
• This is an attempt to give an overview of what the theoretical physicists, 
members of IN2P3, are working on - presently and recently 

• It is by no means meant to be exhaustive  

• Purposefully biased by experimental hints of physics BSM        
‘unfortunately’ called anomalies 

DISCLAIMER
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A TH Particle Physics in IN2P3 Laboratories

A.1 People and Laboratories

Research in Theoretical Particle Physics (theory and phenomenology) is currently carried in
several IN2P3 Laboratories, by circa 30 researchers (CNRS and University associates). In
addition to the permanent members listed in Table 1, several emeritus researchers as well as
numerous postdocs and Ph.D. students compose the di↵erent teams.

Laboratory People

APC Paris D. Semikoz, J. Serreau, M. C. Volpe

(UMR 7164)

IJCLab Orsay A. Abada, D. Bečirević, V. Bernard,

(UMR 9012) B. Blossier, S. Descotes-Genon, A. Falkowski,

S. Friot, E. Kou, G. Moreau, O. Sumensari

IP2I Lyon A. Arbey, G. Cacciapaglia,

(UMR 5822) A. Deandrea, F. N. Mahmoudi

IPHC Strasbourg M. Rausch de Traubenberg

(UMR 7178)

LPC Clermont A. Goudelis, J.-F. Mathiot, V. Morénas,

(UMR 6533) J. Orlo↵, A. M. Teixeira

LPSC Grenoble S. Kraml, M. Mangin-Brinet, J. Quevillon,

(UMR 5821) I. Schienbein, C. Smith

LUPM Montpellier F. Brümmer, S. Davidson, C. Hugonie

(UMR 5299)

Table 1: Summary of IN2P3 Theory Particle Physics teams and members.

A.2 Collaborations

The IN2P3 theorists working in particle physics have extensive collaborations, both within
France and at the international level. Certain activities are recognised by the IN2P3 by “Master
Projets Théorie”.

Particle theorists also belong to (and are active members of) numerous research federations
and international platforms, further working in the framework of large international collabora-
tions (theory, phenomenology and experiment).

A.2.1 IN2P3 “Master projects”

• “Speedy Charmonia” (PI: B. Blossier, IJCLab) [2020 - 2022]: B. Blossier (IJCLab), M.
Mangin-Brinet (LPSC), Zafeiropoulos (CPT), ...

• “SlowSUGRA” (PI: M. Rausch de Traubenberg, IPHC) [2018 - 2020]: R. Ducrocq,
E. Conte, M. Rausch de Traubenberg (IPHC), C. Hugonie, J. Lavalle, G. Facchinetti
(LUPM), G. Moultaka (L2C), V. Venin (APC)

• “Lepton flavours: probes of New Physics” (PI: A. M. Teixeira, LPC) [2017-2019]: A.
Abada (LPT Orsay), S. Monteil, J. Orlo↵, A. M. Teixeira (LPC)
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Part I



In the Standard Model

✘ Gauge sector entirely fixed by symmetry 

✘ Flavor sector loose (a bunch of parameters) 
13 of 18 are fermion masses and mixing parameters
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Fig. 5: Comparison of the marginalized constraints on selected parameters in the electroweak fit,
with (red error bars) and without (blue error bars) using hadron collider observables. Here, x, y, z, t
defined in Eq. (3.9) are linear combinations of the non-SM corrections to the coupling between the Z
boson and light quarks, �gW `

L are corrections to the coupling between the W boson and left-handed
leptons, and �mW is a correction to the W boson mass.

main results is that the flat direction along the t variable is indeed lifted with the inclusion
of the ATLAS input, cf. Eq. (4.12). Interestingly enough, we find that the ATLAS AFB

information provides a significant improvement on LEP-only bounds on the Zqq vertex
corrections even in simple scenarios with few free parameters, as shown in Fig. 1.

We would like to remark that the importance of hadron colliders for the electroweak fit
is more general and goes beyond improving our knowledge of the Zuu and Zdd couplings.
This is illustrated in Fig. 5, where we compare constraints on selected parameters with and
without the use of hadron collider observables. First, as shown in this work, constraints
on other combinations of Zqq̄ couplings, which are denoted as x, y, z and which are probed
by LEP, are significantly improved by including information from FB asymmetry in lepton
Drell-Yan production. Even more spectacular improvements happen in the W boson sector.
Indeed, LEP could produce W± only in the LEP-2 phase and in much lower numbers than
Z, resulting in a lower accuracy of the W observables. It is well known the precision with
which the W mass was measured at LEP-2 has been surpassed by the Tevatron and the
LHC, which manage to squeeze down the error bar by almost a factor of three. It may
be less known that a similar improvement has been achieved for the W boson couplings
to leptons. Thanks mainly to the recent measurements of leptonic branching fractions of
W in ATLAS and LHCb [12–14] the error bars on the parameters �gW `

L
are improved by
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LHC PRECISION Table 2: W pole observables. The experimental errors of the observables not separated
by horizontal lines are correlated, which is taken into account in the fit.

Observable Experimental value SM prediction
mW [GeV] 80.379± 0.012 [9] 80.356

�W [GeV] 2.085± 0.042 [9] 2.088

Br(W ! e⌫) 0.1071± 0.0016 [5] 0.1082

Br(W ! µ⌫) 0.1063± 0.0015 [5] 0.1082

Br(W ! ⌧⌫) 0.1138± 0.0021 [5] 0.1081

Br(W ! µ⌫)/Br(W ! e⌫) 0.982± 0.024 [32] 1.000

Br(W ! µ⌫)/Br(W ! e⌫) 1.020± 0.019 [12] 1.000

Br(W ! µ⌫)/Br(W ! e⌫) 1.003± 0.010 [13] 1.000

Br(W ! ⌧⌫)/Br(W ! e⌫) 0.961± 0.061 [9, 31] 0.999

Br(W ! ⌧⌫)/Br(W ! µ⌫) 0.992± 0.013 [14] 0.999

RWc ⌘
�(W!cs)

�(W!ud)+�(W!cs) 0.49± 0.04 [9] 0.50

For the couplings involving strange, charm and bottom quarks, we obtain

�gZs

L = (1.3± 4.1)⇥ 10�2, �gZs

R = (2.2± 5.6)⇥ 10�2, (3.5)
�gZc

L = (�1.3± 3.7)⇥ 10�3, �gZc

R = (�3.2± 5.4)⇥ 10�3, (3.6)
�gZb

L = (3.1± 1.7)⇥ 10�3, �gZb

R = (21.8± 8.8)⇥ 10�3 . (3.7)

The data also constrain the SMEFT corrections to the W mass: �mw = (2.9± 1.6)⇥ 10�4.
We see that the Z and W pole observables in Tables 1 and 2 simultaneously constrain all
leptonic and heavy quark vertex corrections with (typically) per mille level accuracy. On the
other hand, they cannot simultaneously constrain all light quark vertex corrections; in fact,
only 3 linear combinations of �gZu

L
, �gZu

R
, �gZd

L
and �gZd

R
are probed by these observables.

It is possible to show that the linear combination

�gZu

L + �gZd

L +
3g2

L
� g2

Y

4g2
Y

�gZu

R +
3g2

L
+ g2

Y

2g2
Y

�gZd

R (3.8)

is not probed at all by the observables in Tables 1 and 2. In other words, it is a flat
direction in the O(⇤�2) EFT fit. In order to characterize the constraints on the light quark
couplings, it is convenient to introduce new variables x, y, z, t related by a rotation to the
light quark vertex corrections:
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• LHC precision observables: input from Higgs physics, top 
quark physics, W and Z mass, Drell-Yan processes, etc.  


• LHC precision program is much broader than that of LEP. 
Well-defined and flexible theoretical framework - currently 
the SMEFT with d=5 and d=6 operators added to the SM.  


• Huge and long-term collaborative task b/w theorists and 
experimentalists. 


• Many technical problems to solve, e.g. how to include NLO 
SMEFT corrections, or how to simultaneously fit PDFs and 
d=6 operators. 


• New measurements and new observables are still being 
proposed to optimise this task  

The fields Gz and G± do not correspond to new physical degrees of freedom (they

kinetically mix with the massive gauge bosons and can be gauged away). From now

on until Chapter 5 I will work in the unitary gauge and set G± = 0 = Gz. The

scalar field h corresponds to a scalar particle called the Higgs boson. Its mass can be

expressed by the parameters of the Higgs potential as

m2
h
= 2µ2

H
= 2�v2. (2.19)

2.2 Dimension-6 operators

Bosonic CP-even

OH (H†H)3

OH⇤ (H†H)⇤(H†H)

OHD

��H†DµH
��2

OHG H†H Ga
µ⌫G

a
µ⌫

OHW H†HW i
µ⌫W

i
µ⌫

OHB H†H Bµ⌫Bµ⌫

OHWB H†�iHW i
µ⌫Bµ⌫

OW ✏ijkW i
µ⌫W

j
⌫⇢W k

⇢µ

OG fabcGa
µ⌫G

b
⌫⇢G

c
⇢µ

Bosonic CP-odd

O
H eG H†H eGa

µ⌫G
a
µ⌫

O
HfW H†H fW i

µ⌫W
i
µ⌫

O
H eB H†H eBµ⌫Bµ⌫

O
HfWB

H†�iH fW i
µ⌫Bµ⌫

OfW ✏ijkfW i
µ⌫W

j
⌫⇢W k

⇢µ

O eG fabc eGa
µ⌫G

b
⌫⇢G

c
⇢µ

Table 2.2: Bosonic D=6 operators in the Warsaw basis.

We turn to discussing operators with canonical dimensions D=6 in Eq. (2.1).

Their importance for characterizing low-energy e↵ects of heavy particles has been

recognized long ago, see e.g. [21, 35]. More recently, advantages of using a complete

and non-redundant set of operators have been emphasized. The point is that seem-

ingly di↵erent higher-dimensional operators can have the same e↵ect on on-shell am-

plitudes of the SM particles. This is the case if the operators can be related by using

equations of motion, integration by parts, field redefinitions, or Fierz transformations.
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This leads to non-trivial and often counter-intuitive relations between operators. For

example, by using equations of motion one can establish equivalence between purely

bosonic operators, and a linear combination of 2- and 4-fermionic operators! Thus,

starting from the set of all distinct D=6 operators that can be constructed from the

SM fields, a number of these operators will be redundant as they are equivalent to

linear combinations of other operators. The redundant operators can be removed to

simplify the EFT description, and to establish an unambiguous map from observables

to the EFT Wilson coe�cients. A minimal, non-redundant set of operators is called

a basis.

Yukawa

[O†
eH

]IJ H†Hec
I
H†`J

[O†
uH

]IJ H†Huc
I
eH†qJ

[O†
dH

]IJ H†Hdc
I
H†qJ

Vertex

[O(1)
H`

]IJ i¯̀I �̄µ`JH† !DµH

[O(3)
H`

]IJ i¯̀I�i�̄µ`JH†�i
 !
DµH

[OHe]IJ iec
I
�µēcJH

† !DµH

[O(1)
Hq

]IJ iq̄I �̄µqJH† !DµH

[O(3)
Hq

]IJ iq̄I�i�̄µqJH†�i
 !
DµH

[OHu]IJ iuc
I
�µūcJH

† !DµH

[OHd]IJ idc
I
�µd̄cJH

† !DµH

[OHud]IJ iuc
I
�µd̄cJH̃

†DµH

Dipole

[O†
eW

]IJ ec
I
�µ⌫H†�i`JW i

µ⌫

[O†
eB

]IJ ec
I
�µ⌫H†`JBµ⌫

[O†
uG

]IJ uc
I
�µ⌫T a eH†qJ Ga

µ⌫

[O†
uW

]IJ uc
I
�µ⌫ eH†�iqJ W i

µ⌫

[O†
uB

]IJ uc
I
�µ⌫ eH†qJ Bµ⌫

[O†
dG

]IJ dc
I
�µ⌫T aH†qJ Ga

µ⌫

[O†
dW

]IJ dc
I
�µ⌫H̄†�iqJ W i

µ⌫

[O†
dB

]IJ dc
I
�µ⌫H†qJ Bµ⌫

Table 2.3: Two-fermion D=6 operators in the Warsaw basis. The flavor indices are
denoted by I, J . For complex operators (OHud and all Yukawa and dipole operators)
the corresponding complex conjugate operator is implicitly included.

Because of a humungous number of D=6 operators, and because establishing

equivalence between operators may be time consuming, identifying a basis is not a
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(R̄R)(R̄R)

Oee ⌘(ec�µēc)(ec�µēc)

Ouu ⌘(uc�µūc)(uc�µūc)

Odd ⌘(dc�µd̄c)(dc�µd̄c)

Oeu (ec�µēc)(uc�µūc)

Oed (ec�µēc)(dc�µd̄c)

Oud (uc�µūc)(dc�µd̄c)

O0
ud

(uc�µT aūc)(dc�µT ad̄c)

(L̄L)(R̄R)

O`e (¯̀̄�µ`)(ec�µēc)

O`u (¯̀̄�µ`)(uc�µūc)

O`d (¯̀̄�µ`)(dc�µd̄c)

Oeq (ec�µēc)(q̄�̄µq)

Oqu (q̄�̄µq)(uc�µūc)

O0
qu

(q̄�̄µT aq)(uc�µT aūc)

Oqd (q̄�̄µq)(dc�µd̄c)

O0
qd

(q̄�̄µT aq)(dc�µT ad̄c)

(L̄L)(L̄L)

O`` ⌘(¯̀̄�µ`)(¯̀̄�µ`)

Oqq ⌘(q̄�̄µq)(q̄�̄µq)

O0
qq

⌘(q̄�̄µ�iq)(q̄�̄µ�iq)

O`q (¯̀̄�µ`)(q̄�̄µq)

O0
`q

(¯̀̄�µ�i`)(q̄�̄µ�iq)

(L̄R)(L̄R)

Oquqd (ucqj)✏jk(dcqk)

O0
quqd

(ucT aqj)✏jk(dcT aqk)

O`equ (ec`j)✏jk(ucqk)

O0
`equ

(ec�̄µ⌫`j)✏jk(uc�̄µ⌫qk)

O`edq (¯̀̄ec)(dcq)

Table 2.4: Four-fermion D=6 operators in the Warsaw basis. Flavor indices are
suppressed here to reduce the clutter. The factor ⌘ is equal to 1/2 when all flavor
indices are equal (e.g. in [Oee]1111), and ⌘ = 1 otherwise. For each complex operator
the complex conjugate should be included.

be more easily linked to collider observables such as (di↵erential) cross sections and

decay widths.

Deriving collider predictions in an EFT with higher-dimensional operators involves

several subtleties that need to be taken into account.

• In the SM, the electroweak parameters gL, gY , v are customarily determined

from input observables: the electromagnetic coupling constant ↵, the Z boson

mass mZ , and the muon lifetime ⌧µ. In the presence of D=6 operators the

SM relations between the input observables and the Lagrangian parameters

can be distorted. For example, the bosonic operator OHD contributes to the
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A. Falkowski

Uncertainties: S. Kraml, I. Schienbein
Matching (loop corrections): J. Quevillon, C. Smith
Particular pheno issues: <<pretty much everyone>>

LHC PRECISION 



Flavor Physics 
✘ Why three generations?
✘ Why such hierarchy of masses and mixing?
✘ Why so small CPV phase?



Quark Mixing

✘ Fix CKM entries through tree level processes & over-
constrain by loop-induced ones [progress through precision!]
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CKM
f i t t e r

CKM-ology

✘ Still open: inclusive v exclusive Vub and Vcb?                                  
Is Vud well controlled? Vus keeps coming back (EM)…

cf. http://ckmfitter.in2p3.fr

S. Descotes-Genon 
J. Orloff



CKM-ology - Small flavor anomaly

✘ Still open: inclusive v exclusive Vub and Vcb?                                 

cf. updates at http://flag.unibe.ch

D. B.

✘ Belle II (excl + incl), LHCb (excl)

✘ QCD on very fine lattices                              
B → D and B → D* at w=1

E. Kou

B. Blossier



More Flavor Anomalies



Phenomenology… bridge b/w theory and experiment 

Look for quantities - observables:

Experiment essential… 

✘ (Highly) Sensitive to contributions of physics BSM

✘ Mildly (or not) sensitive to hadronic uncertainties

✘ Accessible in current and/or (near) future experiments



LFUV: Experimentally?
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Lepton Flavor Universality Violation

naive NP scale



S. Descotes-Genon, N. Mahmoudi, A. Arbey, O. Sumensari, D.B.



S. Descotes-Genon, N. Mahmoudi, A. Arbey, E. Kou (𝛾), O. Sumensari, D.B.

Detailed angular distribution can help… 
More Observables
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Stay tuned (early results from Belle…)
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S. Descotes-Genon, N. Mahmoudi, A. Arbey, A. Teixeira, J. Orloff, A. Deandrea, G. Cacciapaglia 
O. Sumensari, A. Falkowski, D.B.

Building a NP model… 

Only a model with O(TeV) leptoquark can simultaneously accommodate 


✔  both types of B anomalies

✔  wealth of LE flavor physics observables 

✔  EWPT

✔  direct LHC searches 
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From dilepton spectra at high pT  
Atlas and CMS 2018-2020

Example U1

O. Sumensari, D.B.



Predictions… LFV



Compositeness - Alternative

A. Deandrea, G. Cacciapaglia


