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PEP-2 and BABAR at SLAC

Started construction in 1994

Stanford Completed in 1999

Linear PEP-2 Reached design luminosity in 2000.

A\ccelerator Asymmetrlc e ERRE
— B Fa Ctory Niain chntrole.ﬂ;?:%? .

Center..<v./

Luminosity records —
;\I 'A.!Enﬂ.z""l’a Er RN
Station B

PEP-2 /| BABAR at SLAC ¥ o S o g
design peak: 310 cm2s! [ _ s, .
best peak: 9.3 103 cm2s™! # S ‘ . o GER
total recorded: ~319 fb! Experimental Hall et .... = {

best month: 16 fb! 0GeV o on 31 Ge e :

~230 milhlon BB pairs

used for most analyses PEP-II

Rings “‘x
Positrons :
SLAC Accelerator Complex - -

shut down from October 2004 to April 2005 - 4

as a consequence of a severe electrical accident

PEP-2/BABAR resumed operation in April 2005
(additional ~76 fb! recorded since then)
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Projections to Summer 20086 I

Today Toward 2008
Projection of PEP-2 Luminosity
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Summer 2006 : Added integrated luminosities of BABAR and Belle
~ 1000 fb! = | ab! (I inverse attobarn)

PEP-2/BABAR are set to run

-
between 2006 and 2008 with the goal of foroéféig bly agbooa

reaching a data set of order | ab-!
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The Kobayashi-Maskawa Model

1972, M. Kobayashi & T. Maskawa :
introduction of CF violation in electroweak theory

Origin of CP violation :

the CKM matrix ( « quark flavor mixing matrix » )

3 families - A single CP-violating parameter

Viud Vus Vup transitions between quark-
flavor and mass eigenstates
V = Ved Ves Vep

Via Vis Vi

Elements of the CKM matrix:
« couplings » between
Down-type quarks
and Up-type quarks
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The Unitarity Triangle

* sine of Cabibbo angle

A ~0.22

* b > ¢ transition
(in units of A2)

- A ~0.83
V;fd‘/;f: T Vde‘/CE)k T VUd u}k) * 2 coordinates

of the apex of the
Unitarity Triangle

V15 a complex unitary matrix:
determined by 4 real parameters

Unitarity
Triangle




Ways to Look for New Physics

Y measure O,

B — ntn™
B — ptrt
B —pTp”

Y% measure Y

B — DK®
B—>DK2

B — K
B — D*r

Y improve UT side
measurements

B — D* v
B —mn/p/wly,...
B° < B, Am (¢m = — )
B— K*v+p/wy

*  measure SIN2[3

IN decay modes sensitive
to different
short-distance physics

B — Jh) K\

B — Jhp 7°
B — D*=DT
B — D*TD*"
B—>¢K2

B — K'K!K?

S

b— ccs

b— ccd

B — 1 K
B — foK{
B— KKK\

B — 7'K?"

S

B — wKk?°

S







The Y(43) Region

1600800-003

I\I'I\‘\ ‘l [ I‘ 1 LU 1 ‘6|-0|_ | E‘ I \(ClLEIOI) I_ The Cleanest Way
to produce B mesons
“sol i ) eTe” collsions around

ﬁ:fﬁ*‘{"ﬂﬁ V5 = 1058 GeV

10-5Ec_m_1?('-39év) i production of BB pairs

with a cross section of ~ | nb
+ A Y over a continuum of ~3 nb
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Quantum coherence

+ _— 0 RO
©ce T<4S) _t> BB Y antisymmetric wave function
1 _
P * At =0 :0ne B° andone B’
T(4S) ® flavor tagging
>4 * At required for CP measurements

L=1 Y% measurement of At :
proper time boost the CoM frame
difference ® asymmetric-energy beams




Kinematics at the Y(49)

Reconstruction of a B candidate Lab frame CoM frame ~
(from tracks and clusters in the event) P = (E, ﬁ) @ P* = *)
120 f T | . The beam-energy substituted mass
100 — mES Il — N \/E* 9 " 9 with
o ] ES = — —
S0 F B0 Thi KO ] beam beam \/7/2
- B — ]
° ; /K : The enerqgy difference (half-CoM energy)
40 - —
r 1 — * *
20 [ ‘ ] AE =FE" — Ebeam
05"""_"1—!'1"“_"! .1 .- % EJ"'I"' e
Jeo Er o T E two largely independent
> B E SRS S B | AF E analysis variables
50 F - . i = _
2 : : "~ signal & E E Omps ~ 2.6 Me\//c2
25 - region | ok W E dominated by beam energy spread
50 - .. L. T E
75 B = E
100 | . Sld€bands - E i oap &~ 10— 40MeV
52 522 524 526 528 0 10 20 30 40 50 60 70 80 90 dominated by energy resolution

mes GeV/c?
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Differential Event Rates I

- final state f 0 0
interference de
parameter Af D
(observable) S)
(usual plgase 3
define C and S coefficients: convention) f cg
_ 1 |>\f!2 _ 2ImAy -
1+ | Ay Y f
differential event rate BY 7O

d

anr™
fe—F\At\ {17 Cy xcos(AmgAt) £ 5 x sin (Amy At)}

2Bl & fisa CPegenstate: |Af|~1 m Cpx0 and S¢#0

special

ZECHl & f s flavor specific: Afl~0 = Cr~1 and S ~0




Foundations of Time Measurements

event-by-event vertex errors

 BABaR

At resolution function | tagging

shape from signal MC, : o effective efficiency 30%
y o

- parameters from data f efficiency | measured on data

~97% |

Events /{0.2)

$

++ 1
H ~ 1 5 ps i | —— Monte Carlo
e

““ ] | — True B’ tags(MC)
t...“m.ﬂ: — True B“mgs(MC)

1 I 1 1 1 1 t J
0.01 0.02 0.03 0.04

o(Az) [ecm]

2 [}

(Atmeas_Attrue) G(At

events/0.05

B® — D"nt/pt o}

15000+

* Flavor control sample: RIREVCSEEIYZS | Lx\

72 878 events 01 075 05 025 0 025 05 075 1

B tagger output
5000

* CF sample for sin2: B'tag Btag
7 730 events 0z

‘ \ : ‘ i
5.24 5.26 5.28

mys [GeV/c?]




Flavor Osclillations

asymmetry mixed/unmixed
—

unmixed

Events /(0.4 ps )

unmixe

Events /(0.4 ps)

At (ps)
A(At) ~ {(1 — 2w) x cos (Amg At)} @ R(At)

15
3

, bbbl o—w

2 period ~ 6 ps
~ 4 B-meson lifetimes




Mixing Measurements

ALEPH 0.446 = 0.026 = 0.019 ps'1
(3 analyses)

DELPHI 0.519 +0.018 £ 0.011 ps "

(5 analyses) ; LEP
R | L3) 0.444 + 0.028 £ 0.028 ps
(3 analyses

OPAL 0.479 £ 0.018 = 0.015 ps'1

(5 analyses)
0.495 £ 0.033 £ 0.027 ps'1
’ Tevatron
0.522 £ 0.016 £ 0.009 ps

0.498 + 0.026 + 0.016 ps™
BABAR

0.506 + 0.006 = 0.004 ps_l
(4 analyses) } B-Factories

fof
BELLE |_|.|_| 0.509 £ 0.004 = 0.005 ps'1
N

(1 prel. analysis)

(3 analyses)

Average of above
after adjustments

CLEO+ARGUS | ~ | 0.495 £ 0.032 ps'1
(x4 measurements)

World aver: 1
o Egﬁe% g + 0.507 £ 0.004 ps B-Meson lifetimes

I average 05

R AN BO : l.(528 s o.o)oa ps
m, (ps ) B+ : |.643 +- 0.010 ps

B-meson lifetime and flavor-oscillation frequency RS RENOr = TRoRoo)s

* TD technigues developed at LEFP & Tevatron

* average dominated by B-factories measurements

0.508 + 0.004 ps™




Measurement of 3

.ﬁ B — Jhp K?  and friends




A Precision Measurement ‘

A(AL) >~ {(1 —2w) x Im Ay, X sin (Amg At)} @ R(At)

‘%200_ -B’ tags ‘E‘

R S 200
~ "B tags ~

= e 3

S, JWK? £l
g 0.5% S — '—I_' g 0-5_

1
% 0 ; : % 0
S N s
& -0.5F & -0.5\-
" M I5 M " " " (l] ......... I5 " " 4 " [l] .......
At [ps] At [ps]
=P —21 3
)\J/¢Kg,_ € >\J/¢K2_+6

BABAR  sin23 = 0.722 4+ 0.040 (stat) + 0.023 (syst)
PRL 94, 161803 (2005), (hep-ex/0408 1 27)




BaBar 0.72 £ 0.04 £ 0.02 latest
PRL 94, 161803 (2005) /o

Belle § E Ho 0.65 0.04 + 0.02
BELLE-CONF-}569 '

ALEPH i i | . 0847%4016
PLB492,259—2_74 (2000)' ' : H v

OPAL : . 3.20 1%+ 050
EPJ C5, 379-388 (1998) | o H +

CDF : N 0.79 *04
PRD 61, 072005 (2000) ? i

Average 0.69 +0.03
HFAG ; ; o

2 1 0 1 2 3
BABAR  sin 23 = 0.722 + 0.040 (stat) £ 0.023 (syst)
Belle sin28 = 0.652 + 0.039 (stat) + 0.020 (syst)

Ma® MNP A9 A3HINOAV4SIA

evolution of the

measurement * PF

e Aleph
o BaBar “non-SM solution” disfavored:

% e Belle I I
B — J/p K-

{ ! — sensitive to cos2f3

(BABAR O4: angular analysis + study
of S/P-wave interference)

llion BB pairs

B — D[— Krta|x
| — direct extraction of 23
5008 5006 (Belle O5: B € [-30°,62°] @ 95% C.L.)

Lol e e W Ly
2000 2001 2002 2003 2004




sin2 at High Luminosity

Current

Clean modes,
analyses

Lepton tags

W ——————————— e -

1000 1500 2000 00 500 1000 1500 2000

Integrated L (fb'l)

Current analyses

Integrated L (fb~1)

81

500

2000

Clean modes, Lepton tags

81

500

2000

Statistical error

0.067

0.028

0.013

0.113

0.047

0.022

Systematic error

0.034

0.024

0.022

0.025

0.015

0.012

Total error

0.075

0.037

0.026

0.116

0.049

0.025




Measurements of Angle a




Charmless 2-Body

% B — st : historically (perhaps uvitimately ?)
the best way to measure sin2 o

% if Tree amplitudes dominate
)\71;1_'52_ _ _|_€—2i(5—|—7) — plia

» S tree

e = SIN 2¢
% If Gluonic Penguin amplitude contributes

» need to estmate Aa = awy — o
e.4. 1505pin analysis (Gronau-London)

‘ Tree

b
2 {d,u

‘ Color-suppressed tree
b — - U 0
B {d ‘\\_<u }W
, U _
\ d
d,u } T

® Cluonic penguin

q —
g d,du}ﬂ-

BO{ ’
S B

Bo{b

B(B — Krn, nrw, KK)

= CLEO
== Belle
—— BABAR
CDF
- PDG2004
—— New Avg.

& K'K7
5‘ KtK~

KTK0

T'OTTO

E.__ K070

HFAG
JULY 2005

Br(B — Km)

~4
Br(B — 7m)

T
125

Branching Ratio x 106

® Color-suppressed tree

B{? iy
{d,u\-‘\\\\<

®» Cluonic penguin

5
d,u}K




Penguins at Work

Observation of Direct CF Violation

(Iikelihood projections)

Mes (GeV)

A = —0.133 = 0.030 £ 0.009
(a 4.2 sigma effect)

»

i + > e L B B S B B L
of 400 |- _ .
= B - Ktr
: 0 - BY - K nt
> N o200
0 ~ - 1 606=9 1 0+696 7
S . 0 AL o
O IS - .
: ”_]LIII 5 O b e 1 .
8140— BO—>K+7T_ 5.7 522 5.24 52¢ 528 5.3
<
Y
-
Q

| 6065 |

- Spectacular
20f T 4 3 manifestation of
tree-penguin interterence

-0.15 -0.1 0,05 0 0.05 0.1 0.15

One can not ignore
penguin amplitudes in B -7t ...

®» C.i. #0 and Syt = \/1 — 073 . SIN 20

P/ T| ~ 30%




CF results n ot I

evolution

-0. 0
STETC

size of samples indicated
in millon BB pairs

% Belle and BABAR in marginal agreement (2.30)

% Belle observes significant direct CF violation in this mode
while BABAR result 1s consistent with no CF violation




Worst Case Scenario for o ¢

o =
§ . E poor constraints on angle o
Y Observation Ot from full 1Isospin analysis
0 0 r 7 T T T T T T T T T T T T T T T T T T T T T T T
of B> n'n 315; ‘ ju | H : | B - nx (S/C,_ from BABAR) |
— r BE o ] 21 Soids - B —nn (S/A,_ from Belle)
(5 >lgma 0 1057 T | T2\ ] i 1 Combined no C/Ay, |
significance) t st ERY': : SR
o f iP5 - 2005
> L JRLETTERS 3
m 0 - o . il - L | il B
52 522 524 526 528 3
* 7970 rate ms (GeVic') -
* much too large to obtain a
useful Grossman-Quinn limit :
CKM fit
|A@’ < 35°(90% C.L) o omeas. inf ]
* much too small for a precise 0G0 80 100 120 140 160 180
direct-CF measurement ... o (dea)
i . projection &
New hope for a : combination of o bl |
B — p*p~and B — prt modes!
% Issues to be resolved with more data
* direct CPViolation in it ?
e 771050 : factor ~2 dlscrepancy with Belle ? b 20 3060 S0 100 120 140 160 10




Why 15 pp so Promising for a ¢

% the final state 15 a mixture of CP-even and CP-odd
In principle this complicates the 1sospin analysis

% BUT the data show that CP-even (longitudinal polarization) dominates

small rate of B — p%? indicates much smaller penguin “pollution”
P p peENg P

®» while 1°1% 15 of order 30% of n*n-

p p 15 smaller than 4% of p™p~ (at 90%CL) BABAR, PRL 94,

131801 (2005)

30 C T T T T 1
C CKM
20 :_ T B—>pp isospin anaIYSIs 0.9 with reasonable theoretical
- 0.8 assumptions this mode provides
= 1ol 0.7 the present best constraints on a
[@))]
S [ 0.6 3 15 """"""""
. 0 0.5 - 0.8F a
8 F
b 0.4 0.6]
= 03 & B a=100°]3°
C 0.2 TR puSunSUUURY JUNUIA WS ST
-20 - exp.upper r
- limit at CL=0.9 / 0.1 2N NS
_30 _I R R B R B | :A PR I T T M SN N N AN A N Y B 0 0_ N L N M N N 1 h 1 " L N
0 005 01 015 02 025 . 0 60 o (deg) 120 180
x 10
BR(B — p°°) 79°< o <123° @ 90% CL

Br(B — p%%) < |.1x10¢ (90% CL) PRL 95, 041805 (2005)



The B — 3t Analysis

% The three-pion final state 1s dominated by the transitions through a p meson

30
Interference “Emg: g interfering contributions from
25 %, Dalitz plot | - E ptr , sttp (and pOn?)
- £ - ®» full time-dependent Dalitz analysis
(Snyder-Quinn method)
15 L L B P
; = | A 3.4c effect of direct CPV
10 & g 075 which 15 not expected ,
i Lg o5l (e.g. from QCD factorization)
>3 a | |
o

0.4

BW phase vanations ..
break degeneracy
1g 50|Ut|on5 0 30 60 90 120 150 180

o (deg) -0.75 | -
ICHEP 2004 1

Already interesting constrants on angle a p from spectator quark """
and an 6VId6l’lC€ fOI” dlrect CP\/ -1 -075 05 -025 O 025 05 075 1

a=(1377£6) o




1-CL

1=-CL

0.8

0.6

0.4

0.2

The o Program 1s just Starting

] Combined !

o< CKM fit

H
LP 2005

20 40 60

80 100 120 140 180 180
o (deg)

Constraints from
T, P and pp

o = (100i

With more statistics:

* observe B — pp°

* improve S and Cin B —> pp

* confirm that “mirror solution”™ in B — pp
15 disfavored by Dalitz analysis in B — prt

* investigate direct CPV effect in B — prn

CKM
Constraints
9)  a=(98+16)°

i projection

I 2 ab-l

20 40 60

| |
80 100 120 140 160 180
o (degrees)

3
scenarios
for pYp!

* central
°* +lo

* -lo




Constraints on o
in the ( p, n ) Flane




Measurements of Angle y




Methods to Measure Angle ¥

use interference between tree decays

Basic |ldea  Cabibbo-suppressed (b— c¢) B* — anti-D° Kt and
CKM- and color-suppressed (b — v) Bt — DK+,
where the DO and the anti-D © decay to a common final state

5 only tree diagrams:
vcs VSI; } K™ no 1ssue with
b new physics in loops
- [
rp = A(b — u)/A(b — ¢)

] B ~ 0.39f, ~ 0.1 — 0.3

color factor

oy

_|_
I_A_\
——
= O
_|_O
|

K‘ﬁ

¥ interference
ter 0 .
* u parame A(D° —
Vus ub R = B ( f)

AP~
» GWL (Gronau-Wyler-London) f 15 a CP eigensate

B ADS (Atwood-Dunietz-Som) D' — f 15 doubly-Cabibbo suppressed

» GGSZ (Gir-Grossman-Soffer-Zupan) DO(EO) — Kg,h_+7t_—
(interference in Dalitz plot)



GWL & ADS, First Analyses

% Gronau-Wyler-London (GWL) Method B— DK
G 0 A P B L L= AW T T T T
E 35;— CP+ KK 75+1 E 25; C/D— Ksﬂ,o 76 +13
e small interference & Z: v 18+7 Z 5
* sensitivity to y S ER E
* no sensitivity to rg g h i S ;
S g
TR N Y S ¥ TS ¥ ¥ T -

s

AE (GeV) | | AE (GeV)
Y Atwood-Dunietz-Soni (ADS) Method

. |ar 6r |nter‘fer|ence 0_070 0.05 0;1 0.‘15 O}.é*\\ 0.25 0.3 0.070 0.05 0.‘1 0.‘15 10;21 0.25 0.316
g | from Imit onf¥=s .| from Iimit onf ",
* unknown D relative strong phase DOIK*7-1K= I 1™ DK 1K "
* sensitivity to r 005 | & s o] | & 0 5
y 5 k a— k . 413
& A I T R e o oE
*)O _ _ 0.04 0.04 7 555 =
« _ Br(D"PIK*z 1K™ +c.c.) _ 2 & i .
Kr — (*)O _ 4 _ 0.03 - 0.03 g
Br(D™ K 77 ]K™ +c.c.) - T 5 2

®» no observation yet — set limits | [ oo ,

2 i |
r‘B < O'23 (90 <70 C'L) 00 - 1(305/ 0.1 0.15 0.2 0.25 030 00 0.05 0.1 0.15 0.2 0.25 0.3

re°-<0.21 (90% CL) R .



Analysis of B~ - D™°[— Kdz*z~1K

* Giri-Grossman-Soffer-Zupan (GGSZ) method

g
T

* exploit interference pattern in Dalitz plot

* In principle sensitivity to both y and rg

* a two-fold ambiguity remains n the
extraction of y

Events / ( 0.00225 GeV/c ?)

=== —
520 522 o4 506 5028
2

m_. (GeV/c")

®» schematic view of the interference

0.5

>
H
N
Il




Dalitz Amplitudes from the D Sample

CA K*(&92)

DCS
Ki@22),
1

m_2




Dalitz Plots and Projections

E + R One+ | TS
: B'—>"D :K '||\| m.* sensitivity on y
25 o q across the Dalitz Plot
N 1.5%— 7 ‘l
£ |
¥
>
Q 250
O
N 155—
+ 150
E ¢ Large
13 statistics IS
u.s:— needed 'FOF‘
: this method!
 m2 (Gev?d)




y from B — DK (all methods)

Direct constraints from all modes Indirect CKM constraints
_ (63+15)O . (57+7)o
Y —12 Y 13
1-CL
T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T | T T T T T T 1.5 |
- O - DK™ GLW + ADS ; :
12 Tesaos ... DK™ GGSZ =1 Combined | 1 .
’ i Full frequentist treatment on MC basis e+ CKM fit 1 1
: £ & ? 0.5 :
1 08| ; - ]
O I / ] ]
| : ! { 1= 0 A Tl S -
— 06 ‘ ] ]
i ; i ] 0.4
04 - j -0.5 -
02 [ . 1B 0.2
i . WA |7 -1 ]
i A : P i v from GLW, ADS (WA) i
0 - B and from GGSZ (WA) ]
0 20 40 60 80 100 120 140 160 180 IR
-1 0.5 0 0.5 1 15 2

Y (deg)



Prospects on vy

importance of the
value of rg on the error
on gamma, llustrated
here for the GGSZ
method 1in BABAR:

* GGSZ + GLW
°* GGSZ + GLW + ADS

re =0. |

N
Q
S
o~
o
O
<
O
b
s_
\b)

error as a function of rg

—u

1 1.5 2 25 3 35 4
luminosity (ab!)

error as a function of integrated luminosity for rg=0. |




Measurements of UT Sides

BO — EO, Am(qu = —6)

B —7w/p/wly, ... B— K'v+pj/wy




Measurement of V ,

* V,, : akey CKM constraint (only Trees, no NF)
* dependence on theory predictions for kinematical extrapolations
* inclusive : extract m, and QCD parameters
from B—> Xc | v and B — Xs y spectra
(error on m, ~ 4.5%)

lepton spectrum end-point recoll analysis
Mo 20 Bhrec

*
U
‘F

t-f.::c:-:nnaoa.—,go,:o

107 e

.

=¥
L= 1

10%E

10°

10°

10

® Data
Eb>ulv
Ob—clyv
[ background

0 s
1.1 . 1.9 23 2.7 31 3.5

e
o
=
S
c.
W

o
-H"'H-\.
m.
-
o
—_
—
]
2
M
Gy
<
—_
]
L
=
-
=

— T T

3 4 5

Electron Momentum (GeV/c) m, [GeV/c’]




Vub Results & Prospects

2

Exclusive
* still imted by statistics

_36
|Vuh| [x107]

o
w

* expect errors from mlv G
on the lattice down T 02
to below ~8&% -

by end of decade = 0
Goal for 2008:
precision of ~5% on V 0

Py —— Inclusive

iemomes e most methods with
O |ioamon —— uncertainties around | 0%
O | Fockoomioss - - — -3
| T et [Vie(WA) = (4.38 £ 0.19(exp) & 0.27(my, theory)) x 107
C | BELLE sim. amn (nkq‘.l) I
= | yasosato —_—

2 (o : with mode data, uncertainty

4760340032 ——

N —— | on inclusive V , can be pushed

E:Df-i“::ﬁ (CL =43.0%) | dOWﬂ to NG(%

HQ i:llput Emlmb—)lclv afldb—)lsymmlnentsi | |%

Exclusive: ntlv at high 42 + lattice QCD

Bonlv
76 o

0.3

0.2

Bomnlv
1000 fb™

0

i ISGW II ISGW II
—~——-LCSR 1 ————LCSR 1
- - - -LQCD 1 t-=-101F - - .LQCD1 b - -
...... LQCD 2 | ......LQCD2
—— BK Fit to Data ——— BK Fit to Data
| 1 1 | 0 1 1 | 1
5 10 15 20 25 O 5 10 15 20 25
q° (GeV?) q? (GeV?)



5 U m ma ry Of . : excluded area has CL>0.95
Constraints '

on the UT
Apex Position

~ 5 s d itter
¥ ! /—\ EPS 2005

sol. w/ cos 2B <0
/excl. at CL>0.95)

\\\
e
sol. w/ cos 2B <0
(excl. at CL > 0.95)

——

——

III|II—I—-—1"+’IIII|IIII|IIII|IIII|IIII

—




0.95

S|n2B Amy | Amg & Am, %

B Vi g Z EPS 2005

b
-
\\-..

sol. w/ cos 2B <0
(excl. at CL > 0.95)

|
3
wl

| ®

<
m -
i}
L
@
o
i}
o
=
[=]
o

All measurements



CKM

Itter
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Measurements of sin2f3
in Decay Modes Sensitive to
Ditferent Short-Distance Physics
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CFViolation in “s-Penguin® Modes

) ¢ b — CCS Reference mode: Tree dominance
_ b - = C
Bo{d v?“\<0} "
G Finwacrand 3

i Cb i Cc’)* q _()3
A i -0 — — —_ _ - i & ?;_IJ\
Iy K2 ( ) <Vcbvm) ( )K = — €

Penguin dominance S}
W o )
iy . -

{ b

B _

— B }K
u’d\usd }K {u d— = u, d

internal penguin ’ flavor-singlet penguin
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T-D Analyses in n'Ks and KsKsKs
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(i1 1007
01 | S0
(4] . | . | . | --h.' OE
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m.. (GeV) g i
&04+£40 signal events E ¢
o - , < 05 ]
sin23(B° — ' KY) = 0.30 + 0.14 4 0.02 | ‘
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At (ps)
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> 50F . A
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@ anf 1 ~20pum:""” beam size
- i ER cxoEe In the
3 20k E L transverse plane
10% . L o, ~200pm, o, ~ 4um

853 554 556 508 5.3 68% 10 signal events
Mes (GeV/e?) sin28(B° — KK°K9) = 0637026 1 0.04

5




Compilation of s-Penguin Results ‘

PRELIMINARY .

b—sccs World Average LK 0.69 +0.03 . Naive dverage of
< BaBar el T 050+ 025 e s-Penguin™ S coefficients
2.4c6 away from reference

< Belle 0.44 +0.27 +0.05
¢  BaBar | | 0.36£0.13£003 value of sin2f (cc)

=  Belle : . i 062£0.12+004 (significance of deviation

» BaBar : g K~ 0.95735+0.10 decreased due to

+° Belle j i 0.47+£0.36+0.08 recent updated value
>  BaBar L 035108 +004 of sin2P by Belle)
i Belle : o { © 0.22+0.47+0.08
n° n° K, BaBar —— ¥ | | -0.84+0.71+0.08
BaBar i = : 0.50 1032+ 0.02
Belle § +—*——0.95 +0.53 *{12

= : : = may affect
< BaBar : : 41 +0.18 +0.07 + 0.11
v : : o different modes

ol Belle GEEDiOJBi0.0él S in different ways:
BaBar : . 06333+004 — use the pattern of
Belle : § +—: 0.58+0.36+0.08 deviations to go

X : : . 3
b—qgs Na'[ve average 5 [ 0,50 + 0.06 beyond the naive
' | ' average

sin2pe™) [

New physics
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Deviations from Standard Model

Projected errors as a function of time Significance of deviation

from Standard Model expectation
as a function of lummnosity
(assuming fluctuations around
present central values)

BABAR+Belle
in 2008
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Discriminating Among NP Modelsl

Al

Buchalla, Hiller, Nir, Raz
Wilson coefficients: (hep-ph/O503151)
C; ('?'?’Lp{f) = C’; = ('?‘T?,W) + &, emi
Three NP models, six scenarios:

* NP only in the Z9-penguin coupling

¥* (c:,0.) = (0.02,0.85) (2, 6.)

* NP in Kaluza-Klein gluon excitations

Y (s, 01) = (0.02,0.812) Y (cp,0) = (0.02,2.5
* NP in chromo-magnetic operator

*(quf‘;’g) = (1,3.27) *(Eg,ﬁ'g) _

SOIBU22s JN XIG

Full analysis:
for each model

constraints in the plane of the -
two NP parameters (modulus and phase) T o

P IR RS
2000 3000

L(fb'l)

Ajisoulwn| A uoISN|OX]




Selected
Measurements

Sensitive to New Physic



New Physics |ssues

% KM mechanism: one single source of CP violation

New sources of flavor or CP violation For instance, in MSSM
can induce large deviations * | 24 independent parameters
from SM predictions * 44 are CP violating

% Where can one expect deviations?

(8% nk

» Flavor Mixing by

d k

large dewviations in Bd system are unlikely

but SUSY can affect mixing in the Bs system g g
distinguish measurements involving N1 N R
flavor mixing or not o (615 ) :
® Flavor Changing Neutral Currents gluonic “penguin” diagrams with

intermediate squarks and gluinos

helicity-changing b — s

helicity-conserving b — $ 8 S RN
V’Q.:S)BR:\ ',' S

SRy’ -
®» Very rare decays (e.g. leptonic) SUSY LH< s

b i s

b_l{“\~ "" SR




FCNC: b — sy

107

=
)
X

% The transition b —> sy
has been heavily studied by
CLEO
then by BABAR and Belle
In a variety of ways
* fully inclusive
* exclusive (B — K*y)

0.15

0.1

II.IIbaItaIIIIIIII

Kinetic scheme
— Shape Function scheme

| AL L
—

0.05

)

__——

" BABAR

* semi-inclusive

So far all measurements are
consistent with SM predictions
(typical errors: | O%)

photon

Branching Fraction / 100 MeV

Oo[TTTT "

=
(=]
—

energy!

| (5em||—mc|u|5|ve apalysl?) |

2 I2.l

% this mainly constrains “LR” mass insertions

22 23 24

25 26

E, (GeV) expect improvements
towards 5% error

by 20086



Leptonic B decays

+ < W Q G,g‘\/b‘z 2 m2
° Br(B —)Ev)=—”f§-15-m5-m A 1==5
u vy 571- mB

* Recoll technigue (semileptonic and hadronic) (decay constant from LQCD)
* Look for | and 3 prong tav decays

Br(B* = t*v,)<2.6x107* @90%CL

himit reaching a factor of ~2 of SM expectation :

plot the energy in addition
soon a constraining measurement

to the signal candidate

< - e onpeak Data »f‘
E | Signal MC ’+‘ Expectations from CKM fit
ST r 1 BBMC \
= ~ [ Continuum MC >
N 100: [ All Background MCfg}— "";; i rUTfi.t
g [ 0.01
= 6o i 2
40 E
20 al --: \ E
[t no signal found & 0005
OO H—\‘—o—'T)“‘;\:}L"—"'Fﬂ-Jl III-E-—-\iﬁ—-ﬁg,;—.‘.n- 4--2-. i LZ 54. ; 2 CUr'r'ent BQBQI"
' ' ' ) 90% C.L.
Extra Energy (GeV) oL I

BR(B—w)[10]



excluded area has CL >0.95




B o> 1tv:Senstivity to NP Models

Two examples of constraints 107 |
on the parameter space S . BTV
for specific NP models b~
g >
B L
* Limits C;n m(H+) in the MSSM a') T \ (M,.=100 GeV/¢’, tanB=30)
rom Br(B —>1v) & ia) \ (M,.=140 GeV/c’, tanB=40)
+ - i ,
b g e {10
. w HT g o
B »
u vy 0 500 1000 1500
Luminosity (fb1)
% 2 Higgs-Doublet I\]A[odels
0 Gambino, Misiak Nucl. Phys. BG 1 1 3386 o ] 2
= Hou Phys.Rev.D48:2342-2344,1993 esc
ne© '
% Limits on the m(H*)-tanB plane v
in 2HDM (of type |I o _ormbned
from Br(B —>1Vv) N
and Br(b > svy) T b5y
E _ .
o 4




Conclusions

B-Factories will perform important SM measurements
some of which cannot be improved elsewhere
Four major CKM measurements will improve by 2008
* sin2 3 -- with expected error of order £0.025

* angle o -- with charmless two-, three- and four-body decays
* angley -- with DK modes, to better than 9°, depending on rg

V.| -- with m, and QCD parameters extracted from the data
and progress on exclusive measurements

Overconstraining the Unitarity Triangle
strongly bounds New FPhysics

The flavor sector 15 a key ingredient to NP model bullding

B-Factory physics goes beyond CKM metrology!
* sensitivity to New Physics through radiative corrections, €.g9. b = sg

(complementary to direct observation of NP particles at the LHC)
* sensitivity to very rare B, D, D, and 1t decays




Possible Situation in 200867 I

T~ \\\ ca 2008 ?

I | | I/I/| |//I I
excluded area has CL>0.95 ]

T

oV,)=7% o(sin2/)=0.019 o(ax)=6" o(y)=10°
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