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1. Introduction

- The goal of B-factory experi
of the unitarity triangle

Vcdvcb

VMV M4V V=1 [[Mixing induced CP Violation
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» sin2¢, — non 0 value (CPV) is established in b — c transitions.

— precision measurement as a reference

= Probing new physics effects in FCNC ( b—s penguin)
by comparing measured sin2¢, with the reference from

b—cC.




b—c transition

- Tree diagram dominates.
- Negligible uncertainty from
Penguins.

_ _ New coupling —New Phase
sin2¢,(b—s) : sin2¢,(b—c) # sin2¢,(b—s)

Sensitive probe of New Physics
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Measurement Technique

- B%and B® mesons are produced from Y(4S) de
- To measure A, we need to know decay fifr
of two BY mesons with the flavor of one

charge «..

v

flavor
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Reconstruction of B meson

- Performed using i %
special kinematics = | =
= [
on Y(4S) 2 / ) %.00 s
0 %JJ g b e
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momentum of
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2. Experimental Setup

KEKB Accelerator

Superconducti

Aerogel Cherenkov Counter
Electromagnetic Calorlmeter ~ n=/1.015~1.030
= 2

Csl(Tl) 16X, 3.5 GeV 6+
5 Ge

~ Belle
detector

TOF counte

¥al Drift Chamber

Fracking + dE/dx
0-layers + He/C,H,

copper
cavities
(LER)

e . 80GeVe

tunnel

NN “

8GeVe- S/ ’ '

Sodyou \J w‘\ ' q =N
Si Vertex Detector” - 1K£/f50::;§::tor
4 layer DSSD RPC+Fe
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3. Measurement of ¢, in b—¢ transition
Data Sample

- =Sum
o A — I ()
% 700 é_ ________ J!\].IKS{ED“D} ‘ a
3 600 [ £ 400
0
sin2¢, = 0.728 £ 0.056 (stat) | 5y

+ 0.023 (syst)
Acpl =1.007 £ 0.041 (stat)

+ 0.023 (syst)
consistent with no-DCPV [A|=1 & A=0

. o] :
Jhy Ks only (253/tb) .
sin2¢,(J/yK,)=0.666£0.046
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Constraint on Unitarity Triangle (Belle+BaBar, a

a has CL >0.95

1 Ambiguity in ¢,

from sin2¢, value:
sin2¢, = 0.726

— ¢,= 23.3° or 66.6°

| * Measurement of
cos2¢, can resolve
the two-fold ambiguity

| CKM 2005

_1 .5 1 1 1 1 I 1 1 1 1 I
-1 -0.5




Resolving ¢, ambiguity : B°—>J/wK* decays  hep-exiians

Be

|+

K*-rest frame

* Time-dependent full angular /GK
analysis for decay products = _x

of BOsJiyp(FHK*(Kn®) | Tl
Transversity Bas!s

At

1 dr 9 e /t,

= f.(8,,0,0c)a(At
dI dcosd, dpdcosd.dAt 32m 27, ;176 (O, b, 0k 84(AL)

f,=2c05°0,.(1-sin'6, cos ) a,=|A(1+nsin2¢, sinAmAt)

f,=sinf 8, .(1-sir' e, sin’$) a,=|A,(1+nsin2¢,sinA mAt)

f,=Sin’ 6, .sirt o, a,=|A"|(1-nsin2¢,sinA mAt)
f4:%25in29K*siﬁ9trsin2¢ a,=R(A,A)(1+nsin2¢,SinA mAt)

f .=sin"g,.sin26,sing a.=nJ(A,A ) cosAmAt-nR (A, Affcos2pinAmAt
f6:V_1_2 sin28, .. sin28, cos¢ 3,=n 3 (A A JcosA mAt—n‘ﬁ(A;ATinA mAt
*A,, A, A_: decay amplitudes *n 1 +1 for B -1 for B

* Am, T, : mixing parameter, B lifetime * ¢, : CP violating angle (f)
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Step 1: Measurement of decay amplitudes (253/ib)

* Time-integrated angular analysis for B%—5J/

B° B° B°+B’
Al® | 057140015  0.578+0.016 | 0.574+0.012+0.009
AP | 0216:0.017  0.244+0.018 | 0.231+0.012+0.008
Al | 02130017  0178+0.017 | 0.195+0.012+0.008
arg(A) | 203440134 -2.8510.114 | -2.887+0.090+0.008

arg(A) | 2.878+0.088  2.993+0.089 | 2.938+0.064+0.010
arg(A,) = 0 (def.) Note: Phases are chosen to conserve s quark helicity

* No direct CPV observed

- Evidence of final state interactions in phases

N N i

cos Oyr Orr
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Step2: Simultaneous determination of s

- Fix decay amplitudes to mea
- Fit inputs : At, flavor, wrong

Results:

sin2¢, =0.24 +£0.31 £ 0.05
- [ cos2¢, = +0.56 £ 0.79 £ 0.11
+0.87 £0.74 £ 0.12
(sin2¢, is fixed at 0.726)

Consistent with a choice of ¢, = 23.3°

* Cannot exclude the other choice with a high confidence level.
- Statistical error is still large (only ~2c from the other choice).
- Ambiguity in the choice of phases in decay amplitudes.
<« study to resolve the ambiguity is now going on.

S O O

Raw Asymmetry

1
S O
(NS T SR e
L LA LR L L

Afr (ps)

(Sample : 363 events)
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4. Measurement of ¢, in b—s transition(25

of Nsig = 139+14
of purity = 0.63

4)] [0)]

Q
T

Entries / 0.0025 GeV/c
N [ 48] i-N
(] Q

5.2 5.22 5.24 5.262 5.28 5.3
M, (GeV/ic?)

PKS:
¢ — KK~

Ks - nn,

V70

1k
E e =0.73
0.5:- = Tl ‘
i —
Eﬁ O_ +—
© -0.5F |
£ 5 Poor tags
E v T éKOF
< 1F
goop e o
O?r._l_ _____ .__,_+—;—+—' =
-0.5F
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At (ps)
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" Nsig=36+15 )
Q) purlgty =0.17 + PKL:
2 60 ¢ — KK~
% KL w/
g 4 + ECL or KLM
2 20l

_"!"..-T-' ______ [=Far== [efamm= [E==mm
%02 04 06 08 1
pg (GeVic)

“sin2¢,”=+0.06 £0.33 +0.09
A =+0.08 £0.22 +0.09
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J
ND
=
5]
o
Lo
&
o
o
=
L
5.24 - 5.26 | 5.28 5.3
M, . (GeV/c?)
w/ w/o
vix | vrx |l | Nsg
3 (ntmo) 96 |32 128 |72
2 (mn) & (mOx%) | 21 |18 39 |16
total 117 |50 167 |88
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Raw Asymmetry

“sin2¢,”=—-1.26 £0.68 +0.18
A =+0.54 £0.34 +0.08
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2D
o N
o
. s

N
5

Entries / 0.002
™71 T .m. r

N
5

-Nsig =31+ 7 (7.30)
 purity = 0.56

ok
52 522 524 526 528

M, (GeV/c?)

Good tags
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N
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53
“sin2¢,” = +0.75 +0.64 7913
A =+0.26 +0.48 +0.15




Vertexing
K k
by Ks only ) t%

B Vertex ““““

*

— IP profile
Y

Y
Validated by Jhy Ks (use Ks only)

“sin2¢,” = +0.30 £0.59 £0.11
A =-0.12+0.20 £0.0/
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e) Other modes

Nsig = 512 + 27
purity = 0.61

KKKs 2]

- Nsig =399 + 28
purity = 0.56

= 5. 22 E= 24 6 5 28

N (GeV/c >

Nsig=94 + 14 4
purity = 0.53
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"Sin2g,” = +0.49 + 0.25

—A=:2-008+014

05 jL“sm2<|>1” =-0.47 £ 0.42

A --=-0.39 £028
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Charmonium Average (WA) . . o N
0.726+ 0037 | LM (0 U 0
oK | L

0.06+0.33£0.09 : ‘ F (with 253/fb)

L0
N Ks
065+0.18+004

f,KE | - 8in2¢, (b—c)<>sin2¢, (b—s)
-047+0411008

¥ o ~ 2.4 ¢ difference
0.30+059+0.11 — 1 = Averaged with BaBar's
Egﬁéin_mtg-}g 4 i measurements
KKK i ! ~ i
NI e 3.8c difference
KsKsKs

12610687018 i | | |
Average (s-penguin) : Eriw 2005

| D'Sgin'1|1 | | | : : | |

s-penguin

"2 45 1 -05 0 05 1 15 New Physms’?’????
— ;X S

- Need more statistics (O(100) times) to confirm the difference
* Measuremet by ¢K° only (theoretically clean)

- Possibility of small discrepancies within the SM framework
* Rescattering
* Contamination of b—u tree in some modes
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5. Future plan of ¢, measurements

- Statistics! Statistics! Statistics! for more precise m
- Current luminosity (1.5x103%4/cm?/sec) is not
required statistics in a reasonable time. =

Interaction Region

Crab crossing
6=30mrad.
*=3mm
New QCS

SuperKEKB :
New Beam pipe o

8GeV (e+, 4.1A)

3.5GeV (e-, 9.6A)

More RF power

Increase beam currents
1.6 A (LER) / 1.2 A (HER)
- 9.6 A (LER)/ 4.1 A (HER)

amping ring

Smaller B, Linac upgrade
* 6 MM-3 mm
Increase ¢, ‘ L=3.5x10%cm2s™"

- 0.05-0.28(W-S)



KEKB Upgrade Scenario

50 | |

Projection of KEKB Luminosity

a5 pe

Lok = 1.5%1034cm-2s""
L,.; = 450fb-" (June, 05)

Integrated Luminosity (logged)

300
L)

2w

[\
=)

-l
tn

world records !

~101° "clean” BBl/year !!
& similar number of t*t-

Major upgrade of
KEKB & Belle detector
(>1yr shutdown)

=

Integrated Lumminosity (/ab)

n . . .
00 11401 11402 11703 11704 11705

Crab

=
N =]

= I
2 N\

2%

I-peak (Cm-25-1 )

int
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2010
Year

1.5x1034 5x1034
~1 ab™

450 fb

Mo
=)
r
n
M
=
M
=)
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Physics Reach at SuperKEKB

SuperKEKB 5ab-" 50ab-’ L HCb 2fb-1
] ‘(5Saipef )K Eg ab-1) SuperKEKBatSab’ - SwaKEKBatS0ab' - LHChOM2ab")
o 0.079 0.031 AS(6Ks) : ' \ | :I |
’]\ 0.056 0.026 AS(K'K'Ks) |I-:-I-I :: ) ; o info
L 0.049 0.024 AS('Ks) o hl ) :
> 0.14 0.04 AS(KsKsKs) ey HH ]
o 010 0.03 AS('Ks) i M ) H
O x x| sin2y(Bs = Jiyo) i : ) R
QO 0.14 0.04 S(K™y) g 4 ) :
5% 5% Br(B — Xsy) HH i ) :
Z 0011 5x10- Acp(B = Xsy) § i # :
@) 32% 10% Cywl f‘;enmfn I T / o] } ; no info
L 44% 14% | Cpy W AR(KTT) | | { e } b no info
X X Br(Bs — 11 i i ) TR S—
> 5.10 Br(B* = K'vw) i ;......,...,1',.......,..4 ) :
= 8% 2.5% Bl'{B% —= D) —— m } H
2 350 9% Br(B' D) | H | et ) H
0.019 0.014 sin20, W W l B
3.9° 1.2° 0,(T7 isospin) (- " ) ¢
= 29° 0.9° 0,pm) B |i| ) x
X 1.2° 0,(DK") ] W ) iy
O X X 0,(Bs — KK) i ; ) gy
X X 0,(Bs — DsK) + + ) |_!_|
58%  44% Vallo e L | e
and rich © physics 05 03 01 01 03 0505 03 01 01 03 0505 03 01 01 03 05
SuperB«LHCDb
Physics at Super B Factory (hep-ex/0406071) N complementary
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6. Summary

~ The CP parameter sin2¢, was measured by Belle for b—c
and b—s transitions.

= The sin2¢, value measured for b—c transition is

sin2¢,(b—c) = 0.728 + 0.056 (stat)= 0.023 (syst).

= Trying to resolve two-fold ambiguity in ¢, from sin2¢, using
B°—J/wK* decays. The result is consistent with the choice
of ¢,=22.3° however, the other choice cannot be excluded
with present statistics.

= The average sin2¢, value for b—s transition is
sin2¢,(b—s) = 0.39 + 0.11 (averaged by HFAG).

= More statistics is necessary to study the discrepancy.
— SuperKEKB
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Procedure of CP fitti

Event Reconstruction

Flavor Tagging
tion :f,

P elgenvalue: &
ransversity angles (JiyK¥*)

Vertex Reconstrunction

Decay time difference: At
Resolution parameters: u,c

Mixing : Am
Lifetime : 1

sig
~[at]/z o

P, (AGS, A g w, AW):e4
.

I—i = (1_ fol )|: 1:sig Py & Rsig +(1_ 1:sig ) I:)bkg ® Rbkg:|+ 1:ol ’ I:)ol
[1—q AW+ (1 —2W)sin (AmAt)+cos (AmAt )}]

B? v\ /v
Free parameters
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Tagging and At resolution p:

perfect

observed

tagging & time resolution mistagging & finite time resolution

€

25 o 25 5
Decay Time Difference (reco-tag) (ps) Decay Time Difference (reco-tag) (ps)

At]/7g

47,

|
75 10 -10 75 5 25 0 25 5 75 10

{1 F(L-2w)S sin(AmAt)} ®R
Wrong tagging fraction

R and w are determined from data using flavor specific decays
B > DO x*, p*, a;" and J/YK™ ...
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=

I
o

Contmuum Bkg
(~3xBB)

-
n

ofe*a™ - hadrons] (nb)
>

4 ]

| {-:I | {I

7

i,

9.44 9.47 1000 10031033 10.37 1053
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‘ ] ™ Event Shape

e e »Y(4S)—>BB e e >qqQ
(Spherical)

(Jet-like)

Br(b—>s) = 10 ~10°

for each modes

B meson

continuum

-1 0 1
cangidate B

Op




Vertex reconstruction w/ Ka t

T
Ks traj ector%' Ks

B vertex ..~
B vertex,....” c:
< +
IP profile | K
N | K-
1
) Vo
Reconstruct B 2 K X(Y)vertex using K, — = : —0

trajectory and boost trajectory or IP profile \k"‘x T
v = T \ | 1./

/ Validated with J/ #Ks: w/ K VX

e J/y/ t w/ /¥ | wlK \
1F
os; [ WIQN I VX o [+065 |+0.68
o T £0.05| +0.10
“ Good tags o [+001 |+0.02
T T R ey
\ At (ps) +0.04 +0.04 /
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Theoretical uncertainties of *

T { T 1 1 T 1 [ (L | T 1 i UL I L ML T | T | I T T I T T T . . .
' : : : . amount of possible discrepancies
%P;%nggm : : aa E AsigZ,B have been evaluated for some
' — ; i : Moriond 2005 moaes:
(])K0 . T lah PRECIMINARY
0.340£0.2 v = -~ model independent upper limits based
n Ko : : 8%8(1U(3) flgvlgr symmetry and measured
S i ' ,sqq B.R.
0.43+0.11 : N
0 ! : Q [Grossman et al,Phys Rev D58; Grossman et
f Ksg v . o al., Phys Rev D68; Gronau, Rosner,
8 39+0.26 . e G Phys.Lett. B564; Gronau et al.,
0.0 ' i g Phys.Lett.B579; Gronau, at al.
s 1K, = g 31 ok e
S5 034 a *— 2. B s
(@)] -0.29 i 1
c OJKO : : - estimates of deviations based on
2 S +0.30 ! | gy QCD-motivated specific models;
= 055 4 : B S R some have difficulties to reconcile with
) K+K_Kg : | meadsuied I)B.R. (errors summed in
. T quadrature
0.53+0.17 : | K t»<q - Benekeatal,NPB675
KaKaKS | Ll >« - Ciuchiniatal, hep-ph/0407073
026+0.33 (o s - I NE >« - Chengetalhep-ph/0502235
e . : : . Burasetal. NPB697
Average (s-penguin) : : P | Charles et al hep-ph/0406184
0.4310.07 | 4 : >
] l 1 1 | J L 1 | ‘ I 1 1 | 1 1 1 l L | | | L1 1 | :I I | | I I L1 | I 1 1 |

08 06 04 02 0 02 04 06 08 1\ 1.2

also shown: naive upper limit based on final state quark content,
CKM (A?) and loop/tree (= 0.2-0.3) suppression factors
[Kirkby,Nir, Phys. Lett. B592 (PDG review);Hoecker, hep-ex/0410069]

Taken from talk slides by

M.Morandin(INFN/Padoba)
shown at Moriond EW (2005).

Beauty2005, 6/20/05, R.Itoh 30



dK/K, Results

OK only

$=0.00+0.33
A=0.06=x0.22
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oK, only

-$§=23120
A=06x12
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CP component in B-K*K K% dé

A-even fraction in |K°K%> can be Using isospin symmetry,
determined by |K K> system B(Bt - KTK'K®) = B(B® — K0K+K—)Xﬂ3;+
_ TRO
KR} = = (KsKs) + [KLKL)) + AIKSK) p
CP =+1 CP =even CP = odd
> 28(B"‘—>K+KSKS) . TBO
0T =
B(BO—-KOK+K—) T+
. B(B+—>K+KSKS) 2 TRO
KT KORO) = % (1K KsKs) + [KTKpKp)) B(BO-KsKTK~) 7p+
n = 1.03 + 0.15(stat) £+ 0.05(syst)
+ KT KgKp)
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f, Ks ¢ KO KK K
VTX : 0.02 0.01 0.01
flavor tag 0.01 0.02 0.04 0.01 0.01 0.01 <0.01
resolution 0.05 0.05 1 0.07 . 0.03 0.03 0.04 1 0.03
fit bias 0.03 0.03 +0.01 0.01 0.03 0.01 0.01
—0.10
signal 0.07 0.02 0.10 0.02 0.05 +0.08 0.02
fraction —0.06
physics 0.02 0.01 0.01 <0.01 0.01 <0.01 <0.01
parameters
background | 0.04 0.03 0.02 <0.01 0.04 0.01 <0.01
At shape
tag side <0.01 |<0.01 0.01 <0.01 <0.01 <0.01 <0.01
Interference
TOTAL 0.11 0.10 +0.13 0.04 0.08 0.09 0.04
—0.16
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KKK,: effective sin2¢, = 0.17 for CP-even fraction
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