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35 MeV

i ALICE ERL Prototype: Layout
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Nominal gun energy 350 keV
Injector energy 8.35 MeV
Circulating beam energy 35 MeV
Linac RF frequency 1.3 GHz
Bunch repetition rate 81.25 MHz
Max bunch charge 80 pC
Bunch train 100 pus

* Max. average current 13 A
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ASTeC Drive Laser: Summary

Diode-pumped Nd:YVO,

Wavelength: 1064 nm, doubled to 532 nm
Pulse repetition rate: 81.25 MHz

Pulse duration: 7, 13, 28 ps FWHM

Pulse energy: up to 45 nJ (at cathode)
Macrobunch duration: 100 ps @ 20 Hz

e Duty cycle: 0.2% (maximum)

e Timing jitter: <1 ps (specified)
<650 fs (measured)

e Spatial profile:
Circular top-hat on the photocathode

e Laser system commissioned at Rutherford Lab
in 2005, then moved to Daresbury in 2006

L.B. Jones, Status of the ERLP photoinjector
driver laser, Proc. ERL’07, 110 - 112




() ATl Gun Assembly:

e JLab IR-FEL gun design
Cathode ball * 500 kV DC power supply

Cathode Ceramic ® Cs:GaAs photocathode
Vesse?}:n?oved e Single bulk-doped ceramic
e Good electrical performance

e Poor mechanical performance

Jose7 |ASsu04109/3

Support Stem

Anode Plate
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= ASTeC Photocathode Gun:
500kV Power Supply
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ASTeC Photocathode Gun:
500kV Power Supply




() ATl Photocathode Gun:
500kV Power Supply




& ASTeC Photocathode Gun:
Cathode and HV Electrode




AS&Thelzil Cl Photocathode Gun:
Cathode and HV Electrode
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Cathode ‘Ball’, Insulating
Ceramic & Vacuum Vessel
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NF; Activation in the
ALICE gun, February 12t 2009
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The spreadsheet shows the peak photocurrents recorded on each Cs and NF; cycle.

This is the 2nd activation of a VGF cathode wafer supplied by Mateck GmBH (Julich).
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ALICE Photocathode Gun Timeline:

Photocathode laser system operating since April 2006

Electron gun installed and connected to a dedicated diagnostic
beamline. Gun operated Jul—Aug ‘06, Jan—Apr ‘07 & Oct—Nov ‘07

Problems experienced with cathode activation. Q.E. poor

First beam from the gun recorded at 01:08 on Wednesday 16t
August 2006, with the gun operating at 250 kV

Operating at 350 kV soon afterwards
Routinely conditioned gun to 450 kV
Steady improvement in both Q.E. & photocathode lifetime

Problems encountered with beam halo, field emission and high
voltage breakdown

Improved bakeout = Better vacuum and photocathode lifetime

Repeated failure of Wesgo ceramic forced use of Stanford spare



ALICE Photocathode Gun Timeline:

Smaller 127 diameter Larger 16" diameter
double Stanford ceramic single Wesgo ceramic



ALICE Photocathode Gun Timeline:

Feb ‘07 — Oct ‘08, we suffered 9 leaks and a major contamination:

Feb ‘07 — Leak on Pirani gauge pins
Jun ‘07 — Leak on Pirani gauge pins and also on a spacer flange

Between June and July, the spacer flange was welded to the
anode vessel. The first 2 attempts failed, the 37 was successful

Aug ‘07 — Leak on Wesgo ceramic braze at anode vessel end.
Spare Wesgo ceramic installed

Sep ‘07 — Leak on top instrument flange
Feb ‘08 — Leak on both ends of the spare Wesgo ceramic

Mar ‘08 — Smaller Stanford ceramic installed. Gun contaminated
during bake. Complete stripdown and XHV clean required

Jul ‘08 — Repaired Wesgo ceramic installed. Leak on braze

Aug ‘08 — Leak on IMG feedthrough, and fine leak valve
mechanism fails (used for photocathode activation)



Diagnostic Beamline:
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Courtesy Y.M. Saveliev, DL

Laser spot size was 4.1 mm FWHM for all experiments



RMS Geometric Emittance (function of bunch charge)

5

RMS geometric emittance
as a function of bunch
charge:

- Horizontal (@)
- Vertical (m)

ALICE ERLp ASTRA model
predicted 1-m mm-mrad
for Q=80 pC.

Emittance compensation
scheme is complex. Was
not optimised for each
bunch charge.

GEOMETRIC EMITTANCE (RMS), = mm-mrad

0 | | | | | | |
0 10 20 3 4 s e 70 8 Some factors are missing
BUNCH CHARGE, pC from the ASTRA model 1.2

1 1.V. Bazarov et al., Proc. PAC '07, 1221 - 1223.
2F, Zhou et a/., PR-STAB 5, 094203, 2002. e & Technology Facilities Council
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Bunch Length (function of bunch charge, at 10% level)

40 Bunch length at 10% of
the peak value used due
to non-uniformity of the

35 - N

BUNCH LENGTH @ 0.1, mm

30 - longitudinal profile.
25 - Data were obtained with
o | the RF transverse kicker
(®), and with the RF
15 . * ¥ 1 buncher cavity using the
~ O dZ-ASTRA zero-crossing method?
10 la B Mapping n
a A Zero-cross (A), and the energy
5 28ps | mapping method (m).

0 | | | | | | | Open circles (O) are the

0 10 20 30 40 50 60 70 80 results from the ASTRA
BUNCH CHARGE, pC model.

1 D.X. Wang et al., Phys. Rev. E, 57(2), 2283 - 2286, 1998
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Total and Tilt-Compensated Energy Spread

40

Total energy spread (AE,,)
and compensated energy

spread (AE,,,,) measured

as a function of Q,,,..;.-

35 -

30

25 - MODEL Data were obtained using

the magnetic spectrometer.
20 / T

AE,, is shown with black

e | circles (®), and AE._ with

com
m D

red squares (m),

ENERGY SPREAD @ 0.1, keV

Open circles (O) are the
results from the ASTRA
model.

BUNCH CHARGE, pC
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FWHM Beam Size for Q, ..,=54pC
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Comparison of the predicted and measured beam
sizes [mm] as a function of solenoid field

St ren g t h [ G ] fO r Q bunch = 5 4 pC Science & Technology Facilities Council
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Pl Gun Driven by Different Laser Pulse Durations

Qbunch = 16 pC

« Solenoid strengths constant

Experiment ASTRA model
flat two .
28ps | 7ps top | pulse single

e, [um] 1.95 191 | 056 | 0.80 0.49
e, [um] 143 147 | 056 | 0.80 0.49
Az [mm] 19.1 18.6 | 23.8 | 235 255

AE, [keV] | 244 | 297 | 225 | 23 28
AE
comp
keV/] 5.1 2.8 6.0 7.2 1.3
AE,, 142
| | | | J (keV/mm] 1.28 1.60 | 095 | 098 1.10
T T —— T T T \ T T T

5 10 15 20 25 30 35 40 45
Time (ps)

Longitudinal drive laser profile

Science & Technology Facilities Council

ASTeC



INTENSITY, a.u.

Pl Gun Driven by Different Laser Pulse Durations

1.2

0.8

0.6

0.4

0.2

bunch — 16 pC
« Solenoid strengths constant
— 28ps
Experiment ASTRA model
flat two .
28ps | 7ps top | pulse single

e, [um] 1.95 191 | 056 | 0.80 0.49

e, [um] 1.43 147 | 056 | 0.80 0.49

Az mm] | 191 | 186 | 238 | 235 | 255

AE, [keV] | 244 | 297 | 225 | 23 28
AEcom
s 50 | 28 | 60 | 72 | 13
AE,, /A2
evimmy | 128 | 160 [ 095 | 098 | 110

| T T T T | T T T T | T T T T | T T T T

-20 -10 0 10 20

Z, mm

Longitudinal intensity profile measurements
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Pl Gun Driven by Different Laser Pulse Durations
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Qbunch = 16 pC
« Solenoid strengths constant

Experiment ASTRA model
flat two .
28ps | 7ps top | pulse single
e, [um] 1.95 191 | 056 | 0.80 0.49
e, [nm] 143 147 | 056 | 0.80 0.49
Az [mm] 19.1 18.6 | 23.8 | 235 255
AE,  [keV] | 244 29.7 | 225 23 28
AE
comp
keV/] 5.1 2.8 6.0 7.2 1.3
AE,, |42
keV/mm] 1.28 1.60 | 095 | 098 1.10

Total energy spectra, AE

tot
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INTENSITY, a.u.

Pl Gun Driven by Different Laser Pulse Durations
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ENERGY, keV

bunch — 16 pC

Solenoid strengths constant

Experiment ASTRA model
flat two .
28ps | 7ps top | pulse single
e, [um] 1.95 191 | 056 | 0.80 0.49
e, [nm] 143 147 | 056 | 0.80 0.49
Az [mm] 19.1 18.6 | 23.8 | 235 255
AE,  [keV] | 244 29.7 | 225 23 28
AE
comp
keV/] 5.1 2.8 6.0 7.2 1.3
AE,, |42
keV/mm] 1.28 1.60 | 095 | 098 1.10

Tilt-compensated energy spectra, AE

comp
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Pl Gun Driven by Different Laser Pulse Durations

Conclusion: Longer laser pulses do not confer significant benefits below ~ 20 pC
when compared to short pulses in terms of bunch length & energy spectra.

ENERGY (keV/c)

15 I 1 1 1 1 ‘ 1 1 1 1 1 1 1 1 1 1 1 1 ]
I two-pulse i
10 [ :' ntgtle-pulse — Experiment ASTRA model
] at-top ]
i ] flat two )
5 [ j 28ps | 7ps top | pulse single
i 1 e [um] | 195 | 191 [ 056 | 080 | 049
o [ TWO-PULSE 1| e muml | 143 | 147 [ 056 | 080 | 049
i | 1| Az mm] | 191 | 186 | 238 | 235 | 255
I "ELAT TOP" ]
5L 1| 4E, [keV] | 244 | 297 | 225 | 23 28
§ ] Afcg;p s1 | 28 |60 | 72 | 13
i "SINGLE PULSE" ] [keV]
10T o 1| 4B, /42
tot
: | ey | 128 | 160 [ 095 | 098 | 110
:
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Z, mm

ASTRA Longitudinal phase space predictions
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Further reading:

L.B. Jones, Status of the ERLP photoinjector driver laser, Proc. ERL’07, 110 - 112

Y.M. Saveliev et al., Results from ALICE (ERLP) DC photoinjector gun commissioning,
Proc. EPAC ‘08, MOPC062, pages 208-210

Y.M. Saveliev et al., Characterisation of electron bunches from ALICE (ERLP) DC photoinjector gun
at two different laser pulse lengths, Proc. EPAC ‘08, MOPCO063, pages 211-213

D.J. Holder on behalf of the ALICE team, First results from the ERL prototype (ALICE) at Daresbury,
Proc. Linac ‘08, WE103, 694 — 696

P.H. Williams, 10 Years of ALICE: From concept to operational user facility, Proc. ERL’15
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Nd:YVO, Laser LSI Mechanical shutter Camera #2

7 ps FWHM, mode- (water-cooled) (water-cooled, 130 ps
locked at 81.25 MHz ~ LNP Operation Camera #1 @ 1,2, 5,10 or 20 Hz) JL [@

/ /=610 mm [@\l % £,=762 mm —— screen

1064 i [ (1\ | D /2\ ol S,
= H\ VR /W o Y S |

/> plate, Pockels cell PDI (Red)

N .
A Y Beam dump § ) and output polariser Mirror ) Fast
S, for optical = Optical chopper (Single pulse to 100 us (99% reflection Photodiode
MOC_le- chopper E‘; (130 ps @ 100 Hz) bunch @ 1, 2, 5, 10 or 20 Hz) @ 1064 nm)
locking =
Laser |—»—o Phase error § )
synchro- § “ e '
nisatjon 0% | = WGBSCIOPT(FO monitor Second
unit External RF ‘ G. ¢| Mmode-locking, Harmonic
reference in E © = synchronisation error Generator
3 { » | & photodiode signals
% C QPP @ QEE (o6
’ —1|— Pinhole
Camera Variable attenuator N Mirror .
#4 . . o ) . N (98% reflection PD2 (Green)
Variable ND filter %k =Beamsplitter omitted for simplification (motorised /2 plate @ 532 nm) Fast
e and polariser) .
: © Beam \ Photodiode
0 : : : i .
b | [\ : ’:I I:‘ : : L\ waist /3\ H S
(2 water- +— ................................... ﬁ: 397 mm
cooled \ Moveable lens <Optional> ’ — Sereen
shutters (position sets spot YVO. P - B o
. . - , Pulse stretcher
in series) I:—:I size at cathode) (2 x yttrium vanadate crystals, Operated from
yielding 13 ps FWHM with EPICS-based Camera #3
\‘Bl e’ one crystal, 28 ps with both) laser control synoptic
ade
L-BTS (with padlock)
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% ASTeC NF; Activation in the

ALICE gun, February 12t 2009

» Our best photocathode performance (highest Q.E. and best dark lifetime) have been
achieved using the Cs-NF; activation process

* However, activation success with NF; has been inconsistent (no first-peak photocurrent
response seen in some activations, prompting a switch to O,)

* NF; requires a higher partial pressure than O,, typically a decade higher with O, in the
mid E-10s, and NF; in the mid E-9s. This leads to a longer vacuum recovery

» The dark lifetime has not been specifically monitored since 2009, though chamber base
pressure has improved significantly since. We now have good vacuum conditioning

* O, is used as the default oxidant due to health & safety considerations
» Re-caesiation typically every 10 to 12 days, having extracted ~ 0.3 C charge
« External connection to Cs channels for fast re-caesiation (no SF4 extraction required)

Process Date Initial Q.E. 1/, Lifetime Life [hrs] Final Q.E.
Activation 12/02/09 39 ~ 200 156 0.3
Re-Cs # 1 21/02/09 34 ~ 900 2,280 0.05
Re-Cs #2 01/06/09 2.2 270 215 0.63
Re-Cs # 3 10/06/09 20 50 28 1.1 34
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Cryosystem & accelerating modules

Em BUFFER TANKS 2 O O 6
@ Apr — 18t Accelerating module delivered

o o
> NITROGEN
@
ae
4K COLDBOX
. M o™ .
e o
o -_— R AN Wiy R ]
eé@s s N i
[, )
VACUUM PUMP
\
o

May - 4 K cryo commissioning carried out

Jul — 2"d Accelerating module delivered

Oct - Linac cooled to 2K
Nov — Booster cooled to 2K

Dec - Modules cooled together

e Simulated a dynamic resistive heat
load of ~112 W in both modules
e Achieved a pressure stability of

" .:;M + 0.03 mbar at full (simulated) dynamic
e - ] load in both of the modules at 2 K

e Achieved £ 0.10 mbar at 1.8 K

RF TRANSMITTER



Science & Technology Facilities Council

ASTeC

ScRF Accelerating modules

x Stanford/Rossendorf cryomodules, one e Main Linac module:

configured as the Booster and the other as the -
I135M

Main Linac, also using the JLab HOM coupler * 135 MV/m gradient

e 2x9-Cell 1.3 GHz cavities per module e 16 kW RF power
e Booster module: e Quality factor, O, ~ 5 X 10°
e 4 MV/m gradient e Total cryogenic load:
e 52 kW RF power ~ 180 W at 2K

ERLP Module
f 0l
o L%{L—i _

Lever tuner
~ 10kW CW fixed coupling FPC

HOM couplers
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ScRF Accelerating modules

x Stanford/Rossendorf cryomodules, one e Main Linac module:

configured as the Booster and the other as the -
13.5 MV/m gradient

Main Linac, also using the JLab HOM coupler ° m gradie

e 2x9-Cell 1.3 GHz cavities per module e 16 kW RF power
e Booster module: e Quality factor, Oy ~ 5 x 10
e 4MV/m gradient i e Total cryogenic load:
e 52 kW RF power - ~ 180 W at 2K
Booster Linac
Cavity 1 Cavity 2 Cavity 1 Cavity 2

Vertical tests at DESY, July - December 2005

E.. [MV/m] 18.9 20.8 17.1 20.4
A Q. 5 x 109 5 % 109 5 x 10° 5 x 109

Lever tuner

b ekl i SRR S b Ramildinkidibasdtixed coupling FPC
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Tunable Free-Electron Laser

— 24 MeV

——— 28 MeV FEL Tunability by varying:

— 32 MeV
S, ) e electron energy
-3 VI = P (24-35 MeV range)
] SUTROY SRS S = 5 E
2 Ve : & 12}-eeeo- SRR SR e undulator gap
L_; vl PO et S uGCJ_J | (12_20 mm range)
g I | ] S R I
S st B l
= : : o : :

20 : ’ @ 5 ' : 8 f =

0 5 10 150 0 5 10 15 0 5 10 15
VWavelength {um) Wavelength (um) VWavelength (um)

A=4-12 pm



