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Introduction

OELLE
Measurements of various B meson decays with interactions
of flavor give hints to the new physics beyond the SM (BSM).

- CP violation

- Branching fractions
- Rare decay search
- New particle search

Through precise measurement with a high statistic data
sample, we can search for a slight signal and open the door
to the BSM that appears in very high energy scale.

= Luminosity frontier

In this talk, | review flavor physics results in the Belle experiment
together with the most resent updates.
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Belle experiment <O

Integrated luminosity of B factories Centeal Drift Charmber Si vertex detector
small cell +He/C_H 3/4 layers DSSD
>1ab™! R\
On resonance : B )
Y(5S): 121 fb* CsI(T1) EM calori:*'neter ‘ 3.5GeV ex
Y(4S): 711 b ! . ‘ g
Y(38): 3/ SC solenoid 1.5T |~ (zo o
Y(2S): 25 b LY %
Y(1S): 6 fb™! | %
Off reson./scan: >
~100 b ! \
8 GeV e-
~ 550 fb! —
On resonance:
ﬁ | ' j Y(4S): 433 b | \
[ | | ' ) Y(3S): 30 fb!
, ; i ! Y(2S): 14 ! ~
I ﬁ i Off resonance: \ q /A%\@renkov counter
L -/_/ i i 1 ~54 fb! AN é/, =1 -
ol A R ) . n=1.015~1.030
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 TOF Coun&
o e D = 1 / K detection
In total, 772 million BB pairs L
14/15 layers RPC+Fe
are accumulated. Studies using : :
; : - charged particle tracking
full data sample are still ongoing. - o TR
All of the new results shown - particle identification

- e/ly energy measurement

today Is based on the full data set.

- K, cluster detection
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CP violation </

Quark transition: Cabibbo-Kobayashi-Maskawa (CKM) Matrix =g
— CP violation parameters are angles of the unitary triangle.

Vud Vu.s Vub —
n
< Vcd lfcs Vcb >
Via Vis Vi
1-A2/2 A ALX3(p-in)
— - 1-12/2 AALZ2
AL3(l-p-in) -AL2 | Via Vit Vea Vo' + Via Vis™= 0

In past decade, great breakthrough for CP-violation parameters
measurements in B decays has been achieved by B-factries.

Angles from direct measurement Typical final states used for
(Averages by CKMfitter group the measurements
N wmter 2014) (CP-eigenstates)
1 (B)=(21.501073)° | B’ (cgK’
2 ()= (85.4+49) B—> nm, np, pp
(b3 (y)=(70.0:43)° B— DMK
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CP violation in B decays

P(BY(At) = fcp) P(B"(At) > fop)
v4(,F p— ) ' - - " ‘ \ - 15 I’ T T T ‘I{ | I%_l T 1T 1 I T 1 ‘ T
P(BY(At) = fop) + P(BY(At) — fop) o o L 095 5 %
= S sinAmAt + A cosAmAt 10l 5 s .
adi | ‘ 2 Amy& Am,
mixing induced CPV direct CPV Msin 20 ]

1

Am: mass difference of eigenstates

At: decay time difference of eigenstates
CP violation parameters S and A are

measured using decay to the CP

eigenstate_ 7mls%elle 772M BB (2012)
ex. b—ccs tree diagram s eoof
/N = 500}
B’—J/ K’ £ 200l
“Golden mode” i 300}
L - 200}
S=-&,SIN2 ¢ 1 0o}
b=l £ oof Bfib Kis
E r: CP eigenvalue §, 0.4} BI—JIb K7,
= —1for JI K’ < °-§‘|’combmeA\
+1 for J/ K’ 32: £ T
S= 0.667+0.023+0.012 -0

A= 0.006+0.016=0.012

6 -4 -2 0 2 4 6
-E At (ps)
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By checking consistency of CP
violation parameters, we
iInvestigate bias from the BSM:
The triangle is closes?

(o1 + P2+ Pp3isjust m ?

or some additional phases?)
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Analysis strategy

- Reconstruct signal B and identify using

Kinematic variables (mass, energy:--)

L[] cont. bkg
'l BB bkg.
- | signal

o

o

)
I

800

Entries c( 0.0026 GeV
o
o

B
8
Entires / 0.015 GeV

200 =2

.-‘-‘ I

823 524 525 526 527 528 529
M. [GeV1

Beam constraint mass:
Moc =«/(Ebeam/2)2 - prec2

0.2 -0.15 0.1 005 0 0.05 0.1 0.15 0.2
AE [GeV]

Eenergy difference:
AE = ErecCNI -Ebeam/2

- gg continuum suppression discriminant
(likelihood, neural net, BDT:-:) based on

shape variables of
the B decay.

-
o
=)
=)
I

-

o

=]

=)
I

Distribution of
decay products:
B decay: spherically

00|~

N

0=,

Entries / U.Uo
D
S
T

0

" gq suppression
(Likelihood)
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gq continuum: jet-like

Time-dependent

CP violation measurement
Tag side B "

T .
Signal side B

o K°

8x3.5GeV@KEKB,
I9x3.1GeV@PEP-II

- Difference of decay times, At is
measured by vertex positions of B and B.

- Flavor of B9 is measured from
flavor of companion B° decay products.
(high momentum lepton, kaon, etc. )
Effective tagging efficiency ~30%.

- CP violation parameters are obtained
by the fit to At and B flavor

simultaneously to other variables such
as reconstructed B kinematics etc.
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Approach to BSM via penguin diagram Pa¥a

A loop appears in the first order diagrams of Flavor Changing Neutral

Current transitions: b—sqq and b—sy.

= Sensitive to the physics beyond the SM (BSM) contribution
The effects can be appeared in parameters we observe: CP phases, branching

fractions, forward-backward asymmetries, isospin asymmetries.

/ - BSI\/INdiagramE_ \

«Q

SM diagrams
/ \ b —e——— < s(d)
— W '_P/\?/\—M — ~ e W g.l
g R,
S
g < Z
S
— / Y
S
H o
— : t ; - -
b - < s (d)
W ; o /J Y
X

Q—-— s (d)/ g
_ amamm _
K b -— : < s (d)
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CP violation in decay via penguin diagram s

SELLE

Penguin loop Is sensitive to the new physics contribution.
=-&¢sin2 @ 1°T = - & rsin2 ¢ 1 from decay with b—ces?

W T A
b —e «—S5S
’ g
or - & ssin2 @ 1@ extra CP phase from non-SM? \Q%Q<S
d —\

B’—n’K’ — “platinum mode” — Large branching fraction and

E few possible deviation in the SM.
Belle 772M BB

£ in(2B°™) = sin(20:") XD
at4o- RO "KO 0 a , F Ro 1770 —
3120:, T Es 3 § tag ki 4023 kL Sln(2B ) - Sln(zq)l ) Moriond 2014
é/mo BO tag é’ : ' . ‘ . . . PRELIMINTARY
@ 50 & . b—sccs  World Average o 0.68 + 6.02
60 LS .
40§ o K° Avetage T i 0.74 1513
20¢ : - :
98642&0[]246 . n K’ Aver;age '—*-“" 0.63 + 0.06
ps :
§0; L z Ks Kg Kg Avetage * 0:72+0.19
@ = ™= = . ‘
LT I oK Aved - 05740107
Fos|- I 2 K Aveiage b e 0.57 +0.17
g 6 4 2A-t0 (pzS) 4 6 8 po KS Aver;age ' e 1 P 0.54 ::};
! Kc A : ' —p el . L
Decay mode —&£4S5 Ay ® Ky veréage | oM + ?91
- +0.10
K +0.71 % 0.07 +0.02 £ 0.05 o Ks  Average — " 069
n K9 " +0.46 £ 0.21 +0.09 £ 0.14 K*K K® Average —— 06835
1 170 3 j A ‘
BN £0.68 +0.07£0.03  +0.03+0.05 + 0.04 0r 0 osr o4 o8  os
e ; ; :
P — Consistent with ¢ 1 from decays via b—ces
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CP violation in B’—wK’ <

Simultaneous fit to observables of the candidates of B’—wK? signal decay :EZ445

and B*—wK* control sample decay. (reducing systematic uncertainty)

B’—wK? fit results = At
; C ‘ ‘ ‘ ‘ ] “'E‘ L J "5‘ 90 - 8 50? B t
8 = * s E S w - 7 BOtag ]
@ g 20? = 2 70? * ﬁ 40i :f\ _0 7:
S S ] g o @ - /73 BOtag -
2 g 2 i 40° 3 A - | ]
3 £ L 104 E 30E E - 30 7 —
- I 5 é 20 E 0 - ' :
R - i : : 1 i : 1 5 105 } ‘ E GCJ 20: ““ .
g2 2 | e 2 g2 2 | - =
E _gﬁﬁ b 5 ORFHH MR B2 Ot 10 - N i
2E€ 045 01 005 0 005 0.1 2C 525 556 527 525 525 53 2€ e R TR e o 10 jf —
2 . - —r — N
- AE (GeV) _ . Moc(GeV/e?) qq suppression - =
> 14- 3 S 14 —totalPDF - OF T
O] 126 = @ 19 si@lnal . gm T T T T T T T T T T T
7o) E c m
= 10 = g o L =
S g E - — total PDF 25 + 0.5 . 4/—}—:=-=\\
.\‘Q 6h P BG Zm Zm O ‘
s 4 99 -0.5f —— -
- 2% cte BB BG . l . l . I . | ! L .
Bo T Bo o signal -75 -5 25 0 25 5 75
T TR S ! N SR L At [ps]
g3 07+"H—>LT T T g3 TR T T T p
5§ Lt T T 58 A+ .t 4+ T
ZC 073 075 077 079 081 083 ZoC 1 06 02 02 06 1 i
Msz (GeV/c?) w helicity angle BB-pairs  BR(BY — wK*) Acp
BB-pairs BR(B? — wK?) Acp Scp Belle 388 x 10° (8.1+0.6+0.6) x 10°% 40.057%% +0.01
6 —6
Belle 388 x 100 (441:%% +0.4) x 10— _ _ BaBar 383 x 10° (6.3 +0.54+0.3) x 10 —0.01 £0.07 £0.01
6 —6 _
Belle 535 x 106 ; —0.0940.20+ 0.06 +0.11+0.46+0.07  Belle 772x10° (6.8+0.40.4) x 107" —0.03+0.04 +0.01

abar 6 . . . —6 . +0.22 . . +0.26 .
BaBar 467 x 10° (5.4 +0.8+0.3) x 1079 40.52%22 +0.03 +0.557%2% +0.02 Phys. Rev. D 90, 012002 (2014)

Belle 772 x 10% (4.5+0.4+0.3) x 10°6 —0.36 £0.19 4+ 0.05 +0.91 + 0.32 & 0.05

Evidence of the time-dependent CP violation is seen. (3.1 o significance)
Consistent with the results in decays via b—ccs.
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Branching fraction of Q"B
charmless hadronic B decays

Polarizations of Charmless Decays

B+%K*(892)0K*(892)+ . b—=d pengL’”n HFAG — e PK3(1430)"
- - . . Jun 2013 ) L — P I3 (1430)°
Longitudinal polarization of B decay to —
. — K
2 vector meson state fL is expected to — e
be ~1 from QCD. ='=‘”E§ e
Recent measurement in B'—¢K*(892)? —_— o b
fL = 0.499+0.030+0.018 (Belle 2012) —_—
B'—y 'K*(892)¢ : b—s penguin e T =L L
—— BABAR = 7
Branching fraction predicted from R
pQCD (34103) x 106 Longitudinal Polarization Fraction (f.)

Large direct CP violation is expected by
Interference of b—s penguin and b—u tree diagram.

A(B*—ynK*) = -0.38x0.11£0.01 (Belle 2012),
-0.36x0.11x£0.03 (BABAR 2009)
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Branching fraction of

charmless hadronic B decays
B*—K*(892)9K*(892)* :
/-dimensional fit to extract the signal. \1
Total PDF Signal gg+BB background Peaking background Eve

i

1

=

Prefiminary relimingry relimi

Preliminary

8

—

Events / (0.03)
Events / (0.022)
Events /(0.022)

Events / ( 0.00389 )

0.8 0.85 0.9 0.95

Mks=(GeV/c?)

.15 -01 -005 O 005 01 015 .25 5.255 5.26 5.265 5.27 5.275 5.28 5.285

AE (GeV) Mbc(GeV/c?)

Rreliminary

Events /(0.2)
R

1 Q = N w
TTT AT TTT T T

Events /(0.2)
Events /(24)
& =

[T}

[X]

-1 -08-06-04-02 0 02 04 06 08 1 1 080604010 02080808 1 =10 -5 0 ]

COS Ok CcOS 0 ks qq suppressmn
B(B*—K*(892)/K*(892)*) = (O. 77+933+0.12) x10-° (2.7 o significance)
fL = 1.06+£0.30+0.14

— Consistent with QCD prediction.
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Branching fraction of

charmless hadronic B decays
B'—y 'K*(892)? ‘
4-dimensional fit to extract the signal. V@lﬂvﬂ

o — Total p
12

—
o

—
N
"y

—_
(=)

Events / ( 0.0035)
Events / (0.0175)

N h (o) ()
- u

B(B’—# 'K*(892)9)
= (2.6£0.7£0.2) x10-6
(5.0 0 significance)

Do 500 526 528

Mbc(GeV/CZ)

- ~ A(B'—yn 'K*(892)%)
> : = ~0.22+0.29+992
£ x g — Consistent with

prediction from pQCD
and CPV in B*—yK*.

5 0 5

qq suppression cos O kn
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Branching fraction of B—X,) Pa3

Theoretical estimation with NNLO :

Br(B—Xsp) = (3.15+£0.23)x104 (Er* > 1.6 GeV) r
Several approaches to measure the W p
branching fractions b - S
Full-inclusi B ° s
- Full-inclusive
_ small low u/d < — u/d
Measure signal photon A A QCD uncertainties
SM prediction
energy spectrum. oS
- Semi-inclusive CLEOIS. "] . 32840.53
Reconstruct as much Babar[429fb'] o 3 5240.55
. Semi-inclusive
decay modes with Babar[347.11b o 3324035
: Inclusive,lep-tag I
Xs as possible and Babar[210fb ] R 3.90+1.11
: Inclusive, Breco-tag
combine the result. Belle[5.8fb] ° 3.69%0.95
3 Semi-inclusive
- Exclusive M X Belle[605fb!] ° 3 5040.44
e Iar e hl h Full-inclusive U
Reconstruct specific J 9 iracan: e
decay modes . Cols
Y Theoretical - ol —o— 3.43%0.20
Slg nal (Average) | | | |
gk uncertainty due - 253 35 a4 a5 s
purity BR(B—X 7)(10*)(E>1.6GeV)

to hadronization
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Branching fraction of semi-inclusive B—Xy

Semi-inclusive reconstruction

of X; using 38 states.

(0.6 < X; < 2.8 GeV/c?) by
combinations of K, m and 7

(~70% of total).

Signal yield is extracted in

each X; mass region.

Total branching fraction
Is extracted from

spectrum of partial one
as a function of X; mass

and photon energy.

EX>1.8 GeVand 0.6 < My, <28 GeV/c?

1.2 < Mx, < 1.3 GeV/c?

B(B — Xsv) =

(3.51£0.17£0.33) x 10~
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BELLE
1.9 < My, < 2.0 GeV/c?

D>
A

= 249 BB= 1232 + 84 J{ = 200 B.B: 4664 + 225
8 2% Igg= 1019 £ 46 2 Sig= 542 +60
= 20F | —63+ 14 % S 350 Cop =~2384 474
£ 180 = =
g eoE x/ndf=081 2 300 x*/ndf=0.93
140 250
120
o / 200
100 # -] {' %
80 + + + 2 150
60" 100
40 e
_ _______ 50
20 . sy Eamat -.=-'-""‘7'-"-".-.-= - ¢
R a R |"|- l l.."I L T T - lole cloclecleal
D2z 5.25 5.26 527 5.28 529 53 22 5.25 5. 26 5. 27 528 5.29
Mbc(GeV/c?) Mbc(GeV/c2)
i *
—~k K Belle prellmlnary SM prediction
© 301 ] 3.1540.23
o . F 1 P
= 25F i L {j . CLEO[9.1fb"] . 32840.53
X C ,_I_‘_I_:_I_n—}« + % Inclusive
~— - by \
20 T or e ! | Babar[429fb™'] n
Q - + i Semi-inclusive ® 3.52£0.55
@ 15 F o ] Babar(347.1fb] — 3324035
= B . i Inclusive,lep-tag N
% C i Babar[ZlOfb"] Py 390r1.11
A 10:_ i Inclusive, Breco-tag 4
- ., ! Belle[5.8fb™'] Py 3.690.95
51 Ho Semi-inclusive
C = Belle[605fb™]
F Full-inclusive ® 3.5020.44
C HFAG2012
C (Average) —— 3.55+0.26
'5_||||||||||||||||||||||||||||||||||||||||||||| PDG2013
0608 1 121416 18 2 22 24 26 2.8 (Average) —@— 3.40%0.21
Mxs(GeV/c?2) e
Our LesulvV @ w>
‘V‘/U/ T 1 e e e s e e Y R [ Ll
ml 35 4 4.5 5

Branchmg fractions (x10-4)
(Er > 1.6 GeV)
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CP asymmetry in B—>X;10p [

Measure asymmetry of decay rate from B

B _ _ Channel Acp(SM)
and B. (Flavor is tagged by that of a high B— X.7 -0.6% , +2.8% |

momentum lepton in accompany B decay) B— X7 -62% ,+14% |
B— Xs147 0 pre 106, 141801 (2011

Owing to unitarity, an error from theory cancels when using combined final states

A
Of Xis+a)  Acp, = 1 A, Vg VAV,
CPg = — X S$
q QF(B _ f) ( uq cq )
A, = —A Nucl.Phys.B704 (2005) 56-74
S d
Continuum background
x10° ] e e e L e e e e
IS reiected using BDT. R R C T Belle preliminary :
- A —e— Positive ] 6 | N T _
S 08 % ~ -2-Negative - T ]
3 @ il ] « F E
- o 0-6F ; + - Background? § F ¢ S e 1
2 2 b 4 A 1 o (9 ° 7?1
g 3 0.4:E ’+—i> _+_ SUbtraCted - <o 0:_ _:
. P 1< :
. Ll - 5 . - -2 T + == 1 __
of e o e S
, E N o S ' A | Stable for E* thresholds—
3 E ooBelle pr.el.lmmary; .. ] —
5 ® E 2 2’]%* (Ge?V) 3.5 4 Eneravthreshold (Gevy
o 4 —; 0%
@, Acp = (2.2+4.020.8)x 102 llwﬂﬂa
: (E+*> 2.1 GeV) pV@
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® 2 measurement strategy R

Lo

(AC  P(BYAL) > fop) — P(BYAL) — fep) _
-

P(BUAL) = fep) + P(BY(AL) — fop) b

= S SinAmAt + | A COSAmAt

mixing induced CPV direct CPV
where § = - £ /11-A2 Sin2 ¢ ,<*

Er: CP ei 1 penguin contamination
fe eigenvalue

W _

. . d
Am: mass difference of eigenstates b % : ;u
At: decay time difference of eigenstates 9

— G
. B2 = oAb (“effective” ) d —d

2 strategy to determine ¢ 2 without CP phase from penguin contamination
- Isospin relations between B— mim// p'p/ decay amplitudes

d >

Q CI

(Gronau and Lonldon, PRL65 3381)
o 00 (47 : Decay amplitudes
Ao = \/_A =¥ of B= wimi/pipJ)
. L L o0 — A.(l)z IS determinegl |
V2 with four-fold ambiguity.
- Dalitz analysis for T © ©9 3-body system

(A. Snyder and H. Quinn, PRD 48 2139 (1993)) — Constrain ¢z with a small ambiguity,
Interference between three B— 0 7 states the most powerful constraint for ¢ »
At fit with coefficients of Dalitz plot functions at present.

“Overview of Flavor Physics Results at Belle”
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Isospin relation analysis In B—zx

B’—nz*z~ PRD 88 092003 (201 3)

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

B*—rx*z’ PRD 87 031103(R) (2013)

A= 0.025+0.043+0.007

B'—n’z% PRL 94 181803 (2005)

A= 0.44+0-33+0.17

$»2€[85.0°,148.0°] (Belle results only) E

p-value

0.4 M,

0.2 ’

EEHA

CKM12 (prel.)

- ! '
0.6 ¢ !
- ]

20 40 60

- B—nn (Belle)
[ Bonan (WA)

Bonn (BABAR)

) ’ -
. ’
Av/4d INTEE AN IS IPErErR s
80 100 120 140

0, (deg)

- CKM fit

160 180

Recently B’—z%z%is updated with full data.

Signal yield = 224+29
= Br(B’—z/zY)
= (0.90£0.12x0.10)x10-56

(significance level = 6.7 o)
A= -0.054+0.086

“Overview of Flavor Physics Results at Belle”

Events /(0.05)

AE (GeV)

Events /(0,003 )

Events /( 0.13)

Moc(GeV/c?)
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qq suppression

m@‘”y

Slgnal

rare BB
B—pm
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Measurements for CKM matrix elements

CKM matrix elements are measured from B decays.

In semi-leptonic decays B—Dly, Veb appears in the
differential decay width for a kinematic variable
w . Inner product of B and D velocities.

b
14
dl'  G%m3
o = ZETD g+ mp 2 (w? — )2 pw PV PG B c
Constante electroweak form factor u/d

correction

To cope with the form factor, several measurements are done.

— |dentify signal with high momentum lepton. (inclusive)

Reconstruct many final states and combine results. (semi-inclusive)
Reconstruct specific decay mode. (exclusive)

Signal can not be fully reconstructed due to neutrino in the final state.
— Reconstruct companion B and signal is reconstructed using remaining

observed particles.

“Overview of Flavor Physics Results at Belle”
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Semi-inclusive B—Dlv <

SELLE

Reconstruct B’—D*lv with 7 D* decay modes and B —D’v with

8 50 decay modes Data fit in 1.30< w<1.36 Signal yield B° —>ql)+|q‘w

= 100__ other bg (fixed) E 500 — —— measured yield
. - cC prongtag ) O fitted yield
. : q_) L + signal  — : ‘/
Mmiss : Missing mass 2. + — > e Bele pro Vy@
calculated by subtracting w | P S—
. O s0- signal 279123 ¥ O) 80—
energies of all measured oL + . I
P) Belle preliminary C
5 O a0 + + 200 +Sum of measured yields 2469
particles from a beam energy ¢ - 1" sum o ited yilas 2460
. = e e
— Correspond to neutrino = o . b Corrtation = 0.9577
= . B + N * -:F:F:*:‘\’ B B X2 = 6.58
mass (~0) in the signal. R e R L RN =
-0.5 0 0.5 1 1.5 2 P oW
|\/|miss2 w
Sample newG(1)|Viy| [1077] p? correlation
Belle preliminary
BY - Dte 1, 40.01 + 1.89(stat) £ 1.66(syst)  1.010 £ 0.106(stat) + 0.029(syst)  0.692 4001 £ 189 156 o
B = Dt~ 40.66 & 2.07(stat) £ 1.70(syst)  1.075 £ 0.115(stat) £ 0.031(syst)  0.713 Bomm .
B~ — D% 1, 43.70 £ 1.86(stat) £ 1.67(syst)  0.909 £ 0.099(stat) & 0.014(syst)  0.711 Bee
B~ — D% iy 46.73 & 1.87(stat) £ 1.79(syst)  1.075 £ 0.091(stat) £ 0.014(syst)  0.680 .
Average 42.63 + 0.96(stat) + 1.39(syst) 1001 & 0.051(stat) & 0.018(syst) __0.494 -
Consistent with a HFAG average N
Of eXCIuSlVe meaSurementSl ¥ dof = 10.9/ 6 (CL =9.30 %) :
—3 |

3
M., <G XIV_I[107]

p* = 1.186 %+ 0.036 % 0.041

“Overview of Flavor Physics Results at Belle”
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Summary and Prospects </~

OELLE

Using a 711 fb-! data sample, we investigate a signal
of the BSM in various flavor physics in the B decays:

CP violation, CKM matrix elements,
branching fractions and polarization.

Most of the results are obtained with
the best accuracy in the world.
Evidence of the BSM has not seen.

Further approaches to the g -
luminosity frontier will be expected g
through new analyses with a full | oL T 8E hetraints in 20xx

da‘ta Of the Belle and UpCOming A, 1(650 ab-1 Belle Il anoL :
50 ab- data from the Belle II | o '




