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“The Unitary Triangle
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excluded area has GL > 0.95!

= The CKM picture in the
SM is essentially
correct:
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Thanks to BaBar, Belle and o

Others... _




Present measurements on U'T angles
World Average

/g, (°) 9264

B/4C) | 213+1.0

v/ ¢,(°) 623

sum(®) | 175.9+32.6

They should add up to 180° in the SM. Seems OK...

But we expect New Physics to account for DM, DE, v mass...
New Interactions = New Phases.

Presently, the errors are too large to check the sum rule.

The largest error is from y(¢5): SB(d,)~1°, da(d,)~10°, dy(d;)~30°

In this work, we (CKC, Hou) focus on y(¢,).



‘ v(9;) in a tree diagram:

= A tree diagram:

b — cud,utd... <
i, e

V, =V, e (complex,y),V, (real)




The color and CKM -suppressed
DK mode is important in the y extraction

S
The y determination methods: %b% K
o Gronau-London-Wyler ' e
o Atwood-Dunietz-Soni B ‘D
o DK Dalitz plot (Giri et al, Belle) !
DK~
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The interference effect is controlled by
some common phases and parameters:
o y(¢,) : the goal of the analysis. - u
. . _ _ cSs 0
0 Iy : ratio of DOK-/DYK- amps. ; ; 40 D

o Oy relative phase of the amps.




Extracting vy in B decays  ysyje

ub%

= The ydetermination methods:

S

o Gronau-London (1991)
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Extracting v in B_decays

The y determination methods:

o Gronau-London (1991)

<”

o Aleksan-Dunietz-Kayser (1992)

Interferences are needed
a r= |Vuchs/Vcqus| ~ O 4
Gronau-London

o Use same final state

o Rates are estimated to be of
order 10

Aleksan-Dunietz-Kayser

o Use Bs-Bsbar mixing

o Rates are estimated to be of
order 104

o The favored method at LHC



‘ Mixing induced CP violation
M
B (t=0) DK?




yfrom B, —D_K*

Vus u + Vcs C _
V' S K V., > D h.c. di
— c _ ™ c + CNh.C. lagrams
b " C _ b - u +
B, © ° p- B ¢ ! K

« Two tree decays (b—c and b—u), which interfere via B, mixing:
— can determine (¢, + y), hence vy in a very clean way
» Fit 4 tagged, time-dependent rates
— Extract ¢, + v, strong phase difference A, amplitude ratio
— B.— D¢r also used in the fit to constrain other parameters (o, Amg, A7)

2000 JB, > D, T e 98% suppression
Mass window achieved with RICH PID
system in the analysis

/ «  Used to measure 4m,
{ .« 2fbk 6(4m.) ~ 0.012ps
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m, (MeV)

« Study sensitivity by generating toy-experiments with experimental inputs
derived from full MC (Decay time and mass resolution, reconstruction efficiency, tagging...)
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Color-suppressed B — D°h’ Decays

Color-suppressed (CS) modes were observed:

DOORO, DOy, DM, (Belle, CLEO, 2001)
D, K-, DOK® (Belle, BaBar, 2002)
DO’ (BaBar, Belle, 2004)

Rates are significantly larger than (naive
factorization) expectations.

[B(Dr%) x10%~ 0.5 - 2.5, ...]
o Non vanishing strong phases (D= triangle, 6 ~ 30°...).
o Hint at the present of Final State Interactions (FSI).

(Xing, Cheng, CKC, Hou, Yang, Gronau, Fleischer, QCDF, SCET,
PQCD groups, Soni, Chiang ...)
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Final State Interaction

Through FSI CS (D°h°)
rates can be easily fed from
the CA (D*n’) one. "

B(D*n)=(27.6%£2.5) x 104

D+

B(D%t%)=(2.53+0.20) x 104 »p+ °

B(D*n'):B(Dr%) ~ 10:1

FSI generates strong
phases. Watson Theorem.

P1 p1
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Expt. Results from DK Dalitz method:

Belle BaBar
v/, (537 £3+9) (92+41+11£12)
r, 0.16£0.05+0.01+0.05 <0.14 (10)
Oy (146" £3+23) (118 +63+19+36)

HFAG

Comparing Belle’s and BaBar’s results:

o /¢4 central values are off by a factor of 2 (but errors
are large).

o Bellerg > BaBarry

o = Belle 6y < BaBar dy

g [= A(D°K7)/AD’K7)] IS Important in the y determination.
Not much theoretical predictions on ry.
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What is the implication of D'h" on 7

Naive factorization expectation: r; = 0.4x0.2 = 0.08.

o unVes | |82 < [OS, CA

Vcdvuz al /

(small correction from FF, decay constant ratio)

The color suppressed D°h° rates are enhanced,

perhaps rg [=|A(DOK-)/A(D°K-)|] will also be enhanced.
(Gronau,2002)

Question: “What is the implication of D°h° on r;?”

13



'QCD respects Charge Conjugation [SU(3)]:
Lessons learned from D = DK

D+ B ¢ DO
T u d 7, ng(m)
d d
p+ ° D[D}]
d
d
T B 7T ,Ms(m)]
C C C C
D+ DT 0 0
: - : \ ] \
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QuaSi—elaStiC Scattefiﬂg Flavor Flow Diagram.

FSI in B deays cannot be neglected. Dt < " " “ o
(non vanishing D triangle) d u
(Donoghue et al, Cheng CKC Soni) ) 7
™ Z ) 7, mg(11)
May have cancellation in in-elastic ] ]
rescattering. Exchange
o Statistical approach. Random p+ ] ] ©  D'[Df]
phase  (Suzuki, Wolfenstein) d — uls]
o Fac. in D', QCDF (BBNS) — s
d . B
™ o ms(m) K]
u - - U

Concentrate on quasi-elastic

rescattering (CKC, Hou, Yang), Annihilation

C - . &
o The large source D*r is D+ p ( ) oD
Included ) )
. . d . . d
The Flavor Flow analysis is equivalent = ( j o
to the SU(3) sym. approach. u - - u

Singlet Exch.
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In the light of SU(3) decomposition:

DP=D(3)I1(8)=15+6+3, D(3)n,(1)=3"

_ _ 3
S =[15)15]+e™ [6)6]+(3) [3))-U '(fg,“]

DP=D(3)I1(8), D(3)n,(1):

—\15><15\+92'5\\6><6\+(\ 3) [3))-U- £3 J

/

Need three phases (5, 6, o) and one mixing angle (7).

6,~3.~3
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Use DhY rates (9) to extract a, ,* (2) and
rescattering parameters (4):

I'J-E'Ll‘ElIIlDt-Dl‘ I‘E‘Hlllt- pEll‘Ell‘ﬂDt{_‘I‘ l(_“:il.llt

X2 0.85 Xoin/d-0.f. 0.28

ast 0.93 £0.02 agt 0.20 £ 0.04

) +(53.87}5)° f +(19.1+13)°

o F(95.5117)° T (8.7723)

1 +irf (0.80 £ 0.01) £ (0.40 £ 0.01)i | irt (0.20 4+ 0.01) T (0.40 + 0.01):

ir! (0.07 £0.01) F (0,09 £ 0.01)i | (7 + 7 (—0.177293) =+ (0.21 £ 0.06)i
a 002

14 i) +ilel’a +? (—0.07F034) F (0.96F50L )i

1 +irf +i EJ” (0.80 £ 0.01) £ (0.24 £ 0.01)i  i(rl, + ) (0.27 4 0.02) T (0.49 + 0.02)i

A=S12A,, use naive fac. amplitude as A,

o avoid double counting
o a, M values ~ as expected

Exchange rescattering dominating |r |>]|r,]|.
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Fitted rates (9 modes = 6 parameters)

Mode Bexp I:].ﬂ_'izl Hfa.n: Elﬂ—ai} BFSI I:]_ﬂ_iljl
B~ — D% AT.5 + 1.9 47.607460 4760115
B — Dtn 29764+ 1.0 33.087133 27.7711:32
B0 _. 0,0 2.59 4 0.26 0.42751% 2.46%5 15
BY — DK~ 0.27 4+ 0.05 0 0.26 + 0.03
BY — D% 2.02 4+ 0.21 0.2470 11 2.037072
BY — DY 1.26 4+ 0.21 0.15+0:08 1271510
B~ — DK~ 3.83 + 0.45 3.71 £ 0.40 3.71701%
B° — DYK- 2.04 % 0.57 2301011 1924000
B° — DR 0.52 4+ 0.07 0.10 4 0.04 0.57 £ 0.03
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Predictions on B, — DP decay rates

Mode B=<F Bfe (1074 B (107%)
BY — D¥a~ 32.2811 ¢ 26.021133
B? — DYK" 165700 7.941001
Mode B=P (1077 Bfe (1077 BYS (1075)
BY — Dtx™ 0 0.16 £ 0.02
BY — DYx0 0 0.08 +0.01
BY — DfK- 23334108 19.52132
BY — DY, D.LLfifg:'fg 2.81"_'8:%3
BY — D% 0.617557 1.83%040

The DYKO rate is enhanced by a factor of 5 and reaches 10-3,
The D,K- rate is 10-3 (LHC favored mode for v).
D% and D%’ rates are enhanced to 10-4.

19



Prediction for B(DP)

Mode B=P (1077) B (1077) B (1077)
— T — - +0.05 1 0. 06
B~ — D K" < 0.5 0 0.04 £0.01
B~ — Do " < 20 1.03 & 0.05 0.84150%
B™ — D n < 50 0.59 + 0.03 0.38 £ 0.07
B~ — Doy 0.37 £ 0.02 0.6070 0
B — Dowt 1.4£0.3 1.92 £ 0.09 1.5670 00

- : 0.07 1 ro0u0d
BY — Dtx— 0 0.03 £ 0.00
BY — D0 0 0.01 £0.00
-5 - ; 0.18 o an+0.16
BY — D¥K < 3.041018 @
BY — D% 0.07 £ 0.03 0.47 £0.06
BY — D% 0.10 % 0.04 0.31%5 00

Several rates are enhanced.

agreement of D r rate with data improved.
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Compare with other results:

B (1074) This work CF CS

BY — D¥n~ 26.027 153 20 4 6 224 1
BY — DYK" 7.941041 81+1.8 53403
B (1077) This work CF CS

BY — Dtr~ 0.16 & 0.02 0.20 % 0.06 0.14 % 0.03
BY — DO 0.08 +0.01 0.10 + 0.03 0.07 £ 0.01
BY — DFK- 19.5219-93 18 4+ 3 20 + 1
BY — D% 2.8110 58 2.1+1.2 1.4+ 0.1
BY — D% 1.831550 0.98 + 0.76 2.9+ 0.2

CF: Colangelo and Ferrands
CS: Chiang and Senaha
Most predictions are similar except DO eta, DO eta’, due to singlet contributions
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‘ The DY rate is also enhanceded (10 x)

= In term of topological

. * C
amplitudes (Chau Vd)@/ o
Cheng, Gronau Rosner) _  ® — —

_ B _ T C{(S) w, P(P)
A(B, > D°¢)=V_ V. C d(s) . ——d(s) "
A(B® - D’@) =V V. \/_(C+E)

b Wc Do

AB° > D°p")=V V, —(-C+E) .

( P ) cb ¥ ud \/5( ) Bd \\

_ /\u w, p’
s B(D%0)=(2.5+0.6) x 104,
B(DYpY)=(2.9+1.1) x 104 <+ IEISSICI

o2
Ef’ | [B(B° — D%") + B(B” — D"w)] =3 x 107"
wd

B(B, — D) ~ B

TR

d
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Predictions on rp and I

Expt fac F'SI
re(D"K ™) 0.16 & 0.05 £ 0.01 £ 0.05 (Belle) 0.07 4+ 0.01 0.09 + 0.01
< 0.14 {(17) (BaBar)
dp(DYK ) (146132 + 3 4 23)° (Belle) 180° 180° F (35.2135)°
(118 + 63 + 19 + 36)° (BaBar)

rp(DYK"Y) 0.40 £ 0.00 0.30 £0.01
dp(DKY) 180° 180° £ (7.7F10)°
re, (DYK™) 0.41 &+ 0.00 0.41 +£0.00
dp. (DIK™) 180° 180° £ (0.1 £0.0)°
rg. (D) 0.40 4 0.00 0.41 £ 0.00
ép. (D" 180° 180° F (0.2 £0.1)°

rz(DCK") slightly enhanced and prefers the BaBar result. (Belle r; reduced).

rx(DPKO) reduced by 25%.

rgs Unaffected.
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Conclusion

The extractions of unitarity angles (sum=n?) are In
progress:

SB((I)I)NIOD Sa((l)z)NIOO, 8Y(¢3)~300'
= Need to improve on the extraction of y(¢,).

Rescattering effects on B, ;. —~DP, Dbar P decays
are investigated using the quasi-elastic approach.

Many decay rates are enhanced.
Some of these modes will be useful to extract y(¢,).

Combined analysis of these modes (with B and B,
decays, LHC) will be valuable (statistic) to reduce
the error in y(¢,).
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