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IntroductionIntroduction

 CKM successful but NP may be present.CKM successful but NP may be present.

Goal: Present results from B factories thatGoal: Present results from B factories that
are a clean probe or hints at new physics.are a clean probe or hints at new physics.

 Topics:Topics:
1. B1. B→→ SS andand 

 2.2. bbXsXs 
 3.3. FBFB in Bin B→→K*K*llll
 4. D4. D00 mixing,mixing, decaysdecays

 SummarySummary
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B →±±±) x 10B → ) x 10

BB→→

•In SM, decay rate related to decay constant and Vub

•Charged Higgs may contribute to BF.

 B (B→)= ( 0.78 )x10

(CKM fitter 2008 prediction)




•Previous results:

Belle hadronic tag BaBar hadronic & semileptonic tags

447 M BB with 3.5 383 M BB with



destructive

W.S. Hou, PRD 48, 2342 (1993)
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New Belle Result onNew Belle Result on BB→→
Method: Tag B on one side (hadronic tag or D(*) l tag)

Look for signature with “extra”energy in the ECAL







 B (→) = (1.65 )x10


NEW with 3.8 657 M BB with D(*)ltag

Nsig = 154 (stat) (syst)

B →±x
Naïve Average

deviation

Note that interference is
destructive in 2HDM (type
II). B >BSM implies that H

contribution dominates

exclude

signals

Larger
parameter
space
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New Belle Result onNew Belle Result on BB→→
Method: Tag B on one side (hadronic tag or D(*) l tag)

Look for signature with “extra”energy in the ECAL







 B (→) = (1.65 )x10


NEW with 3.8 657 M BB with D(*)ltag

Nsig = 154 (stat) (syst)

B →±x
Naïve Average

deviation

Note that interference is
destructive in 2HDM (type
II). B >BSM implies that H

contribution dominates

exclude

signals

Larger parameter space
has been excluded
using kaon results:
RK = (K→e)/(K→)
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BB ((BB→→)) vsvs sin2sin211/2/2

•Using ratio, the relation is
independent of fB and Vub
•Belle and BaBar will

have new updates soon.
•Good topics for the
future Super B factory

1deviation
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Time dependent CPV inTime dependent CPV in bb→→ss PenguinPenguin

+  sin2/sin2

golden mode

d
d

s

s

s

 S ~ 0
Stand ModelNew physics

phase in the
loop causes
deviation

•May have tree pollution.

•Theoretical expectation: for
penguin dominant modes S>0
within 0.05

•Clean signals for new physics

S = sin21(sqq)–
sin21(ccs)

Sf = sin21; Cf = A
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Time dependent CPV inTime dependent CPV in bb→→ss PenguinPenguin
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S results before ICHEP 2008S results before ICHEP 2008
PRL 99, 161802 (2007)

Based on
KKK Dalitz
analysis

PRL 98, 031802 (2007)535 M

'K: sin21eff: +0.64± 0.10 ± 0.04

For most modes, S(SM) is positive.
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Decay Modes with Updated ResultsDecay Modes with Updated Results

 Class A:Class A: ’’KK00,, KKSS  Same method as J/Same method as J/KK00

 Class B: KClass B: K00

 Class C:Class C: KKSS, K, K++KKKKSS

 Class D:Class D: KKSS

Class is characterized by the analysis complexity.

•No tracks on B decay vertex.
Require tacks with SVD hits.
•Perform fit by constraining C.

•Model the Dalitz distributions.
•Many parameters: phase,

S and C for each mode ….

Low statistics. Need to know the CP content. Use results from K
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TCPV Results onTCPV Results on bbss qqqq
Official HFAG average is still not ready yet!

C = 0.04± 0.03

S(ccs) = 0.67± 0.02

S(qqs) = 0.67± 0.04Naïve

Average S(qqs) = 0.60± 0.05 after removing BaBar’s f0()K0 and K

•→ K

Belle 0.67 ±0.07
BaBar 0.21±0.26±0.11

•B→'K

Belle 0.64±0.10±0.02
BaBar 0.58±0.08±0.04
•B→ fKs
Belle 0.60
BaBar 0.90±0.07

+0.16
0.19

0.30
0.21
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Direct CP Violation inDirect CP Violation in BB→→KKDecaysDecays

Belle Results: Nature 452, 332 (2008)

Acp(K) ={ ±± Belle
±BaBar



±± CDF
±± CLEO

Acp(K) ={ ±± BaBar
±±Belle
±± CLEO

 ±@2.0 AVG

 @  AVG

AK= cp(K-Acp(K)
= ±@ 5.3




New Update
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AAKKPuzzlePuzzle

T
/T

P

T P C PEW

Expectation from current theory

T & P are dominant AK~ 0

•Enhancement of large C with large
strong phase to T  strong inter. !?

Yoshikawa 2003; Mishima & Yoshikawa 2004;
Buras et. al. 2004, 2006; Baek & London 2007;
Hou et. al. 2007; Feldmann, Jung & Mannel 2008

•Enhancement of large PEW
 New physics

Chiang et. al. 2004
Li, Mishima & Sanda 2005
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Model independent checks for NPModel independent checks for NP
M. Gronau, PLB 627, 82 (2005); D. Atwood & A. Soni, Phys. Rev. D 58, 036005(1998).

B→ K

P dominants. Acp(K)~ 0

B→ K Acp(K)

A(K)

Sum rule predicts
Acp(K) = 0.151±0.043Acp(K)= 0.009±0.025

A = ± 0.13 ± 0.03

World Average

Sum rule

A = 0.14 ± 0.13 ± 0.06

Important topic for
Super B factory

New

HFAG AVG: 0.01 ±
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Model independent checks for NPModel independent checks for NP
M. Gronau, PLB 627, 82 (2005); D. Atwood & A. Soni, Phys. Rev. D 58, 036005(1998).

B→ K

P dominants. Acp(K)~ 0

B→ K Acp(K)

A(K)

Sum rule predicts
Acp(K) = 0.151±0.043Acp(K)= 0.009±0.025

A = ± 0.13 ± 0.03

World Average

Sum rule

A = 0.14 ± 0.13 ± 0.06

Important topic for
Super B factory

New

HFAG AVG: 0.01 ±
•



05/09/200805/09/2008 Beyond the 3SM workshopBeyond the 3SM workshop P. ChangP. Chang 1616

First observation of direct CPFirst observation of direct CP
violation in charged B decaysviolation in charged B decays

••DalitzDalitz analysis onanalysis on 

 
383M BB, PRD78, 012004, 08

ACP (B±→K±) = (+44±10±4 )% @3.75


ACP (B±→K±) = (+41±10±3 )% @4.0
3
7

657M BB, BELLE-CONF-0827

f


K+



 B+
all

cos>0

cos0
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BB→→XXss 
Belle update with E>1.7 GeV: arXiv:0804.1580

SM NNLO calculation: HFAG 2008:
B ( B→Xs
= (3.52±0.25)x10

E> 1.6 GeV

Misiak et al.
B (B→Xs) |E> 1.6 GeV = (2.98±0.26)x10

(3.47±0.49)x10 Anderson Gardi
{

SM

(3.15±0.23)x10

New physics

Becher Neubertv

Emin
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Charged Higgs BoundCharged Higgs Bound

HFAG 2008



MH+ > 300 GeV/c2 @ 95% C.L. for all tan

The 95% lower bound of charged Higgs mass
as a function of B(B→Xs ) and its error.



05/09/200805/09/2008 Beyond the 3SM workshopBeyond the 3SM workshop P. ChangP. Chang 1919

bb→→ s ls lll

 Loop dominantLoop dominant  Small BF ; good place for new physics!Small BF ; good place for new physics!

 Contributions from three coefficients:Contributions from three coefficients:

CC77 : EM penguin; C: EM penguin; C99 (C(C1010 ): vector (axial vector) part of weak diagrams): vector (axial vector) part of weak diagrams

 More observables sensitive to NP:More observables sensitive to NP:

eff eff eff

FB lepton asymmetry, AFB

K* polarization, FL

CP asymmetry, ACP

Isospin asymmetry

eratio

•AFB(q2):

ee  indication of Z0

b  s ls lll

Leff = Ci Oi , Ci (short distance effect). SM expects real Ci

SM 



05/09/200805/09/2008 Beyond the 3SM workshopBeyond the 3SM workshop P. ChangP. Chang 2020

 Obtain partial BF in 6 binsObtain partial BF in 6 bins in qin q22;;
extrapolateextrapolate thethe total BF.total BF.

 BF(BBF(BK*K*llll))==(10.8(10.8±±1.01.0±±0.90.9) x10) x10--77

 BF(BBF(BKllKll))==(4.(4.88 ±±0.0.33) x10) x10--77

Good agreement with SM BFGood agreement with SM BF

BK*ll BKll

657M, NEW

 BF(BBF(BK*K*llll))== (1(111..11±±1.1.99±±0.70.7) x10) x10--77

 BF(BBF(BKllKll))== ((33.9.9±±0.0.77±±0.0.22) x10) x10--77

FPCP 08384M

0.5


Belle, ICHEP 08

BABAR, FPCP 08

Melikhov et. al (quark
model, PLB 410, 1997)

Ali (PRD 66, 034002, 290, 2002)

Veto events in the
J/and ’regions

photon pole
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 Obtain partial BF in 6 binsObtain partial BF in 6 bins in qin q22;;
extrapolateextrapolate thethe total BF.total BF.

 BF(BBF(BK*K*llll))==(10.8(10.8±±1.01.0±±0.90.9))
x10x10--77

 BF(BBF(BKllKll))==(4.(4.88 ±±0.0.33) x10) x10--77

Good agreement with SM BFGood agreement with SM BF

BK*ll BKll

657M, NEW

 BF(BBF(BK*K*llll))== (1(111..11±±1.1.99±±0.70.7) x10) x10--77

 BF(BBF(BKllKll))== ((33.9.9±±0.0.77±±0.0.22) x10) x10--77

FPCP 08384M

0.5


Belle, ICHEP 08

BABAR, FPCP 08

Melikhov et. al (quark
model, PLB 410, 1997)

Ali (PRD 66, 034002, 290, 2002)

Veto events in the
J/and ’regions

Belle, 08’ ICHEP

BABAR, 08’ FPCP

CDF, 06’ CKM

Ali 02’

photon pole
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Lepton Flavor & CP AsymmetriesLepton Flavor & CP Asymmetries

ACP

•In SM, RK ~ 1.33 and RK ~1.0.
•RK is sensitive to the size of photon pole.
•RK >1.0 in the two Higgs doublet model with large tanβ.
(Y. Wang and D. Atwood, PRD 68, 094016, 2003)





RK = B (B→K(*) ee)
B (B→K(*) )
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Unexpectedly LargeUnexpectedly Large IsospinIsospin Asymmetry?Asymmetry?


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K*K* HelicityHelicity DistributionDistribution

Obtain FL by a fit:
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Anomalous AAnomalous AFBFB(q(q22) in B) in B→→ KK((**)) llll ??

Obtain AFB by a fit:

657 M BB 384 M BB

Data show positive AFB at low q2,
while the SM predicts negative AFB.

At high q2, data above
the SM expectation.

Efficiency corrected



05/09/200805/09/2008 Beyond the 3SM workshopBeyond the 3SM workshop P. ChangP. Chang 2626

BB→→ KK((**)) 

BaBar update with 467 M BB

New physics:

One-loop FCNC

Similar to K

SM

Still few times higher than SM

SM

 More data in clean environment  SuperB
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Bs,dBs,d→→llll
SM

New physics

e eeCDF
D0

NEW





28

D0 mixing

Average of results
2 fit including correlations
among measured quantities

2/n.d.f.=25.3/20 from HFAG

CP
V

K+K-

K+-

KS-+

semi-
leptonic

(x,y)≠(0,0): 9.8;
CP even state heavier and
shorter lived;
no CPV within 1

uncertainty
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CConstraint ononstraint on 44thth fermionfermion familyfamily

x

|Vub’Vcb’|

mb’=500 GeV

mb’=200 GeV

E. Golowich et al., PRD76, 095009 (2007)

21 different NP models:
only 4 no constraints in
parameter space
from established D0

mixing rate x2+y2≤~10-4

example:
4th fermion family
(much more severe constraints
on |Vub’Vcb’| than from
CKM unitarity)
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Constraint on NP
E. Golowich et al., PRD76, 095009 (2007)

example:
R parity violating SUSY
(severe constraints on
R violating couplings)

x

’12k’11k

GeVdm
kR 300)

~
( 

TeVdm
kR 1)

~
( 

R-parity violating
coupling const.

D0 D0iLl
~

iLl
~kRd

kRd

D0 D0
iLl kRd

~

iLl
kRd

~
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Lepton Flavor Violation inLepton Flavor Violation in DecayDecay
•Forbidden in SM but various new physics models predict B as high as 10

SUSY SUSY Higgs MSSM
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Lepton Flavor Violation inLepton Flavor Violation in DecayDecay
•Forbidden in SM but various new physics models predict B as high as 10

SUSY SUSY Higgs MSSM

Current B Factory reach: B ~10
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Lepton Flavor Violation inLepton Flavor Violation in DecayDecay
•Forbidden in SM but various new physics models predict B as high as 10

SUSY SUSY Higgs MSSM

Current B Factory reach: B ~10 one more magnitude lower
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ConclusionConclusion

•Results start to probe NP but limited by statistics:

 →AFB, isospin asymmetry

•B (BXs) strong constraint to NP

•S puzzle and D0 mixing  still needs more data

A explanation  if from new physics, what is it?

•LHCb: Bs, AFB on K*ll, Bs,d ll, …

SuperB: B → K*cp

Thanks to Bostjan Golob for preparing the D0 mixing slides.
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Backup Slides
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More on AMore on AFBFB

•C7 = C7 ? If yes, B will change!

The sign of C7 is constrained by B (Xsll).

•C may be complex due to new physics.

SM

Gambino et. al, PRL94, 061803, 05

Hou et. Al, PRD77, 014016, 08

Points LHCb 2 fb1 MC
Dashed area: complex C

Black line: SM

Blue: 4th generation

ŝ= q2/M2 (ll)
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Direct CP Violation on BDirect CP Violation on B →→XXss 
BaBar measurement using sum of 16 exclusive modes

arXiv: 0805.4796
383 M BB

SM expectation by
Kagan & Neubert,
PRD58, 094012 (1998)

ACP ~ (0.5±0.2)%
 small CP asymmetry

ACP = ± 0.030 (stat.) ± 0.014 (syst.)
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tCPVtCPV onon RadiativeRadiative PenguinPenguin

 No CPV seen before; this conference:No CPV seen before; this conference:

K* region

KK00 KK KK

1.2<M(K)<1.6

- -
- -

+

B0 K*
0
L

B0 K*
0
R

M12

R ms/mb suppressed

L ms/mb suppressed

Interference suppressed in SM
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TCPV on BTCPV on BKK

KL±evts KS±evts

First Try

NEW

556± 32 evts

For S, use
candidates with
SVD hits

For C, all signals
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TCPV on BTCPV on BKK

KL±evts KS±evts

First Try

NEW

556± 32 evts

For S, use
candidates with
SVD hits

For C, all signals

BaBar Belle

S +0.55±0.20±0.03 0.67±0.31±0.08

C=A 0.13±0.13±0.03 0.14±0.13±0.06
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TCPV onTCPV on ''KK,, KKSS andand KKSS
NEW 467 M BB

 S C = A

'K 0.57±0.08±0.02 0.08±0.06±0.02

KS 0.55 ±0.02 0.52 ±0.03

KS 0.97 0.20±0.14±0.06

0.26
0.29

0.22
0.20

0.03
0.52

final dataset

•See Hirschauer’s
talk for details.

•For K,
polarizations,
yields, Acp … are
constrained with
K

K
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TT--dependentdependent DalitzDalitz onon KK

657 M BBNEW

(KSNR KS NRNRKS

K*K*
Decay modes considered

fKSfKSfXK

difference as systematic errors

S
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TT--dependentdependent DalitzDalitz on Kon KKKKK

657 M BB

NEW

Model uses
fKSKSfXKS
cKSKS KNRKKKNRKS

S
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Future Prospects for AFuture Prospects for AFBFB (q(q22))

5abMC study of SuperBSuperB 50 abMC study of SuperBSuperB

b  

EXP, SM
MSSM C7geff>0

ATLAS
30 fb

LHCb fb
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Future Prospects for AFuture Prospects for AFBFB (q(q22))

5abMC study of SuperBSuperB 50 abMC study of SuperBSuperB

b  

EXP, SM
MSSM C7geff>0

ATLAS
30 fb

LHCb fb

CDF and D0, please contribute!


