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@v Marcella Bona

Outline

- very briefly: on detectors and luminosities
% sin2f} from charmonium final states:

a precision measurement
@ time for studying the theory error

<% o from charmless two-body B decays
@ more complicated:
penguins are conspiring
@ BRs and asymmetries of nt decays
@ also pp and p = (direct extraction of o)

-y from DK tree decays:

(almost) new physics free

unexpected precision from the B factories
=% using the angles to constrain NP
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B factories
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B factory data

As of 2008/04/11 00:00

g I B - 1 y Offline+Online Luminosity (pb™) (/day) 2008595120 0729
E-"' = %ﬁa r Bl onresonance, I effresanance, [ energy scan
@ 500—  PEP Il Delivered Luminosity: 553.48/fb ('ﬁ’-‘-'fﬂj § 0
c - BaBar Recorded Luminosity: 531.43/fb ) = p0 Lo 1] S
£ L BaBar Recorded Y(4s): 432.89/fb % [ | . ]
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| Belle log total : 830642 pb™ Date
O runinfa ver 1.57 Fxa3 Rand - ExodS Run589 FELLE LEVEL Intest: dav fs not 24 hoars

°

# BaBar Y(4S) run concluded on December 21 2007

<% then scan on Y(3S) and
a final collision at 12:43pm Monday 7 April 2008
< after almost 9 years and more than 345 papers
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CP violation in the Standard Model

@ The CP symmetry is violated in any field theory having in the
Lagrangian at least one phase that cannot be re-absorbed

@ The mass eigenstates are not eigenstates of the weak interaction.
This feature of the Standard Model Hamiltonian produces the
(unitary) mixing matrix Vckm.

Vud Vus Vi 1- A A AN(B — i)
Ved Ves Vob | = Y —A A2
Via Vis Vi AXNN(1 — p—in) —AN? 1

@ With three families of quarks, there

is one phase that allows CP violation
in the SM. All the flavour mixing
processes are related (through the
unitarity of the Vckm) to this phase.

Unitarity Triangle
* o o
VudVap + VedVep + VidVip, =0

V.V Bo—>d/¢Ks All the angles are related to the CP
cd ¥ cb asvmmetries of specific B decavs
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Three types of CP violation

@ Three interference effects can be observed:

| o |Bz) =p|B% +4¢|B)
= CP violation in the mixing (Iq/pl # 1) | B,y =p|B% —¢BY

. PP N both neutral and
-
(direct) CP violation in the decays (IA/Al # 1) charged B's

<% (indirect) CP violation in interference between mixing and
decay (ImA # 0) q Asp neutral B's

f
“ p Afep
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Direct CP violation

both charged and neutral B's

tagging not always necessary (charged and self-tagging modes
-« higher efficiency

inter fer ence between (at least) two amplitudes
contributing to the samefinal state d:: strong phase
1 | CP
Af = a3 €Xp [1 ¢1)] + o Exp ._ qbz)] —
Af = ajexp 1(51 —.] + az exp [i(52 —] ¢;: weak phase
measured asymmetry is:

[Agl® — |Ag]*
Acp =

inter esting modes ff< 7\" Wy -
= K'1-: tree + penguin ¥ é

= K°r+: pure penguin

*

Q.' c

o!c c\ @
|
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A I.Bigi, A.Sanda

CP violation in interference  mci-ruys.5193:85,108
between mixing and decay

=€.% L

A
¢ AfCP

@ decays to a final state f CP
accessible to both B and B
(f are not necessarily CP eigenstate)

@ if ImA # 0 then — CP violation

uIxIui
—h

I
g °
®
3
>

vy,
o

>

A

At

_9AB o f) _VaVad | _

j— — f— E — L] L)
A(B - ViaVy3 A B = mixing
PA( 5) ol phase

examples| [f parameter
mixing B® 5 1vX, D™Mn(p,a,) AMpo
“gin 23”7 B -5 J/yK°, ... sin 23
“gin 20 B® - #w, M, ax sin 2ex
“sin(28 + v)” | B® - D®™x .02 [8in(28 + )
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+ K
Bta%/ ¢

o 330000 Z}#MS)
e ¢ K*
| B.. V )

Az

B mesonspair 4, f

oscillatingin a <By>c o \

coherent state <) K™
Az

<|Az|>~200 um

Time evolution of the BB system (assuming AL’ =0)

_ T
F(BY = fop, At) = —e TIAH[1 4 8. sin (AmgAt) — Cy,,. cos (AmgAt
phys 1 for fi

T
F(BY. = fop, At) = —e T — §; sin (AmgAt) + Cy,, cos (AmgAt)]
phiys 4 for f

_ 2
= direct CP violation C=#0 Cr(=—Ajf) = 1 n ::fcplz
<% indirect CP violation S # ( 2 Im )\;CP

— CP
s 14 |A fcp|2
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Time-dependent CP analysis

Bfag = 8_0(1‘) -
= B,.=B°(1)

Exclusive B"
reconstruction

Effective B®
flavor tagging
efficiency
0=31.2%

(BaBar)

250 um Az | Tagging by kaon
| b—c—s
g

separation K — charge from

most common

Y(45) PrOduce"? a Az F Lepton tag is the
coherent B pair: most pure (94%)

At=Az/<fy>c

— At

i
(BY)Y(45) = 0.56 B" tlavor et (or no tag)

@ B%.. = B%., (flavour eigenstates) = lifetime, mixing analysis
@ B%.. = B%., (CP eigenstates) = CP analysis
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Analysis strategy

& B-candidate selection through kinematic variables (AE, mgg)

@ background fighting: against continuum light-quark production
= topological variables

@ particle identification: K/t separation

@ maximum likelihood fits

signal BRs ranging from ~ 10° for J/yK°
to ~ 10 for tt decays

@ main background contamination from light-quark
pair production from the continuum
< uu, dd, ss, cc: total cross section ~ 3.4 nb™
to be compared to 1.1 nb™ for Y (4S)
@ background from t1 production or two photons
is mainly negligible
@ background from other B decays can be important
depending on the considered mode

CERN Seminar 11



@‘v Marcella Bona

Experimental issues: B selection

500 ————

@ kinematic variables: i B D
- BABAR
= AE and mg to be used in the
likelihood

= check the correlation of the
variables

= for example: the presence of
a t° in the final state requires
2D parameterizations

- Control Sample

B DTt

W
(=]
o

[=)
[=]

events/(1.25 MeV/c?)

_ background

Control
Sample

0 -
, B"—=D7"

events/(6 MeV)
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Experimental issues: background

@ to isolate the background:
variables representing the shape of the event:

< signal: spherical

< light continuum component: jet-like

<4 shape variables are used in linear combination
(Fisher discriminant) or Neural Network.

<4 We can cut on the final variable
or parameterize it to be included in the likelihood

' Control
jet-like shape BABAR Sample

A\ B D"
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Sin2[3 in golden b — ccs modes

YOS, K J/i!) Y (25), Xc1

V*cbvcs

—- ——#

2 branchlng fraction: O (103)

the colour-suppressed tree dominates and the t penguin
has the same weak phase of the tree

'(B°(t) — fcp) — T(B°(t) — fcp) .
¥ A t — — =
¥ AO =T B0 fon) TIEO — for) S SIN2P
= Ssin Amt — C cos Amt C~0
. . .Ciuchini, M.Pierini, L.Silvestrini
@ theoretical uncertainty: I\P:Ihgs. Rev. th:. 95, 221;854 (2035)

= model-independent data-driven estimation from Jiyn° data:

ASJ/\VKO - SJ/\VKO - SinZB = 0.000 £0.012
= model-dependent estimates of the u- and c- penguin biases

— H ~ -3 H.Li, S.Mishima
ASuyko = Synyro — 8in2B ~ O (107) JHEP 0703:009 (2007)
ASJ/\VKO - SJ/\vKO = SiﬂZB ~ 0 (104) H.Boos et al.

Phys. Rev. D73, 036006 (2006)
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sin(2p) = sin(20,) eAS

PRELIMINARY

BaBar ; 0r14+0032+0018
PRL 99 (2007) 171803 Ig

2

Belle Jiy K° 642+0.031 £ 0.
a_| K _ 0.642+ 0.031 £ 0.017
PRL 98 (2007) 031802

Belle y(2S) Kg | . 0.718+0.090 +0.033
arXiv:0708.2604 5 ‘

Average 0.680 + 0.025
HFAG E

!
o
]
5

0.6 0.7 0.8

estimated ©

background

Jrou BABAR Collaboration
contribution

Phys.Rev.Lett.99:171803(2007)

o o e BaBar with 384 10° BB pairs
L Aot Sin2B =0.714£0.0320.018
_. u. 5. 1 Belle with 535 10° BB pairs

WWLMM{BJ VB o oo e SIN2P = 0.642 % 0.031 +0.017

hﬂB:}+hﬁBﬁ Belle Collaboration
Phys.Rev.Lett.98:031802(2007)
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A.Buras, L.Silvestrini
Nucl.Phys.B569:3-52(2000)

Channel Cl |E | B |EA: | A |A| B
V.kcbvcsl N—lf % %
Bi—~Jdiypr* [ Cc [ -0 - [ - [ - [@
B; — ™I/ V*cbvcd px2 PR I R R TR * \/
= 1) Fit the amplitudes in the 7 _
e SU(3)-related decay J/yrx° 5 2) Obtain the upper
HE and keep solution compatible E ' limit on the penguin
- with JiyK 3 amplitude and add
O £l 100% error for SU(3)
“E breaking
T R 345iP:|M-P2| % IZIII“::""I'_P;LIIW:
3) Fit the amplitudes in = |
JyK’imposing the ~ § | AS =0.000 + 0.012
upper bound on the E . M.Ciuchini, M.Pierini, L.Silvestrini
CKM Suppressed g Phys. Rev. Lett. 95, 221804 (2005)
2
amplitude and extract 2 |

the error on sin2f

CERN Seminar
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@v Marcella Bona

sin2f from JIyK® is UTsi
the most effective constraint UTEit Collaboration

http://wwww.utfit.org

A

{ Ui
>(\

\Am
/ i

W—, =
sin(2p+y)
| A4
[ X : \ //
*sin2p =0.668+0.026| - \/
: I-I‘Ii Ill-01.5”.'(]I HIU!SHH‘II” . I-I‘I'/HI-()I.SI - I()I i I0.|5IXI I‘=H
p p

# only JlyK® is included
# the estimate on the theory error from Ciuchini et al is used
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2 measurements of (sign)cos2f in:

+ B> J/\|IK*° BABAR Collaboration
Phys.Rev.D71:032005(2005)

% cos2pB >0 @ 86.6% CL
: 3 0 (*)0j,0 BABAR Collaboration
* B - D h Phys.Rev.Lett.99:231802(2007)

J K cos(2B)

Kill the ambiguity: cos2f3 measurements

T & @ Melvana

withh=7°n,1", ®
cos2B >0 @ 87% CL

s BO — D*+D*-KOS BABAR Collaboration
Phys.Rev.D74:091101(2006)

cos2p >0 @ 94% CL

1=

D™h" cos(2B)

1

0.4

i s+ 0.27
| Iy ] H
005)
5 0.56+0.794 0.11
PR o5 091601 (2005)
1,64 +0.62
*
2 3 4
. " 042 £ 0.49 £ 0.09 £ 0.13
I - mn !
PRL op, 231802 (200f) ;
Bellg - 1.87 % .i'ig
PRL 9f, 081801 (2008} §
Averfge 1 1.01 +0.40
cod2f” :
0.2 1 1.2 1.4 1.8 18 2 2.2

BaBar

PRD 74, 091101 {2006)

0.5

Belle

0 & %
i PRD 76, 072004 {2007)
05 Average
i HFAG
L 1 o8 06 04 D02
-1

99.95% Prob.
SR

o)

0

CERN

0.24 £ 022

2] /1, cos(2f3)

18




@ Marcella Bona
A B°=>nm,om

o.: CP violation in B = ©t*n- /ﬁ?\
considering

the tree (T) only: ViiVid
- e~2ia —
Am = € T Vi Vi
C,.=0 /4

Sx =sin (2a) |mixing

adding the penguins (P):

y
.1+ |P/T|e e b
1+ |P/T|ede—*

Srr = \Il — C2 Sin(Zaeﬁ) 00

2
A-rr-:-'r —

nt and pp from the same diagrams
CERN Seminar 19
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o.: collecting the ingredients S o

0‘(‘1’2)
from olg — to o: isospin analysis /é\

@ B— n*'rn, t*n’ n°n° decays are connected from
isospin relations
@ nrw states can havel=2o0rl=0
=% the gluonic penguins contribute only to the | = 0 state
(Al1=1/2)
=% n*n’is a pure | = 2 state (Al = 3/2) and it gets
contribution only from the tree diagram
= triangular relations allow for the determination
of the phase difference induced on o:

20 = 200 + Ky |
|
IA+°|:IA':I

Both BR(B?) and BR(B?)
have to be measured

in all the Tt channels

¥
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Analysis addendum for
charmless two-body decays

@ in BaBar: for charmless two-body decays,
simultaneous ML fit to all the final states SL
that differ only of a charged kaon or pion: Detector of Internally
% eg: n'n, Kn—, K, KKK~ Reflected Cherenkov

light (DIRC)

@ this allows for a better determination of e
both the background and the common - / oo
signal parameters, taking advantage of e
the mode with more

Light

statistics (e.g.: Kn) 17.25 mm Thickness S e s

¢

Purified Water

(35.00 mm Width)

Support tube Ll
?_’i, —"- Trajectory

Mirror

o

) yBar f_\ -4

g '| - A Window .~ Standoff Box
rQT mm— ~10mm

——/—4.90m — 117 m

'“‘»*\ Compensating coil
Assgembly flange 4%x1.225m

Synthetic Fused Silica

Standofl box
Bars glued end-to-end
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Analysis addendum for

charmless two-body decays

1200

K/t separation is therefore essential: the

DIRC is key in these analyses
+ hh: momentum region [1.5, 4.5] GeV/c

+ 130 separation at 1.5 GeV/c

2.50 separation at 4.5 GeV/c
« the dE/dx information from the Drift

1000

v 800

| BABAR é’;’%%%

Chamber is used outside the DIRC
acceptance [hh: 35% yield increase]

[ K/m separation with AE ]

K/mt separation
with DIRC

ABAE, (MeV)

CERN Seminar

D’ tagged D—Kr |

1.5 2 25 3 35 4 45 5
p(GeV/c)




@v Marcella Bona
= Towards o: time-dependent analysis of tn

BABAR Collaboration Belle Collaboration

Phys.Rev.Lett.99:021603(2007) Phys.Rev.Lett.98:211801(2007)
: 300 -

wof- &) 383M BB- | 0 q = +1
E g ? BELLE . q = —1

8

Events / ps

50
[ TM& ®Nelvana 535M BB

ot

MNo. of n*1” events

T I§I
8

L
=
T T T

a
g
-
@

-

(=]
TT T T T

=
in

=
n'n asymmetry

1
=
i
T

: 11464 + 65 Tt events
-5 0 -
1139 £ 49 T events At (ps) ° A (9 ;

S, =-0.60 £ 0.11 £ 0.03(5.16) S,. = -0.61 + 0.10 * 0.04
C. =-0.21 £ 0.09 £ 0.02 (2.26) C.. = -0.55 * 0.08 % 0.05
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@ Marcella Bona
= Towards o: the world average for tn

S e

CP PRELIMINARY

——— + -
BaBar 0. T T Scp Vs Cep E

2o PRELIMINARY

N
I
PRL 99 (2007) 0214

Belle 5
I
PRL 98 (2007) 211§

Average 0.61+0.08

ke
L)

HFAG correlated average

-0.8 -0.7 -0.6

+ -
TE TE C | LP 2007 7 =
CP e . difference

BaBar : 021+ 0.39 +0.02

PRL 99 (2007) 021603

Bellf -0.55+ 0.08 + 0.05
PRL 98 (2007) 211801

Average -0.38 £ 0.07 -0.8 -0.6 -0.4 -0.2

HFAG correlated average Conteurs give -24(In L) = Ax® = 1, corresponding to 60.7% CL for 2 dof

-0.7 -0.6 -05
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X

Towards o: isospin-related nt decays

@ simultaneous ML fit to:
% B" - n'n’ K'n° (and cc)
@ 7° recovery: (4%+6%)
=% merged n°: when the two
photons are too close in the

calorimeter to be
reconstructed individually

= v — e'e~ conversion: from

interaction with detector
B(B — Kr, 7m, KK)

—— CLEO
—— Belle
-—— BABAR
—_—— CDF
—— PDG2006
—— New A\lg.

HFAG
April 2008

125
Branching Ratio x 106

00 25.0

N
Q
—

Q

Events/(7.5 MeV

v.\_.«M\

150;—( ”‘glz " :
100 #.5T _
50:_ = mgg (GeV/c?) B
04~+ 4k -
El l +z_ l _+_ : ]
154 £ 27 ev nts—;— i

5.2 5.25
m. (GeV/c?)

BR(x*n )= (5.2 £ 0.2) - 10
BR(x*x’) = (5.6  0.4) - 10
BR(n°x°) = (1.3 £ 0.2) - 10°

BABAR Collaboration
Phys.Rev.D76:091102(2007)

Belle Collaboration
Phys.Rev.Lett.99:121601(2007)
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@v Marcella Bona

At last: o from 't decays

12—
!
0.8}
0.6
0.4F

100 150\ 30 8 degreesy” 120 180
o (degrees)

UTfit Collaboration
Phys.Rev.D76:014015(2007)

BaBar: 25° < o0 < 66° excluded @ 90% CL
Belle: 11° <o <79° excluded @ 95% CL
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@v Marcella Bona

But there is more: o from pp decays

@ Vector-Vector modes: angular analysis required to determine the
CP content. L=0,1,2 partial waves:
< longitudinal: CP-even state “helicity frame”
< transverse: mixed CP states

@ +-: two ©° in the final state

@ wide p resonance

but
@ BR 5 times larger with respect to mt

@ penguin pollution might be smaller than in 7t

@ p are almost 100% polarized:
= almost a pure CP-even state

world average longitudinal fraction:
“Fiong (p*p~) = 0.978 £ 0.025
“Fiong (P*p°) = 0.912 + 0.045
“Fiong (p°p°) still to bemeasured

CERN Seminar
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@v Marcella Bona

Time-dependent analysis in p'p~ decays

BABAR Collaboration Belle Collaboration
Phys.Rev.D76:052007 (2007) Phys.Rev.D76:011104(2007)

— 333M BB

q=1

Events / (1.25 ps)

Events /2 ps
B 2t 2 2

%]

(=%
2
—
8

3
£5]

High quality
tag 535M BB

Samplc enhanced in q1gna1 g—,:F’—‘='—4{=:

+ /O
729 + 60 T events

BELLE
1
l] 2 4

At(ps) : 576 £ 53 mt events

Asymmetry

N | T P M B P
% r 2 ] 2

Siong(p*p) = -0.17 £ 0.20 + 0.06 Siy(p*p-) = 0.19 +0.21 £ 0.08
Ciong(pp~) = 0.01 2 0.15 % 0.06 Ciong(p*p-) = -0.16 + 0.21 * 0.08
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@ Marcella Bona
7 T
World averages in p*p~ decays

PRELIMINARY

+ -
P P Scp o i
P P SepVvsCop HENE

1L +0.05
BaBar | -0.17 £0.20 5 TR

PRD 76 (2007) 052007 B - | - |
¥ | BaBar
Belle i 019£030+007 Belle

PRD 76 (2007) 011104

Average -0.05+0.17

HFAG correlated averag

-0.8 -0.6 -0.4

PRELIMINARY

p*p C., I

BaBar o * ,0.01+£0.15+0.06
; |
PRD 76 (2007) 052007 :

Belle L -0.16 £ 0.21 +0.07
Ly

PRD 76 (2007) 011104

Average -0.06+0.13 -0.4 -0.2 0 0.2 0.4

HFAG correlated ave rgge I Contours give -2A(In L) = A =1, corresponding to 60.7% CL for 2 dof

-0.4 -0.2
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Isospin-related pp decays  :iii.oroe e tnepes

for the p°p° decay:

< small BR: penguins less
importantinpp thanintn ~ Y 4 ¥

but: P

= all charged particles final )
state: the vertex can be
reconstructed so the time-

BaABAR
preliminary

Events/ { 0.67
wEs R EBREH

Events/{ 0.67)
ewmES HEERY B

dependent analysis feasible e S 4 2 0 2 46 i

III|IIII|III|III||IIII|IIII|II||I

T

=0T

F g

(7]
]

=
R EYE |

Events / { 0.0018 GeV/c?)
- [~ ] [~ ] [ ] [ ]
L1 oh [—]

(PYRRRRN

-
=]
rrt

s 85+ 33 ] BR(p°p°) =(0.84£0.29 £ 0.17) - 10°
e GVNts 7 4] f(p°p°) =0.70 £ 0.14 £ 0.05
5545 525 5.255 5.26 5.265 5.27 5.275 5.::::3:3{652.]29 Slong (p op 0) — 0-5 i 0.9 i 0.2
from Belle: Ciong(p%%) =0.4£0.9+0.2

BR(p°0° <1.0-10° @ 90% CL %0



@v Marcella Bona

Preliminary p p isospin analysis

i
. |- geeemenneesanansennnns
B HE 1 without C° and S°

- HE

0.8— HE FIE W I | with C*° and without S°
- H H —— with C° and S{°
| K

0.6

0.4

I; \\_
0 _ | 1 1 1 | 1 1 1 | | | 1 1 1 | | | 1 1 1 L L | L L Il Il I L L

-20 10 0 10 20 30 40
0-0, (deg)

m using BaBar p°°:
ﬁ ot — oter]< 16.5° @ 90% CL

in 7t :
oo — o] < 39° @ 90% CL

TM & @ Nelvana
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@v Marcella Bona

Still a: Dalitz plot analysis with (pr)°
‘ e;o : d(a)
dominant decay p*T - is not a CP eigenstate e
5 amplitudes need to be considered: 4 W
+ B> p'n~, p~n’, p°n® and B* = p*n’, p°n* p W
- Isospin pentagon (B)

A.Snyder, H,Quinn
Phys. Rev. D48 2139 (1993

@ or time-dependent dalitz analysis: o
extraction together with the strong
phases exploiting the amplitude
interference

<% interference at equal masses-
squared give information on the
strong phases between

Interference

resonances ; :
. 0 T —
P P ;
\T» 7’ L
‘\T ﬂ() @ 0 30
Tt wt
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+- -+
p"mDCPV A, vs A, [IHNE

PRELIMINARY
T

z-direct asymmetrie;
.lin the quasi two- |
body approach

L
0.2 0 0.2 04

A

v

PRELIMINARY
T

p'n’Cvss N

BaBar
Belle

B35 Average

CERN Seminar

Results from (prt)°

@ this analysis allows for a direct

determination of a without ambiguities

T & @ Melvana

e, 3
" F

2T

C.L.=68.3% |

90
i (degrees)

150 180

no values
excluded,
no values
selected
yet
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UTfit Collaboration

Marcella Bona http://wwww.utfit.org

o, extraction from the three analvses

e
=]
=]
=

UTfit

£ " [T £ R g
2 I @ 0.002 @ 0.008-
S olpm S [| 2. PP
3 3 | evidenceof 3™l no CP
- S ..., CPviolation B ool ViOlation
o ] [« o E
_ _ | observed
B A% o.ooz}é
00_'/’50 00 150 0(;' %0 150 °o —50 T qoo 180
0Lpn[o] Ol ] oLpp[o]
A=A(p'n)
>, 0.008———— = For, :
+A(p T*) 2| 4 only thelSM solution
+2A(p°r) g i survivesjn thefull fit
— (T ET . g 0.006 I
=( - E o € [80, 107]° osf-
+ 100 ] I
2T et 5 . [156, 171]° :
— R=A/A 8™ @ 95% Prob. or
= gl o .
no paramete °-°°2_ 0504
rization '
involved | Osw = (91 £ 8)°
0 50
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@v Marcella Bona

Last but not least: v and DK trees

<% D™K™ decays: from BRs and BR ratios,
no time-dependent analysis, just rates

= the phase v is measured exploiting interferences:

two amplitudes leading to the same final states
- some rates can be really small: ~ 10~

0K+ \K_;f)

[f1K"

B + strong phases
-e\x A)

Theoretically clean (no penguins
neglecting the D° mixing)

CERN Seminar
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0 s = strong
phase diff.

A(B- — D°K™) = Ap A(B~ — D°K™) = Aprge’(®B=7)

ABT - D°Kt)=Ap  A(Bt - D°Kt) = Agrge!®5+)

= amplitude ratio

\/7?+ XFCS

B— — DYK-—

hadronic contribution
¢ in B* - D"K"*: r; is ~0.1 channel-dependent
+ while in B* - D*°K° r; could be ~0.4
to be measured: rz(DK), r*s(D*K) and r°z(DK*)
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E Marcella Bona
J Three ways to make DK interfere

@ GLW(Gronau, London, Wyler) method:
uses the CP eigenstates D"’ with final states:

K*K", T*T - (cP-even), K.t? (®,d) (cP-odd)
+2rpgsinysindp

—14+7r%5+2 A =
Rep+ +"°B:|: TBCOS7Y Cosdp CPx 1-|-'r2B:|:2'chos'ycoséB

@ ADS(Atwood, Dunietz, Soni) method: B® and B° in the same
final state with D° — K*n -(suppressed) and D° — K*x - (favorite)

RAaps = T%-I—T%CS—I-ZTBTDCS cosycos(dgp+dp)
more sensitive to rg

D° Dalitz plot with the decays B- > DM[K;r*r] K
the most sensitive way to y

three free parameters to extract: y, ry and 6,
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Marcella Bona

Y measurement: GLW method

Observables:
@ ratio of BF for CP/non-CP
@ asymmetry B-/B+ for CP=+1/-1

Clean but statistically limited:
BF(B"— D°K’)-BF(D° — f.;) ~10*

R ~ BF(B™ — D{K~) + BF(BT — DiKt) ; 2 1o 5 I

I CP+ = BrB- S DK-) + BF(BY > DOKT) L T 7B T 2rBcos COIS"’
- L pDOK-) — + _, pO gt e

ACPj: _ BF (B DiK™) - BF(B DiKT) +2rpsindsiny/Rop,

BF(B— — DYK~-) + BF(B' — DYyKT)

BF(B~ — D°K™)
BF (B~ — D% —)

R(K/7) =
for DK, the Dt channel is used for normalization
reconstruct B* - D°h* with D° — Kg[non-CP], D’ — K'K', w+n [CP+]
and D° - K’ 1% (K’.®,K’ ) [CP-]

eliminate background from light-quark or cc events using Neural
Net or Fisher Discriminants based on event shape variables
fit of the R(K/wt) based on kinematic variable AE and PID
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Marcella Bona

R, Averages HEAG

PRELIMINARY PRELIMINARY

G LW &  BaBar 1.07£0.10+0.04 | | "¢ BaBar £ 0.35+0.09+0.05

51 Bellie 1.13+0.16 £0.08 § Belle 0_06+m4+og5

resu ItS o Average 1.0940.09 & Average 0.26 +0.08

5 BaBar 0.810.10£0.05 '"'";g"BaBar S otesgieso0n

X Belle : 1174014 £0.14 < Belle . -0_12+014+005

ay Average 3 0.90:+0.10 o Average e | o 16:+0.09

D:é BaBar : 1.06+0.26 °22 qg BaBar Y S Y 10+0 2319%

X Belle : 1.41+0.25+0.06 X Belle -0.20 + g 22+ 0.04

.__to.(__)__.n'__.Average_._._.__ ; 1 25+O 19_. ho o Average : G 15+ O 16

f Belle ; 115+031+012 f Belle A 013+[13o+008

o BaBar * 19640404011 :r_” BaBar .008+019+008

o BaBar 0.65+0.26 £ 0.08 < BaBar 026+040+012

:‘:% Avelrage ) 0.65 + 0.27 :c% Averag_ -0.26 + 0.42

1 = 0 1 2 3 -1.4 _1I:12 -‘1 -0‘.‘8 -OL.S -0‘.4 0.2 0 0.‘2 0‘.4 UJ.S 0?‘8 ‘IL 1J.2 1‘.4

gsn: . ESOZ— o .

@ cut on mg and event € af o Sfar o lAces = 0.27+0.09(stat) + 0.04(syst)
shape variabIeS, then gm —zg‘m Acp_ = —U.UgiU.Ug(stat) :l:U.UZ(SyS(’.)
fit to the AE and ng L Repy = l.UﬁiO.lUEstat;iU.05Esyst§

Cerenkov distribution
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A Averages

LP 2007

Ny
CP even

RCP -

1.03 £ 0.10(stat) = 0.05

&)

01

0 l‘ 0. TM & & Nelvana

ARGV

382M BB




Marcella Bona

Y measurement: ADS method

Combine dominant b — c transition with doubly-Cabibbo
suppressed (DCS) D° decay

favoured suppressed

A, K1t small BF(~107)
A [K+7t-] K- butA,=0(A))
- D 4 D :
Al B> large CPV possible
suppresse avoure

AB™ - [K'T]oK") ox rp €57 41, g
need to measure the rates:
Observables: / [K'T]oK and [KTt*] K

 BF(K'x—|K-) + BR(K-nt|Kt) _ , N .
RADS = BI(K—=TK-) + BE(KTn|KT) Dz D75 o8(3p+0p) cosy
[ K
[ [

BF([Ktn—]K~) — BF([K—nt]|K™) , ,
A — — o o R
ADS BF(KTn-|K-) 1 BF( K_WJF]KJF)‘;@Bsm( p+op)siny/RADS
A(DO — K+71'_)

A(DO — K_71'+)
CERN Seminar 40
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@ Belle: cut on mgs and event
shape variables, then fit to

Marcella Bona

ADS results

the AE distribution

@ still no event fou_nd even
in Belle's 657M BB sample

denominator

Events / 10 MeV

CERN Seminar

Events 7/ 12.5 MeV

ARY

15ff

10

20(

R, Averages HEAG

PRELIMINARY

BaBar : 0.013 "555
v PRD 72 (2005) 032004 | © "h'
B Belle ] 0.000 + 0.008 + 0.001
< hep-ex/0508048
o Average 0.006 + 0.008
« HFAG
& BaBar -0.002 5518
| PRD 72 ({2005) 032004
(=] -
& Average -0.002 558
« .| HFAG =
g O BaBar : 0.011 5518
X PRD 72 (2005) 032004 |1
a8 Average : 0.011 75413
| HFAG :
Oy, BaBar : 0046 L0031+ 0.008
= PRD72(2005) 071104 !
X, Average * 0.046 + 0.032
O HFAG : :
TR BaBar T T 0012 £ 0.01240.009
DE PRD 76 (2007) 111101 |4
X Average i 0.012+0.015
a' HFAG

-0.08

numerator

-0.06

-0.04

-0.02

mode

N
I\

WA i AT

0

0.04

0.06 0.08

no significant
ADS signal

D
=
found BELLE

R,

=(8.0733'35)10°7

aps=—0.13"297+0.26

-]

e
2 =01 1} 0.1
AE (GeV)

0.2 0.3

ry;<0.19 @90% C.L.




Marcella Bona

Y measurement: Dalitz method

Interference of

. i B-— DK, D° > K*x~
< neutral D mesons reconstructed in three- (suppressed) with

body CP-eigenstate final states B-— DK, D°— K*7-
(typically D° —» Kt nt* ) ~ ADS like
= the complete structure (amplitude and strong T
phases) of the D° decay in the phase space is v“i
obtained on independent data sets and used =
as input to the analysis :
- use of the cartesian coordinate:

X: =Tz cos (0 1)

y: =Trg sin (0 )
< v, rg and O are obtained from a
simultaneous fit of the K¢ x *x - Dalitz plot o

50
I45
= 40
[ 35
5 L
L =30

=25

= 20

1 kB
L 15

05 -

N P R T R
0] 1 5 2.5 ,,34
m, 2 (GeV/c’)

density for B and B Interference of
=¥ need a model for the Dalitz amplitudes B-— DK, D’ = K%p°
-~ 2-fold ambiguity on y with
B-—> DK, D°— K°%p®

~ GLW like
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Marcella Bona

Dalitz results

+ +__- Frrt 0 +_- 4 +_- *+ +
DK.,D —-Dr &Dy, DoK' n DK DK nrnrn,K K
DK s D_>KST[ T ICHEP 2008 ’ T S ICHEP 2008 ’ S ? S ICHEP 2008
y PRELIMINARY y PRELIMINARY Y+ PRELIMINARY
T T T T T T T T T T T
' %Y BaBar B*
o4 T | 8T {7 BelleB* |
BaBar B”
777 BelleB
02 r Averages -
_________________________ - [0 . 2 - S aediuunt et e e
BaBar B® 02k BaBar B | .
7" BelleB* C77 Belle B
BaBar B’ BaBar B-
BelleB© | Belle B :
-0.4 f A 1 18 - |
Averages verages g ;
1 1 I 1 L ! . ! : s I L I I I
02  -0.1 0 01 0.2 0.4 -0.2 0 0.2 0.4 0.8 0.4 0 0.4 0.8
X X X+

5 give - — A= 5 i %
Contours give -2A(In L) = Ay® = 1, corresponding to 60.7% CL fer 2 dof Contours give -2a(In L) = %" = 1, corresponding to 60.75. CL for 2 dof Contours give -2A(ln L) = Ay® = 1, corresponding to 80.7% CL for 2 dof

<% mgs, AE and shape variable used in the maximum likelihood fit

= D° Dalitz distributions determined on independent data
samples and used as input to the fit

~ CP fit in Cartesian coordinate
approximately Gaussian distributions (no unphysical
zones), small correlation and unbiased behaviour on the
physics boundaries

CERN Seminar 43



i

2150 -100 50 0

HEEE s H
i BT DK
|l Combined J;

50

Q)

TM & @ Nelvana

100 150
Y (deg)

5(DK)=(109"2)°, §(D'K)=(-63"2%)°, (DK

FIPE NEPEE PPN e |

0
0 50 100150 200250 300 3

9, (degrees)

- 635M BB |

1383M BB? ¢

y! $3=(7673;)°(mod.180°)
rp(DK)=0.086+0.035
ry(D+K)=0.135+0.051

ro(DK*)=0.181712

0.8
0.6f

04r

)=(104"3})°

model error estimate is the same as
in previous analysis

yld,=(76:12+4+9)°(mod. 180°)
ry(DK)=0.16+0.04+0.01+0.05
ry(DxK)=0.21+0.08+0.02=0.05

0 50 100 150 200250 300 350
¢, (degrees)

5(DK)=(136]3+4 +23)°
5(D"K)=(343"20+4+23)°




@v Marcella Bona

More ways to vy

@ with neutral B's in the final states D°K*° with
D’ » Kttt and K* » Knt*,
< the charge of the K from the K* tags the flavour
of the B? so no time-dependent analysis
< first analysis to extract Y from neutral B - DK

< BaBar performed it with 371M BB v
¥ = (162 £ 56)° (mod.180°) . 68%
r. (D°K*?) < 0.55 @ 95% Prob. - 95%

0
S0
L]

I I I I
o 1 oz E 4 OS5 e T DE D.9r
=1

@ again with neutral B's, time-dependent Dalitz plot
analysis of the three-body final state B° - D"K’x*
= interference between b — u and b — c transitions
through the mixing: sensitivity to 2f+y
= BaBar performed it with 347M BB
2B+y = (83 * 53 * 20)° (mod.180°)

CERN Seminar
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UTfit Collaboration
http://wwww.utfit.org

UTst

1=

T T
o
=
=1

1

0.0015
0.5

0.001

Probability density

0.0005

-nE 0 0.5 1

13)° (mod.180°) P

= Fry 2

‘D ‘@ 0.01 ‘0

c s c c

g ooz "o 3 *r+ g *+) -

> rB(DK ) = 2z I'B(D K ) - > % rs(DK ) =

25 | 0.10 £0.02 3 0.09 £ 0.04 3 0.13£0.09

Kl 0 Ke]

g 0.01r 6‘? oo ng. 0.002

0.005]

g | W Ut i
O 0z 04 06 08 1 mmmm % 04 06 08 1 04 06 08 1
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@ Unitarity Triangle analysis in the SM

UTfit Collaboration
www.utfit.org
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Marcella Bona

Including NP In Unitarity Triangle analysis

All NP effects can be parameterized in terms of one complex
parameter for each meson mixing, to be determined in a
simultaneous fit with the CKM parameters (now there are
enough experimental constraints to do so).

MmN, (BJHIHHYB) | Aye -
tree level > B (ByIHelB,) 7 Ague "
(\/ub/\/cb)swI (Vub/Vcb)SM = : !
o o 1 |
Bd Mixing i
B B +0s 0'5:_ \ < O
o o ¢Bd -
Am, CgAMy of
Bs Mixing
ArnsSM CBsAmsSM 0.5
BSSM BSSM+¢BS :
A
8KSM CEKSKSM - A '0' Ll

— -1
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W Marcella Bona
1 The UTsitbeyond the SM

UTfit Collaboration
arXiv:0803.0659 [hep-ph]

o | i%; 8of
2— < 60; CBd VS (I)Bd
(O i Cgq = 1.00 % 0.32
X [0.51, 1.94] @ 95% Prob.
0B4=(-3.0 £ 2.2)°
2_ CAmK VS CSK ::z; dark: 68% D 95% Prob.
R R R TR N 4'éA B N N S S s'CBe

X SM expectation 1 — 2: strong suppression

e o 1-3:< 0 (10%)

s X 2_3:~0(1)
i CBs VS 0Bs
-805_ | | | | I
e%'"hé"ﬁ"'lé'”z"'iéléb
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LHCb reach from:
Q. Schneider, 1" LHCb
Collaboration Upgrade
Workshop

Amg
A5
os (J/v ¢)

sin2B (J/v Ke)
v (all methods)
o (all methods)

Marcella Bona

10/fb (5 years)
0.0770("‘0.570)
2

0.01+syst

0.010
2.4
45

|V | (all methods) no
|V,,| (all methods) no

\
SuperB

The future of CKM fits
7

SuperB reach from:

©2007 V. Lubicz

SuperB Conceptual

Design Report, Hadronic | Current | 60 TFlop | 1-10 PFlop
N OrXivi0709.0451 matrix lattice Year Year
element error [2011 LHCb] [2015 SuperB]
1/ab (1 month K= 0.9% 0.4% <0.1%
£.7(0) ' : :
no at Y(5S)) 1 (22%on1-f) | (10%onl-f) | (2.4% on1f)
0.006 B 11% 3% 1%
0.14 fy 14% 25-4.0% 1-1.5%
E.B 13% 3-4% 1-1.5%
75/ab (5 years) ¢ 5% 15-2% | 0.5-0.8%
0.005 (26% on &-1) (9-12% on &-1) (3-4% on £-1)
n T 4% 1.2% 0.5%
1-2 B—DD*v | (40%onl-F) | (13%onl-F) | (5% onl1-F)
1-2° el 11% 4-5% 2-3%
<1% T~ 13% 3-4%
o S.Sharpe @ Lattice QCD: Present and Future, Orsay, 2004
1-2 /o and report of the U.S. Lattice QCD Executive Committee
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e 05 =Y y 0.5 = 4
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@v Marcella Bona

Summary and conclusions

~ B is a precision measurement: time to be careful
with the calculation of the SM expectation
<% o is still limited statistically and by the uncertainty
of the hadronic picture.
Still we currently have —» ¢ =~10°

=% Tree level: y extraction still statistical dominated

and plenty of room for improvements, new channels,
new techniques
The current knowledge still better

that expected —» ¢ = ~13°
- All these constraints are precious for the now precise
extraction of p and n parameters

< but above all for the overconstraining of the UTfit:
very interesting constraints on NP quantities

CERN Seminar
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1500

Events / 0.028 GeV ?/c*
=
=

Marcella Bona

X

Dalitz method: the amplitude model

extract A(m?,m,?) from high-purity tagged D*— D+, D°- K't*n- sample

use isobar model ( = coherent sum o

f Breit-Wigner (BW) amplitudes)

500,

—— I CAK*(892)
g ) le. D)
12
1S 80001
|l @
O
| 26000+
o
19
1 84000-
| &
{ § 2000+
>
I
0
m? (GeV¥c?)
2000E T 2000-.-.d.|-. =
v |49 p(770)
| 3100- 14 {7 d
0
N
| S 10001 i
o
g
4 £ 500 i
>
w
[} PR I S WA TR NN S SO N [}....I....I....I...;
1 2 3 0 05 1 15 2
m2 (GeV%c?) m2,.. (GeVZ/c?)

16 resonances (3 WS DCS)
+ 1 NR component 2 q¢=177

Resonance Amplitude Phase (deg) Fit fraction
K™ (892)~ 1.781 £0.018 131.0 £0.82  0.586
Kj(1430)~ 2.447 + 0.076 —83+25 0.083
K5 (1430) 1.054 +£0.056  —54.3+2.6 0.027
K™(1410)~ 0.515 £ 0.087 154 + 20 0.004
K™(1680)~ 0.89 £+ 0.30 - 139+ 14 0003
K*(892)" 0.1796 £ 0.0079  —44.1£2.5 0.006
K (1430)7 0.368 + 0.071 — 342485 0.002
K3(1430)" 0.075 £ 0.038 —104 £23 0.000
p(770) 1 (fixed) 0 (fixed) 0.224
w(782) 0.0391 £0.0016 1153 £2.5 0.006
fo(980) 0.4817+0.012 —141.8 +£2.2 0.061
fo(1370) 2.2540.30 113.2 £ 3.7 0.032
f2(1270) 0.922+0.041 —-21.34+3.1 0.030
p(1450) 0.516 £0.092 38 £13 0.002
o 1.358 £0.050 —177.9+£2.7 0.093
o' 0.340 £ 0.026 153.0 £ 3.8 0.013
Non Resonant  3.53 £ 0.44 1276 £ 6.4 0.073




@v Marcella Bona

Dalitz method: carthesian coordinates

from previous studies, we know that (y , 6; and rg) are
not a good choice from the fit point of view
~ no sensitivity toy if r; <0.10
(underestimation of the errors)
. fit bias on rg for rg ~ 0.10
(physical bound + low statistics)
fit i ' ' '

4X, = Re[L3 e'(SiY)l, Y, = |m[r_B ei(SiY)]

~ gaussian errors: no unphysical zones

+ (x+, y+), (x-, y-) uncorrelated

+ unbiased results for all possible rg
also in the GLW:

4% = [Repi(1 F Acpy) - Rep (1 F Agp)/4
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A
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S
e,
L2

100 120 140

o (°)

Decay bode Bignal

Bacleround

BY - DIEYET\KE* 2600, 3200
Bf — Dixtr KT 500, 1100
B - DiEEFIEE 28000, 28300
Bt L DiEFLh KT 10, 400
B 4 DiEE Tt KE 30400, 30700
B o DIEFatrty 1 KE 20, 410
B - DKt KT 5000
Bt L DIESEYET KT 1000
Bt A DIEYE =tRT )&t 1700
Bf (DM EELF )T 18200, 18600
Bf (DM EF -t )t 350, 100
B (D EE-TIKE 8400, 9300
BEY LDy KT Rt 10, 140
B E° — D(ETEVEEY 240, 450
B B° — D(xta"1E" 70, 140
B B° — D(EE-F ) ET 1750, 1870
BUEY - DTN BT 380, 280

Fr00 4 1000
3800+ 1500
17500 £ 1000
800 £ 500
20200 £ 2500
1200+ 580

1000 — 5000 (50% L.}

/
1500 + 800

34300 £ 11500
4200 + 3200
34300 £ 11500
4200 + 3200

= 1000 (50% CL.)

<1000 (50% CL.)
< 1700 (50% CL.)
< 1700 (50% CL.)

M.Bona, A.Soni, K.Trabelsi, G.Wilkinson

“UT angles from tree decays”
arXiv:0801.1833 [hep-ph]

BF (Mow}
[ Ldt ~ 1ab~!

BF{End "8}
2 ab—1

LHCB LHCBb SBF
2 tb~! 10 th~! 50 ab~!

ITE

alw) 1P (11%}
a(sin 23} 0.026 (4%)
a(+) 307 (46%)

7% (8%)
0.023 (3.3%)
15° (23%)

8.1° (9%)
0.015(2.1%)
4.5° (7%}

4.6° (5%}
0.007 (1%}
2.47 (4%)

0.013 (2%)
2° (3%}

L5° (1.6%) Olfew %}

<1%
0. 1%
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Buras & Silvestrini

and a zoo of amplitudes hep-ph/9812392
Charming Penguin~ A? Vis Vo'~ A

AB’ - K* 1) =] Vi V" X P ()| -|Vis Vio" X { E =P 61(u-c) }

AB* - K’ ') -V, Vie XP (A} Vis Vo X {AI-PIGIM( u-c)}
V2-AB* - K 2 Vis Vis" X {E +E4A =P ou(u-c
-\/2 .A(BD — KG 750) = —V;S V;b* XPI(C = Vus Vub.#x {E2+PIGIM(H_C)}

Charming Penguin~ A’ Ve Vo'~ A
AB =) Vu Ve XP () |- Via Vi X {E A -P cm(u-c)}
J2AB — 1 1) = Via Vi {E +E) %
V2 -AB’ = 7 7°) =|-Vi Vi’ X P ()| | Via Vio" X {E,-A +P m(u-c) }
Charming Penguin ~ A’ Vi Vo'~ A
AB° > K K) = A Via Vi’ X A_J*

AB* - K* K% = Vi Vip X {ATL%PIGIM( u-c)

-Via Vi X P ()
AB’ —> K°K° =] -V, V" XP (- Via Vs X {P,6m(u-c)}

(s




Marcella Bona charmless two-body B decays at BaBar

BaBar results: ©w, Kt and KK 227millien BB
improved statistics asks for radiative corrections
- to extract the non-radiative BR: Ey" = Mg - my, - my,
F'}i‘f,,( "N=I'(H—P, P,+ny) |ZE cgre =L pp+Tpp,, (E™)
mu’ nm {] nwx max s . s
I FHGM B
for which we can distinguish the photon
@ in MC: PHOTOS produces h*h + ny, E;”* depends on phase space
@ efficiency from MC, we obtain BR(B — h*h + ny)
= not useful for phenomenology: extrapolation of non-radiative BR
clear only for small E, [scalar QED valid up to O(E,"*/M;)]
= not clean from the experimental point of view:
is PHOTOS able to reproduce the whole phase space? ﬂ?ﬁﬁ:ﬁf}“%

AE is related to E,” so we consider events with |AE|l < X: Phys.LettB633
~ we obtain BR(B — h*h" + ny)le ., since X = f(Ey y 309-313, 2006

@ from MC: estimate —; - BRp ry(10°°) | G(E™ - BRY(10~°)

of difference between = = |51+ 0.4+ 0.3, [0.935 + 0.005 5.8 = 0.4+ 0.3
aAE cutand aE, cut K7~ [18.6 + 0.6 4 0.6/10; | 0.944 & 0.005 |19.7 4 0.6 = 0.6
1.0-2.6 % KTK~ < 0.4059 0.952 + 0.005 < 0.40




c_B + BELLE measurement: (2008)
~ " New Result with 657M BB

= _,OQ,OQ

[==23=%| Measurement Results

e o o continuum

C GOF a0 a0
ol T @] bl byl @] @ (| sof { @
3 5 5 ol 3 o b | E e
: ] ® 40 | 2 60 _I_ 60
-2 a0y ] HE . 2 50 b ‘-H:fH z solt-1¢ 11
7 1.% 1 ?E 30 3 40 }. . .' J T B agb, . % H—HI
S | 4 ol T ﬂﬁ ik
w 20 3 w X W 20 L . w 20 ‘s e
10} 10F \ 0 ., . ...
TR —— _I—L“—-r—- T TN ——— el ]
b1 005 0 005 041 D524 526 528 53 0550781.011.247.47 1.7 0.550.781.011.241.47 1.7
AE (GeV) M, (GeVic®) M, (nn) (GeV/c?) M,(m) (Gevic®)
Mode Yield Eff.(%) T BF (x10°¢) UL (x10°9)
00 +23.649.
PP 245000 9.16 1.0 0.4+ 0.4+0.2 | <1.0 (assume f,=1)
pPrr 1612 S s 2.90 1.3 SOSi <11.9
4n TN 1.98 745 12,4757+ <19.0
p%f, —LlBiai 5.10 0.0 0.0 <0.6
fofs 77747430 2.75 0.0 0.0 <0.4
fymen G 1.55 0.0 0.65°=1.8 <7.3
2008/02/28 La Thuile, Italy 11
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- We don't reconstruct the additional particles

the Y

- separation of different components using kinematic variables.

Reconstruction techniques inherited from current B-factories:

(55) decay chain;

Event reconstruction
e

(r,y) produced in

P L o e B e e e e B :
& I s S . O e 1 * Good separation
w [ DI ] between Bd and Bs
< 01 : C | BBSES — g
BdBd | ' pg+pg ENREL R 1 in mES. .
L . - " ] * BBT discriminated
ol - by the (continuum E.Baracchini, M.B. et al.
- FER: Bs*Bs* |\ 11ke) mES shape JHEP 0708:005,2007.
o .
-02F i - mms = \/(5/2 +pi pe)/E] +ph
A R A REE . — Bt — /3/2
703’.|.H|.-m|”.|“ P bem brgn by by 0 10 AE EB ﬁ/
7526 528 53 532 534 536 538 54 542 544

mg [GeV/c?]

B pairs coherence
|

e B pairs at the Y(5S) mainly produced in association with

photons;

¢ What about the coherence of the B pairs?

e It can be shown that:

B_ ,* case and in the

*
s,d 5,d
case the final pair is

In the B
Bs,st,d
in an antisymmetric state —%

the time evolution of the B
pair is the same than at the

Y (43); ([:17

By TD analyses still
possible

BSId*BSId the state is
symmetric — different

time evolution;

1]

New B, 4 Time Integrated
measurement

Francesco Renga — BNM 2008

INFI
7 L

Probability density

Francesco Renga

Time Integrated Analysis

O 0.
g T

Rate and asymmetry used to determine a through an isospin
analysis » ambiguity;
TD analysis at the Y(45)
both Re(A) and Im(A) (or equivalently S and C);

not enough sensitive to extract

Time Integrated Analysis with B*B events at the Y (5S) allow

to constraint Im(A) and reduce the ambiguity.

g

8

g
8

i

0.002-

Probability density

Probability density
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- BNM 2008




Marcella Bona a _extraction with hadronic ampll‘rudes Marcella Bona o extraction with hadronic ampll‘rudes

Gronau-London method: mferpreTaTlon of the results

CP: ¢« > -« Gl ' - ] fr'equem'ls'rlc method (BaBar+Belle)
A" =™ T" +P " Aty | Mg Y
. o 00 6 _parameters: g 1 7 / \ ] \/ \
= 1N2 (¢ T" - P) A
ooz e e+ || T P 4 B
6%, 8P, « oaf | / \/ee% cLy
: J
6 observables: B-, B®, B, €+, S+, €% | sma
1 : ; ck 20 40 60 80 100 120 140 N Ed?gree;) 0 50 100 liua[o:l
+—,00 __ +—,00 ~+00 0 _ +) +0 isti . .
B -5(|A [+[4m"| ) » Bn z, (|A [ +]a] ) 8or0 firequentistic- method (BaBar paper). o) 0 region around ¢ =0 is
B 15l =1 solutions “some of the solutions, and not excluded, despite the
N ot 2P the region around a=0 can b ; ‘ ;
e = , T € reglon around a=4 can be experimental observation
|4?[ +| 47 A7 +|47| disfavoured by other physics i
h it of CP violation.
- information
Z 1 - )
Charmless Parallel Session, March 2", 2007 3 Charmless Parallel Session, March 2™, 2007 4
Marcella Bona o extraction with hadronic ﬂmPllTUdeS Marcella Bona o extraction with hadronic amplrtudes
. " . . ” . .
what kind of “other information”? scales and dimensions
The 6L method already requires some a priori “minimal In our case: two scales enter in the process, MB and Ayep
assumptions” on strong interactions, namely: ) ; - (Agcp)*? 172,572
- Flavour blind and CP conserving strong interactions so we expect:|(r7|O|B) [~ f-Mp["(0) ~ fx UB\ Mg ) Mg " Agcp
- Negligible isospin symmetry breaking effects, Note: the scaling law has a more general validity than factorization

including e.m. corrections

This is because we believe that:
- QCD is the theory of strong interactions

+ This gives: [We use “natural units”: the BR x 10° are
simply given by the squared amplitude]

- QCDI is a ""—"°""“°"?b|e ""'"—°’;Y W"I‘"‘ ° dime";“é"'\";ss But we can think of other considerations: several theoretical
coupling constant and a natural scale A ., ~ e . . . . icti i
Pling gco @ using strict factorization predictions exist(ed)
~ 3 i g iuchini .
(MM, |O|M) ~ (A,.)? case of asingle scale pop = CEBRE e o | L7 Cluchini et al '98
32wl [18] BBNS'99
Therefore we do _ GBI 0 | ¢l g o <0 [19] Keum et al.'02
327Mp .
not expect: ("T"T|O|B> ~(1 TeVyor (Mp.ql) | BR(mn’)
. % This gives: m ref, [17] ref. [18] ref. [19] Exp.
Charmless Parallel Session, March 2"“ 2007 5 g 36—53[43(1+03)| 3.753 |55+06




Marcella Bona

further considerations

@ scaling between B and D decays

In the heavy quark limit, the dependence on M,
cancels in the decay rate.

+= 0 — T n 2 ' 7|2 - 5
r= "B L _‘"‘j‘“'ﬂ [T+ = BR(D® — x+77) x 10° “2 R
|T+_(D0 — atx~ )| |‘m‘u.;1 = Tpo
# This gives: [l ER WK}
@ extract P from the B, — K'K’ decay
SU(3)
Up 1o DCS o1 ppim, — xri) w100 2 LVl | |P[
terms 789 [VesVis
Pl=1.1 |P| <2.5 | | |T--|~1
SU(3) T

assuming that SU(3) breaking effects are not larger than 100%

Marcella Bona

using the available information (pmors)

In previous UTfit analyses: |Ti| <10, |P| <10
Now: |Ti| <10, |P| <2.5, — SU(3) breaking <100%
! [Ti| will be

arbitrary phases automatically limited

1) The information on the matrix elements has the
effect of eliminating some of the eight solutions,
including the pathological solution at ¢ ~0

0.004] 2 i—
% Ui ‘l‘ g UTjit /\ ﬁ zi ooz| Tt iﬂ‘l
£ MA (2 Rl : icie 1
- - £0.0015]
£ modulus& \ Soms| preal & |3 exphicy | |
8 ool t & g - || 8 solution |
- argumen - ‘ - E ]mag]narvw | S ooy
& / \ ’ ] 2 oo .,/ | 2 f' !‘
0.001 ¥ i 0.0005~ {' :
| 0.0005 | | !
v v | ;‘
50 |n‘D 1‘5 . 50 100 1‘50 - 50 ||‘75 150
al’ al’l of’]

@ solution for o« — O

in order to reproduce the experimental

values of BR(x'n") and BR(n°z°) we may

have |T|>>1 and |P|>>1, but |T| ~ |P| g T ™

discontinuiti

o <2 = |T+-|>30 of the CL |

— IPI"'3O - 5U(3) br‘eaking~3000% Il 102k
s ms/md ~10 - SU(Z) br‘edkiﬂg~300% 107
(6ronau-London??)

104 -

Y

LL(wO) 4.4 10

L
10 l" ?4
o (deg)

4 3 2

the results are con'rradlcfmg the assumptions
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Bayesian vs Frequentistic analysis

Compare the 2 methods using the same assumptions
- In the Bayesian approach: extract BR's and CP parameters with
gaussian p.d.f. according with their experimental values and errors
- In the frequentistic analysis: no additional information on the
hadronic amplitudes is introduced (besides the 6L method)

_.g 0T ’;,\ :_-_', 1;5\ /,\ (I\/\ /\/\ /

2 L I

Caveat: Z oo [f ln‘ \ | \ lf V \I f
these are two § f\/f kf \ .,5\ ﬂ \,’ f
different £, ﬂ\ /\ \/ ; | J68% cL|

quantities: | ] \ f

p.d.f. or CL w | | ena

O] aof’]

The two approaches give equivalent results )
at a meaningful CL/Prob. 1




@v Marcella Bona

Marcella Bona o extraction with hadronic amplitudes
]

further comparison:

Reducing the experimental errors by
a factor of 10 at fixed central values

,ﬂ 2 |‘| \ Not yet
| ["| |‘ h‘ | really

‘ [I d W\ / /‘ separated

| ”| ) esmel | 01..0

N | \ | meaningful

|

fon)
-
1]
c
[+
-
=
o
=1
[=]
=
o

L | ‘| | | CcL
| | 95% CL | | | L
.l I YR Y W
150 % 50 100 150
O[]

af’]
The eight solutions “start” to be separated
both in the Bayesian and frequentistic case

Provided the same assumptions are done,
wm the two approaches lead to similar results —"
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@v Marcella Bona

BaBar-Belle comparison:

For S
1. The average per event errorsare about the same for Belleand BaBar; there
ar e some specific cases where BaBar has better errors, e.g. pOK 0, because of
the 5-layer SVT
2. Theyields are generally much higher for BaBar vs Belle, dueto the use of
multivariate maximum likelihoodsinstead of cuts
3. The product of same per event errorstimes higher yields gives much better

performance, typically 20-50% and averaging around 43%.

For C:

1. The average per event errorsareworse for BaBar than for Belle, thereare
some specific caseswhere BaBar has better errors, e.g. pOKO

2. Theyields are generally much higher for BaBar vs Belle, sasmeasfor S

3. The product of smaller per event errorstimes higher yields still gives better
performance in most cases, although it isless of an advantage. Thisends up

being about a 9% advantage on average.
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