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MARIX: Multidisciplinary Advanced Research
Infrastructure with X-rays

* Joint project of INFN-Mi and University of Milan
* Twin X-ray Source of advanced characteristics for
the future Scientific Campus:

1. BriXs (Bright and compact X-ray Source):
Compton X-ray source based on superconducting
cavities technology with energy recirculation and
on a laser system in Fabry-Pérot cavity at a
repetition rate of 100 MHz.

2. FEL (Free Electron Laser): the BriXS accelerator is
also the injector of a 3.8 GeV superconducting
linac driving an X-ray FEL at 1 MHz, for providing
coherent, moderate flux radiation.
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BRIXS and MARIX Baseline Parameters

Electron Energy
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INFN Injector system: main parts

Master Clock and Controls
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Technologies involved with
a photo-injector system:

* RF power
e High Voltage (HV) DC
* Lasers

Ultra-High Vacuum (UHV)
Beam Optics
Others

R O S S S DI

Low-energy section, High-energy section,
“space-dominate” beam “emittance-dominated” beam



INFN BriXS: RF power delivery
(schematics)

Master Clock and Controls
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@ Which Photoinjector is best for CW operation?

Cornell
- Main Requirements | -

- High Average beam current (>20mA for the Compton)
- High QE (>0.5%)

- Low emittance (<0.5um for the FEL)

- Technology
- CW DC-Gun (<500kV) >

- CW RF Gun (operating at sub-harmonic,<187MHz)

- Superconducting RF (SRF) multi-cell gun \ ]
/ 4X 418 EIA 4 S PRS- 3 ‘ Gulliford et al., App| Phys Lett.
Coaxial : AN \ N Y 106, 094101 (2015); doi:

Fundamental ~8f, ¢ - SNy Vacuum 10.1063/1.4913678
Power Coupler % b " N v NIN vessel

Focusing
-A.Burrill et al., First horizontal Il solenoid

test results of the hzb srf _ y 1" R.Wells et al., Design and

photoinjector for bERLinPro, : il S\ Fabrication of a VHF high

Proceedings of IPAC2015. - " . repetion rate electron gun,
3Bl R proceedings of IPAC2014.

Cathode
load-lock

oltz-Zentrum Berlin

Helmh

W bERLinPro



@5\1 Which Photoinjector technology is best for CW operation?

CW DC-Gun CW RF-Gun SRF multi-cell gun

DC Voltage (<500 kV, Cornell) Low frequency (187 MHz, APEX) High Frequency (1.3GHz, bERLInPRO)
Gradient at cathode is limited Gradient at cathode is higher Gradient at cathode is higher (E,., =30MV/m)
(Epea=6MV/m) (Epeai=20MV/m)

Multipacting, ion-back-bombardment and Multipacting, ion-back-bombardment and * Multipacting, ion-back-bombardment and
dark current are under control. dark current are under control. dark current need to be under control.

* Implications due to high QE cathode/ SRF
cavity interface = impact on cavity

performance
Lower output energy (300keV) Higher output energy (800keV) but possible  Higher output energy (up to 2.3MeV)
- Higher space-charge upgrade to multi-cell (APEX-II, >2MeV) - Lower space-charge
- Lower space-charge

* 0.4/0.6 um emittance@100/300 pC * 0.4/0.6 um emittance @100/300 pC No measurements found!

(@injector exit <9MeV) (@injector exit <9MeV) Prediction: 100mA, 1mm-mrad
» Stable operation at high average current ¢ Operation at low average current (<1mA

(>100mA, laser reprate 1.3GHz) limited by their laser reprate at 1MHz)
Start-to-end simulations (LCLS-II, SLAC group) showed better behavior of the APEX gun Relatively young technology, need more
with respect to Cornell’s in terms of beam quality and performance: experimental setups™

1' ngh_order modes |n the |0ng|tud|na| phase Space *SRF Gun Development for ngh Brightness, Short Pulse

. . . - Applications by Thorsten Kamps, kamps@helmholtz-berlin.de
2. Mlcr_OanChmg mStablllty Ultra Fast Beams and Applications, Yerevan, Armenia
3. CSRinside the bunch compressors (BC1 and BC2) 05.07.2017



@ Photocathode Choice I: Quantum Efficiency (QE)

.. 10000 = g :
(I)(Amperes) z chine  Antimonide (s
Q E = 1240 g 1000 Cathodes INEA]
Plaser (WClttS) X A(nm) 3 i Cathodes
g 100
. ) = 10 Torr
* Semiconductor photocathodes have high QE !!! ‘é 10 p——
. o . . e, . . o, . - m hin
e Their sensitivity to gas exposition requires UHV conditions. g Metal Cathodes
S 16°%Torr 10 mA @ 500 nm
2 01
* Requirements inside an electron Gun: 5 1 mA @ 500 nm U B Q) 26
) _ Z 001
1. QE uniformity 5
& 0.001 -
2. Low dark current = e
. . . 0.0001 e
3' Long Operat|Ve Ilfetlme 0.00001 0.0001 0.001 0.01 0.1 1
4. Stable operation along the train Quantum Efficiency
5. Fa St response t|me Cathode type Cathode Typical Qual:ltum Vacuum for
e e (ke
. . . 0 (nm), (eV) per photon)
* High QE photocathodes (like Cs,Te) have typical QE = 10 % (fresh — — — - —
cathode, A = 254 nm), good spatial uniformity and high robustness. UHV mono-alkali - -
condition needed. < @LASA (INFN-MI) o R o !
* With A =262 nm (E, = 4.7 eV), with a conservative value of QE = 0.5 % ey FRam g Zv
PEA: Na_Ksh 330,3.76 0.1 10 1°
(CSZTe) to prOdUCE 200 pC multi-alkali ((‘i‘)NabgKSb 390, 3.18 0.2 10 1©
K;CsS 543,228 0.1 10
K,CsSh(0) 543, 2.28 0.1 10
NEA GaAs(CsF) 532,233 0.1 ?
Laser Pulse Energy = 19.1 nJ s 00144 01 ’
corresponding to s o ’
Laser Power = 19.1 W (at 100 MHz) il e om0 ?

D. Dowell et al., NIM A 622(2010) 685




@ Photocathode Choice Il: Quantum Efficiency (QE)

* Thermal emittance is the lower limit of the emittance

* It depends on:

e Eg+Ea (for a semiconductor) or to the ¢ work function for a
metal

* The laser photon energy

e |hv—(E; +Eg) &n  |[hv—¢ B Q hw-—¢
_— = —_— = > gth,min - 12 2 E
Oy 3mc? Oy 3mc TEEMC rf
Eg + Ea A laser QE (%)
(or ¢)
Cs,Te 264 nm 0.9 0.5+0.1
K,CsSb 2.1 543 nm 0.4 0.36 £ 0.04 5
Cu 4.6 250 nm 0.5 1.0+0.1 1.4 107

Data from LASA (INFN-Milan)
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RF and Beam Dynamics Simulations
for the BriXS injector

» After many tests and discussions about beam dynamics, we focused on
the final injector layout;

» Crucial was the contribute of the Genetic Algorithm GIOTTO, to find the
active element positions, fields intensity and the final optimal beam
parameter (emittance, current, energy spread).



@ Injector layout (1 beam-line)
(SuperFish 2D model)

CW RF-GUN

Linearizer
(3.9 GHZ)

X : Solenoid Solenoid

RF buncher Linac (1.3 GHZ)
(1.3 GHz)

830 keV | > 6/7 MeV

1 1 1 1 L
] | »

Z=0cm /=100 cm /=200 cm Z= 300 cm /=400 cm
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BRIXS injector
RF power specifications

Technology

Frequency (MHz)

Effective Shunt Impedance per unit length (QQ/m)
Effective Shunt Impedance (QQ)

Quality Factor Q,

Accelerating Voltage V.. (MV)

Gap Length (cm)

Accelerating Gradient E .. (MV/m)

Injection Phase inj (°)

Energy Gain (MeV) [=V,..cos(inj)]

Cavity wall dissipation power (W), beam OFF
Total RF power (W), beam ON

RF power supply

Super

Conducting

1300
2.0E13
1.61E13
2.0E10
3.26
100
3.83
11.05
3.2
0.64
64000

100kW CW
Klystron

Super
Conducting

3900
3.46E13
6.91E12
3.46E10

1.2
20
6
-156.5
-1.1
0.37
22000

<30kW CW
10T

Super
Conducting

1300
2.0E13
1.61E13
2.0E10
3.8
100
4.47
22.7
3.5
0.76
70000

100kW CW
Klystron



BRIXS injector

Beam Dynamics Simulations

Input beam
To the MARIX FEL =50 pC
* 50pC case INEEEEEE—————) 00
* Parmela results Bunch length
* Parmela and Giotto Comparison ~40ps (18.7°)

To the Compton source
* 200pC case pEEEEEEEEEE——) 200 PC
o,=420um

e Parmela results
Bunch length

~48ps (22.5°)
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INFN Input Beam Phase Space

Q=50 pC

c,=200um

Bunch length ~ 40ps (18.7°)
1ps rise time

“Low charge case”

BriXSs
80 .05
60 ool el ualon 02
40 0.
20 -.02
phase spectrum " y VS.
017 s 6 12 =05 78 —.07 0. 02 5

element 1 Zpos= 0.000 ngood= 10046
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BriXs
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Q=50 pC
c,=200um
Bunch length
~40ps (18.7°)

KE (MeV)

A 4




INEN : Transverse Profile sigmaX,Y

Q=50 pC
c,=200um 1.6
Bunch length
~40ps (18.7°) 1

Xrms (mm)

A 4
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Q=50 pC 3
c,=200um
Bunch length | -
~40ps (18.7°)

A 4
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Comparison between Parmela and Astra results

T

Optimized with algorithm code
GIOTTO (A.Bacci)



INFN Energy

Q=50 pC s s s s s s |
G,=200Uum 6 s e o e G e 4 o ]
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~40ps (1879 . | S S S Astra(Giotto) _
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INEN Transverse Profile sigmaX,Y
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INEN Longitudinal Profile SigmaZ

Q=50 pC
c,=200um
Bunch length
~40ps (18.7°) 2.5

1.5

Zrms (mm)
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Q=50 pC
0,=200pm
Bunch length
~40ps (18.7°) - =

XN(mm-mrad)

€4=0.1 mm-mrad
>

0

Normalized Transverse Emittance

S S S— S S Parmela-
: : : : : Astra (Giotto)




Q=200 pC
G,=420um “High charge case”
X

Bunch length ; 5 |
~48ps (22.5°)

Energy (MeV
Sigma x (mm)




Q=200 pC
c,=420um “High charge case”
X

Bunch length
~48ps (22.5°) —

Normalized Transverse: I

2.5 — --------- i — .......E.mi.tt.é_n_c_e__(mn§1-mrad)é




INFN

BRIXS — Wakefields

work in progress
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BRIXS -

Injector Linac

/ BriXsS

FP1 ‘/i,\ \Xl

6
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€V Cavity XFEL1 L
| \ i
- [o FEL
o + 100 MeV
0 Mey, .
Cavity XFEL2
O
AN
A )
‘Q&a + . 100 MeV N>

| \\:\
\\s‘~ X2
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RIXS injector

rep = 100 MHz

esla Cavity k;~11V/pC
Q =200pC

avg = 20mA

Hom= 44 W

Loss Factor k;

Kick Factor k|

Sealed Wake Potential W {5}

10

0.5

Power lost to wakefields
P=k 9 I avg

Walee Polentials

ABCTR4: SAMPLE INPUT 21 TESLA CAVITY
NREOT= 1, RlG= 8] em, FDZ= (.1 om, DIFE= {.5K mm

[} 0. .60 f.004 0. 605 LRI
Distence from Bunch Head 5 {m)

Next step: 3D simulations!



Thanks for your attention!



