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* Photoinjector and the requirement of the RF gun
* The main C-band linac

* The C-band RF gun
* RF design and beam dynamics of the 3.6-cell gun
* High power test of the C-band gun
* The cryogenic gun

* The cryogenic C-band structure

* RF design and low-power test
 Status and plans

* Conclusion



Background and Review of SXFEL  efectron energy 1.5GeV
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Photoinjector in SXFEL

S-band gun from Tsinghua University
90-100MV/m at the cathode
500pC-1nC, 10ps initial bunch
Irreplaceable cathode.

Two 3m S-band accs for linac-I
17MV/m gradient designed
Outer water cooling

dipole and quadrupole field exit.

Two new 3m accs replaced in 2017
Better performance on quadrupole field.
But still a problem because of installation
Inner water cooling.

Gradient up to 23MV/m to reach 130MeV of injector.

* Photoinjector:
* Asymmetric transverse shaping suspected
to be due to a quadrupole field
e Micro-structure caused by the long laser

profile shaped by the stacking technique
Heavy dark current

SSF

Two latest 3m accs replaced in 2023

One-piece design, no installation on waveguide
i’ Great improvement




The main C-band linac

Breakdown rate statistics duration RF commissioning and operation
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« 50MW klystron, multiply to 160MW
* Feedin 2 C-band structure

* Experienced a terrible contamination
* Average gradient is 37.1MV/m
* Peakgradientis41.7 MV/m




Motivation - Requirements in SXFEL

Photoinjector

* Micro-structure caused by the stacking technique
Shorter initial beam (maintaining charge)

* Maintaining the current low emittance
Removable photocathode (QE maintaining) e

Main LINAC

e SXFEL-UF 1.5GeV, with plans to upgrade to 4 GeV
e Current remaining linear space can accommodate
onIy up to 15 C-band units(+1. SGeV)

. Reqwres higher gradient RF structure, 65 MV/m is
more reasonable for the space layout

SS3r




Outline

* The C-band RF gun
* RF design and beam dynamics of the 3.6-cell gun
* High power test of the C-band gun
* The cryogenic gun — design and preliminary high-power test



The C-band photocathode gun - Proposal

FWHM = 10 ps FWHM = 10 ps

Laser Heater &, = 0.85 mm.nrad
RF - -
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' Surface processing .
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o - Local enhancement Beam shaping Cryogenic cathode
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C-band scheme

lcctlon bcam - Solenoid Bunch charge (pC)
Photocathode . - '- & - _ _ m ' """""" - Laser Pulse FWHM (ps) 5 10
IcT C-band structure x2 RMS laser size (mm) 0.35 0.4
Main solenoid Diagnostics 1 Diagnostics 2 Emittance on the cathode (mm-mrad) 0.28 0.31
Driving laser Beam energy (MeV) 107 120
Length (m) <8 <15
U pgrade SCheme for SXFEL Transverse emittance (mm-mrad) 0.32 0.44 0.71
Better beam performance RMS bunch length (mm) 0.465 0.47 0.6
Facilitates bU nCh com preSSion Mean slice emittance (mm-mrad) 0.22 0.37 0.52

Shorter layout for beam imaging




The C-band photocathode gun — Design and optimization

O Referred to the high-field BD models
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The C-band photocathode gun — High power test

&ﬂ C-band klystron

, Power splitter
Gun & solenoid

Py ®

irculator

To C-band TdS

Inside the SXFEL tunnel



The C-band photocathode gun — High power test

25
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The C-band photocathode gun — Lessons learned

e Lessons learned

First test Test Again
° ’
; : -
First test, Charring of the rubber Test again, the power level that can be
gasket at the pumping waveguide steadily achieved was constantly decreasing.
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X
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| | 3 '
The whole circulator gas area was contaminated.

New circulator and RF windows.

All flanges based on vacuum type, instead of flat
flange.

Circulator, above 10MW, Ferrite Powder
Still work on it



The cryogenic C-band Gun — High power test

Paremeter Value

Temperature ~20K
Frequency ~5713.7MHz
B 3.088

Required power 5.4AMW (200MV/m)

Required rep. rate <1Hz

The similar design and layout
cooling experiment, reached 20K
Required 1Hz and 5.4MW



The cryogenic C-band Gun — High power test

Output frequency is tuned to 5713 MHz by LLRF; Repetition rate remained 10Hz; pulse width 1 microsecond.
[I’D Amplitude Grapk L:-/&
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) A” 1 | 1.2MW in the gun, corresponding to 90MV/m
S Waveform aberration when power get higher
; Accompanied by vacuum degradation
. Tried to achieve higher, but don’t work
) /‘M Breakdown during the radiation phase.
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h power test
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Outline

* The cryogenic C-band structure
* RF design and low-power test
 Status and plans



The cryogenic C-band Structure — For higher gradient

R
&

Parameter Value Unit
AT(T) = |H|2 2Ksug R, (T) RF frequency 5712 MHz
(1 + ,B)np kh(T)Cg(T) Working temperature 40 K
Surface resistance@40K 0.005 Q
Surface
resistance@273.15K 0.0188 Q
The target E,;..(SW) 65/80 MV/m
Type of Structure Bi-periodic
) Operating Mode SRS
L Material Copper
k5 RRR 300
E Coolant L|q_U|d
= helium
(a9
Lower pulse-heating, Less deformation
60 .

0 50 100 150 200 250 300 _ (T+AT ’ o [ 2K, R.(T") '
AL(T) = oy (T (H\/ - -\/,,—,)dT
Temperature (K) ( ) ‘ I( ) ‘ ‘ (1+6)mp Ea (T )ee(T")
Still requires further investigation



The cryogenic C-band Structure

Design
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* Bi-period mode (TMO01 &TMO02-like)
e Alignment of the different cavities
* Transition of the coupling hole after brazing
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The cryogenic C-band Structure — Low-power test

First cryogenic test: liquid nitrogen
RF performance and cryogenic vacuum leakage resistance verification.
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The cryogenic C-band Structure — Cryostat design

_ Helium Refrigerator | Stirling refrigerator | G-M refrigerator Waveguide

Capacity 20K@500W 20K@250W 20K@40W .
: Vacuum container
Cold shield
40K@600W 30K@80W
Ultimate performance  <20K <20K ~20K Beam tube ——p{
Power consumption 200KW/380V 45KW/380V 9kw/380V
Price ~1,500,000 USD ~530,000 USD ~60,000 USD

The Helium refrigerator provides the best cooling
GM system is the most economical option.
cost savings while maintaining stable environments.



The cryogenic C-band Structure — Present

Measurement and Control
Instrumentation fixed

Thermal insulation layer
wrapping

RF structure suspended and
mounted in the cryostat

Vacuum obtained

Starting to cool down




Summary

* We are still gradually improving the performance of the SXFEL
accelerator.

e C-band guns will perform better than S-band guns can be verified
with the high-power test

e Still require further high-power test and beam test

* The preliminary high power experiments cryogenic electron gun show
some problems, and will be specifically analyzed during summer
maintenance.

* Design, fabrication and integration of the cryogenic structure has
been completed and high power testing will be completed in the near
future.

SSr




Thank you for your attention
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