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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)
1 semaine, à Séoul (Corée du Sud)
1119 participants du monde entier
Autant pour les présentations,
calibrées, que pour les discussions,
informelles, aux pauses (rumeurs...)
Autres occasions de rencontre:
réunions satellites (6), confs
thématiques, workshops, séminaires. . .
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(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
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Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 26/7/18 3



Les quatre premiers jours d’ICHEP2018

Sessions parallèles (16 sessions, 15-20 min sur sujet spécifique)
835 talks + 226 posters + réunions parallèles
résumé quotidien par lettre électroniques

Scientific Programme, Higgs Physics,

Neutrino Physics, Beyond the Standard

Model, Top Quark and Electroweak

Physics, Quark and Lepton Flavor Physics,

Strong Interactions and Hadron Physics,

Heavy Ions, Astro-particle Physics and

Cosmology, Dark Matter Detection, Formal

Theory Development, Accelerators,

Detectors, Computing and Data Handling,

Education and Outreach, Diversity and

Inclusion, Technology Applications and

Industrial Opportunities. . .
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Le dimanche

Digérer les résultats, travailler, faire du tourisme. . .
Des réunions de groupes spécifiques (International Committee for
Future Accelerators, IUPAP C11, Hyper K, Dune. . . )
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Les trois derniers jours d’ICHEP2016

3 jours de sessions plénières (41 revues “longues” sur un domaine)
2 conférence grand public, 1 discours de Samsung
2 remises de prix pour de jeunes scientifiques
activités “sociales” (non-scientifiques) le soir. . .
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De quoi se cultiver. . .

ATLAS & CMS Stop 
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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.

E
ve

nt
s

-110

1

10

210

310

410

510

610

710

Data 2012
*γZ/

Top quark

Dijet & W+Jets

Diboson
Z’ SSM (1.5 TeV)

Z’ SSM (2.5 TeV)

ATLAS
 ee      →Z’ 

      -1

 L dt = 20.3 fb∫
 = 8 TeV            s

 [TeV]
eem

0.08 0.1
0.2 0.3 0.4 0.5

1
2 3 4

D
at

a/
E

xp
ec

te
d

0.6
0.8

1
1.2
1.4

E
ve

nt
s

-110

1

10

210

310

410

510

610

710

Data 2012

*γZ/
Top quark

Diboson

Z’ SSM (1.5 TeV)

Z’ SSM (2.5 TeV)

ATLAS
      µµ →Z’ 

      -1

 L dt = 20.5 fb∫
 = 8 TeV            s

 [TeV]
µµm

0.08 0.1
0.2 0.3 0.4 0.5

1
2 3 4

D
at

a/
E

xp
ec

te
d

0.6
0.8

1
1.2
1.4

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- 
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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 
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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
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De plus en plus de données

Augmentation de la quantité de données pour les expériences du LHC

Tester en détail tout le MS, et en particulier le boson de Higgs
Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 26/7/18 9



Un boson de Higgs de mieux en mieux connu. . .

Nouveau: observation H → bb̄ (plus de 5 σ) par ATLAS et CMS
(assez de stat pour voir signal au-dessus du bruit de fond)

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 26/7/18 10



. . . dans sa production et ses désintégrations

Comparaison bientôt dominée par erreurs syst (et théorie) !

Shahram Rahatlou, Roma Sapienza & INFN

HIGGS PROPERTIES

• Nearing theory-limited territory with just 2016 data
 10

A. Gilbert (CERN)10/4/18

Contributing analyses

 13

• Total of 250 individual categories (counting signal and control regions) and ~ 5400 
nuisance parameters in the combined fit

ggF VBF VH ttH
H→ZZ→4l ● ● ● ●
H→γγ ● ● ● ●
H→WW ● ● ● ●
H→bb ● ● ●
H→ττ ● ● ●
H→μμ ● ●
H→inv ● ● ●

Analysis Reference

H→ZZ→4l JHEP 11 (2017) 047

H→γγ arXiv:1804.02716

H→WW HIG-16-042

VH→bb PLB 780 (2018) 501

H→ττ PLB 779 (2018) 283

H→μμ  (*) HIG-17-019

Boosted H→bb PRL 120 (2018) 071802

ttH→WW/ZZ/ττ arXiv:1803.05485

ttH→bb (leptonic) HIG-17-026

ttH→bb (hadronic) arXiv:1803.06986

H→invisible  (*) HIG-17-023
(*) included only for specific results

• Analysed all main production and decay modes on 2016 13 TeV dataset (35.9 fb-1):

17

where the total uncertainty has been decomposed into statistical, signal theory systematic, and
other systematic components.

Relaxing the assumption of a common production mode scaling leads to a parametrization
with five production signal strength modifiers: µggH, µVBF, µWH, µZH, and µttH. In this pa-
rameterization, as well as all subsequent parametrizations involving signal strengths or cross
sections, the tH production is assumed to scale like ttH. Conversely, relaxing the common de-
cay mode scaling leads to one with the modifiers: µgg, µZZ, µWW, µtt, and µbb. Results of the
fits in these two models are summarized in Figure 5. The numerical values, including the un-
certainty decomposition into statistical and systematic parts, and the corresponding expected
uncertainties, are given in Table 3.

Parameter value
0 0.5 1 1.5 2 2.5 3 3.5 4

µ

ttH
µ

ZH
µ

WH
µ

VBF
µ

ggH
µ

Preliminary CMS
 (13 TeV)-135.9 fb

Observed
sys.)⊕ (stat.σ1±

 (sys.)σ1±
σ2±

Parameter value
0 0.5 1 1.5 2 2.5

bbµ

ττµ

WWµ

ZZµ

γγµ

Preliminary CMS
 (13 TeV)-135.9 fb

Observed
sys.)⊕ (stat.σ1±

 (sys.)σ1±
σ2±

Figure 5: Summary plot of the fit to the per-production mode (left) and per-decay mode (right)
signal strength modifiers µi. The thick and thin horizontal bars indicate the ±1s and ±2s
uncertainties, respectively. Also shown are the ±1s systematic components of the uncertain-
ties. The last point in the per-production mode summary plot is taken from a separate fit and
indicates the result of the combined overall signal strength µ.

The improvement in the precision of the measurement of the ggH production rate of ⇠50%
(from ⇠20% to ⇠10%) compared to Ref. [28] and ⇠33% (from ⇠15% to ⇠10%) compared to
Ref. [30], can be attributed to the combined effects of an increased ggH production cross section,
and a reduction in the associated theoretical uncertainties. Improvements in the precision for
other production rates compared to Ref. [28] range up to ⇠20% for the VBF and VH production
rates. The uncertainty in the measurement of the ttH production rate is reduced by around
50% compared to Ref. [30]. This is in part due to the increased ttH cross section between 8 and
13 TeV, but also due to the inclusion of additional exclusive event categories that target this
production processes.

The most generic signal strength parametrization has one signal strength parameter for each
production and decay mode combination, µi

f . Given the five production and five decay modes
listed above, this implies a model with 25 parameters of interest. However not all can be ex-
perimentally constrained in this combination. Since there is no dedicated analysis targeting the
WH and ZH production with H ! tt decay, or VBF production with H ! bb decay included
in the combination, these are fixed to the SM expectation and the modifiers are not included in

10Nicholas	Wardle

Production

pSM ~ 50%

f
i
µ

2− 1− 0 1 2 3 4 5 6 7 8
bb
ττ

WW
ZZ
γγ

bb
WW

ZZ
γγ

bb
WW

ZZ
γγ
ττ

WW
ZZ
γγ

bb
ττ

WW
ZZ
γγ

Preliminary CMS
 (13 TeV)-135.9 fb

Observed
 intervalσ1

ttH
W

H
ZH

gg
H

VB
F

µf
i =

�(i ! H) · BR(H ! f)

�SM (i ! H) · BRSM(H ! f)

Parameter value
0 0.5 1 1.5 2 2.5 3 3.5 4

µ

ttH
µ

ZH
µ

WH
µ

VBF
µ

ggH
µ

Preliminary CMS
 (13 TeV)-135.9 fb

Observed
sys.)⊕ (stat.σ1±

 (sys.)σ1±
σ2±

= 1.23+14
�13

�
+08
�08 stat +12

�10 sys
�

= 1.18+31
�27

�
+16
�16 stat +26

�21 sys
�

Reduction in uncertainties
• ggH reduced by ~33%
• ttH reduced by ~50%

Compared to Run-1 LHC combination.

pSM ~ 9%

33% reduced  
uncertainty wrt LHC Run1

50% reduced  
uncertainty wrt LHC Run1
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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. . .

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 26/7/18 13



Pour l’instant, pas de nouvelles particules. . .

Collisions énergétiques entre quarks/gluons des protons
Produire de nouvelles particules-antiparticules

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 26/7/18 14



. . . mais de nombreux modèles testés

Exotics at the LHCDaniele del Re

MASS REACH

!24dimensions supplémentaires, nouvelles interactions, quarks
superlourds, leptoquarks, Higgs supplémentaires. . .

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 26/7/18 15



Et pour la suite ?

TOWARDS HIGH LUMINOSITY

WITH UPGRADED DETECTORS

x5 Run1 x2 Run2 x10 Run3

2021	 2022	 2023	 2024	 2025	 2026	 2027	 2028	 2029	 2030	 2031	 …	

LHC	

Upgrade	Ia	 Upgrade	Ib	 Upgrade	II	

Run	3	 LS3	 LS4	

HL-LHC	 Run	4	 Run	5	LS3	 LS4	

réflexion au CERN sur le futur
high-luminosity LHC + upgrade des détecteurs
à plus long terme, monter en énergie

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 26/7/18 16



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

0
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CMS
γγ →H 
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0.26+ 1.14=µ
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Data
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B component
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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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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

RK = Br(B→Kµµ)
Br(B→Kee)

∣∣∣
[1,6]

=

0.745+0.090
−0.074 ± 0.036

= 1 dans le MS (universalité
du couplage leptonique)
Mise à jour espérée (mais pas
faite) ICHEP2018
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B → K ``
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B → K ∗``

RK∗ = Br(B → K ∗µµ)/Br(B → K ∗ee)
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c, t
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b s

B M

ℓ+
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c, t

W

b s

1

LHCb 2017: RK∗ est lui aussi
trop bas par rapport au MS
' 1 dans le MS (universalité
du couplage leptonique)
L’universalité des couplages
leptoniques serait donc bien
mise en défaut !
Très bon accord avec 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
Processus non supprimés dans le Modèle Standard
Déviations inattendues et importantes
Dues à une non-universalité aussi dans le secteur des τ ?
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R(D)

0.2
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*) BaBar, PRL109,101802(2012)
Belle, PRD92,072014(2015)
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Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017)
LHCb, PRL120,171802(2018)
Average

Average of SM predictions
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RD(∗) =
Br(B → D(∗)τν)

Br(B → D(∗)`ν̄`)
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Des explications ?

Plusieurs fluctuations statistiques intempestives (?)
Sous-estimation d’incertitudes expérimentales (géométrie du
détecteur) ou théoriques (compréhension de QCD) (?)
Il y a de la nouvelle physique (?)

Deviations cohérentes avec explication de NP, mais laquelle ?
Nouvelles interactions W ′ et Z ′

Leptoquarks, couplant à quark + lepton des 2ème et 3ème famille
Induisant des processus violant l’universalité leptonique. . .
voire la saveur leptonique (B → K (∗)eµ ou B → K (∗)µτ possible ?)
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A l’est, du nouveau

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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Des recherches complémentaires

K.	Akai,	SuperKEKB/Belle	II	status,	ICHEP2018,	July	9,	2018 4

p p

c~
g~

q~ n~

q l-q
_

Direct	generation	-
high	energy	collision

Precision	measurement	-
tunnel	effect

Energy	frontier Luminosity	frontier

b s

g

q~

Tunnel effect

c~

http://www.hep.ucl.ac.uk/iop2010/talks/14.pdf

LHC

complementary

competitive
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Belle II entre en action

First collision

K.	Akai,	SuperKEKB/Belle	II	status,	ICHEP2018,	July	9,	2018 26

Apr.	26,	2018

SuperKEKB control	room

Horizontal	beam-beam	kick

Vertical	beam-beam	kick

Belle	II	control	room

First	hadronic	event	observed	by	Belle	II

Amélioration progressive des performances du collisionneur
avant de commencer à prendre des données (2019 !)

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 26/7/18 26



Trois neutrinos sur une balançoire
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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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Une connaissance qui s’affine

Neutrinos solaires SNO, SK. . .
Neutrinos atmospheriques SuperKarmiokande. . .
Neutrinos d’accélérateurs MINOS, T2K, NOvA. . .
Neutrinos de réacteurs KamLand, RENO, Daya Bay, Solid. . .

Précision des connaissances

∆m2 ' 2%,

sin2 θ12 ' 6%,

sin2 θ13 ' 5%,

sin2 θ23 ' 9%

Et des inconnues: ordre des
masses, violation de CP δ
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Le voile se lève sur δ

T 2 K :

• Intense muon (anti)neutrino beam from J-PARC to Super-K to study: 

• muon (anti) neutrino disappearance (νµ↛νµ ,  νµ↛νµ)  

• electron (anti)neutrino appearance (νµ→νe , νµ→νe) 

• rich program of  

• neutrino-nucleus interaction studies with near detectors 

• “exotic” physics: Lorentz violation, sterile neutrinos, heavy leptons, etc. 

• Will not be able to discuss these other interesting topics. 

TokaiKamioka

J-PARC
Super-Kamiokande 

“far” detector

295 km

ND280 
“near” detectors

~400 collaborators 
  59 institutions 
  11 nations

4

NOvA 

¨  Long-baseline, off-axis neutrino oscillation 
experiment 

¨  Study neutrinos from NuMI beam at Fermilab 

¨  At 14 mrad off-axis, energy peaked at 2 GeV 

¨  Functionally identical detectors 
¤  ND on site at Fermilab 
¤  FD 810 km away in Ash River, MN 

¤  Measurement at ND is directly used to predict FD 

P. Vahle, Neutrino 2016 2 

T2K: faisceau (anti)neutrino de Tokai vers SuperKamiokande
(Japon) 295 km
NOνA: faisceau de Fermilab à Ash River (USA) 810 km
Dans chaque cas, un détecteur proche et un détecteur lointain
(comparaison flux)
Disparition de νµ ou ν̄µ, apparition de νe ou de ν̄e

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 26/7/18 30



T2K (1)

Long baseline neutrino experimentsMasashi Yokoyama (UTokyo)

T2K: θ13 and δCP
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T2K alone

+θ13 from reactor

Constraint on δCP with T2K data alone 
Tighter constraint with θ13 value from reactor
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T2K (2)

Long baseline neutrino experimentsMasashi Yokoyama (UTokyo)

T2K: constraint on δCP

�19

sinδCP=0 (δ=0, π) outside of 2σ CL region 
First hint of CP violation in the lepton sector!
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(a) Critical ��2 values
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(b) 1� CL exclusion region
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(c) 90% CL exclusion region
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(d) 2� CL exclusion region

Figure 21: ��2 critical values and confidence intervals for the measured ��2 distributions for Run 1-9c. Critical
values obtained with the Feldman-Cousins method for Run 1-9c for 9 evenly spaced values on the range [�⇡,⇡].
Critical values are shown for 1�, 2� and 90% CL for normal (solid lines) and inverted (dashed lines) hierarchies. At
least 1 ⇥ 104 toy experiments are performed for each point. The three bands of lines show the ±1� uncertainty on
the critical values. Also shown are the measured ��2 distributions shifted with respect to the same global minium
and the 1�, 90% and 2� exclusion regions for both mass hierarchies.
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+θ13 from reactor2σ CL region

Comparant
νe, ν̄e, νµ, ν̄µ

Quelle que soit la
hierarchie de
masse, asymétrie
entre ν et ν̄,
Conservation de
CP exclue à 2 σ
(avec info des
réacteurs)
T2K-II extension
(∼ 2020) pour
améliorer δCP , θ23
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NOvA

Long baseline neutrino experimentsMasashi Yokoyama (UTokyo)

NOvA: δCP and mass hierarchy

�24

Best fit: Normal Hierarchy, δCP = 0.17π

Mayly Sanchez - ISU

A L L O W E D  O S C I L L AT I O N  PA R A M E T E R S  
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P re f e r  N H  b y  1 . 8σ  
E x c l u d e  δ=π / 2  i n  t h e  I H  a t  >  3σ

• Best fit: Normal Hierarchy  
δCP= 0.17π 
sin2θ23 = 0.58±0.03 (UO)  
Δm232 = (2.51+0.12-0.08)⋅10−3 eV2

see poster #81
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see poster #81

Prefer NH by 1.8σ 
Exclude δCP=π/2 in the IH at >3σ

Comparant νe, ν̄e, νµ, ν̄µ
Plus longue basline que T2K, plus sensible aux questions de
hiérarchie de masse (et préfère une hierarchie “normale”)
Favorise une asymétrie entre ν et ν̄ (δ 6= 0)
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Pour le futur: HyperK et DUNE

Long baseline neutrino experimentsMasashi Yokoyama (UTokyo)

…to the next generation!

�27

See later talk by Prof. Jae Yu

Hyper-Kamiokande DUNE

HyperK : upgrade de T2K, réservoir d’eau + Cerenkov
DUNE : Fermilab vers Sanford (Dakota), argon liquide
violation de CP, hiérarchie de masse
opérationnels en 2027
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Des neutrinos en plus ?

MiniBooNE – New Data Set

14

Total neutrino data observes an excess 
of 381.2 ± 85.2 (4.5*) ,--like events.

Combined with antineutrino data, total 
excess is 460.5 ± 95.8 (4.8*)

Neutrino and Antineutrino excess 
become consistent with each other.  

A.A. Aguilar-Arevalo et al. [MiniBooNE Collaboration], arXiv:1805.12028

LSND dans les années 1990: oscillations ν̄µ → ν̄e, avec
observations en désaccord avec d’autres mesures
MiniBooNE: ν̄µ → ν̄e ou νµ → νe, confirmant LSND !
neutrino stérile supplémentaire utile, mais pas suffisant pour
décrire toutes les observations concernant les oscillations de
neutrinos (+ contraintes cosmologiques ?)
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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)

Matière “noire”
lourde, stable, neutre, interagissant peu avec son environnement,
hormis par interaction gravitationnelle
particule nouvelle χ, hors du Modèle Standard ?

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 26/7/18 37



Observer la matière noire

La produire en accélérateur (si assez “légère”)

La détecter lors de son passage sur Terre
=⇒interaction avec noyau χ+ X → χ+ X (recul du noyau)

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
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Détecter sa présence par observations astronomiques
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En collisionneur (1)

Collision produit paire particules de matière noire qui s’évadent du
détecteur sans interagir avec personne (énergie manquante)
Produit via une particule médiatrice qui peut aussi se désintégrer
en particules du MS (jets de particules)
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En collisionneur (2)

Exotics at the LHCDaniele del Re

MEDIATOR SEARCHES AND DM: SPIN-1

!36

• By fixing couplings limits on mediators cross section translated 
into DM production cross section 

Pas d’observation au LHC (modèles matière noire exotique)
Sections efficaces du MS converties en bornes sur masse
médiateur et matière noire
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En détection directe: haute masse

Matière noire interagissant avec cible
Recul des noyaux, détection par ionisation/lumière/chaleur
en particulier, XENON1T: 3.5 t de xénon liquide
(ionisation/lumière), au Gran Sasso (Italie)
futur: Xenon nT en 2019

Hyun Su Lee,       Center for Underground Physics (CUP), Institute for Basic Science (IBS)

Latest XENON1T result (1 ton-years)

arXiv:1805.12562

𝟒. 𝟏 × 𝟏𝟎−𝟒𝟕@𝟑𝟎 𝐆𝐞𝐕

M. Murra@ ICHEP2018

11 Hyun Su Lee,       Center for Underground Physics (CUP), Institute for Basic Science (IBS)

Sensitivities for high mass region

K. Ni@ CIPANP2018

19
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En détection directe: basse masse

DAMA/Libra confirme modulation vue avec cristaux NAI(Tl)
en contradiction avec les observations d’autres expériences
utilisant d’autres techniques
nouvelles expériences en route avec technique similaire

Hyun Su Lee,       Center for Underground Physics (CUP), Institute for Basic Science (IBS)

DAMA/LIBRA-phase1

• Annual Modulation Searches with an 

array of NaI(Tl) crystals (250 kg)

𝟗. 𝟑 𝝈 significance

Claimed an observation of the dark matter 

DAMA/LIBRA experiment

Eur. Phys. J. C 73:2648 (2013) 

Clear Modulation at 2-6keV

DAMA/LIBRA-phase1

1.33 ton-year
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En détection directe: basse masse

DAMA/Libra confirme modulation vue avec cristaux NAI(Tl)
en contradiction avec les observations d’autres expériences
utilisant d’autres techniques
nouvelles expériences en route avec technique similaire

Hyun Su Lee,       Center for Underground Physics (CUP), Institute for Basic Science (IBS)

DAMA/LIBRA-phase 2

• Energy threshold reached to 

1 keV with better PMTs

• Still there is modulation 

• Significance 

 1-6 keV : 𝟗. 𝟓 𝝈 (phase 2)

 2-6 keV : 12.9 𝝈 (phase 1+2)

• Increased modulation 

amplitude below 2keV

30

Phase1

Phase2

1 keV energy threshold

arXiv:1805.10486

Energy spectrum at ROI

Modulation amplitude

2-6 keV

1-6 keV

Phase1 Phase2
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En annhilation dans le ciel
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AMS 2018⦁ 1.9 million positrons

Collision of Cosmic Rays

1.2 TeV
Dark Matter 
+ Collision of 
Cosmic Rays

The positron flux appears to be in agreement with predictions 
from a 1.2 TeV Dark Matter model (J. Kopp, Phys. Rev. D 88, 076013 (2013))
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AMS installé sur station spatiale pour étudier rayons cosmiques
flux e+ compatible avec rayons cosmiques + matière noire
mais d’autres origines (astrophysiques) envisageables (restes de
supernova, pulsars, propagation rayons cosmiques)
difficile de rendre compte de ttes les infos sur les rayons cosmiques
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Naissance d’une nouvelle astronomie
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L’astronomie multi-messagers

))) Astrophysical Messengers

Radio IR / Visible / UV X-ray Gamma ray

Electromagnetic waves / photons

Neutrinos

Cosmic Rays

Gravitational Waves

2

Ultra-high-energy 

Multi-Messenger 
Astronomy
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Pour observer de nombreuses sources

)))
Can look at individual sources, or populations

Stellar core collapse  gravitational waves?  (if non-axisymmetric collapse)

 low-energy neutrinos  (from nuclear reactions)

 UV/visible/IR light  (from expanding envelope)

 cosmic rays  (shock acceleration in SN remnant)

High-energy cosmic rays interacting with ambient photons
 high-energy neutrinos  (Waxman & Bahcall 1998)

Relativistic jets — generated by accretion around black hole or neutron star
 high-energy neutrinos  (from hadronic interactions and decays)

 EM emissions at a wide range of wavelengths 
(synchrotron emission from particles in turbulent 
magnetic fields; inverse Compton scattering)

Neutron star binary merger gravitational waves
 relativistic jets  (see above)

 UV/visible/IR light  (from heated ejecta)

And other sources…

Different Emissions from the Same Sources
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IceCube lance une alerte

Slide made by

Konstancja
Satalecka

In September, 

IceCube detected 

an “extremely high 

energy” muon track 

pointing back near 

a known blazar

The blazar’s 

gamma-ray 

emission increased 

significantly around 

the same time!

Awaiting paper 

with final analysis 

results…
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LIGO/Virgo “voit” 2 étoiles à neutrons s’effondrer

From Thursday:

N. Arnaud
“In between the 
Observation 
Runs 2 and 3, a 
status report on 
the Advanced 
LIGO and 
Advanced Virgo 
GW detectors” 

Normally the sky 

localization would 

be available within 

minutes, but had to 

work around a 

glitch in the LIGO-

Livingston data

(consistent with masses of known neutron stars)
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Avec des conterparties électromagnétiques

From Thursday:

N. Arnaud
“In between the 
Observation 
Runs 2 and 3, a 
status report on 
the Advanced 
LIGO and 
Advanced Virgo 
GW detectors” 
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. . . dont on peut suivre l’évolution
))) Saw the GW170817 counterpart fade – and change color

Initially visible in ultraviolet and blue –
but those faded quickly

Infrared peaked after 2-3 days, then
remained visible for weeks

[Drout et al. 2017, Science 10.1126/science.aaq0049] 27

De plus en plus d’informations différentes combinées
Pour mieux comprendre les sources et les mécanismes
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En conclusion

Les participants d’ICHEP 2018
dans l’auditorium de la conférence
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A dans un an
pour Lepton-Photon 2019

à Toronto (Canada),
ou

pour EPS-HEP 2019,
à Gand (Belgique)

ou dans deux ans,
pour ICHEP 2020

à Prague (Tchéquie) !
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