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The use case

 Low energy physics - non-perturbative QCD techniques required.

e Often models are needed:
e Parameterisation of hadronic form factors

* Modelling of long-distance contributions.

2



A good example - |Vcp|

e Early 2017, Belle measures |Veo|. aeie.conp11z

. o . o - . o dI’
Precise determination of the CKM matrix element |V, | with B® = D** £~ U, decays with hadronic tagging at B D£
Belle _2 _> V) X
The Belle Collaboration: A. Abdesselam, I. Adachi, K. Adamczyk, H. Aihara, S. Al Said, K. Arinstein, Y. Arita, D. M. Asner, T. Aso, H. Atmacan, V. Aulchenko, T. Aushev, R. Ayad, T. dq
Aziz, V. Babu, I. Badhrees, S. Bahinipati, A. M. Bakich, A. Bala, Y. Ban, V. Bansal, E. Barberio, M. Barrett, W. Bartel, A. Bay, P. Behera, M. Belhorn, K. Belous, M. Berger, F. U.

Bernlochner, D. Besson, V. Bhardwaj, B. Bhuyan, J. Biswal, T. Bloomfield, S. Blyth, A. Bobrov, A. Bondar, G. Bonvicini, C. Bookwalter, C. Boulahouache, A. Bozek, M. Bracko, N. Braun,
F. Breibeck, J. Brodzicka, T. E. Browder, E. Waheed, D. Cervenkov, M.-C. Chang, P. Chang, Y. Chao, V. Chekelian, A. Chen, K.-F. Chen, P. Chen, B. G. Cheon, K. Chilikin, R. Chistov, k

Cho, V. Chobanova, S.-K. Choi, Y. Choi, D. Cinabro, J. Crnkovic, J. Dalseno, M. Danilov, N. Dash, S. Di Carlo, J. Dingfelder, Z. Dolezal, D. Dossett, Z. Drasal, A. Drutskoy, S. Dubey, O ( ’ 2 ‘ / 2 2 2
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Gemmler, D. Getzkow, R. Gillard, F. Giordano, R. Glattauer, Y. M. Goh, P. Goldenzweig, B. Golob et al. (363 additional authors not shown)

(Submitted on 6 Feb 2017 (v1), last revised 14 Feb 2017 (this version, v2))

The precise determination of the CKM matrix element |V, | is important for carrying out tests of the flavour sector of the Standard Model. In this article we present a preliminary
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analysis of the B — D** £~ 1, decay mode and its charge conjugate, selected in events that contain a fully reconstructed B-meson, using 772 million e* e~ — Y(4S) — BB events
=0 - ‘

recorded by the Belle detector at KEKB. Unfolded differential decay rates of four kinematic variables fully describing the B — D** £~ U, decay in the B-meson rest frame are Q D

=0 _ _ . . .
presented. We measure the total branching fraction BB — D** ¢~ ;) = (4.95 + 0.11 + 0.22) X 1072, where the errors are statistical and systematic respectively. The value of | V|
is determined to be (37.4 + 1.3) x 1073. Both results are in good agreement with current world averages.

e Measurement and unfolded data published.

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

e ]
A fresh look at the determination of |V_cb| from B-> DA* | nu N 1 4:
Dante Bigi, Paolo Gambino, Stefan Schacht H\ ' [ ]
3V L i
(Submitted on 17 Mar 2017 (v1), last revised 26 Apr 2017 (this version, v2)) — 1.2+ e
_0 - 8 : :
Ne use recent Relle re on B D [~ deca g extract the CKM elemen wlwith two different but well-founded parameterizations of the form factors. We show that the CLN ~ 10— { :
and BGL parameterizations lead to quite different results for |V, | and provide a simple explanation of this unexpected behaviour. A long lasting discrepancy between the inclusive and _§ g I I ] CLN + LCSR
EXCIUSIVE determinations or [Ve,] may Nave to De thorougniy reconsiaered. L |._I_| ]
oLl L i
@ 08 . , BGL+LCSR
. . B —
. *
Model-Independent Extraction of |V,;| from B - D*fv — 0.6f '—’I—'—I—'._I_.—
Benjamin Grinstein, Andrew Kobach 0 4i 7
(Submitted on 23 Mar 2017 (v1), last revised 7 Jun 2017 (this version, v2)) S S S S S SR S SR
0 1.0 1.1 1.2 1.3 14 15
We fit the unfolded data of B© — D** £V from the Belle experiment, where £ = e, y, using a method independent of heavy quark symmetry to extrapolate to zero-recoil and extract the
value of |V, ]|. This results in |V, | = (41.9 f%:g) % 1073, which is robust to changes in the theoretical inputs and very consistent with the value extracted from inclusive semileptonic B w

decays.

The FF parameterisation much more important than expected, a conclusion not possible without the release of data.
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Where do we tend to sit on this scale? Lets see by looking at some examples.



Some examples

* |n increasing order of complexity:
e Charmonium resonances B — Ku* .~ decays.

* Amplitude analysis of B —+ K*¢/ (see Andrea’s talk on
Thursday)

e |Lepton universality measurements R(D0).



B — Kyt~ resonances

e See some resonances in B — Ku ' 1~ decays.

e Parameterise them with Breit-Wignher amplitudes.
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* Neglect P(2S) resonance and infinite sum of resonances
present above kinematic threshold.

* Likelihood release not enough here.


https://doi.org/10.1103/PhysRevLett.111.112003

B — Ku'u~ reinterpreted

* Provide efficiency corrected, background subtracted data on arXiv.

o (28) arXiv:1406.0566

- (3770)

e Completely new
parameterisation tried, new
non-resonant component
added.
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 \Why can this be done?

e Simple angular structure, g2 distribution main observable.

* Not the case for the following.
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Angular analysis of B — K*u™u~

* Measure how decay products are distributed in space.

p—>—¢ ifp <0
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Unbinned amplitude fits

* Currently do measurements integrated over a bin in g2 -model-Independent.

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

* However, lose sensitivity in the integration, and possibility to constrain hadronic
contributions.
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e (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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https://www.hepdata.net/record/ins1409497
https://arxiv.org/abs/1812.07638

What can we

Roughly three choices

Release nothing and
proceed anyway.

No risk of data mis-use.

No extra work.

Cannot update when
hadronic information
Improves

Ultimate sensitivity is lost.

Release
background-
subtracted data.

Not much work.
Full flexibility given.

Difficult to use, big risk of
Mmis-use.

Will people accept this
before data is fully
exhausted?
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do

Allow for
reinterpretation
behind an API.

Hide experimental details.
Flexibility can be defined.

A lot of work.

Relies on some level of
consistency between
analyses.



Its being done by pheno groups already

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

http://superiso.in2p3 fr/ https://eos.github.io/ https://flav-i0.github.io/
Superlso - % flav

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

* Perhaps its time we made something similar for the experimental data.
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http://superiso.in2p3.fr/
https://eos.github.io/
https://flav-io.github.io/

APl ideas *

* More and more of LHCb analyses are moving to the TensorFlow package.

* Mainly for speed reasons, but also flexibility. 0007 —

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

port tensorflow as tf Tj
port tensorflow_hub as hub

with tf.Graph().as_default():
module_url = "https://tfhub.dev/google/nnlm-en-dim128-with-normalization/1"
embed = hub.Module(module_url)
embeddings = embed(["A long sentence."”, "single-word",
‘http://example.com"])

with tf.Session() as sess:
sess.run(tf.global_variables_initializer())

sess.run(tf.tables_initializer())

print(sess.run(embeddings))


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

R(D() measurements
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https://doi.org/10.1103/PhysRevLett.115.159901

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: http:/hammerphysics.lbl.gov/

* Allows for faster reweighting of templates.

* 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).
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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.
e 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.
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