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KEKB/Belle — SuperKEKB/Belle Il

0 Success of B-Factories: world Highest Luminosity
O confirmation of Kobayashi-Maskawa mechanism:

: . _ _ Unitarity Triangle for B system
CP violation due to a complex phase in CKM matrix

2001: Discovery of CPV in B mesons
2008: Nobel Prize for Kobayashi and Maskawa
2011: Most precise sin2¢¢ from b—ccs processes
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The last beam anrt of KEKB on June 30, 2010

Luminosity of KEKB
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SuperKEKB and Belle I Belle ||

= ‘ Ie 4Gev 3 6 A Colliding bunches

New superconducting /
permanent final
focusing quads near the

Newoempee S erKEKB

Replace short dipoles
with longer ones (LER)

) jﬁ'nmﬂm&*wﬁ: —{  Low emittance
positrons to inject

Redesign the lattices of HER LDamping ring ”\\
& LER to squeeze the ;

emittance uy/

Low emittance gun

Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

g

TiN-coated beam pipe '
with antechambers Low emittance

electrons to inject 0’:, Ry
[NEG Pump] *
Oy R,

[SR Channel]

[Beam Channel]

Target: L = 8x10%°/cm?/s°®
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Belle || Detector <2

KL and muon detector:
Resistive Plate Counter (barrel)
“S¢intillator + WLSF + MPPC (end-caps)
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EM Calorimeter:
Csl(TI), waveform samp
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electron (7GeV)

Beryllium beam pipe
2cm diameter

Vertex Detector

2 layers DEPFET + 4 |
positron (4GeV)

Central Drift Cha&rl

He(50%):C2Hs(50%), Small cells, I
lever arm, fast electronics
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SuperKEKB luminosity prospect
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The Belle Il collaboration

, ~400 collaborators (as of Jul. 2012)

20 countries, 67 institutes
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» Super KEKB Lol (hep-ex/0406071)

» SLAC Super B workshop (hep-ph/0503261)

« Super B CDR (arXiv:0709.0451)

- CERN workshop “Flavour in the era of the LHC
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B LUWCPALAH Chi
iral structure
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T->Uy, T->€y, B-> tv
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T->Uun, T->um, T->uk ..........




JA—TDTL—)\—EDIRIK

Cabibbo-Kobayashi-Maskawa 174D A F%— L 9 £ < o> T D,

1.5

L l T 177 | L |a
excluded area has CL > 0.95 . =

o
: kY
-9 K

Illlllllll'[TI

Vii ~u;r

lllllllll

> C
. 0.5 —
dgL i
_ g
LL IS 0.0 ——---f --------8—Ssea oo eeoeeeaee
-0.5 [
1-1x2 X AN3(p—in) -
~ —A — 12 AN? 1.0 - _ &
3 y 2 : H ' sol. w' cos <0 :
AN (1 —P— Zn) —AA 1 L Winter 12 ¢3 (e:lzd.latCLa:'O.QS) .
_15lllllllllllllllllllIlllllllll-

1.0 -0.5 0.0 0.5 1.0 1.5 2.0



New Physics Search (22 TIEAR 14y

CKMAfit X5 F< WoTWA L HcH 2 A3, ¢ Fitby tree level processes
72481 0 % DNew physics DE51LH V155,

Model-independent |2 /L — 7% B2 ik D 5 121
tree-level ®parameter determination O ¥5E %

TREBRIZ DT 2 LHENRH D,

[Vub|, ¢;/y Vub = |Vub|€_i¢3

+ |Bd mixing and CP asymmetries

\ + |Bs mixing and CP asymmetries

+| ¢ and B(K—>mvv)

ZIHLTHIDT, EZITENTIFNew physics DEENH H 05,
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PEVERTR CiXb-sy DIRMEIXIE & A ENIAEZFF72 72, Photon dpolarization
(F1F 2 A Pleft-handed i LWV OZRITHLT L HE 9 LITR B 720,

2 /J:\\S 3 ~ ‘/;;:I;‘/tb SlUquRFMy

Y

CPH i
b->sy ®Ddirect CP violation 33 & U’B->K*y 7 £ dtime-dependent CP violation
TENENE LA A U T ¢ —id o T M AR ORI U,

_ B — sv) =B — sv) |Acp|<1% in SM
B(b — sv) + B(b — sv)

Acp

mix " . ZIm(e_i¢MC7C’§) .
CP (B — K 7) |IC7[2+]CL]2 Acp~O(ms/mb) in SM
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Lepton Flavor Violation
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Process Current Future

pt —eTy | 24x1012 | 10713 (MEG)

uT —weTeTe | 1.0x10-12

- B . _ 1077
p-A—e A 6.1 x10°13 (COMET, Muz2e)
tau LFV

10—8 — 10— 7| 10~2(Super BF)

S a—hi & X TR OLFVORERIZHE LW ORI Z L5,
MEG TCLFVIA R R 72 6 ¥ URAEE CLFVZ B3 2 S IEBRAaMER Em,
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Super B, experimental prospects

50-75 ab!
Observable Super Flavour Factory sensitivity
sin(25) (J/v K°) 0.005-0.012
¥ (B — D(#) I{(*)) 1-20
CKM parameters T " a(B— r,pp.pr) L9
[Viup| (exclusive) 3-5%
|Vap| (inclusive) 2-6%
p 1.7-3.4%
Ui 0.7-1.7%
S(oK") 0.02-0.03
b-s transition —  ,+  S0'K% 0.01-0.02
S(KYK2KY) 0.02-0.04
¢D 1-3°
B(B — 1v) 3-4%
B-> (D) ™ —> B(B—w) 5-6%
B(B — Drv) 2-2.5%
B(B — py)/B(B — K*v) 3-4%
Acp(b— sv) 0.004-0.005
. Acp(b— (s +d)y) 0.01
EW penguin S(Kgm%y) 0.02-0.03
S(p") 0.08-0.12
AFB(B — X, 0%67) 59 4-6%
B(B — Kvv) 16-20%
B(T — py) 2-8 x 1079
tau LEV - B(T — ppp) 0.2-1 x 10~
B(T — pun) 0.4-4 x 107°

0(10%) physics (Now)
=> 0(1%) phy'SiCS (Future) CERN Flavour WS report: arXiv:0801.1833
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LHCb FI| /5 : Bs DCPOfifZiL. Bs->uu

Conclusions

LHCb is a heavy flavour precision experiment searching
for New Physics in CP Violation and Rare Decays

A program to do this has been developed and the methods,
including calibrations and systematic studies, are being worked out..

CP Violation: 2 fb! (1 year)* Rare Decays: 2 fb'! (1 year)*
* vyfrom trees: 5° - 10° * Bs>K*uu s, : 0.5 GeV?2

* 7y from penguins: =10° * B2>sy Ay, A, :011

* B, mixing phase: 0.023 A, :0.22

+ B from penguins: 0.11 * B2uu BR.:6x107at50

We appreciate the collaboration with the theory community
to continue developing new strategies.

We are excitingly looking forward to the data from the LHC.

* Expect uncertainty to scale statistically to 10 fbl. Beyond: see Jim Libby’s talk on Upgrade ,,

Marcel Merk, May 26 2008, at CERN
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Recent LHCD results

O results from JIyo

LHCb Values : @ Standard Modcl - ATLAS47fb i
['=0.6580+0.0054 °-35? ------ ) Ooo sn
0.3F ’ L ] COF 10

+0.0066 (ps') . /! [ Hcb 03fb’

Al =0.116+£0.018 ' E_:' [ LHCb 1R (umi

0.
+0.006 (ps™) = o.1sfs
$.=0.00140.101 < o1

+0.027 (rad) 0.055 "=;
S 0
Ambiguity removed :
usingg ty 0.05f ::}t:g:_g;z.';’g:g't' ATLAS|| Palestini
interference with K*K- 0598 T3 0 05 N
S-wave ‘ ¢;/ve (rad)
= Combining LHCb results: ¢.=-0.002+0.083+0.027 rad
ICHEP, Melbourne, July 9, 2012 18

S.Stone, ICHEP2012
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% -O-LHCb prellmlnary +CDF-I-BELLE +BaBar ] thoo
3 Jhy Y’ - Gallag
N~ = Torreira,
Q -1 BaBar||
— - Eigen,
‘g 1 CDF|
= 7 Miyake,
% 1 Bele
=1 PRL103,
- 171801
o  (2009)
el —t———t—rt———r e — i
0 5 10 15 ) 20
s Conforms to SM prediction q° [GeV’]
ICHEP, Melbourne, July 9, 2012 28

S.Stone, ICHEP2012
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Forward-Backward asymmetry

l/llllllll

B Standard Model -—— NP models
] I I S R ———
0 5 10 15 ) 20
No evidence of deviation from SM so far q2 [GeV ]
ICHEP, Melbourne, July 9, 2012 29

S.Stone, ICHEP2012



Recent LHCD results

1000
DO

) ATLAS CDF —
o [LAS ——

=

7 100

=.

+

=.

Tm 10 ILHC CMS

aa) combination LHCb =

R ot e Lo R NI

ICHEP, Melbourne, July 9, 2012

S.Stone, ICHEP2012

%)
Results

95% confidence level limits

37
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New physics examples

- SUSY

- Charged Higgs boson
- Little Higgs model

- Extra-dimension

KRB 77 U —2@ &3 Z A% LHCOP]
HOREITIEZEA>TWVWAHITT,
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Bd->K*y & — K ®Time- B->¢pKs & B->J/yYKs?PDTime-
dependent CP asymmetry dependent CP asymmetry ?7&
\ 4
SUS)Ev g, Non-degenecate v (1) SU(5)@vy , Non-degenerate V5 (I)
0o IAE 4x10"* Gev tan p = 30 e = 410" GeV tan B = 30
: 02 [
E
e o
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“ - \6
T ook vy
Sy s I - o
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T.Moroi, 2000
T.Goto,Y.O., T.Shindou,M.Tanaka, 2007 (T.Moroi )
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T>Uy
SU(5)@®vp , Non-degenerate vy (1)
e = 4x10'* Gev

.
~n

Branching Ratio
S

Normal Hierarchy

tan B =30

1500 2000
m( [} )[GeV )

T_>eY
T.Goto,Y.O., T.Shindou,M.Tanaka, 2007

B(t—>uy)

Branching Ratio

u—>ey

T—>Uy, T->€y VS. u—>ey

10°®

108

10\0

1012

14

10

10'®

Normal Hierarchy

SU(5)@v, , Non-degenerate V, (1)
Mg = 4x10" GeV

T

Lepton Flavor Violation

tan B =30

L
T—e?

L 1

B(u—>ey)

10"%10"10"%0"*10"*10"*10"'%10""10'%10° 10°
Blp—ey)
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Summary table of flavor signals for mSUGRA, SUSY seesaw, SUSY GUT,
MSSA with U(2) flavor symmetry

V/ large deviation LFV
e possible deviation

Model ACP(S Y)SCP(K' Y)ACP(‘IY)SG’ (p'y) ASCP(¢KS)SCP(BS — J/d"ﬁ)AmB‘ /AmB‘ VS

mSUGRA

MSSM + RN

Degenerate vg, NH
Degenerate vg, IH
Degenerate vy, D
Nondegenerate vg (I), NH
Nondegenerate v, (II), NH
SU(5) + RN

Degenerate vg, NH
Degenerate vy, IH
Degenerate vg, D
Nondegenerate v, (I), NH
Nondegenerate vg (II), NH
U(2)FS v

JH T EYT— uYT— ey

L e e
L e e
L e e

R

Large LFV signals=> possible slepton mixing signals at LHC

T.Goto,Y.O., T.Shindou,M.Tanaka, 2007
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LHC Ta& bt

LHC charged Higgs search & B factory (ZMSSM D [q] C/3Z
BD fiitEE & it L CCharged Higgs coupling universality 0)7 2 l\

o tanf Ry

Production
b

T i

H H
= - x tanf - - x tanf Ry

v b

Decay

B — factories

B — Dtv « Riltan?p

v I ARY URAHDH S

5

32 @I
ﬁ: N6
L% S0 RESIY .n-.|||*|||+-|||||||| LI
S wf 3 —>bH*, H* > 7y
S
30 Ry
20 S W
10~ gb—=>tH", H* =>7v ]
al
7r ATLAS
8r SLdt = 300 fb™
St Maximal mixing |
4t |
3l
2+

gb—)tH' H’—)tb

150 100 150 700 750 300 350 400 450 500
(GeV)
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My=300 GeV

LHC charged Higgs production
(28T % tanf & tbH coupliing
determination

12 —
ook —
o

08 —

06 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1

30 35 40 45 50
tanf

B->tv, B->DtviZ 1T S cbH, ubH coupling determination

1.2X104 T T T T T T T T T

1.0x10"

7.5x107

BR(B —tVv)

5.0x10°

25x10°

BR(B—=D1tV)

6.0x10”

5.5x107

5.0x107

4510

0.6
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R;; R,
A.Cornell, A.Deandrea, N.Gaur, M.Klasen, H.Itoh, Y.O. 2009
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LHC CLittle Higgs with T parity D ¥R+ HY
= 7,3\’) 7LC 5

(" SU(5)/SO(5) non-linear sigma model N
[SU(2) x U(1)]?2 — SU(2); xU(1)y at f
SU2); x U1y — U(1)em at v=246 GeV

- /
/ At ~10 TeV, UV completion theory \ 1
Ve
1
At f~O(1) TeV
T-odd fermions: uy dy,ly; H>~H>H

Top partners T, T

New flavor mixing in heavy

Less than ~200 GeV lepton/quark sectors.

T-odd heavy photon A

\ SM particles / FCNC S°LFVIiBF2 (2 %h <
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LFV signals IZLHT & SUSY Cl3iE 9 R % © o,

ratio LHT MSSM (dipole) | MSSM (Higgs)
Br(p——e ete™) ~ 6.10-3 ~6.10-3
Brii=e)) 0.02...1 6-10 6-10
B _—ecc) 0.04...0.4 ~1-1072 ~1-1072
r(r—ey)
Br(t_—p p"p") , / ~92.103
Brir—m7) 0.04...04 2-10 0.06...0.1
Br(t——e puTpu) ) -~ 9. -3 )
Brir—ey) 0.04...0.3 2-10 0.02...0.04
Br(t——ueve ) ) ~ 1. -2 ~ 1. -2
Brir—i) 0.04...0.3 1-10 1-10
Br(t——e eTe ) ~ ‘
Brir——e—p i) 0.8...2.0 5 03...0.5
Br(tT"—p pp)
Brir— e 0.7...1.6 ~ 0.2 5...10
Ky ioet) 10-3...102 ~5-1073 0.08...0.15
r(u—ey)

M.Blanke, A.Buras, B.Duling,S.Recksiegel, S.Tarantino, 2009
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Ms reach, TeV

LHC

GKK

Flat extra dim,
KK graviton exchange to uu &

105 ——rT

|
100 | :
95 ADD Discovery Limit
90 [
85 |
80}
75|
70
65 |
6.0
55 |
50 |
45|
40
35
3.0
25 |

k/M PL

R

0.1

10 00 1000 0,01
Integrated Luminosity, fb™

\\//f\\;kﬁbqjuj 75\ P, 7’—: 5

LHC reach on extra-dim modelsg

0.1

u
Warped extra dim,
Ggg—> U
Al RS LN LS LA LD LR LR
CMS Discovery Limit of

Randall-Sundrum Graviton G->pm

allowed region

Graviton Mass, GeVic’

CMS TDR 2006



T
I<I< graVItOﬂ eXChaﬂ g C T.Rizzo in SLAC WS Proc.
KK graviton exchange can induce tree-level FCNC coupling.
X
Og’r‘av — WTMVT'LW

Differential branching ratio of b->sll processes

My, =600 GeV

Lepton FB asymmetry: Ap;(s) Mgy, =700 GeV

Flat Extra Dim Warped extra dim

T

1 1 I 1 1
0.10

0.15

.20 0.25 ¢.30

T R T | | 1
0.00 0.07

M=1.5 TeV

qa/ mbg

M=1TeV

1 1 _0‘ z 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.26\ 0.25 0.30 a.00 0.05 a.10 ¢.15

qg/ mba
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Examples of New Physics Models and flavor signals
2003 SLAC

SUSY

Extra
Dimension
models

S Proceedings, hep-ph/0503261

Model

B, Unitarity

Time-dep. CPV

Rare B decay

Other signals

mSUGRA (moderate tan /7)

mSUGRA(large tan /3) B, mixing - B — (D)tv By — pp
b— sfti~ B, mixing MFV

SUSY GUT withvp - B — ¢Kg - B, mixing

B — Ky 7 LFV, n EDM
Effective SUSY B, mixing B — ¢Kg Ag;f”’. b— sfti— B, mixing
KK graviton exchange - - b— stti— -
Split fermions B, mixing - b— stti— KK mixing
in large extra dimensions DOEO mixing
Bulk fermions B, mixing B — ¢Kg b— stti— B, mixing
in warped extra dimensions DOEO mixing
Universal extra dimensioins - - b— sfti~ K — mvv MFV

b— sy

BRI FENL DT ILO/NY — I L - TE D
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