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1. Status of ELBE SRF gun-ll

_ Milestone of cathode in gun

Jun. 2010 cavity manufacture finish in Jlab
Aug. 2014 commissioning at HZDR
Feb. 2015 first CW beam with Cu cathode
Nov. 2016 Mg cathode in operation

\‘ \ ‘ | =% Mar./Jun. 2017 Cs,Te (Mo) in gun
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Jk\ Since 2017

stable operation with Mg
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Jochen Teichert, presentation on 11.09

1. Status of ELBE SRF gun-ll

He port liquid N,
He vessel )
cathode alignment
SC solenoid
. cathode cooling
=

cathode
main coupler 3%-cell cavity
parameters of SRF gun Il in operation
E... = 8 MV/m CW (20 MV/m peak field on axis)
E..thode=12 MV/m (field on cathode)
| 4ark ~ 30 NA @8 MV/m
4 MeV kinetic energy, bunch charge <0.4 nC s_— \::‘ e
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1. Status of ELBE SRF gun-ll

g Keyword: NC cathode for SC cavity A
- J
/ Semiconductor photocathodes \ / Metallic photocathodes \
- high risk of contamination - good compatibility with Nb cavity
- vacuum demanding - robust, long lifetime
- preparation system - fast response
- high quantum efficiency (QE) - low QE

K - less laser power required / \ high UV laser power required /

6 Member of the Helmholtz Association
Rong Xiang | HZDR



—
1. Status of ELBE SRF gun-l|

Cathodes applied in SRF Gun-I|

Cs,Te

2014 2015 2016 2017 2018 2019 2020 2021

- .
: r
\ ‘

Cu plug (used) Cs,Te on Mo plug
(L - N E—
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1. Status of ELBE SRF gun-l|

Problem: cathode overheating in SRF gun Il

in 2017, Cs,Te cathodes #2016.03, #2017.03 disappeared in SRF gun I,
cavity is recovered by warming up - cooling down cycle.

( N\ [ N\

s

Cs,Te layer disappeared

é 4 mm layer

e

Cs,Te cathode in gun

2017-2-6 in gun 2017-2-24 in gun

\ Jeor
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2. Mg photocathodes in SRF gun-ll

a ,Clean” (Cs-free) cathode for SRF gun

'
T

Cu 106-105 4.6 g s WG

Mg 106 - 10 ’% " LN

Mo 106 4.5 g A

Nb 10 4.3 E 0 e

Pb 106 4.25 B el

Work function, calculated values [eV]

Lide, D. R.. Properties of Solids, in: CRC Handbook of Chemistry and Physic, Internet Version 2005.

Boca Raton, FL: CRC Press; 2005, P. 124 o
S. Halas, Materials Science-Poland, Vol. 24, No. 4, 2006 DRESDEN v) HZDR
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2. Mg photocathodes in SRF gun-ll

avoid overheating of cathode

151
145
13
131
124
118
1
104
9.3
505
&3
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thermal transition coefficient

(W/m.K) @ room @ LN
temperature temperature

Cu 401 ~ 500

Mo 138 ~ 220

Mg 156 ~ 200

Al;0; 30 ~ 200

Thermal expension coefficent

Cu Mg Mo

LN316

Al203
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2. Mg photocathodes in SRF gun-ll

v High QE @ 258nm
after laser cleaning

v Bunch charge ~ 0.3 nC

L = 7 Phasescan SRF Gun Il with Mg #216 500
L 6 g
QE measurement RF=7 MV/m, DC=-5kV,
[ RF with 7 MV/m, DC -5kV | UV laser 100kHz, macropulse (1:8)
2018.06.20 512018.6.22 - 400
L 4 @ \ —~
10 . __4- Laser power on table _.-"' "...--_"\ g
&:; i | = 074w ...l - l\‘.\ 300 o
= —s— |_caj O e T " z
5 —— fittin§ QE = 0.5 % 3°] = 032w  =p —— i\V o B
2 T ] = oasw .ﬁ' L .\.\V 5
5 Mg #216 photoemission . ] .;."..“ ) 3
laser cleaning on 2018.06.08 ” \m 100
w/o laser loss correction y 14 -l:.,pl"-_ h.'\i
100 kHz, 1 mm laser aperture { 1 " ]
- (ca. 4 mm laser spot) - 0 -h 40
0 ’ * ! * * - * * * * 4 I L 1 I I I Y I
D 2 19 L 30 0 30 60 90 120
power (mW) Laser-Phase (deg.)
/.
e ) HZDR

concept VI
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2. Mg photocathodes in SRF gun-li

v" No multipacting problem

f) .
v" acceptable dark current ? Thermal emittance

12— 7T

b+ 1.0 T 1 T 1 T 1
: | 2018.09.14

100 2017—08_Dark current from SRF gun |I OnA SRF Gun Il with Mg #216

no DC bias 0.84 RF 7 MV/m, DC -5 kV .

—a— v 0 .cathode J_ ] Solenoid 3.0 A

80{ —o—with Mg - | Quadr. MQO1 scan on DV02

0.6

p (nA)

50 0.86 pm/mm

lgark =~ 30 NA from Mg _-
Ecathode:13 MV/m /.

F cu

0.4 +

40 - D/. .
] 0.2 - = Norm. rms Emittance }
20 Q/./ . ' linear fitting , slope 0.86

1 T I T I T 1 T 00 T T T T T T
5 6 7 8 9 0.0 0.2 04 06 08

E_(MV/m) sigma_x (mm)

Norm. rms Emittance (um)

H.J.Qian et al., Appl. Phys. Leg‘._97, 253504 (2010)

e, Fer
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2. Mg photocathodes in SRF gun-ll

v Robust in SRF gun
v Replaced only due to vacuum issue in injector

= noe : o =
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3. ps UV laser cleaning of Mg phtocathodes

Steps:

Machine bulk plug of Mg (Goodfellow & MaTecK)
« Optical polishing

 Remove oxide layer & clean in cleanroom

« [|nstall in transport chamber and check quality

« Laser cleaning

polished and cleaned Poly- Mg
plug ¢ 10mm

Inconel® spring

scratch and
particles: field
emission risk

cone for
positioning &

thermal contact 210mm Cu
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3. ps UV laser cleanmg of Mg phtocathodes

SRF gun

Laser cleaning set-up at transport chamber at

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

T 1 L Ll
Laser power density (in test chamber laser room)

mlmmum
spot size
; “ =31 pm ]
— N 7
T 0 . :
£ laser ablation ]
: 20| 4
\ﬁ ‘ 1
o’ V‘ﬂ‘-’
3 psiton 4
10 e 12—y ]
| I
0 ! I i ?-*_-. —
-5 ) 5 10 Ri-W 20 25

2.04 W/mm?Zcleaning

window

transport chamber

lens position z [ & .
low intensity
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3. ps UV laser cleaning of Mg phtocathodes

in test chamber
. .“"“\J" e @' p ,
: <o
it L AGE:
”’D 1' w e iod
«]; 1 recondensed

i & TS . T -

4

WU Ul Juaund ojoyd - 0Lz#by dew 30

cIean 2 04 W/mm2
A T RS
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3. ps UV laser cleaning of Mg phtocathodes

[ [ [ [ [ [ [ [ [
o 10 20 30 40 50 60 70 &80 90

Mg 207, cleaned 29.10.2016

cleaning time: about 2 hours QE mapping
12 um x 12 um step size, with low laser power
100 ms dwell time
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3. ps UV laser cleaning of Mg phtocathodes

4.5x10® , T ; T - r
4 Ox10‘3—- Mgzts ]
- _ Mg216 _

3.5x10° -
Mg214

3.0x10° A Mg207

2.5x107

QE

2.0x10°°

1.5x107

1.0x10°
202

5.0x10*

0.0 - .
26.12.2015 10.12.2016 25.11.2017 10.11.2018

Date

= U
QE measured in transport chamber with DC bias Dot \v) (g P
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3. ps UV laser cleaning of Mg phtocathodes

Part of examples

\ - 2018.06 - Mg #216
2018.1 — Mg #214 2018.01 - Mg #215
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4. Alternative preparation of Mg phtocathodes

ATp(C)

« Cleaning with excimer laser

o

krF laser, 248nm, 5-8 ns, energy
intensity 0.25 -2.5 mJ/mm?

I (MW/em2) —

1-10 MW/cm?2
0.08-0.8 mJ/mm?

£ N
DRESDEN ‘
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4. Alternative preparation of Mg phtocathodes

Thermal treatment of Mono-crystal Mg

» QE reaches 0.12 %, smooth surface

= Repeatable, independent on heating speed
=  Optimal working temperature 220 °C

» Working mechanism ? Poly-Mg?

150E-008 —(+——FFT——T—F—T—"—T—"—T——
6 - 8.Sep.2017 4 250
Monocrystal Mg
1.208-0081 3x10° mbar
200
< _
= 9.00E-009 O
o 150 >~
‘S 6.00E-009 =
S 100
UV-LED 40uW
3.00E-009 QE=0.12 % 150
—— photocurrent
——— temperature
0.00E+000 *———F—F+—F+——F——F———7——7—+ 0
0 10 20 30 40 50 60

hours (hour)

£ N

e () HZDR
~_
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4. Alternative preparation of Mg phtocathodes

 Ar+ ion bombardment

( Ar" ION gun

Electrical connections [
for QE measurement
and Thermal sensor

k Ceramic heater

~

£ N

( - Il ———]
oot N ) A

Member of the Helmholtz Association
Rong Xiang | HZDR



—
5. Summary and outlook

« Mg photocathodes operate successfully in SRF gun
- Mg can reach high QE of 1~4x10-3
- no multipacting and low dark current ( <30 nA)
- robust

* Photocathode manipulation is a high risk
- careful quality check of cathodes
- mechanics to avoid particle production

 Medium / high currents require semiconductor photocathodes
- Cs,Te is still the choice for medium currents (1 mA)
- suitable substratum
- new material (GaN)
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Thank you for your attention!

Thanks to the ELBE team and our cooperators!
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Influence of Cs,Te tests to cavity
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-2 - =—@-—>5th hor. meas. - 1st Mg cath. (12/08/2015)
2 - =@=7th hor. meas. - 2nd Mg cath. (02/03/2017)
= L —@—28th hor. meas. - w/o cathode (02/06/2017)
b =@ 9th hor. meas. - 2nd Cs2Te cathode (02/07/2017)
c - —@-10th hor. meas. - 3rd Mg cathode (05/05/2017)
=@~ 11th hor. meas. - 3rd Cs2Te cathode (06/07/2017)
9 =@=15th hor. meas. - 4th Mg cathode (Mg214) (08/28/2017)
10 — =—@-—16th hor. meas. - 4th Mg cathode (Mg214) (05/08/2018) J
- =—@— 17th hor. meas. - w/o cathode (Mg216) (08/03/2018).. <
L —@-—17th hor. meas. - 5th Mg cathode (M9216) (98A93f2018)
- —@-18th hor. meas. - 6th Mg cathode (Mg2067 (02/15/2019)
- — — 30 W limit .
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TABLE 3.—VAPOUR PRESSURE OF MAGNESIUM, ZINC AND CADMIUM

temp. °K vapour pressure, atm
MAGNESIUM ZINC CADMIUM

298:15 8-32x 1020 4-14x 10717 3-92x 1014
400 0 0= 2:32x 1011 3-45x 1079

519 x 10-8 260 % 106
594 —_— —_— 1:67x 104
600 3-23x 1077 8-64x 106 2:05x 104
692-7 - - 2:60x 104 —
700 1-84x 10—5 3-23x 104 —
800 3-74x 104 — —
900 3:89x 1073 — —
923 6-15x 1073 —_ —

assumed value of
AH,, &, cal mole™1 34,290 30,850 26,540
o, ;‘ DR
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New project: SRF Gun Lab (start from 2019)

®
2800 mm hoch | %

mrr1r1rrrrriIr. A
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