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Outline

A LHC design performance and#HHC upgrade goals
A Key (technological) challenges of HL upgrade

A Injector chain upgrade
A R2E and collision debris
A Final focusing magnets for lower beta*

A Crab cavities for @ngangle compensation

A HLLHC as a truly international project
A Current Project planning

A Performance rampup
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Introduction: LHC Performance Goals

B Collision energyiggs discovery requireg,= 1TeV

p collisions=> E . ,>5TeV > LHC:E=TeV [3.5TeV; 4TeV; 6.5TeV]

B Instantaneous luminosityate of events in detector= | XS At

rare events => L > 168%cmZsec! == L =1@cmZsec! [2 1C%cm?sec!]

N\

B Integrated luminosity: total number of events = QL(t)dt
300 fb' with 1barn = 1&®m?andfemto = 101 [193 fl!]

depends on the beam lifetime, the LHC cycle and
turn around time and overall accelerator efficiency
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2018-10-24 04:00 UTC
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HiggsDiscovervin July 2012 and 2013 Nobel Price for the

But many guestions remain and the search continues!®

C Higgs properties [coupling]
C More than one Higgs?
C Beyond SM Physics? Dark Matter & Dark Energy?

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

C HLLHC goal: 10 times the LHC data Volume

Implies overcoming several limitations in the existing LHC!!! £

Not only experimentscryo coolingof triplet magnets &adiation damagen e“"ﬁ«
triplet magnets &machine efficiencly a

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

\ \JIJCIC[LIUII VVTIUI T TOVOITCU IUIIIIIIUOIL)’:

C 10 x the integrated luminosity reach of first 10 years of LHC operation!!
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Proposed Operational Scenario for HIHC
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How to reach HL-LHC performance?

A Beam from injectors

A Major upgrade of complex (LIU)

A High bunch population, low emittance, 25 ns beam
A Dealing with the regime

A Collision debris, high radiation
A Lower beta* (~15 cm)

A New inner triplet magnetswide aperture NgSn

A Large aperturdbTiseparator magnets and matching section quads
A Novel optics solutions

A Crossing angle compensation
A Crab cavities
A Longrange bearfbeam compensation
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How to reach HL-LHC performance?

A Beam from injectors
A Major upgrade of complex (LIU)
A High bunch population, low emittance, 25 ns beam
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CERN accelerator complex
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LHC Injector Upgrade Project (LIU) lJJ

HL-LHC performance relies on more intense and brighter bunches from injgaaplex
(2.2E11p / 2um at SPS extractvrt to LHC nominal of 1.15E11p / 3.4um

25ns beam limited by space charge in PS, PSB, SPS; SPS RF power and SPS longitudinal
instabilities
50ns beam limited by PS longitudinal instabilities & SPS space charge and SPS TMCI

Linac4 ifor A Hinjection into PSB at 160 MeV

Linac2 A Expected double brightness for LHC beams out of the PSB
Booster A Increaseenergy to2 GeV
A NewRF system
A New main power supply
PS A Injection at 2GeV
A Beam production schemes
A Feedback systemaewwide-band longitudinal feedbackransverse
feedback against heatdil and ecloud instabilities
SPS A Power upgrade of the main 200 MHz RF system
A Electron cloud mitigatiothrough aC coating (baseline) or beam

induced scrubbing
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How to reach HL-LHC performance?
A

A

A

A
A Dealing with the regime

A Collision debris, high radiation
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Dealing with the operation of a high energy high brightness machine

Very bright beams, very high bunch population, very high beam current
Integrated Luminosity [fb-1]

A Beam stability 90% o
A New low impedance collimators |

A Beam lifetime & loss spikes
A Magnet quenches

A Machine protection

A Failure scenarioslocal beam impact
equipment damage

A Quench protection

A Machine availability o - N
A 2 4,.7h 35h 52h 69h 86h 104h 12.1h 13.8h
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1) Shielding and Collimation upgrade.:

\

Completely new layouts
Novel materials.

IR1+IR5, per beam:

4 tertiary collimators

3 physics debris collimators
fixed masks

lon physics debris:

DS collimation /

L _TCLA TR
TCLAGRI
TCLABERS
TCLAABRY
TCEG.BERY
TCSG.ASRI
TCSG 4R

IP3

TCEG.5L3

Momentum
cleaning

(Shielding of the experimental areas: o
New TAXS and TAXN

BE
3 o
=l

56 new collimators to
be produced by LS3 in
the present HL-LHC
baseline!

TCRDELT
_FERCELT
X TcPBeLT

ﬂ:leaning of off-momentum
particles: DS collimator +
11T dipoles per beam

TCEGEABLY

TC2G.BALY

TCSGE.ASLT
TCSG.O4LY

TCSG.BALT
TCSG.A4LT

Betatron
cleaning

TCSG.A4R]
TCSG.BERT
TCEG.DIRT
TCSGEERT

TCSG.GRT
TCLAAERT

\ R
Y -t::-' \ e

x____
ATLAS®

.

Low-impedance, high robustness
secondary collimators

J

Corfu, September 2021

Markus Zerlauth, CERN

LHC Collimuiion




- 2) Removal of equipment from the tunnel

Sool
- Diode » »
~ ® D
~
“x\ O
=,
So alve Do
~
\ 5
\\ 0O D
N D ‘ H — (
D ‘ R
SN
», i = . D
( uss7 2 D1 P !
=
( = o \-\\\ » : %
UwW57 | i .

e e old bo B
- SN _—— &= :
. 2 = — -

Cooling and

Ventilation UPRS57 : ks Y
. =1 :1{:'.';;;;;1 = 7
=75 V

crad

Underground Civil Engineering Excavation work essentially completed during LS2!
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HL-LHC civil engineering status (Point 1)

Overall progress: 69%

Underground Surface
STATUS: 2021.05.21

@ EXISTING STRUCTURES
) T0 BE EXCAVATED

) ALREADY EXCAVATED
) FINAL LINING

STATUS: 2021.05.21

) 70 BE CONSTRUCTED
() COMPLETED STRUCTURAL ELEMENTS
@) COMPLETED ARCHITECTURAL FINISHES

STATUS: 2021.05.21
—..... ) 10 BE CONSTRUCTED

@) COMPLETED STEEL STRUCTURES
@ COMPLETED PRECAST CONCRETE
{ ) COMPLETED CIP CONCRETE

Expected completion by October 2021 Expected completion by September 2022
‘ H (including + ~1 month due to Covid-19) (Including + ~1 month due to Covid-19)
Wlrasie vanwmesvis i >L/\




HL-LHC civil engineering (early days)
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