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Time-dependent CP violation In
ccKO decays
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Measurement method in B-factories
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Experimental considerations in At

distribution
Vertex fit Flavor Tagging
[P (interaction point) tube * leptons | -
constraint fit for B decay ’V}Av, we v,
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B —J/@wK°® modes

0" © Jh) .
B ; > c U/ K, reconstruction
! \

I =) I{Ur .
d S,L J/w
» Theoretically clean &k
»Clear experimental signatures B.-m T~o_
>Relatively large BF Ol "‘KL
- T (4s)
*Only detect direction by KLM
_ —a2i¢ (ECL).
Ay, = FE |
’ Calculate KL energy using Mg
constraint.
AJC/P . ()= Im(/ij/ng,L)sin(Amt) = tsin 2¢, sin(Amt) Use pB* (B momentum in CMS)

to fit.
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B->J/p KO events i
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Precise measurement
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sin2¢4,= 0.650 +0.029 +0.018 0.687 +0.028 £0.012
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Coming soon : Final Belle sample

b > ccs from 772 x 10° BB pairs = final Belle data sample

“o 3000} © 5000
> | | 3 YK
+ All bined

= | —— Fit :eosTlt i E 4000 PR
Z 2000} —g‘;*Jf(g;sKo o Expegted sensitivity:
A I =i ™ 3000
e B oy K 0 n n
= : £ in| 2 ~ (0.024
s | 3 Ostat ( sin 2, ) 0.0
() i S 2000

1000 o _

1000 |

00702040608 112141618 2
PB (GeVic)

. -
5.2 522 524 526 528 5.3
M,. (GeV/c?)

J/ ¢ KO J ¢ K?O ¢ (2S)KS° % Kg? Ngg (x 100)
Signal yield (’10) | 12727 =115 | 10087 =154 | 198146 943+33 779
Purity (’10) [%] 97 63 93 89
" Signal yield (06) | 7484+87 | 6512+123 _ _ s
Purity ('06) [%] 97 59 — —
New tracking software helps to increase signal yield. 9



sin2¢, combined

sm(ZB) =sin(20,) LEAS

PRELIMINARY

BaBar
PRD 79 f?ﬂﬂg] D?Eﬂﬂg

BaBar ¥
PRD 80 {%{}09’] 112001

BaBar Jiy {hadronlc} Ks

PRD 88 (2004).052001

!

! !
" !

. L

L

" "

L

H

: 1.?5'1"}.42'* 0.21

0.69 + 0.03 + 0.01

0.69 £0.52 £ 0.04 + 0.07

Belle Jiy K° A 0.64 +0.03 + 0.02

PRL 98 {znn?} nalanz :

Belle w(2S) K. 0.72 +0.09 + 0.03

PRD 77 {20:}3}%91 103(R) -

ALEPH Y 0.84 1350 +0.16

PLB 492, 259 mmm :

OPAL : 3.20 *15%0 + 0.50,
EPJ C5, 379 (1998) *
CDF -_ . 0.79 541

PRD 61, 072005 (2000)

Average 0.67 + 0.02

HFAG i

-2 -1 1 2 3
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¢, measurement
D"h’ cos(2B) = cns(2¢1) E

 PRELIMINARY COS 2(|)1>O at 86% C.L.

BaPar ! 02 £040£009£0137 g 24y >0 at 98.3% C.L.
PRL 99, 231802 (200)

Bellé 1.87 *0a 03M - =
= : | H | 7 p=19, S
PRLQ?,C‘B‘]SC“] (2006) SR KKK K> XXX Ao |
| DO |13
Average 1.01+0.40 18
* 08 | |12
HFAG ; | |5
-0.4 ﬂ 2 D DI.E {]:4 DI.E G:E 'i 1:2 114 1:5 113 2 2.'2 0.6 %
0.4 e
El
F
0.2} [
*0 (K*0 0 |%
Other modes J/LIJ K (K — KSTI- ), 0 b LTS -
*y *_ X
DD KS also help %2 0 02 04 06 08 1 .



Belle's large Y(5S) data sample

Csl KLM  TOF KEKB &Belle runs very
= / ‘ smoothly at Y(5S) resonance
E==ll

O |
|||||||WW”HH ‘ g \I\I\I\IHH
il e 1 gl
~ TN
X -mm-o.::::\.:?.:
{ &

Keep the same boost By=0.425
as in Y(4S) case

-E(e*): 3.500 GeV—3.595 GeV
“E(e): 7.996 GeV—8.211 GeV

| il
]

2005: 1.86 b
2006: 21.7 b
2008: 27.2 fb
2009: 70.8 fb™

Luminosity record: 2.11%x103* cm-?sec (Jun, 2009)

Integrated Lum. record: 1.48fb-"/day, 8.01fb-"/week CLEO 2003: 0.42 fb-
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Y(5S) and

e*e” hadronic cross section &

L HEs
321 fX(4S) oy 54 381 (1085) |
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Babar: PRL102,
012001 (2009)

L T

Y(5S): —%
~"17"Bottonium: bb  °:-
0.1;

PDG:
M(Y(5S)) = 1086518 MeV/c?
[(Y(5S)) = 110£13 MeV/c?

e*te” — Y(4S) —»BB (B =B,*, B)
Y(5S): Analogous to 1(4S), but with more modes
e*e~ — bb(Y(5S)) —B¢B", BB, BB, B,")B.(",

7 10.8 10.9 11 11.1

1.2

s [GeV]
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- B, production mechanism

Results from 23.6 b~ (1.39 M BB, () pairs)

e*e” — Y(5S) —

B,"B"B,"B;,B,By; B—By; ¥

not reconstructed

*Two kinematic variables: 5.43
5.42

I\/Ibc — \/E beam2 _ P 82 . / 5.41

. . b continuum
AE:EB_Ebeam 54+-

5.39
5.38

o> =0.302£0.015 nb

A. Drutskoy et al. (Belle),
PRL 98, 052001 (2007)

f.=19.57%
foup =90.130%

PRL 102,021801

5.37
5.36

5.35
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B.—CP eigenstate decay

*Pure CP-eigenstate B, —J/w(n(’),f,), K‘K™ enable direct
measurement of mixing and CPV parameters (Al', B,) via lifetime

distribution. - Dunietz, Fleischer, Nierste, PRD 63,114015

*Al'/ T is accessible without the need of tagging Bs mesons.

Compared
to hadron
collider.

‘Unlike J/y®, no need to disentangle CP eigenstates )
using angular distribution.
*Neutral detection is clean in e*e™ environment. %
*Quantum-correlated B, pairs make it possible to

measure just using single CP eigenstate to obtain Al'.)

15



B, Time distribution (1)
Master Equation for untagged quantum correlated B decay time difference At

F(B(t)— f)= AChmdd {(1 +]4[) cosh AI;M +2Re(A)sinh Al;“}

2
— qz\f _ —i¢ -9 ——] _Vtsvt;::
l B pAf B nf ) ¢ IBS e VcchZ
( _(F+AFCOS¢JAt -
‘<f ||30>2 € ? ~e 'h AL <0
=
CP+ 3 —(F—AFCOS¢jAt )
€ ? ~e ' At>0
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B, Time distribution (2)

Entries 20000
Mean -0.3032 = 0.05567T
RMS 2.49 = 0.03936

w2 mdf 119.8 117
Prob 0.410&
po 400.2+ 8.9
pi 0.2009 = 0.0371
p2 1.5+ 0.0

Toy MC stud -
y y oF fit overall
AR e At <0 - (smeared)
(for 1B =1 ™ distribution:
et At >0 60
50
~ 300 fb~' Y(5S) data, using pure CP 40—
Jiy(n,n’.f,),DsDs 30—
0 events in 23.6 fb~1) s
10;—
o0 -1=|_'|. B
\ 5(AT/T) x 100
N, =500 | N, =1000|N_ = 2000|N,_ = 5000
7.45 £0.17 | 525 £0.12 | 3.80 £0.09 | 2.42 +0.05
S/B = 0.4
(742 +£0.17) | (5.21 +0.12) | (3.69 + 0.08) | (2.29 + 0.05)
6.88 +0.15 4.91 +£0.11 | 3.38 £0.08 | 2.18 +=0.05
S/B =1.0 8 = 0.15 8 0.05
(6.89 +0.15) | (4.66 +0.10) | (3.53 +0.08) | (2.17 £ 0.05)
6.62 +0.15 | 4.70 £0.11 | 3.24 £0.07 | 2.09 +0.05
S/B = 2.0
I'{G.GB +0.15) | (4.62 +0.10) | (3.30 +0.07) | (2.04 + 0.05)

At <0

At (ps)

At >0
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M, (GeVic?)

Observation of B.—J/yn

n—yy n— A combined

5.44F a4 < .
5.420 b .| 2.1.-'. . 42 “. > °F
5.4F- . .. 54— ) ’—‘ s 7
5.381 ‘ * — ;_335—.. R ° o — % 62—
536l ", M U 1360 ] 2 sf
5.34F . 340 o . 8 . aF
5320 . : 132 3F
53¢ * . 53F g
s28f,  * . . 285 2 }
5'26?‘.@.".“l‘...‘m...l‘.‘..l‘.‘.\..u\..‘. i'zsé‘..‘|‘.‘..\.‘.‘|H.‘|‘.‘.\....|...‘|“.‘. = R i
04 -0.3 0.2 .01 0 0.1 0.2 A(ES(GG\?)A 04 03 -02 -01 0 01 0.2 Aoé:;(Ge\s 075|_‘2(|;‘5‘_|2‘3‘ ‘5|3‘ I5"3'2‘5‘34'5‘36'5"’3'B‘I14"5“:‘2 5\44
> 1
. . = C
First observation CI
Simultaneous fit to two n decays. “E
Little background from continuum and B — J/y X *
2
: P * : 1 * :TI
1514 events in the B_*B.* region, 7.30 {mmille e,

B(B! — J/yn)=(3.32+0.87(syst.) 05 £0.42( f,))x107*
arXiv:0912.1434 (2009); 23.6 fb™" 18



Evidence for B.—J/yn’

n' —n(yy)nn 77_' — 1(nan’)an n'—p’y

< 5.44) G 5.44f

“ 54K Ty 54F e . H

* s, + = s38f v,
5360 o« ° 5361 A RT
5.34] .o 534 | S
532, R 532 R
5.3« . . - 53 .'-' {-
s28fs, * * . 528F ° . N *
S26ES e s26f . 1k R . .
WA A2 A0 00 e 04 03 02 01 0 01 02 03 04 S e R M N X B Y

AE (GeV) 77’ y 77 T AE (GeV) AE (GeV)

— — a F
5 3.5F S 3.5 H -d I
™ e First evidence |z *
s e 3 S
=, F > F 8
2 250 £ 255 + 5 4
2 2_ 4 C g |
w L T 3
1.5) F E
E 1.5 2n
1 F 4
F 17_ U A U U A .o
0.5F e oLl L), bl I
E 0.5 526 528 53 532 5.34 5.36 536 5.4 542 544
0 Pt M (Galie?)
M, (GeVic?) 92703 02 04 0 0a 02 03 04

AE (GeV)

Events/(16 MeV)

Simultaneous fit to 3 0’ sub modes.
1115 events in the B_*B.* region, 3.8 0

B(B! — J/wn')=(3.1£1.2(syst.)"> £0.38(f,))x10™*
arXiv:0912.1434 (2009); 23.6 fb~1 19




B.—J/yf,(980)

- Extrapolation from B.—J/y®

Stone et al., PRD79,
BB >3 /yi)B(f,>7'n) ~(00—0.3 074024 (2009)
B(BSO —J /W¢)B(¢ —> 7Z'+7Z'_) CLEO Ds+ > f.et v,
=0.42£0.11  prp80,052009 (2009)
CDF: B(B, — Jiy® ; ® —K*K")= (6.4+2.0)x10*
BB, —~ J/Ufy:f, > n*n-)=(1.3-2.7) X104
* Theory (QCD @ LO)
B(B,—J/yfy;fo—1117)=(3.41£2.4)x10~* - (50*7_4)%

QCD(LO), BES, PRDSO,
PRD81,074001 (2010) 052009 (2009)

= (1.6£0.3 )x10™4
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Strategy to fit

In Mbc signal region:

» We choose a reduced AE region (avoid B9 B* band) :
-0.1 GeV< AE<0.20 GeV.

*To get rid of correlations, and reduce yields in B.—J/w¢, J/yn.
*To reduce correlations in B,—J/yn'.
*To remove J/w K, J/wp® J/wtr BG,
Fit region
—0.1 GeV< AE<0.20 GeV, m(n*n7)<1.8 GeV,

*The final background categories in fitting:
‘Bs—J/v n'.
*Non-resonant Bs—J/ v n*n~,
JUK* J/w
(does not peak in AE and m( = * n~), no correlation)

21



Events/(6 MeV)

B.—J/yf,(980) Results

2D fit to AE and m(n+n")

S 358F 7/0
4.5 L2 c ('~
4 > 3 6’///77/.
= /73
3.5 © 25F Y
3 ’ Non-resonant J/\Ynn 3 oC
25 c -
2E-9 ¢ ] 1.5
15 1= o9 ¢ . ] e
1 .8 0 55
0.5 S . ~E I
E_. e Ir--ﬂ'-l-...J - L.I. R oo 3 K RS B 1 X e Ear T 5 AT Loy cblopig iy 1-1 ----- I 4o
3005 0 0.05 0.1 0.15 0.2 %27 0.4 06 . 14 16 18
AE (GeV) M_. (GeVic?)

6.0+4.4 events
1.60

BB, - J/yf)B(f, > 7 77)<1.63x107 (90% CL)
update with 5 times more data (121 fb~') on going
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Summary

* sin(2¢,) measurements from b—ccs
processes soon to be updated.

* Expect hundreds of clean signals for

B.—J/wp h(n(").f,)... from full 121 fb~' Belle
data with improved tracking.

23



More open modes for B, decays

Expect more results from full 121 fb~1 data.

‘B —»D_.D, ( BF = 1.0"04_, ,*03_ , % by Belle)
*B.—DpKs(K™), Depn. Dgp=D° decay to CP eigenstates.
Pure CP eigenstate.
(C.F.: BF(B® —»D°%) = (2.61+0.24)x107%)
B, exclusive and inclusive semileptonic decays.
B, rare decays to Kp ,n(‘)n(’), P
‘B, —»Dg, 1, ...

24



bb cross-section at Y(5S)

Drutskoy et al. (Belle),PRL 98, 052001(2007)

-1 Lo B2, €90
bb — had __ had 38 cont ™38
Nsg = —= (Nﬁﬁ Neow 7 2 Zeon ) u,d,s,c events
€ 5% cont 55 € cont
B Bu' Bs ! /

oooooo
Y(5S) and continuum

Fox-Wolfram R2

000000

Scaled off-

= (0.302 + 0.015) nb

20T T Opp
er’j |pi||pj|P2(COS 6)

i ; [pillp;| Po(cos 0)
Fox-Wolfram moments 25

R, =




B, production fraction f,

B(Y(58) — D.X)/2 = fxB(Bs — D X)+(1—f)xB(B — D,X)

~ Y e
Y(55) theory Y(4S), Babar
Close to 100%

450 -
o a00f. P t Deduce number of B, events |  Small number:
| - v + f ""'8. 7%
= 350 rom number of D, events.
~ 300~ ++
B 250
S 200fF +
(13 150F ++

100~ Scaled

501 off-resonance Bs events

0 ] [ ]

0 02 04 06 08 1

X(Dy) fs = (18.0 + 1.3 = 3.2)%

Normalized D, momentum
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. +/— L7 (
Charmless: B.— K*K~, KK
In addition to being CP eigenstates:
By relating to BO—n*n~ by SU(3) symmetry and U-spin symmetry:
*BF and CP asymmetries sensitive to New Physics.- London et al., PRD 70, 031502 (2004)
Sensitive to @,/y of CKM angle.

- Fleischer, PLB 459, 306 (1999) 16 2316 events
14
12
B(B] - K*K") 10

=(3.8"104+0.7)x10° 4

CDF: (3.3t0.6£0.7)x10™> (PRL97,211802) o Sl

N
Aoos === I B AL LA R AL L b

12
C.C.Peng et al., arXiv:1006.5115 10?* | B
8 F

B(B® - K’K") < 6.6x10°°

O N RO
;llll!l T

202 01 0 01 02 ° 536536 5.4 542544
AE (GeV) M, (GeV/c?)
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B, CKM favored (b—c) decay

B, decays are poorly known.
*Provide absolute BF as reference point.
‘Measure B, and B.* properties (m(B.*), m(By)).
‘Measure Y(5S)—B,")B.") properties:
f(B,) B ) =T (B.")B," )/ (B, total), B, angular distribution.

Previous B, —D. 1" study:

Tl BB, > D) = (3,677 £0.65)x10°

R.Louvot et al, PRL102,021801 (2009)

R o e, et AL Bl
53 TN T T SR RS

305 <02 204 0 ot 03 03 04
AE (GeV) . .
Now: More results from B, —D,~1*, D, C)p*

D", p are difficult in hadron colliders (neural detection).
29



Observation of B.—D,~1r*

7))

’Eﬂ B: B* proj.
signal (Bs*Bs¥) 8 Signal +
L] EE
¥15
g udke
X s M
M, (GaV/c?)
Boo- B} B; proj
-
st
gt
|_- - I 3 EI-
02 03 04

AE (GeV)
Fit components: Signals + D,p* + D,n* + Continuum

N(B;B;)=53.4"% (stat.)>¢(fit) (7.1 0)

B(B? — D, 7") =(2.4"7 (stat) £ 0.3(syst.) £ 0.4(f.)) x 10>
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Observation of B,— D p*

sngrnal (Bs*Bs*)
c\‘i"‘5‘44 I'IIO N _ —

o i s e
= 542 q" P
Q AR
L P P ST i ’ &
3538:_ B e L T T b b A B4 baz o4

= AR 2 e M, (GeV/c))
>-36 WYL = o ‘ B; B; proj.
5.34 ‘_T"= oA 1 : -

pagl: - " VIR ..

s

£ e ke
SRCTIL T
H E by

T,

Events / { 0.004 GeVic®)
[+ ] [+ g g

ALyiAva

=
en
TTT[TTT

Events /( 0.025 GeV )
=

-
=
T

5303 02 01 0 01 02 03 04 :
AE (GeV) I

Fit componentS' Signals + D, ~p*+ Continuum

N(B;B,)=92.2""2(stat.)"} (fit) (8.20)
B(B, — D, p*)=(8.5"5(stat.) £1.1(syst.) £ 1.3(f ))x 10~
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Observation of B,.— D, p*

R. Louvot et al. (Belle), PRL 104, 231801 (2010);

4D fit on Mbc, AE, cosB,, cosBp,.

signal (B B*)
- ¥

- infwg

.. N = ‘. L. .

_ * Belle (23.6 fb=1)
- . 0._- ’—
53 L. Bl [ B‘,.—)Dﬁ p'!'

rII|III|I_IIlILIII.II_lll.‘I‘ll!II

—03 -02 -01 0 01 02 03 04

AE (GeV)

SE Belle (23.6 1)
£ [ Belle (236 1) ZE B - gt . -
= £ B D pt aF signal (L)
=20F signal (L) Ez_
st “E
10° 3
SEIT & 1. . (o7 LJLilhlfin
% 3 - ;53;1-' I 533 42 U B / ﬁ 4 lli:l E)-';r-l"rwavé
' ' My, (Ge\fjcz) signal LTI Cco '9}_);—
signal (L) Belle (23.6 1) 3 Belle (23.6 fb™*) 3
signal (L) o _() D;‘p*'j_f 16 B Dr-p+ Eg
312 I~
3 g signal (L) =
udsc 18% E
4=
D B T = S - dsc T - )
02 I/I‘-i-;'l 0 I- I-“I = I U ot Ill- Tt :‘u:ﬂ:ﬂ:“. e
-0.2 -0 0 01 02 03 04 _0 8 /' U a4 0 D 4
signal {T) AFE (GeV) signal (T) Ccos Hp"‘

» N(B:B¥) =77.871%7 (stat.) + 3.3(fit) events (7.40 significance)

B(BY — D*—p*t) = (11 8722 (stat.) + 1.7(syst.) + 1.8(f, )) x 103

+0.08 +0.03
f'-_ 1.05 —0.10—-0.04

or

f, €[0.93,1.00] at 68% C.L.
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Y (5S): large branching fraction to Y(1/2S)mrm

10.8
10.6
10.4
10.2
10
9.8
9.6
9.4
9.2

M(up) (GeV/c?)

III|III|III|III|III'lII_I|III|II'|III

) : .
| oo ]

» -
s
" |

(a) punw candidates

(" )

Process

r‘t”flﬁlr’“ T

Y(25)— Y(1S)7™"
Y(3S)— Y(1S)7™"
Y(4S)— Y(1S)7™*
Y(10860) — Y(1S)7*

a | 0.0060 MeV
a | 0.0009 MeV
a | 0.0019 MeV
7 | 059 MeV

L N LI

9 L ] L

0.8 1

04 UE -
AM = M(upnm)-M(up) (GeV/c?)

e*e™— Y(1S/2S) mr*1mr-
DD

272 K.F. Chen et al.
PRL 100, 112001 (2008)

Y(5S) result:

1.2 1.4

\_ J

Process o (pb)

\
I' (MeV)

Y(1S)m 7~  1.61 =0.10 = 0.12
YS)m 7~ 2.35+0.19 +0.32
Y(3S)m 7 1.447932 = 0.19
Y(IS)KTK~  0.1857003% = 0.028

0.59 * 0.04 = 0.09
0.85 = 0.07 = 0.16
0.5231 +0.10

0.06775011 + 0.013

~
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Y(5S) decay to BY and B*

B—B*y, only reconstruct B

, VTR T
5 - I. ] - =
P 3 < :
e _*4?%,‘_.‘ i * *
T - - B B
gy - s s
e T o a = 5 -
: e . s A
Tu B - . LA . .
SR,
B o L i
3 ¥ r e
H o R
e el
s Y

Y B _*B

s “sg

5.45

ol ol A

B _:J:\-:ul-'._. g
T e e .
BB Mk
- -t s
l-'-l .'.
Bl - 5 ;

%703 02 01 0 01 0.2

AE (GeV)



B*->J/y K*
B\ 23.6 fb-!

B*->J/yK* BB:
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3/4 body B*/0 decays
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Decompose 3,4 body BO)B)n,BBnn
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Reconstruct additional n*
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Only B candidates from signal region M, ¢>5.37 MeV/c? are used
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Summary & Outlook

*Bs decays have been studied.
*CP eigenstates: B —J/wn (first observation), J/ wyn’ (evidence).
*CKM-favoured: B.—D./1*, D, p*, D, ~ p* (first observations).
*B* and B° production at Y(5S) resonance: Surprising new result
Large branching fraction of 3 and 4 body decays of Y(5S) observed.
*Other modes being studied:
*Anothor pure CP eigenstate: B, —J/wf, (1T ).
-Data set increase ~5 times, with new tracking:
*All the previous results will be updated.
‘More channels to be observed. (e.g.: B,— D)D), KOKO)
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