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Introduction
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• Schematic layout (baseline) of the CLIC positron source

Accepted e+ yield:  η =
𝑁
𝑒+
PDR

𝑁𝑒−
Primary

• Requirements

• Maximum positron yield accepted by PDR

• Peak energy deposition density (PEDD) < 35 J/g

• “Full” Simulation

• Target simulated with Geant4 (with Gaussian beam profile)

• Realistic magnetic field of the matching device (AMD) obtained from Opera®

• Analytic field for NC solenoids @ 0.5 T. Uniform field assumed for the chicane

• 3D field for L-band from CST. Tracking simulated with RF-Track

• “Fast” simulation – for optimisations

• Simulation up to pre-injector linac (~200 MeV) with constant field @ 0.5 T

• Then use analytic formula (longitudinal tracking) up to PDR:

PEDD < 30 J/g in fast simulation



Beam parameters
• Primary e- beam parameters

• DBA: drive-beam based acceleration mode; KBA: klystron based acceleration mode

• Spot size of 2.5 mm is from old baseline. We will reoptimise it
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• Required e+ beam parameters at PDR entrance (accepted)

• 20% safety margin is considered

PDR acceptance cuts

✓ 1.5 TeV always has the same 

parameters and results as 3 TeV



Target
• Old baseline
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Hybrid target option

Single target option

Hybrid target distance scan

Single target thickness scans

• New baseline

Optimised target thickness vs beam energy



Target
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• DBA @ 380 GeV

• DBA @ 3 TeV



Adiabatic matching device (AMD)
• Old baseline

• Constant large aperture (40 mm)

• Analytic field from the adiabatic formula
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On-axis Bz field

Schematic layout

• New baseline

• FC designed (H. Bajas et al.) with Opera®

• Realistic field and tapered aperture

• Manufacturing (S. Doebert et al.) with EDM or 3D printing 

in progress

On-axis Bz fieldEDM 3D printing



Pre-injector linac
• CLIC L-band (similar with injector and booster linacs), 2 GHz travelling wave (TW) structures, 2π/3

• 1.5 m long, 20 mm constant iris radius aperture assumed, 200 mm distance

• Number of structures: 1 at dec. phase + 10 at acc. phase (two phases used and optimised for max. PDR accepted 

positron yield)

• To simplify the study, RF gradients are fixed at 20 MV/m

• Surrounded with NC solenoids (up to ~200 MeV): ~0.5 T
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NC solenoid types

Schematic layout and on-axis Bz field (partial)

On-axis Ez field (3 cells)



Chicane
• Chicane (and collimator) parameters
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NC solenoid types

Chicane

Schematic layout in X-Z plane

Collimator

Schematic layout in X-Y plane



Injector linac
• Accelerate both e- and e+ from 200 MeV to 2.86 GeV.

• Same L-band RF structure as in pre-injector linac
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Schematic layout

Designed by 

C. BAYAR et al.

Lattice parameters RF parameters (common for all sections)

Preliminary. Matching optimisation in progress.

5 sections

Transport efficiency

S1             S2                       S3                           S4                             S5     

PDR cuts



Baseline final results

• “Fast” simulation results

• Less realistic, but much faster (especially for optimisations)
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• “Full” simulation results

• ~12% loss of yield compared with “fast” simulation, but more realistic



Alternative options: uniform beam

• Primary e- beam with uniform profile (transverse distribution)
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• Optimisation results (e.g. DBA @ 380 GeV)

Transverse positions Transverse momentums Horizontal position

Beam radius scan



Alternative options: SC AMD

• Using a SC solenoid as AMD (HTS solenoid field from PSI for FCC-ee study)

• Target can then be tapered to increase yield (originally conceived by Nicolas Vallis from 
PSI for FCC-ee study)
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• Optimisation results

• The FCC-ee HTS field is found to be already optimal even also for CLIC positron source

Schematic layout based on a SC AMD

Schematic layout for tapered target

On-axis Bz field comparison

o FC: FC based AMD. New baseline

o HTS: FCC-ee HTS based AMD

o HTS-TT: HTS + Tapered target

o HTS-TT-UB: HTS + Tapered target + 

Uniform beam

Results for DBA @ 380 GeV & 3 TeV



Alternative options: lower energy electrons

• Lower energy electron beam leads to shorter electron linac and smaller cost

• Target thickness and beam spot size are reoptimised for different energies:
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Bunch charge vs energy

Optimised target thickness

Optimised e- beam spot size

Normliased beam power vs energy Normliased deposited power in target vs energy

• Scan of e- beam energy (2.3 GeV might be a good alternative with 1 nC bunch charge required)



Conclusions
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• New baseline configurations for the CLIC positron source, for both drive-beam 

based and klystron based modes, at both 380 GeV and 3 (1.5) TeV stages

• Hybrid target (old baseline) replaced by single target option, with yield improved 

by a factor of ~2.7 @ 380 GeV (~3.6 @ 3 TeV), with reoptimised spot size

• Start-to-end optimisations with higher positron yield than any previous studies 

(though our simulatin is more conservative and realistic)

• Much more realistic simulations than any previous studies, up to the end of 

injector linac, with a preliminary PDR accepted positron yield of ~1.8 @ 380 GeV 

(~2.4 @ 3 TeV)

• Alternative options also investigated that can improve the yield significantly, such as 

using uniform electron beam, FCC-ee HTS solenoid based AMD, tapered target, etc. But 

some options might be challenging

• Alternative lower electron energy option also investigated. Might be a good alternative 

to reduce the energy 5 GeV to 2.3 GeV. More studies are in progress
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