatep mesons are reconstructed using all approprl—background

ately signed combinations of candidate kaon tracks in an . S .
event. The invariant madel (KK) is required to be within Based Orl Ehe assumption that all qbsgr are pri
8.4 MeV/c? (approximately 2 standard deviationef the mary, theDS m*opeptum'speptrum IS S|mply stu@ed by
known ¢ mass[1]. CandidateD, mesons are reconstructed measimng theDs ™ yield in e|g£1t equal sized bins of
x(D%™) over the range 05x(D3 7)<0.98. However, the

using all combinations oty candidates and candidate pion : _ S .
tracks in an event. Candida® * mesons are reconstructed OPServedds can be primary oD * daughters. In order to

using candidate photons, agkkr combinations with invari- Study the momentum distribution+of pfima@sf mesons,+it
ant masM (KK ) within 20 MeV/c? (approximately 2.5—3 IS necessary to subtract out tB& * contribution to theD
standard deviationsof the knownD_ mass. yields. Since alD3 ™ are assumed to decay B, the D¢
Because the> must be polarized in the helicity-zero state Yields from D™ decays can be accounted for by simply
in a Dg— ¢ decay, the decay of the has an angular measuring thd? * yields as above, but in bins of the vari-
distribution proportional to cds, where« is the angle be- ablex(DJ) rather thanx(D* ™). After the D¥ " yields are
tween theK® and D] momentum vectors in the rest corrected for efficiency and the branching rai{D? *
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FIG. 1. TheAM =M (KKy)—M(KK) distributions for can-
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FIG. 2. TheM(KK) distributions for candidat®_ events

with x(DJ)>0.44 in (a) the data sample(b) the Monte Carlo
sample used to estimate efficiencies, dodthe “signal” Monte
Carlo sample used in the fitting procedure.

didateD? * events withx(D? *)>0.5 in(a) the data sampléb) the
Monte Carlo sample used to estimate efficiencies, (@hthe “sig-
nal” Monte Carlo sample used in the fitting procedure.

—D{y), they are subtracted from the efficiency correctedfjata’ and a straight line for the s_mall amount of backgrou_nd
Ds+ yield in eachx(Dg) bin to calculate the primarp; in the Monte Carlo sample. The fits to data used to determine

yield. the D yields in the selected regions &{D_) are shown
in Fig. 5.

lIl. FITTING

The D¥* yields are projected ontdM =M (KK7y)
—M(KK) for D¥ * candidates and thB_ yields are pro-
jected ontoM (KK ) for D candidates. Figures 1 and 2
show these distributions fox(D¥ *)>0.5 and x(D/)
>0.44, respectively, in the data sample and two independen
Monte Carlo samples. The Monte Carlo events were gener
ated using the LundeTseT7.3[5] program combined with a

2)

o
GEANT-based CLEO Il detector simulation. One Monte Carlo 3 2
sample includes signal as well as background events, while%sg ]
the other sample only includes events that contaDﬁé’ or o ]
DJ decaying through the modes specified above. g 40 3
The AM distributions in data and the “signal” Monte 32

Carlo sample are simultaneously fit to the sum of an asym-
metric Gaussian for the signal and separate quadratic poly
nomials for the background in each distribution. An asym-
metric Gaussian is used because of the larger tail on the
lower side of the peak that is attributable to energy leakage
in the calorimeter. The fits to data used to determine the
D! " yields in the selected regions &{D* ") andx(D_)

are shown in Figs. 3 and 4.

The M(KK) distributions in data and the “signal” £, 3. Fits to theAM =M(KKmy)—M(KK) distributions
Monte Carlo sample are simultaneously fit to the sum of &or candidateD? * events that are used to determine Big" yields
double Gaussian with common mean for B¢ signal, a in the eightx(D* *) ranges(a) 0.50-0.56(b) 0.56—0.62/(c) 0.62—
Gaussian for théd™ signal, two straight lines joined by a 0.68, (d) 0.68-0.74,(e) 0.74—0.80,(f) 0.80—0.86,(g) 0.86—0.92,
quadratic polynomial for the combinatoric background inand(h) 0.92-0.98.

0.14 0.18

022 0.10
AM = M(KK7 ) -M(KK ) (GeV/c?)

0.18 0.22
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for candidateD ¥ * events that are used to determine BiE" yields
in the tenx(D;) ranges(a) 0.44—0.50,(b) 0.50-0.56,(c) 0.56—
0.62, (d) 0.62-0.68,(e) 0.68-0.74,(f) 0.74-0.80,(g) 0.80—0.86,
(h) 0.86-0.92i) 0.92—0.98, andj) 0.92—1.00.

IV. EFFICIENCIES

TheD/ andD? * detection efficiencies are estimated us-

ing the Monte Carlo sample that contains signal as well a

background events. Th@®} " efficiency values in the
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FIG. 5. Fits to theM(KKr) distributions for candidate®
events that are used to determine D¢ yields in the terx(DJ)
ranges(a) 0.44—0.50,b) 0.50—0.56c) 0.56—0.62,(d) 0.62—0.68,
(e) 0.68-0.74,(f) 0.74-0.80,(g) 0.80-0.86,(h) 0.86-0.92,(i)
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TABLE I. D * detection efficiencies in the specified regions of
x(D? ™), where the efficiency has been smoothed using a fit to the
raw efficiency spectrum with a straight line. The values that are in
parentheses are used only for the calculation of the Bidl yield
and cross section for(D¥ ¥)>0.5.

x(D¥™) region D * efficiency

0.50-0.56 0.1720.008
0.56-0.62 0.17%0.006
0.62-0.68 0.1780.005
0.68-0.74 0.18%0.004
0.74-0.80 0.184 0.004
0.80-0.86 0.18%0.005
0.86-0.92 0.198 0.006
0.92-0.98 0.1930.008

(0.92-1.00 (0.194+0.008)

x(D? ") regions are listed in Table I, while thg, andD?% "
efficiencies in thex(D) regions are listed in Table 1.

For the DX " production study, the efficiency for each
x(D¥™) bin is measured using the fitting procedure de-
scribed above. The binned raw efficiency values within the
range 0.56x(D% *)<0.98 are fit with a straight line to pro-
vide a smoothly varying efficiency as a functionxgD?* ™).
The smoothed efficiency value at the center of eed; )
region is used to calculate the efficiency corred]i{d+ yield
and cross section.

For theD, fragmentation study, th® andD} * effi-
Tiencies are measured in eaxfD) bin using the fitting
procedures described above. The binned Balwefficiencies
within the range 0.44x(D_)<0.98 are fit with a straight
line and the smoothed efficiency values are used to calculate
the efficiency corrected vyields. The binned ravD* "
efficiencies with 0.44x(D_)<0.86 are fit with a straight
line, but the efficiencies in the regiof(D;)>0.86 are ex-

TABLE Il. D} andD?* detection efficiencies in the specified
regions ofx(D¢) where the efficiency has been smoothed using a fit
to the raw efficiency spectrum with a straight line. The values that
are in parentheses are used for the calculatioRgD,). TheD? *
efficiency values withx(DJ)>0.86 are excluded from the smooth-
ing process because they are not expected to be modeled by the
same function used for(D; ) <0.86.

x(DJ) region D/ efficiency D¥* efficiency

0.44-0.50 0.366:0.010 0.186:0.009
0.50—0.56 0.36@0.008 0.1790.007
0.56—0.62 0.3730.007 0.178:0.006
0.62—0.68 0.376:0.005 0.177%0.005
0.68—0.74 0.3720.005 0.176:0.004
0.74-0.80 0.3820.005 0.175:0.005
0.80—0.86 0.3860.007 0.174:0.006
0.86—0.92 0.3890.008 0.146-0.027
0.92-0.98 0.3920.010 0.248:0.107
(0.92-1.00 (0.393+0.011) (0.248:0.106)

0.92-0.98, andj) 0.92-1.00.

072003-5



R. A. BRIEREet al. PHYSICAL REVIEW D 62 072003

TABLE lll. D™ vyields, efficiency corrected yields and cross ~ TABLE IV. D] vyields and cross sections in the specified re-
sections in the specified regions ®{D¥*), where B=B(D*  gions ofx(DJ), whereB=B(DJ — ¢7")B(¢—K*K™). TheD
—DJy)B(DI— ¢m")B(¢p—K* K™). The uncertainty in the effi- yields are efficiency corrected using smoothed efficiency values.
ciency corrected yields and cross sections includes both statisticdlhe uncertainty in the efficiency corrected yields and cross sections
and systematic errors. When two errors are presented, the first includes both statistical and systematic errors. When two errors are

statistical while the second is systematic. presented, the first is statistical while the second is systematic.
Efficiency Measured Efficiency corrected
x(D¥") Measured corrected x(DJ) region D{ yield DJ yield B-o(DI) (pb)
region D" yield DiTvied Bo(d7) () 050 5443 1491+ 140 0.32:0.03
0.50-0.56 8418 488+ 116 0.10£0.02 0.50-0.56 66340 1795+ 139 0.38:0.03
0.56-0.62 15819 911+138 0.19-0.03 0.56-0.62 933240 2504+ 160 0.53:0.03
0.62-0.68 17319 972+ 137 0.21-0.03 0.62-0.68 101938 2712-160 0.57-0.03
0.68-0.74 18317 1014131 0.21-0.03 0.68-0.74 1086 40 2847166 0.60-0.04
0.74-0.80 20217 1095t 135 0.23-0.03 0.74-0.80 925% 36 2418+ 145 0.510.03
0.80-0.86 17216 918+117 0.19-0.02 0.80-0.86 75931 1968+ 122 0.42-0.03
0.86-0.92 14813 778100 0.16-0.02 0.86-0.92 40424 1038-79 0.22+0.02
0.92-0.98 8410 434+ 65 0.09:0.01 0.92-0.98 17614 43342 0.09:0.01
(0.92-1.00 (99+11) (511 74) (0.11£0.02) (0.92-1.00  (187+17) (476+50) (0.10+0.01)

0.50-1.00 121¢47 6687 260+497 1.42-0.06+0.11 0.44-1.00 6516106 17250-281+528 3.65-0.06+0.11

cluded from the fit because of expected efficiency loss due to *+

. ) . ) ) n(D: ")
the larger proportion of photons in that region with energies Py= , (7)
less than 100 MeV. The smoothed efficiency values are used n(DJ)B(DE*—DJy)

to calculate the efficiency correctd®t * yields for x(DJ)

<0.86, while the raw efficiency values are used ¥¢D_)
>0.86. wheren(M) is the efficiency corrected yield & mesons in

a particularx(DJ) region. Using this methodP,(x(DJ)
>0.44)B(D* " —DJy)=0.42-0.02. Using the value
V. RESULTS B(Df¥"—DJy)=(94.2-2.5)% [6] leads to P(x(D)

TheD? * yields, efficiency corrected yields and cross sec—>0'44): 0.44+0.02(staty- 0.01(br).

tions in the eightx(D¥ ™) regions are all listed in Table IlI.
These same quantities fﬁ]-; and D;‘* in the nineX(D;r) TABLE V. D™ yields and cross sections in the specified re-
regions are listed in Tables IV and V, respectively. The cal-gions ofx(Dy), whereB=B(Dg — ¢ ") B(¢—KK"). The first

culated primaryD; yields and cross sections are presente(feve“D§+ yields are efficiency corrected using the smoothed effi-
in Table VI ciency values while the efficiencies fa(D;)>0.86 are corrected

. - %+ . using the raw efficiency values. The uncertainty in the efficiency
By summing the efficiency corrected; * and primary d vields and ions includes both statistical and

* yields listed in Tables Il and VI, respectively, E€L) corrected yields and cross sections includes both statistical and sys-
Ds vie (*’)Jr p Y tematic errors. When two errors are presented the first is statistical
could be used to calculate, for x(Dg™’")>0.5. However,  whjle the second systematic.

the uncertainties in th®?% " yields are essentially counted
twice due to the subtraction used to calculate the prinBafy Measured Efficiency corrected

yields. P, can instead be calculated in a way that avoids thisx(DJ) region D} * yield D! ™ yield B-o(D:") (pb)
subtraction. Since all observéf © mesons are assumed to
be primary, all observeB . mesons are assumed to be either
primary or D¥ " daughters, and alD* " are expected to

0.44-0.50 10421 577129 0.13-0.03
0.50-0.56 14519 808+133 0.18-0.03

s _ 0.56—0.62 20620 1122+ 152 0.25-0.03
decay to aDg , EqQ. (1) can be rewritten as 0.62—0.68 18% 18 1020+ 138 0.23-0.03
0.68-0.74 208 18 1180-148 0.27-0.03

T(D: ) 0.74—0.80 18216 1040+ 133 0.23-0.03

Py=———, (6)  0.80-0.86 14914 852+ 113 0.19-0.03

T(Dg) 0.86-0.92 76:9 501+ 202 0.110.05

0.92-0.98 165 63+ 39 0.0:-0.01

(0.92-1.00  (15*5) (60+37) (0.01-0.01)

whereT(M) is the total number o1 mesons in the CLEO Il

data sample. In terms of the quantities measured using th®44—1.00 125249 7160-279+550 1.6 0.06+0.11
decay modes chosen for this analysis,
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TABLE VI. Calculated primanD, yields and cross sections in 57— 37 in data and Monte Carlo.

the specified regions of(D). The cross section is presented as  Additional uncertainty exists because of differences in in-
B-o where B=B(D; — ¢7")B(¢—K"K™). The errors in each variant mass distributions between data and Monte Carlo and
X(D;r) bin include both statistical and systematic uncertainties.possib|e inadequacies of the fitting functions used to deter-
Whe_n two errors are presented, the first is statistical while the segnine the yields. This uncertainty is estimated by altering the
ond is systematic. fitting shapes used to obtain the’ andD? * yields. Vary-

ing the fitting technique for th&1 (KK 7r) projections by e.g.
using a Gaussian for th®; signal peak, a double Gaussian

x(DJ) region PrimaryD] yield  Primary3-o(DZ) (pb)

0.44-0.50 878197 0.19-0.04 with common mean for th®* signal peak, or a quadratic
0.50-0.56 937200 0.20-0.04 polynomial for the background alters the toR{ vyield by
0.56—0.62 1313230 0.28-0.05 approximately 3% and the bin-by-bin yields by approxi-
0.62-0.68 1636219 0.35-0.05 mately 4%. Using a single Gaussian or double bifurcated
0.68-0.74 1594 231 0.34-0.05 Gaussian with a common mean for the peak inAhié dis-
0.74-0.80 131% 204 0.28-0.04 tribution alters the totaD* * yield by approximately 2% and
0.80-0.86 1063173 0.23-0.04 the bin-by-bin yields by approximately 3%.
0.86-0.92 506 229 0.11-0.05 There is also an uncertainty related to the requirement that
0.92-0.98 37857 0.08-0.01 M (KK ) be within 20 MeVk? of its nominal value. Wid-
(0.92-1.00 (417+64) (0.09-0.01) ening this requirement to 25 Mew? and narrowing it to 15
MeV/c? has resulted in an approximate 2% error in the total
0.44-1.00 9652 408+ 760 2.05:0.09£0.16 D! yield and an approximate 4% error in the bin-by-bin
yields.
The uncertainties in the efficiency values shown in Tables
VL. SYSTEMATIC UNCERTAINTY | and Il vary for each region ok(D_) andx(D**) due to

limited Monte Carlo statistics and the smoothing process.

determined by varying the selection and fitting procedures a§°" Instance, the errors in the smoothed efficiency values

described below and taking the variance in the total yield agear t.he limits of the<_region studied are hig_her .than those in
We middle of the region due to the uncertainty in the slope of

the estimate of the error. The variance is also determined o ¢ . dinth hi Th N th
a bin-by-bin basis and the average percentage variance in fl e _uncnon usedin the smoothing process. 1he errors in .t €
ficiency contribute to the systematic uncertainty on a bin-

individual bins is taken as the estimated systematic uncerg bin basi d th : dded | d
tainty for all bins. The uncertainties in ti# * yields for the y-bin basis and e percentage errors are added in quadra-

range 0.86:x(D )< 1.0 are averaged separately since thos ture for the determination of the percentage error for the total

. ields.
valu_es_are not 5m°°thf‘i and the_errors are quite large dl_Je O All of the individual systematic uncertainties associated
the limited number oD ™ events in that region. Systematic

o . , ; i with a given yield are added together in quadrature with the
ggge\r/tﬁllmtles on the various yields are listed in Tables Vliyercentage error in the efficiency to determine the total sys-

h ) les for sh imolicitly alter the acieMatic uncertainty in th®, andD? " yields. These sys-
€ acceptance angles for Showers Implicitly alter (N€ aCse 1y a4ic yncertainties are already included in the errors in

ceptance of trgcks s_ince_ there is a+high degree of cprrelatiome yields in Tables Ill, IV, V and VI. After including
between the fllght directions of t@s and the photoninthe 3 .- systematic uncertaintyy(x(DJ)>0.44)=0.44
detector. There is also a correlation between the photon en; 02(stat)- 0.03(systy- 0.01(br)

ergy and the decay angle of tiE* * . Varying the shower ~— ' ' '
acceptance angles @osfJ<0.5 changes the totaD* "
yields and the bin-by-bin yields by approximately 6%, while
changing the minimum shower energy to either 90 MeV or The momentum distributions of hadrons created in the
110 MeV changes the tot&l¥ * yield by approximately 2% fragmentation process are commonly modeled with either the
and the bin-by-bin yields by approximately 3%. A 3% over- symmetric fragmentation function of Anderssenal.[7] or

all systematic uncertainty in photon reconstruction has beethe fragmentation function of Petersat al. [8]. Both of
estimated by comparing the world average valueB¢fy  these functions depend upar (E,+ p)/(E+p), whereEy,

— yy)IB(n—37°) [1] with relative yields of—yy and is the energy of the hadrom is the hadron momentum

The systematic error for the totBl andD? ™ vyields is

VII. DISCUSSION OF RESULTS

TABLE VII. Percent variance in totalbin-by-bin) D yields compared to the nominal yields due to the
listed sources of systematic error.

Variation Percent variance
DJ peak inM(KK) fit with Gaussian 29%(3%)
D™ peak inM (KK ) fit with double Gaussian 106%)
DJ background fit with quadratic polynomial 2%(3%)

072003-7



R. A. BRIEREZet al. PHYSICAL REVIEW D 62 072003

TABLE VIIl. Percent variance in totalin-by-bin) D* * yields compared to the nominal yields due to the
listed sources of systematic error.

Variation Percent variance
15 MeV/c? wide M (KK ) signal region 1%3%)
25 MeV/c? wide M (KK 7) signal region 19%2%)
AM peak fit with Gaussian 104%)
AM peak fit with double bifurcated Gaussian %)
€0s6,<0.6 6946%)
E(y)>90,110 MeV 2943%)
Uncertainty iny efficiency fromB(#n— yy)!B(n—37°) study 3%3%)

parallel top, the momentum of the primary quark from the determined in that study=0.60 andb=0.52, is shown in

production process, artelis the energy of the primary quark. Fig. 8. The use of these values as input parameters for charm
The function of Anderssoet al. is based on a tunneling fragmentation intd mesons clearly results in a momentum

mechanism in the string fragmentation model and requireglistribution that is too soft, which is not surprising since

that the iterative procedure of breaking the string for theP-wave charm meson decaysig *, D® andD* were not

creation ofqq pairs be symmetric with respect to which end excluded in the prior study.

of the string the process begins. The function of Andersson High levels of combinatoric background at low values of

et al. for a given primary quark flavor is written x(DJ) prohibit a good measurement BY, for the full range
. 5 of allowedD_, momenta. Based on Monte Carlo simulations
f(z)cz"(1-2)% exp(—bmi/2), (8)  and the data presented, approximately 75—85 % obaIf

. andD/ are expected to havgD_)>0.44 and the value of
wherea andb are free parametersn, =\mi;+p?, My IS p, presented here is not expected to differ much B
the hadron mass angl, is the hadron momentum perpen- (gji x).

dicular top. - _ _ It is possible to make a model-dependent extrapolation of
The function of Petersoat al. is based on simple quan- p,, (all x) using

tum mechanical arguments applied to the independent frag-

mentation of a heavy primary quaf. It results in a hard

momentum distribution similar to what is observed in heavy 1
quark hadronization and is written Py(x>0)= 1 oy (10
14| 0——— 1| =
1 Py(x>0.44 ) Qp
f(2) 9

” 71— (1z)—epl(1—2)]%

where ep~mj, /m3, , the square of the ratio of light and 0_40__ ¢ Data ]

heavy quark transverse masses. | — AndersonFit

To properly compare fragmentation models with dataitis | -~ Peterson Fit
necessary to use the above functions in a full Monte Carlo | i
simulation that incorporates photon radiation, gluon radiation  g39|- .
and other effects. To facilitate comparison with other experi-
mental resultsx is used as an approximation afand a
binned y? fit to the data is performed using these two func-
tions as shown in Figs. 6 and 7. Since the paramédtensd
m, only appear in Eq(8) as a product, the constraibt=1
has been used for the fit, thereby changing the interpretatior
of the value ofm, . The numerical results from the fits are
listed in Table IX. The normalizations of these fits are not  o.10
used to calculate a value &, due to differences between
and z that are non-negligible in the lo®; momentum re-
gime.

The fragmentation spectra for charm mesons has bee
studied previously by the CLEO Collaboratif®| and input
parameters for the model of Anderssehal. were deter-
mined using measured fragmentation distributionsdidr", FIG. 6. B-o(D¥ ™) spectrum fit with the fragmentation func-
D% D, Dg andA.. A comparison of the data presented tions of Anderssoret al. and Petersoret al., where B=B(D* *
here with a Monte Carlo distribution using the parameters—DJ y)B(DJ — ¢7")B(¢p—KK™).

%)/ dx (pb)

Bdo (D,
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T L} L} T I L} T L} L} I L} T T T I T T T T T L) T T | T L) T 1 | T T T 1 I T T T T
i ® Data 1 040~ ¢ Dpata D, — DX —
0.40|- . - : -
| —— Anderson Fit i g | " Monte Carlo
| Peterson Fit i =
-~ °
B Vs N T : 0-20
\ * &
030 - 4 — %
GO \ . 3
% » Ill “ -
= s % . 0
L4
8020 / . 0.40
[} /4
S L 4 J 5
o b 5
L ) ] 3 i
- /,/ |‘I . _g -
g i} =~
0.10 |- A\ 3,020
L s t ¥ Q 5
L \ [
- ,’/ Y\ 1 h-] -
| “\ m -
—1"': 1 P TR R NN W TR TS W N S T W ‘\ I W WO SR A ST ST ST S (N S T
0 0.25 0.50 0.75 1.00 0 0.25 0.50 0.75 1.00

x(D,) x(Dy)

FIG. 7. PrimaryB-o(DJ) spectrum fit with the fragmentation
functions of Anderssoet al. and Petersoet al., where B=5(DJ
—¢pmT)B(p—KTK™).

FIG. 8. B-o(D* ™) andB-o(DY) for primary D, compared to
the Monte Carlo production spectrum using the fragmentation func-
tion of Anderssoret al. with parametera=0.60 andb=0.52[9],
whereB=B(D — o7 ") B(p—KK™).
whereQy is the percentage @?* " that decay to &_ with

x(DJ)>0.44 andQy is the percentage of primay; that  for the model-dependent extrapolation, resulting in a final
havex(DJ)>0.44. Since only about one-fifth of either frag- extrapolated value oP(all x(DJ))=0.45+0.05, which is
mentation spectra lies belox(D;) =0.44, and because both signifi.cantly different than the expected result based on spin
distributions smoothly approach zerox(®.)—0, the ratio ~ counting.

Qv/Qp is expected to be close to unity and to only depend Other measurements &, for charm and bottom mesons
weakly upon the chosen fragmentation parameters. have been presentéti0—14, but it is difficult to make direct

Using the model of Andersscet al. with the parameters comparisons between those results and the one presented

a=0.60 andb=0.52 results inQ,=0.773, Qp=0.795, here because of differences in methodology and center-of-
Qu/Qp=0.972, and from Eq(10), Py(all x(D.))=0.45 mass energies in the other analyses. None_theless,_measure-
+0.05. Changing the input parameters to provide a harddents ofPv(B) are generally close to the spin-counting ex-
spectrum has a very small effect @y /Qp . A distribution pectation while measurements B§(D) are well below that
created witha=0.4 andb=0.9, for example, provides a Value as shown in Table X.

much improved representation of the data and resul3,in
=0.860, Qp=0.875, Q,/Qp=0.983 andP(all x(DJ))
=0.45+0.05. This clearly shows that the dependence of the . .t n L

Py extrapolation on the choice of fragmentation parametererl Sum_m,ary,’ studies oD~ and D fragmentation in

is indeed weak. e"e” annihilations aty/s=10.5 GeV have been presented.

Based on the results of varying the input parameters foP v(X(Ds)>0.44 has been measured to be (:42.02(stat)
the two models, a systematic uncertainty of 3% is estimated 0-03(syst)=0.01(br). When extrapolated to the entire
available momentum region this measurement deviates sig-

VIIl. CONCLUSION

TABLE IX. Results of fits to theD** and D} spectra in
x(D* ™) andx(D{), respectively, with the analytical fragmentation
functions of Anderssomt al. and Petersoet al., where the param-
eterb in the function of Anderssoet al. is set to 1.

TABLE X. Results of previous measurementsRyf for heavy
guark mesons at other experiments. All of these measurements used
data samples collected &P resonance.

Fit results X2 Npe Collaboration Result
Anderssoret al. ALEPH [10] Py(Ds)=0.60+0.19
D a=0.9+0.2,m =1.7+0.1 1.9/5 ALEPH [10] P,(D)=0.60+0.05
DJ: a=1.1+0.2,m, =15x0.1 3.2/6 OPAL [11] Py(D)=0.57+0.06
Petersoret al. SLD [12] P,(D)=0.57+0.07
D" ep=0.056+0.008 20.5/6 L3[13] P(B)=0.76+0.10
D! : €p=0.10+0.02 17.417 OPAL [14] Py(B)=0.76+0.09
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