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Construction and Test of a Novel Superconducting RF Electron Gun

The University of Wisconsin FEL team I1s moving forward with the development a 199.6 MHz superconducting RF gun that meets the required specifications for a CW FEL iIn the soft X-ray region. A three year program Is

under way, with key procurements in place and installation of the hardware and commissioning in a one year time frame. Abstract
An SRF electron gun was chosen because it is

Wisconsin Free Electron Laser (WiFEL) Concept Well suited to the requirements of an accelerator
based lightsource. [1] It uses low charge bunches
with a high peak current at the exit of the injector to
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erence [2]. This approach complements programs
In room temperature RF guns at LBNL, DC guns
at Cornell, and L-band guns in Europe.

The electromagnetic design itself was opti-
mized to produce maximum electric field at the
cathode while minimizing the peak electric field in
the cavity. This will reduce the possibility of field
emission limiting the cavity gradient. Similarly,
the peak surface magnetic field was minimized
to reduce the possibility of magnetic quench of
the cavity. The cavity was also optimized to pro-
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Overall WIFEL R&D Plan
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* Development of a high repetition rate, VHF superconducting RF
electron gun, including a high repetition rate (several megahertz)
photocathode drive laser

* R&D on photocathode materials, including novel approaches, by
Angle Resolved Photo Emission Spectroscopy (ARPES) studies on
the Aladdin storage ring at SRC

e Studies of the laser high harmonic generation (HHG) process to
establish the necessary noise performance as a seed laser source

* Evaluation of FEL facility architectures with the specific goal of
cost containment

e Addition of post acceleration (~50 MeV) as test bed for beam and
FEL physics

duce a large integrated field between the cathode
and anode gap in order that the gun should have a
large exitenergy. The overall design produces very
bright bunches that have sufficient momentum to
use the demonstrated LCLS emittance compensa-
tion scheme (gun/ solenoid / linac section) as part
of the injector for an FEL. The cathode Is warm
with respect to the cavity. Another feature of the
design is a high Tc superconducting solenoid for
emittance compensation.

To meet the stringent requirements on the lon-

gitudinal distribution of the bunch to avoid den-

——— sity modulations in the FEL, we plan to use self
Inflating (blow out mode) bunches for the FEL.
Blow out mode is a scheme in which a laser pulse
that 1s significantly shorter than the final bunch
length Is used to create a charge pancake on the
surface of the cathode, which then expands under
R B its own self space charge force to an ellipsoidal
Humble beginnings: - e bunch with uniform charge density [3].

a simple Superfish file

Spectra-physics Tsunami (oscillator)
+ Spitfire (amplifier) system

Major procurements are now in place. Nio-
wave Is fabricating the cavity/helium vessel, and
Danfysik is responsible for the High Tc emittance
compensation solenoid. A variant of the Jeffer-
e L . : , son Lab 12-GeV low level RF control module will
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o | of Cavity and Helium Vessel as Approved in FDR that has been delivered. The photocathode laser
system has been selected and is scheduled for de-
livery at the end of the year. A vault area adja-
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Coming Attractions

e Cathode Preparation Chamber

e High repetition rate drive laser cent to the Aladdin synchrotron is currently be-
o . Photocathode bhvsics broeram ing refurbished as the home of the electron gun,
PRYSICS Prog | and there is sufficient space to allow installation
N ’ of a post-accelerator at a later date. Installation
Fred, D Freq, MHz Volume, D volume, Bi thin film in the rombohedral 176 LR - .- ]
stae_ e _ _ints_ phase. The surface state =04 ¢V, ol and system commissioning is scheduled for early
g - - : elow the rermi edge ue spo = =
Remove 1600 Ib preload on tuner 199.65256 0.06303 6267.753 -1.46 only has +2° emissign angle. F'i'he { 172 ﬂ 05 2012 Wlth beam testlng SChedUIGd fOI‘ fa” 2012
Warmed to 273 K 199.3704 “DAFELD e s arr:gular(_EDCs) ffo r Cs:GaAs are '
Skin depth vs temp at 200 MHz 199.3185945 -0.05180 6295.853 12 o oo 16.8 J/ 1 References
' s » . . This invol - ifi © 15 [1] J. Bisognano, et al., “The Wisconsin Free Electron Laser Initiative,” in:
100 assoss | 00 > Copper Prototype for NbTi Cathode Flange surface state without - Mﬁ ~ Proceedings of the 2009 Part. Accel. Conf. (2009).
Change in permitivity, fvac/fair 199.1947645 005383 6300243 ° Cake Pan thermalization. e fl 2.5 [2] R. Legg, et al., “SRF Photoinjector R&D at University of Wisconsin,”
Undo BCP etch 199.3688075 | 174042 6282793 17.45 40 4 20 -15 -10 -05 00 in: Proceedings of ERL09, 45th ICFA Advanced Beam DynamicsWorkshop.
. . - Final weld shrinkage, 0.7 mm 199.280 -0.088 6294.87 12.08 G. Bian, T. Miller, and T.-C. Chiang, Phys. Rev. B 80, 245407 (2009) deg E(eV) [3] O'J LUiten’ et al" “HOW to Realize Uniform Three-DimenSionaI Elllp-
P r OJ e Ct TI ' ' I eI I n e cteps from cavity bl o finalfrequency soidal Electron Bunches,” Phys. Rev. Lett. 93, 094802 (2004).
Publications
Q) « J. Bisognano et al., “Progress toward the Wisconsin Free Electron Laser
5 \6}0 AQ} > (( AQ’ (,}' ‘6%&- S < ((\ Facility,” 2011 Particle Accelerator Conference, 2011.
‘2‘ Q}\ O (@ 6\ St I o * R. Legg, “Gun R&D at Wisconsin,” Mini-workshop on Compact X-ray
\9 QO 3\/?“\9‘ \0$Q\$ Q'b?\%(\ X \,'g?@é\ Assc_embly & Inst_allatlon Q?QJ FELs, LBNL, Berkeley, CA, August 5-6, 2010.
N & N oV, S BSOS N & Including Diagnostic Controls & Beam Tests .
Y < \'& Q?“ Q \Q% S \'\' \)& Q“ * R. Legg, M. Fisher, K. Kleman, “Development of a Frequency Map for the
& %Qy N 4‘\\\\ © \é\ﬁ OOQ & & N Q) e WIFEL SRF Gun,” SRF 2011, Chicago, IL, July 25-29, 2011.
2 S O < N\ © — _ N *The electron gun program is supported
10/1/10 10/1/11 10/1/12 10/1/13

Fiscal Year 2011 by DOE Award DE-SC0005264

Design, Procurement, Site Preparation

Fiscal Year 2012
Fabrication, Installation

Fiscal Year 2013
Commissioning, Data Taking



