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Measurement of the Pseudoscalar Decay Constant fDs
Using Charm-Tagged Events
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���

s
p � 10:58 GeV

B. Aubert,1 R. Barate,1 M. Bona,1 D. Boutigny,1 F. Couderc,1 Y. Karyotakis,1 J. P. Lees,1 V. Poireau,1 V. Tisserand,1

A. Zghiche,1 E. Grauges,2 A. Palano,3 M. Pappagallo,3 J. C. Chen,4 N. D. Qi,4 G. Rong,4 P. Wang,4 Y. S. Zhu,4 G. Eigen,5

I. Ofte,5 B. Stugu,5 G. S. Abrams,6 M. Battaglia,6 D. N. Brown,6 J. Button-Shafer,6 R. N. Cahn,6 E. Charles,6 C. T. Day,6

M. S. Gill,6 Y. Groysman,6 R. G. Jacobsen,6 J. A. Kadyk,6 L. T. Kerth,6 Yu. G. Kolomensky,6 G. Kukartsev,6 G. Lynch,6

L. M. Mir,6 P. J. Oddone,6 T. J. Orimoto,6 M. Pripstein,6 N. A. Roe,6 M. T. Ronan,6 W. A. Wenzel,6 M. Barrett,7 K. E. Ford,7

T. J. Harrison,7 A. J. Hart,7 C. M. Hawkes,7 S. E. Morgan,7 A. T. Watson,7 K. Goetzen,8 T. Held,8 H. Koch,8

B. Lewandowski,8 M. Pelizaeus,8 K. Peters,8 T. Schroeder,8 M. Steinke,8 J. T. Boyd,9 J. P. Burke,9 W. N. Cottingham,9

D. Walker,9 T. Cuhadar-Donszelmann,10 B. G. Fulsom,10 C. Hearty,10 N. S. Knecht,10 T. S. Mattison,10 J. A. McKenna,10

A. Khan,11 P. Kyberd,11 M. Saleem,11 L. Teodorescu,11 V. E. Blinov,12 A. D. Bukin,12 V. P. Druzhinin,12 V. B. Golubev,12

A. P. Onuchin,12 S. I. Serednyakov,12 Yu. I. Skovpen,12 E. P. Solodov,12 K. Yu Todyshev,12 D. S. Best,13 M. Bondioli,13

M. Bruinsma,13 M. Chao,13 S. Curry,13 I. Eschrich,13 D. Kirkby,13 A. J. Lankford,13 P. Lund,13 M. Mandelkern,13

R. K. Mommsen,13 W. Roethel,13 D. P. Stoker,13 S. Abachi,14 C. Buchanan,14 S. D. Foulkes,15 J. W. Gary,15 O. Long,15

B. C. Shen,15 K. Wang,15 L. Zhang,15 H. K. Hadavand,16 E. J. Hill,16 H. P. Paar,16 S. Rahatlou,16 V. Sharma,16

J. W. Berryhill,17 C. Campagnari,17 A. Cunha,17 B. Dahmes,17 T. M. Hong,17 D. Kovalskyi,17 J. D. Richman,17

T. W. Beck,18 A. M. Eisner,18 C. J. Flacco,18 C. A. Heusch,18 J. Kroseberg,18 W. S. Lockman,18 G. Nesom,18 T. Schalk,18

B. A. Schumm,18 A. Seiden,18 P. Spradlin,18 D. C. Williams,18 M. G. Wilson,18 J. Albert,19 E. Chen,19 A. Dvoretskii,19

D. G. Hitlin,19 I. Narsky,19 T. Piatenko,19 F. C. Porter,19 A. Ryd,19 A. Samuel,19 R. Andreassen,20 G. Mancinelli,20

B. T. Meadows,20 M. D. Sokoloff,20 F. Blanc,21 P. C. Bloom,21 S. Chen,21 W. T. Ford,21 J. F. Hirschauer,21 A. Kreisel,21

U. Nauenberg,21 A. Olivas,21 W. O. Ruddick,21 J. G. Smith,21 K. A. Ulmer,21 S. R. Wagner,21 J. Zhang,21 A. Chen,22

E. A. Eckhart,22 A. Soffer,22 W. H. Toki,22 R. J. Wilson,22 F. Winklmeier,22 Q. Zeng,22 D. D. Altenburg,23 E. Feltresi,23

A. Hauke,23 H. Jasper,23 B. Spaan,23 T. Brandt,24 V. Klose,24 H. M. Lacker,24 W. F. Mader,24 R. Nogowski,24 A. Petzold,24

J. Schubert,24 K. R. Schubert,24 R. Schwierz,24 J. E. Sundermann,24 A. Volk,24 D. Bernard,25 G. R. Bonneaud,25

P. Grenier,25,* E. Latour,25 Ch. Thiebaux,25 M. Verderi,25 D. J. Bard,26 P. J. Clark,26 W. Gradl,26 F. Muheim,26 S. Playfer,26

A. I. Robertson,26 Y. Xie,26 M. Andreotti,27 D. Bettoni,27 C. Bozzi,27 R. Calabrese,27 G. Cibinetto,27 E. Luppi,27

M. Negrini,27 A. Petrella,27 L. Piemontese,27 E. Prencipe,27 F. Anulli,28 R. Baldini-Ferroli,28 A. Calcaterra,28

R. de Sangro,28 G. Finocchiaro,28 S. Pacetti,28 P. Patteri,28 I. M. Peruzzi,28,† M. Piccolo,28 M. Rama,28 A. Zallo,28

A. Buzzo,29 R. Capra,29 R. Contri,29 M. Lo Vetere,29 M. M. Macri,29 M. R. Monge,29 S. Passaggio,29 C. Patrignani,29

E. Robutti,29 A. Santroni,29 S. Tosi,29 G. Brandenburg,30 K. S. Chaisanguanthum,30 M. Morii,30 J. Wu,30 R. S. Dubitzky,31

J. Marks,31 S. Schenk,31 U. Uwer,31 W. Bhimji,32 D. A. Bowerman,32 P. D. Dauncey,32 U. Egede,32 R. L. Flack,32

J. R. Gaillard,32 J . A. Nash,32 M. B. Nikolich,32 W. Panduro Vazquez,32 X. Chai,33 M. J. Charles,33 U. Mallik,33

N. T. Meyer,33 V. Ziegler,33 J. Cochran,34 H. B. Crawley,34 L. Dong,34 V. Eyges,34 W. T. Meyer,34 S. Prell,34

E. I. Rosenberg,34 A. E. Rubin,34 A. V. Gritsan,35 M. Fritsch,36 G. Schott,36 N. Arnaud,37 M. Davier,37 G. Grosdidier,37
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Using 230:2 fb�1 of e�e� annihilation data collected with the BABAR detector at and near the peak of

the ��4S� resonance, 489� 55 events containing the pure leptonic decay D�
s ! ���� have been isolated

in charm-tagged events. The ratio of partial widths ��D�
s ! �����=��D�

s ! ���� is measured to be

0:143� 0:018� 0:006 allowing a determination of the pseudoscalar decay constant fDs
� �283� 17�

7� 14� MeV. The errors are statistical, systematic, and from the D�
s ! ��� branching ratio,

respectively.

DOI: 10.1103/PhysRevLett.98.141801 PACS numbers: 13.20.Fc, 14.40.Lb

Measurements of pure leptonic decays of charmed pseu-

doscalar mesons are of particular theoretical importance.

They provide an unambiguous determination of the overlap

of the wave functions of the heavy and light quarks within

the meson, represented by a single decay constant (fM) for

each meson species (M). The partial width for a D�
s meson

to decay to a single lepton flavor (l) and its accompanying

neutrino (�l) is given by

 ��D�
s ! l��l� �

G2
FjVcsj2
8�

f2Ds
m2

lmDs

�

1� m2
l

m2
Ds

�

2

; (1)

where mDs
and ml are the D�

s and lepton masses, respec-

tively, GF is the Fermi constant, and Vcs is the Cabibbo-

Kobayashi-Maskawa matrix element giving the coupling

of the weak charged current to the c and s quarks [1]. The

partial width is governed by two opposing terms in m2
l . The

first term reflects helicity suppression in the decay of the

spin-0 meson, requiring the charged lepton to be in its

unfavored helicity state. The second term is a phase-space

factor. As a result, the ratio of �:�:e decays is approxi-

mately 10:1:0:00002. Lattice calculations have resulted in

fDs
� �249� 17� MeV and a ratio fDs

=fD � 1:24� 0:07

[2]. CLEO-c has recently measured a value for fD �
�223� 17� MeV [3].

We present herein the most precise measurement to date

of the ratio ��D�
s ! �����=��D�

s ! ���� and the de-

cay constant fDs
[4]. The data (230:2 fb�1) were collected

with the BABAR detector at the asymmetric-energy e�e�

storage ring PEP-II at and below the ��4S� resonance. The

BABAR detector is described in detail elsewhere [5].

Briefly, the components used in this analysis are the track-

ing system composed of a five-layer silicon vertex detector

and a 40-layer drift chamber (DCH), the Cherenkov detec-

tor (DIRC) for charged �-K discrimination, the CsI(Tl)

calorimeter (EMC) for photon and electron identification,

and the 18-layer flux return (IFR) located outside the 1.5 T

solenoid coil and instrumented with resistive plate cham-

bers for muon identification and hadron rejection.

The analysis proceeds as follows. In order to measure

D�
s ! ����, the decay chain D��

s !�D�
s , D�

s ! ����

is reconstructed from D��
s mesons produced in the hard

fragmentation of continuum c �c events. The subsequent

decay results in a photon, a high-momentum D�
s , and

daughter muon and neutrino, lying mostly in the same

hemisphere of the event. Signal candidates are required

to lie in the recoil of a fully reconstructed D0, D�, D�
s , or

D�� meson (the ‘‘tag’’), wherein the tag flavor, and hence

the expected charge of the signal muon, is uniquely deter-

mined. To eliminate signal from B decays, the minimum

tag momentum is chosen to be close to the kinematic limit

for charm mesons arising from B decays. Tagging in this

manner provides a new technique for measuring fDs
that

significantly reduces backgrounds while improving the

missing-mass resolution of the signal.

Tag candidates are reconstructed in the following

modes: D0 ! K�����0�, K�������, D� !
K�������0�, K0

S�
���0�, K0

S�
�����, K�K���,

K0
SK

�, D�
s ! K0

SK
�, ���, and D�� ! ��D0, with

D0 ! K0
S�

�����0�, K0
SK

�K�, K0
S�

0. Kaons are identi-

fied using information from the DCH and the DIRC.

Requirements on the vertex probability of the tag decay

products are imposed. For each tag mode a signal region

and sideband regions in the tag mass distribution are

defined. The signal region spans �2 standard deviations

(�tag) around the mean (�tag), determined from fits to the

tag mass distribution in data events. The sidebands extend

from 3 to 6 �tag on either side of �tag (Fig. 1).

For each event a single tag candidate is chosen and then

used in the subsequent analysis. To pick this tag among

multiple candidates within an event (there are 1.2 candi-

dates on average in events with at least one candidate)

modes of higher purity are preferred. In events where two

tag candidates are reconstructed in the same mode, the

quality of the vertex fit of the D meson is used as a

secondary criterion. After subtracting combinatorial back-
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FIG. 1. Tag mass distribution, showing the signal and sideband

regions, in events with a recoil muon. All tag modes are

combined, scaling their mass and width to that of the D0 !
K��� mode.
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ground there are 5� 105 charm-tagged events with a muon

amongst the recoiling particles.

The signature of the decay D��
s ! �D�

s is a narrow

peak in the distribution of the mass difference �M �
M����� �M���� at 143:5 MeV=c2. The D��

s signal is

reconstructed from a muon and a photon candidate in the

recoil of the tag. Muons are identified as nonshowering

tracks penetrating the IFR. The muon must have a momen-

tum of at least 1:2 GeV=c in the center-of-mass (c.m.)

frame and have a charge consistent with the tag flavor.

Muons used in this analysis are identified with an average

efficiency of 	 70%, while the pion misidentification rate

is 	 2:5%. Clusters of energy in the EMC not associated

with charged tracks are identified as photon candidates.

The photon c.m. energy must exceed 0.115 GeV.

The c.m. missing energy (E�
miss) and momentum ( ~p�

miss)

are calculated from the four-momenta of the incoming

e�e�, the tag four-momentum, and the four-momenta of

all remaining tracks and photons in the event. The energy

of the charged particles that do not belong to the tag is

calculated from the track momentum under a pion mass

hypothesis. Assigning a mass according to the most likely

particle hypothesis has negligible effect on the missing-

energy resolution. Since the neutrino in the signal decay

leads to a large missing energy in the event, the require-

ment E�
miss > 0:38 GeV is made.

The neutrino c.m. four-momentum [p�
� � �j ~p�

�j; ~p�
��] is

estimated from the muon c.m. four-momentum (p�
�) and

~p�
miss, using a technique adopted from Ref. [6]. The differ-

ence j ~p�
miss � ~p�

�j is minimized, while the invariant mass of

the neutrino-muon pair is required to be the known mass of

the D�
s [7]. Studies of simulated decays of signal and

background c �c events show that the quantity pcorr �
j ~p�

missj � j ~p�
�j is centered at 0 for signal decays, while for

the c �c events it peaks at a negative value significantly

separated from the signal. A requirement pcorr >
�0:06 GeV=c is imposed. To reduce contributions from

background events where particles are lost along the beam

pipe in the forward direction, a requirement on the neutrino

c.m. polar angle 	�� > 38
 is made. The muon c.m. four-

momentum (p�
�) is combined with p�

� to form the D�
s

candidate. Unlike the signal D�
s , a large number of random

D�
s combinations have the muon candidate aligned with

the D�
s flight direction. A requirement cos�
�;Ds

�< 0:90

is made on the angle between the muon direction in the D�
s

frame and the D�
s flight direction in the c.m. frame. The

D�
s candidate is then combined with a photon candidate to

form the D��
s . The CM momentum of correctly recon-

structed D��
s is typically higher than that of random com-

binations; signal candidates are required to have

j ~p�
D��

s
j> 3:55 GeV=c. The resulting signal detection effi-

ciency in tagged events is �Sig � 8:13%.

The selection requirements on E�
miss, 
�;Ds

, pcorr, 	
�
�, and

j ~p�
D��

s
j are optimized using simulation to maximize the

significance s=
������������

s� b
p

, where s and b are the signal and

background yields expected in the data set. Backgrounds

arise from several distinct sources. The first class of back-

ground are events e�e� ! f �f, where f � u, d, s, b, or �,

which do not contain a real charm tag. The contribution of

these events is estimated from data using the tag sidebands.

In addition, there are events e�e� ! c �c where the tag is

incorrectly reconstructed. Although these events poten-

tially contain the signal decay, they are also subtracted

using the tag sidebands. These two sources amount to

	42% of the background.

The second class of background events (	26%) are

correctly tagged c �c events with the recoil muon coming

from a semileptonic charm decay or from �� ! ���� ���.

This includes events D��
s ! �D�

s ! �����, �� !
���� ���. To estimate the size and shape of this back-

ground contribution, the analysis is repeated, substituting

a well-identified electron for the muon. Except for a small

phase-space correction, the widths of weak charm decays

into muons and electrons are assumed to be equal. QED

effects such as bremsstrahlung (e� ! �e�) energy losses

and photon conversion (� ! e�e�), where the muon

equivalents have a much lower rate, are explicitly removed.

In particular, bremsstrahlung photons found in the vicinity

of an electron track are combined with the track. The small

number of events with an electron from a converted photon

that survive the selection are suppressed by a photon

conversion veto, using the vertex and the known radial

distribution of the material in the detector. The muon

selection efficiency as a function of momentum and direc-

tion is measured using e�e� ! ����� events, while

radiative Bhabha events are used to quantify the electron

efficiency. The ratio of muon to electron efficiencies is

applied as a weight to each electron event.

The remaining backgrounds are estimated from simula-

tion. These include events (	20%) with pure leptonic

decays of a D�
s or D� meson, D�

�s� ! ����, where the

D�
�s� is produced either directly in c �c fragmentation or in

decays of D��
�s� , excluding the signal decay chain. If the

photon used in the reconstruction originates from a �0 of

a D��
�s� decay, the �M distribution peaks sharply around

70 MeV=c2; otherwise it is flat. A small background

(	1%) arises from decays D��
s ! �D�

s ! ����� with

�� ! ����0��� and the charged pion being misidentified

as a muon. Its �M distribution peaks close to that of the

signal. Other backgrounds ( 	 10%) include signal events

with an incorrectly chosen photon candidate, and hadronic

c �c events with one of the final state hadrons, usually a ��

or a K�, being misidentified as a muon. These back-

grounds have a flat �M distribution.

Events that pass the signal selection are grouped into

four sets, depending on whether the tag lies in the signal

region or the sideband regions, and on whether the lepton is

a muon or an electron (Fig. 2). For each lepton type the

sideband �M distribution is subtracted. The electron dis-

tribution, scaled by the relative phase-space factor (0.97)
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appropriate to semileptonic charm meson decays and lep-

tonic � decays, is then subtracted from the muon distribu-

tion. The resulting �M distribution is fitted with a function

�NSigfSig � NBkgdfBkgd���M�, where fSig and fBkgd de-

scribe the simulated signal and background �M distribu-

tions. The function fSig is a double Gaussian distribution.

The function fBkgd consists of a double and a single

Gaussian distribution describing the two peaking back-

ground components (see previous paragraph) and a func-

tion [8] describing the flat background component. The

relative sizes of the background components, along with all

parameters except NSig and NBkgd, are fixed to the values

estimated from simulation. The �2 fit yields NSig � 489�
55�stat� signal events and has a fit probability of 8.9%

(Fig. 3).

The branching fraction of D�
s ! ���� cannot be de-

termined directly since the production rate of D����
s mesons

in c �c fragmentation is unknown. Instead the partial width

ratio ��D�
s ! �����=��D�

s ! ���� is measured by re-

constructing D��
s ! �D�

s ! ���� decays. The D�
s !

���� branching fraction is evaluated using the measured

branching fraction for D�
s ! ���.

Candidate � mesons are reconstructed from two kaons

of opposite charge. The � candidates are combined with

charged pions to form D�
s meson candidates. Both times a

geometrically constrained fit is employed, and a minimum

requirement on the fit quality is made. The � and the D�
s

candidate masses must lie within 2� of their nominal

values, obtained from fits to simulated events and data.

Photon candidates are then combined with the D�
s to form

D��
s candidates. The same requirements on the c.m. photon

energy and D��
s momentum as in the D�

s ! ���� signal

selection are made. The D��
s ! �D�

s ! ���� selection

efficiency in tagged events is ��� � 9:90%. Data events

that pass the selection are grouped into two sets: the tag

signal and sideband regions. After the tag sideband has

been subtracted from the tag signal �M distribution, the

remaining distribution is fitted with �N��f�� �
N��Bkgdf��Bkgd���M�, where f�� is a triple Gaussian,

describing the simulated D��
s ! �D�

s ! ���� signal,

and f��Bkgd consists of a broad Gaussian centered at

70 MeV=c2 and a function [8] describing the simulated

background �M distributions. The Gaussian describes the

background D��
s ! �0D�

s ! �0��� where the photon

candidate originates from the �0. The relative sizes of the

background components, along with all parameters except

N��, N��Bkgd, and the mean of the peak are fixed to the

values estimated from simulation. The �2 fit yields N�� �
2093� 99 events and has a probability of 25.0% (Fig. 4).

From simulation 48� 23 events D��
s ! �D�

s !
�f0�980��K�K���� are expected to contribute to the

signal, where the error is mostly from the uncertainty in

the D�
s ! f0�980��K�K���� branching ratio.

Precise knowledge of the efficiency of reconstructing the

tag is not important, since it mostly cancels in the calcu-

lation of the partial width ratio. However, the presence of

two charged kaons in D�
s ! ��� events leads to an
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increased number of random tag candidates, compared to

D�
s ! ���� events, which decreases the chances that the

correct tag is picked. The size of the correction for this

effect to the efficiency ratio (���=�Sig) is determined to be

�1:4% in simulated events.

To measure the effect of a difference between the D��
s

momentum spectrum in simulated and data events, D��
s !

�D�
s ! ���� events are selected in data with the D��

s

momentum requirement removed. The sample is purified

by requiring the c.m. momentum of the charged pion to be

at least 0:8 GeV=c. The efficiency-corrected D��
s momen-

tum distribution in data is compared to that of D��
s in

simulated D��
s ! �D�

s ! ���� events. A harder mo-

mentum spectrum is observed in data. The detection effi-

ciencies for signal and D��
s ! �D�

s ! ���� events are

reevaluated after weighting simulated events to match the

D��
s momentum distribution measured in data. The cor-

rection to the efficiency ratio is �1:5%.

With both corrections applied, the partial width ratio

is determined to be ���=��� � �N=��Sig=�N=���� �
B�� ! K�K�� � 0:143� 0:018�stat�, with B�� !
K�K�� � 49:1% [7].

The combined systematic uncertainty due to the correc-

tions applied, taken as the sum of half the size of each

correction, is 1.0%. The systematic error in the signal

efficiency due to selection criteria insensitive to the D��
s

momentum is evaluated using reconstructed D�0 !
�D0 ! �K��� events. The conditions present in the

signal are emulated by removing the charged pion, taken

to represent the neutrino, from these events. The signal

reconstruction and selection steps are repeated, and the

selection efficiencies compared between simulated and

data events. The assigned systematic uncertainty is 1.4%.

For the D�
s ! ��� selection, requirements on the D�

s and

� vertex fit probability contribute a systematic uncertainty

of 0.7%, estimated from comparisons of D�
s ! ���

events in simulation and data. Control samples of e�e� !
����� and D�� ! ��D0 ! ��K��� events are used

to measure the particle identification efficiencies of muons

and charged kaons and pions in data and to correct the

simulated signal and D��
s ! �D�

s ! ���� efficiencies.

An uncertainty of 0.7% is associated with these correc-

tions, mainly due to the limited statistics of the control

samples. The systematic uncertainties in the track recon-

struction efficiency cancel partially in the D�
s ! ���� to

D�
s ! ��� ratio and contribute 1.2%. An additional

uncertainty of 1.1% is due to the statistical limitations of

the simulated signal and D�
s ! ��� event samples.

Simulation studies are used to evaluate the systematic

uncertainties arising from a possible inadequate parame-

trization of the signal (0.9%) and background (2.3%)

shapes. Simulations are also used to determine the system-

atic uncertainty associated with the subtraction of the

electron sample (0.4%). The error on the branching ratio

B�� ! K�K�� is 1.2%; the uncertainty on the D�
s !

f0�980��� background is 1.1%. The total systematic un-

certainty on ��D�
s ! �����=��D�

s ! ���� is 3.9%.

Using the BABAR average for the branching ratio

B�D�
s ! ���� � �4:71� 0:46�% [9,10], we obtain the

branching fraction B�D�
s ! ����� � �6:74� 0:83�

0:26� 0:66� � 10�3 and the decay constant fDs
� �283�

17� 7� 14� MeV. The first and second errors are statis-

tical and systematic, respectively; the third is the uncer-

tainty from B�D�
s ! ����. The ratio of our value for fDs

to fD from the CLEO-c measurement, fDs
=fD � 1:27�

0:14, is consistent with lattice QCD.

Using B�D�
s ! ����PDG � �3:6� 0:9�% [7], the

branching fraction is B�D�
s ! ����� � �5:15� 0:63�

0:20� 1:29� � 10�3 and the decay constant fDs
� �248�

15� 6� 31� MeV.

We are grateful for the excellent luminosity and machine

conditions provided by our PEP-II colleagues, and for the

substantial dedicated effort from the computing organiza-

tions that support BABAR. The collaborating institutions

wish to thank SLAC for its support and kind hospitality.

This work is supported by DOE and NSF (USA), NSERC

(Canada), IHEP (China), CEA and CNRS-IN2P3 (France),

BMBF and DFG (Germany), INFN (Italy), FOM (The

Netherlands), NFR (Norway), MIST (Russia), and

PPARC (United Kingdom). Individuals have received sup-

port from the Marie Curie EIF (European Union) and the

A. P. Sloan Foundation.

*Also at Laboratoire de Physique Corpusculaire, Clermont-

Ferrand, France.
†Also with Dipartimento di Fisica, Università di Perugia,
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