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1 Probing New Physics in B mesons

SM explains successfully CP violation of Kfiﬂﬂ Bd
TrieA?Pph of Kobayashi-Maskawa model
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CP violation for beginner

[ Neutral Meson Mixing ]
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The decay amplitude
A(f) = ([IH|P") A(f) = (f|H| P

Under the CP invariance Al ]
A(f) = (FIH|PO) an 7! ™ CP violation

= (fl(cP)~(CP)H(CP)~'(CP)|P?)
= (fIH|P%) = A(f)

CP violations originate from decay amplitfudes or neutral meson mixing
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Direct CP violation (amplitude)

Indirect CP violation (mixing)

(mixing & amplitude)




The three type of CP violation in Meson Decays

1. CP violation in decay without mixing
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Direct CP Violation

Penguin Diagram in SM
Tree Diagram in SM
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CP Violation in Mixing

CP violation in Bd
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3. CP violation in mixing and decay

arg (E) +arg(p) # 0 Flavor non-specific decay
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Golden Mode in CP violation of B meson
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However,

there is still possibility to find
New Physics in the CP violation
phenomena (especially in Bs system) !

TeV Scale Physics in LHC Era!

Precise measurement of CP violation in B mesons !



Parameterization of New
Physics(NP)

_ . 0 =0 . . Hamiltonian inducing
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2 Expeimental Staus of B mesons

Some recent news:
— Discovery of SM-liXe Higgs, lack of deviations from SM
— Not even B, — pu™pu~ deviates from the SM by O(1)
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— a number of tensions Wl
— many measurements can improve a lot | e ]
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P
Allowed region is much larger using only
tree-level information: v and | V|

O(20%) New Physics Contributions to most loop processes still possible !



Measurementof B~ — 7, AT

Karlirche Institite of Technolaqy

New Results from Belle

Renconires de Moriond EW 2013
Matthias Huschle | 03.03.2013
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Results ST
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m consistency over all 7 decay modes
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Latest results on By ’—up

- R. Aaij et al. (LHCb Collaboration)
Combined dataset result Phys. Rey Lett 110, 021801 (2013)
a e ] =
5% 141 LHCb 1
v 1 H 107 (TTeV) + 1.1 7 (ETeV) ] Full PDF
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syst from nuisance parameters and background models:

BR = (3.2'1%12 (stat) *9°g3 (syst))x10 fully dominated by stat error

o\ - . i SM expectation
BR(BO—p'p) = (3.2*19.12)x107° (3.54:0.30)x10-°

03/03/13 A. Sarti Moriond EW 2013 15




2HDM Type 2
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K. Hara KEK-ph 2013 March 6

B=2>D0Otv Results

average of previous results

®
DF SM  Aver. 1 SM  Aver
Belle 2007 T " —
0.44 = 0.12 d 535M BB
BaBar 2008 - BaBar 2008 -
042+ 013 R —— 030 0.06 et 232M BB
Belle 2009 ’ ; Belle 204009 : . ]
059+ 0.16 I . - 0.47 = 0.10 - . ! 65™ BB
Belle 2010 Belle 2010 . G -]
n.';s s 0.11 W n_df: 0.08 . 65TM BB
BaBar 2012 BaBar 2012 —
0440 = 0.072 S b —_— @71M HB)
0.2 0.4 0.6 08 03 0.4 0.5 06
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Comparison to SM [BaBar]

Includes sysrermatic errors

« Belle and BaBar results are consistent

« All R measurements are higher than the S
expectation

« BaBar result is inconsistent with SM by 3.4 o

Belle's new hadronic tag result will come soon! |

LHCb first result in autumn 2013 ?




Constraint on Charged Higgs

- Belle, B—Tv
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B—=>1v, BaBar's B=>Dtv and B2>D(*)tv
prefer different regions of fanp/m,

Type-Il 2HDM is disfavored?

- Belle result with full data and future
measurement at Belle |l is important.
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Exclusive semileptonic FCNC b — su "1~ decays

AF =1 FCNC; sensitive to flavor in and beyond the SM.
Bray ~ 1079 — 1077

W
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observed (at SM level):
B — H':*]J[L_";.L_ BaBar, Belle, CDF ssx-:and LHCDb 1% tHcoconr-2012-008

BS —F 'LI)I.U,+,£L_ GDF 2011 11011020 [hep-ax] LHGb 2012 1uchbconr-2012-008
ﬂb — .-'*L,[L_";_L— CDF 2011 17275 [hap-ax]

distributions measured. precision physics started.

Moriond EWEK 2013 .
Gudrun Hiller, Dortmund



Situation: Dilepton Mass Spectrum in B — K*u

BN Theory I EBEnnad tha:-%
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lefi-hand Fig. from 1006.5013 [hap-ph] Blue band: form factor uncertainties, red: 1,/my right-hand Fig. from LHCO-CONF-2012-008

Biggest source of theory uncertainty: the B — K* form factors.

Moriond EWK 2013 .
Gudrun Hiller, Dortmund



CPV 1IN B'B? MIXING

INTRODUCTION
s h nd d ol W )
e CPV in B mixing if:
P(By — By) = P(By — By) B Wow B B fuct uedd B’
d u.c.l h d W b

i B . — » - e TATAVAVAVAVAY
- CP Asymmetry {tl me IﬂdEpEﬂdEﬂt). Mew Particles in the boxes could modify SM expectations

_N(B'B)-N(B'B) _1-|g¢/p

) N(B'B")+ N(B'B®) 14 lg/pl* 2[1_ g/ p |]

» SM expectation: (010~ 4) i "2 00 dimuon .
9.0 !
e Status of CPV in mixing: SN
» HFAG average from Y(4S) measurement in o
agreement with SM DO Dy, 5.0 b7 —
» Hadronic colliders measure combination of Bs
and Ba CP: A%, A N
+ DO result on charge asymmetry of like-sign DO oma Iy
dimuons differs by 3.9 ¢ (Phys. Rev. D 84, 052007): |
-0 HFAG

Simon Akar — BABAR Moriond 2013, Rare decays & CP-T violation 1.3



CPV IN BB? MIXING

RESULTS
Fit projections: N
* Asymmetry parameters: - A e |
B.AB AR preliminary : a g
0.36 oo F 3
Acp = (0.06 + 0.1713:30)% :
= 00 @
1 — |(;/'p| — []29:{:{].841_]1;?) s 1) 3 o | ;.r-
0.02 = E
-E . g E-
Ism| -
“ w ! -1
LHL b. 1.0 )
002/ .
: This » Consistent with HFAG average
measurement ; : ;
| | BABAR preliminary » Consistent with SM expectations
-0.04 - + Single most precise measurement
oo | » Expect more results from Belle &
-0.04 -0.02 0.02 LHCb
iy
Simon Akar — BABAR Moriond 2013, Rare decays & CP-T violation 14



CP Violation in Bs

¢ .notation

In this presentation, ¢, is used to denote the CP violation interference between
mixing and decay:

B, AN NN e
Le. 9: =9y~ 20p \ /'
¢H Bs D

Same symbol (¢.) is used regardless of the final state of the B, decay.
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Observation

By — J/V¥¢

M — AT, A(B) — f)
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SM. New Physics
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by = —28, +arg(1 + h,e™™)
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¢.New Physics prospects

Mixing -t A
b ks s
There could be new physics -
contributions, that would B, w W B
manifest as new contributions
in B. mixing diagrams ;! S b
iR £-CleR e -

(arXiv:1008.1593)
Large effects are ruled out through existing measurements of B.->J/ld

Decay

New contributions could also appear in penguin diagrams (hep-ph/0007328,

arXiv:1212.6486v1): W+
b 5
Loop suppressed =» need large N 5
datasets to measure uct
5

MNow becoming accessible. 5 S 5

=2

=y B — b a e i = e I 1 [R o e e
arch 2013 CP violation in Bs System - Sean Bensaor



B.—~>J/Jd: Results

Result consistent
with SM
expectation

Measurement of
Al over 6o from

ero

= 0.07 + 0.09 (stat) + 0.01 (syst) rad,
0.663 + 0.005 (stat) + 0.006 (syst) ps—?,
= 0.100 + 0.016 (stat) + 0.003 (syst) ps—!

- -

15— {FL —I—FH]_."E
AV . =TF.—TIx

2 March 2013 CP violation in Bs System - Sean Benson 12



First measurement of the CP-violating phase in hadronic

B.2> ¢ decays

LHCb-PAPER-2013-007

B.>®¢ a pure penguin P->VV decay
Sensitive to new physics in mixing and decay

8801431 events observed in KKKK final state
using 1.0 fb! LHCb data.

Results presented based on
time-dependent tagged angular analysis

B, d¢ decay originates from a b=>»s5s
transition = SM expectation of ¢@_is
zero as cancellation between

mixing and decay weak phases

Candidates /5 [MeV /e

o

E \

140

5200 5300 5400 5500 5600

Myppy [MeVie?)



« A first ime-dependent tagged analysis of CP violation in the interference between
mixing and decay for the B.->¢¢ decay yields a 68% C.L of:

e

[-2.46,-0.76] rad |

* The p-value of the Standard Model hypothesis is|16%.

SM prediction is same as in B,>J)/{d

~0.0363+5 031



Non-leptonic CP asymmetry
in Bd and Bs

Let’s discussion about CP asymmetries ofB4 meson .

By — ¢Kg,n K°
By — J/$Ks 1= ¢Ks,m
o _ L T
b Wbl‘<z " By — < —
By Ve ) S %< S KO Ky

SM prediction

If there is only the KM phase,

Time S — S K /¢
dependent ‘]/Q»DKS — pKs,m Kg
CP

asymmetries

here may be deviation between SM prediction and



The time dependent CP asymmetry in B° decays

@ CP asymmetry:
r(B%(t) — f)—(B%t) — f)

r(BY(t) — )+ (BO(t) — f)
= Crcos(Ampgot) + S¢sin(Ampgot),

where

2Im\f V9 A(BY — )

S = . =
JERND WP p A(BY = f)

® S;/yke(exp) = 0.658 £ 0.024
o Syks(exp) = 0.747013, S, ko(exp) = 0.59 £ 0.07

Y. Ambhis er al. [Heavy Flavor Averaging Group Collaboration], arXiv:1207.1158 [hep-ex].

In SM, S{i‘*H’s (SM) = SHAHG(SM) — ‘SJ.,."'T,-.'.'HS — Siﬂ{zﬁsm).



lex|-sin 23 tension (CP violation in K meson)

@ |E'?{M| is related to sin(23sm) since SM has only one CP phase.
A_ l Buras and D. Guadagneli, Phys. Rev. D T8 (2008) 033005

el o FZ Bk |Ves|* sin(28sm)

Fy: decay constant, By: lattice calc. (0.7643 = 0.0097)
F. Mescia and 1. Virto, Phys. Rev. D 86 (2012) 095004.
o |Vcpl|: best fit o |Vep|: 90% C.L.

30— 30

sini 2 By )

6’| = (2.228 £ 0.011) x 1073, sin(283exp) = 0.679 £ 0.02
@ [he constraint from |ex| is severe in SUSY.



Direct CP Violation in Charm Decays

In the case of Final state being a CP eigenstate
I'(D°— fep) —T (D — fop)
I'(D° = fep)+T (D — fop)

~alpn+ Buapsp) fop = KYK-, ata

Acp(fep) =

D' - KtYK~, ntn~
D 5 DY 5 K™K~ ntn™
A(t)

AAcp = Acp(KTK™) — Agp(ntn™) = AAZL + — A Aind
D

[AA?}}; = (—0.67 + 0.16)%] AZS = (—0.02 £0.22)%

Af|* = A

_ "Naive Estimation in SM
[Ag]* + [Af]?

AALE, = O(107°)

dir —
Adr =

= 2rgsinysinoy



Conclusion

« The LHCbh experiment performed two independent analyses on
the 2011 data set.

Semileptonic:

Prompt:
(preliminary)

AAcp = (40.49 + 0.30(stat.) + 0.14(syst.)) %

LHCb-PAPER-2013-003, arXiv:1303.2614

AAcp = (—0.34 £ 0.15(stat.) £ 0.10(syst.)) %

LHCh-CONF-2013-003, available on CDS soon

« Both results compatible at 3 % level.

« LHCb does
decays.

not confirm evidence of CP violation in Charm
AAcprucy = (—0.15+0.16) % (naive average)

~3 fb! on tape.
L ooking forward to analyses of 2012 data.

12.03.13

Moriond QCD 2013, La Thuile
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Another Direct CP Violation
CP Violation of b-sy ?

_ r (fﬁﬁ) d\\\\\w
A%—P?S’f _ F(B — Xs’"}"') — F(B — )&gf;,f) 2 33

SM prediction AZ2Y ~ 0.005
The present data AV2%7 = —0.008 + 0.029

Still large error, New Physics ?



3 Can we find SUSY in B decays ?

How large contributions of Squark flavor mixing
in CP asymmetries of B mesons ?

Our strategy:

SUSY

parameter

LHCb, Bell, Sgl._lark flavor

mixing
Babar, etc. S
new results

d

We constrain
squark flavor mixing
parameters
by LHCb etc. results
+ CEDM of strange quark

CP
asymmetries
in Bd and Bs

SQbKS? Sn/KO

Sedr S’

We predict
CP asymmetries.



Search for SUSY particles

@ Searching for SUSY particles at LHC (ATLAS, CMS).
But SUSY particle has not been discovered.

mz = 1.4 TeV, mz =15 TeV, m; = 600 GeV, my = 650 GeV.

Souark-ghine-neutraling medel, mii’) = 105 GaV/ BB, procuction, B 1"

]
i
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g

- LI I rra I I L I II rruri III LI 5‘ - I I ‘:.‘_-. - ||| . '_H-J-I
g Pl . 3 b ATLAS pretmnay | == Jmimiins,
Eﬂxﬂ-— | E‘-‘:—-'-:'H}EI_— L Al et wi B5% CL -
3 . . = _[L:t-u:an: e R prep—— 3
B - 500 - TR .
& 1600 - - - ---— ATLAS 2.06 ", /#=7 TaV/ -
3 [ v C — ATLAB AT (=7 TaV ]
1400 E . n .
1200 -] 3
L - 10 1] il
1000 - -
500 | — e .
C
| | | | 15V

-IIIIIII I L1 IIII-
E':lai:l] a0l 1000 12060 1200 I1I_3i':}III 18 r_;i"ﬂi.":l]

So indirect search is also significant.
For example, CP asymmetries of B mesons.



Natural SUSY and flavor \

» Simplest bottom-up approach to keep Must be light’ May be "“Ea""-".i" |
SUSY as natural as possible, in light of S Qd
ATLAS & CMS constraints { W EEEEEEEEEE
[Papucd, Ruderman, Weller, 1110.6926; Brust, Katz, Lawrence, &+ 'I-",:f -----
Sundrum, 1110.8670; Kats, Meade, Reece, Shih, 1110.6444; .

Essig, lzaguirre, Kaplan, Wacker, 1110.6443] 4

Can have approximate MFV, GIM, etc., :::::::jf. _____ R

but as the first two generations are h”' .

pushed heavier, expect larger flavor non- 4

universality, and increasing signals natural SUSY I decoupled SUSY

Zoltan Ligeti
2nd KEK Flavor Factory Workshop, March 12-14, 2013



Squark flavor mixing

Split-family

@ In these experimental situations, we consider split-family.
F. Mescia and J. Virto, Phys. Rev. D 86 (2012) 095004.

mz =15 TeV, my =750 GeV, myg,~ O(10) TeV

@ The Lagrangian of the gluino-quark-sbottom interaction:

Linlab) = —iV28s 3 B (T?)G* [(Q)P. + T&R);Pr] g+hec.

1 0 % 0 0 —6%se’®\ d
=1 o 1 6hey 0 0 —ddlsei | g q

FEt FT e 86 5% )b L

0 0 e 1 § L
=10 0 6ffse @ 0 1 e | g

A g = E S
e’ —ofF 0% o

5 d




By = &5

B, = 65

K = §UH0) 5L

Assume
6557 = 1055

my, = T50GeV Mg, = 900GeV
LR mixing : sinf cosf = 0.45



The relevant constraints

@ AF = 2 process:

|dS| (CEDM)



AF = 2 process

The gluino-squark box diagram: dispersive part in Bq—B’q mixing

g q
b L cl b Faararor o B

H“( by th )H“ B( bi b )B
d e b 5 —— R h

g __ aq9.5M q,SUS"r’
My, = M5 + My

M9, SUSY
B (1 +
M3:

12
» qSM{1+h EEJJq)

GEMg v+ )2
M = fzﬂ EMiy (Vs Vg1l So(x:) 3, B




Experimental Constraints

AF = 2 process

e B.-B. mixing:
7
i Y ; 0800} : H ) constrains to 6%;.
5 14 L 3
5 | ! ; AMp_(exp) = (17.7 = 0.1)/ps

! Moriond201:17.768 & 0.024

o B%BY mixing:

g

Hu( b_‘?fEmiT - ) 50 constrains to 45;.

de s bpoged AMpgo(exp) = (0.507+0.004)/ps

g

o K%-K° mixing:
g

50 P OB o constrains to d¢; and §4,.

1 ( d_,iwi_ - )""‘ 2P| = (2.228 £ 0.011) x 103

il



1'{,
1 )
1 4"'-."" -'ll_fll'l-

-,;.*L .]I:Jﬂ

o Amg = 17.768 + 0.023(stat) + 0.006(syst) ps~ 1

Dominant systematics from decay length scale and momentum scale

(UL Ll

# candidates / 0.2 ps

%ﬂd’ Result

400

200|

= Tagged mixed
= Tagged unmixed
— Fit mixed

—— Fit unmixed

decay time [ps]

Rencontres de Moriond
EW Interactions and unified theones 2013
Sebastian Wandernoth




AF =1 process

@ Effective Ha miltonian

_ 4Gr Vv (") =3
Hor = = Z Vit ,szzu GO — Vv ,-=-,-Z~,-_.:ac (C,-O,- + GO,

@ [he dim. 6 local operators:

O{q ) — (gﬂﬂ# Pf_qg){a;iﬁ.’# Pf_bct)! Oéq } (sﬂ J#PLEI&)(quﬁ*#PLbSJ

€ _ —
O7y = MpSa "’ Prbao Fpuu Osc = mpSa ' PrT35b5G,]

1672 | 16??2 “ HY
Pr=(1+1)/2, PL=(1-1s)
o fpPphot Penguin (Ci) and gluon Penguin

1‘:
N
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o o
&y
T
oo
W
o
=
o
=
Ul




Wilson coefficients

. 8 \2a.w
G (mg) = = -
M) = 396 Vv e

(= T 1 " 'mg (d) 1 )

mEI e B A
(rlﬁj}kﬁ r‘d] 1 /’mé—_;d; —————— 1 ——————— " N
: m—h {(FGL)E!.E (_EFE{XLXE}) v\-l: - (FGE)EE (—in{xg..xg]J}l :
8 ‘I.,/'EEEETI' _____________

Cé-(mz) = =
36(mz) 32Gr VooV,

D f e (9T
= k3 {(FE‘;;_}}aa (_E',:_l_(_xl"_}@l___ E—F—E?El_‘ i{i}

-
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Experimental Constraints

AF = 1 process

@ The dim. 6 local operator (Penguin operator):

€ ”

P — {1 —+ ’"?‘5},.-“'2~ Fy =— (1 — ";‘5};-“'2
@ b — sv decay (Ci):

b s constrains to 85;.

o BR(b — sv)(exp) = (3.53+£0.24) x 10~*

J. Beringer er al. [Particle Data Group Collaboration], Phys. Rev. D 86 {2012) 010001.



Experimental Constraints

AF = 0 process

e The dim. 6 local operator (Penguin operator):

5. = ,
Ogc = Iﬁjr? mpSa0*Y PprT b Gl

PE == {:1 + ";‘5};“'1 P;_ == (1 — ”}'5:];"2

o CEDM of the strange quark (CZ.):

s also constrains to d5;.

@ e|df| < 1x 10® ecm from Neutron EDM

J. Hisano and Y. Shimizu, Phys. Rev. D 70 (2004) 093001.

Improved g5 « 1025 ecrn arXiv:1211.5228 Hisano et al.
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i vd d
Mixing Parameters 05; and 947,

o Constraints: AMg_, AMpgo,

10 15 20
8%, 1% 107

o [0%,| <1.8x 1072, [6%] <05 x 1072

By using these mixing parameters,
we calculate the time dependent CP asymmetries.



-200
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(6911369 )34]1x 10




@ Constraint of b — s+ decay: A. J. Buras, hep-ph/9806471.

BR(b — Xs7) _ |VaVw|® 6a

CEFF2
BR(b — X.eto)  |Vw|? =f(z)

a=—, f(z)=1-8z+82"—z'—122°Inz, z= e

o C:: Wilson coefficient

C™ = |G, (SM) + CZ (SUSY)[?
+ | CZ (SUSY))2.

BR (h—sy 1 10"

BR(b — s7)(SM) = (3.15 = 0.23) x 10—,
BR(b — sv)(exp) = (3.53 +0.24) x 10~*




The time dependent CP asymmetry in B meson decays

_ [(Bq(t) = f) —T(Bg(t) = f)

[(By(t) — )+ T(Bgy(t) — )
= Cr cos(Ampg,t) + S¢sin(Amg,t).

where

)n.i,r|2 —1 2lmAf q_ *a{Bg — f)

CENEFT T INErT TR PEAB ST

SUSY contributions come from both:

e Mixing part: gq/p = /M, /ML, e Amplitude part



Non-leptonic decays B? — ¢Ks, n'K°

HFAG PDG

SJ/pks = 0.658 & 0.024, SyjwKs = 0.658 £ 0.024,
Sere = 0.7417013, Sske = 0.39+0.17,
Syko = 0.59 & 0.07 S,rko = 0.60 = 0.07
o In SM, S ke = Stk kO 08
@ SUSY contributions: 5 mé .'fq
ASY(B° — 6Ks) ox Che(ms) + Chglms), = Zj
ASY(B” = oK) o Cg(ms) — Ci(ms)

L
M. Endo, 5. Mishima and M. Yamaguchi, 04 05 06 07 08 09 10

Phys. Lett. B 609 (2005) OL. Sk
dh,



Our predictions

B

hql:llll II Ill |

@ 544 depends on 52‘3‘3.

® Sxoio depends on 6%.
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AF = 0 process

o CEDM of the strange quark |dS|:

10¢

dy %10

= b e oh GO




4 Summary

@ We study SUSY contribution in the CP violation.

@ SUSY particle has not been discovered.
— We consider split-family.

@ The relevant constraints:
AMpg,, AMpgo, |ex|, BR(b — sv), and |d* |
— 169,] < 1.8 x 1072 and |6%] < 0.5 x 1072

o We predict —0.14 < 544 = 0.12 and —0.4 < Sk = 0.2.
— It is testable in near future experiments.

o The measurement of ¢s use only 1 fb~1! of data (2011).

Additional 2 fb~1 from 2012 is being analyzed now.
— QOur predicted region will be restricted.

Flavor Physics progress in LHC Era !
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AB=1 Effective
Hamiltonian

Hﬂw_£¥ §:vﬁv*zjco@_4%hs - (qoﬁxii)

\/_ q'=u,c i=1.2 i=3—6,7v,8G

OF) = (5a HLPLQ5)(Q@ V¥ PLba), O:gQ) — (ga"?*’ﬁsPLQ;r)(ﬁiﬂﬁfﬁPLbﬁ)a
(3 = (-S'a’“,r",uPLba) Z(Qﬁﬁf’"{ PLQ_B): Oy = (ga’?’.uPLbﬁ) Z(fjﬁ’?ﬁPLga)a

q q

Os = (SavuPrba) Y (@7 Pras),  Os = (SauPrbs) Y (757" Pra),
q q

i e L Js "

Oy = = sMpSa0" PrbaFu, Oga = o smpSact PRI 505G,

Pr=(1475)/2, PL=(1—15)/2



New CP Violating phases i(?f

S (800 +Cio) +C0)

_i¢y 1=3-6,77,8G

ApK s, KO = —€ _
K, 'K € Z (th-i* (Oi) Py Cf*(oi} 4 Cfﬁ{gf})

i=3—6,7v.8G

($Ks|0i|BY) = (¢Ks|O:|BY)  (WK°|O:|BY) = —(n/ K°|O;| BY)

Y CMO;) + CHO;:) + CYO;)
i=3—6,7v,8G
Yy, o) 1 EF 0y CHD)

i=3—6,7v.8G

_ighs

Agp = €

(68|0:| BY) = — (| O;| BY)



DO Anomaly (Tevatron)
like-sign dimuon charge

asymmetry
‘PP — L XX event X?
st E w - MAsym /'I_”‘u
oAb NN P 2 p
sl = N, ++P~“ /
M
* SMT(3Bq-Bq mixing(Z v X

& D same-sign dimuon _
- Asymmetry(FCPOBgH,  Ba~ M*X, BaBa—utX

q _ D(BJ(t)—pTX)-T(B](t)—p~ X)

Ay = 0.5a%; + 0.5a] ag F(BD ST X}—FF{BG(t]—w X)



DO Anomaly

like-sigh dimuon charge
asymmetry

‘PP — M XX event
s ututE wuMAsym

+ SMT(ZBg-Bq mixing(c
&K D same-sign dimuon
- Asymmetry (FCPDIEN

AV~ 0.5a% + 0.5a%,

sl —

aug ﬂ.ﬂz T

-0.02

-0.04

+  Standard Model
L == B Factory W.A.
" [l DO B,—~uD X

[ Il DO AL

| Do Ad9sw CL.

DO, 9.0 fh! |

004 002

I[III

0.02

g™



Constraints from
Direct CP violation 6f— sy decay

b—sy
ACP T

as(mb) 40 8z
I g [
Con? L3101 5
1 . 8z
— S1m[CseCs, ] + 5ob(z, 0)Im

F(B — X57) = T'(B = X57v)

(B — Xsy)+ (B — X5v)

By >(1—8) Emax

0(2) + b(z, 5)]Im[ (1 +

(1

Vs Vub
VisVib

)

Dominant term
in SM

)\‘102 C;’Y}

/
/

7’
/
Vo Vb

*
‘\\VtSV;*,b

N~

S -

C2Cig) .

Experimental results : AJ2°" = —0.008 = +0.029

SM prediction :

AVSSY ~0.005



NP scale

NP A 2 Mty - New particle mass
W : !7\'-}{ s ™ (Tﬂl }‘ﬁ ?2) }.f. : Walfenstein parameter
- e AN

' . VEV of Higgs
Experiments indicate at most

h~O(1)

Bs can probe TeV scale

10-100 TeV, but depends on
models



Direct CP asymmetry

e

)s

P ' >- - = m
u n . . >I"
Tree Penguin
AfTree level amplitude
Ap(B — f) = AL(1 4+ rpetlor=7) Tt : relative magnitude of

§ : PAREHY phase

f
A#(B — f) = AL(1 4 rpelOs )
f( /) f( d ) 7 : weak phase

Adi'r_ |Af|2_|Af|2 _ 9 . 1S
PO AP A T TR




"'":iﬂﬂﬂ

3 With 0.35 fb! nﬂﬁﬂﬂz—

— most precise  §2000¢
results =1500F

(48 Direct CPV in B, — K
: _

Acs(B® —~ Kr) =

54 58

—0.088 +0.011 +0.008 I(*n‘ Invarlant mas-s IGeWc-‘
= 60
A
opposite sign,
as expected in SM
v
— 1K) = — :
?’gi{) 08+1)02 8 3 SES R
- — - — K'n~ Invarlant mass (GeV/c' K=t IIWE’Iant nnss {GE'WCZ]'

330 First evidence of direct CPV in B, decays !
KEK Flavour Factory workshop 0. Schnerder, March 8, 2012 35




Acprof B = Krx

:ﬁ“l{jp — -“1(:‘]_3{3{] — fl—i_’" ) — *L:pl'\B—F — I‘i )
=0.121 £0.022 (5.50) [P.Chang,EPS2011]

SM A few % K7 puzzle



2Im [e_“"i"ﬂ E"ﬁ. (mp)/ G ( mb}}

-SHL—.I_. p— — 5
‘CT":'[:mb:l.f: CT*}'{mb}‘ +1

0.4 . . .
SK*W-{SM:] — —% Siﬂ 'i.f.:'d 0. 2f=--—mmmm o ) '.':':'--:--:----n

\ me () Of———tr AN

~ —0.019 A
SH*W-(EKD) = —0.15+0.22 _gz _______________________________ §
00 05 10 15 20

|69, [x 107
CP violation of BY — K*~ is almost consistent
with results of the inclusive decay.
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