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Outline

See also
« “Charged Higgs constraints from flavor physics”, R.Itoh
) « " Search for rare decays of B mesons at B-factories”, R.Cheaib
o Introduction

o Rare B decays and constraints for charged Higgs
B-oX.Y
Botv
B—-DM1v

@ CP violation in the B system and the unitarity triangle

angles: ¢4,9,, ¢3
Vub

e Other rare decays B—h vv
@ Belle |l status
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Introduction: Belle and Babarr,
the luminosity frontier asymmetric B factories

. R Lumi ity(fb-!
Belle and BaBar shaped flavor Physics to a large m (S?}gi?fs,',?ék) )

degree in the previous decade.

BaBar  Y(4S) 424.2 /43.9
Y(3S) 28.0/2.6
Y(2S) 13.6/1.4
SCAN 0/4

Belle  Y(5S) 121.1/1.7
Y(4S) 703.3/89.4
Y(3S) 2.9/0.2
Y(2S) 24.9/1.7
Y(1S) 5.7/1.8
SCAN 0/25.6

BaBar Total : 518 fb!

B i . ~
Leas _— T Az ‘z’ggsm Belle Total: 978.3 fb
S ; m BaBar+Belle: 1496 fb!

=
— _

BaBar p(e)=9 Gev p(et)=3.1 GeV By=0.56
Qe'l'le p(e-)=8 GeVv p(e+)=3.5 GeVv By=0.42 Y,




4 ™
Introduction: Flavor Physics - big questions

o SM flavor problem

Hierarchy of mass and mixing angles. Free parameters in
SM.

e NP flavor problem
The effective Lagrandian analysis for FCNC processes

L, =L, + 2%0, +...(A :NPscale)

indicates that the flavor && CPV scale is higher than the TeV
scale, the scale of the EW hierarchy.

@ 26-31, May, 2013, Blois, France 2013/5/30 /




L. =L, + Z%O, +...(A :NPscale)

e
Constraints on AF=2 (Mixing)

KEK-FF 2013.3 by Z.Ligeti

: H
gw wg
:
7

Dimension 6
Boundson A [TeV]{(C =1 Boundson C' {A = 1TeV
Operator [TeVT ) ( ) Observables
Re Im Re Im
KO (5197dr)? 9.8 x 102 1.6 x 10* | 9.0x 1077 3.4 x 107? Amyc, €5
(5pdr)(srdg) | 1.8 x 10* 3.2x10° | 6.9x107% 26x10 1 Amy; ex
DO (epyHup)? 1.2 x 10° 2.9x10° | 5.6x1077 1.0x107" | Amp:la/p|, ¢p
(cpur)(crup) | 6.2 x 103 1.5 x 104 5.7x107% 1.1 %1078 | Amp:|q/p|, ¢
RYEL LYER D D
bratdr)? 5.1 % 102 9.3 x 10° 33x10°%  1.0x107° Amp .. S
BO Ly arL By YyKg
bpdr)(brd 1.9 x 10° 3.6 x 10° 5.6 x 1077 1.7 x 1077 Ampg ., S
rRALOLAR By SyKg
brytsr)? 1.1 x 107 2.2 x 10° 7.6 x107° 1.7 x 1077 Ampg,: S
BO LY SL Bg: Pyo
S (bpsi)(brs 3.7 x 102 7.4 % 102 1.3x107°  3.0x10°° Amp.. S
RSLI\OLSR Bg: PP

.

[update of Isidori, Perez, Nir, 1002.0900]

« If NP has O(1) coupling, NP scales are in the 102-10° TeV range.

o If NP has O(a,) coupling, NP scales are 10-10% TeV.
« If NP in the 1 TeV range, the effective coupling should be < 10> — 1011,

TeV scale NP must have very special features. Constrain model building.
Flavor may be sensitive for physics in high mass scale.
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Rare B decays and constraint for charged Higgs

mCharged Higgs bosons are assumed in many of the Extension of the SM. Among
them, 2HDM is one of the simplest extension of the SM.

mThe 2HDM (Type Il) resembles the Higgs sector in the Minimum SUSY Standard
Model (MSSM).

m Since the H* coupling is proportional to the fermion mass, B—t v, B—Dt v as
well as B—Xs y are ideal place to look for Charged Higgs bosons.

W H X
B— +1- =
: Yy B-X11, X,vv ¢ - T
W ks v L/
L wi o ow'
¢ v [ s b s
d ¥ w_ t




e
B — XY

- Radiative decays are sensitive to charged Higgs contribution
in the loop in the radiative penguin.

« Analysis: Tags of other B reduce background extensively.

- Experiments ( extrapolate to E >1.6GeV at B-rest frame)

- World average including the recent BaBar results is

Photons [ 50 MeV

B(B — X.y) = (3.43+0.21+0.07)x10™*

4000 e
15 2 25 3 3.5 4

Extrapolation ms [(GeV]
stat.+sys. error i

Method Br 10 E, (th. ear
. Theory : N S P

S M Belle (untlepton-tag) 345 £15 £40 >1.7 2009
B(B — X_y)=(3.15+0.23) x 10~ Babar(lepton-tag) 3014 15 £29 >1.8 2012
Babar(Hadron-tag) 366 * 85 £ 60 >1.9 2008

(NNLO: M.Misiak etal. PRL 98(022002) 2007 )
Belle (sum exclusive) 336 + 5342 >2.2 2001
BaBar(sum exclusive) 329 + 19148 >1.9 2012

Phys.Rev.D86,1120008(2012)
Phys.Rev.D86,052012(2012)

@ 26-31, May, 2013, Blois, France 2013/5/30 /




e
Charged Higgs limit from B — X.y

Next Next Leading order calculation for 2HDM

2HDM T. Hermann, M.Misiak, et al., JHEP 1211(2012) 036
M, lower limit @ 95% C.L.
45 T T /‘ T T T T T T T T T T T T T — 040 1'-.._I' ' ( nll"ﬁl ' ]'-.IL '
tan =50 ‘ g . \ _
o um-i E I x Eﬂ; H
ﬁjr 1 \ E 300 H \
inz&\ a E 109 E H \
b 1 \* I'.I \ \
n.20f | || | \ et} H ]
0.15 H\HEI a \ a
. lll ',II |III IIII : I||
900 || | \ h'amagﬁ EEEEH—_T_
019 ;n' 37 34 iallasu 40 42
BRag + 10%
My in GeV Br
M, . =380 GeV at 95% C.L.

(This limit is independent of tan for tan § >2)
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Charged Higgs in b—t transition

@ In the (semi-)leptonic B decay to t lepton, there is a charged Higgs
contribution in Tree level. Theoretically clean.

@ The effective Hamiltonian (SM + 2HDM(Type II))

— G - - — —
Ml = Vel @ BIVer, )+ CIM (@b vire) + B

o /)]

m-Ttanﬁ i
« NP( 2HDM) effects) 1 _5

- =\ _ Gimpm? r 7
Bey(B- > 1 V:)= o - /\/
= (1.01+0.29)x10™ - 2
(1.01+0.29) ()= BB 27V {1 m;
CBSM(B_ —> T_VT)

using WA values for
|V, I=(3.95+0.38, +0.39,,) x10™*

- 01912000966/ Exp: at least two v's in the final state.
201375730
@ 26-31, May, 2013, Blois, France /




. Full reconstruction tagging A

|dea: fully reconstruct one of the B’s to tag B flavor/charge, determine its
momentum, and exclude decay products of this B from further analysis

Decays of interest

________ <j B->X, | v,

B> 1tv
(3 GeV)_g e+(3 5GeV) B>Dtv, tv

ffineB B ® full reconstruction
OffineB < | B3 Dretc, (0.1-0.3%)

Reduce background and allows us
to obtain kinematical constraints.

Powerful tool for B decays with neutrinos, used in several analyses in this talk




/
B- =2 1~ v, candidates with full reconstruction tag.

Example of a missing energy decay

BT — Dx*t

(— Krn w"

)

BT — ‘T(—> eUD)U




e
B 21 v,

Method: tag one B with full reconstruction, look
for the B- = 1~ v_in the rest of the event

Main discriminating variable on the signal side:

remaining energy in the calorimeter, not

associated with any charged tracks or photons
- Signal at Ec = 0

_ +027 -4
cele Br(B—7v)=[0.72 331 £0.11]x10 J

e
049 —

cope Br(B—1v)=[1.83%% £0.24] x10"4J

All measurements are combined

Br(8 — tv) = (1.15+0.23)-10°*

_BEB 2 W)ews _ 1 1440.40
BF (B —>1tv)y,

T

Events / 0.05 GeV

120

'y
(=]
(=]

20

40 Lt

I7icg-

. signal (3.00)

ion

GELLE

0 L il il ST YY 0 ST PR PR Gy A R
0 02 04 06 08 1 1.2

Egc, (GeV)

"~ (a)

- Signal (3.80)

T

-

s

0 0.2 04

1 I 1 1 1 I 1
0.6 0.8
Eexva [GEV]




Charged Higgs limits from B — 1t~ v,

IR D I
Belle, hadronic tag: 0.72 %) +0.11
——
Belle, semileptonic tag: 1.54 +';:: “;2;:
—— e
Belle, combined: 0.96 = (.26
—_—

+0.53
l-l-)
——

BaBar, hadronie tag: 1.83 "~ + 0.24
BaBar, semileptonic tag: 1.7 = 0.8 + (.2
o
BaBar, combined: 1.79 + (.48
—_—

World average: 1.15 + 0.23

0 05 1 15 2 25
B(B—tv)[10*%]

Exp —

@ 26-31, May, 2013, Blois, France

Vg =

Stringent constraint
on My, and tanp is
obtained.

0 0‘.1 0.2 03
tanf/myx

BF(B—tv) _(,_my

tan Jii
BF(B—>1v)g, m;,

B factories: Exclusion plot

100

Excl. at

20
W 30
l 50

400 600 800 1000
-2
m . [GeVc™]

200

B—Xs y
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B— D®tv decays from BaBar

B-D0() tv are another processes sensitive to H-
B(B — Drv_)

MO = BE k) R(D)exp = 0440 £0.072 R(D*)exp = 0.332 £ 0.030
o BB->D7v,)
R(D) = CE) ] 2.0o ] 2.7/0

SR R(D)sm = 0.297 £0.017 R(D*)sm = 0.252 £ 0.003
not agree for R(D)

SM expectations in S. Fajfer, J. Kamenik, |. Nisandzic, PRD 85, 094025 (2012).

Exp
E 200 400 600 800 1000
! XP mu [GeV/c?]
tanB/mys (GeV—l) Combined result: Type II 2HDM is
Blue: this result, red: Type-Il 2HDM. excluded at 99.8% C.L. for any value of

tanp and charged Higgs mass




e

R(D) = 0.430 + 0.091
R(D*) = 0.405 + 0.047

SN

04
0.3 ry
AR SM

O i —
m "

0 | o.ﬁ o.é
tanB / muy [GeV~]

@ 26-31, May, 2013, Blois, France

@ Average of the results

Deviation from SM

100

0 200 400 600 800 1000
-2
m,. [GeVc™]

B— D®tv decays from Belle

PRL 99 {2007) (535 % 10°)
PRD 82 (2010) (657 % 10%)

hep-ex/0910 4301 (657 % 10%)
PRL 100 (2012) (471 = 10%)

| ————

.
B D 0‘(+v¢

inclusive tags

Similar tenden

4
BF(%)

cy with

BaBar. Belle+tBaBar
combined fit results

(Itoh’s talk) sh

ow 2HDM

Type Il is rejected at

more than 3c.

2013/5/30 /




c) Constraint on Charged Higgs with all modes combined by global fit

‘ Belle + BaBar : B>1tv + B>D1tv + B>D*1Vv ‘

* Correlation in DTV measurements : BaBar - included in the fit, Belle - not considered.

* tanB/mu dependence in DTV measurements is omitted both for BaBar and Belle..

100 1 Rejection
- 0.9@&99
80 0.99998 : :
- 2HDM Type II is rejected
I 0.99997 at more than 99.99% CL in
- 60 0.99996 the shown range
S | 0.99995 by B—o1tv + B>D®tv
- 40 - 0.99994
| 9999 New Belle results of
20 099992 B_sDtv and B>D*TV
I 0-99991  measurements will become
0 0.9999 -
0O 200 400 600 800 1000 available soon.
prepared by 2 . Stay tunEd.
Y. Horii m_. [GeVc™]

N




@

CP violation in the B system and
the unitarity triangle (UT)

0

26-31, May, 2013, Blois, France

(1,0)

gl

Mixing matrix should be unitary
within KM mechanism, but New
Physics can change it.

Measure three angles and two sides — Over constraint

201375730
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4 R
CP violation in the B system and UT

@ CP violation in the B system: from the discovery (2001)

and a precision measurement (2012)
EPS 2001 2012 winter

1|5||II T T 1T T TT7

1.0

0.5
I= 0.0 I
-0.5 -

1.0

-1.5_I|IIIIIIIIII|II|
-1.0

Significant improvements in ten years.
In this talk | present recent results for observables marked by O

K 26-31, May, 2013, Blois, France 2013/5/30 /
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«¢, from CP violation measurements in B — cc K° ,
«Measuring the CP phase in the B-B mixing

sin2¢, (=sin2)

measurements

3 ——>

3
7
o*
.
.
.
.
.
.
.
.
.
o*
.

ap

Eﬂ, ‘‘‘‘‘ ?\
" EO fcp : (CC)KS(L) =(J/ l//)KS(L)Il//'KS(L)I"'

«Observable: time-dependent decay rate of a B or a B meson decaying into
common CP eigenstate

Kg “T’

Az=PyAt

@ 26-31, May, 2013, Blois, France

—|At|/ 750

P(AL) = e4

{1+q[ S, sin(Am,At) + Ay, cos(Am,At) T}

S, =1 Sing, , mixing CP,(n,, :CPeigenvalueof f )

Jihy

A, : direct CP, small

2013/5/30 /




e

Final measurement of sin2¢, (=sin2p)

¢, from CP violation measurements in B — cc K° : o
cc =J/y, w(2S), y., ,711fb", 25k events cc =J/y, w(2S), n,,y.; /426fb
BAE E : 2 [ | 7 e
S a00F- = < 400" e -
2 200(— 3 < pe ]
5 E 3 2 200 -
> R E :C ]
) 0.4; E (CE)KS g 0.4;— ;
é 0.2% Té i 02E] =
o 1 5
0 é . -oj4§— é
B : 7300 E
5 E (co)K, o ft =
: Pory e, Sia =
< ] L\%-0.27 I é
04 =

5 0 5

I ‘ T N At (ps)
Belle, 710 fb'l, PRL 108, 171802 (2012) EEIEEID [FRID) feh Uit (AUe),

Belle: sin2¢,=0.668 + 0.023 £ 0.012 o .
BaBar: sin2¢.=0.687 + 0.028 + 0.012 | Precision of ~4%!

@ 26-31, May, 2013, Blois, France 2013/5/30 /




e
¢,(=0) measurements

e ¢,from CP violation measurements in B® — 7z, pp, pz

@ Measuring the CP phase in B-B mixing and that in decay. penguin
w*
Tree V. u b [N 4
Ve = TTRTER .
= =dadlflg| ———; > w + g
s | VioVua > C — d
d > d

e Penguin process can contribute in the same order
» Need an iso-spin analysis to extract ¢,

¢ = ¢;ff' —Ad,

M. Gronau and D. London, PRL 65 33871 (1990)

@ 26-31, May, 2013, Blois, France 2013/5/30 /
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Belle, arXiv:1302.0551

772x106 BB pairs

) = N
o 300E
T 250- E
2 200~ =

100 5
e
22 o5 N_\—l—;*’{f;

5 7.5
At (ps)

S, =-0.64+0.08+0.03
A =+0.33£0.06 +0.03

75 5 25 0 25

@ 26-31, May, 2013, Blois, France

Pty =S

Final measurement of ¢,(a) in B—>ntn~

BaBar, PRD 87 052009(2013)
467x10°BB

@

f

Ew 1_| T | | e .
5 ¥
Zod et r

[ e e
o N VR e I v
| R AN LKA
T
oo L Bein b

ST = -0.68+0.10+0.03
A7 = +0.25+0.08+0.02

=) (lear mixing induced CP violation and presence of penguins. 4" =0

atl/e
{1 +q[ Sy sin(Am,At) + A, cos(Am,At) ]}

BO
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Tt
% -=- B—nn (BABAR)
canzprey, --=- B (Belle) —— CKM fit
3 B—nr (WA)
1 T e
a "
0s | \ i

]
E -
g e E
2 s B s
e z
EY
%)
ozf1
AR Iy
Py SR N B IPEPEPS Y EPIPEP I EPI EPr
0 20 40 B0 80 100 120 140 160 180

4, (deg)

e pnt ? To be settled

from Belle on p*p~, pm

@ 26-31, May, 2013, Blois, France

1O
"

PP

% --+ B—pp (BABAR)
T2

2pe) --- B—pp (Belle) —— CKM fit
3 B—pp (WA)

I/mproved measurement of ¢, in B—mﬂ:,pp,pﬂ:\

iy
0.8 '
v

Still to be updated for the final
version: new results expected

p-value

-

e Tight constraint from pp.

p-value

N s il Loas
20 40 60 80 100

0, (deg)

% -— wr/pp/pr (BABAR)
Sanagar --- Tn/pplpr (Belle) et CKM fit
3O nw/pp/pr (WA)
1.0 TrrT I T I I Trr I T T I T l‘:_.l I TrrT I T I I Trr I T ’l
08 = 1 i
0s L 3
- 4
04 - 4
02 & L P
0.0 K‘.\‘ 1 1 1 R SN T .J,r'.f
0 20 40 60 80 100 120 140 160 180

Combined nr, pp,

10 Frerprr A RRRE S LA R RS RERE RERE AR
C 1 1 l:}; I I I.‘
E 3 K

[T - Bopr (BABAR)

--- B—pn (Belle) et CKM fit
[ B—prm (WA)
Ty

PT

4, (deg)

¢, =a =(88.5 ij‘Z)o
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05 (=Y) measurements o\
@ 3 from direct CP violation measurements in B- — D/K~
and D°K-

74

b > > U B
/ W}L\< ¢ \
2 . ) :; K- Ksntn- +K GGSZ
(K*K" or Ksn®) + K- GLW
S L
W/)—( i I / (K*m ) + K ADS
e

@ Measuring CP phase in tree level.

e Most difficult to measure experimently.
e Three methods have been proposed depending on the DY decay modes.

@ 26-31, May, 2013, Blois, France 2013/5/30 /
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A. Giri et al., PRD68, 054018 (2003)

GGSZ mj)thOd: The best way to A. Bondar et al (Belle), Proc. BINP
measure ¢ Meeting on Dalitz Analyses, 2002
b : - u B

] W—b\< ‘

B @ - o Kstrn- +K

\ w- p K /

Me(m?, m2)|2 = |fp(mi, m?) + re8 5% fy(m? m?)|?

Need 3-body D° — Kqr*n~ Dalitz amplitude .
-Parameterize by a model using Belle D = \ YnpalOB=i0
decay data. N -

e
u_ oy

-Model independent method. use CLEOCc

data. T

Belle, PRD81, 112002, (2010), 605 fb-"

mA(K x*) (GeVre')
N

-
o
-
(4]

=

B A o5 B* S
05 1 15 2 25 05 1 15 2 25
mA{K ) (GeVre) m(K)7°) (GeV?ic?)

- _/

2.
(o]




« CCSZ method

Belle
BaBar
Belle

¢5 (=y) results

Parameterize

Parameterize

(78 £12 £ 4 + 9)°
(68 £ 14 £ 4 + 3)°

Model indep. (773 £15£ 4.1 £4.3)°

« Combined ¢, value for all methods.

¢, =(67 £ 11) degrees

data.

—

@ 26-31, May, 2013, Blois, France

« At B factories, the measurement of ¢, finally
turned out to be much better than expected!

o Statistical error is dominated

« Systematic can be reduced in future with BESIII

a 1

T0.8F
0.6

04|

0

Treatment ¢3
of Dalitz

PRDS81,112002,(2010)
PRL 105,121801(2010)

PRDS85,112014(2012)

0 20 60 80 100 120 140 160 180
o, (degree)

Expected accuracy ¢; in Belle II: ~ 2 deg.

2013/5/30 /
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« Remarkable agreement.
But

« Note that UT apex (p, n) position is
determined best from sin ¢, and ¢,

; \\\\\\\3 \ =
= \\?\ %/ ‘I’H E
: g § \E\ \:::\\\\\ :
IRy e —— \‘ A 3
I
e Less constraints from the side "
é 0.1
measurements. N

@ 26-31, May, 2013, Blois, France

I= o0

Current status of unitarity triangle

2013/5/30 /




a I
UT current and future

« Even there is a tension between the apex determlned from angles
and sides. 07 . .

0.6 &

0.5

0.4 5

03 |

still 10-20% NP allowed

0.2

0.1

IIIIIIHlllllllIIJ|IHI|IIII|JIIJ

It is important to determine UT only from Tree level observables

(03, Vyqgr Vi) @nd check the consistency of the observables in loop
(91,92, AMy/Amy, &)

«Crucial for a search of NP in the loop, which has a high sensitivity for the
physics in multi-TeV and even higher ( O(1TeV) - O(100 TeV)) [Z.Ligeti,

Hewett, 2012]

@ 26-31, May, 2013, Blois, France 2013/5/30 /
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6x1074 1

5x1074 1

90% CL limit

10741

0

4x1074

3x1074

2x1074

——=——— New Belle analysis

B— hvv decays (h=K/ K*, T, P, ¢ )

Other example sensitive to the loop diagram.
Method: again tag one B with full reconstruction,
search for signal in the remaining energy in the
calorimeter, at Eg,, =0

Recent update from Belle

Events/0.1 GeV

~ Previous Belle anal_

Y 8002 640008 10 12
A o Eec [GeV]
a SM contribution N, =13.37¢(stat) +2.3(sys)
v Significance = 2o

b

-

\
\
[]

|<'+

Ki+ KsO K'O pit rho+ pi0 rhoo phi Br(B* — K'v»)(5.5x10° (Belle) arxiv.1303.3719

(3.7 %107 (BaBar) arxiv.1303.7465

SM:Br(B" — K'vv) =(4.5x0.7)x10°®

Already achieving to the same order of the SM expectations




4 ™
What next ?

@ Need more data !

o In Belle II/Super KEKB
40 times more luminosity 8x103>cm2 s
Start physics run in 2016
Accumulate 50 ab! within next decades.

Peak Luminosity Trends (e'e” collider)

0% g
F - ------ ----------- - - 70
: S — )i sok CAaal Af Ralle TT/CrinarkK E
~ 40 times hlgher — o GOoal or belle Li/supe KEKB
luminosit KEKB a0 ,
1™ y L - onE /-/
2 :
g : 20; //-/
£ oo 10E ~
E M3
g DASNE £ .
- .BEPG—]I x10% gf
" TRIST AN i s
af
2t :
iz 2014 20162018 2020 2022

1990 2000 2010 2020
Year
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g SuperKEKB status: Many components are installed

Low emittance
positrons to inject

Low emittance
electrons to inject




™

Super KEKB Construction status.

Installation of 100 new
long LER bending magnets et

done Installation of HER wiggler !

- TR , ' -‘: chambers in Oho straight section is
J-:..__;---_ ‘ . ¥ ¥ \

done.
> 3 -""f‘.-'ﬁ . 4l 7 = ...' N

3 '-"’”{3""""5”"\--;}";',’

3
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Belle IT Detector

KL and muon detector:
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps ,

J—

ey

inner 2 barrel layers)

EM Calorimeter:
CsI(TI), waveform sampling (barrel)
Pure CsI + waveform sampling (end-caps)

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)

electrons (7G |

Beryllium beam pipe
2cm diameter

>Vertex Detector
2 layers DEPFET + 4 layers DSSD
L_Pixel (1st layer)

positrons (4GeV)

Central Drift Chamber
He(50%):C2He(50%), small cells, long
lever arm, fast electronics




Belle || CDC

Wire Configuration

Present CDC _

.......

— 250 mm —

Upgrade CDC B TP R P PTPLILTEALI

Wire stringing in a
clean room

@ 70 thousands of
wires,

o 1 year of work...
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Key observables and expected accuracy

Include observables (i) sensitive to different NP,(ii) measurement can
improve order of magnitude, (iii) not limited by hadronic uncertainty.
Precision at 50 ab-!

¢; from CPasymmetry in tree-level vs S . and Am /Am, 20

Ks
tauonic (semi)-leptonic decays: B—tv, BW—>D(*> (nY 3%
Difference of CPasymmetry in S . and S 2%
Search for CPviolation in DO —D0 mixing (arg(p/q)) 20
CPasymmetry in the radiative decay B —K*y 0.5%
CPasymmetry in semileptonic decays A 0.5%

Rare decay searches B—h vv (h=K, K*, n, p, ¢ ), B—>uv 50 discovery
Lepton flavor violation in t—py, 3p and similar modes  10°-10-1°
FB asymmetry in B —K*Il 4% for Co,Cyq

Broad program and Complementary to LHCDb

-] Any one of these measurements has the potential to establish

new physics.
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Expected improvements: Unitarity Triangle

Now (2012)

niRTENEERANRERIRRERIRRRTARNEY

No change of the center
value is assumed.
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Summary

0.5 10 20 10 05 0.0 05 10 1.5

@ There is a stringent limit for the charged Higgs mass in 2HDM from
rare-B decay. B>—Dtv measurements have >3 deviations from SM

predictions. They cannot be explained also by 2HDM Type II at more than
99.5% C.L. for any value of tanp and charged Higgs mass.

e UT triangle: still 10-20% NP is possible.
@ Belle Il with L x40 is planning to start physics run in 2016.

@ Many key observables, sensitive to NP, the precision can be
improved by order of magnitude in Belle Il.

@ Flavor is crucial for the search for NP indirectly, that has an
sensitivity for multi-TeV region or higher (high reach) .

Expect a new, exciting era of discoveries, complementary to LHC(b)

B e
L Belle I IR uest for BSM
/




Backup
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Key Observables and expected Accuracy

Observable Expected th, | Expected exp. Facility
ACCUTACY uncertainty

CEM matrix

[Via| [K — i L 0.1% K factory

V| [B — X.fu] *s 1%

Vil [Bg — wiy| * 4%

sin(2¢, ) [c2K2 i 81073 /LHCH

P2 1.57

a o 3 BelleIl/LHCb

CPv

S(B, = vo) ** 0.01 [HChH

S(B, — dd) = 0.05 LHCDb

S(B; — oK) e 0.05 JLHCh

S(Bs —» n'K) ko 0.02

S(By — K*(— K2z")4)) Bhk 0.03

S(B. — ¢7)) Bk 0.05 LHCb

S(Bg = o)) 0.15

A%y o 0.00m LHCh

A%y sak 0.001 LHCh

AC'[J(Bd — S",r) * 0.005

rare decays

EB(B — 1) ¥ 3%

B(I# = Drv) 3%

B(3; — pv) e 6%

B(B, — pu) ok 10% LHCh

zero of App(B — K up) = 0.05 LHCh

BB — K" xE 30%

B(B — s7) 4%

B(B, = v¥) 0.25-10°% {with 5 ab~1)

B(K — mww) * 10% K -factory

B(K — emv)/B(K — pav) e 0.17% K -factory

charm and 7

B(r = py) AR 3-10°7

la/plp s 0.03

arg(q/p)p e 1.5

a=

—->Need both LHCb and
super B factories to cover
all aspects of precision
flavour physics

=

a=

B. Golob, KEK FF Workshop,
Feb. 2012




« Full reconstruction of other side B.— neutrino mom.

IV, | from B? — 7 - /* v exclusive decays

.Yield: 2d fitin M, ,=Mggand AE, in bins of g? Moc
AE
E—-‘ 1000 |
- B=(142£0.05:£0.07)10+ %

t

New results using full reconstruction
hadron tag

|Vl extraction: fit data +
LQCD points in ¢*=(p, +p,)" =(py—p,)’

Belle + BaBar +

F

g

NAL/MILC

VE

E beam —

2
beam

Events per 0.08 GeV

— |+ P+

(Ex
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+Ec+E) g,

a IIJ.E 1
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x10°®
o o o o e
th 12 ‘ Belle 4
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o r | i T
< 8l p
& =
D ehr+ L |
rl | LT L‘I (],
"
ar e T_f J
1 |Jl i
2r .
L 1 -]
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0 5 10 15 20 25
% (GeV ?)

Good shape but
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|Vp| from inclusive decays B — X, /" v

The other possibility: inclusive b->u measurement by
measuring momentum spectrum in semileptonic b->u decays,
or by using tagged events (e.g. fully reconstruct one of the B's,
and then measure the rate vs mass of the hadronic system X)

Inclusive decays vs exclusive decays differ at a level of 3¢

- Tension between inclusive and exclusive decays is still there - and not understood

““““““““

The average of inc. and excl. is used in a global (CKM) fit.
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B— D® <ty from BaBar

e B-DO) tv are another processes sensitive to H- e 7 o
e PRL 109, 101802 (2012)+ arxiv:1303.0571 DO ::I:nv . .,
e Full data (471MBB). Full reconstruction other B. DIV, b Drv lpnchev)

@ Measure both neutral and charged modes.
e Final selection from missing mass and lepton

i

D*0 £

momentum. 2, | o/ | %,
o Results ;

R(D) = 2B 2>D0) _ 6 440 40,058 +0.042 D & £
B(B — Dlv.) 3 il GV
2Dy =B 2D ) 335 10.024+0.018
BB —>D Iv)

D**

@ 26-31, May, 2013, Blois, France 2013/5/30 /




e
B—Dtv and B—D*tv

e B-D0) v are another processes sensitive to the charged Higgs

e Ratios to B—»DO Iv,(I=e,u) are measured.
» Several uncertainties, B—D form factor, |Vcb|, tagging eff. are cancel.
» Small theoretical uncertainty. Large Brin SM (~ 1%)

R(D") =

BB - D'tv.)
BB —D'Iv)

2HDM

R,,(D") =0.252 +0.003

S.Fajfer, ]. Kamenik, I. Nisandzic, PRD 85, 094025 (2012)
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Measurement of ¢, in B— p*™p~ e

Belle, PRD 76 011104(2007) BaBar, PRD 76 052007(2007) [N

Update to 535 million BB pairs 384 million BB pairs
At dist[ibution and asymmetry At distribution and asymmetry

@
L2.70E b
Feo D) 2 30— @
e g | ]
E‘wi— e 20
“130;— uB-l 10— N
20;
10F & 30— =
0 (o]
8 20— —
5
£ N .
. 1 T : . ; P
3 c
' E o5 } [_
3 0k g 0 i 1 I
B0 = —— TP 1
4f 3 05— -
N
3 — “ls ) 2 0 2 i 6
| 1 | | P - 1 |
0 2 4 6 At(ps)
Af (ps)

S, =-0.17+0.20°%

S, =+0.19+0.30+0.07
A, =—-0.01+0.15+0.06

A, =+0.16 £ 0.21£0.07

== »p mode has a high sensitivity to ¢,, since Br(p°p?) is small.

Br(B° — p°p°) = (0.92 +0.32 + 0.14) x 10°° (BaBar : 2008)
= (1.02 + 0.30 + 0.22) X 10_6 (BE//e c 2012) €< Pre”minary.arXiV: 12

12.4015
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