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Outline
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ÁLHC design performance and HL-LHC upgrade goals

ÁKey (technological) challenges of HL upgrade

Á Injector chain upgrade

ÁR2E and collision debris

ÁFinal focusing magnets for lower beta*

ÁCrab cavities for X-ingangle compensation

ÁHL-LHC as a truly international project

ÁCurrent Project planning

ÁPerformance ramp-up
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p collisions Ebeam> 5 TeV LHC: E = 7 TeV

Introduction: LHC Performance Goals

Collision energy:Higgs discovery requires ECM> 1 TeV

Instantaneous luminosity:rate of events in detector

Integrated luminosity:  total number of events   L

= L×s event

depends on the beam lifetime, the LHC cycle and
turn around time and overall accelerator efficiency

rare events              L > 1033cm-2sec-1 L = 1034cm-2sec-1

= L(t)dtò
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300 fb-1 with 1barn = 10-28m2 and femto = 10-15

[3.5TeV; 4TeV; 6.5TeV]

[2 1034cm-2sec-1]

[193 fb-1]



Corfu, September 2021             Markus Zerlauth, CERNL. Rossi and O. Br¿ning;                         Visit of Dr. Hasan Mandal; Thursday 28th November 2019Cours de Printemps du LAL: April 23rd to 25th 2016

LHC Performance
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ČOver 160 fb-1 at 13 TeVso far with 

ca. 70 fb-1 / year at hand!!! 

Peak Luminosity close to 2x1034 cm-2s-1!!!

Č > 350 fb-1 expected by the end of LHC Run3!!!
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HiggsDiscoveryin July 2012 and 2013 Nobel Price for the 
Brout ςEnglertςHiggsmechanism

ΧŦƻǊ ǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ ŘƛǎŎƻǾŜǊȅ ƻŦ ŀ ƳŜŎƘŀƴƛǎƳ ǘƘŀǘ 
contributes to our understanding of the origin of mass 
of subatomic particles, and which recently was 
confirmed through the discovery of the predicted 
fundamental particle, by the ATLAS and CMS 
experiments at CERN's Large Hadron Collider

But many questions remain and the search continues!!!

Č Higgs properties [coupling]
Č More than one Higgs?

Č Beyond SM Physics? Dark Matter & Dark Energy?

ČNeed more Data and Statistics!!
Doubling the present statistics requires 4 x more data!!!

Č HL-LHC goal: 10 times the LHC data Volume

Implies overcoming several limitations in the existing LHC!!!

Not only experiments: cryocoolingof triplet magnets & radiation damagein 
triplet magnets & machine efficiency!

Č Need for an Upgrade!
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Goal of  High Luminosity LHC (HL -LHC):

The main objective of the HL-LHC is to determine and build a hardware configuration 
and a set of beam parameters that will allow the LHC to reach the following targets:

Prepare machine for operation beyond 2025 and up to 2040

Devise beam parameters and operational scenarios for:

# enabling at total integrated luminosity of 3000 fb-1

# implying an integrated luminosity of 250 fb-1 per year, 

# design oper. for ˃ Җ мпл (Č peak luminosity 5 x 1034 cm-2 s-1)

Č Operation with levelled luminosity!

Č10 x the integrated luminosity reach of first 10 years of LHC operation!!

5 events
400 

events
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Project approved by CERN Council in June 2016

Now entering the phase of hardware production for 
most equipment!!!
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Proposed Operational Scenario for HL-LHC 

LHC: 1x1034 cm-2s-1

Event pile-up in experiments >200

Levelling with 
crab-cavity
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How to reach HL-LHC performance?

ÁBeam from injectors
ÁMajor upgrade of complex (LIU)

ÁHigh bunch population, low emittance, 25 ns beam

ÁDealing with the regime
ÁCollision debris, high radiation

ÁLower beta* (~15 cm)
ÁNew inner triplet magnets - wide aperture Nb3Sn

ÁLarge aperture NbTiseparator magnets and matching section quads

ÁNovel optics solutions

ÁCrossing angle compensation
ÁCrab cavities

ÁLong-range beam-beam compensation
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CERN accelerator complex
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LHC Injector Upgrade Project  (LIU) 

Linac4 infor
Linac2

Å H- injection into PSB at 160 MeV
Å Expected double brightness for LHC beams out of the PSB

Booster Å Increaseenergy to2 GeV
Å NewRF system
Å New main power supply

PS Å Injection at 2 GeV
Å Beam production schemes
Å Feedback systems:new wide-band longitudinal feedback;transverse 

feedback against head-tail and e-cloud instabilities

SPS Å Power upgrade of the main 200 MHz RF system 
Å Electron cloud mitigation through a-C coating (baseline) or beam 

induced scrubbing

Á HL-LHC performance relies on more intense and brighter bunches from injector complex 
(2.2E11p / 2um at SPS extraction wrt to LHC nominal of 1.15E11p / 3.4um)

Á 25ns beam limited by space charge in PS, PSB, SPS; SPS RF power and SPS longitudinal 
instabilities

Á 50ns beam limited by PS longitudinal instabilities & SPS space charge and SPS TMCI
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Dealing with the operation of a high energy high brightness machine

ÁBeam stability
ÁNew low impedance collimators

ÁBeam lifetime & loss spikes
ÁMagnet quenches

ÁMachine protection
ÁFailure scenarios - local beam impact -

equipment damage 

ÁQuench protection

ÁMachine availability
ÁwŀŘƛŀǘƛƻƴ ǘƻ ŜƭŜŎǘǊƻƴƛŎǎ ό{9¦ǎ ŜǘŎΦύΧ

Very bright beams, very high bunch population, very high beam current
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Over 100 Collimators 

and absorbers to 

protect the SC 

magnets!!!

1) Shielding and Collimation upgrade:

Ion physics debris: 

DS collimation

Cleaning of off-momentum 

particles: DS collimator + 

11T dipoles per beam

Low-impedance, high robustness 
secondary collimators

Completely new layouts

Novel materials. 

IR1+IR5, per beam:

4 tertiary collimators

3 physics debris collimators

fixed masks

56 new collimators to 

be produced by LS3 in 

the present HL-LHC 

baseline!
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Shielding of the experimental areas:

New TAXS and TAXN 
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2) Removal of equipment from the tunnel

US57

UPR57

PC IT
PCs IT Trims

DFX

DSHX

DFHX

CDBs

PIC,BIS

QDS

CLIQ
Warm Diodes

DCM

OC PCs
D1 PC

Cold Diodes

OC EE

DSHM

D2 PC

D2 OC EE

Cold box

CDBs

DFM

DFHM

DQHDS

Valve box

D2 OC PCs

RF Powering

UW57

Underground Civil Engineering Excavation work essentially completed during LS2!

Cooling and 

Ventilation
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HL-LHC civil engineering (early days) 
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