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Preamble: time dependent :

measurements at the B factories

CPV can arise from interference between two paths, e.g.
decay with and without mixing

Independent q o amplitude ratio
of phase fp — N
convention P A, mixing

Time-dependent CP asymmetry:

Acp () © il
N (Boys (D) ® fep) + N (Bppys(D) ® fep)
= S, sn(DmDt) - C;_ cos(DmDX)

N (Bghys (D) ® fep) - N (Bghys (D) ® fop)

Main ingredients:

a. reconstruction of final (CP eigen)state

b. determination of B° flavour at decay time (‘tagging’)
c. measurement of decay vertices = Dt ~Dz/(cbg)
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Offtine+Online Luminosity (pb'l) (/day)

BaBar

PEP Il Delivered Luminosity: 335.21/fb
BaBar Recorded Luminosity: 322.25/fb
Off Peak Luminosity: 26.80/fb
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Memento: at the Y(4S), 1fb-1~ 1.1M BB events
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Basic (experimental) techniques

Signal identified through (almost) uncorrelated kinematic variables:

\/Ebeam (S mee »S peam » 2.7MeV)
DE O B - EB (Spe »S - »10, 50MeV)

B

Tagging based on charge correlation of decay products with B°
flavour =>» Different algorithms, similar effective efficiency

Q= é e (1- 2w )2 ~30% [s (sin2b) ~1/+/Q, cf.w/ Q ~ 3% at hadron machines]

Dz resolution ~ 170nmm, dominated by tagging vertex

Acp determined on unbinned maximum likelihood fits
after cuts on selection variables (Belle)
on more inclusive event samples, with multivariate analysis (BABAR)
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Several independent measurements of b

Can independently measure b using three different
categories of B? decays

a)b® cCs b) b® ccd charm c) Penguin - dominated
(charmoniu m) (and charmonium ) b® dds,b® sSs

JIy K2y (2S)KE,c 4K, D*D . D*D" fKOKYK K,
thg,gO/y*fof, Jiyp° DD KKK h & KO,
JIyKO2(KP?® KPp?) wK g, f,(980)K 2
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The precision frontier: sin2b S
from.B°®.charmonium KO

Very clean theoretically
dominant penguin amplitude (suppressed by | 2.._,) has same phase as tree =
C=0, or A.p(Dt)=-h;sin2b sin(DmDt) in SM
confirmed by recent model-independent analyses [e.g. PRL 95 131802 (2005)]
DS=0.000+0.017 ’DD

.. and experimentally : !
large BF
clean signature

Stands as a ‘platinum mode’

Latest measurements:

Belle [hep-ex/0507037, 386M BB]:
sin2b =0.652 £ 0.039 + 0.020

(was 0.728 £ 0.056 = 0.023)
BABAR [PRL94, 161803 (2005), 227M BB]:

sin2b =0.722:+0.040+0.023 o S +ﬁ"__
“llcc) K_'(_(.ZP odd) modes

WLy Events | { 4 g )
= T-d

Haw psymnmeiry Events { { 0.8 s
- [

Ruw s
L

"‘J/y K, (CP even)mode _

[]
A [ps]
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sin2b from charmonium KO (II)

> Experimental measurement
sin2by,,,=0.687+0.032 Now as precise as

external constraints

Sin2byrg=0.793£0.033 (sides)
[0.734+0.024 (all)]

» Improved experimental precision will
directly impact UT fits

MSEE e Smnan | B A
2001 2002 2003 2

> Important reference point
for constraining the UT

@ in fact, a great success of
the SM!
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Interlude: breaking the 2b/p- 2b ambiguity

h%=p° h,w
Use b® cud [B °® D.p(K.,p*p-) h°] decays
[A.Bondar, T.Gershon, P.Krokovny, PL B624 1 (2005)]

= LT

Theoretically clean (no penguins) Neglect DCS B°® D ,h° decay
Interference of Dalitz amplitudes sensitive to cos2b

Mpo = f cos(AmAt/2) — iet2?1in,0(—1) f_sin(AmAt/2)
Mpo = f_cos(AmAt/2) — ie ?P1n,0(—1) fy sin(AmAt/2)
Dalitz model fitted in D*-tagged D° decays
f =(16+21+12)°
rules out f ;=68° @ 97% CL [Belle. hep-ex/0507065]
B%® J/y K¥(K*® K p°)
Extract cos2b from interference of CP-even and CP-odd

states (L=0,1,2) in time-dependent transversity analysis
c0s2b<0 excluded at 86% C.L.
[BABAR, PRD 71, 032005 (2005)]
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b® ccd decays :
B°® J/yp°, DYDY

 Potentially penquin-polluted trees: St sin2b, C1 0
J/y p° [being submitted to PRD] updated meas.:

Sy po=- 0.68+0.30+0.04
Cyyy o= 0.21+0.26+0.09

 D**D"-: [PRL 95, 151804 (2005)] updated meas.:
f.4q=0-125+0.044+0.070

[W decay: both CP-odd and CP-even components.
CP-odd fraction extracted with transversity analysis]

S,=- 0.75+0.25+0.03
C,=+0.06+0.17+0.03

 DO)*D- [PRL 95, 131802 (2005)]:
Spp = 0.29+0.63+0.06
C,, =+0.11+0.35+0.06
Sp.q = 0.54£0.35+0.07
Cpr.p.=+0.09+0.25+0.06
Spr.p.=- 0.29+0.33+0.07
Cpr.p,=+0.17+0.24+0.04
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sin(2B“")/sin(207") [

—sces World Average *

All results consistent with SM expectation of tree dominance

* DS,p=S,p-sin2b~0.02- 0.05 [Z-Z. Xing, PR D61 014010 (2000)]
o Still below current experimental sensitivity
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A path to New Physics: b® s penguins

> Small effects (e.g. from propagators of heavy particles circulating in the
loop) more easily detectable since Tree is missing

» CKM factors same as J/y K.. If single phase, SM predicts:

Speng:Scharmonium
=C

peng” “~charmonium

=sin2b
=)

> Deviations from this pattern could be sign of NP

Theory issue:
« more than 1 amplitude/phase are (usually) involved

e.g., b® uus CS tree (0) in channels involving
non-strange neutral mesons

Intense theoretical work lately to calculate
SM corrections to the naive picture
v" SU(3)-based model-independent bounds
v" QCD Factorization

v" theory parameters constrained to measured
BFs (expected to improve in the future)

Example from recent calculations

(QCD factorization)

2-body: [Beneke; PL B620, 143 (2005)]
09/03/2006 3-body: [Cheng,Chua,Soni; PRD72, 094003 (2005)]
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b® s penguin: experimental Issues

1 Small branching fractions

1 Large background from e'e” ® g
(q=u,d,s,c)

= In addition to standard DE and mgg, use
event-shape discriminating variables in
\Y

B produced (almost) at rest in j (4S) frame

e'e ® qJ

1 No charged tracks from decay vertex for
some channels

> extrapolate back the K,

v require K, to decay in the inner part of vtx
detector

v" use constraint of the beam spot in the
transverse plane

v cross-check using J/ly K
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Exploring new submodes

BO® K*K-K_? (fK® excluded)

K ° direction measured in EMC or IFR, energy from B-mass constraint
® 777+80 events in sample (452+28 in K*K-K/0)
® S0, =0.07+0.28+0.12, Cyeoyc-y0, =0.54+0.22+0.09

R

® in K*K-K%sample

# from angular momentum analysis of K*K-Kg:
& consistent w/ Belle’s isospin analysis [PRD69 012001 (2004)]

K*K-K.9,
|cosJ ,|<0.34

0.05 0.0¢
AE (GeV)

B°® K.K.K

S"'S" 'S

o CP eigenstate (h3KS:+1), |Dsin2b|<0.05

o small BF
add more data (Belle)
add KsKKs(p°p?) (BABAR)

= +0.6370% £ 0.04  BABAR

= +0.58+0.36 + 0.08 Belle

09/03/2006

Entries / 1
ha
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Belleresultson b® sSs,b® Qgs

Updated results on
[hep-ex/0507037]  “K®” includes both K and K

Entries / 2.5 ps
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Asymmetry
o
Asymmetry

7.5 -5 25 0 2.1

sin2f ,=0.44+0.27+0.05
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Searches for h@°, hp®, ht FwE

Decays dominated by ‘flavor-singlet’ penguin and (hh') color-
Expected BF ~ 0.2, 20 x 10°6 suppressed tree.
Use hg, hg, b’ hpp, h',smodes More precise measurements can reduce (by ~ 20%) the
theoretical uncertainty of CS tree amplitude for h'K° decays in
SU(3)-based analysis [Gronau, Rosner, Zupan PL B596, 107
(2004)]
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[BABAR, hep-ex/0603013, submitted to PRL]

Belle [hep - ex/0603001, subm.to PRL] finds

09/03/2006 BF(B°® hp?) =[2.79'5% (stat) "o e (syst)]” 107°



b® s penguins: current experimental status

= Good agreement between BABAR and Belle
& similar errors!
= Consistency among different channels
= Almost all modes within ~ 1 sigma from
charmonium (but sign opposite to prediction)

» deviations further reduced by shift of charmonium
average

2 Remember: due to different SM and NP corrections,
AVERAGING NOT ALLOWED

2 Need more statistics

1999 2000 2001 2002 2003 2004 2005 2006
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Measuring a at the B factories

q/ P ViV /VpVy

Difficult to reliably estimate how much penguins contribute
BF(B°® K*p~) (~ pure penguin) indicates they cannot be neglected
In general C,, * 0, and we measure S, =4/1- Cy, sin(2a 4 )
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a. coping with penguins

Gronau/London analysis

lLDJs,ing Isospin symmetry, B® hh amplitudes related
y:

A(B* ® h*h®) =1/4/2xAB°® h h*)+ A(B°® h°h°)

Neglecting EW penguins, B* ® h*h° (DI =2) pure tree
2> AB'® h*h%) =A(B ® h'h°
B and B triangles do not match, and a=a - k/2

Need to measure 6 BFs, including A(B° ® h°h°)
from tagged samples

still a 8-fold ambiguity

Grossman/Quinn bound:

Don't need to tag B flavour

BF(B® h°nh°) _ o
Usefulif BF(B® h”h™) is small

- 2
sn“(as -a)E
@er - 2) BF(B* ® h*h°)
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The classic mode: pp

BABAR (2004) BABAR (2004)
—0.30+£0.17£0.03 : —0.09+£0.15+0.04

Belle (2005) Belle (2005)
—0.67+0.16 £0.06 —0.56+£0.12+0.06

HF AG i HEAG
;

2 -1.75-15 125 -1 -0.75 -0.5 -025 O -16 -14 1.2 -1

Fat pp triangles =» weak SU(2) bound L| B > (S/C,_from BABAR)

Moriond 05 B — nw (S/A,_ from Belle)

HFAG 1 Combined no C/A

JULY 15th 2005

—_—c—
CKM fit

no oo meas. in fit

|a_ aeff|<350 100 120 140 160 18

Branching Ratio x 106

BF(B® p%p°)

2
sn“(ay -a )£
@t -2 ) e B @ )
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SU(2) bound works for rr!

CLED - FOGEE00 HFAG
Balle. . SRR JULY 15th 2005

= EARAR

= r+r.
— [+ o

> Experimentally challenging (2 p%, wide rs, VV final state)
» However:
BF(r *r-) ~ 6 times larger than p*p
almost purely CP-even:
f, =0.978+0.014'302 (BABAR)
f, =0.941'3%4+0.030 (Belle)
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I ————————————
The 39 way to a: TD Dalitz analysis of
B°® p*p:p°

Assume r dominance and use phase information across Dalitz plane

to extract a A. Snyder and H. Quinn,
Phys. Rev. D, 48, 2139 (1993)

AB°® p'p p°) = A(r p )+ A pT)+ foAlr %p°)
~ 50 + - Al Foo - Al - T A
AB ®pp p?)=f Arp )+t Ar p*)+ foAlr p°)

g No ambiguity : only

one solution:
a = (11374 +6)°
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Putting all together:

. ] 1 Combined
All three modes give consistent and e CKM fit
complementary measurements of a SO

LP 2005

PP constraint weak
I'r most precise

TD analysis of 3p Dalitz plot in I P.
Weak constraint at 90% CL, but

disfavors I r mirror solution near 170°

140 160 18

a[hh] = (99'2)°
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Summary and outlook

BABAR and Belle measure sin2b in (CE)KOmodes to 5% precision
SIN2D ., 4rmonium=0-687+0.032

Comparison with sin2beffin b® s penguin modes could reveal New Physics effects
need to carefully evaluate SM contributions

sin2beff measurements are statistically limited
uncertaintites scaled faster than 1/ /L so far (adding new channels)
Extraction of a depends crucially on penguin bounds (r °r 9r *r 9)

Theory often fed by experimental measurements
also improves with more data

Expected precision vs. time:

sin2b in
penguins

E L]
Luminosity I:l'l.'l";|
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