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Choix

Pendant la préparation de cette présentation,
j'étais obligé de faire des choix :
Faire un catalogue de résultats du LHC

Choisir un seul résultat,
le présenter dans son contexte

Inconvénient de ce choix : je ne pourrai pas rendre
justice a toute la richesse des resultats obtenus au
LHC. Mes excuses.
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Fundamental constituents of matter
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A self-consistent theory !

After the discovery of a Higgs-like boson,

the standard model (SM) is a complete
(but for an axion) and self-consistent
renormalisable theory.

So far, SM in good agreement with data.

A(LEP)
A (SLD)
sin0gr (@)
A2

0,b
AFB
AC
A,
R?
R,

C

3 3

b

m,

Ao (Mi)

had

I

34 2 4 0
(ofit-o

mea

1 2 3
J/ o

meas

0.0
-1.4
0.2
0.2
0.0
-1.5
-0.9
-0.8
0.2
-2.0
-0.7
0.9
2.5
0.0
0.6
0.0
-0.8
0.0
0.0
0.5
-0.2

)} [SPOW PJEpUE]S YBaMO0I)09| [BJO|9)

Jan Stark

Journées Scientifiques Equip@Meso, Grenoble, 30-31 janvier 2017



Questions ...

But a lot of questions still need answers:
— How to accommodate gravity ?

— Hierarchy problem: m_ /M_ ~ 107

— What is dark matter ?
— Matter-antimatter asymmetry

— Origin of generations ?

Physics beyond the SM is well motivated.
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The hierarchy problem
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Dark matter

Vitesse de rotation des étoiles
La galaxie NGC 6503 dans cette galaxie, en fonction de
la distance de |'étoile par rapport
au centre de la galaxie

150 —
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centre de la galaxie il est fait de quoi, ce halo ?
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Les

objectifs
de I'IN2P3

Rechercher ok

Institut national de physigue nu

dépasser les frontiéres

\

Présentation de I'Institut
Structures de recherche

Conseil scientifique

Infos aux laboratoires

Vie de la recherche Le domaine de la physique des particules rassemble les recherches
expérimentales visant a faire progresser la connaissance des quarks (les

Carriéres et emplois composants des protons et des neutrons), des leptons (tel I'électron gravitant
autour du noyau atomique) et des bosons responsables de leurs interactions

Physique subatomique mutulles. Ces particules sont considérées actuellement comme les constituants les
pour tous

Physique des particules

Questions ...

plus élémentaires de la matiére.
---------------------- Le Modéle standard

alleles et couplées des observations expérimentales et des
progrés théoriques enregistrés depuis les années 60 ont permis I'élaboration de ce
qui est appelé le Modeéle standard (voir l'introduction).

Bien gque ce modéle donne une description trés satisfaisante des phénomeénes
observés dans les expériences, c'est toutefois une théorie incompléte :

e elle ne peut expliquer le pourquoi de I'existence de trois familles ;
e elle ne permet pas de prédire les valeurs observées des masses des
particules ;

Rechercher :
une expérience
une personne
une photo

Rechercher :

une information sur le site p e g . y : T g
de I'IN2P3 électromagnétique et faible en une interaction unique dite électrofaible.

e Pourquoi les particules ont-elles une masse et pourquoi
ont-elles des masses si différentes ?

e Comment aller vers une plus grande unification des

|nteractlons qui inclurait I'interaction électrofaible et
graction forte, et méme la gravité ?

Les physiciens pensent en effet que les quatre interactions
fondamentales ne seraient aue des aspects différents d'une

Le CNRS | Annuaires | Mots-Clefs CNRS | Autres sites

. Centre national de |a recherche scientifique

Introduction

Physique des
particules

Physique nucléaire et
hadronique

Astroparticules et
neutrinos

Aval du cycle
électronucléaire et
énergie nucléaire

Recherches
interdisciplinaires

Recherche et
développement en
accélérateurs

Grille de calcul

e elle ne rend compte que de trois de ces quatre interactions fondamentales a 'ceuvre dans I'Univers :
la gravitation en est en effet exclue ; en revanche, elle a déja permis d’unifier les interactions

Méme s |I n a Jama|s été démenti par I'expérience, on sait donc que Ie Modéle standard n’est pas la theone
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Theorists; state of mind

Poor theorists: T
Waiting for new physics for 30 years,
and recently started to get desperate..{ A, chak Djouadi (LPT Orsay)

and something interesting appears. Moriond QCD conference
R March 2016
G .
= PN TSR L1 —
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Extra spatial dimensions

(this hypothesis could explain the hierarchy problem)

® In the Randall-Sundrum
model gravity propagates in
a warped extra dimension
with two fixed points

® The Standard Model fields
are constrained to one
brane

® The gravity wave function
is concentrated near the
other brane, falling off
exponentially across the
extra dimension
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Graviton excitations

The model predicts a
tower of Kaluza-Klein
graviton states with TeV
scale masses
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LHC particle collider
and ATLAS detector
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« Pourquol avons-nous besoin de beaucoup de ressources
informatiques (et difféerents types de ressources) ? »

Traitement centralisé groupe/individu

Reconstruction Identification des objets
des données brutes et sélection d'état final
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ATLAS computing: orders of magnltude
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Une nouvelle problematique

A
" Ballon — 30 km
Une nécessité
« 23 millions CD produits par un détecteur en un an Pile de CD par
« Un site seul n'aurait pas suffit (ressources, infra, €€) an de,_“g’g"?ﬁs ~20 km
 Utilisateurs distribués partout dans le monde b
— 15km

———

Or, des sites existaient déja de part le monde Concorde
* Des moyens financiers régionaux
e Souvent partageés entre difféerentes communautés

Décision de construire une grille de calcul pour le LHC
* Mutualisation de ressources de plusieurs unités
pour un but commun
e Correspond bien a notre problématique
(collisions indépendantes)

Mt. Blanc ~ Skm
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Worldwide LHC computing grid (WLCG)
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Source : http://wlcg-public.web.cern.ch/
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Hieérarchie des sites / modele MONARC

Premier modeéle pour l'informatique au LHC (1999)
 Modeéle en étoile, hiérarchique, distribué
* Focus sur le contrble du réseau (1Gb/s attendu)

Tier-2 sites
(about 160)

-

Tier-1 sites

10 Gbfs links

—_
7
r"";— = |

€

Local

cluster | ©
| @a%@
3

- Raw data storage

- Calibration

- Initial reco

- Data distribution to T1

Tier-1:
- Long term archiving
- Subsequent reco passes

- Large scale organised analysis

Tier-2:
- Simulation
- End user analysis

In addition (end user analysis):
- Tier-3
- Local clusters
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Searches for resonances

q> G ﬂv
q Y

Fully reconstructed resonances: simplest way to discover new particles

Statistically significant peak over a smooth background
v’ experimentally robust

v' small systematics

v' difficult for unknown backgrounds to mimic

=> simple yet striking signature!

The most important search method when new energies are explored
v’ particularly relevant at LHC Run2 startup
v' model independent probe to new physics
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Diphoton bump search

%
2 X Z X . :
% g Clean final state at hadron colliders
77 =
a¥'s 7 S
¥

1) Define the event selection: 2 isolated photons
v" must be loose and model-independent
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Diphoton bump search

%
2 X Z X . :
% g Clean final state at hadron colliders
77 =
a¥'s 7 S
¥

1) Define the event selection: 2 isolated photons
v" must be loose and model-independent

A | /
: ; Numb i
2) Reconstruct the yy invariant mass of :\Ten(:g L s
o e e
M = \/2E E5(1 — cosb) 1 =
v photon reconstruction Mg B
v" detector resolution and scale S
v dedicated vertex identification techniques T
3) Signal extraction m(vy)
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Resonances in past discoveries
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I T |

Livingston plot

Ll A “Livingston plot” showing the evolution H //_
of accelerator laboratory energy from 1930 / ‘ - o -
100,000 Tev until 2005. Energy of colliders is plotted in 7. Plot fait pour la premiéere fois par
8 e terms of the laboratory energy of particles LHAC G
colliding with a proton at rest to reach the M. Stamey |_|V|ngst0n en 1954.
same center of mass energy.
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Diphoton mass spectrum

100 g1
EATLAS
e Data

Data collected by the
ATLAS experiment in 2015

— Background-only fit
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An aside: Diphox

- 100 g1 E
K ATLAS I =
& el a1 _ Standard Model background
P = —— Background-only fit = prediction based on precise
o - - : - first-principles calculation
O 107 SRl leqIecton = in the Diphox generator.
- Vs =13 TeV, 3.2 fo” ]
10 = Diphox is computing-intensive;

- = we run it on CIMENT in Grenoble.

1E =

- ] D
- fll:l:::',:::, | | AT S T T J
S 154 = photon
g’ 10;— & H —;
: oo T4 :
3 ok A Wl L photon
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g 1o ||] l. i .
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Diphox et CIMENT

CIMENT est crucial pour I'analyse di-photon ATLAS (2013-2017) :
 Seul LPSC-CIMENT produit les échantillons DIPHOX

 Ajout de FROGGY — jusqu'a >1000 cceurs soutenu simultanément (week-end)
« Utilisation de 30 000 jours wall-clock en tout ; avec sur 2 mois Moyenne=430 core[day]/day
* Intérét des groupes exotics pour ces echantillons

* Le coordinateur de physique de la collaboration ATLAS : « CIMENT is an asset »

Période d'activité

3500 , , , . dul PSC___A___
w00, FROGGY, SEUL h \
2500 |

5 2000 |

3 1500/

1000 -
500 -

0
1.395 1.400 1.405 1.410 1.415 1.420 1.425 1.430 1.435
1e9

Dat
Utilisation standard (bleaue) et opportuniste (gris)
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Importance of statistics

These two graphs show the same distribution, on the left with little data, and on the right

with 100 times more data:

]
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P T Y
s o o

=
L

-
=]

2 N A o o™

With less data the situation is much less clear :
- is this simply a flat spectrum ?
- or is there a peak somewhere ??
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With a lot of data we can clearly see a structure :
a flat spectrum (e.g. due to background),
plus a peak (e.g. due to a new particle).
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p-value
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Excitement

Abdelhak Djouadi (LPT Orsay) Alessandro Strumia
Moriond QCD conference Moriond conferences
March 2016 March 2016
ﬁ
—
= SN -

—565 800

If true then the future is bright!
a new continent is ahead and
needs decades of exploration...
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Excitement

HINT OF NEW BOSON SPARKS FLOOD OF PAPERS

In just 21 days, physicists have posted 150 papers on the arXiv
preprint server about tantalizing results at the Large Hadron Collider.

150 ...................................................................................................................... .

More than 456 papers
as of June 16".

Xe)
o

Number of papers submitted
to arXiv (cumulative)

I I I
17 Dec 22 Dec 27 Dec 1 Jan
2015 2016
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Excitement

]
Mai 2016
2553 <L
e
E 5 h G%%%Eéghysmien,
= S ,,
= - On sort des sentiers
Jp) = battus. .. Cela ouvre
U [ % S aes perspectives
Z : >' ": tres excitantes !
bl il =S
| : = LLI
(—’ et €D

M 02578 1164 F 4,50 € .50
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So what about the 2016 data ?

> 4 L L L
& 10 _EATLAS Preliminary IE
ey * Data - : :
SR Backaround-only fit Results based on the first third
g 10°E ackground-onfy it == of the 2016 data (full dataset to
2 u Spin-0 Selection m be published).
10° - —=
E s =13 TeV, 2016, 122" 3
10 <
b 5
o E_ S ;
3 E
210Gl e E
8  sH E
O u -
IS 0f I - . -
E —52 ¢ 3 Nopeakat 750 GeV.
g 10k E Looks like bump in 2015
“TB00 1000 1500 2000 2500 was a statistical fluctuation.
m,, [GeV]
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A plus long terme : HL-LHC

Mais ce n'était que le début de nos explorations.

La prise de données et la chasse continuent !

L.Rossi
L=2-3x10°* L=5x1034
= 34
L~7x1033 :;-_;1-6’%3 o Pile-up~50-80 Pile-up~ 130-200
Pile-up~20-35 aril
EYETS Ls2 14 TeV LS3
13-14 TeV T
injecior upgrade 5
splice consolidation sPs cryogenics Point 4 e BT
8 TeV button collimators dispersion ;_:-',; pii HL-LHC installation
R2E project CcC il teractio
collimation
-mm-mm w

nominal sl el | ——| experimentupgrade | '
luminosity 75% I experiment beam pipes / phrase 1 experiment upgrade phase 2

K
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Estimated resource needs for HL-LHC

CPUNeedsTor@A st¥ear®fHL-LH CkHS06)
250000

Datal@stimatesfor@stdear@fHL-LHCIPB)

W ALICE ™ATLAS mCMS ¥ LHCb

N ALICE WATLAS WCMS ¥ LHCb
200000

150000
100000
50000
0
Raw

CPU:
 x60 from 2016

CPUQHS06)

Data:
« Raw 2016: 50 PB = 2027: 600 PB
« Derived (1 copy): 2016: 80 PB > 2027: 900 PB

Technology at ~20%/year will bring x6-10 in 10-11 years

0 Simple model based on today’s computing models, but with expected HL-LHC
operating parameters (pile-up, trigger rates, etc.)

0 Atleast x10 above what is realistic to expect from technology with reasonably
constant cost
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HL-LHC cost parameters

- : Business of the
Business of the experiments: . ts:
t of Raw data, thresholds; ShpeRaen o
gmf“': sbioiidear ’ reconstruction, and
ROEAON SOSIDIIONG 1N simulation algorithms

computing cost implications

Parameters
Can benefit a lot

from the savoir faire
of the HPC community

Software
Performance

Infrastructure

Performance/architectures/memory " New grid/cloud models:
etc.; optimize CPU/disk/network;
Tools to support: automated - economies of scale via
build/validation clouds, joint procurements
Collaboration with externals — via etc.

HSF
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Conclusions

Standard model (SM) of particle physics (including the Higgs mechanism):
consistent renormalisable theory that “works” all the way up to the Planck scale.

But is it really a complete description of Nature up to these extreme energies (Planck scale) ?
Various “aesthetic” issues (like e.g. the hierarchy problem) lead us to suspect that

the answer is “no” and that the SM is a low-energy approximation of a more

complete theory.

The direct search for physics beyond the SM is on at the LHC.

First data in a new energy regime (13 TeV) collected in 2015 and 2016.

An intriguing excess of events in the diphoton final state has lead to some excitement
In 2015 and early 2016. Looks like the excess in 2015 data was a statistical fluctuation.

This was just the beginning. We are looking at hundreds of other final states (not just
diphotons); and we have collected very little data so far.

Our computing paradigms have worked extremely well and have allowed us to deliver
Results (discovery of the Higgs boson, first searches for new phenomena).

They will not work without evolutions in the medium-term future. HCP-like concepts will
be part of the solution to this problem.
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Extra spatial dimensions

In the Randall-Sundrum 4
Planck

model gravity propagates in Y
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Event selection

Central photon efficiency @ 13 TeV
o Trigger: two ~y, with EJ! >35 GeV, (simulation)?

EY? >25 GeV (>99% signal efficiency) 2 Earias preimiary . 5
— k) = Simulation e B 3
@ Pre-selection: 2 o9t ¢¢¢i+ P =
e ~y quality criteria: shower shape, leakage in the 0.9E +y =
hadronic calorimeter - + ; E
0.85F Pythia prompt photon MC -
-] E:,.Yl >40 GeV, E:,-Yz >30 GeV 085— #i s =13 TeV 3
o |n'?| < 2.37, excluded 1.37< |n| <1.52 f | <0.60 :
0.751 ES° < 4 GeV e
® €dentification = 85% (90%) for unconverted 0.7F B—— =
(converted) v for ET = 25 GeV 0.65) Sl =
: 0 0 0.65 L e
@ |t asymptotically reaches 95% (98%) for 10 20 3040 100 200 300 800
E+ > 200 GeV E; [GeV]

@ - are required to be isolated, i.e. to have little Photon trajectory

activity in the Inner Detector/calorimeters in a
AR! cone around them

e Calorimeter: Efﬁo < 2.45 +0.022 - E; in AR < 0.4

Isolation cone

o Inner detector: p*° < 0.05 - EY in AR < 0.2

AR = /(8n)2 + (892
2EGAM-2015-002
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From the ATLAS publication

http://arxiv.org/abs/1606.03833

10 Conclusion

Searches for new resonances decaying into two photons in the ATLLAS experiment at the LHC are presen-
ted. The pp collision data corresponding to an integrated luminosity of 3.2 fb~! were recorded in 2015 at
a centre-of-mass energy of /s = 13 TeV. Analyses optimized for the search for spin-2 Randall-Sundrum
graviton resonances with mass above 500 GeV and for spin-0 resonances with mass above 200 GeV are
performed. The events selected in the second analysis are a subset of the events selected for the spin-2
search.

Over most of the diphoton mass range, the data are consistent with the background-only hypothesis and
95% CL limits are derived on the cross section for the production of the two benchmark resonances as
a function of their masses and widths. Varying both the mass and the decay width of the hypothesised
resonance, the largest deviation from the background-only hypothesis is observed in a broad region near
a mass of 750 GeV and with a width of about 50 GeV, with local significances of 3.8 and 3.9 stand-
ard deviations in the searches optimized for the spin-2 and spin-0 resonances, respectively. The global
significances are estimated to be 2.1 standard deviations for both searches. When considering narrow-
width signal hypotheses, the largest local significances for the two searches are observed near a mass
of 770 GeV and 750 GeV with local significances corresponding to 3.3 and 2.9 standard deviations, re-
spectively. No significant difference is observed in the properties of the events with a diphoton mass
near 750 GeV compared to those at higher or lower masses. Assuming a scaling of the production cross
section for an s-channel resonance produced by gluon fusion (light quark—antiquark annihilation), the
consistency between the 13 TeV data and the data collected at 8 TeV is found to be at the level of 2.7
(3.3) standard deviations using results from the searches optimized for a spin-2 particle and at the level
of 1.2 (2.1) standard deviations using results from the searches optimized for a spin-0 particle.
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From the ATLAS publication
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CMS

3.3fb" (13 TeV) +19.7 fo" (8 TeV)

o
Q. ™ \ l"
_-:I.. ::| l: “..: 10
107
E L a
: ‘| : 10'F
102 |
E |: :u :: I"X P 10'22"
: e =1.4x10%,J=0 |
10° — Combined 10
- ----8TeV |
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Figure 4: Observed background-only p-values for narrow-width scalar resonances as a function
of the resonance mass my, from the combined analysis of the 8 and 13 TeV data. The results for

the separate 8 and 13 TeV data sets are also shown. The inset shows an expanded region around
myx = 750 GeV.
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Significance

ATLAS at Vs =8 TeV
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ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: March 2016 [L£dt=(32-20.3) b V5=8,13TeV
Model £y Jetst ET™° [rdt[f™] Limit Reference
T T T T T T T T T T T —T
ADD Gkk +g/q - >1j Yes 3.2 6.86 TeV n=2 Preliminary
ADD non-resonant £ 2e,pu - - 20.3 n=3HLZ 1407.2410
ADD QBH — ¢q lep 1j - 20.3 n==6 1311.2006
ADD QBH - 2j - 3.6 8.3 TeV n==6 1512.01530
ADD BH high 3 p1 >lep >2j - 3.2 8.2 TeV n=6, Mp = 3TeV, rot BH ATLAS-CONF-2016-006
ADD BH multijet - >3] - 3.6 9.55TeV n=6, Mp=23TeV,rotBH 1512.02586
RS1 Gk — ¢ 2e,p - - 20.3 k/Mp = 0.1 1405.4123
RS1 Gkk — vy 2y - - 20.3 k/Mp; = 0.1 1504.05511
Bulk RS Gkx —» WW — qqtv len 1J Yes 3.2 | Gkk mass 1.06 TeV k/Mp; = 1.0 ATLAS-CONF-2015-075
Bulk RS Gk — HH — bbbb - 4b - 3.2 Gk mass 475-785 GeV k/Mp; = 1.0 ATLAS-CONF-2016-017
Bulk RS gk — tt le,u 21b, >1J/2) Yes 20.3 BR = 0.925 1505.07018
2UED / RPP leu 22b,24j Yes 3.2 | KK mass 1.46 TeV Tier (1,1), BR(AWY — tt) = 1 ATLAS-CONF-2016-013
SSM Z" - ¢¢ 2e,pu - - 3.2 Z’ mass 3.4 Tev ATLAS-CONF-2015-070
SSM Z" — 7t 27 - - 195 [Zimassi 202 Te v 1502.07177
Leptophobic Z’ — bb - 2b - 3.2 Z’ mass 1.5 TeV Preliminary
SSM W’ — ¢v leu - Yes 3.2 | W mass 4.07 TeV ATLAS-CONF-2015-063
HVT W —» WZ — qqvvmodel A Oe,u 1J Yes 3.2 W’ mass 1.6 TeV gv=1 ATLAS-CONF-2015-068
HVT W' —» WZ — qqqq model A - 2J - 3.2 W’ mass 1.38-1.6 TeV gv=1 ATLAS-CONF-2015-073
HVT W’ —» WH — ¢vbbmodelB  1e,u 1-2b,1-0j Yes 3.2 W’ mass 1.62 TeV gv =3 ATLAS-CONF-2015-074
HVT Z’ — ZH — vvbb model B Oe,p 1-2b,1-0j Yes 3.2 Z’ mass 1.76 TeV gv=3 ATLAS-CONF-2015-074
LRSM W,’? — tb Tepu 2b,0-1] Yes 20.3 1410.4103
Cl qqqq - 2j - 3.6 A 17.5TeV 7 =-1 1512.01530
Cl qqtt 2e,pu - - 3.2 A 231 TeV m=-1 ATLAS-CONF-2015-070
Cl uutt 2e,u(SS) 21b,1-4] Yes 203 [ANITas eV ICul=1 1504.04605
Axial-vector mediator (Dirac DM) Oe,u >1j Yes 3.2 ma 1.0 TeV g4=0.25, g,=1.0, m(y) < 140 GeV Preliminary
. Axial-vector mediator (Dirac DM) 0O e, u, 1y 1j Yes 3.2 mp 650 GeV g4=0.25, g,=1.0, m(y) < 10 GeV Preliminary
ZZyyx EFT (Dirac DM) Oe,u 1J,<1j  Yes 3.2 M, 550 GeV m(y) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 15t gen 2e >2j - 3.2 LQ mass 1.07 TeV =1 Preliminary
Scalar LQ 2" gen 2p >2j - 3.2 | LQmass 1.03 TeV B=1 Preliminary
Scalar LQ 3" gen leu 21b,>3] Yes 203 _ B=0 1508.04735
VLQTT - Ht+ X le,u >2b,>3] Yes 203 Tin (T,B) doublet 1505.04306
VLQYY - Wb+ X 1eu >1b,>23j Yes 20.3 Y in (B,Y) doublet 1505.04306
VLQ BB - Hb+ X 1eu >2b,>3j Yes 20.3 isospin singlet 1505.04306
VLQ BB —» Zb+ X 2/>3e,u  22/>1Db - 20.3 Bin (B,Y) doublet 1409.5500
VLQ QQ — WqWq lep 24 Yes  20.3 1509.04261
Ts;3 —» Wt le,u 21b2>5] Yes 203 1503.05425
Excited quark g* — qy 1y 1j - 3.2 4.4 TeV only u* and d*, A = m(q*) 1512.05910
Excited quark ¢* — qg - 2j - 3.6 5.2 TeV only u* and d*, A = m(q*) 1512.01530
Excited quark b* — bg — 1b1j - 3.2 Preliminary
Excited quark b* — Wt tor2e,u 1b,2-0] Yes 20.3 fp=fi=fh= 1510.02664
Excited lepton ¢* 3epu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eurt - - 20.3 A=1.6TeV 1411.2921
LSTC at —» Wy Teu 1y - Yes 20.3 1407.8150
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ¢¢ 2 e, u(SS) - - 20.3 DY production, BR(H}* — ££)=1 1412.0237
Higgs triplet H** — ¢r 3eut - - 20.3 DY production, BR(H;* — ¢7)=1 1411.2921
Monotop (non-res prod) leu 1b Yes 20.3 anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.
+tSmall-radius (large-radius) jets are denoted by the letter j (J).
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ATLAS SUSY Searches*

Status: March 2016

- 95% CL Lower Limits

ATLAS Preliminary
\Vs=7,813TeV

miss - __—
Model &7y Jets ET™ [radm] Mass limit Vs=7,8TeV [V5=13TeV Reference
L] T L) L] T Ll L] T ' Ll L] Ll T L)
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 1.85 TeV m(§)=m(g) 1507.05525
49 f?—@?g o 2-6jets  Yes 3.2 m(¥! )=0GeV, m(1 gen. §)=m(2™ gen. §) ATLAS-CONF-2015-062
g DIELTR) s 2ee e 20s 20 Gev ey Jata 03390
e 44, q—)q(fﬂ[{é’v/w))(] eH ] : es . e m(¥})=0GeV .
S 22 3-qat) 0 26jets  Yes 3.2 m(E%)=0 GeV ATLAS-CONF-2015-062
3 oz §-qq¥i —gqW* i} Tep 2-6jets  Yes 3.3 m(I])<350 GeV, m(¥*)=0.5(m(k})+m(z)) | ATLAS-CONF-2015-076
w0z g-’@q(”/(f\//VV)X? 2ep 0-3 jets - 20 1.38 TeV m()=0 GeV 1501.03555
o 3z g—)quZ\/l 0 7-10jets  Yes 3.2 m(¥}) =100 GeV 1602.06194
B GMSB (Z NLSP) 1-27+0-1( 0-2jets  Yes 20.3 g 1.63 TeV tang >20 1407.0603
% GGM (bino NLSP) 2y - Yes 20.3 2 1.34 TeV ¢r(NLSP)<0.1 mm 1507.05493
£ GGM (higgsino-bino NLSP) ¥ 1b Yes  20.3 g 1.37 TeV m(¥})<950 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
GGM (higgsino-bino NLSP) Y 2jets Yes 203 |Z& 1.3 TeV m(¥})<850 GeV, cr(NLSP)<0.1 mm, x>0 1507.05493
GGM (higgsino NLSP) 2eu(Z) 2 jets Yes 20.3 4 900 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 F'2 scale 865 GeV m(G)>1.8 x 107* eV, m(g)=m(3)=1.5TeV 1502.01518
8% iz g—>b5)g? 0 3b Yes 3.3 p? )<800 GeV ATLAS-CONF-2015-067
U)E 0-1e 3b Ye 3.3 Y To appear
88, g—nz‘xl M es . @Y )=0GeV PP
?ﬁ 0o 33, gobit| 0-1e,pu 3b Yes 20.1 g 1.37 TeV m(i)<300 GeV 1407.0600
o & bk biobl 0 26 Yes a2  |IEEEE Ge] m(})<100 GeV ATLAS-CONF-2015-066
<2 b, b1—>tX1 2¢,u(SS)  03b  Yes 32 |5 | 325-540 GeV m(¥})=50 GeV, m(XJ) m(?})+100 GeV 1602.09058
§ S ki, i—bi 1-2ep 12b  Yes 47/20.3 | #117-170 GeV 200-500 GeV m(¥;) = 2m(¥}), m(¥)=55 GeV 1209.2102, 1407.0583
® E fii, B Wb or i) 0-2e,u 0-2jets/1-2b Yes 203 |F 90-198 GeV 205-715 GeV 745-785 GeV m(¥))=1GeV 1506]08616, ATLAS-CONF-2016-007
S S hf,hi—ock 0  mono-jet/e-tag Yes 203 | & 90-245 GeV m(7 )-m(¥})<85 GeV 1407.0608
® 8  #ifi(natural GMSB) 2e,u(Z) 1b Yes 203 |4 150-600 GeV m(E))>150 GeV 1403.5222
g b h-oh+Z Be,u(2) 1b Yes 203 b 290-610 GeV m(¥})<200 GeV 1403.5222
bhis, oty + h e,y  Bjets+2b Yes 20.3 b 320-620 GeV m(¥})=0 GeV 1506.08616
ZL ROLR, el 2e,p 0 Yes 20.3 7 90-335 GeV m(¥)=0 GeV 1403.5294
FUVL, R =Pt 2e,p 0 Yes 203 |X} 140-475 GeV m(¥))=0 GeV, m(Z, #)=0. 5(m()(, )+m(X,)) 1403.5294
re )?T 1 X1 ot 27 - Yes 203 |& 355 GeV mg.) 0GeV, m(#, #)=0.5(m(t* )+mm)) 1407.0350
= § X 8—>CLV[’L[(‘VV) 0L EGY) e 0 Yes 20.3 ,?T,)Eg 715 GeV m(F})=m(3), m()(l) 0, m(Z, #=0.5(m(¥T)+m(¥})) 1402.7029
ws i XG_’WX 70 2-3e,u  O-2jets  Yes 203 if,)?a 425 GeV m(¥T)=m(¥3), m(¥1)=0, sleptons decoupled | 1403.5294, 1402.7029
;(3;2 —WE hE1, hobb/WW/tt)yy €KY 0-2b Yes 203 ,ﬁ,i, 270 GeV m(/\7|) mm) )=0, - sleptons decoupled 1501.07110
Xz)(q,)(zg —Irl e p 0 Yes 20.3 23 635 GeV m(E9)=m(¥3), m(¥})=0, m(Z, 7)=0.5(m(¥5)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod. Teu+y - Yes 20.3 W 115-370 GeV cr<1mm 1507.05493
Direct ¥{¥] prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 | 270 GeV m@v.) m()(l) ~160 MeV, T()?.) 02 ns 1310.3675
o Direct ¥1.X| prod., long-lived ¥7  dE/dx trk - Yes 184 |i 495 GeV mm) m(E})~160 MeV, r(¥5)<15 ns 1506.05332
© § Stable, stopped z R-hadron 0 1-5jets  Yes 279 |& 850 GeV mw.) 100 GeV, 10 us<7(3)<1000 s 1310.6584
= G Metastable g R- hadron dE/dx trk - - 3.2 m(¥7)=100 GeV, r>10 ns To appear
2E  GMSB, stable 7, 1) »#@, +r(e, ) 124 - - 19.1 ig 537 GeV 10<tanB<50 1411.6795
Sa GMSB, )G, long-lived 1 2y - Yes 203 |& 440 GeV 1<r(@ <8 ns, SPS8 model 1409.5542
gg,)(l—wevo/epv/,upv displ. ee/eu/up - - 20.3 X 1.0 TeV 7 <cr()(|)< 740 mm, m(g)=1.3 TeV 1504.05162
GGM gg, Y1—ZC displ. vix + jets - - 20.3 X 1.0 TeV 6 <ct(¥])< 480 mm, m(3)=1.1 TeV 1504.05162
LFV pp—¥: + X, ¥r—ep/er/ut ef,eT,ut - - 20.3 ¥ 1.7TeV  A,,=0.11, A33/133/233=0.07 1503.04430
Blllnear RPV CMSSM 2e,u(SS) 0-3b Yes 20.3 q.2 1.45TeV m(g)=m(g), eTsp<1 mm 1404.2500
Xm T-wil, )cl—mev‘,,eyve 4epu - Yes  20.3 ,ﬁ 760 GeV m(¥})>0.2xm(¥7), 4120 1405.5086
> )(1)(1 X —>WX1,X?—>TTVE, eTvy Sepu+t - Yes 20.3 5 450 GeV m(¥})>0.2xm(¥}), 4,3#0 1405.5086
& 88, g—>qqq 0 6-7 jets - 20.3 g 917 GeV BR(1)=BR(b)=BR(c)=0% 1502.05686
% g—)qq){l, B = qqq 0 6-7 jets - 20.3 g 980 GeV m(t!)=600 GeV 1502.05686
28, g—)lll fil—bs 2e,u(SS) 0-3b Yes 20.3 g 880 GeV 1404.2500
iy, i—bs 0 2jets+2b - 20.3 5 320 GeV 1601.07453
fif1, fi—bl 2e,u 2b - 20.3 I 0.4-1.0 TeV BR(fy —be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, é—ct’ 0 2¢ Yes 203 |@ 510 GeV : m(¥%)<200 GeV 1501.01325
L L L L L 1 L L 1 L 1 1 L
*Only a selection of the available mass limits on new 107! 1

states or phenomena is shown.
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Sites WLCG en France

Tier-2: GRIF
*CEA/IRFU
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LHC Optical Private Network (TO-T1)
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Data distribution

0 Global transfer rates Monthly traffic growth on LHCONE
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o
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g
_ . Several Tier 1s have increased network
bandwidth to CERN to manage new data
Increased performance everywhere: rates;
- Data acquisition >10PB / month GEANT has deployed additional capacity

- Data transfer rates > 40 GB/s globally for LHC

Regular transfers of 80 PB/month with 100 PB/month during July-Aug
(many billions of files)
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CPU delivered to the experiments
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Data set sizes in perspective

| In 2012: 2800 exabytes
created or replicated
- 1 Exabyte = 1000 PB

Reputed capacity of NSA’s
new Utah center: 5000 ExaB

~14x growth (50-100 MW)

expected 2012-2020

Climate
DB

Facebook uploads
180PB/year

Current ATLAS
data set, all data
products: 140 PB

http://www.wired.com/magazine/2013/04/bigdata/
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« Computingenables physics »

Number of concurrent ATLAS jobs Jon-July 2012
g

CERN seminar,

July 4™ 2012,
(announcement of the
discovery of the
Higgs boson)
retransmitted at
ICHEP (Melbourne)
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Plus recemment : ATLAS et
CIMENT en mode « HPC »

 Nouveaux générateurs de processus proton-proton naturellement paralléles (multi-cceur)

« MCFM, I'un de ces générateurs, « scale » trés bien pour une utilisation de FROGGY

MCFM MPI on Froggy

-‘5-12_
F -
"E - + NLO
10—
2% - + NNLO
a : // +
T [
i) /
g N i
[« )
" B P ++
al- B
B +
21— r "
B +
0+LIJI|IIlllIIIllllIlllllllllllllllllllll
0 50 100 150 200 250 300 350 400

NGO res

Jan Stark Journées Scientifiques Equip@Meso, Grenoble, 30-31 janvier 2017 57



Utilisation de CIMENT par le LPSC
avant I'expérience ATLAS : DO

L'analyse « di-photons » dans I'expérience ATLAS ne représente pas la premiere utilisation des
ressources du mésocentre grenoblois CIMENT par les équipes d'analyse du LPSC.

En effet, nous avons déja travaillé sur CIMENT pour une analyse des données de
'expérience D@ (« Dzero », auprés du collisionneur Tevatron & Chicago ; la génération
de collisionneur juste avant le LHC).

Les deux transparents suivants montrent I'une de nos publications clé sur les données de D@
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Portage d'applications — DJ

Expérience internationale Dzero (Fermilab - USA)

Recherche indirecte du boson de Higgs (mesure de M ) initiative du LPSC

« Simulation paramétrée du détecteur

- des milliers de taches < 1 heure PHYSICAL
REVIEW
LETTERS
Résultat scientifigue publié : Couverture d'une
- crucial pour notre discipline revue prestigieuse
- pérenne pour les années a venir o
Compatibilité du boson

découvert au CERN avec ~  »=

Mass of the W Boson le boson de Higgs du MS

Measurement g M,, [MeV]
ICDF-0/1 — " 80432 +£ 79
DI {——e—— 80478+ 83 DG du CERN. LEP+FNAL 2012
D@-Il vow e 80402 + 43 2012‘ symposium My,
ICDF-ll 22w -8 80387 +£ 19 13 o 1]
DIl «s % Tevatron ImDaCt American ;;y i al Society. ?L_J Volume 108, Number 15
[Tevatron Run-0/1/11 o
\5\:;[: Average .-Q-

80200 80400 80600 Reconnaissances :

M,, [MeV] March 2012 ’ .
- médaille de bronze du CNRS (2006)
It will be hard, even with the LHC statistics, to compete with the

superb precision (~16 MeV !) obtained in the W mass measurement. - prlX JOI IOt-CU I’Ie d e Ia S F P (2009)
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week endin;

PHYSICAL REVIEW LETTERS 13 APRIL 2012

5%
Measurement of the W Boson Mass with the D0 Detector

PRL 108, 151804 (2012)
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PHYSICAL REVIEW LETTERS
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S. Chakrabarti,®” D. Chakraborty,*” K. M. Chan,”’ A. Chandra,” E. Chapon,"® G. Chen,”® S. Chevalier-Théry, '
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