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Task 4.4: Linac development
[INFN, EuXFEL, DESY]

INFN has great experience in the development, construction and operation of high-energy high-brightness electron
Linacs.
RF-guns with thermionic cathodes, photogun and regular accelerating structures in S-C band were developed in LNF
INFN.
We plan a common study for a 6 GeV Linac based on S-C band technology to serve as an FEL driver and, potentially,
as top-up injector for synchrotron X-ray storage rings
Simulations are planned to be carried out together with a virtual collaboration between INFN, DESY and the
European XFEL.
A workshop including FEL developers and possible users will be organized by, and held at the European XFEL, where
the study will be disseminated.
Ukrainian scientists from institutions that can profit from the project will be invited with special attention to young
individuals.

• Deliverable 4.19 (D99) (M46, INFN) - Study report on a compact 6GeV high-brightness Linac (C-band) for
top-up injection in storage rings and FEL applications

• Deliverable 4.20 (D101) (M48, EuXFEL) – Report from the workshop

• Milestone 58 (M40, INFN) – Simulation codes benchmark completed



The 
previous
scheme:

N.B. The previous Task 4.4 team was based on 15 people, now on  7.  



Previous scheme was based on S-band Accelerating structure



and Thermionic gun beam dynamics



Updated layout proposal 

LNF previous
option

• Emittance Compensation Scheme in the Photoinjector
• C-band accelerating structures, 2 m long,  with 
𝐸!""~35 MV/m (transition energy to be studied)

𝐸 = 150 − 200 𝑀𝑒𝑉
𝜎!~300𝜇𝑚 (with VB)

𝐸 = 2 𝐺𝑒𝑉
𝜎!~10 𝜇𝑚

𝐸 = 6 𝐺𝑒𝑉
𝜎!~10 𝜇𝑚Linac 1

C-band
Linac 2
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Photoinjector

Thermionic

Gun
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S or C-band

Optimal injection to be 
studied (S-C-band chopper 
to preserve energy spread)

Update for Eurizon



LNF expertise on Photoinjector: S and C band

The Photoinjector
The SPARC_LAB photoinjector is based on a 1.6
cell S-band RF gun which operates at ∼120
MV/m peak on cathode. At the gun exit a
solenoid is located for the emittance
compensation and downstram two 3 m long S-
band accelerating structures plus a 1.5 m C-
band, are located providing a total energy of
∼200 MeV on crest.

The SPARC_LAB photocathode laser system is based on a Titanium-
Sapphire laser at 800 nm, the laser system is synchronized with the RF
system with a compressed pulse energy of about 50 mJ. We split the
laser pulses from the oscillator to two CPA systems, one used for the
photocathode and one for FEL seeding and diagnostics

http://sparclab.lnf.infn.it/sparc_lab-home/sparc-linac/photoinjector/photocathode/
https://www.rp-photonics.com/titanium_sapphire_lasers.html?s=ak
https://www.rp-photonics.com/titanium_sapphire_lasers.html?s=ak
http://sparclab.lnf.infn.it/sparc_lab-home/sparc-linac/photoinjector/synchronization-and-rf/
http://sparclab.lnf.infn.it/sparc_lab-home/sparc-linac/fel/seeding-experiments/seeding-laser/
http://sparclab.lnf.infn.it/sparc_lab-hohttp:/sparclab.lnf.infn.it/sparc_lab-home/sparc-linac/photoinjector/electron-diagnostics/electro-optical-sampling-diagnostics/


C-band structures at LNF

ELI-NP Gamma beam System



Beam Dynamics w C-band

ELI-NP Gamma beam System 
800 MeV C-band Linac

Evolution of:
(a) the RMS bunch length and energy gain 
(b) the transverse normalized emittance and transverse spot size along the 

photo-cathode RF gun and first C-Band section of the injector.

Compact-Light
2.5 cell C-band Photoinjector

Astra & Tstep
codes for 
collective effects

Elegant and 
CSRtrack codes for 
CSR, Wakefields & 
LSC effects



To do List:
• Codes Benchmark (1st milestone)
• Fel Parameters list for 6 GeV Linac + 

250 pC beam (𝜎! ≤ 10𝜇𝑚) -
discussion already started

• 250 mA beam optimal insertion in C-
band linac for top-up operation

• Final 6 GeV linac layout and report  
(2nd Milestone)

• Workshop preparation & report (3rd

milestone



Thanks for your 
attention


