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Preamble

From unitarity of CKM matrix,

VudViy + VeaVg + ViaViy = 0

(P, 1)
ViV, b2
VeaVey

ViaViy,

0 PO v
VodV B B* mixing

¢s3 1

b — c transition (1,0)

Interference between b — ¢ decay and BY — BY mixing ~» Measure ¢
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Outline

Two quark level transitions in this category
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Both new results from Belle!
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BY — D** D*~ K| Motivation

T. E. Browder, A. Datta, P. J. O’'Donnell and S. Pakvasa, Phys. Rev. D 61, 054009
(2000)

Extract C' P parameters from time-dependent decay rate asymmetry,

['(At) — T'(At
—< ) ( ) — AD*—|— D*— Kg COS AmdAt -+ SD*—i— D*— Kg sin AmdAt

[(At) + T(At)

If penguin contribution negligible,
AD*"‘ D*— Kg — O, SD*"‘ D*— ng = DSin 2¢1
D - dilution factor

Contributing partial waves have different C' P ~» Final state C' P admixture

D*t Kg resonant structure contaminates C' P eigenstate ~» No indirect C' P
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D*" D*~ K Motivation

Assuming no direct C'P violation,

Time-dependent decay rate asymmetry in the half-Dalitz space,

['(At) — T'(At) Je 0T | 20T |
= = AmgAt — 2 9 NN
T(AL) + T(Al) = Ny~ T cos Amy 7 sin 2¢1 + 1)y 7 cos 2¢1 | sin Amag

3-parameter fit: .J../ Jp, 2Jg1/Jg sin 2¢1, 2Js2/Jo cos 2¢

= |

Possibility to extract cos 2¢4
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Great precision on sin 2¢ from
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Resolve sin 2¢; two-fold ambiguity
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BY — D** D*~ K| Motivation

(At) — T(AY Je cos AmqAt — <2j81 sin 2¢1 + 1y QjSQ
0 0

h 2 AmgAt
(A ) + F(A ) Ty Jo COS q51> sin Amyg

T
T
J., Jo, Js1, Jso are decay amplitude integrals over the half-Dalitz space

Dalitz plot from signal MC

if B — D** D*= K is pure 3-body,
J../ Jo expected to be very small ~ O(1%) :;;10_5 st<sin =-1

& 1o§

Jso = 0, cos 201 o

If quasi-2-body decay contributes, % 8:
J. can be large "o

Narrow resonance ~» Small Jo 7

Wid Large J * N i
Ide resonance ~ Large Jgo e R - s Ry S 10 105 11

s*=m2(D 'Kg) (GeVZ/c?)
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Event Reconstruction

Analysis based on 449 x 10% BB pairs

Reconstruct,

B — D*+ D* KO DO — K- at
— Kot 7~

D*t — DO =t K gt g0

— Dt 70 — K- nt ot ™
— K~ KT
Dt — K- atnt

— K~ Kt 7t
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BY — D*t D*~ K Yield
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Y(B? — D*t D*~ K2) = 131.2713% (stat) events

Background mostly B B events
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aw Asymmetry
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2-parameter TCPV Fit

= Ap«+ p«- Ko c0s AmgAt + D sin 2¢; sin AmqAt

o O O ¢
B 0 O b
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Blue curve - BY tags, Red curve - Botags
ST bl Lj?;é;;—) AD*+ D*— Kg* = —00121_832;1 (Stat) + 0.090 (Syst)
Dsin2¢; = 0.0617) 758 (stat) 4 0.058 (syst)
— } —T— No evidence for direct or mixing-induced C'P
violation
S S —— 4 ‘A‘té(;)s‘)
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3-parameter TCPV Fit

Js2

g — 1y 2S cos Amg At —
T(AD) + D(A) Vg oo

['(At) — I'(At J 2J,
(At) (A7) _ c < JSl CcoSs 2¢1> sin AmgqAt
0 0

Blue curve - BY tags, Red curve - Botags,
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Jo/Jo = 0.607032 (stat) £ 0.08 (syst)
| | Ja1/Josin2¢; = —0.177095(stat) £ 0.09 (syst)
2J42/Jo cos 2¢1 = —0.237093 (stat) £ 0.13 (syst)

DO

Large .J../Jy could indicate broad unknown D*** state

Raw Asymmetry
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Large dilution of sin 2¢; from partial wave contributions and
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No model-dependent sign of cos 2¢ with current statistics

At (ps) At (ps)
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1. BY — J /¢ 7Y
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BY — J /¢ 7V Motivation

Extract C' P parameters from time-dependent decay rate asymmetry,

['(At) — T'(At) _
_ — 0 c0s AmgAt + S/ 70 sin AmgAt
(A 1 T (AL A g1y 70 €08 AmygAt + Sy 70 sin Amg

b

Same weak phase as b — ccs transitions ¢
. N . C
If penguin contribution negligible, W <

Aj/w 70 — O, S!]/w a0 — — S1n 2¢1

M. Ciuchini, M. Pierini and L. Silvestrini, Phys. Rev. Lett 95, 221804 (2005)
B — J/4 7 result ~ Estimate penguin pollution in B — J /v K
= Precise determination of sin 2¢4

But this is statistically limited by B — J /1) 7 precision
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Previous Measurements

] Y10 SpvsCop % _

o T TS e Previous Belle measurement based on 152 x 10° BB pairs
| | S. U. Kataoka et al. (Belle Collaboration),

’ Phys. Rev. Lett. 93, 261801 (2004)

X A ro = —0.01 £ 0.29 (stat) + 0.03 (syst)
Syrpa0 = —0.72 £ 0.42 (stat) = 0.09 (syst)

Jprc,, M ’ B |
v, | Foatiomson Measurement at BaBar based on 232 x 10° BB pairs
Belle 5 i 0.0110.';910.03 .

— B. Aubert et al. (BaBar Collaboration),

Phys. Rev. D 74, 011101(R) (2006)

RRRRRRRRRRR

Ay o =0.21 £0.26 (stat) = 0.06 (syst)
e S0 = —0.68 £0.30 (stat) £ 0.04 (syst)

Measurements of ¢1 in B Decays to Charm and Charmonium at Belle



BY — J/v 7' Yield Extraction
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New measurement based on 535 x 10° s i
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Blue curve - Signal
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Green curve - Combinatorial background
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Red curve - J /1 X background
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290 J/@b 7" candidates, Purity = 88+7% AE(_G-GV)-_-.
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TCPV Extraction

o |At]/7 50

Pasg(at,0) = { 1 anw

4TBO

+q(1 — 2w) ('AJ/w 70 COS AMgAL + 87/ 70 Sin AmdAt>} } ® Rsig

Account for background with C' P asymmetry, BY — J /¢ K"

Fix A j/px0 and S/ k0 to current world average

1
P(At, q) = fsigPsig(Al, q) + fr/9x0 Prjyro(At, q) + §kagPBkg<At)

Ay o = 0.08+0.16 (stat) +0.05 (syst)
Sy -0 = —0.65 £0.21 (stat) £ 0.05 (syst)
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BY — J/v 7 conclusion

Feldman-Cousins approach
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5 0 5 A0S Mixing induced C'P violation

significance - 2.40
Dashed curve -

o No evidence for direct C' P violation
Background contribution

Measurements of ¢1 in B Decays to Charm and Charmonium at Belle



Conclusion

B — D*t D*~ K¢
Hint of broad unknown D*** state?

Cannot infer sign of cos2¢; with

Events / ( 0.05 GeV/c?)

current statistics

No evidence for direct C' P violation

24 25 26 27 28 29 3 31 32 33 34

For more details ~> arXiv:0706.2045 m(D" K,) (Gev/c)
BO — J/lb 7TO . IY 10 Sep VS Cp @

Measured mixing induced C' P ARV L

violation with 2.40 significance .

Consistent with other

-0.2

BY — c¢ KV decays

-0.6

i . . . .
-1 -08 -06 -04 -02 0

No evidence for direct C' P violation
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BY — D*" D*~ K{ Backup

Measurement at BaBar based on 232 x 10°% BB pairs

J./Jo = 0.76 + 0.18 (stat) £ 0.07 (syst)
2J51/Josin2¢; = 0.10 £ 0.24 (stat) 4 0.06 (syst)
2Js0/Jy cos2¢1 = 0.38 £ 0.24 (stat) + 0.05 (syst)
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