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— 1. Introduction — ELBE SRF Gun Il design

helium liquid N, liquid He
oort vessel
cavity photo cathode
tuners alignment
laser
262nm
13 MHz/500 k 7 '.: .‘
liquid N,
cathode
cooling
photo
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1. Introduction — Photocathode support and coollng

UV laser @ 258 nm

0.5 W CW

100 kHz, <5

or 13 MHz, <0.04 J
Gaussian 5-6 ps FWHM

bayonet fixing  Pressure spring

cone for
positioning & @10 mm Cs,Te
= thermal contact

* normal conducting - low RF losses on cavity axis
e vacuum gap - thermally and electrically isolated
e axis alignment (by hand)

* remote controlled positioning +- 0.6 mm range
* retracted RF focussing

e cathode exchange in cold gun
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2 1. Introduction — Photocathodes for ELBE SRF Gun I

10000 Cs,Te
Antimonide 80 pC, 13 MHz

£ Cothore] Cs:GaAs
(o) 1000 .alNnoges (NEA) 1 mA
= 10-1° Torr
S 100 - Cathodes
c 10" Torr
g oy 10 00mA @ 500
2 D Metal Cathodes — , nm
& © 1 10°° Torr
= 2 10mA@ 500 nm
8 0.1
é 0.01
& 0.001 LCLS, 0.12 microamp
-

0.0001 S :

0.00001 0.0001 0.001 0.01 0.1 1
M Quantum Efficiency
8 Courtesy D. Dowell
500 pC, 100 kHz
50 pA
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— 1. Introduction — Photocathodes for ELBE SRF Gun Il
Promising Cs,Te cathode results for former gun

transport
chamber

Requirements for Transfer:

« Load lock system with < 10-°
mbar to preserve QE 21 %

. load-lock
« Exchange w/o warm-up, in

short time and with low
particle generation

transfer

chamber
Cathode Operation Days Charge QE in gun
#090508Mo 30 <1cC 0.05% Summary:
#070708Mo 60 <1cC 0.1% « 9 different Cs,Te cathodes used
#310309Mo 109 <1c 1.1% « QE drops remains const. in the gun
#040805Mo 182 <ic 0-6%  All cathodes died because of
#230709Mo >6 <1c 0.03% unexpected vacuum breakdown
#250310Mo 427 35C 1.0% £~ 0.7 mm-mrad/r(mm)
#090611Mo 65 <1C 1.2% ,
#300311Mo 76 2 TO% fresh QE 8.5%, in gun 0.6%
total beam time ~600 h

#170412M 447 264 C ~0.6 %

-1 extracted charge 264 C

max beam current 400pA
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2. Photocathode handling — PC exchange systems

e

Vacuum chamber (PC suitcase)

and loadlock system for cathode exchange

- limited space and access to accelerator
tunnel (24 h user operation)

- fast exchange of PCs from storage
PC preparation systems are outside for
continuous R&D work or even on another
institute

QE requires: Vacuum must retain on the
10 (10°19) mbar level al the time

PC preparation system connected to gun
at Peking University, Courtesy K. Liu

successfully demonstrated:
Cs,Te: INFN-LASA Milano deposited PCs (2011) for APEX Gun (2014) with QE = 16 %
D. Sertore, et al., J. Vac. Sci. Tech. A32 031602 (2014)
D. Filippetto, et al., APL 107, 042104 (2015)
K,CsSb: BNL produced PCs for Jlab, transportation at ~101! Torr, QE > 1 % @532 nm
R.R. Mammei, et al. Phys. Rev. STAB 16,033401 (2013)

£ N
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- 2. Photocathode handling — PC exchange systems

CszTe preparation laboratory

Thlckness I"ﬂOI"IIfGI" 1

Transport
chamber

A=
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% 2. Photocathode handling — PC exchange systems

15 1 I I I—
. ZSET: :‘20"7-03 . Monitoring of QE and vacuum during the
istroy o
27 #q I vacuum chamber transportation
— 9+ J 7
3 !
I . | ¢ unlucky selection of ion getter pump type
i romtrkinogun | ¢ l0ad-lock backing w/o transport chamber cooling
34 ' . .
_ S } | valve opening produced vacuum peaks
B b b L FEER TR - . .
1 clth_lab e 10" mbar 1 * heavy chamber prone to vibrations and shocks
GG.U‘*'?D\’[I -;_OD‘I"?’ o uAD;"?’ o ’\E:D;"?'Gﬂl mﬂé?' o \5-0;23\1‘ 1‘39;20\1
date
™2 stern] Vaktitin M = ortvesticst Jovbin] @ |
Gl e E ae R LR
7 burned Ti flake by discharge
1 ~10% mbar & @duced serious peak infvacuum pressure
- T r—h
vt e [ S e
T o mp  wom  uoin  ume cen  mem  emm o sen  soe mo pem wem o wew ewme cow
Fertig B 26042017 153741
e ) HZDR
9 concept VI
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2 2. Photocathode handling — PC exchange systems

New cathode transportation system
developed in PCHB collaboration, HZB, HZDR, JGU Mainz

only the small plug (red) on the flag (blue) is transported
| ®I the plug will be monted on the cathode body at the gun

vertical movement of the plug carrier
2. shift of one cathode plug on jaw from the GaAs preparation chamber

—

to plug carrier realized at HZB
3. transfer of the photo cathode into the electron gun see tour
4. plug exchange between carrier and cathode body
5. movement of one flag from the load-lock to the plug carrier with jaw.
10 Lol ) FAZDR
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== 2. Photocathode handling — PC exchange systems

Photo cathode exchange in the SRF gun

Our experience:

e all the decrease in cavity performance and increase in field
emission is connected to PC exchange

 exchange without particle generation

e precise alignment of transfer rod required

 mechanical design preventing that PC head hits the cavity

\1

ok g camera monitoring through gun

electrical contact

IR

sophisticated optical system at HZB

see tour
11 ~>
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“= 2. Photocathode handling — PC positioning

12

RF focussing effect

by retracted cathode | .
1_
Y %

PC position (-1 ... -3 mm) is one of the
important optimization parameters

hard to adjust and to measure exactly
cavity fabrication accuracy, treatment,
and warm tuning causes length errors

position tuners £0.6 mm

centering with
camera image

(A—‘ - .
il (VA =
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B 2. Photocathode handling — PC positioning

optical measurement RF measurement

c

cavity resonance frequeency shift
with and without cathode

cavity frequency shift vs. cathode position

12000 T y T y T T T T T T T y T
K - Kathode 100004 ® -
C - Cayity m  CST simulation
S - Spiegel 8000 ® measurement T
E - Elektronenstrahl / Achse der Cavity ] exp. fit function
F - Fenster zum Hochvakuum 6000 ]
M - bewegliches Messsystem ILR 1182 4000 ] -
[]- Hochvakuum - ] 28.08.2017 Mg / Mg214 (-1300 um, 4605 Hz) / :
M EQ 20004 46 06.2017, Cs,Te / Mo107 (-1200 um, 4184 Hz) T
- ) ]
< n .
Courtesy F. Roscher 0 -
MICRO-EPSILON 1 01.11.2016 + 13.03.2017, Mg / Mg207 (-550 pym, 0 Hz) 1
- -2000 -
|ong range |aser sensor -40004  06.02.2017, Cs,Te / Mo109 (-200 pm, -3556 Hz}—— R
6000 + i
I T I i 1 i I T I ' 1 i I
depth prOfI |e Of the CaVIty baCk wa ” -30000 -25000 -20000 -15000 -10000 -5000 0
AZ [um]
(L‘ - .
13 PREsE VA
o
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3. Metallic photocathodes - Cu

clean- room assembly
of the cathode cooling system
with Cu cathode

5.0

e —
[ Kinetic energy SRF gun Il
it [ Cu cathode, -5 kV DC, 13 MHz

iy
o

< _ Cu PC Perfect for gun commissioning
S 35 ] no contamination risk
< } RF and beam tests without

3.0 _

ace. gradient - cathode exchange system
®m 6 MV/m16.06.14

25 [ m 7 MV/m 19.05.15 |-

® 8MV/m14.11.14 \
[ ® 9 MV/m 18.02.15
2_0 " 1 n n L L " 1 1 n " " n 1 1 I I 1 1 I n

0 30 60 90
laser phase [deg] g
‘ - -
14 Poncent W4 g VA [
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3. Metallic photocathodes - Mg

Laser cleaning set-up - PCin transport chamber
Laser cleaning set-up at transport chamber at

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

[ Laser power density (in test chamber laser room) |
@ i minimum ]
r spot size 1
[ o r=31pm ]
. 30 F .
e [ . ]
£ | laser ablation ]
< Or -
-, [ o T
n_; [ v& g ]
F ppsition 1
10 R r =412 5pm ]
. -
o N 1 L 1 . 1 . L —n n
-5 4] 5 10 e 20 25
lens position z [ . .
low intensity
2.04 W/mmZcleaning

transport chamber

15 LI AW

; . - r{“ 4 - ". :
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3. Metallic photocathodes - Mg

Inkensity araph
a0 -

a0 -

70—

Plug Mg No. 1 ) ensty Gt

Q0 -
80 -
Fo-
=10y
Mg test sample _so-
an QE scans o
using the UV -
20—
photocathode laser o=
o
D .
A— - .
16 el maedr
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Mg photocathodes - in SRF gun |l

Laser phase scan and QE of Mg photo cathode in SRF gun

\ 160 ] T T T T T
)
2 4
(0]
E) -
3 -
Q
= 4
c 4
3 404 / _
] QE =0.07 % ]
) P 20 -
1 Mg #211 cathode, 2016-3-6 1
2015.12.7 Mg ~ 105 0 in SRF gun II, Eacc=7.5 MV/m
— 0.0 ' ofs ' 1!0 ' 1!5 ' 2?0 ' 2!5 3.0
UV pulse (pd)
0.7 1— T y T v T T T v T v 7 T T T T ——— —— 350
1 SRF gun Il with Mg cathode, 2015-12- 8 :  prasescan 18052010, 7.5 MVIm -
064 cathode -5kV, Eacc = 8 MV/m. . 6| Mg cathode, - as- - 300
_ | - | laser 100 kHz, 2 mm spot size
< L L macropulse 5 ms : 25 ms =
= 054 ] - 5F - 250 —
= =" = — " Q
o ] " ] < laser power in . 2
5 04 a" . — 4} | macro pulse n 4200 &
3] " € F . =
a . " . o = 195 mW . <
3 03- Schottky effect 1 Sl | l4OmW A " J150
> ] Y | 3 = 90 mW o £
S . I " 60mW " =
5 0.2- . - 2 20 mW wm 100
4 - | .I
0.1+ n 7] 1F .-: - 50
Jjumn” ol Y ]
0.0 T T T T T T T u T v [ L —— | I G T S T S ST T S S T Y T S T S M .t 0
-30 0 30 60 90 120 -60 -30 0 30 60 20 120
laser phase [deg] laser phase [deg] = —
17 concept g H‘DR
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4. Quality management

Modified transport chamber

Preparation lab

e dry-ice cleaning of PCs

* visual inspection: scraches & particles

* repeating dry-ice cleaning

* visual inspection: scratches & particles

* PCpreparation window for

* QE measurement in prep chamber visual inspection

* visual inspection: scraches, particles ' ith high-resol.
& layer quality camera

e regularly QE and QE-scan

In transportation chamber at gun

* visual inspection: scraches, particles
& layer quality

e regularly QE and QE-scan

In Gun

 DCvoltage QE-scan

* RF test, cavity losses, multipacting

» field emission/dark current , Fond
FC cup and energy spectrum A ./l

 QE and QE-scan with gradient accurate QE measurement with LED

B ihode |

18
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4. Quality management

polished and cléan'ed Poly- Mg
plug & 10mm

scratch and particles:
field emission risk

counting
scratches

and particles,
layer quality,
QE, QE scan, ...

( - .
19 R G o e [
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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

| o with high-resol.
camera

counting
scratches
and particles,
layer quality, , _
ZOQE' QE scan, ... prepar‘ aE Cthode QE measurement with UV LED

-
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5. Operation — Laser adjustment

initial

Adjustment of laser spot on photo cathode

9 [ T T 3 T e T . T J T ] [ T L T ¥ T % T L T T
r o I e-beam position DV.02, 29.01.2015
I e-beam position DV.02, 29.01.2015 1 F ® 1
8 7 MV/m, Cu cathode ] g T MXmENcatode / ]
+ laserposition| 1 3 E
i —my=00 | ] [ . '
7:~ — 7 |- //./ /. ]
L 4 //‘/ //.
= [ 1 = P
Eof S ERE B - 5
= | —2 1% S~ T——
é I:—“—T.Z‘-;.f—*/ .——‘/—:—:i‘:_;— ™1 1 % o I L
— = | — ] Sy ] 7
&p P aln laserposition e 7]
] —e—y=0.0 e ] .
o ] [ | —*—y=1.0 \ i
4 ] i L final
] L =2.0 ]
3 1 " 1 " 1 " 1 L 1 " 1 3 [ 1 L 1 " 1 " 1 " 1 " 1
40 50 60 70 80 90 40 50 60 70 80 90
laser phase [deq] phase [deqg]
14 T T g T ¥ T . T Y T 3 T
13 L SRF Gun II, 6 MV/m, 01.08.2014 ]
beam position on DV.02 vs. laser phase
12 1 ! Sa— -
T 10} x-coordinate e
E (i 1
= gl optimized . —e—(0,0) ]
o : laser spot position —m—(0,0) 1
"é 8 on cathode in red e (-02+08)|]
e 7L _
1= 1
© 6L 4
s . .
8 .t _ 1 solenoid, quads, steerers are switched of,
¥ ./ 1 f ag® - .~
Ak e {1 accuracy of positioning: ~ 100 pum,
p e — i i - . .
f e ywomnae =7 effect on emittance for Ax = 100 um is less
0 10 20 30 40 50 60 70 80

2 bmsmsa ) than measurement accuracy (for Cu with ~ 1 pC)
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5. Operation - dark current

dark current: field emitters in cavity and on photo cathode
cavity: quality of treatment and cold mass assembly
particle contamination during cathode exchange !
only emitters near cathode and on iris contribute (beam direction &energy)
photo cathode:
emission layer roughness, effects of discharges, coating adhesion, particle pollution
not measured here

comparison of dark current
SRF guns | & Il for ,clean” cathodes

250 T T T T T
{ —®— Gun | w.o. cathode
- 0— Gun | with Mo cathode -5kV Gun-|
2004 —a— Gun Il with Cu cathode -5kV 7
. { —B— Gun Il with Cu cathode OkV
< —HB—Gun Il Cu cathode 16.05.2015
= 150 H ]
g
S 400
5 Gun-Il
O
L 50 - /l _
0 . /
18.02.2015 ° °- oo oo ]
0 I tl'> . 1I0 I 1'5 l 2I0 I 25
beam spot 200 nA and dark current 53 nA max. axis field [MV/m]
at 9 MV/m (23 MV/m peak < V-
27 ( ) ey, Maedr
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5. Operation - dark current

May 12th, 2016
activation of an existing field emitter due to photocathode movement

90000

800 S 20000 beam
s00L  dark current SRF gun Il, 31.05.2016 " i 70000 dark current spectrum energy
Mg photocathode ] . 60000 13.05.2016
s00 T ] 2 50000 Mg cathode, -5 kV bias
gt 1 § 40000 gradient 8 MV/m
g w00l cathode bias r | 5 30000 integrated current 730 nA
s —m— +5 KV ] = 20000
~ 300 |- u
g | / 10000
200 | . : 0
o0 _ ./ _ -10000 0.5 1 1.5 2 25 3 35 4 4.5
! e ] kinetic energy [MeV]
00 5 10 .,.1;-1 2IO 25

peak field on axis [MeV]

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.

& |
iﬁ dark current + beam

YAG screen in front of ELBE accelerator module
.

( - .
23 R G o e [
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- 5. Operation - 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.

Py

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

Cu & Mg: no MP
one of the advantages of Mg cathodes!

Multipacting needs an interplay of geometry and
increased SEY

24

grooves [ENG
did not '
help

( - .
oot N ) (VA =
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5. Operation - 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

o . , : ’
,black copper = pEENEN

mER BAEN
also reduced SEY - T

e-cloud mitigation @ CERN "TT I T I TT
| M A EEEREK b
A. Gillespie, ‘A Abdolvand, University of Dundee

R. Valizadeh, O. Malyshev, Daresbury Lab.
LASNET conference, Mallorca 2015

At present the ,,clean” cathode - improved shielding in PC prep. chamber -
works well for SRF gun Il

(L‘ - . -
25 Peoncent N/
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5. Operation — cavity temperature

Release of collected gas destroys the PC
Moving PC in transport chamber before He refrigerator maintenance

IN2_(SRF-Gun)_WVakuum_Messwerte_konvertiert_[mbar] [z
- Sepat e = . TETa e -
[a| < e 50 (@ e s 154 (2] 0] 9 B e
E Falal-1 L1 faTal-] 4 ANE 4 al e d L1 nn 1n "\'1-.
[vmeos || [vmei2] ] [vPeoz]|] [vreoa] | [vreos| ] [vFsos]
BedoT ] sedOr £e008 - 52008 4 52008 -
12-008 -
12007 4 12007 |
s 16008 { 12008 | 1=008 o
jepo7 | 5e009 sedos ] seno0m | A
1e-008 | 12008 -
1 T T B
R /ww LTI AN,
12008 | 12008 - 1e009 4 12009 -
52010 | 52010 | 52010 ool e
16009 4 12009 -
5e010 52010 9 4=0q009 - —
o
12010 {  1e010 -| g0 4
/ N
16010 12010 -
ST Fo n41 11 Fo 044 .
Vakuum during gun cryostat warm-up
12011 12011 | 1e0m 1011 | 1e0m 12011
T T T T T T T
.00 20:00:00 22.00:00 00:00:00 02:00:00 04:00:00 08:00:00 08:00
2017 29.06.2017 29.06.2017 20.08.2017 30.08.2017 20.08.2017 20.08.2017 20.08.2
Fertig B 30.062017 08:07:33

£ N

( - .
26 R G o e [

Member of the Helmholtz Association
Jochen Teichert | HZDR



5. Operation — Cs,Te cathode cooling

QE drop down for Cs2Te photocathode afer about two weeks operation in SRF-Gun |l

22 L L L L L L L

| SRF gun DC emission_-5 kV cathode bias -
20 FCs2Te #2017.3.10 MoA 09 mE i
18 [.07.06.2017 in gun / ]

Icath [A]

|

16 | e ./ -
14 - —a— 1362017

i —m— 156 2017 after high current -4kV
T —o—19.06.2017 4KV 2017.6.14 22:00
10 |k /V —=—21.06.2017 5kV

s o —e—21.06.2017 after problem
8 i 27 06.2017 after A A_rftest |

|| -e.".'-'
i "
5 B .le : ; . I : i : I - 1 . L
0 10 20 30 40 50 60 70
Plaser [mW] 2017.6.27 16:10
- el e
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- 5. Operation — Cs,Te cathode cooling

defines

* beam optics -
RF focusing

* RFfield strength at
cathode

depends on

cathode plug length
assembly of cold mass
difficult to adjust &

measure during
IN2-DT.13 assembly

N

52mm
260mm
"o Later, two used Mg and Cs2Te cathode have shown orly a small frequency drift (<100 Hz), which
indicated a proper thermal contact and sufficiently cooled cathodes! ~ . —
28 Peoncent A o
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= 5 Operation — Cs,Te cathode cooling

frequency drift due to cathode heating

* we observed frequency drifts than are not caused by Lorentz force detuning, but can be
explained by thermal expansion of the cathode due to RF heating

frequency shift for E,_=7 MV/m

3500 T T T T T T T T T T
] Af, = -3037.6 Hz
Af. =-1503.2 Hz (caused by insufficient ~—__ .
3000 + ( 0 ib .L o cathode cooling) 1th drift
cause y Loren orce .
1 and thermal drift) LF detuning (-630 Hz) plus
2500 - .
thermal expansion (-870 Hz)
= 2000 temperature rise of +120 K
L ] RF heat loss of 16 W
"4{ 1500 - —
equation ¥ = Al*exp(-x/t1) + y0 .
1000 e 30 = y'1489‘254[)3 2nd drlft
. A1 -91159.9812 H
_ . i thermal expansion only
500 - (-1.5 kHz) |
] p 5 problem of LN2 cooling
0 = A — length change +170 um
0 2000 4000 6000 8000 10000 12000

time [s]
heating up destroyed the QE o% the cathode, a proper thermal contact is needed
details why this happens in SRF Gun Il and not in the former gun are unclear
o Y
29 Peoncent A=
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-

22 Photo cathode history in SRF gun Il
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% strong multipacting & field emission
\1/0 % cavity polution
Cu Mar. 15 — 2x10° 3pC/ high dark current from cavity,
Feb. 16 300 nA no multipacting
Mg Mar. 16 — 0.2% 200 pC/ multipacting, no dark current from Mg,\
(#201) | Aug. 16 20 pA ble (user) operation, no QE decrease L
Mg Nov. 16 — 0.1% 80 pC/ no multipacting, no dark current from Mg,
(#207) | Dec. 16 8 A stable (user) operation, no QE decrease
Cs,Te | Feb. 17 1.7% | 300 pC /<fm/nwltﬂ5acting, no dark current from PC,
30 pA \Qirop down after 2 weeks, overheating!/
Mg Mar. 17 - 0.2% 150 pC/ | cathode laser cleaned 3rd time,
(#207) | May 17 15 pA stable beam operation
Cs,Te | Junel7 - 1.3% 15 pC/ m ,no multipacting, no dark cm
(#2017.3.10) | jyne 17 200 pA < again QE drop down after 2 weeks, overheating!
+vawed same behavior as Cs2Te in Febr. 2017

August 17 2>

no multipacting, no dark current from Mg,
stable operation up to 400 pC / 100 kHz

gradient 8 MV/m (20.5 MV/m peak) Ekin = 4 MeV
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Thank you for your attention!

Thanks to the ELBE team
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l. Will MBI, Berlin, Germany

T. Kamps, J. Rudolph, M. Schenck, M. Schmeil3er, G. Klemz, Cavities

J. Voelker, E. Panofski, J. Kihn, HZB, Berlin, Germany o SZDR |
J. Sekutowicz, DESY, Hamburg, Germany
K. Aulenbacher, JGU, Mainz, Germany _ DA sy
R. Nietubyé NCBJ, Swierk/Otwock, Poland Unis IS8l >

U. van Rienen, Uni Rostock, Germany

Photocathodes HZB.....

, - * ?ﬁl:'aniia::::nimrium
@Dz LK N ET I wnararshung % FITUT Lasers

We acknowledge the support of the European Community under the FP7 programme since 2009
(EuCARD, EuCARDZ2, LA3NET) as well as the support of the German Federal Ministry of Education and
Research, grants 05 ES4BR1/8 and 05K2012. .

( - .
31 el Maer

Member of the Helmholtz Association
Jochen Teichert | HZDR




