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/ plenary sessions

* Introductory session

« High charge - High average current
* Free Electron Laser (two sessions)
 Theory (two sessions)

 Novel concepts (two sessions)

« Ultrafast Diffraction and microscopy
e Spin polarized sources

| will try to give an objective and comprehensive summary
Talks are uploaded to the following indico website
Photocathode Physics for Photoinjectors Workshop (3-October 5, 2023) - Indico (bnl.gov)
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https://indico.bnl.gov/event/19730/

Introductory session

EWPAA 2022
Highlights

D. Sertore
INFN Milan = LASA
Lee Jones (STFC, DL), On behalf of the EWPAA Organizing Committee

ERL in European Strategy for Particle Accelerator

Accelerator R&D Roadmap and it's impact on photocathode research

* New accelerator roadmap emphasise interest to further development of Energy Recovery Linacs (ERL) as
high efficiency sustainable accelerator facilities.
» High average current, in 100 mA range, electron injectors are one of the most critical components of ERLs
and additional efforts should be concentrated on further development of the injectors.
* Major efforts should be concentrated on the following:
+ Optimisation technology of existing photocathode materials
« Development new photocathode materials which could operate with existing laser system
* Design photocathode plug which may be compatible with different types of the guns
* Development of laser systems which would allow for delivery required current with UV photocathodes
* Development of gun technologies which would allow for providing beams compatible with existing
accelerator structures without excessive bunching schemes. Potential to reach this goal have.
* High field QWR SRF gun
* High field QWR NCRF gun
« Elliptical cavity SRF gun
There is no operational injector which can demonstrate 100 mA of polarised current: Limited by
photocathode lifetime
Potential to deliver this current (if GaAs lifetime by activation with Cs-alkali metal layer is successful),
* DC photocathode guns

* SRF photocathode guns Boris Miliisyn
STFC Daresbury Laboratory, UK
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Electron Sources for Particle Accelerators

YINE SUN
Advanced Photon Source
Argonne National Lab.

Oct. 3, 2023
Photocathode Physics for Photoinjectors Workshop
Stony Brook, New York

Argonne &

April 2023: e* Source Roadmap Working Group Report

https://indico.fnal.gov/event/59123/

Year WEETEC N CERTEE SO N Mid-term (5~10 years) Long-terrrr\ L)

Reliable high-P GaAs supply chain Cryogenic temperatures and very high fields operation
_ Robust photocathodes in DC guns (20mA pol. and 100 mA unpol.)
e CathOde Photocathodes with 1% QE and 30 meV MTEs Photocathodes with 1% QE and 5 meV MTEs
Continue to explore new and promising photocathodes (robust surfaces, nano-structures, higher QE and polarization)

DC gun beam ~1-10 mA polarized 10-14 Torr vacuum for long GaAs lifetime DC gun beam 10~20 mA polarized
e G un NCRF: cryo gun at 250 MV/m; x-band gun, CW and Low Frequency rf gun
Polarized GaAs in an SRF photogun SCRF gun 50 MV/m

Control laser profile, limit nonlinear SC induced emittance growth: beer can [mid); elliptical (far)
_ . INCRF, SRF accelerating cavities: fully RF symmetrized fields to eliminate emittance growth to 10% (near), 1%(mid), 0.1%ifar)
e In] ECtor Partition phase space: RFBT+EEX for damping ring free (mid), linear LPS (long)

High Charge Drive Bunch Trains: charge-balanced, equal energy bunches duration 5-25 nsec

Collider-class polarized e+ source

Compton-based sources - high flux circularly polarized gamma-rays R&D

SC undulators

\ Bremmstrahlung polarized positron source development

=
Targets for high intensity

- Capture and acceleration sections |

Compact sources for accelerator and ultrafast science (also polarized)

10" Torr vacuum for long GaAs lifetime Routine 10’s mA GaAs beams
Photocathode Physics for Photoinjectors Workshop Yine 25
Sun 10/3/2023 o



High Charge / High Average Current
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Epitaxial Growth of Cesium Potassium
Antimonide Photocathode

for Department

Na-K-Sb photocathode development
at Helmholtz-Zentrum Berlin

Epitaxial growth of the cesium-antimonide
photocathode

v, Jared Maxs
stterodt, Raul Acevedo

Chad Pennington
Comell University, Department of Physics + CLASSE

P3 Workshop, October 3%5% | 2023 e
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RHEED of K,CsSb/4H-SiC (Sample -3): Sb deposited using thermal evaporation e b EaMRORTTIONRELATED 0 08 HZB
4H-SiC Layer 1 of K,CsSb Layer 2 of K,CsSb Layer 3 of K,CsSb o
Substrate on 4H-SiC on 4H-SiC on 4H " Group 1:
Fit results: (Na+K)/Sb=3 « far away from the line (Na+K)/Sb=3
SiC thickess: 1.58 um. 25} « alkali deficiency samples

Cs3Sb thickness: 35 nm.

e Escape depth: 60 nm. '
Vacuum energy: 1.9 eV ‘ d
®

+ short deposition time or long distance

Group 2: Bottom right

* Na saturated and K deficient samples

* high sample temperature (loss K), too long
deposition time/ high Na dispenser current

450 500 550 600 650
Wavelength (nm)

RHEED of K,CsSb/4H-SiC
P ’ ~ Fit results: S e . el !
————] : SiC thickess: 0.29 um. SHGS BHONE SpREE
o B Cs38b thickness: 23 nm. growth;

. st
o8 Si(100) ; e Escape depth: 100 nm. O Streaks represent smooth surfaces 1 Group 4: Green point

Vacuum energy: 1.9 eV with small domains. 2 58.7 2.92 122 i i + QE higher then 1%
e SOROOROPINC. . § 3 Tim | o 004 00 05 10 15 20 25 30
10082023 Wanelength (nm) 2 4th 89.15 1.92 133 Na/Sb

L? Brookhaven
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L
H : E 3 X ROBUSTNESS INVESTIGATIONS ON Na-K-Sb PHOTOCATHODES HZB
&  Anattemate stoichiometry: Cs,Sb, 48

Thermal stability study of Na-K-Sb: 4 heating cycles up to 130°C, XPS data taken at RT after 24h heating

» Avisible photocathode with threshold near > Highly resistant to oxidation. 18 = K;CsSb (Layer 3) = Layer 3 after one day
570 nm and percent level QE at 400 nm. > Survives over an order of magnitude times = K,CsSb (Layer 2) 24 ~—K,CsSb (Layer 3) <,
longer than Cs,Sb at an 0, partial pressure 15 = K,CsSb (Layer 1) 30 ——K,CsSb (Layer 2) :E:, oF -
Photon Energy (eV) of 5x108 Torr. H
0 30 28 26 24 22 20 1 —— K,CsSb (Layer 1) e .
08 e s S y = 42 ~ 16 g2 -
S 2 £ 2} | = during heating - 5
1 < < 2 . T
10'F it WS o 12 & ob— = ~ 2 o e iy Photocurrent decreases with higher sample
g =4 o <] Temperature (“C) temperature
8 107 3 ! 8
] r\/\ g Chemical composition change after heating
& 10°F = 4 * Decrease of photocurrent may due to the loss
5 E
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WH17 [ 70°C24h | 15 1.9 1.0 34 11
Wam.fnf;?h (nm) Oxygen Dose (L) Wavelength Sample-2 QE (%)

(nm) L1 12 L3 Sample3 QE () WH17|90°C24h | 16 18 10 34 11

450 B sl Bl |5 L2 L3 L3 after 1 day
{Blue) - = - Green laser 05 46 92 -

2 X v WH17 [130°C 24h| 1.7 14 1.0 31 0.5
230 Groen)N EO:UR OSN[RS LDLS 450 13 89 178 215

(§) Brookhaven SOUrce 530 05 42 76 9.7 i

» Photoemission threshold lies between Cs,Te and other alkali antimonides.

- C.T. Parzyck. C.A Pennington et al, “Atomically smooth films of CsSb: a chemically robust visible ight
photocathode” arXiv:2305.19553
10032023 30

WH17 (110°C 24h| 1.8 17 1.0 3.5 08
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== Experiment 3 |
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High Charge / High Average Current

&

m @ Development of Multialkali antimenides photocathodes
i for high-brightness photoinjectors

i imi P D ENERGY
Demonstration of Thermal Limit to Mean Saniap Kamas oty canni: ; A
. . . 1 huns ;fmi“'r:;;:ﬂ_'f*‘m?mw' LEReC high current experience
Transverse Energy from Cesium Antimonide Cosnes  Exparirial e Catde ith alkali cathod
Photocathode M stk & Cppe, F gt Gty e Ty BT} (688, Kea) with alkali cathode
QS Zeute . Comparmin st espermta et
Alimohammed Kachwala [ ° smmany & P pan
RALA S e o B
2 W, Dmitry Kayran, dorg

Arizona Stale University

Vs 6
L= hamon e e ‘v FEL

To improve + optimize cathode recipe : sb _* K

i ' = Multi-alkali antimonides photocathodes development
@ Experiment m . e ity ; |2) Photocathodes production

Two new cathodes grown in the new “production” system. + To support 24/7 operations, cathode production and exchange systems were developed which

) ; 50r10 4 :
Gl’owth Measurements « One thick (Sb = 10 nm) (#137.2) i s tial d iti thod / Thickness include two cathode deposition systems, three multi-cathode (up to 12 cathodes) vacuum
Thickness: ~40 nm hAw: 1.45-2.33 eV «  One thin (Sb = 5 nm) (#137.3) quetial depositon metho v Deposition rate suites and a mechanism allowing for cathode exchange in RHIC tunnel in about 1 hour.
g ige i : . [ " di is uti + DC gun with high QE cathodes and stable laser provided reliable beam operation during 2019 - 2021
4 . v I h h It lized. 2
L Substrates: Si and Nb doped STO, Repetltlon rate: 500 kHz To understand the evolving photocathode structure during and after a setup is utilized. OOt ciorio By & i small acliva afida (i), tsed
at the end of 2018 and 2019-2022.

Pulse length: 150 fs Mtk * Optical Di

used dunng cathode deposition > Reaki

Cathode transfer camera can hold
up 10 12 cathodes pucks

QE at 8 different

Continuous tracking of the Eg+Ea value in real time.
Identify the formation of new compounds H
(transition from Sb to KSb and then to KCsSb) |

Reaction Kinetics |

revealing reaction rates and intermediate stages. ! JEN—
. 8- cacron afly 30 mAbeam curen
+ Reaktime mm e —
Posks due lo vigetronic transi el ==
» Realti at 8 different g
QE Transfer « Optical Characterization
. . . rovide insights into the energy band structure
3% -4% —— Via UHV transfer line in PEEM : e forts Fiiod w’mme
2 =530 nm J Measured: PEES, MTE & QE
8/6/2024 akachwal@asu.edu 10 k? lawgmgxgg

= Comparison between the DFT Simulation and Experimental Data for K;Sb

Mean Transverse Ener | K;sSb K;Sb
@ o &l (Cubic) __(Hexagonal) |3) Higher Current Test

« Athw=1.5 eV, MTE = 30 meV / \

(~25 meV at 300 K)

+ At hw = 1.8 eV, MTE = 40 meV and
at hw = 2.3 eV, MTE = 150 meV
(comparable to previously reported

1. 320kV: if the HVPS Faults are not caused by the voltage, could try 350kV later.

2. 66 minutes: The current was ramped down prior to next polarization measurements in RHIC
which typically results in high losses in the location of the Gun.

+CS Sb (STO)

+Cs Sb (Si)
1207 § CSASb(Sl)[Ref 1,2]
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— 90 values)
=
= 60 (excess energy)/3 considering ® = n.mumd |magmipmmme dielectric function simulated imaginary part of the dielectric function bl
30 1.5eV (green)and ® = 1.9 eV ... @@\‘-
(brown) { of J ? i
5 & 5 d £n FR 2 = However, the observed two major peaks in our KSb-thick
< : S 1 « MTE doesn't scale as 1/3 of i, / cathodes do not match those of the KiSb hexagonal or Ramp down
1.4 1.6 1.8 2 22 24 excess energy (Scaﬂering before cubic compounds.
Photon Energy (eV) emission)

1) Prysical Review Speciat Topics-Accelbralors and Besms 18.11 (2015): 113401
2} Appled Physics Letters 99.15 (2011).

\\}
Comparison -* \y R benwoon oferencs sxpedmerial (] &
\e‘(‘\a ‘ab-grown KSb (thin) cathodes.
@0

1290 1230 1390 1370 120 1930 DM 1330 140 1410 1420 142 14w 1430 1500 1510
Tie (Start Fill - 33308)
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(1A Sana . Tatanesn
ys. Rev. B, vol. 7, 9. 47124719, May 167
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3. 50 mA: limited by the injection dump power (25kW);
- 150118
- sizsia sosomn
+ The dotted line is the plot for e e L e e ﬁ
8/6/2024 akachwal@asu.edu 14 I
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Free Electron laser

SHINE @) il724

R&D of Very High Frequency (VHF) gun for
SHINE project at Tsinghua University

Department of Engineering Physics, Tsinghua University
Beijing, China, 100084

dych@tsinghua.edu.cn

Anode plate

Beam exit  Typer reaction

Anode plate  Poft plate Aluminum

seinforcement |
plate

Anode
stainless
steel flange™

Vacuum wall|
plug Cathode nose

Cathode
stainles:

steel flan;

RF pickup

RF pow:
fio power

coupler port

Emittance measurement and optimization(preliminary results )

(um - rad)
10 pC 0.16
50 pC 0.41
100 pC 0.85

nch charge Projected emittance (95%) Slice emittance (95%)

Bunch lengt!

(um - rad) (mm rms)
0.15 0.49
0.38 1.15
0.72 1.44

10pC

ovmtopes vs qued

100pC

envelope.x vs quad

PROGRESS REPORT ON AN
X-BAND ULTRA-HIGH

GRADIENT PHOTOINJECTOR

Argonne &

GONGXIAHUI CHEN
on behalf of joint afforts from AWA, Euciid Techlabs and NIU

VO Rme... () ENERGY =

10032023

INTRODUCTION TO AWA DRIVE BEAMLINE

« Fully re-configurable
« Currently have a metallic Power Extraction and
Transfer Structure (PETS) installed

ZONE3a + Xgun beamline

PETS

+ L-band drive gun

+ Cs,Te cathode

+ High charge (>400 nC) bunch train
+ Final beam energy: ~65 MeV

Argonne &

BEAM ENERGY CHARACTERIZATION

1st beam test
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Xgun phase scan @340 MVim

100

260 30 400 500
Phase {deg) .

Evidence of strong Schottky effect

1000 shots as total
~3% fluctuation

2.675 2.700 2.725 2.750 2.775 2.800 2.825 2.850
Kinetic energy (MeV)

Energy measured by the spectrometer dipole

~3% fluctuation, likely due to the drive charge
instability and laser RF phase jitter in the drive linac.
Max achieved gradient is 388 MV/m from the beam
energy measurement

@y eird
@ i

Successful operation of K,CsSb photocathode
in DC-SRF-Il gun
XIE Huamu on behalf the SRF team at PKU —’ \

0ct3-5,2023
P Physics for Photoinj P

3=
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K,CsSb photocathode deposition system

Pressue (Tor)

T )

“Fast Cesiation™ sequential deposition recipe, the
total activation time cost less than 10 min. The QE
keeps growing in the following days after activation.

K D T T N TR e T E
' £ Source current (A)

T P

Time (hours)

method

grown by

High current operation

CW operation at high average current-—-1 mA

Turbo ICT 2 1 mA CWiEfT
I AN (REGHR125pC, BEHE1.25 MHz)
I it Pl
s ) [ [ WWW
BT Feedvackon
QE increase due to laser power e
deposited on the plug a=z 8 s
Cretymm
2~3 mA CW average current(12~40 pC, 81.25MHz) also achieved T

in DC-SRF-II gun, the main limitation is the heat induced SC
cavity quench from the beam tube connected to the SC cavity.

For more details, please contact: huangsl@pku.cdu.cn




Free Electron laser

Los Alamos

LANL high gradient
photoinjector and
photocathode projects,
technology, and plans

Carie: high gradient
photoinjector capability
» Goal: demonstrate operation of high

QE cathodes in a high-gradient RF
injector

Why?
* ICS 44 keV xray source
« UED

o@ Los Alamos

High gradient photocathode
design:

« High bandgap + high(er) Ea

« Ultrathin cathodes

* Heterostructures?

* Lossy/imperfect preferred?

+ Does photoemission facilitate breakdown?

+ What happens to the injector when
photocathodes break down?

Los Alamos

FATIONAC|AR0RATERY

Diffusion barrier +
smoothing layer

Breakdown Probability [1/pulse/meter]

£ 400ns(CuCu-Ag)| |/
4 70008(CuCAG)| /i
HE Aus(CulCu-Ag) | o/

| Puecy

/

#
v Cu-Ag0.08%) ¥

\ /A

\ A

o
A/

a) Cs,Te

Euac

Photocathode (Cs,Te)

Some of the Photocathode Science at SLAC

2023 Photocathode Physics
for Photoinjectors Workshop

Theodore Vecehione
Qctober 4, 2023

LCLS-II Photocathode Deposition System

Load-Lock Il Airlock Suitcase
A A A

¥ | 1

r

Carrisge pump

Stage
- Support
-> Temperature
- Aperture
= Charge Collection

Viewport
QM

Removable PVD Sources

System has four physical vapor d sources that are i to

produce different materials following cither sequential or co-deposition recipes

Load-Lock, Airlock and Suitcase are maintained “particle free™
Initial QE of Cs,Te photocathodes at 258 nm is 5-15%, with > 10% typical

Cs,Te QE is stable for months in a ‘clean’ suitcase

SLAC’s Grand SRF Photocathode Challenge

Cu substrate

0.4 um at 100 pC, 1 mm, 100 MeV (in theory)
e, < 0.1 pm at 100 pC, 1 mm, 100 MeV 50

Spectral Response Curves

Ga-As
Family

Intrinsic emittance 40
0.6 yim/mm now
0.3 pm/mm future

.2 jum/mm eventually

Operate near threshold for emission
low temperature

rface roughn,
hemical uniformity

«1pA

Dark current

Quantum Efficiency
QE drops near threshold
QE drops with temperature

Quantum Efficiency [%]
el g

Use semiconductor photocathode

QE must be sufficient to generate 100 pC

without multiphoton contributions

but QE > 0.1% is not strictly a requirement

Visible or IR wavelength preferred for laser shaping

100 200 300 400 500 600 700 800 900
Wavelength [nm]

Motohiro Suyama, Hamamatsu

< 50 ps, bunched downstream to « 1 ps
< 1 ps at the photocathode is not necessary

Temporal Response
Challenge: Which to use?

1/e Lifetime > | week (operational issue)

Conventional: Cs,Sb
s : More exotic: Cs;Sb:Na,KSb
Photocathode must also not generate particles or contaminate the cavity o *

Photocathade Phys
for Photoinjectors
N\

S-band photocathode based injector plan
for Korea-4GSR

2023-104

Chang-Ki Min
‘on behalf of Korea-4GSR linac group
Pohang Accelerator Laboratory

Special thanks to
4GSR finac advisory committee, iroshi Matsumoto (KEX), Takahiro Inagaki
(RIKEN SPring-8 Center), John Smedley (SLAC)
- MOGA simutation, Chanmi Kim, Chong Shik Park, Eun-San Kim, Seung Hwan
Shin, Seong Hee Park at Korea Univ.

DAL o KT ARB ;

PAL-XFEL s-band photocathode gun and injector

¢+ Maintaining the normalized emittance at 135 MeV

- Average 0.4 u at 250 pC (variations between 0.35~0.45u)

< QE at 253 nm, 1~2x10%, Vacuum 2x10"* mbar
- Twice laser cleaning since 2016 and 2022,
- Low surface damage using ~300 ps long IR laser cleaning
- Half a day cleaning and operation right away

Center QE hole B

16 16
1 month

12 12 Maintenance /
65°C — 25°C

08 0.8

04

x 107 Laser cleaning x 104 —

7 PAL.2 50HANG ACCELERATOR LABORATORY

photocathode vs. thermionic gun

band photocathode Thermionic (DC

Emittance o A
Complexity A or O with simpler laser A
Clean well defined bunch [¢] A

< Low emittance provides headroom for injection and readiness for the lower emittance storage ring upgrade
< Higher QE is preferred, then low power laser is easy to handle, more flexible to bunch patterns

s Transform-limited laser pulses ensure the well-defined bunch profile

AL POHANG ACCELERATOR LABORATORY v



Novel concepts

On Chip Waveguide Integrated Photocathodes

Hyun Uk Chae, Aimonammed Kachwaia (ASU), Ragi Ahsan (USC). Oksana Chubenko (NIU)
Sudhartn Karkare (ASU), Rehan Kapadia (U

w USsC S

Photocathode Physics
for Photoinjectors (P3)

Key factors of designing good Photocathode

Light 2. Chose Proper Light Absorber

Absorber

Si;N, Waveguide

Wavelength Dependent Photoemission

The period of the pattern increases as we go from A =520 nm to 4 = 532 nm.

, o«
i

Wavelength O TTee—)

These transverse patterns are formed due to interference between these co-propagating modes
thereby generating beating patterns with significant evanescent intensities that cause the electron

emission.

Ab initio Study of 2D Materials as
Photocathode Capping Layers and Potential
Photocathodes

Photocathode Physics for Photoinjectors

Tyler Wu

versity, Canter for Bright Beams (CBB)

GHBRIGHTBEAMS

Joint week with Johannes Kevin Nangoi, Tomds Arias

Why Scattering States are Important

Electron Transparency and Reflectivity

o Mean-transverse energy
(MTE) and quantum
efficiency (QE) are

modulated by capping

layers N
o We need electron b
”

transparency and
reflectivity

Transmission and reflection
can be taken directly from
scattering states

Results: Summary of Photoemission

Monolayer Graphene

0.5 0 0.5 0.5 5
k. (Bohr™!) k; (Bohr™?)
05 1H-Niobium Diselenide
5

(Bohr™1)

k,

k. (Bohr™')

Photocathode P w usCc
for Photoinjector: U

Development of Air Stable Silicon Photoemitter
with Electronically Tunable Negative Electron
Affinity

Aagit Ahsan, Hyun Uk Chas, Anika Tabassum Priyati, Juan Sanches Vazquez, Rehan
Yapsdia

Electronically Tunable NEA Photocathode

: 41

lemision &
_,-—' 17O Glass Anode
Vanoder
Electrons
Field Field
Oxide Oxide
(>1pm) (>1pm)
Vosi = Tunnel Oxide (30 ~ 40 nm)
\sode

mal Boron Nitride

Stability at higher vacuum pressures

—— Sweep-1inLV
——Sweep-2 in HV

—— Swoep-6 in HV

15 2 20

vGr-Sn (\] VAnode»Cv (\2]



Novel concepts

Plasmonic vortices as sources of angular -
momentum electrog beams - and other

good things Optical Near Field Electron
Microscopy

John Smedley, SLAC
Guida Stam, ULE|
Sense Jan van der Molen, ULEI

Potential applications and requirements:
of photoelectron sources for metrology

Gil Delgado
VP of Adv Tech

 ONEM

Coherent spectroscopy and

Electron Beams Have Many Capabilities to Address Many ;
microscopy

of the Needs For Metrology and Inspection
Polarization 0=0

Secondary electrons Auger Electrons

Good for topographic imaging Surface §en5|t|ve
Compositional Info

Backscattered X-rays

electrons Film analysis

Atomic Number and \ Thickness and composition

topography info
pograpy | Cathodoluminescence
| Electrical Info

ud

{ X-rays Fluorescence

‘ Film analysis
Thickness and
composition

Non-invasive

Light Excitation

laser

Low Energy | Optica!
Electron | Near-field
Microscope | Excitation
- .
-

objective

Continuum
X-rays

Aberration correction

electron image of
photon near-field

Adapled from Wikipedia

Diffracted
Electrons

Scattered

Topographic 3D Imagining Transmitted
L bl Electrons NOWwA4

Electrons

~>ONEM

EB s e . for M , Spin-angular momentum ( )+geometric charge (m=0)
-Beam Source Requirements for Metro ogy Appl. Phys. Rev.9, 011420 (2022). . - ;
(a) p i UV-ONEM using LED (275 nm)
Electron Source —— thM
v . Schottky Photo-
Energy spread =03eV Units TFE cathode 1) Create embedded Au nanostructures ONEM Proof of Principle!
¥ High Brightness > 108A/ (V m? ap eV >07 0.3 o= s
sr) Temp - X 1 e
v Focus to high current densities  Stability <1% <1% %@ %Z
2 ~ 7 7 2 x
¥ Spot Size: <100 nm? ;,1 = Alm 30x10 >30;100 1 -
ultibeam >
v (or smaller for in device testing) . '\\/
Cost

v Stability: <1% -
ifeti ‘,’:3 2l Cover w1:::r;a:moit3:|hode Viger lllumination time: 10-35 min.
v" Long Lifetime z Estimated resolution: 37nm=N7

es have some clear advantages over state-of-the-art
72) s o electron sources.

o

~>ONEM




UED/UEM

Photocathode Physics_—

E

Friedrich-Alexander-Universitit
Erlangen-Nirmberg

&HBRIGHTBEAMS ~ RSU &

FOUNDATION

for Photoinjectors.

Ultrafast two-electron correlations from metal
needle tips

eimer], Stefan Mel

Photocathode sources studies
for UED/UEM at Tsinghua University

Tomss Chlouba, Jos er Hommelhoff

Bright Electron Beams from Plasmonic Spiral
Photocathode

Alimohammed Kachwala

o 6'cathode Physics”

Renkai Li Arizona State University for Photoinjectors .
Tsinghua University == 3
2023/10/4 Friedrich-Alexander-Universitat Erlangen-Nirnberg (FAU)

de TR\

(i} Tomas Chiou

rf conditioning @ Plasmonic Spiral Photocathode: FDTD Simulation m
: rf conditioning after 24 hrs it 1
Base/operation pressure < : 2 —
P P Intensity(7) Map l.“,"“ ~280 am 14
1.5¢-8 Pa <21e-9Pa Faraday cup 5| e 2 , ‘
5.5¢-8 Pa 2.8¢-8 Pa 86 1 Experimentally Physics
’/ 5
05|24 Can we measure more than Is there any correlation
rf reflec. __g one e\e:.]tron frDlm t?he same between these two electrons?
03 aser pulse?
b b
<21e-9Pa Darkcurrent0.5nC @ QE>~5% over a month u - % (um)

W E,~105 MV/m 200 QE
1.4e-8 Pa ¥ [ —— Few-electron correlations after ultrafast photoemission from nanometric needle tips, S. Meier, J
Heimerl and P. Hommelhoff, Nature Physics (2023). https://doi.org/10.1038/541567-023-0205'

] Source: Circularly Polarized Gaussian; 1o = 1.55 eV (1=
— 800 nm); Pulse Length = 150 fs

Similar works:
S. Keramati et al., Phys. Rev. Lett. 127, 180602 (2021): two pixel coincidence detection
R. Haindl et al., arXiv:2209.12300 (2022): ultrafast TEM environment

Physical reviow latters 104.8 (2010): 084801

Cs,Te

o 5 10 15 20
Laser energy (nJ) 3

10/3/23 akachwal@asu.edu
@ Conclusion
Fabrication o1
| 'Record £, ~30 pm e N TR
Sli(r:rl:ination rad achieved from ] |
! a flat metal ‘
o 8 photocathode ‘
40° front % fs 8 @° ‘
illumination 00 00 A0 2 2, ' Maximum 4-D 1
+ 100 ns, 266 nm, 20 kHz laser o "”"""',‘.'",‘r;"°" .- Electron Spof Sllf S um o | | f;?:::;ss
+ 10 nm thick Cu film on UV e e N, L = | T pRai: 120 electrons/nm?
grade quartz substrate i o R P / 1 j \ 5 o o
* QE varies from 6-8x10° for ®of £ y A / i E; e ‘ B,p =120 v= %
different gun gradient i L A 3% electrons/nm?;
+ Polarization dependent QE ‘ i 4 L : S oo o o £, <60 pm rad

variation (35% drop)

Halt-wave Piate Angie / deg

10/3/23

akachwal@asu.edu

21




UED/UEM

Science and
Technology
Facilities Council

Dr. Lee Jones

DENERGY
Senior Accelerator Physicist

Towards construction of a novel nm resolution

Accelerator Science and Technology Centre

STFC Daresbury Laboratory MeV-STEM for imaging thick biological samples
TESS: The Transverse Xi¥ang
Energy Spread Spectrometer on behalf of BNL UEM team

and Recent Experimental Results to in collaboration wi nell university
.

o iy Promise of MeV Microscopy

Benefit of increasing electron energy to MeV
« Life science application: 3D image intact thick bio-samples * Why MeV? Phase contrast (TEM) & amplitude contrast (STEM)

TESS Leading Particulars:
* Laser-driven plasma broadband lightsource

R " Mirrors:
Twin grating monochromator

« Usable flux from A = 236 nm to > 800 nm studying cell-biology and microbiology in cellular context + 300 kse_V fe-el d 1% diter |
; . . ] i ici i * Single-elastic drop <1% after 1-um ice layer
« Filter wheel to avoid space charge N_o peed of cryo-FIB (focusedﬂnop bea"rn) slicing thick cells + inefastic drop <1% after 4-um u Y
« Beam profile camera at working distance * Limitto 10-?0 lamellae/day, “blindly” select target . 3Mev
+ Optimise source spot for each A ioper * Speed up dlscovery3 MeV STEM/UEM : ISin Ie!-:ala:tic dg§%<%t% alftoer 2-pm ice layer
* Sapphire viewport window Mirror N nelastic stays after 10-um
* Maximise UV transmission R Signal for 3 MeV-UEM Signal for 3 MeV-STEM
* TESS base pressure typically 3 x 10** mbar Sapphire Window. Grid 300 keV-UEM 300 keV-STEM
Ny 2-Stage Microchannel Plate RN e, . k!
* LN, Cooling loop TVESS XHV Luminescent Phosphor Screen g ~==58ingle elastic 300 keV
< B 3 acuum ; Plural elastic 300 keV
Piezoelectric leak va.lve for ) S o Lot Inolastic 300 keV.
controlled degradation studies o Single elastic 3 MeV
Acquisition 1.00E-02 Plural elastic 3 MeV
. Camera R0 Inolastic 3 MoV
* TESS linked to GaAs PPF at 4 x 102 mbar - -—\—i 3
: ource o
* Storage carousel with upto 6 n L 1.00£.03
ata Acquisition
photocathodes = Computer
\ Side 1.00€-04
 Vacuum suitcase for sample transfers Lenit (/=100 memwih X2 Comertor) %
between systems (< 1 x 102° mbar) I Kodial Window ORISR i CSTET ceT 1.00£.08
= Credit: D.P. Juarez-Lopez tomograph & tomograph P 300kev 0 2,000 1:a.cooo 6000 8000  10.000
L Jones et al, Rev.Sci. Instrum. 93, 113314 (2022) L g g S & H.E. Scheibler Top and side views of a eukaryotic cell. hickness (nm)
- S.G. Wolf, et al., Cellular Imaging, Springer

TESS Characterisation of DL CsTe Photocathode (~ 5% QE @ 266 nm) Challenges of implementing MeV STEM

1. Reduce beam emittance to ~ 2 pm with current of 30 — 750 pA

Wavels . "
250 g evelengthinml 400 s0  son s 2. Photocathodes & beam dynamics need to improve brightness by >1000
20 : I - - 10 i ;
R Domel SATEIGEADIIGE, oy T MTE: 1% Datt Probe size: g, = 2 nm; divergence: gy < 1 mrad; emittance: €,,, < 2 pm
- - ozag9en wrm3s3zooney 3 MTE 2 Oalaset * Reduce laser spot size and MTE from photocathode + Preliminarily MeV-STEM column design (reversal of TEM column)
_soof Eoeaserwi=psizomer T TE Pt 0 Degraaten g2 * Increase QF =10°% « Assume 2 um spot at cathode
3 - Qe 2™ Damset = Beam dynamics come hand in hand with improved emittance - Dose rate 200 to 5k e-/us
£ ~#- QEq: Post 0, Degradation « Apply aperture to increase both transverse and longitudinal brightness
Faoof | s . . pm ox  ga -
iy : G .
o g L =
§ ool ¢ 5 1 3 Juilg S22 '
: . $ T e T O [ ,.'I“a— d ;
200} § 3 - [r— Bunidher se1 scz == Solenoid 1 with Aperture 1 |
H ] 3 3 . Buncher |
= .2 B eli g, 358 3 3 J1o-e EETT == Solenoid 2 i
100F ) L8 g 2 z Ermuug SonB SRF Cavity 1 '
., Ba \.N" | '
keT =25 mev | | SR Cavity 2 !
50 a5 5 35 35 35 w07 - Apartara 2 156m
Phaton Energy, Ey, [eV] T [ ry Steering coll [
~ A=266 nm T Condensar lons 1 1
H
B rD D k + MTEs for both datasets broadly agree, and follow Dowell-Schmerge approximation {WF ~ 3.9 eV) . “';t’:;’::"" i
' 7 * 0, degradation increases MTE (WF ~ 3.5 eV) and reduces estimated QE in comparison to ‘clean’ surface f"‘ I / § Detector collection angles |
h ) ) " S S0 4, < b mrnd
National L * Thermal floor not reached, either for the dominant Cs-Te emitters or the Cs/CsQ emitters Lo 4 1820, < Somrnd !
* Demonstrates the need for multi-wavelength QE monitor during deposition T e T ——— 0 iy 1 B e ¥

H.M. Chi i, P IPAL , TUP ), 1404-1407 nd i
Churn et al, Proc, IPAC 2023, TUPAD3D, 1404-140. 1. Maxson and A. Bartnik




Theory

Modeling Optical Interference Effects for Optimization
of Electron Emission Properties from Thin Film
Semiconductor Photocathodes

D. A. Dimitrov. A. Alexander, C. Huang. N. Moody, V. Pavienko,
E. Simakov, G. Wang, H. Yamaguchi
Los Alamos National Laboratary, Los Alamos, NM 87545, USA
K. L. Jensan,
University of Maryland, College Park, MD 20741, USA
J. Smediey
SLAC National Accelerator Laboratory. Menlo Park, CA 94025, USA

LA-UR-23-31152

0 A Dhri

Optical interference effects in a thin film photocathode

b—i—

o Light E-field in photocathode:
Eph(x) = Eo(tleimx + f1eiimx) 71 (it} . L
The E-field r; and t; coefficients
depend on indices of refraction 11 (a0, )
A; = ni(w) + ikj(w) in different ‘

material layers and on L. A4

f({ia ). L)

For normal light incidence, r;
and t; are derived in K. L. Jensen
etal, J. Appl. Phys. 128, 115301 Figure 10: Schematic of incident light on

(2020). a photocathode thin film of thickness L
deposited on a (metal) substrate.

10 B (6

Absorption and transport: thin film photocathode
Jo |Epn(x)[? e/ NEV (0N g I

fer(w, E, cos(6)) f" En(OF ox
0

Modeling optical interference effects in thin film semiconductor photocathodes 11/21

D. A. Dimitrov et al. @\

Comparison to QE experimental data (#) from Cs3Sb on
Ag and Si, for A = 450 nm and 532 nm.

008 CaiSb on Ag or i A = 50 nm . CaySh on Ag or Si, ) = 532 nm
—— Exp Ag . [l
007 —— Ex
R +- Model Ag iy . M:m)\\:g
006] + B S oorf 4 . B Si
‘ b Model Si b
if A\ | Modl Si
. f s 0.03 )
Sons i [
& i :

Qi

005
i
oot |- \
e o] e 5

i
2 I . f}

0 25 50 7 100 125 150 0.0
0

L (mm) } 2 a0 3 100 1% 150

£ (nm,

Figure 17: For A = 450 nm.(2.‘755 ev), Figure 18: The extended MM for QE
the QE from Cs3Sb on Ag is highest for  g,o.c similar functional behavior with

Cs3Sb film thickness near 21 nm. film thickness for both substrates.

Modeling optical interference effects in thin film semiconductor photocathodes
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@ Expression for QE Bsu
J

#e~ emitted = f Pexcitatian (E)P(rtmsport(E)Pemission (E) dE

w
#e™ excited = J. Pexcitation (E)dE i
X oo 10
-1
#e~ emitted S =
e emitte
E(hw)=———"— 2
Q ( ) #e~ excited Assumption: .
constant DOS, 10°} _ Our model
[——Extended D-S scheme|
0

Combining Equations (1) through (3), el energy (V)
J2, DEYF(E)D(E + ha)[1 = f(E + ha))EgineticdE

I5 D(E)F(E)D(E + ha)[1 = f(E + hw)]dE

QE(hw) = C

k? Brookhaven
Natoral Laboracory

psaha3@bnl.gov

Arizona State
University

@ Expression for MTE BsU

B? [ D(EY(E)D(E + ha)[1 — f(E + hw)] dE J‘D"*m“* 2mky k2, dk,
Zm [* DEYF(E)D(E + ha)[1 — f(E + hw)]dE jo"*m 2mhe, dke,

By substituting the value of k., wherek,, = ﬁﬂ (Erinetic)

MTE(hw) =

MTEChw) = J2, DEYEID(E + heo)[1 = f(E + hw)] EfinericdE
w) = _—
2m (% DN (EID(E + ha)[1 = f(E + heo)EnericdE
o7
06 |
Under the assumption of a constant DOS, a5} ¢
oa
MTE = %- Eexcess >>0 50-3
02
MTE = kgT, Egycess = 0 ot + Gur
s o]
G‘Ernnkha\{en us o b )
S — psaha3@bnl.gov Excess energy(eV) 14

Photacathode Physics for Photoinjectors (P3) Workshop
st Ntums borstny NY. Oteber 15,302

Electron Scattering Processes in Photoemission:
The Franck-Condon Effect

W. Andreas Schroeder

Louis Angeloni and Ir-Jene Shan

Physics Department, University of liinois Chicago

Department of Energy
DE-SC0020387

Metallized diamond(001) emission @

=4 SA6% Two emission signals:

@

Outer large MTE signal from strong optical phonon
assisted Franck-Condon effect
Pvac. = Pband + M9phonon
— Emission of Boltzmann tail of electron distribution
from NEA upper CB of diamond (3 = —1¢V)
— High emission efficiency over PE barrier due to
momentum resonance (7' — 1)
(ii) Inner signal with MTE < 100meV from electrons
directly emitted from NEA upper CB of diamond

~ Lower emission efficiency as Pyac. # Poana:
less than ~5% of total signal

BOTH with Gaussian spatial beam profiles

} 1.D. Rameau ct al., Phys. Rev. Lett. 106, 137602 (2011)

MTE: Theory vs. Experiment @

Culoo1) 3 .
atoat) = Theoretical MTE:

Rh(110}

W01} 7
Wi111}
Ta(001)
Ta(111)
Nb{001)
Mo(001)

140

MTEqeory = MTEq_q + MTEpana

120

[eJele] | B ]

100 e MTEpana 2 (5E) ksT, 5 my < my

MTEpgng < 1.5kgT, ; my > my

= Emission processes nof independent:
BOTH emissions from virtual excited band states

MTE jreor, (MeEV)
-
g

=> Convolution in momentum space
.. Addition of p; variances (i.e., MTEs)

... Consistent with observation of a single
Gaussian electron beam profile

0 40 60 80 100 120 140
MTE, ;. (meV)



GORDON AND BETTY

FOUNDATION

Tracing attosecond dynamics of electron
emission from metallic nanotip

How about attosecond precision physics at the
surface of a solid?

1560 nm 780 nm

Time-averaged elactric field

i
"

= Needle tip (gold, tun,
+ Nearfield intensities 10! — 10" W/

T. Chiouba*, R. Shiloh, 5. L Brickner*, ). Utzel, P. Hommelhotf, Coherent Nanaphotonic Electron Accelerator, Natuee (2023), in press.

120°

i Wi B

BAckGRounD

(a)

S0nm
tunnel barrier

(a) Jensen et al, JAPI22(6), 064501 (2017)

(b) Schotz et al., Nanophotonics (2021)

V=200V (€1 Rughoabur t al, Nanotechnology 31, 335203 (2020)
S17: Energy band diagram of (@) Duchet, et al., ACS photonics 8, 505 (.
6-2151

with a quantum dot Han etal,, Nano

(b) 1= Lityar = 375
0.035
0.035
0.03 0.03
0.025 0.025
002 ) 0.02
0.015 = 0.015
0.01 0.01
0.005 0.005
0 0 0
-0.5 0 05
z/L
Time evolution of probability density Time evolution of probability density
03 using dashed curve ¢, (k): € = 0.2

using solid curve v, (k): &

Boam Transport Paramtar Sensitivitios Using Adjoint
Methods for 20 Axisymmetric Systems in Static Fieids
with MICHELLE

This work was supported by Navy contract
N68335.22.C-0004 and Leidos IRSD -~
Ditributian A: Approved for Refease. Distrbution s unmted.

leidos

Adjoint Method Background:
Sensitivity Function

» Basic question: How do small changes in position or potential
of anode affect the properties of the beam leaving the gun?

Focus
Electrode

Cathode Beam Exit

» Conventional solution: Trial and error. Do many simulations
with different anode potentials or positions to understand
sensitivities. Also leads to selecting the best (optimized)
solution based on some performance metric.

DYMENSO

Distribution A: Approved for Release. » leidos
Distribution is unlimited

Mean Displacement: 2D Axisymmetric Electron Gun
- Manufacturing sensitivity to AK-Gap axial offset No-B |

» Results:

- The test case where the direct sty
perturbation of a voltage 0 cono
change worked as expected.
- The reverse-beam case was
oddly sensitive to changes.

Reverse case
ran smoothly

Distribution A: Approved for Release. »> leidos
Distribution is unlimited




Spin polarized

H Northern [llinois Photocathode Physics
University for Photoinjectors | = )Brnukhaven

National Laho

NS
i 1) ENERGY
gs;zﬂ;ﬁt‘i’c‘?g‘:ae/\ss;gaAsP photocathodes implemented with both random and digital alloying

Photocathodes for Spin-
Polarized Electron Sources Aaron Engel!, Marcy Stuzman?, Jason Dong!, Ghristopher Palmstrom’

Strained superlattice InAlGaAs/AlGaAs spin-polarized

Monte Carlo Modeling of Spin-Polarized Photoemission

Jyoti Biswas

On behalf of the collaborat
Oksana Chubenko n behalf of the collaborator
Electron lon Collider, BNL

Department of Physics, Northern Ilinols University, DeKalb, IL 60115

— — -
setedon o

20238 Wrkshop et

o LT e

| s

Monte Carlo approach for modeling spin-polarized photoemission : : . .
Al cctors Approach to reduce alloy disorder and improve uniformity
Photocathode Physics for Photoinfectors (P3) Workshop at BNL October 3, 2023 chubenko@niu.edu 2 random
; Random alloy disorder Reduceq ando
o Random alloy Digital alloy alloy disorder
o u
« yskonov-reret @F) | i | e B ot i A LH HH LH HH
« Be_Arcnon-Pius BAP) ; i el YT N T — "t
o B — x H * ESP - 2nd acthation "\ \ L €2 o /l
T 08 08 o 02 oa R g | o g . “
Snckon e ¢ s o H £, w E J. Appl. Phys 125, 082514 (2019)
s criauon . . - E 8
Iniial energy d Initial electron distrbution in Emission 5.0 £ .
anoe.a:qug roal space — Bulk GaAs l!.n)u{!;}.:f‘(‘\;‘lu\g Vacuum reramensgd o H e 31 e Energy Energy
il = 3 o §—gi, . N | memy | mem N O = Ferrpgpanartt 5 : vy :
i) EE: | . L K S e barsice : . . « Digital alloying minimizes random alloy disorder
° " 3;2}- K Tt g 32 . B P o + Broader high spin-polarization window
oo L ; < e 3
.02 08 Sn 08 X 1 QE and slsciron spin potarzation (ESP) of SNL MBE Typical QE and electron spin ml-tzamn (ESP)of
T grown Superiattice DER QDU MOCVD grown Supenatice Dl s g A
e st & » InAlGaAs digital alloys (near lattice matched to InP) should have
pholoasclied clckone :zys T LI 1T O QE~15% ESP~70% Best sample: QE~2.3%, ESP~92% « Better optical emission than random alloys
esh =[] zom « Better uniformity than random alloys
Spin-polarized photoemission from p-type NEA GaAs: | — photoexcitation, Il — transport, |Il — emission. . , D. Song,....Y.T. Lee J. Cryst.  |.J.Fritz, J. F. Klem, M. J. Hafich, A. J. C.S. Wang,...,A.C. Gossard, L.A.
8 3. Biswas ot . AIP Advances 13, 085106 (20281 103 10 o0/ 10, 10695.0159183 MATERIALS Growth 270,295 (2004)  Howard Appl. Phys. Lett. 66, 2825 (1995)  Coldren J. Cryst. Growth 277, 13 (2005)

Monte Carlo study of spin-polarized photoemission from GaAs Transfer of Graphene onto GaAs

Digital alloys improve uniformity for cavity resonance

Photocathode Physics for Photoinjectors (P3) Workshop at BNL October 3, 2023 chubenko@niu.edu A
A Wet transfer of Graphene Z b s d 5
Comparison with experiment: QE and ESP from p-type GaAs for different doping densities + Uniformity problematic in the past Dy S
Am J « Essential for resonant cavity with DBR 1
, 850 800 750 700 it -
10, .
.
poe - « Broader features in digital alloy well Al digital alloy
8 e . i ‘Cs &0, deposition &
Annealing removes . . S 9 i
6 - . As Cap « Digital alloy well + barrier makes significant =
= H ¢ : improvement to uniformity ; Digital alloy barrier
‘{-_';J 4 i E Random alloy well
y . e
1 (@) 3
2
H(‘1( treat removes excess Cs ©
N Xx=067eV o x=067eV yer graphene . All random alloy
145 150 155 160 165 1.70 1.75 1.80 145 150 155 160 165 170 175 1.80 Oactivation layer .
hw, eV hw, eV . O
* Livet al. 2017 Simulation (p = 1x10" cm™?, yey = ~0.024 eV) a of 2" wafer z
« Liu et al. 2017 Simulation (p = 1.7x10"® cm®, xer = 0.012 &V) Schematic of the graphene transfer on GaAs 650 700 750 800 850 900 950
~Liuet al. 2017 ... Simulation (p = 5+10'7 cm™>, xey = 0.039 eV) Wavelength (nm)
Inspited by our previous work on Cesium infercalation of graphene:  Biswas ot al. APL Mater. 10, 111115 (2022) % 4 Uniformity is adequate... now DBRs
Chubenko et al. J. Appl. Phys. 130, 063101 (2021) 12 MATERIALS




Spin polarized

Cornell Laboratory for Photocathode Physics ~ \
Accelerator-based Sciences for Photoinjectors » ] Brookhaven
and Education (CLASSE) Y National Laboratary

Polarized Photocathodes for »
Future Applications

Polarized source needs for the EIC program

Samuel J. Levenson
Photocathode Physics for Pl Workshop
Stony Brook, NY, USA
October 5, 2023

Alternative NEA Coatings: Cs-Sb-O
High current studies in the HERACLES beamline Bunch/Charge and CathodeLoetione.

* No improvement in the charge lifetime at 488 nm, modest improvement at 780 nm &l

= Sb improves chemical poisening, ion back bombardment less so SLC starts from 12 nC Nominal size 1 W.
* Relative QE change smaller for Cs-Sb-O samples e e

Now, we want to optimize the thicknesses of these activation layers w.r.t. operational lifetime

Current project: HERACLES runs with varying activation layer thicknesses

Smaller size

. + Anode +3000V; r=-1000 hrs | |
e - -¥- Cs0#1(11C) 107 5 + Anode OV; 1=63 hrs
| -A- Cs-0#2(1.1Q) o
#- Cs5b-0 #1(19C) e 13C o )
£ -4 Cs5b-0#2(13C) € 3 5 1000 1200 1400 N 2 4 6
é £ e e 0 200 400 000 1200 1400 L
2 8 uéc\"""-.,h_.
e ®
] ) e —— Cs-0 #1 *Bulk GaAs with 785 nm polarized laser; Gun operates at 300 kV.
| 107 ~ — Cs-0#2 i Run up to 67.5 uA.
1075 Co-50-0 41 *7.5 nC bunch charge polarized beam, 5000 pulses/s ~37.5 uA;
| ¥ —— Cs-5b-0 #2 x 2 ,
00 25 50 75 100 125 *With anode bias, we didn’t observe QE drop
Charge (C) o 5 10 15 *Without anode bias 1/e lifetime is 63 hrs. Dominated by the

Charge (C)

J. K. Bae, M. Andorf, A. Bartik, A. Galdi, L. Cultrera, outgassing from FC.

J. Maxson and 1. Bazarov, AIP Adv,, 2022, 12, 095017,

10 k' Bruukhaven

nal Laborator £, Wang et.al PHYSICAL REVIEW ACCELERATORS AND BEAMS 25, 033401 (2022) 12

Third figure is provided by A. Master

Cubic GaN Results s, DBR samples resonance frequency variation

ESP

o Same sample on different location

384 385 386 387 ass

G Brookhaven
Wavelength [nm] 19 Natonal Lavoratary

4 * Vary the DBR resonance frequency(~20 nm):
o lIterations of heat clean and QE (same sample, same location, same temperature)
o Different samples

" D»RMD

A Dynasil Company

Atomic Layer Deposition (ALD) - An Enabler for Photocathodes?

Bhandari, Dire r Advanced Thin Films T

Photocathode Physics
> RVD for Photoinjectors

Preliminary investigation for CdTe indicate:

+ 1.5eV bandgap permits excitation at 780nm;

%=0 (CdTe) 6.48 0.00

x=0.1 6.451 045 » ~2% strain has the necessary valence band splitting
x=0.2 6.422 0.90
%=03 6371 168 (0.1eV) to realize 100% polarization;
x=0.4 6.298 281 « p-type can be achieved with antimony/arsenic doping;
x=0.5 6.25 355 « has excellent absorption and spin relaxation time;
x=0.6 6.218 4.04
x=0.7 6.183 458 « negative electron affinity has been demonstrated with
x=0.8 6.128 543 Cs-0 surface treatments.
x=0.9 6.051 6.62

=1 (ZnTe) 6.1 5.86

ons of band
mulatio

»RMD i rmd.dynasil.com 3

Ay

GaAs Nanotip Activation

NEGATIVE ELECTRON AFFINITY

,",l",l'|
n Il '!

ALD can be used for nanotip

Swanwick, Michael E., et al. "Nanostructured ultrafast silicon-tip optical field-emitter arrays." Nano letters 14.9 (2014): 5035-5043.
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Beus CXFEL Lab

10 MeV linac based
Incoherent Compton X-ray
source — first x-rays

$90M NSF X-ray facility

Coherent X-ray Compton
source research

< Brookhaven

National Laboratory




Beus CXFEL Lab

Unique ultra-stable

Xray Lab #1 photoinjector facility
‘ — — 3\
3 i VAULT-1 2 VaUItS
T R « Vibration free
HUTCH-1 l LASER-1 N RF-1 VAULT-1 ° EM free
e I CV i o - Radiation shielded
R e — ACCELERATOR .
EXPiF;I'IE\:ENT ﬁi] % Large DedICated X'ray
o) = = ‘hutches’ + prep labs

k‘,\ Brookhaven 21

National Labaoratory




Photoemission and Bright Beams Lab

UHYV thin film growth

Atomic scale surface
characterization

__;meV-svcaIe energy )

'''' momentum analyier
|

i Photoem|S|son
Electron Mlcrosco !

200nm- 2000nm tunable :
avelength laser®: ‘7

Fundamental photoemission
physics

: Electron Beam Physics
M|croscoe L

Ultrafast Electron Diffraction
(soon)

22




John M. Cowley Center for High Resolution Electron Microscopy

Nion UltraSTEM100

l | Sub-A spatial resolution
§ 3 Sub-10 meV energy spread

JEOL ARM200F * Vibrational
Spectroscopy in EM

FEI Titan

20-300 Aloof EM

e Lorentz EM ...

L’,\ Brookhaven

National Laboratory

23




Nanofab and Eyring Materials Center

< Brookhaven

National Labaoratory




Large University Campus

e Strong expertise in hanoscience and
ultrafast physics and upcoming
accelerator physics

« >60,000 students E-EILI FCFS

H

!n the U.S: for
iInnovation

ASU ahead of MIT and Stanford

= LS. Mews & World Bepart,

8 years, 2016-24

k"t\ Brookhaven

National Labaoratory




P3 2025: See you next year

But will it still be P3...7

%’ARIZONA STATE
UNIVERSITY




National Laboratory

G‘ Brookhaven

A B, U.-S. DEPARTMENT OF
€Y ENERGY

Thank you!!!

Thanks to all authors from which | have taken slides and
to Siddharth Karkare who provided information on next
P3 workshop at ASU

Supported by DE-SC00012704

27
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