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* Motivation;

e State-of-the-art;

* Photocathode R&D at Cornell University;
e Cs-Sb-O activated GaAs and SL;

e HV Gun and beamline status;
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; Accelerator-based Sciences and E I C r‘e po rt re | eva n Ce a n d b u d get
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High current electron sources for strong hadron
cooling and polarized sources for EIC

Panel Panel sub-
Proponent Concept
priority priority

High current single-pass ERL for

Panel hadron cooling

High

High current polarized and
unpolarized electron sources

[ FYI24F13 | FYLAFIS | FYIGHL7 | FYI8419 | Totals

a) Funds allocated 280,000 338,000 618,000
b) Actual costs to date 280,000 214,226 494,226

7 Panel LR High B
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Cornell Laboratory for

Accelerator-based Sciences and Ta S kS a n d m i I e Sto n e S

Education (CLASSE)

« Task 1. Resurrect the beamline dedicated to study the operation of the electron source up to 100 mA
level by leveraging existing hardware, including a 75kW electron beam stop.

— Milestone 1.1: Perform numerical simulations aimed at finding a beamline configuration that allows the transport of
bunched beams with 1 nC charge per bunch from the gun to the beam dump.

— Milestone 1.2: Assemble and recommission the beam line according to simulation to perform the experimental tasks
here proposed.
« Task 2: Upgrade the DC gun with a clearing electrode near the anode to benefit the photocathode
lifetime by repelling the ions coming from the downstream of the beamline.

— Milestone 2.1: Design, build and install a special clearing electrode that can be installed without breaking the gun
vacuum in a near proximity of the gun anode.

— Milestone 2.2: High voltage processing of the gun.

» Taska3: Integrate into the beamline the already available ion clearing electrode structures enable studies
of secondary ions production and corresponding clearing techniques in the presence of high intensity
Ie_1!e<;tron beams in order to elucidate their role on the stability of the electron source and photocathode
ifetime.

— Milestone 3.1: lon clearing electrodes will be installed along the beamline based on the results from numerical
simulations;

— Milestone 3.2: Study the effect of clearing the ions and along the beamline and near the gun on the electron source
stability and cathode lifetime.

+  Task4: Perform high current tests aimed at production of bunch charges and average currents relevant
for strong hadron cooling application using tunable wavelength laser allowing us to explore
photocathodes in new parameter space.

— Milestone 4.1: Build an optical transport line for the laser that allows to operate in the visible range of the spectrum
(down to ~400 nm) using achromatic lenses and broadband mirrors.

— Milestone 4.2: Using already known photocathodes explore the possibility of extending the lifetime of the existing
photocathodes by using non-conventional laser photon energies only in the visible range of the spectrum.
- Task 5: A fully equipped photocathode laboratory and other campus facilities will be used to grow and
characterize new promising robust photocathode materials for the production of un-polarized and
polarized electron beams.

— Milestone 5.1: Procure and/or synthesize new promising candidate materials for the production of high average
current and perform the characterization of their photoemission properties in the visible range of the spectrum.

— Milestone 5.2: Procure and/or synthesize new promising candidate materials for the production of highly polarized
electron beam and perform the characterization of their photoemission properties (in the visible range of the spectrum.
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Cornell Laboratory for

Accelerator-based Sciences and M Ot I Va t I O n

Education (CLASSE)

“All three concepts rely at some point upon the high-average-current energy-recovery linac
technology, which in turn requires a high-average-current beam source. The default option for
ERLs, for both historical and technical reasons, is a photocathode electron gun using a high QE
photocathode. (The gun itself is typically direct current [DC], although both normal-conducting
radiofrequency [NCRF] and superconducting radiofrequency [SRF] guns have been proposed and
tested.) The lifetime issues associated with high-QE photocathodes are well known and represent
significant technical challenges in terms of replacement intervals, both from a hardware-and-
technology perspective, and from an operational perspective, e.g., the beam dump recovery
time.”
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Cornell Laboratory for

Accelerator-based Sciences and H Igh current for electron cooli ng state-of-the-art
Education (CLASSE)

Low energy electron cooling @ BNL
Cathode lifetime in the gun: 2018

Experimental setup:

Beamline4.p,  Operando chamber

NSLSII, BNL
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Magnetized beam generated from DC gun for JLEIC Electron Cooler
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Cornell Laboratory for

Acelerator based Sciencesand— High current and spin polarization

Education (CLASSE)

PHYSICAL REVIEW LETTERS ST
FFAG Recirculating Electron Rings ERL Cryomodules PRL 116, 214801 (2016) 27 MAY 2016

Production of Highly Polarized Positrons Using Polarized Electrons at MeV Energies

D. Abbott,' P. Adderley‘ A Adeyemi, ; P Aguilera‘ M. Ali,' H. Areti,! M. Baylac2] Benesch,' G. Bosson3 B. Cade‘
A. Camsonne.' L.S. Cardman.' J. C]ark P. Cole.'S. Covert,' C. Cuevas.' 0. Dadoun D. Da]e H. Dong.'J. Dumas."

E. Fanchlm T. Foresl E. Forman A Freyberget E. Frmdefond S. Go]ge J. Grames,' P Gueye,” J. Hansknechl
79-21.2 GeV - P. Harrell,' J. Hmkm, “c. Hyde B. Josey,' R Kazimi,' Y. K|m‘ D. MAthe K. Mdhoney R. Mammei,' M Marton,?
Beam Dump =

J. McCarter," M. MgCamhan M. McHugh 4D, McNully K.E. Meuck T. Michaelides,' R. Michaels,' B. Moffit,'
D. Moser,' C. Mufioz Camacho,” J.-F. Mumz' A, Opper ML Poe]ker JVS Réal” L. Rlchardson. s. Setiniyaz,*
M. Stutzman,' R. Suleiman,' C Tenmml c Tsal D. Tumer,' M. Ungaro,' A. Variola,”

E. Voutier,”*" Y. Wanu and Y. Zhang
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B. Dunham et al, Appl. Phys. Lett. 102, 034105 (2013)
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ggzgfelizkglr)-%r:stgcrly Sf:(i);nces and Sta te 0 Of"t h e » a rt S I_- D B R

Education (CLASSE)
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
USUGIIy <5% = F-P can be formed btw top layer & DBR
L b Incidernt
* A DBR can be used to reflect the oo e LAWEE L,
transmitted laser beam back to the SL — ""-.f’ [T nyenighinges
—— — S -|- -“1“.-"" < I nl-lowindex
DBR stacks < II'*,-’T ‘.-"; f,."r ny- high index
= y n - low index
Experimental Results \ Y M- high index
raREr e ng- subsirate
= non-DBR: QE ~ 0.89%, Pol~92% @ 776 nm:
= DBR: Pol. ~ 84%, QE ~ 6.4%, Enhancement: ~7.2

14 =dc 100 ;_"-"' : S. ZHANG, F3 Workshop 2016, Newport Neiws, VA J‘efferslon Lab
12 -®-DBR QE .::::!. .
€10 i T D e * QEis now a factor 6 larger
£, . £ * Potential for higher currents
% 5 § * Less laser power, less heat to dissipate
5. & * Quite complex structure
2 1 THE LAST LAYER IS A HIGHLY
0

0720 a0 760 - 7ao a00 P-DOPED BULK GaAs
Jefferfon Lab ACTIV ATE D W ITH CS'O
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Cornell Laboratory for

Accelerator-based Sciences and B u t QE a | O n e i S n Ot S u ffi C i e n t

Education (CLASSE)

* 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 1074 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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Cornell Laboratory for

Accelerator-based Sciencesand -~ Alkali antimonides ion back bombardment
Education (CLASSE)

Central
damaged

Fresh cathode ~10 mA ~20 mA . area
2 hours 2 hours

No RF trips many RF trips

I
B Stay away from the electrostatic center!

] 1 2 3 4 5 6
Radial Distance from EC (mm)
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Magnetic arms

Gate valve Load lock

Mott polarimeterl Bialkali growth

Cesiation
Chamber

Storage

Auger/LEED

Transverse
GaAs activation

Energy Meter
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Education (CLASSE)

s Mott polarimeter @ CU
— g

Vacuum level is below 1010 Torr |

HV gun puck

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

photocathode lab UHV installation. y .
7 November 2019 DOE-NP - PI meeting Thanks to M. Poelker and M. Stuzman for helping

in debugging and setting up the polarimeter
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L Accelerator-based Sciences and E S P re S u ItS d i S C I a i m e r
Education (CLASSE)

* Following measurements are performed:
— At Very low electric field (bias -36 V);
— With small cw laser diodes (tens of uW);
— At vacuum levels of ~5x101 Torr;

Beam energy in our setup is about 36 eV

r— T T
- PR : Bathe ‘ -
- 0 g
ion. .:.\
10 E O iy, T
i =W -
: """'i
h

1o-ti R i R ‘ 4
10' 10? 103 10* 10° 1(\ .
E [eV] Beam energy in CU gun

About 3 order of magnitude larger probability to ionize hydrogen than in a real gun
Due to low energy electron the ion back bombardment damage is likely to affect the very surface of our samples.
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1
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J. Bae et al., Appl. Phys. Lett. 112 (2018) 154101
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) Acemoriedsiencsand—— El@ectron beam polarization

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

40 , i ; ,
=30} % ¥ i ;- Spin polarization is
&
= not affected by the
g2 : Cs,Te surface layer
E % § Cs,Te(1.2nmTe)
10t 8 } CsandO,

%
o8& ' ' - .
600 650 700 750 800 850 900 . . oo e
Wave | en gth (nm) GaAsgap;otocathode with robust Cs,Te coating

i Kwan Bae, Luca Cultrera, Philip DiGiacomo, and lvan Bazarov
uboratory for Accelerator-Based Sciences and Education, Cornell University, Itho
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OL = %: Accelerator-based Sciences and CS 3 S b O n G a AS

¢/ Education (CLASSE)

Doping control in alkali based photocathodes materials is difficult

Conduction Band Minimum

o -y NEA
GaAsE, |} 04eV= Evac
=143ev |} |
X """" o Er

CS3 Sb Eg :
Valence Band v =1.6eV |
Maximum |
|
p-type intrinsic or n-type :

< ﬂ|< >:< >

Bulk GaAs | Cs3Sb ! Vacuum

Doping character is controlled by the stoichiometry
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Education (CLASSE)
Conduction Band Minimum J. Bae et al, NAPAC 2019, MOPLH17
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Education (CLASSE)
Conduction Band Minimum 107 F
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Cornell Laboratory for

Accelerator-based Sciences and S p i n p O I a ri Z a t i O n

Education (CLASSE)

J. Bae et al, NAPAC 2019, MOPLH17

Photon energy (eV)
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| I | [ | |
401 B  Exp.Data
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1ol Spin polarization is essentially preserved
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s\ Cornell Laboratory for
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%‘%ED “_0,5? Education (CLASSE)

Can all of this be
applied from bulk GaAs
to high polarization
photocathodes?
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Cornell Laboratory for

rcclerarbased Scencesand. D riNg 2018 EIC meeting...

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

QE and Polarization for wafer 2 (75105)

o
o
o
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Cornell Laboratory for
Accelerator-based Sciences and

Education (CLASSE)

SL GaAs/GaAsP non DBR
500 Wavelength (nm) With P>80% @780nm
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Cornell Laboratory for

Accelerator-based Sciences and N eXt? : H ig h powe r Cat h Od e te St

Education (CLASSE)

Completing the installation of a dedicated beamline:
Old CU-ERL gun 400kV @ 100 mA;

lon clearing electrodes;

High power lasers;

= -  75kW beam dump;

This task has seen some delay in FY2018
due to the simultaneous CHESS-U and
CBETA installation
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Cornell Laboratory for

A elersion bses Seeaces end Planned beam tests

* Test the robustness of the GaAs activated with Cs,Te and Cs;Sb in the gun at high current;
e Operate alkali antimonides and IlI-N in the near UV:

— 343 nm from THG of our pulsed laser system;

— 351 nm from cw Ar ion laser;

We aim at improving the efficiency of the photo-extraction process and decrease the heat load on
the cathode:

https://doi.org/10.1117/12.2185614

IR to UV => efficiency 0.3

. : 2x| UV to e- => efficiency 0.25
5 60 f 30 g /
%SO }AZS% 100»"1 T NS EE CLER S S L R A | -= ~ o
3 i - — Naksb IR to e- =>~8%
o | s 3| 1O — NaKSb:Cssb - ~A0
i 40 80 120 160 200 240 280 320 "73600 102 [ — CsKsb I R to e- _> 4 A
IR Power, W F
u [ ]
o107} 7 ¢ For the same avg. current
300 200 4 1
cich (a) =6~ IR output (b) =—8—green output 10 F we need half Of the UV
- Z 150 105 L laser power w.r.t. VIS;
Z200 i E ]
E‘li(} %1()() 10'5-1.1.A.,1. All...tl.,AAl,‘,,- ® Powerheatlossesonthe
§ i = 400 500 600 700 800 900 th d d d b
& 100 E‘ . wavelength (nm) cathode are reduce Yy
0| IR to VIS => efficiency 0.6 65%;
U() 100 200 300 400 ¢ 50 100 150 200 250 300 VIS to e-=> efficiency 0_07
Pump power [W] IR power [W]
180 W picosecond green laser from a frequency-doubled rod
fiber amplifier
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Cornell Laboratory for

Accelerator-based Sciences and G u n b e a m I i n e Stat U S

Education (CLASSE)

Gun+Beamline+loadlock are

installed and in UHV;

* Clearing electrodes are
installed:;

* | Load-lock includes a “cathode-
in-canister” delivery system
(SBIR-Phase Il1);

" RMD-Photonis-Cornell-BNL

Brazed envelope assembly

Cornell/BNL
Puck

Ceramic

Concept extendable to
other plug design
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Cornell Laboratory for

Accelerator-based Sciences and J u St a I itt I e m O re effo rt -

Education (CLASSE)

Completing lead shielding installation;
PPS Checkout;
SF6 emergency venting line;

e Turn on HV!!
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Thank you for the attention!!
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