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Brazed Free C-band Photo-gun

Designed and realized at INFN, High power test at PSI

Main Parameters of the C-band Gun Laserinieeiion dariber RF input port  n1ode launcher
Parameter Value
Resonant frequency [GHz] 5712
Ecamn!Paiss [MV/(H]MWOS)] 514
rf input power [MW] 18 (19)
Cathode peak field [MV/m] 160
Rep. rate [Hz] 100-400
Quality factor 11900
Filling time [ns] 166 (147)
Coupling coefticient 3(3.5)
rf pulse length [ns] 300
Mode sep. & — /2 [MHZz] 47 (48.3)
Esurf/Ecath 0.96
Mod. Poy. vector [W/m?] 2.5
Pulsed heating [°C] 16
Average diss. Power [W] 250-1000 Solenoid  Pumping system RF gun Cooled cathode

D. Alesini et al., "Design, realization and high power RF test of the new brazed free C band photo-gun"
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Brazed Free C-band Photo-gun

Brazing free technology

The brazing free technology uses a novel process = simplify the fabrication
developed at INFN (Frascati) involving the use of = reduce the cost and the risk of failure
special RF-vacuum gaskets (same Cu material of gun) » = reach in principle (because of the hard copper not
that guarantee (simultaneously) the vacuum seal and a annealed) higher accelerating field with lower
perfect RF contact when the structure is clamped BDR and lower conditioning time

T waveguide §

Cu Special
[\ gaskets

W ‘ Body of the gun

ing cup and pipe (single piece of
R i OFHC copper)

David Alesini, Design realization and high power RF test of the new brazed free C band photo-gun, IPAC 24
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Brazed Free C-band Photo-gun

(A

Istitule NKanenale di Fisica Nucleare

The new C-Band RF gun is a 2.6 cell standing wave cavity with:

Mode
launcher

four-port mode launcher for electric field coupling (low
pulsed heating) and no multipole components induced by
the coupler

coupling factor =3 to operate with short rf pulses (300 ns)
Elliptical shape of the irises to reduce the surface electric
field and modified Poynting vector

Large irises apertures to increase the pumping speed and
increase the mode separation

A dedicate cooling system in each cell (possible with the on
axis coupler) that allow to operate at high rep. rate (up to 1

kHz)
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C BAND RF PHOTO-GUN: DESIGN
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Tecmologica

Parameter Value

Resonant frequency 5712:(5:712)
| Eaun/ VP [MV/(m-MWO5)] 51.4

rf input power [MW] 18(19)

Cathode peak field [MV/m)] 160

Rep. rate [Hz] 100-400

Quality factor 11900 (11900)

Filling time [ns] 166 (147)

Coupling coefficient 3(3.5)

rf pulse length [ns] 300

Mode sep. m-1t/2 [MHz] 47 (48.3)
[l B 0.96

Mod. Poy. vector [W/um?] 2.5

Pulsed heating [°C] 16

Average diss. Power [W]
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D. Alesini et al., MOPOMS021, IPAC2022, Bangkok, Thailand, p. 679, 2022
D. Alesini et al., TUPAO0Y, IPAC2023, Venezig, Italy, p. 1356, 2023
F. Cardelli et al.,, MOPOMS020, IPAC2022, Bangkok, Thailand, p. 675, 2022

A. Giribono et al., PRAB 26, 083402, 2023

David Alesini, Design realization and high power RF test of the new brazed free C band photo-gun, IPAC 24
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Preparation for experimental demonstration of arbitrary

correlation generation
Transverse wiggler is used to . Experiment results: period tunability F"TI
introduced correlation in | EE
transverse phase space Both amplitude and period tunability were confirmed

P2

Magnet angles were adjusted to
generate summation of two sine curves
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Preparation for experimental demonstration of arbitrary
correlation generation

Large longi. emittance is mainly due to nonlinearity == Correction using transverse wigglers
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Preparation for experimental demonstration of arbitrary

correlation generation

Experimental demonstration of transverse wiggler
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THz FEL

University of Science and Technology of China, Hefei, China

X-0.5772
Y:1

——n

\ I

| | A
WA\M_anr

\
S

‘
V. O S

3

THz

A

A

1 I
L AN AN/

4

5

6 7

1
At -
THz radiation ]
: y
laser |
photrcfacathode undulator bending pulses |
qun ' magnet i 081
[ 4 | 2
|
- 4 Eoi
| = :
v i B
\ @
\ 2
: X 204
solenoid solenoid on% v
% Ve H
5 €
02
Ocm  315cm 50 cm 70 cm 140cm  210cm 326 cm ~350 cm
0
Figure 1. Overview of the pre-bunched THz FEL.
1 [ —
-y
J€t
A _08
5 i 5
B <
T Eos
. ©
[
(=9
204
[}
2 |l
=}
a
02F
0

DESY. | Presentation Title | Name Surname, Date (Edit by "Insert > Header and Footer")

THz

0

[--23THz.
—-3.3THz
——52THz

Page 8



THz FEL

First Spectral measuren

- The first spectral measurements were performed at the TD3 station using an FTIR
(Fourier Transform Infrared) spectrometer based on a reflective lamellar grating

- A namrow-band spectrum centered at 2.82 THz was measured, and a FWHM
bandwidth of ~1.7% was estimated. In addition, higher odd harmonics were detected

Interferogram

Spit & Delayed

Front view THz pulses

Pan, R etal., “Photon diagnostics at the FLASH THz beamline.”
J. Synchrozron Rad., vol. 26, pp. 700-707, 2019.
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Photo cathode test stand at LANL

Cathodes and Radio frequency Interactions in Extremes (CARIE)

C-band, 1.6 cell photogun for studying
photocathode performace

Plan on studying behavior of cathodes with

different properties e.g. thickness and substrate

Currently finishing design and starting
construction

Also working on modeling photocathodes

Cs3Sh on Ag or Si, A = 450 nm
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Cavity without cathode

plug for RF tests
E. Simakov, et al. WEPCG60

reflected
laser

e fillet for reducing
plug peak field

& brazed-on knife edge
) (304 stainless steel)

H. Xu, et al. Page 10
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LPS tomography at KIT

« Using turn-by-turn bunch profile measurements in ring for tomography
« Tomography method: IRconstr_Is in matlab (I don’t know what’s under the hood)
»  Currently no experimental results

General non-linear equation from Vlasov Approximation Linear matrix
w(g,p,t + At) = o wi(q,p,t) > > w(s,riqﬂ%'%nD-RK-RD-K(p(r))-w(s,r)

i

LPS(turn+1) Damping Rotation Wakefield

F. Donoso, et al.
WEPG55
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Emittance measurements at EuUXFEL
Measurements for 250 pC, 130 MeV

* Average emittance over last 6 months: 0.38 mm mrad

* Measured slice emittance for laser 11-20 ps FWHM

Table 1: Simulation Parameters and Conditions

Parameter Value Unit
Laser pulse temporal shape Gaussian n/a
Laser pulse lengthl!] 11-20 ps
Laser pulse transverse shape Truncated Gaussian n/a
Laser pulse transverse spot sizel?] 0.6-1.0 mm
Bunch charge 250 pC
Electron beam energy 130 MeV‘
RF gun gradient 58.5 MV/m
RF gun phasel’] -4 - +4 deg

[1] in full width half maximum; [2] size of the beam shaping aperture in diameter; [3] with respect to the maximum mean momentum ga

U.3

=
Q

=
o

measured €y [pem]
> =
= h

&
W
|

0.2

Y. Chen, et al. MOPG47,
) ) ... 48
Slice emittance for different laser lenaths

0.6

T T

11ps (FWHM), ¢, = 0.2864 um

@ |

22.0fR&2entation Title | Name Sujgams, Raie (FHK (63 D1 aLI6 - Mittance optimization

s — 14 ps (FWHM), e = 02158 jim
= 05" —17ps (FWHM), € =0.1852 jim |
= —20 ps (FWHM), €, =0.1750 um
o ---11 ps & 14 ps, thermal ¢ = 0.1657 ym
o ===17 ps & 20 ps, thermal ¢ = 0.1473 zm
=
= 04
N
x
=
<]
=
2 03F .
|
wn
=
=
=
0.2+ .
2 A
O  breecarnansenipede et et .. W A U len S SR
S P 2= raate
0.1 1 L ]
-5 0 5
zZ [mm]
; . .
® %
OIE —_
(=] I=] a0
2 ODO
@
® ?
(=] —
@
11.03.24 Page 12



Thank you



