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•  Main activity centered on the LHC and on dark matter   

Particle Physics team
Research activity

The main activity is centered around the LHC

New Pysics,
Higgs and 
Dark Matter

Standard Model

Heavy Ions

Astroparticles, 
Cosmology

Fields,
Strings and
Symmetries
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LHC	


Higgs discovery in Run 1  

Numerous searches for new particles 



LHC	


Higgs discovery in Run 1  

Numerous searches for new particles 
 

Hint of new particle in 2-photon 
channel in Run2? 



Our expertise and interests 
 

•  Making precise predictions for observables within the SM in relation 
with collider physics, interpretation of data 

•  QCD, Higgs, EW, Flavour 

•  Searching for signs of new physics 

•  Development of public tools (computer codes), for example 

•  Diphox+Jetphox : used by LHC Collaborations for background 
searches in 2-photon channel (J Guillet, E Pilon) 

•  PowHEG-BOX : incorporating NLO QCD corrections in event 
generators – used by LHC collaborations (Re) 

•  GOLEM : General one-loop evaluator of transition matrix 
elements – library to compute form factors up to six external legs 



Precision calculations in SM 

 

•  First examples of matching NNLO with parton shower (Re) 

•  Simulation of Higgs boson production and Drell-Yan 
processes 

•  Flavour physics  (D. Guadagnoli) 

 

Flavour Physics
µ+ µ� final state

New line of research

Branching ratio
Reappraisal of various systematic effects in the evaluation of the BR
for the very rare decay Bs ! µ+ µ�, one of the milestones of the LHC
flavor-physics program. Non-negligible impact

Future plans
New strategies for measuring the photon polarization in suitable
radiative decays at LHCb, in particular for photons converted to e+ e�

pairs.
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Precision calculations in SM 

 

•  Importance of QCD and EW correction + new techniques for scattering 
amplitudes (E. Sokatchev) 

•  SloopS : automatic tool for EW/SUSY correction in SM, MSSM and 
NMSSM (F. Boudjema) 

 

 

QCD and EW/SUSY loop corrections
SloopS: Motivation and features

Need for an automatic tool for susy calculations

Features
handles large numbers of diagrams both for tree-level and loop
level
able to compute loop diagrams at v = 0 : dark matter, LSP move
at galactic velocities v = 10�3

ability to check results : UV and IR finiteness but also gauge
parameter independence for example
ability to include different models easily and switch between
different renormalisation schemes
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SloopS 



Beyond the standard model 
WP : physics@colliders

 Goal 2014-2016: 
Preparing for Run @13TeV and physics analyses

Also : detectors, preparing upgrades or post-LHC

jeudi 27 février 2014

• Motivated by Higgs, dark matter and flavour 



Higgs  

•  Is the Higgs boson discovered at LHC really a SM Higgs? 
•  Quantify the size of non standard contributions using effective 

Lagrangian parametrisation of the Higgs couplings - Implications for 
models of new physics 

•  Determine its properties 

•  Specific signatures of new physics (e.g. h-> cc) compositeness 

Higgs in the SM and beyond
Higgs data

Global fits
To quantify the size of the non standard contributions using effective
Lagrangian parametrisation of the Higgs coupling. Implications in the
context of various extensions of the SM.

Specific reactions
p p ! W H, Z H : efficient ways to identify an anomalous
contribution and to access to the CP properties of the Higgs
p p ! t t̄ H : specific observables that are sensitive to the CP
properties of the Higgs.
g g ! H : a precise determination of the boosted Higgs
transverse momentum shape could resolve the top loop
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Beyond the standard model 

 

 
•  Supersymmetry still one of best motivated BSM, no sign at LHC only  

upper limits  ->  much reduced parameter space but still lots room for 
SUSY (even below TeV scale) especially in non-minimal models 

•  Explore other new physics possibilities, from composite models, vector-
like quarks, extra dimensions, more Higgs …. and their signatures at LHC 

•  Coherent interpretation of all LHC limits within plethora of BSM models 
very difficult : development of  tools for reinterpretation of LHC results 
based on simplified models (SmodelS) or on MadAnalysis (with LPSC) 

•  E.g : LHC constraints on inert doublet model 

 

 

3

In order to work out the current LHC constraints on
the IDM, we recast these two ATLAS analyses using
the MadAnalysis 5 [41, 42] framework. The SUSY
search [38], was already available in the Public Analy-
sis Database [43] as the recast code [44]. The invisi-
ble Higgs search [39] was implemented and validated for
this Letter and is available at [45]. The signal gener-
ation is done with MadGraph 5 [46, 47] with model
files generated using the FeynRules IDM implementa-
tion presented in [24]; the particle widths are calculated
with CalcHEP [48, 49]. The parton-level events are
passed through Pythia 6.4 [50] for parton showering and
hadronization before being processed with the ‘MA5tune’
version of Delphes 3 [51] (see Section 2.2 of [43]) for the
simulation of detector e↵ects. The number of events af-
ter cuts are then evaluated with the recast codes [44, 45].
For the statistical interpretation, we make use of the
module exclusion CLs.py [43]: given the number of sig-
nal, observed and expected background events, together
with the background uncertainty, exclusion CLs.py de-
termines the most sensitive SR, the exclusion confidence
level using the CLs prescription, and the nominal cross
section �95 that is excluded at 95% CL.1

The IDM parameter space, see Eq. (3), is sampled tak-
ing into account the following considerations. First, in
light of the constraints discussed above which require �L

to be tiny, process (11) is essentially irrelevant for the
entire analysis. We can therefore choose �L = 0 without
loss of generality. Besides, �2 is irrelevant for all observ-
ables at tree-level. The mass of the charged inert scalar
is important mostly for process (10), which comes with
the price of an additional EW coupling factor with re-
spect to (9) and turns out to be numerically insignificant
unless mH± is very light.2 We are thus left with mA0 and
mH0 to scan over. For mH± , we choose two representa-
tive values: mH± = 85 GeV, which is the lower allowed
limit by LEP, andmH± = 150 GeV, which is significantly
higher but still safely within the bounds imposed by the
T parameter, which limits the mass splitting between the
inert scalar states (see also the analysis in [24]).

The main results of our analysis are presented in Fig-
ure 1, where we show µ ⌘ �95/�IDM in the form of tem-
perature plots in the (mA0 ,mH0) plane for the two chosen
values of mH± . Here, �IDM is the cross section predicted
by the model while �95 is the cross section excluded at
95% CL. With this definition, regions where µ  1 are
excluded at 95% CL.

As can be seen, the Run 1 ATLAS dilepton searches
exclude, at 95% CL, inert scalar masses up to about
35 GeV for pseudoscalar masses around 100 GeV, with

1
Note that we do not simulate the backgrounds but take the back-

ground numbers and uncertainties directly from the experimental

publications [38] and [39].

2
Process (12) is also subdominant because the ZZH0H0

coupling

is quadratic in the weak coupling whereas the coupling ZA0H0

is only linear.

FIG. 1. The ratio µ ⌘ �95/�IDM in the (mA0 ,mH0) plane
for two representative values of the charged inert scalar mass,
mH± = 85 GeV (upper panel) and mH± = 150 GeV (lower
panel). The solid black lines are the 95% CL exclusion con-
tours, µ = 1. The dashed black lines are given for illustration
and correspond to the µ = 0.5 and µ = 2 contours. The grey
dashed lines indicate mA0 �mH0 = mZ .

the limits becoming stronger for larger mA0 , reaching
⇡ 45 (55) GeV for mA0 ⇡ 140 (145) GeV and mH± = 85
(150) GeV. For massless H0, A0 masses up to about 135–
140 GeV are excluded (note that mH0 and mA0 are gen-
erally interchangeable here). Several interesting features
merit some discussion.
First, we observe that the constraints are slightly

stronger for heavier charged scalars. This is in part due to
the small contribution from process (10) and from qq̄ !
W± ! AH± ! Z(⇤)HW±(⇤)H where one of the leptons
is missed: although the cross section is much larger for
mH± = 85 GeV as compared to mH± = 150 GeV, the
resulting leptons are much softer and almost never pass
the signal requirements. A more significant di↵erence be-
tween the mH± = 85 GeV and 150 GeV cases arises from
the fact that at large mA0 the signal from process (9)
is suppressed by the decay A0 ! W±(⇤)H⌥ followed by
H⌥ ! W⌥H0, that competes with A0 ! Z(⇤)H0. While
the former decay mode also leads to dileptons, these lep-
tons are, as above, much softer and almost never pass



BSM -flavour 
 
 

•  Anomalies in B -> Kµµ in LHCb (SM expects 1) 

 

•  Sign of new physics? 

•  New non-universal interactions of leptons – related to lepton flavour 
violation in  other B-decays 

•  Glashow, Guadagnoli, Lane, PRL114, 2015 

•  Or new Z’ non-universal interactions + linked to DM 

•  GB, Delaunay, Westhoff (2015) 

 



Dark Matter	


Strong evidence for dark matter at galactic/

cluster/cosmological scales	


Is Dark matter a new weakly interacting particle?	









Dark matter at colliders 
 

•  Direct production of pairs of DM + radiation : 
high ETmiss + single jet/photon/boson 

•  Constrain DM interactions (model independent 
or specific models) 

•  Importance of QCD corrections (Re et al) 

 

•  Production of new particles, DM in decay chain – 
missing ET signature 



Tools for DM	


Belanger,  Boudjema, Herrmann, Salati	



Bizouard, Chalons (LPSC), Hao, Pukhov, Semenov 	



micrOMEGAs	



Motivation : precise prediction of relic density and 
other DM observables 



micrOMEGAs : a tool to compute dark 
matter properties in BSM	





http://dmnlo.hepforge.org	



Numerical code to compute the neutralino (co)annihilation cross-section at one-loop in αS	



Interface to micrOMEGAs ➞ relic density including one-loop corrections	



Recent work:  Corrections to                    (important due to mh~125 GeV) and 	



J. Harz, B. Herrmann, M. Klasen, Q. Le Boulc’h, K. Kovarik, Phys. Rev. D87: 054031 (2013)"
	



Outlook:  Implement dipole subtraction method for all processes,  interface to DarkSUSY 6, 
make the code available to the community...	







Indirect detection 
•  DM self annihilates in galaxy giving positrons, antiprotons, photons, 

neutrinos. Charged particles interact with medium and ‘propagate’ to 
detector.  Extract DM  signal from other sources in cosmic rays. 

 







Cosmic rays 
•  AMS announced an excess in antiprotons, could come from DM? 

•  Using AMS’ updated proton and helium fluxes, secondary pbar/p with 
uncertainties was reevaluated  - no significant excess from DM 

                              

Figure 2: The combined total uncertainty on the predicted secondary p̄/p ratio, superim-

posed to the new Ams-02 data.

that an additional source of uncertainty that we do not include consists in the uncertainties
a↵ecting the energy loss processes. These are however expected to be relevant only at small
energies and in any case to have a small impact.

Finally, antiprotons have to penetrate into the heliosphere, where they are subject to the
phenomenon of solar modulation (abbreviated with ‘SMod’ when needed in the following). We
describe this process in the usual force field approximation [44], parameterized by the Fisk
potential �F , expressed in GV. As already mentioned in the Introduction, the value taken
by �F is uncertain, as it depends on several complex parameters of the solar activity and
therefore ultimately on the epoch of observation. In order to be conservative, we let �F vary
in a wide interval roughly centered around the value of the fixed Fisk potential for protons �p

F

(analogously to what done in [22], approach ‘B’). Namely, �F = [0.3, 1.0] GV ' �p
F ± 50%. In

fig. 1, bottom right panel, we show the computation of the ratio with the uncertainties related
to the value of the Fisk potential in the considered intervals. Notice finally that the force field
approximation, even if ‘improved’ by our allowing for di↵erent Fisk potentials for protons and
antiprotons, remains indeed an e↵ective description of a complicated phenomenon. Possible
departures from it could introduce further uncertainties on the predicted p̄/p, which we are not
including. However it has been shown in the past that the approximation grasps quite well the
main features of the process, so that we are confident that our procedure is conservative enough.

Fig. 2 constitutes our summary and best determination of the astrophysical p̄/p ratio and
its combined uncertainties, compared to the new (preliminary) Ams-02 data. The crucial
observation is that the astrophysical flux, with its cumulated uncertainties, can reasonably well
explain the new datapoints. Thus, our first —and arguably most important— conclusion is
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