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Outline

1. Physics analysis and calibration in CMS

• Search for a low mass resonance in the diphoton channel

• Extraction of the photon energy scale calibration

2. Electroweak precision test of BSM theories

• SU(5) aGUT

• PVpy package

Christian Verollet PhD-days IP2I April 23th 2026 — 2/25



Physics analysis and calibration
in CMS



Motivation for a H → γγ search at low mass
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Theoretical motivations
Light scalar bosons with Higg-
like couplings can appear in
different BSM theories.

→ Pursue the analysis
with 2022 + 2023 data
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Analysis strategy: workflow
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Analysis strategy: workflow

Produce sensitivity plots

• Simulated events (MC)
• Data events

Preselection

Remove the maximum of
background

Background modelling
(data-driven)
Signal modelling (MC)

Only sideband data
We hide the region where we
expect a signal to avoid
biasing the analysis choices
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Analysis strategy: background reduction

Several other type of events have
the same final state signature as the signal
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Analysis strategy: BDT

• A Boosted Decision Tree divides the diphoton events into 4
classes (0, 1 ,2 ,3) according to how signal-like they are

Christian Verollet PhD-days IP2I April 23th 2026 — 6/25



Analysis strategy: BDT

• A Boosted Decision Tree divides the diphoton events into 4
classes (0, 1 ,2 ,3) according to how signal-like they are

Christian Verollet PhD-days IP2I April 23th 2026 — 6/25



Analysis strategy: Drell Yan reduction

• A neural network (NN) is used to reduce the DY
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Analysis strategy: Drell Yan reduction

• A neural network (NN) is used to reduce the DY

→ NN trained with
MC of the signal and
DY background, val-
idated on data in the
sidebands

→ Keep events with a
score > 0.7
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Analysis strategy: background modelling

• The Z peak is fitted with DY MC and the fit function is
used in the total background modelling of the data
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Analysis strategy: limits plots

• Combining Run 2 with 2022–2023 data and improved event
selection results in reduced background and better expected limits
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Photon energy scale calibration with Z → µ+µ−γ events
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→ Currently working on run 2 and run 3 data
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Photon energy scale calibration with Z → µ+µ−γ events
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Photon energy scale calibration with Z → µ+µ−γ events

Photon energy response depends on:
• Detector region ηSC

• Shower containment R9
• Energy dependence pT

Christian Verollet PhD-days IP2I April 23th 2026 — 11/25



Photon energy scale calibration with Z → µ+µ−γ events
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Photon energy scale calibration with Z → µ+µ−γ events

• After correction, the simulated events (MC) and data
should be in better agreement

→ Currently comparing results with colleagues using an
alternative method (IJaz)
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Electroweak precision test of
BSM theories



Electroweak radiative correction: introduction
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Electroweak radiative correction: introduction

EW radiative corrections are higher order
contribution from loops that modify observables

ρ = m2
W

m2
Z cos2(θW ) = 1

(Tree level)

, ∆ρ = ρexp − ρSM ̸= 0

(Measured value)

→ BSM particles contribute to loops
and give indirect evidence of new physics

At future colliders, improvement in precision will make
EW precision tests a central tool to probe BSM physics
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Electroweak radiative correction: S,T,U formalism
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unifying in the UV regime

→ Needs new heavy fermions plus a 5th dimension of radius R

Minimal case: SU(5)

Aµ =

G − 1
3B X Y

X
Y W + 1

2B


µ

ϕ5 =
(

H
ϕh

) + a copy of SM
fermions with left
singlets and right
doublets (only 3rd
generation)

Odd and even Kaluza-
Klein tower:

ϕ(x, y) =


∑

n ϕn(x) (sin, cos)
(ny

R

)
with n even∑

m ϕm(x) (sin, cos)
(my

R

)
with m odd
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Electroweak precision test of SU(5) aGUT

• Plot in the S-T plane to constrain the parameter R

Measured values:
S = −0.04 ± 0.10
T = 0.01 ± 0.12
U = −0.01 ± 0.09
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straints on R

with current
precision
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Electroweak precision test of SU(5) aGUT

• For future colliders like FCC-ee, an improvement of a factor
∼15 in precision is expected
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• For future colliders like FCC-ee, an improvement of a factor
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More details on
https://arxiv.org/abs/2601.02161
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PVpy package
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PVpy package

• Loops involve integrals which area analytically and
numerically delicate to handle (UV poles, µ-dependance)

→ Computations still rely on highly specialized external
software, and there is currently no accessible solution
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PVpy package

• Loops involve integrals which area analytically and
numerically delicate to handle (UV poles, µ-dependance)

→ Computations still rely on highly specialized external
software, and there is currently no accessible solution

Goal of the package: 2-points functions

∫
ddk

Tµν(p, k, m1, m2)[
(p − k)2 − m2

1
] [

k2 − m2
2
]
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PVpy package

• Loops involve integrals which area analytically and
numerically delicate to handle (UV poles, µ-dependance)

→ Computations still rely on highly specialized external
software, and there is currently no accessible solution

Goal of the package: 2-points functions

∫
ddk

Tµν(p, k, m1, m2)[
(p − k)2 − m2

1
] [

k2 − m2
2
] = Π(p2)ηµν + ∆(p2)pµpν

Tensorial decomposition

→ Express Π(p2), ∆(p2) in terms of Passarino-Veltman (PV)
scalar functions A0, B0, B00 and handle non-trivial singularity
structures
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PVpy package
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PVpy package

→ Requires only
numpy and sympy
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PVpy package

→ Requires only
numpy and sympy

→ Define PV ob-
jects that behave
like sympy object
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PVpy package
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PVpy package

→ Get symbolic expressions
depending on the kinematic
conditions for both the diver-
gent and finite part
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to handle symbolic ex-
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matica
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PVpy package
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PVpy package

→ Create numpy callable functions that behave well in the
limit of degenerate masses and low momentum
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PVpy package

→ Create numpy callable functions that behave well in the
limit of degenerate masses and low momentum
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Conclusion and perspectives

• Progress of the low mass search → next step is
pre-approval and 2024 data

• Updated the S-method for Z, µ+µ−γ energy scale
calibration → currently comparing with results from
different methods
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Conclusion and perspectives

• Progress of the low mass search → next step is
pre-approval and 2024 data

• Updated the S-method for Z, µ+µ−γ energy scale
calibration → currently comparing with results from
different methods

• Aquired an expertise in loop computations and EW
precision test with the SU(5) aGUT project

• Developped a package to summarize, need to add tensorial
decomposition and 3-points functions for induced couplings

• Other projects using my previous experience: VLQ +
Composite Higgs
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Conclusion and perspectives

Thank you for your attention!
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BDT and DY killer validation
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Electroweak precision test of the SM with additional VLQ
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Electroweak precision test of the SM with additional VLQ

• Enhance SM with new fermionic multiplets of VLQ and look
at the constraints from flavor physics and EW precision test

• Large parameters space + mixing of fermion generations
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Electroweak precision test of the SM with additional VLQ

• Enhance SM with new fermionic multiplets of VLQ and look
at the constraints from flavor physics and EW precision test

• Large parameters space + mixing of fermion generations

−
∑
i,j

∫
d4k

(2π)4 Tr
[

iγµ (v − aγ5)ij

i (kσγσ + m1,i)
k2 − m2

1,i

iγν

(
v′ − a′γ5

)
ij

i ((k − p)σγσ + m2,j)
(k − p)2 − m2

2,j

]
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Electroweak precision test of the SM with additional VLQ

• Enhance SM with new fermionic multiplets of VLQ and look
at the constraints from flavor physics and EW precision test

• Large parameters space + mixing of fermion generations

−
∑
i,j

∫
d4k

(2π)4 Tr
[

iγµ (v − aγ5)ij

i (kσγσ + m1,i)
k2 − m2

1,i

iγν

(
v′ − a′γ5

)
ij

i ((k − p)σγσ + m2,j)
(k − p)2 − m2

2,j

]

→ need to be done numerically to scan the parameter space
→ PVpy
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Electroweak precision test of the SM with additional VLQ

• Enhance SM with new fermionic multiplets of VLQ and look
at the constraints from flavor physics and EW precision test

• Large parameters space + mixing of fermion generations
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Electroweak precision test of the SM with additional VLQ

• Enhance SM with new fermionic multiplets of VLQ and look
at the constraints from flavor physics and EW precision test
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and accurate (PVpy)
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Electroweak precision test of the SM with additional VLQ

• Enhance SM with new fermionic multiplets of VLQ and look
at the constraints from flavor physics and EW precision test

• Large parameters space + mixing of fermion generations
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Oblique parameters are
extremely sensible
→ need to be stable
and accurate (PVpy)

Project ongoing, dif-
ferent combinations of
multiplets are consid-
ered
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