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Motivation

CPviolation in charm decays provides an interesting test bed for new physics
as the standard model (SM) expects a small asymmetry owing to

O Large GIM/CKM suppression
O Lack of alarge hierarchy in the down-type quark masses

Typical SM vaue of the order of 10-3 m)»most promising candidates to study
are singly Cabibbo-suppressed (SCS) decays SrassmEn, Kagam and N
PRD 75, 036008 (2007)

While talking about percentage effect, one needs a good control on the SM
predictions, something that isin general lacking in this sector due to long-

distance effects
An example of “short vs. long”
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Further, with D%-D° mixing being firmly established, could there be any CPV
In the mixing or due to interference between mixing and decay?



Current expectation for direct CP violation
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AAcp = Acp(KTK™) — Agp(ntn™) = (1 + ycosgb<t>> Aads + (T) as

T

x=Am/T", y= AI'/2I" and ¢ = Arg(a/p), where Am and A" are the mass and width
difference between two D-meson mass eigenstates, I isthelr average width and
(p, q) are the two complex coefficients that relate mass with flavor eigenstates
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» No CPV (0,0) point:
Ay?=17.8, CL = 2%
(excluded at 20)



Dataset and M ethodol ogy
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Study of the Wrong-si gn decay DY—>K*n—r*n-

~PRD 88, 051101(R) (2013)

QD  Contributions from both a doubly-Cabibbo
suppressed (DCS) decay and D°-D° mixing
followed by a Cabibbo favored (CF) decay

1 Measurement performed relative to the CF
decay D°— K-—n*ntn-

(D - Ktn—ntn™)

(DY — K—ntntn—)

= Rp+ay'v/Rp+1/2(z* +y°)
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Search for CP violation in D*— KK*

O We measure here: | AKsK™ _ AggK+ + Arp +A§+ + Ao

rec

Worry about the detection efficiency asymmetry for charged kaons and the
asymmetry owing to difference in interactions of K° and K° inside detector

1 Obtain the charged kaon detection asymmetry using the self-tagged decay
channels D% - K—r* (D° — K*r~) and D — ¢n* (D7 — ¢m°)

AKW:AFB—l_Ag{_—FA:-—I_
A" = App + AT

0+
sK

D*=K

A Take symmetric and antisymmetric q:% '

combinations in cos 0* to calculate
Acpand A respectively (f = KK*)

rec rec

App = 2[4 (cos 0*) — AL (— cos 0*)]| <

rec rec

Aép = 1/2[ A% (cos 0*) + AL, (— cos 6*)]

O After considering CPV due to K°-K° mixing

JHEP 1302, 098 (2013)
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Search for CP violation in D*— Kgn*

AK5'7T+

rec

d We measure here;

+
= AKS™ 4 App+ AT + Ago

Complication arises due to difference in interactions of K° and K° inside the

detector

1 Obtain the charged pion detection asymmetry using D — Knrt decays

A(DY — K-ntnt) = App + AK ™ + AT
AD - K~ nt7%) = App + Af_”+

d Calculate A and A from the
symmetric and antisymmetric

combinationsin cos 6* (f = Kgrt*)
Alp = 2 AL (cos 0%) + AL (= cos 0)
Arp = V2| AL (cos6%) — AL (= cos6”)

O After considering CPV due to K°%-K° mixing

PRL 109, 021601 (2012)
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Mixing and CPV resultsfrom D%— Kt~

O Time-dependent fit to the Dalitz plot (shown 2 Lifetime of DO
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No DCPV = A;=A;whenf isasef-conjugate mode such as Kon*n-

» 2.5c away from the no-mixing hypothesis
» No evidence for indirect CPviolation



Search for CP violation in D%— 79©

1 Large CPasymmetries expected in this decay for NP scenarios having large
penguin contributions and large chromo-magnetic dipole operators

: Cheng and Chiang,
Decay mode Large penguins Large c.d.o. PRD 86, 014014 (2012)
DY — 7t 3.96 (4.40) 5.18 (3.70)
D’ — 707" 0.93 (1.01) 8.63 (6.19)
... x103

[ Large penguin contribution is predicted for D°— 7°1® Bhattacharya, Gronau and
Rosner, PRD 85, 014014 (2012)
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Current experimental status
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BABAR, PRD 85, 091107 (2012)

1 Based on a13.7fb! data, CLEO has measured A - = (+0.1+4.8)%

d Using 470.5fb! of data BABAR found the branching fraction BF(D°—n°r0) =
[8.4 + 0.1(stat.) + 0.4(syst.) + 0.3(norm.)]x10~4, no attempt is made for Ap
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Ongoing study from Belle
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1 Signal component is parametrized as a sum of Gaussian and an asymmetric
Gaussian function with common mean, while the background as a threshold
function f(x) = (x—mg)* exp[—B(x—my)]

» Expected statistical error on Ap 1S 0.64% (an order of magnitude better than

CLEO)
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Summary and Outlook

[ presented a sample of results related to CP violation in charm from PffsS

AFLLE

1) Measured the rate for “wrong-sign” decay D° — K*rn—rn*n~ relative to the
“right-sign” decay D° — K-n*n*n~ decays

Rws = (0.3244+0.008 & 0.007)%
Bws = (2.61+£0.067003) x 104

2) Searched for CPviolationin D* —» K K* = consistent with no CPV
3) Story issamefor D*— Kqnt aswell as DO— Kgn*n~ (indirect CP violation)

4) Conducting the most precise measurement of CP violation in the decay D°—
7%, which can be only done at e*e flavor factories

» Many other related studies are ongoing with the data recorded with Belle

%~ 2
> With N’ Bem being on track, the future looks bright for this exciting
areain flavor physics

12



Bonus dides



Systematic uncertaintiesin D%— Korn*m-

oy

W  Source Az(x107%)  Ay(x107%)
Best candidate selection +1.05 +1.87
Signal and background yields +0.30 +0.27
Wrong tagged event fraction —0.67 —0.45
Time resolution of signal —1.39 —0.92
Efficiency —1.13 —2.09
Combinatorial PDF RS s
K*(892) DCS/CF fraction —7.28 +2.29
K3(1430) DCS/CF fraction +1.71 —0.67
Total 504 i

O Improved systematic uncertainties together with statistical with respect to the
previous publication gy PRI 99, 131803 (2007)



