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CNRS & Université Paris-Sud, 91405 Orsay, France

Paris, 24 juillet 2019

LPT Orsay
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Été comme hiver
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Les “confs”

En physique des particules, conférences d’hiver (Moriond) et d’été
(ICHEP, Lepton-Photon, EPS-HEP)
EPS-HEP: conf. européenne, organisée sous l’égide de la Société
Européenne de Physique, tous les 2 ans, un endroit différent
Cette année du 10 au 17 juillet, à Gant (Belgique)

International Advisory Committee 
  
Halina Abramowicz (Tel Aviv, IL)  
Laura Baudis (Zurich, CH)  
Frédérick Bordry (CERN, CH)  
Martine Bosman (Barcelona, ES)  
Pierluigi Campana (Frascati, IT)  
Marcela Carena (Chicago, US)  
Lance Dixon (Stanford, US)  
Paula Eerola (Helsinki, FI)  
Anne-Isabelle Étienvre (Orsay, FR)  
Louis Fayard (Orsay, FR)  
Fernando Ferroni (INFN, IT)  
Fabiola Gianotti (CERN, CH)  
Christophe Grojean (Hamburg, DE)  
Gian Giudice (CERN, CH)  
Francis Halzen (Wisconsin, US) 
Pilar Hernández (Valencia, ES)  
Marek Karliner (Tel Aviv, IL)  
Stavros Katsanevas (Pisa, IT)  
Eric Laenen (Amsterdam, NL)  

Ofer Lahavn (London, UK)  
Richard Lednicky (Dubna, RU)  
Péter Lévai (Budapest, HU)  
Clara Matteuzzi (Milano, IT)  
Joachim Mnich (DESY, DE)  
Reynald Pain (IN2P3, FR)  
Mário Pimenta (Lisbon PT)  
Stefano Ragazzi (Gran Sasso, IT)  
Olaf Reimer (Innsbruck, AT)  
Leonid Rivkin (Villigen, CH)  
Jurgen Schukraft (CERN, CH)  
Katsuo Tokushuku (Tsukuba, JP)  
Tejinder Virdee (London, UK)  
Yifang Wang (Beijing, CN)  
Dave Wark (Didcot, UK)  
Eli Waxman (Rehovot, IL)  
Norbert Wermes (Bonn, DE)  
Barbara Wosiek (Kraków, PL)

International Organizing Committee 
 
Costas Bachas (Paris, FR) 
Stan Bentvelsen (NIKHEF, NL) 
Barbara Erazmus (Nantes, FR) - chair 
Thomas Gehrmann (Zurich, CH) 
Valerie Gibson (Cambridge, UK) 
Beate Heinemann (Hamburg/Freiburg, DE) 
Luis Ibáñez (Madrid, ES) 
John Jowett (CERN, CH) 
Peter Križan (Ljubljana, SI) 
Anna Lipniacka (Bergen, NO) 
Fabio Maltoni (Louvain-La-Neuve, BE) 
Mauro Mezzetto (Padova, IT)  
Yosef Nir (Weizmann, IL) 
Ivica Puljak (Split, HR) 
Geraldine Servant (Hamburg, DE) 
Nick van Eijndhoven (Brussels, BE) 
Joao Varela (Lisbon, PT) 
Claudia-Elisabeth Wulz (Vienna, AT)

Local Organizing Committee 

Ghent University 
Tom Cornelis 
Didar Dobur 
Ianthe Michiels 
Céline Moortgat 
Dirk Ryckbosch 
Daniele Trocino 
Michael Tytgat - chair 
Karel Van Acoleyen 
Martina Vit 

University of Antwerp 
Pierre Van Mechelen 
Sarah Van Mierlo - secretary 

Vrije Universiteit Brussel 
Freya Blekman 
Jorgen D'Hondt 
Marleen Goeman - secretary 
Steven Lowette 

Université Libre de Bruxelles 
Barbara Clerbaux - vice-chair 
Gilles De Lentdecker 

Université Catholique de Louvain 
Eduardo Cortina Gil 
Fabio Maltoni 

✴ Astroparticle Physics and Gravitational Waves 
✴ Cosmology 
✴ Neutrinos and Dark Matter 
✴ Flavour and CP Violation 
✴ Standard Model and Beyond 

✴ Electroweak Symmetry Breaking 
✴ Quantum Field and String Theory 
✴ QCD and Heavy Ions 
✴ Accelerators and Detectors 
✴ Outreach, Education and Diversity

10-17 JULY 2019 ⏤ Ghent, Belgium

   EUROPEAN PHYSICAL SOCIETY  
   CONFERENCE ON HIGH ENERGY PHYSICS

ORGANIZED BY SUPPORTED BY

Special Joint EPS-ECFA Session 
Toward the Update of the European Particle Physics Strategy 
13 July 2019

ENDORSED BY

ABSTRACT SUBMISSION DEADLINE: 15 April 2019 
EARLY REGISTRATION DEADLINE: 15 May 2019 
FOR MORE INFORMATION: http://eps-hep2019.eu

Environ 800 participants
littéralement du monde
entier
Autant pour les
présentations, calibrées,
que pour les
discussions, informelles,
aux pauses (rumeurs...)
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D’autres occasions de rencontres

réunions satellites de grandes conf
réunion ECFA European Commitee for Future Accelerators

conférences thématiques et workshops spécialisés
par ex, la semaine prochaine à Orsay: Higgs Hunting

écoles (d’été, d’hiver et autres)
CERN summer school, Les Houches, Cargèse. . .

séminaires et visites dans d’autres laboratoires
en permanence !
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Les trois premiers jours d’EPS-HEP 2019
Sessions parallèles (9 sessions, 15-20 min sur sujet spécifique)
Près de 600 interventions !
Une après-midi “Accélérateurs Futurs” + expo “Art@CMS”
Concert et séminaire. . . sur les bières belges

Astroparticle and gravitational

waves, Cosmology, Dark Matter,

Neutrino Physics, Heavy Ion

Physics, QCD and hadronic

physics, Top and electroweak

physics, Flavour physics and

CP violation, Higgs physics,

Searches for new physics,

Quantum field and string theory,

Detector R&D and data

handling, Acclerators for HEP,

Outreach, education and

diversity . . .
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En images
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En texte

Daily EPS-HEP 2019 Newsletter Tuesday 16 July 2019 

 
With our second day of plenaries, we switch to a          
variety of topics, from flavour physics, over       
neutrinos to astroparticle physics and more.      
Along with our usual segments, we also look        
back to the other social activities that took place         
during the weekend. 
 
Today’s programme 
The morning plenary session will start with       
reviews of flavour physics, CP violation, rare       
decays, and highlights from the LHCb and Belle II         
experiments. Gravitational waves, cosmic rays,     
and multimessenger astroparticle physics will     
close the morning programme. 
In the afternoon, neutrinos and dark matter will        
take the stage. Theoretical and experimental      
reviews of neutrino physics, dark matter, and       
axion searches will conclude today’s physics      
programme. 
At the end of the afternoon session, few minutes         
after 18:00, buses will pick us up from the         
entrance of the ICC to take us to the quaint          
Eskimofabriek for the conference dinner. 
 
Highlights from Monday 
The plenary sessions kicked off yesterday with a        
warm welcome by the conference organizers,      
the Dean of the faculty of Sciences, and the         
vice-rector of Ghent University. Next, the      
High-Energy and Particle Physics division of the       
EPS held its prize ceremony, awarding      
outstanding achievements in various areas. 
 

Next, an impressive set of new results of the         
ATLAS and CMS Collaborations using the full Run        
II data sets were presented. The emphasis was        
naturally put on the most recent Higgs       
measurements, showing the enormous progress     
made by the two experiments since the Higgs        
discovery. Promising results on the couplings of       
the Higgs boson to quarks and leptons of the         
second generation are now available, even if       
more data will be needed to reach the sensitivity         
to test the SM couplings.  
  

Additionally, many other important    
results on a broad range of physics       
topics have been highlighted,    
including electroweak measure-   
ments involving vector bosons and     
the top quark. It is also interesting to note that          
both experiments are now exploiting innovative      
data analysis methods and techniques, including      
scouting, data parking and machine learning, to       
maximize their discovery potential. 
 

More new LHC results were provided in the        
afternoon talks dedicated to measurements of      
SM observables, and searches for super-      
symmetry and exotica. New results and future       
prospects were put into a theory perspective.       
We may not have seen supersymmetry yet, but        
those who joined the concert on Friday have        
heard its tune already. 
 

Precision calculations in the standard model are       
becoming increasingly sophisticated, with    
conceptual and technical solutions drawing from      
recent developments in formal theory and pure       
mathematics. BSM physics is broadening its      
theoretical viewpoints to embrace a multitude of       
possible scenarios, opening up new perspectives      
and observables. Especially in the Higgs sector,       
new physics effects are under intensive      
investigation, with exciting new perspectives of      
probing Higgs boson couplings even in      
observables without Higgs bosons. The day      
finished with a review on the most recent        
developments on quantum gravity and string      
theory, even highlighting potential routes to      
observational tests and validations. 
 

art@CMS 
The ORIGIN Poetics 2019 exhibition at the Zwarte        
Zaal at KASK features a large collection of works         
from international artists and art students      
involved in the art@CMS project. At the same        
time, Harbinger, the local Ghent art@CMS      
project, is exhibiting at the Botanical Garden       
near the ICC. 
  

 

The two projects were nicely brought together       
during the art@CMS event last Saturday at       
19h30 in the Zwarte Zaal. About 50 people        
enjoyed the artworks and followed presentations      
from selected artists of both projects. The       
evening was concluded with many discussions      
about past and future art-and-science projects      
over a glass of wine. 

 

On Sunday evening the screening of The Most        
Unknown drew a well-balanced audience of      
physicists and non-physicists to the Sphinx      
cinema theatre. The documentary addressed the      
everyday questions of 9 scientists from various       
fields, which search for answers on the borders        
of "the great unknown". 
Two of the   
involved scien-  
tists, particle  
physicist Davide  
D'Angelo and  
cognitive psy-  
chologist Axel  
Cleeremans, 
were present to introduce the movie and answer        
the big stream of questions after the screening.        
Apart from an interesting view on enthusiastic       
scientists' life, The Most Unknown also brought       
us lively discussions on artificial consciousness      
and the mysteries of dark matter. 
 

Did you know? 
On the day of the conference dinner, food talk is          
in the air. We already recommended some       
typical Flemish dishes in a previous Waffle, but        
we didn’t discuss desserts yet. So here we go! 
You already got a taste of traditional sweets in         
your goody bag: cuberdons and chocolates. 
  

Cuberdon is a typical Ghentian candy, also       
known in Dutch as Gentse neus (trad. Ghent        
nose), because of its conic shape that resembles        
a human nose. It is gummy and filled with a soft           
fruity cream. 
Belgian chocolate is certainly one of the most        
famous and widespread Belgian products in the       
world. Just to get an idea, about 2 tonnes of          
chocolate are sold daily at Brussels airport.       
Impossible to enclose so much history and       
tradition in these few lines! 
We cannot close this excursus on Belgian sweets        
without talking about our signature dessert: the       
waffle! Everyone knows the Belgian waffle. But       
you may not know that the rectangular treat        
known worldwide as Belgian waffle is only one of         
the types you can find in Belgium, more precisely         
the Brussels waffle. Equally common is the Liège        
waffle, and just as delicious. Liège waffles are        
thicker in texture and contain sugar grains and a         
caramelized sugar coating, with characteristic     
rounded corners. The waffles consumed in      
Belgium are typically lighter and fluffier than the        
versions sold in other countries. As you can see,         
there is no such thing as a Standard Waffle! 
 

Picture of the day 

Today started with the prize ceremony. The 2019        
EPS-HEP prize was awarded to CDF and D0 for         
the discovery of the top quark, while the        
Giuseppe and Vanna Cocconi Prize for Particle       
Astrophysics and Cosmology was conferred upon      
the WMAP and Planck Collaborations for      
high-precision CMB measurements. Next, a few      
young outstanding colleagues were rewarded:     
the 2019 Young Experimental Physicist Prize      
went to Josh Bendavid and Lesya Shchutska,       
while the 2019 Gribov Medal was awarded to        
Douglas Stanford. The EPS-HEP Outreach Prize,      
finally, was awarded to Rob Appleby, Chris       
Edmonds and Robyn Watson for the Tactile       
Collider Project. 

Editorial team: Steven Lowette, Martina Vit, Daniele Trocino, Didar Dobur 
Contacts: Michael Tytgat (chair LOC), Barbara Erazmus (chair IOC) Email: info@eps-hep2019.eu 
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Le dimanche

Digérer les résultats, travailler, faire du tourisme. . .
Des activités “sociales” (visites de Gand, Bruges. . . ) proposées
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Les trois derniers jours d’EPS-HEP 2019

3 jours de sessions plénières (exposés plus longs sur un domaine)
Remise de prix, dont

CDF et DØ (quark top), WMAP et Planck (CMB)
Session poster (vin et fromage, et prix !), banquet
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De quoi se cultiver. . .

ATLAS & CMS Stop 

7/7/14 

ICHEP 2014 

49 
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!  Scaling the couplings to fermions (κf) and vector bosons (κV). !  All decay channels converging around SM expectation. 

[CMS-PAS-HIG-14-009] [arXiv:1307.1347] 

26

Top anti-top production in association with W/Z bosons
Example:
 3 lepton  in Z mass region 4 jets, 1 b-tag

2 leptons same+opposite sign and 3 leptons combined:

ATLAS ATLAS-CONF-2014-038

SM σ
ttZ

/σ
ttW

 ratio assumed No assumption on  σ
ttZ

/σ
ttW

 

Dilepton Mass Spectrum 

7/7/14 

ICHEP 2014 

15 

10

TABLE III. Summary of systematic uncertainties on the ex-

pected numbers of events at a dilepton mass of mℓℓ = 2 TeV,

where n/a indicates that the uncertainty is not applicable.

Uncertainties < 3% for all values of mee or mµµ are neglected

in the respective statistica
l analysis.

Source (mℓℓ = 2 TeV) Dielectron
s Dimuons

Signal Backgr. Signal Backgr.

Normalization
4% n/a 4% n/a

PDF variation
n/a 11%

n/a 12%

PDF choice
n/a 7% n/a 6%

αs

n/a 3% n/a 3%

Electroweak corr.
n/a 2% n/a 3%

Photon-induced corr.
n/a 3% n/a 3%

Beam energy
< 1% 3% < 1% 3%

Resolution
< 3% < 3% < 3% 3%

Dijet and W + jets
n/a 5% n/a n/a

Total

4% 15%
4% 15%

TABLE IV. Summary of systematic uncertainties on the ex-

pected numbers of events at a dilepton mass of mℓℓ = 3 TeV,

where n/a indicates that the uncertainty is not applicable.

Uncertainties < 3% for all values of mee or mµµ are neglected

in the respective statistica
l analysis.

Source (mℓℓ = 3 TeV) Dielectron
s Dimuons

Signal Backgr. Signal Backgr.

Normalization
4% n/a 4% n/a

PDF variation
n/a 30%

n/a 17%

PDF choice
n/a 22%

n/a 12%

αs

n/a 5% n/a 4%

Electroweak corr.
n/a 4% n/a 3%

Photon-induced corr.
n/a 6% n/a 4%

Beam energy
< 1% 5% < 1% 3%

Resolution
< 3% < 3% < 3% 8%

Dijet and W + jets
n/a 21%

n/a n/a

Total

4% 44%
4% 23%

MS. However, such events are rare and the corresponding

systematic uncertainty is negligible over the entire mass

range considered. This is an improvement on previous

ATLAS publications [17], which used a very conservative,

and much larger, estimate: 6% at 2 TeV. In addition, the

uncertainty on the resolution due to residual misalign-

ments in the MS propagates to a change in the steeply

falling background shape at high dilepton mass and in the

width of signal line shape. The potential impact of this

uncertainty on the background estimate reaches 3% at

2 TeV and 8% at 3 TeV. The effect on the signal is negli-

gible. As for the dielectron channel, the momentum scale

uncertainty has negligible impact in the dimuon channel

search.

Mass-dependent systematic uncertainties that change

the expected number of events by at least 3% anywhere

in the mℓℓ distribution are summarized in Tables III and

IV for dilepton invariant masses of 2 TeV and 3 TeV,

respectively.
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FIG. 2. Dielectron
(top) and dimuon (bottom) invariant

mass (mℓℓ) distributions after event selection
, with two se-

lected Z
′
SSM

signals overlaid, compared to the stacked sum

of all expected backgrounds, and the ratios of data to back-

ground expectation. The bin width is constant in log mℓℓ.

The green band in the ratio plot shows the systematic uncer-

tainties described in Sec. IX.

X. COMPARISON OF DATA AND

BACKGROUND EXPECTATIONS

The observed invariant mass distributions, mee and

mµµ, are compared to the expectation from SM back-

grounds after final selection. To make this comparison,

the sum of all simulated backgrounds, with the rela-

tive contributions fixed according to the respective cross-

sections, is scaled such that the result agrees with the

observed number of data events in the 80 - 110 GeV

normalization region, after subtracting the data-driven

background in the case of the electron channel. The

scale factors obtained with this procedure are 1.02 in

the dielectron channel and 0.98 in the dimuon chan-

nel. It is this normalization approach that allows the

mass-independent uncertainties to cancel in the statisti-

cal analysis.

Figure 2 depicts the mℓℓ distributions for the dielectron

and dimuon final states. The bin width of the histograms

is constant in log mℓℓ, chosen such that a possible signal

peak spans multiple bins and the shape is not impacted

Table 3: Ex
pected and

observed e
vent yields

in the dimu
on channel

. The predi
cted yields

are shown
for

SM backgroun
d as well a

s for SM+C
I for severa

l CI signal
scenarios.

The quoted
errors cons

ist of both

the statistic
al and syst

ematic unc
ertainties a

dded in qu
adrature.

Process

mµµ [GeV]

400 – 550
550 – 800

800 – 1200
1200 – 180

0 1800 – 300
0 3000 – 450

0

Drell-Yan
670 ± 50

217 ± 18
45 ± 5

5.9 ± 0.8
0.58 ± 0.12

0.027 ± 0.008

Top quarks
128 ± 10 16.3 ± 1.4 1.66 ± 0.11

0.103 ± 0.007
< 0.005

< 0.002

Diboson
47.6 ± 2.7

15.3 ± 0.9 3.75 ± 0.26
0.556 ± 0.030

0.056 ± 0.005
< 0.003

Photon-Ind
uced

34 ± 34
13 ± 13 3.3 ± 3.3

0.5 ± 0.5
0.07 ± 0.07

< 0.006

Total SM
880 ± 60

261 ± 22
54 ± 6

7.2 ± 1.0
0.71 ± 0.14

0.032 ± 0.009

Data
814

265
47

7
1

0

SM+CI (Λ
−
LL
= 14 TeV)

900 ± 60
285 ± 23

70 ± 6
14.4 ± 1.2

2.89 ± 0.33
0.18 ± 0.04

SM+CI (Λ
−
LL
= 20 TeV)

870 ± 60
265 ± 23

58 ± 6
10.0 ± 1.1

1.49 ± 0.18
0.103 ± 0.022

SM+CI (Λ
−
LR
= 14 TeV)

930 ± 60
292 ± 23

79 ± 6
16.9 ± 1.4

3.9 ± 0.4
0.38 ± 0.08

SM+CI (Λ
−
LR
= 20 TeV)

910 ± 60
281 ± 23

61 ± 6
10.7 ± 1.1

1.76 ± 0.20
0.139 ± 0.029

SM+CI (Λ
−
RR
= 14 TeV)

900 ± 60
285 ± 23

70 ± 6
13.8 ± 1.2

2.80 ± 0.32
0.20 ± 0.04

SM+CI (Λ
−
RR
= 20 TeV)

870 ± 60
265 ± 23

58 ± 6
10.1 ± 1.1

1.29 ± 0.17
0.09 ± 0.02

SM+CI (Λ
+
LL
= 14 TeV)

870 ± 60
252 ± 23

51 ± 6
7.5 ± 1.0

1.45 ± 0.18
0.113 ± 0.023

SM+CI (Λ
+
LL
= 20 TeV)

890 ± 60
247 ± 23

50 ± 6
6.4 ± 1.0

0.74 ± 0.15
0.048 ± 0.013

SM+CI (Λ
+
LR
= 14 TeV)

860 ± 60
256 ± 23

57 ± 6
12.2 ± 1.1

2.79 ± 0.31
0.28 ± 0.06

SM+CI (Λ
+
LR
= 20 TeV)
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Figure 1: R
econstructe

d dielectro
n (top) and

dimuon (b
ottom) ma

ss distribut
ions for da

ta and the
SM

backgroun
d estimate.

Also show
n are the pr

edictions f
or a benchm

ark Λ value
in the LL c

ontact inte
rac-

tion model
and benchm

ark MS value i
n the GRW

ADD mod
el. The dis

tribution b
in width is

constant in

log(mℓℓ) an
d has the to

tal systema
tic uncerta

inty overla
id as a ban

d on the ra
tio.
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Highest mass event ~ 1.9TeV 

Z’ ruled out up to ~ 2.9TeV CI ruled out up to /\ ~ 26TeV 

1 Introducti
on

Many theo
ries beyond

the Standa
rd Model (

SM) predic
t new phen

omena whi
ch give rise

to dilepton
final

states, such
as new reso

nances. Th
ese have be

en searche
d for using

the ATLAS
detector an

d are repor
ted

elsewhere
[1]. In thi

s paper, a
compleme

ntary searc
h is perfor

med for ne
w phenom

ena that ap
pear as

broad devi
ations from

the SM in the dilep
ton invaria

nt mass dis
tribution o

r in the ang
ular distrib

ution of

the leptons
(where the

leptons con
sidered in t

his analysi
s are electr

ons or muo
ns). The ph

enomena u
nder

investigatio
n are conta

ct interacti
ons (CI) an

d large ext
ra dimensi

ons (LED)
.

2 Theoretica
l Motivatio

n

The presen
ce of a new

interaction
can be dete

cted at an e
nergy muc

h lower tha
n that requ

ired to pro
duce

direct evid
ence of the

existence o
f a new ga

uge boson
. The char

ged weak
interaction

responsible
for

nuclear β d
ecay provi

des such a
n example

. A non-re
normalizab

le descript
ion of this

process wa
s suc-

cessfully fo
rmulated b

y Fermi in
the form of

a four-ferm
ion contact

interaction
[2]. A cont

act interact
ion

can also a
ccommoda

te deviatio
ns in proto

n-proton s
cattering d

ue to quar
k and lept

on compos
iteness,

where a ch
aracteristic

energy sca
le Λ corres

ponds to th
e binding e

nergy betw
een fermio

n constitue
nts.

A new inte
raction or

compositen
ess in the p

rocess qq →
ℓ+ℓ
− can be des

cribed by t
he followin

g four-

fermion co
ntact intera

ction Lagr
angian [3,

4]:

L = g
2

Λ2
[ ηLL (qL

γµqL) (ℓLγ
µℓL)

+ηRR (qRγµ
qR) (ℓRγ

µℓR)

+ηLR (qLγµ
qL) (ℓRγ

µℓR)

+ηRL (qRγµ
qR) (ℓLγ

µℓL) ] ,

where g is
a coupling

constant ch
osen by co

nvention to
satisfy g

2/4π = 1, Λ
is the cont

act interac
tion

scale, and
qL,R and

ℓL,R are l
eft-handed

and right-h
anded qua

rk and lep
ton fields,

respectivel
y. The

parameters
ηi j, where

i and j are
L or R (lef

t or right),
define the

chiral struc
ture of the

new intera
ction.

Different c
hiral struc

tures are i
nvestigated

here, with
the left-rig

ht model o
btained by

setting ηLR
=

ηRL =
±1 and ηLL =

ηRR =
0. Likewis

e, the left-
left and rig

ht-right mo
dels are ob

tained by s
etting

the corresp
onding par

ameters to
±1, and the o

thers to ze
ro. The si

gn of ηi j d
etermines

whether th
e

interferenc
e is constr

uctive (ηi j
= −1) or des

tructive (ηi j
= +1). T

he cross s
ection for

the proces
s

qq→ ℓ+ℓ
− in the pres

ence of con
tact interac

tions can b
e written a

s:

σtot = σD
Y − ηi j

FI
Λ2
+
FC
Λ4
,

(1)

where the
first term accounts f

or the qq
→ Z/γ∗ → ℓ

+ℓ− Drell-Y
an (DY) p

rocess, the
second ter

m

correspond
s to the int

erference b
etween the

DY and CI
processes,

and the thi
rd term de

scribes the
pure

CI process
. These tw

o latter term
s include fu

nctions of
the cross se

ctions FI a
nd FC, resp

ectively, w
hich

do not dep
end on Λ.

The relativ
e impact o

f the interf
erence and

pure CI te
rms depen

ds on both
the

dilepton m
ass and Λ.

For examp
le, the mag

nitude of t
he interfer

ence term
for dilepto

n masses a
bove

600 GeV i
s about tw

ice as larg
e as that o

f the pure
CI term at Λ = 14

TeV; the in
terference

becomes

increasingl
y dominan

t for highe
r values of

Λ.

A solution
to the vast

hierarchy b
etween the

electrowea
k (EW) an

d Planck sc
ales has be

en propose
d

by Arkani-
Hamed, D

imopoulos
and Dvali

(ADD) [5]
. In this m

odel, gravi
ty is allow

ed to prop
agate

in large fla
t extra spa

tial dimens
ions, there

by diluting
its apparen

t effect in
3+1 space

time dimen
sions.

The flat n e
xtra dimen

sions are o
f common

size R (∼1 µm
– 1 mm, fo

r n = 2) an
d compact

ified on an
n-

dimension
al torus. Th

e fundame
ntal Planck

scale in (4+
n)-dimensi

ons, MD, is rela
ted to the P

lanck scale
,

1

… 
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Daya Bay ν e
 disappearance

● Four tim
es more statistics (621 days) 

than the previously published result

● Over 1 million antineutrinos detected 

(150k in the far detectors)

● Most precise measurement of 

sin
2 (2θ 13

) (6%)

● Shape distortion agrees with 

oscillation prediction

ν
e
→ν e

RENO sin
2  2θ 13

 = 0.101±0.013

Double Chooz

7/7/14 

ICHEP 2014 

44 

TA, ICHEP2014 

21 

72 events zenith angle < 55°, with E>5.7x10 19 eV 

Colors: oversampling with 20° (radius) circles 

19 events in circle centered at R:A: = 146.7°, Dec: = 43.2° 

20° circle = ~6% of northern sky, 

but 19 of 72 events are contained in 

“hotspot” 
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Beaucoup de
transparents
Des articles
paraissent juste
après les talks
Proceedings
(comptes-rendus) à
écrire dans la foulée
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Pousser les limites

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 24/7/19 11



De plus en plus de données

Données du run 2 : 2015-2018 à 13 TeV

Tester en détail tout le Modèle Standard (MS)
en particulier le boson de Higgs
dans un environnement compliqué (beaucoup de collisions)

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 24/7/19 12



Un excellent accord avec le MS

Production de différentes particules (W, Z, top, H) dans des collisions pp
en excellent accord avec les prédictions du MS (de + en + précises)

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 24/7/19 13



Un boson H de mieux en mieux connu

ROBERTO SALERNO

THE HIGGS BOSON TIMELINE AT THE LHC
LHC

13TeV2011 2012 2013 2014 2015 2016 2017 2018 2019-20202020 …2038

High 
Luminosity 
LHC

2010 2019

Run2Run1

“if the SM Higgs boson exists, is most likely 
to have a mass constrained to 115-130 GeV “
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Higgs boson searches 

Higgs boson observation Towards the precision physics era
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and Next-to-Leading Order (NLO) electroweak (EW)
corrections [26, 27]. These results are compiled in
Refs. [28–30]. The cross section for the vector-boson
fusion (qq′ → qq′H) process is estimated at NLO [31–
33] and approximate NNLO QCD [34]. The associated
WH/ZH production processes (qq̄ → WH/ZH) are
computed at NLO [35, 36] and NNLO [37]. The
associated production with a tt̄ pair (qq̄/gg → tt̄H) is
estimated at NLO [38–41]. The Higgs boson produc-
tion cross sections, decay branching ratios [42–45] and
their related uncertainties are compiled in Ref. [46].
The QCD scale uncertainties for mH=120 GeV amount
to +12
−8 % for the gg → H process, ±1% for the

qq′ → qq′H and associated WH/ZH processes, and
+3
−9% for the qq̄/gg → tt̄H process. The uncertainties
related to the parton distribution functions (PDF) for
low mH hypotheses typically amount to ±8% for the
predominantly gluon-initiated processes gg → H and
qq̄/gg → tt̄H, and ±4% for the predominantly quark-
initiated qq′ → qq′H and WH/ZH processes [47–50].
The theoretical uncertainty associated with the ex-
clusive Higgs boson production process with one
additional jet in the H → WW (∗) → ℓ+νℓ′−ν channel
amounts to ±20% and is treated according to the
prescription of Refs. [51–53]. Additional theoretical
uncertainty on the signal normalisation, to account
for effects related to off-shell Higgs boson production
and interference with other SM processes, is assigned
at high Higgs boson masses (mH ! 300 GeV) as
150%×(mH/TeV)3 [53–56].

The detector-related sources of systematic uncer-
tainty are modelled using the following classification:
trigger and identification efficiencies, energy scale and
energy resolution for electrons, photons and for muons;
jet energy scale (JES) and jet energy resolution, which
include a specific treatment for b-jets; contributions to
the EmissT uncertainties uncorrelated with the JES; b-
tagging and b-veto. The effect of these systematic un-
certainties depends on the topology of each final state,
but is typically small compared to that from the theo-
retical prediction of the production cross section. The
only exception is the jet energy scale uncertainty which
can reach ∼20% on the signal yield in channels such as
H → WW → ℓνqq′ and H → ZZ → ℓ+ℓ−qq. The elec-
tron and muon energy scales are directly constrained by
Z → e+e− and Z → µ+µ− events; the impact of the
resulting systematic uncertainty on the four-lepton in-
variant mass is of the order of ∼0.5% for electrons and
negligible for muons. The impact of the photon energy
scale systematic uncertainty on the diphoton invariant
mass is approximately 0.6%.

4. Exclusion Limits
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Figure 3: (a) The combined 95% CL upper limits on the signal
strength as a function of mH ; the solid curve indicates the observed
limit and the dotted curve illustrates the median expected limit in the
absence of a signal together with the ±1σ (dark) and ±2σ (light)
bands. (b) The local p0 as a function of the mH hypothesis. The
dashed curve indicates the median expected value for the hypothesis
of a SM Higgs boson signal at that mass. The four horizontal dashed
lines indicate the p0 values corresponding to significances of 2σ, 3σ,
4σ and 5σ. (c) The best-fit signal strength as a function of the mH
hypothesis. The band shows the interval around µ̂ corresponding to
region where −2 ln λ(µ) < 1.

The signal strength, µ, is defined as µ = σ/σSM,
where σ is the Higgs boson production cross section
being tested and σS M its SM value; it is a single fac-
tor used to scale all signal production processes for a
given mH hypothesis. The combination procedure of
Refs. [52, 57, 58] is based on the profile likelihood ratio
test statistic λ(µ) [59], which extracts the information
on the signal strength from the full likelihood including
all the parameters describing the systematic uncertain-
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and Next-to-Leading Order (NLO) electroweak (EW)
corrections [26, 27]. These results are compiled in
Refs. [28–30]. The cross section for the vector-boson
fusion (qq′ → qq′H) process is estimated at NLO [31–
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WH/ZH production processes (qq̄ → WH/ZH) are
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associated production with a tt̄ pair (qq̄/gg → tt̄H) is
estimated at NLO [38–41]. The Higgs boson produc-
tion cross sections, decay branching ratios [42–45] and
their related uncertainties are compiled in Ref. [46].
The QCD scale uncertainties for mH=120 GeV amount
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−8 % for the gg → H process, ±1% for the

qq′ → qq′H and associated WH/ZH processes, and
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−9% for the qq̄/gg → tt̄H process. The uncertainties
related to the parton distribution functions (PDF) for
low mH hypotheses typically amount to ±8% for the
predominantly gluon-initiated processes gg → H and
qq̄/gg → tt̄H, and ±4% for the predominantly quark-
initiated qq′ → qq′H and WH/ZH processes [47–50].
The theoretical uncertainty associated with the ex-
clusive Higgs boson production process with one
additional jet in the H → WW (∗) → ℓ+νℓ′−ν channel
amounts to ±20% and is treated according to the
prescription of Refs. [51–53]. Additional theoretical
uncertainty on the signal normalisation, to account
for effects related to off-shell Higgs boson production
and interference with other SM processes, is assigned
at high Higgs boson masses (mH ! 300 GeV) as
150%×(mH/TeV)3 [53–56].

The detector-related sources of systematic uncer-
tainty are modelled using the following classification:
trigger and identification efficiencies, energy scale and
energy resolution for electrons, photons and for muons;
jet energy scale (JES) and jet energy resolution, which
include a specific treatment for b-jets; contributions to
the EmissT uncertainties uncorrelated with the JES; b-
tagging and b-veto. The effect of these systematic un-
certainties depends on the topology of each final state,
but is typically small compared to that from the theo-
retical prediction of the production cross section. The
only exception is the jet energy scale uncertainty which
can reach ∼20% on the signal yield in channels such as
H → WW → ℓνqq′ and H → ZZ → ℓ+ℓ−qq. The elec-
tron and muon energy scales are directly constrained by
Z → e+e− and Z → µ+µ− events; the impact of the
resulting systematic uncertainty on the four-lepton in-
variant mass is of the order of ∼0.5% for electrons and
negligible for muons. The impact of the photon energy
scale systematic uncertainty on the diphoton invariant
mass is approximately 0.6%.
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Figure 3: (a) The combined 95% CL upper limits on the signal
strength as a function of mH ; the solid curve indicates the observed
limit and the dotted curve illustrates the median expected limit in the
absence of a signal together with the ±1σ (dark) and ±2σ (light)
bands. (b) The local p0 as a function of the mH hypothesis. The
dashed curve indicates the median expected value for the hypothesis
of a SM Higgs boson signal at that mass. The four horizontal dashed
lines indicate the p0 values corresponding to significances of 2σ, 3σ,
4σ and 5σ. (c) The best-fit signal strength as a function of the mH
hypothesis. The band shows the interval around µ̂ corresponding to
region where −2 ln λ(µ) < 1.

The signal strength, µ, is defined as µ = σ/σSM,
where σ is the Higgs boson production cross section
being tested and σS M its SM value; it is a single fac-
tor used to scale all signal production processes for a
given mH hypothesis. The combination procedure of
Refs. [52, 57, 58] is based on the profile likelihood ratio
test statistic λ(µ) [59], which extracts the information
on the signal strength from the full likelihood including
all the parameters describing the systematic uncertain-
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36 7 H ! WW

The distributions of the reconstructed Z1 and Z2 dilepton invariant masses for the events in the
signal region are shown in the left and right plots of Fig. 19, respectively. The Z1 distribution
has a tail towards low invariant mass, indicative that also the highest mass Z is often off-shell.
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Figure 18: Distribution of the observed four-lepton invariant mass from the combined 7 and
8 TeV data for the H ! ZZ ! 4` analysis (points). The prediction for the expected Z+X and
ZZ(Zg⇤) background are shown by the dark and light histogram, respectively. The open his-
togram gives the expected distribution for a Higgs boson of mass 125 GeV.

The two-dimensional distribution of the kinematic discriminant KD versus the four-lepton re-
constructed mass m4` is shown in Fig. 20 for the individual selected events. Superimposed on
this figure are the contours of the expected event density for the background (upper) and a SM
Higgs boson at mH = 125 GeV (lower). A clustering of events is observed in the region around
m4` = 125 GeV with KD � 0.7. The background expectation is low in this region and the sig-
nal expectation is high, corresponding to the excess of events above background seen in the
one-dimensional m4` distribution.

The observed distribution of the KD discriminant values for invariant masses in the signal
range 121.5 < m4` < 130.5 GeV is shown in Fig. 21 (left). The m4` distribution of events sat-
isfying KD > 0.5 is shown in Fig. 21 (right). The clustering of events is clearly visible near
m4`⇡125 GeV.

7 H ! WW
The decay mode H ! WW is highly sensitive to a SM Higgs boson with a mass around the
WW threshold of 160 GeV. With the lepton identification and Emiss

T reconstruction optimized
for LHC pileup conditions, it is possible to extend the sensitivity down to 120 GeV. The search
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Comment parle-t-il aux autres particules ?

27

The scalar sector is directly connected 
with profound questions: naturalness, 
vacuum stability & energy, flavour

The Higgs boson discovery allows us 
to directly study this sector, requiring   
a broad experimental programme that 
will extend over decades 

And the Higgs boson does more …

1-10 1 10 210
Particle mass [GeV]

4-10

3-10

2-10

1-10

1

vV
m Vk

 o
r 

vF
m Fk

 PreliminaryATLAS
1- = 13 TeV, 24.5 - 139 fbs

 = 125.09 GeVHm

µ

t b

W

Z t

) used for quarksHm(qm

SM Higgs boson

1-10 1 10 210
Particle mass [GeV]

0.8

1

1.2

Vk
 o

r 
Fk

The Brout-Englert-Higgs mechanism is real !

Non-universal coupling

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 24/7/19 15



La course à la seconde génération (1)

Constraints from direct and indirect ATLAS searches for H ® cc sensitive to 𝜅c ~ 10
More promising: H ® µµ, but challenging due to huge pp ® Z/𝛾* ® µµ background

Analysis strongly exploits expected features of signal and background via specific categories and BDTs
Robust empirical background modelling, validated against “spurious signal” using large simulated samples

Higgs boson coupling to (lighter) 2nd generation fermions

25
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La course à la seconde génération (2)

ROBERTO SALERNO
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Complementary approaches exist : 
• Direct search for H→cc decay 
• Extract constraints on λc from kinematics 
• Searches for charmonium decays: H→J/Ψγ  
• Total width / global analysis

   Rare decays/production   

 2nd-GENERATION FERMION COUPLING : c-H 

• BR(H→cc)~0.05×BR(H→bb) 
• H→bb is background 
• large (hadronic) background  
• charm jet ID is highly challenging

c

charm-Higgs coupling λc~λ𝛕, but way harder to probe :
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Au-delà du Modèle Standard (1)
Masse et propriétés du boson de Higgs en parfait accord avec les
attentes basées sur les expériences antérieures
Chaque montée en énergie a donné lieu à des découvertes:
sous-structure, nouvelle interaction, nouvelles particules

eV1 10
3

10
6

10
9

10
12

10
19

10
25

eν 
u s c b t

W,Z
H

μ τ

γ
d

g

collisionneurs

rayons cosmiques

Forces
unifiées ???? Gravité

quantique ?

Modèle Standard très efficace, mais pas parfaitement satisfaisant
Nombreux paramètres (19 !) fixés à des valeurs arbitraires
Pourquoi trois familles, avec la même structure d’interactions ?
Pourquoi trois interactions très différentes ?
Astro/Cosmo: gravitation ? matière noire ? si peu d’antimatière ?
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Au-delà du Modèle Standard (2)

De nouvelles symétries (limiter le nombre de paramètres ?),
De nouvelles interactions (cadre plus cohérent ?),
De nouvelles dimensions (accomoder la gravitation ?). . .

Ne pas être en désaccord avec les observations antérieures
Avoir des conséquences observables. . .
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Pour l’instant, la Nouvelle Physique se cache. . .

Searches for new physics 
Cover all areas: high mass, electroweak production, long-lived particles, forbidden decays, …

31

Theory-agnostic, signature based 
searches, as well as highly targeted 
model-dependent ones

Model ℓ, γ Jets† Emiss
T

∫
L dt[fb−1] Limit Reference

E
xt

ra
di

m
en

si
on

s
G

au
ge

bo
so

ns
C

I
D

M
LQ

H
ea

vy
qu

ar
ks

E
xc

ite
d

fe
rm

io
ns

O
th
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ADD GKK + g/q 0 e, µ 1 − 4 j Yes 36.1 n = 2 1711.033017.7 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS

ADD QBH − 2 j − 37.0 n = 6 1703.091278.9 TeVMth

ADD BH high
∑

pT ≥ 1 e, µ ≥ 2 j − 3.2 n = 6, MD = 3 TeV, rot BH 1606.022658.2 TeVMth

ADD BH multijet − ≥ 3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 36.7 k/MPl = 0.1 1707.041474.1 TeVGKK mass
Bulk RS GKK →WW /ZZ multi-channel 36.1 k/MPl = 1.0 1808.023802.3 TeVGKK mass
Bulk RS GKK →WW → qqqq 0 e, µ 2 J − 139 k/MPl = 1.0 ATLAS-CONF-2019-0031.6 TeVGKK mass
Bulk RS gKK → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 Γ/m = 15% 1804.108233.8 TeVgKK mass

2UED / RPP 1 e, µ ≥ 2 b, ≥ 3 j Yes 36.1 Tier (1,1), B(A(1,1) → tt) = 1 1803.096781.8 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 139 1903.062485.1 TeVZ′ mass
SSM Z ′ → ττ 2 τ − − 36.1 1709.072422.42 TeVZ′ mass
Leptophobic Z ′ → bb − 2 b − 36.1 1805.092992.1 TeVZ′ mass
Leptophobic Z ′ → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 Γ/m = 1% 1804.108233.0 TeVZ′ mass
SSM W ′ → ℓν 1 e, µ − Yes 139 CERN-EP-2019-1006.0 TeVW′ mass
SSM W ′ → τν 1 τ − Yes 36.1 1801.069923.7 TeVW′ mass
HVT V ′ →WZ → qqqq model B 0 e, µ 2 J − 139 gV = 3 ATLAS-CONF-2019-0033.6 TeVV′ mass
HVT V ′ →WH/ZH model B multi-channel 36.1 gV = 3 1712.065182.93 TeVV′ mass
LRSM WR → tb multi-channel 36.1 1807.104733.25 TeVWR mass
LRSM WR → µNR 2 µ 1 J − 80 m(NR) = 0.5 TeV, gL = gR 1904.126795.0 TeVWR mass

CI qqqq − 2 j − 37.0 η−LL 1703.0912721.8 TeVΛ

CI ℓℓqq 2 e, µ − − 36.1 η−LL 1707.0242440.0 TeVΛ

CI tttt ≥1 e,µ ≥1 b, ≥1 j Yes 36.1 |C4t | = 4π 1811.023052.57 TeVΛ

Axial-vector mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 gq=0.25, gχ=1.0, m(χ) = 1 GeV 1711.033011.55 TeVmmed

Colored scalar mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 g=1.0, m(χ) = 1 GeV 1711.033011.67 TeVmmed

VVχχ EFT (Dirac DM) 0 e, µ 1 J, ≤ 1 j Yes 3.2 m(χ) < 150 GeV 1608.02372700 GeVM∗
Scalar reson. φ→ tχ (Dirac DM) 0-1 e, µ 1 b, 0-1 J Yes 36.1 y = 0.4, λ = 0.2, m(χ) = 10 GeV 1812.097433.4 TeVmφ

Scalar LQ 1st gen 1,2 e ≥ 2 j Yes 36.1 β = 1 1902.003771.4 TeVLQ mass
Scalar LQ 2nd gen 1,2 µ ≥ 2 j Yes 36.1 β = 1 1902.003771.56 TeVLQ mass
Scalar LQ 3rd gen 2 τ 2 b − 36.1 B(LQu

3 → bτ) = 1 1902.081031.03 TeVLQu
3

mass

Scalar LQ 3rd gen 0-1 e, µ 2 b Yes 36.1 B(LQd
3 → tτ) = 0 1902.08103970 GeVLQd

3
mass

VLQ TT → Ht/Zt/Wb + X multi-channel 36.1 SU(2) doublet 1808.023431.37 TeVT mass
VLQ BB →Wt/Zb + X multi-channel 36.1 SU(2) doublet 1808.023431.34 TeVB mass
VLQ T5/3T5/3 |T5/3 →Wt + X 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 36.1 B(T5/3 →Wt)= 1, c(T5/3Wt)= 1 1807.118831.64 TeVT5/3 mass

VLQ Y →Wb + X 1 e, µ ≥ 1 b, ≥ 1j Yes 36.1 B(Y →Wb)= 1, cR (Wb)= 1 1812.073431.85 TeVY mass
VLQ B → Hb + X 0 e,µ, 2 γ ≥ 1 b, ≥ 1j Yes 79.8 κB = 0.5 ATLAS-CONF-2018-0241.21 TeVB mass
VLQ QQ →WqWq 1 e, µ ≥ 4 j Yes 20.3 1509.04261690 GeVQ mass

Excited quark q∗ → qg − 2 j − 139 only u∗ and d∗, Λ = m(q∗) ATLAS-CONF-2019-0076.7 TeVq∗ mass
Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass
Excited quark b∗ → bg − 1 b, 1 j − 36.1 1805.092992.6 TeVb∗ mass
Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass
Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

Type III Seesaw 1 e, µ ≥ 2 j Yes 79.8 ATLAS-CONF-2018-020560 GeVN0 mass
LRSM Majorana ν 2 µ 2 j − 36.1 m(WR ) = 4.1 TeV, gL = gR 1809.111053.2 TeVNR mass
Higgs triplet H±± → ℓℓ 2,3,4 e,µ (SS) − − 36.1 DY production 1710.09748870 GeVH±± mass
Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, B(H±±

L
→ ℓτ) = 1 1411.2921400 GeVH±± mass

Multi-charged particles − − − 36.1 DY production, |q| = 5e 1812.036731.22 TeVmulti-charged particle mass
Magnetic monopoles − − − 34.4 DY production, |g | = 1gD , spin 1/2 1905.101302.37 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

partial data

√
s = 13 TeV
full data

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: May 2019

ATLAS Preliminary∫
L dt = (3.2 – 139) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.
†Small-radius (large-radius) jets are denoted by the letter j (J).
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La course aux particules de longue durée de vie

And what if new physics is all different? For example long-lived?

41

Long-lived particles can occur in case of weak couplings, small phase space 
(mass degeneracy), high virtuality (scale suppression)

Displaced leptons, 
lepton-jets, or 
lepton pairs

Displaced 
multitrack vertices

Multitrack vertices in 
the muon spectrometer

Meta-stable charged 
particles

Trackless, 
low-EMF jets

Emerging jets

Non-pointing 
(converted) photons

Disappearing or 
kinked tracks

Diverse set of 
signatures that need 

to be pursued by 
dedicated, usually 

non-standard 
analyses, some 

requiring special 
triggers
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Pour l’instant sans succès

Marquée par des signatures inhabituelles
Traces absentes, énergie manquante. . .

EPS-HEP 2019

Summary long-lived particles

!56W. Adam: Highlights from the CMS experiment
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Et pour la suite ?

EPS-HEP 2019

The road to high luminosity

!35W. Adam: Highlights from the CMS experiment

EPS-HEP 
2019

réflexion au CERN sur le futur
high-luminosity LHC + upgrade des détecteurs
à plus long terme, monter en énergie
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Tous les leptons naissent
libres et égaux en droits ?

Pas si sûr !
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Deux chemins complémentaires

Voie relativiste: E = mc2 Voie quantique: ∆E∆t ≥ ~/2
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ℓ+
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c, t

W

b s

B M

ℓ+

ℓ−

c, t

W

b s

1

Collisions avec assez dénergie
pour produire directement des

particules au-delà du MS
Haute énergie

Preuve “directe”

Petites déviations venant
d’états intermédiaires

avec des particules lourdes
Haute intensité
Preuve indirecte
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b → s`+`− (` = e ou µ)

Courant neutre changeant la saveur: b et s de même charge
Processus avec une très faible probabilité dans le Modèle
Standard (passage via W et t virtuels)
Sensible à des états intermédiaires virtuels lourds au-delà du MS,
qui se manifesteront par des écarts entre MS et expérience

Processus théorique en termes de quarks, mais expériences
mesurées en termes de hadrons: compliqué sur le plan théorique !
Beaucoup de transitions possibles entre différents hadrons:
B → K `+`−, B → K ∗`+`−, Bs → φ`+`−, Λb → Λ`+`−. . .
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B → K ``
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−µ+µ+ K→+B
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b s

B M

ℓ+

ℓ−

c, t

W

b s

1

LHCb: Br(B → Kµµ) trop bas
par rapport au MS
fonction de q2 = (pµ− + pµ+)2

RK = Br(B→Kµµ)
Br(B→Kee) = 1

dans le MS (universalité du
couplage leptonique)
Déviations observées par
LHCb, mais pas confirmées, ni
infirmées par Belle
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B → K ``
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Br(B→Kee) = 1

dans le MS (universalité du
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LHCb, mais pas confirmées, ni
infirmées par Belle
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B → K ∗``

RK∗ = Br(B → K ∗µµ)/Br(B → K ∗ee)

ℓ+

ℓ−

c, t

W

b s

B M

ℓ+
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c, t

W

b s

1

RK∗ est lui aussi trop bas par
rapport au MS selon LHCb
' 1 dans le MS (universalité
du couplage leptonique)
L’universalité des couplages
leptoniques serait donc bien
mise en défaut !
Là encore, ni infirmé ni
confirmé par Belle
D’autres déviations observées
(RK , mais aussi d’autres
observables b → sµµ)
En accord avec une
contribution de NP de 25% par
rapport au MS
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Les µ, mais aussi les τ ?

Comparaison des transitions b → c`ν` (` = e, µ) et b → cτντ
Déviations inattendues, réduites avec résultats de Belle en 2019
Dues à une non-universalité aussi dans le secteur des τ ?

B M

ν̄ℓ

ℓ−

b cOV,A...

B M

ν̄ℓ

ℓ−

W
b c

4

RD(∗) =
Br(B → D(∗)τν)

Br(B → D(∗)`ν̄`)
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De la Nouvelle Physique ?

Nouvelles interactions W ′ et Z ′ ?
Leptoquarks, couplant quark + lepton des 2ème et 3ème familles ?

LFV: B+ → K+ e+µ-  

•  Some New Physics models that explain the flavour anomalies predict 
sizeable branching fractions in lepton flavour violating decays 
[PRL 114 (2014) 091801, PL B750 (2015) 367, JHEP 06 (2015) 072, PL B760 (2016) 442, JHEP 12 (2016) 027] 

•  Natural candidate: B+ → K+ e+µ-  

•  LHCb recently published a search using  
the Run 1 dataset  
–  No signal seen, determine limits @90% CL 

–  Limits improved by more than  
1 order of magnitude 

16. July 2019 21/25 Johannes Albrecht 

LHCb-PAPER-2019-022 

BR(B+ → K +µ−e+ ) ≤ 7.0×10−9

BR(B+ → K +µ+e− ) ≤ 7.1×10−9
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A l’est, du nouveau

e- 2.6 A

e+ 3.6 A

Colliding bunches

Damping ring

Low emittance gun

Positron source

New beam pipe
& bellows

Belle II

New IR

TiN-coated beam pipe with 
antechambers

Redesign the lattices of HER & 
LER to squeeze the emittance

Add / modify RF systems 
for higher beam current

New positron target / 
capture section

New superconducting /permanent 
final focusing quads near the IP

Low emittance
electrons to inject

Low emittance
positrons to inject

Replace short  dipoles 
with longer ones (LER) KEKB à SuperKEKB

Jul 16, 2019 F.Forti, Belle II & Flavor 23

Collisionneur e+ (4 GeV) e− (7 GeV) situé à Tsukuba (Japon)
Etude intensive des désintégrations du quark b
25 pays, 110 institutions, 800 chercheurs
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Belle II entre en action

Jul 16, 2019 F.Forti, Belle II & Flavor 27
Apr 26, 2018

First collisions in Phase 2

Alberto Martini - Manchester, PASCOS - 2/07/2019  15

Belle II first event display: phase 3
Phase 3 first 

hadronic event! 25 April 2018 
Belle II control room

First collisions in Phase 3

March 26, 2019
A. J. Schwartz Physics Prospects for Belle II Gordon Research Conference 2019 23

Detector is working  (!)Glimpse from phaseII
CP modes & multi-body FS
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B decays:

Collisions

e+e� ! BB
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Premier run de physique terminé en juillet 2019 !
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Lumière sur la matière noire
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Matière noire et nouvelle physique

42

La matière noire
Toutes les étoiles et les galaxies qui brillent dans le ciel ne 
renferment qu’une faible partie de la matière dans l’Uni-
vers. Le reste est une matière hypothétique, qualifiée à tort 
de noire sous prétexte qu’elle n’émettrait aucune lumière 
et qui intrigue les physiciens des particules désireux de 
découvrir sa vraie nature.

Comment déceler cette matière noire, inobservable directe-
ment ? Grâce à l’attraction gravitationnelle qu’elle exerce ! 
Une première indication de l’existence de matière noire 
repose sur l’étude de la vitesse de rotation des galaxies. 
Alors que la lumière émise par le disque d’une galaxie décroît 
avec la distance au centre, suggérant que l’essentiel de la 
masse lumineuse se trouve dans les régions centrales, la 
vitesse de rotation reste presque constante aussi loin qu’on 
peut la mesurer. Pour expliquer cette anomalie, on invoque 
la présence d’un halo massif de matière noire s’étendant au 
moins dix fois plus loin que le disque d’étoiles.

De même, dans les amas de galaxies, les lois de la gravita-
tion stipulent que chaque galaxie est animée d’une vitesse 
d’autant plus importante que la masse totale de l’amas 
est élevée. En estimant ainsi la masse des amas à partir de 
l’étude du mouvement de leurs galaxies, on constate que 

La courbe et les 
croix en rose sombre 

montrent que la 
vitesse de rotation 

de la Voie lactée (la 
« Galaxie ») reste 

presque constante loin 
du centre ; la courbe et 

les croix en rose clair 
montrent comment 

la vitesse de rotation 
évoluerait si toute la 
matière était rassem-
blée dans les étoiles.
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En se basant sur les lois de la gravitation, pas assez de matière visible
Pour expliquer la dynamique des grandes structures (galaxies. . . )
Pour décrire l’évolution de l’Univers

(ray. de fond cosmologique, nucléosynthèse primordiale)
Matière “noire”

lourde, stable, neutre, interagissant peu avec son environnement,
hormis par interaction gravitationnelle
particule nouvelle χ, hors du Modèle Standard ?
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Observer la matière noire

Une coopération entre infiniment petit
et infiniment grand

La produire en accélérateur (si
assez “légère”)

La détecter lors de son passage
sur Terre

=⇒interaction avec noyau,
qui recule

Voir son annihilation en observant le ciel
=⇒rayons gamma monochromatiques (Eγ = Mχc2)
=⇒excès de rayons cosmiques de haute énergie

Détecter sa présence par observations astronomiques
=⇒déformation d’images par lentilles gravitationnelles
=⇒informations cosmologiques (CMB)
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En collisionneur

Dark Matter (DM)

If produced at the LHC, 
DM interactions will be 
mediated by particles 
that can also be directly 
searched for 
— complementarity
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Example for 
vector / axial-
vector mediator 
models

Missing 
energy    

Resonance

ATLAS released combination 
of ET,miss based DM searches 
involving ET,miss + X, X = jet, 𝛾, 
W, Z, H, b(b), t(t) using large 
number of models
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Vector mediator, Dirac DM

All limits at 95% CL

Dijet

Dijet
PRD 96, 052004 (2017)

-1 = 13 TeV, 37.0 fbsDijet 

PRL 121 (2018) 0818016

-1 = 13 TeV, 29.3 fbsDijet TLA 

Preliminary ATLAS-CONF-2016-070

-1 = 13 TeV, 15.5 fbsDijet + ISR 

 resonance

tt

EPJC 78 (2018) 565

-1 = 13 TeV, 36.1 fbs
 resonancett

Dibjet

 PRD 98 (2018) 032016

-1 = 13 TeV, 36.1 fbs
Dibjet

+Xmiss
TE

+Xmiss
TE

Eur. Phys. J. C 77 (2017) 393

-1 = 13 TeV, 36.1 fbs g+miss
TE

JHEP 1801 (2018) 126

-1 = 13 TeV, 36.1 fbs+jet miss
TE

PLB 776 (2017) 318

-1 = 13 TeV, 36.1 fbs+Z(ll) miss
TE

JHEP 10 (2018) 180

-1 = 13 TeV, 36.1 fbs+V(had) miss
TE

VZ'

 = m
c m´2 

 = 0.12
2hcW

Thermal Relic 

If light enough, Higgs boson can 
decay to DM (H ® invisible)
ATLAS combination:                
BR(H ® invisible) < 0.26                  
(0.17 expected)
arXiv:1904.05105, 36 fb–1

arXiv:1903.01400, up to 37 fb–1

arXiv:1903.01400
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En détection directe

Matière noire interagissant avec cible
Recul des noyaux, détection par ionisation/lumière/chaleur
Contrainte sur masse et probabilité d’interaction
Etudes actuelles à basse masse (mais bruit de fond des ν)
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En annhilation dans le ciel: photons

Annihilation de particules de matière noire ?
En photons: raies monochromatiques (E = 2mχc2)
En leptons: composition des rayons cosmiques
Contraintes sur la masse et la probabilité d’interaction
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En annhilation dans le ciel: positrons
AMS installé sur station
spatiale pour étudier rayons
cosmiques
flux e+ sur domaine d’énergie
étendu jusqu’à 1 TeV,
compatible avec rayons
cosmiques + matière noire
mais d’autres origines
(astrophysiques)
envisageables (restes de
supernova, pulsars,
propagation rayons
cosmiques)
difficile de rendre compte de
toutes les infos sur les rayons
cosmiques
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Naissance d’une nouvelle astronomie
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L’astronomie multi-messagers

EPS-HEP Conference 2019 — Ghent — Elisa Bernardini — University of Padova (Italy) & DESY (Germany)

Multi-messenger astrophysics
Exploring the Universe by combining information from a multitude of 
cosmic messengers: electromagnetic radiation, gravitational waves, 
neutrinos and cosmic rays 

�2

ν 
Neutrinos

GW 
Gravitational Waves

MULTI-MESSENGER 
ASTROPHYSICS

ɣ 
Gamma rays

p 
Cosmic rays

GW170817
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IceCube lance une alerte. . .

EPS-HEP Conference 2019 — Ghent — Elisa Bernardini — University of Padova (Italy) & DESY (Germany)

Multi-messenger  

Highlight n. 2

IceCube-170922A

• Publicly distributed 43 seconds after trigger, refined direction 4 hr later
• At 6 arc-minutes from the direction of TXS 0506+056
• Most probable energy between 250 and 300 TeV and probability of 

astrophysical origin 56.6% 

�21

Compelling evidence for neutrino emission from the Blazar TXS 0506+056. 
Identification of a cosmic hadron accelerator with >PeV energies! 
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. . . relayée par de nombreux observatoires

EPS-HEP Conference 2019 — Ghent — Elisa Bernardini — University of Padova (Italy) & DESY (Germany)

~1000 astronomers / 18 observatories!
(~3000 astronomers / 70 observatories was for  GW170817) 
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Un blazar observé (mais pas forcément compris)

EPS-HEP Conference 2019 — Ghent — Elisa Bernardini — University of Padova (Italy) & DESY (Germany)

Does it all fit together?

�25

1/0.5 yr    

1/7.5 yr

IceCube, FERMI, MAGIC, ++., Science 361, 146 (2018) 
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LIGO/Virgo voit des ondes gravitationnelles

DETECTIONS: GWTC-1

GW DETECTIONS IN O1&O2 - GWTC-1
▸ 11 confident GW detection from compact binaries: 

▸ FAR ≤ ~1 per month & probability of astrophysical origin > 50% 

▸ 10 binary black holes & 1 binary neutron star

�8
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GW170818 GW170823 GW170817 : BINARY NEUTRON STAR
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Avec des contreparties électromagnétriques

GW MULTIMESSENGER ASTRONOMY

GW170817: A NEW ERA IS BORN
▸ On August 17, 2017 at 12:41:04 

UTC the signal from a binary 
neutron star was detected 

▸ Fermi detects sGRB 1.7s after the 
GW 

▸ GCN alert sent ~27 minutes after GW 
detection 

▸ Localised to ~30deg2 

▸ First observation of an optical 
counterpart ~11h later by the Swope 
telescope

�13

Astrophys. J.  848  (2017) L12

First GW + EM observation!!
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Depuis le 1er avril 2019

THIRD OBSERVING RUN

O3 SO FAR: OPEN PUBLIC ALERTS
▸ 21 public alerts: 15 BBH, 1 BNS, 1 NSBH candidates; 3 retractions, 1 glitch

�21

https://gracedb.ligo.org
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Et d’autres runs pour bientôt

INTO THE FUTURE

BEYOND O3
▸ O3 to last ~1 year 

▸ Kagra aims to join O3 

▸ Possible 5 detector network 
~2026 

▸ LIGO A+ (and Advanced 
Virgo+) 

▸ 3G: Einstein Telescope, 
Cosmic Explorer 

▸ Space-based GW missions 
e.g. LISA

�22

Introduction
The past three years have witnessed the birth of observational gravitational-wave astronomy,

starting with the first detection of a binary black hole merger on September 14 2015 [1], followed
by discoveries of nine more in the first and second LIGO/Virgo Observing runs [2], and the spec-
tacular multi-messenger observation of a merger of neutron stars on August 17, 2017 [3, 4].

These detections were enabled by a nearly three decade long effort to build Advanced LIGO
[5] comprising two laser interferometric gravitational-wave detectors with suspended mirrors, laser
beams traveling in vacuum through 4 km perpendicular arms in each detector, to detect sub-nuclear
distance scale changes in distance. The LIGO Scientific Collaboration (LSC) works closely with
the Virgo and KAGRA collaborations operating gravitational-wave detectors in Europe and Japan
to ensure coordinated observations by the global network. In this white paper, we describe plans
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Figure 1: Planned sensitivity evolution and observing runs
of ground-based detectors. Numbers in Mpc indicate aver-
age reach to binary neutron star mergers.

Figure 2: A map of the global ground-based gravitational-
wave detector network.

for gravitational-wave observing campaigns and expected science goals in the coming decade. As
shown in Fig. 1, the Advanced LIGO detectors took data between September 2015 and January
2016 in their first Observing run (O1), and then again with improved sensitivity in O2, between
November 2016 and August 2017. The Virgo detector [6] joined O2 on August 1st 2017, providing
greatly improved sky localization of the detected events. The improved localization and rapid alerts
led to the detection of an electromagnetic counterpart to the binary neutron star merger [3, 4]. This
counterpart, spanning all bands of the electromagnetic spectrum, allowed the first direct association
between a binary neutron star merger and a short gamma-ray burst, and the first unambiguous
identification of a kilonova.

In the next few years, the Advanced LIGO and Virgo detectors will continue to observe and
analyze data together, and are expected to reach the sensitivity to which they were designed [7].
KAGRA [8] is expected to join in the gravitational wave network in 2019. The GEO600 [9]
detector will provide coverage for exceptional events during times when no other detectors will
be operating, and will otherwise concentrate on testing technologies for future detectors [10]. The
greatest scientific return is possible when all operating GW detectors combine their data.

Funding from the US, UK and Australia has been secured for the “A+” detector upgrade [11],
implementing further sensitivity improvements beyond the current Advanced LIGO design. To-
ward the middle of the next decade, a new observatory in India [12] will host an Advanced LIGO
detector to further enhance the network sensitivity. This decade will see an improvement of a fac-
tor of several in astrophysical distance reach, as well as a significant increase in observing time,

1

Credit: gwoptics

Credit: LVC, Living Reviews in Relativity; 21:3; 2018
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A dans un an,
pour ICHEP 2020

à Prague (Tchéquie)

ou dans deux ans
pour Lepton-Photon 2021

à Manchester (Grande-Bretagne),
ou

pour EPS-HEP 2021,
à Hambourg (Allemagne) !
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EPS HEP 2021  
 

Hamburg  
 

21.-28.July  
2021 

Ties Behnke (DESY, co-chair), Johannes Haller (UHH, co-chair) 
  
           Manfred Fleischer, Michael Grefe, Paolo Gunnellini,  
           Sarah Heim, Matthias Kasemann, Gregor Kasieczka,     
           Thomas Schörner-Sadenius, Christian Schwanenberger,  
                                         Georg Steinbrück, Maiko Takahashi,  
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