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The various measurements of (|)3/”yzarg Vo)
= why is it difficult ?

1. |2 Measurement of '/ using direct CP violation (interference V,,, <> Vp)) in
charged B-——D®°K®)- decays (no time dependence), 3 methods:

o GLW: many modes, but small asymmetry.

® ADS: large asymmetry, but very few events.

® GGSZ/Dalitz: better than a mixture of ADS+GLW = large asymmetry
in some regions, but strong phases varying other the Dalitz plane.

2. | & Measurement of sin(2B+’Y) in CPV from mixing (time dependence) and
interferences (V , <> V_) in neutral B decays:

e the modes D®* " and Dip1 (partial and full reconstruction): large BFs,
but very small asymmetry.
e other, eg.: D*°K®° . expect large asymmetry ? but small BFs.

= Long term perspectives and other methods: see Working Group 5 at
CKM-WS 2006 at Nagoya (Japan) and especially talk by J. Zupan.
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‘ Belle/KEK-B and BABAR/PEPII |

= Not all the statistics used for the results shown here

only about % or more = updates expected !
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Y from interference in charged B~ D®OK - decays

Same DM°=[ D®°/D®° ] final states

(Cabibbo & color)-suppressed
Cabibbo-“favored” .

Q| I

A (D(*)OK(*)-) oC 13 A(B(*)OK(*)-) oc AS \/’)72 —+ 52 e I(SB-Y)

relative strong & weak phases

Size of CP asymmetry: I'g is the critical parameter

Ay A +A rg = | AlAl- 0.05-030

if 'g small, how ? = small experimental sensitivity to Y
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Methods to extract Y in B*—D®OK®* gecays

Use of direct CPV in B* [b—c <> b—u] interference ‘

The unknowns to measure: Y, Og, g, 0%, g, O, I'g

(! one (Og,rg) pair for each DK, D*°K- or D°K*- channel )

Same DOE[ Do/D° ] 2 various final states to enhance the V ,/V,, interference

3 theoretically “clean” methods (no penguins) :

e DO=[CP-eigenstate] : GLW PLB253,483(1951)

PLB265,172(1991)

P - ¢ . PRL78,3257(1997)

e D°[K't ] &« D°—[K ©'] (Wrong Sign): ADS PRD63,036005(2001)
—_~ . PRL78,3257(1997)

o DO=[K°t*nt"]: Dalitz/ GGSZ (not just counting). PRD68,054018(2003)
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GLW method : B-—D®0[CP-eigenstate], K*)-

® Theoretically very clean to determine ’Y (but 8 fold-ambiguities)
® Relatively small BFs ~107¢ (including sec. BFs) STATISTICS LIMITED !

= small CP asymmetry (I'g=?)

® Reconstruct D meson in CP-eigenstates (accessible to D° and D°), & in many

modes (normalize to D° flavour state decays (K t*, K't*n°, K*31)):
-CP-even (CP+) : K'K", w'mt”
-CP-odd (CP-) : K%m®, K°%m, K%¢, (K°n)
Use D*° to D°t°® and K* to K°,mt

Schematic view:

Aoi=AA Here we plot: [/ ~60°, 5B~1oo°,
(i) = \/5 A(Bi _)DCPKi) and r|3E|A/A|""O.25 (very optimistic)
(+) = A(B*—>D°K?) \

(-) = A(B—D°K") — ‘
(+)

~
—m o — — -

A(B*—D°K*)=A(B-—>D°K")
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GLW : observables |

e ratio of BFs: (CP eigenstates/flavor es) e direct ACPV (B+ (—)B'): (double ratios

normalized with D®°7~ for systematic cancellations)

[(B~ = D+K")+T(B* - DoKH) _T(B~=DyK7)-T(B" = D.K™)

“ TT(B- 4 DuK-) +T(B* 5 D.K*
[P( ..... ?> DK )+F(B+_>DOK+)]/ | +9 rgsm(ég)sm( ) g

= 1412 g cos(d
e e

\ 8 fold ambiguity on y

Reps =

RCP+ + Rcep_
2

Weak sensitivity to I'g =14+rg

=» 3 observables are independent
(Acp.Rep: = = Acp.Rep)
and 3 unknowns (I'g, 7, 53)
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BaBAr/Belle GLW results |
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GLW averages : frozen since ~ 2 years !l 275x10° 55

PRD 73, 051106 (2006)
0.90+0.1240.04 BaBar ' '

PRD 73, 051105 (2006)
PRD 72, 071103 (2005)

| BaBar N £ 0.35+0.13£0.04
% Belle 11340.16 +0.08 Q. | Belle 0.06 +0.14 +0.05
Average 0.98+0.10 = Average . 0.22 £0.10
e Bt e emm e memio O - - --- - R Rl EE TR EE TR U e Rl |
BaBar 0.86+0.10+0.05 [ : BaBar -0.06 +0.13 +0.04
1 : : :
Q. | Belle 1.17+0.14+£0.14 % Belle -0.12+0.14 £ 0.05
O E ; i
Average 0.93+0.10 Average -0.09 +0.10
+ | BaBar 1.06 +0.26 *21° ++ BaBar -0.10 £ 0.23 *2%
8 Belle 1.41+0.25 +0.06 8 Belle -0.20 + 0.22 + 0.04
O ; : 5
= 1.25+0.19 —— Average E -0.15+0.16
- 1 e i emmamimemm a2 . - L REREEIEIEEETEEEE R ST : _.___.___.___.:,__.___.___.___.
(ol 7 1.154+0.831+0.12 DI. Belle : 0.13£0.30+0.08
Average —;—*— 1.15 + 0.33 Ol Average i 0.13 +0.31
s ——— .....-.:..-.E...-..... ._.. ................. T —————— -___.__._.___.__E.___.___.___.___ "'.'"."‘ ________________ __.___.___.:..__.___.___.___.
& BaBar . ——k——{1.96 + 0.40 £ 0.11 2 BaBar e 10.08+0.19 +0.08
! . ; C :
O | Average 'E' *: 1.96 + 0.41 O | Average ke -0.08 +0.21
- e T e R e LR PPy ) SrmAm e - ..E._._..i...._._._.. ._._._._._._._._'r._._._._._._...
. | BaBar . 0.65+0.26+0.08 @ 4 BaBar A . -0.26+0.40 +0.12
al E ; : , = :
QO | Average . 0.65 +0.27 O | Average——%—— -0.26 + 0.42
q 0 1 2 3 14 1.2 -1 -08 -06 -04 -0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4

o  With current statistics it is not possible to constraint y with GLW measurements alone, but help
significantly to improve global constraint on y and rg.

e Note : BaBar and Belle use only about 14 of the available BB pairs.
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ADS method : B'—)E)(*)O[K"Tc']D K ()-

® Same idea as for GLW, same final state in different D[ D°/D° ] states:
[K"ﬂ']DK' :Doubly-Cabibbo-Suppressed (DCS) decays instead of CP-es.

Suppressed (Vp)) Favored
B> DOK- interference B> DO K"
Favored (Right-Sign) Suppressed (Wrong-Sign)

® Small BFs(~10-%), but amplitudes ~ comparable in size: expect larger CPV!
® Count B candidates with opposite sign K'!

A B KK o rBei<5B'Y)+rDe'iSD

rd = | 482K 7 2 = (0.365 + 0.021) %

SD : D decay strong phase unknown (scan all possible values).
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‘ ADS : observables \

A B —[K'n LK) o rBe‘(SB'yhrDe"SD

B_B'= -Y—+Y, K o K, K & K-

2 observables

- ratio of BFs: (Wrong Sign be—K'r-/Right Sign De—K 1)

_ (K ]K7) + (K™ a7 KT) fq: o
RADS = 1 3 K) + T((K P KY) —“B,Q 2rprp cos(0p + dp) cos()

good sensitivity to r52
- direct ACPV:

B* <> B- direct asymmetry in yield if enough events seen
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— PRD 72, 032004 (2005)
BABAR ADS [K'7] results |
232x10¢ BB

910_N:5t§ ~ N=4+3_
S 8§ DOK- 6t{ DOK* [Kosn] ||
u
o © :
£ 4 | No significant signal yet
LE 2 ) = only (Bayesian) limits on R ADs @nd I‘(S)(*)B
(é N = —0 2+1.3; >3 (using: lcos(Sg+dp)cosyl<t)
ST — Mg (GeV/c2) —
Al D*[Don°IK Raps '
sk D°K <0.029 rg <0.23
21 90% CL 90% CL
; <0.023
s5— N=12%3_ D*°K (D—D1) | (rg)2<(0.16)>
P €0.045 90% CL
41 | D*°[D°y]K (D'°—D°y)
PRD70,091503(2004)
2t ®
L DOK* | 0.046:0.032 | re=0.20+0.14*
LD *+ GLW =>0.28+9-96
5.2 5.25 —0.10
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(D Belle CONF 0552 —
</[O ‘ Belle ADS [K*7t] results \ BEEALY 2
BELLE

Despite larger statistics (x 1.7 BaBar) , the D°—>K' 1t suppressed channel is not yet visible either:

*After charmless background subtraction from D° sidebands " 0.08
15 ——— L L L L A E |:| 0° < q)3 < 180’5 00 20)

i l % 0.07 U o

D°K I Bl O <0,<180,r
i 0.06 -

i Bl 47 <¢,<75
10~ 0.3 - :

_ | qug — 0. 04_‘5 0.05 (CKMFitter 26

Events/10MeV

7 0.04
7 0.03 .................. RIS
’J \ * 4 * # ] 0.02 | - é
-t __::Z:\_‘_\ I I s ﬁlr\ + % 0.01 : E
0;11*1]&1+£ | .z:\‘!.\.\fl“'i"z?.:.‘.|‘!.‘.-...
-0.20 -0.10 000 0 10 0 0 005 01 015 0'2. 025 03 035 04
AE(GeV) BABAR Dalitz anqums k : g

Belle Dalitz anal y5|s

RADS<13’9 X103 Q@ 90% CL maximum interference (¢,=0, 6=180°):
I'B<0.18 ©@ 90% C.L. (Bayesian)

Here too, using avaible and more statistics will help!
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. hep- p—
BABAR ADS [K*t"1t°] results | 226x10° BB

Similar to previous analyses with DCS D°—K*7T71°

e Complication for y extraction from |A|, 0, varying across the D° Dalitz plane
NA = S —
Raps =14 + 15 + 2rprp Ceos(y) o S Ap(3)Ap(F)eos(0n(F) + 0n(F))d’s

— Cis unknown, |CI<1 \/f’AD yzd%\/bﬂAD )!2d_>
e —

. 2 2
- 1= (021420.0M% ¥ = (i miero)

— Compared to K1: more background but higher BF and smaller ry (better rg sensitivity)
e Similar sensitivity to rg (limit on R, using ICcosyI<1)

('? e e L L L L B B O A=
“9. C 4 .a‘ Q
E 35E BABAR - 'g [
2 E preliminary 3 8 0.003 BABAR = JE:“AE;E
- = 2 £
S T ., & \  R,,<O0. 2
% : 4 m 2 ADS 0.039 3 I'B<0.185
> s g \ (95% CL) Wy .
= o o (95% CL)
0.02 004 006 008 04 ': .z —oa 06 0B 1
R r
. i X ( ) Experimental R hoe . e
~No signal yield from fit P ADS Bayesian L(rg) (flat ry and

likelihood |Ccosy| prior PDFs)

14



ADS averages : classic methods frozen since 2 years !

Classic ADS
A

recent

Dalitz ADS

‘BaBar 0.013 *22i1
¢ PRD 72 (2005) 032004 !
B Belle 0.000 + 0.008 + 0.001
Il BELLE-CONF-0552
= Average ' 0.006 + 0.006
v HFAG
X G b s
v BaBar 0.002 *5 008
- | PRD 72 (2005) 032004
5 Average 0.002 5505
¢ | HFAG
s ol m o m w wrm ew rmm r o m mr o m o R R T R r T L B
e O BaBar P 0.011 *9918
x PRD 72 (2005) 032004 [} *—5
Average w 0.011 *2918
_EI HFAG 9 : *g o
............................ B T e N RS
Q¢ BaBar : 4 0.046} 0.031:+0.008
= PRD 72(2005) 071104 : :
=, Average : * 0.046 + 0.032
O HFAG ] ;
X ] BaBar = 'i l """ T 0,012+ 0.012 4 0,009
"E hep-ex/0607065 = '
X Average w 0.012+0.015
o HFAG |

-0.08 -0.06 -0.04
e  With current statistics is not possible to constraint rg with R,ps measurements alone (nothing for A,p).

-0.02

0 0.02 0.04

0.08 0.08 0.1

e Note: BaBar and Belle use only about % of the available BB pairs.
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Dalitz GGSZ : B-—D®O[K® -] K-

e D° > K°S7'C+TC' final state accessible through many different decays. Only 7s: clean,
efficient, and reasonable BF([K°;nt],K)~107 (x10 D°.,).

. . . 2, =m2 (Ko 1t
> need Dalitz structure analysis : amplitudes Ap(m?-,m2+) (| M™ =M (Ko 70°)
to separate interferences between resonances = precise modelization. m2-=m2(|-(°S'}'c')

« schematic view of interference (b—c) < (b—u):| B"—B" 3-7—+7,m- <> m+, D° <> D°

AB") = 1.4,(0°k)1x

+ rBei(SB

xAp(m?2-,m2+) x Ap(m*,m?-)

sensitivity varies strongly over Dalitz plane
— model + mixture ADS+GLW

eNo D° mixing, nor CPV in D decays. Simultaneous fit to D° —» KO n*r~ Dalitz plot
e 2 fold ambiguity : (y,85)—>(y+7,85+7) density of B*/B- data to extract ry’s, 65's, and y

V. Tisserand, LAPP, FPCP 07 Measurements of v/¢, 16




‘ D° Dalitz model for Ag(m2-,m2+) \

® Model dependent fits to experimental data on flavor tagged D° mesons:
(260-390)x102 D**—D°7* continuum events, high purity (97-98%).

® Use isobar model with coherent sum of quasi-2-body amplitudes using Breit-Wigner line-
shapes (except: 5(500),5’(1000) broad resonances, to describe the nr S-wave) + constant NR term:

AD(mZ-,m2+)=zrqre'¢r Ar(mz"mz"')"'aNRel(l)NR

=» additional unknown complex phase of D°decay, ¢(m2-,m2+) :

the Dalitz model y systematic uncertainty (¢ pure 2 body ADS/GLW —
phase varies vs the Dalitz plane position > the purpose the model)

= 16 resonances (3 DCS) + 1 non-resonant, with parameters from PDG/other exp.
(make also use of K-matrix for systematic uncertainties )

=> 18 resonances (5 DCS) + 1 non-resonant, with parameters from PDG/other exp.

V. Tisserand, LAPP, FPCP 07 Measurements of v/¢, 17



hep-ex/0607104
hep-ex/0507101

PRL95, 121802 (2005)

‘ BABAR Dalitz model \

16 resonances (3 DCS) + 1 NR:

0.5 I 15

g X | B;élg,g | :gmm K'(892) (‘;on}pmlfut R(—:{'u.,.(-:“”'}"} Im{a,e") . Fit fl';t(ﬁioll (%)
> 3 K*(892) “1.223 0011 | 1.3461 £0.0096 58.1
. -8 K7 (1430) ~1.698 £0.02 | —0.576 40,024 67 o
£ S K (1430) ~0.834 40021 | 093140022 36 %
: 220 K*(1410) 1248 £0.038 | —0.108£0.031 (N
| & K*(1680) ~12854£0014 | 0.205£0013 0.6
b . ( ) —0.1271 £ 0.0034 05 .
2 3 I 2 ane !
bl L
- o T - =
S 5000 s w(782) ~0.02194 £ 0.00099 | 0.03942 % 000066 DNl 8
g S £(1270) ~0.699£0.018 | 0.387+0018 JANIES
S N s p(1450) 0.253 + 0.038 0.036 + 0.053 0.1
3 0 2™ Non-resonant | -0.9940.19 3822013 8.5
.f:jm 2 0.440 £O0057 | 02572 0.008 6.4

T S-wave
Non-resonant

m? (GeV?/c?) m2, _(GeV?c?)

v?/ dofx1.2
2. amplitudes Fit Fraction=1,2

with all parameters from PDG except:

e K*°(1430) from E791 experiment (isobar: #PDG)
¢“Ad hoc” 6(500),5’(1000) (broad ntrt S waves)
resonances extracted from D*—D°r* fit
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~ N..,=331x17
o -
DK Pstljgl,'lty—67°/o

Data sample : Belle |

PRD 73,112009(2006) 386x10¢ BB

L
F B3 signal
E=l Continuuffi

K/t misl I_,'é;

Simultaneous fit uses
Mg AE, m2,(model)

DOK*- o Njg=5418
[K TC] Purlty-65°/o

S m Slglldl
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‘. ‘. .::. o
0 i PR IS N S
0 2 3
R m? (GeV?/c’) m? (GeV?/c®)
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Measurements of y/¢,

-0.1 0 0.1 0.2
AE (GeV)
B+ < B-
differences
mean CPV

BaBAR has similar eff'cies
but slightly higher
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Dalitz : Fit Parameters for B~—>D®OK®-

- r
> 3 kinds of decays: 7 unknowns: Extraction of CP parameters from Multivariable max.
Likelihood simultaneous fit to almost Gaussian and

or, ',y Non Gaussian effects + uncorrelated Cartesian coordinates (3x4):
05, 5% § biases : low stat. sample (x, y2), (X*%, Y*9), & (X2, Y.2).

B e & low sensitivity near <
o y physical bound rg~0 Natural choice from A(Bi) definition:

S

¥ ) | _ ¥ icS(f),;i
\ XE ))iaygs))i :(Re,lm){fgs))Be((‘““ 7)}

(XsﬁJYSi) = (Re, Im H,,rSB@i((SHBi”Y)}

Gronau PLB557, 198(2003)

K €[0,11: accounts for (K°sm)non-K*- large
natural width bckgd = no assumptions on:

+ + nature, number, strong phases ...
B DK

PRD 73,112009(2006) 20




(x+,y*) : Fits results BABAR and Belle |

=1 T T A T T e
* \ f
Y* I DOK 1Y *| D*oK 1 YL B PKL.
| oofopooke L OSTE STeseee 1 %°F 7l
' F AN ‘ ' B e T i .
ol r":m) ;! ol 4 LN ol (5
o Ff i O _n e | A
e | : E E E L T
+ + 1 T . e g
05k B*pDK d .05k *\. 6{‘ 3 4-05 I -
1 1 1 r"';‘.‘ 1 1 ;" L .‘ 1 a1
0

T T T | T T T | T
0.4t B4ABAR
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0.2
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0.2

0.4

1 | 1 1 1 l 1 1 1 | 1 1 1 ] 1 1 1 | 1
0 02 04yt
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-0.4

hep-ex/0607104 347x10¢ 5B
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X*+

Measurements of /¢,

0.5

T

DOK*

hep-ex/0507101

0.5

X*

PRD 73,112009(2006) 386x10¢ BB

| « D
<>

11,2, 30
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1, 20
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X4 =

V. Tisserand, LAPP, FPCP 07

(x+,y2) :

World average

* s i c(*) s
(&) i:ygs))i) = (Re,Im){rES))Be Oy ,)}

o

¥

Rop+(1 F Acps+) — Rep-(1F Acp4)

HFAG winter 2007
No Dalitz model error

Yt
0.8

XY BaBarB'

PRD 73, 051105 (2006)
PRD 72, 071103 (2005)

v, = 0082 0.052.£ 0.018
£ = 0102006240022

1 = ~0.1240.08 4 0.03

Belle B* |
BaBar B’
! Belle B
0.2 r Averages -
0 b AN NN  RE S — _
BaBarl?.+ iy o0zl N BaBarB' :
- BelleB ' 7 Belle B* g
= ﬁal]i"arB B | BaBar B
: e Belle B’ 5
Bl Averages 0.4 A‘:re:ages 1 -08r DOK*
1 1 | 1 1 i
1 1 1 L | 1 1
0.2 01 0 0.1 02 -0.4 0.4 -0.8 0.4 0 0.4 0.8
X+ X*+ ) &
Note that the BABAR GLW 5 5
. ) *
analyzes are competitive ! B—>D%K B—DK

Xer = 0.3240.18 4 0.07
X, = 0.33 £ 0.16 % 0.06
%5 = 0.30 £0.25

u!
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eyl | BaBar Dalitz:) results for B-—D™OK®)-
hep-ex/0507101

From measured CP parameters: (xs, yt), (x*t, y*£),(x.t, y.*) extract | ® rg, r'g, Krg
perform combined fit to pseudo experiments (21D Neyman
Confidence Regions (CR) [frequentist]) ”

® O, 0%, O
°

~ I o
S Dokl 5DCR oA = 3D CR
Q iy BABAR T __ ,
O ' preliminary - i
~ 100 — 100f 1
= | Y 1 U
B 2G CL
0O - O/
" Il 16 CL i'
od (stat.+syst) 1
S i | e 3 02 04 06 08 it
0 ol 02 03 0 0.1 02 03 4 F
rB|9fL r BL—— sB

Y [mod 1] =(92 + 41 £ 11 £12)° | 5 26 constraint
stat. £ syst. +Dalitz model K.r,5<0.50

No 1o limit on y with D°K*- alone

rg < 0.142
r*s €[0.016,0.206]

|
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Smaller than
in 2005
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D

Belle Dalitz: Y results for B-—D®OK®-

[O

PRD 73,112009(2006)
386x10¢ BB

BELLE

From measured CP parameters: (x+, yt), (x*t, y*£),(x.t, y.2) extract |®rg s g
perform combined fit to pseudo experiments (7D Feldman ® g, 0%g, O
Cousins Confidence Regions (CR) [frequentist]) oy
ry ' ' DOK- r*BE T | D*°K- ¥ S DOK*-
o3| / t o3} W it :
o2f /N iMooz} ) ;
01f: 4 01} L T j
L TR EY b 0.2F r e :
0 100 200 300 0 100 200 300 0 100 200 300
1,2,3 c contours Y (deg)
Combined for 3 modes: y = ( 53:'1185 +3 (syst)ig (model))o
8°<y<11° (20 interval)
rg =0.159*%22¢+0.012 (syst)0.049 (model)
CPV significance: 78% r*;=0.175:81238 +0.013 (syst)£0.049 (model)
r.;=0.564"37S £0.041 (syst)+0.084 (model)
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' D y
el | BABAR Dalitz first results for B —D°[ttt?]K

324x10¢ BB

Compared to D°[K°nt]K™:
e ~0.5 signal rate (170+29).

e larger background and different
Dalitz structure.

V. Tisserand, LAPP, FPCP 07

= due to significant nonlinear correlations

use polar coordinates, instead of Cartesian,
and rg, 6 and y, defined as:

SN e

0. = atan (y—io)
X4+ —X

x) = /AD (m~,m")Ap(m™, m™ )dm~ dm™ = 0.85

0.=0.72:0.11:0.06
0, =0.75:0.11:0.06
6.=(173:42+19)°
0.=(147:23+13)°

Dalitz model dominates for syst.

(not extracted here)

Expect low sensitivity on ¥ alone

1,2, 30 p
(stat)

Measurements of /¢,
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‘ sin(2p+Y) in B°—>D®7t/p \
d d
Vud < + D(*>_
. F m h Interference of amplitudes . '<_
Vep! C b Vip - u ¢

u.c.t :
’99’ .

b

BO

" B ¢ : (B ht
—

D

Cabibbo Favored (CF) Doubly Cabibbo Suppressed (DCS)

{8 relative strong phase & weak phase
2[3+y (23 from mixing, Y from V )

e Pure tree decays, large BF(~1%), time CP evolution (unmixed/mixed):

P(B® = D™F % At) o 1 & C™ecos(AmgAt) + ST sin(myAt)
P(EO — DWFrE At) « 1 F O™ cos(AmgAt) — S Esin(mgAt)

1 — r(*)2

-(*)
SO 21 _
14 r(*)2

= —*—*)2Sin(26+’}"i5(*)) c™

~ ]
1+ rf

e Method “a la” sin23 B° flavor from other side B-tag

y A |
r(*) — lﬂ- ~ 2% b statistics crucial !
| Acr]

= Can't be fitted (1-C® ~1074), need external inputs + SU(3) flavor symmetry

e But small CPV asymmetries:

V. Tisserand, LAPP, FPCP 07 Measurements of v/¢, 26



PRD 73,092003(2006)

Experimental techniques and issues PRD71,112003(2005)
PRD73,111101(R)(2006)

= Partial inclusive (lower purity, depending

® 2 methods of reconstruction:
ethods of reco ctio B-tag) but larger total stat ~x5 (reconstruct

AR RN RN AN NN NN N A R RO

0
5.2 5.22 5.24 5.26 5.28 5.3

10000 -P~30% 1
M, (GeV/c?) - :

= Full exclusive (high purity) only hard-B and slow-D* T s)
Y L [s-20k, E
8000+ 6 BR ] s o ! ]
386x10° BB W 3 2{)00:p~5 0% :
6000T s o5 B lonoh lepton Tag E
4000+  Signal: S~30Kk, 232x10° BB S .
2000+  purity: P~90% S - 1
Z - S~70k,

=

)

-

@

5000+ .
- KTag ]
P8T 182 1783 184 185 1.86 1.87 1.88

2
e Presence of the DCS D™®n/p decays on B-tag side introduces M iss (GEV/C')
extra-CPV (additional r’ and 0) (~ order as r®), rewrite:

StHE — (g(*) £ ) 4+ b
(a*) = 27'(*)8727’1,(2,6’ + ’)/)0055(*)/' free of B-tag CPV
< b= 2r'sin(206 + v)cosd’ /if lepton
L) = 2¢0s(28 + 7) (r™ sind™) — r'sind’)

V. Tisserand, LAPP, FPCP 07 Measurements of /¢, 27




I | sson 5B

I
BaBar/Belle results />

PRD71,112003(2005)
PRD73,111101(R)(2006)

* Full reconstruction: Combination Partial+Full

|
1
1
1
E i) [ B..=Dm* B, =IX [ Bec= D B.= k> 4 :
S e 3 I S- Belle D*1t
g 150 I 0.08 .
2 oo |
O : 0.04}
Y |
: I
20} : o r
: I
10 : -0.04}
f I CPV @ 2,50
’ : 080 002 é 004 008
1 ' ' ' US4+
e Partial reconstruction (D*r): ;
- I S- Belle Dt
a= 2r*sin(2f3 + 7)cosd” ! 0.08
= -0.034+0.014:0.009 CPV @20 |
0.04}
o Ol - :
<° i leptons tags 7 Most precise time- I
0.05¢ + + 7 dependent ; 0
- 1 CPasymmetry I _
0__ = i : -0.04} |
C ] N(B°) - N(B
0.05F <+ | 4 Agp= % ! CPV @ 2..26
i Ao L o ,i N(BY) + N(B') I Y 0 0.04 008G,
10 5 0 5 10 :
A t(ps)
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a’s and C€’s : World average |

HFAG winter 2006

BaBar -0.010'+ 0.023 + 0.007
PRD 73 (2008) 111101
5 Belle ) -0.050 + 0.021 £ 0.012
PRD 73 (2008) 092003 '
Average : -0.030 £ 0.017
BaBar T -0.040 + 0.023 + 0.010
— PRD 73 (2008) 111101 oo
2 Belle - -0.039 + 0.020 + 0.013
& PRD 73 (2008) 092003 " :
O Average -5 IR -0.039 + 0.017
_ BaBar |'*"' © -0.034 £ 0.014 + 0.009
© PRD 71 (2005) 112003 : :
£ i
o Belle 1= -0.041 £ 0.019 + 0.017
oy PRD 73 (2006) 092003 "1* 1
T
a Average S| -0.036 + 0.014
HFAG I‘*'] :
TTTUTTBaBar T T[S [T 20024 £0.031 + 0,009
~ PRD 73 (2008) 111101 o]
0O  Average i -0.024 + 0.032
. HFAG | . i . .
-0.3 -0.2 -0.1 0 0.1 0.2
C o.08 .

-0.5

BaBar -0.033 £'0.042 £ 0.012
PRD 73 (2006) 111101
IS Belle -0.019 £ 0.021 £ 0.012
PRD 73 (2006) 092003
Average -0.022 + 0.021
HFAG
BaBar 0.049 + 0.042 + 0.015
— PRD 73 (2006) 111101
2 Belle -0.011 £ 0.020 + 0.013
F  PRD 73 (2006) 092003
O Average 0.002 + 0.021
HFAG :
_  BaBar 1l -0.019+0.022+0.013
@ PRD 71 (2005) 112003
® Belle -0.007 £ 0.019 + 0.017
f_j: PRD 73 (2006) 092003
A Average -0.013 +0.018
HFAG
T BaBar [ " 7.0.098 + 0.055 + 0.018 |
o PRD 73 (2006) 11 1077
0O  Average i -0.098 + 0.058
HFAG . A .
-0.4 -0.3 -0.2 -0 o} 0.1 0.2 0.3 0.4

Combined for D*Tt (pPartial+Full):
=-0.037:0.011 (3.4c CPV!)
¢c=-0.006+0.014

e Good agreement between experiments
e Observation of CPV within reach (when
add more stat) !

e Possibly add D*p (partial reco and
angular analysis)

a® = (=1)Y(ST +57)/2

) = (~1)/(8F — 57)/2
Dy = 26 c05(26 + 4)sind™
o) = 2r™sin(28 + v)coss ™)

V. Tisserand, LAPP, FPCP 07
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PRD 73,092003(2006)

sin(2P)=sin(@y0.) constraints | [EEEEEET

. *
Frequentist approach (BABAR) + estimates of r(*) fixed to external measurements  + SU(3) flavor
symmetry (including 30% theoretical errors due to SU(3) breaking and W-exchange & annihilation diagrams)

*
BABAR D*1t - 1 Belle D*rt
d, 0.9 F o9t
- (0.8 (?:08-
0.7 = 0.7F .
0.6 5 2 32 \ sin(23+y) > 0.52
04 ost 16| | |[(©O7ates
03 .........../// /7//, 0.4_ > ~— (90) O/o CL
3.? il // 03F J
g S/ D v 02 ! |
% 0.1 02 03 {A./{/{J.sg o 0.75{4{}.9 1 0.1F 2(5‘5\%\_,_ _
elng@p#y)! L ¥ T > ¥ ¥
sin(2p3+y) > 0.64(0.40) at ) Belle D*rt

68(90) % CL

sin(2p+y) > 0.44

\ (0.13) at 68

\ AN (90) % CL

[sin(2¢,+0,)|
R
9 e

ee 2282 8
— b e amn

Including recent BF(D,*r) by BaBar:

OE........Iiu........ ......... | "
pRL98,081801(2007) 0 0.01 0.02 0.03 0.04
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‘ Constraints on y from D®7/p modes \

1-CL

_ s 1-CL
@ ,,,,,,,, D't Partial. + fully rec. SETTTTITT
fitter *t- -+ i - :
fitter D*' 1 ] Combined i I 0.9
................. D"p* e+ CKM fit g 0.8
1 _r T‘..4.—-L--I"'J""I"'"I“"'-I-~-J--.l....l___._|__hl_ [rrrr[rrrrprrrrprrrrprorrd | SR T T I"‘I :
- e B 0.7
- T 0.5 | sin2p
0.8 A N L 0.6
061 = of 0.5
- E 0.4
0.4 0.5
L - 0.3
0.2 :— --------- _ 0.2
, WA ar
0 B Ll J. [y -1 o ’--I- L1 | I | | I | | I | | I | | I | | I | B % 01
0 04 02 03 04 05 06 07 08 09 1 - FP"”"""
- -1. | | I |
|sin(23+y)| 4 05 0 05 1 15 2
P

CKM-Fit: 0.978:9:910

Combine BABAR and Belle, partial and fully reco.

results for the a and ¢, parameters and use the
r® parameters from SU(3) symmetry (see Max
Baak’s talk at CKM WS 06, re-scattering model).

V. Tisserand, LAPP, FPCP 07

Measurements of /¢,

r(Dx) = (1.53 + 0.33 = 0.08)%
r(D'n)= (2.10 £ 0.47 + 0.11)%
r(Dp) = (0.31 £ 0.59 + 0.02)%

Gaussian errors for SU(3) from non-factorizable contributions +
5% flat errors for SU(3) breaking from W-exchange diagrams

31



Perspectives on B°— DK *)o

EO . ED E* 0

o + """""" E
O 20F E
S 18f %% + + E
3 16;— B
= 14 :
xna i }l %
B LRIRE iR
20 E
0T 05 0 005 ol
AE [GeV]

= Measure I'g in self-tagging final state DOK*0
[K*°>K-*] (assuming that rg for DK°* ~ same
as r for DK°):

Both b->¢ and b-u color suppressed (oc A3)

(B — (KT X7 )pK™)
R;= R0 — I+ =0
) = (532074203 x 107 (B — (KX )pK")
n _5 =7y + rsz_ + 2Fgrp, cos(y + 6;)
( )= (36212403 x 10 | ,
- 0740 _5 e No S|g.nal seen |n‘suppressed mode
B (B = 'K ) (40 +(.74 03) X 10 ¢ Bayesian constraint from observables:
BB = D'K™) < 11x 107 at 0% C.L. 7p < 0.40 at 90% C.L.

e smaller than theo. expectations.

Similar to E 88x106 BB = PRL90,141802(2003) e much larger dataset needed for sin(23+y)

Measurement

B3 = DI
B BU - D*UKU

V. Tisserand, LAPP, FPCP 07 Measurements of /¢, 32



Conclusions and perspectives
= Measure (I)BI”Y at B-Factories ~ impossible mission few years ago ! ... But not yet there !

> Using direct CPV and interference in charged B* decays to D™OK )% not yet there !
e 3 clean theoretical methods ~ all the machinery in place = Dalitz is still the most powerful

e Need much more data/channels (rB=?!) = wait for more statistics and update with existing one !
e Need model independent approach for Dalitz (input from CLEO-C) at higher stat.

= Using Neutral D®7t/p B decays for sin(2[3+y) can help but theo. errors for r® ?+ limited stat.

.............. D(*) K(*) GLW + ADS
NeTUM - D(‘) K() GLW +ADS | wa | K JKC -
. D(*) K(*) GGSZ =3 Combined I D( ) K(*) GGSz 3 Combined
Full Frequentist treatment on MC basis | ™™ |SII’](2[3+"Y)| ~o- CKM fit
1 B T T T | T T \ | T T T T T T | T T T T T T .:.‘."It T T T T T H 1 L T I; Al T T .\;; ‘_!" T T T :.r“‘l T T “}-'-»:’;" T T T | T T T | T T T | E;“_I.- T T ‘ T T T H
a4 08 — g os[ T
o C 1 © B 7
L 1T sy .
0.4— — 0.4 -
0 S:1:-""'/,‘| PN T N YU NV YT (N Y T KOO = 0 ::'7:: PRI N T T T VI SR IN N Tm&”’ . n‘ .-.T-.F'T".-~4\;'ﬂ.-..-..-:g
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Yy (deg) vy (deg)
(I) 'Y (77 31) o CKM-Fitter@1c:
= + o]
3/ + [52.8,70.1] (I) _ +19 0
3/} =(78 %)
rp(DK)<0.13, rp(D*K)<0.13, ro(DK*)<0.27 @ 90% C.L.
5(OK) 5(OK) 5(OKY) ° + D®7t/p modes
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(5.7) plane |

1-CL

1.5

0.5

sol. w/ cos2( <0
{excl. at CL > 0.95) —|

0 /y from DK (WA)
| | | | 11 1

-1 -0.5 0 0.5 1 1.5 2

P
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‘ Backup slides |

Physms Book

V. Tisserand, LAPP, FPCP 07

Measurements of /¢,
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GLW : observables |

e ratio of BFs: (cp Eigen-States/flavor ES)

[(B~=+DLK™)+ (BT = DK

o direct ACPV: (double ratios normalized

with D®°7- for systematic cancellations)

_T(B~=DyK")-T(B* - DK

—

Rps =

.....
.' ..

=1+rf3i2 rgos{ ) oy

p

Weak sensitivity to I'g

a 13
(&)
R + R
CP+ 5 CP— 1+I'2]3

=> 3 observables

are independent
(ACP+RCP+ =
'ACP-RCD-)

and 3 unknowns

(rBl V, 8B)

V. Tisserand, LAPP, FPCP 07

[(B- = D'K~) +T(B* - DO 2

[(B- -+ D:K-) +T(B* 5 D.K*)

- 2 rpsin(dp)sin(y)

8 fold ambiguity ony

1 —" Repy

_§y=60° Rep, | 11539 j

0.9 ~

0.8 -

Rep.

Y=90°

0.7 L

SB (radians)

Measurements of /¢,

D-3'I""I""I""I""I""I""I
Acp_ Y=60°

T3 -2 -1 0 1 2 3

SB (radians)
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1. B-meson identification
Y(45)— BB kinematic constraint:

Analysis Techniques

2. Combinatoric e'e” — qq (light guarks)

background suppression:

- m g ) 2
M ) mg =B 20
5~2.7 Gel/c2 | g
: E AE = EB _E beam 10—
é_.-._.—--—lrl_,n_.-. {I T T E '-
ok i AE ol
b . i} 0
o E L N _g' s~20MeV/ :

‘:l Signal MC (training)

+  Signal MC (validation)

[ ]offpeak data

& Continuum MC

3. K/ separation (Cherenkov angle):

08._.._. :

* NN output

06

Event topological variables combined in
Neural Network (NN) or Fisher discriminant.

4. Use of other properties:

BA

AR DIRC

Excellent K/p separation
between 1.5 and 4 GeV/c

(DK : 2 body decay).

7

0.8

|
Evcnlsﬂ},{}l 6&:\/]

078l

p(GeV/c)
V. Tisserand, LAPP, FPCP 07

For other intermediate particles:
DO, 10y, K* (K°m), K% (n*r),
o(nrr°), ¢(K'K) ...

300 « DATA
S A Y ) S B—DK
200 w0 f Ry e B—Dr

—
(-
—
-

)1 R | R

0

® Use of helicity (J°) properties =
angular distributions

e Reco’ed (D-)mass resolutions &

side-bands.

Measurements of /¢,

37



Dalitz method: sensitivity toy

... varies strongly across the Dalitz K°n*n™ plot !

o s a0
2 0
g . V=75°, 05=180°, r,=0.125 | | M _
Q “
Q/ 2.5
\ — 40
o]
S
— 35
>
= 30
1.5 — g !
: /v_ — 20
DCS K*(892)'n .
0.5 —
DCS K, *(1430)'n"
OO||||D‘|5||||1I||||1I'5||||£||||2!5||||:|,)

V. Tisserand, LAPP, FPCP 07

m2+ (GeV2/c?)

Measurements of /¢,

Relative event weight:
W=1/(d2L / dYy2) and
o2(Y)~1IW

Interference of

EB’—) DK, D°—>K°Sp°
P with B

EB'—> DOK-, D°—>K°Sp°
: = GLW like

, Inte.rfere.nce o.f

B-— D°K-, D°— K"

. (suppressed) with

' B— D°K-, D°—K"m
= ADS like

38



PRD 73, 112009 (2006)

‘ Belle Dalitz model \

18 resonances (5 DCS) + 1 non-resonant

5000 [

:ﬁ :;‘3 25000 | Intermediate state ~ Amplitude Phase (°)  Fit fraction
S aooof & 20000 Ko .
9 S Kip" L0 (fxed)  O(fixed)  21.6%
5 00F | Ko 0.0314 £0.0008 1108=16  04%
" aomf " oo . K f,(980) 036520006 201919  49%
Ko, 0.23 £0.02 BrEH 0.6%
st s | K3f(1270) ...
ob L, e ) — K2fo(1370) | 44£010  82%6 1.1%
BT T Kp"(1450) 0.66 % 0.07 9:8 (4%
K'(892)* 7~ 1644 £0.010 1321£05  61.2%
T R e o K'(892) 7 0144 £0004 3203+15  055%
3 oo % K*(1410)* 7~ 061 £006 1134 0.05%
8 ool = K'(1410)" 7+ 045+ 004 2545  014%
T ol 2f K;(1430)* 7~ 215004 353612  14%
£ K;(1430)" 7 047+004  88%4  043%
W 3000 | 15 1 : .
h K;(1430)* 7 0.88+003 3187+19  22%
2000 ¢ 1} ¢ - K;(1430)" 7" 025+002  265+6  009%
1000 - ‘ K*(1680) 7~ 1392027  103+12  036%
;- " e | icmsoceh K*(1680)" 7+ 0 [BEiE 0l
o W ik nonresonant 30203 1645 97%

M, =519+6 MeV/c

Fitted similar to| r, =454+12 MeV/c’
E791,CLEO 5\ M, =1050+8 MeV/
r,=101+7 MeVic

5x2 K*r, 8 K%nn

%/ dof~2.72 for 1081 ndof

2. amplitudes Fit Fraction=1,2
Measurements of /¢, 39
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Data sample : BABAR | Simultaneous fit uses

er. D®OR Mg, AE, Fisher, m2, (model)

A ~ / »)»
0 0le]0 U /] NO S~/

R BABAR — I ~ ~ ~ ~
> preliminary  DCPK- | 40 D*°[D°n°]K" - D*°[D°y]K"
8 150 n "l
0 N,,=398:23 N,,=97+13 40 Ny =93:12 J
§ Purity~65% 30~ Purity~85% 7 Purity~50%
o
P 20 {. + J( + ]
5 ]l - Tie 'l‘ ]
S E TrLi T LATE——.....
Z ”[“Jr # i
1 i 0 | | 1 | | |
5.25 52 5.25
mgg (GeVi/c?) mg (GeV/c?)
h‘."‘" X 1 ! T
- - : o | BABAR |
o A BAIBAR | BA[_BAR | > 30|~ preliminary -
T Ui prefimineny prefimnary 1 = | DOK*[Kon]
\ A o
92 RPN =
e g
s it
! \ X o 10
SRR Differences R PR
, o | mean CPV T —
1 2 1 2 3
m? (GeV?/c?) m2 (GeV?/c?)

hep-ex/0507101 227x106 BB
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- PRD?71,112003(2005)
232x106 BB BABAR results PRD?73,111101(R)(2006)

e Full reconstruction: e Partial reconstruction (D*r):

 Bo-D T B IX leptons tags Kaons tags

B,e.=D ' B =10
)

f)

a=-0.042 £ 0.019 + 0.010 | | a =-0.025 *+ 0.020 *+ 0.013
¢ =-0.019 + 0.023 = 0.013 b =-0.004 + 0.010 + 0.010
¢c=-0.002 * 0.020 * 0.015

Events/(1ps)

2 a=27r"sin(28 + v)cosd™ =-0.034+0.014:0.009

Most precise time-dependent CP asymetry

o Ol :

< | leptons tags | -

At (ps) 0.05- -

a(Dr) =-0.010 + 0.023 + 0.007 oF w—’

a(D*r)= -0.040 * 0.023 + 0.010 0osk + N

a(Dp)= -0.024 + 0.031 + 0.009 : :

0 e L
Lepton tags only 10 > 0 > At (|I:Os)
c¢(Dn)=-0.033 + 0.042 + 0.012 Y

c(D*1)=+0.049 + 0.042 + 0.015 Aoy — NEBY) — NEB )
c(Dp)=-0.098 + 0.055 + 0.018 N(B®) + N(B")
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D _
S Belle results

BELLE

e Full reconstruction: e Partial reconstruction:

|
|
|
|
|
BY — D*tg— B'— D*—x+ : -
PR ‘ wo— —— ! S* = 0.048 = 0.028 = 0.017,
40 2 [ |
: ﬁ WH b /| | S~ = 0.034 + 0.027 + 0.017,
2 | * [
15 j ‘ DmTC /L : Only lepton tags
AP A \ % ﬂ/d@_&\k :
-15 10 5 .“(?“) 5 10 15 15 10 -5 -'sl(?“} 10 15 1
— |
B — D*ta— B — D*— g+ |
::z (c) Tﬁ as () :
350 { Ll 40 H{\l} :
300 |I lll 35 \ ° °
= al 3 YA i combination
- A . SLQ‘ !
o /N YN | Belle D*x - Belle Drt
-15 10 5 .\l[?:s) 5 10 15 =15 -10 -5 _\l.(%s} 5 10 15 1 0.08 = 0.08
|
> use all tags but measure tag side CPV | sl sl
params S’, from D*lv evts :
|
S*(D*) = 0.050 + 0.029 + 0.013, Loy 0
S™(D*r) = 0.028 = 0.028 *+ 0.013, | oo |
|
S*(Dm) = 0.031 = 0.030 = 0.012, I CPV @ 250 CPV @ 2.20
1 " i i ; I ;
ST (D) = 0.068 = 0.029 + 0.012 1 %%0s 004 0 501 o0 %o 003 0 0.04 0.08¢
|
|
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