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Luminosity at the B Factories
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> 1.0 ab
-1

On-resonance samples:

4S: 711 fb-1

5S: 121 fb-1

3S: 3.0 fb-1

2S: 24 fb-1

1S: 5.7 fb-1

Off-resonance: 87 fb-1

~553 fb
-1

On-resonance samples:

4S: 433 fb-1

3S: 30 fb-1

2S: 14 fb-1

Off-resonance: 54 fb-1

~770M BB
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Rare Decays, Loops and Penguins 
• Flavor changing neutral current (FCNC) processes are 

forbidden at tree level  loops make them sensitive to 

potential contributions from new physics.

– Radiative penguins, e.g.,               :

– Electroweak penguins or box diagrams, e.g.,                ,                  :

– Hadronic penguins, e.g.,              : 
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b! s°

b! s`` b! sºº

b! sg



Outline
• Radiative penguins:

– Exclusive:
•

•

•

– Inclusive 

• Electroweak penguins: 
– Exclusive:

•

•

– Inclusive

• Hadronic penguins: 
– Exclusive:

•

•

•

– Inclusive:
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b! s°
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b! sg; b! sqq
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B!KÁ°
B!K¤°

B!K(¤)``
B!Kºº

B!Xs´
(0)

B! ´(0)K(¤)

B! ´0½
B! ´0f0



Radiative Penguins: 

• Search for beyond SM contributions in:
– Branching fractions

• Inclusive measurements  more experimental uncertainty, smaller 
theoretical uncertainties.

• Exclusive measurements  smaller experimental uncertainty, 
larger theoretical uncertainties (hadronic uncertainties).

– CP asymmetries

– Isospin asymmetries
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b! s°
• Extensions of the Standard Model can have 

particles that contribute in the loops…

. . .

W¡

???
H¡ ~Â¡1



B(B0!K¤0°) = (4:47§ 0:10§ 0:16)£ 10¡5

Exclusive 
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• Branching fractions:

383M BB

PRL 103, 211802 (2009)

B!K¤(892)°

B(B+!K¤+°) = (4:22§ 0:14§ 0:16)£ 10¡5

• CP asymmetry:

Measured: SM:

~1%

Measured: SM:

2-10%

• Isospin asymmetry:

(90% CL)

(90% CL)



& Right Handed Currents 
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• In SM, photon polarizations in                depend on 

b flavor:

• Presence of mixing-induced CP violation would 

indicate the presence of right handed currents and 

clear hints of new physics.

– This type of new physics does not require a new phase.

b! s°

b! s°

b

b

s°R

s°L

: Allowed

: Suppressed by ms / mb



Exclusive B!K´° , B!K´(0)° , B!KÁ°
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465M BB

PRD 79, 011102 (2009)

S =¡0:18+0:49¡0:46 § 0:12

C =¡0:32+0:40¡0:39 § 0:07

ACP = (¡9:0+10:4¡9:8 § 1:4)£ 10¡2

First time dependent CPV search in this mode: 

B0 tags

B
0
tags

Similar mode,                    , measured
at Belle w/ 657 M BB [PRL 101, 251601 (2008)]:

C(B0!K0
S½

0°) =¡0:05§ 0:18§ 0:06

S(B0!K0
S½

0°) = 0:11§ 0:33+0:05¡0:09

In both cases, analyses need improved statistics. 
Potentially promising for Super B factories!

B0 !K0
S½

0°

B(B+! ´K+°) = (7:7§ 1:0§ 0:4)£ 10¡6

B(B0! ´K0°) = (7:1+2:1¡2:0 § 0:4)£ 10¡6



Exclusive 
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657M BB

arXiv: 0810.0804, Submitted to PRD(RC)

B!K´0° , B!KÁ°

B(B+!K+´0°) = (3:6§ 1:2§ 0:4)£ 10¡6

B!K´0° , B!KÁ°

B!K´0° , B!KÁ°

First evidence w/ 3.3¾ significance

First observation w/ 5.4¾ significance

Time dependent analysis ongoing…

B(B0! ÁK0°) = (2:66§ 0:60§ 0:32)£ 10¡6

772M BB

Preliminary, arXiv: 0911.1779

B(B+! ÁK+°) = (2:34§ 0:29§ 0:23)£ 10¡6

B(B0!K0´0°) · 6:4£ 10¡6 (90% CL)·



Inclusive 
• Fully inclusive measurement (only 

the      w/ E
CM

> 1.4 GeV is 

reconstructed):

– Divided into two streams:

• MAIN - without lepton tag

• LT – w/ lepton tag, reduces qq background

– A data sample of 68 fb-1 taken below              is used to subtract 

e+ e-  qq backgrounds from 605 fb-1 on-resonance sample. 
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b! s°
657M BB

PRL 103, 241801 (2009)

Bsig

Btag

l±

1.26 GeV < E < 2.20 GeV

g

Xs

g

on res. - data

scaled off res. - data

subtracted

Left: photon energy 
distributions in data for on 
resonance, off resonance, 
and continuum subtracted 
samples.

Right: photon energy 
signal / background 
distributions.  ¼0 and ´
backgrounds dominate

¨(4S)



Inclusive 
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b! s°

average

un-tagged tagged

: control regions (no yield expected)

657M BB

PRL 103, 241801 (2009)

B(B!Xs°) = (3:45§ 0:15§ 0:40)£ 10¡4

1:7 GeV<E° < 2:8 GeV

• Untagged and tagged spectra are 
combined:
– Corrected for selection efficiency.

– Including statistical correlations 
between tagged/untagged spectra.



Inclusive 
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b! s°
Eg

min

Consistent with NNLO SM calculations
[Misiak et al., PRL 98, 022002 (2007)]:

BSM(B!Xs°;E° > 1:6GeV ) = (3:15§ 0:23)£ 10¡4

(3:15§ 0:23)£ 10¡4

657M BB

PRL 103, 241801 (2009)

B(B!Xs°) = (3:45§ 0:15§ 0:40)£ 10¡4

1:7 GeV<E° < 2:8 GeV



Limits from  
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b! s°
Eg

min

b  s ° measurements can place strong  constraints on some 
NP models:  e.g., type II two-Higgs doublet models (THDM)
[Ulrich Haisch, arXiv:0805.2141] 



Electroweak Penguins

• Observables:

– Branching fractions

• Large theoretical form factor uncertainties

– Longitudinal polarization fraction (FL)

– Forward backward asymmetry (AFB)
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d¡

d cos µK¤
=

3

2
FL cos

2 µK¤ +
3

4
(1¡FL)(sin

2 µK¤)

d¡

d cos µB`
=

3

4
FL sin

2 µB` +
3

8
(1¡FL)(1 + cos2 µB`) +AFB cos µB`

b! s``; b! sºº
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K*ll

Kll

Branching Fractions for

: J/Ã (Ã0) veto regions

: SM expectation w/ min. & max. form factors 
from[Ali et al. PRD 66, 034002 (2002)]

B(B!K`+`¡) = (4:8+0:5¡0:4 § 0:3)£ 10¡7
B(B!K¤`+`¡) = (10:7+1:1¡1:0 § 0:9)£ 10¡7

B!K(¤)``
657M BB

PRL 103, 171801 (2009)

383M BB

PR D73, 092001 (2009)

B(B!K`+`¡) = (3:4§ 0:7§ 0:2)£ 10¡7
B(B!K¤`+`¡) = (7:8+1:9¡1:7 § 1:1)£ 10¡7

K*ll

Kll

Lines are SM predictions w/ various form
factor models.
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FL, and AFB for

657M BB

PRL 103, 171801 (2009)
383M BB

PR D79, 031102 (2009)

: J/Ã (Ã0) veto regions

: SM expectation (C7 = C7
SM)

: Sign-flipped C7 (C7 = -C7
SM)

B!K¤``
d¡

d cos µK¤
=

3

2
FL cos

2 µK¤ +
3

4
(1¡FL)(sin

2 µK¤)

d¡

d cos µB`
=

3

4
FL sin

2 µB` +
3

8
(1¡FL)(1 + cos2 µB`) +AFB cos µB`

: C7 = C7
SM

: C7 = -C7
SM

: C7 = C7
SM

: C7 = -C7
SM,

C9C10 = -(C9C10) SM

:C9C10 = 
-(C9C10) SM



Inclusive 
• Opposite sign C7 would enhance branching fraction of  
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B!Xs``

657M BB

Preliminary

• Modest form factor uncertainties relative to

• Belle update with sum-of-exclusive technique,                          
, ,n = 0-4

MXs < 2 GeV 1 GeV < MXs < 2 GeV10¾ significance 3¾ significance
Large backgrounds:

Combinatorial from continuum & semileptonic B decays

Leakage after J/Ã and Ã0 vetoes, mis-id in Xs ¼
+ ¼-, other Ã states, Xs lº

B!Xs``

Belle Preliminary Belle Preliminary

B!K(¤)``



Branching Fraction for  
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B!Xs``

657M BB

Preliminary

B(B!Xs``) = (3:33§ 0:80+0:19¡0:24)£ 10¡6

*Total branching fraction is for q2 > 0.2 (GeV/c2)2 & 
extrapolated to entire MXs region

Standard model prediction [Ali et al. PRD 66, 034002 (2002)]:
:

No enhancement  opposite sign C7 is not favored by the inclusive measurement.

BSM(B!Xs``) = (4:2§ 0:7)£ 10¡6



Searches for 

• Previous best upper limits (90% CL):

– BaBar, semileptonic tagging:

– Belle, using full hadronic reconstruction of one B:
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 105.4)( 5  KB

 1016)(
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


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



KB

KB
535M BB

PRL 99, 221802 (2007)

351M BB

arXiv: 0911.1988

B!Kºº



New BaBar w/ semileptonic tagging

• Method:

– Tag one B using D(*)l (~1% efficiency)

– Look for a lone K (Ks plots shown, K+ in backup)

– Multivariate technique (bagged decision tree) to select events

[Narsky, arXiv:physics/0507157v1(2004)] 
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B!Kºº

459M BB

Preliminary

Signal Region

KS

Classifier

BaBar
Preliminary

KS

62.1

6.0 10)8.3()( 

  KBSM Prediction [Buchalla, PRD 63, 014015 (2001)]:

B(B+!K+ºº) < 1:3£ 10¡5

B(B0!K0ºº) < 5:6£ 10¡5

BaBar
Preliminary



Hadronic Penguins

• Final states with      and       particularly 
interesting:

– Interference patterns in dominant amplitudes

– Sensitive to flavor singlet contributions

• Branching fractions:

– A history of unexpected or unexpectedly large signals
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´ ´0



Exclusive 
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467M BB

Preliminary

B! ´0(½; f0;K
¤(892);K¤(1430))

½0

f0

½+

K¤(892)
(K¼)¤0
K¤
2(1430)BaBar Preliminary

Observation of                                                  !    Evidence for ! ´0½+; ´0K¤
2(1430)

(0;+) ´0K¤(0;+)



Exclusive 
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467M BB

Preliminary

B! ´0(½; f0;K
¤(892);K¤(1430))

•No significant direct CP asymmetry in any modes.
•Results for          generally favor pQCD and QCDF predictions over SCET
•Unexpected enhancements of K2*(1430) over K*(892)

´0½+; ´0K¤
2(1430)

(0;+)

BaBar Preliminary



Inclusive 
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• Sum of exclusive modes:

B!Xs´

B!Xs´ (pcm´ > 2.0 GeV/c)

°°
Kn¼ (n· 4, n¼0 · 1)

657M BB

Preliminary, arXiv: 0910.4751

----- : signal
----- : BB background
----- : combinatorial background

Signal yield (MXs
> 1.0 GeV/c2) =

17.6¾ statistical significance

Mbc is fitted in bins of Xs mass.

Black  errors – statistical only
Red errors – includes fitting and 
background systematics.

· ·

749§ 48§ 7

Belle Preliminary

Belle Preliminary

B  K*(1430) ´
previously 
observed by BaBar

?



Branching Fraction 
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B!Xs´
Black – statistical error only
Blue – includes systematic errors other than model error
Red – includes systematic and model errors

*assuming JETSET hadronization.

Belle partial branching fraction for Xs mass range 0.4 – 2.6  GeV/c2 :

B(B!Xs´)
¤ = (25:5§ 2:7(stat)§ 1:6(sys)

+3:8
¡14:1(model))£ 10¡5

PDG average for
:B(B!Xs´

0)

(42:0§ 9:0)£ 10¡5

BaBar (2004)

B!Xs´
0, QCD anomaly?

B(B!Xs´
0)

657M BB

Preliminary, arXiv: 0910.4751

 Signals beyond the known K*(892,1430) contributions in both Xs ´ and Xs ´0 modes 



Conclusion

• Rare B decays provide a valuable tool to test 
Standard Model predictions.

• Both Belle and BaBar have accumulated a 
large set of data with which to study these 
decays…

– We can look forward to many final results using 
the entirety of the Belle and BaBar data sets…

– …but many modes require significantly improved 
statistics:

• Super B factories may reveal and elucidate the nature 
of new physics!  
 More on SuperKEKB in Bostjan’s talk on Friday.
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Backup Slides
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New BaBar w/ semileptonic tagging

• Method:

– Tag one B using D(*)l (~1% efficiency)

– Look for a lone K

– Multivariate technique (bagged decision tree) to select events

[Narsky, arXiv:physics/0507157v1(2004)] 
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B!Kºº

459M BB

Preliminary

Signal Region

Classifier

BaBar
Preliminary

K+

Signal Region

KS

Classifier

BaBar
Preliminary

KSK+

62.1

6.0 10)8.3()( 

  KB

SM Prediction:
[Buchalla, PRD 63, 014015 (2001)]:

B(B+!K+ºº) < 1:3£ 10¡5

B(B0!K0ºº) < 5:6£ 10¡5



Upper limits on 
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B!Kºº
459M BB

PreliminaryDecision tree outputs in signal region:

K+ K+ for 

p*(K+)<1.5 GeV/c

KS

Partial Branching Fraction ULs

For p*(K+)<1.5 GeV/c

Total Branching Fraction ULs

For p*(K+)>1.5 GeV/cK+

62.1

6.0 10)8.3()( 

  KBSM Prediction [Buchalla, PRD 63, 014015 (2001)]:

B(B+!K+ºº) < 1:3£ 10¡5

B(B0!K0ºº) < 5:6£ 10¡5
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