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Motivation and importance of measuring vy

Y is still the less precisely known UT angle.

Its determination is important also because (together with V, ,
contraint) it selects p—m value valid in most of the NP
extensions
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Experiments providing most of
analyses today
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in near future
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vy measurements from B— DK

— Advantages:
i DY | «Only tree decays.
b—c P AV -Largely unaffected by the New Physics
BT < K+ | scenarios
u > Clear theoretical interpretation
Disadvantages:
b *Rare decays and low rg
— Kt
Vi
b—u B vE -
T >
Related variables (depend on the B meson decay channel):
y }/‘B ~ O . 1 For charged B mesons Experimentally not easy to measure.
a— | b—u | / Three ways to extract the information:
b | Ab | ™~ v, ~ O 3 For neutral B mesons GLW
—c B .
*ADS
dy strong phase (CP conserving) *Dalitz
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vy measurements from B—D(VK(”

b A . C -
V. oy DY
b—c (V,,, real) BY v s
K *0
d > d
relative phase y
b U
2«
V, ¢ DY
b—u (Vyp, = Vil €7) B’ V<3
5 K *0

Advantages:
*Only tree decays.

Largely unaffected by the New Physics
scenarios

*Clear theoretical interpretation

Disadvantages:
*Rare decays and low rg

Related variables (depending on the B meson decay channel):

I"B ~ 0 ] For charged B mesons

7 _|Ab—>u| /

Experimentally not easy to measure.
Three ways to extract the information:

B | Ab_>c | S ]/'B ~ 03 For neutral B mesons ‘GLW
*ADS
Oy strong phase (CP conserving) *Dalitz
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Results from Bt— DK

Integrated Luminosity(log) L
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Results from B*—D™K*, D*— D% (D)

Integrated Luminosity(log)
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Results from BT— DK™

Integrated Luminosity(log)

GGSZ, arXiv:1005.1096

ADS, DK, D’—Kz, PRD 80, 092001
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v measurements from B—DK (GGSZ)

A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)

Dalitz Method
Modes: .
’ _ i(6=xy)\ _
Krx X =Re(re )=rzcos(0xy)
K K"K (0% . _ . .
nme y, =Im(r,e"*") = r, sin(d = y) D'~ Kin'x D'~ Ki'x
W A\ b -
D’ _>K§”+”_ 5:—>K§n P4
: \P b—c - \p b—u
AB_ (mKS]r ,2“, ) = " ( + ‘T'I,C_""?'-{*-Mz: ‘
Advantages:
elarge interferences in some Dalitz regions
sstrong phases varying over the Dalitz plane
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vy measurements from B—DK (BaBar)

Dalitz Method

-4 BaBar 425 fb’!
(468 MBB)

D— Kortn~, KJKYK™

BaBar only!

s, (GeV%c?
w

s. (GeVZch
N

s. (GeV%c?

s, (GeV?/c?)
Resonance structure provides an important
information on the phases

Events/2.25 MeV/c2?
S

AE, (s—, St).
m _ ’ E2 _ 2
ES — beam pB AE = EB - Ebeam
=150
a) 2
0
00" gwo
} g
i w
200 50
0 1 | L 0 | 1 I T
5.2 5.25 0.05 0 0.05 0.1
mgg (GeV/c?) AE (GeV)

>

D — K2ntn~ D’ — KYKTK~

R R

_m; (GeV2/c?)

[

1 2 3 1 1.2 1.4 1.6 18
m? (GeV?/c') m? (GeVZ/c?)

Signal is separated from background using
my, Fisher (on event shape variables),

The reconstruction efficienciy is 22%
arXiv:1005.1096 Fit for yields and CP violating parameters
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vy measurements from B—DK (Belle)

Dalitz Method

Signal events yield

=y Belle 605 fb-! (K ) 7 (Kam) ?(KSKK)
=l (657 MBB) 657 MBB 468 MBB 468 MBB
D— K%t~ B*—DK * 757 + 30 920 + 35 142 + 14
o 3T ~ 3 , — i(6=y) —
S - y, =Im(r,e"®*") =, sin(d + y)
Y
15 - ': 25 3 0.2..." : 6B

Resonance structure provides an important

information on the phases o an ]
arXiv:1003.3360 My
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v measurements from B—DK

Dalitz Method
\ Dl)ulilll(l X;V5Y; m
0z | ( | Not an easy task to average
_ the results, the model errors are not easy to be

(9 combined

®

Babar B* ~
Belle B
Ballar I5°
Belle
M Averages

s L 1 L s
-0.2 0.1 0 0.1 0.2

St o W LI« A7 « 1 camiponding = 08 M OL b 3 &9

-150 -100 -50 0

Y (deg)

> 350 T T =TT
Main differences in D'—K n'n: gsoo 1A
— BaBar: K-matrix formalism for nn S-wave, LASS model for Kn $ 250 |- MEEETE
S-wave. % 200 :
— Belle: Includes 6, and o, nr scalar resonances. K*0(1430) for 150 ¢
Kn Swave. 100
See Nicola Neri’s talk! %
® 650100 150 200 250 300 350
BaBar result now also includes D’—K K*K- 05 (degrees)
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vy measurements from B—DK (ADS)

D. Atwood, I. Dunietz and A. Soni, PRL 78, 3357 (1997).
Interplay between Doubly-Cabibbo-Suppressed
and Cabibbo allowed D meson decay
N o B* —>BOK+ &’BO —>—f ———, Same final

T — state
e b
u

Branching fraction of
ADS Method processes is quite low (~10

. T(fIK)+T(fIK* 7)
22 Modes:  |R . = FE{;}K_; +FE5}K+; =7y + 71, +2k,ryr, cos(O, +0,)cosy 4]
T,

+ 7 7 -\ _ r + I/' — ﬂ
K H_HO’ _ DS = F([f]K_) F([f]K+) =2k rgr, cos(d, +0,)cosy /R s b | A |
K*nmmtm I([LfIK)+ (1K) c—>s

A (6 (m)=5(m))

Parameters:  , is, _ f ApApe dm

D - —
{v: rg Op/ \/ﬂ A, dmﬂ A, [ dm
External Inputs:
{rp, Op kpt (CLEO-C, see talk by

Chris Thomas)
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vy measurements from B—DK (BaBar)

Two decay chains:

B %l)()]<_,l)091<_-7'[+ Same sign
B — DOK_, D’ —=K*m™ Opposite sign

Simultaneous fit to mgq and NN
(based on Event shape variables Tagging variables)

ADS Method for both decay chains.
. < BaBar 425 fb’! Fitting directly R g and R*, R" to reconstruct
(468 MBB) asymmetry. L R-R
ADS T -
D' —=K'm" R™+R
wE )\,0' e ] uf
o BT —= DK 1 12}
10F 1 10}
8- Ea E
Wl |l
LT LT, ,TT.L'T{ 52 DO JRPLOTR T AR 0 AU 1L e R OO
9.2 5.215.225.235.245.255.265.27 5.285.29 5.3 9-2 5.215.225.235.245.255.265.27 5.285.29 5.3
mgs (GeV/c?) mg (GeV/c?)
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vy measurements from B—DK (results)

ADS Method

1- confidence level
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v measurements from B—DK (GLW)

M. Gronau, D. London, D. Wyler, PLB253,483 (1991);
PLB 265, 172 (1991)

Theoretically very clean to determine y (with four
observable)

Many D? Modes reconstructed:
CP+:D' = K*'K ,n*m”
CP-:D" = Kin°, K, K29.(Kn)

CDF also gave the results with this
type of analysis

GLW Method
_T(B" = Do K )+T(B* = DepK*) . 5, Coombination of A,
DY Modes: Ree. = 2T(B* — D°K™) =147y =21, cosy coso, measurements gives > 30
CP+ r 2 -0 o Tr -0 00| difference
CP- Aep, = F(B_ Dﬁ”iK_) F(B+ D%P 1K+) = +27, cosy €088, / R p, from no CPV case
I'(B™ —> Dcp K7)+I'(B™ = Dcp K™)
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Final Dalitz interpretation

Parameter 68.3% CL 95.4% CL
v (%) 63713 {4.3} [39, 98]
re (%) 9.6 £2.9 {0.5,0.4} [3.7,15.5)
ry (%) 13.3*335 {1.3,0.3} [4.9,21.5]
kre (%) 14.91%5 {2.6,0.6) < 28.0
op (°) 119155 {3,3} [75, 157]
o5 (°) —82+21 5,3} [—124, —38]
5. (°) 111 £32 {11, 3} [42,178)

BaBar obtains
Y= (68 +15—14 +4+3)°
(from DK—, D*K—, DK*—)

2 interval

Systematic error

Mode] uncertainty

Parameter| 1¢ interval
(3 (784C :,“l?
ToK 0.] ||”—::|l':
|00
bk xm;'ﬂ..f '
Brye (341, '|+ .

3.2 < ¢y < 1005°
0,084 < rpx < 0.239
0061 < rpexc <0271
102.2° < dpk < 162.3°

|I..) ( \P’. \Jl\)

36"

0,011
0.012
4
30

§.0°
+0.050
-0.010
+0.062
-0.012

7Y’

9

' )
</
BELLE

Belle obtains

(P3 — (78 +11_12 + 4 + 9)0

(from DK— & D*K-)
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Probability density

Probability density

Probability density
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Combination of the methods
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Results from B/— DIK™0

Integrated Luminosity(log) 2z
1000 2 Ui
&
z..o.oot—
EE
800 3
°
& 0.002
600
°o- 0.2 o.;\ 06 08 1
ra(DK™)
0 ¢~*0
r,(D°K™) =(0.26+0.076)

400
/ Ve ADS, 476M BB, DK,
200 /4 D'—Kr , DO—Knn?
/ DO—Krmr
J =

0 Pt GGSZ, 371M BB

1998/1/1 2000/1/1 2002/1/1 2004/1/1 2006/1/1 2008/1/1 2010/1/1

Promising channel at future experiments for
measuring y due to large value of 7.

More statistics needed

D sector measurements play an important role.

UTh.“

0 0102030405 06070809 1
ra(D K)
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Conclusions

Combining all B-factory results, there is a strong evidence of CP
violation in B— DK

£ ==+ D(*) K(*) GLW + ADS
Ban o --- D(*) K(*) GGSZ 3 Combined

. . . Full Frequentist treatment on MC basis e CKM fit
Many analyses contribute. Big contributors are DK 10 s e

decay modes using Dalitz method.

08 —

0.6

The combination of all the method gives f'f E
y = (74 £11)" (Bayesian approach) o 1 ]
22 \o . 02 - !i . ‘\.\‘\ ? {\ '\_‘. -
Y = (73;5) (Frequentist approach) A e N
00 0 20 40 60 80 100 120 140 160 180
Well compatible with the prediction from SM v (deg)
y =(69.6 £3.0)" (Bayesian approach)
+4.5\0 :
= Frequentist approach
y =(67.7757) (Freq pproach) r,(D°K*) =(0.106=0.016)
Need to reduce the error in order to see possible .
deviations: LI‘{CQ- Vg (D K+) = (0113 + 0025)

'\ K=

superf (A
\ ’ Belle I
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7, (DK™ ) =(0.11+£0.07)
r,(D°K™) = (0.26+0.076)
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Current Setups

3.1 GeV et & 9 GeV e beams
L=12x10%cm2s!
[ L dt=428 fb' @ Y(4S)+off (~10%)

3 N\ Aerogel Cherenkov cnt.
- \ n=1.015~1.030

15T
Csl(Tl) 16X, ~

TOF counter

4 f:; B\ ST
‘ | [/r/ T\\\’ ,'"; /// 8
Si vg det. S ‘

u/ K, detection
31yr.DSSD = 14/15 lyr. RPC+Fe

3.5GeV et & 8 GeV e beams
L=17x10%%cm32s!
JLdt =820 fb! @ Y(4S)+off(~10%)
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Results from Bt— DK

.................

BaBar ' H " -0.103 + 0.037 + 0.006 BaBar P’_‘ -0.021 +0.048 + 0.004 i
arXiv:1005.1096 'fi : arXiv:1005.1096 ! | . Dy X vy, EE
Belle b -0.107 +0.043 £ 0.011 + Belle ¥ -0.067 +0.059 +0.018
arXiv:1003.3360 Ik i Sy ariv:1003.3360 "*‘1i : . ™
Average I -0.104 +0.029 ' Average I -0.038 +0.088 a
HFAG correlated average[| : : HFAG correlated average |7 I
BaBar '+I 0.060 + 0.039 + 0.007 BaBar ',J!.. | 0.062 + 0.045 + 0.004 ®
arXiv:1005.1096 T : aBrxll\l/:wos.mge - o e
Belle P 0.105 + 0.047 +0.011 1 ele T 0.177 £0.060 £0.018 e i
arXiv:1003.3360 P ; o~ arXiv:1003.3360 | f"*"i : =
1| : Average : 0.105 +0.086 .
Average & 0.085 £0.030 HFAG correlated average : : e o0 e
HFAG correlated average B ; s ToI i adsar - LI o SEITPIIPIT Se -
... o cOMMERAted average SR 1 S SO
ADS RADS A ps
b ‘BaBar ; : L_*r_‘ "0.014 +£0.005 + 0.003
EPS 2009 preliminary ' N I . .
Belle P 0.008 + 0.006 *3-092 | BaBar . : -0.70 +0.35 17}
n ,_*‘! -0.003 A H .
PRD 78 (2008) 071901 . A EPS 2008 preligfinary b : :
Average T 0.011 + 0.004 K Belle : : -0.13 240+ 0.26
< : . +0. : : 13088 £ 0.
HFAG : I * 11 PRD 78 (2008) 471901 *— 'S

BaBar
PRD 76 (2007) 111101

0.012+0.012 £ 0.009 ‘

-0.62+0.34

Average *

K : * HFAG
JUTT Average wo 0.012+0.015 x
| 9| HFAG 1 *
GLW BaBar 1.06 +0.10 + 0.05 BaBar 1 0.27+0.09+0.04
& Belie 113+0.16 +0.08 & Belle 0.06 + .14 +0.05
é’ CDF 130 40.24 +0.12 ‘é’ CDF 0.39+0.17 £0.04
Average 1.10 +0.09 Average : 0.24 +0.07
BaBar 1.03+0.10 +0.05 5 BaBar -0.09 + (.09 + 0.02
: I : t
Belle 1.17+0.14+0.14 % Belle -0.12+0.14+0.05
: Lo ;
Average : 1.06 +0.10 X 7 Average -0.10 £0.08
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...................................................................................................................................................................................

. BaBar -0.151 + 0.083 + 0.029 BaBar 0.045 +0.106 + 0.036
D 1 t arXiv:1005.1096 : arXiv:1005.1096 :
a 1 Z 0177 : +0.164 P s Dy, KX, ¥y, ! 5
S Belle -0.105 *177 + 0.006 +  Bele | -0.004 *31% +0.013
>< PRD 73, 112009 (2006 : >'4 PRD 73, 112009 (2006) : a4
Average -0.152 £0.077 Average i 0.024 +0.091
HFAG correlated averpag ' HFAG correlated average ' foa )

0.075 + 0.096 + 0.029 ey T o .

aBr:'I‘]’e‘ 005.1096 0784 029 1 0 0529 arXiv:1005.1096 o008 0‘0?9 { « sy
RD 73, 112009 (2006) e >I.4 aBriiI\I/iooa e -0.249£0.138 = -
A -0.043 +0.0¢ o T : ~ =
) Hgféigﬁelatgd average 004320 0§94 ﬁl\:/:(;ac%selated " -0.099 + 040§56 N .
ADS A,ps
| E BaBar : 5 0.774+ 0.35 £|o.12
— : : e
D* Dno ?gsBz%le """ o 0.0187+0:009+0.004 " i EPS 2009 prelifninary : : .
_ preliminary * : .
Average 00180010 | DD ﬁvaGrage : : * 0‘7? H0-37
ool B s SR i o | Bt S S S S S ES— o - .
} & ;J BaBar "7 en | 0.013470:014 £0.007 PR BaBar : : * 0.36 + 0.94 *2%9
D*D ililseigoggeprellmlnary : 00135001 D*_)Dy EPS 2009 prelifninary : s :
— , 015 £ 0. ; H : e +0.97]
,,,,, L e fverage o 6.6 3
GLW . BaBar Pk 1.31+0.13 +0.03 * BaBar -0.11 +0.09 £ 0.01
. . { + . H !
GES Belle 1.4140.25+0.06 £ Belle 0.20% 0,22 +0.04
4| Average , 133012 | | N Average Ry . glazooe
rmse .- SEEE R :- ----------------- - D I T T I I I I 9; .
BaBar _ 1.09 +0.12 + 0.04 BaBar 0.06+0.10£0.02
: : elle 0.13+0.30 £ 0.08
Belle * 1.15+0.31+0.12 d B ;
: - S Average 0.07 +0.10
Average 1.10+0.12 N '
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BaBar 2 ' -0.151 + 0.083 + 0.029 - o et s e e e gy - - e
- Belle S -0.105 *2177 £ 0.006 -+ L 0164 ' ...u.'..-
doER—— -0 : Belle -0.004 15 + 0013 | s _—
>< PRD 73, 112009 (2005) : : >~4 PRD 73, 112009 (2006) : Fadte Bt
Average i : -0.152 +0.077 A : tee®
E&H : ! verage 0.024 +0.091 | o« -
| — HFAG c orrelateLd averpge i . - . : HFAG cgorrela’(ed average [a ' ~ "
............................... T - |- /'-J
+ 0029 | T e mmimans ESEER e m e m s m e m e m i mm e m e m e iman e o | £
- 0-075+0.096 % 0'0;29 BaBar N 0.127 + 0.095 + 0. 027 \-. il
arXiv:1005.1096 ; e e 1066 i (1N
Belle -0.784 1022 + 0.029 1 Bele 0440 ol |
O -0205 = U.U8 e -0.281 194 + 0,046 /
RD 73, 112009 (2006) : P~ PRD 73 TT2009 (286) z/ R P
Average -0.043 +0.094 A : o
: verage 0.091 +0.096
_ HFAG correlated average ~ . B ! HFAG c%rrelated average : o8 a4 o a¢  o0a
BaBar * : -0.34 + 043 +0.16 “"BaBar T T T TTTTTTTITTTT [ T Q ﬁ " 6 B+ 0031+ 0010
K arXiv:0909.3981 ' ' Ku arXiv:0909.3981 : :
T Average i : 0.34+0.46 Average : e 0.06630.033
: \ - : HFAG ' :
L R HFAG H H . H | S cpmpmn ey e RSP IS . A L —— . _ _ _ . _ __ .
................................................ =tmimabieray e o iainiatniainiataionmimimimen]

009+013+006
Q09+014

BaBar ; ——2{7+035+000 | , BaBar
- Average ! —H— 2174036 | | & 4 Average
I ;

........................................................

BaBar — 10340274013 | | 4 BaBar  |—k— 0.23+0.21%0.07
: 4 CP-

Average  |—t— _ 1034030 | Lobm o Average [—k— . | 0.23£0.22
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