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* Ecy=mY(4S)

=10.58 GeV

« Hauts courants :

1-3 amperes

* Deux anneaux

~ 3km de circonférence

Positron Target
Electron
Source

=S BELLE
BELLE
Collisionneur e (9GeV)er (3,1GeV) | e (8 GeV)et(3,5GeV)
asymétrique
Boost Y(4S): By 0.56 0.43
Nb de paires 465 millions >750 millions

B+B- ou B, Eod De 1999 a 2007 De 1999 a 2009




The B factories

> 600 papers

BaBar experiment,
PEP-II, SLAC

Silicon Vertex
Tracker (SVT]

Orift Chamber
(DCH)

Detector of
Internally
Rellected
Electromagnetic Cherenkav Light
Instrumented Calorimeter (DIRC)
Flux Return (EMC)
[IFR]

3.1 GeV et &9 GeV e beams
L=1.2x10% cm—2s-
| L dt=530fb" @ Y(48)+off (~10%)

I

Belle experiment,
KEKB, KEK, Japan

Lo

BELLE

Asrogel Chedenkov ol

o aokericid n=1.015=1.030

157 - ] 3.5GeV ¢
CaliTH 16X | f‘*f

TOF coumter _— ;ﬁfﬁ'
BN i i
i-;""..; " Tragking + dEdx
" small call + He/C.H
|

.I L ]
Wt "
| 1 ji K chabacEion
Si vil chal . 1-!-:L5 lyr. RPC+Fe

3 lyr. DSSD

3.5 GeV e* & 8 GeV e beams
L =1.7x10% cm-2s-' (world record)
[ Ldt~720 fb-'@Y(4S)+180 fb-! (Off, Y(ns))

‘ More than 1 billion of BB pairs accumulated at B factories I



Unitarity Triangle precision Spectroscopy of new, B—=2>1tv Sﬂtﬁﬂg
measurements unexpected states limits on MSSM
E New DK state(s) at 2.86GeV/c? p arameters
b '
2 | g* "
nﬂm 9.7 2.Ig 4 "
e,
Well beyond the original
D° - DY mixing goals
]M_ v 3 FRa,
o ey
0 20 40 &0 a0 100
NO P P I BN R R A T&ﬂﬁ
Mixing q o B R | |
X'2/10-4 Recent Discovery of the bottonium

MANY AND VARIOUS RESULTS!

ground state n, by BABAR
PRL 101, 071801 (2008)



CP violation

* In Standard Model: due to complex CKM unitary
matrix

* Wolfenstein parameterization:

(AN AR D)
Ve = | VedV Vs | = -4 —’12—2 AX
VsV ) \AZ0-p(in) - A% 1 )

- with =022 , A=0.83
- CP violation if n 2 0.



The unitarity triangle

K,d’C,Z T Vch; T thVt; =0

Y = phase of Vub
(b—u transition)

B = phase of de
(B°-B? mixing)
b

d

W = (p,n) 0 B
b —- —u Apex of triangle b © B

OVERCONSTRAIN (p, 1) BY MEASURING 3 ANGLES AND TWO SIDES




Oscillations BO-BO  petit rappet

V, t Vg, Vo W V.
b - ;1 I'[d,.J dl < b - L' i) » d, g
B{rjﬂ. :W WE Bgs Bgﬂ. [t L4 E:i}ﬂ.
_,E - :$ — I$ - E _,? - il - - E
‘JH_{ 5] \]Lh ‘Jud.xjw ‘Jth
1 cos(Amt . 1 | cos(Amt .
Probg, g7 — 2( ) x e T, Probgo_ o — 2“ ) Xe T

Féquences d'oscillations = Am ,/ (2r) (# masses des états propres de masse)
o« amplitudes des diagrammes en boite
TempsdevietduB~15ps: Amy~0.5ps', Am~18 ps

Contrainte sur le triangle d’unitarité: QCD sur réseaux

2
Am.— m, |V /
S — S 52 ts f _ BBS\/ fBS _ 1.2104__8,8%%
Am, my ~ |V, B,/ B,

Fréquences d'oscillations compatibles avec le modele standard
Fortes contraintes pour les modéles au-dela



CP violation in the interference between
mixing and decay

MMV

BO

Time-dependent
CP asymmetry

B 74

\ cp

f CP final state
CP

Af CP

y (At):F(EO_)fCP)_F(BO_)fCP)
fer [(B° > fop)+T(B" > f;)

sin(Am, At) — cos(Am At

S # 0 : Indirect CP violatio%

4 ~ 4
o 23, J

fep 2
1+
Vu Sep

C # 0 : Direct CP violation
. 2 \)
1-|A

_ fer
1+|A

Sfep 2

fcp
9




Time-dependent CP asymmetry

\/1
Ser

—20 /If o

1+\/1f cp il
CP P

i 23
—i2p > AfCP S ( fCP)
1+\/1

fer fCP

fep

If only one diagram involved in B® — f, decay, no direct CP violation:
‘A fep =0 lfcp ~ e_izﬂ X e_i2¢CKM ? S — _Sin(2 N [IB + ¢CKM ])

Jfcp

4,

y , o O (ex: b = ¢): sin2p measurement
ckv is the CKM phase in 4y, v (ex: b = u): sin2a. measurement

For processes involving free b —» u tfree, penguin diagrams are also involved

Tree Diagram ’f Penguin Dlagram S, =V1- C* sinQa Q)

u
S g " C#0
W uct
_ . -
b u Dependence on B o

d T
\
Dependence on y d

SRS H

s

Q. £

10



CP Asymmetry Measurement

#=0 . Fully reconstructed B
Coherent BIBO . AZ=ATYPe 5(53
production RO |

_ -@-

< For a:
N, pTp, MMM, ...

BO tag I (e, w)

- Exclusive B° meson reconstruction.
- Time measurement: Az # 250 um, oAz = 170 um.

11



Signal Selection

*Hadron ID = separation /K

-Kinematical identification with

‘Beam energy substituted mass Mg = \/ EZezam - p}';z

‘Energy difference AE=E,-E,

beam

-Event-shape variables combined in a neural network or
Fisher discriminant to suppress jet-like continuum events

'Spherical’ Jet-like =
:; g ) qq

12



Measurements of 3

V4 B

.................................................................................................................................................................................................................. >
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Sin 203

New physics tests

Golden Mode
Reference

J K : W (28) ﬁlﬁl X, |ﬁ|ﬁ| D*D DD 0K ", V) K*K K 'E}
|] ﬁ“ 'n|aﬁ : " J .-""1..|.!IE [}ij*.ﬂ* ﬁlaﬁlahla [] ﬁ.“ ﬁ.” nﬁ

*|| sy

Increasing sensitivity to New Physics
—

Increasing diagram amplitude
14



B® — charmonium K°: b—ccs (golden)

No CKM phase

'EL<®J/%W s Xes T,

KS,K

—mf2,8

A

golden =€

CP eigenvalue=-1(K.),+1(K))

BF %10-3 (color suppressed)
Other diagrams negligible

SM expectation:S = -n;sin2f3, C=0

Entries /0.5 ps

Asymmetry
o
o &)

S
5

200fF B°
150}

100}

a
o

o




Accurate measurement of 3!

sin(2p=2¢,) =
2B=2¢1=(21.1 £ 0.9)°

0.670 + 0.023

PHELIMINARY

sin(2B) = sin(29,) FE

Leie = = = = == s== = s-= === = = ===

2.5

BaBar
arXiv:0902.1708

Belle JAy K°

= p

0.687 = 0.028 = 0.012
e t— .

dbd2 £ 0.037 « 0.01V

PAL 98 (2007) 031802
Belle ¢(25) K4

0.718 & 0,090 = 0,031

PRD 77 (2008) 091103(A

Average
HFAG

0.670 = 0.023

0.8

0.7 0.8

o,

PRELIMINARY

P X =
72
1 pa z
,. . I. O
L =
0.8 m -
: D
H m
: - =<
06 /- AR
:ﬁ% B /_4-
0.4 ?, ©, S ]
. @7.1# <
E '-HOI . >
02+ 9 P
: o
=
O e .
] | | ] ] —
0%2 0 02 04 06 08 1 p
HFAG :

Heavy Flavour averaging group
www.slac.stanford.edu/xorg/hfag/
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Measur'mg SIN(ZB) in BO—» DO+ DM- NP particle can

enter in loop
Edc D)
B0" ‘per © BO

~2-10°/o in SM but sensmve to NP

sin(2° )—sn(2<|> E

PRELIMINARY
béaccs World Average " 0674002
BaBar *——*—' 1.23+0.2140.04 :
L9y : || No discrepancy
Z Bell : — 0.65 +0.21 £ 0.05
TR == e observed
o Dverage 4o TTEL 0982015 Compared to the
BaBar = 0.65 +0.36 + 0.05 Golden Mode
§= : | i
" Belle : | —— 1 1.13+£0.37 £0.09
B E | i
: Average | - 0.8910.26
BaBar = E o71+o016+003 | PRD79,032002 (2009) 467 M B pairs
EZ" Balle R 0.96 + 0.25*0-18 arXiv:0901.4057 657 M B pairs
a E EEE Sub. To PRL
Average i 0.77 +0.14
b—ccd  Naive avetage * 0.85+0.10 17

-1 0 1 2



sin(2p) in b—s qq penguin modes

sin2f" =s

(2¢

eff

) FPCP 2009
PRELIMINARY

Visible at SuperB or LHCb ?

World Avera ' 067 £0.02
" BaBar' T DRt 0Le 003"
Average . 5 : 0.44 Tyys
CBaBar T T A i VO ETEDOE U027
Belle : 5 4 © 0.64+£0.10 +0.04
Average ; ! a : 0.59 +0.07
- BHB.a.r_._..:_._._._._._._._._._._E._.___.___. ........... D. _g_ﬂ_r:iég._rggﬁ_
Belle 1 : 0.30+0.32 £ 0.08
Average ' 074 +017
I & - | =7 | S SSCura - x S TWESF0.20 £0.037
= Belle - 0.67 +0.31 £0.08
& Average 0.57 £ 0.17
" Uh BaBar 1351347+ 0106 ¥ 0.03
<~  Belle 0.84 325+ 0.09 £0,10
Average : : — 0.54 70l
T T BEBAr T R P S - S 055 e ¥ .02
= Belle : 0.11+0.46 £ 0.07
= Average . : 5 : 0.45 + 0.24
R —— _BaBar _.‘._._._._. ._._._._._._E._._._.__.._fg ______ : ............. HEDTE-}%-
= Belle '. ; -t : 0.60 +E it
Average 0.60 75z
7 BabBar . P+ 0521006 070"
ey Average : — : 0.48 +0.53
T BaBar U T R e R O A0 w0 B2 007 £ 007
0 Averag& ; Do - 0.20 £ 0.53
TR U BaEBaE o T T T T e [I2EOIT 0087
% Bele A : 0.43+0.49 £ 0.09
o Average | oo 0,52 £ 0.41
o UBEBAT LTI T e e ; i tUnEy TH;E@"
= Averagef : i+ 0.97 "um
e T BEBar T T e T R Da1+ﬁ31+005+tﬁﬁg"
) Average 0.01 +0.33
v BaBar v T . ,_.,. """ U8B 008 £T03"
gy Belle - . |aea+r::15+nt13 0iE
.+ Average: Te=l 0.82 £ 0.07
-2 -1 1 2

b
SM *
u,c,t 8
g
S
d d
g
NP b —— —s
E;‘é?f(:R)zly”
_ S
d > d

No obvious discrepancy compared to
golden mode but :

«Different theoretical uncertainties &
corrections for hadronic effects on the
different modes (averaging delicate)
*Systematic tendancy for the

« cleanest » modes to be below golden
value

18

(Hadronic uncertainties ~0.02)



Measurements of o

v = phase of V, B = phase of V4
(b—u transition) (B2-BO mixing)
. b

y - or
Wwéﬁ }”
{b = = "
67 -

a=T—P—y = process involving both B° mixing
and b—u transition
19



Isospin analysis | constrains o,

Time dependent n*n- or p*p~ CP asymmetry allows measuring sin2o. .

B—>hh=nr,po
A-I—

—_ N_l__
00 +0 _ R0 2iy A < 00
Nl {‘ A )‘ A A AT =ABY st

Use SU(2) (u and d quarks) to relate A0 A(BT — h+h0)
amplitudes of all nx (pp) modes.

AP =ABY = 8%

~ for charge conjugate reaction

For BO—p9p0,
S% measurement
constrains this angle

4-fold ambiguity k=%(0 +0)
If only the BRs are measured

ADD

(pure tree)

Gronau, London : PRL65, 3381 (1990) | Neglect EW penguins

20



B —>hh

B —h K
small

T oh K

h=mx or p

color-suppressed

J R 3

(e

vub
Phase vy

B {9 - ‘/4“]]: :;

Penguin

8

—A—
Q| o
Q
/f@‘
Q|I< CIQ

> >
+ |

8

—A—

Q| T

/ /i%
Qo QIQ

JEE S i
=2

-
=

Isospin=2 final state for B*—nn’
Forbidden for penguins
Almost true for B*—p*p®

Falk, Ligeti, Nir, Quinn
hep-ph/0310242 21



B > p*p~ analysis

3 amplitudes (VV decay):

A, (CP-even longitudinal), fraction fL
A|| (CP-even transverse), AL (CP-odd fransverse).
2
! dT 2{% (1— £, )sin® @, sin* 6, + £, cos’ 6, cos’ 92}

T d cos 6,d cos 0, 4

Very efficient mode:
BF~ 5 times larger than for B— 1T,
Penguin much smaller than in 1.
p are ~100% longitudinally polarized.
Almost a pure CP-even state

22



BaBar PRD 76, 052007(2007)

i Bagar 387 /0% | .| B° tags

20
10

lllllllll

o A@(f)

g" ) %) 0 ) 4
Atps)

BELLE PRD 76, 011104 (2007)

p+ P SCP VS CCP

LP 2007

PRELIMINAR"

0.4 |

0.2

-0.2 1

-0.4 |

./ BaBar
Belle
1 Average

Time dependent CP asymmetry for pp-

-0.4 -0.2 0 0.2 0.4

Contours give -2A(ln L) = ag =1, corresponding to 50.7% CL for 2 dol

Extraction of CP violating parameters just like for the sin2f3

measurement.

Measure only sin2a. 4 due to the penguin contribution.

GP

23



D

| afar PRD 78, 071104 (2008) | - | BALE PRO 7, 111102 (2005) |

BF (B’ @ =[0.92+£0.32+0.14]x10°¢ BF (B’ )
£, =0.75"T%0.04 <1.0x107° @90% CL

SY 03407402 C®=02+0.8+03 ~lo.ax0.402]x107

Sub. To PRL

_ New result central value flattens isospin

* Data triangle & increases precision on o—o..
Ata0 _
pp | | 3 1

| S

)
S A
ol :
I . &% i
Ve
=]
I

gl "11?.’. -
036527 535 529

m ES (GBVJ{ Cz) " » . .
BF(B'—kp"p))=(23.7¢1.4£1.4)x10-¢ T bty

A — e | Sl Sl PR (L0 iy i R oy S e e e W

Events / (0.001 GeV/c?)
wo)
we)
el
%




Dalitz analysis of B® — (pn)? — ntnn?

* Dominant decay B? — p*n~ : not a CP eigenstate
e Tsospin analysis not viable, foo many amplitudes
B> p'n-, B® > p=*, BO— p'n% B* > p*n?, B — p’n* and charge conjugates

* Better approach: Time-dependent Dalitz analysis Snyder-Quinn,
- Simultaneous fit of a.and T, P amplitudes PRD 48, 2139 (1993)
- o constrained with no ambiguity (unlike sin(2a) measurement)

a0

::| BU_>TE+TE_TEU {kjn) EIE?EE:.%”I S
' interference regs.  |::i*:¥is
% sa

Amplitude A(B—3r)
dominated by p*,p~and p’ resonances._

T 1Y
\? 7° BABAR:
PRD 76 012004 (2007)

_/_
> T BELLE:

T \%' 70 PRL 98 221602 (2007)

25




1-CL

' - Bopn(WA)
12 U4
[ wemeey - B rPP(WA) 71 COMBINED:
--------- B—nrn(WA)
1 - :
08} 1
0.6 [ : ”i
CKM fit i
i noameas. infit ! T
0.4 . ~~l | i
7 |
|--i.~| L'“"-E-—-—'L::‘ii': l-."l"-* - | | R '1" Ll
40 60 80 100 120 140 160 180

Summary on a (¢,)

Frequentist approach
_http:/ickmfitter.in2p3.1r/ _

68%C.L. interval: « =(89.0"}})

Bayesian approach
http://www.utfit.org

- UTsi

2
=
=]
=]

0.004

Probability density

0.002[

-100 0

.
100

o[]

o, in [81,102]°U[164,171] ° @95% prob.

a=914146°

26



Measu r.emen.rs Of y Colour suppressed b>u

Can also measure 2p+y via
TDCPV in BO D n~* (p-*)

27



ws]
(=]

Can also measure 2p+y via BABAR s BELLE N
. _ , arXiv: . ep-ex
TDCPV in BO »D*n* (p“*) PRD73, 111101 (2006)  PRD73, 092003 (2006)

b > J\SJ > B <
) Vb B )
d « d;
CKM-favored amplitude doubly-CKM suppressed amplitude

Interférence entre les amplitudes {CKM-favored + BO oscillation} et
doubly-CKM suppressed

Etude en fonction de At (désintégration des deux mésons beaux)

28



GLW,ADS, GGSZ

GLW method
y (— fep
Vs ;K(*H b ub ™M) Kz ADS method
— V . e + C
Bt — c 5(*)0,;) B VS5 e — K77 | GGZS metho
LA+ N .
— K w'm

GLW: Gronau, London (1991) ; Gronau, Wyler (1990).
Small interference, but hadronic unknowns from D)0 decay cancel out

ADS: Atwood, Danietz, Soni (1997)

Larger interference between more comparable amplitudes:
b->u + regular D >Kn decay

b->c + doubly cabibbo suppressed D ->Kn

But D decay hadronic uncertainties

GGSZ: Giri, Grossman, Sofer, Zupan (2003) Currently the most sensitive
Exploits interference pattern in D—Kg n*n~ Dalitz plot, combines many
modes, small systematic error from Dalitz model 29



Summary on vy (¢2)

Many new results from BABAR and BELLE in summer 2008.
Latest results from BABAR B*—DK* ADS and GLW analyses not included yet.

-
—
L))
oM --- D(’) K() GLW + ADS S 0.0015
Shnaze --- D(*) K(*) GGSZ @@ Combined T
--------- sin(@p+)| et CKM fit >
1.0 T 1_ I I'_'I_‘l T ‘| TT - |’_-_ T L E
i . ) i Q
L P 0.001
. T — [4+]
0.8 B '.'. ‘-‘ Q
- _l- '\_ e
al 0.6 [ i i \ 7 0.
! L il "\
~ el . 0.0005
0.2 : ‘."\ ‘_:
0.0 Lot 1 It 1 1 .‘l‘ Toaon | o1 11\T$ o
) 20 40 60 80 100 120 140 160 180 0
Y (deg)

(r=76%°)
Without sin(2p+y)

y=7615°



Parton level

Left side of the unitarity triangle

V...V

ub> " ch

RE} |

Hadron level //
,\N\J\r/—-l— Vv

=Y % Sy
B.ﬂéﬂfgﬁﬁ%
N\ Mg
Prob(b—c)/ Prob(b—u) ~50 ; Vcb measured at 2% 7‘ Y
(" | mclusive B — X 1v T3 (" | Exclusive B — w1 v

Partial rate is measured Theoretical uncertainties ~10%
Theoretical uncertainties ~6% From from factor calculation

from HQET parameters from lattice QCD 31



CLEO (E,) :
3.77 + 0.44 + 026 - 0.39 : o
BELLE sim. ann. (my, qul .
423+ 045 +034-0.35 | -

BELLE (E,) ; .
461 +043+023-0.31 ; - + new preliminary result

BABAR (E,) from BELLE given at CKM
4132023 102303 — 2008 (P. Urquijo’s talk)

BELLE m,

393+ 026 4+0.19-0.22

BABAR my .
4.07 £ 0.20 +0.27 - 0.29 S

BABAR m_-q° .
429+ 028 +034 -0.36 S .
BABAR P ;
352 023+030-0.31 .

Average +/- exp + theory - theory Ave rage
396+0.15+020-0.23 . . .
' Vub inclusive + 6.5%

yofdof = 7.0/ T(CL = 43 %)

P. Gambino, P. Giordano, G. Ossola, M. Uraltsev
JTHEF OT10:058,2007 (GGO1T)
| | I I | i | L_ICHEPGS

2 4 6
V.| [x 107

32
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Measuring |V,4/V,l

t Ys (@) Two independent diagrams

b s(d) : e
— e % provide sensitivity to CKM
B w W B
) & 3 @ parameter V.
(d)s > b
b t Vi)~ ~ 8 Note: In both cases:
-hadronic uncertainties minimized by
d,u d,u

comparing to corresponding V.,
process (B, mixing, b — sy).

-New physics could enter in loops, but
differently.

Radiative Penguins

33



Traditional Exclusive Approach: B — p(®) v

Measure exclusive rate Br(B — p(®) y); normalize with Br(B — K" y)

isopin factor: 1(.5) for p*(p")(and ©) form factor ratic

Vigl2 { 1 — m.f“fﬂfg 3*,:, 1
— . ‘1 +AR
Vie (l — m3ee [M3) Alie

B(B — p7) 35
B(B— K*y) °

/Annihilation Diagram
= b Y ]
well measured annthilation amplitude corrections >{R‘7\/‘<
qu W qu
u u

Values of c? and AR are state (p*,p% ) dependent and are available from
« Ali, Parkhomenko, arXiv:hep-ph/0610149

« Ball, Zwicky, J. High. Energy Phys. 0604, 046 (2006); Ball, Jones, Zwicky,
Phys. Rev. D 75 054004 (2007)

at approximately 8% overall accuracy.

34



New semi-inclusive approach: B — XS,d Y

iType | X, X

1 K'm ~ mhr oy

2 | Kt r Reconstruct 7 final states
3 Ktr—aty Tty

4 1\"+77_7r”7 7T+7T_7707 l‘r%

6 Ktr—atny | mtr ntny I

7 Ktr—ataly | #ta—ntaly .

9 Kty m 0y

|V,4/V,|? related to T'(b—dy)/T'(b—sy) with ~1% theoretical
uncertainty [Ali, Asatrian, Greub, Phys. Lett. B 429, 87 (1998)]

New BaBar preliminary result:
arXiv:0807.4975 submitted to PRL

35



ICHEP 08 B Mixing Results [Farrington(CDF), Moulik(DO), averaged by
F. De Lodovico (BaBar)l: |y |/|V | = 0.207 + 0.001 _+ 0.006
td is exp theo

Accurate measurements of Amd at B factories, of Ams at Tevatron

PRD101, 111801 (2008)
PRD78, 112001 (2008)

Semi-inclusive
arXiv:0807.4975
sub. to PRL

Summer 2008 updates

Belle (p,@)y —— 01950 +0.015
. ; +0.025 +0.022
BaBar {p’mﬂ ’ D.EBB_G_D24 -0.021
Average (p,m)y e 0.210 £ 0.015+0.018
BaBar Xy g 0.177 + 0.043 + 0.001
B Mixing Average
Radiative Decay Avg —%— 0.203 £ 0.020
S YN T T LN TSI W LA I AN TS TR A OOV AT T N | SN TN AN A TSl SN ST T NN LN TN S LN [ S RGN R S M A M T
005 01 015 02 025 03 035 04 045
ViV
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Unitarity Triangle Summary

2008 Nobel Prize awarded to M. Kobayashi and T. Maskawa
Major contribution from BaBar and BELLE

p =0.13970 5=0.156+0.020
m 7 =0341'3 _ 7 =0.342+0.013
1-5:'|m=Lu;;eaLa!.n;c:L:n_s:a|!lIII\{?%‘I:E”I|I|IIIIIII: 77 :
- N : L

1.0 A

05

£

-0.5

I 1 .
. l"‘. ¥ : -
el oiwemzco ]

Miosiord 08 : (excl, afGL>0.95) - -1
W n
[ I L1 L1 I L1 1 1 I 1 L1 1 | L L1 1 L1 1 L I

>0 05 0.0 05 1.0 15 2.0 5 -1 oy 3 (TR |0.5| £ 1 5 1

http:/Ickmfitter.in2p3.fr http://lwww.utfit.org/



Search for new phySiCS Many rare decays studied!

Focus here on the superB aolden matrix to constrain models bevond SM.

HT Minimal  Non-Minimal Non-Minimal NP Right-Handed
high tan/ FV FV (1-3) FV (2-3) Z-penguins currents

BR(B — X.v) X O O
Acp(B — Xov) X 0
BR(B — Tv) X-CK M
BR(B — X l*l™) 0 0 0
BR(B — Kvr) 0 X
S(Ksm~) X
3 (AS) X-C'KM X
(A. Bevan’s talk on superB at Moriond EW)
Mode Sensitivity
‘urrent\ 10 ab~' 75 ab™!
B(B — Xsv) 5% 3%
Acp(B — X4v) 0.01  0.004-0.005
B(B* — rTv) 10% 3-4%
Upper limiton BF  B(B™ — p"v) 20% 5-6%
B(B — X J*17) 15% 4-6%
Arg(B = X5l )ag 30% 4-6%
Upper limiton BF  3(B — Kuv7) X 16-20% 38

S(K3n ) 0.08  0.02-0.03




B* > 1ttv

* In SM, decay rate related to decay constant and V

GZ2m m2
B(B = tv) = ~L—2mi(1 - —5)?f3|Vip*75
mp
« Charged Higgs may contribute to BF. destructive
B(B— Ttv)=B(B— Tv)gm XTH rir = (1 — m—gtanQ 8)2
Provided fg is known My
Tag N B pairs | BF(B—1v) (104) c Reference

hadronic 383 M 2.2 PRD-RC 77, 011107 (2008)

+0.9
1.8 08 ¥ 0.4+0.2

NEW semileptonic | 459 M 24 | BABAR-CONF 08/005
1.8+0.8+0.1 SLAC-PUB 13300
=3 | hadronic [ 447M | 179 +0.56+0.46 35 | PRL97, 251802 (2006)
BELLE - 049' 051
=4 | D* | 657 M 1.65 +0.38+0.35 3.8
NEW|[( g = " -0.37-0.37 arXiv: 0809.3834 39
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Constraint
oo complementary
N 1 to hadron
| TV colliders
o |L]|EPI:EKI-:11|IdeId (|95‘|% T’:.‘_II__)I L b
0 20 40 an B 60 80 100
New BELLE B — D) t+ v result @ MORIOND EW (talk « Hot topics BELLE ») :
— Belle incl. '
v ge'ée frec. Belle incl. Tag rec.
m, tanp+ mcotan 3 T ol ——— B°— D*r*v, PRL 99, 191807 (2007)
/
= BELLE full rec.
—_— + *0
b — g E - —_ 1B DTy, New analysis
_ V’C Stat.
H errors - {B%-» Dt*v, BABAR analysis:
only 1 PRL 100 021801 (2008)
m_tan - - arXiv:0902.2660, sub.
20t E | S |B> D™V 4o PRD
W+ instead of H* in ~—SM 40
standard model : ' s Br[%]




Radiative and electroweak penguins

See Mikihiko Nakao, « Review of radiative penguin measurements » at Moriond EW

ar 1, 1./
) } );

W- ‘ H~ ’ 4
— ""'"\cfr' ) l'-‘(:r' )
b s b --U-— s b "'"‘\\ .?',""‘ i Radiative penguin

o} _ o _ _ l _
u,d 1, d u,d u,d u,d u,d

£ £ '

- W- 7 é - o / -
P W .
. _O_ C : . Electroweak penguin

Rich program, many new measurements in summer 2008.
Constrain physics beyond SM
Decays b—s vy, b—d v, and b—s I'I- now almost fully explored by BELLE and BABAR.

Results consistent with SM, but may-be hints for new physics in:
* Inclusive B—X, y
* Time-dependent CP asymmetry in B— K%, B— Kopl, ...
* Isospin asymmetry in b—p y
« Forward-Backward asymmetry in B —K" I*I

Need for more data: Super B factory? B —K* I*I- can also be studied at LHCb 4



Many more topics and hints for new physics.

. The inconsistency in the unitarity triangle (« tensions »)

. Anomalies in charmless B decays such as the K- puzzle and B—»VV
polarization

. Anomalies in radiative/EW B decays such as the isospin and forward-
backward asymmetries in B — K*l|

. The excessive DY-D° mixing
. The g-2 puzzle

Upcoming dedicated workshop « Hints for new physics in flavour decays » at KEK,
Tsukuba, Japan — March 20-21 2009.

http://belle.kek.jp/hints09/
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Conclusion

Unitarity triangle overconstrained with good consistency: large
contribution from BaBar and BELLE:

Kobayashi and Maskawa 's theory tested: CKM mixing is the source for
CP violation in the quarks sector.

Angles of the unitarity triangle from CP violating processes: accuracy
~ 1° for B, ~5° for a, ~20° for y, errors still limited by statistics.

Sides of the unitarity triangle : both limited by theoretical errors.

New physics tests made within the triangle (B measurements,
measurement of the right side with radiative penguin modes and mixing).

New physics search using rare decays:

No evidence of new physics so far but shows feasability for future
experiments LHCb, super flavour factory ...

Some ranges of parameters for models beyond standard model can
already be excluded.
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Related talks at Moriond EW 2009

BABAR and BELLE results related to the Unitarity Triangle :
— Angles: Karim Trabelsi, « review of ¢1, ¢$2, $3 mesaurements ».
— Sides:

* V4, &V, Fabrizio Bianchi, « review of Vub and Vcb ».

(new Vub result from Belle: P. Urquijo’s talk at CKM workshop 2008)

* V! Vi : Mikihiko Nakao, « Review of radiative penguin measurements »
and Bruce Schumm'’s talk at CKM workshop 2008.

BABAR and BELLE results related to New physics search :

— Mikihiko Nakao, « Review of radiative penguin measurements ».
— Elisabetta Baracchini « Review of rare decays (BABAR) ».

— Joao Costa, « Hot topics BABAR ».

— Andrzej Bozek, « Hot topics BELLE ».

CKMFitter and UTfit results on the Unitarity Triangle :
— Vincent Tisserand, «EW fits CKMFitter ».
— Viola Sordini, «<EW fits UtFit ».
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Outlook (1/2)

Superflavour factory: CKM theory gets tested at 1%

f=g L e Today
am,
0.5
n+4 —
lf‘ -
k. | ]
0.3 % Q)
0.2 b
|LJ1
Va
0.1 am,
a
1]
i
L e oo i b i el s aded i oy
1.1 01 02 03 04 05 06

"the dream’

Transition also
assumes
theoretical progress
to reduce hadronic
uncertainties
Lattice QCD, etc.

' >

a Am,
0.5~ i m,
r |
" .
oAE |
0.3} % 2oy
= i
0.2+ N B
E | -
C i v,
o | am, =
i:
o BR{B—tv) | LIT.“.J
_n - L1 8 Ll I 1 i | I. L L 4 | I L 4 L I‘ Li 4 1 Trl-
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LHCb: won’t do much better than BABAR and BELLE for «, as n° reconstruction from B— p*p~is
difficult. But the p°p? analysis can gain more. And y will be measured precisely.
It will be difficult to improve the Vub measurement (semileptonic decays) and the study of
radiative penguins is difficult too. But large boost for time dependent measurements, tops, ...

A Super Flavour Factory can improve significantly all the CKM measurements, in particular the
least well measured angles o and y, and Vub.

45



Outlook (2/2)

NEW PHYSICS SEARCH:

« Some modes used for new physics search would be much better studied
at a super flavour factory than at LHC if they include a neutrino or neutral
particle in the final state.

» Reducing hadronic uncertainties is also crucial for some modes used for
new physics searches in order to have accurate SM reference predictions.
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« Wish list for the theorists » (1/2)

B physics, related to measurement of CKM elements:
|V,,,| : More precise form factors for exclusive modes, especially B— w | v.

|V,<| : smaller theory uncertainties in the extraction of |V | from hadronic t decays ?

USl

B physics, radiative and Electroweak penguin decays:

b — s v: is there more room for improvement on the calculation of B(B — X, y) (with a
finite amount of work)?

"Semi-inclusive" decays (b — d vy, b — s vy, b — sll): we try to estimate fully inclusive
processes (e.g. b — d y) from an extrapolation from the sum of many exclusive states,
but we only catch about 50% of the inclusive rate this way. Can the uncertainty on this
extrapolation be quantified? Should we just stick with either fully inclusive
measurements or well-measured exclusive modes and not bother with the "semi-
inclusive" approach?

b — sll: are there any explanations (SM or NP) at all for the isospin asymmetry at low
g2 in KOII? Maybe someone has some new ideas?
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« Wish list for the theorists » (2/2)

B physics: the polarization puzzle

B—VV and VT charmless decays: polarization and BF predictions for charmless
B—VT decays. BABAR just measured f, for B—~ ®K,(1430) to be close to 0.5 (like for
VV b—s penguin modes), but we have also measured fL for B—¢ K, to be close to 1
(incompatible with 0.5). Can you explain this new « polarization puzzle » ?

Charm Mixing:
Is it possible to make reliable predictions for x and y in the Standard Model with
uncertainties significantly smaller than 1%?

Thinking about D%-D® mixing and CP violation (CPV) in charm decays, we have observed
oscillations with relatively large mixing parameters. This might be a SM process, but it might be a
signature for new physics. If the latter, where else should we be looking for the new physics? If we
are seeing new physics here, where else will the same physics produce observables? Will models
which produce mixing parameters at the percent level necessarily produce CPV in charm decays?
Are there related signatures in B-meson decay? Would such physics affect the interpretation of
the electroweak limits on the Higgs mass which emerge from analyses like that of the LEP
Electroweak Working Group? Are there signatures which might be accessible at the Tevatron
using existing datasets?

How specific models of new physics might generate observable CPV, and which searches for
CPV are most likely to be fruitful (mixing-related analyses, Dalitz plot analyses, triple-product
studies in 4-body decays, etc.) is certainly interesting. But we also want the theorists to think
about the bigger picture -how what we study in charm decay relates to other types 49

of measurements.



mixing and decay

CP violation in the interference between

B? mixing

5~
5,)=618") ")

Time-dependent
CP asymmetry

A, :X

fCP

BO
q

pP
phase 23

BO

Af CP

~1 Mixin;{q/p) \

fCP

fer

CP final state
like t~ or p™p-

F(EO _)fcp)_F(Bo — fcp)

A, (At) =

[(B° > fep)+T (B’ = fe)

sin(Am ,At) ‘ cos(Am LAY

S # 0 : Indirect CP wolatw% C # 0 : Direct CP V|olat|on
/ 7 ~
23(4,) 1 \/1
Sf — 2CP P Sfep
CP
1+(A -
N ‘ fCP 1 + V/ Jep
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Case of B’ —n*n~ or B’ — p'p-

{ Tree decay J

[Penguin decay} pollution

Vi 1(p) P (o)
_Oqubri‘YKZ e_) B()uct g< o
B i——a ), ] " ()

asey

Amplztude TocV V., (o Aﬁ, xe”)  Amplitude Poc V,V, (oc AL")

O = strong phase difference

Tree on Iy between penguin and tree Tree + ) en 9U| n

P :gxzze—izﬂe—izy P @ |T| +|P|e+i7/ei§

T (pp) p T Tt (ptp7) |T| 4 | P| o7 o0
S 5= \/1—C2
C =

Cocsind o effective only
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'‘a-scan’ methods

* Fit on the dataset — measured values M, = {BR, C, S..} + correlation matrix C;
* Mis function of the physical quantities {a, Ts, Ps...}

* How to constraint o?
v’ Discretize [0°2;180°] and for each scanned value o, minimize

X’ (o) = ‘[M(ap,Ts,Ps) — Myi] Cpy [M(ay,Ts, Ps) — Mpy]
-+ any constraint

v Noting 2. = ming [*(ap)] .set  Ax®(ar) = X2 () — X

v  Either directly compute a confidence level

CL = 1 — Prob [Ax* (ak) , Nao
= B >, B— pr () rob [Ax* (ax) , Naog]

v Or generate MC experiments " a la Feldman-Cousins™ (B — pp):
Number of experiments for which Ax3,o () < AxGu, (k)
CL () = . =
Number of experiments

v Finally, plot| 1 - CL(«})| vs o..

52
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CONCLUSIONS ¢z

Fo 0 K -
Y(3S) =14 .4 - u'u
No significant Y(35) — vA”, A" - uu signal observed

Conference note at arXiv:0902.2176 [hep-ex]
Upper limits (90% CL)range from (0.25-5.2) x 108
Mo significant signal at HyperCP mass (di-muon threshold)

BF( Y(3S) +yA" (my,=214 MeVic?) < 0.8 x 108 (202 CL)
No evidence of i, +p"p decays

BR(,—u*yr) < 0.3% (902 CL)

Y(3S) — e*t,ut”
No charged LEV cbserved
BR(Y(3S) »e219) < 5X 1&?#"5_E (90% CL)
BR(Y(3S) - exr) <4 1x107 (0g0; cL)
arXiv:0812.1021 [hep-ex]

T — 3 } ( f = e, {,-: {f) Results are not backeround limited, great opportunities for SuperB factories

No charged LEV observed in the 6 analvsed channels

BR(t— 3= (1.8—3.3)x10™" (002%CL) depending on the channel  (preliminary results)
Significant improvement from previou: BaBar analysis

15

Jodo Firmino da Costa Rencontres de Moriond EW 09



Direct CP Violation in B—Kn Decays

AP - AP
AcrlB = 1) = Ze 1 ap

Belle Results: Nature 452, 332 (2008)

Ap(Kimo) =

D(ZAA sin(d; — 0;) sin(¢; — @;)

New Update

~0.107+0.016 * 9000 BaBar
—~0.094+ 0.018 £ 0.008 Belle
~0.086+ 0.023 + 0.009 CDF
~0.04£0.16£0.02  CLEO

= -0.098 *0012 @8.1c AVG

+0.030+ 0.039+ 0.010 BaBar
(K1) = { +0.07+ 0.03+ 0.01 Belle
~0.29+ 0.23+ 0.02 CLEO

= +0.050+ 0.025 @2.0c AVG
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Review of Radiative Penguin Measurements — M. Nakao — p.&

CLEO [9.1 f)
PRLET.251 B07T(2001)
BaBar [31.5 ]
PROTZ 052004( 2005)
BaBar [81.5 ]
PRL2S,022002{2007)
BaBar [210 fb™)
PROTT,051103 (2008)
Belle [5.8 fb)
PLE511,151(2001)

Bealle 1605 fo™)
arXivD204, 1580 (2008)
HFAG 2008

i
-

(3.20+0.53)x10™
(3.35 5 Sx10°

(3.92+0.57)x10™
(3.9%1.11)x10™
(3.69+0.95)x10™
(3.37+0.41)x10*

(3.52+0.25)x107*

D7)
o]

Biecher Neubert [PRLS8,022003(2|
NNLO o Misiak et al [PRLS8,022002(200f]]
I
BF(B—X,v) (10%) scaled for E > 1.6 GeV

600

400}

=
|

arl
s
L

=

=

B ] 3

10F

%

® Agreement with latest NNLO calculation

® Strong consiraints on generic 2HDM charged Higgs
(MSSM charged Higgs case is more complicated due to possible
destructive inferference)

@ Also stfrong consfrdints on various new physics scendarios
(but bigger room than before as data # is now higher than SM)

= 30

10 0 i
g

HFAG average: B(B — X)) ., cevy = (3.52 +£0.25) x 10~

(scaling down 1o 1.6 GeV may be confrovertial — motivation to lower E, )

40 i &l
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Review of Radiative Penguin Measurements — M. Nakao — p.13

CPV and isospin asymmetry in B — py

Direct CP asymmetry

Acp =

BB —p v)-B(BT—p™y)

BB —p BB op7))

Isospin asymmetry

[(B*—p*y)

A(p?;) — _"_'_”I"I'LBL—}P“]‘] —_ l

I 1="5M central values
E=5Mzt68% CL

[Zi=EMFY cenfral values
B8 =FEMFV at68% C L. . ] o.75F
Cl=MFVat68% CL. (=0

| , , : . , ,
0.01 a.02 0.02 0.04 0.05 0.0 Q.07 0.08

171 =50 central values
CJ=5M at 65% C.L.

i [ =MFVat68% C.L, =0
. K EMFV
% o =

T-1=EMFV central values
B=EMFV at68% C L.

4 Belie 2008 |
== BaBar 2008

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

R(PY/K™)
Belle BaBar
R(py/Ky) 0.0302)00e0 +00026  0.042 + 0.009
Acp(p*y) —0.11£0.32 +£0.09 —
A(py) —-0.48 01 008 —0.43702 £0.10

R(pY/K*'Y)
Large A, could be sign of
new physics (Ali-Lunghi EPJC26,
195(2002)), or O(10%) A, may be
explained by non-perturbative
charming penguin (C. Kim ef al.,
PRD78,054024(2008))
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Wilson coeffients and B — K¢~

® Wilson coefficients to identify type of new physics

C; for magnefic penguin operafor [mso (1 + ys)biF ..
(size is determined from b — 5V, put sign isfromb — sf*t{~)

Co forvector electroweak operator [(bs)y_a(£6)y]

Cio for axial-vector electroweak operator [(bs)y_a(f6)4]

Foward-backward asymmetry (Agg) and Wilson coefficients

. . 1 . :
AFB(IFEJ — _C-i{f]fé(ql) RE(CSH)PI ¥ _EC';HFE (similar TD} Z inter.

q ference at high energy)

® Angular distribufions To exfract FB asymmefries

K* logitudinal polarization Fr from kaon angle Ok
2F; cos? Ok + 3(1 — F)(1 — cos? Ok)
Forward-backward asymmeitry Agg from lepfon angle 6,
3FL(1 — cos? O¢) + 2(1 = Fr)(1 + cos? ;) + Apg cos O¢

Review of Radiative Penguin Measurements — M. Nakao — p.15

58



Review of Radiative Penguin Measurements — M. Nakao — p.l5

F; and Agg

Belle

Arp (Belle arxiv:0810.0335, 657M BB)

BaBar

[Bu::an::lr {]er E]H[:Id 441 deM BB]

1.2

F _E!. : ! : : _;
ﬂc:';z_ 1—”I : Lo E
S E 0.8 - ' L =
1E = | I | =
08F (. — _(5M oo £ i sl 3
06F | 7 —+— T4 E | T ~ 3
04F . -;_:%——"———--....M 0.2 £ | o s
02¢ | — —SM I R : | E
N2k _0.4F : - - '.-J:-' . L=
DEE”I T T , R PRI N IR P B Y T T
-0.4 10 BT T 8 10 12 14 18 20

0 6 8 12

14 ‘IE 18 ED
NO crossmg (Opposite sign C5)?

FL Not enough stafistics
12
1
08F i
D.E;—If/ 1 TTr—_SM
04 :_rl - -":'-.r'.L[ C T_'__'__T__-_—--— ———
0ot C=-CM | T
O [Lomrrmem e oo e
—D..E;_ ——
V4TSS 0 12 12 16 18 20
q-(GeVviicY)

Opposite sign CyCyp is disfavored

1

0.8

T rrrrq b
] |
: .I___'-_L._
; | Loy E -
i ,5* ]
¥ T T L Lo viteeitn
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o [GeViie"]

Anomaly? not in Belle
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Isospin asymmetry in B — K*¢*¢™

[(BY — K"t () —T(B* — KWt )

AK(*J _
I 7 T(BY - KOO(+(~) + T(B: — KO+ (*(-)

(Belle arXiv:0810.0335,657M BB, BaBar arXiv:0807.41 19,384\ BE)

5 IT?!'F.

- 15F BaBar ﬁ
5 ik =g ‘ ‘JEF @ T [ B 20T
| - _
g 05 ! ;L; | {lH e
] — KII § TR A
3 | — Kl BoBar §
:  1&E ! Kl |
ég 1_; g| loa g o aaaly L1l i N R |;<:I|I |B|?!I|e| S |_._..._|_.. e S,
el 0 25'5 75 10 125 15 175 20 225 235 Mgy G0V Mgy (GOVICY
< 2(GeVe?)
> Clear deficit of neutral B — K&t~ at low g2 at BaBar?
; Belle’s data is consistent with null isospin asymmetry
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