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* Spin polarized photocathode requirements;

e State-of-the-art of GaAs-based photocathodes;
* Photoemission R&D at Cornell University;

* Cs,Te and Cs;Sb activated GaAs;

 Qutlook and future work;
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Production of Highly Polarized Positrons Using Polarized Electrons at MeV Energies

FFAG Recirculating Electron Rings ERL Cryomodules PRL 116, 214801 (2016)
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At typical 1% QE the required laser power “on the cathode”
@800 nm to generate 50 mA is about 7 Watts

bulk 12172 . After Activation
@ b3 Before Activation
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All GaAs based photocathodesrequires Cs-O activation to achieve
Negative Electron Affinity (NEA) and vacuum levels better than
10! Torr to survive a few days (without even running the beam)
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Benefits of DBR
= DBR photocathode : absorpt. in GaAs/GaAsP SL >20%
* Total laser absorption in the SL layer is Less light needed &= less heat deposited
usually <5% = F-P can be formed btw top layer & DBR
Laser beam oo
A DBRcan be used to reflect the T 44
transmitted laser beam back to the SL — ‘v TTT] vt
= .|. .”|“””“ < nk-lowmdex
DBR stacks < .\'// / / ny- high index
y n, - low index
Experimental Results e """"”t"‘"““
L rEaoantaisEt—— Ng - substrate
= non-DBR: QE ~ 0.89%, Pol ~92% @ 776 nm: Imsmm'edm
= DBR: Pol. ~ 84%, QE ~ 6.4%, Enhancement: ~7.2 GaAs substrate
14 =qr 100 Zh S. ZHANG, P3 Workshop 2016, Newport News, VA .}effersbn Lab
12 *DBRQE  _ 2 s eele )
. U T D  QEis now a factor 6 larger

* Potential for higher currents
» Lesslaser power, less heat to dissipate
* Quite complex structure

THE LAST LAYER IS A HIGHLY
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* NEA is achieved and can be maintained onlyin extreme vacuum

— XHV require massive pumping to reach 10712 Torr;

* lons backstreaming is still imiting operatinglifetime
— Clearing electrodes and or biased anode;
— Higher gun voltages;

' electron beam OUT " electron beam

laser light IN laser light IN ouT
anode 3
=1 s 10019 , _ _
o . 902
e o | [l o @ 80F At 350kV, only <50% of ions are
residual gas " . S 70 created compared to 130kV
(o] GOT
° .8 5()& y
> = \ [=2.0 mA, P=8.0 x 10™** Torr
cathode @ 40
S 30 0
. . T' 20E Wt
A single HV breakdown event inside the gun 10k I
Can get the vacuum high enough to instantly R T VR T R T e e T
“kill” the cathode Gun High Voltage (kV)

Courtesy of J. Grames
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Mott polarimeter @ CU

7 ///'

Cornell Laboratory for
Accelerator-based Sciences and

Education (CLASSE)
‘7‘\\\\“}%"' LS Electrostatic bend |
e S el 4 |

The retarding field Mott polarimeter has been , Eue i |
refurbished upgraded and fully integrated into the L)
Thanks to M. Poelker and M. Stuzman for helping
ing and setting up the polarimeter

photocathode lab UHV installation.
ERL'19 - Berlin
in debu
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* Following measurements are performed:
— At Very low electric field (bias -36 V);
— With small cw laser diodes (tens of uW);
— At vacuum levels of ~5x1011 Torr;

Beam energy in our setup is about 36 eV
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Beam energy in CU gun

* About 3 order of magnitude larger probability to ionize hydrogen than in a real gun
* Duetolow energy electron the ion back bombardment damageis likely to affect the very surface of our samples.
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M. Kuriki, P3 workshop, LBNL, 2014
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Will this method yield longer lifetimes?

What happen to the spin polarization?
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1074 ——CU 120 C growth
——CU after RT cesiation
-»-KEK 120 C growth
-»—KEK after RT cesiation
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Wavelenght (nm)

J. Bae etal., Appl. Phys. Lett. 112 (2018) 154101
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O.Rahman etal., IPAC 2019, TUPTS102

5X LIFETIME! e T
L 2 T
- I GaAs 7e-11 torr
@532 nm ' B e
. . : . = 1. 51 I -
O N x6
i o \ - CsOCsTeO
-3 1 * x tm T 2e-11 torr " G0
94)(10 C ° CsTeO
540 °C heat treatment o1 -

. 0.002 0.007 0.012 0.017 0.022 0.027
1 Roughness:1.8-3.9 nm Extracted Charge [C]

Trying GaAs/GaAsP
and Csl coating now.

Te source in Saes dispenser

1072

~30x1073C

N

& 7.1x10°C

QE @ 532 nm

107 ¢ =T —
* mumm Cs_Te (1.2 nm Te) :o0
[ : gL
70x104C —CszTe Recesiated (1.2 nm Te) : P
i / —CszTe (1 nm Te) M
3 Cs_Te Recesiated (1 nm Te) ol
1.9x10°C -
1 0_4 ) ] r Table 1: Lifetime of NEA GaAs Cathodes
0 0.005 001 0015  0.02  0.025 - Cathode _Lifetime[ 10 Pasec]
CsKTe-GaA 6.49 +0.01
Charge extracted (C)  C0-GaAs 0294003 [13]
Cs0-GaAs 0.40 +0.02 [14]
J. Bae et al., Appl. Phys. Lett. 112 (2018) 154101 L B R e R C

Exposure [1e-3 Pa.sec]

M. Kuriki et al., IPAC 2019, TUPTS026
15-20 September 2019 ERL'19 - Berlin 12



=\ Cornell Laboratory for

) Acenorimedsiensand— Electron beam polarization

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

40 ! i ; T
30} % ; i ;- Spin polarization is
S
= not affected by the
§20 % Cs,Te surface layer
% % § Cs,Te(1.2nmTe)
10t 8 } CsandO,

%
NI 1 . 1 .
600 650 700 750 800 850 900 .o s
Wavelength (nm) s photocathode v
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Doping control in alkali based photocathodes materialsis difficult

Conduction Band Minimum

I :' § NEA
GaAs E, v 04eV= Evac
=1.43ev 11 |
A N N R E
1 Cs3Sb By ! £
Valence Band v =1.6eV 1
Maximum :
|
p-type intrinsic or n-type:
< ﬂ|< ):< >
Bulk GaAs ! Cs3Sb ! Vacuum

Doping character is controlled by the stoichiometry
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— B i g NEA
GaAs E; vy 04eV= f vac
=143ev |1 :

A /2 U . E
1 Cs3Sb Eg ! i
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1
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< Sle Sle N
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Cs-0, layer Cs-0, layer

All the methods allowed reaching NEA
co-deposition of Cs-Sb-0, allow:

* the longerlifetimes (x20)

* and the higher QE (1/2 of Cs-0)

15-20 September 2019

J. Bae etal, NAPAC 2019, MOPLH17
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Conduction Band Minimum 107 i
— e T 5 NEA
GaAsE, |y 04ev=§ Evac !
V=1.43 ev 11 ! 10-2L
________ T______ EF
ﬂr CS3Sb Eg I i
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S—— | 1073} | —&— 0.00nm Sb
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P Se Sle > - | —¥— 0.25nm Sb
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10—4..|....|....|. Ll
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c
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J. Bae etal, NAPAC 2019, MOPLH17
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Spin polarization is essentially preserved
(up to 1 nm thickness)
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Can all of this be
applied from bulk GaAs
to high polarization
photocathodes?
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* Preliminary results! SL GaAs/GaAsP non DEBR
Wavelength (nm) With P>80% @780nm
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We are completing the installation of
a dedicated beamline:
e Old CU-ERL gun 400kV @ 100 mA,;
* |on clearing electrodes;

* High power lasers;

 75kW beam dump;
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ESP can be increased at low temperatures

REVIEW OF SCIENTIFIC INSTRUMENTS 89, 083303 (2018)

@ CrossMark
¢

A cryogenically cooled high voltage DC photoemission electron source
17 Hyeri Lee,? Xianghong Liu, Luca Cultrera, Bruce Dunham.? Vaclav O. Kostroun,
+ — R 5><l° and Ivan V. Bazarov

CLASSE, Cornell University, Ithaca, New York 14853, USA
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JOURNAL OF APPLIED PHYSICS 122, 035703 (2017) @ o

Spin relaxation rate (1/1, s™)
5
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A comprehensive evaluation of factors that influence the spin polarization
of electrons emitted from bulk GaAs photocathodes

N
o

Wei Liu, "2 Matt Poelker,® Xincun Peng,®* Shukui Zhang,® and Marcy Stutzman® 27 28 29
Unstitute of Modern physics, Chinese Academy of Sciences, 509 Nanchang Rd., Lanzhou 730000, China

*University of Chinese Academy of Sciences, 19A Yuquan Rd., Beijing 100049, China T H h

*Thomas Jefferson National Accelerator Facility, 12000 Jefferson Avenue, Newport News, Virginia 23606, ime ours

USA
“Engincering Research Center of New Energy Technology of Jiangxi Province, East China Institute
of Technology, Nanchang 330013, China
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 The use of alternative coatings to activate
GaAs based photocathodes:

— NEA can be achieved with either Cs-Te and Cs-Sb;
— Lifetime is improved by a factor of 10x or more;
— Polarization and QE are affected by thickness;

— Trades off are required;

* Soon beam testsin a real gun;

* Cryogenic electron sources can be leveraged
to increase polarization.

* kCoulomb from PES in sight?
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Thank you for the attention!!
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