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Preamble
CP asymmetry in D decays
LR Mixing on D°>(K* K, t*7m~)

summary



Observed CP Asymmetries

The first event : 1964, indire €R is observed in K-meson,
€~2.2*103,

nonzero DER in K-meson, ¢&€7’/&~1.7*103

indirect €R observed in B->J/ YK sin2 8 4 =0.671+/- 0.023

DER in B=>K rwas observed

Data : Acp(B DB 1+ K) ~Ap(B> 0 K)=—(14.8*13, )%



Kobayashi-Maskawa (KM) phase

In the SM, the €R is arisen from the charged weak current,
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With Wolfenstein’s parametrization (83)
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A = 0.808,4 = 0.2253,p ~ 0.13,n ~ 0.34

O In the SM, the mixing induced CP asymmetry
(MICPA) is large in B, decays

& The MICPAs in B, and D mesons are small. The good
places to probe the new CP mechanism



Why should we care the new CP

Faith, no reason to believe that there exists only one phase
In nature

KM phase can not explain the matter-antimatter
asymmetry

Motivated by current data : for instance,
the K puzzle
Native estimation: A.p(B- 2> 1K) = A,(B> 1+ K)

Data : Acp(B- DB 1+ K) ~Acp(B> m0 K)=—(14.8*13 , )%



CDF+DO0: a large phase in B, oscillation (B;>J/ ¢)
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DO observed the like-sign charge asymmetry in dimuon
events, defined by

++ ——

b Nb — Nb N**+7): The number of events that b and

As[ = Ntt F N~ b-hadron semi-leptonically decay into two
b b positive(negative) muons

DO Co, PRD82(10)
Data & SM prediction
A%, = (-0.787 + 0.172 + 0.093 )x1073 PRD84(11)

A2,(SM) = (—0.237392)x10~* Lenz & Nirste,



Time-dependent CPA

Two neutral strong

: : ' ion of flavor
eigenstates D, D-bar, with The time evolution of flavo

weak interactions the states:
corresponding Hamiltonian is ID()) = g, (t)|D) — gg_ (t)|D)
given by g
i=(rt )3 ) D) = g+ (©)ID) == g (D)D)
My, My, 2\I21 Iy q

The relationship among p, q,

The mass eigenstates: M. [ in B-meson:

|DH>=p|D>_q|D> 5_ M12_1T12/2



CP Violation in D decays

Final states are CP eigenstate

Time-integrated CP asymmetry, defined by
rop® - f)—ro- £
r(° - f)+rD°- f)

dir <t>
=acp (f) + .

Acp(f) =

ind
Acp




The measurement of LHCDb

. ~ N(D** - D(f)nd) - N(D*~ - DI(f)ry)
ravll) = N D S Do) 1 N(D- - DN
= Acp(f) + Ap(f) + Ap(m5) + Ap(D™)

Ap(f): detection asymmetry of D°
Ap(*): detection asymmetry of soft pion
A.(D™) : production asymmetry for D™



A (KK )=Ap(mt*mt~)=0

Ap(tt) and A (D™) are similar in KK and
T, le.

AAcp = Ap(KK ) — A (T ™)
=~ Acp(K'K") = Acp(T*717)

robust against systematics



The CP difference

At
Aqp = al¥ (KK) — a®¥ (nm) + >ag}3d

T
A(t)
——=(983+02240.19%

AAcp ~ alf (KK) — adf (nm)
LHCDb result: arxiv:1112.0938

AAcp = (—0.82+0.21+ 0.11)%

AAcp = (—0.62 + 0.21 + 0.10)% (CDF note 10784)



CDF results: arxiv: 11115023

agg_(KK) = (—0.24 £ 0.22 + 0.09)%
adll (rm) = (022 £ 024 £ 0.11)%



Naive estimation in the SM

Direct CP asymmetry in D> (KK, 7 7t

1 q
Amp \/_l cq uq (}"q -|—ESC,1 15 gq Vcququ el¢Sl
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T¢,, + Edy,
g=d -2 © ® mode, gq=s 2 KK mode

Ed,,, stands for the W-exchange and long-distance effects are
dominated

With Tdgy ~ Edgy and Im(V oV p/V'eqVig)=tA2 1 41

| . P!

AT (K-K*) ~ —A% (m~n*) ~ —0.05 ;TM%
Unless P9,,/T9,, >1, the large magnitudesgf A A, may imply the
existence of new physics and new CP phase



O The detailed analysis with various approaches in the SM
could be referred to

Cheng & Chiang, 1201.0785, 1205.0580
Feldmann, Nandi and Soni, 1202.3795
Li, Lu, Yu, 1203.3120

Franco, Mishima, Silvestrini,1203.3131

Brod, Grossman, Kagan, Zupan, 1203.6659



LR Mixing in general SU(2),xSU(2)xxU(1)

Chen, Geng, Wang

Motivation: and., usually induced by box diagrams is still
consistent with no CP violation, for avoiding the constraint,
we investigate the A A.; is generated by tree, the same
effects are suppressed at loop

The extension of SM based on the gauge symmetry
SU(2) *SU(2)gxU(1)g..

Two charged gauge bosons, W, Wy

Fermion masses are from

1 c/)f)
b = = (2,2%,0
(rbz‘ py) = 420
Break SU(2), r, one can introduce doublets J  ; and triplets
L,R



The mass matrix for W -Wg is

e[ ME o Miei
MLZRe_m M}%

1
M12,2 )

M? + M $\/(M,§ — M?)? + 4ML4R‘

Mass eigenstates vs gauge eigenstates

(WL+) B ( cosé —siné )(W1+)
wi)  \e“siné e“cosé) \W,'

F2M;,
MZ — M?
mg > my, Myg, & ~ MLZR/MJL%

tan2é =



LR mixing effects on D decays

Pure W, contributions are g%, /m?; suppressed, hereafter
we don’t discuss the effects.



If M~ 1TeV, M z~0.1 TeV, & ~O(107?), if no further constraint,
it is large enough to enhance the CP in D decays

In manifest or pseudo-manifest LR model,Vt=VR®),
& <O(103) wolfenstein PRD(84)

The constraint could be released when flavor mixing
effects are more arbitrary and carry large CP phases
(nonmanifest LR model) Langacker & sankar PRD(89)

Sizable £ and large phase in VR could lead to large CP in
Hyperon decayS, Chang, He, Pakavasa PRL(95)

We study the impact on the CP in D°> 7 7, KK decays



Decay Amplitudes

Mty = e [VAVEY (CHlu) ) @6)) + Chlo) (ata) (G

+ VXV (C () (ug)y (e)y) + Cé(u)(ﬂa%)x(%ca)xf)} :

Here, x = L(R) and x’ = R(L) while ¢ = s(d), and (¢¢')(r) = ¢7"Prryqd’. The Wilson
coefficients C] = n, and C} = (n,. — n_)/3 with QCD corrections could be estimated by

125, 26]
s SR S a(m) TV
Ny = (Oés((,f:c))) (as(%)) (Oés((mVi)) |
=" (14>




Based on the decay constants and transition form factors, defined by

(0|7 v"v5q| P(p)) = ifpp",

(Pl Do) = PP ()@ — L, )
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Grgr -
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CP asymmetries :

L(D° — f) —T(D° = f)
L(DY = f) +T(D° = f)

ACP<DO — f) =

W'th VLUd: = ).
|Ad|2 — |14_1d|2 — —4E§MTgL sin 5% ()\2Im‘_/u}§* + )\Im‘_/cg) :

|A%)? — | A% = —4E%,, T psin0g (AmVE — N ImVE) .
VR — eiva
The CPAs depend on the pattern of VR



Constraint from €’/ €

The tree induced CP also contributes to direct CP
violation in K-> w7«

(€/€) ~ 1.25 x 103 gr/greIm(V,E = AV,

He, McKellar, Pakvasa, PRL(88)
To avoid the constraint from DCPV in K decays, we
consider two cases:

> Im(VE ) =~ 0

us

> ImVE =~ AIm VY,



The SM INPUts : arxiv:1201.0785, Cheng & Chiang
TABLE I. Numerical inputs for the parameters in the SM.

Iy Tonm By, ESnm 0% 0%
3.0x107%GeV 4.0 x107%GeV 1.3 x107°GeV 1.6 x 107%GeV 145° 108°

V.5 Moy (K) mp fr(x) Fy ) my

0.22 0.139(0.497)GeV 1.863GeV 0.13(0.16)GeV  0.666(0.739) 162.8 GeV

The BRs for D> (KK, m 1) in the SM are

B(D" - K~ K1) =4.0[3.944+0.07] x 10~°
B(D° — 7~ n") = 1.4[1.397 £ 0.026] x 103



6w [rad]

Results: Case | m(V,,q) =0
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Case |l ~ AIm V]

We get
|AY)? — |AY)? = —4E¢,, Th, sin 6% (N ImVS + MmV.E)
A2 — |52 = AN By Tipsin 65 (ImVE + ImVE)

We adopt the patterns for the numerical analysis

1 0 O O 1 O \
Vi) = 0 co 50 |, Vi(a)=1] ¢o 0 %s,
0 Sa FCa Sa 0 :Fcoz)

we adopt o =0 for the numerical analysis  angacker & sankar PRD(89)



VR_4 20 and Im(VR,)=0dueto €’/¢€. As aresult, CPAIn

D> 1 1t =0
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>0, ACP( DO>KK) >0
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LHCb and CDF show the direct CP violation in D decays with
3.8 o deviation from the no CP violation. The “anomaly” could
be explained by the LR mixing in the general LR model

The same effects could predict large CPA in doubly Cabibbo
suppressed process, such as D% - K* decays




