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Direct CP violation

Direct CP asymmetry established in kaon and
bottom decays

Not yet in charm decays, so its search is a top
mission in particle physics

Usually arises from interference between tree
and penguin amplitudes

Most precise measurement from LHCb

AAcp = Acp(D? 5> KTK~) — Acp(D? = ntm™)

= (—1.04+0.840.3) x 1072, |
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Tree-tree interference

e D' 5 K*K—, =7~ are singly Cabibbo
suppressed modes

Tgeg o€ VCZ(S)Vud(S) Poc V.V, exp(i?)

Cl Ul
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* Direct CP asymmetry can also be induced by
interference between Cabibbo favored and

doubly Cabibbo suppressed tree amplitudes
T V.V, Tpes <V, exp(io)
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Weak phase of DCS/CF

e Standard parametrization of CKM matrix
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Belle data
* Belle measurement with 3.2 sigma from zero
Acp(DT = 7t K) = (—3.63£0.9440.67) x 1073

* Note that Ks is reconstructed via decay into
two charged pions

e KLalso decays into two pions
« Data mainly due to kaon mixing of order 10~

* Postulated in literature: deducting kaon
mixing, data reveal direct CP asymmetry in

Lipkin, Xing 1999
Cha rm decayS D’Ambrosio, Gao 2001
Bianco, Fabbri, Benson, Bigi 2003

Grossman, Nir 2012



Our observation

t
This postulation is wrong TN 0

K’
.
Kaon mixing induces a % \ N\
DT atn~

new CP observable
More complicated than bes //

ordinary mixing-induced K° — .
CP asymmetry in, say, BY(t) — =7~ : both

oscillation and decay occur in mother particle

The new observable arises from interference
between mother decay and daughter mixing



“Strong phase” from oscillation

* Ordinary mixing-induced CP violation

B"(bd) >fcp B’ (bd) fer

no net oscillation

no net oscillation

net oscillation

BO
* exp(iAmt) plays the role of “strong phase”

 Feature of CP violation from oscillation:
ast->0, it vanishes



Time-dependent CP violation

e The rest is detail

e Consider O =Ton(t
T Tt
AP = 7 Tee)

[xr(t) =1'(D — fK(t)(— ntn~ ))

L) =T(D = fK(t)(—= ntn7))

T

—=i)

K°(t) or K (t)



Relevant variables

- ( —0)
e Kaon mixing |K2 ;) = p|K") Fq|K)

indirect CP q/p = (1 —€)/(1+ ¢€)

violation ™S

e| = (2.228 £0.011) x 1073 ¢, = 43.52 £ 0.05°

* averaged width I' = (I's + 1) /2
 Width difference AI' = 'y — I';
* Mass difference Am = mp — mg
e Ratio of DCS/CF
A(D — fK°)/A(D — ff()) = 1, e (P10
ri o |VigVus/VisVua| ~ O(1072)

cd



3 CP observables

* Neglect direct CP asymmetry in K — 7w
Ace(t) = [A&p(t) + A(t) + ABB ()| /D(®
 Known kaon mixing D(t) = e="s*(1—2r cosdy cos @)

Ag;(t) = 2¢ 1s'Re(e) — 2T ['Re( ) cos(Amt) + Zm(e) sin(Amt)}

* Direct CP asymmetry
AL (t) = e TSt 2rysindy sin ¢
* New observable
AXY(t) = —4r s cos gsindy {e_rstlﬂ_z(e)

_ Tt (Im( ) cos(Amt) — Re(e) sin(Amt))]



Global fits

* Adopt factorization-assisted topological-
amplitude approach

* DCS/CF parameters for D+ — #+K% and

+ + 770 ..
DI — KTKg maximize new CP observable

r 4+ =—0073+0.004, 6.+ = —1.39 + 0.05,
Pt = —0.055 4 0.002,  Sx+ = +1.45+0.05

* Direct CP asymmetry at t=0
AL (DY - 7t K2) = (—8.6+£0.4) x 107°
AL (DF - KTK?2) = (6.6 £0.3) x 107°.



U-spin symmetry

* Ratio of DCS/CF
d S d 5

\/ AV
VRV

D+ — 7T+Kg Dj K+K§

 Reason why strong phase opposite in sign



Numerical results
* Direct CP asymmetry always negligible

* New observable becomes comparable to kaon
mixing as t ~ few times of K short lifetime

A(x107]  D¥ — 7t K(t)(— mta7)




Experimental verification

* To verify the new CP violation effect, measure

rt Kt _ ,DTsrTKg DIf—-KTKY
int, DT =7+ K¢ int, DT 5> K+ K

where time-integrated CP asymmetry

570 : :
fttlg [Agp(t)‘FA%lfo(t)-FAgl}g(f)} dt
i3 D(t)dt

Acp(ti,t2) =

* Kaon mixing cancels in the difference, and
direct CP asymmetry is negligible



Theoretical prediction
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Conclusion

* New effect, from interference between
mother decay and daughter mixing, can be
measured at Belle Il and LHCb upgrade with
precision of O(10~%)

e |f verified, need to be subtracted in order to
extract direct CP asymmetry in charm decays

 Then direct CP asymmetry from DCS and CF
interference, both being tree and better
controlled by branching-ratio data, can be
used to test new physics



Direct CPA in Belle data

* Recall Belle data
Acp(Dt = 7t KY) = (—3.6340.94+0.67) x 1073

* Consider the integrated CP asymmetry in the
limit

Acp(tl LT K 19 K TL)
_ —2Re(€) +2rgsingsindy — 4Zm(e)ry cos g sin oy

i COS @ COS 5f

inputs

e Extract direct CP asymmetry from Belle data
(—=0.06£1.15) x 103




