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Hybrid Asymmetric Linear Higgs 
Factory (HALHF)

• The basic idea is – there are enough problems with a 
PWFA e- accelerator; e+ is even more difficult. Bypass 
this for e+e- collider by using conventional linac for e+.

• For this to be attractive financially, conventional linac
must be low energy => asymmetric energy machine.

• This requirement led to (at least for us) unexpected 
directions – the more asymmetric the machine 
became, the better!
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Relativistic Refresher

• It turns out that the (an) optimum (see below) for Ecm = 250 
GeV is to pick Ee = 500 GeV, Ep= 31 GeV, which gives a boost 
in the electron direction of g ~ 2.13.
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HALHF Layout

•Overall facility length ~ 3.3 km – which will fit on ~ any 
of the major (or even ex-major) pp labs. (NB. A service tunnel 
a la ILC is costed  but not shown)
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HALHF Parameter Table

B. Foster, CLIC Plenary, 12/23
5



Cost Estimate
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Status
•HALHF Collaboration “kick-off” meeting at 
DESY on 23/10/23. 

Attendance ~ 50.
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Outline of Upgrade Suite
• See Lindstrøm, D’Arcy and Foster, arXiv:2312.04975

• Polarised e+
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Outline of Upgrade Suite
•Energy upgrade to ttbar (380 GeV). 
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•47.5 GeV positrons / 760 GeV electrons(same # of stages, 
same boost)

• => +130 m PWFA linac; Added cost ~23%; >~25% more power.



Outline of Upgrade Suite
•Energy upgrade to Higgs self-coupling, ttH
Yukawa (550 GeV). 
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•68.5 GeV positrons / 1.1 TeV electrons(same # of stages, 
same boost, plasma cell length increased to 11m);

• => RF linac more than doubled in length – 2.75 km;

• +254 m PWFA linac;

•Roughly 48% increase in cost cf Higgs factory; power 
increases by 90 MW to 190 MW.



Outline of Upgrade Suite
•Two IPs.

• a) I-shape

•b) 2 Linac

•a)  ~ 20% cost increase; b) 44%  
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Outline of Upgrade Suite
•gg.
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Outline of Upgrade Suite
•Multi-TeV

•Requires solution of positron acceleration in 
plasma
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Upgrade Summary
•Multi-TeV
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Status of PWFA arm
• Work ongoing in Oslo:

• Preliminary simulations: Transverse (beam-breakup) 
instabilities;

• Preliminary simulations: Effect of (betatron) radiation reaction;

• Preliminary simulations: Coupling of multiple PWFA stages.

• Also simulation work going on in DESY on beam 
ionization/ion motion (S. Diederichs, M.Thévenet)

• Parameters will change - watch this space!
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Status of “Conventional” Arm
• Some Working Groups formed:

• Linac: (S. Ackermann), S. Doebert, B. List, N. Walker, 

• Polarisation in PWFA: K. Poeder

• Positron Source: G. Moortgat-Pick et al.

• BDS: A. Seryi, S. Gessner

• Need others, particular Damping Rings, overall Beam 
Dynamics & machine lattice, etc.

• Limited by lack of visible funding!
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Summary & Outlook

• HALHF is not just a Higgs Factory – more a way of life ☺

• Work on optimizing parameters underway – there will be 

changes!

• Task forces are meeting: first regular monthly HALHF 

accelerator meeting on Monday December 18th.

• In parallel, physics & detector studies continue and initiating

regular monthly meetings. Coordinated by J. List.

• Plan Oslo Plenary in April 2024; Erice Plenary Week 3-8.10.24
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Backup Slides
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HALHF Parameters cf
ILC & CLIC
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