Istituto Hazionale di Fisica Hocleare
Laboratorio di tecniche nuclaar

Designing a photocathode RF electron gun for ILSF

Seyedeh Sedigheh Hashemi
Institute For Research In Fundamental Sciences, School of Particles and Accelerators (IPM)
Tehran-Iran

15th Workshop on Breakdown Science and High Gradient Technology (HG2023)
19/10/2023



https://agenda.infn.it/event/34253/
https://agenda.infn.it/event/34253/
https://agenda.infn.it/event/34253/
https://agenda.infn.it/event/34253/

A o' .. - °
. - . s
TR e 4 - ’ .
- . . .
y s e 2 - é .
. . e .
S R 3 . ¢ o e
S e ol -
- -'.I - - = - L. -
. * .3 -
o T = > .. -
5 .o, . . . 3
o . L N09 - N - . - =
SIS - > -2 B - -
. , PRI - S
o TR e e a* o
e % .*°N - b .
N e L BRI IS
. ¢ .
N e -
‘. .
sife -
. ke &
. -
- -
. L Bl
. -
* LT o
- :
.
- !
o BN Wit
» . . -
. & e .' e -
. e L 5
: A
.« o' Pe” -
R o . !
-y .
3 . .
. . . .
o - o .
. . ot A o
0.... g '- '
o . . P
. .
- . . -
e l. -

Event honzon

#1003 T X PN Sy el 8 P
i errgy T A N e O

705 5 006 A5 BTN 3 HPAITYy Mefews I &

CHIE PLIEE TDOOK NONS IV 00 DY

THE 6 Mo TACA” pod of P dack Mok

Photon sphere

2 0 S o e s Ky (RN e Sl Yo
TN 0 pete O A% ETTEReT Ao foee belowd 17 Ve st

Innermost stable orbit
o

o dcuerton 3y o'
G Byl TN e S o Sy e (Yes [N i £ redm

. OF Je XAt s S OV WSS N DA (YOS N e RENE,
g e R e e
I 5 OGS KD S vy Wt S, A e o

. . -
.- ° - . .
9 .
. .
- . - ® - S
o 4 0 S -
. - -7 . -
- n.
. . S .
. v..
. ~ . .
. - .
g - .
-
b - . ~. = L

Relativistic Jet —

Photon
sphere




ayout of a synchrotron.
History and Characteristic of the ILSF..

Designing a photocathode RF electron gun.




Layout of a lightsource

2) Linear accelerator

' 3) Booster ring

4) Storage ring
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A new 3 GeV 4th generation synchrotron radiation (ILSF) will be built in Iran in the next ten years.

The storage ring has five-Bend achromat lattice design and delivers a horizontal electron beam emittance
of 0.27 nm-rad.

A 3 GeV booster synchrotron is fed by a 150 MeV pre-injection system.
The ILSF pre-injection provides less than 10 mm-mrad beam emittance.

It consists of a /2 mode RF electron gun with a thermionic cathode, an alpha magnet for longitudinal
compression, 6 accelerating linac tubes, quadrupoles and steering magnets for transverse
beam control.

-

The cross-section of the ILSF RF electron gun
https://doi.org/10.1016/j.nima.2015.10.062
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Table 1. Main parameters of the ILSF storage ring. . The main beam specifications at the end of the TLSF pre-injector, calculated by ELEGANT

Parameter Uit Yalue

Parameter Unit : Bunch charge pC 100
Average beam energy MeV 1548

o _ —a
Beam energy GeV KEMS bunch energy spread G 10
RMS beam envelope in x direction | mm .54
Beam current mA RMS beam envelope in y direction | mm 0.57

Mormalized emittance in x direction 6.54

Emittance nm-rad

Mormalized emittance in v direction ; 6.51
Circumference m Absolute bunch length ; 1.55

Beta function in x direction 14.6

RF frequency MHz
Maximum RF voltage MV
Number of dipole magnets - Table 2: Main Parameters of the ILSF Booster

Number of quadrupole magnets - Parameter Unit Value
Number of sextuple magnets . Energy at injection GeV 0.150
Energy at extraction GeV 3

Circumference 504
Hor. Emittance i 3.503
Rep. rate

RF frequency 500

Beta function in v direction L&

“r

Bunch length (with higher harmonic cavities)




Detail structure of electron source layout for ILSF project

source: photo-injector an

K In the photo-injector, a hi
aser gy \ Y D 2 .. pulsed laser beam with fg
“ \\/ lengths is used.
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First design

S-band waveguide

R=42.10 mm
‘ S2=17 mm

L1=0.6 L2

Phase =t

B=1

L2=13=50 mm
al=a32 =10 mm
b2 =17.50 mm
Frequency = 3 GHz

Calculated and designed by CST STUDIO SUITE




Second design

L1=0.6L2
L2=L3=50 mm
Frequency = 3 GHz
Phase=mt

B=1



Electric field strength | ¥fm

The z component of the electric field
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Calculated and designed by CST STUDIO SUITE



S-Parameters [Magnitude]

2.998 2,999 3 3,001
Frequency [ GHz

S11 parameter '% &

Pd [Real Part]

3.002 3.003 3.004

3.003

3.004

Delivered power




The next for the future...

Beam dynamics:
ASTRA: A Space Charge Tracking Algorithm” is a tracking code developed at DESY (Hamburg,
Germany), can simulate injectors and track in field maps. Simulated photocathodes. Uses its

own description language. [injectors, tracking, space charge]

GPT: General Particle Tracer code

Python
ap _ L E pc < §)
dt mc 1+p

dr _ pc
dt J1+p?
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