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The LHC experimental program
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The LHC physics case
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—5 The Standard Model of Particle Physics

Over the last ~100 years: The combination of Quantum Field Theory
and the discovery of many particles has led to the Standard Model of

Particle Physics Confirmed at sub 1% level

Measurement Fit — 10™as_Qf/gmeas
3

[

m,[GeV] 91.1875:0.0021 91.1874
I,[GeV]  2.4952:0.0023  2.4959
ol [Nb]  41.540+0.037  41.479

R, 20.767 = 0.025  20.742
A 0.01714 = 0.00095 0.01645
Ry 0.21629 = 0.00066 0.21579
R, 0.1721=0.0030  0.1723
AP 0.0992 = 0.0016  0.1038
A 0.0707 = 0.0035  0.0742
A 0.923 = 0.020 0.935

b
A, 0.670 = 0.027 0.668

A(SLD) 0.1513 = 0.0021  0.1481

‘ (
m:'.‘l‘f“"’vl 80.399 + 0.023 80.379
[]’,l‘,[(}{e‘-/] 2.085 + 0.042 2.092

m, [GeV] 173311 173.4

July 2010 :

o 1 2 3

One of the greatest achievements
of the 20t Century Science
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.g‘l The Higgs field
In the Standard Model the interactions are
derived from an underlying symmetry UOL

principle. All particles would have zero mass
and would travel at the speed of light.

What breaks the symmetry,
allowing the Universe as we
observe it?

c :.v]pdel Higgs field:
Lagrangean) (Englert-Brout, Higgs, Guralnik-Hagen-Kibble)
= The Higgs field permeates the space of the
whole Universe;
* The field has a non-zero value in the energy
minimum;
= Particles get mass through the interaction
with the Higgs field.

J. Varela 14 July 2020 The LHC experimental program 4
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The Terascale and the LHC
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The Standard Model would fail at high energy without the Higgs
particle or other ‘new physics'.

It was expected that the ‘new physics’ would manifest at an energy around

1 Tera-electronVolt (TeV) = 1012 electronVolt (eV)

accessible at the LHC for the first time.

Large Hadron Collide / Vo e

J. Varela, 14 July 2020 The LHC experimental program 5



Higgs boson discovery in 2012

A major discovery in physics

A new paradigm: the space in the whole Universe
is filled with the Higgs field

The study of the nature and properties of the Higgs
boson is a scientific imperative for the next decades

Brita:
Economist

. Finding the
Higgs boson

J. Varela, 14 July 2020 The LHC experimental program 6



The dark side of the Universe

v (km/s)
Galaxies rotation’

.—‘

Precision cosmology measurements give
e— strong motivations for new physics:

fror
luminous disk

What is Dark Matter? o
o What is Dark Energy? 95 A) of th?
Universe is
M33 rotation curve unknown
Cosmic MICjowave « Thermalized e.m. radiation at average

O ‘I‘_} 0
Background S > . temperature of 2.7°K
ﬂ T

» Left over of the epoch of matter-

radiation decoupling
~ 300’000 years after the Big-Bang

* Measurement of CMB fluctuations (at
the level of 10-%) allow precise
assessment of dark matter and energy.

J. Varela, 14 July 2020 The LHC experimental program 7
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In 1998, the observation of distant Supernovae allowed to measure the
expansion rate of the universe. ”e

Dark matter and energy

o Supernova Cosmology Project
I © High-Z Supernova Search

24

The result is that

the expansion of the ol Stpermoa vy
Universe is accelerating
Some form of dark energy e oo a0
fills the whole space creating 22/~ Accslerating | o Z
negative pressure B pocoring
Angular Scale
20 S 6000 2]" 0;5° 0;2°
5000 é

From CMB measurements: T |
» 5% ordinary matter <

<3.3000 F
« 26% dark matter O

$2000 F

« 69% dark energy

1000 |

0 100 T Ts0 1000
Multipole moment [
J. Varela, 14 July 2020 The LHC experimental program 8
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iy Beyond the Standard Model
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Why do we observe matter and almost no antimatter if we believe
that there is a symmetry between the two in the universe?

What is the "dark matter” and ”dark energy”?
What is the nature of the Higgs field?

Are quarks and leptons actually fundamental, or made up of even
more fundamental particles?

Why are there three generations of quarks and leptons?

What is the explanation for the observed pattern for particle masses?

J. Varela, 14 July 2020 The LHC experimental program 9
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iliJ Many possible theories

There are a large number of models which predict new
physics at the TeV scale accessible at the LHC:

= Supersymmetry (SUSY)

= Extra dimensions

Extended Higgs Sector e.g. in SUSY Models
»= Grand Unified Theories (SU(5), O(10), EB6, ...)
= | eptoquarks

= New Heavy Gauge Bosons

= Compositeness

Any of this could still be found at the LHC

J. Varela, 14 July 2020 The LHC experimental program 10



The LHC proton collider
and the experiments

J. Varela, 14 July 2020 The LHC experimental program 11



Accelerator and Experiments

Underground circular tunrje;l;? =
27 km circumference;=

100 m underground T T e
4 caverns. ferf:-exaerlments = =

J. Varela, 14 July 2020 The LHC experimental program



=T ATLAS ALICE
m Point 2

<

\.4.7&- /

Tiny bunches of counter-circulating protons.
Colliding head-on 40 million times each second..

J. Varela, 14 July 2020 The LHC experimental program 13



Collisions at LHC

7x102 eV Beam Energ
10%* cm2s'  Luminosity

2835 Bunches/Be
101 Protons/Bun

7 TeV Proton Proto
colliding beams

Bunch Crossing 410" Hz

% Proton Collisions 10°Hz

Parton Collisions

New Particle Production 10° Hz
(Higgs, SUSY, ....)

J. Varela, 14 July 2020 The LHC experimental program 14
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iliJ LHC accelerator challenges

Relative to Tevatron (Fermilab, USA)
Energy (14 TeV) X7
Luminosity (1034cm-=s) x 30

= Superconducting dipoles 8.3 Tesla
» QOperating temperature 1.9K (-271 C)

= Stored energy per beam 350 M Joule
o energy of a train of 400 tons at 150 Km/h

More than 2000 dipoles
100 ton liquid helium
LHC power consumption 120 MW

J. Varela, 14 July 2020 The LHC experimental program 15
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Advanced detectors comprising many layers, each designed to perform a
specific task.

Together these layers allow to identify and precisely measure the energies
of all stable particles produced in collisions.

Photons,
Electrons,
Muons,
Quarks
(as jets of particles)
Neutrinos
(as missing energy)

J. Varela, 14 July 2020 The LHC experimental program
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1] High collision rate
L 1 P
6 LHC s=14TeV L=10"cm’s" Event Rate
barn
Search for rare physics processes | . Collisionrate g for:
requires very high collision rate 55
)
« LHC Luminosity is 2.1034 cm-'s™’ / §
S
[T
« Proton-proton collision rate is 2.10° events/s i, O
(7))
« Higgs decaying in two photons: 10-3 events/s A g
n o)
SUSYEHEE E
pb
At the LHC, high luminosity is » | !
as important as high energy!
fb

jet Er or particle mass (GeV) —

J. Varela, 14 July 2020 The LHC experimental program 17
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ij! Bunch crossing frequency

-8

= LHC has 2800 proton bunches

= Crossing rate is 40 MHz

= Distance between bunches in time: 25ns (corresponds to 7.5 m)
= Bunch size: cross-section 20x20 um ; length 20 cm

LEP: ete Crossmg rate 30 kHz
< > 1 U I

22ys
SPS-pp Crossing rate 280 kHz
T I ||

Tevatron pp Crossing rate 2.
I I

396ns

LHC: pp Crossing rate 40 MHz

I 1T I T T T T T T T T 1
25ns

J. Varela, 14 July 2020 The LHC experimental program 18
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(A Event pileup

= Each bunch has 1.5 10" protons

= At each crossing of bunches, about 50 collision occur

» The particles produced ( ~1500 charged particles) are “seen” by
the detector as a single image (event)

21 pileup events

Tracking threshold in pr~ 100-MeV. Fake rate < 1%

J. Varela, 14 July 2020 The LHC experimental program
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High radiation levels

Detector materials and electronics should survive radiation doses
up to ~2 MGy.

3 to 4 orders of magnitude larger than radiation doses sustained by
satellites in space.

Length [cm]

1000 F

800 |-

600

400 r

200

0 500 1000 1500 2000 Length [cm]

2.13E+07  1.00E+03  1.00E+02  1.00E+01 1.00E+00 1.00E-01 1.00E-02 0.0

Radiation Dose [Gy/year]

J. Varela, 14 July 2020 The LHC experimental program 20



CMS DETECTOR

STEEL RETURN YOKE C M S D t t
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS e e c o r

Overall diameter :15.0 m Pixel (100x150 ym) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?> ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

J. Varela, 14 July 2020 The LHC experimental program 21



ATLAS detectors

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

7000 Ton

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

J. Varela, 14 July 2020 The LHC experimental program 22
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L Detection of hadrons, e*, y and p*
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Muon
= Electron
Charged Hadron (e.g. Pion)
- = = - Neutral Hadron (e.g. Neutron)
°°°° Photon

Silicon
Tracker

Electromagnetic
)“l Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
Transverse slice with Muon chambers

through CMS

J. Varela, 14 July 2020 The LHC experimental program 23
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ATLAS Toroidal System
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S8 Silicon Tracker
L 1 P

Diameter 2.4m | I Silicon strip detector

Length 5.4m :

Volume 24.4m’ e I

Running temperature 100 Aﬁj{ ;

Dry atmosphere for 10 years 2 S TN

e

4Outer Barrel (TOB

A;ji”ﬁfr il R
e e 1L 52 | I I —(—(— Pixel detector
Sud 3 G BTN | — I I —
RN ,;73.- i S5 Inner Barrel (TIB)] : :
EEEH Used to reconstruct the trajectories of
R thousands of charge particles produced in the

collisions

214m? silicon sensors
11.4 million silicon strips
65.9 million silicon pixels

J. Varela, 14 July 2020 The LHC experimental program 26



ECAL Electromagnetic Calorimeter

ECAL Endcap I,_;—" "’ ‘ron-al fﬁ‘i.!;j}
I crystal shape e 35 o N s By

e ' .hy .o.'
ECAL Barrel 8 o
17 xtal shapes
Preshower

based on Si sensors

Design Goal: Measure the energies of
photons from a decay of the Higgs boson
to precision of =0.5%

Parameter Barrel Endcaps
# of crystals 61200 14648
Volume 8.14m3 2.7m3
Xtal mass (t) 67.4 22.0

J. Varela, 14 July 2020 The LHC experimental program 27



HCAL Hadronic Calorimeter

0
Detection of hadrons:
- protons, neutrons, pions, etc.

» CMS HCAL has three components:
« Barrel HCAL (HB)
* Endcap HCAL (HE)
* Forward HCAL (HF)
» Plastic scintillator and brass
= Quartz fibers and steel

s ' B Sl -'*fia T % )
. e |7 e A . ﬂ ‘ ~
J. Varela, 14 July 2020 The LHC experi rogre
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Muon detectors

=S4 Drift Tubes (DT)
o it | Cathode Strip Chambers (CSC)
o T R R Resistive Plate Chambers (RPC)

7 7
Y — ‘
300 / /// =] n=2.1
/7 | ) =i
200 /2,7 1= g =24
@% gl R
= -
100 Z /’.— .." g—
7,7 - - Ny
2B = B
4 ==
ca==
0 200 400 600 800 1000 1200

Uy 177777, 777772

J. Varela, 14 July 2020 The LHC experimental program 29
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=1l Electronics systems
L 1 P
Underground caverns
Hﬂ; . = — m\\
Electronics systems in the Service Cavern. Tas B K N,
- About 150 racks occupy two floors. &E'edm”'c i |

* Most electronics was designed and built
specifically for the experiment

|

TTC Racks ;.

J. Varela, 14 July 2020 The LHC experimental program
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Detector simulation

Simulation of proton-proton collision
producing dark matter particles

J. Varela, 14 July 2020 The LHC experimental program
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The LHC Computing Grid

The Grid unites computing resources of
particle physics institutions around the world

The Grid is an
infrastructure that provides
seamless access to
computing power and data
storage distributed over the
globe

J. Varela, 14 July 2020 The LHC experimental program 32
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Detector operation,
commissioning and physics
production

MTCC |

"Rediscovery"”

iea MAAAC (b~

J. Varela, 14 July 2020 The LHC experimental program 34



LHC Page 1: stable beams
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LHC Pagel Fill: 1729 E: 3500 GeV 22-04-2011 00:02:58

PROTON PHYSICS: STABLE BEAMS
Energy: EELNRCY 5.50e+13 5.54e+13

1930 om-2s-1

Wilenury
[
-
-

Lumisoury

|

ATLAS At o L]

0

1409 1600 ik

1430 o 100

Comments 22-04-2011 00:02:52 : BIS status and SMP flags
=x Stable Beams ** Uink Status of Beam Permits  rye W trye
World record for luminosity for Global Beam Permit (e W true
Setup Beam
Beam Presence  rye W true
Moveable Devices Allowed In [—] ["'1
Stable Beams

AFS: 50ns_480b+1small_424 12 468 36bpil15in] PM Status 81 PH Status B2 _

hadron machine
Automatic LUMI LEVELING in IP8




CMS Page 1: running

30/03/10 Session DAQ state Run Number Lv1 rate Ev. size DeadTime(AB) Acc. Hz(%) <HLT CPU>
Tue 13:17:05 126284 Running 132440 1.044 kHz 495.9 kB 0.0% 1043.8(100.0 1.47%

lhcl Data to Surface SM streams Data Flow
Sub-System  State FRL FED Stream No.Events Rate (Hz) BnW (MB/s)
e Pt 3509 6ay .03.2010 131701 TRG "Running 3] [ Calibration| 379.676E+3 97.52 16.62 LHC RAMPING _false
BEAM SETUP: FLAT TOP | csc Running 9| | EcalCalibrati] 379.676E+3 97.56 2.02 PHYSICS DECLARED true
3500 Gev 1.880+10 “ 1 DAQ Running A| 262.205E+3 112.70 20.95 PlXHVE)N 1 CalibCyc ON
- - T— = DQM Running 0 Express| 48.716E+3 37.87 7.55 K HV. ON s
DT Running 1| [Accaprisym]  7.090E+3 5.53 0.02 #LV1(GT)
ECAL Running 54 HLTMON|  3.303E+3 2.02 0.39
ES Running ALCAPO| 684.000E+0 0.38 0.00 Lvl Rate 1.044 kHz
HCAL Running 32| | OnlineErrors| 26.000E+0 0.03 0.01
PIXEL Running RPCMON| 15.000E+0 0.00 0.00 Pereig T :i'x“" %

. . RPC Running 3 Error]  0.000E+0 0.00 0.00
15 s2atus o SHP g W SCAL - 114131

LNk Statse of Danre Parmbs Running ;
Gotel Bewm ParmE — #Frag. in RU
zatsp tasm zus I i TRACKER Running Max 3 103

CASTOR Running

ki b e Min[ 42

' BnW(MBf’s)m EvSize (kB)
[Rate(kHz) | Stored | Accepted% | CPU% ] / Time !
: e 100.0% 11E+6 501 E!!!:!:E 496.7

1.1-
1646 Events in BU

DeadTire(AB)

Adéepted [5] Losmommin <tv> 0

Pending Reqg. Reeiv.-Disc.
<#P>23.8 235 P.M-m
#Running FUs (RTINS Vi 167 A.M-m
4704 | ‘ J m]]l J J } <FU-CPU>
100.00% | NN | 1.47 %

AccRate | 1043.792 Hz 102

Rate

Stored|events |

Rate (kHz)

SIUIAD PAIOIS

BnW MB/s> Disks usage " % log scale <SM-CPU>

47.4 5.77 %

: EventRate Hz Free space TB
f/ - 364.1 229

0 8 4 H 0.0% ) ) V 2¢07 7
11:17:11 11:39:27 13:17:04
30/03/10 30/03/10 30/03/10 Stored 1092490

UTC time 30/03/10 11:17:05 Local time: Geneva 13:17, Los Angeles 04:17, Chicago 06:17, Moscow 15:17, Beijing 20:17




2009: First p-p collisions at LHC

November 23, 2009 December 14, 2009 March 30, 2010
First collisions at 900 GeV First collisions at 2.36 TeV First collisions at 7 TeV

t/Crossing: 32261678 / 1

First collision at 7 TeV in CMS




Higgs decay in 4 electrons

J. Varela, 14 July 2020 The LHC experimental program
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| Tracking: secondary vertices
o >

Basic variables relevant for B-tagging are well described by the simulation

CMS Preliminary 2010

IMS "%2?m ] L/ .. ATLAS
B 58’T2§2§ |/ L EXPERIMENT

Decay length = 3.7 mm
Decay length signficance = 22
Lifetime = 3.1 ps

Vertex mass = 2.5 GeV
Number of tracks = 5

MC Normalized to Data

Y

' \

\

\

30 20 10 O 10 20 30 ‘
3D IP significance

CMS Preliminary 2010

g0l CMS . .
5 . Secondary vertices compatible
= . with heavy flavor production

10;— _

i .

2 4 6 8 10
no. of tracks at SV

J. Varela, 14 July 2020 The LHC experimental program 39



Photons and electrons

a P p(e*) = 1.75 GeV, 11 TRT high-threshold hits
‘,=,108 CMS 2010 Preliminary pr(e) = 0.79 GeV, 3 TRT high-threshold hits
>
& 5 CMS

10 . Imc

10‘ e Data

103 | ECAL Barrel

10746 8 10 12 14 16 18 20
energy (GeV)

CMS Preliminary Data \s=7 TeV
el Lt AL AL

> 9000r . TRT high-threshold hit fraction
88000§ M = 537.37 + 0.53 MeV - 9 200p———— T T3
-— L N o r Data 2009 =900 GeV =
) F c=6.1+01% . o 180: LN;:-diffracl“ivse minimur‘; gias MC 3
o L J o~ 160F [CJHadrons ) —
; 7000 S/B,,,=0.34 'g S [ Electrons from conversions 3
= | E 190 ATLAS Preliminary E
Q- 6000 120F -
c r = -
_g 100 ]
5000 = 3
& a0 :
wo- 255k nDyy pairs: b :

[ . 'Y'Y 40 =

[ e bl AT AR | Ll 20:_ _:

04 05 06 07 08 09 1 £ .

Invariant Mass of Photon Pairs [GeV] % . ) ) ) 0.5
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Rediscovery of resonances

L 1 P
2 3 s eMS oreliminary 900 GeV Datal ]
8 g CMS preliminary 900 GeV Data: % - AR ST
o, f 1 = 500 -
S 2.5 ] - I A Yield: 3334 + 68 ]
o M= 0116220 ] % Mean: 1116+ 0.1 MeV/c? ]
~ 2~ o= 001519 +0, 1T0 N 'E 400~ Core o: 1+ 0.3 MeV/c? .
J’) r R 5 C Tail 6: 3.2+ 0.1 MeVi/c? ]
c N r Core fraction: 0.15+ 0.05 5
215 DATA F ]
: A 200F —4
g e f : =14+(1.940.9)-10
' = + ] C ,
T Ng=ta067224 ] PDG
- SIB,,=126+0.02 : e
&VuuluullLnlnull1uluuluulunlnn4 1%80 ']100l 1‘]20l l l1140l l I1160l I l1180l

05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Invariant Mass of Photon Pairs (GeV)

RN
> 350 J T r TTr 71 ] T I T ] LB ] Trr I TT1 7T I LB I Tr '_
8 r CMS preliminary 900 GeV Data’
0 300 M= 0489000 =
o, [ 6= 0.0529 +0.00 .
2501 + + - n E
[ B ]
€ onab e :
o 200 -]
> B
w .

Ny, = 295 + 49

SIB,,, = 0.32+0.05

' S RS WS S T T S

2 04 06 08 1 12 14 16 18 2
Invariant Mass of Photon Pairs (Gevicy

paadaaaaly

J. Varela, 14 July 2020

9 »KKcandidates |

pr (+ c.c.) invariant mass (MeV/c?)

8

8

CveEnis /7 {\vwuui )

8

-
.
-~

CMS Preliminary

300 900 GeV pp collisions
1318 4/-95 ¢ candidates

2008 M = (101937 +/- 0.00030) GeV

L o =(1.69 +/-0.50) MeV
100 C Width fixed to PDG value
0’ [ - | PP IR U
1 1.02 1.04 1.06 1.08 11 1.12
KK mr (Gevic)

The LHC experimental program

enmies/ 1 wviev/

v vy

900 GeV and 2.36 TeV

—
N
o
o

LA L Y L L L |

1000 PDG Kg mass:
497.614 + 0.022 MeV/c’

(o]
o
o

K

S

m

400

Mppg

200

T Mean: 497.7 + 0.1 MeVi/c2-

[RT-TIVIR R RY VIR RVIV]

Core 6: 4.5+ 0.1 MeV/c? 7|

Tail : 1.1+ 0.4 MeV/c? |
Core fraction: 0.58 + 0.03

L | 11 1 | 1

=1-(0.7+1.4)-10™*

I|IIIIlII|IllIIII§IIIII[IIIIII|lll

420 440 460 480 500 520 540 560 560
n*7 invariant mass (MeV/c?)
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:gi“ Rediscovery of the Standard Model

Original
discovery

Morss

1974 1977

1983 1995
| — } | —

l |

! 1

Jan Fe Mar Apr May Jun Jul
2010 E " Cats Pretimieary, 5.0 7T CMS prefiminary 2010

7 ) CMS Preliminary oV =
~ @ 10 )
foed L1 E
4 E o N 1
e *WW L
i STV St G
* . ’ lei’u g\:snen? zusaa[govfc'jd _8
e 00 § CMS Preliminary, \5 = 7 Tev
-L«“w gm T rll
® 005 01 0% 02 029 ; |
. g Eaef
Rediscovery ¢ - ﬂ* A 150 200
. A
at LHC . U‘:ﬂH—J"fﬂ e SRR, ""\-m Mu* 1) [GeV)
ey S iy
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T S h for New Ph
~= earch for New sics
So far the measurements are compatible with the SM predictions
« about ~2500 papers have been published by the LHC collaborations
« few discrepancies observed are not yet conclusive
ATLAS Vs=13TeV,24.5-79.8 fb" : H
e 12505 Gov. <25 More data is needed to achieve
68% CL: —— —.— —_— 0 P
measurements at 1% precision or below
IJSM = 88% psu =96% v = 95%
K _;"- IApriI 2020 . . . . . . QMS IPreIirlninarly
X [ : n CMS measurements 7 TeV CMS measurement (stat,stat+sys) o+
w ‘_‘4_.__ vs. NNLO (NLo) theory 8 TeV CMS measurement (stat,stat+sys) — +—+eo——
K't _ 13 TeV CMS measurement (stat,stat+sys) »—o—o—o1—c
= ———— Y ——— 1.06 £0.01£0.12 501
* i _— N Wy, (NLO th.) ——o+—— 1.16+0.03+0.13 5.0fb"’
b — Zy, (NLO th) ot 0.98 £0.01+£0.05 5.0fb"
K. [ ke Zy, (NLOth) === 0.98+0.01£0.05 19.5fb"
¢ —— WW+WZ - | 1.01£0.13+0.14 491"
- : 7] ww H——o—— 1.07 £0.04 £0.09 4.9fb"
K -
g = ww e 1.00 £0.02£0.08 19.4 b
X 2 . 7] wWw o 1.00 £0.01£0.06 359 fb"’
7 — wz o 1.05+0.07 +0.06 4.9fb"
B | : ] wz . 1.02+0.04 £0.07 19.6fb"
Inv . wz — 0.96+0.02 +0.05 35.9 fb"
B I » ] zz o 0.97 £0.13+0.07 4.9fb"
undetf: g | 7z — e 0.97 +0.06 +0.08 19.6 b
B ; zz e 1.06 +0.02+0.04 137 fb
BSM — 1 . . . . L . . . . 1 . . . . 1
e Rt st et R RENRE ERRRE RREE 0.5 ) 1 . 1.5 . 2
15 -1 =05 0 05 1 15 2 hnpﬁgéﬁfggfgit/b Ni7 Production Cross Section Ratio: oy, / Gy,

Parameter value

J. Varela, 14 July 2020
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The future: High-Luminosity LHC

-LHC will provide 20 times more data than available today!

HLuY

LHC HL-LHC
Run 3 Run4-5...
13 TeV 13-14 TeV 14 TeV
Diodes c oneolidati energy
li lidati i LIU Installati
7TeV . 8 TeV e Z’;ﬁ?n:;:&" m aion HL-LHC 5 to 7.5 X nominal Lumi
e — R2E project 11T dipole coll. Installation

Civil Eng. P1-P5

ATLAS - CMS
experiment upgrads phase 1 ATLAS - CMS
beam pipee

HL upgrads
nominal Lumi 2xnominal Lumi,  ALICE-LHCD 2 x nominal Lumi "9
upgrade

i integrated gRULI RIS
o m m lumino: &84 4000 (ultimate)

Bound to be one of the greatest endeavors
of science in the 215t century

J. Varela, 14 July 2020 The LHC experimental program 44



Thank you for your attention

J. Varela, 14 July 2020 The LHC experimental program
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