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Introduction

Great progress in flavor (b) physics

e ¢ e~ B-factory experiments: B*:0
> Belle ®KEKB (KEK) ~ 711 fb~1 @7 (459)
= Bell-II @SuperKEKB under construction.
+ L =8x103%> cm—2s~1 5 8 ab—1/100days.
> BaBar @PEP-II (SLAC) ~ 433 fb~1 @71 (45)
e Hadron collider experiments: B*0, B,
> CDF & D0®TeVatron (FNAL) ~ 12 fb~1 @1.96TeV pp per exp.
> LHCb @LHC (CERN) ~ 1.2 fb~1 @7TeV + 1.5 fb~1 @8TeV pp
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Flavor mixing in SM: Cabibbo-Kobayashi-Maskawa matrix.

Vora )ij
Vud Vaus Vub dLj ’( CKM)] g ULi
Vekm = | Vea Ves Ve §
Vie Vise V[
td S tb W
e [ hree mixing angles, one complex phase.
> |Vus| <= strange particle decays (s — u)
> |V| <= b decays (b — ¢)
V5 Vi
p+in = -2l
VCd Cb

-

VepVed
b« d unitarity: V.V, + V5V, + V75V = 0 depicted by a triangle.
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Plenty of measurements = overconstraining Vckn pPOSsible.

e Mismatch = indication of New Physics.
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Unitarity triangle: history
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Unitarity triangle: history

2006 2012
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Good news for SM, bad news for NP search.
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b — s transitions

b s,d 2
= ViV [f( )~ £ 2’“)]
myy
2 2
m
+c§cb[f( 5) — f( 2“)].
W myy
752 > ?21/,0 * ~ * ~ * mtz
5~ 1> 5 1 VisVib = —VesVen = AMp ~ VtthbF(m—z)

Uncertainties in SM predictions relatively small.
b+ s UT:

5V
ch CS
V*qus L

Uu

VipVis
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b— st e

Effective Hamiltonian

4GF
Hefr = VisVi Ci(1)O; (1),
e /2 ts tb )QZ
Relevant effective operators in SM

~ b > @ > S

Og = (5yuPrb)(Ty"0), )

_ - ¢

O10 = (uPrb)(ryHvst), —~
_ - _ — Y (~
o NP: (sPrb)(¢L), (5PLb)(£vyst),

g—l—

o U7 = b— s7.
e V19 = Bs — 4t 0.

LHCb is strong for £ = p.
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Bs — ptp”

e “First evidence”: B = (3.2113) x 1079, [LHCb, arXiv:1211.2674]
e “Strong constraint”: B < 4.5x1072 (95% C.L.) [LHCb, arXiv:1203.4493]

SM [Buras et al., arXiv:1208.0934]:

S ——>— W Z ,LL_ S —>— W > ,Uf_
Bs u,c,ty Bs wu,c,ty AVu
_ _ %%
G2
E aem(mz)

2 2
4dm
2 2 2 252 .
TBSfBSWLBS'”LMJl_Q VipVis| = Y= (24w, The; as)

in2
41 sin< Oy B,

= (3.234+0.27) x 107°.

T

e Main source of theoretical uncertainty: decay constant fg..
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Bs — T u~ in SUSY
Large tan 8 = (H»o) / (H1) CMSSM strongly constrained.

e MSSM Higgs = Type-Il 2HDM at tree level (NFQC).

e SUSY breaking = FCNC in neutral Higgs (h9, HO, A9) interactions
at loop level.

hO HO AO
S_._ Y ? //l/_
3
B SUSY>---- X tan B,
2
_ m 40

[Choudhury & Gaur, hep-ph/9810307]
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Bs — pTpu~ in CMSSM

tan 8 =50 [Mahmoudi, arXiv:1205.3099]

CMSSM - tan =50, Aﬂ=D
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Lines: CMS exclusion limit with 4.4 (1.1) fb—1 data.
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Bs — pT p~ in CMSSM

tan g = 30 [Mahmoudi, arXiv:1205.3099]

CMSSM - tan =30, Aﬂ=D
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Lines: CMS exclusion limit with 4.4 (1.1) fb—1 data.
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B K*(=> Km)puTpu™

Kinematical variables:

e ¢2: (¢T¢7) invariant mass2.

e 0y: lepton angle in T ¢~ CM frame.

e 0. K angle in K* rest frame.

e ¢ angle between B — K*¢T ¢~ & K* — K 7 planes.

Angular distributions

1 d2r 3 3
(dI" /dq?) dg?d cos 6, B ZFL sin® 0 + 5(1 — F)(1 + cos®6) + Apg cos by,
1 d°T 3 5 3 5
= —Fycos<0 —(1 — Fy)sin“ 0 .
(dI" /dg2) dg2d cos O > b K+ L) K

e Arppg: forward-backward asymmetry.

e /7. longitudinal fraction of K*.
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B > K*(—= Kn)ptpu~: dB/dg? and Fy,

BN Theory W Binned theory BN Theory WM Binned theory
—o—| HCb —=*—CDF —#-BELLE —¥—BaBar —o—| HCb —=*—CDF —#-BELLE —¥—-BaBar
L L DL L eert e L L eeont

RERE G LHCD
Preliminary Preliminary

Py e

20 5 20
g2 [GeV?/c4 2 [GeV?/c4]

=
a1

=

dBF/dg? [107 x c4/GeV?]
o
a1

[LHCb-CONF-2012-008] [Belle, arXiv:0904.0770] [BaBar, arXiv:1204.3933]
[CDF, arXiv:1108.0695] [Bobeth et al., arXiv:1105.0379]

e Main theoretical uncertainty: B — K™ form factors.

¢ g% ~ m3/¢’¢,: B — K*{J/v, ¥'}(— pT p~) dominate.
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B — K*(—> K ) /1,+p,_: AfB

o Apg ~ C10(q?°Co + 2mZC7)
> “Cq9" and "“C7": opposite sign in SM = Agg Crosses zero.
> Hadronic uncertainty of zero-crossing point qg small.
> LHCDb observed the zero-crossing: ¢3 = 49'_"11§ GeV?=.
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[LHCb-CONF-2012-008]
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B — K*(—> K ) p,+p,_: AfR

Zero-crossing of Agg kills the possibility C7 = C3M 4 cNP = —o3M
(occurs in certain parameter region in mMSUGRA).
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[Goto et al., hep-ph/9609512]
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B> Kutp~

1 °r 3
(dr /dg?) dg2dcosb, 4

e Arg =0 in SM.

Theory M Binned theory
—o—- | HCb
L] L] L] L] I L] L] L]

LHCD

o
o))

dB/dg? [107 x c4GeV?]
o
D

o
N
LI
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-0.1F

-0.2F

1
(1 —FH)Siﬂ29g+§FH+AFBCOSHg.

LHCD

[LHCDb, arXiv:1209.4284] [Bobeth et al., arXiv:1111.2558]

Toyama International Workshop, 13-16 Feb 2013

5 10 15 20
g2 [GeV?/c?]

18



Fit with C79.10

Combined fit with Bs » ut p~, B— K*¢T ¢, B> K¢t ¢~ B— K*~:

15

Ce 10 | e B> K*v& B— Kttt
e B> Ky & B — K*{T/ (low-¢?)
51 ' e B K*vy & B — K*{T /¢ (high-¢?)
-0 . o All (68%), (95%)

[Beaujean et al., arXiv:1205.1838]

_]_O |

~15 ' - '
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Fit with C7 910

Combined fit with B —+ K*~, B— K0T ¢, B— K*¢t 0=, Bs —» uT pu~

15

C1io C10

_5 - .
—10
—15 I i L
~1.0 —0.5 0.0 0.5 1.0
Cr
C7
[Beaujean et al., arXiv:1205.1838]
M~ —0.3, CsM ~ 4.2,

Cl 0

15

10 +

—10 F

—15

—15
Cy
Co
Ci =~ —4.2.

Two-fold: (C3M, csM e ) or (—C3M, —Ccs3M — o3 ) favored.
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Fit with C7 910

10_'|-|'|'|-|'|-|-|'|-|-|'|-|-|' L L L L L B B B B B
C fit result 95% CL A
L Mes%cL
OF
o L 1
o]
10— —
_ IR PR SR PR R B R T N BN TR
D405 0 o5 1 s
5C,

[Hurth & Mahmoudi, arXiv:1211.6453]
M~ —0.3,

6C; = C; — CPM,
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CsM ~ 4.2,

| T | T
fit result

WoscL |
[Ces%cL 7

CM ~ —4.2.
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Constraints on NP contributions

NP operators: chirality flipped & (pseudo-)scalars

Oy = (5vuPrb)(I4"0), 010 = GyuPrb)(Tv*ys0),

0% = my(3o* Prb)Fou,

o = M (zp. b)) o) = ™Mb 5p. ) (Tysl) .
S mBS(S Rr(1)b) (L) p mBS(S r(1)0) (Uy5L)

Im (C,)

=3
S
g
[—
o -2
-4 i -4
\\\_\_\_\_\_\_\___
-0.5 0.0 0.5 -6 -4 -2 0 2 4 6 -
Re(Cy) Re(Cy)

[Altmannshofer & Straub, arXiv:1206.0273]
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Constraints on NP contributions

0.4 T 0.4 ~ 0.4
| 3™
| | |
0.2 0.2 & 0.2
el 3 S
) - @) =
| I | —
o, 0.0 0.0 1 0.0
o S -
g = O
0.2 = o2 ' 02
| S
=
=040 =04t = =04
—0.4 0.2 0.0 0.2 0.4 0.4 -0.2 0.0 0.2 0.4 —0.4 —0.2 0.0 0.2 0.4
Re(Cs — Cy) Re(Cp — Cp) Re(Cs — Cy) = Re(Cp — C,)

NP Ci P i < 1 5
HUE = - % (1 50i+ 50k +He = G5 ( )
et EZ: ( it Z) T A2| ™ \20 — 200 TeV

[Altmannshofer & Straub, arXiv:1206.0273]

1
35 TeV

] 4GFOéem

SM:
V2 4r

VisVipCi = ( )20(1) < (weak)®@(EWIloop)Q(CKM).
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b—dvs. b—s

) U, C, L J 2 ;
> £ > S
? m m™m
= ViV |F(C2) = F(35)
%% %% tq tb[ 2 2
§ § mW mw
2 m

m 2
+chvcb[f( > ) — I ( Qu)] :

\\ s myy miy

*
th) ~

= Vi, Vip term dominates.

Amp(b —d) Vi

= SU(3) (U-spin) breaking) .
Amp(b 5 59 = 1r & (SUE) (U-spin) 9)

v
“tdl ~0.213 (~ 5% unc.) [CKMfitter, 2012].

Vis
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b—>dvs. b—s

e B9 — BY mixings

Amy = 0.507 +0.004ps~ !
[HFAG: ALEPH,DELPHI,L3,0OPAL,CDF,DO0,BaBar,Belle,LHCD]

Ams = 17.719 +£0.043ps— ! [HFAG: CDF,LHCb]
f Bg B Bg o 1
¢ = ooV — 1.237+0.032, «z

IB,\/ BB,

[http://latticeaverages.org/]

RN R ARRRRRRRY AR

e b—>dy (B—{p,wty) vs.b— sy (B— K*~)

Vid| _ [ 0.19570 873 (exp.) £ 0.015(th.) excl.
Vis 0.199 £ 0.022(stat.) £ 0.024(syst.) & 0.002(th.) incl.

[excl.: Belle, arXiv:0804.4770] [incl.: BaBar, arXiv:1005.4087]
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b—>dvs. b—s

Newcomer: b — d¢t ¢~

First observation of Bt — 71 41 4~ [LHCb, arXiv:1210.2645]:

B(BT - aTutu) = (23+0.6+0.1) x 1078,
Combined with B — K x4~ measurement,

Vid

Vis

= 0.266 £ 0.035(stat.) + 0.003(syst.).
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Bs > puTpu~vs. By — ptpu”

B(B; — ptp™) < 9.4 x 10710 (95%CL) [LHCb, arXiv:i1211.2674]
BSM = (1.07 £ 0.10) x 10710 [Buras et al., 1208.0934]

2.0 T T T T T T T T T T T T T T T T T T T T T T T T T T

15 L MSSM-LL

0.5 F

10° x BR(Bg — pFp™)

o0

[Straub, arXiv:1205.6094]
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T T

B o G2m3TB m2 m2 2
B(B- =7 D)gm = L BEfRVul*—5(1-—F] ,

2
31 mpg mpg
o |[V,»|: semileptonic b — uf~ v, global CKM fit

o fp=1(190.6 £4.7) MeV  [http://latticeaverages.org/]

5 2
B(B_ — T D)QHDI\/I—II = B(B_ — T D)Sl\/l (1 — TnQB tan2 5) .
mH_
m2 2
Bexp = Bsm = mQB tan< B8 =0 or 2.
-
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BT -1t v
New result: B(B~ — 7~ 7) = (0.7210:274£0.11)x10~* [Belle, arXiv:1208.4678].

e WA: (1.1440.23)x10~% [Nakao, ICHEP2012] = “tension” reduced.

Winter 2012 = Summer 2012
3 -value 3 -value
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0 - i m - i
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- 1 Moz - 1 B®o.2

0.05 — — 0.05 — —
~ % b 01 ~ fitter b 01
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OOO C I N | | T I | I N | | T I | R N N ] 00 000 C L1 | I N | | R I N | I N | | T I ] 00
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sin 23 sin 23
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B — D) ry

Ask R. Watanabel
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7 LFV Iin LHT

f = 500GeV, m,,,= 500GeV, 100GeV < m,, < 1TeV, 6,,,¢|,:arbitrary

v
> A
—
by
o
—
AGR
> o
P
=
o
[
o
+\—|
|_:
R —)
D:To
m\—l

1 0—12

1 0—13

[Goto et al., arXiv:1012.4385]

\
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(2.4 x 10712

B(n—ev) < {

10—13

f = 500GeV, mj,;= 500GeV, 100GeV < my, < 1TeV, 6,,q,:arbitrary

1077
|

BR(T" -e'y)
10 10° 107
| |

10—11

1 0—12

10—13

10—17 10—16 10—15 10—14 10 13 10—12 10—11
+ +
BR(LW -e'vy)

[IMEG, arXiv:1107.5547]
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Summary

Recent measurements (on b physics) are consistent with SM in general.

e Large (> O(1)) deviations are unlikely.
e O(10%) NP contributions are still allowed.

There are some deviations of 30 level.

° B—>D(*)TV,

o azsl,

Wait for more precise measurements by the next flavor factory experi-
ments (Belle-II, LHCD, ---).

Toyama International Workshop, 13-16 Feb 2013 33



b e m
2NAAKERS I‘IG’@%@t@F-V"erkshop |
KEK=-FF 2013)

Invited speakers:

Sharing_me'gﬂderstanding and -
‘>~ A. Bevan(QueenMary, U.cof tondon),

exchangingideas among theoristsand smegs
experlrﬁ'aff“aﬁ's’ts on quark-flavor physms - A Bozek (IFJ Krakow),-G. Buchalla (LMU.-Munich),
df K, D and B mesons and tpesphvsic o \"__ i w(ﬁluchlm (INFN Rome), J. Flynn (Southampton b.),

of fepton- flauorﬁamﬁMUons s ""w‘ ,?f Li@lléLBL ), T..Mannel (U. of Siegen), S. Mihara (KEK),
i % e :: %ﬂo?ﬁr{’l} of Tokyo), C-Parkes (U. of Manchester),

Gr&az (Ya§ie State-U.), C.P.Shen (Nagoya U.),

Organizing | ommlttee B(Jd@_l){LjUh'janiU,l & = Zupan (U. of CIﬁC{ﬂﬂ-&tl} A. Zupanc (KIT)
T. Goto (KEK), S H-‘lshlmothEK} S

K. Havasaka (Nagoya U.), T. Mannel (U. of S |egen]\_

’n’. ﬂkal (KEK), K. Trabelsi \KEK} Y. Ushiroda (KEK) s N

_—

March-2th - 14th 2013, KEK, TsuF[Jba Japan

http: f/5d5 Kkek jp/conference[}lsplay py?confld 10415
_— email: kekff@bpost.kek.jp

Toyama International Workshop, 13-16 Feb 2013




Backup Slides



B> Kutp~

1 ecr 3
(dr /dg?) dg2dcosb, 4

1
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Bs > putpu~vs. By —» putp~

B(B; — puTp™) < 9.4 x 10710 (95%CL) [LHCb, arXiv:1211.2674]
BSM = (1.07 £ 0.10) x 1010 [Buras et al., 1208.0934]
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[Straub, arXiv:1205.6094]
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7 LFV Iin LHT

f = 500GeV, m,,,= 500GeV, 100GeV < m,, < 1TeV, 8},5:arbitrary
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