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KEKB & BELLE
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The Weak Decays of Quarks

* Coupling strength at decay vertex : GgV;  7wrkdecay vy
— universal Fermi weak coupling : G, i GV .
— V;+ quark-mixing matrix elements /
e CKM matrix : quark decay  w s
— unitarity : V*V;=06, P V;
— explicit parametrization (Wolfenstein) by J

— complex phase leads to different b>u and 1>d
amplitudes for quarks and anti-quarks.

( Vud Vus Vub
Vthcd Ves Vch:

Vid Vis Vb

A=0.2235:0.0033 A=0.81+0.08 |p-in|=0.36+0.09 - c,ﬁ

[1-p-in| =0.79+0.19
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The B Unitarity Triangle

Using relation {i= 1,k = 3] ud +V YV + Vt’; 0
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(; measurements

e b—u(cs) & b—>c(us) interference : B—>DK~ decays
— GLW method : use CP eigenstates of D’ meson (D p)
— ADS method : use K*m mode as common final states of D and

D?
e b—u(cd) & b—c(ud) interference ( & B°—B° Mixing )
— sin(2¢,+¢;) measurement via B'—D®* 7~
& Dalitz analysis of B-— DK~ (D — K¢ ™ ") decays to
get O, directly. (A.Giri, et. Al hep-ph/0303187)
Independently by Belle (unpublished)

First Belle measurement hep-ex/0308043
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B"— DK™ decay
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Ml ~ chVus ~ AA’?’ M2~Vu2 VCSNAA':;(p-I_Zn) ~ ei¢3

If both D? and D° decay into the same final states
B*— DK+ and B*— DK amplitudes interfere.
Mixed state is produced: ‘50> = ‘50 > +ae'’ DO>
Total phase 0 = @, +0
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B"— DK™ decay

‘50> = ‘l_)o> +aei9‘DO>

ub” cs

VoV

a=

x%2 20.09/022%x035=~1/8 O=05+¢,

a

in the case of no interference between D" and D°

Br(B* = D°K™")
Color suppression factor a,/a,=0.35 1s estimated from the ratio of
B'— DYK? and B*— DK™ branching fractions (measured by Belle)

o \/ Br(B* — D°K™)

Use 3 body D? decay, analyze Dalitz plot (fit relative amplitude a and phase 0)

0=0+¢, forB*

} can obtain both ¢, and o separately
0=0-¢, forB
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D'—K 7 decay model

Use D 3-body final state : B*—>D°(D")K*— K ' K*
3-body decay is parameterized by 2-variables:m xkx) & m 2k
M, (B"— DK") = f(mf,m%) + aeie*f(mf,mf) f(mi,mﬁ) : D*(D°) decay amplitudes
M_(8 > DKy = f(m?,m})+ae” f(mi,m®) @, =5+,

Determine each D? decay amplltudes by fitting relative

1200
amplitudes and relative phases. cono | 00 £
5000 F F
D(2010)*" — D7z : 57800 events @78 fb™"! 4000 e _\\4 A
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K,p° 1.0 (fixed) 0 (fixed) 1000 -t 200 g
K (892)Tw (13.6 £0.8) x 1072 330+ 3 Og 5_5 115 2 2;\*3 00 o5 TS 2 s
Kyw (328 +£1.8) x 1077 11443 M oy, GV Mo GV
K, fo (980) 038540011 |21424+23
K, fo(1370) 0.49 +0.04 31146 )
K, f»(1270) 1.66 £0.05 | 341.3+23 100 A
K;(1430) " 2094005 |3536+18| .k A #
K5 (1430)~ 7t 1204005 | 3169+ 21 N i }q { |
K (1680)~ -+ 1.62 +0.24 844 10 o b 4
K,oy (M,, =535 +£6 MeV, T, = 460 £ 15 MeV) 1.66 = 0.09 2173+ 1.4 LR iR
K, (Ms, = 1063 £7 MeV, Ty, = 101 + 12 MeV)|  0.31 +0.04 257 + 11 M EEANTAR
non-resonant 6.51 £0.22 149.0+ 1.6 0 - j had K g
X5 OO”IG_SII”J””LSI”IZ””2.5I”3 65” i 1.5 2 25 3
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Effect of D°-D° interference

Most sensitive regions on the Dalitz plot (§ = 0°, ¢3 = 70°} ¢ = (.125.
5 x 10* detected events (equiv. [ L ~ 50 ab™1).
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Statistical accuracy (MC study)

Accuracy depends on the value of a. Use pessimistic value a = 0.125.

b > Generate DY Dalitz plot for 0° < 6 < 360°.
bﬁlj § Fit Dalitz plot with free a and 0, extract op.
75 b = + 9~
3 Mﬁ\*/ 3 = %
25 |
5 If 0y = Const
L5 T
; 2
0.5 | V2
0 G' !

50 | :’GGI Ejﬂlgﬂﬂlﬁ'jﬂl_mﬂljjﬂ
0, deg 3.0° < 04, < 3.7° for 10* detected B* decays

Statistical error of phase # for
10* detected decays.
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B*— DK™ signal with 142 fb"!

35 - | Entries 5482 Enrries 292 Entries 240
30 | : : 25 -
25 20
20 N AN
: : 15 : :
15 N J i
F IR 10 IR &
10 R\ A
* I et P\ Tl B el N
0 : 3 R 0 W\\ SR Y \’Q't 5 .
52 522 524 526 528 53 1.8 1.82 .84 L8 [.88 1.9 1[92
AE, GeV MbLJ GeV MD, GeV
138 . *|AE|<22 MeV
events
*5.272<M, . <5.288 GeV
107%12 signal Signal selection cuts: *[Mp-1.86 GeV|<I1 MeV
3243 background *lcos®y, |<0.8
*Fisher discriminant 7>-0.7
*PID(K/m)>0.7
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B*— DYK*, D'—=K n*7 Dalitz plot

/ K*(892) bands—
. 3
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Backgrounds

e gq combinatorics (14%)

— Fraction (together with D?): from AE distribution

— Dalitz plot: from continuum data (off-Y(4S) or on-resonance)
DY from gq (3%)

— Fraction (relative to combinatorial): f_rom 499 My, distribution

— Dalitz plot: equal mixture of D° and DY
* B decays (2% neutral, 4% charged)

— Fraction and Dalitz plot: from generic MC
« “Wrong” particles in D° decay (0.5%)

— Fraction and Dalitz plot: from B—>DK MC
« B—D% with K/n misidentification (0.5%)

— Fraction: from signal AE distribution
— Dalitz plot: DY
* Flavour tagging K from combinatorics (<0.4% at 95 C.L. from MC)
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Extracting ¢,

 Fit DY Dalitz plots from B*>D'K* and B—> DK~
processes s1multane0usly with three (a, ¢; and 0) free
parameters. = |

u:a
300 K
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o @ 90%C.L.
o Weak phase (|)3 = 95° 72 +13° £ 10° @

0 61° < {5 < 142°
e Strong phase 0= 162 (e £127 £24 104° < & < 214°

o Relative amplitude a = 0.33+0.10+£0.03 £0.03 0.15<a < 0.50
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Model uncertainty (MC study)

Generate DO Dalitz plot for 0° < @ < 360° .
Fit Dalitz plot with different model (free a and 6), A8 = 05;; — 6.

Fit model (A¢3)maz,deg
K™*(892), p, nonres 29.3
K*(892), p, DCS K*(892), f°(980), nonres 9.9
Meson formfactors F,, = Fp =1 3.1
Width dependence T'(¢?) = Const 4.7

Our estimation of model uncertainty is 10° (all wide resonances

approximated by the flat term).
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Source of model uncertainty

Complex D decay amplitude f consists of absolute value |f| and phase ¢.
f= |_f(m_|_= m_)lﬁi¢{m+ ;m_ )
For D" — DY interference from B — D" K decay:

A = |f(my,m_)|e mm=) 4 a6’ f(m_, my)|e” 0=

£ (g, m )|+ ae|f (m_, my )| Pmome)moime o)),

| f| is directly measured in the experiment.
Phase difference ¢(m_,my) — ¢(my, m_) is model-dependent.
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Model-independent approach

Amplitude of D p decay:

Acp = flmy,m_) £+ f(m—,m4)
V2
| fmg,mO)| £ | f (m_, my )| (@0 me) —d(m—m )
. V2

Phase difference can be obtained without model assumptions using DY and Dep.

CP eigenstate of D° can be produced by er-factory in decay "' — D DO,
CP tag is provided by another D" decaying to CP eigens (like KTK™).

DD Depeven Depodd (-&ﬂbii)mam ‘

1000 100 100 15.24+ 5.4
5000 500 500 7.0+2.5
20000 2000 2000 1.6 £0.6
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P2 CP-tagged events at Charm Factories

CP properties of the D states produced in the ¥(3700)
are anticorrelated. If one D decaying as CP=+1 other

state 1s “CP-tagged” as CP=-1

32,000 CP-tagged K*m~ decays are expected for

one year run at CLEO-c (G.Burdman, I.Shipsey
hep-ph/0310076)

, GeV®

Ksg
, i

Based on this number we can estimate:
8,000 K¢mrm-
6,000 mtrmmO
1,500 KKK"

M
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Comparison with indirect measurements

Our result
(68% CL)
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<> Conclusion

® ¢3 can be measured in B — DK, D° — K rt7n~ decay. The
advantages are:
— Do not need absulute values of branchings.
— Sensitive to ¢g itself, no discrete ambiguities for 0 < ¢3 < .
— Model uncertainty is ~ 10°
— Model-independent approach exists Data from Charm Factory are necessary!
— Sensitivity can be increased by using other decay modes:
B — D*°K with D*0 — D79,
D » K,KTK—, n°%tTn—, 4body decays.
e Expected sensitivity with 3 ab™" and 10% detection efficiency:
— ~5—7° for a=0.125
— ~3—5° for a=0.2
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CLEO D"—K n*n Dalitz plot analysis

CLEO collected 5300 D — K.n+7n~ decays with 9 fb~". [PRL 89251802 (2002)!

D" amplitude is represented by a sum of 2-body decay amplitudes:

f = ak-€e 5"~ [FpFr+ M BW (m_. )] + a,e'® [Fp F,M’ BW (m2: _)] + ...

19 resonant components considered:

K*~n", k(800) "7, K*(1410) "« ", K§(1430)"«*, K3(1430) 7", K*(1680)
K3(1780) 7, K.p, K.w, Ksp(1450), Kp(1700), K.o(500), K. fo(980),
K. f2(1270), K. fo(1370), K, fo(1500), K, fo(1710)

Doubly Cabbibo-suppressed: K**7x~, K;(1430)" 7~

10 components found (red) + non-resonant.

Doubly Cabibbo suppressed amplitude K**7~ observed with 5.5¢ significance.
No CPV observed. Mixing not studied.
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CLEO D’—K 77 data and fit
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Event selection D**— DY ", D’ =K ntm

- Ehries 131407 | Enbries 136809
14000 C . . S000 F B ol g 32558+ [481 ev
IEG‘DG : ; | ; }rmﬂ ; E‘r‘g.;:.‘ &: _‘)«E.E""J+ ALE 4 o
10000 F \% om0 Y
8000 | i \ i S0 E AN
- NN 4000 E : :
6000 F ; : : E §
: ,ﬁ \ 3000 E ;
4000 L\ E 2000 AN
2000 | k\ 1000 ; &
G ;Eﬂnu’ﬁ-&\ mu D o L s T G ;ﬁﬁ %\:\\\& \J\i\\\ EtEEL
0.14 0142 0.144 0146 0.148 0.15 1.83 1.84 1.85 1.86 1.87 1.88 1.89 1.9
AM, GeV M, GeV
140 fb~! sample 439 < AM = Mpy — Mp —my < 6.19 MeV,
101000 events selected | Mg .nmw — Mp| < 9 MeV,
5.6% background lppor| > 2.7 GeV,
oanm = 0.5 MeV K, vertex dist. from I. P. >2 mm.

omp = 5.0 MeV
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e Belle D’—K 77 data and fit
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Close look to DY—K 77 plot projections

Doubly Cabibbo suppressed K* 1o~ w interference
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CLEO/Belle fit results

A. Bondar

‘e,
Resonance CLEO fit QOur fit ! I.fl
Amplitude Phase, deg Br, % Amplitude Phase, deg ‘[‘]/
K*(892)~7+ | 1.56 +£0.03 £0.0255045 | 1650 +£2+ 272 65.7 £ 1.3 1.64 +0.012 137.7 + 0.7
K*(892)tr~ | (11£21 M) %1072 | 32110+ 312 | 034 +£0.13 | (146 £0.7) x 1072 | 324.2+23
K;(1430) " xt 2.0 £0.1 92 07 3+4+4717, 7.3 £0.7 1.85 & 0.04 354.5 + 1.6
K3 (1430) t - - - 0.33 + 0.05 124 + &
K3(1430)~ 7t | 10£01+0.1 13 335+ 7 1} 11, 1.1+0.2 1.23 + 0.03 311.8+1.9
K3(1430) 7 - - - 0.19 + 0.03 277 + 10
K*(1680)~xt | 56+ 03 T35 £4.0 174 +6 130 T3 | 22+04 2.12 +0.23 2+7
K*(1680)Fm— - - - 1.25 +0.2 112+9
K" 1.0 (fixed) 0 (fixed) 26.4 += 0.9 1.0 (fixed) 0 (fixed)
Kow (3751 %107 | 114+£71512 10724018 | (33.2+1.4) x 1073 | 113.6 £ 2.4
K, fo(980) 0.34 £0.02 10014000 1 geg 44 +5 8 | 43405 0.385+0.008 | 209.3+ 1.8
K, f,(1370) 1.8 +0.1 07 02 85+ 4 1] 31 99+1.1 0.75 = 0.06 320+ 9
K. f2(1270) 0.7+£02703+£04 |308£12+53 05 | 0.27£0.15 1.30 £ 0.06 353 £ 3
K.o - - - 1.45 £ 0.09 211.6 + 3.6
Kooy - - - 0.25 + 0.04 253 + 3
non-resonant 1L.1+0.3155 0% 340+ 11 T A58 | 09 +04 5.46 £ (.29 144.5 + 2.4
M’al = 525 £+ 9 MeV, rﬂ’l = 432 + 16 MeV. M’az = 1060 £+ 3 MeV, 1"f-,r2 = 89 + 10 MeV.
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B — D’K*Dalitz plot fit results (fixed a)

~ 154 |
I53
152
I51
150
149

148
AT, 147 - i

] f
200 250 300 350 0 50 100 150 200 250 300 350
Oy deg s

50 100 150

For fixed a=0.125: ¢, =992 §=155+30
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B*"— DYK* Dalitz plot and projections

A. Bondar

January 13, 2004
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B-— DYK" Dalitz plot and projections

A. Bondar
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B*— Dz* signal with 142 {b-!

|.EI'E!H£’S 3869 400 |- Entries 2106

[ | Entries 2200
100 | | g | oo 300
350 1 - 4 250
300 N 200 PN
250 INE 230 \ 20
200 N\ 200 1 150
150 [f \ 150 |
50 | : 50 AN 30
00.2:0.15-0.1-0.05 0 0.050.10.15 0.2 O 501 506 528 5.3
AFE, GeV Mb‘_J GelV
*|AE|<22 MeV
1752 events
*5.272<M, . <5.288 GeV
1655+52 signal Signal selection cuts:  *|Mp-1.86 GeV|<11 MeV
10845 background *[cos®,,|<0.8
. *Fisher discriminant 7>-0.7
Used as a test sample for Dalitz plot fit
*PID(n/K)>0.5
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¥ B*— D'z*, D'—>K " Dalitz plot

January 13, 2004
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Test sample fits

Fit complex relative amplitude ae’g Expect a~ 0

: .fmgj

=
= o
=
h

|
L

0.025

-0.025
-0.05

0.075

0.1 F I
| - |
-0.1-0.0750.050.025 0 0.0250.050.075 0.1
Re(u)

Re(u)

B*— D" (1750 events) BT— D*07t (350 events)

a=0.065+0.020 (~1-2% probability for a=0), however no CP asymmetry
Need further investigation. Stat. fluctuation can not be excluded
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B*"— DK™ Dalitz plot fit results

154

300 K 152

250
150

200

148 |
150

100 146

50 144 |

0.05

142

- | i | | | i |
50 100 150 200 250 300 350 O TUOTEi00Tiso 200 250 300 350 0 50 100 [0 200 250 300 350
ol LIE
s deg d ¢} deg

CL vs. (0, ¢5) CL vs. (a, 9;) -2log L vs. ¢,

For a, ¢, and d as free parameters: Two solutions:

a=033+0.10 @, =927, 5=165, (03, 3) and (p5*m, 5+m)
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Toy MC study
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Strong phase value

Strong phase is 162° for B -+ D°K
Does it agree with expectation based on factorization approach? Yes.

Hamiltonians:

. . GE e = =
H(B™ — UK ) = ?2131”1-".:5[@1 Ch(p) + O2C2(p))|
. N GF ...
H(B~ — D'K™) = ?;V,:,Vub[ﬂ1 Cr(p) + O2C2(p)|

Current-current operators:

O = (Faug)v—alfaba)v_a; s = (Batta)v—alfabslv_a
P

O = ( Jv—altgha)v—a; Oz = (Faca Jv—aliigha)v_a
— 0 pr— 0 pr— — 0 pr— — GJ‘-' " v
AB- 5 D'K) = <D'K |H(B™ = D'K B >= FUH,VEBM
A(B- 5 D'K ) = < DK |H(B™ — DK )|B >= %vﬁ;mm
M = <K D|OuCi(p) + O2C2(p)|B™ >
M = < K DU)OCi(p) + O202({p)|B™ >
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Strong phase value

AB = [Katr7|5K") = AB = O°K7)AD" 5 K,or) + A(B~ = DK™ )A(D° = K, 7)) =
ViV M A(DY = K &)
VauVe, M A(D? & K &)

i

W2
GF . n 1+] [ Lrhlil.i"-?u i-ﬁ]

= —=Vul,  MAD" = Krr) |1+ ——ae
\@ N l: }I fjir:u

VsV MA(D® =& K,rr) [1 +

} - . . M
ae = {.‘J.-'l{D“ —+ K, rm) = e @worlDlg(pf H’,rrrr}/ = .—s_""”‘[mﬁ = [factorization/ =

—  e—ibon(D) az < DO|(@sus)v—al0 >< K| (Sabalv -a|B~ > _
ag < D(dgeg)yv_al0 >< K~ |(Fabalv—a|B™ > +ay < K~ |(fgug)y—a|0 >< DP|(Eoba)v_a|B~ >

For pseudoscalar D?:

< DO(@sug)v—a/0 > < D(CP)(CP)(Esus)v—-a(CPY (CP)I0 >= —e* o () < D°|(iges)y - a[0 >

= ae" = —az/(faL + az)

For vector D%

< DO|(Bsug)v-al0 > = < D9|(CP)H(CP)(Esus)v—a(CP) (CPYI0 >= +6#°7(®) < DO|(wpes)y—4l0 >

= ac' = +ag/(fa, + az)

where

< K |{#gug)y—a|0 =< DY (eba)yv—a| B~ =
< D9 (dgeghy—a|0 =< K- |(8aba)vr—a| B~ =

f

iz real and positive in factorization.

Strong phase § = 7 for B — D°K and § = 0 for B — D*°K in factorization
approach. [R. Fleisher, hep-ph/0301256, hep-ph/0304027].
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