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The introduction...



Particle Physics ? )

CENTRE DE PHYSIOUE DES
PARTICULES DE MARSEILLE L
CPPM :

The ambitious goals of Particle Physics: answer some of the most
fundamental questions in science:

« nature of matter ?

* nature of mass ?

« nature of energy ?

« how these are linked to cosmology and the evolution of the Universe

Huge progresses towards this aim made over the last decades, through
interleaved contributions from:

» theory work

« experimental work

= the two sides of the research in Particle Physics
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Our best friend (so far) in this quest: A@AS

CENTRE DE PHYSIOUE DES
PARTICULES DE MARSEILLE
cee M ExpeRThENT

The Standard Model of Particle Physics

Its Lagrangian: Particle contents:
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simple and elegant...
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The (triumphant) long reign of SM

EXPERIMENT

I The Standard Model of particle physics

Years from concept to discovery
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rowning of SM !l 4th of July, 2012
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Exciting times for you as well !

)
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EXPERIMENT

The discovery of the Higgs boson, 40 years after the prediction of
its existence, is a major achievement for science !

It's not the end of our discipline, rather a new era opening up:
=»precise measurements of the Higgs boson property !!
=»search for new particles arising in theories beyond the SM !

Higgs properties:
production: WH, ttH
decays: bb, WW
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New physics beyond the SM:

« several good reasons for going BSM
* neutrino masses
» dark matter ?
« matter/antimatter asymmetry
« “fine-tuning” problems

* no clear/favored solution from theor
= the ball is in the experimental «
» possible theoritical models:

* supersymmetry ?

» extra-dimensions ? .
= we have the tool to explore the
region: new run of LHC at 13 TeV just started

Priorities @ CPPM
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The collider... LHC

ATLAS - L. Vacavant



The Energy Frontier £
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M The Large Hadron Collider (LHC)

.
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« CERN, Geneva (European Laboratory for Particle Physics)

« Largest and most complex scientific instrument ever built:
« 27 km of circumference, 100m underground
 colder than outer space (100t of suprefluid He at -271 Q) |

« almost a perfect vacuum (pressure 10x less than on the Moon)
*« 9600 magnets, including 1232 dipoles of 15m each

— e — S

. and 2012
_ oz “ « Highest energy at that time: 8 TeV
b, N # . With this data, the Higgs boson was discovered !
/ # °Currently in Run 2: 2015, 2016, 2017, 2018
| « unprecedented energy available: 13 TeV !!
¢ « expect to collect 4 times more data than Run 1
,..0‘ - Planned Run 3: 2021, 2022, 2023

~* HL-LHC upgrade for operations for 10 more years after 2025
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« Chasing very rare phenomena:
* e.g. tt+H: 1/ 1,500,000,000,000
=>» solution: a lot of collisions !!

]
vé%ea e st

Bunché ev.u  For instance in 2012:

e up to 1308+1308 bunches of protons
« each bunch with 101! protons inside
* 4 TeV per beam

Protons
« 15 millions of bunch crossing / sec.
« up to 600 millions of proton-proton
collisions per second !

Partons

«In 2017-2018:;
e 7.5 TeV per beam
» 2556 bunches per beam (25 ns i.e. 7cm separation)

(quarks, gluons)

« Head-on collisions created in four points
of the ring: the 4 experiments of LHC,
recording what’s happening during the
collisions (ATLAS, CMS, LHCb, ALICE)

ATLAS - L. Vacavant CN-FR Summer School - July 2018 12



Why using protons in the LHC ? &)

« Synchrotron radiation: energy loss « (1/R)*(E/m)*4
— m(p) ~ 2000 m(e)
— for a 100 GeV electron in LEP2: 3 GeV lost per turn
— fora 7 TeV proton in LHC (same radius of curvature): 10 keV
— to get 200 GeV electron requires a machine 16 times bigger !
= protons: the avenue to the high energies (or go linear?)

« Proton-proton or proton-antiproton (like Tevatron) ?
— p-pbar XS higher than p-p, but difference vanishes at high E
— antiproton production is inefficient
- p+A>p+p+pbar+ A
— at Tevatron, 10° protons on target to get 20 antiprotons
— not enough to reach high luminosity target for LHC
- pp collisions
- 2 accelerators in one !

ATLAS - L. Vacavant
CN-FR Summer School - July 2018



ALICE

TJ:EH'%. v neutrinos
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lons !

- H, bottle !

- duoplasmatron - protons

- Linac 2 > 50 MeV (to be replaced in 2019 by Linac 4 at 160 MeV)
- Booster & PS > 25 GeV

- SPS 2 450 GeV

- before entering the LHC, a proton has traveled already ~6M km !

ATLAS - L. Vacavant
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ATLAS
1o SAIARLY:
L= [n, F=fny-—7—"F Rate of events: L ©
MO0y 457y # of events: Int(L)xc

« f: number of turns in LHC per second : 11245 Hz

* n,: number of bunches of protons. Nominal: 2808 . In 2012: 1380

* Ny, N, number of protons in the colliding bunches. Nominal: 1.15 10!,
in 2012 upto 1.5 104

- 0,=0,=16 pm : transverse size of beam at collision point

- £: beam emittance (=noac’), gy=€Y (normalized emittance)

- 0': emittance in x'=p,/p,

 F: factor for crossing angle ~ 0.8 (6=285 urad)

* B=0/0’, to be minimized at IP. Typically 55cm for LHC.

« Design luminosity for 14 TeV operations: 1034 cm-2s-1

ATLAS - L. Vacavant
CN-FR Summer School - July 2018



LHC luminosity for Run 1 £
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e Integrated luminosity in Run 1 h-9
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Run 2 and 2018 Data-Taking
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Gigantic cameras to catch particles

ATLAS - L. Vacavant CN-FR Summer School - July 2018
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The detector... ATLAS
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Détecteurs a muons Calorimétre hadronique Calorimetre electromagnétique

Toroides Solénoide Trajectographe - Détecteur interne

ATLAS - L. Vacavant CN-FR Summer School - July 2018 21
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The ATLAS collaboration

38 countries
174 institutes
3000 scientists

thttp://atlas.ch



Experimental challenges &)

« Signal cross-sections very small compared to QCD background
— important to identify and measure very precisely leptons, Y
— measure also precisely jets from quarks/gluons !
— need to identify b-jets and tau hadron (particles w/ lifetime)
— ability to trigger is crucial !!!!

« in 2012, 15 millions of bunch crossings per second in ATLAS and CMS, which
means 600 millions of p-p collisions per second !

* need to select only ~100 Hz of collisions

« Significant pile-up at LHC
— high-granularity detectors
— detectors with small integration time

« Radiation hardness of detectors
— huge flux of particle 2> 10 Gy/y to 20000 kGy/y
— most difficult: low radius, pixel vertex detectors

ATLAS - L. Vacavant
CN-FR Summer School - July 2018



Typical cross-sections at LHC &)
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Fermilab SSC

o M 5

. T E?-m: : A 10°
L uAds 1|
i . Production rates at nominal
Tmte ) 10 luminosity and design energy:
e - EMo0aVs 1 - - inelastic pp: 10° Hz
S r 0o & <bb: 2,106 Hz
S 1ubl . 35 - tt: 8 Hz
= | eMozsVs o = « W>puv: 150 Hz
‘E. It o « Z>uu: 15 Hz
= i R = - H(125 GeV): 0.2 Hz
I &= %: - gluino/squark (1 TeV): 0.03 Hz
[~ My, =200 GeV
i = Large rates for interesting physics,
1pbl- m=1Tave but overwhelming backgrounds !
o
IHI | IH-H

1,
0.001 0.01 041 1.0 10 100

/§ TeV | Hc2012
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High-luminosity and pile-up £
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Major drawback with large # of protons / bunch:
- extra collisions in same time window (25 ns) !

uone.qed 810z [el

Event tal.l%e_ru &t rando
I:ﬁ"ll_ed] bunizh dr
:. E\ L | L | L | T T 1T ‘ IIIIIIII | L | T T T \E £
M = mean number of minimum bias £ 400_ ATLAS Online, 13 Tev [Lat=108.3 0T e
iled-up i 8 = 2015 > = 13.4
E;/Oesnstiiglled up in the same bunch S 3507 = el aciig-
@ 300 2017: <u>=37.8 — i 17
2 B @ 2018: <t>=33.3 ] E,up event
L /f % 250 — Bl Total: qu>=333 — - !
M i inel @ 200g -
E 150:— Tz
Oinel ~73 (80) mb for 8 (13) TeV & 100" E

Design: p~25, u~40 these days !!
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Mean Number of Interactions per Crossing

o]

2017-2018:
25 ns spacing

CN-FR Summer School - July 2018 O(40) pile-up events
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M How to measure & identify particles ? 9
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This is CMS |

0m m im i 4m Sm &m fm
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= Electron
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Typical objects in HEP, and jets )

CPPM ATLAS

EXPERIMENT

« Relatively-well defined: electron, muon, photon
 More delicate: jets from the hadronization of quark or gluon

Calorimeter-level jets

Hadron-level jets

Hadronization

Parton-level jets

Underlying event

ATLAS - L. Vacavant
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The ATLAS Inner Detector
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LAr calorimeters )
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N LAr calorimeter
§ (endcaps)

Trigger L3

(no picture here)
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Pixel detectors:

ray of bumps {
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M8 New for Run 2: 4th pixel layer IBL
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CPPM

Existing B-layer new beam-pipe
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What you need for the
Higgs boson discovery...

ATLAS - L. Vacavant
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Knowledge about its couplings

]
W :
/ s 25
a a H ~ .
EI ______ —igm, _H ______ - o o~ gmy L
2y lgmiwg H-"_,_'I cosfly
-L?_‘ L
™ ! o
f W Z

« Higgs boson couplings proportional to mass of the particles

« coupling to massless particles realized via loops of massive particles:
« important for production at LHC: gluon fusion
« important for decays at LHC: YY decay

ATLAS - L. Vacavant
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association with vector boson
q H

Zw
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o(pp — H+X) [pb]

—
<

102

o
o

200 300 400 500 ____ 1000
M, [GeV]

« gluon fusion vastly dominant (parton luminosities)

* VBF second largest production
 associated production costly

- significant increase of cross-section with Vs (NB: true for bckgd also!)

ATLAS - L. Vacavant
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SM Higgs decays
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NB: the rate is not the whole story !
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M Some indications about its mass ? A@
CPPM TLAS

EEEEEEEEEE

Pré-LHC constraints on the SM Higgs sectior and on the Higgs mass:
f e Experimental constraints:
— indirect from global fit of EW precision data:
My = 92752 GeV = My < 160 GeV@95% CL
— Direct searches at LEP and the Tevatron:
My > 114 GeV@95%CL and #160— 175 GeV

§ --D027e7=0.00012 (O
§ wes ingd low OF dala HE-

2
Ay
D =t [pe] 5] BN L] ]
1 1 1 1 1

.. £ F' aliminary
100 400

e Constraints from unitarity at high energies: m, [GeV]

without Higgs: |Ao(vv — vv)| x E?/v?

including H with couplings as predicted: M 7::37 ﬁi

| Ao| o M$; /v% = the theory is unitary but needs My <700 GeV...
e Constraints from triviality and stability@high scale:
coupling \ = 2M?2 1/ v evolves with energy - -
— My too large: coupling non perturbative 3 iy - o118 3
— My too small: stability of the EW vaccum g
CNITE!V:>7O<MH<7UOGEV T
L Ac~ Mp; = 130<Mp <180 GeV o7 "o a7 1017 107 08
GIF-Strasbourg, 23—24/09/2015 Higgs Physics — Abdelhak Djouadi - p.3/80

Excluded




Finally, a search strategy: &)

 Main channels to search for the Higgs boson at LHC:

— mostly direct production, decay to yy
— mostly direct production, decay to ZZ* then 4 leptons (golden channel)
— mostly direct production, decay to WW*

8 s
R H H V s

t 7 J?

g 7

« Other channels, important to confirm its nature:
— other production modes (VBF, associate productions with W/Z and tt)
— decays to fermions: tau-tau, bb, pu

(discussed further today)

ATLAS - L. Vacavant
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The H> YY case
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H->yy: strategy

striking signature: look for 2 isolated photons in the detector

ATLAS - L. Vacavant
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H->vyy: strategy &)

EX;IE-F%MENT
Iook2f0r E ghotons Main backgrounds:
Myy* = my? = 2E,E, (1-cos a) vy irreducible background
00 e k] Q@ ]

I Higgs M,;=130 GeV (x10)

— |
[ Higgs M=120 GeV (x10) — q

E3 Higgs M,;=115 GeV (x10)
[ ee Drell Yan

O jets py,q > 50 GeV

[ y+jets (1 prompt y + 1 fake)

Events/GeV
(4]
(=]
[=]

v+jets (2 prompt v)

v-jet and jet-jet (reducible)

300 =
200 . q | A
100 = g e

: » , q =~ !

%100 110 120 130 140 150 160 170 180

M, (GeV) 106 _ -

* rare mode: 0.2% for my=120 GeV Oyj+il 4R }?’*Sé fWIth I?rgé%;niertanltles
- narrow resonance: ~100 MeV ECCE, R e L TR IURGE
(natural width: 4 MeV) Oi+ij « S

* precise reconstruction of diphoton

invariant mass Mai R e d e
- large non-resonant background dln eXp. 100Is 10 Dackgrouna suppression:

2 observation of a peak above - pht_:}ton identiﬁcation |
continuous background - v | jet separation (calorimeter + tracker)

ATLAS - L. Vacavant
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Requirements on photon ID

EEEEEEEEEE

Photon Di-photon
enhergies opening
angle

M’ =2E,E ,(1-cos(a))

( \
OM 1(0OE, ®5E,,2 ® ot

M 2 \ E E, tan(a/ 2)/

y1

Photon energy resolution Angular resolution

Requirements for the Higgs search:

« precise reconstruction of the photon energy

« precise reconstruction of the photon direction

» very good discrimination between photons and jets

ATLAS - L. Vacavant
CN-FR Summer School - July 2018
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Electromagnetic Calorimetry in 2mn

ATLAS

EXPERIMENT

Calorimetry:

* energy measurement via total absorption of particles (signal « E)

« energy deposited: heat, ionization, Cherenkov light, atom excitation
« homogeneous calorimeters (CMS): absorber = active medium

« sampling calorimeters (ATLAS): sandwich absorber/active medium

Electromagnetic showers:

Dominant processes
at high energies ...

Photons : Pair production
Electrons : Bremsstrahlung

Pair production:

Opair = E (4&?‘322]11 18 )
9

1

3
= E A [Xo: radiation length]
9 NaXy [in om or g/om?]
Absorption
cosofficient:
N A T P2
p=mno=p

— Ty — ——
A P T oX,
ATLAS - |

ADSGORBER .
o
ol
L
=
. o B
y gt
Ay
e
e, ar“‘w
5 o
G B e s
e, O ot
n_{,.. 1o Mi—f,
T, v X
Xo : '

Bremsstrahlung:

dE 7, 183 E
E—"—]:CENA ITEE]HE —E

> E = Ege*/%o

After passage of one Xp electron
has only (1/gj" of its primary energy ...
[l.e. 379%]
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Sampling calorimetry &)

Scheme of a
o sandwich calorimeter
Principle: AbSOrber

Alternating layers of absorber and | ~,  Shower (cascade of sacondaries)

active material [sandwich calorimeter]

. incoming particle
Absorber materials:

[high density]
Iron (Fe)

Lead (Pb)

Uranium (U)
[For compensation ...]

Active materials:

Plastic scintillator

Silicon detectors

Liquid ionization chamber
(Gas detectors

I —
Electromagnsetic Shower

ATLAS - L. Vacavant
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Energy and angular resolution &)

a b d, stochastic term — photoemission/sampling fluctuations.

= @ G—) C b, “noise term” — electronics and pileup energy.
E vE FE

C, “constant term” — non-uniformities, shower containment etc.

Energy resolution

* Each term should be ~the same at relevant

energies (E=my/2 ~ 60 GeV).

* An homogeneous ECAL has the potential to
achieve a stochastic term of ~2% /VE — but

quite difficult to control the systematics that
build-up the constant term.

Angular resolufion

* Primary vertex position along beam axis +

photon incidence positions on ECAL 2 o .

= At high £ need to use hard tracks associated
to Higgs production to define the correct
vertex (there may be —20 vertices spread over

~20 am along the beam axis).

Goals for ATLAS:
a~ 10%

b ~ 300 MeV
eC~ 0.7%

Goals for CMS:

*a~ 2.5% (5.7% in endcap)
b < 200 MeV (800 in endcap)
«Cc ~ 0.55%

Angular resolution (similar): ~ 50 mrad / VE

ATLAS - L. Vacavant
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Photon ID with ATLAS &)

» Large jet-jet and Y-jet backgrounds

5 | _
2 wip—12L « Cross-section not well known

1:”‘: . __.-1

N « Rejection needed: R ~10%

T « Main problem: n% versus Y

b | => high granularity for calorimeter 1st layer

1n’: R?

w'y vi Y

n'p i

W'y R | | Y

wr| | ARy

Ty ~ 30 pb

2 4
w': H 2 vy
w®

n-strips

ATLAS - L. Vacavant
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Photon ID performance 9

PARTICULES DE MARSEILLE

CPPM EXPE!TMENT

_ — eI e
g ATLAS Preliminary ﬁ _ ATLAS Prelipina N
E Emd.x 1 EIlldI 2w Simulasion | -‘g 10°E Ns=7TeV, Ldtr:158nl:|'1 E
ratio — ST + ES1 gm-' 1] v tuncanvened) - <06
max,1 max,2 Z . | &
E_ Djets {uncorverted) d ® Data 2010
. Bl " [ Simulation {ally candidates)
12 L O simulation (prompt 1)
o 10'E
S1 e :
I‘&E Emcm .2 Emm 1':1'3 ,-'lt']E ._1'E|
e
||=.-, sl ap
0 “1”““”’5“““ 09 1 0 01 02 03 04 05 06 07 OB 09 1
E"'“' Eruiu
5 |
a f TOT
e = T L B LA A B i B e
1" '.. r 'Eq!; ATLAS —— yr+DY Data I
pasd, = Data 2012 —— ] Data —
wE = «H’ vs=8TeV,[ Ldi= 59" —— jj Data ]
b i 2 ++++ —— Stat. uncertainty
4 - 500 pb i {'+ W Total uncertainty |
o i iy =
| @2 ~ t ]
wi| R T ¥ty Yr-74%| ]
o el T :
3 Vi i~ 270 ++|“.|, 3 T
o'l ~ 200 nb N " T H ++++H.|, ¥ ¥
* ¥ +++++.W 43
'k -#ﬂ#-lﬁm ¥ ‘*m .
w'y R wi T » o' ohay oomeita iy iia
- i ki 'Hfl _ 12ﬂ 130 140 150 160
E |
- ’7 30 pb m,, [GeV]
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Exces dans le canal H>YY @’s

EXPERIMENT

m. :\/2E1E2(1—cos 0) July 2012

e ettt
ATLAS ¢ Dana

—— Sig+Bkg Fit (m =126.5 GeV)

-------- Bkg (4th order polynomial)

3500
3000
2500
2000
1500
1000

500

Events / 2 GeV

...
-
-

{s=7 TeV, ILdt=4.8fb'1

5=8 TeV, [Ldt=5.9fb" H-vy —

200

—_
o
o

Events - Bkg
o

N —
o O
© O

100 110 120 130 140 150 160
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Discovery of the Higgs boson

ATLAS

EXPERIMENT

ATLAS ¢ Data

—— Sig+Bkg Fit (m =126.5 GeV)

L I T

- e Data ATLA 4
25 [l Background 2z H 77"l
- [ Background Z +jets, ff

o D Signal (mH=1 25 GeV)

" %% Syst.Unc.

"is=7TeV:[Ldt=4.8 b

-------- Bkg (4th order polynomial)

>
O
(O]
[aV]
~
)
c
[
=
L

{s=7 TeV, J.Ldt:4.8fb"

{s=8 TeV, J.Ldt:5.9fb" iIs=8 TeV:ILdt =5.8fb’

H=> vy

N
(=)
o
=)
[ A FYRTA NTEL. INTRA RNTT1 ANRRI AT ARRTI INAT1

IILIIIIII‘III\IIIII

& also H=>WW*

H>Z7Z*—2>4(e/u)

2 200 10
D 100 -
£ 0BT HAe P -
g -100 5
H 200 . . ‘ ‘ . -
100 110 120 130 140 150 160 r
m,, [GeV]
100 150 200 250
m, [GeV]
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ATLAS
I I L] 1 1 1 I 1 I 1 L] I 1 1 I 1 I 1 1 1 1 I I 1 L] 1 I 1
ATLAS Preliminary
—e— :
(s =13 TeV, 36.1 fb" Total Stat. B Syst
Total Stat. Syst.
I
LHC Run 1 —— 125.09 + 0.24 (£ 0.21+ 0.11) GeV
H—ZZ*—41 : i~ | 124.88 + 0.37 ( + 0.37 + 0.05) GeV
H—yy — . — 125.11+ 0.42 (£ 0.21+ 0.36) GeV
Combined — T — 124.98 + 0.28 ( + 0.19 + 0.21) GeV
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
124 124.5 125 125.5 126 126.5
m,, [GeV]

ATLAS - L. Vacavant
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The ttH case

t(bW[->3j1) t(bW[-=>3j1) H(yv)
6 jets, 1 or 2 identified as b-jets, 2 photons

E}{PERIMENT

ATLAS - L. Vacavant
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Layout of the Inner Detector @

CENTRE DE PHYSIOUE DES
PARTICULES DE MARSEILLE

CPPM

Covers |n]|<2.5, in 2T B-field
Granularity:
TRT{

r‘ R=1082mm

* pixels:
« 80M (50x400 um?2)
« Run2: +10M from IBL (50x250 pm?2)

* strips: 6.3M (~80um, stereo 40mrad)
* TRT straws: 400k (4mm)

L R = 554mm
( R=514mm

6.2m R = 443mm
SCT

K——/¥ ) R=371mm
5_ L R=299mm

-l

AR

R =122.5mm -
ga—
Pixels { R=88.5mm //;’B.:\__—-@
R =50.5mm /’
/ yor R =33.25mm /

R=0mm

Typical track contains:

\| Barrel semiconductor fracker i 4 pixel hItS

e 4x2 Strip hits Tor =0.05%p, ®1%
« 36 TRT hits Pr

« momentum resolution:

: End-cap semiconductor tracker

ATLAS - L. Vacavant
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CENTRE DE PHYSIOUE DES
PARTICULES DE MARSEILLE

ATLAS Pixel Detector Aoy

)

CPPM EXPERIMENT
, Wguading  ATLAS Pixel Module
readout S Type0 connector
electronics
bump-bond

sensor

Requirements:

« resolution: 10 (115) um

« £ > 99%

- radiation hardness (160 kG/y @ 103%)
Sensors (3 initial layers, not IBL):

* n*t-in-n, 256 pm-thick Si

« module: 16 FEs, 2880 pixels on each

« FE: 18 col x 160 rows , cell: 50x400 pm?2
Read-out:

* per pixel + MCC

« binary readout + ToT

* threshold: tunable
«## BCOs: tunable

Operation conditions:

* reverse bias: 150 - 600 V
« sensor operation temp.: -20°C

ATLAS - L. Vacavant

Indium Bumps

........................

N/
FEs

sensor bump bonds

7 dimensions: ~ 2
9:%&&@!15_.2 g2 M
Solder Bumps

= Xray of bumps |

oy

6.3cm
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CPPM

XPERIMENT

= Pattern-recognition for track-finding s

(Credits: D. Rousseau)







w%, ATLAS 232&58211762671 b-tagged jet in 7 TeV collisions

‘ FAFFRINVIEFIY

Si strips

p =19 GeV (measured at electromagnetic scale)

4 b-tagging quality tracks in the jet
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CPPM

Higgs couplings to fermions

EX

)

L

PERIMENT

f

f

consistent with the SM

® Yukawa coupling: proportional to fermion mass
O Top is heaviest fermion in the SM — Largest Yukawa coupling: A\ = v2m;/v =~ 1

® [Experimentally observed so far:
© Tau Yukawa coupling observed in H — 77 decays
© Evidence for the b—quark Yukawa coupllng through H — bb decays

LHC seminar on 26/11/2013

JHEP 04 (2015) 117

P

—
=

L

Weighted (Data-Bkg.)

In{1+5/B) w, Events / 10 GaV
[sy]
C.‘l

- A]’LAS —4 Data
_— H— tt VBF+Boosted —— H{125) (1=1.4)
E {5=7Tev, 45 W 2 T

Il Cthers
— {5 =8 TaV, 203" _+_ I Fakes

e Uncert

[

— H{125) [n=1.4)
—- H{110) [u=1.8}
H{150} [1=6.2)

—+

Events / 10 GeV (Weighted, backgr. sub.)

[}
=

ATLAS - L. Vacavant

200

[ T —
G'JO:'C‘-'I‘\:!

e

IIIIIIIIIlIII|III|III|III|III|III|I
[ ATLAS
r 13TeV, 361 7 B VH — Vbb (u=1.301]
r £i+2,e:m5 -Dlh-c:scun
L B Uncertainty
| 243 jets, 2 b-tags

Weaighted by S5 Dijet mass analysis

arXiv:1708.03299

S

T T Ticgel T T

_|'|III|III|III|III|III|IIIIIIIIIIIII_

40 60 80 100120 140160 180 200
my, [GeV]

® Fermion masses are a consequence of the EWSB with the
Higgs coupling to the fermions through Yukawa interactions

LHC seminar on 27/07 /2017

(Ximo Poveda)

CN-FR Summer School - July 2018

® All current measurements of the Higgs boson properties are



Interest of measuring Y, @

CENTRE DE PHYSIOUE DES
PARTICULES DE MARSEILLE

- le couplage top-Higgs intervient en fait dans le mécanisme principal
de production du boson de Higgs (90% des cas)

- et également dans la désintégration en 2 photons

=» contributions a des diagrammes en boucle

g
ggF
| F _F ¥ H
g t, b, etc...

- mais il y a d’autres particules qui interviennent, y compris peut-étre des
particules non-prévues par le Modele Standard !!

=>mesurer ttH permet de quantifier de facon non-ambigue la composante
ttH (mesure a l'arbre, directement « Y2,,), et donc de sonder de la
nouvelle physique potentielle

CN-FR Summer School - July 2018 60



CENTRE DE PHYSIOUE DES
PARTICULES DE MARSEILLE

CPPM

Fresh result: observation of ttH!

. productlon ttH Obse rvée au Run 2 Analysis Integrated ttH cross Obs.  Exp.
. luminosity [fb"] section [fb] sign.  sign.
* (,:ompatlble_ avec le MS _ H—=yy 7.8 710 TAD (stat.) o (syst) 41l 370
« evidence directe du couplage intense #- wiiepton 3%.1 700 £150 (stat.) 72 (syst) 410 280
entre top et Higgs H—bh 36.1 400 1130 (stat.) £ 270 (syst.) 1o 160
A b i d | H=277" =4 708 <900 (68% CL) 0o 120
* premiere o servation du couplage Combined (13 TeV) 36.1-79.8 670 4 90 (stat.) 1) (syst.) 580 490
aux quarks Combined (7, 8, 13 TeV) 4.5, 203, 36.1-79.8 - 630 5lo

I I I I I T I I T | T I I I T I | I I T T | I I 1
ATLAS E F T ‘ T T | T T T T T T T E
e Total Stat. [ Syst. — SM Q ]
Vs=13TeV, 36.1 - 79.8 b — 0.9 ATLAS E
ttH (bb) H ~ | H 0.79+ 350 (+ 32 ,+0.53) % 0_7;_ $ Combined data _é
T i 0.42 0.30 0.30 \6’ 0'6; é
ttH (multilepton) H=— 1.56+ 40 (£ 020 »F 027 ) B ]
0.5F =
ttH (vy) ——e—— 139+ 090 (0% .+ 05 0.4F E
tH(Z2) <1.77 at 68% CL 03¢ E
..................................................................................... 0.2 =
Combined H=—H 132+ % (£0.18,+ %) 0.1 =
| | | | | | | | | | | | | | | | | | 1 | | | | | 0: I ‘ L I I I ‘ l | I ‘ | I — l I I :

6 8 10 12 14 16
1 0 1 3 4

Vs [TeV]



Higgs boson measurements to do

« Mass:
— done
— (understand differences between YY and ZZ measurements)

— improved accuracy really needed ? (already at ~0.2% level)

« Couplings:
— to bosons: under control (10-20%) for YY and ZZ channels

— to fermions: evidence for H>bb for now, and confirmation
(observation) of H>71T as well

— major goal of Run 2: coupling to top via ttH = just observed
(4/06/2018)

— check full consistency of coupling patterns !!
— self-coupling: HL-LHC !1(?)

« Spin/parity:
— more data needed for precise determination, is it interesting ?
Quite some interesting work to do in the next years !!

ATLAS - L. Vacavant
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More precision measurements...
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CPPM

Precise measurements/tests of SM

)

Status:
Standard Model Total Production Cross Section Measurements 5517 [£dt
[f ,1] Reference
T "\E o7 I')J (7‘3\' I~ de T T T v l gl T i m “U“.’ T T T T T
PP T SRS AT R s 4 5010 7 LB e Eore e
v QC.JOSMF"E Nt o 8x10-% NuCl. Phys. B, 486-548 (2014)
T 190.1 = 6.4 nk = N P .
wW FraminS ftheory) (=] 0.081 PLB 759 (2016) 601
o 2,191 nib (data) o 4.6 EPJG 77 (2017) 367
v ] 3.2 JHEP 2017) 117
Z PN 20.2 JHEP 02 (2017) 117
v (=] 4.6 JHEP 02 (2017) 117
v [=] 3.2 FLB 761 (2016) 136
tt 20.2 EPJUGC 74: 3109 (2014)
ST i (thonl)y, 4.6 EPJC 74: 3109 (2014)
Hlo.id r{:\ RG] 3.2 JHEP 04 (2017) 086
896 6.4 po (cata) B
tt—chan oy NL‘I {inearyy> ™ PP (@8t A 20.3 arXivi1702.02859 [hep-ex)]
v NLOw T ey o 4.6 PRD 90, 112006 (2014)
" I\NL() m.i(f.y'f (aat 3o arXiv: 1702.04519 [hep-ex]
wWwW = G5 B liA 0 PP e A 0 Theory 20 eie e 1o
) v\]lNLUcmcu-qu (e (=] 4.6 PAL 175,'275601 75014
UGS ixEnd Vs tindons =] LHC pp Vs =7 TeV 36.1 ATLAS GONF 2017-047
277 + 3 2 (dn'{‘l > 21 6)
H LHG 2 L — Data 20.3 EPJC 76, 6 (2018
22 3 3 b (d § .
e EwWS SHa dineosy PP (date) p stat 4.5 EPJC 76, 6 (2016)
‘K‘n T g * rn(:‘.; ph (data) -:I stat & syst 3.2 arXivi1612.07231 [hep-ex]
7 pb (data) P
wWt RO ko ¢b LHC pp Vs =8 TeV 20.3 JHEP 01, 064 (2016
IIE:L%\NL{ .m;);;‘m) (data) ‘J D 2.0 PLB 716, 142-159 (2012)
506+ 2,64 iy ata
AR N OP Rraars) =} stat 32
a _4&-(31!0‘5|f1 =} = € ~ ~
wW2Z MATRIX 3NNL(7|_'|)H|;:;\‘\}; stat & syst 20.3 PLB 76
o 1. pb (data EPJC 72 173 (2012
MA‘THIX (NNLOl v [=] LHC pp Vs =13 TeVv 4.6 Bra%E7 3478598
o : pb (data) = 2 =
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ZZ - ).4 ~ 0.3 pb (data) A — Data 20.9
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o= 6.7 0.7+ 0.5 — 0.4 pb (data)
NNEG (inoory} (=] stat ® syst 4.6
as=08 1.3 pb (data)
ts_chan KES RN (heoryy PP o . 20.3
= 50724 —
tTW Nadarapns © amBRIG Fheory ATLAS Preliminary 3.2 EPJGC 77 (2017) 40
o 3804 56 70 ad 1o (data) In 20.3 JHEP 11, 172 (2015)
0.92 +0.29 + C l E =E1 g 2
ttZ Kidagrapns - LmBRIE Feory) Run 1,2 /s =7, 8, 13 TeV 3.2 EPJGC 77 (2017
7= BRSNS sr;‘\‘h\ (carta) q 20.3 JHEP 11, 172 (2
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Looking for the unknown...
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Beyond the Standard Model &)

CENTRE DE PHYSIOUE DES
PARTICULES DE MARSEILLE L
CPPM EXPERIMENT

A large variety of theories/(mostly) models:

Supersymmetry:
— addresses hierarchy problem well (if at relatively low scale)
— provides naturally a Dark Matter candidate
« Technicolor:
— explain underlying EWSB through strong interaction
— used to be popular, but difficult to reconcile with H(125)
« Extra-dimensions:

— address hierarchy problem by bringing the Planck scale down to the
TeV scale (in other words, explain why gravity is so weak)

« 4t generation models:

— can provide an additional source of CP-violation to explain Matter-
Antimatter asymmetry

— chiral models in trouble with H(125), Vector-Like Quarks still OK
Etc....

ATLAS - L. Vacavant
CN-FR Summer School - July 2018



Where to look ? &)

« BSM particles must somehow couple to SM particles
— otherwise would not help to explain anything...
— usually also implies (severe) constraints from SM measurements
— new massive particles decaying to SM (electrons, muons, quarks...) ?
— long-lived particles produced ? explain Dark Matter ?
— if new interactions: how to compute rates ?

« Where to look:

— direct production of these new particles (ATLAS, CMS, ...)
« on top of SM processes ? specific (striking) signatures ?
« maybe out of reach for LHC (or even future colliders) ?

— indirect effects of them through quantum loops:
« B-physics sector (LHCb)
« look where SM breaks: change in cross-section, interferences, etc
« Remember:
— not much BSM theories available, mostly (and to many) models

— none of them is so compelling that everybody believes it is *the*
model to look for (SUSY was close to this but...)

— a very interesting time for working on HEP experiments, since only
them can (hopefully) shed light on New Physics

ATLAS - L. Vacavant
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Models ® Signatures: a jungle !
CPPM

Many extensions of the SM have been
developed over the past decades:—

Supersymmetry <
Extra-Dimensions :-”'

Technicolor(s) <
S

Little Higgs
No Higgs

o

S

GUT |

Hidden Valley ~ 2\ %
\

Leptoquarks ‘\f.;

.
Compositeness ..?
4" generation (t', b')

LRSM, heavy neutrino
etc...

(for illustration only)

ATLAS - L. Vacavant
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1 jet + MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

WiZ+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

etc..
(Credits: H. Bachacou)



The infinite realm of SUSY

T. Rizzo (SLAC Summer Institute, 07-Aug-12)

e

Constrained models. 5 free parameters:
- Minimal SUperGRAvity / CMSSM

- Gauge-Mediated SUSY-breaking
Cascades with large missing energy

- AMSB: long-lived particles

CMSSM

SUSY

/\

N = N=>1

v v

105 free parameters

Minimal SUSY SM (MSSM) Ex: scalar
2 Higgs doublets gluon search

/\

R-parity cons.

R-parity violation

LSP is Dark Matter add 48 free parameters

candidate

Lepton/Baryon # violation
Resonances

+ \ Long-lived particles

Split SUSY
Long-lived
Particles

Stealth SUSY: compressed spectrum
No missing energy
Long-lived Particles

ATLAS - L. Vacavant
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Search for heavy resonances @
CPPM

Models: SSM Z’, RS graviton, GU E6, minimum walking technicolor,...

Search: looking for ‘bumps’ on top
of (tails of) SM Drell-Yan
background in m(Il) distribution

q [~

q Ik

- clean signature: 2 high-p;
leptons (of opposite charge)
« triggering on one of them

HU VS €€e. Highest dielectron invariant mass
* low p fake level vs jet background for @ event in ATLAS (2017): m(ee)=2.90 TeV
- easier charge ID for p E-(e,)=841 GeV, E-(e,)=655 GeV

« 22 Dbetter energy/mass resolution for e
ATLAS - L. Vacavant
CN-FR Summer School - July 2018
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Heavy resonances in dileptons

ATLAS Preliminary
Is=13TeV, 13.3fb"
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Observed lower limits (TeV) at 95% CL.:

SSM 7’ 2.86 4.05
E6 Z'y 2.38 3.36
RS G* (spin 2) 2.47

k/Mp|=0.1 o
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The 1 slide on SUSY...

 Classic searches for strongly produced SUSY: m(~q) > 1.6 TeV, m(~g) > 2 TeV

g production, B(E - qq X)=100%
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& production, B — q .)=100%
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 EW production (lower XS):

May 2017 ATLAS Preliminary Vs=8,13 TeV, 20.3-36.1 fb”'
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* New experimental challenges (RPV, et
* displaced vertices, disappearing tracks,...




Summary of searches ®

EXPERIMENT

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

December 2017 \Vs=7,8,13TeV
Model &Ly Jets ET™ [Ldim™) Mass limit V5=7,8Tev [5=13TeV | Reference
34, G- gt 0 26jets  Yes  36.1 m{¥7)<200 GeV, m(1% gen. §)=m(2™ gen. g) 1712.02332
w 94 G—g¥} (compressed) mono-jet  1-3jets  Yes  36.1 m(g)-m(¥})<5 GeV 1711.03301
L g gogat Il) 0 26jets  Yes  36.1 mePY)<200 Gev 1712.02332
g 22, -gq¥i SggWHE] 0 2-6jets  Yes 361 miE)<200 GeV, m(¥*)=0.5(m(¥})+m(z)) 171202332
L 2z gﬁqq(t’mg ee, 2jels  Yes 147 m(E)<300 GeV, 1611.05791
2 @ g-rqq(é’!/wvfo 3en 4 jets - 36.1 mE)=0 GeV 1706.03731
% 28, §-qqWZR) 0 7-11jets  Yes  36.1 miEY) <400 GeV 1708.02794
% GMSB (£ NLSP) 1-27+0-1¢ 02jels  Yes 3.2 1607.05979
£  GGM (bino NLSP) 2y - Yes  36.1 c7(NLSP)<0.1mm ATLAS-CONF-2017-080
GGM (higgsino-bino NLSP) Y 2jets Yes  36.1 miE)=1700 GeV, cr(NLSP)<0.1mm, u>0) ATLAS-CONF-2017-080
Gravitino LSP 0 mono-jet  Yes  20.3 | F'2scale 865 GeV m(G)>1.8 x 10~ eV, m(g)=m(§)=1.5TeV 1502.01518
8% §—>b51'? 0 3b  Yes 361 m(F) <600 GeV 1711.01801
B Eo Y 0-1ep 3b Yes  36.1 m(#)<200 GeV 1711.01801
bibi, by —;w(‘} 0 2h Yes  36.1 miE)<420 GeV 1708.09266
-g § biby, by —»m 2, (SS) 1b Yes  36.1 m(¥)<200 GeV, m(f})= m(¥})+100 GeV 1706.03731
S hfi, fiob¥T 0-2e,p 12b Yes 4.7/13.3 miF5) = 2m(E]), m¥})=55 GeV 1209.2102, ATLAS-CONF-2016-077
§'§ i, f—WbE or 7] 0-2epu 0-2jets/1-2b Yes 20.3/36.1 m()=1GeV 1506.08616, 1709.04183, 1711.11520
S S §f,fi—ck) 0 mono-jet  Yes  36.1 m(i,)-m(E))=5GeV 1711.03301
&g #7i (natural GMSB) 2e,u(Z) 1b Yes  20.3 m()>150 GeV 14035222
"D hbhhoh+Z 3e,u(2) 1b Yes  36.1 miP)=0 GeV 1706.03986
R, hoh +h 12ep 4b Yes  36.1 m(¥)=0GeV 1706.03986
Irbig, o680 2ep 0 Yes  36.1 mee)=0 ATLAS-CONF-2017-039
XUHT, X Ty 2ep 0 Yes  36.1 m(E})=0, m(Z, 7)=0.5(m(¥; )+m(¥])) ATLAS-CONF-2017-039
TG 100, X =), Ko —71() 27 - Yes  36.1 mP))=0, m(#, #=0.5(m(¥; )+m(E})) 1708.07875
= S ffﬁ—»ﬁ_gé}_e_(grv). L) Sep 0 Yes  36.1 mUET)=m(E3), m(E1)=0, m(Z, %)=0.5(m(¥} )+m(i?)) ATLAS-CONF-2017-039
o= G—wiHzt) 23e¢p 02jets  Yes 361 m(F;)=mi¥a), m(E})=0, £ decoupled ATLAS-CONF-2017-039
° x,x"_,wx”hx“, h—sbb/WW/rt/yy ey 02b  Yes 203 270 GeV M )=m(EY), m(¥3)=0, 7 decoupled 1501.07110
X3, 895 —lrt dep 0 Yes 203 |3, 635 GeV ME2)=m(E3), m(E2)=0, m(Z, #)=0.5(m(E3)+m(El)) 1405.5086
GGM (wino NLSP) weak prod., 3 —yG 1e.p+y - Yes 203 115-370 GeV er<imm 1507.05493
GGM (bino NLSP) weak prod., £} —yG 27 - Yes 361 cr<imm ATLAS-CONF-2017-080
Direct.X1¥; prod., long-lived X7 Disapp.trk ~ 1jet  Yes  36.1 miE)-miE))~160 MeV, 7(£1)=0.2 ns 171202118
Direct ¥1¥] prod., long-lived X7 dE/dx trk - Yes 184 m(¥)-m(El)~160 MeV, 7(F5)<15 ns 1506.05332
§ o Stable, stopped g R-hadron 0 1-5jets  Yes 279 m(F)=100 GeV, 10 us<7(#)<1000 s 1310.6584
2 % Stable z R-hadron trk - - 3.2 1606.05129
t'n'E Metastable g R-hadron dE/dx trk - - 3.2 m(#])=100 GeV, r>10 ns 1604.04520
S 8 Metastable 3 R-hadron, 3-qg¥} displ. vtx - Yes 3238 T(2)=0.17 ns, m(EY) = 100GeV 171004801
= GMSB, stable 7, ¥)—#(@, i)+(e, ) 124 - - 19.1 4 537 GeV 10<tanB<50 1411.6795
GMSB, ¥ =G, long-lived ¥ 2y - Yes 203 |& 440 GeV 1<r(i)<3 ns, SPS8 model 1409.5542
gg.)?? —eev/euv/ppy displ. ee/eufpup - - 20.3 i’: 7 <ct(i)< 740 mm, m(z)=1.3 TeV 1504.05162
LFV pp—¥: + X, Ve —epfet/ut EpLETUT - - 3.2 A3,=0.11, Ai32133/23:=0.07 1607.08079
Bilinear RPV CMSSM 2e,pu(SS) 03b Yes 203 m(§)=m(g), cTesp<1 mm 1404.2500
K0T T w2 ey, epv, v dep - Yes 133 mP)>400GeV, 4140 (k = 1,2) ATLAS-CONF-2016-075
= XL X W) K o, erve Bepu+t - Yes 203 mve“pu 2xm(ET), 4133#0 1405.5086
& 22,3480, ¥} > qaq 0 4-5large-Rjets - 36.1 mm)-ms GeV SUSY-2016-22
22, 2100, X0 > q4q 1epu 810jets/O-4b - 36.1 1704.08493
23, §—h1, ii—bs 1ey 810jetsi0-4b - 36.1 m(;.)q TeV, Ay #0 1704.08493
fh, [obs 0 2jets+2b - 36.7 1710.07171
i, f—bt 2epu 2b - 36.1 i  04-145TeV BRI(F; —be/u)>20% 1710.05544
Other Scalar charm, E—»p?(l] 0 2¢ Yes 20.3 é 510 GeV m(#!)<200 GeV 1501.01325
*Only a selection of the available mass limits on new states or 1
phénomena is shown. Many of the limits are based on 10 1 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.



PARTICULES DE MARSEILLE

CPPM ATLAS

ummary of searches ®

ATLAS EXxotics Searches™ - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: July 2017 JL£dt =(3.2-37.0) fb? Vs =8, 13 TeV
Model €,y Jetsi ET™ [rdi Limit Reference
— T T T — T T T T — T T T T —T
ADD Gki + 2/q Oe, p 1-4j Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO CERN-EP-2017-132
ADD QBH - 2j - 37.0 Mu, 8.9 TeV n=6 1703.09217
ADD BH high 3 p1 =le,pu >2j - 3.2 M 8.2 TeV n =6, Mp = 3 TeV, rot BH 1606.02265
ADD BH muitijet — =3]j — 3.6 M 9.55 TeV n =6, Mp = 3 TeV, rot BH 1512.02586
RS1 Gyx — ¥y 2y - - 36.7 Gk mass 4.1 TeV k/Mp = 0.1 CERN-EP-2017-132
Bulk RS Gy — WW — gglv 1en 1J Yes 36.1 Gk mass 1.75 TeV k/Mp = 1.0 ATLAS-CONF-2017-051
2UED / RPP Tepn =22b, 23 Yes 13.2 KK mass 1.6 TeV Tier (1,1), B(ATY) — ¢1) =1 ATLAS-CONF-2016-104
SSM Z7 — £ 2eu - - 36.1 Z’ mass 4.5 TeV ATLAS-CONF-2017-027
SSM 27 — 1T 27 - - 36.1 Z’ mass 2.4 TeV ATLAS-CONF-2017-050
Leptophobic Z7 — bb - 2b - 3.2 Z’ mass 1.5 TeV 1603.08791
Leptophobic Z° — tt 1epu =1b,=1J/2] Yes 3.2 Z’ mass 2.0 TeV r/m=3% ATLAS-CONF-2016-014
SSM W' — (v leu - Yes 36.1 W’ mass 5.1 TeV 1706.04786
HVT V' - WV — gqqq model B Oe,u 24 - 36.7 V' mass 3.5 TeV gy =3 CERN-EP-2017-147
HVT v/ — WH/ZH model B multi-channel 36.1 V" mass 2.93 TeV gy =3 ATLAS-CONF-2017-055
LRSM W/, — tb Oe, =1b1J - 20.3 1408.0886
Cl gggq - 2j - 37.0 A 21.8TeV 1703.09217
- Cl tlqq 2e,u - - 36.1 A 401 TeV ., ATLAS-CONF-2017-027
Cl vutt 2(SS)/=3eu21b,21j Yes 203 | |Crrl =1 1504.04605
Axial-vector mediator (Dirac DM) Oe, u 1-4j Yes 36.1 Mimed 1.5 TeV £q=0.25, g,=1.0, m(y) < 400 GeV | ATLAS-CONF-2017-060
- Vector mediator (Dirac DM) Oe,p, 1y =1j Yes 36.1 Mped 1.2 TeV £4=0.25, g,=1.0, m(y) < 480 GeV 1704.03848
VVyy EFT (Dirac DM) Oe,p 1J,<1]  Yes 3.2 M, 700 GeV mi(y) < 150 GeV 1608.02372
Scalar LQ 15 gen 2e =2]j - 3.2 LQ mass 1.1 TeV B=1 1605.06035
- Scalar LQ 2™ gen 2pu =2j - 3.2 LQ mass 1.05 TeV A=1 1605.06035
Scalar LQ 3" gen fep =21b 23] Yes 203 [ICFESSIN——EA0IGE A=o0 1508.04735
VLQ TT — Ht+ X Oorteu =22b,23] Yes 13.2 T mass 1.2 TeV B(T — Ht) =1 ATLAS-CONF-2016-104
VIQ TT — Zt + X lTepu =1b, >3] Yes 36.1 T mass 1.16 TeV B(T - Zt) =1 1705.10751
VLQ TT — Wb 4 X lepu =1b, =1J/2] Yes 36.1 T mass 1.35 TeV B(T — Whb) =1 CERN-EP-2017-094
VLQ BB — Hb + X lepg =2b,=3j Yes 20.3 B(B — Hb) =1 1505.04306
VLQ BB —» Zb + X 2/=z3 e, u =2/z1b - 20.3 B(B — Zb) =1 1409.5500
vVLQ BB — Wt + X 1epu =1b, =1J/2] Yes 36.1 B mass 1.25 TeV B(B — Wit) =1 CERN-EP-2017-094
VLA QQ — WqWg 1ep =4j Yes 20.3 1509.04261
Excited quark q* — gg - 2j - 37.0 q* mass 6.0 TeV only u* and d*, A = m(q") 1703.08127
Excited quark g* — gy 1y 1ij - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") CERN-EP-2017-148
Excited quark b* — bg - 1b,1j - 13.3 b* mass 2.3 TeV ATLAS-CONF-2016-060
Excited quark b* — Wt 1or2e,u 1b,20)] Yes 20.3 fo=fi=Ffk=1 1510.02664
Excited lepton ¢* Seu - — 20.3 A=3.0TeV 1411.2921
Excited lepton v* Beu 1 — — 20.3 A=1.6TeV 1411.2921
LRSM Majorana v 2e,u 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ¢ 2,34 e, (SS) - - 36.1 DY production ATLAS-CONF-2017-053
Higgs triplet H** — {1 Bepurt - - 20.3 DY production, B(H* — (1) =1 1411.2921
Monotop (non-res prod) 1ep 1b Yes 20.3 non—res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

PRI | L " PR T R | " L 1 L
Vs =13 TeV -1
- 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).
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Future: HL-LHC &)

é
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End of RUN2 HL-LHC

= on-going work to upgrade detectors already started !!

ATLAS - L. Vacavant
CN-FR Summer School - July 2018



Replacement of the ATLAS Tracker &)

EXPE!TMENT
e Quter three layers » Pixel end-caps are modelled on
of the pixel barrel UK half-rings,
(layers outside IST) 21200 T : —
are modelled on Slim E 1

o A
Demonstrator staves, 1000 sm——————d

- ATLAS
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* |Inner two layers of the pixel barrel
(layers inside the IST)
are modelled on truss shell,
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Conclusion &)

 Impressive results from LHC so far
— Higgs boson discovery !
— many of its properties measured ! just fresh: ttH observation !
— Standard Model explored and measured in many corners
— including very high precision measurements ! m,,=80370+19 MeV/c?

« Still a lot of data to collect for Run 2, then Run 3
— pursue searches for new physics
— more investigation of the Higgs sector
— measurements in the SM

« Path well-defined with HL-LHC till ~2035

— opportunities to learn about detector design, construction, operations
— physics prospects with HL-LHC:

» precise measurements of the Higgs boson couplings

» including its self-coupling

« rare decays of the Higgs

« extended reach for searches for New Physics

« Exciting time and perspective for you !

ATLAS - L. Vacavant
CN-FR Summer School - July 2018
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More information A@

EEEEEEEEEE

ATLAS general public@

ATLAS live

ATLASon 9V

ATLASon K3
ATLAS on 24

ATLAS on  YoulLliL
French site for - L51C

atlas.ch

atlas-live.cern.ch
twitter.com/ATLASexperiment
www.facebook.com/ATLASexperiment
www.google.com/+ATLASexperiment
www.youtube.com/theATLASExperiment
www.lhc-france.fr

atlas.cppm.in2p3.fr

cern.ch

twitter.com/cern
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