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Introduction
Unitary triangle and CKM matrix

@ Inthe SM, CP violation is expressed by CP angles v and § which are the
phases of the CKM matrix elements V,, and Vi (relative to V),
respectively.

(pn)

P2 * [2/2

Y p
0.0) 1 (1,0

Unitary triangle (A\; = Vi Vip)

@ CKM matrix expressed by the Wolfenstein parametrization:
1-)2/2 A AX3(p — in)
V= Y 1-)x2/2 A2 + 0%
AN(1—p—in)  —AXN? 1
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Introduction

® The standard SU(2), x U(1) model is being challenged because the consistency of
the present experimental results with the general scheme of weak interactions and CP
violation in the SM is nontrivial:

@ Direct CP asymmetries in B — 7 K:

Acp(B° = 7TK*) = —0.11+0.02 (FPCP 2006)
Acp(BY — 7°K*) = 0.04+£0.04 (FPCP 2006)

@ Discrepancy between sin24,,,k, and sin 28sk;:

Sin2By, = 0474019 (ICFP2005)

@ Polarization fractions in B — ¢K*:

r/r(B— ¢K*) 0.48 +0.04 (FPCP 2006)
r./r(B— ¢K*) = 0.26+0.04 (FPCP 2006)

2
@ And more ... i
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Outline

9 Effective Hamiltonian in the LRM
@ Left-Right models
@ Effective Hamiltonian for AB = 1 and AS = 1 transition
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Effective Hamiltonian in the LRM
Left-Right models

x As one of the simplest extensions of the SM gauge group, we consider the
left-right model (LRM) with group SU(2), x SU(2)g x U(1) which has the
following features:

@ Covariant derivative for the fermions f; g:
D'fip=0"fur+ igLRW/'RTERfLR + ig1 B Sfi R

@ Higgs couplings induce W, — Wr mixing leading to mass eigenstates:

( w+ >7< cosé e '*osing )< W[)
Wt ) 7\ —sing e ™ cos¢ W

where

o
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Effective Hamiltonian in the LRM

Left-Right models

@ Lower bound on My, can be obtained from the limits on deviations of muon decay
parameters:

(g < 0.033 or

(B. Balke et al., Phys. Rev. D 37 587 (1988))

Mw: > (9r/9L) x 440 GeV

@ W’ mass limit can be lowered to approximately 400 GeV by taking the following
forms of V#:
eiw ~ 0 ~ 0
vVi=| ~o0 CrE™  spe
~0 —sge*® cre'™

~0 e  ~0
; V/’/:z = cre'*" ~0 sre'*@
—sge"™*® ~0 cre™

where cg (Sg) = cos g (sinfg) (0° < 6z < 90°).
(P. Langacker and S.U. Sanker, Phys. Rev. D 40 1569 (1989))

@ Following approximate bound can be obtained from the b — ¢ semileptonic
decays:

£gsinbr < 0.013 for |V5| ~0.04
(M.B. Voloshin, Mod. Phys. Lett. A 12, 1823 (1997))

Ki =
21
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Effective Hamiltonian in the LRM

Effective Hamiltonian for AB = 1 and AS = 1 transition

@ Effective Hamiltonian for AB = 1 and AS = 1 transition in the LRM:

Hett = —=

5| 2

i=1,2,11,12
c

@ Wilson Coefficients (u = mg)

c¥ = —0.308,
C] =1.144,
Cs = 0.014, C4 = —0.030,
C; = 0.045c, Cs = 0.048q,
Cy = —0.317 — 0.546A",
C§ = —0.150 — 0.241A",
where
= 594
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Agreiof — At <Z GO+ CJ 0} + cfog") + (G0 — C0))

o = Gl
Cf = e /At
Cs = 0.009, Cs=
Cy = —1.280a,

Cy' = —0.546A""
Cs = —0.241A"

—0.038
Cio = 0.328a

(D=b,s)

]

st

High Energy Physics Seminar at KISTI

9/26



Effective Hamiltonian in the LRM

Operators for b — s transition

@ Current-Current

] QCD-Penguins
03 = (Babaly—a > (339s
q

05 = Gabalv—a 2 (3598 )y, , -
q

()] Electroweak-Penguins

3 _
07 = 3 Saba)vazq:eq (quB)V+A )
3 _
Og = 3 (Saba)y_—a zq:eq (quB)V_A )
o Magnetic-Penguins
e
oy = 872177[,50“7‘“’(1 + v5)ba Fuu »
s

()] Left-Right Mixed Current-Current
m,
u _ b o _
Oy = (So‘”ﬂ)v—A (”ﬁba)v+A’

ofy=— (go‘cﬁ)v—A (Eﬁba)VJrA‘
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08G = imbsa o

0f = Bata)y_a (‘_’ﬁbﬁ)v—A
05 = (SaCaly_a (Eﬂbﬁ)v—

04:( )v AXq:( )v A
05:( )v Azq:( )V+A

3
O = > (go‘bB)V—A > e (aﬁq“)v+A

q
3
O10 = > (§QDB)V_A%:SQ (aﬁqo‘)v_A

-a a
o2 V(1 +75)Tagbs Gy
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Effective Hamiltonian in the LRM

Effective Hamiltonian for AB = 1 and AS = 1 transition

@ It is convenient to express the one-loop matrix elements of Hex in terms of the

tree-level matrix elements of the effective operators:

_ G 10 _
< $q0He|B >= ——EME " CP" < sq8|0)|B > +(Ci0; — C[O)),

V2 o
with the effective WCs
GO _ gD, eSO o) ) el NLCCEZI), e — ) 4 )
6810 _ ) Niccg)’ g~ o)+ c), M)~ el o), cEM) = cl) 1 )
where
@ oo [# q:uchsL(cg(/) . N;ccgm)z(mq, K, mp) + c;(/)g]

m? — Kk2x(1 — x)

Ca—

—> Two different CP even phases arise!

I(m, k, p) = 4/01 dxx(1 — x)ln[
I
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Outline

© Two body hadronic B decays
@ Factorization approximation for the matrix elements of the operators
@ CP asymmetry in charged B meson decays
@ CP asymmetry in neutral B meson decays
@ Polarization fraction for B — V V modes
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Two body hadronic B decays

Factorization approximation for the matrix elements of the operators

@ Consider the matrix element of the operator Os for the process B~ — ¢K*~:

e 7 1 - — = -
<OKT|OIBT > = o < 6[57"sl0 >< K|Sy, (1~ 15)b|B >
c

+ 2 < ¢K*TIB(1 + 45)ul0 >< 0|Unsh| BT >

annihilation contribution, usually neglected in FA

@ "Annihilation contribution" to decay rates may be small (or may not, depending on
specific decay modes), but could be important in CP asymmetry because it
contains strong phases! = We need to reduce "hadronic uncertainty" before considering
any "new physics".

@ CP violating asymmetry originates from the superposition of CP-odd(violating)
phases in CKM matrix and CP-even(conserving) phases.

o
LKIM i
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Two body hadronic B decays

CP asymmetry in charged B meson decays

@ For charged B meson decays, CP violating asymmetry originates from
the superposition of CP-odd(violating) phases and CP-even(conserving)
phases.

Ao rB+—f*)—r(B-—f)
PTTBT - )+ (B~ )

@ CP-even phases arise from the absorptive part of the amplitudes.

a() W) <0}
01,2 O O 70 8
b S b 03 10/ S b +E+ S
q q 2

GH7Y
q q q q qQ-—> > 9q
Diagrams for penguin-induced b — sq'q’
o
ioTi
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Two body hadronic B decays

CP asymmetry in charged B meson decays

@ Matrix elements of O}

< 09 Spene %z(mq, Kk, mp) < PY)
8
090 peng  _ Oés(mb)I Mg, k, m, Py (1) o P(/)
< 03" > e (mgq b)(< >+3 (mb)< >>

where 1
P =00+ 0 — (00 + ). PP =0"+0) (N=3)
C

m? — k®x(1 — x)]

T(m, K, ) = 4/01 ox(1— x)In | =

@ Matrix elements of 07" and OF"

o m3 as m;
2 <P > <o e o < P

< O;’(’) Speng_ — 2 S

where k? is expected to be typically in the range m3 /4 < k® < mZ/2.
(A. Ali and C. Greub, Phys. Rev. D 57 2996 (1998))

KF?
MSTi
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Two body hadronic B decays
CP asymmetry in charged B meson decays
@ We evaluate CP asymmetries in BT — ¢K(*)* decays.
@ Transition amplitude for B~ — ¢K(*)~ in the LRM using the naive
factorization approximation (NFA):

G . . . () —
A(B™ = pKM 7)) ~ 7’; [{ —0.67 +1.16'9° 4+ 0.026'*u =) 4 1oggc,qe"*4}x<f Kt~ .0)

+{27¢,cnse ot *49) 4 250¢g5re "0 b X7 K(*)_"“} x 1073

Gr B—K(*)—, B K(*)—, -3
= 8o X gy x ]

_ o G — k()= _
A(B™ — oK) ),,zécto,.x(f KETa9) 1078

where v = 60°, (¢u, po)=(127°,149°) and
XETHD) = XETKTO) =< 415y,,510 >< K~ [844b|B” >,

XTI . gf3,600 >« K7 [397(1 £ 25)018" >

(S.-h. Nam, Phys. Rev. D 68 115006 (2003)) Ki
N
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Two body hadronic B decays

CP asymmetry in charged B meson decays

@ SM value of CP asymmetry:

B* — ¢K™*)%) ~ 0.01

(

@ Current data on the CP asymmetries in B — ¢K*)= (FPCP 2006):

SM
Acp

0.05+0.11

)

(B — oK™+

expt
ACP

N

+ 5 pK*) = 0.037 +0.05

B

cp (

expt

A

@ Behavior of Agp as as 4 are varied:

(B = ¢K**),

(B — ¢KE),
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Two body hadronic B decays

Effective Hamiltonian for BB mixing

@ Effective Hamiltonian in the BB system is obtained from the box

diagrams:
b W,W (9.9) d b vt d
—_—
uct uct WW (9.9) § éw,w' (©.9)
——]
a W.W (9.9) 5 T uct v

® HBB — HSM  HAR  HLA .

eff eff
GEM; -
e = 4= (A7 S0 (drub)’
LR GzMz LRy RL 2 LRy RL 2 2 3 I
ot = 53" {IN AT xexiGoA (3, Q)+ AAT K CoAa (0F O)(dibm) (daby)

+ MM 6] [ As(xF) (AL, bL) (drryubr) + XeAa(XF) (dLbr)(drbu)l

where ¢F = eteogy, AP =V VE, xi=mi/Mw (i=u,ct) =
KiSTi
P
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Two body hadronic B decays

CP asymmetry in neutral B meson decays

@ For neutral B mesons decays, CP asymmetry can be expressed by the
parametrization invariant quantity A:

:7(g) A(BY5T) (g) o~ M
- P B-A(BO"f)’ P/~ [My2]°

where the B°B° mixing matrix element can be written as

_ M SM _ <BYHgIB°>
Mz = My + M12 = My, (1 + rLF')a Ir = <§0|ny|80>

@ In the case of V7, there is no significant contribution of H7
@ In the case of V[,
N — (g — (492 —19.7¢) |”(1/Cg)) sy
e ~ /{17.3/( e (g2e

(1 —5.02¢g — (0.498 — 1.99¢g) In(1/¢g)
— 796
1 —9.94¢g + 28.9¢2

)cgs,qc,qef52 - 8.93§gSHei63}

where /—0008/‘V | 61 =-2B8+ap—az, 0 =—B —az+ ag,and i3 = — 3 — ags.

(S.-h. Nam, Phys. Rev. D 66 055008 (2002)) Ki ?
Paohg " 4L
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Two body hadronic B decays

CP asymmetry in neutral B meson decays

@ Inthe SM, the CP angle 3 is simply the imaginary part of A:
sin2f8 = ImA(B — J/¢¥Ks) ~ ImA(B — ¢Ks)
@ B — J/¥Ks decay is governed by the tree-level contribution. In the LRM:
A(B = J/pKs)) ~ GTF,\#@ + 25(crspcge (271 — 2sﬁgge*’a2)}x<BKS«J/¢>
A(B = J/pKs)y ~ f LL{1 — B0spege” 2 }x<5"5 /)
where X(BKs:J/¥) =< J/y|Ev,c|0 >< Ks|$v"b|B° >

@ The transition amplitude in B — ¢Ks decays can be simply obtained from the
charged mode by replacing the hadronic matrix element X8~ K79 _ x(BKs.¢)

=

MisTi
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Two body hadronic B decays

CP asymmetry in neutral B meson decays

x Plots of the CP asymmetry difference Agp = ImA(B — J/¢Ks) — ImA\(B — ¢Ks) :
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Two body hadronic B decays

Polarization fraction for B — V V modes

@ Polarization fraction for the ¢K™* channel in the SM (NFA):

r |AL? ( 1 ) r. ( 1 )
T AR+ AP+ A m; 0y M

@ Longitudinal polarization fraction for the #K™ channel in the LRM (NFA):

[AMP( = r')? / _ Coot

M
e ~ Cor
< r )LRM AP = r)2 + [AMPE( = r)2 + [AMP(1 + )2 Cot

= cannot satisfy F*™ /I ~ 0.5 and "™ ~ I simultaneously.

@ In fact, the NFA fails in some hadronic decay modes. For example,

< pK*~|0g|BT >= 7‘% < ¢[5v*s]0 >< K* T[Sy, (1 — v5)b|B™ > +2 < ¢K* 7 |5(1 + v5)ul0 >< 0|Ty5b|BT >

annihilation contribution is not negligible!

—
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Two body hadronic B decays

Polarization fraction for B — V V modes

@ The decay B — Vi W, is described by the amplitude

A(B = ViVe) = Agef - g5 + Ay (g7 - pe)(es - p1) +iAz Eaﬁwsfaggﬁpwl-’%

@ The three helicity amplitudes can be rewritten in the transversity basis as:
Ap = —xAg — mymp(x? — 1) Ay, A= —V2A4,
AL:—\@m1m2\/x2—1A2, XEM

mymy
@ Inthe LRM,
G, BV, V. B,Vy Vs
AB = ViVe) = 30, A [Ch XN ol X ]

= |AB = ViVe)[? = |AL® + AL + 42

Ty
M
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Two body hadronic B decays

Polarization fraction for B — V V modes

@ In the helicity basis,

GF | A
A = AEF [oma(mg + my) (G — cL) AymB) — rgm (2 + c) vy (n)]
2 g=u,c
G n [ 2fmy ! / 2 A A 2
A = £ AL 2272 (el ol Y ap(mB) + 1g (CP 4 M) Vop(mB)
V2oSge L mgam ( +) el ( ?) et
G n [ 2fmy I I 2 A A 2
A, = £ AL - 2272 (ol el Y vmd) + 15 (6A — ) AmB)
2 V2 ¢ue mg + mq ( +) 2 ( +) 5

= Right-handed contribution can enhance 4 and 4.

@ lllustration of the behavior of ', /T for the K™ channel by varying 0g:

DRI LAT L
e

=
S
L
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Summary

@ Inthe LRM , the W’ contributions to B°B° mixing and CP asymmetry in
BP decays are highly dependent upon the phases in the mass mixing
matrix V&R,

@ If CP asymmetries in B — ¢K(*)* decays are large or different from
each other, V[? is more probable than V.

@ If there is a large discrepancy between sin23,,,x, and sin23,x, the
manifest LRM is disfavored.

@ The current experimental result of the polarization fraction for the ¢K*
channel can be explained in the LRM only if the annihilation contributions
are included — must be explained simultaneously with other decay
modes such as pK™ (in progress).

-l
LKlﬁTl
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