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New physics?

Precision era where new physics may appear as a few percent 
disagreement:
 Large new physics contributions to penguins would have been seen 
 New physics contributions to decays such as B→τν are still open  

Exploit the unitarity constraint to look for new physics 
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I.Leptonic decays
B → τ ν  

B → μ ν  

B → e ν 

II.Semileptonic decays 
B → D(*)τ ν

III.Radiative leptonic decays 
B → γ l ν 

leptonic and semileptonc decays

4



E. Barberio

leptonic decays
  Standard Model: 

Helicity suppressed

Pure leptonic decays

In the Standard Model

Tree level mediated by only W
boson.

Helicity suppressed

B → τ ν̄ ≈ 10
−4

B → µν̄ ≈ 10
−7

B → eν̄ ≈ 10
−12

Sensitive to fB , given Vub

Vub and fB dominate SM

uncertainty.

B(B → �ν) =
G2

FmB

8π
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)
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From measurements + theory 
|Vub|=(3.53 ±0.15)x10-3 [HFAG summer 2010] 

From lattice fB = 190 ±  13 MeV   [HPQCD  arXiv:0902.1815] 

Theoretically clean: 
small hadronic effects
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Tauonic decaysPure leptonic decays beyond SM

Decay mediated by a Higgs

Charged Higgs contribution is not helicity

suppressed.

Model dependent prediction.

B(B → �ν)2HDM = B(B → �ν)× (1− tan
2 β

m
2

B

m2

H

)
2

B(B → �ν)SUSY = B(B → �ν)× (1−
tan

2

1 + η0 tanβ

m
2

B

m2

H

)
2

W.S. Hou, Phys.Rev.D., 48 (1993) 2342

Akeroyd,Recksiegel J.Phys.G29:2311-2317, 2003
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Type II Higgs doublet  model

Amplitude of charged Higgs diagram proportional to mb mτ 

tan2β
Enhancement for large tanβ or small mH+

New Physics: charge Higgs 
mediation is NOT helicity 
suppressed 

Model dependent predictions:
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Tagging methods

Completely reconstruct one B.

Breco or Btag

Search the other B for decays of interest.

Brecoil or Bsig

Two tagging methods:

Hadronic tag

More pure.

Less efficient. (∼ 0.2%)

∼ 1000 different decay modes!

B → D
(∗)

+ π

B → D
(∗)

+ ππ

B → D
(∗)

+ πK

.

.

.

Semileptonic tag

Less pure.

More efficient. (∼ 1.5%)

ν leads to “missing” energy

Handful of different decay modes.

B → D
(∗)�ν̄

M. Bellis April. 2010 FNAL 14 / 26

Btag

Bsig

Tagging methods

B decay of interest (Bsig):
signal from remaining energy 
distribution  
Challenge: neutrinos inτ and
l decays

Fully reconstruct a B (Btag): 
Remove the corresponding 
particles from the event 
to reduce combinatorial 
background 

I.Hadronic tag
More pure, less efficient ~0.2% 
No “missing” energy 

II.Semileptonic tag
Less pure, more efficient ~1.5%
νgives “missing” energy 
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Decay modes: eνν,μνν  , 1,2 and 3 prongs
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B →τν hadronic tag 

    17.2+5.3-4.7  signal  events 

!! "" #$%&'(%#$%&'(%
449 M449 M BBBB

!"#"$%&'()*+,-.#'*/' +&-01 )*+#,-./0(*1

81% of all modes

PRL 97, 251802 
(2006)22 3030 44 456456 77 4040!! 30$30$ 4040

!"#
$"%&%"'8.-+ %.1-*'0$9$-(%0:#,;0*0:.(0

(,0*0%*;<'$0,:0=>0$9$-(%2
324 stat. significance 526 (syst. included)

8?@AB08?@AB0
CD?ECFGCCD?ECFGC

%.1-*'%.1-*' H*/I1#,&-+H*/I1#,&-+

Signal: e μ π-/+ + nothing

Sum of neutral energy not 
associated to Btag or π0 from 
τdecays

first evidence

Br(B→τν) = (1.79+0.56-0.49(stat)+0.46-0.51(syst)) x10-4 

3.5σsignificance including systematics 
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B →τν semileptonic tag 
Tag-side 
B+→D*0l+ν, B+→ D0l+ν with fully 
reconstructed D*0 and  D0 

Signal-side:

τ+→e+νν,μ+νν,π+ν 

EM calorimeter (EECL) signal shape 
calibrated with double semileptonic
events 
           143+36-35 signal events
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3.6σ significance including systematics
Br(B→τν) = (1.54+0.38-0.37(stat)+0.29-0.31(syst)) x10-4 
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B →τν BaBar results 
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Br(B→τν)=(1.8+0.9-0.8(stat) ± 
0.4(bck) ± 0.2(syst)) x10-4 

2.2σexcess 

Br(B→τν)=(1.7±0.8(stat) ±
0.2(syst)) x10-4 

2.4σexcess 
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B →τν constraints on new physics
Naïve world average:  Br(B→τν) = (1.73±0.35) x 10-4

CKM Fitter 2010:     Br(B→τν) = (0.845+0.103-0.096) x 10-4 

Tensions: sin(2β) vs B → τν

The global fit χ2
min drops by ∼ 2.6σ sin 2βcc̄ or B → τν removed
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Issue not only the value of fBd since 2.6σ discrepancy from

B(B → τν)
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Sébastien Descotes-Genon (LPT-Orsay) Global fit to CKM data (CKMfitter) 28/05/10 17

2.6σ between measured BR and CKM fit without B→τν  and Vub
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B →e/μν
Very rare ➙ inclusive measurement
High efficiency but high background

Signal: single monochromatic e/μ in B 
rest frame
signal extracted from a simultaneous fit 
to the momentum in the CM frame (pl*) 
and 4-momentum of everything else in 
the event (mES). 

Simultaneous fit to mES and pl*

B → e/µν̄ inclusive results

Simultaneous fit to:

mES of the inclusive B.
p∗� : transformed lepton momentum
(CM and B rest frame)

B → eν̄

B at 90% CL < 1.9× 10−6

B at 90% CL < 0.98× 10−6

B → µν̄

B at 90% CL < 1.0× 10−6

B at 90% CL < 1.7× 10−6
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B → e/µν̄ inclusive results

Simultaneous fit to:

mES of the inclusive B.
p∗� : transformed lepton momentum
(CM and B rest frame)
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Phys. Rev. D79, 091101 (2009)
Phys. Lett. B647, 67 (2007)

pl*
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B → D(*)τν and new Physics
!"#$%#&'#()*&%+$%,-%
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HI%

"-%

#"%
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"-%
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,-%

Theory uncertainties 
   – Dependence from form factors but no dependence on fB 

   – |Vcb| cancels in the ratio Br(B → D(*)τν)/Br(B→ D(*)lν)   

•  3 body decays hence more observables:
   q2-distribution, τpolarization, D* polarization 

Sensitive to  H+
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  First observation:B0 → D*-τ+ν  
Signal
D*+→ D0π+ with D0 → K-π+, K-π
+π0 andτ+→e+νν,π+ν 

tag side
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5.2σsignificance 
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B+ → D*0τ+ν  
Extension of the previous analysis to B+

Large D*0/D0 cross feed: 
simultaneous extraction of D*0 

and D0 form fit to Mtag and 
PD0
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B+/0 →D*-τ+ν/D*0τ+ν  
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Hadronic tag     
Signal has large missing mass (mmiss)
Simultaneous extraction of D and D*
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B+/0 →D*-τ+ν/D*0τ+ν  

First measurement of decay distribution 
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Figure 11: Global constraints on 2HDM parameters mH+ and tan β from all analysed observables.
Each color corresponds to a different set of observables, as quoted in the Figure. The complementary
area of the colored one is excluded at 95% CL. The horizontal black line indicates the 95% CL limit from
direct searches at LEP [58]. The dotted line within the orange combined area delimits the corresponding
1σ confidence area. For the combination of leptonic and semileptonic constraints (light green area) we
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Global constraints on mH+ and tanβ from all observables

2HDM

http://arxiv.org/pdf/0907.5135

mH+>316 GeV @ 95% CL

mH+>78.6 GeV @ 95% CL
[LEP for any value of tan β]excluded by LEP
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Summary

•Tauonic and semitauonic decays 
      Well established but tension with sin(2β)

•B → μν Upper limit ...but at the edge of SM

•B → eν Upper limit 

•B → γlν Upper limit ...but at the edge of SM  

All contribute to a stringent limit on mH+
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B →τν constraints on new Physics
Naïve world average:    Br(B→ τν) = (1.73±0.35) x 10-4

SM value:                Br(B→ τν) = (1.20±0.25) x 10-4 
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Figure 26: B(B → τν) as a function of the effective scalar coupling gs. The shaded region
is the measure data ±1σ The range of theoretical predictions is obtained by assuming |Vub| =
(3.38±0.35)×10−3 [163], and fB = (0.197±0.06±0.012) MeV [190]. (The curves are theoretical
and explained in the text.

(2HDM) [195] based on supersymmetric extensions of the Standard Model, the ratio

B(B → τν)

B(B → τν)|SM
= |1 − gs|2 (77)

where gs is the effective scalar coupling. Fig. 26 shows the predicted value of B(B → τν) as a

function of gs and the band representing the measured value, which constrains gs to be less

than 0.1 or between 1.8 and 3.9. A better understanding of the |Vub| and fB inputs is

necessary to improve on this estimate.

Note that a quantity that is sensitive to the same coupling is the ratio B(B→Dτν)
B(B→D#ν) . The present

experimental value for this parameter is (41.6 ± 11.7 ± 5.2)% [7], which constrains gs to be

≤ 1.79. Thus these two measurements provide complementary constraints, which have very

different systematic uncertainties. Thus an improvement in the knowledge of leptonic and

semileptonic branching fractions involving a τ lepton in the final state is very important.

5.2 Radiative B Decays

Radiative B decays involving b → s(d)γ transitions are very sensitive to new physics processes.

These processes are ideals for indirect searches for physics beyond the Standard Model, such as

two-Higgs doublet models , supersymmetric theories and extended technicolor scenarios [196].

Hence, comparison of results from these theories with experimental measurements places

constraints upon new physics. Moreover, b → Xsγ is an ideal laboratory for studying the
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and explained in the text.
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than 0.1 or between 1.8 and 3.9. A better understanding of the |Vub| and fB inputs is

necessary to improve on this estimate.
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Abstract

We discuss the most important Physics thus far extracted from studies of B meson decays.

Measurements of the four CP violating angles accessible in B decay are reviewed as well as direct

CP violation. A detailed discussion of the measurements of the CKM elements Vcb and Vub from

semileptonic decays is given, and the differences between resulting values using inclusive decays

versus exclusive decays is discussed. Measurements of “rare” decays are also reviewed. We point

out where CP violating and rare decays could lead to observations of physics beyond that of the

Standard Model in future experiments. If such physics is found by directly observation of new

particles, e.g. in LHC experiments, B decays can play a decisive role in interpreting the nature of

these particles.

PACS Codes: 13.25.Hw, 14.40.Nd, 14.65.Fy
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Figure 6: Constraints on 2HDM parameter space (mH+ , tan β) from purely leptonic decays. The
upper left plot stands for constraints from K → µν and τ → Kν decays, the upper right for D → µν
decays, the lower left for Ds decays and the lower right for Bd → τν. The superimposed green line
delimits the 1σ confidence area. The excluded regions (white parts of the plots) correspond to more
than 95%CL.
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Lepton Flavour Universality
Lepton flavour universality test

Potentially large violations of LF universality can

appear in helicity-suppressed charged-current

modes within the MSSM.

Large tanβ

Γ(B → µν̄)exp = Γ(B → µν̄µ)+Γ(B → µν̄e)+Γ(B → µν̄τ )

Γ(B → µν̄µ) = SM

Γ(B → µν̄e) ≈ 0

Γ(B → µν̄τ ) ∝ scalar LFV amplitude

Experimental probe

Out of reach of current B-factories.

Rτµ =
ΓB→µν̄
ΓB→τν̄ Rτe =

ΓB→eν̄
ΓB→τν̄

Prediction in non-minimal LFV

Rτµ ∼ 10%Rτµ,SM

Rτe ∼ 103Rτe,SM

G.Isidori, P.Paradisi, Phys.Lett.B 639,499
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Large violations of LF universality 
within the MSSM.

For large tanβ 

Γ(B→μ+ν)exp =Γ(B→μ+νμ)+Γ(B→μ+νe)+Γ(B→μ+ντ)

Γ(B → μ+νμ) = SM 

Γ(B → μ+νe) ≈ 0 

Γ(B → μ+ντ)∝ scalar LFV amplitude 

Experimental probe out of reach of current B-factories:
Rτμ = ΓB→μν/Γ B → τν~ 10%Rτμ,SM

 Rτe = ΓB→eν/Γ B → τ ν~103Rτe,SM 

G.Isidori, P.Paradisi, Phys.Lett.B 639,499
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