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[ Baryogenesis Evidences that Neutrino mass ]
~ SMis incomplete |

N

[ Grand unification
v

[ Dark matter J

] [ Mass hierarchy ]

There must be New Physics @ TeV scale !
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Super- Extra- Composite
But | symmetry? dimension ? Higgs ? , orelse?
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Flavor physics : key to identify the correct theory for NP
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Energy Frontier and Luminosity Frontier
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CKM unitarity triangle
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CERN
CLGy

ppf& 32 bb production: — [LI~230ub
46k bb pair/s @ 2 X 1032/cm?/s
Dirty environment

KE K TSU kU ba [ KL and muon detector: |
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VELO: Vertex Locator (around interaction point)
TT,Ta, T2, T3: Tracking stations

RICH1-2: Ring Imaging Cherenkov detectors N -
ECAL, HCAL: Calorimeters
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Mi1-Ms: Muon stations
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Charged Higgs hunting 1: inclusive b — sy

SM

HFAG 2010: B(B—X,y)=(3.55+0.26)x10"" (for E, > 1.6 GeV)
Vs

SM: B(B—X_y)=(3.15+0.23)x107* (for E, > 1.6 GeV)
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Charged Higgs hunting 2: B*=>ttv_
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[New CPV phase] TCPV in b to sqqg

b — sqq penguin
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Prospect

B — ¢KO at 50/ab with
~present WA values __ e oty 2006, 492" KB 59

New Physics
( SUSY GUT, Warped Extra Dimension,
String-inspired MSSM, ...)
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B = K* (=K.nt")y TCPV [right-handed current]
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Prospect
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Theoretically very clean, experimentally challenging > i I Belle Il co/ab
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adopted from W. Altmannshofer et al., JHEP 0904, 022 (2009)



Possible NP diagrams (s=>dZ

[s=>d] K — TV
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NP possibility in K2>mvv

BSH 1.8x BSM 3.0x BSM
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IM‘;‘ K, > movvEER

KOTO=K®" at Tokai

e KL Beam line newly built at J-PARC/hadron hall =

e KEK-E391adetector + upgrade of key components
— Longer Csl crystals from KTeV, etc...

)
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.E LD e 3 1036 36 xB,,,
X KOTO sensitivity w4
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Kt=2>mtvv
e CERN NAG62

— 100 SM events with S/N =10in 2 years run
— Decay in flight < stopped in BNL exp't

K* Decays iIn flight:NA62

' Aims to a 10%
7| measurement
of BR(K* —n* vv)

In ~2 years

GGl March 24, 2010 Augusto Ceccucci
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NAG2

eUnder construction
*2012 & : 15t technical run
ePhysics run

driven by CERN acc. schedule
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Kr—a'u*v decay

AR XE )
T @xp)

KER e F2Z FALN=T violation¥E

Current value: (-1.7+/-2.3+/-1.1)x21073 (KEK E246)

— 6P;~10% & B9 (TREK)
‘! E246 (1999) 90% C.L. %
IS
= E246 (2004) 90% C.L. -
E06 (TREK)90% C.L. &
assuming P = 0.0000=0.0001 =
* =
Model Predictions
Muiti Higc
R-parity violatin
SUSY with squark mixing
-2 -3 -4 -5
10 10 10 10

Non-zero PT (transverse polarization) A\ & 41 (L T-violation
SM prediction: ~107, FSI< ~10572 D T, TN &L Y K E [T4LILNP

End view , ) 4 4
N N IRON POLE Side view . .
New - Neew GAP
New +Neew  CQIL + STOPPER
'c’ < '—1"-‘-'—'_'." Cryo _ RO
‘i";:\__ L “-' Q % Polarimeter Trigger Counte
&> m'
4 4

=BWD
c4 Pe
3

%,

C

eStage 1 approval
*KEK-E246 detector + upgrade
*270kW x 1year data taking
for T violation exp.
*30kW x 50 days data taking
for lepton universality exp.
(staging of TREK experiment)
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Electric Dipole Moment

« EDMIZ. BEEINIETRUPKIEEXIFiEZE
WA7TAtEATHY. CPTEEERET H&
CPRFELIE D,

« WEDAEREIIFEERZTEZLER
DFEEIZEO>TETLS,
4 }E,TODJ:BEﬁE(Bakeretal PRL97 (2006) 131801)
|d | <2.9%X102%e cm (90% C.L.)

21 2HTDFER LICELSD |
HMEOER — “ —

Hj-

¥
g SUSY : d ~10%7-28

d=do

CcP
B - ERRE

= b

-
-
« AlERE

M5B T TOEAFEFUCN)DF EEHF RBDEE

VAl TE

-
Fw+:2UnB+2dnE‘u
| ‘ET
: A b= I(w+—w-)dt:2dﬁE
Q ) B=1uT
- E=104V/cm
' T=100s

hw-=2unB-2d.E 4




EF DR e o

E(TN)Y2

1.2

Pph :
[cm=3(m/s)3] (—=86)

E [13]

N Statistics Systematics
. [130]

- larger storage volume i smaller storage volume
HEGERET

—RE—L

KB RE

FMAYT S

T 2K

. A > 5 i w/ H:‘l-fFEﬁ J‘IIEE
2Achi Dete (2010/06/12) by (T.Yoshioka) . -
IE T ':F' |$%$HUE & mmﬂaml?muﬂ-m | ; H{M*HEFH?E@@%'@)
1x10?7
(—2x1028)

e -27
PR 2.9x102 >x10 0(10%9) 0(10%%)

[e cm/Ec=90neV] —5x1028

)38 7E Fga - 2012—2014 20157 2014-5 2014(—201 8?§4




ARCODn-EDMZEER

KR ()N F v—)

%

NILABSARMEFR
\_‘___\\‘\ ;'/' —

Ramsey-Musal?,_'NU‘cirPhysLAE_BQJS/(,ZO’éS)137c

500

450 = " N ~

T —00c S d

400 oy o
wn 350
© 5 l 1027 e cm (phase 1; ~2016?)
£ &30 dnl=4x1027% P ! . *PACZE
o = hFa0T2en 10728 @ cm (phase 2; 2017~1827)
£ 20 . _—
ZY ] (€]
D 200 - |C|n|: 4 X 10%7ecm o1 AT B FE DN B
= . 1 | covers all the region relevant to '“JEE;D )

50 E . RifiiiE = IEF
1 Supersymmetric (MSSM) [ZIRfE
L E pﬁ() 100 150 200 2&{1) < :8(]) 350 400 450 s @ electroweak ba ryogenesis ; \E;Eﬁ 250085 ]
(cN

Excl. Gaugino mass



Prediction is very difficult,
especially about the future.
Niels Bohr (1BB5-1962)

HBellell W SuperB  =iuUcCh
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100 SM evi.

SA(K n")=0.042
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LFRI-FMZCS
— e m—m— — — &
N OVl - O =l Like-sign dilepton charge asymmetry

Do, arXiv:1005.2757

I;(](.b BS —_— M+M_ 50 T T T T T T r! . ] .
L RGP 20 (61 f) * @, 6.1 fb

. - . 40 -
0 Very rare loop decay. sensitive to new physies: s sM w 1 TR I SN SO SRR SR E NN S RN 0.01
BR ~3.5x107 in SM, ) ) ! COF (3.7fr") *
can be strongly enhanced in SUSY 1 z° a4 4
— Current 90% CL limit from CDF+D0 w
with 1 b7 is ~20 times SM / @3.5+35Te¥ 0

0 Main issue 1s background rejection a =
— with limated MC statistics,
indication that main background is b—p, b—p MSSM

BR(B =) (x107)

, -0.01F
M

- — o ,0_022—
90 01 02 03 04 05 06 07 0B 09 e E LHCb MC : 4
_ L) -0.03- @ -1fb?! #)
- tan’p X - /
sl

- :Il‘llnltlnlla A R T |
LHCh Upgrade Workshop, Edmbugh O Schoewder, Jan 11, 1007 13 [ 50 S M @ 6fb 1 ] .D‘M .“.03 .0.02 -0.01 0 0‘“1

— assumge background is dominated by b—p, b—=p

1 LHCD expected performance:

—with 0.5 ib": exclude BR values down to SM value

—with 2 b 3o evidence of SM signal
—with 10 bl > 5o observation of SM signal

ag
T 2
S m B D
i FPCP !
Oy N <>
1.5 - Large D° mixi S@l Belle B 0
1: | O o 250
05" e e ¢
i 300
_0_5:_ 100
_L;‘l— pepi l g ol e gl s | B0 11'50 0
-1 -0.5 0 0.5 1 1.5 2 M. (Gev/c) .

See ,arXiv:0705.3650 X (%)

for NP implications Nature 452, 332 (2008).



ldentification of NP type

)2 03 04 05 DE 07 OB 09 11 12 03 04 05 06 07 08 09 11
T T T T T T

S(K*y)

SUSY SU(5)@ve : - mMSUGRA - Jos N
(rondegererae) 15 1 NPOETILIZEST

le & e PREGBRAEDOLEZICXLAELDHN

lo: R CIYANS

b -D:4 (D i B -0.4

.\ L lj.‘.onjme 3 _D:e : W lmﬁémem-- _0:8
S(¢K?) S(¢K?)
1
50ab™ T DIFE SUSY models
mSU MSSM+vy SU(g)+vg U(2)
GRA degenerate non- degenerate non- FS
degenerate degenerate
Acp(sY) v
S(K*y) v v v

2|1 s s Y
g S(0Ks) v v v
O | S(Bs—Jvy o) v v v
—
8 u—ey v v v ?
S — v v v v ?
= T—>ey v v ?

. . g 8
v : :deviation from SM  [pased on T.Goto et.al. PRD77, 095010(2008)]
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Direct CPV: Kt Puzzle in B°/B* CP Violation

750
500 - BO
oL Acp(Ktr™) = —0.094 £ 0.018 + 0.008
N
300 Acp(Kt7%) = 40.07+0.03 +£0.01
200 .
B Expected to be same
. T AA . =AK ™) — AK*r0)
5.2 5.25 5.2 5.25
M, (GeV/c?) = —0.147 + 0.028
=4 S.-W.Linetal. (The Belle collaboration), e g
-t Nature 452, 332 (2008). 5.30 deviation

> Hintof NP ?
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Solutions to the AA, . Puzzle

See Nature commentary by Michael Peskin

Expectation from current theory

T & P are dominant = AA,.~0

EEEEEEEEEEEE pgEEEEEEEEEEEDEN
[

| | 0 |
b <4 4 | T =m
C “na P -
W u u n
B~ n n
- mB" K'm
K'm m
= > . | | fg=uwc i) u
| |

C Pew
-lllllllll--l---Illllllll;

« Enhancement of large C with large Enhancement of large P,
strong phase to T = strong inter. !? = New physics

Chiang, Gronau, Rosner & Suprun 2004;
Li, Mishima & Sanda 2005 Yoshikawa 2003; Mishima & Yoshikawa 2004;

Buras et. al. 2004, 2006; Baek & London 2007;

Hou et. al. 2007; Feldmann, Jung & Mannel 2008
34

Can this issue be resolved in a model-independent way by experiment ?




Model-indep. Sum Rule

. o B(K°7T) 7 . 2B(K*7") 7 o o 2B(K 7Y
Acp(KTn7 )+ App(K'nt ) ——t— = A p(KT7") — + A p (K1Y
IR ) T A\ T g ey 7, P B KT 7 P T B
M. Gronau, PLB 627, 82 (2005); D. Atwood & A. Soni, Phys. Rev. D 58, 036005(1998).
%
B — K  HFAG,ICHEPo8 A(K°m°) 2
L 2o
A(K°7t*)=0.009 #0.025 010F (o\e D

A(K*1°)=0.050 +0.025
A(K*1)=-0.098 +0.012
A(K°7®)=-0.01 +0.10

measured (HFAG)

expected (sum rule)




Prospect

Important to
measure A(K°n°)
precisely by Belle Il

D
\

Belle I

Belle Il, 5o ab™
A(K°7°)

0.10

5/ab: 8A,, = 0.072

5o/ab: 0A o = 0.042




XvwE & &

L ENTNMILBREZRE
NPE£JRILIZEHEL S 5

Bo—>K*ovy  <3.4 X 10% 6.8 X100 7 SM 30
@Belle Il goab™

Kr=>mtvy  2.73("5, ) X107 7.81(*% ,_.+0.29) X10** 100 SM events, S/N~10
@NA62

K =2nvw  <2.6 X108 2.43(*4°, . +0.06) X10™* ~3SM events, S/N~2
@KOTO

TWNVEOERMAF S ND
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B D-D° Mixing

c - - - u

Quark level: Box diagram

(~ Bo—mixing) D’ W i i W D"

SM box: O(10?) T °
+Long distance: O(103~10-%) x=Am/T
y=AI'/2T"

Large mixing, |X|>>|y|, CPV — New Physics !

€ Only mixing with up-type quark
complementarity to down-type FCNC
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S Zlm
o FPCP 2010
= ! CPV allowed
15 ‘
1__
0.5
0
. | R
-0 20
30
I 3 40
_{\\\\{||1\lwt{.r;n;;L.LL.I.5G
-1 -0.5 0 0.5 1 1.5 2
X (%)

A.G. Akeroyd et al.,
arXiv:1002.5012

Mixing parameters
global fit to observables,
only KK/nn, Krt and K
projected sensitivities included
(no external constraints, e.g. oy,

Arg(a/p) [deg.]

FPCP 2010 26

80—

-80

= V\\ \\\”i. V ‘V‘V‘V“i'i:" . \\\]I
02 04 06 08 1 12 14 16 1.8

lafp|

x = (0.832 + 0.095)%
y = (0.813+0.064)%
S, =24.6°+4.9°

R, = (0.336+0.003)%

M =0.894 +0.054

P
@ =—0.004 +0.049 rad
A, = (—0.1+0.8)%
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¥4 Constraints from D°-mixin

BELLE
4th generation of fermions R-parity violating SUSY
V. V *
C ch’ "1 ub U e -
W+ dR
0 : — = =
D b b DO DO 0] [, DO
G : Oy
oa0 T T T T T I I__|—_—I_'_T'_'_|_'_T__|__—l'_'_']___|__'|'_|_ 2000 ; o /I‘ ! ! I—_!
lines of ] mJRk . :
— constant |x| - 1
> 400 |— |X|_ 1500_— _4‘
8 - [Gev] | :
o ¢ : j
E 300 — S 1000_— _J
g lines of :
; Y constant [x|
L RN A R

Vet R couplings

Vup Ve |

E. Golowich et al., PRD76, 095009 (2007) E. Golowich et al., PRD76, 095009 (2007) 40
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KOTO: K, > novvEER | o g Vs

KOTO=K?" at Tokai
e Sensitivity O(10™?)
=>» 2~3 SM events (with S/N~2)

e KL Beamline newly built at J-PARC/hadron hall

e KEK-E391a detector + upgrade of key components
— Longer Csl crystals from KTeV, etc...

Csl - calorimeter




RERKOTO (“step 2”)5TiE

e Sensitivity O(2013) =» ~100 SM events

: ) )
* targeting angle: g
O
* |onger decay volume: : ;
2m— | Im = ;
g2 1 f
* calorimeter:2m®—3m® § ¢ | ‘
- -11"“"4@3’8@0 _______ e
* 2EI4 — 3EI4 L
4 AL
10 L1 1 1 L1 1 1 | L1 1 1 | 11 |
0 ) 10 15| 20
* 130 events / 3x107 sec Coast | peg)

KOTO/E14 7 O IR—H JLEF Dstep 25T [H|
o MKLE Z e <
INEWNVERBEOHE—LTA Y
HRIZEFFEHERZHEC
}& H 28 (Zbrand-new

HAR—ILORIZELEDNT ., & 5ITR tfpe ST mamentufy e
EE A CEDANE 1 hi s as

5 to.a or K14,

L, p-e, g-2, ...
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Experimental Errors po = 6200 cm-3

1028 - H=12cm
Y
s el (L) = 1—|-I21I Other dipoles
! 'E 102 N m‘,’“}‘:"‘ !Iﬂdn!r.y:lﬂll.LII zatll
@ o i - - f1) Door cauityi:i_pule
© - | ] ] |-l3'.i Quadrupole difference
__.-r_-. T T T T T e «::5‘-- AT 1 _-':—':.5': Uncompensated B drift
a AT IR 2o fott it geo phoss
107 i FE} vxE rotational
E _; %==J=5L=;é== H L==' | SESESREERmsESa {11) Electric forces
pnmp mmr LR ae «+—|(10) Hg atom EDM
- e «—(8) vy light shift (direct)
102 ";? T (12) Leakage currents”
5 10 15 20 25 30 35 40

cell size

(t‘ \ Diwte (201 0706/ 2} by (T. Yashiska]
Trida ([ easurarant of Newtron Blectrio D
Conf (fHEHEREAERS At(Tooye)
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