My research activities on RF gun and beam
dynamics in the past

By Xiangkun LI

v Come from China and had been in Japan and France for several years
v’ Start as a new member of PITZ group from August 1, 2018
Disciplinary supervisor: Dr. Frank Stephan
Technical supervisor: Dr. Mikhail Krasilnikov
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Research experiences

For most of my career, | have been working on an electron beam
interacting with some kind of EM fields, and how to transport it without
degrading its quality

v" Back-bombardment effect in a thermionic RF gun (Master’s degree)
v Field emission cathode based study in RF guns (PhD’s degree)
v" Optimization and commissioning of a THz FEL beamline (>1 year)

v' Beam quality preservation in staged laser plasma accelerators (™~ 2 years)



Research experience (1)
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For thermionic cathode:
« the emission occurs in each RF cycle, therefore providing high average current

. the B.B. effect causes the overheating of the cathode and results in more and
" more emissions



Research experience (1)
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Motivation
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1. Evaluation of the B.B. effect on the emission current
2. Suppression of B.B. in different ways
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Research experience (1)

Evaluation of B.B. effect in a thermionic RF gun

Numerical model
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Research experience (2)

Sep, 2009-Jul, 2015
Theoretical and experimental studies on field emission RF guns

Supervisor: Prof. Chuanxiang Tang

Motivation

To produce relatively high brightness and relatively high average current electron
beam for free-electron lasers
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Potential advantages of field emission (FE):
continuous emission; relatively narrow emission phase interval



Research experience (2)

Characterization of field emission current in the S-band RF gun
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Research experience (2)

Characterization of field emission current in the S-band RF gun

Energy spectrum Transverse emittance
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Research experience (3)

Jul, 2015-Aug, 2016

Research assistant at IAE, Mianyang, China
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Duties:
1. Optimization of the whole beam line
2. RF related measurements for the buncher
3. Commissioning of the photo-injector (pulsed mode)



Research experience (3)

Optimization of the high average current THz FEL beam line
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Research experience (3)
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Research experience (4)

Sep, 2016-Jul, 2018

Postdoctoral position in Beam Dynamics at CEA-Saclay, France

Duties:
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Research experience (4)

The energy spread is minimized by optimizing the beam loading effect

Total energy spread:

ELY: electrical field amplitude
Bph = Vpn/c: phase velocity
®o, ¢1: injection and exit phase
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EP(0): wake field at the bunch center
Qyp: bunch charge
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Research experience (4)

The energy spread is minimized by optimizing the beam loading effect

oy - iz (%)

Slice energy spread:
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Research experience (4)

To reduce the slice energy spread:

JES - Ez,b(g) O s
E ~ (Eae) F

1. Changing n, could help increase (E,.), as a result of balancing the ol
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wakefield amplitude and acc. phase ke (2 — vgnt)
2. Increasing a, means higher wakefield amplitude (thus higher (Ecc)) and  pjasma wake field and density perturbation

stronger ponderomotive force (thus lower plasma density seen by the
beam which reduces E, 1,(£))

0.3 ‘ T ‘ 0.4

(a) ' —1 ®) e Eq. (29)
{><>Simulation
0.3}
| 1l
: : S S -
Simulations: g =02| B=V3
bﬁ éj‘ |
IV * a=2
0.1} &
0.0 < s ‘ . .
-10 -5 0 5 10 095 1.0 1.5 2.0
£ (pm) ny (10" cm—?)
Slice energy spread distribution Slice energy spreadat & = 0



EXxpectations

® My work will be relevant to the beam dynamics, specific topics
still to be decided and your opinions are welcome

® I'm looking forward to learning new things here and working
together with you all for the best of our beamline

® Very happy to help if needed



Thank you for attention!



Research experience (2)

Design, test and running of an S-band RF gun for FE

i ; After installation

!k' d\ ] “;'{l, ﬂ*&# o

Copper cavity before
3D model Aluminium cavity welding

W
N After conditioning:
7
=27 "‘-.,‘ ] f=2856 MHz, Q0=8500, 5=1.86
T xﬁ ' Enax~80 MV/m
0 0 ll 2 .; 4 5
z (cm)

Self-introduction 2018/8/9 19



Research experience (3)

RF related measurements for the L-band buncher at the THz-FEL facility
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Research experience (4)

Beam parameters required by X-FEL Designed laser-plasma parameters
Beam energy 5 GeV plasma density 1x10v7 cm3
Bunch charge 30 pC plasma length 25 cm
Energy spread <1 % laser strength 2
Slice energy spread | <0.1 | % laser spot size 50 um
Beam emittance 1.0 um laser pulse length 132 fs
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