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e Project Overview

e Gun and Laser Progress

e Beam Experiments and Results
 SRF and RF

e Diagnostic Beamlines

e Construction and Commissioning
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Our Charter . . .

Build an injector for an ERL to demonstrate we can produce a beam
with the required properties

Understand the limitations in the injector (both physics and
technology) to allow for improved design in the future

Develop a cost estimate for a full ERL
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e up to 100 mA average current, 5-15 MeV beam energy
e norm. rms emittance <1 um at 77 pC/bunch
e rms bunch length 0.6 mm, energy spread 0.1%

- Achieve gun voltage in excess of 500 kV
& <« Demonstrate photocathode longevity
;} d%  Cleanly couple 0.5 MW RF power into the beam without affecting
() e, Its transverse emittance.
€ @  °Control non-linear beam dynamics: over a dozen of sensitive
S '.Q/ parameters that need to be set just right to achieve the highest
Q] brightness
g e Instrumentation and tune-up strategy
O * Drive laser profile programming (both temporal and spatial)
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Diagnostic Beamlines
Injector Cryomodule
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Photocathode Gun

» Limited diagnostics after the gun (before the cryo-
module)

» Full interceptive diagnostics capabilities at 5-15 MeV
o Limited full power diagnostics
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Photoemission Gun and Laser System
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Max capabilities:
750 kV
100 mA

Laser in

lectron beam out

750 kV Gun
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GaAs is still our cathode of choice . . .
- good quantum efficiency
- low thermal emittance

- fast time response (@520 nm)

But. ..
- heed extreme UHV
- limited lifetime

- minimum thermal emittance near
bandgap (lower QE)

- thermal emittance degrades at higher

QE

... We’'ll willing to try other cathodes
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Load lock chamber with quick bakeout
capability

*Heater chamber

«Cathode preparation and transfer chamber

Can swap a fresh cathode
into the gun in ~30 minutes
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e For optimum emittance, need to operate between 500-600 kV
o So far, we have only reached 420 kV
e What are the problems and how to solve them?

Must have a way to control field emitted electrons near the insulator

Prepare electrodes for minimal field emission
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Must have a way to bleed off any field emitted electrons

The resistive coating on the
first ceramic was not done well
(R ~ 7000 G-Ohm).
Experienced a vacuum leak
due to punch-through at 330kV

CPI made a second ceramic
with a better coating ~100 G-
Ohm. Good up to ~420 kV
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Controlled Resistivity Ceramics
for Charge Dissipation

Daresbury Lab purchased a ceramic
with a bulk resistivity doped
alumina, which has worked well
(480 kV). We just ordered one for
our geometry.

WESGO

WESGO is the innovative supplier of custom ceramic

components and assemblies for technical applications.

From the headquarters in Northern California, WESGO' = Vertical integrated manufacturing

has been developing and producing new materials for - Large size caj

over 70 years to service an expanding international »Technical design assistance and CAD interface
customer base. WESGO is part of the Morgan Crucible = Single prototype to high volume production
group, a materials company with operations in 43 = Metallized, brazed or bonded assemblies
countries. + Near net shape processing

« Clean room packaging and assembly
Applications

WESGO controlled resistivity ceramics are The WESGO Commitment
manufactured in a range of resistivities to customer - 1SO 9002 Registered
defined designs. These specialty ceramics are + Quick service and quality excellence
typically used for mechanical, chemical or vacuum - Continuous improvement
i « Committed to exceed customer expectations

IS0 9002 Registered

¥ Morgan
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Electrodes

0 to -125 kV

Test Electrode

I 3-4 mm

Pico-ammeter

150 mm
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Field Emission Chamber Results
> This titanium disk was
= hand polished and
400 - .
o reached a field higher
5 b -
200 than the gun will see.
g 250 f = hand polished titanium|
- | Max field on
200 the cathode
150 -
100 -
50 -
0 ‘ . ‘ ‘
0 5 10 15 20 25
Field (MV/m)

Should be okay for gun electrodes too, but the
‘technology’ does not transfer
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Either hand polish or electro-polish metal electrode

After hand polished, ultrasound in hot soap and water, rinse in DI water and store in DI
water. After electro-polishing, store under DI water

Transfer to a clean room environment
Mount the sample on the HPR system — (high pressure rinse system)
HPR for 2 hours

Remove and let dry in the clean room

Store in a clean, sealed container until ready for_installation
Remove from sealed container in a clean room "
Final cleaning using a commercial sno-gun
Install in system
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Following the new procedures,

500
the “‘good’ Ti electrode improved

4507 from 20 MV/m to nearly 35

400 - MV/m (pink to yellow curve)

350 /

300
- The blue curve shows the results
£ 250 7 for a SS disk that was electro-

200 / polished, then ‘SRF-cleaned’

150

100 ~ /

50 - // "
o — R ‘

0 10 20 30 L 40
Field (MV/m) System max is 35 MV/m
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Pre-test gun parts before

Installing in the gun.

HV Testing — Real Gun Parts

Current

—

<
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=

190.00
175.00
160.00 -
145.00
130.00 -
115.00
100.00

85.00
70.00
55.00

40.00 ~
25.00 -
10.00

-5.00 *
0.000

Field Emission for Titanium Gun Stalk Piece

—e— Before HPR

s After HPR

oo

e O—66—6 6o

I I oo T 1
2.000 4.000 6.000 8.000 10.000 12.000 14.000
Electric Field (MV/m)
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Clean all electrodes per the ‘SRF-clean’ procedure
Pre-test parts to the max field they will experience at 750kV

Enclose gun in portable clean room

1

2

3

4.  Vent, maintaining a large nitrogen purge

5. Carefully remove old parts, wipe out any particles, wafer chips, etc
6. For each new part, clean with sno-cleaner before installing.

.

Pre-test all bolts and fasteners for particle generation before use (test on a bench with
a particle counter). Avoid plated bolts unless you are sure they do not flake.

8. Do not use aluminum foil to cover parts or flanges — we have found tiny pieces of foil
stuck to electrodes.

9.  For surveying, cover all but one port at a time if possible. Use o-ring sealed covers
instead of foil, or clear plastic wrap if you need to see through for alignment.

10. Pump out slowly to reduce the chance of stirring up dust that may be in the chamber
or ion pumps.
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Currently:

Reached 420 kV, beam experiments carried out at 250/350 kV
20 mA DC current obtained (no life-time measurements yet)
70 pC/bunch at low duty factor

GaAs cathode performance typically 6-10% QE

Next Steps:

e New ceramic on order
o Continue tests with electropolishing/HPR of electrodes
 HV modeling for field emission mitigation/future insulator
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Fiber Laser De

scription — 50 MHz

Oscillator

Pre-Amplifier

Amplifier

mirror H

5T
7 |
© 4} efficiency: 60% g
. g9 1 pump
collimator = al i laser delivery
1 \ 2 I fiber
5]
Farada 22 i
4 Yb fiber = 1
rotator S 1} |
n J
v
() BN/ S N S S S 3
0 5 10 154W&tt5

Coupled pump power [watts] fj mh'.l‘;tts
g é] collimator 'jii;re
B .
s = ki ¥ 4.
@D
)
] g heamcupe
2 DC Ybfiber i
60 mW
\ == -
15 mw 60 MW 4 W
m
1.2 nJ 80 nJ
300 pJ
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Grating

Mirror
QWP |solator

& Mirror

Pump diode

A =1040 nm

pulse duration ~ 2.5 ps
power ~ 15 mW

f. ~50 MHz

Intensity [a.u.]

6 -4 -2 0 2 4 6
Time [ps]
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C1 Cc2 C3 C4

S| T p—

ﬁ €

P, %

We use an ‘optical pulse-stretcher’ to get 20-40 ps /é(/
flat-top pulses from a 2 ps laser (DPA — divided %, ‘?/2*

pulse amplifier) 4

o = O

Gauss to flat top transformation using a commerical
aspheric lens (Newport Corp)

December 4, 2007 B. Dunham December 4, 2007
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The laser itself works as advertised, need work on
- Synchronization

- Beam shaping

- Pulse control

- Transport to the gun

- Stability control (position, power)

- Laser beam ‘halo’

- 1.3 GHz oscillator

- Sensitivity to acoustical noise
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Beam Experiments and Data
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o Goal: full understanding of the beam
phase space from the gun

 Gun & diagnostics line

» Full phase space characterization
capability after the gun

e Temporal measurements with the
deflecting cavity

e Lifetime studies

w?1
SLT1

FC1 SLT2 soL2 soL1
SoL3 BEND1 BPM\

! GUN
vez f vetl f
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Gahs thermal energy GahsP thermal energy
1ED T T T T T T T U 25':' T T T T T T T T T
: A & multiple apertures a A ¥ QE=6%
140 i\ G S +  zingle aperture scan | } } G SP O QOE=1%
> ¢ 8
~ 200 F A
120} ~ . $
AN
100 F \\E(TJ- (mev) =309.2 - 0.3617 A (hm) i
< \\ 1680 | % A
(a1}
£ @} §\ . ‘E
= “~
= ~ 100 | .
B0+ “ _
40+ I[ I I I .
P o B0 b 1
20+ A
0 I 1 I 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
450 500 550 600 B50 700 750 800 850 800 440 450 430 800 520 540 SB0 530 BOO B20 G40
weawelength (nrm) wavelength (nm)

e KkT,=121#8 meV at 520 nm
e 0or0.49 mm-mrad per 1 mm rms
o GaAs still best overall perform.
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o Uses a pair of 20 um precision
slits to sample the beam

» Instead of scanning the slits,
pairs of identical coils deflect
and scan the beam across the
slits

« armor slit intercepts most of the
beam

o KW beam power handling

measured
phase space

iy [rim]
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y' [rrad]
' [mrad]
¥ [rrad]
' [mrad]
y* [mrad]

log :> A |
scale 7 T

70 pC 20070721, threshold 1.5%, By corrected by 1.06, o, by 1.03

34

: 1 ——5, {mm-rmrad)

........................... e il

Good agreement with Astra prediction:
77 pC/bunch: about 2 mm-mrad

25+

data o QST e
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-15
&
—

’ ’ y (mm)
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A deflecting cavity is used
to transform bunch length
into transverse spot on a
viewscreen.

This gives a direct
measurement of bunch
length
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A 4
09 | | | . I I |
‘a0 30 20 -10 0 0 / 0 30 10

photocathode * v ' - (s
A’. ’» Shaped laser pulse

Fast Photodiode

electron beam

polarizing & NPE
beam splittar rejection

NE

IIBZT mirror
\

mirror

grating

[ 5 isolator

Fiber Stretcher

collimatar

-~

‘.,i Laser to RF
synchronization has not
worked well due to

acoustical noise —

Pump diode .. . .
50 MHz phase jitter is too high

oscillator

Yb fiber

WDM
coupber
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Cathode Response Time

Shaped laser pulse on GaAs, cross-correlator measurement of the laser pulse is 32 ps

viewscreen

T T T T
1 b FYHM of the response: 31.4 ps
Apparatus resolution: 2.7 ps

signal {a.u.)

electron beam

time (ps)

S

mirror

photocathode * 1.3 GHz filter
Now, use the laser a | '-—’>
signal to drive the Fast Photodiode
cavity for better
- - pniarlzi%%r b ,QNF;EMH 4
SynChromzathn- The e m\ ot A"‘.IBZT mirror Manually tune
RF controls still have \ t0 50 MHz

~2 ps of jitter, we need
< 1 ps for.

Fiber Stretcher

Pump diode

grating

isalatar

collimator

50 MHz
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fit of Gaussian convolved with diffusion response curve
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e Complete cathode response data

* Emittance measurements using /77 pC/bunch and
‘beer can’ laser shape, other shapes

e Push towards 100 mA
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SRF and RF Systems
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U e2v designed a high CW power klystron.

0 Parameters of this 7-cavity tube: max. beam voltage 45 kV,
current 5.87 A, full power collector, at max. output power of
135 kW the efficiency is >50%0, gain >45 dB, bandwidth is
>+2 MHz @ 1 dB and >+3 MHz @ 3 dB.

O The first tube (SNO3) was delivered and successfully tested
at Cornell on March 6 — 8.

U Transfer curves were measured for several HV settings.

K3415LS S/N 03 Transfer Curve @ CORNELL

160

[—e—45kV —B-42kvV —A—37kV 38kV —6—40kV

Efficiency 51.1%
140 A

120 -

e

) / @// T
L
e

0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 45 5.0
Drive Power (W)

=
o
o

Output Power (kW)

[o2]
o
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Design features:

U The cold part was completely redesigned using a 62 mm, 60 Ohm coaxial line for stronger
coupling, better power handling and avoiding multipacting

Antenna tip was enlarged and shaped for stronger coupling
“Cold” window was enlarged to the size of “warm” window

Outer conductor bellows design was improved for better cooling (added heat intercepts)

0000

Air cooling of the warm inner conductor bellows was added

80K Intercepts

Cold Window i 3
~
=

300K Intercept E‘;

S

Cold Bellows Warm Window Air Outlets

—

5K Intercept

Compress
Air Inlet
for Bellows
Cooling

2K Flange

Compress
80K Flange Air Inlet
for Window

Cooling
300K Flange

F
y:
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H

OM Loads

Total # loads 3@ 78mm + 3 @ 106mm % - ,_!‘ i
i b i B
Power per load 26 W (200 W max) s F IR
= Mz .
HOM frequency range 1.4 — 100 GHz 2 0.6 pri 4
Operating temperature 80 K ?g gl L X . L ! i |
Q- {
Coolant He Gas = | '
RF absorbing tiles TT2, Co2Z, Ceralloy % R LR PR )
% - Ceralloy Rl i 1
% 10 20 30 40
‘_l'requency [GHz]
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Frequency 1300 MHz
Cells per 2
cavity
R/Q 222 Q
Voltage 1-3 MV
Gradient 5-15 MV/m
Q, @ 2K >1010
Q 46104 — ERL Injector Cavity Vertical Tests
ext 1T.E+11 —e—cavity 1 @ 2K
41105 —I—cavit¥2 2K
gl
Active length | 0.218 m 3 :gg:;ﬁg Ll
e EES Oper};ting Range @ 1.8
Total length | 0.536 m i
T e
@ 1E+D poemeo- g;— fn
‘*\ &
« 5 cavities tested, all meet specs, E > 15 MV/m A \-%\
(most E > 20 MV/m), Q > 1019 @ 2K 5
* Only BCP, no 800C treatment 1.E+08
1] ] 10 15 20 24
» Two tested for H disease, no H disease Eacc [MVini]
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| oo e W | e +.-uu.- ¥ il il |
5 ‘. ¥ > -
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ERL 2-cell #1 post-HTC 10242007

10
Ea[MVIm]

Low Q probably due to dust from broken
tiles. Now cold testing all HOM loads
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Diagnostic Beamlines
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B oy e LO layout: 15 MeV straight-thru

IA4SL[H,V]01
IA5DQDO1 A« IA4SL[H,V]02 1A3SDRO!
quadranr\c:etector \Mr & vert sms viewscreen {3BP§01
i iy 335 ’m'*?’“' :
IA5BPED1 |1A4BPC01 IA3BPCO02
IASBPB02 BPM type C
BPM type B IAAWFSO01
m&g&gg flying wire IASBCMO1
fast current
monitor
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LO layout: merger & chicane

IB1IFCB01

Faraday cup
/ IB1SYX01

Boa / viewscreen
i '.

IB1SDX01
viewscreen

merger
IB1SL[I:,V]01

IB1BPC03 IB1BPCO2

IB1BPCO1
BPM type C
IC2FCB!
Faraday ¢
v/ IC2SYX01
@ viewscreen

T
—

diagnostics chicane

g IC1STRO1 ety
T[T]l” ~ viewscreen -
"?:‘_‘3' & By l fa— N \-"A - ’é:‘?“
o= —1 ;‘:‘ -
IC1BPCO3 i\ ,J_.-@:_i-mtﬂ,,-;,., ) IC1BPCO1

ICTWSFO01
flying wire

IC1BPCO2 BPMtype C
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* Beam position resolution: 10 um (spec)

e Energy spread resolution: 10

« Transverse beam profile resolution: 30 um (viewscreens)
10 um (slits)
30 um (flying wire)

e Angular spread resolution: 10 urad

» Pulse length (deflecting cavity&slits): 100 fs

* RF phase angle: 0.5°

Ability to take phase space snapshots of the beam, both transverse
planes, and longitudinal phase space
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e Construction and utilities finish Feb/March
e Move the gun in March

e Cryomodule complete March/April

e Commissioning begins in April
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This work Is supported by NSF.
PHY-0131508
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measured temporal response

s v o e e om e * Measured response time from GaAs
= GaAs ; and GaAsP at different wavelengths

o j e GaAs response @ 520 nm on the

£ % _ order of a picosecond
| % j * Diffusion model correctly describes
T ‘ fast response and a slow tail
s e
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o Want extreme UHYV levels to reduce ion back-bombardment (which is
the key for long lifetime)

e Many getter pumps (16 strips, 20000 L/s)

o Stainless steel parts fired at 400C in air to reduce hydrogen out-
gassing (similar to LIGO)

e System vacuum bake to 150C

Extractor gauge readings as low as 5x10-12 Torr
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Cold Part of
RF Power Motorized

Coupler Frequency 2K Liquid Supply Line
Tuner
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