d3(y) measurements
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Unitarity triangle

v, V. V, 1-A%/2 A
V=V, V. V,|= — 1-A%/2
A B —>nr th Vts th —A,12

B—>pp
(pm) [B—>pT

%(0’-) / g :i‘”%“:fs
B—>D'D Using unitarity requirement:
(D(B) R - * * * _
0%(1’) 1 n— i=1,k=3}V V, +V_ V  +V VA =0
N | V>V V'V
B—>D'n — —ubud 4 94 "t td -
B —>DK VCchd Vcbvcd

sin2¢, () is measured with a good accuracy at B-factories.
Measurement of all the angles needed to test SM.
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Constraints on CKM parameters

Direct angle measurements
(CKMfitter world averages, 2007):
«0,/f=21.5+1.0°(B—J/AwK’)
c0,/0=88£6° (B—pp, 7n)
«P;/Y=77+£30° (B—DK)
[BaBar (SLAC) , Belle (KEK)]

(5/y remains the worst known element

excluded area has CL > 0.95
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B*— DK" decay

Need to use the decay where V, contribution
interferes with another weak vertex.

S — b Vub u
B-— DK Vis . B DK —ae————
K s D
'< WS
v, u B ) N
cb C V'k S
- 0 CS _
B D K
u u u u
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If D’ and D’ decay into the same final state,

5°>= ‘D°>+ re '’ IT°>
Relative phase: @=—y+0 (B—»DK), @=+y+0 (B*— DK")
includes weak ()/¢3) and strong (0) phase.

Amplitude ratio:
1, =|A(B" =D K )/ AB —>DOK)‘ ~
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Atwood-Dunietz-Soni method

D. Atwood, I. Dunietz and A. Soni, PRL 78, 3357 (1997);
PRD 63, 036005 (2001)

Enhancement of CP-violation due to use of Cabibbo-suppressed D decays
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B~—>D'K- - color allowed
~ D’5K*7 - doubly Cabibbo-suppressed
B-—D’K" - color suppressed
D’ —>K*n - Cabibbo-allowed

Interfering amplitudes
are comparable
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I

< ADS method (Belle)

GELLE

Belle collaboration, 657M BB pairs [arXiv: 0804:2063, submitted to PRD(RC)]
B~—[K'n ] K (suppressed) and B~— /K x"] K" (favored) modes are selected.
[ : B—D, K

fav

Rps = (80753738 Jx107
CP asymmetry:
A, =—0.13702:£0.26

Events / 12.5 MeV

r5<0.19 at 90% CL

0.08
(with the conservative oot
assumption cos ¢, cos 0 = —1) bos

005" Belle 2005 (90% C.L/

Using CLEO measurement § = (22 1; " ) Soos

—iz -1l 0.03" BaBar 2004 (60% C.L.)
[arXiv: 0802:2268] and Py 0, measurements from oz This anglgsis (90% C.L
Dalitz analysis, tighter r, constraint can be obtained. oo /
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Gronau-London-Wyler method

[Phys. Lett. B 253 (1991) 483]

[Phys. Lett. B 265 (1991) 172] fAAB D K") /
Ccp
: . 5
CP eigenstate of D-meson is used (Dgp). N AB—D'K)
CP-even :D,->K'K,n"m" ~%

CP-odd : D, » K., Ksow, Kep, K.

CP-asymmetry: X
_Br(B- > D ,K")-Br(B" —> D ,K") B 2r,sind’'sin y
Br(B~ — D\ ,K")+Br(B" - D,K") 1+r;+2r,cosd cosy

ﬂ1,2

5 o) for D, 2 h e o
= — ave O osite signs
o+ for D, 1.2 PP g

Additional constraint:
R = Br(B —> DLQK)/Br(B —> D1,27Z')
1,2

~ Br(B— D°K)/Br(B— D"x)

2 '
=147, +2r,coso’ cosy

4 equations (3 independent: 4,R, =—A4,R,), 3 unknowns (7,,0,%)
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GLW method (BaBar)

BaBar collaboration, 382M BB pairs [arXiv: 0802:4052]é "o
CP-even modes: D ,,—K*'K~, m* - ol
CP-odd modes : D, —K 7', K o Pt

Aw.  [+0.27 £ 0.09 + 0.04 o

A |-0.09+ 0.09+ 0.02 ol ;

Ree 105 U0 S B0s T e e i

Ren 1.03 + 0.10 + 0.05 . B

30805_ BoDK ]

g 60:_ CPeven

The same result expressed in Cartesian variables: S wf
% 0F

X, -0.09 + 0.05+ 0.02

X_ |+0.10 £ 0.05 + 0.03
r* ] 0.05+ 0.07 + 0.03 of

o« e . . -8.15 -OI.l -0.l05 0 0.05 Ojl O.iS 02
x, precision comparable to Dalitz analysis AE (GeV)
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GLW method (BaBar)

==- BaBar collaboration, 382M BB pairs, B—D'K Preliminary @
with D*—Drr and D*—Dy = o ) 5 Hers

CP-even modes: D ,,—K'K, " n-

CP-odd modes : D, —K 7’ K o, K, @

«D"— D1 and D*—Dy have strong phase
difference exactly 180° = Can combine both

g 2F
KK G 15F

A ~0.11 + 0.09 + 0.01
Acn +0.06 + 0.10 = 0.02]
R 1.31+ 0.13 = 0.03
Rx 1.10 £ 0.12 + 0.04

X, |+0.09 + 0.07 + 0.01

X -
The same result expressed = ||20R e s Ui
. . . r2 1022+ 0.10+ 0.03
in Cartesian variables:

(K @ excluded to allow comparison with Dalitz)
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Dalitz analysis method

A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)
A. Bondar, Proc. of Belle Dalitz analysis meeting, 24-26 Sep 2002.

D°)=D")+re’” D)
Using 3-body final state, identical for D? and DY Kt
Dalitz distribution density: da(mK . Kﬁ_)oc|A| de +a’mlz< .

s st s
2

| A(m[isﬂ+ s mzsﬁ_) |2 = ‘ 4 reidtios

(assuming CP-conservation in DY decays)

If f(m: oMy .-) is known, parameters (r3,0,y) are obtained
from the fit to Dalltz distributions of D>K z"7n from B*—>DK* decays
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=y Belle Dalitz: D’—>K 'z amplitude

BELLE
Belle collaboration, 657M BB pairs [arXiv: 0803:3375] [preliminary]
Isobar model is used as a baseline. K-matrix for systematics test.
o B0 [T Intermediate | Amplitude Phase, °
% 25 %\F %—mo B ] state
S Y ol | Ko, 1.56+0.06 21443
5 Em _ | K, p(770) 1 (fixed) 0 (fixed)
SR ‘ K. & 0.0343+0.0008 | 112.0+1.3
1 oy | K, £,(980) 0.385+0.006 207.3£2.3
3 2000 | ] KS o, 0.20+£0.02 212412
il S ol K £,(1270) 1.44+0.04 342.9+1.7
0.5 1 1.5 2 25 3 05 1 15 2 2.5 3
M?* . (GeV?) M2 (GeV?) K f,(1370) | 1.56+0.12 11044
- P Kyr K p(1450) | 0.49+0.08 6411
Soono | K*(892)m | 1.638+0.010 133.2+0.4
oo | K*(892) " | 0.149+0.004 325.4£1.3
000 | K*(1410)'7z | 0.65+0.05 120+4
o) K*(1410) = | 0.42+0.04 25345
ool K*(1430) | 2.21+0.04 358.9+1.1
5000 | K*,(1430)7" | 0.36+0.03 87+4
f f K*,(1430) | 0.890.03 314.8+1.1
0505 1 15 2 25 3 0 oo T Tk Ts e 2 I(=‘<2(1430)77IJr 0.23+0.02 275+6
M . (GeV?) M2, (GeV?) K*(1680) | 0.88+0.27 82+17
' i K*(1680) 7" | 2.1+0.2 1306
6,(M=5224+6 MeV, I'=453+10 MeV) Nt | 275403 160+5

6,(M=1033+7 MeV, ['=88+7 MeV)
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W=y Belle Dalitz: signal selection

GELLE

Belle collaboration, 657M BB pairs [arXiv: 0803:3375] [preliminary]

25

1

- T
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[—1 Continuum becljg|
|- [0 BBbar bekgr

T T 1
EX0 Signal 1 Signal

Entries/5 MeV

100 |-
20

Entries/5 MeV
Entries/2 MeV/c*

80

15}
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\

10}
40 |-

20 |-

ry 0 0.1 522 524 526 528 53 O o Y 0= s =:ton 598 to8 53
AE (GeV) My, (GeV/c?) AE (GeV) M,, (GeV/c?)

¢ |AE|<30 MeV ® M, ..—Mp| <11 MeV/c?

o M, >5.27 GeV/c? ® 144.9 < AM < 145.9 MeV/c? (B—D’K only)

¢ Continuum rejection variables cos6,, , “virtual calorimeter” Fisher discriminant:
lcosfy,| < 0.8, F>—0.7 in (M,, 4E) fit to determine background composition.

Whole range is used in Dalitz fit, included into likelihood.

756 events, 29% background (B—DK) In “clean” signal region
149 events, 20% background (B—DK, D*—Dz") (Jcosf, | < 0.8, F>—0.7)
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<A Belle Dalitz: fit results

GELLE

Fit parameters are x,= r, cos(xp;+6) and y, = ry sin(£p,+0) [preliminary]

Unbinned maximum likelihood fit with event-by-event background treatment
(4E, M, |cos8,,|, F included into likelihood)

~ 3 T >

e

= 25 e
R .

0.2

e
15 Lo L
o T
L e R
A T
T
o5} AR T 0

05 1 15 2 25 3
m; (Gevic!y

< 3T

¥ { -~ !
" x_=+0.105 + 0.047 + 0.011 x_= +0.024 + 0.140 + 0.018
Errors are statistical and /y_= +0.177 +£0.060 + 0.018 y_=-0.243 + 0.137 £ 0.022
experimental systematic.{~ X,=-0.107 +0.043 + 0.011 X,=+0.133 + 0.083 £ 0.018
Model error not included. | y,=-0.067 +0.059 + 0.018 y,=+0.130 + 0.120 + 0.022
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Belle Dalitz: fit results

)

[preliminary]
w LA B RS MR T - R A RS LR RN AR AR + + .
2,:22 T oas| _: B¥—>DK Jcr>1n3ly.
S ol 1 o3 | 93781 °+5%syst) = 9°(model)
i 025 1
200 |- @Lﬁ sl { B*—>D'K*only:
150 | ] 3 ]
ool 1ol ;=64 70 + 49(syst) = 9°(model)
50 | 1 oosf 1 N N . .
o b 0ol B*—DK*, B* =D K* combined:
0 50 100 150 200 250 300 35( 0 50 100 150200250 300 350 +12
o, (degrees) 0, (degrees) @3=76 _; ° = 4°(syst) = 9°(model)
f - rpr=0.16 £0.04 + 0.01(syst) = 0.05(model)
g 0.35
3 03l rpa=0.21 £ 0.08 + 0.01(syst) = 0.05(model)
ﬂD*[(i +140 o o
A Opx=136 1o + 4°(syst) = 23°(model)
015} Opex=343 _,, ° & 4°(syst) + 23°(model)
01
005

0 50 100150200250 300 35( 0 50 100150 200250300 350 ] . .
9, (degrees) 9, (degrees) Model error estimate is the same as in

previous analysis.

Stat. confidence level of CPV is (1-5.5-10%) or 3.5¢ !
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2 3
m? (GeV?%c?)
K'(892)", K, (1430)", K, (1430)",
K'(1680), p(770), w(782), £,(1270),
K-matrix for zz S-wave and running phase

non-resonant for Kz S-wave.
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BaBar Dalitz: signal selection

~=— 7 modes used: B—DK, B—D"K with D*—Dz" and Dy, B—DK"
D’—Kam and K K"K (except for B—»DK")

+ + + +
B* > DK* B* > |pa°,-k* B* > [Dy],-K B* > D|Kx*].-
sof - [ of I 100 - |I‘
| | e L
+§ Ul 133#15ev | Wy il 1Ly T
N log '_":..ﬂ 4-_‘1'.' 1Lt _' T‘ :
N 40 soft T AT 0L
600231 ev T 129+16 ev
0 i i L i 1 i i L 0 L L 0 " " L | " i " . N . L
52 525 5.2 52 5.25 5.2 5.25
M (GeV/c?) mg, (GeV/c?) M (GeV/c?)
| 15
, 15 |
60 | .
> - 2047ev | .
N 112+13 ev . 0k 32+7 ev - 0, o oA
Mm wl - _ ' ” : e
2 L i
(IR A U L
. . AN LN Lt
52 525 52 5.25 52 525
m, (GeVic?) mes (GeV/c?) m, (GeV/c?)
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BaBar Dalitz: fit results

0.5

-0.5I-

‘-H
>
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B* > DK* ]
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71— _#

4 >

B > D'K* i

0.5

-0.5
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Fit results expressed in Cartesian coordinates x,= r cos(+y+0), y,= ry sin(xy+o)

B* - DK "

X, X*i Xst
B—D°K B—D*K B—DK*
X_ 1+0.090+0043+0.015+0011|-0.111+0069 +0.014 +0.004|+0.115+0.138 +0.039 +0.014
Y. [+0.053+0.056 +0.007+0.015|-0.051+0.080 +0.009 +0.010[ +0.226+ 0.142 + 0.058 + 0.011
X, |-0067+0043+0.014+0.011]+0.137+0.068 +0.014 +0.005(-0.113+0.107+0.028 +0.018
Y. |1-0015 +0.055+0.006 +0.008]+0.080+£0.102+0.010 £0.012/ +0.125+0.139 £ 0.051 £ 0.010
Statistical Systematic D% modal
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- REREN T

L.J iy 5| B DK | : 7 —Bt DK |

- Hadu o S

0.8 : ".:-Combined = B - DK*| 7]

_________________________________________________________________________________________________________________ Io ]

. N RN o) o 20 |

2150 -100 50 0 50 100 15 2 03 04 05

Y (deg) 1O Krs
_ +23 | . g
y=(76"2 +5+5) 7, =0.086£0.035£0.010£0.011 5 (1092 +47)

y=(630+8+7) 73 =0.135£0.05E0.0110.005

0
(DK 'z modes only) @20,163_*3;‘1’3210,03710.021 5, = (1047 £17£5)
5 41

CPV significnce is 3.0c \ Accounts for possible

non-resonant B—DKr
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Techniques using neutral B decays (BaBar)

Decay B/—DK™: Both amplitudes are color-suppressed, r; ~0.4
B DK (K B'=D'K'(K")
ro Vo
b Vi . b LT, )
N i._ X < . N
. ' B S
B ) a\o - d 0 K'(K")
d K'(K")
T
g »-  Babar
S sLPRELIMINARY
[ 4 * y/ 9, =162%56",r(D°K )< 0.55(90% )
5Z_...“,m.m'.|lm...w..-L, . .:J. pendosoraca g ea l i t?%{?-
83" sa 53z 53 54 5.35 l'f‘laGESir&e\sfifzzfzg
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Techniques using neutral B decays (BaBar)

BaBar collaboration, 347M BB pairs [arXiv: 0712:3469]
Decay B’ »>D'K’r*
Use B flavor tag, perform time-dependent Dalitz plot analysis. Sensitive to 24+y

Interference between B —)D**OK;) (b—uandb—c)and B* — D K*" (b—c)

g E 1 ~ — g L N’\ azm b)
> 5000 . 4 = 250F 2 1600 ) 150
n g 1eop N © >~
O - i O - O 140F ¥ 100 HHH}HHH
2 B 3 © 200} e S
2! 400p i 1 = X & 120F 50
= L 4of A r E =2
7 . o g |sob S 100 + + % 0z o4 06 08 1
= 300 E o B ~ ,
i Fl m s = 80:+ + 1.2 o)
Fire - = F —1.0 P4
200/ L0Of- S 60 i } Zos., /N
Rk B M40 ——— T | Fole / /
o o F T 0.4 % 4
oo ™9 >0 N, 02 N\ —
1’ , R B B r e 9547555536 527 528 529 0 1 2 3 4 5 6
Y274 6 8 10 12 %5 10 15 20 25 30 M, (GeVic?) 28 + 4 (rad)
m2(K® wt ) (GeV/ch m2(D* n£) (GeV3/ch

284720, +0, =(83£53+20)
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World average (UTfit)

UTfit averages

i B all UTy;¢ 1
- , B Dalitz

i BXAps+eLw

including all results

0.0015— 0.5

available today

0.001

1T T T

Probability density

0.0005 "'/ /
/

_ 2]
: 'o.ls; //1|

0 A
P
Py | V[O] = ' 2> |
‘@ @ 001 — B
2 P —0.092+0.038 —
§ oo rp=0.098+0.017 § D*K § Fpg+=0.132£0.09
% 0.015 E s
i ©
g 0.01 g 0005 -g .
i P o o 0.002f
0.005 } .
I | . .@ - l{Tﬁr \ ! | i E
% 04 06 08 1 % o4 o 08 1 Y TR T .
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Summary

¥ New ¢;/y measurements appeared in 2008:
/¥ BaBar GLW, Belle ADS updates,
¥ Belle Dalitz update with DO—K m+m-
/¥ BaBar Dalitz update with D°—K m+m- and new D%—K K+K-

/¥ 0O(10°) Precision in direct measurements of ¢5/y is achieved.
However ¢;/y remains the worst known angle of the Unitarity
Triangle.

/¥ The precision is statistically limited for ADS and GLW methods —
good perspectives for improving the result with larger data set.

/¥ The model uncertainty is comparable to statistical error for the
Dalitz analysis. Model-independent method using charm data
(CLEOc/BES3) will be used to obtain a more reliable result.



Dalitz analisys: model-independent way

Model-independent way: obtain D° decay strong phase from ://(3770)—>_DD data
PBi(miamf):(fD+(x+iy)fD |2:PZD+FZ§FD+2\/PDPD[‘xiC+yiS]

2 2 2 2N\ |2
Py (m2,m?) = [ (m?,m?)| x; = 1 cos(S £ 3) }
Free parameters

Py(m?,m?) =| fo(m®,m}) [ Vi =g sin(0 £ ¢s)

Unknown, can be obtained
from charm data at w(3770):

C(m?,m?) = cos(Sy,(m;,m>) = 5, (m”, m)) }

S(mZ,m2) =sin(8, (m,m>) =&, (m>,m?))

DCP_)KSEJFTZ PCPi(mfamE)=|fDifD |2=PD +1_)D t2 PDf_)DC
2 2 2 12 Vel Vs r 2
w(3770)— (K )p (Kt ) : Feorr (my,m=,m"sm=)= fpfp = fpfp "=

= Pp P}, + P Ppy — 2./ PpPp P PH (CC' + SS")

Contribution to ¢,/y error: ~5° with CLEO data
(but this is stat. error, more reliable than current model uncertainty)

~1° with BES data (20 fb'!)
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