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Cle‘ar CLEAR second injector for experiments requiring very short bunches

(plasma acceleration, wake field experiments, THz)
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Would add unique research opportunities to the CLEAR facility in particular two bunches with independent timing !



Synergies
Similar injector could serve for:
AWAKE Run2, e-SPS, Compact- and SMART-Light sources,
Advanced accelerator research (ALEGRO goals)

Extremely compact injector : 85 MeV in 3 m
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Could study external injection into a plasma accelerator " . . d* '
Emittance preservation during plasma acceleration L=3m

Wakefield measurement via probe bunch deflection

Radiation generation with short bunches and high charge density



Awake Electron Source for Run 2

Electron source system

Accelerated electrons on the scintillator screen

Laser beam :
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Serious Space constraints in AWAKE, not so much in CLEAR
Pure S-band injector, 20 MeV in4 m

Protons from SPS
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—> Laser on Cs,Te cathode produces electron bunch with o ~2ps, ~650pC.
— 2.5 cell RF-gun accelerates to 6 MeV

- 30 cell travelling wave structure accelerates up to 20 MeV
- 18m long beam line to plasma cell.




Electrons into the SPS, e-SPS proposal
3.5 GeV electron linac to inject into SPS and accelerator R&D (CLEAR ++)

Need for compact and high performance injectors

Eol to the SPSC Oct 2018: https://cds.cern.ch/record/2640784



Injector Design

Philosophy: Use S-band rf-gun for ‘convenience’ with well established performance (cathode, laser, magnets)
Use X-band for velocity bunching and acceleration
CERN has experience and hardware for those frequencies

RF- parameters Laser parameters, uniform distributions

Parameter RF Gun Buncher Acc A[nm] wlev] r[mm] t[ps] qlpc]
Frequency 3.0 12.0 12.0 262 4.31 1.0 1.0 100
Gradient 120MV/m  50MV/m  80MV/m

N. Cell 1.5 30 120
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X-band technology

Lots of experience and hardware available at CERN from the CLIC study



INFN RF-GUN
A contribution to CLEAR in the framework of our collaboration

Design David Alesini et al., see next talk
1.5 cell S-band gun, clamped not brazed

Peak field on cathode 120 MV/m




CLEAR/AWAKE Photo-Injector for short bunches (85 MeV)
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clear

CLEAR/AWAKE Photo-Injector for short bunches (165 MeV)
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C I e'OIj CLEAR/AWAKE Photo-Injector for 200 fs (164 MeV) A W‘@
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Very small energy spread can be obtained which
might be important for further transport and
focusing of the beam



CompactLight requirements (M.Ferrario) Compact*:"

Funded by the European Union

Aim of the study is to compare different type of injectors for a potential x-band FEL

In particular: S-band, C-band and X-band versions are compared with and w/o velocity bunching
(http://www.compactlight.eu/Main/HomePage)

How would our hybrid approach compare ? - work in progress

CompactlLight target parameters

Beam Energy Energy Spread RMS Bunch Bunch Charge Emittance Peak Current
Length

300MeV < 1% ~ 120 fs 100 pC <04 pm 250 A


http://www.compactlight.eu/Main/HomePage

Pure S-band version to compare

RF and Laser parameters

Focusing Channel
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Pure S-band version to compare
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SSX-band version to compare

Focusing Channel
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First steps towards realisation

We plan to install such an injector in the former CTF2 bunker and study its performance
- Started studying possible layout using existing hardware from x-band and CTF3

- Acquiring information for a new laser system

- Collaboration with INFN for the RF-gun



Conclusion and Outlook

A design for a very compact injector has been worked out and seems feasible
Collaboration agreement for an RF-GUN as a contribution from INFN Frascati
Conceptual layout for realization started

Lot’s of synergies with other projects

AWAKE, e-SPS, CompactLight sources

Contributions are very welcome

Such an injector would open unique research opportunities to the CLEAR facility



2. AWAKE/CLEAR Photo-Injector

2.1 85MeV-100fs Option
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4.5. Buncher Phase Jitter Tolerance
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2.6. Focusing Channel
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