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Introduction

Scope of this talk

* The two B Factories are primarily flavor factories; they also
produce a rich program of:

- Tau physics, charm physics, two-photon physics, ISR physics (e.g.
R measurement) and much more

* Disclaimer: | will not cover any of these results

* For a glimpse of non-CP physics, please see Hendryk Palka's talk in
the afternoon session on spectroscopy and baryon production

* Regarding the standard B physics program | will focus on the
most recent measurements

e Stay tuned: A wealth of new results from both experiments is
going to appear at ICHEP
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q; ¢ 9 The CKM MatriX Kobayashi
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V = Vcd Vcs
\_ th Vts

Observed hierarchy:
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CPT: Unitary:

V V=1

Maskawa

Three real parameters plus
one irreducible phase
(other phases can be
absorbed in quark fields)

— CP Violation

Wolfenstein Parameterization:

(expansion in A)
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The (B,) Unitarity Triangle

— * * * -
V V=1 = VioVir™ + VegV™ + Vi V3," =0
Y A
CKM unitarity p-n plane
leads to six (PJ?)

such triangles

One of them
governs the
B, system
(0,0) (1,0) P
a,B,y # 0 implies CP Violation B=arg(-V V.,V ,V,*)
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B°B? - Mixing
B, =p|B*>+q|B’>
By=p|B™>~ q|B°>
B°B° mixing is mediated by a second order weak interaction: Am = m(B,) - m(B,)

(this plus the same box diagram with W and top exchanged)
mass eigenstates

— _ 2

b tb* th d flavor eigenstates
T S

B W . W B
b
4
d Via Vio b
~ —IB
Vig~|V e
\ — q_ o2
Through mixing the B°/B’ picks up a weak phase of: D —

Rainer Bartoldus Results from B-Factories, Physics at LHC, July 7, 2006



Interference
between Mixing and Decay

B decay rate as a function of proper time:

_|At|/TBo

f(At)= e4T [1(S))sin(A m, At)F(C,)cos (Am,At)]

Mixing is observable because of the

(unexpectedly) long B lifetime: 21m A, - ‘AZ‘
1/TB=I_B =15 pS-1 Sf: : f:—;

Af:ﬂ A(B—)fcp> Standard Model: |Af|r,§a,1
pA(B—>fCP> szlmAf Cf:O
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CP Violation on the Y(4S)

BB are produced in a
coherent L=1 state

Three observable
interference effects:

* (P violation in mixing:
B—B#B—B

* (direct) CP violation in
decay:

B—f.,ZB—f

* (indirect) CP violation in
the interference between
mixing and decay:

Rainer Bartoldus

(t)>fep)—T(B(t)—>fgp)

=S, sin(Am_ At)—C, cos(Am At)
\ CcP / \\ CP /

~
direct CPV

~
indirect CPV
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Coherent Production of B°B®

e Note thatin e'e — Y(4S) — B°B’ there is at any time:

one B’ and one B’ (flavor eigenstates)

one B.p-,, andone B.-...;, (CP eigenstates)
one B, and one B, (mass eigenstates)

e Measurement of the flavor of one meson determines the flavor of
the other meson at that same proper time

(Einstein-Podolsky-Rosen phenomenon)

* This property is exploited in the flavor tagging technique
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Time-Dependent CP Analysis

One B flavor-tagged and Btag
its vertex reconstructed

BCP One B fully reconstructed
f in CP eigenstate

/“. J/Y
v

7l

N\
=

Lorentz boost: IT

056 @

<BY> = 0.43 <Az> = 200-250 pm
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PEP-I| E(e-) ~ 9.0 GeV E(e-) ~ 8.5 GeV KEKB
3.1 GeV

E(et) ~ E(e+) ~ 3.5 GeV

™ a0 ©Noivans, A1 Aights Rosorved

Vs=my,5=10.58GeV o(B°B)=~1nb mwmp ~1M B°B’eventsper1fb’ (~1day!)
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D
Do

BELLE

B Factory Performance

Offline+Online Luminosity (pb™ ) (iday)

2006/06/11 7.4

07/05/2006 04:20

W onresonnce, [

offresonance, [  emergy scan

- T T T T T T T T T T T T T T T T T T T
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Offline+Online Luminosity (pb“) {/day)

55 =Y 5S o S =55 g L

07/05/2006 04:21

#

BaBar

PEP Il Delivered Luminosity: 380.69/fb
BaBar Recorded Luminosity: 365.98/fb

— il data,

xip?

= onresoniance,

—  offresonunce,

eRergy scan

6000 -

: /)

Off Peak Luminosity: 32.61/fb

Delivered Luminosity
Recorded Luminosity
Off Peak

Integrated Luminosity [fb"}
5
‘\|\\\|‘H|‘H\|

Integrated Luminosity (pb“)

\‘\II\‘H l‘HII‘H \‘\ JI‘HI

200_ ,,,,,,
- 3000 L /)
1501 L /_,
100l w i ﬂ
50E / 1000 |
; W 3 f — ]
oLl I I i P S ‘ T
= S5 g P s S 5* 4/25/1999 kiR 12672003 121272004 10/29.2006
Belle log total : 610470 pb™ Da

ruttifo verd 36 Exp3 Rani - Exo33 Run23 BELLE LEVEL Indest: dv s not 24 hoars

Belle collected 610 fb™
KEK-B peak: 16 - 10** ecm?s™ (Jun 29, 2006)
Avg deadtime ~10%, Best 24h: ~1200 pb™ »

BaBar collected 365 fb™
PEP-II peak: 11 - 10* cm?s™ (Jul 2, 2006)
Avg deadtime ~2%, Best 24h: ~900 pb™
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1.5 T Solenoid

Instrumented Flux Return
18 layers steel/brass
RPC, 2 sextants LST

DIRC
144 quartz bars
11000 PMT

Silicon Vertex Tracker
5 layers double sided strips I
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D

Belle </

BELLE

Time Of Flight Counter I
Aerogel Cerenkov Counter I

Solenoid /

K, and Muon Detector

\ Central Drift Chamber I
g ;
;‘:;‘,‘,'r-‘*‘i' J Silicon Vertex Detector I
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B Reconstruction

Exploiting kinematics of e'e” — Y(4S) — B°B’ for signal selection

Beam energy substituted Mass: Energy difference: Event shape:
— cm 2 cm) 2 — FCcm__ gom Multivariate techniques
mES:\/<Ebeam) _(pB ) AE_EB Ebeam 9
gﬁ:i T T Bl T T T T T T ':': gmm: T T T T T T T ]
- 1 2 el i

gﬁﬁ; Correctly E I
3w == reconstructed N ]
= 20000 . - =
L% 15000 Slgnal . Eznm— 7]

tooce|- . 10000 .

;.E 521 522 523 524 525 EIEE SET EIE SIEB 3. I.-E}IE -CI.I15 -ﬂ-.-1 * -CIUS :GI CI,US Clj1 CI..1:.5“ Q.2

Mg (GOV)

Events / [ 0.002 GaV )
el
Events/ [ 0.016 GaV )

't Combinatorial sl ]
(=] L
<t background ol i
20 e
g.EI IE.:'!1I EIE 5.:?3 5.:'31 5.:?.5 5.:?5 5.:'3_'? SIE IEEB IS-.E %2 ...;;_I1 5I . ..:;1 I l.u_lulsl :3 I:IJ;:E I ul1 . |::|.15 I [ )]
Mg (GEY) AE (GaV)
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- Comparing Trees and Penguins

< >
»
K3

Tree V., V. _
b ¢ - J/W
B"{ C
d dd C -
\-\ S _ Ko
o B
Penguin
b s
- @
Bo{ .
d — X
S | ko
d _

Is sin2f (s-penguin) = sin2f (charmonium) ?

Rainer Bartoldus
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b — ccs are tree and
penguin diagrams with
equal dominating weak
phases

Theoretically clean
(“Golden Mode”)

b — sss are pure
penguin diagrams

High virtual mass scales
involved

New particles could
enter the loop

Probe for New Physics!
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CP Measurements: B8 (¢.)
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Penguins and New Physics

//g(
Q »w O Ol
——
X

Dominating tree or penguin with
> same (vanishing) weak phase

Add 2 arg(V, ) = 20 through
} b, n’ mixing

Penguin %QQ<

Q nl » 0l
\_Y_l

A
G

CKM- and color-suppressed
tree with different weak phase:
b ey

—
Q O
A
S
A
Q Wl < CI

} e S(b—ccs) # S(b—qQgs)

- ? sin2 ? “sin2 .
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D
sin2B from B® — ¢¢ K°

" 227M BB 386M BB
3200'_ o BABARr | PRL 94 (2005) 161803 hep-ex/0507037§ *° o qea -
Sl B g o
g CP-even 2 100 :
L?J - 2 c8
N JYKg —» a
g <«— W2S) K §
g Xc1 KS §

] \_ r’c KS g
< CP-odd %
E -« J¥YK —» ¢ o
a 2
g os- | The “Golden mode” g os @
g’ U_I = = : Lt ‘?-Ea
g ./T_ s SIS = i % _
205 sin23=0.685+0.032 & . . . _

-I5 0 5 At [ps] ) At (ps)

sin2B=0.722 £ 0.040 £ 0.023 sin2B = 0.652 £ 0.039 £ 0.020
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B’ — J/W i’

- 232M BB
b < EJI
e Cabibbo-suppressed CP- v e
= ‘ -y
even b—ccd w (’
BU B = \\ﬂ_
* Color-suppressed tree b & F
gives sin2f 4 g Wl 10
T d > d
d > d
- same weak phase as
CP-odd b—ccs
: : ff
* b—d penguin pollution sin(2f3° )/s1n(2¢‘f ) E
b—>ccs _;World Average on o oeg+oos__
O éBaBar 0.68 £ 0.30 £ 0.04
S = —O 68 + O 30 + O 04 g ‘Belle 0.72 £0.42 £ 0.09
JY 0 . -~ . — . - ;Avera i
L.opverage i e
Y 0 - _0.21 i 0.26 i 0.06 A ‘BaBar : | 0.29 +0.63 £ 0.06
hep-ex/0603021 DA"erage* | e
. éBaBar 0.75+0.25 £ 0.03
0 5 ? EBeIIe { 0.75+0.56 1910
B(B —> J/LIJ TI'O) — (1 94 + 022 + 017) 10- ° éAverage 0.76 +0.23
-1 0 1 2
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High sensitivity 0 0
to New Physics B — p K S

Bo{ b \GQQQ< d S
d g dominating
d } o0 b — s penguin

d
= < U
Bo{ b U } P’ CKM- and color-
d 4 e suppressed
\\ S } Ko b—diree
d

Expect: Asin2B = -0.24 [-0.56, —0.01]

Buchalla, Hiller, Nir, Raz: hep-ph/0503151
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First Measurement Bo — po K

S ~ 227M BB

35 T T T T T T | L I SN DN BN S ma E T

— T
BABAR
praliminary

Complicated analysis:

Events ({1 p)
vy
—
Q
Q
w

*High BB backgrounds :

*Need to understand K Dalitz
structure

" BaBar

praliminary

*Large uncertainty from the possible
CP-even contribution under the p

Events ({1 pz)

Total
CP Asymmetry:

S« =0.20£0.52 + 0.23
C . =0.64 +0.41£0.23 z

(In preparation)

continuum

=
IIIIIIII IIIIIIIII

Asymmetry
+
%
uaslunluluy]

*’E“F:f;é
Still large errors, but seem to hint in the
direction of the expectation I
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sin2fB from Penguins

sin(2BMy/si n(z¢ ")

(3]
L d Belle
S

PRELIMINARY
bccs_ World Average T B T 069003
“BaBar heit 0501025700
% Belle : ke i 0.44£027+0.05
2 Average i i bfl i 0474019
~ BaBar =il 1 0.36£0.13£0.03
Eﬁ Belle . i |k | 0.62+0.12+0.04
_F.__Average : | I 0.50+0.09
» BaBar : g 0.95 70235010
x Belle ; : f+ | 0.47+0.36+0.08
— Average : ' 0.75+0.24
»  BaBar +|. R TTT035 T 004

% : =Tl -9 g3z - Y
Dx Belle : — et | 0.22+0.47 +0.08
*B_BJ_Avera CH : S <3 0
> abar } : © -0.84+0.71+0.08
F -0.84 +0.71

051 Toas £ 0.02"

95+053 %132

Average | 0.64 + 0.30
S L " BaBar T 017+£052+026
cn Average 4 0.17 +0.58
- Babar k—i0.41 £0.18 £ 0.07 £ 0.11
Belle

Average

M- 0:60 +0.18 £ 0.04 *212

& BaBar T BRSO

0.51+0.14 )08
0637055+ 0.04

" Belle 0.58 £ 0.36 + 0.08
» Average 0.61+0.23
——
-3 -2 0 1 2 3

Rainer Bartoldus

Two new, one updated mode

Theory expects positive Asin2f
(except for p°K)

*'—V—E—V—’—V—'i

K Beneke, hep-ph/0505075
s 5 Colors o 2 ways to

, ; estimate theory errors
Kg -
K —
oK —
KKKs | p—
3K | Cheng,Chua,Soni,

s W h0506268
| Asin2f
‘ | ‘ ! \
-0.1 0 0.1 0.2

All but two experimental results low

compared to charmonium average
(weighted average about ~30 below SM)
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CP Measurements: a (¢,)
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Isospin analysis: B — mrmr

* Branching fractions of ',
’°, m° modes related
through isospin symmetry

* Ratio of T’ over
gives upper bound on
relative strong phase Aa_.

* Problem: needs small B(B°
—1°11°), but turned out
larger than expected

Gronau, London: PRL 65 (1990) 3381
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a from B — pp

e Same isospin analysis as in B — mim
* B— VV mode; turned out to be ~100% longitudinally polarized
 Stronger bound since limit on B° — p°0° much lower

* Currently the best mode to measure a

- But observing signal for B — p°0? could be bad news for a

Ae=2log i

SA(B'=p*p)

AB = p ™ p°)|=|A(B"—p"p°)

Rainer Bartoldus Results from B-Factories, Physics at LHC, July 7, 2006

26



" 227M BB

New measurement

polarization

d’T

Events / ( 0.0015 GeV/c?)

@OSZQICOSZQZ-F%(I — f,)sin’6,sin’0,

longitudinal fransverse

1
I' dcosO,dcos0,

B(B*— p'p%) = (17.2 £ 2.5+ 2.8) - 106

30

) N\ f(B"— p'p’) =0.96 + 0.04 £ 0.05

10 ACP(B+ — ,O+,00) =0.102£0.14 £ 0.09

$% '5'.2|65' ' '5.|2?' | '5'.2|?5' - IS.:’ZEI | |5I.2|85| 529 (In preparation)

Rainer Bartoldus

M. (GeV/c")
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¥

~ 218M BB

a from B’ — a (1260)" i ?

Observation of B’ — a (1260)* Observation

* Motivated by B — pp

- One of the backgrounds

- Another mode for measuring a

Events /1 MeV

 Little known about the a,

525 526 527 528 5.9

* Tests factorization mgg (GeV / c?)

B(B® — a,(1260) ) = (166 £ 1.9£15)- 10° 3
hep-ex/0603050 %
Search for B’ — a."(1260) p @
| e
Q
e Background to pp (0 _
* (in principle) sensitive to a 0 1 12 14 16 1.8

m, (GeV /c?)
B(B°— a,’p’) - B(a,’— (3m)") <61-107° (90% C.L.) ‘
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1-CL

1.2

0.8

0.6

0.4

0.2

Rainer Bartoldus

Constraints on a

| B—-nn
----- B—pn

WA
1 Combined

CKM fit

no o, meas. in fit :

-
‘ | | | ‘ | | | ‘ | | | ‘ | | LA

»
\

o (deg)

€

0 20 40 éO 80 100 120 140 160 180

Highest sensitivity from
B — pp

3 B—pp (WA)
12 Cifter 0 +.—/0
FPCPO6  ~ =---- WA &B" —»p'p ~ (BABAR)
e WA & BP —>P+P_/o (Belle)

CKM fit

no ameas. in fit ;

\.\ Loy
140 160 180

\\\\\\\\\.\
80 100 120

a (deg)

%) a=(100.2 +15.0 -8.8) deg
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CP Measurements: y (¢.)
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v from B — DK
vV, * u

* In general need = 2 amplitudes with us K-
different weak and strong phases W p y,

leading to the same final state f

e Choose decays where D,D — f

Acp=

r(B—-D°K)-r(B"-D°K")
r(B—-D°K )+Ir(B"'-D°K")

ocrgsin(y)sin(dg)

C

b
B‘O h V., h ODU

U

relative amplitude r,

weak phase y
strong phase &,

. N _ _A(b-u) _
Critical parameter: "5=A(bS0) b V, DO
* Use additional observables in D decay B ] T
to measure r_ y 6. simul | “V,.*
= Y O, simultaneously — cs
U

e Three methods in use:
Vud VZb

GLW, ADS, D Dalitz (GGSZ) y=arg[—-—"]
cd ¥ ¢cb
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New Results for the
—=mes GLW Method (D — fCP)

I'(B" =D K )-I'(B" =D K™) *2rgsinysiné,

A
T Ir(B —D,K )+I'(B"-D K" R 4 Observables (A_,,, R..,)

v

(B —DgK )+I'(B'—DepK) - tomeasurer,y o,

R, .= —— =1+r2+2r,COSyCOSd
(r(B—>D°K)+I(B"—>D°K"))/2 BT TBEIS YRS O

« DATA
----- B—D K

CP+

* Theoretically clean

40

* B — D background

Events/(0.01 GeV)

e Limited statistics

New from BaBar: > igp !

D—wK,,D— oK, ¢ R_..= 0.90+0.12 + 0.04
2 R., = 0.86+0.10%0.05
Z A= 0.35+0.13+0.04
- A, =-0.06 +0.13 £ 0.04

E

02
AE (GeV)
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GLW Method (D —
Summary

ACP Averages E

PFIELII'\.-1II'\JMFi‘r'r
¢ BaBar 035+u13+004
s ;
¥ Belle 0.06 + 0 14 +0.05
S g : :

o Average e 0 22+0.10
< BaBar —006+U13+004
< :
¥ Belle -0.12+014+005
% '

o Average (1 09 £0.10

¢  BaBar 010 i 0.23 0%

& ;

¥ Belle 020+ 0 224+ 0.04

a Average : (115+016

...%.. [ — - = : - -
< Belle ; 013+030+008
X >
N Average : 013+031
P A e SET— .
< BaBar : —008+U19+008
¥ :
o Average : (108+021
...Q....%.. ..........=._._ E - -
< BaBar r— —026+d40+012
14 :
o Averag: *— 0.26 +0.42
-1.4 —I‘TIIE -1 -0.8 -06 -04 -02 0 0.2 0.4 0.6 0.8 1 1.2 1.4

Rainer Bartoldus

Rep Averages

Moriond 2006
F’F!ELII’\n"IINaf\Fi"rr

¢  BaBar 0.00+0.12+0.04
o '
¥ Belle 1.1340.16 + 0.08
S
a) Average  0.98+0.10
. BaBar 0.86+0.10 + 0.05
o
y Bellge 11740.14+0.14
5 : {
O Average 093+0 10
mg BaBar 1.06+0.26 *8;3
X Bellie 1.41+0.25+0.06
o
[ &)
o . Average 1.25+0.19
_________ ﬂ_._._._._. P . - -
&) H
o« Bellge 1.154+0.31+0.12
X
, .0 Average 1.15+0.33
....%.E ........................ : ....:,..... ..........................
o BaE_Bar : H——11.96 +0.40 + 0.11
& s | |
o . Average ; »* 1.96 + 0.41
...Q....%_.___._.:..___._ e |_ L
o« BaBar ! 0.65+0.26 + 0.08
¥ : :
o Average : 0.65+0.27
i : : :
0 1 2 3
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r, from B° — D *'m/K and SU(3)

e Branching fraction B — D™"*m~

overwhelmed by B° background » Estimate 30% theoretical error on r

e SU(3) relates Drrand D_ir - assuming W exchange
S diagrams strongly suppressed

V| F o[BI B D ) - SU(3) breaking effects factorize
roe ™ V7, \/B(B°—>D(*) ) to ratio of D decay constants
interference
w < g m = w g D" W< g D ¥
; o ? Do o
CKM favored doubly CKM suppressed ” SU(3) flavor related
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- 230M BB

First Observation of
B — D ™m”
B° — D K"

hep-ex/0604012

B(B° — D) =
(1.3+0.3+0.2)- 10

B(B° — D K") =
(25+0.4+0.4)-10°

B(B® — D* 1) =
(2.8+0.6 £0.5)- 107

B(B° — D* K') =
(20 0.5+0.4)-10°°

Rainer Bartoldus

T R RN RN AR R ERARR RN
P S = ni R LAAR AARR RARRI RARR ™ Snk E
> F . Thadl= 6 sigma 7
530 F = D18 F (€) E
v 1 16 [ 0 R i =
SasE = S .0 B%DTC E
S : = 14E s
Sf 3 Ty E
PRl 1 Zwf W
& C ] = F ]
5F E > 81 E
a L ] | b E
P il |
. 4 i —
5 ] 2 st . ﬂm{
- ol \|""T\T|T" N Lo ]
|||||||||I||||I||||I||||I||||I||||||||l| 0

52 5215225235245255.265.275285.29 53
Beam-Energy Substituted B Mass (GeV)

0 1 11 ALl l_
5.2 5215225235245255265.275.285.29 53
Beam-Energy Substituted B Mass (GeV)

:I TT III TTT || TTT TTTT TTTT T —
A45 = ] .
- E 10 - ) _
840 = (C”) . = 3 10 (f) 5 sigma
REr= - 3 OO0
G35k B—=DK ] g 0 - .
Sy E ; E S B'—D K a
o7 F 3 o L S
TasE E Z e[ 1 ]
2,0 B E Z
520 ¢ ] 5,0 b
@15 = E i i | ]
10 & - i ]
- ; 2r ]
5 i = - l l l Jl H ¢ 7
0 Ll I L Ll L 1 1 1 | L1l Ll L |'I.|:Illl L1l |: 0 Ly | L1 J_l L ‘ L1 ‘ IJY | il IJI \l‘l |LJ' 1 “.:.lq-.' |
5.2 521522523 524 525526 5.27 5.28 5.29 5.3 5.2 521522523524 5255265.275.28 529 5.3
Beam-Energy Substituted B Mass (GeV) Beam-Energy Substituted B Mass (GeV)
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sin(2B+y) from B° — D™'m,Dp

e Result from B° — D™ i1

D)= 0.013 + 0.002 + 0.001
H(D* 1) = 0.019 £ 0.002 + 0.002 2| S Do e e

1 Combined

 Small r values imply small
CP asymmetries in B° —
D™

- Need bigger r!

1-CL

e Set upper limit

sin(2B+y) > 0.64 (68% C.L.) T 0s 05 06 07 08 08
sin(2B+y) >0.42 (90% C.L.) |sin(2B+7)|
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1-CL

Rainer Bartoldus

1.2

0.8

0.6

0.4

0.2

Constraints on y

I I | | ‘ I I I ‘ I I I | | I I ‘ I I I ‘ I I | ‘ I I I | I I I | I I ]

- D*K™ GLW + ADS 1

~ FPCPOB ... D¥K* GGSZ = Combined |

L | sin(2PB+Y) | o CKM fit |

% WA |-

L \— [ ‘ [ | [ ‘ L ‘ el T P | A—ul.‘\‘-“i-a.-g‘\‘_‘
20 40 60 80 100 120 140 160 180

Y (deg)

y = (71 +22 -30) deg
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Rare Decays

Allowed Rare Forbidden

K‘W/‘ i

R

M

’.{f;;f<%: Y & : “gg‘.,b‘::;;,’lx,a
«mmm.;;;‘)),,.vgi W};wm. ,
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B — K™ I'I

“Rare or medium rare?”

e Rates well measured

b e s ¢ s
e Start to investigate angular bCH b !
distributions and asymmetries

K|
Kal|
3
=2

- *
I 9 g O K
........ .> B "‘.::;"‘
‘ t, 60
Forward-backward o %
asymmetry A_, vs §° I+ - cosB, «— K* polarization ®
1240
S
b — sll transition described by three (effective) 2
Wilson coefficients: £20
C. photon (constrained from b — sy) :>_I’
C, vector EW

02 522 524 526 5.28

C,, axial-vector EW m, (GeVic?)
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Angular analysis of
== oM BE Bo N K (%) I"' I‘ hep-ex/0604007

K* polarization F,

140 o) K* polarization consistent with SM
1-2- Should be possible to exclude
1= C,=-C,(SM) with 1 ab™
0.8 4
0.6 J SM SM Forward-backward asymmetry A__ vs q°
047 c, =-c(sm) T .
0.2 N
0.8 a)
0 \ | | \ \ \ \ | \
0 2 4 6 8 10 12 14 16 18 20 0.6
g2 (GeV'/c?) 0.4 s
0.2 g SM
Low g limit excludes SM « Ofmm—— oM
at 98% C.L. (2.10) 0.2
'0.4— ITIrR A AR A AT TE TR PR P A0 A
A_=0.19 (at 95% C.L.) 0.6 CoCyp = —C,C,,(SM)
AFB(SM): 0.03 -Ol_i ! | | | | ! ! ! !
0 2 4 6 8 102_1:'2 14 16 18 20
Wrong-sign C,C,, excluded at >30 q*(GeV'/c?)
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Angular analysis of o

o

B? —> K(*) I+I_ (Cont.) 386M

Forward-backward asymmetry A__ vs q¢°

A_(B —K*IT)= 0.50+0.15 % 0.02
A_ (B - K*'I')= 0.10 £ 0.14 + 0.01

Large integrated K* I'l" asymmetry at 3.4 o
Asymmetry of K I'I" consistent with O

hep-ex/0603018

% 1;_ | :+_|' ; I: ; |_|__:

Zosk PE E

=} S - i

& 0= *f —— N

.5 ;— IIIIIII = E E":':':-'-:-T. e om oo pASE
A P N

:|I||I|I||I||I|I|FI|FI|I||'I|Flllllllllll
0 2 4 & & 10 12 14 18 18 20

g GeVId

(@) K" . | (b) K'IT

events / 2 MeV/c?

co B8 8888

52 52255255275 52 5225525 5275 53
M, (GeVic?)

A vs(q

779710

1<+——c,C,C, (SM)

CyC =~C,C,, (SM)
C,=-C,(SM)
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B — 1v

T lepton least helicity suppressed

G2m m2
— F T NG 2
B(B — v) = ~LHm(1 'm2B)Vub| .

D
o

BELLE

447M BB

Direct measure of
B decay constant f,

Experimentally challenging: at least two neutrinos in the event

» H—r—r—r————r—r—
F T—2vV

EVENTS 7 U123 98V

Rainer Bartoldus

y M
E:Z‘t—:ﬂw
g o

|dentify 5 tau decay modes
(81% of all tau)

Fully reconstruct tag B,
reconstruct tau daughters

Look at extra neutral energy

in calorimeter E_. not
associated with tag B (or

T— 7TITOV)

Signal peaks at zero
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D
o

First Observation B BELLE
—> TV
447M BB

50 -5
H vVt

e~ Vels

signal + background

T Ut “_16 VU 01
7T_7TOI/7- 42-_|_83?
7r_7r+77_1/.T A5 37__|_gé3 1.20
Combined 54 212727 302777 4.2¢

Events 0.1 GeV

Significance with systematics

signal Unbinned likelihood fit to
extra calorimeter energy
Observe 21.2 **7___ events
Signal shape: Gauss + exponential with a significance of4.20
Background shape: 2™ order polynomial hep-ex/0603018
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CKM Constraints from B — 1v

1.5 T T T 1 T T T T l T T T | T T T T T T T T T T T T

[ | excluded area has CL >0.95

Am, Z Measured branching fraction

CKM fit

B(B — 1v) = 1.06 *03¢ _+018 .40

-0.28 -0.16

B decay constant

Using |V,,| =4.38 £ 0.33 - 107
from HFAG

[ ] — +0.028 +0.020
I % Cohstraint from B" — t*v_and Am, : fB =0.176 -0.023 -0.018 GeV

FPCP 06

_1.5 I L 1 1 1 | L Il 1 1 i L L 1 1 1 1 L L 1 1 1 1 L L ] 1 1 1 L
-1 -0.5 0 0.5 1 1.5 2

P
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1.5

Summary of CKM Constraints

I T 1 1 T
| | excluded area has CL>0.95 | i

g
(A
[
%
[
®,
o)
N

AmcI

AmS & AmcI

Rainer Bartoldus

\S\\\_
€
x 5
i sol. w/ cos 26 <0
(excl. at CL > 0.95) -
| FPCPO6 :
_15 1 1 1 1 ] 1 | 1 | 1 1 1 1 | ]
- -0.5 0 0.5 1 1.5 2
P

e Unitarity Triangle (UT)
measurements in
remarkable agreement
with one another

* Provides evidence that
CKM mechanism is
main source of CP
violation

* Butis it the only one?

Az
p=p(1—?) Includes
2 - o)
n=n(1 _?) corrections
_/
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Conclusions

The B Factories are running at full steam

sin2B has developed from a discovery into a precision
measurement (with 5% combined error); there were recent
breakthroughs in the other two angles a and y, both
experimentally and theoretically

To this day the complex phase in the Standard Model CKM
matrix correctly describes CP violation in the B system

— But we know this is not enough

There may be hints (of NP) in the penguin decays

Both BaBar+Belle expect to ~double their datasets in the next
two years

There is more to come from CDF/D0 and LHCDb
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Backup Slides
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b — s penguin Averages as of
Moriond 2005

T T I T 1
Charmonium
0.726£0,037
Jyrw

0.40 +£0.73
D*¥ D*

o]

ldoriond 2005

0.67 £0.25
D" D™

0.61+£0.36 ! : .
D" D" :

(dc-bar) c

1 'l
0.75 +0.38 ! | .

0.34 +0 .20
'I;IJ' Kg
.-1%5:3.11
f
g

i L
3 +0.26 . f o

L1
ﬂ.3165_’§;§_ A A

s-penguin

055 *0% : h
KRS
0.53 40,17
KgK-S KS L ! &
0.26 £0.34 = —
Average (s-penguin) |
0.43:+0.07 ]

08 -06 -04 -02 O 02 04 0B 08B

— M X Sy

Rainer Bartoldus

Both experiments combined

“Naive” average over all s-
penguin modes

Appears to come out 3.70
low compared to
charmonium modes

Note different theoretical
uncertainties across modes

Must be cautious with this!
Still, most intriguing...

There is more data now
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UT Constraints from Angles alone

Eur. Phys. J. C41, 1-131 (2005), [hep-ph/0406184],
T 1 1 T I 1 1 1 1 I 1 1 1 T I T T T T

15 T T T T

* Most of the constraint
now comes from the
angles a, B, y alone

o5 | - First+foremost

e Milestone for the B

: \ * sin2Bis first UT input

Factories!
o5 . not limited by theory
[ 3 uncertainties
i & 2B <0 iy . .
1r vl 350505 1 ¢ Provides a firm
- [ v ; reference for SM tests
15 P N | DO NEEEED, | AR SN
-1 -0.5 0 05 1 1.5 2

p
Rainer Bartoldus Results from B-Factories, Physics at LHC, July 7, 2006

49



Direct CP Violation

C.=-A |
* All CP asymmetry - £t PRECUNARY

BaBar: = -~ E =~ ' 0.00+0.23+0.05

measurements also fit for :é " Bells R 0145017007

Average -0.09 +0.14

cosine term coefficient C; """;'"BéB‘ér"""""u',q;.f'é"""'"'"'"'-ti.'1i’6'£ti.f1§3_r'h?tl'2"

X Belle . 0.04 +0.08 + 0.06
i -0.07 +0.07
-0.24+0.31+0.15
0.23+0.23+0.13

© 0.06+0.21

= Average

® Cf ;é O WOUId indicate """ , BaBar ,_*‘_HH
direct CP violation (CP > Rvesge  LaRd

. . . w .06 +£0.18 £ 0.
violation in the decay) & Dabdr Seer0i8 008
ot Average I 002£013
: aBar : 0.27+052+013
° NO hlnt Of that I Average - : 0.27+0.54
..-C.'.\-'-:-- ;D..Ba_B.a_.';';.. o ......E,......\................:@..Sg.fggg.i_..{j:oé_.
Belle ' -0.19+0.39 +0.13
€ Average § . 0444023
& TBaBar T T T e 06440414025
. Average i ——— 0.64£0.48

 BaBar il 043K 01210007
\» Belle ; 0.6 £0.11 £ 0.07
%

Average ' o 0.14+0.10
L.o--- L0 e R e TS T L T
¥ BaBar : -0.10 £0.25 + 0.05
w  Belle ' -0.50 +0.23 + 0.06
G f-:\ve:rage : 0.31+£0.17,

1.8 -16 14 1.2 -1 08 -086 04 02 0O 02 04 06 0& 1 1.2 1.4 16 1.8
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Semileptonic Decays: V , and V

Vud vub* th th*

Vcd vcb*
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