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Electron Sources and Requirements

PropAosed
\
Parameter CEBAF | JLab/FEL | eRHIC | JLEIC ng‘f” LHeC cLIC ILC
Polarization Yes No Yes Yes No Yes Yes Yes
Photocathode* GaAs / Bulk GaAs K,CsSb
GaAsP

Width of microbunch (ps, FWHM) 50 35 100 50 2 100 100 1000
Time between microbunches (ns) 2 13 - 14.69 0.77 25 0.5002 337
Microbunch rep rate (MHz) 499 75 - 68.05 1300 40 1999 3
Width of macropulse - - - 3.233 ps - - 156 ns 1ms
Macropulse repetition rate (Hz) - - 1 6.25 - - 50 5
Charge per microbunch (nC) 0.0004 0.133 10 0.013 0.077 0.640 0.960 4.8
Peak current of microbunch (A) 0.008 3.8 100 0.26 38.5 6.4 9.6 4.8
Laser Spot Size (cm, FWHM) 0.1 0.5 0.6 0.3 0.3 0.5 1 1
Peak current density (A/cm?) 1 19 354 3.7 500 32 12 6
Average current from gun (mA) 0.2 10 10 nA 0.000035 100 25 0.015 0.072

Polarized: GaAs/GaAsP (Cs,F).

* Unpolarized: Bulk GaAs (Cs,F), K,CsSb, Na,KSb,

Cornell demonstrated 65 mA
and 2 nC, but not at same time
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Polarized Electron GaAs Photocathodes

Bulk GaAs Strained GaAs:
GaAs on GaAsP

&

(e

o

o

i

625 um

QE ~ 5%, 30 mA/W
Pol ~ 35% @ 780 nm

QE ~ 0.2%, 1 mA/W
Pol ~ 75% @ 850 nm

Superlattice GaAs:
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Spin Polarized Electron programs (particularly parity violation users) have
driven need for improved performance over last 25 years
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Polarized Guns at Jefferson Lab

Inverted Gun #2 at Injector Test Stand (ITS) - now
Upgraded Injector Test Facility

* HV Conditioned to 225 kV, with large grain Niobium (Nb) Electrode
e Operated at 200 kV

* Used for photocathodes lifetime studies at high currents

Inverted Gun #1 at CEBAF

* HV Conditioned to 200 kV with Stainless Steel Electrode

* Operating at 130 kV. Charge lifetime ~ 200 C at 180 pA
(16 C per day) with transmission of 95%

* Delivered 1800 C of polarized beam to QWeak
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Load-lock Photogun

» Best vacuum inside HV Chamber, which is never vented except to change electrodes

» Photocathode Heat and Activation takes place inside Preparation Chamber
» Use “Suitcase” to replace photocathodes through a Loading Chamber

Loading Chamber

Storage
Manipulators

Activation Laser

Preparation Chamber

HV Chamber

x-ray Detector
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Load-lock Photogun: Key Features

* 5 pucks can be stored in Storage Manipulators
« 8 hours to heat and activate photocathode

« Mask to limit active area
« Suitcase for installing new photocathodes (one day

to replace all pucks)

Puck (Mo) Ring (Ta)
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Vacuum

|. Static Vacuum:
|.  Primary source of gas in Polarized Gun is hydrogen outgassing

ll.  Reduce outgassing: v QOutgassing rate:
»  Reduce thick flange area 1.0x10-13 TorrL/s-cm?2
> HV Chamber 400°C bake for 10 days

> Diffusion barrier coatings (TiN) v Extractor Gauge:

. 2.0x101? Torr (raw value)
[Il.  Improve Pumping:

> Non-Evaporable Getters (NEGS) (Zr-V-Fe)
> lon Pumps

V. Improve beamline vacuum

NEGs
II. Dynamic Vacuum:
|.  Eliminate field emission
II.  No beam loss (to level of <10-%)
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lon Bombardment — Dominant Lifetime Limiting Mechanism

 lon bombardment — with characteristic QE “trench” from laser Residual
spot to electrostatic center of photocathode — damages NEA of Gas
GaAs

 High energy ions are focused to electrostatic center: create QE
“hole” (We don’t run beam from electrostatic center)

* QE can be restored, but takes about 8 hours to heat and
reactivate

55 QE (%) \
Cletrostatic_— stz | * Photocathode “QE scan”
e | 0.6 * Active area =5 mm
“ \ \ ot | *Laser size = 0.35 mm

8 0.3
]

! oo «Can run beam from 6 locations (spots)
700 . . .
sootni 4 I b \before heating and reactivating /
Spot#3 &~ Spot#l
1000 1050 1100 1150 1200 1250 1300
X Stage
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High Current Polarized Beam Runs at Injector Test Stand

Parameter Value Value
Laser Rep Rate 499 MHz 1500 MHz
Laser Pulse Length 30 ps 50 ps
Laser Wavelength 780 nm 780 nm
Laser Spot Size (FWHM) 0.45 mm 0.35mm
Photocathode GaAs/GaAsP GaAs/GaAsP
Gun Voltage 100 kV 200 kV
Beam Current 1 mA 4 mA
Run Duration 8.25 hr 1.4 hr
Extracted Charge 30.3C 20C
Charge Lifetime 210C 80C
Fluence Lifetime 132 kC/cm? 83 kC/cm?
Bunch Charge 2.0 pC 2.7 pC
Peak Current 67 mA 53 mA
Peak Current Density 42 Alcm? 55 A/lcm?

J. Grames et al.,

PACO7, THPMS064

R. Suleiman et al.,
PAC11, WEODS3
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How Long Can We Run at 4 mA?

* Photocathode with 1% initial QE, 10 W laser at 780 nm and gun with 80 C
charge lifetime. 4.0 mA operation, 14 C/hr, 346 C/day

* Need initial laser power of about 1 W to produce 4 mA

» Should be able to operate at 4 mA for 13 hours before running out of laser
power

« Spot Move (it takes 1 hr). With 6 spots, this provides 3 days of operation (since
laser spot size is much smaller than active area) before heat and reactivate

Message: High current polarized electron sources need photoguns with kC
lifetime
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How to Prolong Charge Lifetime?

v' Extreme High Vacuum

v' Laser Position on Photocathode and Active Area

|. Larger Laser Size (also reduces space-charge emittance growth and
suppresses surface charge limit)

ll. Anode bias to repel ions in the beamline

lll. Higher Gun Voltage:
. Lessions are created

Il. Reduce space-charge emittance growth, maintain small transverse beam profile and short

bunch-length; clean beam transport
lll. Increase QE by lowering potential barrier (Schottky Effect)
V. Compact, less-complicated injector

Biggest Obstacle: Field emission and HV breakdown.
which lead to bad vacuum and photocathode death

“Charge and fluence lifetime measurements of a DC high voltage GaAs photogun at high average
current.,” J. Grames, R. Suleiman, et al., Phys. Rev. ST Accel. Beams 14, 043501 (2011)
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Improve Lifetime with Larger Laser Size

Larger laser size
(same #
electrons, same
# ions)

lonized gas lon damage distributed
strikes photocathode over larger area
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Fluence Lifetime

Fluence Lifetime:
Charge Lifetime
per Emission Area
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Enhanced Charge Lifetime
(180 pA): Increased laser s
0.5 mm to 1.0 mm (FWHM)

for QWeak
ize from

Current (mA)

Bulk GaAs, 532 nm,
5 mm Active Area
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Extracted Charge (C)

Can we use cm size laser beams?

* Not in today’s CEBAF photogun
* Need a better cathode/anode beam transport optics
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High Current Polarized Beam Studies at CEBAF

Charge Lifetime vs Laser Spot Size
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Area (mm?)

» CEBAF charge lifetime improves with spot size, as expected, but eventually beam size
becomes “too large”

> Laser diameters greater than ~ 4 mm (4 sigma) will require properly designed cathode/anode
electrodes, to ensure 100% transmission, to maintain excellent vacuum, and to minimize ion
bombardment
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Lifetime vs. Laser Position and Active Area
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Extremely important to manage ALL of extracted beam
Halo beam hits beam-pipe walls, degrades vacuum,
reduces lifetime

Stay away from Electrostatic Center and limit Active Area
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Will Higher HV Improve Lifetime?
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Poor Lifetime with Field Emission
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Upgraded Injector Test Facility

New equipment for CEBAF: photoguns,
Wien filter, new Quarter Cryomodule (QCM)
mA polarized beam R&D

NbSn-coated cavities at 4K

Electron Polarimetry

Fast Kicking of electron bunches

Test New Photoguns Test 200 kV Wien Filter Commission New QCM

e - LY &
ﬂ_‘*n-g:[ i
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Polarization Measurements at mA Beam Current

» First measurement of polarization from superlattice

photocathode at milliampere current

» Spin polarization of a high current (mA) beam is
measured at CEBAF by extracting and accelerating
a small fraction of beam to a sub-percent accuracy
Mott polarimeter
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Summary and Outlook

 Polarized sources require kC charge lifetime:

|. Improve vacuum
ll. large laser spot size to distribute ion bombardment damage
lll. Cathode/anode design for 100% beam transport

 Operation at higher gun voltage (>200 kV) is beneficial
 With high laser power ... need photocathode cooling

 Polarized photocathode R&D Goals:

|. Longer Lifetime: reduce structural and surface decomposition, more robust in poor vacuum
Il. Higher Polarization: higher-gradient-doping to reduce surface charge limit and depolarization
lll. Higher QE

Thanks to P. Adderley, J. Grames, J. Hansknecht, C. Hernandez-Garcia, D. Moser, M. Poelker,

M. Stutzman, S. Zhang |
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