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The use case
• Low energy physics - non-perturbative QCD techniques required.
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• Often models are needed:


• Parameterisation of hadronic form factors


• Modelling of long-distance contributions.
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Semi-leptonic B-decays
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● precise measurements 

● but theoretical uncertainties from QCD form factors

Determine ∣V ub∣ from BF(b→u ℓ
−ν ℓ) and ∣V cb∣ from BF(b→c ℓ

−ν ℓ)

● inclusive decay rates B → X
u 
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ℓ
 , B → X

c 
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ℓ

● in principle smaller theory uncertainty (no form-factors)

● but for measurement of X
u 
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ℓ
 need to understand very 

well the large background from X
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● or suppress this background with tight kinematic cuts, 

introduces form-factor dependent phase-space corrections

● exclusive decays, e.g. B → p
 
 ℓ+ n

ℓ
 , B → D(*) ℓ+ n

ℓ



A good example - |Vcb|
• Early 2017, Belle measures |Vcb|.
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BELLE-CONF-1612

• Measurement and unfolded data published.

• ~6 weeks later, two papers posted, fitting that data with different parameterisation 
of the form factors. 

Patrick Owen Particle flavour fever school

Why semi-leptonic decays?

• These decays can be factorised, greatly simplifying theoretical 
calculations. 

• Lepton universality ratios further cancel theoretical uncertainties.
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• A decay is semi-leptonic if its products are part leptons 
and part hadrons.
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FIG. 1. Comparison of fit results with di! erent parametrizations.
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The FF parameterisation much more important than expected, a conclusion not possible without the release of data. 



The spectrum of detail
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Full likelihood surface.

Correlation matrix with hadronic 
nuisance parameters

Unfolded/efficiency corrected data.

``Raw`` data.

Less information More information



The spectrum of detail
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Where do we tend to sit on this scale? Lets see by looking at some examples.



Some examples
• In increasing order of complexity:


• Charmonium resonances                     decays.


• Amplitude analysis of                 (see Andrea’s talk on 
Thursday)


• Lepton universality measurements R(D(*)).
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resonances
• See some resonances in                       decays. 


• Parameterise them with Breit-Wigner amplitudes.
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• Neglect ψ(2S) resonance and infinite sum of resonances 
present above kinematic threshold.


• Likelihood release not enough here.
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reinterpreted
• Provide efficiency corrected, background subtracted data on arXiv.
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• Why can this be done? 


• Simple angular structure, q2 distribution main observable.
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• Completely new 
parameterisation tried, new 
non-resonant component 
added.

• Not the case for the following.

arXiv:1406.0566



Angular analysis of 
• Measure how decay products are distributed in space.

!9

K+

⇡�
K⇤0 ✓K

µ+

µ�

B0

✓`

(a) ✓K and ✓` definitions for the B0 decay

µ�

µ+

K+

⇡�
B0

K⇤0
�

K+ ⇡�

n̂K⇡

�p̂K⇡

µ�

µ+

n̂µ+µ�

(b) � definition for the B0 decay

⇡+

K�
K⇤0

µ�

µ+

B0

�

K� ⇡+

n̂K⇡

� p̂K⇡

µ�

µ+

n̂µ�µ+

(c) � definition for the B0 decay

Folding for parameters p5, FL, P1P′�5, FL, P1

1
d(Γ + Γ̄)/dq2

d4(Γ + Γ̄)
dq2 ⃗Ω

= 9
8π [ 3

4 (1 − FL) sin2θK + FL cos2θK

+ 1
4 (1 − FL) sin2θK cos2θℓ

−FL cos2θK cos2θℓ

+ 1
2 (1 − FL) P1 sin2θK sin2θℓ cos2ϕ

+ FL(1 − FL) P′�5 sin2θK sinθℓ cosϕ]

ϕ → − ϕ if ϕ < 0

θ → π − θℓ if θℓ > π
2

P′�5

Transformations applied Resulting PDF

This can be done similarly for other observables

Folding for
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Transformations applied Resulting PDF

This can be done similarly for other observables
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Sensitive to angular observables such as P5’.

B ! K⇤µ+µ�
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Unbinned amplitude fits
• Currently do measurements integrated over a bin in q2  -model-Independent.


• Measurements added to HEPData: https://www.hepdata.net/record/ins1409497


• However, lose sensitivity in the integration, and possibility to constrain hadronic 
contributions.

!10

• Can do unbinned, then build theoretical assumptions into PDF. 


• Form factor constraints can be dominating - these can be taken care of 
with a likelihood surface.


• The main problem is the parameterisation.
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Figure 5: Predictions of the observables P 0
5, AFB, S7 and FL in the SM using the expected

post-fit precision of the non-local parameters �Ctotal
9 � at the end of Run2 of the LHC. A

sample of O(106) simulated B0
! K⇤0µ+µ� decays that include contributions from both

short-distance and non-local components, is used to determine the parameters of �Ctotal
9 � .

The decays are simulated in the SM, with the parameters ✓0j , ⇣� and !� set to zero. The
68% confidence intervals are shown for the statistical uncertainty (cyan band) and the
combination of the statistical uncertainty with the B ! K⇤ form-factor uncertainties
(magenta band) given in Ref. [15].

fit. The B ! K⇤ form factor parameters however are fixed to their central values given in
Ref. [15]. The resulting covariance matrix is used to ascertain the statistical precision on
�Ctotal

9 � . Based on the assessment of the systematic uncertainties in Ref. [20], the dominant
source of experimental uncertainty is expected to be statistical in nature. However,
the presence of tetra-quark states appearing in B0

! K�⇡+J/ and B0
! K�⇡+ (2S)

decays [30,56] will impact the determination of the non-local parameters. Although the
e↵ect is expected to be small, an accurate assessment of the e↵ect is beyond the scope of
this study.

The statistical precision on the angular observables is estimated by generating values
for the non-local parameters of �Ctotal

9 � , according to a multivariate Gaussian distribution
centred at the values used to simulate the B0

! K⇤0µ+µ� decays, with a covariance matrix
obtained from the resulting fit to the simulated data. These values are then propagated
to the angular observables in order to obtain their 68% confidence interval as a function
of q2. Figure 5 shows the statistical precision to P 0

5, AFB, S7 and FL in the SM, where
the non-local parameters are given by Table 1 with ✓0j = 0. The equivalent plots for the
remaining CP-averaged observables can be found in Appendix C.

By the end of Run2 of the LHC, the dominant theoretical uncertainty of the angular
observables in the q2 region 5 < q2 < 14 GeV2/c4, will be due to the knowledge of the
B ! K⇤ form-factors, rather than the non-local components. Future runs of the LHC
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https://www.hepdata.net/record/ins1409497
https://arxiv.org/abs/1812.07638


What can we do
Roughly three choices
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Release nothing and 
proceed anyway.

Cannot update when 
hadronic information 

improves

No risk of data mis-use.

No extra work.

Ultimate sensitivity is lost.

Release 
background-

subtracted data.
Not much work.

Full flexibility given.

Difficult to use, big risk of 
mis-use.

Allow for 
reinterpretation 
behind an API.

Hide experimental details.

Will people accept this 
before data is fully 

exhausted?

Flexibility can be defined.

A lot of work.

Relies on some level of 
consistency between 

analyses.



Its being done by pheno groups already

!12

http://superiso.in2p3.fr/ https://eos.github.io/ https://flav-io.github.io/

• There are three well known packages for fitting observables and generating 
SM data points.

• The gory details are hidden from ignorant experimentalists like myself.


• Perhaps its time we made something similar for the experimental data.

http://superiso.in2p3.fr/
https://eos.github.io/
https://flav-io.github.io/


API ideas
• More and more of LHCb analyses are moving to the TensorFlow package.


• Mainly for speed reasons, but also flexibility.
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• Take for example the zfit package, 
presented two weeks ago by Jonas Eschle


• Could for example make use of 
TensorFlow hub, which is currently used 
to publish machine learning modules.

From the website: https://www.tensorflow.org/hub

https://indico.cern.ch/event/759388/contributions/3306848/attachments/1816317/2968658/zfit_slides.pdf
https://www.tensorflow.org/hub


R(D(*)) measurements 

• Determined from a 3D fit to kinematic 
variables mmiss2, q2 and Eµ*.


• Assumed to be SM-like when extracting 
R(D*).


• Inconsistent!

!14

R(D (! ) ) =
B(B ! D (! )⌧⌫)
B(B ! D (! ) `⌫)
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FIG. 5. The measured values of R(D∗) for (left) the type-II 2HDM and (right) R2-type leptoquark models, where central
values are given as the solid (red) curves and the 1σ uncertainties are given as the shaded (yellow) regions. The theoretical
predictions and their 1σ uncertainties are shown as solid (blue) curves and hatched (light blue) regions, respectively [21].

FIG. 6. Background-subtracted momentum distributions of D∗ (top) and ℓ (bottom) in the region of ONB > 0.8 and EECL < 0.5
GeV for (left) the SM, (center) the type-II 2HDM with tanβ/mH + = 0.7 GeV−1, and (right) R2-type leptoquark model with
CT = +0.36. The points and the shaded histograms correspond to the measured and expected distributions, respectively. The
expected distributions are normalized to the number of detected events.
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CT=0.36SM
Belle, arXiv:1607.07923

• See for example effect of 
Tensor operator on the D* 

momentum distribution.

PHYS. REV. LETT. 115 (2015) 159901 
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How do we deal with this
• Unfolding and background subtraction is out of the question.


• One possible way help is the HAMMER (Helicity Amplitude 
Module for Matrix Element Reweighting) tool: 


• Allows for faster reweighting of templates.
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Figure 1: Plot showing the process of reweighting done with HAMMER. Shown in red and blue are the
theoretical uncertainties of the new model in use [2] while the former model is shown in light grey [3].

2HDM Type-II scenario forøB ! D" ! ø" ! decays. In this model, charged Higgs bosons contribute
to the mediation of theb ! c transition in addition to theW± bosons, thus modyÞing the decay
rate of these processes. The coupling strength of the charged Higgs boson depends on the ratio of
the vacuum expectation values of the Higgs doublets, tan#, and the charged Higgs massmH± . The
change of the differential decay rated!

dq2 changes in dependence of the ratiotan#
mH±

, which can be seen
in Figure2.

Figure 2: Reweighting oføB ! D" ! ø" ! for ten different conÞgurations oftan#
mH±

, ranging from 0 (SM in green)
to 1 (full 2HDM type II in red) done with HAMMER

3.2 New generic operators inøB ! D(" ) ! (! `ø" `" ! )ø" ! decays

HAMMER plans to include a range of generic new operators forøB ! D(" ) ! ø" ! decays taken
from [1]. Analyses of øB ! D(" ) ! ø" ! decays have typically performed a one dimensional scan in
q2 = (pB # pD(" ) )2. With the result from [1] it is possible to do a full 10 dimensional analysis in
q2 and the decay angles and kinematics oføB ! D(" ) ! (! `ø" `" ! ) ø" ! , resulting in better sensitivity
to effects e.g. from New Physics. As a means to demonstate the additional sensitivity to generic

2

https://doi.org/10.22323/1.282.1074

• Could be a way for people outside to fit our 
data with a new matrix element.


• Would probably require development of a 
package linking the two.

• The other option would be to directly fit Wilson Coefficients and provide 
likelihood surface. (Still vulnerable to QCD updates).

http://hammer.physics.lbl.gov/

http://hammer.physics.lbl.gov/


Summary
• The most precise and robust measurements need to fit QCD models with 

the data.


• This requires significantly more detail to be released than currently.


• Likelihoods won’t really do as often need to change parameterisation.


• For some modes, resolution and low B/S mean that providing background 
subtracted, unfolded data would lead to huge correlations.


• Likely solution would be a package to make it easier for pheno community 
to use our data.


• In the meantime, should try to measure as much as possible with up-to-
date QCD parameterisations.

!16


