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Kobayashi-Maskawa mechanism at work!

® SMis a very concise model which incorporates:
v Natural suppression of FCNC (i.e. GIM mechanism)
v A source of CP violation in the Vckm matrix (i.e. KM mechanism)
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Kobayashi-Maskawa mechanism at work!

® SMis a very concise model which incorporates:
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Kobayashi-Maskawa mechanism at work!
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»B is measured to be around (21.7+0.64)° HFAG

»Improvement in Y measurement is on-going (B factories, LHCDb).

»Issues in Vyp measurements. Improvement in the branching ratio
measurement of B—=TV can be done (SuperB factories).




Kobayashi-Maskawa mechanism at work!
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*{® The complex phase in the CKM matrix seems to be
the dominant source of the CP violation in the
»Bis| flavour observable.

::2;5]0 On the other hand, we will show in this talk, there

meas|  are still plenty of possibilities for new physics!




New physics contributions to
the b—s transitions

% B oscillation (Bs—}/Y® and As)
% CP measurement with b—sg penguin process
% CP and polarisation measurement of b—sy
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Oscillation in Bq System | i fw
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Mass matrix of Bq system:
H— M — tp_ ( My — %Fn Mo — érm ) ¢q = C”“Q[Ml_ﬂ
2 Moy — 3191 Moo — 5192 ¢, = argl'a] —arg|Mo]
Using CPT invariance, we find the mass eigenstate P, and P \When [ is real,
Gq = -®q
—0
P) = pP)+aP) g [Mp—iTy
|P2> _ p|PO> _ q|FO> ’ P Mo — %Flg CP violation
q/p+1
Experimental measurements are carried out for the observables HFAG
AM4=(0.507+0.004) ps”',
A AMs=(17.77£0.19+0.07)ps"!
AM — MQ — M1 — —2|M12‘ ( )P
q .
Golden-Channels to measure g/p from time-
AFq = 11— Ty = 2‘F12| COS Cq dependent CP asymmery
q i AT, N Bi—ccK; (Pa=2B): sin2=0.676+0.020
) =€ “\ 1+ oA tant B:—)/ PP (©4=2P,): Tevatron, LHCb
! *Al'/AM is non-negligible for B
q| AL,
|]_9‘ ~ 1+ IAM tan Cg Di-lepton charge asymmetry
- AsL¢=-0.0049+0.0038
As°=-0.008910.0062




Recent measurements of B Oscillation

AMQ = My — M = _2|M12‘ Golden-Channels to measure q/p from time-
AI‘q = -1y = 2‘I‘12| COS Cq dependent CP asymmery
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Recent measurements of B Oscillation
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Recent measurements of B Oscillation

AMQ = My — M, = _2|M12‘ Golden-Channels to measure g/p from time-
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New Physics contributions to Bs Oscillation

® |llustrating the remaining room for new physics
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CKM and
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uncertainties




New Physics contributions to Bs Oscillation

® |llustrating the remaining room for new physics
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New Physics contributions to Bs Oscillation

® |llustrating the remaining room for new physics
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New Physics contributions to Bs Oscillation

® |llustrating the remaining room for new physics

SM NP Y
= (BJIHZE + Heg |1Bs) | 4 NP o™
= — —
(BY[HZ' | B)
10—+
| arg[R]=;
0.5} R | LHCb LPI |
— ! A\ ®,=0.13+0.18+0.07
f S\ pNBY
x, 0 Ol D, s 5 HFAG (PDGI I)
£ 0 ? ®,=-0.92+0.24+0.16
BR(CX i \ (AsL included)
-0.5 | (*) AMs with
: / SM CKM and
Esd N / | theoretical
100 05 10 15 20 uncertainties



New Physics contributions to Bs Oscillation

® |llustrating the remaining room for new physics
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New Physics contributions to Bs Oscillation

In the case of 4th generation

S Y M tributi in the b
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Time dependent CP asymmetry in the By system

B(P|) measurements with
b—s gluon decay channels
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B(P|) measurements with
b—s gluon decay channels

Time dependent CP asymmetry in the By system

With tree process - With penguin process
My A(B — J/YKg) My A(B — ¢Kg)
= 1 Sex, = Im »
Sopetee = A\ 5, A(B = J/0Ks) o M7, A(B — oK)
\v/\ ~ J/ " - ),
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Im

Q,CIDI




B(®|) measurementswith sin(2B*") = s

b—s gluon decay
channels

eff
in(2¢; ) B

»B factories measured various
channels.

»The experimental errors are
statistic dominant. Thus, SuperB
factories can improve the
measurement significantly.

» Theoretical errors for some of
the channels are still under
discussions.

»Similar study can be done for
the Bs system with, e.g. Bs—®PD,
B:—N'd etc.

»New physics contributions for
box (Bq oscillation) and penguin
can be significantly different.
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New Physics contributions to B(®1) in

b—s gluon decay channels
4

In the case of SUSY (hon-MFV) Pk

S
1 | -
I
Mg~=mq~=500GeV || —

LtanB=2.5TeV i The expected precision at the
0.5 SuperB factories:
'S : 0<ASeks<O0.1
£ II: -0.1<ASoks<0
D, I11: -0.2<ASeks<-O0.
£ . IV: -0.3<ASeks<-0.2

Current limit
ASors=-0.2610.26

Khalil, E.K. PRD62




New Physics contributions to B(®)) in
b—s gluon decay channels

e N In the case of SUSY (hon-MFV)
S¢Ks with Bs 2

Oscillation
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New Physics contributions to b=—sy

® The b =>sy process is a good probe of fundamental properties of
SM as well as BSM (top mass, new particle mass etc...).

® However, this polarisation of b =>»s Y has never been confirmed at a
high precision yet!!

W-boson couples # b =>s yL (left-handed polarisation)
only left-handed <}::> - -
# b =>s YR (right-handed polarisation)

in SM
3 » Method |: Time dependent CP asymmetry in Atwood et.al PRL79
£ Ba>KsTr0y Bi>K*K-y (called Sksrmoy, Sk+K-2)
9 Kruger, Matias PRD7 |
_g »Method Il: Transverse asymmetry in Bq=>K'I*I- Becirevic, Schneider,
% (called AT(2), AT(im)) NPB854
Q. Gronau et al PRL88
n% » Method llI: Bd_)KI(-)KTl'Tl')Y (caIIed >\y) E.K. Le Yaounc, Tayduganov

PRD83




New Physics contributions to b=—sy

® The b =>sy process is a good probe of fundamental properties of
SM as well as BSM (top mass, new particle mass etc...).

® However, this polarisation of b =>»s Y has never been confirmed at a
high precision yet!!

| |

W-boson cou D o
Determination of the photon handed polarisation)
only left-han

olarisation will be improved in theft-handed polarisation)

Gronau et al PRL88
»Method Ill: Bg=2>K(=KTTTT)Y (called Ay) E.K. Le Yaounc, Tayduganov
PRD83
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New Physics contributions to b=—sy

\"Y/
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Conclusions

The B factory measurements of sin2[3(2®) showed that
the complex phase in the CKM matrix seems to be the
dominant source of the CP violation in the flavour
observable.

However, there are still plenty of room left for new
physics!

We discussed new physics contributions to the various
b—s transitions.

% B; oscillation (Bs—}/W® and As)

% CP measurement with b—sg penguin process

% CP and polarisation measurement of b—sy

Combining these different measurements will be useful to
pin down the new physics effects in flavour physics.
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Polarisation determination of b—sy

Photon polarization determination: 3 methods

There are 3 methods proposed to measure the ratio Mg/ M, (~ 0 in the SM):

@ Method 1: time-dependent CP asymmetry in B® — K*°(— Ksm°)y
[Atwood et al., Phys.Rev.Lett.79 ('97)]

2IM L MR]

S — 1
1= R 1 [ MaP

sin(¢pm — L — Pr)

@ Method 2: transverse asymmetries in B® — K*(— K~ )¢t~
[Kruger&Matias, Phys.Rev.D71 ('05); Becirevic&Schneider,
arXiv:1106.3283 ('11)]

Re[MgrM]]

_ o o . DA
IMR|2 + [M]? 5

A(2) L —
i |IMRg|? + | M]|?

© Method 3: K;i three-body decay method in B — Ki(— Knm)y [Gronau
et al., Phys.Rev.Lett.88, Phys.Rev.D66 ('02)]
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Polarisation determination of b—sy

Future constraints on right-handed currents

3 different methods give different constraints:

170 (R 1.0 e —
ACP(BO—>KS7T Y) 0.0 A(B - K(1270) y)
Q Acp(B — Ksm°y): £ 7 [ 0
exp . ) L 0.25 1] T
Skoo, = —0.15£0.2 o ool /// I
[HFAG('10)] 2 /045
= 0.05
0 (Skgro 7)S”IDerB ~ 0.02 at 05 //
75 ab™? _, oA AR
5 -10 -05 0.0 0.5 1.0
Q@ )\, potential measurement from RelC{/CS
w-distribution in
' th 1.0 — —06 "7 1.0 = :
B — Ki(1270)y: a(X\)™ ~ 0.2 ey | A KT

A(z)(BO—>Il{ I'r)
(8] A(ﬁ) and A(7"-m) potential
measurement from the angular
analysis of
B° —» K*°(— K nt)ete:
o(AR)HCE ~ 0.2 at 2 fb !




