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* Spin polarized photocathode requirements
— eRHIC and Linac Ring option;

* Non-Exaustive state-of-the-art of GaAs-based
photocathodes;

* Photocathode R&D at Cornell University
* Cs,Te activated GaAs;
 New venues for improving polarized sources;
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NEXT GENERATION ROBUST POLARIZATION PHOTOCATHODES OR EIC

Task 1: Cornell University group will experiment on the optimal conditions to achieve the NEA on IlI-V
semiconductors using a thin layer of Cs,Te based on the previous result from the Japanese group.

Task 2: Cornell University group will integrate in the UHV photocathode lab and recommission the Mott

polarimeter so that the spin-polarization of photoelectrons generated from Cs,Te-coated GaAs-based
photocathodes can be measured.

Panel Panel sub-
Proponent Concept
priority priority

High current polarized and
unpolarized electron sources

Panel High

| FYIOWLL| FY124F13 | FYLA+FLS | FYI6HL7 | Totals

a) Funds allocated 280,000 280,000
b) Actual costs to date 271,857 271,857
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* The linac-ring option needed polarized electron beam with

average currents up to 50 mA.
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B. Dunham et al, Appl. Phys. Lett. 102, 034105 (2013)

Electron sources was based on IlI-V semiconductors photocathodes materials that
cannot sustain that average current for longer than few minutes.
Limited effort to address the actual challenge of improving the polarized
photocathodes using new classes of materials and/or activation strategies
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Existing Polarized Photocathodes

-1/2 172
31 = High Pol. Satisfies most physics experiment
p= 3+1] =0.5 = But low QE only supporting ~ UA sustained beam delivery
32172 1/2 32 Material / Structure P (%) QE (%)
Bulk GaAs 35 10
GaAsSb/AIGaAsP 75 103
GaAs/GaAsP 92 ,' 12\
172 1/2 7 t
(b) — GaAs/GaAsP ) ;16
compressive _ " T
strain Eg 1.46 eV P—1.0 InGaAs/AlGaAs 71 07 :
— AlInGaAs/GaAs 91 I 05
Gads 3 15 32 —
- AllnGaAs/AlGaAs (with DBR) 92 |\ 0.85 ‘f
AlInGaAs/GaAsP (with DBR) 92 ‘\0;1'5 / y

.jeffersbn Lab

At 1.6% QE the required laser power “on the cathode” @800 nm
to generate 50 mA is about 5 Watts

All these photocathodes requires Cs-O activation to achieve
Negative Electron Affinity (NEA) and vacuum levels better than
101 Torr to survive a few days (without even running the beam)
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State-of-the-art of polarized electron sources

Superlattices are the best choice

Parameter Value Value i-gz Superlattice GaAs:
Laser Rep Rate 499 MHz 1500 MHz z ;g* Layers of GaAs on GaAsP
=0 =
Laser Pulse Length 30 ps 50 ps 3 S0F c
5255 o
G oot
Laser Wavelength 780 nm 780 nm E f:; E I~
(]
Laser Spot Size 0.45 mm 0.35 mm ® ;g, 2 um E
oot nth o
Photocathode GaAs/GaAsP GaAs/GaAsP 0 0.5 ! 15 2 25 8 rd
Time (hour) 35[] m
Gun Voltage 100 kV 200 kV H
1.3 . 5
Beam Current 1mA 4 mA g QE(q) = QF (q/80) Mo strain relaxation
1.2 q)= 0 e 10
Run Duration 8.25 hr 1.4 hr F QE ~ 1%, 6 me
5 T Pol ~ 85% @ 780 nm (1.59 eV)
Extracted Charge 30.3C 20C = 0 :
O F
Charge Lifetime 210C 80C 09
0.8-
Fluence Lifetime 132 kC/cm? 83 kC/cm? F
0_77 Lo b b o L
0 5 10 15 20 25
Bunch Charge 2.0pC 2.7pC Extracted Charge (C), | = 4.0 mA
Peak Current 67 mA 53 mA
Peak Current Density 42 A/cm? 55 A/cm? Up to 4 mA Of polarized e_beam
J. Grames et al., R. Suleiman et al., Llfetlme /Imlted to few hours

PACO7, THPMS064
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Benefits of DBR

= DBR photocathode : absorpt. in GaAs/GaAsP SL >20%
Less light needed = less heat deposited

» Total laser absorption in the SL layer is * F-P can be formed btw top layer & DBR
usually <5% Laser beam I L ddddd
* A DBR can be used to reflect the unused , el _
laser beam back to the SL GaAs/GahsP Superilasice A '"”"d"
DBR stacks < ‘VT ‘f f,.f( ny- high index
n, - low index
Experimental Results S ___ — Y T Bk ok
= non-DBR: QE ~ 0.89%, Pol ~ 92% @ 776 nm: — ' e
= DBR: Pol. ~ 84%, QE ~ 6.4%, Enhancement: ~7.2

14 100 ' - 5. ZHANG, P3 Workshap 2016, Newport News, VA Jefferson Lab
Qe m . m ‘
12 --DBR QE A R R
T = Pol . T 80
10 * DBR Pol. - -
g - g
S 8 s .
€ &  QEis now a factor 6 larger
£ © 5 . .
£, s * Potential for higher currents
% 4 » Less laser power, less heat to dissipate
o _ * Quite complex structure
700 720 740 760 780 800

Wavelength (nm)

Jefferson Lab
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* NEA is achieved and can be maintained only in extreme vacuum
— XHV require massive pumping to reach 1012 Torr;

* lons backstreaming is still limiting operating lifetime
— Clearing electrodes and or biased anode;
— Higher gun voltages;

' electron beam OUT " electron beam

laser light IN laser light IN ouT
anode 3
= [ O 100510 _ _ _ _
o o 90§ : : : : :
e g | lle 8 w80 At 350kV, only <50% of ions are
residual gas “g . S 70F created compared to 130kV
© 60\-
’ g BUE\ -
> E \ 1=2.0 mA, P=8.0 x 10°**Torr
cathode _ @ 40F o
S 30F \\6,\_
. .. ' 20F Wi SUR
A single HV breakdown event inside the gun : S
Can get the vacuum high enough to instantly 500 ise s00 " oke 300 380
“kill” the cathode Gun High Voltage (kV)

Courtesy of J. Grames
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Accelerator-based Sciencesand -~ Alkali antimonides ion back bombardment
Education (CLASSE)

, Central
o T L damaged
Fresh cathode ~10 mA ~20 mA . area
2 hours 2 hours
No RF trips ~ many RF trips
j::: k} .y v {\ N— i
3 . Stay away from the electrostatic center!

1
Radial Distance from EC (mm)
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There are alternative ways for generating the NEA on GaAs that are

less sensitive to vacuum conditions? H. Sugiyama et al , J. Phys. Conf. Series 298 012014 (2011)
. S S Ip-lﬁa:-\s S:\.G':\-]]s ]I3Lll 3-IPGM o
p-Gads N E al Fp
- GaAs b e et vecttyesn & Evac(Gats)
] N | AG=(24.8-21.7)=3.1eV . .
g II| 3 \\ i & :
£ | 1 4 %
S |' g % Z
g > 1| E
£ ] -
£ Eﬁ' _@-\ —3 —1-§ L Evac(CsTe on GaAs)
24.8eV g g
248 eV . . . 5, g
24 245 25 255 26 265 — 6"‘&"""" iy ====-EF
Kinetic Energy [eV] 10? E = i
| | IL's.I‘Tcmlplua;aslsau.?-l_ls BL13-PGM F [
Cs-Te on p-Gads L 2
low energy cut-off |
ll/\HIH bins:dr}g_})ﬂ' ] 10! s Te on p-GaAs Auger slctron pecta/ SAGA-LS BLI3-PGM
= | E ]
2 | \'-. GaAs + CsTe| 1ot |
; \ 1w z
\ AL :
z ] E
] 3
] 1072 %
1 PP B — == =
Kinetic Energy [eV] 1073
1 15 2 26 3 3b 4 45 b ]
M. Kuriki, P3 workshop, LBNL, 2014 Energy [sV] 00 M0 el B0 00 00 0

Kinetic Energy [eV]
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4/ Education (CLASSE)

* Cs,Teis used in many RF gun (FLASH, DESY, LBNL...)

* Promises:
— Operating gun at higher voltages;
— Operation in RF (and SRF) guns;
— Long term cathodes storage;
— Cathodes transport in suitcases;

Will the Cs,Te layer preserve the spin
polarization during the electron transport?
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=
Monochromater +
= i / Mott
Polarimeter
NEG
Pump =
K ﬂ_ m Load Lock
| Transfer Arm
lon Pump Valve

Vertical Drive

Fig. 2. Schematic diagram of the SLAC Cathode Test System

showing the load lock.
In 1993!!

13-14 November 2018

Mott target and detectors

| Electrostatic

Electrostatic lens
Power supply

Cesiation Chamber

Channeltrons HV
i and counters

SLAC => Jlab => Cornell University
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Photocathode Lab
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[ Gatevalve

Cesiation
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Transverse
Energy Meter

Mott polarimeterl

Load lock
Bialkali growth

Storage

Auger/LEED
GaAs activation
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Education (CLASSE)

s Mott polarimeter @ CU

\ﬂz\‘»_-q”k . _“&;_ ] 7 ,x'; / -/

Vacuum level is below 1071 Torr _ aadd

The retarding field Mott polarimeter has been
refurbished upgraded and fully integrated into the

photocathode lab UHV installation. .
13-14 November 2018 DOE-NP - PI meeting Thanks to M. Poelker and M. Stuzman for helping

in debugging and setting up the polarimeter
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Cathod - N Vv Vv Vv Vv Vv Vv
e
( Pico A ) |

Battery: -40V

p_—
I 800V PS

e} e

1— Distributor M—

@

'l_ ELW

Preamplifier

®

15V PS

Count rate vs ELW @ V threshold= 5.3 mV, Channeltron

I I Target I bias=2.5 kV, photocurrent=0.8 nA

Improved e- transport 3 0E405
25% efficiency (x3 better) 1—-— 20kV PS )
2.5E+05
Original ) SR NeW e g 2.0E+05
configuration configuration 2 seos
ad D AR UR ST hd RUSSESNEE LI R T 2
\\X\ // R W 4 S .
N AERLN\\Y/ g Lo Counting electrons from
5.0E+04 unpolarized e- source
0.0E+00 l
0 10 20 30 40
_ Energy Loss Window (V)
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Cs,Te on GaAs

GaAs substrate samples p-type Zn doped 1e18 cm-3
e ~§ NEA . .
GaAsE, |} 02ev=§ Evoc  Wet etch to remove oxide and passivate surface
T Er -HCI:iPA (20:80) 3 min @ RT
Valence Band Ssg,zrge 59 Sas Semee 840746
Maximum © Rough surface ‘
5 | »Lv _ X o Many pits
Bulk GaAs : Cs,Te : Vacuum .
L ~2nm g

[ p—

fo

10" L

2
=)

-346.17
849 pm

Heat cleaning at 400 C overnight

Quantum Efficiency [%]

Room Temperature Cs activation yields ~3% QE @ 532nm
Surface is clean enough to perform NEA activation!!

We also used H;PO, and HF to remove the oxides with HF

Photon Energy

13-14 November 2018

[eV]

45

giving the best results in terms of QE
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Education (CLASSE)
10 5
@532 nm QE 1.5%
o[ @s32nmQE05% Cstle — :
<
E Cs :
g ]
e ]
= -
o E
Cs ]
£  40- :
£
30 —
2 ~1 nm of Te =>~2/nm Cs,Te
£ 20} :
O 10x Te
= 10F s
0
120} 2
®)
o 100r Substrate )
£ heater OFF
8ot |
fie]
3
W
601 :
| |
0 5000 10000 15000
Time (s)
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Auger spectroscopy confirms the presence <7

of Cs and Te over the GaAs surface

Ga ans As peaks are still visible meaning T~
™

that the CsTe layer is thinner than few nm
C and O peaks likely coming from the e-gun

1 3.5r

Current (A)
[
o

10 ¢ 04 3
10-2:_ E 0 L L 2_? | | | 1 | ! 1 ! |
3 40 60 80 1007100 150 200 250 300 350 400 450 500 550 600
Energy (eV)
5107 3
: * We do NOT see an emission threshold shift
10-4; —-—CU120C growth _ |
- —+CU after RT cesiation .
- TKEKM20Cgromth Partial coverage of the surface?
-5
10 :

300 400 500 600 700 800 900
Wavelenght (nm)
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* Lifetime measurements were performed using a
small laser diode at 532 nm;

 The purpose was to extract electron current from
photocathodes under similar conditions and look
at the robustness od Cs,Te with respect to the ion
nack bombardment;

* Due to the limited bias (-40 V) not more than few
nundreds of nA can be extracted;

* There is no offset area;

 Results can be extended to any GaAs based
photocathode (superlattices, DBR, etc);

13-14 November 2018 DOE-NP - Pl meeting 19



C 11 Laboratory f
Agzgleerratgr-%r;lsgéysgénces and C S zTe O n G a AS

Education (CLASSE)

Beam energy in our setup is about 40 eV

q

@532 nm|
9.4x107C ' B
107 \ ;
—S 5X LIFETIME! -
= ' - =
= ~y ' K
A < 7.1x10°C
U
®
= 107 ¢ 10°
o 4 —CszTe (1.2 nm Te)
7 0x104C —CszTe Recesiated (1.2 nm Te) Beam energy in PES gun
—CszTe (1 nm Te)
/_: Cs,Te Recesiated (1 nm Te) * About 3 order of magnitude larger probability to
4 1.9x10 ‘C | Csand O ionize hydrogen than in a real gun
10 0 0.005 0.01 0.015 0.02 0025 ° Duetolow energy electron the ion back
) Charée extrac’ted () | ' bombardment damage is likely to affect the very

surface of our samples.

Why the re-cesiated samples have a lower lifetime than the as-grown samples?
Could it be because the Cs stays only at the surface?

BNL folks have replicated and confirmed this results
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(@) scoemomaesinsmd — Polgrization measurements

* Polarization measurements were performed
using a light from a lamp and
monochromator;

* The purpose was to compare the spin
polarization obtained from the same
specimen activated with standard Cs-O
method and new Cs,Te;

* Due to the limited bias (-40 V) not more than
few hundreds of nA can be extracted;

* Results can be extended to any GaAs based
photocathode (superlattices, DBR, etc);
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) acemorimedsiensand - Electron beam polarization

The same GaAs wafer was activated first with
Cs-O and later with Cs,Te

40 l i } :
<307 % ¥ i ;- Spin polarization is
= : not affected by the
§20 ; Cs,Te surface layer
—
%‘ ¢ } Cs,Te (1.2 nm Te)
&gt g " } CsandO,

t
o & . ' ' - '
600 650 700 750 800 850 900 e @
Wave l en gth (nm) GaAs(J;;;:;cathode with robustv Cs,Te coating
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We attempted achieving NEA with a new material
(submitting a patent for the method)

1

Achieved the NEA condition!! 10 ¢ ' ' ' :
10" | | | - - 7 [ ——CsTe I
! : ] I 3 —CsTe recesiated |
94 x10~C CsO
—='"new material"
0™ \L
= | .
N
6.2 x10°C
10° cesiated ®
w
—— as grown | @ 5
10'6 | | | i L 1, 10 L
400 500 600 700 800 900 1,000 i W
Wavelength (nm) [
7x10%C
~——19x10°C
1075 0.005 0.01 0.015 0.02 0.025
Initial QEs were not that exciting | Extracted Charge (C) |

(we believed the wet etch with H;,PO, was not effective)
but anyway this new coating shows 30x lifetime w.r.t. Cs-O
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5% @ 532nm - 2% @ 780 nm
Sh@ @ - 0.15C

, We used HF based wet etching
0.0093 C | and 600 C heat clean cycle to fully
remove oxides from GaAs surface

~20 nm thin coating

e

S
c
o
@
o 10"
g
] 107}
0.0019C
e _CszTe (1.2nmTe) 10-37

—Cs-0O (standard)

—— New Coating

W Only 10% decrease QE

| | |
0] 0.005 0.01 0.015 0.02 0.025
Extracted Charge (C) 5

LIFETIME UNDER SIMILAR CONDITION IS |
MEASURED TO BE ABOUT 80X LONGER | Tt icime messuremena o

-7
1 0400 500 600 700 800 900 1000

Polarization will be measured soon Wavelength (nm)
(but, as for Cs,Te, we do not anticipate issues)
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The polarimeter is currently being baked
Upgraded with a cryogenic sample holder

i =
we o  __oe--"77 3

10° b - 3

10!_

——DP ]
- = -BAP_1x10" 1
—-— BAP_5x10" |

spin-relaxation rate (1/1,, s™)

10‘7 L 1 1 I
100 150 200 250 300

Temperature (K)

TABLE |. Figure of merit for polarized electron sources.

Cathode Reference  P(%) QE (%) P?QE (%)
GaAs-GaAsPy35 SLAC/SVTY 86 12 0.89
GaAs-GaAsPysg Nagoya® 92 16 1.35
Alg1glng,GaAs-AlgsGaAs . Peterburg®® 92 0.85 0.72
GaAs-gaAsPyss (With DBR)  JLab/SVT 84 6.4 452

W. Liu et al., APPLIED PHYSICS LETTERS 109, 252104 (2016)

Improve the beam spin polarization by mitigating
the relaxation rates as function of temperature
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o el e During last EIC meeting...

e JLab has shown interest in our results:
— Provided us with 3 superlattice samples;
— Interest in test the coating in one of their guns;
— Measure polarization and lifetime at high energies and high currents;

PRL 116, 214801 (2016) PHYSICAL REVIEW LETTERS !‘;“;:,\“;"‘i,"'l’i"h
§

Production of Highly Polarized Positrons Using Polarized Electrons at MeV Energies

SL with P>80% @780nm

E. Vouti

(PEPPo Collaboration)

QE and Polarization for wafer 2 (75105)

9 90
2" 388338
100 25 8 ° e 80
e (1) 640°C/650°C b »
T e (2) 675°C 7 el OF for 70
) ° @=== (3) 675°C 480°C
. @ (4) 675°C 2 g 6 et OF for 60 _
. seeoe QF1 = 500°C X
80 . coee QF2 .ﬁ 5 50 §
—_ coe® oo QF3 E H
g oo QE4 -5 v 4 a0 £
e 70 = £ o
S L 3 e
E 3 € 3 - 30
5 60 L, & o !
& e e eps * r 20
50 1 10
05 0 0
40 700 720 740 760 780 800
Wavelength (nm)
30 - ) .
750 760 770 780 790 800 810 820 OE-NP - Pl meeting 26

Wavelength (nm)



Cornell Laboratory for

Accelerator-based Sciences and I n t h e n e a r fu t u re

Education (CLASSE)

We plan to perform test in our 400 kV gun in 2019
Aiming at demonstrating high average current
levels and measuring lifetime

DE-5C0019122
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* Robust PES capable of high currents:
— most relevant for LR-eRHIC;
— Longer operational lifetime;
— Other application (polarized positrons @CEBAF);

 PES still based on IlI-Vs semiconductor:

— Robust NEA activation can yield almost two orders
of magnitude longer lifetime;

— Polarization measurement in few days;
— Lifetime measurement in the gun in few months;
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Thank you for the attention!!
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