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GaAs photocathode research at Photo-CATCH

« Laser-induced photo-emission

« High degree of spin-polarization possible
« XHV required (~ 10-11 mbar)

« used in DC HV guns

 low- to medium-intensity electron beams

- Challenge: high-intensity electron beams
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Emission of polarized electrons from GaAs: Photoemission threshold for GaAs:
E, <1.76 eV or A > 705 nm E., > 5.52 eV or A< 225 nm

L AN

19.09.2024 Maximilian Herbert | Institut fir Kernphysik | AG Enders | EWPAA Dresden - ACCEL_E=RICTE= - 3
ERVAVAVAVAVAVAVAVAV R



TECHNISCHE

Motivation - Experimental Setup - Automated Activation - Li-enhancement - Conclusion & Outlook "
UNIVERSITAT
DARMSTADT
Emission of polarized electrons from GaAs: Photoemission threshold for GaAs:
E, <1.76 eV or A > 705 nm E., > 5.52 eV or A< 225 nm

Activation with NEA layer required to reduce work function!
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Emission of polarized electrons from GaAs: Photoemission threshold for GaAs:
E, <1.76 eV or A > 705 nm E., > 5.52 eV or A< 225 nm

Activation with NEA layer required to reduce work function!

IpA Co-Deposition (Co-De) Cs, O, off

0, on

Cs on t
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Emission of polarized electrons from GaAs: Photoemission threshold for GaAs:
E, <1.76 eV or A > 705 nm E., > 5.52 eV or A< 225 nm

Activation with NEA layer required to reduce work function!
IpA Surface layer decay
Main parameters: ng, t, Q(t)

hCOI D
ePLl

n(A) = .100%

nt)=mno-e /"

Q(T):Io-T-(l—l) %063IOT

€
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Emission of polarized electrons from GaAs: Photoemission threshold for GaAs:
E, <1.76 eV or A > 705 nm E., > 5.52 eV or A< 225 nm
Activation with NEA layer required to reduce work function!
IpA Surface layer decay
Outcome depends .
on operator input Main parameters: ng, t, Q(t)
hCOI
l nA) = |—=221.100%
ePLl
: (t)=n9-e /"
Dedicated n) ="no
activation 1
studies Q(r)=1Iy-7- (1 — —) ~0.63-Ip-T
e
>
19.09.2024 Maximilian Herbert | Institut fir Kernphysik | AG Enders | EWPAA Dresden QCQQQQQ.QQQ 7

¢ \NANNNANNY



TECHNISCHE

Motivation - Experimental Setup - Automated Activation - Li-enhancement - Conclusion & Outlook "
UNIVERSITAT
DARMSTADT
Photo-CATCH
bending magnet
differential pumping stage
Wien filter spin-manipulator
slit
(2atomic hydrogen cleaning chamber (AHCC)
(3)cathode activation chamber (CAC)
(@)cathode test chamber (CTC) Mott polarimeter
NEAAAAAAAAA
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Photo-CATCH Activation & Cleaning System

bending magnet

differential pumping stage

Wien filter spin-manipulator

sputter ion pump drogen cleaning

h
chamber

transport chamber
rotary and linear drives
non-evaporable
getter pump

cathode activation

3
chamber

magnetic arms

/- 1 ': ! ‘ 3 | 3 " B ) ',
\ﬁ§ \ o ) 1 e load-lock chamber
O, reservoir ‘ 5 ~ > / ~= A
leak valve } (: \/’» " S 4 gate valve

sputter ion pump ————————= turbo molecular pump
hydrogen atomic

non-evaporable beam source

getter pump 15 em
(2atomic hydrogen cleaning chamber (AHCC)
(3)cathode activation chamber (CAC)
(@)cathode test chamber (CTC) Mott polarimeter
SRAANAAAAA
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Activation Chamber
® Anode Ring

Activation Unit

Rotary Drive

Translator Stage

Viewing Window

Pressure Gauge Feedthrough for Heating Coils

@ Li Dispenser
@ Cs Dispenser

Manipulator
€.

= ) e ~ /.
s 7 /

=~

Oxygen
Reservoir and
Leak Valve

Bottom Window/

—
10 cm

W_IG and NEG Pumps
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sputter ion pump

rotary and lineaifdrives

cathode activatidgn

chamber

O, reservoir
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Activation & Cleaning System

hlydrogen cleaning
chamber

transport chamber

non-evaporable
getter pump

L€

magnetic arms

load-lock chamber

leak valve —

AN

gate valve

sputter ion pum

non-evaporable
getter pump
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Activation Chamber

® Anode Ring
@ Li Dispenser

Activation Unit

Rotary Drive

Translator Stage

Viewing Window

Pressure Gauge Feedthrough for Heating Coils

Manipulator
¥

fo

=~

Oxygen =
Reservoir and
Leak Valve

—
10 cm

Bottom Window/

W_IG and NEG Pumps
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@ Cs Dispenser

Serial
Interface

EPICS
IOC Server

Client
Computer

©

Activation Setup

TECHNISCHE
UNIVERSITAT
DARMSTADT

Gauge 1

B Li [Cs

Fiber From
Laser Table

%PUCk I Carousel
Pressure GaAs Photocathode

— Ring-Anode

J | | Dispenser

Laser Beam

.

@- -iExternal Oxygen|
o Reservoir !

"\ Beamsplitter

@ Power Supply @ Piezo Valve
Current Meter Gauge Controller @ Photodiode
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QE scan setup

, to cathode

« Measure QE distribution on photocathode surface

x ””” x USB

processing

@ ,,,,,,,,,,,,,,,,,,,,,,,,,,, — - Dedicated laser beamline below activation
Corﬂg’gcilrergx 777777777777 6 777777777777 E fiber from Chamber
‘ optical table
IOEPsIeCrSver . . . .
4% - Move laser-spot using piezo-electric mirror mount

computer

« Feedback position control via position-sensitive

diode

e plano-convex lense fiber coupling

printed circuit board

/ mirror PSD Detector
I
PeB|

\Z beamsplitter

photodiode @ fiber optic patch cable

« Python-based

NN AVATATATATATAYATA
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QE scan setup

6
, to cathode
i 4
N \ USB
processing
oo PSD
| E ?
motor A 7777777777777777777777777 E
controller G E fiber from c
EPICS ‘ optical table —
4‘%5”\’” . > 0
computer
/ mirror PSD Detector =2
G plano-convex lense [[B fiber coupling
: o -4
beamsplitter - printed circuit board
. X in mm
photodiode @ fiber optic patch cable
# Implementation successful!

ATATAYATATATAYATA
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Adaptive Automated Activation using PyCAT

Python Cathode Activation Terminal

« Advanced development following successful

preliminary, timer-based tests

AutoAc S Core anuAc

Extension , H ------------------- >|_Extension « Based on automatic curve analysis

(python code)

: 5 - Parameters derived in real time during
AutoAc- Core- ManuAc-
Interface Interface Interface

activation process

ﬁ spawns * data ping i updates ' commands

AYAYAYAYaTaYaTaYa)
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Adaptive Automated Activation
Python Cathode Activation Terminal _ _
400 1 —— Cs-Peak | | data
o | :
_ 3004 =—— Oz min | !
: 2 &:‘ —=—= 0, turning point : :
5= 200- | |
: |
— 100 1 ’_/-\. :
A AC= [l g anuAc- I 1
Exltl;?lsif)n """"""""" Core e * Extension T L r - -
x i i ~
| | < 400+ : =
| 3 i e smoothed
| 5§ 200 f ! data
: ! o ; S| IS !
' | N A S S
AutoAc- Core- ManuAc- 0.2
Interface Interface Interface _ ’ | Y
| féﬁ A | : 1st
=S 00— i i derivative
1
0 1000 2000 3000 4000 5000
time (s)
| | # first tests successful!
H spawns * data ping l updates ' commands
{ nnnnnnnn
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Li-enhanced activation
— . .
500{ __ « Goal: enhanced lifetime
1079 . .
400 « Co-De with pulsed Li, based on
0 Scheme 1 £ previous study
" 200 > - Scheme 1: Cs + O,
100 « Scheme 2a: Cs + O, + Li, 5 pulses
0 « Scheme 2b: Cs + O, + Li, 8 pulses
0 20 40 60 80 100
tin min
2001, a0 P
- — P
400 i 350
300
Scheme 2a . Scheme 2b 10-°
< 300 107° 5 < 250 i
e £ c E
£ P = 200 £
= 200 a = a
150
100 100
50 1
0 10-10 0 -
0 20 40 60 80 0 20 40 60 80 100 120
tin min tin min
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Li-enhanced activation

« QE & Lifetime measurements in activation

10 l6.2h 24h [ 48h 120h | _
168 mC| 223 mC | 388 mC 788 mC e  Typei chamber
| | o — Typeii
e — Type iii * Piaser = (50 £ 5) pW, A= (785 £ 2) nm,
8 . — Typeiv Upne = 100 V
* o Typev « 5 types of activations:
g 6 i. Scheme 1, no prior scheme 2
= ii. Scheme 1, subsequent to scheme 2a
! 7.1 %
4 | 199 h iii. Scheme 2a, subsequent to scheme 1
| 1038 mC
iv. Scheme 2b, subsequent to scheme 1
9 v. Scheme 2b, subsequent to scheme 2b
| 370 mC . N
- | 27amel T ‘ | | | « Effect of Li on subsequent activations observed
0 20 40 60 80 100 120 140 160

I faYaYaYaYavataYaYa)
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Li-enhanced activation

« QE & Lifetime measurements in activation

10 l6.2h 24h [ 48h 120h | _
168 mC| 223 mC | 388 mC 788 mC e  Typei chamber
| | o — Typeii
5 e — Type iii * Piaser = (50 £ 5) pW, A= (785 £ 2) nm,
o — Typeiv Upias = 100V
* o Typev « 5 types of activations:
g 6 i. Scheme 1, no prior scheme 2
= .
ii. Scheme 1, subsequent to scheme 2a
! 7.1 %
41 | 199 h iii. Scheme 2a, subsequent to scheme 1
| 1038 mC
: iv. Scheme 2b, subsequent to scheme 1
v. Scheme 2b, subsequent to scheme 2b
2 | 370 mC
- | 27amel . ‘ | | | « Effect of Li on subsequent activations observed
0 20 40 60 80 100 120 140 160
t (h) Significat increase in t (up to factor 19) and
) | 'Y
Q(t) (up to factor 16.5) observed!
19.09.2024 Maximilian Herbert | Institut fir Kernphysik | AG Enders | EWPAA Dresden .’ - 10228'2:‘/:;'/5\ 18

ERVIVIVIVIVIVIVIVIVIE



TECHNISCHE
UNIVERSITAT
DARMSTADT

Motivation - Experimental Setup - Automated Activation - Li-enhancement - Conclusion & Outlook

Li-enhanced activation (cont.)

400 « Idea: simultaneous co-deposition of Li along with
Cs and O, instead of pulsed Li
3001 : . :
_ —~ + First activation tests successful, QE comparable to
©
S 2
2200 = Cs+02 activation
« BUT: first lifetime tests show no improvement
100
« Additonal tests with higher Li dosage as well as
0 comparison with pulsed scheme ongoing
0 20 40 60 80
t (min)
19.09.2024 Maximilian Herbert | Institut fir Kernphysik | AG Enders | EWPAA Dresden ;CS'Q:'Q'CJC/\'/E\ 19

EAVAVAVAVIViVIVAVAV IR



Motivation - Experimental Setup - Automated Activation - Li-enhancement - Conclusion & Outlook

Implementation of QE-scan setup

Development of automated activation

scheme

Implementation of Li-enhanced activation

yielding significant increase in lifetime

Benchmark automated vs manual activation
Test of Li Co-Deposition

Additional lifetime measurements of

Li-enhanced activation
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Outlook

« Additional studies with Li-enhanced activation

e Further sophistication of automated activation scheme
« Experiments with Photo-CATCH gun

e High-polarization cathodes

e Cryogenic gun development

19.09.2024 Maximilian Herbert | Institut fir K hysik | AG End EWPAA Dresd | QQV\L/\E/Y\NJ\C/\EA 21
= 5
.09. aximilian Herbert | Institut fir Kernphysik | nders | resden RNV VIO



19.09.2024

R

Bundesministerium
fir Bildung
und Forschung

TECHNISCHE
UNIVERSITAT
DARMSTADT

THANK YOU!

AG Enders: Joachim Enders, Markus Engart, Maximilian Meier,
Vincent Wende, Victor Winter

Alumni: Tobias Eggert, Yuliya Fritzsche, Julian Schulze

S-DALINAC: Ruben Grewe, Felix Heyer
Alumni: Manuel Steinhorst

IKP Electronics Workshop: Uwe Bonnes, Thomas Bickelhaupt,
Roland Simon, Roland Veit

Financial Support: BMBF, DFG, GRK 2128 , AccelencE"

DF Deutsche NAAAAATAAAA
. - ACCEL_ENICE= -
Forschungsgemeinschaft

Maximilian Herbert | Institut fir Kernphysik | AG Enders | EWPAA Dresden 22



	Folie 1
	Folie 2: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 3: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 4: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 5: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 6: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 7: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 8: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 9: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 10: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 11: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 12: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 13: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 14: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 15: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 16: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 17: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 18: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 19: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 20: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 21: Motivation – Experimental Setup – Automated Activation – Li-enhancement – Conclusion & Outlook
	Folie 22

