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* Projects description and goals;

 Relevance of the research and Jones EIC R&D
report;
* Budget;

* Physics and technology of high-brightness high-
power photoinjectors for beam coolers and
Electron lon Colliders;

* Next generation robust polarization
photocathodes for Electron lon Colliders;

e Conclusions.
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Cornell Laboratory for

Acceler'ator-based Sciences and P rOj e Ct S G O a I S

Education (CLASSE)

PHYSICS AND TECHNOLOGY OF HIGH-BRIGHTNESS HIGH-POWER
PHOTOINJECTORS FOR BEAM COOLERSAND ELECTRONION COLLIDERS

Task 1: Prepare a new laser system for beam operation (both pulsed and 100% duty factor) with sufficient energy
per pulse to generate 1 and 2 nC bunches and characterize the beam emittance. Operate with 50 mA average
beam current for 1 nC bunches.

Task 2: Develop new simulations tool for ions, which combines existing fast space charge routines in GPT along
with adiabatic-invariant-based simulator for ions and determine the equilibrium ion density both by direct
measurement and by examining the creation and clearing ratesof ions using clearing electrodes.

Measure beam properties both with and without ion mitigation strategies, specifically clearing electrodes,
clearing gaps, and beam shaking, and compare to the simulations.

NEXT GENERATION ROBUST POLARIZATION PHOTOCATHODES FOREIC

Task 1: Cornell University group will experiment on the optimal conditions to achieve the NEA on -V
semiconductors using athin 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

Panel
unpolarized electron sources

High
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Cornell Laboratory for

: Accelerator-based Sciences and B u d g e t S

J Education (CLASSE)

PHYSICS AND TECHNOLOGY OF HIGH-BRIGHTNESS HIGH-POWER
PHOTOINJECTORS FOR BEAM COOLERSAND ELECTRONION COLLIDERS

| FYI0+FL1| FYI2+FI3 | FYIAHFLS | FYIGHL7 | Totals

a) Funds allocated 170,000 170,000 340,000
b) Actual costs to date 170,000 170,000 353,000

NEXT GENERATION ROBUST POLARIZATION PHOTOCATHODES FOREIC

| FYI0+FL1| FYI2+FI3 | FYIAHFLS | FYIGHL7 | Totals

a) Funds allocated 150,000 150,000
b) Actual costs to date 98,000 98,000
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>\ Cornell Laboratory for

@) ivais~-= High current photoinjector

PHYSICS AND TECHNOLOGY OF HIGH-BRIGHTNESS
HIGH-POWER PHOTOINJECTORS FOR BEAM
COOLERS AND ELECTRON ION COLLIDERS
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Cornell Laboratory for

1)) Accelerator-based Sciences and O r i gi n a I D e S ig n

Education (CLASSE)

Original design: ERL injector

* Moderate charge 7 Parameter
* High current . = Frequency 1.3 GHz

_:;-i" 1 Bunch charge 77 pC

b LI

* Note: merger section (B1) i l} Average current = 100mA

€rms (nOrm.) <1.0 um

Bunch duration | <3 ps (rms)
Beam Energy 4-15 MeV

ERL - Injector Prototype hotocathod

2 deflector cryomodule DCgun

beamstopy 7 .. TV : , S, o
. o " ~'-, y % R ¢ 'y B e ¢
-~ Heey Seaty” HUss Jedtk THged
ALY | § -
Cc1 == /
experimental b
i uncher
beam lines
20m 19m 13m 17m 16m 18m 14m 13m 12m 1m 10m m 8m 7m 6m &m 4m 3m 2m im om
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rerornasesscencesand [N j@CLOT fOr ERL/XFEL operation

Education (CLASSE)

Emittance measurements! (merger section, 7 MeV)

* 350 kV Gun Voltage
g Bunchlength | Horz Emit. (100%) | Vert Emit. (100%)

 Metrequirements for ERL

19 pC 2.1 ps 0.33 um 0.20 um
77 pC 3.0 ps 0.69 um 0.40 um
. . 53 . . Asymmetry due tothe solenoid
High current operation?? (straightsection, 4 MeV) later fixed using o small quad
* Upto 75 mA peak, reliable operation at 65 mA = 10/ 9FC pc T05C 305 ] M
* > 60 hour cathode lifetime at 65 mA (NakSb) 8 os
« 250 kV Gun Voltage = 0 (a)@ % Q |
B 5 10 0
x(mm)
S 10} opC "20pC~  100pC  300pC | 1
* Met spec at 20/100/300 pC charges for LCLS-114 T o @ \ @ ~ 05
° i e b
Same SRF settings for all charges SRPAL )‘ 0
y(mm
€, Target (95%, pm) | &, (95%, um)
0.25 H:0.18, V: 0.19 58%
100 10 11.5 0.40 H: 0.32, V: 0.30 80%
300 30 32 0.60 H: 0.62, V: 0.60 70%

1. C. Gulliford et al., Phys. Rev. ST Accel. Beams 16,073401 — 2013
2. . Cultrera etal., Appl. Phys. Lett. 103, 103504 (2013)
3. B. Dunham et al., Appl. Phys. Lett. 102, 034105 (2013)
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>\ Cornell Laboratory for

(= F) Accelerator-based Sciences and P ri m a ry Qu e St i O n

4/ Education (CLASSE)

Can the CU injector provide similar performance in
parameter ranges appropriate for the EIC?

* Much higher bunch charges (up to 2 nC)

* Relaxed emittance requirements

* No requirementfor short bunch length

e High current (up to 50 mA @ 50 MHz repetitionrate, 1 nC)

10/20/2017 DOE-NP Pl meeting



ggzrelfelgjtzlr)-%r:stg:iys?;nces and LAS E R U P G RA D E

Education (CLASSE)

* Drive laser was incapable of reaching pulse
energies needed for nC bunches

4 crystals, o, = 8 ps 5 crystals, c, = 25 ps

and 1 MW peak power;

-5+

5r | ‘ 8.8 mm ‘
. . pe — 2 mm Simm i
* Upgraded using Yb-doped rod amplifiers Eo '8 @ @
« Capable of 150 W average power (IR) = | 2PCr00pc o0
e Limitedto 50 W due to damage 0 5 10

threshold of downstream optics;

—— Laser Sim.
-=-=-GPT
O Data

current (mA)

DM
N $ 976nm
55 d fib
cm rod fiber A output N . ~
[ (\ » .> beam -60 —40 -20 0 20 40 60
U U DM dump arrival time (ps)
Zhi Zhao, et. al, JOSA B, 31, 33-37 (2014) - Laser beam size scales as \/@

Need D > 5 mm for 1nC

Lengthen pulse: 8 ps -> 25 ps
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Cornell Laboratory for

Accelerator-based Sciences and 1 a n d 2 n C b u n C h re S u ItS

Education (CLASSE)
1nC: 1.6 um, 2 nC: 4.4 um (95%) 35 5 o
00 | 300 pC o aa
10f 20pC 100pC 300pC | 1nC
) - My <
o ‘ ~
X0 \ E} : 5
o : g
> | (&)
~10f ‘
4 crystals 5 crystals
_20 1 1 Il 1 1 O
0 5 10 15 20
X (mm)
1nC: 1.6 um, 2 nC: 4.0 um (95%)
20 T T T T T 1 601
10F 20pC 100pC 300pC | & 1nC 08 50
8 | L 06 40
x 0 l =
%>~ | : 04 g 301
i | (6]
1o | 02 20t
4 crystals 1 5 crystals
20 0 5 10 15 20 0 101
y (mm) ‘ S 8
| s e
A. Bartnik et al., PRSTAB 18 (2015) 083401 O Yrvaltine ps) %0
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Laser profile during high current

Cornell Laboratory for

Accelerator-based Sciences and H ig h C u r r e n t O p e ra t i O n

Education (CLASSE)

Would like a 5 mm diameter active area cathode, offset from gun center
1st off-center cathode available had a roughly 3.5 mm active area
See dramatic increase in radiation around 320 pC
* Made laser size bigger: same problem at 375 pC
In simulation, begin to lose particles at cathode around 400 pC

N
o
No

1 ~
15 18+ . . E 20 mA
4 " . Space charge limit
e 07 I \ —~15 —After SRF cavities
' 08 141 < —Before beam dump
0 s = o
05 0.4 é 127 é
0.3 c [
L 02 :‘% 10 Rl !
15 0.1 g 8r E
0 @ ©
2 15 1 05 1] 05 1 15 2 6, ©
x (mm) m 05
4 L
2 L
L 1 1 1 L L O ! ! .
% 50 100 150 200 250 300 350 0 100 200 300 400
Charge (pC) Bunch charge (pC)

Cathode used for High Current Operation
e Active area offset ¥ 5 mm from gun center
e Active area width ~ 3 mm diameter

¥(rmm) " 2 X(mrm)
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N\ Cornell Laboratory for . .
) Accelerator-based Sciences and F Iyl n g WI re
Education (CLASSE)
! ! ! T T
Beam current
1400 - (mA) .
Stepper 1200 ‘———/Nss—
motor R I U
j 800 |
3T 600]
Y
200
. . 0
Ferrofluidic W 2 o . .
Rotary
feedthrough Beam
pipe

Vacuum .
Viewports Camera

flanges mount

e Fast flying wire was designed, built and commissioned
* We can measure electron beam profiles at full current.
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Cornell Laboratory for

GE F) Accelerator-based Sciences and S i m u I a t i O n r e S u It S

Y Education (CLASSE)

* Developedion- ions evolve in time
electron tracking 05 | | | A )
simulation software. / y

* |t showed thations 0I5 | s £
drift longitudinally, and = 125 &
accumulate at beam  : | , &
size minima, as £ -
expected. g / -

2005 1| E-peam envelope 11 é

e Useful for deciding los
locations of clearing | | | |
electrodes. % 2 4 6 s 10 1

Longitudinal Position (m)
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Cornell Laboratory for

i lon effects on beam

 Assumeion columnis a verylong chargedistribution throughout
the accelerator, with a Gaussian transverse distribution

* Jonsactlike alens, leading to (non-linear) focusing

* Intheory, can compensate, but in practice cannot be corrected with
linear optics — so let’s get rid of them

 Reducingionization fractionto ~1% eliminates focusing

p Focusing due to ions for a 40 mA beam Emittance growth due to ions for a 40 mA beam
T T T T T v T T T T T T 1
€_No ions
X
! € No ions
~5 ——o_Noions 2 f y
g o — — ¢_Full neutralization
= ——0o Noions ¥ o -~
= y o = — — ¢ Full neutralization| ~ N
é 4 - = o_Full neutralization ) y ‘< .-
5 ’ ~ -
X - — o Full neutralization S5y ., ~-
g y E I /
‘7 = ons /.,
g3 : g
g No ions g 1
£ S
: e
z2 / 4
-
=
g = s - 0.5
E_‘ 1 - — —
lons
0 1 1 1 1 0 L 1 1 1 ! L 1 - |
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Longitudinal position s (m) s (m)
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Cornell Laboratory for

Acclratorbesd Siences and Clearing electrode tests

PHYSICAL REVIEW ACCELERATORS AND BEAMS 19, 034201 (2016)

“e‘“c‘ﬁ%n%fn‘;1'3'5:&;2333" e Measured ion current striking the clearing electrode
' 3OCLAf|Sz§ce€ved 2112111 uly 2015 Ip blis h}\; 3 11\/431,::111 42%51{3) v 1 6. 2 m A [ ' ] , l
5 16.2 mA papr—— < 40l ﬁ 5 16.2 mA
2250 | = 13.0mA | & %ﬁ ; 13.0 rr}\A
- o 9.8 mA '~ 13.0 mA = ﬁ %ﬂ 62 mA 9.8 m
o0l L8 6.5mA o sl T p T BT | 1}[ 2 6.5 mA
: £ 30} by %
= 15 E i
© g 13.0 mA
T 100 = 20¢
: ;s
3 5 = 9.8
i £10_ mm Wm'ﬁm.umm mmumm@mmm 1
Ot 5 'G@vimagﬁggmmaummﬂmﬁm
U LITTTILN l :
_5 I

0 25 30 O 5 10 15 20 25 30
Clearm le tI’O e vdltage (V Clearing electrode voltage (V)

& Clearing electrode separation

Velectrode - _
271'606 Op €— Transverse beam size
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Cornell Laboratory for

Accelerator-based Sciences and We h a d to m Ove t h e I nJ e CtO r

Education (CLASSE)

The Cornell-BNL FFAG-ERL Test Accelerator

White Paper

Ivan Bazarov, John Dobbins, Bruce Dunham, Georg Hoffstaetter, )
Christopher Mayes, Ritchie Patterson, David Sagan
Cornell University, Ithaca NY

Ilan Ben-Zvi, Scott Berg, Michael Blaskiewicz, Stephen Brooks,
Kevin Brown, Wolfram Fischer, Yue Hao, Wuzheng M\eng,

Francois Méot, Michiko Minty, Stephen Peggs, Vadim Ptitsin, C O RN E L L— B N L E RL T E ST AC C E L E RATO R

Thomas Roser, Peter Thieberger, Dejan Trbojevie, Nick Tsoupas.

Brookhaven National Laboratory, Upton NY

/ Demonstrate 15t multi pass ERL B
Cost effective scheme for eRHIC
Non Scallng FFAG

‘4. > o Lg S8 ADApA P
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Cornell Laboratory for

Acelertorbased Scences and Gun Test Beamline

During maintenance on our SRF booster linac, we constructed a simplified “gun test” beamline.
e« 350kV

 1.3GHz@ 15 pC=20mA
Expectation: No SRF = No trips

<€ >
10 meters
25 T T T T 5 " 3
3 ~
& /l i ﬂw ‘ lon Clearing la
_ g ~ 15t S
<§ 15+ 13 & < 13 w
St 2 § é 10+ L %
>3 oy
I W sty © g
: ik With ion clearing electrode 5| Sinounent, 18.9+ 0.52mAlL,
. . e 0 24 hours at 20 mA with no trips!! —QEFitt,__ =25days
0 0.2 0.4 0.6 0.8 1 0 ) i declay i
Time (hours) 0 5 10 15 20 2‘8
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Cornell Laboratory for .

remometsesnd — |njector after the move

NEW GUN

* Segmented ceramicinsulator ¥
=> Higher voltage »
* Biased anode

=> Longer cathode lifetime
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Cornell Laboratory for

Accelerator-based Sciences and
Education (CLASSE)

Last high current run

Operations were delayed due to HV power supply issues:

— Without the processingresistor the High Voltage power supply was unstable:

10/20/2017

December 22" 2016

Power supply’s stack circuit
boards inside the SF6 tank
were damage by an arcing
event.

The lack of spares forced us to
run with a reduced number of
stack boards resulting in an
increase in output capacitance.

Also, the control cabinets for
the 2 different power supplies
we own were swapped.

Both of these issues caused the
control loop to not be well
matched for the current stack.

With the PS fixed we ran up to 4.2 mA before tripping the machine
because SRF-cavity field trip due to cryomodule couplers.
This was our last attempt due to CBETA scheduled move of the MLC.

DOE-NP Pl meeting
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>\ Cornell Labor atory for

(GE F) Accelerator bsedSaences ndH|gh pO|arlzat|On phOtocathOdeS

%%,,ED Aoﬁé’ Education (CLASSE)

NEXT GENERATION ROBUST POLARIZATION
PHOTOCATHODES FOR EIC
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weomsisnesnd  Photocathode laboratory

Education (CLASSE)

UHV modular system
Growth and characterization

GaAs and alkali antimonides

Magnetic arms

Gate valve Load lock
Electron Energy Bialkali growth
Analyzer

Cesiation

Chamber

Storage

Auger/LEED

Transverse
Energy Meter GaAs activation

DOE-NP Pl meeting
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Cornell Laboratory for
Accelerator-based Sciences and I n 2 O 1 4
o000

Education (CLASSE)

There are alternative ways for generating the NEA on GaAs that are
less sensitive to vacuum conditions? H. Sugiyama etal , J. Phys. Conf. Series 298 012014 (2011)

S . —20ads SAGALS BL13 PGM
p-GaAs R EV&(ﬂ !
- GaAs o o et a & Evac(GaAs)
' a
o | | AG=(24.8-21.7)= 3.1eV — .
E 1 - ’\\ i k‘ w
5 ' ] - ey 2. |=
E ] ||| ] ‘.‘ - . %
> | ] ©
% : 7|z
E ] ’ p )
= 5 TN\ —-i -lr.s, Evac(CsTe on GaAs)
24.8eV ] L i 8
248eV
24 245 25 255 26 265 V. -_-g'l_\'" SR E -==-EF
Kinetic Energy [eV] 1025"" T j _'_
Cs. Te on p-GaAs SAGA-LS BL13-PGM E - o——— w
T T T T T T e e \Ln'p-(l'm'.-\': ] L P —* y/._ﬂ___— 2
£ [ ]bow e:e_rgy il{"_Oﬁ': 1 0] . & N
F tased @ - 2 ] E « L L e* Cs, Te on p-GaAs / Auger electron spectra / SAGA-LS-BL13-PGM
[ F B " /
7 l’ 3 i ,2 //'/ 4//"/ ' ' ' ' '
I | | GaAs + CsTel of ral
= 1& b ; —
> 1w [ T‘ o £
z 19 oW 5
E ] IR £
E F ’/ 5
] 1072 L zZ
e T =
22 225 23 23, [ L
Kinetic Energy [eV] 107 L
1 15 2 25 3 35 4 45 b5
ce 200 400 600 800 1000 1200 1400
M. Kuriki, P3 workshop, LBNL, 2014 Energy [eV] Kinetic Energy [eV]
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(B Smmamassnens CsTe over GaAs can yield NEA!!

4/ Education (CLASSE)

* Implications of rugged NEA activation methods:

— We might be able to operate at higher voltage,
— Possible operation in RF (and SRF) guns;

— Long term cathodes storage;

— Cathodes transport in suitcases;

Will the CsTe layer preserve the spin
polarization during the electron transport?
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Cornell Laboratory for

st nd - [\]Ott polarimeter @SLAC

il :
i Electrostatic
i'-f ;

il ]

Det

Monochromater

12— rimeter s

e 1P| e Electrostatic lens

Load Lock
Kﬂl m:@) Cesiation Chamber Power supply Channeltrons HV
Transfer A =
lon Pump ?alve. ra“.Ser rm o g J and counters
Vertical Drive
;iiwingsiﬂznll(:;cldolcf;(gram of the SLAC Cathode Test System SLAC => Jla b => Cornell U n iversity

In 1993!!
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Cornell Laboratory for

e IVI ott po F r| m ete r @ CU

Cs5Sb cathode

The retarding field Mott polarimeter has been
refurbished upgraded and fully integrated into the
10/20/2017photocathode lab UHV installatiory: meeting




reeriomersencesand POlarization and Mott scattering

Education (CLASSE)

With the retarding Mott polarimeter the polarization is estimated by measuring angular
asymmetry due to spin-orbit coupling in electrons elastically scattered by high Z nuclei.

T ) 4@ == (s®)
T Ny + N, N, + N, f—
St Sherman function
0 . 3 T T 7
e Sherman function is usually computed for gold; =
* The agreement with computed values is good E>50 keV; 2
* [t takes in account asingle elastic scattering (AE=0); 3
%-
_0.4- 120° P i I(_/i:)_l
= -0.6 1 1 s 1 1 1 1 Il
2 ] 100 120 140 160 180
2 SCATTERING ANGLE 6 (deg)
2 0.3 lg;
z || /%
S ]
& f
5 i
0.2 J . . . ' ,
O 2! 40 60 80 100 120 140

ELECTRON ENERGY (keV)

Our Mott polarimeter uses a tungsten target;
And we do not have estimates of Sherman function for our new configuration...

We need to perform a new calibration using a test sample (bulk GaAs P=33% @780 nm )
10/20/2017 DOE-NP Pl meeting



>\ Cornell Laboratory for

g) et \AM @t has been done

* Refurbishing and recommissioning:

— Initial inspection revealed that the instrument was
not anymore in the configuration it was designed;

— It took a while to understand how the electronic
was modified with respect to the initial design;

— Some electronic components needs to be replaced;

* This was helpful because now we know the
instrument well enough that we decided to do
some improvement...
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Cornell Laboratory for

Acclrator based Sienes and Hardware mods

Battery: -40V
I 800V PS
©) e
/\ Preamplifier

Distributor

15V PS Only elastically scattered

electron are carrying the

- Information we seek
Target
~ - an NET \
SE , BSE
+— 20kV PS — e .

Increasing the ELW allows a better .
s/n ratio but then S(0) is replaced i
by a n S(0) to takeaccount for |
electrons that suffered multiple E
and/or inelastic scattering

" Plasmon™
losses

- : 50 eV E
Sgg is the effective Sherman function of the Mott detector. The Mott detector is a derivative of the Rice

DBE“#Y’CF‘I qﬁg%fmﬁ ibration of this version is quoted to be accurate to 5%°. The Mott polasimeter
on which its calibrati

is based is accurate to 2%°%. For scattering at 20 keV with an energy loss
window of 1000 eV, this polarimeter has Sgr = 0.150.




Cornell Laboratory for

smodsieesns — Fergy Loss Window

800V PS

Preamplifier

|1— Distributor
®
@ 15vps |l
1_ ELW
Count ratevs ELW @ V threshold=5.3 mV, Channeltron
Target bias=2.5 kV, photocurrent=0.8 nA
Improved e- transport -~ 3.0E405
9 iCi 20kV PS
25% efficiency (x3 better) dpm— .
Original e New e g 2.0E+05
configuration configuration _— 2 se0s
S X “f’ t / \ \‘{‘ | s ) =
S \ N§ \ g 1oeos Counting electrons from
is 3l -
—— 5.0£+04 unpolarized e- source
Eﬁé 0.0E+00 J
... 0 5 10 15 20 25 30 35 40
i 7 _ Energy Loss Window (V)
jP| meeting —®—ChA-PreA =®=ChB-PreB 29




Aot sancesnd. CST@ ON GaAs growth setup

Education (CLASSE)

High purity 99.9995
Tellurium was loaded into
one of the effusion cells

GaAs substrate samples p-type Zn doped 1e18 cm-3
Wet etch to remove oxide and passivate surface

[y ST .- S8/  -H,S04:H,0,:H,0 (20:1:1) 2 min @ RT
e ‘v gl r‘ DR )| -HCL:iPA (20:80) 3 min @ RT

GaAs Sample 1

Q'Rough surface‘

Many pits

B31 um

[’!

-346.17

849 um

Heat cleaning at 400 C overnight

Room Temperature Cs activation yields ~3% QE @
532nm

Surfaceis clean enough to perform activation!!

DOE-NP Pl meeting 30
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Cornell Laboratory for

Ao et sienca® @ ON GaAS growth procedure

Education (CLASSE)

o
@s32nm Qe 0.5y ~ CStle — @O nm E 1%

Cs

L | T T TTT T T TTTTm

Photocurrent (A)
=)

Cs

N W A
(===
T T T
1 1 1

10x Te

Thickness (nm)

-
[}
T
|

120

100

T

Substrate
heater OFF
80

T

Sub. Temp. (C)

60

T

| |
0 5000 10000 15000

Time (s)
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accelerator based seencesand CS T@ 0N GaAs QE and Au ger

Education (CLASSE)

* Auger spectroscopy confirms the presence of
Cs and Te over the GaAs surface

* Gaans As peaks are still visible meaning that the ~_
CsTe layer is thinner than few nm

* Cand O peaks likely coming from the e-gun

0.8r

Current (A)

0.4r

0 1 1 . 1 | 1 1 1 | 1 1 1
J0 60 80 100700 150 200 250 300 350 400 450 500 550 600
Energy (eV)

* We do NOT see an emission threshold shift
* We do NOT get the high QE reported by
Japanese group

Patchy coverage of the surface?

QE

——CU 120 C growth

107l ——CU after RT cesiation < ] (CsTe is expected to be less than 2 nm thick)
-=-KEK 120 C growth ] .
e KEK after RT cesiation : We need to do more .su rface science analyses
5ol | | | | | | Look for other materials that can produce NEA

300 400 500 600 700 800 900
Wavelenght (nm)
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>\ Cornell Laboratory for

(== :f Accelerator-based Sciences and CSTe i m p rOVE d I if@ti m e

4/ Education (CLASSE)

107 1 ! ' '
; * (GaAs Cs activated
Vacuum is better than 1x101° Torr -==fit

| Alkali antimonides do not suffer decay ¢ GaAs CsTe activated

fit
107 ¢ CsTe+additional Cs
& .
- - =fit
N
(4P
O
Q
Ll
@

10 0 20 40 60 80 100
y Time (hour)




>\ Cornell Laboratory for

(L ) Accelerator-based Sciences and H a p p e n i n g fro m n eXt We e k

4/ Education (CLASSE)

Just received and installed @& |
the 20 kV power supply

 Measure asymmetry due to beam polarization in
the Mott detector at 20keV:

— using Cs activated GaAs to measure S(0);
— using CsTe activated GaAs to measure polarization;

* Attempt NEA activation with thin Cs;Sb;
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o o And in the near future

Education (CLASSE

) High power cw tunable Ar-ion laser

Up to 400 kv
Up to 100 mA

High average power UV-IR OPA
83-2:

Control

Room (@ Stairs

B24: Gun 1 Room

Hallway | © TN — :
Hallway
Machine shop
B29: Gun 2 Room @)
O Search box = HV Keypad (Magnetic Lock) Up to 200 kv
. Emergency crash s Laser Keypad (Magnetic Lock) Cooled to cryogenic T (20 K)

Compact inverted insulator design

A Gamma Probe
INFN/DESY/LBNL miniplug

mmmmm HV Interlocked door
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> 2\ Cornell Laboratory for

) Accleratorbase Scences and Conclusions

* Cornell photoinjector has generated up to 2 nC
electron bunches;

* High average current have been demonstrated up
to 400 pC and 20 mA level;

* We have implemented techniquesto measure
the effects of the ions and to clear them;

* The photocathodelab is now equipped with a
polarimeter to study the production of polarized
electron beam from new photocathodes;

 The photogun lab has been moved in a new
location and will be soon available to perform
beam studies;
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Cornell Laboratory for

Accelerator-based Sciences and
Education (CLASSE)

Thank you!
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I e e Clearing electrode setup

Clearing electrode and Bunch gap measurements

During CW operation, ions remain trapped, drift towards and are measured by the clearing electrode.

Beam pipe
N* > > =
=
N5+ > > >
EIECTIOqE
Introducing bunch gaps lowers the measured ion current. 15 nA

— >

10/20/2017 DOE-NP Pl meeting




Cornell Laboratory for
Accelerator-based Sciences and
Education (CLASSE)

Bunch gap measurements
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Confirms that the ions are being
cleared by the gaps, and not just
the clearing electrode
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Average neutralization fractions
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Our model: The ion density... Amount of clearing
1) Increases via collision ionization while the depends only on total

beam is on. time beam is turned off.
2) Decays exponentially during the bunch gaps.

3) We measured the average neutralization Flexibility!

fraction. 1

T EE
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Shaking at the resonance frequency results in a
reduction of background radiation.

After leaking gas, our radiation

)
readingsincreased. — gl .
)
When we sinusoidally shakethe =79 ’
beam with the clearing electrode 560 |
at theion oscillationfrequency, E
the radiation levels drop = 500 1
significantly. B
O 40t |
'----- g
This was a known mitigation ~ ol i n |
scheme in the 1980’s at CERN’s

antiproton accumulator.

10/20/2017

t=0.750, Particles remaining = 1000
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