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Ouilirie
» CP violation and CKM mattrix

» B factories datasets

- Measurements of y /@ experimental fechniques

» Gronau London Wyler method results
» Atwood Duniefz Soni method results
» Giri Grossman Soffer Zupan (Dalitz) method results

» combining all the results
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In the SM, CP violation arises from an irreducible phase in the CKM matrix
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three independent relations,
within them we choose: ViV

VZ” Vud—l_v;kb Vcd+V:<thd:O —

C=(0.0) I B=(1.0)
B physics In a complex plane (p, 1) 3
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Wolfenstein parametrization:
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C00 1 B=(1.0)

In Wolfenstein parametrization, V,, =\ p*+n’e™ - Y/, is the phase of V
Y/®, measured in the B—DK system, in the interference between b—c

and b—su transitions 4
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CP violation detectable when there are two paths to reach the same final state.
Interference in the B—DK system allows the determination of y/@,

i 2 2 2
A +A e "I"'=AT+AJ+2A A cos(¢)

~0 -+ <~
T T

+ interference
- v + strong phases LS ocCOS(5+y)
ub
~,pBe\>/\ PO Kt A(D"— f) (ccos(6—y) forB)

Sensitivity to Y/, is driven by the ratio r_= |A(b-u)|/|A(b-c)| (channel-dependent)

cartesian
coordinates Y.

X,=ICOS(6%xy)
.Vi:rBSin(5iy)

B* Y | B-

viola Sordini, Moriona EW 20048



VIOICRSOEQIIFIVIORIONG EVEZ2Q U

wWriera 1o ooy

y/®, weak phase between b—c and b—u transition. In the B—»DK system

B*—>D°K" B*—>D'K*
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Sensitivity to y/@, in each channel driven by the ratio r_= [A(b=>u)|/|A(b=c)|

Hadronic elements,
complex quantities.
Channel-dependent!

2
P == S|
2NV
For the B* »D"°K", the r_ ratio is of the order ~0.1 (in amplitude!)
For the B® »D"°K"", the r_ ratio is expected to be of the order ~0.4
Need to be measured!
Notice: In the case of B-»DK* decays, the r, ratio 1is used instead, 7

that takes into account that the K* is a naturally broad resonance
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Y/, is much less precisely determined, with

respect to a and B (same remark for 2B+y).
Measurements of y/o, are difficult, because

we look for small effects.

Actual knowledge comes from the
combination of several methods (GLW, ADS,

constraints from angles
measurements ((P2007) GGSZ) and several channels.

The b-u transitions are strongly suppressed ( r_=|A(b-u)|/|A(b>c)| ).
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e*e” colliders with asymmetric beam energies @Y (4s) for B meson
pairs production: PEP Il at SLAC (U.S.A.) and KEK in Tsukuba
(Japan).

General purpose detectors: Belle and Babar

As I2003/02f21 00:00
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PEP Il Delivered Luminosity: 527.33/fb
BaBar Recorded Luminosity: 507.15/fb
BaBar Recorded Y(4s): 432.72/fb
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Exclusive reconstruction of B decays. Two sources of background: from
BB events and from continuurn events (e*e’»qq, with g=u,d,s,c).

Two almost-independent kinematic variables to characterize the B mesons:

m

:\/(S/2—|—]_9;
AE=E’—sl2

s

Evunibs/ ({0001 GS0TE )

E H B & B
SRR e AAARE

M g

e

4

k| o
e A%
LiSL] a1 o

= J+

JAE |

.

Y
& E
e PP

'h‘: |
=

k borpe by ebor oyl atan by T, )
12 A0 AR an iR 1d 1x ir i

gy ¥

1 [t
AE 10V

(EB(ee),pB(ee)) = 4-momentum of the reconstructed B or of the e*e initial state in the laboratory

frame. The * denotes the e*e” center of mass (CM) frame

Typically, in all these analyses,
dominant source of background:
continuum events (e*e>qq, with

e+

jet-like shape

isotropic shape

g=u,d,s,c).

Different spatial distribution is exploited:
several topological variables (combined

in a Fisher discriminant)

10
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Different methods proposed to study the B—D°K decays,

* GLW method:
D° mesons reconstructed in two-body CP-eigenstate final Mmore
states: K*K", 't (CP even) KsrrO , K w (CP odd) sansirtive
ror,
» ADS method:
D° mesons reconstructed in non CP-eigenstate final states:
K", K
. the one
» GGSZ (Dalitz) method: hert gives
D° mesons reconstructed in three-body CP-eigenstate final the best
states: K ', K K'K", N ebes
error on
v/,

In the following | will concentrate on new/updated results

11
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Gronau, London, Wyler - Phys.Rev.Lett. B265(1991) 172

UITS

Neutral D mesons reconstructed in CP-eigenstate final states (CP even: K*K', 't and
CP oddK n°, K w )

R

cp*

I'(B"—»D] K")+I'(B— D) K)

' (B*—D°K")+I (B — D°K")
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Events / {0.0175 GeV)

cricrgjec B: GLYY rasulrs

arXiv:0802.4052

Update of the GLW analysis B—D", with D°-K*K", '
Kn®, K.w and K" (for normalization) on 3 8 2M of BB pairs

@ cut on mﬁsand event shape variables

@ extended maximum likelihood fit to the AE and

Cerenkov distribution
80; 0 2% 80 ok E
r BoD'K -
e paen Ll o i Acpy = 027 £0.09(stat) 4 0.04(syst
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0,09 + 0.0QEstat)) + 0.02(( ))
1.06 + 0.10(stat) + 0.05(syst)

Rep— = 103 +0.10(stat) = 0.05(syst)
also expressed in ferms of:

zy = —0.09+0.05(stat) + 0.02(syst),

z— = 40.10 £ 0.05(stat) + 0.03(syst),
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Atwood, Dunietz, Soni - Phys.Rev.Lett. 78, 3257 (1997) (hep-ph/9612433)

Neutral D mesons reconstructed in non CP-eigenstate final states f=Km*, K't'rt®

Vubsuppressed favoured
+ (*)0 1+ 0
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ADS method useful to measure r_, almost no sensitivity toy /¢
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@ cut on M

PRELIMINAR

65 7M of BB pairs

C

Y

and event shape variables

D

Update of the ADS analysis B =D, with D°-Kmt* on QD

5B
PRELIMINARY

@ extended maximum likelihood fit to the AE distribution
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Giri, Grossman, Soffer, Zupan — Phys.Rev. D68 (2003) 054018 (hep-ph/0303187)

Neutral D mesons reconstructed in three-body CP-eigenstate final states

(typically D°-K r'mt )
The complete structure (amplitudes and
strong phases) of the D° decay in the phase

space is obtained on independent data setsD

and used as input in the analysis.

These analyses make use of the
cartesian coordinates:

b~

Dalitz plane

X,=IpC0S(6xy), y.=IzSin(é+y)
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PRELIMINARY

Analysis performed on 3 8 3M of BB pairs

Update of the Dalitz analysis of B—»DK", D"K and DK™ with D-K mt'r

and, for the first time, D°—>KSK+K' (no D™ ). Also reconstructed
control samples: B'-D°rt’, D™ and D°a |

@ mm,AE and shape variables are used in a maximum likelihood fit to

discriminate between signal and background
@ D’ Dalitz distributions determined on independent data samples and
used as an input in the fit
@ CP fit for extraction of cartesian coordinates for DK, D*K and DK*

300

b

=

=
I

100

Events / ( 0.00225 GeV/c?)

T T I
Babar

PRELIMINARY

to§

DO—>KSr[+T[‘

5.25

m.. (GeVic?)

Events / ( 0.00225 GeV/c?)

=)
=
I

£
=
I

%

oy

=
.
g
—
=

ey 1

B 17

m,. (GeVic?)



r'@urged 0: OCYZ resul

PRELIMINARY
N \“ Results for the carfesian coordinates
Qg (statistical, systematic and model errors included) .
> Parameters B~ - DK B~ = DK~ B~ o DPK*
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CGSZ rasults e

PRELIMINARY DELLE
Update of the Dalitz analysis of B—D’"and D", with D°~K ' and

D™ -Dn’
Analysis performed on 63 8M of BB pairs

@ Mm,AE and shape variables are used in a maximum likelihood

fit to discriminate between signal and background

@ D° Dalitz structure used as an external input
@ CP fit for extraction of cartesian coordinates for DK and D*K

T
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0.1
AE (GeV)

T T
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{ PRELIMINARY
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[
[1)]
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Entries/2 MeV/c?
w
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[a~]
(4]

-0.1 0 01 5.22 5.24 5.26 5.28 53
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CSZ rasulis e

BELLE

Results for the cartesian coordinates
(errors are statistical and experimental
systematics, model error not included):

Parameter| Bt = DK* BT 5 D'K*

z- +0.105 % 0.047 £ 0.011 [+0.024 £ 0.140 £ 0.018
- +0.177 0,060 £ 0.018 [ -0.243 £ 0.137 £ 0.022
Zy ~0.107 2 0.043 £ 0.011|40.133 £ 0.083 £ 0.018
m —~0.067 £ 0.059 £ 0.018|+0.130 £ 0.120 £ 0.022

model error estimate is the same as
in previous analysis

yl$ps=(76712+4+9)°(mod. 180°)
ry(DK)=0.16+0.04+0.01+0.05
ry(D*K)=0.21+0.08+0.02+0.05

5(DK)—<136§}§¢4¢23)0
§(D K)=(343"20+4+23)°
(mod.180°) 20
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PRELIMINARY

Events / { 0.003 GeV/c?)

-

Analysis of B°>DX™, with D°-=K ' and K™°=K'r"- The charge of the K

from the K* tags the flavor of the B°, no time-dependent analysis is needed.

First analysis extracting vy from neutral B°-D°%K™® decays.
Analysis performed on 3 7 1M of BB pairs

@ mm;and shape wvariables are used in a maximum likelihood fit to

discriminate between signal and background
@ D’ Dalitz distribution used as an input in the fit

@ CP fit for extraction of a 3D likelihood for yxyﬁ

- Babar
"PRELIMINARY

TR VRTORTNG! RV W HOT TR W NN WA 0T J00 [N TR Y N RN OO W MDA IO 0 Y WO
2 5.21 5.22 5.23 5.24 5.25 5.26

TR AR AP |
m Esiae\"rﬁ?: 2]5'29

68%

95%

1 1 1 1 1 1
01 02 03 04 05 06 07 08 0.9r
S

y/¢$5=(162+56)°(mod.180°) ..
ro(D°K™°)<0.55@95 % prob. | BABAR

Combined with the likelihood for r, from

B.Aubert et al (Babar coll.) Phys.Rev.
D74, 031101 (2006e6) 2]
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Time dependent Dalitz plot analysis of B°»D'K’mt".

Three-body B decay. Interference between b—u and b—c transitions

through the mixing: sensitivity to 2B+y. Analysis performed on 347 M of
BB pairs

@ mm,AE and shape variables are used in a maximum likelihood fit

to discriminate between signal and background

<l @ time dependent fit to the B’ Dalitz distribution assuming r =0.3
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Babar + Belle, from the combination of all the measurements

.....
---------
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corclusions

- both in Belle and Babar efforts to constrain y /@, in many
ways

« I, ratios confirmed fo be small  (~ 0.1)

» despite the small values of the r_ rafios, Y/, is now

known with a precision ( 13°) that was not expected to be
accessible at the B-factories

» the actual error comes from the combination of many
methods in several channels

24
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CPV I e SV

Field theory that describes strong, weak and electromagnetic interactions in
terms of gauge group theories, starting from the elementary particles.

. auge grou o] - 2z e
strong gauge group Tﬁaiﬁpiﬁj, .
Entaractiane eract 15
Interactions SU (3) x SU <2> x U (1)
color symmetry ISOspin hypercharge
(strong interactions) symmetry svmmetrv

(weak) Ve Yy Ur
6 leptons (antipleptons), in three families e ’ ) ’ T

6 quarks (antiquarks), in three families ( 3 ) ; ( i )
Parity :
P(t,%)=(r,—%)
Charge conjugation: particle - antiparticle

CP violation discovered in 1964 in the K rare decays and then confirmed by
the B-factories results

26
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CHARGED B

.

b

cll 1r12 clidgralrns

b= c transistion

<®K(*y B*—D°K"

C

] Vo o

W
@
*

u

b= u transistion

B> D°K*?
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D° - K m*1ii- amplitude fit (Belle) =

Quasi two-body model is used as a baseline. K-matrix for systematics test.

R, Moriona EW2900

[

S0rda

~ B 2000 F Intermediate Amplitude Phase, °
% ”s fmm state
O) K0, 1.56+0.06 214+3
= 2} 000
oS ; " ool K, p(770) 1 (fixed) 0 (fixed)
1.5 :
= t oo K, w 0.0343+0.0008 112.0+1.3
T o0t K £,(980) 0.385+0.006 207.3+2.3
L _ ol K, 0, 0.20+0.02 212+12
05 1 15 2 25 3 05 1 15 2 25 3
M12< . (BGEV™) M12< _Geve K, £,(1270) 1.44+0.04 342.9+1.7
s sTT
< 0o | K, f(1370) 1.56+0.12 1104
“;:;zz [ oo | K, p(1450) 0.49+0.08 6411
Fooo | o K* (892)*11- 1.638+0.010 133.2+0.4
| 5 ol K*(892)Tr* 0.149+0.004 325.4+1.3
7500 | 6000 K*(1410)*m1- 0.65+0.05 12044
o ot K*(1410)-1r* 0.42+0.04 25345
2500 |- 2000 |-
“os 1 15 2 23 zzj 00 02505075 1 125 15 175 2 K*O(1430)+H7 2.2110.04 358.941.1
M fw GEVT) M2, TGV K*,(1430)1r* 0.36+0.03 87+4
K*,(1430)*m1- 0.89+0.03 314.8+1.1
0,(M=522+6 MeV, =453+10 MeV) N
K*,(1430)1r* 0.23+0.02 27546
0,(M=1033+7 MeV, =887 MeV) K*(1680)11- 0.88+0.27 82+17
K*(1680)r* 21+0.2 130+6
Nonresonant 2.740.3 16045
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[

Sele

lela

\/

Entries/5 MeV

120

100 |-

80 |-

60

40 |-

20 |-

B- - DWK-

605 fb' data sample

1 T T
£ signal X Signal

~
o
3 200
— Cunt'ilml.llnhck E [ Continuum bekgr
[ BBbar bekgr _ﬂ 175 | [ BBbar bekgr
=
2] K/m misID bek; I.E 150 [ K/m misID bekgr

AE (GeV)

* |AE|<30 MeV * (Mg
* 144.9 < AM < 145.9 MeV/c? (B . D*K only)

« M,.>5.27 GeV/c?

5.28 53
M, (GeVic?)

Entries/5 MeV

signal (Belle)

25 F

20 |

15|

10 |

T
2 signal
[ Continuum bcljg]

[preliminary]

Entries/2 MeV/c™
(%]
(=]

i\) D*K?

T T
[ =3 Signal
[ Continuum bekgr
[0 BBbar bekgr
[ ] K/m misID bekgr

M,|<11 MeV/c?

522 524

o N ———

526

- Continuum rejection variables cos8,,,, “virtual calorimeter” Fisher discriminant:

|cosB,,|<0.8, F>-0.7 in M,_, AE fit to determine background composition.

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

756 events, 29% background (B - DK).

149 events, 20% background (B - D*K).

In “clean” signal region

(|cosB,,|<0.8, F>

-0.7)

I‘l

5.28 53
M, (GeVic?)
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[

Sele

Viele

~ 3 r - - - == 1 T U |
o Ex
% | -+
$as
E
: 02} -
2t .
S LI | g
i o —>
L S AR
1f Yoo i
".-*g.
)
os| e 0
05 1 15 2 25 3 [

(X,,y,) fitresults (Belle) B

Fit parameters are X,= Iz COS(£@,+D) and y,= rg sin(x@,+0) [preliminary]
Unbinned maximum likelihood fit with event-by-event background treatment

(AE, M, [cosB,,/, Fincluded into likelihood)

< 3T |
< L 3X.
S /
2t .'d ‘ -~ I | |
15 % DI 0.2 0 0.2
1 X X
osp, e X = +0.105 + 0.047 + 0.011 X = +0.024 + 0.140 + 0.018
05 1 15 2 25 3
m? (GeVZc?)
___» Y= +0.177 + 0.060 + 0.018 Y. =-0.243 £ 0.137 + 0.022

Errors are statistical and
experimenta| 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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Sordini, Moriond EW 200¢

—

3 (degrees)

3 (degrees)

w
o
o

150
100

5 1\ 0.25
s x

e& /v \4 0.2
E_ 0-1 5
- 0.1

|
0 50 100 150 200 250 300 35(
¢, (degrees)

0 50 100 150 200250 300 35(
¢, (degrees)

- 0.05 |

@, constraints

g0 ¢

! !
0 50 100150 200250 300 350
¢, (degrees)

L [l | | | | | I-
0 50 100150200250 300 350
¢, (degrees)

B+ _, DK* only: [preliminary]
(P ,=81"°,; °+£5°(syst)+9°(model)
B* - D*K* only:
(P ,=6#",, °+4°(syst)+9°(model)
B* - DK* , B* - D*K* combined:
P ,=76 ,; °+4°(syst)£9°(model)
rok=0.16+£0.04+0.01(syst)+0.05(model)

r1,=0.21£0.08+0.01 (syst)£0.05(model)

+14

0,,=136, ,; °+4°(syst)+23°(model)

0,4=343 ,, °+4°(syst)+23°(model)

Model error estimate is the same as in

previous analysis.

Stat. confidence level of CPV is (1-5.5-104) or 3.50 !

D>

Lo

BELLE
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