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Searching for hidden matter at future e+e- collider
experiments

The analysis of azimuthal correlations in multiparticle production can be useful to uncover the
existence of new physics beyond the Standard Model, e.g., Hidden Valley, in e+e- annihilation
at high energies. In this work, based on previous theoretical studies and using the pythia8 event
generator, it is found that both azimuthal and rapidity long-range correlations are enhanced due to
the presence of a new stage of matter on top of the QCD partonic cascade. Ridge structures, similar
to those observed in hadronic collisions at the LHC, show up providing a possible signature of new
physics at future e+e- colliders.

Auteurs principaux: Prof. SANCHIS-LOZANO, Miguel Angel (Universitat de Valencia/IFIC); Prof.
SARKISYAN-GRINBAUM, Edward (CERN); PEREZ RAMOS, Redamy (IPSA/LPTHE)

Orateur: PEREZ RAMOS, Redamy (IPSA/LPTHE)
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Signatures of the Yang-Mills deconfinement
transition from the gluon two-point correlator

lundi 5 décembre 2022 10:45 (45 minutes)

We evaluate the longitudinal or (chromo-)electric Yang-Mills gluon propagator in the recently pro-
posed center-symmetric Landau gauge at finite temperature [1]. To model the effect of the Gribov
copies in the infrared, we use the Curci-Ferrari model which, in turn, allows us to rely on per-
turbative calculations. At one-loop order in the SU(2) case, the so-obtained longitudinal gluon
propagator provides a clear signature for Z2 center-symmetry breaking with a singular behavior,
characteristic of a continuous phase transition. This is in sharp contrast with what is found within
the standard Landau gauge. We also identify various signatures for Z3 center-symmetry break-
ing in the SU(3) case in the form of genuine order parameters. Among those, we find that the
gluon propagator, although degenerate along the diagonal color directions in the confining phase,
becomes non-degenerate in the deconfined phase. Our results open new ways of identifying the
transition from correlation functions both within continuum approaches and on the lattice.

Auteurs principaux: VAN EGMOND, Duifje (CPHT Ecole Polytechnique); Dr REINOSA, Urko
(CPHT, Ecole Polytechnique)

Orateur: VAN EGMOND, Duifje (CPHT Ecole Polytechnique)
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Quasi Transverse Momentum Dependent correlator
@ next-to-leading power

mercredi 7 décembre 2022 10:15 (45 minutes)

The theory and phenomenology of transverse-momentum dependent parton distributions (TMDs)
have seen increasing activity in the past years. Factorization theorems for both leading-power
(LP) and next-to-leading power (NLP) scenario has been discussed in the context of experimental
processes such as Drell-Yan (DY) or SIDIS.
However, experimental determination of all TMD distributions is an extremely challenging prob-
lem. Therefore, lattice simulations of QCD can help bringing complementary information and
guiding the phenomelogical parametrizations. On the lattice, since one cannot access directly the
TMD correlator, one resorts to study an equal-time ‘quasi’-TMD correlator. However, the relation
between the quasi-TMDs and the TMDs in non-trivial. In fact, the quasi-TMD correlator can be
interpreted as the counterpart of the hadronic tensor in DY or SIDIS.
In this talk, I will present our results for the quasi-TMD correlator both at LP and NLP at one-loop
accuracy. I will show how the quasi-TMD correlator can be factorized into the actual TMD distribu-
tion and an unknown function. I will discuss how ratios of quasi-TMD correlator determined from
lattice calculations remove the unknown function and allow an extraction of the Collins-Sopper
kernel.

Auteur principal: RODINI, Simone (Ecole Polytechinque)

Orateur: RODINI, Simone (Ecole Polytechinque)
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Gravitational portals during reheating

Inflation is now very well motivated because it can solve many issues of the Big Bang scenario.
Specific models of inflation can be tested by observations, most notably by the CMB anisotropy
power spectrum. I will present results on (dark) matter production in the late time evolution of
this inflationary field usually called “reheating”, and the challenges to probe these mechanisms.
Especially I will present what we call gravitational portals as a minimal scenario to produce per-
turbatively particles during this phase of the early Universe.

Auteur principal: CLÉRY, Simon (IJCLab - Université Paris-Saclay)

Orateur: CLÉRY, Simon (IJCLab - Université Paris-Saclay)
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Consistent propagation of spin 3/2 and 2 in an
electromagnetic background

lundi 5 décembre 2022 16:15 (45 minutes)

Consistent equations of motion and Lagrangian for higher spin states is an old problem which
is still under investigation. One important challenge comes from the “Velo-Zwanziger problem”,
which states that charged massive particles of spin>1, minimally coupled to an external electro-
magnetic field, suffer from acausality and loss of hyperbolicity. In this talk, I will present explicit
consistent Lagrangians describing charged massive spin-3/2 and spin-2. Though coupled in the
Lagrangian to lower spins, they appear decoupled in the resulting equations of motion.

Auteur principal: KE, Wenqi (LPTHE)

Orateur: KE, Wenqi (LPTHE)
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Exploring electromagnetism in the Standard-Model
Extension: theory and satellite data analysis

lundi 5 décembre 2022 15:30 (45 minutes)

The photon is the dominant astro-particle as astrophysical observations are largely based on elec-
tromagnetic signals still read with the Maxwellian massless and linear theory, possibly an approxi-
mation of a larger theory, as Newtonian gravity is for the Einsteinian gravity in weak fields. Apart
from massive (de Broglie-Proca, Bopp, Podolski, Stueckelberg and others) and non-linear (Born-
Infeld, Euler-Heisenberg and others) formalisms, the Standard-Model Extension (SME) dresses the
photon of a mass dependent from the Lorentz-Poincaré symmetry violation. Extended Theories
of Electromagnetism (ETE) lead to surprising options for reading the universe as challenges to the
ΛCDM cosmology. The SME induces deviations from the Ampère-Maxwell law, by means of an
extra-current. We have sought in six years data of the Magnetospheric Multi-Scale (MMS) mission,
a four-satellite constellation, crossing mostly turbulent regions of magnetic reconnection and col-
lecting about 95% of the data outside the less turbulent region of the solar wind. We examined 3.8
million points, at each of which we collected 82 parameters from the solar wind, magnetosheath
and magnetosphere regions. In a minority of cases, (only 2.2% in modulus and 4.8% in Cartesian
components for all regions, but 21% in modulus and 29.9% in Cartesian components in the solar
wind), deviations have been found. New analysis or future satellite measurements may clarify
the nature of these deviations, whether unaccounted errors or glimpses of new physics. Possibly,
we are confronted with the limit of non-dedicated experiments. We mention more stringent but
model-based limits. These is an informal collaboration on theory, observations and experiments
with CERN-King’s College London, Univ. Bremen, Univ. Napoli, UERJ and CBPF Rio de Janeiro,
IAC Tenerife and other institutes.

• Bonetti L., Ellis J., Mavromatos N.E., Sakharov A.S., Sarkisyan-Grinbaum E.K.G., Spallicci
A.D.A.M., 2016. Photon mass limits from Fast Radio Bursts, Phys. Lett. B, 757, 548. arXiv:1602.09135
[astro-ph.he] DOI 10.1016/j.physletb.2016.04.035

• Retinò A., Spallicci A.D.A.M., Vaivads A., 2016. Solar wind test of the de Broglie-Proca’s
massive photon with Cluster multi-spacecraft data, Astropart. Phys., 82, 49. arXiv:1302.6168
[hep-ph] DOI 10.1016/j.astropartphys.2016.05.006

• Bonetti L., dos Santos Filho L.R., Helayël-Neto J.A., Spallicci A.D.A.M., 2017. Effective pho-
ton mass from Super and Lorentz symmetry breaking, Phys. Lett. B, 764, 203. arXiv:1607.08786
[hep-ph] DOI 10.1016/j.physletb.2016.11.023

• Bentum M.J., Bonetti L., Spallicci A.D.A.M., 2017. Dispersion by pulsars, magnetars, fast
radio bursts and massive electromagnetism at very low radio frequencies, Adv. Sp. Res., 59,
736. arXiv:1607.08820 [astro-ph.IM] DOI 10.1016/j.asr.2016.10.018

• Bonetti L., Ellis J., Mavromatos N.E., Sakharov A.S., Sarkisyan-Grinbaum E.K.G., Spallicci
A.D.A.M., 2017. FRB 121102 casts new light on the photon mass, Phys. Lett. B, 768, 326.
arXiv:1701.03097 [astro-ph.HE] DOI 10.1016/j.physletb.2017.03.014

• Capozziello S., Prokopec T., Spallicci A.D.A.M., 2017. Aims and Scopes of the Special Issue:
Foundations of Astrophysics and Cosmology, Found. Phys., 47, 709. DOI 10.1007/s10701-
017-0081-8

• Bonetti L., dos Santos Filho L.R., Helayël-Neto J.A., Spallicci A.D.A.M., 2018. Photon sector
analysis of Super and Lorentz symmetry breaking: effective photon mass, bi-refringence
and dissipation, Eur. Phys. J. C, 78, 811. arXiv 1709.04995 [hep-th] DOI 10.1140/epjc/s10052-
018-6247-5
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• Helayël-Neto J.A., Spallicci A.D.A.M., 2019. Frequency variation for in vacuo photon prop-
agation in the Standard- Model Extension, Eur. Phys. J. C, 79, 590. arXiv: 1904.11035
[hep-ph] DOI 10.1140/epjc/s10052-019-7105-9

• Capozziello S., Benetti M., Spallicci A.D.A.M., 2020. Addressing the cosmological H0 ten-
sion by the Heisenberg uncertainty, Found. Phys., 50, 893. arXiv:2007.00462 [gr-qc] DOI
0.1007/s10701-020-00356-2

• Spallicci A.D.A.M., Helayël-Neto J.A., López-Corredoira M., Capozziello S., 2021. Cosmol-
ogy and the massive photon frequency shift induced by the Standard-Model Extension, Eur.
Phys. J. C, 81, 4. arXiv 2011.12608 [astro-ph.CO] DOI 10.1140/epjc/s10052-020-08703-3

• Spallicci A.D.A.M., Benetti M., Capozziello S., 2022. Heisenberg limit at cosmological scales,
Found. Phys., 52, 23. arXiv:2112.07359 [physics.gen-ph] DOI 10.1007/s10701-021-00531-z

• Spallicci A.D.A.M., Sarracino G., Capozziello S., 2022. Investigating dark energy by elec-
tromagnetism frequency shifts (Special Issue on: Tensions in cosmology from early to late
universe: the value of the Hubble constant and the question of dark energy), Eur. Phys. J.
Plus, 137, 253. arXiv:2202.02731 [astro-ph.CO] DOI 10.1140/epjp/s13360-022-02450-y

• Spallicci A.D.A.M., Sarracino G., Randriamboarison O., Helayël-Neto J.A., 2022. Testing the
Ampère-Maxwell law on the photon mass and Lorentz-Poincaré symmetry violation with
MMS multi-spacecraft data, arXiv:2205.02487 [hep-ph]

Auteur principal: Prof. SPALLICCI, Alessandro D.A.M. (Université d’Orléans - Centre National de
la Recherche Scientifique)

Orateur: Prof. SPALLICCI, Alessandro D.A.M. (Université d’Orléans - Centre National de la Recherche
Scientifique)
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Resolving the Scales of theQuark-Gluon Plasma
with Energy Correlators

mardi 6 décembre 2022 16:00 (45 minutes)

Jets provide us with ideal probes of the quark-gluon plasma (QGP) produced in heavy-ion collisions,
since its dynamics at its different scales is imprinted into the multi-scale substructure of the final
state jets. This talk discusses a new approach to jet substructure in heavy-ion collisions based on
the study of correlation functions of energy flow operators. By analysing the two-point correlator
of an in-medium quark jet, the spectra of correlation functions robustly identify the scales defined
by the properties of the QGP, particularly those associated with the onset of colour coherence.
Preliminary results extending previous work to heavy flavour jets and more sophisticated models
for medium interactions will be discussed.

Auteur principal: HOLGUIN, Jack (CPHT Ecole Polytechnique)

Orateur: HOLGUIN, Jack (CPHT Ecole Polytechnique)
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Cosmological implications of photon-flux upper
limits at ultra-high energies in scenarios of

Planckian-interacting massive particles for dark
matter

mardi 6 décembre 2022 14:00 (45 minutes)

Instantons can give rise to decay of particles otherwise forbidden. Using data collected at the Pierre
Auger Observatory, we present a search for signatures of such instanton-induced decay processes
that could be at work for super-heavy particles produced sufficiently during the post-inflationary
epoch to match the relic abundance of dark matter inferred today. The non-observation of these
signatures allows us to derive a bound on the reduced coupling constant of gauge interactions
in the dark sector: αX ≤ 0.09, for 109 ≤ MX/GeV < 1019. Conversely, we obtain that, for
instance, a reduced coupling constant αX = 0.09 excludes masses MX ≥ 3 × 1013 GeV. In the
context of dark matter production from gravitational interactions alone, we illustrate how these
bounds are complementary to those obtained on the Hubble rate at the end of inflation from the
non-observation of tensor modes in the cosmological microwave background.

Auteur principal: DELIGNY, Olivier (CNRS/IN2P3 – IJCLab)

Orateur: DELIGNY, Olivier (CNRS/IN2P3 – IJCLab)
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The hadronic contribution to the electroweak
couplings from Lattice QCD

lundi 5 décembre 2022 17:00 (45 minutes)

We present an ab initio determination of the QCD contribution to the electromagnetic coupling at
the Z-pole and the weak mixing angle at low momentum exchange.
To compute the low momentum, non-perturbative QCD contribution to the running of both quan-
tities, we employ a broad set of Nf = 2+1 Lattice QCD simulations with O(a)-improved Wilson
fermions.
To connect our lattice results to the Z-pole, we employ the so-called Euclidean split technique,
which relies on perturbation theory at high momentum and allows the computation of the time-
like electromagnetic coupling from our space-like simulations.
Finally, we compare our results with several phenomenological determinations, which use the
e+e− → hadrons cross-section data, and comment on the effect our determination has on the
Higgs mass determined by the electroweak global fits of the Standard Model.

Auteurs principaux: SAN JOSÉ PÉREZ, Miguel Teseo (Laboratoire de Physique des 2 infinis Irène
Joliot-Curie –IJCLab); Dr RISCH, Andreas (John von Neumann-Institut für Computing NIC); Prof.
GÉRARDIN, Antoine (Aix-Marseille-Universite, Universit ́e de Toulon, CNRS, CPT); Prof. VON HIPPEL,
Georg (Johannes Gutenberg-Universität Mainz); Prof. WITTIG, Hartmut (Johannes Gutenberg-Univer-
sität Mainz); Prof. MEYER, Harvey (Johannes Gutenberg-Universität Mainz); Dr WILHELM, Jonas; Dr
MIURA, Kohtaroh (KEK Theory Center, High Energy Accelerator Research Organization); Dr OTTNAD,
Konstantin (Johannes Gutenberg-Universität Mainz); Dr CÈ, Marco (Albert Einstein Center for Funda-
mental Physics (AEC) and Institut für Theoretische Physik, Universität Bern; Department of Theoretical
Physics, CERN)

Orateur: SAN JOSÉ PÉREZ, Miguel Teseo (Laboratoire de Physique des 2 infinis Irène Joliot-Curie –
IJCLab)
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Jet quenching in expanding media
mardi 6 décembre 2022 14:45 (45 minutes)

New measurements of jet quenching observables in heavy-ion collisions at RHIC and at the LHC
demand an increased precision in the theory calculations describing medium-induced radiation
of gluons. Closed expressions for the gluon spectrum including the full resummation of multiple
scatterings have been known for the past 20 years. However, until very recently, they were only
evaluated under restrictive approximations. I will present here a new method allowing the eval-
uation of this spectrum without any further approximations for static media. I will also revisit
the conceptual and computational issues arising when embedding this (or any other approach
including multiple scatterings) into dynamically evolving plasmas. I will show several paths to
overcome these difficulties and present results on the fully-resumed spectrum for longitudinally
evolving media.

Auteur principal: ANDRES, Carlota (CPHT, École polytechnique)

Orateur: ANDRES, Carlota (CPHT, École polytechnique)
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Rencontre avec les tutelles
lundi 5 décembre 2022 14:00 (1 heure)
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Inhomogeneity of rotating gluon plasma and
Tolman-Ehrenfest law in imaginary time

mardi 6 décembre 2022 11:00 (45 minutes)

We present the results of first-principle numerical simulations of Euclidean SU(3) Yang-Mills plasma
rotating with a high imaginary angular frequency. The rigid Euclidean rotation is introduced via
“rotwisted” boundary conditions along imaginary time direction. The Polyakov loop in the co-
rotating Euclidean reference frame shows the emergence of a spatially inhomogeneous confining-
deconfining phase through a broad crossover transition. A continuation of our numerical results
to Minkowski spacetime suggests that the gluon plasma, rotating at real angular frequencies, pro-
duces a new inhomogeneous phase possessing the confining phase near the rotation axis and the
deconfinement phase in the outer regions. The inhomogeneous phase structure has a purely kine-
matic origin, rooted in the Tolman-Ehrenfest effect in a rotating medium. We also derive the
Euclidean version of the Tolman-Ehrenfest law in imaginary time formalism and discuss two def-
initions of temperature at imaginary Euclidean rotation.

Orateur: CHERNODUB, Maxim (CNRS, Université de Tours, France)
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Reconstructing the mixing angles of a
Pseudo-Goldstone sterile neutrino

mercredi 7 décembre 2022 11:00 (45 minutes)
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