CKM UniraArity TEST IN BELLE

Youngjoon Kwon

Yonsei Univ.




OUTLINE

@ Overture

® a briefintroduction as if you are a 1st-year grad. student

@ The measurements
e CKM angles
e CKM sides -- very brief

Q@ A few “tensions”

@ Conclusion & Epilogue




Overture

- adapted from W. Shakespeare
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HISTORICAL MILESTONES

e 1957 Parity violation in ®°Co

* 1964 CP violation in K°

* 1967 Sakharov’s 3 conditions

1973 KM mechanism

 |977 Discovery of b quark

* ~|980 Proposal for B-factory

« 1987 B° mixing

* 1999 B-factories (Belle, BaBar) started
e 2001 CP violation in B°

« 2004 Direct CP violation in B°

2006 Bs mixing

2008 (1/2) Nobel Physics prize to K & M
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ARGUS e* e (T,,) PLB192, 245 (1987)
Conclusive observation of BY, mixing
Excess of like-sign lepton pairs
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discovery of Y resonances
PRL 39,252 (1977)

pN — pp~ X
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discovery of B mesons

(CLEO)

881 (1983)

PRL 50,
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ARGUS e* e (Y,) PLB192, 245 (1987)
Conclusive observation of BY, mixing
Excess of like-sign lepton pairs

I |

E B B? >B¢ :

[P




How to B?

@ e+e- B-factories (Belle/BaBar)
-~ clean environment, w/ tight kinematic constr.
- need to boost the B mesons
--> use asymmetric beams (e.g. 8 + 3.5)
— main performers so far

@ High-E hadron collisions (Tevatron/LHC)
- very large production cross-section
- but, bkgd is large, too

10



Two asymmetric B-factories

PEP-Il at SLAC

9GeV (e-) x 3.1GeV (e") 13 countries,

peak luminosity: 57 institutes,
1.2x1034¢cm-2s-! 8’ ~400 members

PEP-1I
Rings -

Yasitrons

Low Energy Ring

BABAR Detector o 5

“Dg
o

Selle detector

KEKB B-Factory

ARES copper
cavities (HER)

peak luminosity:
2.1x10%*cm—2s-1

world record

11 nations,
80 institutes,
~600 members

Youngjoon Kwon New physics search in B decays Nov. 15, 2009 @ FAPPS09
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Belle/BaBar Luminosities

Integrated Luminosity(cal)

1600

|

1400

-—KEKB
- PEP-II
—World

1200F---—————7—

-
-
-
b
o '

|

1000

|

400+

0!

KEKB

600 [ @il

1998/1

2000/1

PEP-II : :
forBaBar| ./ [/

2003“”““””% .............. 3”. ...... E.HWHHQ .......

2002/1 2004/1 2006/1

> 1.0 ab1
| On-resonance samples:
5 5 5 5 4S 711 fb?
~770MBB ik 135512116
§ | | 1535 30 Tht

for Belle| . . :

o ' M ' -
i :

15: 5.7 tb>

1 Off-resonance: 87 th

~470MBB |

On-resonance samples:

4S: 433 fht

b 135:301b

125: 14 b
| Off-resonance: 54 fb*

2008/1 2010/1
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Belle detector

Time-of-Flight Counters

Electromagnetic Calorimeter o ~ 100 ps

9736 CsI(Tl) crystals
op/E, ~1.8% @1 GeV

Aerogel Cerenkov Counters
n=1.01— 1.03
K /7 separation

K -u Detector
14/15 RPC layers
Ky and p ID

3.5 GeV positrons

8.0 GeV electrons .1% N = W t Chamber

% /// _ ) - 50 axial and stereo layers

op/p =~ 0:35% Q1 GeV/c

| 4 countries, !5 institutes, ~400 collaborators

| 4



BABAR detector

Electromagnetic Calorimeter

6580 CsI(T1) crystals .

. Cerenkov Detector

||u.||u"'|"' 144 quartz bars

Instrumented Flux Return = Pl K /7 separation > 3.50

19 RPC layers '
1 and K ID

VRN

3.1 GeV positrons

WA

\\\\\\\\\\\\\ A\

y7/4
)74
IIIIIIIIII

V24

\

Drift Chamber

40 stereo layers

Silicon Vertex Tracker
5 double-sided layers

| | countries, 80 institutes, ~600 collaborators
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Kobayashi-Maskawa (KM) ansatz

"CPV is due to an irreducible phase in
the quark mixing matrix in 3 generations”

z ‘ of Theoretical Physics, Vol. 49, No. 2, February 1973

CP-Violation in the Renormalizable Theory
of Weak Interaction

First 3rd-gen.
particle (T)
seen in 1975

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 theory of weak interaction® to the hadron
system, we have some limitations on the hadron model. It is well known that
there exists, in the case of the triplet model, a difficulty of the strangeness chang-
ing neutral current and that the quartet model is free from this difficulty. Fur.




Flavor mixing and CKM matrix

m For quarks,

— weak interaction eigenstates # mass eigenstates

— mixing of quark flavors through a unitary matrix \
v A\Y4
(d" ‘d\ [ V. V. V., d)
! - —_
§ | = (VCKM § | = Vcd Vcs Vcb §
!
b’ b) \(Vu Vi Vo \b,
Wolfenstein [ 1-F12 A M\
parametrization V_  ~ —A 1-1/2 e
\A/?(l—p—in) 1 1 )

A~ 0(0.1)
3 real parameters (4,4, p) and 1 phase ()




Test of Unitarity

/
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Vcd Vcb

Unitarity triangle angles

BABAR: (8 « )
BELLE: ®»1 Oy O3

This talk: & % &

Z. Ligeti, from plenary talk @ ICHEP 2004




How to measure? |
/
. . -

o)
@ = ‘ VI ex p(l (I)) just overly simplified guidelines

e |/| from semi-leptonic decay rates
e ¢ from CP asymmetries

Q [ ]
Vid Vis
\ y

Veb
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Measuring the CKM anlges

@ Extract the three angles through time-dependent
Acp meas'm’r.

Unitarity triangle angles
BABAR: 3 a 7y

BELLE: o1 @2 o3
5 i E
Z. Ligeti, ICHEP 2004




dl'/dt
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- ~200um(Belle)
B Az=AtBYC 250um(BaBar)

Bry= 0.4 5(Belle)
7= 0.56(BabBar)
OCP-side Reconstruction

@Flavor Tagging
® Az(=At[B~c) Measurement

“*e.,, Faw asym.
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proper time At (ps)

slide by T. Hara for DIS 2010
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T-dep’t CPV in B decays

II' go (At)
- \\ S=07 |
ngo(At) "‘\\ A 0// L
\ \ f

Acp(At) e.g. for JAp Ks
- T'zo(At) — T'go(At) ;Zl::z)%cpsmchl = +sin2¢;

[ go(At) +I'po(At) to a good approximation
= & sin AmAt + A cos AmAt (Ecp : CP eigenvalue)

Mixing-induced CPV Direct CPV

(A=-C alaBaBar)



The Golden mode for ¢
BY — J/wKOI - high rate, theoretically clean i(261)

10 TwoV,, vertices €
No CKM phase €

e
..
-
ccccc
-
ey
-

10
S>JT/PK?

6—i(2gb1) EO ﬂew

Note: true for any BY decay with no phase from decay amplitude

24
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I FPCP 2009

PRELIMINARY

Raw Asymmetry Events/ (0.4 ps)

R {

-

BaBar
PRD 79 (2009) 072009

BaBar y ., Ko

sin(2p) = sin(20,)

—

" 0.687 +0.028 1 0.012

arXiv:0905.3615

BaBar J/y (hadronic) Kq

PRD 69 (2004) 052001
Belle J/y K°

A 0.690 + 0.520 + 0.040 + 0.070

1.560 + 0.420 + 0.210 ]

0.642 + 0.031 i 0.017

0.2

PRL 98 (2007) 031802 "
Belle y(2S) K 11, 10718 +0.090 + 0.031
PRD 77 (2008) 091103(R) " ’ ;
(Norage - 0.672 * 0.023
HFAG |

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

Youngjoon Kwon

New physics search in B decays
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Unitarity triangle angles

Other angles? JEEIEEECEEE

BELLE:  ¢1 ¢» s




Unitarity triangle angles

Other angles? JEEIEEECEEE

BELLE:  ¢1 ¢» s




Unitarity triangle angles
Other an g les? BABAR: 3 a -
| BELLE: ¢1 G2 3

.'f{"'"f'.-
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The Penguin Decays

@ (effective) Flavor-Changing Neutral-
Current process occurring at the
loop level

- forbidden at tree level in the SM

@ sensitive to NP in the loop

27



The Penguin Decays

@ (effective) Flavor-Changing Neutral-
Current process occurring at the
loop level

- forbidden at tree level in the SM

@ sensitive to NP in the loop




The Penguin Deca

@ (effective) Flavor-Changing Neutral-
Current process occurring at the
loop level

- forbidden at tree level in the SM

@ sensitive to NP in the loop




to measure ¢@»

B—p*p- Tree diagram
BO—p*qr™ \A
BY—1rHr - Vi
, B —
(Mixing AN
th V*td
- = Two phases
BO d EO - mixing: Vi --> @1
: V v > - tree: Vb --> @3
' td tb " o
- < 180° — (@1 + ¢3) = 2

28



penguin’s shaking a tree...

B—p*p- Tree diagram

BO—p*mrT

BY—1rrr
(Mixing )

Vo Vi /" Penguin diagram A
RO d EO th Vv W g n—/p
: '° B o

| V., V | BY - 'Y
K% td tb / d u TT/p

What shall we do?

29



Isospin Analysis

Gronau & London, PRL 65, 3381 (1990)

Model-independent (symmetry-dependent) method
SU(2) breaking effect well below present statistical errors

“Penguin pollution” can be removed

30



[sospin for B — 77~
AT B0y =,

Wt - d i
e I(n*) = (1, +1)
BO ¢ Van . e I(TE_) ¥ (1’ _1)
d d

— T ) ox As , D Ai
2 2K

due to bosonic symmetry,
[#1 in the B -> & & final state

for gluonic transition, Al = 0.
.. I #2 for gluonic penguins.

31



Isospin for BT — ntx’
AL RIUR

W—l_ // d -+ pait?
B v I(x) = (1, +1)
b U e
B+ v o0 I(=°) = (1, 0)
U a u no penguin!
o A(BT —» nt7°) x As 5
- due to bosonic symmetry,
g [#1 in the B -> &t 7t final state
5

for gluonic transition, Al = 0.
.. I #2 for gluonic penguins.




- from the BaBar physics book

6-98 Oy

A AB—n x°) = AB™— 7' n°)

Figure 6-1. Isospin analysis of B — 7w decays.

and similar isospin analyses for B -> p p, etc.



300

NO. of Tt m events

T T asymmetry
o

Acp(At) from BY—m+rt-

PRL 98, 211801 (2007)

: 0
(a) 7 tags Belle

Preliminary

Direct CP

B

tags

Events / ps

arXiv:0807. 4226

_III|III|III|I Il\ll III|III|III|III|III_
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do from BY — pTp~

BABAR, PRD 76, 052007 (2007) Belle, PRD 76, 011104 (2007)
) | ' | | g0/ Q70|
lﬁ 60 | lé’ 60 (b)
< 50 < 50
= 30| = 30|
20 | 20 |
10 | 10 f
20 " "
00— o AT et — =~ 067
.......... S
1 e T LD PP v+~ ;l\: 04 :* (c)
- I- (c) ) E 02} ]
—¢— l | —— § 0 — . T/——é%— ’{'f
0 ﬁgﬂ‘+=¥;r—-‘ﬁ— 502 | T |
05k 1 . <.04] l
§ ' |
1 e -0.6 |
'6 4 2 0 2 4 6 _08\\\\\\\\\\\\\\\\\\\\\\\\\\\\
At(ps) ' 6 4 2 0 2 4 6
At (ps)
B(B® — pTp™) = (25.54 2.1(stat) 20 (syst))x 107, A; = 0.16 +£0.21 (stat) + 0.07 (syst)
fr = 0.992 4 0.024(stat) ") 07a (syst), S; = 0.19 +£0.30 (stat) +0.07 (syst)
Stong = —0.17 £ 0.20(stat) ") 0 (syst), . .
Clong = 0.01 £ 0.15(stat) & 0.06(syst). A, S : both consistent with 0
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T T Sep Vs Cip m

PRELIMINARY Ccp

CCP
' ' ' ' |
0 R BaBar -
~~  Belle
% Average

1

1

Contours give -2A(In L) = Ax® =1, corresponding to 60.7% CL for 2 dof

-0.8 -0.6 -0.4 -0.2 0

0.4

p+ vl SCP VS CCP

‘ LP 2007

PRELIMINARY

| |

| 1

1

BaBar
Belle
Average

|

S

-0.4 -0.2 0

0.2

0.4

Contours give -2A(In L) = Ax© =1, corresponding to 60.7% CL for 2 dof
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1-CL
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0.0

Summer 08 --- B> PP
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= CKM fit
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1-CL
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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) 39



(|)3 from CPV in B -> DK (GGSZ)

slide by L. Piilonen, SS1(2009) -5
hus K™

B—|—

u

o If both DY and D" decay into the same final state (e.g., Ksm ™), then
Bt — DVK* and BY — DVK* amplitudes interfere. The mixed state is

DYy = | DY) + retl0+es)| DO
o BT — DVK™ matrix element: My = f(m%,m2) +re i(0+03) f(m?2 m3 )

e B~ — DK~ matrix clement: M_ = flm?,m2) +re’ (0 gbi’))f(7n+, m? )

u m+ = m(Kgr™)
< JT
d

D decays do not involve V , or V4

Ve =
B no mixing, no t-dependence — no contribution to phase




m? (GeV3/c")

The GGSZ method

Map out the Dalitz plot
from all DY decays
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Results from GGSZ method

Express in terms of
measurables from B*

r4+ =1rpcos(dp + @3) o2

Y+ B Sin(5B T ¢3)

0.1

rg : ratio of D/D ampl.
= 0.16x0.07
O : D/D relative phase

Different rg, O for each ©*
mode DK )

+
DDalitzK Xi VS Yi ‘ICHEP 2008

PRELIMINARY

Belle B*
BaBar B’
Belle B’
Averages

]
1 1 | 1 L

BaBar BY

-0.2 -0.1 0 0.1 0.2

Contours give -2A(In L) = Ax2 =1, corresponding to 60.7% CL for 2 dof

42



1-CL

1.0

0.8

0.6

0.4

0.2

0.0

Indirect: 3 = 67.7752(°)

m. -+ D(*) K(*) GLW + ADS | wA |
| fitter .
Beauty 09 - T D(*) K(*) GGSZ E COmbIned

Full Frequentist treatment on MC basis e CKM fit
i T 11 I LI I"I | I | L d LI I | L l | I.f‘l LI I LI L i
— \ —
i \ .
- \ _
_ [ -
_ \ -
| \ -
- \ _
_ 1 -
- .\ -
_ 1 -
- \ —_
_ \ -
_ A\ -
_ \ i

L1 1 |.‘r,1 ]

0 20 40 60 80 100 120 140 160 180

¢, (deg)
Combined: ¢3 = 7553(0)
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\ Wexp(ﬂb)

® [l S 11C deC3a
° q> from CP asymmetrles

—B—>Xd”y

— B, mixing

cb
— O(1%) precision

Jjust overly simplified guidelines

FXEI/ X ‘V;jj|2

44



Roadmap for Vb - “Morris chart”

b— sy

&

Inclusive
b— ulv

17 January 2006

Inclusive b — clv

M. Morii. Harvard

36
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Exclusive Analyses
- need form-factors for the non-pert. QCD effect

Hadronic current H* for BY — ¢~ v: HPQCD, PRD73, 074502 (2006)
- 28 | T T / E
= ()b B°0) = @+ r) B LEE )
e new ! + E
Pl :
In the limit of massless lepton, }jgj: W
dT'(B — Tiv) G o " f—ol
Vu el 04t
dg?d cos 0, = b‘ \p = 1) g S S
0 5 10 ) 125 20 25
q (GeV)
® Form-factor models based on
- Relativistic quark models (ISGW2) ézoooo:
- LCSR for low g2 %15000
- 1:JQ_/(:I) f()r hlgh q2 5000 f

(0] 5 10 15 20 25 = I:;Q
[arge variations among models

How well can we measure the ¢ dist. for B—=X,1v ? =



PRL 104, 021801 (2010)

B — X, /Tv (incl. anal.)

L = - B%daa ] using Boosted
2000 E ] - (1B X v ..
: ] 7 OB-Xlv Decision Tree
n 1500 £ 1 o 2000 |:|Secon_dar|e§ _
= = gc"m.b'”am“a' V' multivariate method
() q>, Continuum -
> 1000 ] :
Ll + Ll 2 | ]
i 1000
500 . - A
0 e A . : 0L s VIS ISIIISSD,
0 1 2 3 4 0 10 20 30
M, (GeV/c?) o? (GeV2/c?)

AB(p;? > 1.0) = 1.963 x (1 +0.088 + 0.081) x 1073

TABLE II. Values for |V,,| with relative errors (in %).

Theory V.| X 103 Stat Syst my, Th.

| 3 most precise single
BLNP [5] 437 43 40 3 43 P 8
DGE [6] 4.46 4.3 4.0 *32 410 measurement of Vuy
GGOU [7] 441 4.3 4.0 1.9 21
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|Vub| summary Inclusive vs. Exclusive

Inclusive Exclusive
Ball-Zwicky q~ < 16
334 +0.124055-03 - j
A=14O/o
T HPQCD q~ > 16 >
.05+ 014 +0.24 -0.21 SR < 3.40 + 0.20 +0.59 -0.39 et
HFAG Ave. (BLL)
1874024 4038 o 2 _J
BABAR (LLR)
143+ 0.45+0.29 had
BABAR endpomt (LLR) e e
e el PO
BABAR endpomt (LNP) ’.-";*‘-"-'-:L '.f'-l..‘}'l |
440+ 0.30 + 0.47 e 138 ' e %
: —— Babar prelim z-fit
. ] | . ’ ] 1 1 | 1 1 | 1A=1 O(yO
) 3 4 s .0 2 4 .
V.| [x 107] Vil [X107]
S Exclusive < Inclusive ~1-20, Greater discrepancy with z-fit.
= Phillip Urquijo, Moriond EW, March 2010 22
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What did we learn?

@ Vuw from inclusive avg. give O(6%) error
- restricted phase-space is much better understood
- check with many complementary meas'mts.

@ Exclusive analyses catch up
- powerful B-tagging
- improved V-recon. --> fine-binned g2 dist.
- unquenched L-QCD

@ Systematics (esp. for SF param.) will improve
with more statistics --> Belle-II !
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Status of the
CKM A

Unitarity triangle angles
BABAR: 3 a ~

BELLE: &1 @2 o3
5 B OE

50



1=

angles only

0.7

0.6

1

0.5

0.4

0.3

0.2

HER

0.1

excluded area has CL >0.95 T

I fitter

Beauty 09

sol.w/cos2¢ <0
(excl. at CL > 0.95)

llll|llll|l|ll|l|Illlllllllll L1111

0.0
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I=

with everything

0.7 ——T
=4 -

— o —_—
06 — =
o -

9 -

A o —_—

0.5 gg =
— | © -
nll: -
0.4 ! —
mpy -
0.3 —
0.2 —
0.1 NN :;C:
| X

0.0 ‘
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.
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e (ritical 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

e (P-violating effects in the B
sector are O(1) rather than

O(107°) as in the K° system.
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® Two “tensions” in CPV measurements
- ¢: from b — s Penguin
- DirectCPVin B — K &t

binutad ADY TENSIONS? Cotonad
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® Two “tensions” in CPV measurements
¢, from b — s Penguin
- DirectCPVin B — K &t

® V., tension with

- Bt —= g

binutad ADY TENSIONS? Cotonad
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® Two “tensions” in CPV measurements
¢, from b — s Penguin
- DirectCPVInB—= K=

® V., tension with

- Bt —= g

If confirmed, these could be potential hints for NP...

Beiiag ALY TENSIONSY pptnmed
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Youngjoon Kwon

AS puzzle

New physics search in B decays Nowv. 15, 2009 @ FAPPS09
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¢1 from b — s5s|

e.g. B ¢Ks

Two V.4 vertices 6—’&(2@51)

dominant

S K
d o

Suppressed .

. 0
B ﬂ Mf&
Eo @\zfgﬁi B " A ¢

J) 7
¢

Youngjoon Kwon

New physics search in B decays

> b

§KS

Relative phase = ¢?2($178) £ ¢i2¢1

sin(291.¢) * sin(2¢1)

Nov. 15, 2009 @ FAPPS09
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A sin 2¢$t by b — s penguin (SM)

ASou = (sin25"-sin2%

QCDF:H.Cheng, CK.Chua, A.Soni,
PRD72,014006 (2005),
PRD72,094003 (2005)

QCDF:M.Beneke,
PLB620, 143 (2005)

SCET/QCDF : A.R Williamson, J.Zupan
PRD74,014003 (2006)

SU(3):M.Gronau, J.Rosner, Z.Zupan,
PRD74,093003 (20006)

-1.67

0.3 0.2 0.1 0 01 0.2 0.3
tend to be higher than the observed ,QP/ in b = ccs transitions

slide by T. Hara for DIS 2010
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Entries / 2.5 ps

Asymmetry

B — ¢Kg and B — n'Kg

B—¢Kq: B.F. = (4.3+0.6)x10-6
——— Even with small rates,

60

[ B°»ok” -~ Belle |, B"q’Ks B4B4R_
wl e 1 a2 U clear CP violation observed
| in penguin decays
SO/
0' .......................... ¢ o 3
os| + LT B—n'Kq: B.F. = (3.4+£0.2)x10->
WL e see | ool s |t
osf | T 1 2 100f P 150 I\
AAAAAAAAAAAAAAAAAAAAAAAAAA 1 8 | Y\ "dé)'lOO:
75 5 25 0 25 5 75° ¢ ¢ ¢ s 2 50p :
Al(ps) s 0 p AT e @ 5o
ot e
> 05} %0.5”
Qé 1] 2 e - e .NE O
o} >
< .05} N5
! <V |

75 5 25 0 25 5

'éfAt(pS) At (ps)

~J
I

N
o =
N
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(In 2003, > 3o effect seen in B> ¢ K¢ with low stats)

Latest generation of b->s time dependent CPV analyses
- more data and advanced analysis for three-body decay modes

(Quasi-2body 7 70 —F)

80

Previous ‘slice and dice’ analyses have been modified. . !
Now use time-dependent Dalitz analyses with

interference between multiple common final states for g =
tCPV in ¢Kgand f,K,

30 S —
20
10

0 s L A L
0.98 1 1.02 104 1.06

M(KTK—)GeV/¢c?
(PR 4,

Events/0.002GeV/c

v
=2
;.
D
=
)
e

{1{,’5}:] IJ rn‘v » ""7"\-“'
Y 3

-
— (GERIBRIE) o > X % W&
§ ' "4 '3
= " X 1 B, 1o o T
R 78
: g o JESISTRIE TN
/ 4:._ "-,‘:E " .\“:.‘/-‘:.\ﬂ."_’.|'-.'.< ‘1:-‘\‘\ .’.: LS “
A i 2_ - ..Z‘;:‘,-g—,‘.j.,__-:l_'.;._ Tt :;.-.-Z;,,_'x,_, G 2%y
‘\' 2 4 6 8 10 12
Sy

. . . M2 (KKs)
need a model of resonances that contribute in the Dalitz plot
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sin(2f3° T = sm(2¢ %

PRELIMINARY
- /YOTId AVerage -
. — .20 T
Average: i 04277 1 For NP, need to improve
J
gaﬁ;ar : : UB7E0.08 % 0.0
elle : 0.64 +0.10 + 0.04 ¢
Average ' : : : 0.59 + 0,07 the precision Of the
e ERNSR = I Ty &
Belle ; " | 030+032%008
i 0741017 golden modes
Sl UBSE020£0.037
"k Average o1 0,57 £0.17
T BEBAr DR At 1 ) Ef 035“52;40064»003 |
< Bele . : : 0.64 628+ 0.09 + 01 g
“a.  Average: : | | 0.54°
""" mBaBar ki .10 55‘?."‘7_002 '
X Belle A g ' 0.11+0.46 +0.07
S....Average. i mweedl il 04510024
- CTHEE iR
' - s ; o 017
e 'Average B A . 0.60 033
P BaBar b - - 2048 152+ 0.06 £ 0.10°
., Average = —F 0.48 + 0.53
""'"Q’"Easar": """"""" P TR "O'Qb'fb“sz +0.07 £ 0.07"
verage — : 0.20 + 0.53
- BaBak s S TR0 E0.087
%% Bele L — ; ' -0.43+0.49+0.09
% x@._é‘é%fgge SROODIOIN RN . . ....... ool o iee.e.. ...{);%294—;%,,.
Z e Average: 3 - S 0.97 %
“““ v T BaBar VT ey T 00 £ 031 F0.05 £ 0,09
'x o Average' — : 0.01 +0.33
wXC T BaBar ;T T T UBE 008 £ 0103
+ : .
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-2 -1 0 1 2
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sin(ZBeff)

n(ch““) pm

PRELIMINARY
h_—sree WOorld Average ) 6/ +

o Ddbdl - J.2b T U.Z0 'I[._;;

X Bele ; 0.67 '35 '
.2 Average 0w 1 For NP, need to improve
o Ba T +0.08 £ 0.02
< Belle 64+310 0.04 .

5 . Average’ 500,07 the precision of the
aar an” -
w

: Sin@B™) = sin(20:™) EEA  fodes
O — FPCP 2009
o PRELIMINARY
" |boccs  World Average  © © i ... 0671002
. °a _  BaBar | ’ { 0.26+0.26 +0.03
v X Belle : : : 0.67 '35

- < Avera : +0.17
- ... _hverage . o s 1 OO SRR n a1 2

x’ o BaBar ' : 0.57+0.08+0.02
e X< Belle ! 0.64 +0.10 £ 0.04
e = Average | k. 0.59 + 0.07
- - :________ . - '_______ - . . - '________ o
R ¥ .

3‘9 08 -06 04 02 0 02 04 06 08 1 12 14 16
=
= 0 —
£2 sin 2, = 0.672 +0.023 (b — ccs)
-ys 1 — _
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L ;.--1:---.’6.‘}'9!?963 i Hpep 0821007
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New physics search in B decays

Nov. 15, 2009 @ FAPPS09

60



Youngjoon Kwon

K puzzle

New physics search in B decays Nowv. 15, 2009 @ FAPPS09
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CP violation in B — K7

Q|
|
gl

CPV in B — KT x~ is not unexpected, but ...

Youngjoon Kwon New physics search in B decays Nowv. 15, 2009 @ FAPPS09
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Direct CPV in

2
|
)
)
_|_

500

N
(o))
o

300

II]I

Entries per 2 MeV/c?
o

AKi n¥ =

B — K

rso o T Npp =535 x 10° Pl

N(BP»K nt)—N(B’—K*n™)
N(B°»K-nt)+N(B*»K*n~)
= —0.09440.018 +0.008

Bt — K*r
200 — Ag+0=+0.07+0.03+0.01
100
0
>2 >29 Mbc (ng/CQ) >29 AKi TCO — AKi TC$ — _l_ O. 164 i 0.037

Figure 2 | M, projections for K z* (a), K*n~ (b), K" =° (¢) and

K*7° (d). Histograms are data, solid blue lines are the fit projections, point-
dashed lines are the signal components, dashed lines are the continuum
background, and grey dotted lines are the 7~ 7 signals that are misidentified
as K~ n. The M, projections are made by requiring | AE| < 0.06 GeV for

K 7" and —0.14 < AE < 0.06 GeV for K 7°.

Youngjoon Kwon New physics search in B decays

a 4.4 o effect!

Nature 452, 332 (2008)

Nov. 15, 2009 @ FAPPS09 64



Acp(Km) current status

I I I I
ACP(K—I_TI'O)
¢ ACP(K—I_W_)
AAKW = ACP(K_I_TI'_)—ACP(K_I_WO)
—H0 5 0 5 0 = —0.147 +0.028
Acp (7%
(%) = CDF a 5.30 effect!
world average -o- Belle
BaBar

Youngjoon Kwon New physics search in B decays Nowv. 15, 2009 @ FAPPS09
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Diagrams for B — K

a y b
K+, * W
W S, d b ‘%, d K+, m+
b G u
B+, BY g
B+ BO° 750, T ’ —
y U 7[0 T
U, g =——— d U, ( ——m—m— m—_——, d ?
C d
b u u,d
70 Z _ - 70
W u _ u, d
B+ b d, s
4 o +
O', S o K B W T, K+
u —mmmm———— u u

Youngjoon Kwon New physics search in B decays Nov. 15, 2009 @ FAPPS09
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Conjectures for AAcp #0

® Enhanced color-suppressed tree?

- Can it be bigger than color-favored tree?

® EW penguin?

- EWP has negligible CP phase in SM, hence cannot affect
AA by much

- perhaps, picking up a new CP phase from NP?

[ would love to talk about all the wonderful results on EVP,
but I simply don’t have time for it today...



one important but poorly constrained piece in the puzzle

+1st obs. of B — Kpr°

w
o

Events / 0.05

Events / (0.004 GeV/c’)
N
o

-2
o

Dverin (001 GoN)

T

Events/(0.006 GeV/c?)
(4]
o

o
...!L.,.

...................

525 5.26 5.27 5.28 5%9

3-d fit gives a 51gnal of 657+37 events M,. (GeVic?)
285+52+57 (3.76 incl.

Use flavor tagging to distinguish B°

(Using K¢ decays that are inside the SVD,  These modes will be very difficult at a hadron
we measure TCPV) machine

Youngjoon Kwon New physics search in B decays Nowv. 15, 2009 @ FAPPS09 68



Model-indep. detection of NP in the B — K7 system

. o BK°rY) 1o 2B(K+7°) 2B(K70)
A ' ):/ —+—;T—: A-‘ )(/ IIT‘_-{— — A |/ —+—,__|| ”““l _ - .
op\ft 7T )+ Acp (K ')B(A+~r LR Ty e o B([ﬁn-
B — K HFAG, ICHEPOS A(KOJ'EO)
_ ‘?
A(K°m*)=0.009 +0.025 R 0.10¢ \>\® K\ 2
A(K*70)=0.050 £0.025 b R /
A(K*m)=-0.098 +0.012 {("i{ : / /
A(K°0)=-0.01 0.10 N 44
—0.05 1 | | 0.05 0407 //oy// 0.20 0.25
measured (HFAG) ‘d:'°5;" ///// A(KOrt*)
[ i

expected (sum rule) i 7

Sum rule proposed by:
M. Gronau, PLB 627, 82 (2005); D. Atwwod, A. Soni, PRD 58, 036005 (1998).
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PRL 97, 251801 (2006)
arXiv:0809.3834 (2008)

PRD 77, 011107 (2008)
arXiv:0809.4027




Motivations for Bt — /T

€+

Pati-Salam
boson

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

e but, helicity-suppressed: I'(BT — e"v) < (BT — u*v) < T'(BT — 77v)

Youngjoon Kwon New physics search in B decays Nov. 15, 2009 @ FAPPS09 71



(B™ — 77v) Constraints on new physics

1000———
800 y
i | e Hou, PRD 48, 2342 (1993)
O I BBt — 7v)
> 600 — ry =
(B - 3 B(B_I_ — T_I_V)SM
2 | ] 2 2
> 400 = (1 — —123 tan” ﬁ)
- My
200 e (Figure) from Belle SL-tag results
- il T A AR
r | LIIEPIExlchlldeld (I‘)S‘l’/o (ll‘LI) o 3

0 20 40 60 80 100
tan 3
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1-CL

1.0

0.8

0.6

0.4

0.2

0.0

(B*—1"v) compared with CKM fit

E_Etgl CKM fit w/o BR(B — tv)
| er

Beauty 09 e Measurement (WA)

lllllllllllllllllll

® Bsy X (fB\Vusz

e fp cancels if taken

llll

lJllllllll

llllllllllllllllllllllll

llllllllllllllllllllllllllllll- ratiOWithBOmiXing

- o provides a constraint
] onV, in CKM A fit

1 e 4 a tension?

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

BR(B — 1v) x 10*

2.2 2.4
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Concluding Remarks

- '\'.-J;:é«v';:;/;, . :;,‘, ):?f:
B-Factories have confirmed the large CP violation o;‘\
: : _ , \O\
in particular, B = ¢cK® modes : sin2¢, =0.6721+0.023 \ Q\”eo
. o
Now, the reference for the new physics search
+0.90 °
httbp://ckmfitterin2p3.fr/ ¢, =21.15 0zs
+4.4 0
0.Long @ Moriond, ¢2 - 89?—942 =12 —
EW, 2010 _ +19° 8
b, =695 : green
07 o~ T T T T [ T T T T T TR o T ] b F .
06 f—% o Amy o % —f
g ; -
05 = 8 €k T 0.8
— 3 20, sol.w/ cos2 ¢ <0 _ '
E g ~ g? (exdl.at OL> 095) 7 ! i %r E i
I= -8 T 25 - 06 n |
03 | g ! < N 9, — +
' 9, -
02 = 04 ||
0.1 , —E .i %
0.0 L2y oy .¢3. ] P 1. ] N 0.2 ¢ blue
-04 -0.2 0.0 0.2 0.6 08 1.0 1 =1

2000 2002.5 2005 2007.5 2010
year

slide by T. Hara for DIS 2010
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Concluding Remarks

® Status of the “tension”s

There are a few interesting results from the B-factory
experiments indicating hints of something unknown...

% leptonic B decays

% hadronic penguin decays

* NP or not-NP, we do not have clear understanding, yet

® What's ahead

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

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

But some aspects, e.g. modes with neutrino(s), will require
Super-B (i.e. Belle-II)
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Future prospects

extrapolations
JLdt | ABB—T V) AVl
414 fb 36% 7.5%
Af(LQCD) = 5% (?) 5 ab'! 10% 5.8%
50 ab™! 3% 4.4%
for 50 ab"! “C
assuming |,
AV, =0&Afg =0 20 band for ry 2

S0

H* Mass (Ge

100
b LEP Excluded (95% C.L)
0 : ‘ : S | A O ST e v [ WY B
0 0.1 0.2 0.3 0 20 40 60 80 100

tan 3/ m,,. tan 3



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



on K7 puzzle

e.g. Belle II, 50 ab-’

o}
A(KOr?) A
X
3 P «?\
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0.05 |
|
¢ I
1 1 : l 1 1 1 1 1 1 l
—(i.'os . 005 0.20 0.25
1 o O +
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Epilogue

What we call the beginning is often the end
And to make an end is to make a beginning.

We shall not cease from exploration

And the end of all our exploring

Will be to arrive where we started

And know the place for the first time.
Through the unknown, unremembered gate
When the last of earth left to discover

Is that which was the beginning

T. S. Elliot, from “Four Quartets”
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The (still) open questionsEPilogue

hy flavors; why 3?

hy the mass & mixing patterns?

= = =

hy/how did the antimatter disappear?

Questions may remain unanswered even if SUSY or new physics is found
at LHC and/or Super-B...

But, step-by-step experimental approach in flavor physics, esp. in B
physics is definitely needed to address these grand questions
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Epilogue

Flavour Observables Sensitive to New Physics

Am, ¢, ele, B(K,—»m°vv) B(K'->m"vv) B(K'=I"v)
Am, A (By) S(By—JIwKs) S(B,—¢dKs)
x(B-tmm,ptm,pp) y (B—DK) CKM fits
Am, Aq(B,) S(B,~Jlyd) S(B,—be)
B(b—sy) Aglb—-sy) S(B°—K.m'y) S(B,—¢y)
B(b—dy) Acp(b—dy) Acp(b—(d+s)y) S<BO_>POY)
B(b—sltl") B(b—dl"l") Ag(b-sl'l") B(b—svv)
B(B.—1"1") B(B,—~1"1") B(B"—I"v)

B(u—ey) B(u—e'e e') (9-2), u EDM
B(t—-uy) B(tr—ey) B(t"—=I"I"I") T CPV v EDM
B(D,—1"v) Xp Yo charm CPV

... add your favourite here ... i

from Tim Gershon’s talk in Coseners Workshop (2007)
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Epilogue

Will be Studied at Be\\@"‘ I

Amyg e €le, B(K,—»m’vv)

y (B—DK)

(KT>m vv)

B B (K

+_)I+V)

Am, S(B.— Jlwp) S(B.~dpo)
(Ebsy |[Aclbsy (8.~
A(b—dy) [Ac(b—(d+s)y)

>
@)
O
I

B(b—sl" 1)

B(B.—I1"1")

B(b—dl )

A (bos T
B(B,—1"1" )] B(B"—I"v)

B(u—ey) B(u—e‘e e’) (g—2), u EDM

charm CPV

8

from Tim Gershon’s talk in Coseners Workshop (2007)
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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 [12] (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=2 x 1073

A failure of imagination, or lack of patience?
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