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B-fa
tories

σ(bb̄) = 1.1 nb Nbb̄ = 1.7× 109
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CP violation in 
harmIn the SM CP violation is des
ribed by nonzero KM phase δ in CKM matrixSo far CPV has been observed only in the B and K meson de
aysIn 
harm se
tor of SM it is expe
ted to be of the order of 0.1% or smallerDis
overy of the large CP violation in 
harm would be sign for New Physi
sIn general 
ase there are three types of CP violation in D mesons: in de
ay(dire
t), in mixing, and in interferen
e between de
ay with and without mixing.In 
harged D± the only possible is dire
t CP violation.The CP asymmetry in the D+ → KSπ+ de
ay:AD+→KSπ+CP ≡
Γ(D+ → KSπ+) − Γ(D− → KSπ−)

Γ(D+ → KSπ+) + Γ(D− → KSπ−)
= A∆CCP +AK̄0CPA∆CCP ≈ 0 is determined by the SM CF and DCS amplitudesAK̄0CP = −0.332± 0.006 is indu
ed by CP violation in K0 − K̄0 mixingNonzero A∆CCP would indi
ate the e�e
ts of New Physi
s.29 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 3/22



CP violation in D+ → KSπ+ at BelleUse the data sample of ∫ Ldt = 977 fb−1 
olle
ted by BelleEvents re
onstru
tionKS is formed from π+π− with0.4826 ≤ Mπ+π− ≤ 0.5126 GeV/
2Common vertex �t(χ2D) of KS and π+ to formD+ with 1.855 ≤ MKSπ+ ≤ 1.885 GeV/
2,produ
tion vertex �t(χ2P) of D+pCMSD+ > 2.0, 2.5, 3.0 GeV/
2 for the data:below Υ(4S), at Υ(4S), Υ(5S) to remove D+mesons from B de
ays and 
omb. ba
kgroundAD+→KSπ+re
 =
ND+→KSπ+re
 −ND−→KSπ−re
ND+→KSπ+re
 +ND−→KSπ−re
AD+→KSπ+re
 = (−0.146 ± 0.094)%; ND+→KSπ+re
 +ND−→KSπ−re
 = (1738 ± 2) × 10329 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 4/22



AD+→KSπ+re
 = AD+→KSπ+CP + AD+FB (
os θCMSD+ ) + Aπ+

ǫ (plabTπ+ , 
os θlab
π+ )Aπ+

ǫ - asymmetry between π+ and π− dete
tion e�
ien
iesAD+FB - forward-ba
kward asymmetry (γ∗-Z0 interferen
e), odd fun
tion of
os θCMSD+D+ → K−π+π+ and D0 → K−π+π0 samples are used to extra
t Aπ+

ǫAπ+

ǫ in 10×10 bins of (plabTπ+ , 
os θlab
π+ ),

< Aπ+

ǫ >= (+0.078 ± 0.040)% (red triangles)To apply Aπ+

ǫ 
orre
tion ea
h D± → KSπ± isweighted by 1∓ Aπ+

ǫ in 2D PSCorre
tion for the asymmetry AD ∼ 0.1% due tothe di�erent intera
tion of K0 and K̄0 with dete
toris applied weighting D± → KSπ± by 1∓AD in binsof KS phase spa
e, �nally AD+→KSπ+
orrre
 is obtained
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pAD+→KSπ+CP =
`AD+→KSπ+
orrre
 (+ 
os θCMSD+ ) + AD+→KSπ+
orrre
 (− 
os θCMSD+

´

/2AD+FB =
`AD+→KSπ+
orrre
 (+ 
os θCMSD+ ) − AD+→KSπ+
orrre
 (− 
os θCMSD+ )

´

/2B. R. Ko, E. Won, B. Golob, and P. Pakhlov, �E�e
t of nu
lear intera
tions of neutral kaons on CPasymmetry measurements,� Phys. Rev. D 84, 111501(R) (2011).29 May 2012 CP violation in 
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K0 − K̄0 mixing CPV asymmetry in D+ → K0
π

+

Negle
ting by DCS D+ → K0π+ the SM K0 − K̄0 mixingasymmetry should be 
al
ulated properly taking into a

ount KSdete
tion e�
ien
y as a fun
tion of KS de
ay time.Corre
tion fa
tor 1.040± 0.005 was found to be applied toAK̄0CP = −0.332± 0.006 to take into a

ount the details of theBelle experiment:AK̄0CP = (−0.345± 0.008)%Y. Grossman and Y. Nir, �CP Violation in τ → νπKS and D → πKS: The Importan
eof KS −KL Interferen
e,� JHEP 1204, 002 (2012) [arXiv:1110.3790 [hep-ph℄℄.
29 May 2012 CP violation in 
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B. R. Ko and E. Won, �Eviden
e for CP Violation in the De
ay D+ → K0Sπ+,�arXiv:1203.6409 [hep-ex℄, submitted to PRLSour
e σACP(%)Aπ+

ǫ 0.064Fitting 0.003
os θCMSD+ binning 0.008AD 0.016Total 0.067Experiment AD+→KSπ+CP (%)FOCUS −1.6±1.5±0.9CLEO −1.3±0.7±0.3BABAR −0.44±0.13±0.10Belle (3.2σ) −0.363±0.094±0.067New world average −0.41±0.09
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This is the �rst eviden
e for CPV in 
harmed meson de
ays from asingle experiment and a single de
ay mode !A∆CCP = AD+→KSπ+CP −AK̄0CP = (−0.018± 0.094± 0.068)%29 May 2012 CP violation in 
harm and tau at B-fa
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So far no CPV has been found in the other 
harmed parti
le de
ay modesMode ACP (%) Exp Lum (fb−1) Publi
ationD+ → φπ+/D+S → φπ+ +0.51 ± 0.28 ± 0.05 Belle 955 PRL 108, 071801 (2012)D+ → ηπ+ +1.74 ± 1.13 ± 0.19 Belle 791 PRL 107, 221801 (2011)D+ → η′π+ −0.12 ± 1.12 ± 0.17 Belle 791 PRL 107, 221801 (2011)D0 → KSπ0 −0.28 ± 0.19 ± 0.10 Belle 791 PRL 106, 211801 (2011)D0 → KSη +0.54 ± 0.51 ± 0.16 Belle 791 PRL 106, 211801 (2011)D0 → KSη′ +0.98 ± 0.67 ± 0.14 Belle 791 PRL 106, 211801 (2011)D0 → π+π− +0.43 ± 0.52 ± 0.12 Belle 540 Phys. Lett. B 670, 190 (2008)D0 → K+K− −0.43 ± 0.30 ± 0.11 Belle 540 Phys. Lett. B 670, 190 (2008)D+s → KSπ+ +5.45 ± 2.50 ± 0.33 Belle 673 PRL 104, 181602 (2010)
+0.6 ± 2.0 ± 0.3 BABAR 469 preliminaryD+s → KSK+ +0.12 ± 0.36 ± 0.22 Belle 673 PRL 104, 181602 (2010)

−0.05 ± 0.23 ± 0.25 BABAR 469 preliminaryD+ → KSK+ −0.16 ± 0.58 ± 0.25 Belle 673 PRL 104, 181602 (2010)
+0.13 ± 0.36 ± 0.25 BABAR 469 preliminaryD± → K+K−π± +0.35 ± 0.30 ± 0.15 BABAR preliminary
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CP violation in τ de
aysCPV has not been observed in lepton de
aysIt is strongly suppressed in the SM (ACPSM . 10−12) andobservation of large CPV in lepton se
tor would be 
lean sign ofNew Physi
s
τ lepton provides unique possibility to sear
h for CPV e�e
ts, asit is the only lepton de
aying to hadrons, so that the asso
iatedstrong phases allows us to visualize CPV in hadroni
 τ de
ays.In τ− → KSπ−ντ there are two possible sour
es of CPV:SM CPV in K0

− K̄0 mixing, whi
h appears in the timeintegrated de
ay-rate asymmetryE�e
ts of New Physi
s (MSSM, multi-Higgs-Doublet-Models),whi
h 
an be dete
ted through the deviation of the timeintegrated de
ay-rate asymmetry from the SM value as well asthrough the di�eren
e in τ± de
ay angular distributions
τ − ντ

KS

π−
W− u−

s

τ − ντ

KS

π−
− u−

s
H

sη
ηs ηs
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CP violation in τ
− → π

−KS(≥ π
0)ντ at BABARJ. P. Lees et al. [BABAR Collaboration℄, Phys. Rev. D 85 (2012) 031102[arXiv:1109.1527 [hep-ex℄℄. Data sample of R Ldt = 476 fb−1 was analyzed0.92<Thrust<0.99 is 
al
ulated using all tra
ks andphoton 
andidates, event is separated into twohemispheres: signal and tagSignal hemisphere: 1 KS → π+π−, 1 prompttra
k±(not kaon±) and Nπ0 ≥ 0;Mre
(KSπ±nπ0) < 1.8 GeV/
2Tag hemisphere: 1 prompt tra
k∓ identi�ed as e∓ or

µ∓ with PCMS < 4 GeV/
To reje
t ba
kground from τ de
ays with fake KS andqq̄ y(KS) > 0.4, y(τ ) > 0.2 likelihood ratio sele
tionswere appliedSour
e Fra
tions (%)e tag µ tag
τ± → π±KS(≥ 0π0)ντ 78.7± 4.0 78.4± 4.0
τ± → K±KS(≥ 0π0)ντ 4.2± 0.3 4.1± 0.3
τ± → π±K0K̄0ντ 15.7± 3.7 15.9± 3.7other(qq̄, fake KS) 1.40± 0.06 1.55± 0.07All 199064 140602Araw = N(τ+→π+KSν̄τ )−N(τ−→π−KSντ )N(τ+→π+KSν̄τ )+N(τ−→π−KSντ )Araw(e− tag) = (−0.32± 0.23)% Araw(µ − tag) = (−0.05± 0.27)%29 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 10/22



Sele
tion 
riteria and 
harge-dependent dete
tor e�e
ts indu
e ade
ay-rate asymmetryUse τ− → π−π−π+ντ 
ontrol sample, in whi
h asymmetry fromthe SM and NP is suppressed. Measured asymmetry is 
onsistentwith zero, asymmetries measured in data and MC 3π samplesagree within the experimental un
ertainties σA = 0.12% (e-tag)and σA = 0.08% (µ-tag).Nu
lear intera
tion e�e
ts (not in
luded in dete
tor simulationproperly) for K0 and K̄0 are di�erent, as a result additional de
ayrate asymmetry for the de
ays with KS appears. Asymmetry
orre
tion is 
al
ulated on event-by-event basis using PLABKS , θLABKSand nu
lear intera
tion 
ross se
tions: A
orr = (0.07± 0.01)%.e tag µ tagDete
tor and sel. bias (3π) 0.12% 0.08%Ba
kground subtra
tion 0.05% 0.06%K0/K̄0 intera
tion 0.01% 0.01%Total un
ertainty 0.13% 0.10%Corre
ted asymmetry (−0.39 ± 0.23 ± 0.13)% (−0.12 ± 0.27 ± 0.10)%Combined asymmetry: A(e and µ tags) = (−0.27± 0.18± 0.08)%29 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 11/22



Measured asymmetry A in
ludes 
ontributions 
omingfrom τ− → K−KSντ and τ− → π−K0K̄0ντ , so that:A =
fsignalAsignal+fKKSAKKS+f

πK0K̄0AπK0K̄0fsignal+fKKS+f
πK0K̄0Taking into a

ount SM expe
tations,AKKS = −Asignal and AπK0K̄0 = 0:A =

„ fsignal−fK KSfsignal+fK KS+f
πK0K̄0 «AsignalCPV asymmetry indu
ed by K0 − K̄0 mixing wasproperly evaluated taking into a

ount KS dete
tione�
ien
y as a fun
tion of de
ay time:AK0CP = (+0.36± 0.01)% (
ompare withAK̄0CP = (−0.345± 0.008)% for D+ → K0π+)Y. Grossman and Y. Nir, �CP Violation in τ → νπKS and D → πKS: The Importan
eof KS −KL Interferen
e,� JHEP 1204, 002 (2012) [arXiv:1110.3790 [hep-ph℄℄.Asignal = (−0.36± 0.23± 0.11)%was measured to be 2.8σ from the SM expe
tationAK0CP = (+0.36± 0.01)%29 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 12/22



CP violation in τ
± → KSπ±

ντ at BelleThe KSπ− hadroni
 
urrent is parametrized by ve
tor (FV(Q2)) and s
alar (FS(Q2))form fa
tor:Jµ = 〈KS(q1)π−(q2)|s̄γµu|0〉 = FV(Q2)„gµν −
QµQνQ2 «

(q1 − q2)ν + FS(Q2)QµE�e
t of CP violating s
alar boson ex
hange diagram 
an be introdu
ed by repla
ingthe SM s
alar form fa
tor:FS(Q2) → F̃S(Q2) = FS(Q2)+ ηSmτ FH(Q2), FH = 〈KS(q1)π−(q2)|s̄u|0〉, dΓτ− (ηS)
CP
→ dΓτ+ (

∗
ηS)

τ− → KSπ−ντ di�erential de
ay width:dΓdQ2d 
os βd 
os θ = (A(Q2) − B(Q2)(3 
os2 β − 1)(3 
os2 ψ − 1))|FV(Q2)|2 + M2
τ |FS|2+

+C(Q2) 
os β 
osψRe(FV∗FS(ηS))

β - angle between ~q1 and dire
tion to CMS frame in the KSπ rest frame
ψ - angle between ~Pτ and dire
tion to CMS frame in the KSπ rest frame
θ- angle between ~Pτ in CMS and momentum of KSπ system in τ rest frame (
orrelated with ψ)To extra
t CPV term the following observable is de�ned in bin �i� of Q2 (dω = dQ2d 
os θd 
os β):ACPi =

Ri 
os β 
osψ  dΓ
τ−
ω

−
dΓ
τ+dω ! dω12 Ri  dΓ

τ−dω +
dΓ
τ+dω ! dω ≃ 〈
os β 
osψ〉i

τ−
− 〈
os β 
osψ〉i

τ+29 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 13/22



M. Bis
hofberger et al., Phys. Rev. Lett. 107 (2011) 131801(Υ(3, 4, 5s)+o� resonan
e data with R Ldt = 699 fb−1)Sele
tionsEvent is separated into two hemispheres in CMS,Thrust>0.9Signal side: PK/π = Lπ
Lπ+LK > 0.7, L(KS) > 2 
m,0.485 ≤ M ≤ 0.511 GeV/
2, no additional γ withEγ > 0.15 GeVTag side: 1 prong (e, µ or π(n ≥ 0)π0)Nγ(Eγ > 0.1 GeV) < 5N(τ− → KSπ−ντ ) = (162.0± 0.4) × 103,N(τ+ → KSπ+ντ ) = (162.2± 0.4) × 103BG sour
e fra
tionKSKLπ± (9.5± 3.2)%KSπ±π0 (3.7± 1.2)%KSK± (1.7± 0.2)%

π±π+π− (1.79± 0.03)%other τ (2.0± 0.5)%qq̄ (3.4± 1.0)%Total (22.1± 3.6)%
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To avoid possible bias, the CPV sear
h is performed as a blind analysisCorre
tionsSour
es of arti�
ial CPV are studied with
τ± → π±π+π−ν events, asso
iated 
orre
tions wereapplied in event-by-event basis:FB asymmetry (γ − Z0 interferen
e), was tabulated asa fun
tion of θLAB3πAsymmetry indu
ed by dete
tor (di�eren
ies between
π+ and π− e�.) was tabulated as a fun
tion of (PLAB,
θLAB)The e�e
t of these 
orre
tion on ACPi was found to besmall (O(10−3)-FB, O(10−4)-dete
tor) sin
e ACPidepends on the angles relative to the ~PτACPi =

〈
os β 
osψ〉i
τ−1−f−b,i −

〈
os β 
osψ〉i
τ+1−f+b,i

pQ2 (GeV/
2) Corre
ted and BG subtr. ACP (10−3)0.625−0.890 7.9± 3.0± 2.80.890−1.110 1.8± 2.1± 1.41.110−1.420 −4.6± 7.2± 1.71.420−1.775 −2.3± 19.1± 5.529 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 15/22



From the ACPi the CPV parameter Im(ηS) 
an be extra
ted:ACPi ≃ Im(ηS)Nsni ∫iC(Q2) Im(FF∗H)mτ
dQ2 ≡ 
iIm(ηS)Use several parametrizations of FV and FS from our previous study ofMKSπ spe
trum and �oating relative phase (φS = 0◦...360◦):

|Im(ηS)| < (0.012− 0.026) at 90% CLTheoreti
al predi
tions for Im(ηS) in MHDM:
u

s

−
m Z

m X
H

τ
ντ

τ

s

ηS ≃
mτmsM2H±

X∗Z |Im(XZ∗)| < 0.15 M2H±1GeV2/
4 (|Im(ηS)| < 0.026)29 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 16/22



SummaryB-fa
tories 
olle
ted the world largest data sample with 
harmed parti
le and
τ lepton de
ays, whi
h opened a new era in pre
ise studies of CPV in 
harmand tau.Eviden
e (3.2σ) for CPV in D+ → KSπ+ has been observed at Belle with a977 fb−1 data sample. CP asymmetry is measured to beACP = (−0.363 ± 0.094± 0.067)%, whi
h is the �rst eviden
e for CPV in
harmed meson de
ays from a single experiment and a single de
ay mode.CP asymmetry due to the 
hange of 
harm is 
onsistent with zero,A∆CCP = (−0.018 ± 0.094± 0.068)%.Sear
h for CP violation in τ− → π−KS(≥ π0)ντ was done by BABAR witha 476 fb−1 data sample. The de
ay-rate asymmetry (−0.36± 0.23± 0.11)%is measured for the �rst time and di�ers from the SM predi
tion
(0.36 ± 0.01)% by 2.8σ.Sear
h for CP violation in τ− → KSπ−ντ analyzing angular distributionswas performed at Belle. Upper limits for CPV parameter are in range
|Im(ηS)| < 0.026 at 90% CL or better, depending on the parametrizations ofthe FV(Q2) and FS(Q2). Improve previous (CLEO) limits by 1 order ofmagnitude.Further improvements in the sensitivity to the CPV asymmetry in τ de
aysrequire the detailed study of the hadroni
 form fa
tors as well asin
orporation of the spin-spin 
orrelations in ττ events.I. I. Bigi, �Probing CP Violation in τ− → ν(Kπ/K2π/3K/K3π)− De
ays,�arXiv:1204.5817 [hep-ph℄.29 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 17/22
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K0 − K̄0 mixing e�e
t in D+ → KSπ+ at BelleY. Grossman and Y. Nir, �CP Violation in τ → νπKS and D → πKS: The Importan
eof KS −KL Interferen
e,� JHEP 1204, 002 (2012) [arXiv:1110.3790 [hep-ph℄℄

Corre
tion fa
tor 1.040± 0.00529 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 19/22



CP violation in τ
− → π

−KS(≥ π
0)ντ at BABARJ. P. Lees et al. [BABAR Collaboration℄, Phys. Rev. D 85 (2012) 031102[arXiv:1109.1527 [hep-ex℄℄. Data sample of R Ldt = 476 fb−1 was analyzed0.92<Thrust<0.99 is 
al
ulated using all tra
ks andphoton 
andidatesEvent is separated into two hemispheres: signal and tagKS 
andidate is re
onstru
ted from KS → π+π− with0.488 GeV/
2 < Mπ+π− < 0.508 GeV/
2,R(IP,π+π−-vertex)> 3σrFor the prompt tra
k: |dr| < 1.5 
m, |dz| < 2.5 
m,P⊥ > 0.1 GeV/
For π0 
andidate: ELABγ > 30 MeV,0.115 GeV/
2 < Mγγ < 0.150 GeV/
2Signal hemisphere: 1 KS, 1 prompt tra
k±(not kaon±)and Nπ0 ≥ 0Tag hemisphere: 1 prompt tra
k∓ identi�ed as e∓ or

µ∓ with PCMS < 4 GeV/
Mre
(KSπ±nπ0) < 1.8 GeV/
2Impa
t of Mre
(KSπ±nπ0) MC/data dis
repan
y on asymmetry is small and in
ludedin systemati
 un
ertainty29 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 20/22



To reje
t qq̄ ba
kground y(τ ) likelihood ratio isused (5 parameters: visible energy, thrust value,PTOT⊥ , number of neutral 
lusters in signal and tagregions): y(τ ) > 0.2To suppress ba
kground from τ de
ays with fakeKS y(KS) is used (4 parameters:R(IP,π+π−-vertex), Mπ+π− , PLABKS , θrmLABKS ):y(KS) > 0.4Sour
e Fra
tions (%)e tag µ tag
τ± → π±KS(≥ 0π0)ντ 78.7± 4.0 78.4± 4.0
τ± → K±KS(≥ 0π0)ντ 4.2± 0.3 4.1± 0.3
τ± → π±K0K̄0ντ 15.7± 3.7 15.9± 3.7other(qq̄, fake KS) 1.40± 0.06 1.55± 0.07All 199064 140602Data/MC 
orre
tion to the qq̄ and fake KS ba
kgroundevaluation from the study of the data at y(τ ) < 0.1 andy(KS) < 0.1 Araw =

N(τ+ → π+KSν̄τ ) −N(τ− → π−KSντ )N(τ+ → π+KSν̄τ ) +N(τ− → π−KSντ )Araw(e− tag) = (−0.32± 0.23)% Araw(µ − tag) = (−0.05± 0.27)%29 May 2012 CP violation in 
harm and tau at B-fa
tories D. Epifanov, University of Tokyo 21/22



Belle CPV assymetry in τ
± → KSπ±

ντ
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