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New SPARC_LAB Injector

Recently, a new injector is under development at SPARC_LAB in Frascati. The injector

foresees:
. RF Gun

1) a completely new RF gun manufactured with the Laser injection
technology without brazing and implementing ‘
several RF features;

2) a solenoid with two coils (like the ELI-NP one) and a
remote control of the transverse position;

3) variable skew quadrupoles after the gun for the
compensation of the residual quadrupole
component;

4) on axis laser external injection system with the last
mirror in air (and not under vacuum);

5) room for future integration of an X/C band cavity
linearizer.

Solenoid and
skew quadrupoles

A similar RF Gun and solenoid, implementing the same  First S-band TW
features, will be realized also for CLEAR. structure
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Fabrication process: special RF-vacuum gaskets

[Int'l patent application PCT/IB2016/051464]

Th.e gun will be fabricated w/o brazing Vacuum side Force Vacuum side RF -vacuum Contact
using a process recently developed at e ///

LNF-INFN involving the use of special RF-  copper parts Air side / / /
vacuum gaskets (same Cu material of tojoin \ » \
gun) that guarantee (simultaneously) the f

vacuum seal and a perfect RF contact \;(' \ \\\

when the structure is clamped. Compressed gasket
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Vacuum and probe

[D. Alesini, et al., PRST- AB 18, 092001 (2015)]
port

[D. Alesini, et al., PRST- AB 21, 112001 (2018)]
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ELI-NP RF Gun

This technology has been already implemented in two RF guns:

* An RF Gun prototype currently in operation at UCLA
since three years at low rep. Rate (90 MV/m, 5 Hz) [2]

* The ELI-NP RF electron gun that has been tested at full
power (120 MV/m, 14 MW input power, 1.5 us @100
Hz) at ELSA facility in Bonn University [3,4]
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[2] D. Alesini, et al., PRST- AB 18, 092001 (2015)

[3] D. Alesini et al., “ High Power Test Results of the Eli-NP S-Band Gun Fabricated With the New Clamping Technology Without Brazing”, presented at the 8th
Int. Particle Accelerator Conf. (IPAC’17), Copenhagen, Denmark, May 2017, paper THOBB1
[4] D. Alesini, et al., PRST- AB 21, 112001 (2018)
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RF Gun: RF simulations and results

The RF design is based on the 1.6 cell photo-cathode gun
of the BNL/SLAC/UCLA type.
Features of this gun:

elliptical irises with increased aperture:
« reduce the peak surface electric field;
+ increase the pumping speed on the half-cell;
« increase the frequency separation between the
two resonant modes.

The coupling hole strongly rounded to reduce the
peak surface magnetic field and the pulsed heating.

New developments with respect to the ELI-NP gun

Four symmetric ports, one connected to the input
waveguide and 3 for vacuum pumping. These ports
compensate the dipole and quadrupole magnetic
field component induced by the input coupler.

Two access points in the half cell to “see” the cathode
surface.

Input waveguide

Cathode

Vacuum port

Input waveguide

4

Front view

Vacuum port
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RF Gun: RF simulations and results
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The tuning and simulations have been performed with Poisson
Superfish and Ansys HFSS.
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RF Gun: mechanical design

At present the mechanical design is ongoing. It is completely scalable to the CLEAR case and for
further adjustments.

Input waveguide Special gaskets

/\, 4x Inlet and outlet M8

cooling channels

14 deg access

soint Vacuum pumping ports
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RF Gun: cathode

Vacuum seal RF contact

The cathode system for the new gun is

based on the present SPARC_LAB RF gun:

e Copper bulk cathode

* Relatively easy cathode substitution
(opening the vacuum)

e Vacuum pumping from the cathode side
is needed

It is composed by a custom flange
connected to the gun body and a CF100 CF100 flange
flange for vacuum pumping

Cathode pushing system  Copper cathode

For the new CLEAR Gun the possibility to
implement cathode loading chamber has to be
investigated (i. e. modify the CF flange to hold the
transfer arm for cathode plug insertion).
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New SPARC _LAB Injector: Layout
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Solenoid and Skew quadrupoles

The new solenoid for emittance
compensation is composed by two coils fed
by two power supplies. It implements a
remote control of the transverse position
(by means of step motor) with a resolution
< 10 um. The design is based on the solenoid
used for the ELI-NP Gun adapted for the
SPARC case.

B, .x= 3800 G
Bcathode <6G
Water cooled

Opera

A corrector composed by a variable quad
and skew quad is mounted on the vacuum
chamber at the center of the solenoid. It is
used to compensate the residual quadrupole
component induced by the input coupler
and non idealities of the solenoid and of the
laser. It is based on the design made at PSI.

Max gradient =32 mT/m
Magnetic legth = 10 cm
Air cooled Courtesy of PSI Two concentric quadrupoles

The magnetic simulations have been performed with Opera
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Conclusion and future work

& RF design of the Gun
& Magnetic design of the solenoid and skew quadrupoles

O Cooling system and final mechanical drawings of the gun (ongoing)
O Final design of the solenoid transverse moving system (ongoing)

O System for cathode plug insertion (to be decided)

The realization of both guns will start in May, prior few discussion with CERN staff for final
implementation of the CLEAR gun

2018 2019 2020
1 1 1
Tentative Timeschedule | ! r

Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan

Conclusion of design of the quadrupole
with variable polarity

Conclusion of design of solenoid with
remote control of its transverse position

Preparation of final mechanical drawings

Offer requests and orders
Realization of components

Installation of the new injector off-axis

Final installation .
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Thank you for the attention
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