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Introduction

• Parameter Table summarizes most important 
design parameters of HALHF

• Starting point: Parameters as given in the paper, or 
as deduced from paper

• Future will see evolution / alternative configurations

• Start from Top-Level parameters, then propagate 
down to subsystems:

• Design choices at top level become 
requirements for the subsystem level

• -> Requires a definition of subsystems

| Parameters and Drive Linac | Benno List, 18.12.2023
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Subsystem Definition 
A first attempt to define subsystems (i.e. a PBS)

• HALHF Accelerator Compex

• Drive Beam Injector Facility

• Positron Injector Facility

• Drive Beam Linac Facility

• Electron Injector Facility

• Plasma Main Accelerator 

• Positron Transport 

• Beam Delivery System

| Parameters and Drive Linac | Benno List, 18.12.2023

Discussion points (for later?):

• Damping rings: part of positron injector or separate?

• Turn around / beam preparation for plasma: part of drive 
beam linac or plasma main accelerator?

• Dumps, Electron “recycler” for positron source: Part of 
BDS?
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Subsystem Definition: Next level

• Defining the next PBS level(s) clarifies where 
subsystem boundaries are and which parameters 
are needed

| Parameters and Drive Linac | Benno List, 18.12.2023
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Parameter Table
Main Parameter section

• Main design choices:

• Beam energies
-> CM energy, boost

• Collision rate and bunch 
intensity -> beam current, 
power

• Emittance and beta fkt at 
IP -> luminosity

| Parameters and Drive Linac | Benno List, 18.12.2023
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Drive Linac Parameters

• Main Design Parameters

• Injection energy (transition from DB and positron sources to 
drive linac)

• Number of drive bunches per positron bunch (plasma 
stages)

• Bunch separation (must be consistent with overall main 
bunch separation!)
Note: within main bunch separation (80ns), number of DB bunches + positron 
bunch must fit; try to keep beam loading even 

• Drive beam bunch population (from plasma accelerator)

• Average gradient -> length

• RF frequency

| Parameters and Drive Linac | Benno List, 18.12.2023
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Plasma Parameters

• Main Design Parameters:

• Number of stages

• Plasma density 
-> gradient, spacing driver/witness beam, bunch length, 
transverse size

• Transformer ratio / bunch charge ratio driver/witness beam

| Parameters and Drive Linac | Benno List, 18.12.2023
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Plasma Parameters: Interplay with Drive Linac

• Assumptions: 

• Drive beam linac accelerates also positrons 

• Positrons RF phase same or similar to drive beam 
RF phase (note: could be different, e.g. to level 
beam loading) -> make this a parameter

• -> drive beam energy same as positron energy (?)

• Number of plasma stages (16) / Transformer ratio (1)
-> number of drive beam pulses per main bunch (16)
-> bunch charge of drive beam bunch (2.7E10)

• Choices: 

• Drive beam RF frequency (1GHz? -> see slide)

• Bunch spacing in drive linac (5ns)
-> drives layout / size of delay lines

• Bunch spacing to positron bunch (6ns = 4ns*4/2.7?)

• Results

• Bunch separation of main beam (“80ns”)
-> needs a bit of adjustment

• Drive beam current, pulse length (800mA, 8us)

• More plasma stages: lower transformer ratio, lower 
drive beam charge, more drive beam bunches
-> optimize for overall efficiency

• Required drive bunch length:

• Not too different from positron bunch length

• Compatible with drive beam linac parameters / 
technology

| Parameters and Drive Linac | Benno List, 18.12.2023
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Drive Beam Linac: Requirements from Plasma Acceleration

• What are the requirements on drive beam from 
the plasma accelerator?

• Bunch length: 42um
-> might require bunch compressor?

• Normalised emittance? 100um OK?

• Energy spread? Energy chirp?

• Current profile?

• Beam stability / jitter?

• Requirements on positron beam / bunches:

• Bunch length: 75um

• Emittance: 10um(!)

• Energy spread: 0.15%

| Parameters and Drive Linac | Benno List, 18.12.2023
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Plasma Parameters: Interplay with BDS

• Plasma density
-> Plasma wavenumber
-> transverse and longitudinal beam size

• For ne=7E15/cm3, bunch length 18um

• At IP: Bunch length 75um
-> requires bunch lengthening by factor 4

• Different (lower) plasma density
-> longer cells (-> lower power density)
-> larger bunches, relaxed transverse tolerances, 
less bunch lengthening required

• -> but larger energy spread at IP -> chromaticity?

• Bunch lengthening by energy compressor:

• Chicane with sizeable R56

• Dechirper (Plasma???)

| Parameters and Drive Linac | Benno List, 18.12.2023
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Remark: Shift between positrons and drive beam

• Shift between positrons and drive beam 
necessitated by layout of beamlines

• Enormous variation of beam loading in drive linac
-> negative impact on RF, efficiency, etc
-> Can this be avoided by different beamline 
layout? (delay loop for drive beam)?

• 2nd observation: positron bunches have larger 
bunch intensity (4E10 vs 2.7E10) than drive 
bunches
-> levelize beam loading by larger gap (10ns vs 
5ns)?

| Parameters and Drive Linac | Benno List, 18.12.2023
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Drive Beam Accelerator: Basic Observations

• Assuming Input energy 5GeV, output 31.25GeV,
16x2.7E10 drive bunches, 4E10 main e+ bunch,
10kHz average bunch rate (100Hz x 100):
20 MW RF to beam (in pulse: 25GW)

• Drive beam linac delivers 84% of the total beam power 
(rest in 5GeV linacs) – power does not depend on 
bunch pattern, frequency, … it is just the overall beam 
power

• This is a lot. Requires e.g. 500 x 50MW klystrons, 
modulators, couplers etc

• Length / gradient is not only limited by achievable 
gradient, but by amount of power that can be handled 
per meter

• Drive beam linac should not dominate site 
length -> push for high gradient (25MV/m-ish)

| Parameters and Drive Linac | Benno List, 18.12.2023
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Drive Beam Linac: Consider CLIC Design

• CLIC Drive Beam Linac:
Travelling wave, fully loaded, 93% RF to beam!

• Requires careful matching of cavity geometry (iris, 
number of cells), bunch charge / beam current, 
gradient -> very little flexibility

| Parameters and Drive Linac | Benno List, 18.12.2023

CLIC TDR, CERN-2012-007
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CLIC Drive Beam: Structures

| Parameters and Drive Linac | Benno List, 18.12.2023 CLIC TDR, CERN-2012-007

30MV/m
surface field
for 1.7MV/m
mean acc. Gradient

-> go to higher freq?
2GHz?
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CLIC Drive Beam Linac Parameters

| Parameters and Drive Linac | Benno List, 18.12.2023 CLIC TDR, CERN-2012-007

30MV/m
surface field
for 1.7MV/m
mean acc. Gradient

-> go to higher freq?
2GHz?



DESY. Seite 16

Superconducting drive linac?
The average power is the challenge (not the gradient)

• TESLA type couplers handle order of kW of 
average power; one coupler per cavity (1.04m)
-> limits power to ~2kW/m 5kW/m
-> 10km 4km for a 20MW SC linac

• Conclusion: 
a 10km SC linac can deliver a 250-300GeV beam 
for physics, or possibly the drive beam for a 
500GeV plasma driven beam

• A SC drive linac would require a completely
different coupler development which exists, e.g. EIC

• Different time structure (longer bunch distances, 
lower current) for SC linac – completely new game

• Generically, drive linac has very high current
-> ideal for NC linac (ratio of power to beam vs 
cavity wall losses favourable)
| Parameters and Drive Linac | Benno List, 18.12.2023

Edited version

Reflecting discussion 
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Summary / Conclusions

• Parameter Excel document has been set up
-> distribution? Start with DESY synch & share?

• Definition of PBS / system boundaries needs to 
continue

• Look at interplay between subsystem design 
choices, in particular between plasma and 
conventional accelerator 

| Parameters and Drive Linac | Benno List, 18.12.2023
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