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Quick Background: 
• I am new to Hamburg and Germany. 

• Born and raised in Lebanon.

• Moved to Canada in 2001. 

• Undergraduate, Master’s and PhD at McGill University 
in Montreal, Canada… 


• Worked on the BaBar experiment. 



B− → K−τ+τ−
Rare  decay in the Standard Model. New Physics can lead enhancements to the 

branching fraction:

PhD work : 

Use MVA to separate between signal and background

No significant signal was 
observed.  

Upper limit determined at 90 % 
CL of 2.25 x 10-3.  

First and only measurement of 
this mode. 



Postdoc years
• Two years at University of Mississippi working on SM measurement of 

semileptonic B decays, implementing hadronic and SLtagging, develop skim 
package.


• Two years at University of British Columbia working on measuring the R(D) 
and R(D*) anomaly at Belle II. My service task is convenor of one of the Belle 
II physics groups and skim production manager. 


• Recently started at DESY, still working on the same analysis and same 
service taks, planning  for result by Winter 2021. 


• Spoiler alert: Moving to a new country during a pandemic is highly 
restrictive. 



R(D) and R(D*) 6

We recently presented an update of the earlier mea-
surement [14] based on the full BABAR data sample [17].
This update included improvements to the event recon-
struction that increased the signal efficiency by more
than a factor of 3. In the following, we describe the anal-
ysis in greater detail, present the distributions of some
important kinematic variables, and expand the interpre-
tation of the results.

We choose to reconstruct only the purely leptonic de-
cays of the τ lepton, τ− → e−νeντ and τ− → µ−νµντ ,
so that B → D(∗)τ−ντ and B → D(∗)#−ν" decays are
identified by the same particles in the final state. This
leads to the cancellation of various detection efficiencies
and the reduction of related uncertainties on the ratios
R(D(∗)).

Candidate events originating from Υ (4S) → BB de-
cays are selected by fully reconstructing the hadronic de-
cay of one of the B mesons (Btag), and identifying the
semileptonic decay of the other B by a charm meson
(charged or neutral D or D∗ meson), a charged lepton
(either e or µ) and the missing momentum and energy in
the whole event.

Yields for the signal decays B → D(∗)τ−ντ and the
normalization decays B → D(∗)#−ν" are extracted by an
unbinned maximum-likelihood fit to the two-dimensional
distributions of the invariant mass of the undetected par-
ticles m2

miss = p2miss = (pe+e−−pBtag −pD(∗)−p")2 (where
pe+e− , pBtag , pD(∗) , and p" refer to the four-momenta of
the colliding beams, the Btag, the D(∗), and the charged
lepton, respectively) versus the lepton three-momentum
in the B rest frame, |p∗

" |. The m2
miss distribution for de-

cays with a single missing neutrino peaks at zero, whereas
signal events, which have three missing neutrinos, have a
broad m2

miss distribution that extends to about 9GeV2.
The observed lepton in signal events is a secondary par-
ticle from the τ decay, so its |p∗

" | spectrum is softer than
for primary leptons in normalization decays.

The principal sources of background originate fromBB
decays and from continuum events, i.e., e+e− → ff(γ)
pair production, where f = u, d, s, c, τ . The yields and
distributions of these two background sources are derived
from selected data control samples. The background de-
cays that are most difficult to separate from signal decays
come from semileptonic decays to higher-mass, excited
charm mesons, since they can produce similar m2

miss and
|p∗

" | values to signal decays and their branching fractions
and decay properties are not well known. Thus, their
impact on the signal yield is examined in detail.

The choice of the selection criteria and fit configura-
tion are based on samples of simulated and data events.
To avoid bias in the determination of the signal yield,
the signal region was blinded for data until the analysis
procedure was settled.
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FIG. 1. Parton level diagram for B → D(∗)τ−ντ decays.
The gluon lines illustrate the QCD interactions that affect
the hadronic part of the amplitude.

II. THEORY OF B → D(∗)τ−ντ DECAYS

A. Standard Model

Given that leptons are not affected by quantum chro-
modynamic (QCD) interactions (see Fig. 1), the matrix
element of B → D(∗)τ−ντ decays can be factorized in
the form [5]
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Here, the indices λ refer to the helicities of the W , D(∗),
and τ , q = pB−pD(∗) is the four-momentum of the virtual
W , and θτ is the angle between the τ and the D(∗) three-
momenta measured in the rest frame of the virtual W .
The metric factor η in Eq. 2 is η{±,0,s} = {1, 1,−1},
where λW = ±, 0, and s refer to the four helicity states
of the virtual W boson (s is the scalar state which, of
course, has helicity 0).
The leptonic currents can be calculated analytically

with the standard framework of electroweak interactions.
In the rest frame of the virtual W (W ∗), they take the
form [18]:
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Given that the average q2 in B → D(∗)τ−ντ decays is
about 8 GeV2, the fraction of τ− leptons with positive
helicity is about 30% in the SM.
Due to the nonperturbative nature of the QCD inter-

action at this energy scale, the hadronic currents cannot

SM prediction

New Physics can explain deviation, such as leptoquarks.  
Goal: measure with the larger Belle II dataset and confirm or dismiss the anomaly.  

Many systematic 
uncertainties cancel 

with the ratio



I have other interests,
• I like to read about history, politics, etc.. ran a social book club in Montreal 

for many years. 


• I am “relatively” socially involved (in Canada and not in Germany yet) .. 
food and clothing drives, blood donations, Christmas gifts for families 
below poverty line, drug awareness seminars, etc..


• Soccer is a thing in my home. 


• I don’t have a cat. 


