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Introduction

e CP violation in D meson decays

- Very small effect in SM; A, <O(1073).

> Highly suppressed by the Cabibbo factors O(L>).
- CP violation at O(1%) level can be a clean signal for NP.
- Recent measurement by LHCb stimulates an interest.
M, =A. —A, =-0.82+021+0.11)%, 3.50
. . . Phys. Rev.lett.108,111602 (2012)

e CPviolation in t lepton decays

> No KM type mechanism exists in charged leptons.

> Tau is the only lepton that can decay to hadrons, which provides
an opportunity for observing non-SM type CP violation.

4

o CP violation in charm and tau lepton provides a unique
o| possibility to search for New Physics.
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e Introduction
e DO-DO Mixing and t-dependent CPV measurements
- Updated results for D%—n*n-, K*K-  (Belle)
e t-integrated CPV measurements
> CP violation in D* — ¢n* (Belle)
o CP violation in D* — K¢rt* (Belle)
> CP violation in D%— KcP? (P°=n’n,n’) (Belle)
e CP violation in tau lepton decays.
> Rate asymmetry for 1= —» K¢ (= 0 n%v_ (BaBar)
> CP asymmetry in angular distribution for 1 — K¢~ v
(Belle)
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DO-D9% Mixing and CP violation (Notation)

Mass eigenstate #+ Flavor eigenstate

2)=p|0%)+4[0"). |0} = |0) -4

’)

By solving the Schrédinger Eq.,

s

time evolution of a D°-D° system is given by

—i(m+ Ty _i(my+ T2y
27" 2

et)+e() 1

2%,s0) = 9.00|0°) + £ 9. (0] g.(t) = P %(e e
[_)0> g (t)= 6‘1( );62( ) _ i(e_’(mﬁz)t _e_l(m2+7) )

Dne()) = 2.9 ()]0} + 9.0

9.(0)=1,g (0)=0
e We define mixing parameters x and y as

_m—m _Am yzrz—rler m:m1+m2 F:1“1+1“2
r r ' 2r 2r 2 ! 2
where state 2 is chosen as heavier mass state.
Am=m,-m, >0

AT =T, T,

X
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Master formula for t-dependent decay rates

o Time—dependent decay rates forD° - f

r(D° {(|,4f| + ‘ ‘Af‘ )cosh(Fyt)+(|Af| —‘— ‘)cos(rxt)
+2Re[%zf/4:jsinh(l“yt)—ZIm[%ZfA:jsin(Fxt)}
: —0 =
e Time-dependent decay rates for O —F
(D () - F) =N, —{(\Af + ‘ \A\ )cosh(ryt)+(\Af —‘ ‘ \A\ )cos (Txt)

q q
e Three classes of CP violation
- CP violation in decay; |47 |4 A | ;
o CP violation in mixing; ‘;
o CP violation in interference btw a decay and mixing
q Af
p A

+2Re[£,4fz:)sinh(ryt) — ZIm[E/gZ:jsin(Fxt)}

)= £|2") 217"} 12) - 1) 4|")
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Time-dependent decay rates for neutral D

e Since DY mixing is small (|x],|y|<<T) f=f case

T(D°(t) —> ) = N,e " |A[ {1+Re 9A ey —1m| L7 | rxe
A A

A (1+Re| 225 | ryt —1m| 225 | rxe

—o
(o {)—->r)=Ne" — —
’ d Ar 9 Ar

- Exponential decay modulates with x and .
- X,VY, |p/ql, # can be obtained from time depegdence dN/dt

el

- Need a tag of DO flavor

- Different final states sensitive to different combinations
of X, y, [p/dl and ¢
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DO mixing
and
time-dependent CPV
measurements
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DOSK*K-, ntn~ (update with 976 fb-1)

Experimental method

e Use D**— n™ DO
- Tagging DO flavor from n¢ charge.
- Background suppression

e DO proper decay time measurements.

ot g P ST TsSs-
Cc By M 0 e D" Beamspot et
P
e Reject D*+ from B decays: o, :decay time uncertainty
P >2.5(3.1)GeV for Y(45) (Y(59)) data typically 0.3 tpo

e Observables

m(Kn) niE
q=M(Knnr,)- m(Kn) - m_ ol

07 of 05 03
i
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Decays to CP-even eigenstate DO>K*K-, n'n-

e Measurement of lifetime difference btw. DO>K-zt and DO>K*+K-, n* n~

decays B
> T(D°,0° > K7 )ce
> T(D°,0° > K K*,wn)oce "o

e Ratio of lifetime r, :life time for DO>K-n*

T

—t‘/rDO

(7)) = %(T(DO S Y+ (D — B )

In the limit of no CPV y =y

In the limit of no CPV A.=0

e Relation with mixing and CP violating parameters .

(S.Bergmann et al., PLB 486,418(2000)

ool
P 149 plg where ¢=ar9(%]
1) se-3{151) =
=—||—|—|—| |y CcoS@—=| |—|+|—| |[XSing
u ‘ ‘q *“2\pl"lq
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DOSK*K-, ntn~ (update with 976 fb-1)

e Signal yield (purities)

vents/bin

50000 ¢

e

Yield 242k 2.61M 114k

side band
side band

Purity 98.0% 99.7% 92.9% 10000 |
9.82 1.84 1.86 1.88 1.9
m (GeV)
. . K 8000
e Background estimated from sidebands S K'K
e Fitting Proper decay time distribution 3 6000
N 4000 § g
_ V[ g t'(yep,A) ! S S
F(6)== [e R(t-t")+B(t) o g
Free parameters: N, 1, Y., Ar + parameters for R(t). gt T P
e Resolution function is prepared for each bin s
of timing resolution (o, ). g
o PDF parameters (N, t, v, A; et) are determined °°" -
in each polar bin of D* production (cos0¥) o2 3
3 3
s000 | =

Os2 184 18 188 19
m (GeV)
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DOSK*K-, ntn~ (update with 976 fb-1)

e Fitting results

tagging D° D’ D° D’
Y /ndf= 545.0/542 (CL= 45.6%)
104; KK (+) KK (- Kn nn (+) (=)
10’ 3-layer SVD
datal o 153 fb-
10 — y
il L LK N | . i I
: %: N | | 1[ i ‘
ﬁ: i Ww W' i M‘W il "WWM “W i w’ il
’ (; e I(‘JO . 21‘70 . 300 ‘ 400 “ ‘ 500 ‘ 600 ‘ 70;7(1; )
x*/ndf= 792.9/684 (CL= 0.2%)
105;* KK (+) KK (-) nT(+) nn (5)
data2 0} 4-layer SVD
823 fb-!

p LI | ‘ ‘ | 3‘;»;;
-?, i ,,r W | .W‘ 1 WM MWWWW MMWﬂuQmﬁ<MWHW’WMWWWfWWW»HW I W\,WWW “*m

t (bins)

The fits after integrating over cos0* bins.
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DOSK*K-, ntn~ (update with 976 fb-1)

Results (prellmlnadrz}gl ] data 2

~
<
~

20 20 480
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B . . . t
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® vy, is at 4.5c from zero when both errors are g 016 — -
. . . . . Z . Belle preliminary (976 fb")
combined and at 5.1c¢ if only statistical error is = os
considered . % o
Z

(=]
-
w

® A.is consistent with no indirect CP violation. . +
012:

0.11 [

0.1 L | | | I
0 1000 2000 3000 4000

t (fs)
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DOSK+K-, ntn-

Comparison with previous exp. (hfag March 2012)

E7911999 || . ;I 0.732 £ 2.890 £ 1.030 %
3.420 + 1.390+ 0.740 % Belle 2007 H 0.010 + 0.300 + 0.150 %

CLEO 2002 I | . | I -1.200 +2.500 £ 1.400 %
Belle 2002 e ] -0.500 +1.000 +0.800 % 0.260 + 0.360 + 0.080 %

Belle 2007 b 1.310+ 0.320+ 0.250 %

Eelle 2009

0.110 + 0.610 % 0.520 % LECb 2012 }I - I} 0.590 £0.590 £0.210 %

1.160 £ 0.220 £ 0.180 %0

World average

LHCh 2012 H 0.550 + 0.630 + 0.410 %
)

World average q 0.026 + 0.231 %
C 1.064 + 0.209 %

b Lea b b b b b B Bvaa e 1y
5 -1.2 -1 -0.8-0.6-0.40.2 0 0.2 0.4 0.6

._.
D_
—
N E
wE
N3

Ap (%)

A. =(-0.03+0.20+0.08)%
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Time-integrated CPV
measurements

14
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Time-integrated CPV measurements

e Classification of Charmed meson decays , s
> Cabibbo Favored (CF) ) X o S

> Singly Cabibbo Suppressed (SCS) o°
- Doubly Cabibbo Suppressed(DCS)
e SCS decays are sensitive to new contribution

from QCD penguin operators, which can yield o 4 )
direct CP violation effects of O(1%), while SM ” %<<§ «
DO

predict O(0.1%) direct CP in SCS decays. ] -
Grossman et al. arXiv:hep-ph/0609178 ’ ) "

e Belle made searches for CP violation in following SCS modes.
DO— KK~ , wtn-, Dgt—KsOn*, D+—KsK*, o, nnt, n'nt

We report here ¢n* results that are based on 955 fb~' Belle data.
The diagrams contributing are very similar to the ones for K*K-.

1 15




D>

(955 fb~1) B

BELE

e Event selection PRL108,071801(2012)

- Decay and production vertex fits 2u e

o P*5>2.5(3.1) GeV to reject D from B 2 » D.*

> |Mg-mo|<1.6 MeV £

> Pr>0.38 GeV : ol

> |cosOy,e|>0.28 ‘: s
o Found 238x103 D* and 723x103 Ds* EH

& 4E

e Measured decay asymmetry A,
Aec=Acp +Ag(cos0*) + A" (p,,c0s0,)

Agg(cos6*): FB asymmetry, odd function of cos6*

A" (p.,c0s6_): asymmetry in the reconstruction *
efficiency of pion.

events per 1 MeV/c?

10

=
=

2 4 " " " " | * " | " | " " " *\ 1 i N N |

E 2 bt b b D e e

. . = 0 HHWHWH }H 111 \ﬂ oy W#ﬂwmﬁwww% MWWW I | MMW HH&M *{M

2 0 TP AR TR R M R PRy

e The effect of FB is subtracted by taking the %3 (AR AT A
1.8 1.85 1.9 1.95 2 %.05

* * M
sum of N(cos6*) and N(-cos6%) xacs (GeV/e)
16
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D>

D+— m (955 b)) B

CELLE

e To cancel A* (p,,cos6, ) effects, we take a difference btw
D+*and CF mode (D,*—¢r*), in bins of (cos6*, p_, cos6.).

e Assuming no CPV in CF mode (D,*—¢n*), we obtain A , for D*—¢n*

I(D" > ¢r")-T(D" > ¢n")
(D" > ¢n")+T(D" - ¢r*) -

A (D" —¢r")= (+0.51£0.28£0.05)% _

0.04 .
< 0.03

2
0.01 ;* | J\ i

o T

0.01 |

®No CP violation within 1.8 &
®Precision improved by 5X compared to previous
results (CLEO, Babar).

-0.02 f
0.03 |

_0'04:\\\\\\\\\\\\\\\\\
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Belle measurements of Acp in SCS modes <5

CELLE

e CP violation in various SCS modes has been searched with a
sensitivity of 0.30- 1% in Acp.

Data | Process Acp %) Ref

(fb-") | type
DO—K+K- 540 SCS Yes -0.43+0.30x0.11 b BRI ATy
DO—ntn- 540 SCS Yes  +0.43+0.52+0.11 P oe7orooes
Dy —Kdn* 673 SCS +5.45+£2.50:£0.33 " onrsieeon
D+—K K+ 673 SCS -0.16%£0.58=*0.25 PRL 104,181602(2010)
D+—¢n* 955 SCS +0.51+0.28+0.05  Piosoneoreon
Dt —nrt 791 SCS +1.74£1.13%£0.19 PRL107,2218012010)
Df—n'nt 791 SCS -0.121.12£0.17  Peiomesoncon
c.f.:

AACP — A/(*/(* — A L= _(082 + 021 + 0_11)0/0, (LHCb) 350- Phys. Rev.lett.108,111602 (2012)
My, =A.. —A, =-(0.62+0.21+0.10)%, (CDF) 2.7c arxiv: 1205.3899

1
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D+—K (977 fb~1) <5

CELLE

e Two sources of CPV in Dt — Ksn* arxiv.1203.6409
> Interference btw CF(D* — K%* ) and DCS(D* — K%*) modes: A°

- : DCS

w’/\‘r'\(<u T C > A d K°

o S W»‘—‘/'/"'<§
KO D;

d < e A u

d

- CP violation in K° system: ¢ _(_0.332+£0.006)%

_\
)

=" o
2 |
A D' KO (D" —)/(507r+)—F(D_ - /(37[_) _5C g :E;;
P T(D 5K -T(D >Kz) &7 g
e Data

_\
<
—ry

- Signal yield is obtained by a simultaneous
fit of D*,D-

« D*,D-vyield 1.74 M events

« Measured asymmetry A, ..

A...= (-0.146+0.094)%

Events/(1 MeV/c?)

1
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D>

(977 fb1) <

BELLE
Asymmetry extraction R S S
Arec:Acp +AFB(COSG*) + Ans(pwcosen)+ AD < O%Aiikitﬂiﬂﬁf& %AAAHF#:;:A
o RSO +|| bmomone
®A;(cos6*): FB asymmetry, odd function of cos6* .
‘Cancelled by taking the sum of N(cos6*) and N(-cos6*) [ = . e .
< 0} fAf:AS‘r’:H:f:’f";k * fAf:::E:-lt;—er'f—A,A,
® Ana(pn! Cosen) pko[0.85, 1.00] GeVic “* pe[1.00, 1.15] GeVic 7“'{7
* Determined from CF decays D*—K-r*z* and 008L 2 —
D+ —K-n*nlin each bin of p_, cOSO_ e ——
<< 0 ?Aif‘fitit—-—iiyt e inf‘fit:!::rI:A aA]
See red trlangles ' _0055_ pE2d1.15, 1.30] GeVic "'1 E_p'::e[1.30,1.45]GeV/c T,
0.05; [ o
* Average over phase space S S -
Ar =(0.08 =*=0.04)% _ < ° - .". B fﬁ'&
® Ap; differences in the interaction of KO and KO s =1 0%Ye | 7| prstionioasene o
with material in the detector. oosf .
Dilution factor is obtained from o(K°N) and < o * & " wepuin | b0 T e 4
Gm N) Phys.Rev. D 84, 111501 (2011) 005, Precl1 82,2101 GeVie i PLo210GeVle =
-1 -0.5 cos%fb 0.5 141 -0.5 COSOO:fb 0.5

A, =(0.10 +0.02)%
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D>

(977 fb1) <

CELLE

e Results 005
A 0.46 = + 9 X o jﬁ
o =(-0.46 £0.09+0.07)% E oms WW/W/K
< oo1f
-0.015 &
 SM prediction for A_,X° o L
Need to take into account acceptance +°<E 0.02 —_,
effects as a function of K.,° decay time- 0.03 |- —t
(Grossman, Nir, arxiv: 1110.3709) 0.04 & s
A0 = (-0.345+0.008)% «(-0.3320.006)%x1.04 loost:™

e Observed Acp is 3.2c deviations away from zero,

which is consistent with the expected CP violation
due to the neutral kaon.
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t-integrated rate asymmetry (CF/DCS)

e Cabibbo favored and DCS modes (Belle)

Data Process Acp %) Ref
(fb=') | type '

s+ —KOK CF/DCS +0.12+0.36+0.22 PRL 104,181602(2010)
D°—>K50n° 791 CF/DCS Yes -0.28+0.19+0.10  Mioszisoeon
DO—K  * 791 CF/DCS Yes -0.54%0.51+0.16 Moszsoeon
DO—K”  * 791 CF/DCS Yes -0.98+0.67+0.14 M-1osensocon

e DO-K.9n, K%' first measurement

o Asymmetries for D9— K.0 70, K.9n, K.’ are also consistent with (-
0.33%), the value due to CPV in neutral kaon.
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CP violation in tau lepton decays.

23
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CP Violation in T>nKs( >01%v, (BaBar) [*

e Motivation Phys. Rev. D85, 031102 (2012)
> CP violation is not yet observed in the lepton sector
> Bigi and Sanda predict a decay rate asymmetry in
t~>n Ksv. due to CPV in KO system.

+ + 470 - -4’0
(> Kyv)-I'(t >nK,v,) o _
X = n n 0 ~ — 0 —_ +0-33 /0 % m KS E
I'(c" > 7' K,v)+I'(z- > 7 K,v,) %
* Note: Y 5 = L
KV, Kz, % = E
. —o., . BigiandSanda = 0
D' >Kx,D K7 phys. Lett. B625,47(2005) b gty L]
M.. (GeVic)
e Event selection oy W T
L] L E S
> Signal side. 3 wp .
1K,O S ol
1-prong (not identified as kaon) 3 kb TTRTOR
Any number of =° £ F . : Al
. w 0s 1 15 2 25 3
o Tag—5|de Mass (GeVic))

Electron or muon

> Likelihood cuts to reduce qq background and Number of yield
select good Ks 169,455 event for t-

170,211 event for t*
Background(15%) is
dominated by 7 K°K'v,

24
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Efficiency as a function of
®Asymmetry measurements Ks decay time.
1.2

Arec=(-0.19%0.21)%
Arec= A, + Ae +Ap + Apa

Efficiency

® Ac: Asymmetry of pion efficiency
checked by t=—h-h*h-v_ ,included in systematic % 03782 83 84 65 06 0708 “ﬁQ‘

1.2:----|----|----|----|---'|----|----|----|----_

®A; : Asymmetry K9 and KO interaction
with material in the detector.
Ap=(0.07£0.01)%
®Apac - Asymmetry from background _
T > KK(E=02 )W, —)K0K5(>07Z'0)V g';:n

Apac=0.11%
2.8 o deviation from the
SM prediction.
c.f. SM prediction

®Results
Acp=(-0.36 x=0.23x=0.11)%
Agy = (0.36%=0.01)% (due to CPV in K9 system)
(Ks efficiency effect is taken into account.)

Efficiency

2
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Decay angle asymmetry in t>n Ksv_

e Search for the decay angle CPV asymmetry by Belle.
e Motivation

CP violation in T decay is possible generally if there is an interference

between the SM diagram and the CP violating scalar boson exchange
diagrams. (Kuhn, Mirkes 1993)

e Data
- With 699 fb-! data, signal yield is
T SKmtv,:(162.2+0.4) -10° events

PRL 107, 131801(2011)
T >Kmv, (162.0%£0.4) -10° events __
Background: total 23% e — e

v K K
B <> v, 7 K Kg nr® (n20)

F ]

= =

E > or ¢ det

F ; I K; sideband data
L _ff , dd, s8

Ea cc

3

> KK v 9.5%
T >Knnlv : 3.7%
ete™>qqQq: 3.5%

Events/0.0115GeV/c?

3

3

-
o

0.8 1

W (GeVic?)

FPCP2012, Hefei, China, 21-25, May, 2012
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Decay angle asymmetry in t—>n Ksv_

o Differential decay rate

ar(z)
dQ*d cos 0d cos

+m’ | Fs P -C(Q%) Re(FF+(n,))

=[ A@*) - B(Q*)(3cos® ¥ ~1)(3cos? f-1) |- | F I

e F:spinl Form Factor, Fs: spin O Form Factor

o A(Q?), B(Q?), C(Q?: known functions of Q2=M?(Kn) B: K- dire;tion
e The last term proportional to changes the v ¢ direction
sign for the CP transformation (i.e. CP odd term). in Kn rest frame

e In order extract this CP violation , we define the observable A,

j(drf .COS 3COS W _ar,, COS /3COS LPj do
AP (M) = dw dw
J(drr . drﬁj do
do do
where dw = dQ*d cos fd cos ¥
A, is the difference between the mean values of cospcos¥ for v~ and

27
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. : PRL 107, 131801(2011
o After applying small corrections for Ag; o 0.03 ( )

. | - v Kant
and A", we obtain < ool e e
A, = (1.8+2.1(stat) +1.4(sys))x10” o.1]
for0.89 <M, <1.11GeV of
-0.01f

e No CP violation is observed.
e Extraction of CP violating parameter ns _
-0.030——lo

Fo(@)=F(Q)+ T R B B R R ¥
M(K°z) (GeVIc?)

-0.02[-

oy *
A, =1Im(7,) /,\:5 j C (Qz)ImfniH)sz, C(Q?); known function+efficiency
/ 012’/ r

Use the measured mass spectrum to obtain the form factor F, F,

® [Im(n,)|< (0.012-0.026) at 90 %C.L.

limit depending on the resonance model.
One order of magnitude more restrictive than the previous CLEO results.

ARR -.‘:: AR
W L 28
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o Updgted measurements are presented with full Belle data of
~1a
yP (KK, ntn)=(+1.11=x
AF (K*K-,t*n7)= (-0.03=x0.

(0]

2+0.11)% 4.56from zero by a single exp. S
0+0.08)% no indirect CPV.

o

28+0.05)% ho direct CPV in SCS mode.

0.
+0.09%+0.07)% consistent w SM expectation from CPV in
KO

0 A (D+—>¢n+)—( +0.51+
(DJr Kih)= = (-0.36

e The sensitivity is achieving 0(0.3-0.2)%
e No CP violation is observed yet in charmed mesons in any experiments,
except for 3.5 ¢ significance reported by LHC,

T s
e Tau leptons b/
- BaBar reports A (t- — K.tv,) =(-0.36 =0.23%+0.11)%, which is

2.5¢ away from SM expectatlon

B
> While Belle shows no indication of CP asymmetry in the angular
distribution of 1~ — Kv,
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DOSK*K-, ntn~ (update with 976 fb-1)

Systematics

source Aycp (%) AAr (%)
acceptance 0.050 0.044
SVD misalighments 0.060 0.041
mass window position 0.007 0.009
background 0.059 0.050
resolution function 0.030 0.002
binning 0.021 0.010
sum in quadrature 0.11 0.08

SVD misalignments:

@ Studied with misaligned signal MC:
e different local and different global misalignments simulated

@ Found to affect resolution function considerably (especially tg)
@ Effect very similar for KK, K7 and nw
e small impact on ycp, Ar, large impact on 7,
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Systematic of A, for D*—¢n*

TABLE I: Summary of systematic uncertainties in Ag;_}‘i’ﬁ
Source Uncertainty (%)
ABR corrections 0.025
3D binning 0.026
Invariant mass binning 0.022
Fitting procedure 0.018
Selection of fit results 0.020

Sum 1n quadrature 0.050
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March-2012 HFAG Summary

Heavy Flavor Averaging Group performs an average of 10 physics

parameters (including direct CP parameters, from observables reported
until end-of-2011.

& 1.5y 1 |CPVaIIow?d gso
| —————— g S FSUEDUN VS DU OSSO O IO 4
. . X(.%) lalp|
x=(0.62%x0.19) % lg/pl= 0.88+0.18
y=(0.75+0.10)% ® =(-10.1=% 9.5)
(x,y=0 is excluded at 10.2 ¢ No indirect CP violation
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Decay angle asymmetry in t—>n Ksv,_

e Check on the potential source of artificial CPV
- y—=Z interference effect.
(measure as a function of Lab. 3rn system)
o Asymmetries induced by detector

(measure as a function of p and 0 of particle in lab.
system.)

e Apply correction in event-by-event basis.

v -Z interference Detector induced

The Net effect of corrections

toAcpis
4 — 0 uncorrected
v-Z: 0(107) % oo | after correction
. -3 5 0.06"
Detector: 0(10°) = o data ]
1 £ _|_ —
+-|5 0.02E 0 i T
Small since the Acp is T —+ 002 il
measured as a function of 004y b
. . . -0.06 - -0.06-
angle relative to t direction K OO PO L O O P PO PP
notin Lab. angles. los 1 sz >0, (Ioga-iit-iism?c!-;s oun(oiab;né:v;
T TT

\ FPCP2012, Hefei, China, 21-25, May, 2012
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5-1. Extraction of limit for Im n,

= Relation between A, pand Im(ns)

QZ i
A, = Im(ns m(FF ) C(Q?); known function+efficiency

> Use ‘o previous results of Form Factor F and F obtained a fit to the K
mass spectrum.

> Float the relative const. phase ¢, btw F and Fs, which cannot be
determined only from mass spectrum.

Form Factors (2)

K*4(800)+K*(892)+K" (1430) (1)

Tk o ] o ETART—T =
a5y | e T E & [ e
‘ | | C(Q?)
- ! S (e e e
oy o S S e
" a ¥y ! | F
3 ) ¥ 2 . S o e e e 0
B e R me i R e [
W (GeV/e) W (GeVie?) W (GeVre

a
— 23 3 | o
K'o(800)+K"(892)+K"((1430) (2) €D -0.005 1 M
B o s s s e DT —F < i
2 o 0.01- M)
0015
002t \ /Wj/

0025 \{ / } 22Indf=101.4/9
-0.03f ﬁ i

003505 1 15 2 25 3

Q2 (GeVic)

FPCP2012, He f ei, China, 21-25, May, 35
2012



Time dependent decay rates, D meson

e Approximation (x,y <<1)
» Cabibbo favored, Flavor specific decay 4 =0
DO°(t) > K 7' )=N,|A [ e

—0 — 2
T () > K7 ) =N, |Acr| ™

e Singly Cabibbo suppressed, Decay to CP eigenstate

N(D° - KK [27) = N, A |

e {1+Re(Ay . )Tt —Im(Ay, . )XTt}

F(EO —> KK~ /7Z'+7Z'_) = Nf ‘ZKK/?Z’/Z’

2e”{1+Re( L yyrt—1m(—2 )Xl"t}

KK | nr KK | nre

e Doubly Cabibbo suppressed

2

L )Tt +1Im( L

A A

K*n~ K*n~

2
9 o {"1/@” o Re(

N(D° - K'7) = N, [Ax~

Tt + %(y2 + XZ)(Ft)Z}
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Relation btwy,, , A; and x, y, |q/pl, ¢

e Cabibbo singly suppressed decay

q 7|kk
o =——F— =
p Akk

_|9

e’ . CP
p

K/(|H‘D (KK|(CPY HCP‘D>
/(/(|/-/\D° H

7))

By substituting to the master equation, one get

(KK |H|D°)

N(D° — K*K™) =N, |Ay[ €™ {1 +Re(2y ) yTt ~Im (24 ) xTt]}
=1V |/4K/(|2 et {1 - ‘%
I(D° - K'K)=N,|A, e {1+Re (g ) yTe—Im( A ) xTt]|

=N, |Ay |2 et {1 - ‘g

Since, for small z, e™t-zrey=e™e™ =" the effective decay
width r-re+2 is given by

(ycos¢—xsin¢)1“t}

(ycos¢+xsin¢)1‘t}

(D’ - KK)=T(1+

q L
5 (y cos ¢ — x sing)

(D — K'K)=T(l+

g(ycos¢+xsin¢)

T(D° > K7 )=T(D —K'z)=T
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