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‘Unitarity Triangle

~ CPV from the complex phase in the quark mixing matrix:

Ve Vie Vi 1 —(\2/2) N AN (o in)]
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B - 1ut
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Property of »

unitarity matrix
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B _ J/WK?

B _ oK/n'K/KKK
B - D(*)D(*)

B _ J/yr®
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fme Dependent Measureme
\ / fop == JIpKs.

I Bo—mfcp;t)—r(sﬂ—:»r;:,,; t)

Ap(lt)s ——
e (f) [(BO= fop; t)+ T( B2 fop; t)

0.2F

0 b, sag i

CP V|olated

=A;cos(Ami)+S;sin(Amt)

-0.2F

-0.4F

T Sf = Sin2(p1 If]%p = J/l.IJK At (ps)
Indicates direct CP violation | cp Coﬁsewed é

3 At = 0 if fep = J/UK .
(C = -A in BaBAR)
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®BELLE qrme Dependent Measuremen

;ﬁt

CP-side
B°(B°)=»J/yKx..
- B daughters

|
=]

Az = At -Byc

;K tag-side

| B> X 1"y ,XD(D-YK™),...
B> X1 v,XD(D-=YK™),...

~ Full reconstruct one of the CP-eigenstate as the CP-side.
~ The b-flavor is determined by the accompanying B meson.
~ Determine the CP parameters by the At distribution.
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%asurement of @1(B)

'Belle2003 : b —. ccs sample

1000 ¢

900
I ﬁ _ fﬁun}l (T'T) 1
% s h inxi{m“n‘”)
SO esk
S 500 :
"§4ﬂ0 |L_ ?(m:s
23“{] h :I:w :O(K nﬁ}

200 - =

100

05

524 526 528, 53
Beam Constrained Mass (GeV/c)

~ 140fb-1, 152M BB pairs.
~ 2911 & = —1 events included in the fit.
~ J/P KL: 2332 with a purity of 60%

600 |-

4001

200

0
0.0

T T T T T T T | T

Jy K

JP K

J K X BG, K, detected -
J/¥ X BG, other -
combinatorial BG

BEE OO

0.5 1.0 1.5 2.0

K. F.Chen, WIN03, Oct. 7*, 2003



(B)

~+-qé=+1
-0~ q&=—1

‘Belle2003 : b — ccs results

S§in2¢,=0.733+0.057+0.028

~ Belle 2003 summer
140fb-1 result.

Sbp} Jood

A, |=1.007+0.041(tat.)

— Consistent with no
direct CPV

Sbb} :poo.e
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%asurement of @1(B)

BaBar2002 : b . ccs results
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QéELL? (PVinb - ctd Decays
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Ly d = d Tc d > d
d W
()~
W™ C D . b —— Bt L D&
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_U b e £ E D(,g]H_ B o L
d = d

~ The b - ccd decays have the same

CP phase of B - J/{ Ks, but may have
penguin contributions.
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(PVinB - Jip 10

'Belle 140fb-1 results
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(PVinB - Jip 10

'‘BaBar 81fb-1 results

Nsig = 40+7

(5]
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(PVinB o D*D*-

BaBar 81fb-1 results
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Events /(0.2)
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— Almost CP-even

06 04 <02 0 0.2

04 0.6 0.8 1
cos(0,,)

Entries / 1 ps

Raw Asymmetry

b2
=}

| BY tags

| B’ tags

]
At (ps)
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(~2.50 away from b — ccs)
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(PVinB o D*D-

BaBar 81fb-1 results

S . = —0244+0.69+0.12,
C_, = —0.2240.37+0.10,
S, = —0.82+0.751+0.14,
C,. = —047+0.404+0.12.
D*-D* D*D-
M hdga | a) el b)3
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.3
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BELLE

(PVinb - sgq Decays

A
=

'"Penguin dominated decays

~ Search of CPV in B - ¢Ks/KKKs/n'Ks.
~ For pure b - s penguinin SM, S = -&5 « sin2¢4.
~ Bf of n'K (~6x10-°) is larger than the theory prediction.

b
Bo

b, 1’ Probe for new physics in
’ b_s penguin decays
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BELLE

(PVinB - n'Ks

W

Raw Asymmetry

0

K.
(world average
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'Belle 140fb-1 results
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(PVinB - n'Ks

'BaBar 81fb-1 results

'BO tagged |
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(PVin B _ KKKs (gKs excl.

(w?ﬂld average

'Belle 140fb-1 results

\
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\

uncertainty in the CP content
'Feven = IOSiOlSiOOS
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BELLE CPV inB - (PKS

Raw Asymmetry

= 6.73&0.056 g
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'Belle 140fb-1 results
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(PVinB - ¢Ks

B’ Tags B° Tags

Asymmetry

Babar 110fb-1 results
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(PVinB - Ksmo

Babar 110fb-1 results

“Reconstruct B 2K a’ vertex usmg
KS trajectory and baost trajectory -

boosted Y(4s) N K Aﬂ?'
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<= Summary of ¢1(p)

Measureme

0 OPAL 98
L 32',,+05
o ALEPH 00
= a4’ H2 1016
E CDFQQ
-] +0.41
= 0.79 _g44
© BABAR 02
€ 0741+0067+0.034
3 Belle 03
O  0.733+0.057+0.028
Average (charmonium)
0.736+0.049
BABAR 03
RE  045+043+0.07
S Belle03
-0.96£05 .,
0w BABARO3
X 0.0210.34£0.03
& Belle03
0.43+0.27+0.05
Y Belle03
§ 051026

Average (s penguin)
0.24+0.15

Average (All)
0.695+0.047
R I T TS T N

away fn

he sin2( study already

recise medsurement,
jith an error of < 0.05

|
| enter the stage of
H
W

- Belle's (Ks gives a 350

om WA of sin2@

b - s penguin WA still gives a

|Summer 2003

gy from sin2(

Hint of the existence

-2.5 -2 -1.5

o IR

1 1.5

of new physics phase
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BELLE Summary of (0 (B) Measureme

0.736+0.049

(cc-bar) d/s

J/\MO
0.4+0.33
D** D*
—0.06£0.39
D* D~
0.82+0.76
D* D*
0.24+0.70

(dc-bar) c

e KS+038

048 ;%011

T[\\‘\\I\NTI\\\\\IWTI\\

Charmonium

A

\\‘I\\\WT[{

‘Summer 2003

The error bars of b — ccd
decays are still large.

— Hard to have a conclusion

B e ey

i of penguin pollution.

A

=Y

\\\Jll

BaBqar's D*D* gives a 2.50
hint for penguin pollution

\\‘I\\\‘l\\

-2.5 -2

1
1
1
1
1
1
|
!
\IJ‘L\\\‘\\I\‘\I\\‘\\\I‘\\\\l
0

-1.5 -1 -0.5

sin(2B..,)

05

1

15
Measurement with Ks

- more technical issve with
vertex and its resolution
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BELLE 5ummary of () (B) Measureme

\ Frospects of sin2¢1 from b -~ ccs and sqq from Belle

1 Lesbebddodl [~ QKs  — KKKs Errors are extrapolated

______

¥

S T - r] ‘Ks — sm2(p|(ccs from current data, with
smadller statistical and
systematic uncertainties
as the luminosity
increases.

Total Error of S

<<
G
(o)
E 10 More and more
- sensitive to new physics
S ERaE phase in the future
‘2 10 H I N S N I 3 S | 1
PAN 10
Now is here (I40£b-"). int(L) (£b-N
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BELLE %asurement of @p(a)
= . \ Time-dependent CP asymmetry in B — TFTT

A, (t)=A_ cos(Amt)+S__sin(Amt)

92i¢2 1+|P/T|ei

1+|P/T|e"
cSingd

=\y1-A__sin2(g

Tree only Tree + Penguin  Related to ()}

i ¢,

0 111 2

sin2 ¢,

(need isospin analysis)

AB ->m’r?)
= |2 — gpetf|
>m' ") The branching fractions of

B -’Tl_n_/-’TI-T[O/T[OTlO can be

0) used to constrain @,
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Events/(1.25ps)

Events/(1.25ps)

Id

' yie

—Total === KT

T ——--Threg—body
------ qq

0
o

o
|IHI|IIII|IIII|IIII|III

o =~
o

30
20

Events/20 MeV

IIIIEIIIIl

o O

—0.2I” 0 II0.2I I0.4-
AE (GeV)

Nrg(total)= 163+18

Asymmetry

A =+0.77+0.27+0.08
S =-123+041"0%

T

Rule out the CP-conserving case
(A5 = 0,0)at CL = 99.93%
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(PVinB - mm

BaBar 113fb-1 Results

N 266+24

/0.01 GeV
-]
o

Events

0.15 0.1 -0.05 0 0.05 0.1 0.15
AE(GeV)

=-C_ =+0.19+019+0.05

=-0.40x=0.22+0.03
~=—0.107+0.041+0.013)

A7T'IT
S7T7T

T ] (A

K
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(PVinB - mm

‘Constrain on ()

90

The world averages of Acp(TT) 80
are given by P s
{C - A =-038+016 %
- - 5 50

S, =—058+0.20 =~
Together with all TUT — 30
branching fractions: 20
0

1
B(B°—m'm )=455+044 (xI06)
B(B°-m’m®)=1.90+0.47
B(B"->n"n°)=5.27+0.79

cos 27 >

0= |2 — @ < 35°
No more improvement for this bound,

the Acp(TOTO) is necessary.

¢ IIII|III|||II||II

cd b e v Lo Ly
0.2 04 06 08
BUU /B+_
(IEB+_ +B+D - BEIEI )2 o B+—B+D

B B J1- A2
Gronau/London/Sinha/Sinha
bound (PLB5I4, 315 (2000))

1
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BELLE Summary of gp(0) by B — 1w

"?
One can be constrain @,(Q) g 08
with several different 3 osf
assumptions, and compare § .|
the result from the global .
CKM fit (+¢@ WA and others). £ A, |
0 20 40 60 80 100 120 140 160 180

o (deg)

'Prospect for op(a)

(Acp (TOTO) assumed to be +0.5,
with isospin analysis.)

0.8

0.6

0.4

Confidence level

0.2

O, reach 1.6 deg. at 30 ab-.

0 A2 TR 180
2/ab 10/ab 30/ab ¢2 (deg)
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pEhF

74T (At = (1DALp) —= o + for change of P

< |1+ Qa5 @D A5 ) sinAmet)

Qtag = +1<_ 1)
for

- Qtag(cph@)ﬂcmwa@wéjl] B=B(B’)

Fitting Parameters

B°(B%) 0 p* - Apn/ApK. — Global charge asymmetry
[ p C _ — Direct CP asymmetry

111~ i

B(B%)—p n* S . — Mixing induced CPV

—=p T p

AC
} — Connect to two sets of
as,, samples:
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%asurement of gp(a) by B
Nore 80449 Npk = 260431

% } %
%gg: @) B’ lags ;%00 %
g2 18 [ 5
215t | o g
10- =
¢
w 3(5)_ 0 -d.l -0.05 0 0.05 0.1 0.15 0 -d.l -0.05 0 0.05 0.1 0.15
:‘l o AE GeV AE GeV
2 25F
0 20r
ki A, =-0.11+0.06+0.03
- A =0.18+0.12+0.08
I 1 ] p K
& L : C,,=0.35+0.13+0.05
o T S,,=—0.13+0.18+0.03
T i AC  =035+013+005
e e A RS B AS =0.33+0.18+0.03
At (ps) pm
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fD
T Summary of gp(a) by B - pm

'CPVin B _ pm

.~ Based on a quasi 2-body decay analysis.
(With only B - p*mt and p-1tt, and the interference region
is removed.) e

~ Hint of direct CP violation:

N(B —> p'n)-N(B,, —>p1r)A
 N(Box o> p'm )+N(B,, > p ") _0_25;

A 0 E e

N(Bpx—:rp_rrJ’)—N(BL—}p T ) B
g =5 0 -0.75

N(Bpox > p a)+N@B, > p'n)

-1 -075 -05 -025 O 025 05 0.75 1

A

—+
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D
QBE Conclusion

%7

A ~ Large CP violations have been measured inb - ccs

channels by B factories, and are consistent with CKM
framework.

~ Hint of new physics phase in b - sqq penguin decays.
Need to be checked with more data from both experiments.

~ CPV measurement in B - tutchannel has been established
successfully. It's necessary to have more data to
constrain on (.

~ Need full Dalitz analysis for B . prtto extract ¢p.

Look forward to high lumi
B factories in the fature.

K, F.Chen, WIN03, Oct. 7", 2003




D
ﬁﬁ? jjigures for @Ks

At distributions of B . (Ks events

Entries / 2.5 ps

L R AN RARNRARS RALE LAY LELN ALY LR

Entries / 2.5 ps

PR R S R B A

“ 55 0 as
At (ps)

Poor tags

Good tags
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QL;ELL? jjigures for Ks

Raw asymmetry plots 1EB" = oK'
of B —~ (Kt events :

(@]
(&)}

Raw Asymmetry
o
0] o

1
—

At (ps)
Expected errors by toy MC
200 | Entries 2000 hEﬂr;tE'll:s _U:gi:

Mean 0.4503 1 40

1 75 0.723B4E-D1

0.8769E-01
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150
125 100
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g d}{\_ o5 20
r 1 1 o il | | T L s+ 3 2 1
Qé‘ %204 06 08 2 06 w04 02
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