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 Decays and FriendsB → D**ℓν̄ℓ

# 23

              modelling & compositionB → Xc`⌫
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A leading systematic in all the discussed analyses:

Fairly well known.  

Some iso-spin tension. 

Broad states based on 

3 measurements.  

(BaBar, Belle, DELPHI)

Image credit: F. Metzner

Some hints from  

the BaBar result.



Model 1: 

Equidistribution of all final state particles in phase space

PRD 104, 112011 (2021)Provides better 
kinematic 

description

(Assign 100% BR uncertainty in systematics covariance matrix)
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Model 2:  

Decay via intermediate broad          stateD
∗∗
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 FFsB → D**ℓν̄ℓ
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Some validation 

(a) B
−

→ D⇡` (b) B
0
→ D⇡`

(c) B
−

→ D
∗

⇡` (d) B
0
→ D

∗

⇡`

D** → D(*)𝜋+

D** → D(*)𝜋0

PhD thesis of Felix Metzner
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Unfolding with neural networks
arXiv:1911.09107 [hep-ph]

OmniFold: A Method to Simultaneously Unfold All Observables

Anders Andreassen,1, 2, 3, ∗ Patrick T. Komiske,4, † Eric M. Metodiev,4, ‡ Benjamin Nachman,2, § and Jesse Thaler4, ¶

1Department of Physics, University of California, Berkeley, CA 94720, USA
2Physics Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA

3Google, Mountain View, CA 94043, USA
4Center for Theoretical Physics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

Simulation

S
y
n

th
e
ti

c
N

a
tu

ra
l

Detector-level

Data

Particle-level

Generation

Truth

Pull Weights

Push Weights

Step 1: 
Reweight Sim. to Data

Step 2: 
Reweight Gen.

νn−1

ωn

−−→ νn
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Rij = Pr(measure i | truth is j).

How does this work with a NN?

Basic principle simple actually:

𝒪MVA

train a classifier to distinguish 


reco and true events

Input features: all

observables you want


to unfold

Reco True

#

0 1

Event-wise unfolding:

w =
𝒪MVA

1 − 𝒪MVA

0.5

 cannot


distinguish reco from true

𝒪MVA = 0.5 →



(b) The y-component of the β-distribution

(a) The x-component of the Gaussian distribution (b) The y-component of the Gaussian distribution

(c) The z-component of the Gaussian distribution



(b) The y-component of the β-distribution

Binned methods

(unfold one variable at the 

Unbinned methods

(unfold everything at once)



(b) The y-component of the β-distribution

Binned methods

(unfold one variable at the 

Unbinned methods

(unfold everything at once)

Don’t like the binning? 

You can just rebin

independent 
samples

(plot is just cut off)
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BaBar Approach versus Belle / LHCb

Binned (Belle, LHCb)

Determine # of signal events in a given bin in


the observable of interest (e.g. ) by fitting 

discriminating variables ( )

q2
reco

𝒪

# of signal events

q2
reco

𝒪

q2
reco

q2
true

ℳij = 𝒫(reco in bin i | true in bin j)

MC
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BaBar Approach versus Belle / LHCb

…

𝒜(q2
true) =

q2
true

# of signal events

MC

Final correction: 

ℳ−1
ij × diag[𝒜−1]

Fit Theory to unfolded or folded binned distributions

ℳij × diag[𝒜]

or

Need to evaluate uncertainties on migration matrix and 
acceptance from modelling. Are these under control?
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BaBar Approach versus Belle / LHCb

Unbinned (BaBar)Binned (Belle, LHCb)

Determine # of signal events in a given bin in


the observable of interest (e.g. ) by fitting 

discriminating variables ( )

q2
reco

𝒪

# of signal events

q2
reco

𝒪

q2
reco

q2
true

ℳij = 𝒫(reco in bin i | true in bin j)

MC

Determine # of signal events in a given point of phase-
space using properties of its closest neighbors (50-100) 

q2
reco

cos θℓ reco

cos θV reco

With these closest neighbors carry out an unbinned fit 

in U = Emiss − pmiss

U
U ∼ 0

=
μS fS(m2

miss i)

μS fS(m2
miss i) + μB fB(m2

miss i)

Event counts

Given event i

Given event i

From post-fit PDFs

calculate 

Qi =
Si

Si + Bi

…
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BaBar Approach versus Belle / LHCb

…

𝒜(q2
true) =

q2
true

# of signal events

MC

To confront weighted events with theory, need to fold 
the latter:

{Q, 𝒪}i ⟷ fres ⊗ facc ⊗ dΓ/d𝒪

…

Final correction: 

ℳ−1
ij × diag[𝒜−1]

Fit Theory to unfolded or folded binned distributions

ℳij × diag[𝒜]

or

Need to evaluate uncertainties on migration matrix and 
acceptance from modelling. Are these under control?

Instead of doing a folding, this is done using MC events 
using a normalization integral:

In the PRL version the background was subtracted 
using MC expectation

Normalization integral



How to combine Belle II/LHCb?

Should we agree on common tools?

Can we agree on common tools?

Heavy to heavy discussion 2 / 5



Tensions between Lattice and Experiment?

[Alejandro] [Judd] [Kaneko]

Fermilab/MILC and HPQCD have similar shape,

different from Belle; different from JLQCD.

Heavy to heavy discussion 3 / 5



Bin by bin analyses

[Danny/Martin] [Silvano]

Does/should averaging bin-wise Vcb agree with fitting all bins directly?

How are the bins correlated? Do toy Monte Carlos change

correlations?

Heavy to heavy discussion 4 / 5



Lattice for full q2 range

[Judd]

Modified z expansion assumes BGL hold for all lattice spacings?

What are further (hidden) assumptions?

E.g., how is χPT M2
π

dependence reflected in BGL coefficients?

How, in practice, do the pole masses depend on mh & M2
π
?

Heavy to heavy discussion 5 / 5


