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p uest for BSM

Super-KEKB target luminosity = 5x1035cm-25-1‘

5ab1, ~5x10° BB & t*t" / year !!

Letter-of-Intent submitted to LCPAC’'04 (KEK Report 04-4)
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SUSY

Well motivated by NP at O(1) TeV

Hierarchy problem, fine-tuning.../Explain EWSB.../Explain
GUT.../Provide Dark matter candidate...etc.

« May explain baryon asymmetry
(SM CPV is too small)...

15
1 st target = Discovery GkJT 10+ GeV
LHC ? ILC? :
Super-B ?

v
,QMSSM + ,Ssoft 1TeV

A

2 nd target = Identification of SUSY :

breaking mechanism (investigation) v 100 GeV
Constraint from Flavor Physics SM

(already strong)



Investigating SUSY

e MSSM parameters > 100 ! Mass+mixing angle+phase

* The squark/slepton mass matrix
— Sensitive to SUSY breaking mechanism.
— New sources of flavor mixing == Baryon asymmetry ?

qigéxh_qj

2
(mq )23(13)




Investigating SUSY

« MSSM parameters > 100 ! Mass+mixing angle+phase
* The squark/slepton mass matrix

— Sensitive to SUSY breaking mechanism.

— New sources of flavor mixing == Baryon asymmetry ?

4 ; N | Off-diagonal terms
m; 7| Flavor Physics
2 Luminosity frontier
(mq )ij - m222 / = ! =
Diagonal terms: d;
33 LHC/ILC

Energy frontier |

Physics at Super-B = SUSY Flavor Physics

Its importance is independent of LHC results.
(Vckm could not be pin down only with energy frontier)



Super-KEKB

Lpeak (cm2s?)

Li

Integrated Luminosity (/ab)
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1.4x1034
280 fb-1

Projection of
KEKB luminosity

Crab cavity

Taget Luminosity
5x103° cm—2s-1

14 months
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Road Map of Super-B

|dentification of SUSY
Anomalous breaking mechanism

CPV in b—sss

sin2¢,, CPV in B->nm, !
03, Vips Ve D57, Study of NP effect

b->sll, new states etc in B and t decays &

Precise test of SM '\

Discovery of CPV NP discovered

in B decays at LHC(20107?)
Now

280 fbt



Physics Program at Super-B

New CPV phase N\«
B¢ K%n' K°,...
B— K*Q/,XS}/

FCNC decays
B> Xy

B > KO0, X 0

g '--‘-'""3.-'.'1"-'.' 7 Precision CKM'\
r-l'l'ﬁr: |'|'r_‘.|' - 0
4 A sin2¢, (B> J/wKO)

‘."a_l' sin2¢, (B — zx, pr, pp)
LFV decays - 4. (B —> DK)

df nggs Search

Ty e
e |V B—o> X /¢
"3 Lol N Voo | € “(C) 4 B v

Global Analysis of
B Physics

Study of New Physics Scenario




SUSY Models squark slepton

(m‘;R )23 \mlfL )23 ]

* MSUGRA
— Lsoft is flavor blind
— KM mixings » mixing in q,

. SUSY SU(5) w/ Vg

— Large mixing in v _’ mixing in dR IL New CP phase

— KM mixings » mixing in qL

Mass of Vg 3
Degenerate small 2-3 mixing ind
Non-degenerate large 2-3 mixing in dR

o U(2) flavor symmetry
— 1,2 gen. (u,d,c,s,e,u) U(2) doblet

N 5.2 v i [
— 3" gen. (t,b,7) U(2) singlet —>0(x%) 2-3 mixing in g,

10



New CPV phases in b->sqq

« CPVinB-2>J/yKO
sin2¢ =0.726+0.037 2004 W.A. for b->ccs

Not enough to explain the matter-anti-matter asymmetry.

 b->sloop is the ideal place to look for new CPV phases.
B’ - ¢K’, n'K’, K'K"K?,...

g
- SM =noCPVphaseintheloop. m s
sin 2¢, (b — sS5) =sin 24, (b > ¢Ts)  ~_ v

— SUSY = new CPV phase may appear.
sin 2¢, (b — SSS) # sin 2¢, (b — ¢CS) ol

S -
Oy
Acp (1) oc sIn2(g +0y; ) X sin(Amt) c
-

S —=

S
11



Present Status

s-penguin

Belle

\\\‘\\\\‘\\\\\\\\\\\\\!

BaBar

TTTTT T T T T T T T TTJd

armonium Average (WA)
N 072620087

armonium Average

Charmonium Average

0.726+0.037

0K’
0.0610.33+0.09
0
N'Ks
0.6510.18+0.04
0
e
-0.4740.41£0.08
nOKg

$K?

+0.34+0.20

n'K°

+0.41+=0.11

027£0.14£0.03

fOKO

+0.39+0.26

0.30£0.59+0.11
(DKg 0.13
+0.
0754064 ¢
K+K_Kg 0.7
049018,

s-penguin

05520.2210.12

verage (s-penguin)
+0.12
043

L="Terage (s-penquin)

‘ 3 ’ ICHEP 2004
T I B

+0.27
KO | +0.34 027
K*K-K° | +0.53£0.17
b>s [+0.43+0.08
avg.

0.42=+0.10

<charmonium> —<b->s penguin> = 0.30%+0.088

3.60 deviation !l
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EX p eCted Prec | S | on Statistical significance w/

the present central value

uper K

.,
0
.,
.,

008 | | o N A5 theory error
006 | | I 1 1 $KO: ~0.05

Error on AS

oos | | _— — h'KO: ~0.10

",
.
~~~~~
~

"""
,,,,,
Ya,

- S,

~
Sy
.y
: -
~ o

Integrated luminosity (ab™)
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EX p eCted PreC | S | on Statistical significance w/

the present central value

tauns 2003, 140 ') c«B (1year 5 ab’)
0. .
0. Expectation at bab-!
. 0
’ OKO Ginput S=+0.24) JI /v Ks
N -\ i
.
N
<
c
5 o
2 00
L 0.0 ;
0.0
0.0
0.0
0.0
0.0 \ \ T B \ \
8 6 4 2 0 2 4 6 8
At(ps)
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A.p(B29Ks) vs SUSY models

mix
ACIO

AL(B,— ¢K,)

A(B, > ¢K.)

0.0

-1.0

0.5

0.0

R e g

- MSUGURA = U(2) ]

| tanp=30 55751 tanB=30  wmm ]

: - |

- SU(5)+v, I SU(5)+vy '

tanB-BO + tanp=30

: generate BRI non- degenerasﬁéﬁ@“
degenera tah [3 30 | nom- degenerate tan §=30 |

0 500 1000 I 1500 2000 0 I50(; 1000 1500 I 2000 2500

0.5

-05 -

0.5

10—

m(g) [GeV]

m(g) [GeV ]

m, (GeV)

280fb1
5ab1

50ab1

Acph ELERRY/INE (T
NIXBRHIZX UKL
EY9 5,

TDEA.
M(gluino)~500GeV
TRET S,
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b->sy/sl*I-

Possible to search for NP in theoretically clean way.

10
Effective Hamiltonian for b>s H_; = 4\75 V.V, ZCi (1)O(u)
=1

Many observables;

- Branching fractions —» M(H*) > 350 GeV already
- Mixing indcued CPV in TYPE I 2HDM

- Direct CPV
- Forward-backward asym.
- Ratio of exclusive modes

16



b->sy

Present Belle ||- Bab-1 ||-5Oc1b'1

(stat./syst.)
Branching fraction 9%/ 9% 5% still 5%?
Br(B—>Xsy) Eyth =1.8 GeV Eyth =15 GeV
=> C, E ZFE TyDthreshold ZiHSt 55\ Bkg &D A HL,
Isospin asymmetry  0.045/0.018 0.02 Still 0.02?
AO+(Be|<*Y) .
==> C,Sigh
Mixing CPV — 0.14 0.04
A" (B> K*y, K*>KsnO) Ks Mvertexing EE
Direct CPV
Adn(B>K*y) 0.044 / 0.008 0.006 0.002
A (B> Xsy) ™ 0.051 / 0.038 0.011 0.005

b>sss [ElFk. NPIZBUR,
SMTIXFBED non-0 ZZ5EINP

17




A.p(B2Xyy) vs SUSY models

5ab1 50ab-1
Dlrect CPV Mlxmg CPV

b e T P e T f T fott S e O
nSUGRA. . U)TS msUGRA | U FS |
i A tanf-30 | : tan B =30

an =30

U)ot msUGURAL R ()

MSUGURA 1 #

0.02 | . ; x R |

y lAnB=s0 . b - tanB 30 = tanp=30 - tanp=30
SUI5) @ v, 1 SU(5)€->V (&) v, | . v, j
S

SUB)+vg | SU(5)+vp
-0.02| tanB:SO —:— tanB:SO 05|
agenmdegenerate | reameeron-degenerate

(a) 0 500 1000 1500 2000 500 1000 1500 2000 2500

" tanp=|
non-degenerate

n-de; g enerae

|
2000 0 500 1000 1500 2000 2500
mg) [GeV]

m, (GeV')

5ab-1 TIEM(gluino)=1TeV, 50ab-1TIX2TeVETHEH S,

mig) [GeV]

m. (GeVﬁlml
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FB asymmetry in b->sl*l-

+ Sensitive probe for NP
(theoretically clean)

Acs o R| C(sCS (5)+1(s)C,) | B ﬁ ;B\

Bound’f

N

presen’r Br'(Xsl"clP) C;\'P SUSY Scan (MFV) 3

Br(B>Xsy), Ag.(B>K*y)

0.5¢

‘‘‘‘‘‘‘‘‘‘

-1k

",," ‘-x\
' 0H—
B X S
~
ol -~
. -

-0.5+




FB asymmetry in b->sl*I- (cont d)

* Present status (250fb-!) <gg§: @K
SEew
At Super-B 33§§i | RSN |

|
4 6 8 10 12 14 16 18 20

 EZ T Zero-cross Téh\D @ Gevic?

) E_ SupsrE FEIM BKTTa I.MC (5Gb 1) \\I; BIpsIEFEME ""MC (5oab 1)

05

ad

s Identify rough patter ast 5C9~1()°/o Sclo"'14°/°"
2 2
', (su?n flip be’rII Iow‘q\/h%h q ) i’C%IJBE‘I

Ili'

N PID(wm)tEE,
Branching fraction Mdilepton mass 73> DBIFEHLE N,

20



Full reconstruction

« FElOBHHEFEEEHEBERLTRABIOBRRERZtagI %,
o BT v, 1 ZECHROBERIE CIRFRICE A, e+e- B factory TDHAIRE,

“+IS5LUBHREFE—L / <: Interesting decays
EHE. BH. JL——Em B Lo *B—ulv
*B — 1v, Kvv
e- (8GeV) > 148) e+(3.5GeV) :e]‘i:—> Drv
B he” -
~~~~~~~~ = <—| full tagging
© 9F %
> 8 3 Kvv
* B> Dtv: 12 5 observation 3 7E
at 5 ab. g °r
« B>Kvv: 5 o observation Y-
2 E
at 50ab-1. — 3 -
O AN NN N

0 0.10. 0.5 0.6 0.7 0.8 0.9 1
E.., (GeV/c?)



Charged Higgs E%&

+ B->1v (leptonic decay)

2 22 2
I(B—>(v)= GFmSB?Tf LIV (l—m—é} g

2
m
r, =1-tan’> p—2

2

Present status

m, tan §+m_, cot

mB
2
M occm_tan” S
| I I
| @CLEO ]
@ ALEPH
u @ DELPHI _
- @® CLEO -
B ®L3 i
: @ BABAR -
i @ Belle 1

1|l i e 1T (VL4 1100 eV tang 4 303

(Charded g [ (VL 140G tang = 40)

Standard Model Prediction

| 1
1995

1 | 1
2000

1 | 1
2005

year



Charged nggS 1: § I'(B— Drv)

+ B->Drv (semileptonic decay) F(B->Dbuw,)
m, tan S +m Tw cot . ““5:5“
_ g' _ < % o /§>P¢E:Form—factor .
b Q ‘ o R (=& DFE A
H+/W+\ m_ tan 3 <) '
T T+
. o My (GeVich)
+ Signhal = large missing mass
* —> Dr(evw)v signal B*— D7(evv)v BG

+ Expected at 5ab!
Mode Nsig | Nbkg | dB/B
D'z (£*vv,)v|280 |550 |7.9%
Dz*(h"¥.)v, |620 |3600

Arbitrary (log)

I T T TN T N T T T O T I (Y |”||]||\||]"’T|-|ﬂ_ﬂl!!|uﬂlu
0 2 4 6 8 0 2 4 6 8

IMME [(GeV/c?¥) IMME [{GeV/c¥)
23



Sensitivity for charged Higgs
B%D%%

LHC
100fb-!

B>Xs y IZ&5HIE
500 .\ I >§_
&
400H
N/:; _\
>
-%300— S\
e IREDB>1v
?\» 1 & HHIR
CMS 100fb™' t
HIIRIRnnAnnnnnnnnnn AR TRRRRRRRNRNNNINE A(form_factor)(j:
100 Excluded ?;;;rgl;“n ] I'ﬁ'T:E 0) B 9 D “V
| %EP E)fcludeld (95‘7|b C.L.P | 7__\\_9 -Giﬁlj J:rE E-I- ﬁlé
20 40 60
tan
Y LHCEDxES,
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Lepton Flavor Violation

LFV in neutrino sector already seen (at maximal mixing).
=LFV in charged leptons ?

Tau lepton

- The heaviest IepTon mm) Enhancement in the rate
ex.) Br(t=>uy)~1042 x Br(u—>ey)

« 3rd generqﬁon mm) Both 3>2(u)/3->1(e) transition can be
explored =slepton flavor structure.

B-factory = "Tau-factory”
o(tt) ~ o(BB)
5x10° 1 pairs at 5ab!
) Rare decay sensitivity at O(109)




T2 1y measurements

Present Belle results (86fb, 7.9x107 t-pairs)

- Br(t>py) < 3.1 x 107 (90%CL) Expected signal
- Br(t>ey) < 3.8 x 107 (90%CL) / distribution
T . Background
signal side ) R 4

T—ouYy

upy
Mis-id (u=2>7)

1\ 1Ty generic

Escape from

Celli oo e 1) missing mass cut
1.7 1.75 1.8 1.85
M., (GeV/c?)

Improvement

- Analysis (selection criteria, cut analysis > likelihood analysis)
* Particle ID (better rejection of u>n fake)

* v energy resolution

26



Tau LFV search (past—>future)

.E.goﬂ:?'ﬁ —— First result Expected sensitivity
C " 4 H
== —_—
- v 600/fb at B-factory for 1=y
gL
5 / . :
o / Simple extrapolation
o V g r  fromthe present
........... : "
}m\\ ! Y
Y
L i)
109 500 1|]:{||]D

27



Tau LFV search (past—>future)

w/ improvement Extrapolation

Expecteé\{ensitiviti 9/ with 10,000/fb (Super-B)

R W '}'”;I/ il l o

Upper limit on Br
Search region enters into O(108->109)




T>uy/ey

« SUSY + Seasaw

Flavor violation by v-Yukawa coupling.

Large LFV Br(z>uy)=0(10-7~9)
m?>
Br(r — uy)~10"°x ( mLZ)” ;Tev
L SUSY

10° -~ .';.f’:'.';
:"‘"' *«w“n‘s l" et
10—. I :; ":- ;’U-
=7

g 10
<
@ 49

107"

10°° Tanlb 30, A O u>O

= auaino . ma = 2006¢

0 00 400 600 800 1000
m,‘[GeV]

4
an’ 3

N
Zo
L@_ﬂ()

2
(mi )23(13)

Similar for ey case

d

IRATTREASER (max. (M) ).,)

current upper limit
(87t ™)

0 0.5 1

25

15 2
myqy (TeVic?)
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t=2>uy In SUSY GUT

SU(5) GUT+vy Squark/slepton mass matrix relation

2 2 (0 -
(mg ) o (ml~ ) i02-03)
R /23 L /23

mm) Correlation to A ,,"X(B->Xyy) and A.,™*(B>¢K)

tanp, =30

10‘5‘:...‘....... -
? =" 200
0.00 ~ 400/ -_/ .
< "
= '0.05 10 6 600 ’ 400 -
= \ 600
oy PR T RN AW/ 2 PSR- N TR—
T -0.10 T 800 " : s il
@ m=10" = : ‘ § 600,
v 10 Js0 200
-0.15 10 mO .
small mixing :, ) i
020 tanB= 5 R ; | s 600 10
3,,=60° " ] L My
10! 10°1° 10°9 10°8 107 10° 02 03 04 05 06 07 038
B(t=uy) CP asymmetry in B; — ¢K

These correlations provides non-trivial test of SUSY GUT
30



1231, In

* Neutral Higgs mediated decays.
* Not suppressed by power of slepton masses.

- Important decays when the slepton is much
heavier than EW scale.

T ].l‘ T i T T U
——.‘—r || . - .—r

Higgs anomalous g S Sl

coupling (‘ran%)/i )
tanp K < ; IR Al EEL 'ﬁﬁﬂz (max., (m )32)

CDY " c\uﬁﬁd

Br(z »>3u)=

-3
e\ 90 % C.L.

L (), (tanﬂT 100GeV
4x107" x -
mé 60 M 40 %%/
/

Br(T_)lLln) BI’(Z’—)3,U) Br(T_)ILU/) LEP excluded

=5:1:0.5 ! 100 150 200 250
m, (GeV/c?)




CKM fit

 Determine (p,n) only by tree Vo Vi
processes (SM dominant).
— |Vl from b—=ulv \
— ¢ from B=DK ¢5 from B—>DK ¢, from B 23/ yKq

e Compare it with (p,n) determined through
— |Vl from BB mixing, i.e. AM,
— ¢, from B2J/yKq

e This gives M,,=M,,SM+M NP
B 2
7 t

VI
d b d

Q|
S
D
nAAN
< |
AN
N
SN Y
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UT at Super-B

_ Asin2@ =0.019 _ Asin2¢ =0.014

5 abl 4 50 abl g
A(fB«/Bd)=0.011i0.026 A(fB«/Bd)ZO.OOSiO.OIS
AV, |=5.8% AV, = 4.4%
Ag, =4 Ag =12

il By 4 1 — o —

o s d o Py d

| v sl | " e <

P P
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UT at Super-B

1 Asin2¢ =0.019 7 Asin2g =0.014
5abl " 50 ab! /
A(fy/By)=0.011£0.026 A(f5+/B,)=0.005+0.015
AV, |=5.8% AV, |=4.4%
Ag, =4 Ag =12
i iy 1 — Py &
= 0 | \ e = 0 _ \‘ i
MM Vub & ¢ M Vub & ¢
| sin2¢, & Am, | sin2¢, & Am,
P P
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UT vs SUSY models

Am(BS)/Am(Bd)j: O\

9.}
o

An(B_)/ Am(B,)
8

W
Q

MSUGRA
tanp=30

N
o

~J
Q

)]
Q

Am(B_)/ Am(B,)

U(2)
tanp=30

[o}]
Q

|||||||||

Fsus ey,

||||||||||

degenerate |

—_
o

th
Q

| '-il
40 |- 3Bl

|||||||||

& Sus) @ v,
| tan B=30
n PR Y

||||||||||

PR TR ISTR S T R

20 40

¢, [degree]

bs (degree)

1 SU(9)+vg
1 tanp=30
| degenerate

non-degenerate

1 SU(S)+vg
1 tanp=30
1 non-degenerate

80 100 120
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Pattern of the deviation from the SM prediction

Unitarity triangle Rare decay ' -Okada

Bd- e Am(Bs) | B->¢Ks |B->Msy |Db->sy
unitarity indirect CP | direct CP

MSUGRA
- - - - - ~+

SU(5)SUSY
GUT + VR - + + - + _

(degenerate)

SU(5)SUSY
GUT + vr _ _ +

(non-
degenerate)

U(2) Flavor
symmetry + + +

++: Large, +: sizable, -: small
36



Study of NP Scenario-1

o Ap™*(OKS), AcpmiX(K*O YDFERE M BLSUSYDE

7&% \H'é;tb\_I ﬁl:.o

5ab!l T¥%7

HSNDAIER

3

—\

T )L

1

SUSY SU(5)@vg,

g R AR B

(non-degenerate) .. s

' tanB 30 ;

M

gluino

GOOGe\Hc

tanB_

02 03 04 05 06 0.7 08 0.9
CEETETISTIE TN e I B L B B
mSUGRA '

= SOOG eV/c?

S(0Ks)

S(¢Ks)

- 1

0.8
0.6
0.4
0.2
0

-0.2
-0.4
-0.6
-0.8
-1
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Study of NP Scenario-2

e SUSYHIF®D mass spectrum D& TIXR 7 1FIZLUN,
BIEERIC/ AT A—2—T®M SUSY mass spectrum

—~2000
<, i tanp=30 “/‘52000 i tanp=30
S L SUSY SU(S)@VR Mgluino=SOOGeV/c2 = [ mSUGRA Mg|uino=600GeV/°2
@1800 [ (non-degenerate) @1800 -
a - —_——— a - —_— e
21600 - — — 21600 _
= [ I — s [ —_— =

1400 [ 1400 N

1200 | 1200 | _

1000 [ 1000 [

800 | 800 -

600 | 600 |

400 | 400 | S

200 | S — 200 | -

1 1 1 ol : 1 ] : 1
Higgs slepton gaugino squark Higgs slepton gaugino squark

limli

s BT

38

Super-BT®MFlavor changing process M BITE A
5Zz%,



Study of NP Scenario-3

o HRGZERIEAL™(OKS), Acp™X(K*0y)FZIF TIXZELY,
_ Acpdir(xsy)’ BI’(XSY), AFB (Xs”)
— Br(t>uy)

e 1= AR)T4—=AOBZATLEA,

v

GLOBAL ANALYSIS OF
B PHYSICS
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Ac m'><(<|>Ks)A od"(XsY) Br(Xsy)

tanB=30
I\/Igluino:6()()c:‘|eV/C2

0005 0005 _0.015 45
I TT I I TT I_ T T 1T T T I_ I TT I I TT I_1
= i = i = ]
o /5 Pé _ o Pé _ o Pé —— o
* ] =z ] * ]
™ ] —eo— [ ]
-1 -1
—_— S(0Ks) A(b—sy) B(b—sy)s 10*
-0.005 0005 0015 25 35 45
T T 1T T T TT T T 1T | T T TT 1
—_ - i ———
a . G -
X _ X _
=2 =
n —05 w — 0.5
—e—1 o i
A(b—sy) B(b—sy)* 10*
2.5 3.5 45
® J_ rTTT T Ty
_ —0.01
| N
7 ]
—0
B(b—sy)s 10*

(Xsll)

Br(touwy)

FB
0.02 0.07 0.12
T T 1T T T TT ] T T I I TT I_
= ] = ]
Y| — —0 ¢ —0 mix
17 ] 171 7 ACp (XS,Y)
—o— | o—_|
Acg(bosll) i (t—uy)s 107 i
0.02 0.07 012 0 0.5 1
T T 1T T T TT 1 T T 1T T T TT 1
g 1 ¢ ] Agp™*(¢pKs)
n — 05 » — 0.5
o | o]
Ag(b—sll) B(t—uy)e 10
0.02 0.07 012 0 0.5 1
T T 1T | 1717 T4 T T TT | | L=
_ —0.01 _ —0.01
N 1 A dir(Xs
% D O . ( )
2 1 ¢ ] Aep Y
—0 —0
Agg(b—sll) B(t—uy)e 107
0.02 0.07 012 0 0.5 1
T T 1T | 1717 T4 T T 1T | | =
<ro 4 <ro __ 4
3 1 s 1" Br(Xsy)
T ] T 1
& 7 3 7 ¥ 3
RN ] i
Acg(b—sll) B(t—uy)e 107
0 0.5 1
T TTT | T TT I_
’_}_1— 0.1
=3 ]
<] —0.05

B(t—uy)e 10



St A, (0KS)

+ %

=

14
<
w

. o&pdc: E&X%y)

(Xs7).,

ArafXSl])

,Brizuy)

0.02

||||||||_ ||||||||_ ||||||||| ||||||||_ |||||||||
: °>- : : °>- : O’S‘- :
w /0 x - —0 e 0 | % S —0 ‘x —
1 @ ] 1 @ 1 @ ]
o ] —e— ] e i —o— | o]

-1 -1 -1 -1

S(0Ks) A(b—sy) B(b—sy)e 10* Ag(b—sll) (t—>uy)e 107
-0.005 0.005 0015 25 35 45  0.02 0.07 012 0 0.5 1
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