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Abstract

• We take a first look at the performance of the HE-LHC as a heavy-ion 
collider, based on the beams foreseen to be available during the high-
luminosity heavy-ion phase of the LHC that will start in 2021.

• Like the FCC, the HE-LHC benefits from the faster radiation damping of 
heavy ions but beam losses due to collimation and ultraperipheral 
collisions at the interactions points have different consequences.
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So far, zero FTEs have been available to work on heavy ions at HE-LHC.  
Little participation in HE-LHC working groups.

This is just a first look, based on experience with LHC and the studies for FCC.  

See talk on FCC as a nucleus-nucleus collider given earlier today.

https://indico.cern.ch/event/656491/contributions/2939104/


Assumptions for first look at Pb-Pb operation

• Similar Pb beam as projected for HL-LHC 

• Simplified scenario  - see talks by JMJ and H Bartosik at LHC Performance 
Workshop, Chamonix 2017 
https://indico.cern.ch/event/580313/contributions/2359517/

• https://indico.cern.ch/event/580313/contributions/2359507/

– All bunches are equal  (consider single bunch pair simulation)

– Initial bunch intensity (start of stable beams, slightly improved over HL-LHC)

– Initial emittance (start of stable beams)

– Other bunch parameters as LHC nominal, scaled with HE-LHC energy 

• Simulation with Collider-Time-Evolution (CTE) program 
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LIU baseline (Jan 2017) parameters at start of collisions 

• Simplified scenario  - see talks by JMJ and H Bartosik

– All bunches are equal  (consider single bunch pair simulation)

– Initial bunch intensity (start of stable beams)

– Initial emittance (start of stable beams)

– Other bunch parameters as nominal LHC with appropriate scaling to HE-LHC energy.
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Filling scheme for HL-LHC Pb-Pb (LIU TDR baseline)
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23 injections of 56-bunch trains give total of 1232 in each beam. 
1232 bunch pairs collide in ATLAS CMS, 1168 in ALICE, 0 in LHCb. 

56 bunch SPS train 
after slip-stacking in SPS

Two beams are identical, maximal 
filling with quadrant symmetry



Beam parameter evolution in simulated Pb-Pb fill
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Consider optics as in V0.2 physics 
configuration but also some 
additional cases with higher β*.

Horizontal emittance Vertical emittance

Bunch length Bunch population



Emittance growth time from IBS and radiation damping

J.M. Jowett, M. Schaumann, FCC Week 2017, Amsterdam, 9 April 2018 7

zero IBS coupling, 2 experiments and 25cm beta*

Emittance radiation damping time

Regime of balance between 
particle losses, radiation damping 
and intra-beam scattering. 

IBS evaluated in simulation with 
CTE program (includes non-
Gaussian longitudinal distribution).



Luminosity evolution in a fill
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Consider optics as in V0.2 physics 
configuration but also some 
additional cases with higher β*.



Integrated luminosity in a fill compared with Pb-Pb at HL-LHC
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HL-LHC projection

HE-LHC simulation

int,max

Ultimate luminosity to share per fill

 c b

c

k N
L




The gain in integrated luminosity over HL-LHC is fairly small and is strongly 
affected by turn-around time – not surprising since we are assuming 
essentially the same injected beam. 

HL-LHC projections are for 3.85 nb-1 per one-month run



Physics optics in IR1, V0.2
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Weaker focussing in 
arcs and DS than LHC. 

Higher Dx and also 
different matching from 
LHC. 



Aperture available 
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γ-γ and γ-A processes in Pb-Pb collisions
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Nuclei are surrounded by intense EM fields: collisions of almost-real photons in 
Fermi-Weizsacker-Williams picture. 

Ultra-peripheral electromagnetic interactions dominate the total cross-section 
during Pb-Pb collisions.

Bound-Free 
Pair 
Production

Electro-
magnetic 
Dissociation 
of nucleus

Each of these makes a secondary beam emerging from the IP.

rigidity change:

Hadronic cross section is 8 b (so much less power in debris).

Effects now familiar in Pb-Pb at LHC

J.M. Jowett, M. Schaumann, FCC Week 2017, Amsterdam, 9 April 2018



Electromagnetic dissociation cross-sections
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Used to predict total electromagnetic 
dissociation cross-section at HE-LHC energy



Bound-free pair-production cross-section
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Secondary beams from IP in Pb-Pb
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BFPP

EMD1

Consequences of small beam 
pipe and weaker focussing: 

Impact point of BFPP beam is 
not near the missing magnet 
slot in the DS and the solutions 
adopted for LHC will not work. 

May help with EMD1 beam. 

Can the matching be changed?

Secondary beam has few 100 
W power. 

Can the first 3 dipole magnets be moved closer to the IP to make a space for collimators?  
Scheme used for earlier proposal for DS collimators in LHC – would not need >22 T dipoles … talk by JMJ at 
2009 LHC Collimation Review https://indico.cern.ch/event/55195/

Another solution is to only collide nuclei with low enough Z.  Acceptable for the physics programme ?

https://indico.cern.ch/event/55195/


e-Pb collisions at HE-LHC (HE-LHC-eh)

J.M. Jowett, M. Schaumann, FCC Week 2017, Amsterdam, 9 April 2018 16

Potential electron-ion collider 
based on HE-LHC also benefits 
from upgraded bunch 
intensities already realised at 
LHC.

Also requires further detailed study.



Conclusions
• A first look at Pb-Pb collisions in HE-LHC suggests that integrated 

luminosity can be somewhat more than at HL-LHC (assuming similar 
injected beams)
– Fills short, cycling and turn-around times are critical

• BFPP and EMD losses from IP may be unmanageable because of small 
beam pipe and weak focussing
– Alternative layouts for the dispersion suppressors to install collimators ?

– Limit colliding species to lighter nuclei, eg, Xe ?

• Heavy-ion operation of HE-LHC requires serious study:
– BFPP and EMD losses from IPs, mitigations, solutions

– Collimation and cleaning inefficiency 

– Best choice of colliding species for physics and machine ?

– Injection, operational cycle

– Hybrid proton-nucleus collisions, p-Pb, etc. 
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