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IJCLab, CNRS & Université Paris-Saclay, Orsay, France

Orsay, 15 juillet 2022
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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)

ICHEP: conf. internationale,
organisée sous l’égide de
l’International Union of Pure and
Applied Physics, tous les 2 ans,
dans un endroit différent (Amérique,
Asie, Europe)
Cette année du 6 au 13 juillet, à
Bologne (Italie)
∼ 1500 personnes du monde entier,
sur place (1200) et en ligne (300)
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 conférences
avant et après les conférences

conférences thématiques et workshops spécialisés
par ex, en septembre 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’ICHEP2022
Sessions parallèles (12 sessions, 15-20 min sur sujet spécifique)
Près de 900 interventions !
Une séance de (300 !) posters avec vin et fromage

Higgs Physics Neutrino Physics

Beyond the Standard Model Top

quark and Electroweak Physics

Quark and Lepton Flavour

Physics Strong interactions and

Hadron Physics Heavy Ions

Astroparticle Physics and

Cosmology Dark Matter Formal

Theory Accelerator Physics

Present Detectors Detectors for

furture facilities Computing and

Data handling Education and

Outreach Equality, Diversity and

Inclusion Technology and

Industrial Applications . . .
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En images
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ICHEP 2022 Newsletter - Day 1 (07/07/2022) 
Highlights from Parallel Sessions 

 

 
 
Beyond the Standard Model 
Day 1 of the Beyond-the-Standard Model (BSM) sessions covered both the state-of-the-art 
phenomenological ideas, new constraints on a variety of models, and results and projections 
from past and future experiments that span multiple decades (from Babar to future colliders). 
The first session had a lot of variety, from new BSM models that could address existing 
anomalies, to future collider prospects and dark sector searches. There was also an exciting 
update on the hunt for the X17 boson at MEGII. The X17 boson or “Atomki anomaly” has 
generated some excitement in the field, and we look forward to future results in this 
area.  Dark photon explanations featured in several talks in the second session, including 
PADME and NA64. This session had a great coverage of non-LHC experiments targeting dark 
sector models and milli-charged particles. New theoretical calculations for calculating “portal 
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effective field theories” were also presented. The first significant excess that showed up at 
the conference was… the “excess” of presentations related to leptoquarks in the first 
afternoon session: this indeed testify the renewed interest in the field after the recent hints 
of flavor violation. However, there was an interesting breadth of topics from TeV scale 
phenomenology to the possible impact on proton decay. SUSY theoretical developments and 
experimental searches from ATLAS and CMS have been presented showing no discrepancies 
and thus setting more stringent limits on parameters of the supersymmetric particles. 
In a nutshell- the first day of ICHEP demonstrated both the quality and breadth of work going 
on in the experimental and theoretical community related to BSM physics. There was lively 
discussion and we look forward to the rest of the conference. 
 
Higgs Physics 
The Higgs Physics session is in the light of the 10 years’ anniversary of the Higgs boson and 
the restart of the third data taking period of the LHC with stable beams at a record-breaking 
proton-proton center-of-mass energy of 13.6 TeV. Speakers from both the ATLAS and CMS 
collaborations showed new results with unprecedented precision. The inclusive and gluon-
fusion-production cross sections in the bosonic final states are now measured to a precision 
of 10% or better, while the vector-boson-fusion production mode has now been observed 
with more than 5 standard deviations in several individual channels. Differential cross-section 
measurements, both using fiducial definitions and production-mode specific categories 
(“Simplified Template Cross Sections”) have been newly performed in several channels by 
both collaborations, reaching unprecedented precision and comparing with various 
prediction, as well as performing interpretations in Effective Field Theories and other models.  
Both collaborations zoom in on the coupling of the Higgs boson to the charm quark, with an 
observed precision on the charm coupling modifier κc from direct VH, H → cc (V = W or Z) 
measurements 1.1 < |κc| < 5.5 at 95% confidence level (CMS), and from a combined 
measurement of the same channel with VH, H → bb and with the measurement of the Higgs 
boson transverse momentum using the H → γγ and H → ZZ* → 4ℓ (ℓ = e or μ) channels 
obtaining -2.47 < κc < 2.53 at 95% confidence level (ATLAS).  
CP-odd contributions to Higgs-boson interactions with fermions in the Yukawa couplings can 
in principle happen at leading order. Both ATLAS and CMS presented impressive results 
probing the top-Higgs and Higgs-tau couplings. ATLAS presented a new VVH CP analysis using 
the VBF H → γγ channel.  
ATLAS presented a brand new Higgs-boson mass measurement in the H → ZZ* → 4ℓ channel 
using the full LHC dataset obtaining 124.94 GeV with a total uncertainty of 180 MeV, of which 
only 30 MeV is from systematic sources.  
Both ATLAS and CMS highlighted their brand new combined Higgs-boson analyses using the 
full LHC Run-2 dataset. The precision on the total signal strength (i.e. the observed rate over 
SM-prediction) achieves now a total uncertainty of 6%, the Higgs-boson couplings modifiers 
are obtained with precisions between about 6% and 25%, and 95% confidence level upper 
limits on invisible decays of the Higgs boson as good as 13% are measured, where 8% were 
expected (ATLAS).  
Several speakers highlighted special techniques and methods to perform the sophisticated 
analyses. Amongst these are multivariate analyses that perform a many-dimensional 
interpolation between different matrix elements or parton showers for systematic control, 
embedding heavy-flavor jets or taus into Z → ℓℓ events, special techniques for highly-boosted 
jets originating from an H → bb or cc event, and other.  
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Le dimanche

Digérer les résultats, travailler. . .
Des activités “sociales” (tourisme) proposées
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Les trois derniers jours d’ICHEP 2022

3 jours de sessions plénières (exposés plus longs sur un domaine)
Session ”anniversaire” pour les 10 ans du boson de Higgs
Remise de prix, tables rondes, banquet

14/07/2022 16:54ICHEP 2022 (6-July 13, 2022): Timetable · Agenda (Indico)

Page 1 of 2https://agenda.infn.it/event/28874/timetable/#20220712.detailed

Go back | PrintTue 12/07

09:00

10:00

11:00

12:00

13:00

14:00

15:00

Electroweak results and precision tests of the Standard Model Jan Kretzschmar

Europa Auditorium 09:00 - 09:30

!

Experimental results of BSM searches Robin Erbacher

Europa Auditorium 09:30 - 10:00

!

New Physics: where do we stand? Veronica Sanz

Europa Auditorium 10:00 - 10:30

!

Coffee break

Bologna, Italy 10:30 - 11:00

The road to the Higgs boson discovery Fabiola Gianotti

Europa Auditorium 11:00 - 11:30

Higgs results: from the discovery to precision physics Chiara Mariotti

Europa Auditorium 11:30 - 11:50

!

Future perspectives for Higgs physics Sven Heinemeyer

Europa Auditorium 11:50 - 12:10

!

Plenary Sessions: Round table with Lab Directors
Antonio Zoccoli, Beate Heinemann, Dmitri Denisov, Fabiola Gianotti, Nigel Smith, Sergei Nagaitsev, Sébastien Descotes-Genon,
Yamauchi Masanori, Yifang Wang

Moderators: Daniela Bortoletto and Karl Jakobs, Europa Auditorium 12:10 - 13:10

Lunch

Bologna, Italy 13:10 - 14:30

Multimessenger Physics Gwenhael De Waisseige

Europa Auditorium 14:30 - 14:50

!

Astroparticle Physics Philipp Mertsch

Europa Auditorium 14:50 - 15:10

!

Particle Cosmology Seljak Uros

Europa Auditorium 15:10 - 15:30

!
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De quoi se cultiver. . .

ATLAS & CMS Stop 

7/7/14 

ICHEP 2014 
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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 
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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)

880 ± 60
252 ± 23

50 ± 6
7.5 ± 1.0

1.15 ± 0.16
0.092 ± 0.019

SM+CI (Λ
+
RR
= 14 TeV)

870 ± 60
252 ± 23

51 ± 6
8.0 ± 1.0

1.36 ± 0.18
0.138 ± 0.026

SM+CI (Λ
+
RR
= 20 TeV)

890 ± 60
247 ± 23

50 ± 6
6.5 ± 1.0

0.70 ± 0.15
0.052 ± 0.013
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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

… 

arXive:1405.4123 

ATLAS-CONF-2014-030 

e+e- 

µ+µ- 

 

Marco Zito-ICHEP 2014

14

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” 

Energy [GeV]

AMS-02, present result
Minimal Model

1 10 102 103

Po
sit

ro
n 

Fr
ac

tio
n

0

0.1

0.2

0.3

Positron%frac@on%not%compa@ble%with%only%diffuse%power%law%component.%%
Source%term%is%needed%to%describe%the%behaviour%
Cutoff%energy%of%0.54%TeV%
"

Positron%Frac@on%

16"

TeV$

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

Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 10



Pousser les limites

Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 11



Le réveil du LHC

5 to 7.5 x nominal Lumi

13 TeV

integrated 
luminosity

2 x nominal Lumi2 x nominal Luminominal Lumi
75% nominal Lumi

cryolimit
interaction
regions

inner triplet 
radiation limit

LHC HL-LHC

Run 4 - 5...Run 2Run 1

DESIGN STUDY PROTOTYPES CONSTRUCTION INSTALLATION & COMM. PHYSICS

DEFINITION EXCAVATION

HL-LHC CIVIL ENGINEERING:

HL-LHC TECHNICAL EQUIPMENT:

Run 3

ATLAS - CMS
upgrade phase 1

ALICE - LHCb
upgrade

Diodes Consolidation
LIU Installation

Civil Eng. P1-P5

experiment 
beam pipes

splice consolidation
button collimators

R2E project

13.6 TeV 13.6 - 14 TeV

7 TeV 8 TeV

LS1 EYETS EYETS LS3

ATLAS - CMS
HL upgrade

HL-LHC 
installation

LS2

30 fb-1 190 fb-1 450 fb-1 3000 fb-1

4000 fb-1

BUILDINGS

20402027 20292028

pilot beam

Alternance de prise de données et d’arrêts (long shutdown)
Fin du Long Shutdown 2 qui a suivi le run 2
Upgrade détecteurs et machine, analyse des données du run 2. . .
. . . et impatience de prendre de nouvelles données

Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 12



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 (IJCLab) Quelques nouvelles récentes 15/7/22 13



Un excellent accord avec le MS

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

pp Jets � W Z t̄t t

tot.

VV

tot.

�� H Hjj

VBF

VH V� t̄tV

tot.

t̄tH
t̄t�

WWV
Vjj
EWK

���

t̄tt̄t
tot.

V��Z�jj
EWK
��!WW

VVjj

EWK

total (⇥2)

inelastic

pT > 100 GeV

pT >75 GeV
dijets

pT > 70 GeV

incl

pT >100 GeV

E �
T
>

125 GeV

nj � 3

E �
T
>

25 GeV

nj � 1

nj � 2

E �
T
>

100 GeV

nj � 2

nj � 3

nj � 5

pT >
30 GeV
nj � 1

nj � 6

nj � 7

nj � 4

nj � 0

nj � 6

nj = 4

nj = 3

nj = 2

pT >
100 GeV
nj = 1

nj = 5

nj � 0

nj � 7

nj � 6

nj � 4

nj � 3

nj � 2

pT >
30 GeV
nj � 1

nj � 5

total

nj � 6

nj � 5

pT > 25 GeV
nj � 4

nj � 7

nj � 8 tZj

Wt

t-chan

s-chan

WW

WZ

ZZ

WW

WZ

ZZ

WW

WZ

ZZ

total

H!WW ⇤
(ggF)

H ! ⌧⌧
(⇥0.25)

H ! ��

H ! 4`

H ! ��
(⇥0.5)

H!ZZ ⇤

H ! ⌧⌧
(⇥0.15)

H!WW ⇤

H ! ��

H!bb̄
(⇥0.5)

Z�

W �

tt̄W ±

tt̄Z

H ! ��

WWW tot.

WWZ tot.
(⇥0.2)

WW �

Zjj

Wjj

Z��

W ±�� total

ZZ

W ±W ±

WZ
10�3

10�2

10�1

1

101

102

103

104

105

106

1011

�
[p

b]
Status: February 2022

ATLAS Preliminary
p

s = 5,7,8,13 TeV
Theory

LHC pp
p

s = 13 TeV

Data 3.2 � 139 fb�1

LHC pp
p

s = 8 TeV

Data 20.2 � 20.3 fb�1

LHC pp
p

s = 7 TeV

Data 4.5 � 4.9 fb�1

LHC pp
p

s = 5 TeV

Data 0.03 � 0.3 fb�1

Standard Model Production Cross Section Measurements

5
large benefit from recent theory developments and computations
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Et une grosse surprise de la part du Tevatron (1)

W mass:  there is great confusion under heaven, the situation is excellent

PDF are a key input, important to understand 
differences and harmonize PDF+generators before 
combining the measurements

https://agenda.infn.it/event/28874/sessions/21485/#20220707

Mesure récente de la masse du W par CDF
En désaccord avec toutes les autres mesures de la même mass

Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 15



Et une grosse surprise de la part du Tevatron (2)

Summary

Roman Kogler The Global Electroweak Fit15

140 150 160 170 180 190
 [GeV]tm

80.25

80.3

80.35

80.4

80.45

80.5 [G
eV

]
W

M

68% and 95% CL contours
 measurementst and mWFit w/o M

 measurementst and mWDirect M
 

t
, CMS TOP-20-008 mWCDF II M

σ 1± comb. WM
 0.016 GeV± = 80.369 WM

σ 1± comb. tm
 = 172.47 GeVtm

 = 0.46 GeVσ
 GeV theo 0.50⊕ = 0.46 σ

 = 125 GeV

HM = 50 GeV

HM  = 300 GeV

HM  = 600 GeV

HM
G fitter SM

Jul '22

‣ SM very consistent 
using MW from 
LEP+LHC 

‣ Need to resolve 
tension with CDF II 
MW experimentally 

‣ Looking forward to 
mt and MW 
combinations from 
Collaborations

www.cern.ch/gfitter

We cannot know  
MW and sin2θleff  

precisely enough
(theoretically and experimentally)

En désaccord avec le fit global du secteur électrofaible
Que se passe-t-il ? (effets hadroniques pp̄ ? Nouvelle physique ?)

Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 16



Le Higgs apparâıt et disparâıt comme attendu

bb WW ττ ZZ γγ µµ

 B normalized to SM prediction× σ

ZH

WH

VBF

bbHggF+

ttH

tH

 0 1 2  

1

 1 2 3 4  
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1

 1 2 3  
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1

5− 0 5 10
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6

Run 2 ATLAS Data (Total uncertainty) Syst. uncertainty SM prediction

Higgs boson coupling measurements

run 1 run 1 run 2

Total cross-section / Standard Model prediction

Measurements per production mode * decay channel:

Coupling modifier interpretation

12

run 2

New

New

κV . κf .

Nature 607 (2022) 52

(benefits also from reduced theory uncertainty)

Pour la suite: produire paires de Higgs pour tester potentiel scalaire
Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 17



Mais avec quelques excès inattendus ?

PLB

New physics searches with Higgs 
● Search for resonances (X)  decaing to H/Y(bb)H(ɣɣ)
● Excess at (125,90) with 650 GeV heavy resonance mass

○ 3.8𝛔 local, 2.8𝛔 global
● Interesting pair of numbers (caveat: cherry picking here, do 

not attempt back of the envelope combinations) 
○ H→𝜏𝜏      90-100 GeV excess: 3.1𝛔 local, 2.7𝛔 global
○ H→WW  650 GeV excess: 3.8𝛔 local, 2.6𝛔 global
○ H→ɣɣ     95 GeV excess: 2.8𝛔 local, 1.3𝛔 global

● Stay tuned for more Run-2 and Run-3 analyses

10

HIG-21-011

HIG-21-001 HIG-20-016

New@ICHEP 

Modèles avec des bosons de Higgs supplémentaires ?
Nous verrons ce que les données du Run 3 vont nous apprendre

Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 18



Le début du Run 3

First Stable Beams at 13.6 TeV – 5th July

6

Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 19



Au-delà (1) ?

PROTOSINCROTRONE

COLLISORE ADRONICO

COLLISORE ELETTRONE-
ADRONE

COLLISORE
ELETTRONE-POSITRONE

BEVATRON LBNL

PS CERN
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SERPUKHOV JINR
AGS BNL SPEAR SLAC DORIS DESY

CESR CORNELL U.

PEP SLACSPS
CERN

PETRA DESY
ISR CERN

TEVATRON FNAL
TRISTAN KEK

SLC SLAC LEP CERN

LEP2 CERN
HERA DESY

SppS CERN

TEVATRON FNAL

LHC CERN

LHC CERN HILUMI LHC CERN

FCC-he CERN

FCC-hh CERN
SPPC IHEP

CLIC CERN

SUPERKEKB KEK

FCC-ee CERN

PEP-II SLAC
KEKB KEK

BEPC-II IHEP

DAFNE LNF

FNAL M.RING

CLIC CERN
CEPC IHEP

EIC BNL
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SUPERCONDUTTORE
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100 GeV

1 TeV
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100 TeV
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BNL
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CERN
LAL DESY

LNF

JINR

KEK
IHEP

2000
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C.o.M.
energy

11 July 2022 Accel. Technology - Lucio Rossi @ 
ICHEP2022 - Bologna 

2

MUON-C 3 T -CERN

MUON-C 10T -CERN

Stratégie européenne de la physique des particules mise à jour, avec
HiLumi-LHC en 2025+

250 fb−1/an, entre 150 et 200 évènements/croisement
Upgrade significatif à faire pour la machine et les détecteurs
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Au-delà (2) ?

FCC-ee

The FCC integrated program
inspired by successful LEP – LHC programs at CERN

2020 - 2040 2045 - 2060 2070 - 2090++

FCC-hh

comprehensive long-term program maximizing physics opportunities
• stage 1: FCC-ee (Z, W, H, t ̅t) as Higgs factory, electroweak & top factory at highest luminosities
• stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, with ion and eh options
• complementary physics
• common civil engineering and technical infrastructures, building on and reusing CERN’s existing infrastructure
• FCC integrated project allows seamless continuation of HEP after completion of the HL-LHC program

29

Au-delà, e+e− pour étudier le Higgs et le secteur éléctrofaible:
Collisionneurs linéaires: ILC, CLIC. . .
Collisionneurs circulaires: FCC, CEPC

ou une idée nouvelle (collisionneurs à muon, accélérateurs linéaires à
récupération d’énergie, accélération laser-plasma. . . ) ?

Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 21



Tous les leptons naissent
libres et égaux en droits ?

Pas si sûr !

Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 22



Deux chemins complémentaires

Voie relativiste: E = mc2 Voie quantique: ∆E∆t ≥ ~/2

0

0.5

1

1.5

2

2.5

3

3.5

4
 (7 TeV)-1 (8 TeV) + 5.1 fb-119.7 fb

CMS
γγ →H 

0.34 GeV ±  = 124.70Hm
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0.26+ 1.14=µ
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S
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S
+

B
) 

w
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 / 
G
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Data

S+B fits (weighted sum)

B component

σ1±
σ2±

ℓ+

ℓ−

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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Les désintégrations rares b → s``

Motivation

b s

q q

`−
`+

t

W+

γ/Z0

Bq Xs

SM (example)

b s

q q

`−
`+

LQBq Xs

NP (example)

I Electroweak Penguins (EWP) mediate
rare b → s`+`− transitions

I Strongly suppressed in the Standard
Model of Particle Physics (SM)

I New Physics (NP) may have significant
contribution to SM amplitudes

I Intriguing tensions w.r.t. the SM, e.g.:
– Angular analyses, e.g.
B0 → K∗0µ+µ− decays
[PRL 125 011802 (2020)]

– Branching fractions, e.g.
B0
s → φµ+µ− decays

[PRL 127 151801 (2021)]

I EWP decays at LHCb by Sara Celani

Sebastian Schmitt 17
01
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Les désintégrations rares b → s``

Flavour Universality Ratios

b s

q q

`−
`+

t

W+

γ/Z0

Bq Xs

SM (example)

b s

q q

`−
`+

LQBq Xs

NP (example)

I SM is Lepton Flavour Universal (LFU)
I Test LFU in b→ s`+`− transitions using:

RX =

q2max∫
q2min

dB
(
Bq→Xsµ+µ−

)

dq2
dq2

q2max∫
q2min

dB(Bq→Xse+e−)
dq2

dq2

= 1±O(1%)1

I With q2 = m(`+`−)2

I Hadronic uncertainties cancel in ratio
⇒ RX can be precisely predicted in the SM
I Here Xs: K+, K0

S , K∗+, pK, K∗0

1[Eur. Phys. J. C 76, 440 (2016)]

Sebastian Schmitt 17
03
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La violation de l’universalité leptonique

Summary of Results

0 1 2 3 4 5 6

q2 [GeV2/c4]

0.5

0.6

0.7
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0.9

1.0

1.1R

LHCb private compilation

RK [Nat. Phys. 18, 277–282 (2022)]
RK0

S
[PRL 128, No. 19]

RK∗+ [PRL 128, No. 19]

RpK [JHEP 05 (2020) 040]
RK∗0 [JHEP 08 (2017) 055]

I Brief rundown of the LFU tests in
b → s`+`−-transitions at LHCb

I Highlighted key differences of electrons at
muons at LHCb

I Discussed analysis strategy and validation
I Intriguing tensions with the SM observed
I Measurements of RK∗0 , RK , RpK , Rφ, RKππ,

and more with full 9 fb−1 dataset ongoing

Sebastian Schmitt 17
17

Des déviations observées dans b → sµµ, en attente de nouvelles
données
Idem pour b → cτν. . . pas d’update pour ICHEP !
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Quelques excès inattendus. . .

Searches related to b-anomalies with τ

17

● Final states with 𝝉+𝝂, 𝝉+b and 𝝉𝝉 are investigated
● Good probe of models related to b-anomalies (e.g. leptoquark)
● Sensitivity approaching the “preferred” region from b-anomalies 

in some LQ models
● Some sizeable excess in non-resonant 𝝉𝝉 final state (seen by two 

different analyses)

 𝝉+𝝂

𝝉+b + 𝝉𝝉
𝝉𝝉

New@ICHEP 

EXO-21-009

EXO-19-016

HIG-21-001

Recherche de leptoquarks, se désintégrant en quark et en leptons
Pouvant expliquer les déviations actuellements observées pour
b → sµµ mais aussi b → cτν
Des excès dans certains modes vus par CMS
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. . . ou pas ?

même si d’un autre côté, CMS a mis à jour Bs → µµ
avec une valeur très proche du Modèle Standard

Full Run 2 result on Bs→μμ

● Updated results with full Run-2 luminosity
● Most precise single experiment measurement to date

○ Highly compatible with SM prediction
● Most precise measurement of lifetime

18

physics briefing!

..if you missed the parallel
Dedicated CERN 
Seminar on July 26th

BPH-21-006

CMS-PAS-BPH-20-003 
LHCb-CONF-2020-002 
ATLAS-CONF-2020-049

New@ICHEP 
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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

3

Belle II @ SuperKEKB
Energy-asymmetric  collisions at 10.58 GeV 
corresponding to the -resonance mass 

•  at threshold production: low background  
• Collide point-like particles and nearly 4𝜋 coverage: 

reconstruct final states with neutrinos or inclusively 
• Flavor universal: similar performance for electrons and muons 

Belle II in 2019-2022: 
world-record luminosity by SuperKEKB: 4.7×1034 cm-2s-1 
collected 424 fb-1 of data 
now starting one year stop for vertex detector completion and 
improved beampipe 

e+e−
Υ(4S)

BB

Today’s results from 63 fb-1 and 190 fb-1

Summary
• 𝑏→𝑠 transitions offer powerful probe of the SM and physics beyond 

• 𝑏→𝑠 studies are essential portion of the Belle II physics program 
 unique access to radiative and missing energy modes 

• Measurements with 63 fb-1 and 190 fb-1 presented: 
𝐵→𝐾*𝑙𝑙 branching fraction; 
Branching fraction, isospin asymmetry, and 𝑅𝐾(𝐽/𝜓) of 𝐵→𝐽/𝜓𝐾 decays; 
𝐵→𝐾𝜈𝜈 ̅branching fraction; 
𝐵→𝐾*𝛾 branching fraction; 
Partial branching fractions of 𝐵→𝑋𝑠𝛾 decay with hadronic tag approach. 

Belle II is on track to carry out independent and/or unique searches of NP indications in EW and Rad penguins

15

New!

New!

Première série de
données accumulées
Statistique du même
ordre de grandeur
que Belle
Arrêt pour augmenter
la luminosité
Déjà des premiers
résultats de physique
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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)

Des signaux par le passé, mais tous ont trouvé une explication ou
n’ont pas été confirmés
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Détection directe: quels détecteurs ?

Detector requirements and signatures
Large detector mass (grams up to several tonnes)

Low energy threshold ∼ few keV’s or sub-keV

Very low background and/or background discrimination
(from γ’s, e−’s, neutrons and ν’s!)

J. Phys. G: 43 (2016) 1 & arXiv:1509.08767 Other signatures of dark matter
▸ Annual modulated rate
▸ Directional dependance

Teresa Marrodán Undagoitia (MPIK) Dark matter searches ICHEP 2022 14 / 36
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Détection directe: les détecteurs à gaz noble

Two phase noble gas TPC

Position resolution→ XY from PMT pattern→ Z from drift time

Scintillation signal (S1)
Charges drift to the liquid-gas surface
Proportional signal (S2)

→ Electron- /nuclear recoil discrimination

Teresa Marrodán Undagoitia (MPIK) Dark matter searches ICHEP 2022 23 / 36
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Détection directe: les détecteurs actuels

Current generation: LZ, PandaX-4T and XENONnT

LZ:
7 T target mass
First data released
last Thursday!

PANDAX-4T:
4 T target mass
First data released
in July 2021

XENONnT:
6 T target mass
First data about to
be released!

→ A race to measure WIMPs down to σ ∼ 10−48 cm2

Teresa Marrodán Undagoitia (MPIK) Dark matter searches ICHEP 2022 26 / 36
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Détection directe : une nouvelle limite !

LZ results from last Thursday & XLZD

LZ, arXiv:2207.xxxx

SR1: 5.5 t and 60 days
Currently best exclusion limit

XLZD: XENON, LZ and DARWIN
together
Common paper with physics case: arXiv:2203.02309

DARWIN, JCAP 1611 (2016) no.11, 017, arXiv:1606.07001

DARWIN, XENON + LUX ZEPLIN meeting in Karlsruhe, July 2022
Teresa Marrodán Undagoitia (MPIK) Dark matter searches ICHEP 2022 27 / 36
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Trois neutrinos sur une balançoire
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Neutrinos : où les trouver ?

Neutrinos:
The Future

Mary Bishai
Brookhaven

National
Laboratory

Overview

ν Properties

Absolute mass

Majorana or Dirac?

Neutrino interaction
crossections

νSM

Mixing, Oscillations
and PMNS

ντ

ν in
Astrophysics
& Cosmology

Solar Neutrinos

SN ν

UHE ν probes

ν Applications

Summary

The Neutrino Experimental Landscape
Sources of Neutrinos

Big Bang Reactors Sun SuperNova

10−4 eV few MeV 0.1-14 MeV ∼ 10 MeV
300/cm3 1021/GWth/s 1010/cm2/s 109/cm2/s

Atmosphere Accelerators Extragalactic

∼ 1 GeV 1-20 GeV TeV-PeV
few/cm2/s 106/cm2/s/MW (at 1km) varies 3 / 63

Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 39



Neutrinos : quelles expériences ?

Neutrinos:
The Future

Mary Bishai
Brookhaven

National
Laboratory

Overview

ν Properties

Absolute mass

Majorana or Dirac?

Neutrino interaction
crossections

νSM

Mixing, Oscillations
and PMNS

ντ

ν in
Astrophysics
& Cosmology

Solar Neutrinos

SN ν

UHE ν probes

ν Applications

Summary

The Neutrino Experimental Landscape
Examples of Neutrino Experiments ( current, future)

Big Bang Reactors Sun SuperNova

PTOLEMY Daya Bay BOREXINO SuperK-GD
PTOLEMY JUNO SNO+/JUNO DUNE/HK/JUNO

Atmosphere Accelerators Extragalactic

SuperK/IC-DeepCore T2K/NoVA IceCUBE
HyperK/KM3NeT/ORCA T2HK/DUNE/ESSνSB IceCUBE-Gen24 / 63
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Les oscillations de neutrinos
Différence entre états propres de masse ν1,2,3 et d’interactions νe,µ,τ νe

νµ
ντ

=

 1
c23 s23
−s23 c23

 c13 e−iδs13
1

−eiδs13 c13

 c12 s12
−s12 c12

1

 1
eiλ2

eiλ3

 ν1
ν2
ν3



3 rotations: cij = cos θij , sij = sin θij

Asymétrie ν ν̄: phase δ (Dirac), λ2,3 (Majorana)
6 paramètres + 2 différences de masse + 1 échelle absolue
νe combinaison de 3 états ν1, ν2, ν3, de masses différentes, se
propageant à des vitesses légèrements différentes
la composition de l’état change sur de longues distances !
|νe〉 → ce(L)|νe〉+ cµ(L)|νµ〉+ cτ (L)|ντ 〉 oscillation de neutrinos
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Neutrinos : bien moins connus que les quarks

Paramètres de mélange, mais aussi les masses, leur nature (Majorana
ou Dirac) . . . pas très bien connus !

3

Precision Flavour Physics

Joachim Kopp — Open Questions in Neutrino Physics

Quarks Leptons
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Neutrinos : MiniBooNE

MiniBooNe (Fermilab): Détecteur Cerenkov rempli de 800 tonnes
d’huile minérale + 1280 photomultiplicateurs
Excès de νe apparaissant à partir d’un faisceau de νµ

Unexplained excess of 
few 100 MeV νe in νμ beam 
(4.8σ) 

source–detector distance too 
small for std. oscillations 

But consistent with other 
anomalies in the νe ➝ νμ and 
νe ➝ νe channels

16

MiniBooNE

Joachim Kopp — Open Questions in Neutrino Physics
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Neutrinos : MicroBooNE

Nouvelle expérience Microboone pour tester bruit de fond et flux
de νe : pas d’explication MS de l’excès vu par MiniBooNe
Neutrinos supplémentaires (“stériles”) : difficile de se mettre
d’accord avec les autres données expérimentales

80 ton LAr TPC 

Very good event reconstruction capabilities 

can distinguish e± from γ

37

MicroBooNE

Joachim Kopp — Open Questions in Neutrino Physics
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Et bien plus encore. . .

ATLAS & CMS Stop 

7/7/14 

ICHEP 2014 
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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] 
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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 
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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)

880 ± 60
252 ± 23

50 ± 6
7.5 ± 1.0

1.15 ± 0.16
0.092 ± 0.019

SM+CI (Λ
+
RR
= 14 TeV)

870 ± 60
252 ± 23

51 ± 6
8.0 ± 1.0

1.36 ± 0.18
0.138 ± 0.026

SM+CI (Λ
+
RR
= 20 TeV)

890 ± 60
247 ± 23

50 ± 6
6.5 ± 1.0

0.70 ± 0.15
0.052 ± 0.013
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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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AMS-02, present result
Minimal Model

1 10 102 103

Po
sit

ro
n 

Fr
ac

tio
n

0

0.1

0.2

0.3

Positron%frac@on%not%compa@ble%with%only%diffuse%power%law%component.%%
Source%term%is%needed%to%describe%the%behaviour%
Cutoff%energy%of%0.54%TeV%
"

Positron%Frac@on%

16"

TeV$

Sébastien Descotes-Genon (IJCLab) Quelques nouvelles récentes 15/7/22 45
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À dans un an
pour Lepton-Photon 2023
à Melbourne (Australie),

ou
pour EPS-HEP 2023,

à Hambourg (Allemagne)

ou dans deux ans,
pour ICHEP 2024

à Prague (Tchéquie) !
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