Semiconductor cathodes in SRF guns
Cathode challenges and update for cathode operation in SRF guns
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- ELBE SRF Gun Il - Cryomodule

He port liquid N, RRR 300 Iarge grain
3 / ‘ -
Hecvesse! /] cathode alignment
SC solenoid l .

cathode cooling

cathode

3%-cell cavity

New cavity - fine grain Nb,
produced, treated,
tested at JLab

 New cryomodule

10 cm longer, fabricated and assembled at HZDR
 Integration of a superconducting solenoid
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ELBE SRF Gun Il - Photocathode

Pty i

UV laser @ 258 nm _ N -
0.5 W CW e =A B TS

100 kHz, < 5 _ ‘&“\\\\\\\\\\\\\\\\

Gaussian 12 ps FWHM

normal conducting - low RF losses on axis
e vacuum gap - thermally and electrically isolated
e axis alignment (by hand)
cone for * remote controlled positioning +- 0.6 mm range
posiioning&  @10mm cs,Te * retracted RF focussing
-~ thermal contact .
e cathode exchange in cold gun
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. ELBE SRF Gun Il - Photocathode

Cs,Te preparation system

Thickness monitor 1

refurbished
cathode exchange
system of SRF Gun |

‘Cathode body & plug .
L B " y

* Gun installation finished in May 2014

* Photo cathode exchange system ready in January 2015 o :) i
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“* ELBE SRF Gun Il - Photo cathode history

Type Time QE Q/ lew Remarks
Cu June 14 — Feb. | 2x10° 3pC/ Inserted during clean-room assembly of the gun
15 300 nA
Cs,Te Feb. 15 2 %\1' 0 strong multipacting & field emission
0% cavity polution
Cu March 15 — 2x10° 3pC/ high dark current from cavity,
Feb. 16 300 nA no multipacting
Mg March 16 — 0.2% 200 pC/ | no multipacting, no dark current from Mg,
Aug. 16 20 pA stable (user) operation, no QE decrease
Mg Oct 16 — Dec. » 200 =
16 c{n 0 I I —QI—SRFjGun r»ioz.s;a horilzomal;71235.](05!05;12015; <E.
s o SRF-Gun Nof - st horzontl tes result (0211812013) £
Cs,Te Feb. 17 -> & [| SRF Gun Il [ 1%° £
g 1 1 ¢
g_ 0" | o—""\o__,\o 4 200 g
_ : present \\\x -
Present gun operation £ o

8 MV/m acc. gradient

—=0a—0-39
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100

20.5 MV/m cavity peak field [ SRFE Gun |
12 MV/m field at cathode : / ?
4 MeV kinetic energy ) VA S S S S N B P
0.0 2.0M 4.0M 6.0M 8.0M 10.0M 12.0M 14.0M
6 accelerating gradient, E___[V/m]
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Mg Photocathodes — Laser Cleaning

Laser cleaning set-up at transport chamber at

SRF gun
using the UV drive laser (100 mW, 100 kHz CW)

w© _ LaSBFIDOWE;I’ dEEI':SIty (.m teslt chamberllaser'roon;) _
L minimum E
: 7 203?15;?:1 ]
_wf ]
: | laser ablation |
20 .
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10 ' I‘Ej‘élt L)5;1[" '
o : N 1 L 1 . |—T“‘- -Th“'!‘_—'! n
-5 0 5 10 Lic ) 20 25
lens position z [ . .
low intensity
2.04 W/mmZcleaning

- virgin e SR i, cIeaned

transport chamber
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Mg photocathodes - in SRF gun Il

Laser phase scan and QE of Mg photo cathode in SRF gun
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14 Mg #211 cathode, 2016-3-6 |
2015.12.7 Mg ~ 10> 0 in SRF gun Il, Eacc=7.5 MV/m -
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Mg photocathodes - in SRF gun i

Beam for the ELBE accelerator: ~ ICTinELBE

several 12h-shifts for user setting preparation, test, and measurement  unch charge jpc] Jemcx
. d

Wlth 100 kHZ CW’ 80 _100 pC lave% "r‘CI:alnneISelect "r‘slasr;pleLength MPhnE—nf‘f

_ _ single: value Trigger Threshold — time-out [ms]  hold-off [us]
| 9748 o 0010 “Jlt200 100
E " i v v v
4 ] lv 0.3~
1 . 0,305+
031 -]
b | -2
0,315+
E = 0.2
o

g o A
10 4 -10 N Time [ns]
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. w/o laser power stabilization

3
1 with laser power stabilization, long-term drifts (< 0.2Hz)
[ stripe-line BPM -> NI cRIO -> laser polarizer
] . AR AN b oy S
y c,..=15%
9 Mg cathode in gun since March 3rd, 2016, 270 h beam time, no QE decrease
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Cs,Te photocathodes

4 )

evaporators For SRF - Gun - |

e >35Cs,Te photo cathodes produced
* QEs of most fresh cathodes are 8% ~ 15%.
* 8 Cs,Te ever worked in SRF gun 1.
e Contribute 30% of the total dark current
* Thermal emittance (QE of 1%)
0.6 ~ 0.7mm-mrad/r(mm).

Cathode #17.04.2012 Cs,Te
fresh QE 8.5%, in gun 0.6%
*beam time ~2100 h
Mo plug d 10 mm x 8mm on Cu-stem extracted charge > 264 C
Polished Mo surface R,: 8 ~10 nm \_ -/
Cleaning and baking
Deposition Te +Cs: standard, co-evaporation , .

Proceedings of FEL2010,Malmd,Sweden
Transport to Gun PhysRevSpecialTopics_13_ 043501
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Cs,Te photocathodes

For SRF - Gun — I

10 H mreactive
cathode #300311Mo
Improve vacuum 10 mbar -> 10-1° mbar - -
Remove particle source & hydrocarbon source
Bake plug at 400°C G ©7heating - ’

vacuum test

/ j

>l the2™ Cs,Te #2016.1.26 on Mo105 o
vacuum 2x107° mbar

QE [%]

0 — 7T T T T T T T T T T T T T 7
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days

prResDEN | N —ir—
11 concept \ﬂ' H‘DR

Member of the Helmholtz Association
Jochen Teichert | HZDR



Cs,Te photocathodes
For SRF - Gun — Il

9 Cs,Te produced in prep. Chamber

i | Cs,Te2016.3

QE (%)
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—
Cathode Properties - Multipacting

e MP was expected in the gap between cathode and
cavity at surface fields of 0.1-0.2 kV/m since the early
design stage!

e So biasing of the cathode up to -7 kV was considered
in the cathode design (el. isolated)

e Characterized by high current (>1 mA, rectified) at the
cathode and electron flash at view screens

e Biasing of the electrically isolated cathode
often works, but is not straight forward.

",

Cs,Te: Strong MP effects, required a permanent
adoption of cathode bias (-1 ... -7 kV) W
- experience with first SRF gun grooves §

Cu & Mg: no MP did not \
one of the advantages of Mg cathodes! help

Multipacting needs an interplay of geometry and
increased SEY
U
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Cathode Properties - Multipacting

Future approaches of MP suppression for Cs,Te cathodes:

e Sustaining the low SEY by screening the cathode
side walls during Cs2Te layer preparation

e Sub-mm structuring of cathode tips
CST simulation results University of Rostock

* Laser treatment of tip side walls

laser-engineered surface structures
- .
AT N
R AR EN
also reduced SEY : O R E X
TR - e HERUEAVYE K
e-cloud mitigation @ CERN |49 T ITTTIT

,black copper”

A. Glllesple, A. Abdolvand University of Dundee 10 pum

R. Valizadeh, O. Malyshev, Daresbury Lab.
LASNET conference, Mallorca 2015
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Cathode Properties - Dark Current

Dark current is produced by field emitters (FE)
on photocathodes and in gun cavities.

Photobeam
sources connected to photocathodes (PC): .

* FE produced during photo layer deposition,

* scratches and particles on PCs,

e particles produced during PCs transport and
insertion,

* FE activated due PCs exchange and movement,

* FE produced by RF due to discharges,

* FE due to layer peeling-off, aging ...

Dark current

250

—®— Gun | w.o. cathode

|- Sl | SRFGunli 2014
—&— Gun Il with Cu cathode OkV 1 Cu photo Cathode
FE on cavity surface

150
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Cathode Properties - Dark Current
May 12th, 2016
activation of an existing field emitter due to photocathode movement

800 —_— : : , : . . 90000
- 80000 beam
700 |- dark current SRF gun Il, 31.05.2016 " i
Mg photocathode | 70000 dark current spectrum energy
800 |- 1 .. 60000 13.05.2016
= s | ] 2 50000 Mg cathode, -5 kV bias
c = .
= 100 cathode bias pl = 40000 gradient 8 MV/m
g 400 - —m— 5KV 1 = .
5t . 15KV ] ¥ 30000 integrated current 730 nA
£ 30 1 = 20000
© ol - | 10000
| / | ,
100 - = T ) 05 1 1.5 2 2.5 3 35 4 45
L ./ - | -10000
0 : ' - 8ia 8 ' kinetic energy [MeV]
0 5 10 15 20 25

peak field on axis [MeV]

a0 L

FE on cathode (?)

has “right ” energy,

dark current is accelerated and
transported to target station,
high back ground for users,
significant suppression by
positive cathode bias.

ig dark current + beam

YAG screen in front of ELBE accelerator module
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For SRF photo injector the quality of photo cathodes has two important impacts:
* electron beam quality (QE, therm. emittance, roughness, ...)
* sustaining the SC cavity performance (particle pollution, field emitters, layer quality, ...)

Photocathode Quality Management

Inspection of plugs, before & after preparation
before use in SRF gun

window for
polished and cleaned Mg plug. ;7 visual inspection

- & 4 with high-resol.
camera

counting
scratches
and particles,
layer quality,

QE, QE scan, ...
17

Member of the Helmholtz Association
Jochen Teichert | HZDR



—
Summary

* Normal contacting photo cathodes operate successfully in SC cavities
* Photocathode exchange and operation are a high risk for cavity contamination
- careful quality check of cathodes
- improved mechanics to avoid particle production
* Metallic photocathodes can easily be used in SC cavity
- Mg can reach high QE of 1073, suitable for current application < 100 pA
- no multipacting and low dark current ( <10 nA)
 Medium and high currents require semiconductor photocathodes
- Cs2Te + UV light is still the choice for medium currents (1 mA)
- multipacting seems to be related to high QE (cesiation)
- new design or new materials to avoid multipacting
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Thank you for your attention!

Thanks to the ELBE team
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