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Two asymmetric-energy B factories

PEP-II at SLAC

9GeV (e) x 3.1GeV (e)
peak luminosity:
1.12x1034cm-2s-1
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11 nations,
80 institutes,
623 persons
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13 countries,
57 institutes,
~400 collaborators

EBelle detector

KEKB B-Factory =%

ARES copper

KEKB at KEK

" 8GeV (e-) x 3.5GeV (e")
peak luminosity:

oo 1.71x1034cm-2s-1

world record
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Motivations

* Big bang cosmology suggests a balanced production
of matter & antimatter, but our current universe is
dominated by matter -- at least, the visible part.

* A.Sakharov’s 3 conditions for matter dominance
— baryon number non-conservation

— C and CP violation
— not in thermal equilibrium

* Lorenz-invariant quantum field theory demands
invariance under CPT, but nothing more.

* In the Standard Model, we actually have a
mechanism for CP violation:

= the KM mechanism.




Kobayashi-Maskawa (KM) ansatz

"CPV is due to an irreducible phase in
|the quark mixing matrix in 3 generations”

. of Theoretical Physics, Vol. 49, No. 2, February 1973

CP-Violation in the Renormalizable Theory
of Weak Interaction

First 3rd-gen.

particle (T)
Department of Physics, Kyoto University, Kyoto .
seen in 1975

Makoto KOBAYASHI and Toshihide MASKAWA

(Received September 1, 1972)

In a framework of the renormalizable theory of weak interaction, problems of CP-violation
are studied. It is concluded that no realistic models of CP-violation exist in the quartet
scheme without introducing any other new fields. Some possible models of CP-violation are
also discussed.

When we apply the renormalizable theory of weak interaction® to the hadron
system, we have some limitations on the hadron model. It is well known that
there exists, in the case of the triplet model, a difficulty of the strangeness chang-
ing neutral current and that the quartet model is free from this difficulty. Fur.




Flavor mixing and CKM matrix

m For quarks,

— weak 1nteraction eigenstates # mass eigenstates
— mixing of quark flavors through a unitary matrix

‘d") ‘d) (Vud V. Vub\/d\
S' — (VCKM § Vcd V Vcb

CS

b’ b, b

.
Wolfenstein A M
parametrization V_ =~ = A

\A/f(l—p—ir]) —AX 1
2|~ 0(0.1)
3 real parameters (4,4, p) and 1 phase ()




Test of Unitarity

0.5% accuracy



Test of Unitarity

/




-VJV;+VQV;+\%V;=O
Va=V, =1

E

Vcd Vcb

Unitarity triangle angles
BABAR: (3 a ~
BELLE: (.-!51 (f)Q (f)g

Thistalk: & 2 &

Z. Ligeti, ICHEP 2004




How to measure? |

/
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Veb

o V = | Vl ox p ( 1 (I)) Jjust overly simplified guidelines

e |/| from semi-leptonic decay rates
e ¢ from CP asymmetries
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CP violation in the SM

@ Interference of 2 amplitudes

case (1) : mixing-induced
case (2) : b/w tree & penguin

Second screen

— Screen
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CP violation in the SM

@ mixing-induced
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CKM U.T. Angles

@ Extract the three angles o1, @2, @3
through time-dependent Acp meas'mt.

@ State-of-the-art expt’l technology

- asymmetric beam energy

- good vertexing Al ~ 55um
- Flavor tagging

@ Most importantly,

--> need lots of luminosity !
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CP-side

3.5GeV(Belle)
{ 8GeV(Belle) { 3.1GeV(BaBar)

9GeV(BaBar)

Procedure

@ CP-side Reconstruction i AE L, Aa 63~ {mzmmn(Beﬂe)

@Flavor Tagging © asopm{Batian)

@ Az(=At3vc) Measurement _ Jo.43(Belle)
( 7 ) /67_{(3.56(]3::1331*)




T-dep’t CPV in B decays
I go (At)
[ 5o (At)

Acp(At) e.g. for JP Ks

I' 5o (At) — 1" o (At) fq:: I)%CPSinzq)l = +sImn2g,

['po(At) 4+ I'po(At) to a good approximation
= Ssin AmAt + Acos AmAt (Ecp : CP eigenvalue)
Mixing-induced CPV Direct CPV

(A=-C alaBaBar)



The Golden mode for ¢

BY— /W K% high rate, theoretically clean

—i(2¢1)

20 Two V., vertices €
No CKM phase €

Note: true for any BY decay with no phase from decay amplitude




AC P ( At) ti me- d e P en d ence BaBar preliminary, hep-ex/0607 107

Belle preliminary, hep-ex/0608039
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Intrinsic ambiguity still remains ... 2¢; <> T-2¢;

T
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week ending
PRL 97, 081801 (2006) PHYSICAL REVIEW LETTERS 25 AUGUST 2006

Measurement of the Quark Mixing Parameter cos2¢; Using Time-Dependent Dalitz Analysis
of B —» D[KYm" 7~ |h°

P. Krokovny,5 K. Abe,5 K. Abe,3 °1. Adachi,5 H. Aihara,g’8 D. Anipko,1 K. Arinstein,1 Y] Asano,41 V. Aulchenko,1
i B AusheV,8 S. Bahinipati,3 A. M. Bakich,33 V. Bal:clgulra,8 E. Barberio,15 A. Bay,13 U. Bitenc,9 I. Bizjak,9 A. Bondar,'
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e 12/ F(m2 , m2)
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N
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TABLE II. Fit results for the data. Errors are statistical only.

Final state sin2 ¢ cos2¢,
D7, Dnlyy] 0.807033 2.07255%
oo B Dw, Dn[37] 0.43 = 0.90 L5340
2, GeV?/

T D*7°, D" 1.07 + 1.14 3.467180

. +0.40
Efficiency (%) Ny, Purity Simultaneous fit 0.78 = 0.44 1.877 553

8.7 157 £ 24 59%
4.1 67 + 10 76% In summary, we have presented a new method to mea-

3.9 58 + 13 579 sure the unitarity triangle angle ¢; using a time-dependent
43 + 12 64% amplitude analysis of the D — K97 7~ decay produced

in the processes B — D™h0. We find sin2¢, = 0.78 *

325 + 31 62% 0.44 = 0.22 and cos2¢; = 1.8779897232. The sign of

cos2¢; is determined to be positive at 98.3% C.L., favor-
ing the ¢; = 23° solution.




Intrinsic ambiguity: resolved at C.L. > 95%

Time-dependent Dalitz analysis of B® > D[ Kgr+nt- Jh?
PRL97, 081801 (2006)
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sol. w/'cos 20, <0
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excluded area has CL >0.95

Similar result frof BaBar, too. hep-ex/0607105,,



¢1 from b — s35s e.g. B2 dKs

=5 €% from Vy,

e, 1S

Vi )
¥ b
0 0
B : g °
S K
d S

Two V4 vertices 6_7’<2¢1)

Vv
@ >4

Relative phase = p12(P1+A) £ 1201

Sin(2h1.¢) F sin(2¢1)




Theoretical estimates of SM offsets

Representative theory estimates

; ! | ! |
0.0 J 0.1 0.2

\ A Sin(2¢1)

sin2¢ exp’tal err.

Lazzaro, ICHEPO6

Short distance effect:

QCDF:
Beneke, PLB 620, 143 (2005)
Cheng, Chua,Yang, PRD 73,014017 (2006)

pQCD:
Mishima, Sanda, PRD 72, | 14005 (2005)

SCET:
Williamson, Zupan, PRD 74,014003 (2006)

Long distance effect:
Cheng, Chua, Soni, PRD 72, 014006 (2005)




B — ¢KS and B — n/KS

B—¢pKg: B.F. =(4.3£0.6)x10-°
- B0Ks | iy
SR clear CP violation observed
7\ : in penguin decays

Even with small rates,
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B—n'Ks: B.F. = (3.4+0.2)x10-5
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Belle preliminary, hep-ex/0608039

BaBar preliminary, hep-ex/06071 12
BaBar preliminary, hep-ex/0609052
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sin(2f" )—
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PRELIMINARY
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__World Average |
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Average f :
~BaBar b
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Average : : [

- BaBar
Belle

Average

 BaBar
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___Average
BaBar : —
Average

 BaBar
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_Average i i b= 1
BaBar o

Belle

0.68 + 0.03

: B EEEEIEGELE

050+ 0.

0.64 £0.
0.¢

.  (—)in all 9 modes

© o 0.58+0

w0 @ theory tends to predict (+) shifts

C 03310

Average

TBaBar@2B LT

Belle
Average

030+ 0.1
0.

naive avg. sin 205" = 0.52 £ 0.05

T 020+052+024

0.20 £ 0.57

- 062051002

0.11 £ 0.46 £ 0.07
0.48 £0.24

018+x025+0.11

0.42+017
© -0.84+0.71£0.08

-0.84 £ 0.71

[ 0470485007+ 014
- '0.68+0.15+0.03 755,

0.58 +0.13

062+0.23

-2

2

= 2.6 o difference

More stat. is crucial for
mode-by-mode comparison!




Unitarity triangle angles

Other angles? BEEGEEEENE
_ . BELLE: 01 Oo O3

B
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penguins shaking a tree...

Tree diagram
V*

u
= _Ttlp &
— Vub d *
b K

Bl < uTt/p
d d

/" Penguin diagram
V*td




Isospin analysis: flavor SU(2)

Gronau-London (1990)

— il

;4:“'(1‘4 )
A Ay | B B Y= ot (x 7"

~ i —

A" =4’
* Model-independent (symmetry-dependent) method
« SU(2) breaking effect well below present statistical errors

“Penguin pollution” can be removed




BO—st+7t-
Belle preliminary; hep-ex/0608035 BaBar preliminary; hep-ex/0607106
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T T SCPVS CCP

‘ |ICHEP 2006

Belle and BaBaré
only marginally -
in agreement

T
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FRELIMINARY

T N 111 1: 1wy
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B2 Averagqﬁ:

1 | | | j

-0.8 -0.6 -0.4

Contours give -2A(In L) = ﬁf =1, corresponding to 60.7% CL for 2 daoi

Probability density

0.2 Sep=V(1-Cp?)sin2otg

Including t*n’, %n¥ isospin analysis

- UTsit

- Primarily
— Bayesian

o
=)
o
—h

UTFit,
M.Bona et al.,
hep-ph/0606167

| 1 | | 1 |
100

1 I | I
150

O]

B — nn (BABAR)
B — i (Belle)
1 B—oan (WA)

L L B B B B B

| CKMFitter,

i Ei_:rimarily
| frequentist

’
.
’
—'rlww\\\\\lww

J.Charles et al.,

Eur.Phys.J.C41,
1 (2005)

o (deg)

80 100 120 140 160 180

Bayesian and frequentist interpretations
give quantitively different conclusions




do from BY — pTp

. AT O T y— =
Advantages of p*p~: BaBar hep-ex/0612021

e small penguin contribution due to relativelv small  subm’d to PRL

BF(BY — pp”) = (1.07 £0.33 £0.19) x 10~°

* relatively large measured branching fraction Br(B" —p’p’) 44
Br(B' »n'n7)

(:2) Fortunately, longitudinal polarization dominates

Cpt P

(AFAL)/A 2

(A=A 2




¢ from BY — ptp~

BaBar preliminary; hep-ex/0607098 Belle, preliminary; hep-ex/0702009
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(23.5 + 2.2(stat) + 4.1(syst))x 1079, A; = 0.16 £0.21 (stat) + 0.07 (syst)

+0.015
0977 2 0.024{stat) 0,015 3751), S, = 0.19 + 0.30 (stat) + 0.07 (syst)
—0.19 £ 0.21(stat) " )7 (syst),

0070 I5(stat) £0066vs). - ALS - both consistent with O




¢ from BY — ptp~

o + 0 O O o o o
% Including p*p®, p”p® isospin analysis

PRELIMINARY

BaBar - % I B—pp (WP:) p
Belle | Beautyos WA & B—p'p = (Babar)

Averﬂge i WA & B%p-'-p_/o (Be”e) |

0.8 i

06|
I CKM fit

no o meas. in fit ¥

04|

0.2

07‘\\I~\iLL'\I\ | N "\|\\\
0 120 160 180

-0.4 =L, . 0.4 SCP: \/(1—CCP2)Sin20Ceff

Small CP violation: & ~ 90° or 0/180°




¢> combined (including p)

:m e B — U WA

121 B —spn (Babar) [1 Combined _
e~ CKMfit |

0.8 ¢ ;! Aib 1 Other solutions: -

i ‘disfavoured : -
0.6 IR N

0.4

0.2\ i

D_ '.-:lillillilll 3 L %
0 20 40 60 g0 100 120 140 160 180

Indirect: ¢2 = 10072(°) @ (49 Combined: ¢» = 9375 (%)
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s

pﬂ')o from Belle hep-ex/0701015

N

\/ ~ CL 683%
120 150

180

O (degrees)

- Time-dependent Dalitz + isospin pentagon (1st time!)
- subm’ed to PRL & to be included in the world average




Other angles?

Unitarity triangle angles
BABAR: 5 «a ~»

BELLE: o1 &2 ¢35
& R
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¢3 from CPV in DK modes

e.g. B*—=D/DOK*

i0 GLW: Gronau, London,Wyler (2001)
& ADS: Atwood, Dunietz, Soni (1997)

\I_)OK+ GGSZ: Giri, Grossman, Soffer, Zupan (2003)

— (CP state (GLW)
DY/D? — K-t*/K*r-, CA/DCS (ADS)
— Kq'm-, Dalitz (GGSZ)

DOK*

- —1
Relative phase = e b3
D decays do not involveV , orV4
— no contribution to phase

B* — no mixing, no -dependence




The GGSZ method

Look for deviations in B*—D"K* plots

Map out Dalitz plot
from all DY decays

BABAR -
preliminary |

BABAR

preliminary

m?2 (GeV?/c?

" BaBar

preliminary

BaBar preliminary; hep-ex/0607104
Belle; Phys.Rev.D 73, 172009 (2006)

m? (GeV?c?)




Results from GGSZ method

: + + -
Express in terms of DK, D-oK'n %
measurables from B* | PRELIMINARY

= rpcos(dp + ¢3)

B Sin(5B T ¢3)

rg : ratio of D/D ampl.

g : D/D relative phase

BaBar B®
Belle B*

=0.16+0.07 . 4\’\ ----------------------- -

Different rg, Og for each _
BaBar B

mode DK ) 0 Belle B©
: Bl Averages

! | | |
BaBar preliminary; hep-ex/060710 -0. -0.1 0 0.1 0.2
Belle; PRD 73, 112009 (2006)

Contours give -2A(In L) = ﬂ.f =1, corresponding to 80.7% CL for 2 dof




Overall result

CKM DYK* GLW + ADS | WA
BEAUTY 06 DK GGszZ Combined

Full frequentist treatment on MC basis

0.8

0.6

0.4

0.2

0" ||||||||||||||||||‘|H|""|-
0 20 40 60 80 100 120 140 160 18

Indirect: @3 = 59J_FZ(O) y (deg) Combined: ¢3 = 62t?2)§1(o)
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@/ Vid _ B — X4 (A. Bevan)

¢3 ¢1 — B, mixing (K. Pitts)

V X" ® Veb
O 460 — O(1%) precision

P _ . Jjust overly simplified guidelines

® V= [Viexp(19)

o Irom semi-leptonic decay rates [ xy, o ‘VLJ|
° q> from CP asymmetries
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Semileptonic B Decays

* Semileptonic B decays allow measurement
of |V4| and |V,,| from tree level processes.

* Presence of a single hadronic current
allows control of theoretical uncertainties.

kinematic variables

FE, = lepton energy
for B = Xlv

2 2
B eie (pé ¥ pl/)
u quark turns into one or Yy 'mx = mass of the hadronic part

more hadrons

44



Moriis chart for Vub

Inclusive b — clv

Exclusive b — ufv

]11{:11151?@ B J
b — ulv

wlv, nlv?

unquenching

17 January 2006 M. Morii, Harvard




Not to scale! l

b — c
b — c
b—u b —

>

q m 5

q” and My requires info. on missing Vv --> full-recon.




e Data
Cb—ulv
CJb—clv
B Other

e mx, (B— X, fv)and E, (B — X;v)

e two methods

*x mx, < ((<1.67 GeV) (LLR)
* mx, in full range (U, HLM)

oo
P

LLR

V1% 10’

@)
| | | |

o
1 1 | 1 1

m,, [GeV/c]
3
T [GeVi/c’] mx acceptance

LLR: M, < 1.67 GeV: |V, |=(4.43+0.38,,,+0.25 %029, )103 12% 72%

sta Sys

OPE: M, < 2.50 GeV: |V,,| = (3.84 +0.70,,, + 0.30, ., * 0.10, ) 103 20% 98%




Vb inclusive summary e ™

LLR: Leibovich, Low, Rothstein (2006)

Representative theory example (BLNP)

CLEO (endpoint)
409 +048 £0.36

BELLE (endpoint)
482 £045 £0.30

|, HFAG Ave. (BLNP)
4.49 + 0.19 £ 0.27

BABAR (endpoint)

439 +0.25 £0.39

BABAR (E,, )
457031041

BELLE m,,

406 £027 2024

BELLE sim. ann. (my, cf)
437 2046 £0.29

BABAR (m, ¢)

4750352052

HFAG Ave. (DGE)
4.46 + 0.20+ 0.20

BABAR (LLR)
443+ 0.45+0.29

Average +/- exp +/- (mb,theory)
449 £0.19 £0.27 ®

yldof = 6.1/ 6 (CL = 40.7%)
OPE-HQET-SCET (BLNP)

Phys Rev.D72:073006,2005 i HFAG' HFAG
L

mnput from b 1 db—s ts
mhmpul omb—clv anl — 5 1|n|:|1nen 5 | ETEETE \CHERDS

2 40 5
Vi [x107] Vil [x107]

Room for some experimental statistical improvement




Exclusive B — X, v

S/N

. Full reeon.~ ~ <

I \

v tag s
p”

-

low middle high  Eff

How well can we measure the g? dist. for B—>X, | v ?




Vb by D*fv tagging

1
sin“6%,

for true signal, 0 < 7% < 1

Fig. 1. Kinematics of the double semileptonic decay.
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(cos“0p, 4 cos“0p, — 2cosbp, coslp, cosb,)

p0|+v o IS

o Melikhov |

]

i

q° = 16 GeV ic”

10 15 20
q*(GeV?/c?)

1‘5 2‘0
q°(GeV?/c?)

<O

Mode

‘Vub|(x10_3)

AR,

q° = 15 Ge"l.n"zfc

e ) ""\ o
;; re T
el

700ty
70ty + 7%ty

3.59 +0.51 =0 FNAL
3.63 £ 0.70 £ 0.20 557
3.60 + 0.41 + 0.2010-62

ARy,
0ty

0.3 06 09 1.2 1.5

102 +0.57-HPQCD

4.06 £ 0.78 4 0.22755y

0Ty 4+ 7%ty 4.03 +£0.46 £ 0.22707) |
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Measurement of the B® — 7w~ ¢7v Form- anching Fraction,
Determination of |V,,;| with oose Neutrino Reconstruction Technique

™ am & Wetvana, All Rights Aeserved

® |oose requirement on 7 /7

%

_ t

® cuts optimized as a ftn. of g?

efficiency

RERARRRLNARNRERE

o eff.up by ~4 times

~4 times more than in the
previous untagged analysis

(PRD72, 051102) BABAR
preliminary

binned max. lik'd fit to (mes, AE, q?)
4 1 12. ! ISEEHaI » 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

10 15 20 EE. .
b ulv 1l q2 (unfolded) true q? (GeV</c®)

other BB

=
T T

! I 1 | I I L | I I I I 1}
10 " 25

raw g2 (GeVie™)

AB(q) /2 GeV?

v
Fit the background normalization as a function of g2
~ 0<g*<16GeV? _ 16<q?<26.4 GeV’
- [ B°—nlv signal g
EEb-uvbkg Q)

-] other BB bkg
- [l continuum bkg }E N

_ * data § Unfolded g? (GeV?)

H‘H\“E\H‘Hl\‘\\\‘
4

——- HPQCD
BK Fit to DATA
e DATA
| ‘ | | |

&

Events / 0.005 GeV

5
|

(4.1+£0.2+£0.27)%) x 107°
521 523 525 527 529 5819 521 523 525 527 529 on q2 > |6, b)’ HPQCD

Mg (GeV) Mg (GeV)
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V,p €xclusive summary

Measured branching fractions (all 2006)

BABAR SLtag: B™ — " 1" v x2t,/1,
1.35£0.33+0.19 |
BABAR Breco tag: B™ —» n’ I v x 21,/
1.52+041+0.20

BELLE SL tag: B~ —» " I v x 21,/ :
143+ 0.26 % 0.16 ——
BELLE Breco tag: B~ = n" " v x 21,/1,
1.0+ 03212011

——

H—E—.—H

- il

Using theoretical form factors

BABAR SLtag: B 5> n " v

1.12+0.25+ 0.10

BELLESLtag:B" > n [ v

1.38+0.19+0.14

BABAR Brecotag: B > 1" v

1.07+0.27+0.19

CLEO untagged: B —nl v :

1.32£0.18£0.13 0
I,

—y—
o
H—.—Iﬂ

BABAR untagged: B —»nl v

1.44+0.08=0.10

BELLE Breco tag: B" > 1" v !
1.49+ 0.26 + 0.06 "
Average: B 5> 1" v '

1.37 % 0.06 £ 0.06 ¥
ydof=2.9/9 (CL = 97.0)

| | | ICHEPDE

-2 0 | 2
BB’ > a1 v)[x10%]

Ball-Zwicky full g2

340011 +0.66 - 0.42

HPQCD full g2

386£0.13+0.83 -

FNAL full g2

3792013 + 0.87 -

APE full g2

358012+ 1.10 - 0.57

Theoretical errors dominate

| ICHEPDE

4

v | [x10%

Experiments starting to measure form factor shape
from data; allows elimination of some theory models




Vub VS. sin 2¢1

Direct: sin 2¢, = 0.67£0.03
Indirect: sin 2¢, = 0.76+0.04

Difference: = 0.09+0.05
Not statistically significant, but...

Model independent NP in B mixing
Add new amplitude to SM

SM [ NP /A SM| 265" |
Ay =AS 1+|Ad /ASM e

I llII]l[IIIIIIlIIIIIIIIIIII

—> modiﬁes (I)l to (I)l + (I)dNP °c; 20 40 60 80 100 120 140 isﬁl\'"i:’su
¢
d




ary

e BEAUTY 2006
K

¢

sol. w/ cos2p <0
{excl. at CL > .95)

S

=

IIII‘IIII|III|IIII
W
_,_|I|I|IIII||III|IIII‘IIII|III|IIII

excluded area has CL > 0.95

=
W&

: | I ] | ] ]
QQ_4 : . . . 0.8

Good overall agreement. O(l) new physics unlikely.
If 3 (new physics @ TeV), deviation might be ~[(M,,/Mnp)? s (Meop/Mrp)]s




Prospects

eTe~ B-factories are only half-way
— each aiming at ~ lab™*
Many measurements are statistics-limited

— 8in2¢1: b — ccs vs. b — sSs

— CKM test: all-angles vs. all-sides
Vb 1s largely theory-limited; but

— HQE parameters can be better determined experimentally by mea-
suring moments of B — X /v, B — X v

More data also brings new decay modes & improved analysis

— resulting in better than 1/v N

LHC, Super-B, ...




All- angles VS. AII-S|des

Angles 5= \B;u;:;:n:

sol. w/ cus&
(excl. at CL > 0.95)

/h‘l'f?{llll

| excluded area has CL >0 95|

B[ III‘II |||II II|II II‘III

| fitter

BEAUTY 2006

emmMEdamahasGLbﬂﬂﬂ




