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How can we hope to see new physics at 10GeV?
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•Virtual, non-Standard Model 
contributions...especially loops!

•Decay rates, CP asymmetries, angular 
distributions all can be effected by NP 
effects
•The particle in the loop can be VERY 
heavy...sensitive measurements can probe 
NP at the multi-TeV scale 

•Since we have so much data, we can also 
look for directly produced low mass states 
at unprecedented sensitivity

•Light higgs, A0, light dark matter, light 
vector boson force carriers (“heavy 
photon”)

Yosef Nir, 
B-Factory Symposium
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Measurement Techniques:  
Fully Reconstructed B-Decays
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mES =
√

E∗2
beam − p∗2B

∆E = (E∗
B − E∗

beam)

•Use mES and ΔE to discriminate signal events from the large qq 
background and B-backgrounds
•additionally, use event-shape variables...typically combine in an MVA (e.g. 
Fisher discriminant or neural network)

these variables go into ML fit
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Measurement Techniques:   
The Recoil Method
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...often used for inclusive measurements 

or for decays with multiple neutrinos

→hadronic tags (e.g. B→Dπ)

  →efficiency ~ 0.3%

→semileptonic tags (e.g. B→Dlν)

 →efficiency ~ 0.6% 
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B+→τ+ν intro
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B = BSM ×
(

1− m2
B

m2
H

tan 2β

)

or H+

...relatedly, charged higgs
+SM Branching fraction:
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B+→τ+ν Results
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BF (x104) significance Reference
BaBar SL 1.7 ± 0.8 ± 0.2 2.3σ (430 fb−1) PRD 81, 051101 (2010)

Belle SL 1.54 ± 0.38 ±0.30 3.6σ (605 fb−1) hep-ex/1006.4201

BaBar Hadronic 1.80 ± 0.56 ± 0.26 3.6σ (430 fb−1) prelim.

Belle Hadronic 1.79 ± 0.53 ± 0.48 3.5σ (414 fb−1) PRL 97, 251802 (2006)

World Average:
B(B+→τ+ν)=(1.68±0.31)×10−4

Signal Region

Signal Region

hadronic tag
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B+→τ+ν:  Tension with UT
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If we take the WA 
branching fraction and 

compare to the 
expectation from the 
global UT fit there is a 

2.8σ discrepancy! 

BCKM(B+→τ+ν)=(0.763+0.114-0.061)×10−4
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B+→τ+ν:  Charged Higgs Constraint
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B = BSM ×
(

1− m2
B

m2
H

tan 2β

)

Conversely, we can set exclusion 
regions in m(H+) vs tanβ...
need fB(HPQCD) and |Vub| 

(HFAG):

BSM(B+→τ+ν)=
(1.20±0.25)×10−4

2HDM 
type II

Allowed
Excluded

Excluded
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Radiative Penguin decays
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Standard model prediction to O(αS2):
BSM(B→Xsγ)=(3.15±0.23)×10−4

Misiak etal., PRL98, 02002, 2007 

For E(γ)>1.6 GeV{
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Inclusive B→Xsγ
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PRL 103, 241801 (2009) PRD 77, 051103 (2008)

•error on inclusive measurement blows up at lower photon 
energy...balance statistical errors and the error from 
extrapolating down to 1.6 GeV
•use recoil method or high p lepton to tag events...b→dγ 
background is subtracted out

Eγ>1.7GeV Eγ>1.9GeV605 fb−1 210 fb−1
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B→Xsγ Inclusive Results
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SM Prediction (Misiak):
BSM(B→Xsγ)=(3.15±0.23)×10−4

HFAG Average:  
B(B→Xsγ)=(3.55±0.26)×10−4

...all for E(γ)>1.6GeV
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B→Xs/dγ from sum of exclusive states
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➡ reconstruct Xs/d as K/π + up to 4 pions
➡ must correct the observed rate by the 

fraction of decays we don’t 
reconstruct...depends on fragmentation 
model

➡ Measure the branching fractions: 

Xs

Xd

B(B→Xsγ)=(2.3±0.1±0.3)×10−4

B(B→Xdγ)=(9.2±2.0±2.3)×10−6

...for M(X)<2.0 GeV

430 fb−1

430 fb−1



Mathew Graham, SLAC Physics in Collision, 2010

|Vtd|/|Vts| from B→Xs/dγ
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•ζ and ΔR→derived from UT...careful to remove correlations!
•need to extrapolate up to full mass range...introduces 
another (small) theory error 
•in the end, measurement of |Vtd|/|Vts| with this method in 
very good agreement with others
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b→sl+l−
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➡ decay rate x10−2 smaller than b→sγ
➡ BUT, more observables which are 

sensitive to NP
➡ For example, B→K*l+l−

➡ FL = K* (long.) polarization fraction
➡ AFB = lepton forward-backward asymmetry

➡ New physics effects are often expressed 
as effective Wilson coeffs.
➡ the terms C7 (EWP), C9 (V), C10 (A) 

contribute to these decays

657 fb−1

Red:  SM
Blue:  C7=−C7SM

Recent K*ll results:
Belle:  PRL103, 17181 (2009)

BaBar:  PRD79, 031102 (2009)

J/ψ ψ´
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Inclusive B→Xsl+l−
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Xs =K±/Ks + 
up to 4 pions,u u,

Full M(Xs):  10σ M(Xs)>1GeV  3σ
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B→Xsl+l− Results
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B(B→Xsl+l−)=(3.33±0.80±0.21)×10−6

MC/Data differences→
fragmentation models

MC/Data differences→
new physics?

→for q2>0.2GeV2
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B0→γγ
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BSM(B→γγ)=(1-10)×10−8

Bosch and Buchalla, JHEP 0208:054(2002)

Using 430 fb−1, we observe:

Nγγ=21±13
1.9σ significance
B(B→γγ)<3.2×10−7

Preliminary
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Hadronic b→s decays

18

B0 B0
J/ψ

Ks

φ

Ks

b→sqq transitions dominated by b→s penguin 
diagrams which, to first order, carry no additional 
weak phase → time dependent CPV should be same 
as in b→ccs 

“Golden” b→ccs mode “Golden” b→sss mode
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Time Dependent Dalitz Plot 
Analysis of B0→K+K−Ks
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φ Region

hep-ex/1007.3848

...observe 4 solutions with 
similar likelihoods;  relative 

fractions of resonances differ 
wildly but CP parameters stable

5 components:  φ, f0(980),  
“fX(1524)”, χ0, Non-resonant

All CP measurements 
consistent with SM

650 fb−1
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sin2βeff from b→s Penguins
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S-sin2β
in SM

...average consistent 
within one sigma of 

SM...but lowside bias?

2-body: [Beneke; PL B620, 143 (2005)]
3-body: [Cheng,Chua,Soni; PRD72, 094003 (2005)]

higher sin2βeff
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ϒ(nS)→γ+Exotic!
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•With the unprecedented 
number of Upsilon events, we 
can search for exotic particles 
directly produced in the decay.

•BaBar has performed searches in:  
•ϒ(2,3S)→γμ+μ−, ϒ(3s)→γτ+τ−

•look for a peak in m(l+l−) spectrum
•ϒ(3S)→γ+Invisible

•look for peak in the “missing mass”
•ϒ(2S)→π+π−ϒ(1S),  ϒ(1S)→γ+Invisible

•missing mass + recoil mass
•Searches are sensitive to things like:  light psuedoscalar 
Higgs, light DM, or heavy photon decays. 
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ϒ(1S)→γ+Invisible
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ϒ(1S)→γA0

ϒ(1S)→γχχ

•ϒ(2S)→π+π−ϒ(1S),  ϒ(1S)→γ+Invisible
•use a 2D ML fit in missing mass + recoil 
mass

•extra constraint from recoil greatly 
reduces background...still some from 
continuum, leptonic and hadronic ϒ(1S) 
decays

All results
Preliminary
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Constraints from:
PRL 103, 181801 (2009)
PRL 103, 081803 (2009)
...need current PUB num
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Ds Form Factor
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...there was (as of ~early 
2010) some tension 

between lattice QCD 
calculations (unquenched) 

and measurements...

Could be new 
physics?  Leptoquarks 

or charged Higgs?
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Ds→lν Measurement
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μν eν

eνeν

τν→eνν τν→μνν
Preliminary

hep-ex/1008.4080
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Ds Form Factor:  Current Situation
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HPQCD Collaboration:
hep-ex/1008.4018

BaBar 
Meas.

New HPQCD shifted higher by XX 
sigma...agreement between lattice 
and experiments is much better
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Conclusions...

• Still plenty of interesting physics results coming out 
of the B-Factories

• Over the years, some mysteries have come and 
gone→sin2βeff, fDs

• ...but some remain→Kπ puzzle, τν/Vub discrepancy

• “...a claim of new physics at the 3σ level is wrong 
99.7% of the time...”→but it makes life interesting!
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