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New measurements @ andD?** meson production rates froBidecays and frongq continuum events
near theY (4S) resonance are presented. Using 20.8fbf data on theY (4S) resonance and 2.6 T
off-resonance, we find the inclusive branching fractidsB— DS X)=(10.93:0.19+0.58+2.73)% and
B(B—D¥*X)=(7.9+0.8+0.7+2.0)%, where the first error is statistical, the second is systematic, and the
third is due to theDJ —¢a" branching fraction uncertainty. The production cross sectiofs’e”
—DIX)XB(DS — ¢pm")=7.55-0.20-0.34 pb ando(e’e —DE* X)X B(DI— ¢7*)=5.8+0.7=0.5 pb
are measured at center-of-mass energies about 40 MeV below #8) mass. The branching fractions
SB(B—D{*)*D™*))=(5.07+0.14+0.30+ 1.27)% andS B(B—D* "D*))=(4.1+0.2+0.4+1.0)% are de-
termined from the Dg*)+ momentum spectra. The mass difference(DJ)—m(D*)=98.4+0.1
+0.3 MeV/c? is also measured.

DOI: 10.1103/PhysRevD.65.091104 PACS nuntder13.25.Hw, 14.40.Nd
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I. INTRODUCTION

The decay o8 mesons into final states involvingz*)*
provides an opportunity to study the production mechanisms
for cs quark pairs: Although several diagrams can lead to
D{*)* production inB decays, the dominant sourg#] is -
expected to be extern#/* — cs emissionFig. 1]. A precise
knowledge of this production rate remains interesting in light  F|G. 1. The main spectator diagram leading to the production of
of continuing theoretical difficultief2] in accounting for the D{*)* mesons inB decays.
measurements of both the semileptonic branching fraction
and the inclusive charm production rateBrdecays. Indeed,
it has been noted that an enhandgdiecay rate to charm
would help explain the small observed semileptonic faie Only the decay modB . — ¢o™ with ¢— K"K~ is used

It is possible to produc@g*)+ mesons i q events from  since it has the best signal-to-background ratio. Charged
continuume™ e~ annihilation. The process of fragmentation tracks are required to originate within10 cm of the inter-
(i.e., formation of hadronsis nonperturbative and can only action point along the beam direction arndl.5 cm in the
be modeled phenomenologically. The ratio of vector to pseutransverse plane, and to leave at least 12 hits in the DCH.
doscalar production rates is of particular interest for testing Positive kaon identification is required for the tracks

such models. Th®. system is well suited to measure this forming the candidatep meson. This is based odE/dx
quantity because thes states withL=1 have not been ob- information from the DCH and SVT, and the Cherenkov

angle and the number of photons measured with the DIRC.
. . . ,_ The kaon selection is based on the likelihood calculated for
In this Rapid Communication, measurements Bf .

+ .t ) each detector component and uses, for each track, the ratio of
—Ds X and B—Ds "X production rates gnd momentum_ likelihoods for the pion and the kaon mass hypotheses,
spectra are pres$nted. W+e also determine the productiqn ;| |t this ratio is less than unity for at least one of the
cross section foDg andDZ ™ mesons in continuum events. detector subsystems, the particle is selected as a “loose”

kaon candidate. A “tight” identification criterion is also used
in the analysis, based on the product of the likelihoods for
Il. THE BABAR DETECTOR AND DATA SET each detector component. In this case, the track is considered

: . . a kaon if the ratio of these product likelihoods for the pion-
The data used for this analysis were collected with the, kaon-mass hypotheses is less than unity.

BABAR detector[4] at the PEP-Il asymmetric-energy col-  Three charged tracks originating from a common vertex
lider [5] at 'Fhe _Stanford Linear Accelerator anter. An inte- 3re combined to form @ candidate. Two oppositely
grated luminosity of 20.8 fb' was recorded in 1999 and charged tracks must be identified as kaons with the “loose”
2000 at theY (4S) resonancé*on-resonance] correspond-  criterion, and at least one of them must pass the “tight’
ing to about 22.% 10 producedBB pairs, and 2.6 fbtatan  criterion. No identification criteria are applied to the pion
energy of about 40 MeV below th& (4S) mass (“off- from D. decay. The reconstructed invariant mass of the
resonancey. A detailed description of the BABAR detector KK~ candidates must be within 8 Med#/of the nominale
can be found in Refl4]. Only the components of the detec- masg[6]. In the decayD, — ¢7*, the ¢ meson is polarized
tor most crucial to this analysis are summarized below. longitudinally and therefore the angular distribution of the
Afive-layer double-sided silicon vertex track&VT) and  kaons has a cé%, dependence, wher, is the angle be-
a 40-layer central drift chambéDCH) filled with helium-  tween theK* and D in the ¢ rest frame. We require
based gas are used to measure the momenta of charged paeséy|>0.3, which Monte Carlo studies show retains 97%
ticles. The tracking system covers 92% of the solid angle irpf the signal while rejecting about 30% of the background.
the center-of-mass frame and lies within a 1.5-T solenoidal With these requirements, signals @t — ¢=* and the
magnetic field. For charged-particle identification, Cabibbo-suppressed decBy — ¢ are readily observed
ionization-energy lossdE/dx) in the DCH and SVT, and [Fig. 2@]. TheD_ andD* peaks are both fit with single
Cherenkov radiation detected in a ring-imaging deviceGaussian distributions with a common free width. We model
(DIRC) are used. Photons are identified and measured by the combinatorial background with an exponential function.
Csl(T1) electromagnetic calorimeter. From the fit aD_ signal of 47 794 311 events is found with
a mass differencem(DJ)—m(D*) of 98.4+0.1+0.3
MeV/c?. The first error on the latter is statistical, and the
!Reference in this paper to a specific decay channel or state alsecond is systematic, obtained from a study of the mass dif-
implies the charge-conjugate decay or state. The notdliii©  ference as a function of momentum in both data and Monte
means eitheb; or D**. B—D®)*D™) is a general represen- Carlo simulation. Although the uncertainties in the absolute
tation for any of the modes witbs andcq states including their mass scale are on the order of several M@\the systematic
excited states. The notatiorB—D{*)*X also implies B error in the determination of tie, andD* mass difference
—D¥) X, is much smaller, since many sources of error cancel.

. THE DI AND D?* SELECTION

served to decay to eith@. or D¥ * mesons.
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o o T T with a Crystal Ball functior] 7], which incorporates a Gauss-
2 " BABAR (@) | ian core with a power-law tail toward lower masses. For the
= 10000 - ] background, a threshold function
(@]
z i f(AM)=p,(AM — p,)P3ePa(AM=p2)
‘g 7500 |
5 is used, where the four parametgrsare free in the fit. After

ensuring that the connection point between the Gaussian and
power-law tail does not depend on momentum and agrees
with Monte Carlo simulation, this parameter has been fixed
to 0.8% in the final fit. A signal with 14392376 D**
events is observed.

5000 |

2500 |- -

IV. EXTRACTION OF Dg*)"' MOMENTUM SPECTRA

1.85 1.9 1.95 2

+ . o
M(67) (GeV/cd) The momentum spectrum ddg; mesons in thee™e

center-of-mass frame is extracted by fitting the-invariant

mass distribution for 24 ranges B, candidate momentum.

T ] These ranges are 200 Ma/Mwide, which is much larger

BABAR (b) ] than the momentum resolution~@G MeV/c). The same

i 1 function with two single Gaussians described above for the

3000 - 7 fit to the full mass distribution is used as well for the indi-

I ] vidual momentum bins. Since there are many more events in

I ] the on-resonance data sample, the numbéd fin the off-

2000 | e . resonance data is extracted with the Gaussian parameters
I | (Mp+, MD;, and o) fixed to the values obtained from the

I ] on-resonance data.
1000 |- : The center-of-mass momentum spectrumBdr™ mesons
I ] is extracted by fitting the\ M -invariant mass distribution in
I 1 250 MeV/c-wide D © momentum ranges. We use a larger
0 e range because thE;‘+ yield is lower. TheAM distributions
0005 0 015 020025 are modeled with a Crystal Ball function for the signal and a
M(D-M(D,) (GeV/c') threshold function for the background as described above for
FIG. 2. (@) Th invariant " In addition to th the fit to the full distribution. The off-resonance data are
[FIG. 2. (8) The ga-invariant mass spectrum. In addition 10 the oo -ip, fit with the Gaussian parametéxsand o) fixed to the
DJ signal, candidates for the Cabibbo-suppressed dededy values obtained from the on-resonance data.

—¢m" are also observed. The fit function is a single Gaussian for The efficiencve obtained from Monte Carlo simulation
each peak, with widths constrained to be equal, plus an exponential "~ — ye,

background.(b) Distribution of the mass differencAM =M+, ~ Of BB and cc events, varies as a function of )

—Mp. The fit function is a Crystal Ball function for the signal Center-of-mass momentupr‘. The efficiency ranges from

20% (5%) when theD_ (D} ") is at rest to 40%20%) for

p* =5 GeV/lc. The efficiency-corrected momentum spectra
CandidateD? * mesons are reconstructed in the decayof Dy andD3 " are shown in Fig. 3.

D "—D¢ v, with the subsequent decdy, —¢m*. DS

candidates are selected by requiring ¢heinvariant mass to V. INCLUSIVE BRANCHING FRACTIONS

be within 2.5 standard deviatiois) of the fitted peak value.

TheseD_ candidates are then combined with photon candi-.

dates in the event. Photon candidates are required to satis

E,>50 MeV, whereE , is the photon energy in the labora-

tory frame, ance’ >110 MeV, whereE?, is the photon en- o(ete " =DIX)XB(D — ¢m*)=7.55+0.20+=0.34 pb,

ergy in theY (4S) center of mass. When combined with any

other phooton in the event, the photon candidate should NOly(e*e”—DY X)X B(DS — ¢m*)=5.8+0.7+0.5 pb,

form a 7°, defined by a total center-of-mass enerkfﬂj/7

>200MeV and an invariant mass 1481,  where the first error is statistical and the second systematic.

<155 MeV/c?. The distribution of the mass difference Sources of systematic error are listed in Table I. These in-

AM=M(D{ y)—M(D/) is shown in Fig. 20). clude the statistical precision of the Monte Carlo determina-
The AM distribution of the signal is parametrized with an tion of the efficiency, the luminosity uncertainty, and contri-

asymmetric function to account for energy leakage and calobutions from residual uncertainties on trackifiy2% per

rimeter shower shape fluctuations. The signal is modeletrack), and particle identification efficiencies, which are de-

4000 —

Entries/ 2.5 MeV/c2

S
plus a threshold function, as described in the text.

The DS andD?* production cross sections g con-
nuum are obtained by integrating the momentum spectra
tained from the off-resonance data. This gives
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In order to determine the momentum spectra Bdf)*
mesons fromB meson decays, the off-resonance data are
o . r
scaled by the on- to off-resonance luminosity ratio and thern
subtracted bin by bin from the on-resonance data. Integratingl
the resulting spectrum after continuum subtraction and effi-
ciency correction gives a tot&@. yield from B meson de- (
cays of 87 711 1485 events. This corresponds to an inclu-DPs

sive branching fraction of

B(B—D!X)=|(10.93-0.19+0.58

Likewise, the totalD*" yield from B meson decays is

(3.620.9%

B(Dg —¢m")

0.
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TABLE |. Systematic errors for cross-section and branching

fraction measurements.

Fractional erron(%)

Continuum B decays

Source DIX Df*X DiX Di*X
Signal shape 3.0 0.5 3.0
Background subtraction 0.4 4.2
Monte Carlo statistics 1.0 4.8 25 4.2
Bin width 14 2.0
Total for D{*)™ yield 1.0 5.7 2.9 7.0
Luminosity,N(BE) 1.5 1.5 1.6 1.6
B(¢p—K*TK™) 1.6 1.6 1.6 1.6
Particle identification 1.0 1.0 1.0 1.0
Tracking efficiency 3.6 3.6 3.6 3.6
B(D*"—DZy) 2.7 2.7
Photon efficiency 1.3 1.3
° 2.7 2.7
Total systematic error 4.5 8.2 5.3 9.0

B(B—D!*"X)=|(7.9:0.8+0.7)

(3.6-0.9% .
B(D;——>¢)’7T+)

0.

In the results above, the first error is statistical and the sec-
ond is systematic. The dominant error, due to the uncertainty
in the DJ — ¢m* branching fraction of (3.60.9)% [6], is
shown separately. It is important to note that, with this
method, the result is independent of any assumption regard-
ing the shape of the fragmentation function. The various con-
tributions to the systematic error are listed in Table I. In
addition to the sources already noted above, the uncertainty

FIG. 3. Efficiency-corrected center-of-mass momentum spectrd) the shape of the background impacts this measurement,

particularly in the lower momentum bins. This contribution

is estimated with the use of different parametrizations for the
background shape and different methods for handling the

termined from control samples in data. In addition, for thecontinuum subtraction. The efficiency variation over the
D: tx measurement, there are contributions from the uncer\[wdth Of the momentum bII”IS IS a|SO |nC|uded as an add|t|0na.|

tain signal shape, and residual uncertainties on the photofyStematic error.

veto efficiencies, again determined with control

VI. FITS TO D{*’* MOMENTUM SPECTRA

*)+

By fitting the D{*)* momentum spectrum, relative
anching fractions oB decays to different final states con-
iningD*)* mesons are obtained. In thg4S) rest frame,
0-body B decays producﬁ)(s*)+
tum spectrum about 300 Me¥/wide. In B decays, the
momentum spectrum is essentially governed by the

mesons with a momen-

production of directh*)Jr . Other cs states(with L=1),
such asDJ(2536) andD%,"(2573), primarily decay to
D®*)K. BecauseD* " decays toD;y or D} #° the D
momentum distribution is slightly broader and shifted down-
ward compared to direct production froBi— DS+X.

Three different sources @{*)" mesons inB decays are

60 047+ 6201 events, leading to the inclusive branching frac-considered for the fits to the momentum spectra.
(1) B—D{*)*D™) decays. The relative branching frac-

tion of
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tions of the individual channels can be taken either from L troTTrTrr
existing measuremen{8] or from predictions that assume c BABAR
factorization[9—11]. The fit is performed for both cases, with E 02 L |
. . . R
the assumptionfp)+=fp+ for the theoretical models, S 8 Type (1) 5
s s 055
wherefpe)+ are theDS)™ decay constants. % N ?pe g; f§§§§
° — — Y W Type 5
(2) B-D®)*D** decays. FouD** states are consid- ~ S
— . — — . — = ‘0‘0‘0’0’0‘0’:
ered:D§ (j=3), D1(2420),Dy(j=4), andD}(2460). Ob- Z o1l .
J— : KR IA IR
servation oB—D{*)"D** decays was recently reported by SRR
S CRHIHXIHXHHNNS]
CLEO[12] SRR
: _ ) ] ]

(3) Three-bodyB— D) " D™ )7/ p/w decays. Since little S
. . oY% <4
is known about these decays, they are attributed equal i ~’3:§:3§§§;

. . . . %%
weights, and the momentum distributions are generated ac- O R A
cording to phazse space. - 0 0.5 1 L5 2 25

. . . * + *

Minimum-y“ fits to theDy momentlim spectra are per- p (GeV/c)
formed, where the total number @{*)* events and the
fractions of the sourcé€l) and(2) contributions are free pa- Q 04 11—
rameters. From the fits to tHi2, andD% " spectra, the ratios z I
of two-body modeg$source(1)] to the total inclusive rate are = 5'&?:4

. L 93020008
determined to be 2 o3l e ]
3\ : K&
r BSKEY]
z
_ 2
XB(B—Dy " D™)) S
S &9 L eqaseded -
=(46.4+1.3+1.4+0.6)%, a 02
BB_DIX) ) S |
ISR
S
I SRR
i P ]
= 0-1 BN
SB(B—D: D)) 312100 :
s K ]
0 ........ ORI
) . - 0 0.5 1 L5 2 2.5
The first error is statistical. The second error represents the
p (GeV/c)

systematic error due to the limited Monte Carlo statistics and
the background parametrization.

The last error is due to the model uncertainty. It is ob- FIG. 4. Fit results foD (top figurg andD " (bottom figure
tained by varying the relative fractions of the modes contrib-momentum spectra. The data are dots with error bars, and the his-
uting to each source dDé*)Jr listed above. The fit is per- tograms are the components of the fit function de_scribed in the text.
formed with alternative assumptions for the relative TyPe (1) is B—D{"D™), type (2) is B—D{*)*D**, and type
contributions of the modes in sour¢® taken from theoret- (3) is B—=D$)*D®)ar/p/w. The solid histogram is the sum of the
ical predictions and measurements. Different weightsBor three components.

—DJD** andB—D? "D**, as well as different relative
branching fractions of the four modes within souf@g are ZB(BHDQ*VS(*)):(S.O%: 0.14+0.30+1.27)%,

used. For source(3), either B—D®*)D™*)7, or B

—D*)D™)p/w is assumed to be dominant. T of the fit

for the inclusiveD¥ © momentum spectrum is lowest when

the contribution ofB—D*D®*)p/w is dominant compared SB(B—D* D*))=(4.1+0.2+0.4+1.0)%,

to B—DXD®) 7. Uncertainty in sourcé3) is the main con-

tribution to the error due to model dependence. The results of

the fits to theD*)* momentum spectra are shown in Fig. 4

under the assumption of equal weights for the individualwhere the first error is statistical, the second is systematic,

contributions within sourceg2) and (3), and with the and the third is due to th@s+—>¢>7-r+ branching fraction

weights of the individual modes of sourgg) taken from  uncertainty. The systematic error includes contributions from

[11]. the B—~D{*)*X branching fractions, the relative contribu-
The sum of branching fractions for the two-bod¥  tions of sourcg1), and the model dependence of the source

—D*)D™) decays are obtained from the fits to th&*)"  spectra. The sum of the two-body modes is reasonably sepa-

momentum spectra, where the yield from each source is gated in the momentum spectra from the other components.

free parameter. We find Therefore, the fractional error on the sum of the two-body
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modes is smaller than the fractional error on tBe fortwo-bodyB—>Dg*)+5(*)andB—>D§+5(*)decays. The

—>D(S*).+X branching fraction or the relative two-body mass differencen(DJ)—m(D*) has also been measured.
branching ratio.
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