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Plan
LHC et détecteur
Implication dans les objets reconstruits
Côté top : 
Les analyses qui se terminent :
– Mesure du couplage top et Higgs
– Recherche de désintégration Higgs en top 
– Section efficace 𝛄+b-jet
Celles qui continuent : 
– Etude de précision sur le quark top 
– Recherche de désintégration en top+H

Côté ‘Higgs’ :
- La section efficace de production du boson H
- Recherche de nouveaux bosons de Higgs en état final 𝛄𝛄 et 𝛕𝛕
- Propriétés du Higgs
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LHC Run2 et Run3

3

60% = % disponibilité LHC 
pour 2022 pour pp
Nov/Feb = début

Run2 : 2015-2018 à ~150 fb-1, 
en 2017, changement du détecteur à pixel 
à amélioration des traces et de l’étiquetage des jets de quark b

Run3 : 2022-2025 à ~190 fb-1 , 
énergie dans le centre de masse à but = 14 TeV

è Prévisions de publications Run2+Run3



Contributions au détecteur CMS

Trajectographe :
Depuis le début et à l’avenir
Construction, amélioration
Coordinatrice du groupe ‘Detector 
Performance Group (DPG) 
Tracker’ [2017-2018] 
(G. Boudoul)

Calorimètre 
électromagnétique :
Contribution historique, 
Coordinateur Technique Run2 et 
Run3 (émérite) + gestion 
database (J.Fay, P. Depasse) 
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Contributions au détecteur CMS
Coordinatrice adjointe de la prise de données + responsable des 
groupes détecteur DPG [2018-2020] puis coordinatrice de la prise de 
données pour le démarrage du Run3 (G. Boudoul)
Coordinateur des mises à niveaux/Upgrade de CMS pour HL-LHC 
[2012-2019] (D. Contardo)
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Figure 4: Hadrography of the tracking system in the x-y plane in the barrel region (|z| < 25 cm).
The density of NI vertices is indicated by the color scale. The signatures of the beam pipe, the
BPIX detector with its support, and the first layer of the TIB detector can be observed above the
background of misreconstructed NIs.

detector support tube, respectively. The misreconstruction rate decreases as track density de-
creases and so it is smaller at higher radius. The misreconstruction rate for each measurement
is estimated from data by looking at a region to the side of the structure under consideration,
where no material is expected.

The “hadrography” in the x-y plane of the tracking system in the barrel region (|z| < 25 cm) is
provided in Fig. 4. The signatures of the beam pipe, the BPIX detector with its support, and the
first layer of the TIB detector can be seen.

4 Analysis method
In this analysis we focus on the measurement of the positions of the inactive elements within
the inner tracking system. All the inactive elements under consideration except for the sup-
port rails have a cylindrical geometry with their axes being collinear to the beam axis. For all
the structures but the support rails, the axis position is within a few millimeters of (0, 0), the
origin of the CMS offline coordinate system, which is discussed in Section 7.1. By design, the
thicknesses of the structures do not exceed a few millimeters to keep the amount of material
within the inner tracking system to a minimum. These properties of the components under

Radiographie du trajectographe
en utilisant les interactions 
nucléaires
è Validation de la quantité de 
matière de la simulation

è Mesure de position à 100µm
è Compatible avec les mesures de 
référence
(M. Gouzevitch [2011-2018])

JHEP 08 (2018) 066 5



Analyse de physique è maitrise du détecteur et objets reconstruits
à CMS utilise l’algorithme de flux des particules : 

Chaque dépôt d’énergie dans le détecteur = une particule 
Chaque particule potentiellement regroupée (ie jets) 
Publication: Particle-flow reconstruction (C. Bernet/M. Gouzevitch)

à Etude des mesures de luminosité en 2018 (A. Carle, N. Chanon
à violation de Lorentz)

à Contribution au ‘data quality monitoring’ sur les objets tau 
à Important pour Hà𝛕𝛕 (E. Asilar, post-doc)

à Contribution aux logiciels de reconstruction après 
mise à jour du détecteur (S. Jain, post-doc)
à Contribution à l’échelle en énergie des photons et jets

Les objets

JINST 12 (2017) P10003

CMS PAS-LUM-18-002
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Leader historique : 
Utilisation des désintégrations radiative du Z àµµ 
pour déterminer/valider l’énergie du photon

à Validation des variables d’identification 
des photons dans la simulation 
è Cruciale pour les techniques multivariées 
(utilisée par exemple dans Hà𝛾𝛾 )

è Run3 : accumulation de la statistique pour vérifier l’échelle en 
énergie avec plus de précision 

Calibration Ecal/Photons

Echelle en énergie déterminée 
sur Zàee est valable pour les 
photons au niveau de 0.1%
CERN-EP-2020-219
arXiv: 2012.06888

Soumis à JINST
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S. Gason-Shotkin, M. Lethuillier
Thèse : C. Camen, A. Lesauvage, 

S. Zhang
Collaboration: IHEP-Beijing



Calibration Jets
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Canal 𝛄+jets : échelle en énergie des jets + résolution des jets
Principe : événements avec 𝛄 et 1 jet dos-à-dos
à Energie du photon connue avec grande précision
à Pjet

T ~ P𝛄T dans les données
Problématique : gestion de l’empilement, photon 
à grande impulsion (trigger limitation)
à 2 méthodes en place + combinaison avec 

Z+jets/Multijet

Comparaison avec le MC à mesure la résolution dans les données

è Utilisation : toutes les analyses de CMS contenant des jets
è Run3 : extension 𝛄+b-jets è échelle en énergie des b-jets (les 

études débutent, besoin de statistique)
è Important pour les recherches en résonnance bb/contrainte mtop
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Recherche d’une résonance Hàtt
Recherche d’une résonance dans le spectre tt en l+jets, leader historique
à Extension du MS : boson de spin 0 (2HDMs, MSSM)
à Interférence avec MS ttbar production 

è structure du signal en « excès + déficit »

Partie résonnante

Interference

4-vecteur du neutrino provenant de la contrainte à la masse du W 
et du quark top à résolution de mtt ~17-21%
Utilisation de l’angle 𝛉* pour distinguer le signal

Signal like

S. Perries, 
A. Popov 
(Post-doc), 
V. Sordini

9JHEP 04 (2020) 171



Combinaison avec le canal di-leptonique
Analyse statistique en distribution 2D d’intervalles : mtt ,|cos 𝜃

∗|
2 interprétations :
- Contrainte sur la valeur du 
couplage (indépendance du 
modèle)
- Interprétation dans le hMSSM

Excès de ~3σ local (1.9 global) 
pour mH=400 GeV et largeur 
de 4% (canal dileptonique), 
proche du seuil de production ttbar
à amélioration de la description 
théorique pour en dire plus

è 1ère analyse avec les interférences
è Recherche avec une modélisation de signal 
en excès + déficit

Recherche d’une résonance Hàtt

scalaire Pseudo-scalaire

JHEP 04 (2020) 171

S. Perries, 
A. Popov (Post-doc), 
V. Sordini
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Section efficace de 
production top+Z

Mesure de la section efficace top+Z en multileptons
à sensibilité aux phénomènes BSM 
à Contrainte vertex Ztc (FCNC = Flavor Changing Neutral Current)
Bruits de fond principaux : WZ, ttZ..
Analyse en utilisant des arbres de décision boostés 
Amélioration de l’analyse via les MEM (Matrix Element Method : probabilité = 
signal ou bruit de fond, règles exactes de QFT [Quantum Field Theory])
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variables or had a negligible discriminant power. The normalized BDT discriminators for sig-
nal and backgrounds in the 1bjet and 2bjets regions are shown in Fig. 2 for BDT trainings with
and without MEM variables. Including the MEM variables improves the expected significance
by about 20%.
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Figure 2: Normalized distributions of the BDT output for signal (thick lines) and backgrounds
(thin lines) from simulation for the 1bjet (left) and 2bjets (right) regions. The discriminators
including and excluding MEM variables in the BDT training are shown, respectively, as solid
and dashed lines. Contributions from the four considered channels are included in the signals
and backgrounds.

The predictions for some of the most discriminating variables in the BDT for the 1bjet and
2bjets regions are compared to data in Fig. 3. These variables are the largest CSVv2 discriminant
value among all selected jets, the logarithm of the MEM score associated to the most probable
tZq kinematic configuration, and the DR separation between the jet identified as a b quark and
the recoiling jet. Figure 4 shows, for events in the 0bjet region, the h and pT distributions of the
recoiling jet, h(j

0) and pT(j
0), and the asymmetry of the top quark decay lepton, defined as the

product of its charge and pseudorapidity, ql |h(l)|. The distributions in Figs. 3 and 4 are shown
combined for the four channels: eee, eeµ, eµµ, and µµµ. The quadratic sum of the systematic
and statistical uncertainties on the predictions is shown as a hatched band. The pulls of the
distributions, defined in each bin as the difference between data and prediction, divided by the
quadratic sum of total uncertainties in the predictions (systematic and statistical) and the data
(statistical), are shown at the bottom of the plots.

The complete list of variables used in the two BDTs is given in Appendix A.

7 Systematic uncertainties

Different sources of systematic uncertainty can affect the number of events passing the selec-
tions, or the shape of the distributions used in the multivariate analysis.

The sources of systematic uncertainty considered correspond to:

• Luminosity: An uncertainty of 2.5% on the sample integrated luminosity [44] is
propagated as a normalization-only uncertainty for the total predicted yields.

• Correction factors applied to the signal and simulated backgrounds:
• Pileup: The number of simulated pileup events is corrected to match the

measured number of events in data. The uncertainty on the total inelastic
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Figure 5: Template distributions used for signal extraction. Left: BDT discriminator in the
1bjet region; centre: BDT output in the 2bjets control region; right: m

W
T in the 0bjet control

region. More details are given in the caption of Fig. 3.

Table 1. The post-fit number of tZq events in the 1bjet region is 32.3. The 0bjet and 2bjets con-
trol regions (not shown) also contain tZq events, with post-fit yields of ⇡23 and 19 events,
respectively.

Table 1: Observed and post-fit expected yields for each production process in the 1bjet region.
The yields of columns 2–5 correspond to each channel, and column 6 displays the total for all
channels. The last column displays the ratio between post-fit and pre-fit yields.

Process eee eeµ eµµ µµµ All channels N
post-fit/N

pre-fit

tZq 5.0± 1.5 6.6± 1.9 8.5± 2.5 12.3± 3.6 32.3± 5.0 —
ttZ 3.7± 0.7 4.7± 0.9 6.1± 1.2 8.0± 1.5 22.4± 2.2 0.9± 0.2
ttW 0.3± 0.1 0.3± 0.1 0.7± 0.2 0.6± 0.2 1.9± 0.3 1.0± 0.2
ZZ 4.8± 1.3 3.2± 0.9 9.0± 2.5 7.8± 2.2 24.7± 3.6 1.3± 0.3
WZ+b 3.0± 0.9 3.4± 1.1 4.6± 1.4 5.5± 1.7 16.6± 2.6 1.0± 0.2
WZ+c 9.0± 2.4 13.7± 3.7 18.0± 4.9 24.2± 6.5 64.8± 9.3 1.0± 0.2
WZ+light 12.2± 1.6 16.6± 2.0 22.4± 2.8 29.1± 3.4 80.3± 5.1 0.7± 0.1
ttH 0.6± 0.2 0.9± 0.3 1.0± 0.3 1.5± 0.4 4.0± 0.6 1.0± 0.2
tWZ 1.0± 0.3 1.3± 0.4 1.7± 0.5 2.4± 0.7 6.5± 1.0 1.0± 0.2
NPL: electrons 19.2± 3.1 0.6± 0.1 17.9± 2.8 — 37.7± 4.2 —
NPL: muons — 7.2± 2.3 31.1± 9.9 15.3± 4.9 53.6± 11.3 —

Total 58.8± 4.8 58.4± 5.5 121± 12 107± 10 345± 18

Data 56 58 104 125 343

The observed tZq signal strength is

µ = 1.31+0.35
�0.33 (stat)+0.31

�0.25 (syst),

from which, using the reference NLO cross section, the measured cross section is found to be

s(t`+`�q) = 123+33
�31 (stat)+29

�23 (syst) fb,

for m`+`� > 30 GeV, where ` stands for electrons, muons, and t leptons. The best-fit signal
strength and cross section, as well as an approximate 68% CL interval, are extracted following
the profile likelihood scan procedure described in Ref. [48]. The fit is redone without including
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trol regions (not shown) also contain tZq events, with post-fit yields of ⇡23 and 19 events,
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Process eee eeµ eµµ µµµ All channels N
post-fit/N

pre-fit

tZq 5.0± 1.5 6.6± 1.9 8.5± 2.5 12.3± 3.6 32.3± 5.0 —
ttZ 3.7± 0.7 4.7± 0.9 6.1± 1.2 8.0± 1.5 22.4± 2.2 0.9± 0.2
ttW 0.3± 0.1 0.3± 0.1 0.7± 0.2 0.6± 0.2 1.9± 0.3 1.0± 0.2
ZZ 4.8± 1.3 3.2± 0.9 9.0± 2.5 7.8± 2.2 24.7± 3.6 1.3± 0.3
WZ+b 3.0± 0.9 3.4± 1.1 4.6± 1.4 5.5± 1.7 16.6± 2.6 1.0± 0.2
WZ+c 9.0± 2.4 13.7± 3.7 18.0± 4.9 24.2± 6.5 64.8± 9.3 1.0± 0.2
WZ+light 12.2± 1.6 16.6± 2.0 22.4± 2.8 29.1± 3.4 80.3± 5.1 0.7± 0.1
ttH 0.6± 0.2 0.9± 0.3 1.0± 0.3 1.5± 0.4 4.0± 0.6 1.0± 0.2
tWZ 1.0± 0.3 1.3± 0.4 1.7± 0.5 2.4± 0.7 6.5± 1.0 1.0± 0.2
NPL: electrons 19.2± 3.1 0.6± 0.1 17.9± 2.8 — 37.7± 4.2 —
NPL: muons — 7.2± 2.3 31.1± 9.9 15.3± 4.9 53.6± 11.3 —

Total 58.8± 4.8 58.4± 5.5 121± 12 107± 10 345± 18

Data 56 58 104 125 343

The observed tZq signal strength is

µ = 1.31+0.35
�0.33 (stat)+0.31

�0.25 (syst),

from which, using the reference NLO cross section, the measured cross section is found to be

s(t`+`�q) = 123+33
�31 (stat)+29

�23 (syst) fb,

for m`+`� > 30 GeV, where ` stands for electrons, muons, and t leptons. The best-fit signal
strength and cross section, as well as an approximate 68% CL interval, are extracted following
the profile likelihood scan procedure described in Ref. [48]. The fit is redone without including

Evidence du processus top+Z avec une significance de 3.7σ
Section efficace compatible avec MS (94.2 ± 3.1 fb) :
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Figure 5: Template distributions used for signal extraction. Left: BDT discriminator in the
1bjet region; centre: BDT output in the 2bjets control region; right: m

W
T in the 0bjet control

region. More details are given in the caption of Fig. 3.
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respectively.
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channels. The last column displays the ratio between post-fit and pre-fit yields.
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WZ+b 3.0± 0.9 3.4± 1.1 4.6± 1.4 5.5± 1.7 16.6± 2.6 1.0± 0.2
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ttH 0.6± 0.2 0.9± 0.3 1.0± 0.3 1.5± 0.4 4.0± 0.6 1.0± 0.2
tWZ 1.0± 0.3 1.3± 0.4 1.7± 0.5 2.4± 0.7 6.5± 1.0 1.0± 0.2
NPL: electrons 19.2± 3.1 0.6± 0.1 17.9± 2.8 — 37.7± 4.2 —
NPL: muons — 7.2± 2.3 31.1± 9.9 15.3± 4.9 53.6± 11.3 —

Total 58.8± 4.8 58.4± 5.5 121± 12 107± 10 345± 18

Data 56 58 104 125 343

The observed tZq signal strength is

µ = 1.31+0.35
�0.33 (stat)+0.31

�0.25 (syst),

from which, using the reference NLO cross section, the measured cross section is found to be

s(t`+`�q) = 123+33
�31 (stat)+29

�23 (syst) fb,

for m`+`� > 30 GeV, where ` stands for electrons, muons, and t leptons. The best-fit signal
strength and cross section, as well as an approximate 68% CL interval, are extracted following
the profile likelihood scan procedure described in Ref. [48]. The fit is redone without including
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1 Introduction

At the CERN LHC, single top quark production proceeds through three electroweak interaction
processes: t-channel, s-channel, and associated tW production. Cross sections for single top
quark production have been reported by the CDF and D0 Collaborations [1, 2], as well as by
the ATLAS [3–7] and CMS [8–11] Collaborations.

The high centre-of-mass proton-proton (pp) collision energy of 13 TeV at the LHC, together
with large integrated luminosities, allows the study of processes with very small cross sections
that were not accessible at lower energies. One example of such a process is the rare associated
production of a single top quark with a Z boson. This production mechanism, leading to a final
state with a top quark, a Z boson, and an additional quark, can probe the standard model (SM)
in a unique way. The main leading-order (LO) diagrams that contribute to this final state are
shown in Fig. 1. Although generically denoted in this Letter by tZq, this process also includes a
small contribution from non-resonant lepton pairs, as shown in the lower right-hand diagram
in Fig. 1. The process is sensitive to top quark couplings to the Z boson, as illustrated in the
middle right-hand diagram in Fig. 1, and also to the triple gauge-boson coupling WWZ, as
illustrated in the lower left-hand diagram in Fig. 1.
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Figure 1: Leading-order tZq production diagrams. The lower right-hand diagram represents
the non-resonant contribution to the tZq process.
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Mesure couplage top-Higgs
Contribution aux analyses top+H/Z via MEM 
dans les analyses multileptons:
Mise en place du calcul des MEM ttH
è évidence à 4σ en multileptons
à Amélioration de la séparation entre ttH et ttW/Z
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Mesure couplage top-Higgs
Evolution des analyses :
Réseau de neurones, arbres de décision boostés (=apprentissage automatisé)

è Contribution à l’observation à 5σ 
(tous canaux)
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Figure 5: Distribution of the decimal logarithm of the ratio between the expected signal and
expected background in each bin of the distributions used for the signal extraction. The dis-
tributions expected for signal and background processes are shown for the values of nuisance
parameters obtained from the combined ML fit and µ = µ̂ = 1.23, corresponding to the best-fit
value from the ML fit.

As a cross check, the analysis is repeated with the ttZ and ttW(W) backgrounds kept freely
floating in the ML fit. Control regions enriched in the contributions of these backgrounds are
added to the fit to constrain them. The ttZ-enriched control region is defined from the 3` signal
region by inverting the Z boson veto on the invariant mass of SFOS lepton pairs. The ttW-
enriched control region is defined from the 2`ss signal region but changing the jet multiplicity
requirement to consider events with exactly three jets. The signal rate obtained from this fit is
µ = 1.04+0.50

�0.36 (1.00+0.42
�0.38) times the SM ttH production rate, with an observed (expected) signifi-

cance of 2.7s (2.7s).

36

nuisance parameters obtained from the ML fit. The uncertainty bands shown in the figures
represent the total uncertainty in the sum of signal and background contributions that remains
after having determined the value of the nuisance parameters through the ML fit. These bands
are computed by randomly sampling from the covariance matrix of the nuisance parameters as
determined by the ML fit and adding the statistical uncertainties in the background predictions
in quadrature. The data are in agreement with the sum of contributions estimated by the ML fit
for the ttH and tH signals and for the background processes. The corresponding event yields
are given in Table 8. In the 2`SS + 0th, 3`+ 0th, and 2`SS + 1th channels, the sums of events
yields in all ANN output node categories are given in the table.

The event yields of background processes obtained from the ML fit agree reasonably well with
their expected production rate, given the uncertainties. In particular, the production rates of
the ttZ and ttW backgrounds are determined to be µttZ = 1.03 ± 0.14 (stat+syst) and µttW =
1.43 ± 0.21 (stat+syst) times their SM expectation, as obtained from the MC simulation.

The evidence for the presence of the ttH and tH signals in the data is illustrated in Fig. 13, in
which each bin of the distributions that are included in the ML fit is classified according to the
expected ratio of the number of ttH + tH signal (S) over background (B) events in that bin.
A significant excess of events with respect to the background expectation is visible in the bins
with the highest expected S/B ratio.
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Figure 13: Distribution of the decimal logarithm of the ratio between the expected ttH + tH
signal and the expected sum of background contributions in each bin of the 105 distributions
that are included in the ML fit used for the signal extraction. The distributions expected for
signal and background processes are computed for µ̂ttH = 0.92, µ̂tH = 5.7, and the values of
nuisance parameters obtained from the ML fit.

The ttH signal rates measured in the ten individual channels are shown in Fig. 14, obtained by
performing a likelihood fit in which signal rates are parametrized with independent parame-
ters, one for each channel. The measurement of the tH production rate is only shown in the
2`SS + 0th, 3`+ 0th, and 2`SS + 1th channels, which employ a multiclass ANN to separate
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Section efficace de production  
𝛄+(1 ou 2)b/c-jets

Valider des générateurs MC, tester 
différent jeux de ‘Partons Density Function’

Première mesure LHC a 13TeV de la section 
efficace de production 𝛄+1b-jet dans 
les données 2016 ~36 fb-1

Bruit de fond principal : 𝛄+light jets et processus multijets
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p3acCRN UaāICLCN�Ca3 Ģ Sl c3Uj3L$a3 lzSO

Désintégration 
du gluons
grand pT𝛄

Contenu en b/c des protons
bas pT𝛄

Extraction de saveur en 2D : 
qualité du photon vs probabilité 

d’étiquetage des jets de quarks b

V. Sordini,
Thèse H. Lattaud

en soutenue 
2019
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Section efficace de production  
𝛄+(1 ou 2)b/c-jets

è Déconvolution (‘unfolding’) des 
données en fonction du pT photon, 
comparaison avec LO, NLO générateurs

è Meilleur accord obtenu avec le
générateur NLO 

Perspective :
Doctorant externe + post-doc IP2I en 
cours sur données Run2 (~140fb-1) : 
- rajout du canal 𝛄+2b-jets 
- rapport des 2 sections efficaces (𝛄+2b-jets/𝛄+1b-jet)
- même chose avec les quarks c (nouveau discriminant dédié aux quarks c)

è Collaboration en place, exclusivité IP2I
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Goals: Search for Lorentz violation with ttbar production
- First such analysis at the LHC.  
- Expect factor 500 improvement in the precision of the EFT coefficients  

[EPJC 80 (2020) no.2, 128] with LHC Run 2, relative to Tevatron. 

Strategy (relevant to ttX group)
- Analyse ttbar in dilepton eμ channel 
- Data recorded in unix time => translate to sidereal time 
- Extract ttbar signal strength in sidereal time bins, from a simultaneous fit of 

a discriminating variable (dilepton mass?) in each sidereal time bin => 
allows to constrain nuisances  

- All usual nuisances are flat across sidereal time. Assess which uncertainties 
need to be considered as depending on sidereal time. 

EFT analysis
- Fit cμν, the SME Lorentz-violating wilson coefficient 

within Top EFT group

 2

Mesure de symétries globales 
dans le secteur du top

Violation de Lorentz dans le secteur du top
1ère étude au LHC avec le top (LHCb à le secteur du b)
Modèle à Violation différente possible pour 
chaque quark
LHC = usine à top

è Etude de faisabilité phénoménologique
è Section efficace de production dépendante 

du temps sidéral (référentiel centré sur le 
soleil)

Analyse, exclusivité IP2I :
Utilisation de ttbar en dilepton
à Maitrise des bruits de fond
à Problématique principale : 

mesures dépendantes du temps 

Expected signature

2

coefficients in the corresponding sectors. Each entry in
the summary tables is obtained under the assumption
that only one coefficient is nonzero. The summary tables
therefore provide information about the overall search
depth and breadth, at the cost of masking the search
refinement.
In addition to the data tables and the summary ta-

bles, we also provide 14 properties tables listing some
features and definitions of the SME and the coefficients
for Lorentz violation. The Lagrange densities for the
minimal QED extension in Riemann spacetime, for the
minimal SME in Riemann-Cartan spacetime, for a non-
minimal Dirac fermion in Minkowski spacetime, and for
the nonminimal photon sector in Minkowski spacetime
are provided in tabulated form. The mass dimensions
of the operators for Lorentz violation and their prop-
erties under the various discrete spacetime transforma-
tions are displayed. Standard combinations of SME co-
efficients that appear in the literature are listed. Along
with the data tables and the summary tables, the prop-
erties tables can be used to identify open directions for
future searches. Among these are first measurements of
unconstrained coefficients, improved sensitivities to con-
strained coefficients, and studies disentangling combina-
tions of coefficients.
The organization of the tables is as follows. Table 1

contains a list of all tables. The four summary tables are
presented next, Tables S2–S5. These are followed by the
33 data tables, Tables D6–D38. The 14 properties tables
appear last, Tables P39–P52.
A description of the summary tables is given in Sec.

II. Information about the format and content of the data
tables is presented in Sec. III, while Sec. IV provides an
overview of the properties tables. The bibliography for
the text and all the tables follows Sec. IV.

II. SUMMARY TABLES

The four summary tables (Tables S2–S5) list maximal
experimental sensitivities attained for coefficients in the
matter, photon, neutrino, and gravity sectors of the min-
imal SME. To date, there is no confirmed experimental
evidence supporting Lorentz violation. A few measure-
ments suggest nonzero coefficients at weak confidence
levels. These latter results have been excluded in con-
structing the summary tables but are listed in the data
tables. Also excluded are results based on the reported
6σ difference between the speeds of muon neutrinos and
light in the OPERA experiment [8], which has since been
identified as a systematic effect [9].
In the four summary tables, each displayed sensitivity

value represents our conservative estimate of a 2σ limit,
given to the nearest order of magnitude, on the modulus
of the corresponding coefficient. Our rounding conven-
tion is logarithmic: a factor greater than or equal to 100.5

FIG. 1: Standard Sun-centered inertial reference frame [10].

rounds to 10, while a factor less than 100.5 rounds to 1.
In a few cases, tighter results may exist when suitable
theoretical assumptions are adopted; these results can
be found in the data tables that follow.
Where observations involve a linear combination of the

coefficients appearing in the summary tables, the dis-
played sensitivity for each coefficient assumes for definite-
ness that no other coefficient contributes. Some caution
is therefore advisable in applying the results in these sum-
mary tables to situations involving two or more nonzero
coefficient values. Care in applications is also required
because under some circumstances certain coefficients
can be intrinsically unobservable or can be absorbed into
others by field or coordinate redefinitions, as described
in Sec. IV A.
In presenting the physical sensitivities, we adopt nat-

ural units with ! = c = ε0 = kB = 1 and express mass
units in GeV. Our values are reported in the standard
Sun-centered inertial reference frame [10] widely used in
the literature. This frame is illustrated in Fig. 1. The ori-
gin of the time coordinate T is at the 2000 vernal equinox.
The Z axis is directed north and parallel to the rotational
axis of the Earth at T = 0. The X axis points from the
Sun towards the vernal equinox, while the Y axis com-
pletes a right-handed system. Some further details about
this frame, including transformations to other standard
frames, can be found in Section III A and Appendix C
of Ref. [11].
Table S2 lists the maximal attained sensitivities in-

volving electrons, protons, neutrons, and their antiparti-
cles. For each distinct massive spin-half Dirac fermion in
the minimal SME in Minkowski spacetime, there are 44
independent observable combinations of coefficients for
Lorentz violation in the nonrelativistic limit. Of these,
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- Within the Sun-centered frame: 
- The laboratory (CMS) frame is rotating daily around 

the earth Z-axis of rotation, 
- The SME coefficients are constant 

- This induces a modulation of the top-antitop cross 
section with sidereal time (known at LO QCD)

Standard Model Extension (SME):
- Add all Lorentz-violating operators to the SM Lagrangian 
- CPT violation implies Lorentz violation for local theories 
- The Dirac sector:
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4.3. Tests de la symétrie de Lorentz et de CPT dans le secteur top

4.3.1. Brisure de Lorentz et CPT dans le Modèle standard Étendu. Invariance
de Lorentz et symétrie CPT sont au coeur de la QFT. Pourtant lorsque les e↵ets de relati-
vité générale et de physique quantique se font sentir au très hautes énergies de la gravitation
quantique, où l’espace-temps pourrait être le sujet de violentes fluctuations quantiques, il n’est
pas garanti que l’invariance de Lorentz soit maintenue (voir en théorie des cordes [261] et gra-
vitation quantique à boucle [262]). L’échelle d’énergie de cette brisure de symétrie pourrrait
être de l’ordre de la masse de Planck MP l où beaucoup plus basse, de l’ordre de quelques TeV
comme dans le paradigme des grandes dimensions suplémentaires [263]. Une rémanence de la
brisure de symétrie pourrait alors subsister à des échelles d’énergie plus basses, potentiellement
accessible au LHC.

De telles signatures sont prédites dans le Modèle Standard Étendu (SME), une EFT qui
inclut tous les termes possibles de brisure de l’invariance de Lorentz [264] et CPT [260] d’une
manière indépendante du modèle, en préservant l’invariance de jauge du SM, la localité, la
causalité perçue par l’observateur [265] et la renormalisabilité. Le SME a été testé avec des
horloges atomiques, avec la spectroscopie matière-antimatière, en astroparticules et dans bien
d’autres domaines. Pour une revue, voir [266], et une compilation des résultats, [267]. Au
LHC, la seule recherche ayant été faite est la recherche de brisure de CPT avec les mésons B à
LHCb [268]. Les coe�cients de Wilson du SME peuvent être di↵érents d’une espèce à l’autre.
La seule recherche directe de violation de Lorentz dans le secteur du quark top a été e↵ectuée
au à D0 au Tevatron [269]. Au LHC, une amélioration de sensibilité significative est attendue,
comme il sera montré ici.

Dans le SME, le Lagrangien des fermions peut être mis sous la forme suivante [270] :

LSME =
1

2
i ̄�⌫@⌫ � M  ̄ 

Avec :

�⌫ = �⌫ + cµ⌫�µ + dµ⌫�5�µ + e⌫ + if ⌫�5 +
1

2
gµ⌫���µ

M = m + aµ�
5 + bµ�

5�µ + Hµ⌫�µ⌫

Les termes additionnels à ceux du SM brisent l’invariance de Lorentz, au sens où considérés
comme constants, il ne répondent pas aux lois de transformations de vecteur ou tenseur de
Lorentz qui a↵ectent les champs. On parle de brisure de ”particle Lorentz invariance”. Les
termes aµ, bµ, e⌫ , f ⌫ et gµ⌫� brisent aussi CPT (violation de CPT implique violation de Lorentz
[271] pour des théories locales). Un exemple de théorie pouvant générer ces termes est la
théorie des cordes bosonique [261], où ils apparâıssent comme la valeur non nulle dans le vide
de certains champs, issus d’une brisure spontanée de la symétrie de Lorentz.

Pour mesurer la valeur de aµ, etc, il est nécessaire de se placer dans un certain référentiel,
de la même manière que pour mesurer n’importe quelle quantité qui n’est pas invariante sous
une transformation de Lorentz (par exemple, l’énergie d’une particule). Comme conséquence,
le SME reste ”observer Lorentz invariant”, parce que le résultat peut être donné dans n’im-
porte quel référentiel inertiel par transformation de Lorentz a↵ectant les coordonnées. Un choix
conventionnel consiste à reporter les résultats dans le référentiel centré sur le soleil (Sun Cen-
tered Frame, SCF), défini par l’axe Z selon la direction de l’axe de rotation de la Terre, l’axe
X pointant vers le point de l’équinoxe vernal de l’an 2000 et l’axe Y complétant la base (le
plan XY est donc identifié avec le plan équatorial, incliné de 23� par rapport à l’écliptique). On
pourrait avancer qu’un référentiel privilégié serait celui pour lequel les valeurs des coe�cients
de Wilson sont identiques à ceux du Lagrangien (le référentiel du fond di↵us cosmologique est
parfois citée comme candidat).

Pour le référentiel SCF, la mesure naturelle du temps est le temps sidéral, utilisée par les
astronomes pour localiser les objets célestes. Il mesure la rotation de la terre par rapport aux
étoiles considérées comme fixes.
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LHC, la seule recherche ayant été faite est la recherche de brisure de CPT avec les mésons B à
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coefficients in the corresponding sectors. Each entry in
the summary tables is obtained under the assumption
that only one coefficient is nonzero. The summary tables
therefore provide information about the overall search
depth and breadth, at the cost of masking the search
refinement.
In addition to the data tables and the summary ta-

bles, we also provide 14 properties tables listing some
features and definitions of the SME and the coefficients
for Lorentz violation. The Lagrange densities for the
minimal QED extension in Riemann spacetime, for the
minimal SME in Riemann-Cartan spacetime, for a non-
minimal Dirac fermion in Minkowski spacetime, and for
the nonminimal photon sector in Minkowski spacetime
are provided in tabulated form. The mass dimensions
of the operators for Lorentz violation and their prop-
erties under the various discrete spacetime transforma-
tions are displayed. Standard combinations of SME co-
efficients that appear in the literature are listed. Along
with the data tables and the summary tables, the prop-
erties tables can be used to identify open directions for
future searches. Among these are first measurements of
unconstrained coefficients, improved sensitivities to con-
strained coefficients, and studies disentangling combina-
tions of coefficients.
The organization of the tables is as follows. Table 1

contains a list of all tables. The four summary tables are
presented next, Tables S2–S5. These are followed by the
33 data tables, Tables D6–D38. The 14 properties tables
appear last, Tables P39–P52.
A description of the summary tables is given in Sec.

II. Information about the format and content of the data
tables is presented in Sec. III, while Sec. IV provides an
overview of the properties tables. The bibliography for
the text and all the tables follows Sec. IV.

II. SUMMARY TABLES

The four summary tables (Tables S2–S5) list maximal
experimental sensitivities attained for coefficients in the
matter, photon, neutrino, and gravity sectors of the min-
imal SME. To date, there is no confirmed experimental
evidence supporting Lorentz violation. A few measure-
ments suggest nonzero coefficients at weak confidence
levels. These latter results have been excluded in con-
structing the summary tables but are listed in the data
tables. Also excluded are results based on the reported
6σ difference between the speeds of muon neutrinos and
light in the OPERA experiment [8], which has since been
identified as a systematic effect [9].
In the four summary tables, each displayed sensitivity

value represents our conservative estimate of a 2σ limit,
given to the nearest order of magnitude, on the modulus
of the corresponding coefficient. Our rounding conven-
tion is logarithmic: a factor greater than or equal to 100.5

FIG. 1: Standard Sun-centered inertial reference frame [10].

rounds to 10, while a factor less than 100.5 rounds to 1.
In a few cases, tighter results may exist when suitable
theoretical assumptions are adopted; these results can
be found in the data tables that follow.
Where observations involve a linear combination of the

coefficients appearing in the summary tables, the dis-
played sensitivity for each coefficient assumes for definite-
ness that no other coefficient contributes. Some caution
is therefore advisable in applying the results in these sum-
mary tables to situations involving two or more nonzero
coefficient values. Care in applications is also required
because under some circumstances certain coefficients
can be intrinsically unobservable or can be absorbed into
others by field or coordinate redefinitions, as described
in Sec. IV A.
In presenting the physical sensitivities, we adopt nat-

ural units with ! = c = ε0 = kB = 1 and express mass
units in GeV. Our values are reported in the standard
Sun-centered inertial reference frame [10] widely used in
the literature. This frame is illustrated in Fig. 1. The ori-
gin of the time coordinate T is at the 2000 vernal equinox.
The Z axis is directed north and parallel to the rotational
axis of the Earth at T = 0. The X axis points from the
Sun towards the vernal equinox, while the Y axis com-
pletes a right-handed system. Some further details about
this frame, including transformations to other standard
frames, can be found in Section III A and Appendix C
of Ref. [11].
Table S2 lists the maximal attained sensitivities in-

volving electrons, protons, neutrons, and their antiparti-
cles. For each distinct massive spin-half Dirac fermion in
the minimal SME in Minkowski spacetime, there are 44
independent observable combinations of coefficients for
Lorentz violation in the nonrelativistic limit. Of these,
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- Within the Sun-centered frame: 
- The laboratory (CMS) frame is rotating daily around 

the earth Z-axis of rotation, 
- The SME coefficients are constant 

- This induces a modulation of the top-antitop cross 
section with sidereal time (known at LO QCD)

Standard Model Extension (SME):
- Add all Lorentz-violating operators to the SM Lagrangian 
- CPT violation implies Lorentz violation for local theories 
- The Dirac sector:
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être de l’ordre de la masse de Planck MP l où beaucoup plus basse, de l’ordre de quelques TeV
comme dans le paradigme des grandes dimensions suplémentaires [263]. Une rémanence de la
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comme constants, il ne répondent pas aux lois de transformations de vecteur ou tenseur de
Lorentz qui a↵ectent les champs. On parle de brisure de ”particle Lorentz invariance”. Les
termes aµ, bµ, e⌫ , f ⌫ et gµ⌫� brisent aussi CPT (violation de CPT implique violation de Lorentz
[271] pour des théories locales). Un exemple de théorie pouvant générer ces termes est la
théorie des cordes bosonique [261], où ils apparâıssent comme la valeur non nulle dans le vide
de certains champs, issus d’une brisure spontanée de la symétrie de Lorentz.

Pour mesurer la valeur de aµ, etc, il est nécessaire de se placer dans un certain référentiel,
de la même manière que pour mesurer n’importe quelle quantité qui n’est pas invariante sous
une transformation de Lorentz (par exemple, l’énergie d’une particule). Comme conséquence,
le SME reste ”observer Lorentz invariant”, parce que le résultat peut être donné dans n’im-
porte quel référentiel inertiel par transformation de Lorentz a↵ectant les coordonnées. Un choix
conventionnel consiste à reporter les résultats dans le référentiel centré sur le soleil (Sun Cen-
tered Frame, SCF), défini par l’axe Z selon la direction de l’axe de rotation de la Terre, l’axe
X pointant vers le point de l’équinoxe vernal de l’an 2000 et l’axe Y complétant la base (le
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pourrait avancer qu’un référentiel privilégié serait celui pour lequel les valeurs des coe�cients
de Wilson sont identiques à ceux du Lagrangien (le référentiel du fond di↵us cosmologique est
parfois citée comme candidat).

Pour le référentiel SCF, la mesure naturelle du temps est le temps sidéral, utilisée par les
astronomes pour localiser les objets célestes. Il mesure la rotation de la terre par rapport aux
étoiles considérées comme fixes.
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quantique, où l’espace-temps pourrait être le sujet de violentes fluctuations quantiques, il n’est
pas garanti que l’invariance de Lorentz soit maintenue (voir en théorie des cordes [261] et gra-
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manière indépendante du modèle, en préservant l’invariance de jauge du SM, la localité, la
causalité perçue par l’observateur [265] et la renormalisabilité. Le SME a été testé avec des
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Les termes additionnels à ceux du SM brisent l’invariance de Lorentz, au sens où considérés
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Mesure de symétries globales 
dans le secteur du top

Recherche d’une modulation de σ(tt) sur 24h
Canal : eµ bb, bruit de fond principal : single top, W+jets

Problématique : 
- paramétrer en temps sidéral
- évaluer les systématiques dépendantes 
du temps :
à Luminosité (travail objet), 

empilement (LHC)
à Faible : Echelle en énergie 
des jets (liée à l’empilement) 

Analyse Run2 en cours de finalisation 
(thèse A. Carle, soutenance 2021)

Résultats attendus :
Amélioration de 1 à 3 ordres de grandeur 
des résultats obtenus au Tevatron
Test de la violation de Lorentz sous le %

LIV in the top quark sector: bounds
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Table D36. Quark sector, d ≥ 4

Combination Result System Ref.

|cTT
u | ≡ | 34 c̊

UR(4)
u |, |cTT

d | ≡ | 34 c̊
UR(4)
d | < 1.8× 10−21 Astrophysics [78]*, [18]*, [251]*

c̊UR(4)
q (−0.01 to 1.8)× 10−21 ” [78]*, [18]*

c̊UR(4)
q − 2̊cUR(4)

e (−0.001 to 2)× 10−20 ” [78]*, [18]*

(kπ)XX − (kπ)Y Y , (kπ)(XY ) < 10−23 Chiral perturbation theory [252]*

(kπ)(XZ), (kπ)(Y Z) < 10−24 ” [252]*

δπ > −7× 10−13 Astrophysics [253]*

δπ (−1.5 to 200)× 10−11 ” [254]*

|cπ| < 10−10 ” [72]*

|cK | < 10−9 ” [72]*

|cD| < 10−8 ” [72]*

|cBd |, |cBs | < 10−7 ” [72]*

|cZZ | < 0.027 qq̄ production [255]*

|cbZZ| < 0.35 bb̄ production [255]*

|ccZZ | < 0.4 cc̄ production [255]*

|ct| < 1.6× 10−7 Astrophysics [50]*

(cQ)XX33 −0.12± 0.11± 0.02 tt̄ production [256]

(cQ)Y Y 33 0.12± 0.11± 0.02 ” [256]

(cQ)XY 33 −0.04± 0.11± 0.01 ” [256]

(cQ)XZ33 0.15± 0.08± 0.02 ” [256]

(cQ)Y Z33 −0.03± 0.08± 0.01 ” [256]

(cU )XX33 0.1± 0.09± 0.02 ” [256]

(cU )Y Y 33 −0.1± 0.09± 0.02 ” [256]

(cU )XY 33 0.04± 0.09± 0.01 ” [256]

(cU )XZ33 −0.14± 0.07± 0.02 ” [256]

(cU )Y Z33 0.01± 0.07± < 0.01 ” [256]

dXX −0.11± 0.1± 0.02 ” [256]

dY Y 0.11± 0.1± 0.02 ” [256]

dXY −0.04± 0.1± 0.01 ” [256]

dXZ 0.14± 0.07± 0.02 ” [256]

dY Z −0.02± 0.07± < 0.01 ” [256]

c̊UR(6)
q (−0.63 to 1.7)× 10−22 GeV−2 Astrophysics [78]*, [18]*
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Existing bounds, arXiv:0801.0287 [hep-ph] 

Indirect bound (Phys. Rev. D 
97, 125016(2018)): from top-

quark loop correction to 
photon propagator, using 

astrophysics photons

Direct bounds (PRL108:261603, 2012): 
measurement of top pair production at 

DØ (Tevatron)
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Table 1 Comparison of
expected precision in the
measurement of the SME
parameters, extrapolated from t t̄
measurements [11,18], for DØ,
LHC Run 2, HL-LHC,
HE-LHC, FCC experiment

D∅ LHC (Run 2) HL-LHC HE-LHC FCC

∆cLXX ,∆cLXY 1 × 10−1 7 × 10−4 2 × 10−4 2 × 10−5 5 × 10−6

∆cLX Z ,∆cLY Z 8 × 10−2 3 × 10−3 5 × 10−4 9 × 10−5 2 × 10−5

∆cRXX ,∆cRXY 9 × 10−2 3 × 10−3 5 × 10−4 8 × 10−5 5 × 10−5

∆cRX Z ,∆cRY Z 7 × 10−2 1 × 10−2 2 × 10−3 4 × 10−4 8 × 10−5

∆cXX ,∆cXY 7 × 10−1 1 × 10−3 2 × 10−4 3 × 10−5 9 × 10−6

∆cX Z ,∆cY Z 6 × 10−1 4 × 10−3 7 × 10−4 1 × 10−4 3 × 10−5

∆dXX ,∆dXY 1 × 10−1 6 × 10−4 1 × 10−4 2 × 10−5 8 × 10−6

∆dXZ ,∆dY Z 7 × 10−2 2 × 10−3 4 × 10−4 8 × 10−5 2 × 10−5

observed events quoted in [11], the absolute expected pre-
cision is found to be of the order of 10%, compatible with
the observed results in DØ analysis, thus validating the pro-
cedure.

The precision on the SME coefficients is expected to be
improved by up to three orders of magnitude from DØ to
the LHC Run 2, depending on the coefficients. An addi-
tional expected improvement is found at future hadron col-
liders, with up to two more orders of magnitude at the FCC.
Overall, performing sidereal time analysis of t t̄ production
at present and future hadron colliders will greatly improve
existing bounds on Lorentz-violating cµν coefficients for the
top quark in the SME.

It has to be noted that parton distribution functions in the
proton at 100 TeV are subject to high uncertainties at large
momentum transfer [31]. The expected results are also sub-
ject to other approximations relative to the performance of
future detectors, the treatment of pileup, and the cross sec-
tions for top quark processes. Although we consider that the
adopted approximations are reasonable, results of this phe-
nomenology study should mainly be considered as providing
an order of magnitude for the sensitivity rather than a precise
and definitive answer, that will be given by future experi-
ments.

The improvement found in the expected precision of the
SME coefficients at the LHC and future colliders is explained
by a combination of three factors: (1) the increase in SM t t̄
cross sections with

√
s relative to Tevatron, (2) the higher

expected number of events produced in collisions with the
greater volume of integrated luminosity, and (3) the increase
in the SME over SM matrix elements for t t̄ production and
decay with

√
s, leading to an increase of the amplitude of the

function f (t) in Eq. 3.
The present analysis can be refined in several ways. In

addition to the eµ channel of t t̄ decay, the same flavour dilep-
ton channel and the lepton+jets channel could be used. Even-
tually, the cµν coefficients are modifying top quark kinemat-
ics, thus differential cross sections or multivariate analysis
making use of kinematic t t̄ observables could be used to
improve sensitivity.

6 Conclusions

In this paper, we highlighted the physics potential of the
LHC and future hadron colliders for LIV searches with t t̄
production. Bounds on the top quark cµν coefficients in the
SME can be improved by up to three orders of magnitude
already at the LHC, and the total improvement is expected to
reach five orders of magnitude at future colliders such as the
FCC.

Other proposed searches in the top sector [13] are tar-
geting CPT violation at hadron colliders, by measuring the
charge asymmetry between single top and antitop events as a
function of sidereal time. This search is experimentally very
challenging, and would deserve dedicated sensitivity studies,
that are postponed to a later paper.

Other LIV processes of interest would deserve detailed
studies. The LHC is often thought of as a top factory, however
the production of QCD and electroweak particles has also a
very high cross section. By studying the production of QCD
jets, W± and Z bosons at present and future hadron colliders,
poorly constrained areas of the SME could be probed at an
unprecedented sensitivity.
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Expected Precision on the SME 
coefficients: 
• Improvement by a factor ~500 

expected at the LHC over Tevatron 
• Additional factor 100 expected at 

FCC-hh

Prospects at hadron colliders: Carle, Chanon, Perriès, EPJC 80 (2020) no.2, 128
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Mesure de symétries globales 
dans le secteur du top

Perspective sur les tests de Lorentz : 
Rajout Run3 à ~doublement de la luminosité
Rajout de canaux à ~augmentation de la statistique
è Pas d’amélioration suffisante sur la précision des mesures
è Nécessite HL-LHC (cf Présentation Suzanne)

Etude de la violation de CP dans le secteur du top 
pour le Run2 et Run3 :
Tension dans secteur bàs è via un quark top
à Etude du couplage Wtb
à Interprétation commune des contraintes top 

et bàs (collaboration théoriciens IP2I)

à Utilisation de techniques avancées (MEM, Deep Neural Network…)
è Gain attendu sur la précision d’un facteur >3

è Nouvelle méthodologie, raffinement sur les techniques (Demande 
ANR : N. Chanon avec S. Beauceron, C. Bernet et N. Mahmoudi)

N. Chanon
Thèse : Oct. 21
Labex LIO 50%An+50%Upd
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Recherche d’une résonance 
top+H/Z

Recherche d’un ‘vector-like quark’ [VLQ] en production 
célibataire Tà top+H/Z(à bb) (basse masse <~1.2 TeV)

2 modes de production des VLQ :
Paire : force forte, σ dépend uniquement 
de la masse VLQ
Célibataire : mécanisme électrofaible, 
σ dépend de la masse VLQ + couplage aux 
particules MS à Etude en terme de largeur

La production célibataire dominante mais bruit de fond plus important

à Première étude de largeur dans l’analyse tout hadronique 
célibataire, étude depuis 2012

S. Beauceron
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TPrimeTop quark
Higgs
boson bottom

quark

M(jj), ΔR(jj) ~100%

~57% 
M(bb), ΔR(bb)

M(jjb), ΔR(b,(jj))

~66%

Recherche d’une résonance 
top+H/Z

Bruit de fond principal : 
multijet, ttbar

à Rejection du bruit de fond via 3 b-jets
à 𝛘2 pour associer les jets : Higgs/Z, W et top
à Importance de la résolution en masse invariante 2, 3 et 5-jets

Gestion du bruit de fond : 
1) Différentes régions basées sur la qualité des b-jets
2) Résultats/interprétation = signal + bruit de fond 

è Nouvelle méthodologie dans CMS

Résultats en fonction de la largeur du VLQ

à M(T)<1 TeV è 1ère exclusion 
avec des études de largeur

bottom
quark

JHEP01(2020)036

S. Beauceron
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Recherche d’une résonance 
top+H/Z

Top+Z Top+H

JHEP01(2020)036

S. Beauceron
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Excès 3 σ locaux en top+H pour mGen~680GeV, rien en top+Z
(résonnance étroite (~6%))
à Excès sensible à la 
masse du top et du Higgs

Discussion avec des théoriciens (dont IP2I)
à étude d’un nouveau modèle 

Analyse des données 2017+2018 en cours, publication Run2 à suivre

Perspective :
- Continue canal hadronique (+haute masse), exclusivement IP2I
- top+HàWW* via dilepton de même signe (exclusivité possible)
à Etude nouveau modèle théorique
à Faisabilité sur le Run2 (proposition thèse)
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Nouvelles approches dans les 
mesures de precision

EFT=Effective Field Theory :
Changement de la vision de l’interprétation d’un 
processus
à Etude de l’apparition de nouvelle physique à une 
valeur Λ loin de l’échelle électrofaible
à Travail avec des opérateurs mathématiques 

impliquant le MS et les nouvelles interactions en 
respectant l’invariant de jauge

à Petit effet par rapport au MS
à Application à plusieurs processus, combinaison plus facile 

è Contrainte plus forte de l’opérateur
è Nouvelle approche en développement avec les théoriciens

MEM = Matrix Element Method
à Probabilité qu’un événement = signal ou bruit de fond
à Basé sur les règles exactes de la QFT (Quantum Field 

Theory) pour un certain espace de phase en prenant en 
compte les effets de reconstruction (ie interactions 
détecteur)
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