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KEKB and Belle

Superconducting

cavities (HER

BFlLF Detector

ARES copper
cavities (HER)

tunnel

8 GeV e-3.5

1. Silicon Vertex Detector

2. Central Drift Chamber

3. Aerogel Cherenkov Counter

4, Time of Flight Counter

5. Csl Calorimeter

6. KLM Detector

7. Superconducting Solenocid

8. Superconducting Final
Focussing System

-

e

 Belle started in 1999.

— Experiment
designed for ¢, extraction.

— Data taking is finished at 2010. ‘




Belle data set

Integrated luminosity of B factories

>1ab™!
l On resonance :
-1
s La»] Y(4S): 711 b

1000 |t e Y(38): 3 !
[ | Y(2S): 25 b
800 : | Y(1S): 6!

Off reson./scan:

i , ~100 b !
i | | b i ~ 550 fb!
) e e e T On resonance:
Y(4S): 433 b !
Y(3S): 30 b !
200 Y(2S): 14 b !

Off resonance:
~54 fb!

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

Belle has ~772 M BB pairs data as the final sample



KM unitarity triangle and
CPV parameter convention
Vid Vs Vb 1 - A AN (p—in)
VKM — (Vcd Vcs Vcb) — ( —A — %2 A)\2 )
AN3(

Via Vis Vi 1—p—in) —AN 1

by Wolfenstein parameterization

Irreducible complex phase
causes CP Violation!

Comprehensive test; .
measure all the angles and sides. _“//udvu*b

B system : very good place,
all the angles are O(0.1)!



Time-dependent CPV
in decays to CP eigenstates

/J/?ﬂ _
N(B(t) — fop) — N(B°(t) — fop)

< Acp(fep;t) = N(B(1) = for) T N(B) = fop)

K = Ssin Amgt + A cos Amgt

2ImA A2 =1

S = A =
A2 +1 A2 41

Y “ \— GAB — for)
N A for

* (S, A)

\KS — €_i2¢i ﬁ
d
Ay

— (-&sin2¢,, 0) for (cc)K;, (§==1)
— ( sin2¢,, 0) for rur (if tree only)



sin2@, at Belle (772 M BB, final sample)

(]

E
a
X

=] * Signal yield increased

[ B*—JiyK,

et more than Ngg

moe sy compared to the
previous publication
e (PRL 98, 031802),
STmTm e e s o eaoe 1z 1o 2  thanks to the data
CP-odd M, (GeV/c?) CP-even Py (GeVic)

PRL 108 (2012) 171802 .reproceSSIng Wlth
improved tracking.

—m

N

x
Y
X

- Bo_>Xc1KS

L} Allcombined | (a)
[ — B°>JiyK,

[ — B>y(25)K,

F —— Fitresult

Events / 1 MeV/c?
W
3

=
—2—r—r—
Events / 50 MeV/c

N
X

-
X

Sg 12727 £115 10087 +154 1981 +46 943+33 772 M
Purity(%) 97 63 93 89
Ny (Prev.) 7484 +87 6512 + 123 535 M

Purity(%) (prev.) 97 59



sin2¢, at Belle (772 M BB)
I A P

W K 0.671+0.029 -0.014 +0.021
$(2S) K,  0.739+0.079 0.103 +0.055

0 F 0
2 400f -]
2 350! 2 250 xcl Kq 0.636 +0.117 -0.023 +0.083
€ 250} c J/P K, -0.641 £ 0.047 0.019 £0.026
& 200 5 190
150¢ —
sin2¢, = 0.667 + 0.023 + 0.012
: 50
50¢F -—
of I A =+0.006 £ 0.016 £ 0.012
> f > F
o 0.6f o 0.6
g 05} g sm(ZB) =sin(20,) S
g 04 " + g 04 PRELIMINARY
> I > 10031
o o.2+ f 2 02 PAD 70 o 72008 | ; 0Be 00800
0 0 lPBgEDSaSrO %000§)112001 \ , 0.69+0.52+0.04+0.07
-0.2¢ -0.2 D A dhdstonie) Ks | Lo 0422021
-0.4F $ -0.4 | Belle : : : 0.67 +0.02 £ 0.01
_ PRL 108 (2012) 171802 ;
-0.6 -0.6}F ALEPH : : — 0.84'9%2 1+ 0.16
TR TS TR TS NS ST sl TR P T PLB492259(2000) T : b
: : : +180
6420 2 4 6 6420246 OPAL. 570 iooe | x 3.20 3%+ 050,
At (ps) At (ps) CDF : N 0.79 1941
CP-odd CP-even s T B o
LHCb-CONF-2011004 | *] e
ESE‘?%SB 20125 171801 _—' 0:07058:20.08
Average ; ; 0.68 + 0.02
HFAG ; : ; 7

-2 -1 0 1 2 3



o, determination

B->mutis used.

ﬁ< %<

A(BO —ataT) =TT e 4 P
A(t) = S+ .- sin(Amt) — A+, cos(Amt)
= \/1 — A +,-8in2¢9 of sSin(Amt) — A +,- cos(Amt)

* From time dependent CP Violation,
we can measure ¢, .« instead of ¢,.

S +x— = 8in2¢s + 27 cos d sin(¢1 + ¢2) cos 2¢2 + 0(7“2)
r=|[P|/|T]|

Additional inputs required to determine the penguin pollution.



Isospin analysis

Ay =ABY s ntn ) =e 2T " 4+ P
V2400 = V2A(B? — 797%) = 702790 1 p

VEAg = VBA(B® — mta®) = (I 4+ TH) LA,

A-}-- ‘|‘ \/QA()() — \/§A+O

) ] ) | Agol
Ay + \/5140() = \/QA_H)

* EWP is neglected—> A, pure tree
|A+o| = |A+o|

* @, can be resolved with up to the 8-fold ambiguity
(CI)Z € [OI T[])



Combined (rtmt, pmt, pp) measurements
for ¢, determination

dominated by the B - pp measurements (though flat isospin triangles)

p-value

1.0 |

0.8
i.\
- !
0.6 [\

[i)
1
0.4 !

-=- B—pp (WA) 3 Combined
wnter1z2.  --- Bonn (WA) e CKM fit
B—pm (

WA)

02 1!
-|

0.0

B 180
¢, (deg)

+ §,=(88.775)

10



B> a*m, a,* >(rt'm)m*

* B> a;* *can be used to determine ¢, .«

— a,Ttis not CP-eigenstate.
e 2 interferences are observed
(B® > a,*rr, B > a,*rv) (B® - a,m*, B® > a, ")
1At]

— 50

P(At,q,c) = (1 + CACP)€8

{1+ q[(Scp + cAS) sin AmgAt — (Scp + cAC) cos AmgAt]

a,":c=+1;a;7:c=-1
* 5 CPV parameters BO:q=+1;B%:q=-1

Acp @ time and flavor integrated direct CPV par.

Ccp : flavor-dependent direct CPV par.

Scp : mMixing-induces CPV par.

AC : rate difference between the decay channels

AS : strong phase difference between the decay channels

TRo
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+ 7 oo 2 )
B % al It ) al %(T[ n )T[ arXiv: 1205, 5957
772 M BB

Fisher : for continuum suppression

e Signal extracted from a 4D(AE, i'f, m,., Hs ) fit
> a | | | © oo (c | | I g 14 (d) | | | R
O I E 1oE S g =
Sl s 0 TR ;
= %% S 2 g :
g PR of i
2 40F i § 6l 4

oQE=-- ._‘g i ; >
5 } o hlarkgrouqij :_' - ‘ Lo -
8§ Zoecdrydoorid 88 % R T AT TEL ST
< JE AR B T ] Eg 2 ff#fﬁ*h_ ﬁf%ﬂﬁﬁh.fﬁf :T, iy
Z0C 072006 002 002 0.06 01 =T 085 103 121 139 157 175 2€ 1 o8 02 02 06 1

AE (GeV) m,, (GeV/c?) Hay

Ny, = 1445 + 101
Br(B°->a,*(1260)rt*)xBr(a,* > mmnt) = (11.1 £1.0 £1.4) x 10°®



Events / (2.5 ps)

NFit_NFit/NFit_l_ N{:it
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B->aj

450F
400 “B
350
300
250
200
150
100
50

LA LR LRI RLRLN LRRLN LRLRI RLRLY LRRLY LALLM

o
T

SO6655 ocoooo
B WN  LDO AN WSA O

A, = 0.06 £ 0.05 £ 0.07
Cep =-0.01+0.11 +0.09
Sep = —0.51+ 0.14 + 0.08
AC = +0.54 + 0.11 + 0.07
AS = -0.09 + 0.14 + 0.06

First evidence of mixing-induced CPV
with 3.1cin B - a;m.

®, . determined with a 4-fold ambiguity :

O2.off = 1[arcsin( Scp £ A5 )
2,eff A \/1 — (CCP 4 AC)Z
Scp — AS
+ arcsin( S )]

v/1—(Ccp — AC)?

1 T _
© | [-25.57,-9.17]
-t | [34.7°,55.3"]
| 99.1°, 115.57]
0.4F .
0.2 4 This is “effective” ¢,.
ol TN T\ X So “true” ¢, will
-50 0 50 100 , 150be shifted.
q)eff (o)

2
- &, using isospin analysis

[M.Gronau and D.London, PRL 65 (1990) 3381]
using SU(3) flavour symmetry
[M.Gronau and J.Zupan, PRD 73 (2006) 057502]



¢, measurements from B—->DK

* Access ¢, via interference between B->DK and B->DK

U
color allowed color suppressed
B>DK ~V_V,* B>DOK  ~V,V.*

~AN3 ~AN3(p+in)

relative weak phase is ¢,

rg = ‘Asuppressed| -~ Vubvcz
’Aallowed ’ Vcb V'l;ks

relative strong phase is 0;.

X [color supp.| = 0.1-0.2

14



¢, measurements from B—->DK

e Reconstruct D in final states accessible to both D° and D°
— D =D, CP eigenstates as K*K", m*rt, K mt°
* GLW method (Gronau-London-Wyler)

— D =D,,,, Doubly-Cabbibo-suppressed decay as Kn
* ADS method (Atwood-Dunietz-Soni)

— Three-body decay as D>K ', KKK
* GGSZ (Dalitz) method (Giri-Grossman-Soffer-Zupan)

e Largest effects due to
— charm mixing negligible

— charm CP violation Y.Grossman, A.Soffer, J.Zupan
[PRD 72, 031501 (2005)]

e Different B decay modes (DK, D*K, DK*)
— different hadronic factor (r, 6;) for each.



Dalitz ( B — [KST[T[] DK_) PRD 81, 112002 (2010)

- %o, DO>K

+
W \Q‘-I,)\'-J
b

_|_
=
oy
Q)
H
~
-
w
_|_
.
%)
vy

B ¥
a8
NoRN o . s o #
|
. . 2 2. 3 o~ — ~ » ~ .
2 ~ 2,4 o - -
m- (GeV/c') W LGS\
T T T 3 T T T

w

& 4 .
\\ ~ 25 B ~ 25 .’41 B
o el S
old model dependent analysis S R O B S
0.4 [T o T os ".".p.:}.i:" :-'— ol x”‘:: ;}1
- BoDK (@) e B PR

- _ — m? (GeVZ/c?) m? (GeV%c?)
| : e K.t plane model & error!!
BVANY S

> 0 ~ ] +13.1 o
| @ : b, = (80.8 133 £5.0+8.9)
' +0.040 +0.050

] rg =0.161 0038 £ 0.011 530

IF'—>DK" ] x,=rgcos(6ztd;) o
+15.

oalbe o 1o yErgsin(Optds) 63 = (1374 157 +4.0+22.9°

-0.4 -0.2 0 0.2 0.4 16




Blnned DaI|tz (B e[KSnn]DK) orkiv: 12046561

"'120

0

3 100

80F

_ :

- 60

40_

20 events projection
086 4 20 2 4 6.8 foreachbin

Kmunt pIane biINNING mxor @eviich Bin

* Avoid the modeling error by optimal binning of the Dalitz(K.rut) plot

g
o

N
LN L B

B+

S

m(K°r) (GeV2/c )
I-cll.ll T

T ITY T T
Number of

0.5F

-8
7
6
5
4
3
2
1

||||||||||||||

new model independent analysis
> 0.3f

b, =(77.3 a5 £4.1 +4.3)°
ry =0.145%0.030 +0.010 +0.011
= (129.9 +15.0 +3.8 +4.7)°

The 3" errors come from binning in Dalitz plane.
It can be reduced by using future BES-IIl data.

In the Super B-Factory era,

no more model error is dominant.

0.2/
0.1

e e i EE S B
-03 -0.2 0.1 0 0.1 0.2 0.3

X 17



GLW and ADS

@V (D - CP-eigenstates)
A(B* — DYK*)

V2A(BY — Depr K

V2A(B~ — Depi K™)

A(B~ — D'K™) = A(B* — D'K™*)

Magnitude of one side is ~0.1 of the others
while relative magnitude of the others
help ¢, constraint.

* Larger event.
(B~ — Dep+ K~) +T'(BY — Dep=K™)

R — —
ops T(B- — D'K—) + T(B+ — D°K+)
=1+ r% + 2rp cos d g Cos @3
['(B~ — Dope K=) — (Bt — Dap< K+)
Aops =

F(B_ — DOPiK_) + F(B+ —> DCPiK+)
+2rp sin dpg sin ¢3

K_

chi

ADS (D> Douny—Cabibbo—suppressecN

“favored mode
* Larger asymmetry.

R LB” = [T ]K7) + T(BT — [K- 7' ]K™)

PR DB~ - [K—nt]K-)+ (BT — [Ktn|KT)
= 1% 415 4+ 2rprp cos(dp + dp) cos ¢s

DB = (KK~ T = (KR

(B~ — [Ktn"|]K—)+ (BT — [K—nt]|KT)

_ 2rprpsin(dp + ép) sin ¢3
Rpk
18



Preliminary (LP2011)
772 M BB DK Signal

GLW (B~->DK) on

BB
continuum

B->DK, D->KK, rurt (CP+) B->DK, D->K.n®, K.n (CP-)

100 <100 < .
50
8% 8% 8 R B+
« 80 « 80 @ © C
o o o o 40F
S 70 2 70 S s YL
S 60 2 e S S °F
- - - < 30k
£ £ 2 T
2 4 2 40 S 2 20
Y 30§ W 30 u u
20 10
10 108
0 0 - Trnin 0 . B .
0. 95 0 0.05 0.10.15 0.2 0.25 0.3 0.1-0.05 0 0.05 0.10.15 0.2 0.25 0.3 $120.05 00.05 0.10.15 0.2 0.25 0.3
A E (GeV) A E (GeV) A E (GeV)
A p, Averages HEAS, E
8% e Acp. Averages [5a”
BaBar [ 025:006£0.02 ,
PRD 82 (2010) 072004 : BaBar H_{ -0.09 + 0.07 % :0.02
Belle : | ., 0.29+0.06 +0.02 PRD 82 (2010) 072004 | :

. LP 2011 preliminary ; : X Belle = -o.12io.064_<0.01

. CDF Pl 0.39+0.1740.04 5 LP2011preliminary  'T] ¢ :

& PRDS1(2010)031105(R) : e Average & 0.11£0.05 R - 1 03 +0 07 +0 03
LHCb . 0.14 +0.03 £0.01 i aead H -0.11 50. cp+— +- TU. TU.
arXiv:1203.3662 : N N R -5 (SR SR
Average : 0.19+0.03 BaBar i 006+010+002 _

HEAG C . PRD 78, 092002 (2008) 13 RCP =1.13 £0.09 +0.05
............ BB '5"“""""""0"1‘1’1’0'695‘4‘6’0'1"' PR 3 : § - -\
« PBIZEI)IQS, 092002 (2008) : 0204 0.22.5 0,04 R E@g%’ 051106 (2008) "X ,0-13_030 _20,08
o =U. X i U, e
5 : : Average i 0.07 +=o.10 -

5 TSt A th ] Acp,=+0.29 +£0.06 +£0.02

Averag bi 012008 | Lo BaBar 5 'éé?d'é'f'%b-d?"
............. CA PN (S S S = .

. BaBar i 0.00% 6,13 £0.06 & PRD 80 (2009) 095007 X A — _O 12 +O 06 +O 01

& PRD 80 (2009) 092001 : o : ; CP- . =Y. =Y.

o : : ; & Ayerage -0.23 t 0.22

5 Average : 0.09£0.14 a] HFAG * ;

o HFAG : : . : . . R R . . : 19

-4 12 1 -0.8 -06 -04 -02 0 0.2 04 06 08 1 1.2

-4 12 -1 -08 -06 -04 -02 0 02 04 06 08 1 1.2



ADS (comparison charged and neutral B mode)

e ADS in charged B
— amplitude ratio (rg)for the two paths is 0.1~0.2
* Suppressed B decay x Favored D decay x color suppression

e Favored B decay x Doubly Suppressed D decay

U

EL/"//._U ‘ “\ Kt g E
,_b 7 /D E— '_%r-ii,_‘_\ K~ \‘ Kt (%K)
Bl | wWH C /-Z? 3 Wf} § I’V\\ U
R — \cs /7 fi' _ b < ¢ c_ & d ) DN L AB k) = ABY (k)
U~ v - - v NS et
_____________ _ o o e e __________________y'_______________________\_\A_______T»'i______\_\:_‘_\_\_:‘_";__:_
* "ADSin neutral B :
— B flavor is tagged by the charge of K from K*.
— Both path is color suppressed.
* The amplitude ratio (r,) can be upto 0.4
—> larger CPV and higher sensitivity to ¢, are expected!!
b (TAPSN) b ¢ o Va Vi
. .- N 2 rg ~ —2 = x [color supp.] ~ 0.1-0.2
BY BY Veo Vil
Vu Vi
5 pox0 S g0 rs ~ VoV X [CMJ ~ 0.4

d > d d >- d




Events / (0.01)

PRL 106 231803 (2011) ADS

772 M BB

(B> [K*Tr] K7, BO>[K* ] ,K*O)

0 0.1
AE (GeV)

0.2 0.3

neutral

Jbd

arXiv: 1205, 0422
772 M BB

D_Kn K

R,ps B

PRELIMINARY

BaBar ; ) N | 0.0110+0.0060 + 0.0020
PRD 82 (2010) 72006 '
Belle b 0.0163 50531 5501
PRL 106 [2011) 231803 ' |
CDF ) 0,0220 + 0.0086 + 0.0026
PRD 84 (2011) 091504 ' * '
() B' K+T[' K' LHCb s 0.0152 + 0.0020 + 0.0004
D arXiv:1203.3662 T
Average 0.0153 +0.0017
HFAG o) B
[ J [ ] ] H
— First evidence obtained oo ow  om

D_Kn K

PRELIMINARY

with a significance of 4.10

BaBar

Aws B2

i -0.86+0.47 013

PRD 82 (070) 072008
Belle

! +0.26 +0.04
-0.39 Zo25 -0.03

PRL 106 (2011) 231803
CDF

* Ry =(1.63 041 '033) x 102

PRD 84 (20%7) 087508~
LHCb

° A _O 39 +0.26 +0.04
DK ’

-0.28 -0.03

£0.82+0.44 £ 0.09

0.52 +0.15 + 0.02

arXiv:1203.3662

Average
HFAG

-0.54 +0.12

° BO%[K_T[-I-]DK*O
— Most stringent limit on R+, to date
+5.6 +2.8

= (4- -5.0 —1.8) x 102
<0.16 @ 95 % C.L.

<04 @95 %C.L.

* Rpkeo

(] rS

21




Summary

* Now we know CKM precision.

0.7 [ ¥ ¥ " I' l’ L T ] T T T I T T
- 5 ' <M -
0.6 ’__l-: :¢3 Wintsr 12
— —
=Y & =
05 —7= sin 20 —
b~ T 1 sol wigoa 23 <O —t
™~ O |uzed. 2t CL > 0.5%) -1
0.4 ’_'g p—
= Es Cap ¢, =
03 [ T
= *, :
02 — ]
0.1 =
- i) P ' X
0.0 23 1 A M 1 M M M 1 M M " | A N A | M A -
-04 -0.2 0.0 0.2 0.4 0.6 0.8 1.

 still interesting updates in the pipeline
(especially on ¢, and ¢,)

— new Belle result shown today on B - a;m

o
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Back up



measuring the CP parameter S and A

TC+
[ [ / )
| . / T
! |
electron : !
(8GeV) '™ : _ :
positron?*o --- - Vi 1 »D“ T
(3.5GeV) —° @o ! \
I K—
' M\%§+
- -
AZ~200um H
AZ ~ cByAt

1At]
P(At, q) = ZTZ (1 + q(Ssin(AmgAt) + A cos(AmgAt)))

25



[Krt] ,K*O

favored mode

suppressed mode

Yéndf=1.21

bb= 185+ 37 et bb = 252+ 50
m e - P
: A : 5 ] |5 mer-ano
H & £ g
5
b 0 0.1 0.2 0.3 Ly saanee .o o.-5" 1
AE (GeV) NB
Mode e (%) N Rpiso
BY—K*r oK~ 2L0£03 190738 " ive 0
_ | D_r )X
B - [K~nt]pK*® 209 +0.3 7.753%° 50
Source Uncertainty [10~2]
Signal PDF's +0.1-0.2
D%p° PDFs +0.0-0.1
Combinatorial BB PDFs +1.8-1.2
Peaking background PDF's +0.1-0.1
qq PDFs +2.2-1.4
DK+ and D%zt PDFs +0.0-0.1
Fit bias +0.1-0.1
Efficiency +0.1-0.1
Charmless decay +0.0-0.3 26

Total

+2.8-1.8




L

=]
N
A B

(=]
-
T

a T

Normalized number of events,,
o

1 (— el

of
0 0.102030405060.70809 1
LR(KSFW)

Probability
(=]
B

SRR PN

.15 01 005 0 005 0.1 015
Az

Probability

L
0 e iy
0 0.1020.30405060.70.809 1

Icoss,,|

02
018
0.16
0.14
0.12

0.1
0.08
0.06 .
0.04
0.02

Probability

R
paaa Lo Ty e e g Ay

00 0.01 0.02 0.03 0.04 0.05 0.06
Distance of tracks for D and K*

0.03

0.025

0.02

0.015¢

Probability

r - .
0O SR e

L- i by _Llh-._r'-u T !Jr-L
0.005F

0
0 0.10.20.30.40.50.60.70.80.9 1
Icosayl

NeuroBayes inputs

Probability

Probability

(=]

-

>
T

[=]
-

. 1. . Tt '
obu i S R T e T

o0.18f
0.16f
0.14f
012}

01f
0.08F
o.08f
0.04f
0.02f

0
0 0.10.20.30405060.70809 1

-1-0.80.60.40.2 0 0.20.40.60.8 1
cosof

Dbl alil

Igri

COos

0 02 04 06 08 1

K»O

cosO,«
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