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Flavor mixing and CKM matrix

m For quarks,
— weak 1nteraction eigenstates # mass eigenstates

— mixing of quark flavors through a unitary matrix \
¥i \ A
! - —_
$ | = (VCKM § |= Vcd Vcs Vcb §
!
b’ b) \Vu Vi Vu )b,
Wolfenstein / =) A M\
parametrization V_ =~ —A il ) AX
\Af Ad-p-in AL i
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3 real parameters (4,4, p0) and 1 phase (77)




the CKM UT angles

@ Extract the UT angles through time-dependent
Acp measurement.

Unitarity triangle angles
BABAR: (3 a 1~

BELLE: ¢1 ¢2 ¢
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time-dependent Acp measurement

I' 5o (At)
S=0.7 |
FBO (At) \\\ A=0/”%\ Z:TH»Q 2::(3’13
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The Golden mode for ¢,

BY — J/@DKOI - high rate, theoretically clean

—i(2¢1)
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no phase from decay amplitude
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Unitarity triangle angles
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e ¢, is dominated by B — p*p~ (with isospin relation)
- The isospin triangle for pp is almost flat

- B(BY — p%0%) ~ ©(107°), much smaller than the others
- New BaBar measurement (PRL 102, 141802 (2009)) of

BBT — ptp°) =(23.7+1.4+1.4) x107°

much improved the precision of the isospin triangle



Unitarity triangle angles

Other GHQIES? BABAR. 5 o o

Y

BELLE: P1 P2 O3
Ly EE B

*
VCCZ cb

GLW: Gronau, London, Wyler (2001)
ADS: Atwood, Dunietz, Soni (1997)
GGSZ: Giri, Grossman, Soffer, Zupan (2003) 12



¢3 from CPV in Bt — DWK®™ (GGSZ)

e IF both D° and D decay into a common final state (e.g. Ksm*7 ), then
Bt — DK+ and B+ — DK+ amplitudes interfere.

Let | D) =| D°) + rei(®+#3) | D°) be the mixed state.

e The matrix element for the Dalitz plots are: m4+ = m(K Swi)
e M, =f(mi,m%)+ rel(5 (m?2,m2) forB* — DK*
o M_ =f(m?,m?)+re®®Yf(m2,m2) forB~ — DK~
—0
A(B- =D K™7) Vs V.
r A5~ = DK VLV X [color supp.] ~ O(10%)
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¢3 from CPV in B¥ — DWK
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¢3 from CPV in Bt — DWK®™ (GGSZ)

PRD 81, 112002 (2010)

in terms of measurables from B* 0.4 F

r4+ =1cos(dp + ¢3)

Y+ — T‘Sin(53 T @3)

r : ratio of D/D ampl. > 0
85 : D/D relative phase

Different r, 05 for each
mode DH)K&)

rpg = 0.16070 0aa £ 0.011750°0

Evidence of direct CPV' Il  ¢3 =T8. 4+%(1) 2 + 3.0 = :

Model-dep. error would domznate in the next-
generation B-factory experiments
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(GGSZ) model-independent analysis

Bondar & Poluektov,

©Q fit over binned Dalitz plot EPJ C55, 51 (2008)

e model-independent, but

W

o * %
. . > 2 5L 7 g
e reduced statistical power R ¥
t 2 5%
e compensate by smart choice of binning % 15f )
-~ “optimal binning” depends on model, but the 1 f
resulting ¢3 does not --> no bias! >
%

Mz':l: = h {Kz -+ TQK_Z' -+ 2\/KZK_Z(£C:|:CZ + yisz)}

L+ — TCOS(5B T qbg), Y+ — ’I“SiIl(5B T gbg)

ci & s; contain info. about strong phase difference
b/w symmetric D° decay Dalitz plot points;

use CLEO result in (3770) — DD’

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011 |7



(GGSZ) model-independent analysis
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e N(BB) =772M

e much improved efficiency
with reprocessed data
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e N(sig) =1176 + 43
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(GGSZ) model-independent analysis
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First evidence for the ADS mode

\,‘

m

O Atwood, Dunietz, Soni, PRL 78, 3257 (1997)
e B--> D K*with “wrong-sign” [K =]p

%® B(| K K B(| K K
3 gl +7T_ D ) + _7T+ D +
@=L ( 1pK™) ( IpK™)

i\w o B(K 7" [pK™) + B(K "7 |pK")

t B(K*"7 ]pK™) — B(K 7" ]pK")
® u@ Aok =Bk 7 oK)+ B(K 7 ]pK")

T
s ®
& R e =14 + 12 + 2rarncos(8z + 85) cos
CKM phase= —y W u DK B D B"D ( B D) ¢3
vub

‘ADK — 27"BI’D Sin(ﬁB + 51)) Siﬂgb:;/RDK,

=i
=y

b

]

FIG. 1. Diagrams for the two interfering processes: B~ —
KDY (color-allowed) followed by D° — K7~ (doubly

Cabibbo suppressed) and B~ — K D"

P (color-suppressed)
followed by D~ — K™ 7~ (Cabibbo allowed). ‘

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011 20




First evidence for the ADS mode

Events / 10 MeV

Events / 0.04

20 e First evidence (sig. = 4.10) PRL 106,231803 (201 1)
18 8ELLE
16
145 | 1 Mode Yield Efficiency (%) Significance
12§ (1t - ;
10 BN{]+ B~ —[K'm Kk~ 5607131  33.6*+04 A lo
a ;.\r\.L... i | B~ —[K'm 1,7 16507191 365 =04 9.2¢
g ST B~ —[K w]pm 491647325 35704
01 O 0.1 0.2 0.3
AE (GeV _ +0.444-0.07 —2
- ' ) i B ) : PRELIMINARY
I ADK — _O'Sg—tg%gi—ggg E‘B'r:]r?ir.;\:um 072006 +" o 0TI 0006 0,002
50 - . . v gsue - = 0.016 + 0.004 + 0.001
40: f. CDF . ;. 0.022 + 0,009 + 0.003
PLHC2011 preliminary |
30 I ] AFvAe‘[age : H 0.016 + 0.003
20 £ n ol 4 Neural network (NB) Apps Averages [HE5T
10 T doniets, H { for much improved B A : 0862 L4731
0 - continuum suppression x Bolle o el | 039 3235
-0.5 0 0.5 1 il g%gd:”m:mnm ' 0.82£0.4440.09
NB Average : | I . 0.58 +0.21
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B decays for CKM UT sides

V| from B® — D*~¢Tv

V| from B® — 7= ¢ v

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011
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B — X/ and CKM

e Semileptonic B decays (B — X/v)
— directly related to CKM elements |V | and |V
Gr
M(Mog — Xgrg Ly —1—=Vyq L"H,,
( Qq q'q ) \/i q'Q

LM = tpy"(1 = ys)v, Hy = (X]|q'v,(1 — 5)QIM)

e Understanding hadronic effects is the big challenge

Parton level l /ﬁ Hadron level l
W e ,
b - '\‘\‘\l\’ B .% ‘.-' » \i“‘é{f““},‘
L

V{b’V;\
u,c

e Independent theoretical approaches for inclusive (OPE) and exclusive
(FF) decay processes

Vx X

u?

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011
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V.| from exclusive B decays

e based on differential decay rate of B — D¢ v, and D*/* v,

e limited by knowledge of B — D) form factors
but form factors become unity in the heavy-quark limit

ir — 7
——(B — Dim) = 4;§ﬁﬂf%(ﬂafs +Mp)*(w? — 1):”E . .
dw w_in heavy quark limit,

W = URB * Vp(x) lim F(w),G(w) =1
dl’ — . G%ﬂ A\ 3 2 1/2 : /w_ﬂ
aw\B = D) = % mp-(w” —1)7“P(w)(

o |V,| is extracted by extrapolating dI"'/dw tow — 1

needs assumption about form factor shape

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011
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B° — D* (", for |V

e untagged analysis, based on full Belle =4 prD 82, 112007 (2010)
_1 8ELE ]
sample (L =7111fb ) e,
updated from prelim. result (140 fb™") S
e Reduced systematic error Yl -
exploiting large Statistics 1 105 1.1 115 1.2 1‘.'2\,5 13 135 14 145 15 -1 -08 -0.6 04 OZCOOSG:)Z 04 06 08 1
* use cleanest mode only . o f—++++ T
D*~ —D°7r~, D’ - K'n~ PR 2
to reduce systematic error g " et 2
* 1/2 sample is used only for 7 efficiency — I ——
calibration s 9\,' o 0 It [degrees)
* uses the other 1/2 for analysis FDIV.,| = (34.6 + 0.2 + 1.0) X 1073
~ 120K B® — D* (T, evts. p? = 1.214 + 0.034 * 0.009,
. . R,(1) = 1.401 = 0.034 = 0.018,
e BF and form factors, obtained from fits to Ro(1) = 0.864 + 0.024 = 0.008,
(w, cos 6y, cosb,, x) B(B® — D™ €* ;) = (4.58 = 0.03 = 0.26)%.

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011 25



e world average

V.| from exclusive B decays

ALEPH (excl) : ALEPH (excl) :
3.0+ 1.7+ 1.3 ; 5.29+0.24 £0.19 g
CLES . § . OPAL (excl)
399+ 13+ 17 ! 5.10 £0.19 +0.37 ——0——
OPAL (excl) CLEO
36.6+ 1.6+ 1.5 T !
! 5.65+0.18 £0.19 ! e

OPAL (partial reco) _ ;
370+ 12+ 2.4 — OPAL (partial reco) !
DELPHI (partial reco) 3:92£0.26 2042 -
354+ 1.4+ 23 A DELPHI (partial reco) ;
BELLE (excl) i 493 £0.15£0.17 B
343+ 02+ 1.0 - E BELLE (excl) |
DELPHI (excl) : 4.40 £0.03 £0.25 — 5
BABAR (excl) N : 5.41 +0.18 +0.33 ————
340+ 03+ 1.1 A !
BABAR (D*0 BABAR (excl)
5140 8(+ | i | 4.59 +0.04 +0.30 —

- E BABAR (tagged) !
?f;BiAg 2(51?2‘11 kit — ke 5.40 £0.16 + 0.25 | ——
Average Average
36.0+ 0.5 e 5.05£0.12 ]

y*dof = 38.7/23 (CL= 2 %) ' HFAG HFA G x’/dof = 16.6/9 (CL= 6 %)
I I T I | |
1 | | "

F(1) X IV | [10”]

BB’ — D' 1" v) [%]

e on-going effort — looking for the missing pieces
B — DKty

Youngjoon Kwon

Recent physics results from Belle (ICPP 2011)

June 22, 2011
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Exclusive vs. Inclusive

ALEPH (excl)

3102172137
CLEO

399+ 13217
OPAL (excl)

366 16% 15
OPAL (partial reco)
3.2 12% 24
DELPHI (partial reco)
354+ 14% 23
BELLE (excl)
M43£02£10
DELPHI (excl)
36118+ 19

BABAR (excl)
BABAR (D*0)
B{B&R ‘j(.(‘l'k" l_;il] Fit)
Aver;ge -

360% 05

ldof=38.7/23 (CL= 2%)

I \ |

'
R S S B

>

[

HFAG

End of 2009
| 7 |

25 30

F(1) x

40 45

i -3
Vil [10 ]

IV

cb

0.043

0.042

0.041

0.04

> 20 difference!

(41.68 £0.73) x 1073

Veo| =
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V.| from exclusive B de

I 1
g I
I

cays

Amy & Amg

: 0,1 A
e a tension? -
* In the UT, |V,3| and sin 2¢;
constrains each other.
* d slight tension b/w excl. & incl. K
determ’n of |V

e With exclusive B — X, ¢ vy,
'Vup| can be extracted from the
differential decay rate

<l

dI'(B — Tl Vp) B G2’Vub‘2 ] ) O statistics.is still impf)rtant as we
dg> ~ 94,3 D" f+(q7)) have various exclusive
approaches at varying degree of
efficiency vs. purity

Theory input is needed to determine

form factor f (q2). e.g. untagged, SL-tagged,

full-recon-tagged, etc.

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011
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B° — 7 (*y, for |V,

&

{J‘“U-Z*“?P'l"'l"'|"'|"'"""|"'|"'|"':

L 022 (b) ¢’ = (P, - PrY’ Ball05 -

Q 0.2 —

1 g 018 | =

o baSed OH £ — 605 fb E E:i; Y-avera_ge :;
$ g1 | — Vverage rame o 0503+ 00004 3

% ~2 R 2 0.1 f— ----- Y (4S) B rest frame | _f
uses ¢ = (q°) oo I e :
over B direction ambiguity T P

* extracts yield by fitting (AE, M) 8 VU OV, SOUSTTUO IO
-10 -8 -6 -4 -2 0 2 4 6 8 10

true ¢f - raw q? (GeV?c?)

.B°—>n|v ]
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Efficiency

B° — 7 (*y, for |V,

efficiency as a function of g*

0,2 T T T T T T
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0 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
20 25

true of? (GeV?/c?)

III|III|III|II[”III|III|III|III|III|III

o
a
-
o
-
a

e dI'/dq? for unfolded g¢*

OO

PRD 83,071101 (2011)

Unfolded g? (GeV?/c?)

Models are tested by the shape — ISGW2 is distavored

BB° = 7 4tyy) = (1.49 -

e What about |V,;|?

- 0.04 -

Youngjoon Kwon Recent physics results from Belle (ICPP 2011)
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| Vub

e Model-dependent:

| from B® — 7 (T,

’Vub‘ — \/AB /’7'BOA<=

f+(@%)  q° (GeV?/c?)  AC(ps™')  [Vus| (1077)
HPQCD [4] > 16 2.07+0.57 3.55+0.13+0:62
FNAL [5] > 16 1.83+0.50 3.78 +0.1472:%
LCSR [6 < 16 544 +1.43 3.64+0.1179:69

Form-factor uncertaintis give largest syst. error.

e Model-independent pro 79, 054507 (2009)
simultaneous fit with

+ 0.04 T T T T T T T T T T T | T T T T | T T T T | T T T T T
L B
+ B —O— MILC lattice points
= -
n-+ 0035 - —@ — Belle data scaled by IVubI from fit
B Simultaneous fit
0.03] |

0.025f
- lattice result (MILC) 0.02;
- experimental data (Belle) 0.015]
V| = (3.434+0.33) x 10°° 00193 "Hoz o 0 01 02
Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011
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V.p| summary

4.46 + 0.27 + 0.24 = 2
432 +0.16+023 o E
127+£023+0.26 & - £

S - ? 2.95 + 0.31 HPOCD

E — — 3.40 £ 0.20703 (25 16

h = 3.43 4+ 0.33

| A P T R T R _a
3 4 5 (x1077)

e Significant improvements in recent years

e But some discrepancy b/w inclusive and exclusive measurements persists
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UT: current status

0-7 | I 1 1 I 1 1 I 1 I 1 I 1 1 1 I 1 1 1 I 1 I 1 1 1 ]
o) ! —
o 1
— fitter ]
06 —/ ¢3 : ICHEP 10 ]
C O ! -
. —
- 8 ! -
05 5 Sin20. . —
— ] : sol. w/ cos 2 <0 _
— (3 : (excl..at CL > 0.95) ]
04 —3 ! —_
% : . -
= £ 8 e 9, =
0.3 — E ' —
- : 0, -
0.2 — : —
0.1 — | o
- O : ¢3 :
0.0 [ 1 1 2 1 I 1 1 1 1 l 1 1 1 l 1 1 1 l 1 l 1 1 1 -
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

0-7 1 1 1 I 1 1 I 1 1 1 I 1 1 Ll I Ll Ll 1 I T I 1 1 1
= : Amy & Am Ee/m -
— |2 (I) : Amd d e € fitter —
0.6 = 31 o ICHEP10
o ! -
- 8 ! -
05 — o SiN 20 ; 7
— % // sol. w/ cos 20 <0 _
— |3 ! (excl..at CL > 0.95) ]
04 —3S ! —
C 2 S /,, ) -
1= C o . p /2 5 7
0.3 | : = —
' e ! -
: % -
0.2 : S
0.1 \
Y- .

0-0 l 1 1 L 1 I 1 1 I 1 l 1 1 1

-0.4 -0.2 0.0 0.2 0.6 0.8 1.0
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Rare B decays for New Physics

SM is a very good approx. for reality
i.e. Anature = Asy for most processes

Need to look where Agys is small, in order to be sensitive to NP

e.g. b — s penguins

Compare Anarure With Agy, then
Find new physics or learn new lessons!

In particular, we will focus on:

* charged Higgs
* EWP and related
* exotic decays

Youngjoon Kwon
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b ¢ b A
\'A .
B+ B V; , B+ Eggoﬁalam
U Vg U Vg
(a) (b)

G2mpm? m2\ °
LB £ = TG (1) v
B

e very clean place to measure fg (or V,;?)
and/or search for new physics (e.g. HT, LQ)

e but, helicity-suppressed:
I'BT —wetr,) < I'BT —» utv,) < T'(BT = 77v;)

e First evidnce for BT — 71 v, by Belle PRL 97, 251802 (2006)
using hadronic tagging (“Full reconstruction”)

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011



B™ — 77v, by semileptonic tagging

- D

a1 PRD 82,071101 (2010)

88LE

=400
3350
2300}
S250f
»200F
o150}
111100}

Ecc (GeV)

Events / 0.05 GeV

70
60

5o§
40[

30

oo

v

0.25 0.5 0.75 1
EECL

(GeV)

e tagged by BT — D™ty

- statistically independent from
hadronic tagging analysis

e signal side

- Use I-prong 7~ modes: ¢ vv, m~ v
- EgcL to extract Ni;q

e Significance: 3.6¢ incl. syst. err.

BBt — tv,)

= (1.5475357051) x 107°

20 10}
% 02505075 1 % 02505075 1 fB|Vup| = (QBti% +0.9) X 107" GeV
E_.. (GeV) E.. (GeV)
Decay Mode Signal Yield ¢ (10~%) B (10~%)
— —— 723 T0.5970.33

T — e VlUs 73;% 5.9 1.9018'%18'%3
S | GRS nes
e ee e
Combined 1467 3¢ 14.3 1.547 551537

Youngjoon Kwon
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BT — 77 constraint on H

K. Trabelsi @ ICHEP2010
Br(tv)=[1.68+0.31]x10*  {m Br,,(tv)=[1.20£0.25]x10™

. Relle Based on fB from HPQCD and |V,| from
- Hadronic tag (449MBB) : HFAG (BLNP, ICHEPO8)
Br(tv)=[1.795405: 1x10” Constraint on marged nggs
- Semileptonic tag (657MBB): 1000———————— .
Br(cv) = [1.54:038029], 10" -~ Type-Il 2HDM
* BaBar 8{][:-_— =

- Hadronic tag:
Br(tv)=[1.80%5/ +0.26]x10™

- Semileptonic tag:
Br(tv)=[1.70+0.87 +0.20]x10™

5%CL excluded -

Mass (GeV/c?)

t

(Effec’r of Charged Higgs (Type-II 2HDM)

W. Hou, Phys. Rev. D48, 2342 (1993)

m_, tan 3 2
BrzBrSMx[l— b j

\ﬁ[
]
S

2
My

) 0 ||20|| |4U|||6[]| IIS{]I IIID[]
tan 3

\_

from a slide by T. Iijima for TAU2010
Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011
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The “B™ — 77 v, puzzle”

Amd

Youngjoon Kwon

1.5 T T 1 | 1T T 1 T T 1 T T 1 T T 1 | T T 1
: excluded area has CL > 0.95 : :
i Am, ]
1.0 — ]
[ B =1ty i
0.5 N 7]
0.0 TR T T ]
-0.5 — —
'1 -0 __ —_
- Twenero - Constraint from B” — tF v, and Amy
_1 .5 i | | | I I | | I I | | | I | | | I I | | 1 1 1 ]
-1.0 -0.5 0.0 0.5 1.0 1.5
P
BR(B 3 2
— TV T M=

2.0

4 ms,,S(x¢)
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KI\/ = Prediction for BBd
ICHEP 10 e | attice value
1-0 _I T T T T 1 T TN LI LI LI T 1T T T T T | L T T I_
08 - N
L, 06 |- _
o i
T 04l N
i ——i
0.2 — _
0.0 :| 11 I | I | I | I | I | I 11 1 Il I L1 1 | 1 1 | L1 1 I L1 1
00 02 04 06 08 10 12 14 16 18 20
By,
2 . 2
m2 ] ] sin 3
T+ >\ =—
2 v
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B%D( )7' T

® missing piece of B semileptonic decays

® good features

- due to heavy m., sensitive to H

- BB —D"rtu,) > BBt = rv,) — g
- access to more dynamical info. through W y
T polarization
.
® but, very difficult for analysis
- multiple v’s
- large background from B — DX/ v A —s < d
® B 1_)(*)7+V7- depends on form-factor m]bm” /M: wr/ﬁ/’\ ”
+ \
- but, it can be deduced from H= %
B+ — D™+, mfmn{ .

e First observed by Belle (2007) PRL 99, 191807 (2007)
B(B° — D* " rTv,) = (2.0270% +£0.37)%

(SM) BB - D 77v,) ~ 1.4%, BB — Drtv,)~ 0.7%

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011



B%D( )7' T

e New measurements by Belle (2010)
BT — DO+

T

First evidence for D® mode
different EM final-state
contributions expected for B°

and BT

loose “full recon’

for 2007 discovery
simultaneous extraction of

D)0+
(MtagapD)

BBt — Drtu,.) =

Youngjoon Kwon

B(BT — D*9rTu.)

’» same as used

v, yields by 2D-fit on

"W=3 PRD 82,072005 (2010)

88LE

100-— b)
i1
= - p [ -l- +
0 — 0 - “""j # PIPRTILALS Ml TILILTT NN
5.2 522 524 526 528 5.3 0 0.5 1 1.5 2
M,.q [GeV/c?] Py, [GeV/c]
150 - c) 100_— d) +
N% 100 [- §
= ¥ o 50
< (+]
E 50 N E S
0 :--.,.m.-‘..-“.-“.-u..-:_-c.-s.-;.-:.-:.-:.-::q-'if.‘ff::::‘ 0 | . S| . :::: 1 1
5.2 0 0.5 1 1.5 2
M., [GeV/c?] P, [GeV/c]
_ +0.28 |
— (2.127928 + 0.29)%
(0.77 £0.22 + 0.12)%
June 22, 2011
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B — D( )7' Ty, summary

.i”.rl.-lu,-“', rl =5 I |
. 50
; B'-D 't'v
e e
|
0 = -
o B"-D t'v
e .
*
0
e B+_}D T+V
e
| 0 =
__H__
1 ‘ | | | | | 1

—

1”48 -8

Branching fraction (%)

Combining Belle/BaBar,

- BaBar hadronic tag

C.-H. Chen and C.-Q. Geng

'SM JHEP 0610, 053 (2006)

0.8}
0.6}
0.4f

0.2¢

0.0

inclusive tag
hadronic tag

PRL 99, 191807 (2007)
PRD 82, 072005 (2010)

arXiv: 0910.4301

PRL 100, 021801 (2008)

M. Tanaka & R. Watanabe, arXi1v:1005.4306

03 0.4 05

tlg/mHi (GeV_l)
R=B(B — Drv)/B(B — Dfv) = 0.40 £ 0.08
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EW penguin B decays

e one-loop penguin

- suppressed in SM, hence sensitive to NP
- (ex) H™ in place of W™ in the loop

Y Y X7

W~ H™
,'-sclf ,'-sctf
RAY2N e N A
‘. t’,

S
wn
S

u,d u,d u,d w,d ud
e CPV in radiative penguin can be a sensitie probe for NP

e It’s cousin, B — X¢1 ¢~ is interesting, too

- rich structure
- sensitive to several Wilson coeff’s.

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011
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Belle’s legacy on EWP

First observation of B — K¢/~
First observation of B — K*¢T /¢~
First observation of B — X, /¢~

First measurement of Apg of B — K*/™ 0~

PRL 88, 021801 (2002)

PRL 91, 261601 (2003)

PRL 90, 021801 (2003)

PRL 96, 251801 (2006)

First observations of several radiative modes, ¢K~, K7+, etc.

First observation of B — (p,w)~y

Most precise measurement of B — X~y
covering the widest E, range

and many more published results

Youngjoon Kwon Recent physics results from Belle (ICPP 2011)

PRL 96, 221601 (2006)

PRL 103, 241801 (2009)
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CPV in the radiative penguin

SM favored

N
br /\J\‘

helicity flip

xm,~4.8GeV

WM\/\YR

SM disfavored,
enhanced with BRH current

YR
by 2

e CPV in SM is suppressed by O(m;/my) ~ a few %
- but can be enhanced if 4 RH current

- as in many NP models

e ~ helicity measm’t is extremely difficult (if not impossible)

e but CPV may reveal photon polarization

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011
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CPV in B — ¢K Y B wxwonssoo

> § —|— } q=+1
S S ~ ~ 12 q=-1
S . - & 10f
> = T = 8
5 g 2 6l
] 2 + = O
. 3 R I
05.2 522 524 526 528 53 m LE 4
M, (GeV/c?) 2|
N
o 1f % 18 QFU\) _
o 12F > 16
2 o © 14 k
S s8f 4 S 10 g 1 o
I 6 S 8 08 |
g, I Ill 3 ¢ ! gosp y
D2 prgegttet e JUG N 2 2 04f .
; Lol o &t B TF q = 02} —
-03 02 -01 O 0.1 02 03 52 522 524 526 528 53 > 0k ——
_ 2.04f
B(BT — ¢KTv) = (248 £0.30 £ 0.24) x 107°  Zisf
_ 08
B(BoﬁgbKO’y):(2.74::().60::0.32)><10 6 T e

(¢pK°y) first observation! At (ps)

P S S = +0.74F0-72+0-20
Saof Tl B 9K'y | B0} — 9Ky
> - | v > 140 F S 0.23
st A = +0.35 £ 0.587023
0200:7 §60§j
g 100} .i;--';;“' £ 2} ...Hﬁ?”"‘ first measurements!
e b—e° ¢ 2?2 %0e | O 0 : +
53 E ? | ®m2F ? “H

1 1.5 2 25 3 35 4 1 1.5 2 2.5 3 35 4

M(¢ K) (GeV/c?) M(¢ K) (GeV/c?) Belle (ICPP 2011) June 22, 2011 45



Search for BT — D /¢

e IV (AL = 2) process

sensitive to Majorana-type v
* “Ov2p for B meson”

* expect B~ O(1077)

if 4 a heavy Majorana v with
m € (2 — 4) GeV/c?

e Analysis

* event shape to suppress
ete” — qq bkgd.

* Enmiss, 02 to suppress BB
bkgd.

* B < O(107°%) @90% CL

Youngjoon Kwon Recent physics results from Belle (ICPP 2011)
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w -
=45F
-
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~ 1}
c f
9 o
S 05F H H |7
u ] 1 !
%5 522 524 526 5.28
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from non-71(4S)

e new CP-eigenstate decays of B

e new results in the bb spectroscopy

Youngjoon Kwon Recent physics results from Belle (ICPP 2011)

June 22, 2011
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Events at T(5S)

Continuum events
uu,dd,ss,cc B (B* or B°) events
e*e~ collisions at Y(5S)
BS*B:'BS*BS’BSBS

CLEO PRL 54

i WY(4S) 377 (1985)

—

e Y(5S) is above BB threshold Y(3S) :

R VISIBLE

e Belle took ~ 140 fb~" around T(5S)

* ~ 120 fb~ ! at the resonance

— e

* ~ 20 fb~ " for scans S I L
* much larger than CLEO, BaBar; but BBB B
beware of LHCD! ?z"e BB,
%O/%

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011 48



Bs — J/1fo(980)

e Silver-plated mode for LHCb to measure [;

* Bis 2 ~ 5 times smaller than B; — J /¢ ¢, but is a pure CP eigenstate
0O—-041vs.0—>1p1)
* hence needing no angular analysis

e expected BF

I'(B) — J/1f5(980);f5(980) — 77 ~) < 0.5

02<R —
~ So/¢ ['(BO — J/¢¢; ¢ — KTK-) ~

. 1.3 x 107* < B(BY — J/4f(980);£5(980) — n77~) <3.2x 10™*

7 also theory calculation based on QCD sum rule (LO)

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011
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B; — J/ ¢f0(980) Results

63710 sig. events 197} sig. events

840 4.20
s 2= £,(980) (a)
g "% f (1370)
® 8k
i
2
83

Events/(6 MeV)

Events/(6 MeV)

PRL 106, 121802 (201 1)

24

In the £ (980) "
mass region

LY Y
15 0.2
AE (GeV)

i s=Ta : e e ;
-0.05 0 0.05 0.1 0.15 0.2

| Inthe f (1370)
mass region

AE (GeV)

B(B2 — J/4f0(980))B(f0(980) — wFx~) = (1.1675357¢ 177 0.35) x10~*
B(B° — J/4 fo(1370))B(fo(1370) — wH7~) = (0.347 91510031008y x10—2

First evidence of B_ — J/y £,(1370)

0.14—0.02—0.05
stat syst N

Bs*Bs*

“Simultaneous” observation of J/y £ (980). LHCb:arXiv:1102.0206 [hep-ex]

Youngjoon Kwon Recent physics results from Belle (ICPP 2011)
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bb spectroscopy

© anideal lab. to study QCD 11.00F Y(11620)
; r(10860)

e very rich bound states below the
open-flavor threshold

10.75[—

G — e— e— e —— o — — —— m

e nearly non-relativistic due to large 1050
b mass :

© hp : spin-singlet P wave states e

e testing the P-wave spin-spin
interactions in the bb system

o by AMur = (M(n’Py)) — M(n'P,)

Mass (GeV/c?)
S

9.75

Bottomonium
family

9.50 -

(0,1,2)** (1,2,3)°"
1 2
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bb spectroscopy

1§

© anideal lab. to study QCD

e very rich bound states below the

open-flavor threshold

e nearly non-relativistic due to large

b mass

Q hp : spin-singlet P wave states

e testing the P-wave spin-spin
interactions in the bb system

o by AMur = (M(n’Py))

%

— M(n'Py)

© Ewvidence for hy(1P) from BaBar

Y(3S) — 7hy(1P) — 7°ymy (1P)

Youngjoon Kwon

_ %10’

1707

165

160
155F

150
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Events /1 eVl

x 10

1400

1200

1000

800

&s00

400

200

O

40000

Events / 5 MeV/c?

20000 |

10000 |

=y arxXiv:1103.3419
preliminary

Observation of hp states

3

Y(1S)

h,(1P) Y(2S) h,(2P) Y(3S)

121.4 fb-1

- © Look for signals in
' the missing (recoil)
mass against n'n-

Y(55) — (- )m T~

30000 |

h(2P) 11.20

Bt
Significance
0 w/ systematics
5 . YD
h W h,(1P)  5.5c
ks

Youngjoon Kwon

M 1 1 ! 1 1 |
10 10.2 10.4
MM(x*r), GeV/c?
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arxXiv:1103.341
1v:1103.3419

preliminary
Observation of hy states

© AMpmgr 1s consistent with zero, as expected
o AMur(1P)=1.62 £1.52 MeV/¢?
 AMur(2P) = 0.487157 MeV/2
© The production rates are comparable to that of T (25),
LY(55) = hp(nP)mm—] _ { 0.407 £ 0.07975023  for hy(1P)

L[Y(59) & Y(25) w+7—] 0.78 4 0.0977 35 for h,(2P)
no flip’ * spin-flip

e not consistent with naive argument of spin-flip suppression

e moreover, no hp signals from Y (4S) decays
e an exotic mechanism contributing to the Y (5S) decays?

Q A motivation to study resonant substructure of this process

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011 54



preliminary

Observation of Zp states

© Look for resonant substructure of Y(55) — hy(1P)7t 7™

o M(hyrt)=MM(n¥)
e combine the bins of M(hpyn®)=MM(n™)
e measure YT (55) — hy(1P)n "7~ yields in bins of MM(n*¥)

~. 108 ~ .
&) - (@] L
= - phase-space MC >12000f data
IR == L :
~ 1065%}2 © 10000 |-
= B= 2 so00f
= 10.5% o :
104:— W 6000}
f 4000 |
10.3F e
102F TR
190 10.2 10.4 10.6 10.8 10.6 10.2
-

MM(r"), GeV/c? MM(nt), GeV/c?

fitto |BWF(s) + ac’® BWYE (s) + be'|” %

Youngjoon Kwon Recent physics results from Belle (ICPP 2011) June 22, 2011
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Zp1n other channels, too

(
(
¢
¢
¢

1t

preliminary

:

!

*UE) 12500 3
from angular analysis, 10000
--> the two states Z»(10610) 7500E
and Z»(10650) are both "o
consistent with 1* hypothesis 25025
1&4' 05
~_ 108
% 10.7 % phase-space MC 2 vs.l : 7.4c (6.6c w/ syst)
g 10.6 % 2vs.0:18c (160 w/ syst)
= 10.5%
10.4 E
10.3 -
10.2 -
101F
101:0 | Wo.aUHH 10.6 10.8

fitto |BWF(s) + ac’® BWYE (s) + be'|”

Youngjoon Kwon

§i

106 107
MM (), GeV/c?

MM(r"), GeV/c?

Recent physics results from Belle (ICPP 2011)

o ] M 1 1
10.6 10.7
" MM(n), GeV/c?

qp

NE
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for hy (2P)

for hy(1P)
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preliminary

Observation of Zp states

Z,(10610) Z,(10650)

Y(1S)n'n + ° —o— o
Y(2S)n'n . —e— —e— —o— ——
Y(@3S)n'w —d— —.— _._ _._
h (1P)n"n - —o— .- ——
hy(@P)'s [ | : — :
Average ¢- -¢- + _¢_

B T R TV B T R B VR T R R TV T R R TOR
Average AM, MeV AT, MeV AM, MeV AT, MeV

M, T 10608.4+2.0 156 2.5 106563.2=x=10 14.44+3.2
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What’s ahead

® B physics experiments have taught us a lot

success of CKM paradigm for CPV (--> Physics Nobel 2008)

many 1nteresting Rare B decay results

Yet, there are a few “tensions” & “puzzles”

e What’s ahead

(although I didn’t say a word about it...) The case for flavor physics in
the LHC era 1s still compelling

LHC, esp. LHCDb experiment will be great tools for heavy-flavor
physics

But some physics modes, e.g. those with neutrino(s), will require
next-generation B-factories (i.e. Belle-II, SuperB)
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Future prospects

a hews on Dec.27,2010

Dear Colleagues,

The Cabinet of Japan announced the national
budget plan of JEYRO11 last Friday, where

LK

SuperK:

by MEXT.
This will be final decision of SuperKEKB after

approval by the Japanese Diet.

B upgrade was approved as requested

Happy new year to you all!

M. Y.
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Peak luminosity (cm'zs'1 )

2000 2005 2010 2015

Future

36 | | | 5 35
10 Peak Luminosity trends in last 40 years SuperKEKB —» 8 X 2101
| . cm?s
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Extrapolation: B = ¢KY at 50/ab
with present WA values

This would establish
the existence of a NP
phase

Compelling measurement in a clean mode



Epilogue

“Imagine if Fitch and Cronin had stopped at the 1% level,
how much physics would have been missed”

—A. Soni@Super KEKB proto-collaboration meeting

A lesson from history

"A special search at Dubna was carried out by E. Okonov and his
group. They did not find a single K, — ©* m= event among

600 decays into charged particles [|2] (Anikira et al,, JETP 1962).
At that stage the search was terminated by the administration of

the Lab.The group was unlucky."
-Lev Okun, "The Vacuum as Seen from Moscow"

(1964) B=2x 107>
A failure of imagination, or lack of patience?
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% 1957 Parity violation in °Co

Historical Milestones

& 1963 Cabibbo angle

&+ 1964 CP violation in K°

& 1967 Sakharov’s 3 conditions |
& 1973 KM mechanism N Calsilsine
ak s (1935-2010)
& 1977 Daiscovery of b quark

&+ 1983 1st recon. of B meson

% 1987 BY mixing
& 1999 B-factories (Belle, BaBar) started
& 2001 CP violation in BY

& 2004 Direct CP violation in B°
& 2006 Bs mixing

& 2008 (1/2) Nobel Physics prize to K & M
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CPV is due to an irreducible phase in the unitary quark

N (‘7 -:'-‘
rrogress of Theoretical Physics, Vol. 49, No. 2, February 1973

CP-Violation in the Renormalizable Theory
of Weak Interaction

Makoto KOBAYASHI and Toshihide MASKAWA

Department of Physics, Kyoto University, Kyoto

(Received September 1, 1972)

In a framework of the renormalizable theory of weak interaction, problems of CP-violation
are studied. It is concluded that no realistic models of CP-violation exist in the quartet

scheme without introducing any other new fields. Some possible models of CP-violation are
also discussed.

When we apply the renormalizable the

avqfer Tn ] e

r e

~ o ~r A

ory of weak interaction® to the hadron

|

mixing matrix in 3 generations

Critical role of the B-factories in
the verification of the KM
hypothesis was recognized and
cited by the Nobel Foundation

A single irreducible phase in the
weak int. matrix accounts for
most of the CP violation observed
in the K’s and in the B’s

CP-violating effects in the B
sector are O(1) rather than
O(107°) as in the K° system.
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B™ — 77v, by semileptonic tagging

e Statistically independent sample from

hadronic tagging

e Tagging side

- Reconstruct Bt — 1_)(*)€+Vg
- Kinematic relation for good-tag id.

COS ‘93—1_)(*)£+

e Signal side

— M?

2ERE. IR

2
o+ — Mp

- Use 1-prong 7~ modes: {~vv, 7~ v
- EgqL to extract Ngig

Youngjoon Kwon

Recent physics results from Belle (ICPP 2011)

D*lv tag, t>lvy

. + Data
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'D*Iv tag, t>nv + Data
3 + BG
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: MC expectation | EEcL(GeV)
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. signal (B=1.79x104)
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B™ — 77v, by semileptonic tagging

e Max. likelihood fit to Epc; distribution

=400
B350F
2300}
S250f
©200f
o150}, 4
111100}
50
N oot

e Systematic err.

SL tagging efficiency (13.7%)
* BG shape (+8.6%, -8.3%)
* B(peaking BG modes) (+4.5%, -8.8%)

T 0.250.50.75 1
EECL (GeV)

160 : * B(rare B modes) (+7.6%, -7.7%
3140l © s 70 @ ( ) ( )
120} Lo - -t T . o (v .

S100 S %0 1| e Significance: 3.60 incl. syst. err.
o 80 %) g 11t
S 60 44174 S S0l n n . +0.38+0.29 —4
D 40y & 20— ‘% BB™ — 77v;) = (1.547 55, 5;) X 10
20 10 - _
o M o T 2TV | f3|V| =(9.35774+£0.9) x 107* GeV
0O 0.25 O.5EO.75 G;IeV) 0O 0.25 O.5EO.75(G;IeV) —
ot { ECL PRD 82,071101 (2010)
Decay Mode Signal Yield ¢ (10~% B (10~4
y 8
e, 7378 59 1.90705F03
T = uT v, 12175 3.7 0.5019-75+9-28
_ _ 121 10.69+0.36
T — T Ur 335, 4.7 1'80—0.66—0.37
Combined 146732 143 1.541935+0.29
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