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The The BBAABBAARR BB--factoryfactory
The BaBar experiment operated between 1999 and 2008.The BaBar experiment operated between 1999 and 2008.
Collected a total of 531 fbCollected a total of 531 fb--1 1 of eof e++ee-- collisions at center of mass collisions at center of mass 
energies corresponding to energies corresponding to 

ΥΥ(4S)(4S) : 432 fb: 432 fb--11 ΥΥ(3S)(3S) : 30 fb: 30 fb--11 ΥΥ(2S)(2S) : 14 fb: 14 fb--11 OffOff--Peak: 54 fbPeak: 54 fb--11( )( ) ( )( ) ( )( )

The BaBar DetectorThe BaBar Detector

~40MeV below the Υ(nS)

e+ (~3.1GeV)

Iron / Resistive Plate 
Chambers or Limited 

e− (~9GeV)
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Recent Results fromRecent Results from BBAABBAARRRecent Results from Recent Results from BBAABBAARR
|V|Vubub| from B| from B00 ππ−− ll++ ν ν 
ffDsDs from Dfrom Dss

+ + ττ++νν ((ττ++ ee++νννν) ) 
DD00 Mixing using the Mixing using the DD00 KK--ππ++//DD00 KK--KK++ lifetime ratiolifetime ratiog gg g
Search for CPV in DSearch for CPV in D00 KK--KK++ππ−−ππ++

Search for Lepton Flavor Violation Search for Lepton Flavor Violation pp
ττ++ l l ++ γγ
ΥΥ(nS)(nS) ττ−− ll++

Test of Lepton UniversalityTest of Lepton Universality
ΥΥ(1S)(1S) ττ−−ττ++ / Υ/ Υ(1S)(1S) μμ−−μμ++
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Measurement of |VMeasurement of |V ||Measurement of |VMeasurement of |Vubub| | 
using Busing B π π l l ννusing Busing B π π l l νν
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MotivationMotivationMotivationMotivation
Exclusive decays of BExclusive decays of B π π l l ν ν provide oneprovide one CKM MatrixExclusive decays of BExclusive decays of B π π l l ν ν provide one provide one 
of the best ways to extract the CKM of the best ways to extract the CKM 
element Velement Vub ub 

CKM Matrix

The decay rate depends on the The decay rate depends on the 
momentum transfer and is proportional momentum transfer and is proportional p pp p
to |Vto |Vubub||22

Decay Mechanism

The form factorThe form factor ff(q(q22) are obtained from) are obtained from WThe form factor The form factor ff(q(q ) are obtained from ) are obtained from 
Lattice QCD calculationsLattice QCD calculations Vub
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Analysis MethodAnalysis Method
Reconstruct events by identifying a charged lepton (Reconstruct events by identifying a charged lepton (ee,,μμ) and a ) and a 
hadron (hadron (π,ρπ,ρ) in the following modes:) in the following modes:
BB00 ππ−− ll++ ν      ν      BB++ ππ00 ll++ ν      ν      BB00 ρρ−− ll++ ν      ν      BB++ ρρ00 ll++ ν ν 

The The νν is reconstructed as the missing 4is reconstructed as the missing 4--momentum in the momentum in the 
event: event: 

We use the difference in the B energy with respect to ½ the CM We use the difference in the B energy with respect to ½ the CM 
energy and the mass of the B to extract the signal yield:energy and the mass of the B to extract the signal yield:
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mmESES distributionsdistributions

377 Million⎯BB events
BaBar
Preliminary

BaBar
Preliminary

BaBar
Preliminary

377 Million BB events

Previous analysis used only 227 Million

BB++ 00 ++

BaBar
Preliminary

BaBar
Preliminary BaBar

Preliminary

BB00 ππ−− ll++ νν
BB++ ππ00 ll++ νν

B B B B

BaBar
PreliminaryBaBar

Preliminary
BaBar
Preliminary

y

BaBar
Preliminary

BaBar
Preliminary BaBar

Preliminary
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Determination of VDetermination of Vubub
The decay rate of BThe decay rate of B00 ππ−− ll++ ν ν is extracted in a is extracted in a 
simultaneous fit to the four channels. We use isospin simultaneous fit to the four channels. We use isospin 

t t t i th d tt t t i th d t 00 ++ ddsymmetry to constrain the decay to symmetry to constrain the decay to ππ00 ll++ νν and use and use 
the the ρ ρ ll++ ν ν modes to constrain the crossmodes to constrain the cross--feeding feeding 
backgrounds.backgrounds.

22The decay rate is determined as a function of  qThe decay rate is determined as a function of  q22 and and 
then transformed into a form factor using:then transformed into a form factor using:

BaBar
Preliminary

The normalization for such a transformation isThe normalization for such a transformation isThe normalization for such a transformation is The normalization for such a transformation is 
proportional to |Vproportional to |Vubub| | 
The form factor values are then required to agree The form factor values are then required to agree 
with the values calculated by theorywith the values calculated by theory

BaBar
Preliminary

with the values calculated by theorywith the values calculated by theory
We obtain  We obtain  
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Determination of fDetermination of fDsDs
from Dfrom Dss

++ ττ++νν
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MotivationMotivation
The purely leptonic decay of charged D mesons is a clean The purely leptonic decay of charged D mesons is a clean 
process in the SM:process in the SM:process in the SM:process in the SM:

ff h t i th QCD i t tih t i th QCD i t tiffDsDs characterizes the QCD interactions.characterizes the QCD interactions.
Currently a discrepancy of Currently a discrepancy of ~2.5~2.5σσ exists between theory and exists between theory and 
experiment Theoryexperiment Theory [HPQCD+UKQCD][HPQCD+UKQCD] predicts fpredicts f =241=241 ±± 3 MeV3 MeVexperiment. Theory experiment. Theory [HPQCD+UKQCD][HPQCD+UKQCD] predicts fpredicts fDsDs=241 =241 ±± 3 MeV 3 MeV 
while the experimental average while the experimental average [HFAG][HFAG] is 257 is 257 ±± 7 MeV.7 MeV.
ff agrees well with theoryagrees well with theory
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Analysis MethodAnalysis MethodAnalysis MethodAnalysis Method
R t t t f th tR t t t f th tReconstruct events  of the type Reconstruct events  of the type 

ee++ee-- DDTagTagKXDKXDss
**

**where Dwhere Dss
* * DDssγγ,  D,  Ds s τντν and   and   τ τ eeνννν

DDTagTag consists of 11 high yield Dconsists of 11 high yield D00/D/D++ decay channels. K consists decay channels. K consists 
of a Kof a KSS/K/K++ to balance the quark flavor and X consists of to balance the quark flavor and X consists of 
additional reconstructed pions from fragmentationadditional reconstructed pions from fragmentationadditional reconstructed pions from fragmentation.additional reconstructed pions from fragmentation.
Besides the DKX system, an eBesides the DKX system, an e++ track must be identified in track must be identified in 
signal events.signal events.gg
A similar reconstruction is done for the well known decay A similar reconstruction is done for the well known decay 
channel Dchannel Dss

++ KKSSKK+ + and used for normalization.and used for normalization.
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ResultsResults
We We fit for the Ds τν signal yield using the mass recoiling against the DKXγ
system and the extra neutral energy in the event.

Eextra=0 Eextra>0Eextra distribution
• Data

C

BaBar
Preliminary

BaBar
Preliminary

MC
Signal

W bt i t t l f 448 36 D t• We obtain a total of 448 ± 36 Ds τν events.

• Similarly extract the Ds KsK yield: 333 ± 28 events.

• We obtain the following value for the branching fraction:

)(
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Result for fResult for fDsDsDsDs
The decay constant is determined by inverting the formula for The decay constant is determined by inverting the formula for 
the partial width ofthe partial width of ΓΓ(D(D τντν) and using the PDG values for) and using the PDG values forthe partial width of the partial width of ΓΓ(D(Dss τντν) and using the PDG values for ) and using the PDG values for 
the additional parameters.the additional parameters.
We find a value which is consistent with the theoretical value We find a value which is consistent with the theoretical value 

d ith th t ldd ith th t ldand with the current world average.and with the current world average.
Comparison with other measurements

Errors are: statistical, systematic and PDG

Preliminary

Flavor Physics Flavor Physics 
at BaBarat BaBar Jose BenitezJose Benitez 1313

Preliminary



Evidence of DEvidence of D00 MixingMixingEvidence of DEvidence of D00 Mixing Mixing 
using the Dusing the D00 KK--ππ++//DD00 KK--KK++gg

lifetime ratiolifetime ratio
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MotivationMotivationMotivationMotivation
DD00 mixing is characterized by a difference in masses mixing is characterized by a difference in masses g yg y
and widths of the physical states:and widths of the physical states:

DD00 mixing can be detected as a difference in the mixing can be detected as a difference in the 
measured Dmeasured D0 0 lifetime with final states of differentlifetime with final states of differentmeasured Dmeasured D lifetime with final states of different lifetime with final states of different 
CP:CP:

yycpcp=y in the limit of no direct CP violation.=y in the limit of no direct CP violation.

Flavor Physics Flavor Physics 
at BaBarat BaBar Jose BenitezJose Benitez 1515



Analysis MethodAnalysis Method
We measure the DWe measure the D00 lifetime using decays to the CP mixed final lifetime using decays to the CP mixed final 
state Kstate K--ππ++ and CP even final state Kand CP even final state K--KK++..
No D* parent is required No D* parent is required in order to enhance the statistical in order to enhance the statistical 
power by ~4  with respect to our previous tagged analysis.power by ~4  with respect to our previous tagged analysis.

PRD 80,071103 (2009)

We measure the DWe measure the D0 0 decay time by measuring decay time by measuring 
the displacement of Dthe displacement of D00 decay vertex decay vertex e+ e-

D0
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ResultsResults
The decay time distribution is fitted using an exponential signal The decay time distribution is fitted using an exponential signal 
PDF convoluted with a resolution model determined from the PDF convoluted with a resolution model determined from the 
MC simulation.MC simulation.

K-π+ K-K+

We obtain a Kπ lifetime 
which is significantly larger 
than the KK lifetime:

The calculation of yThe calculation of yCPCP shows evidence for Dshows evidence for D00 mixing at the level mixing at the level 
of 3 3of 3 3σσ::

PRD 80,071103 (2009)

of 3.3of 3.3σσ::

When combined with our previous Tagged analysis we obtain aWhen combined with our previous Tagged analysis we obtain a
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When combined with our previous Tagged analysis we obtain a When combined with our previous Tagged analysis we obtain a 
significance of 4.1significance of 4.1σ σ ::



Search for CPV in DSearch for CPV in D00 KK--KK++ππ−−ππ++Search for CPV in DSearch for CPV in D KK KK ππ ππ
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MotivationMotivation
In the Standard Model CP violation in D mesons is predicted In the Standard Model CP violation in D mesons is predicted 
at the level of 10at the level of 10--33; B factories are now probing the 0.5% ; B factories are now probing the 0.5% 
regimeregime
We use the “We use the “TT--odd correlation” in odd correlation” in 44--body decays of     body decays of     
DD00 KK--KK++ππ−−ππ++DD00 KK KK++ππ ππ++

t h f Tt h f T i l ti i l ithi h CP i t ti l ti i l ithi h CP i t tto search for a Tto search for a T--violating signal within each CP eigenstateviolating signal within each CP eigenstate

A true CPV signal can be detected in the difference betweenA true CPV signal can be detected in the difference betweenA true CPV signal can be detected in the difference between A true CPV signal can be detected in the difference between 
the Dthe D00 andand⎯⎯DD00 which is not sensitive to asymmetries due to which is not sensitive to asymmetries due to 
final state interactionsfinal state interactions
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Analysis MethodAnalysis Method
We reconstruct DWe reconstruct D00’s inclusively and tag the flavor using the ’s inclusively and tag the flavor using the 
charge of the parent D*charge of the parent D*

The signal yield is extracted from a 2 dimensional fit in the DThe signal yield is extracted from a 2 dimensional fit in the D00

mass and mass difference m(Dmass and mass difference m(D00ππ++) ) -- m(Dm(D00) .) .
470 fb-1 

of Data
BaBar
Preliminary

BaBar
Preliminary
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ResultsResults
We divide the Data into the different CP and CWe divide the Data into the different CP and CT T 
components and fit for the yield in each sample:components and fit for the yield in each sample:

BaBar
Preliminary

BaBar
Preliminary

BaBar
Preliminary

BaBar
Preliminary

The asymmetry between DThe asymmetry between D00 andand⎯⎯DD00 is consistent is consistent 
with zero with a sensitivity of 0.6%:with zero with a sensitivity of 0.6%:
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Search for Lepton Flavor Violation:Search for Lepton Flavor Violation:
ττ++ l l ++ γγ ((ll=e,=e,μμ))

ΥΥ(nS)(nS) ττ−− ll++ (n=2 3(n=2 3 ll=e=e μμ))ΥΥ(nS)(nS) ττ ll (n 2,3  (n 2,3  ll e,e,μμ))
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MotivationMotivation

Charged Lepton Flavor violation in the SM isCharged Lepton Flavor violation in the SM is
SM process ~ O(10-54)

Charged Lepton Flavor violation in the SM is Charged Lepton Flavor violation in the SM is 
unobservableunobservable
The decaysThe decays ττ++ l l ++ γγ andand ΥΥ(nS)(nS) ττ−− ll++ areareThe decays The decays ττ l l γγ and and ΥΥ(nS) (nS) ττ ll are are 
suppressed by a factor of msuppressed by a factor of mνν

22/m/mWW
22~10~10--4848

New Physics scenarios predict rates as high New Physics scenarios predict rates as high SUSY Modely p gy p g
as 10as 10--77

SUSY Model
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Analysis MethodAnalysis Method
We search for  We search for  ττ++ ll++ γγ events by events by 
identifying an eidentifying an e++//μμ+ + track and a signaltrack and a signal γγ lidentifying an eidentifying an e //μμ track and a signal track and a signal γγ

We require the invariant mass of the We require the invariant mass of the ll+ + γγ to be to be 
consistent with the consistent with the ττ mass and the mass and the ll+ + γγ energy be energy be 
consistent with half the beam energyconsistent with half the beam energy

e+ e-τ
γ

consistent with half the beam energyconsistent with half the beam energy
We also require a leptonic or hadronic We also require a leptonic or hadronic ττ decay on decay on 
the other side of the eventthe other side of the event

τ

We search forWe search for ΥΥ(nS)(nS) ττ−− ll++ signal events by signal events by 
requiring exactly two oppositely charged requiring exactly two oppositely charged 
tracks:tracks:

l

tracks:tracks:
a primary ea primary e++//μμ++ with energy close to ½ the beam with energy close to ½ the beam 
energy (x≡|penergy (x≡|pll|/E|/EBB),),

h d l t i f thh d l t i f th dd

e+
Υ(nS)

e-

a charged lepton or pion from the a charged lepton or pion from the ττ decaydecay
τ
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ττ+ + ll+ + γγ Search ResultsSearch Results

The BaBar dataThe BaBar data--set consisting of set consisting of 963 Million963 Million ττ decaysdecays
The reconstruction efficiency for signal events is 4The reconstruction efficiency for signal events is 4--6%6%
The number of candidates found in the signal region is The number of candidates found in the signal region is g gg g
consistent with expected backgroundconsistent with expected background
Upper limits are placed at  3Upper limits are placed at  3--4 x104 x10--8 8 at 90% CLat 90% CLpp ppp p

τ eγ τ μγ

PRL104 021802 (2010)
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ΥΥ(nS) (nS) ττ−− ll+ + Search ResultsSearch Results
Υ(2S) l Υ(3S) l

The BaBar Data sample contains The BaBar Data sample contains 

Υ(2S) τl Υ(3S) τl

pp
116 Million Y(3S) events 116 Million Y(3S) events 
98 Million Y(2S) events 98 Million Y(2S) events 

The reconstr ction efficienc forThe reconstr ction efficienc forThe  reconstruction efficiency for The  reconstruction efficiency for 
signal is 4signal is 4--6%6%
We find no evidence of a signal andWe find no evidence of a signal andWe find no evidence of a signal and We find no evidence of a signal and 
place upper limits at 3place upper limits at 3--4x104x10--6 6 at 90% at 90% 
CL. CL. 

BaBar
Preliminaryy
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Test of Lepton UniversalityTest of Lepton Universality
ΥΥ(1S)(1S) ++ // ΥΥ(1S)(1S) ++ΥΥ(1S)(1S) ττ−−ττ++ / / ΥΥ(1S)(1S) μμ−−μμ++
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MotivationMotivationMotivationMotivation
• In the Standard Model the rate for decays of Y(1S) to two leptons is 
approximately the same for all lepton flavors:

9920))1(()( )1( =
→ΥΓ

=
−+

Υ
ττSR S

•The ratio of Y(1S) ττ and Y(1S) μμ has the following value (assuming 
gτ/gμ=1):

992.0
))1((

)( )1(
→ΥΓ −+Υ

μμτμ S
R S

Th f li h l Hi hi i d i b•The presence of a light scalar Higgs can cause this ratio to deviate by as 
much as 4% [JHEP 0901, 061 (2009)]
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Analysis MethodAnalysis Method
The analysis method uses events where The analysis method uses events where 

ee++ee-- ΥΥ(3S)(3S) ΥΥ(1S)(1S)ππ++ππ−−

arXiv:1002.4358 
submitted to PRL

Υ(1S) μμee++ee ΥΥ(3S)(3S) ΥΥ(1S)(1S)ππ++ππ
We require 4 charged tracks in each event We require 4 charged tracks in each event 
thethe ππ++ππ−− and two oppositely charged tracksand two oppositely charged tracks

BaBar
Preliminarythe the ππ ππ and two oppositely charged tracksand two oppositely charged tracks

The The ΥΥ(1S) is identified through the recoil (1S) is identified through the recoil 
mass against the mass against the ππ++ππ−− system:system:

m(μμ)  GeV

Υ(1S) μμ

BaBar
Preliminary

In the case of the In the case of the ΥΥ(1S)(1S) μμ−−μμ+ + channel the channel the 
μμμμ mass is also usedmass is also used
The Signal distributions are modeled using aThe Signal distributions are modeled using a

Preliminary

Mreco(ππ) GeV
Υ(1S) ττ

The Signal distributions are modeled using a The Signal distributions are modeled using a 
bifurcated Gaussian function:bifurcated Gaussian function: BaBar

Preliminary
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ResultsResultsResultsResults
121 8121 8 1 21 2 (3S)(3S)We use 121.8We use 121.8±±1.2 Million 1.2 Million ΥΥ(3S) events with a reconstruction (3S) events with a reconstruction 

efficiency of 44.6% in the efficiency of 44.6% in the μμ++μμ−− channel and 16.8% in the channel and 16.8% in the ττ++ττ−−

channel.channel.

We perform a simultaneous fit to the We perform a simultaneous fit to the μμ++μμ−− and and ττ++ττ−− data where data where 
RR is varied and obtain the following value:is varied and obtain the following value:RRτμτμ is varied and obtain the following value:is varied and obtain the following value:

Preliminary

This measurement is consistent with SM expectation.This measurement is consistent with SM expectation.
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Summary and Conclusions Summary and Conclusions 
⎯⎯Using 377 MillionUsing 377 Million⎯⎯BB events we measure |VBB events we measure |Vubub|=(3.05|=(3.05±±0.29)% 0.29)% 

using the  Busing the  B00 ππ−− ll++ νν qq22--dependent branching fraction dependent branching fraction and the and the 
LQCD predictions for the form factor.LQCD predictions for the form factor.Q pQ p
We measure fWe measure fDs Ds =233 =233 ±± 18 MeV using D18 MeV using Dss

++ ττ++νν decays; this decays; this 
measurement is consistent with the current world average.measurement is consistent with the current world average.
O t f th lif ti ti f DO t f th lif ti ti f D00 KK /D/D00 KK hKK hOur measurement of the lifetime ratio of DOur measurement of the lifetime ratio of D00 KKππ/D/D00 KK shows KK shows 
evidence of Devidence of D00 mixing at 3.3mixing at 3.3σ;  σ;  4.14.1σ σ when combined with our when combined with our 
previous tagged measurement.previous tagged measurement.
We have searched for CP violation using TWe have searched for CP violation using T--odd correlations in odd correlations in 
44--body Dbody D00 decays and find no evidence with a sensitivity of decays and find no evidence with a sensitivity of 
0.6%.0.6%.
We place limits on the lepton flavor violating processes            We place limits on the lepton flavor violating processes            
ττ++ ll++ γγ and and ΥΥ(nS)(nS) ττ+ + ll−− at the level of 3x10at the level of 3x10--88 and 3x10and 3x10--66

respectivelyrespectivelyrespectively.respectively.
Finally, our test of Lepton Universality is consistent with SM Finally, our test of Lepton Universality is consistent with SM 
expectations (Rexpectations (Rτμτμ=1.005 =1.005 ±± 00.025) .025) with a sensitivity of 2.5%with a sensitivity of 2.5% ..
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