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WIFEL Layout

Superconducting FEL output:
RF electron gun 5—-900 eV

Wh compressors 30 fs pulse width
\SUperconducting L-band Rep. rates up to ~1 MHz
accelerator Full polarization control

. \Beam spreader
\Undulators
\Monochromators

FEL electron beam properties:

lhea= 1 KA 200 pC / bunch
E=200keV =1 mm-mrad
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Design driven by FEL Requirements

| ave (L band power coupler limit) |1 mA

| peak at Undulator 1000 Amps
Bunch length, rms 70 fsec

DI / | at Undulator 10% Max
Charge/bunch (derived) 200 pC

Gun Repetition frequency Up to 5 MHz

Normalized €;,.,cverse

<1 mm-mrad

e 20x bunch compression ratio has been selected to
avoid microbunching and CSR emittance growth

* S0 need bunches at multi-MHz repetition rate with
~50 A peak at Bunch Compressor 1 to feed
multiple (six) beamlines simultaneously




Magnetic Compressors sensitive to Initial = e
Energy and Density modulations

- - 2000 a=20.321 pm (twhim=59.317)

“2 ] ;.:21'5"43 ItA

cm L é -0.04-0.02 0 0.02

Z /fmm
Output from Compressor... becomes a
2X Density modulation

Input to Compressor ...
10-4 energy modulation

 The bunch must also have a very smooth longitudinal
distribution if the seeded FEL is going to work.

Injector needs large peak current, high exit energy, low emittance
and smooth longitudinal distribution, at CW rep rates!
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NI E
Simplest Injection Scheme Selected

cun [l = Cryomodule

solenoid

e Gun, solenoid and linac section

e Uses proven invariant envelope emittance compensation
scheme

e Avoids cost and complication of additional custom CW rf
cavities and systems

* Avoids some chromatic effects and coupler kicks which may
effect emittance

 But, high E, required to get large |,
large exit gis required to maintain it

« Without buncher and
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Self expanding Bunches

To get smooth distribution, we selected “waterbag” bunches, in
which a 300 fsec long charge pancake “blows out” under space
charge forces to a uniform density ellipsoid.

Blow-out mode has been successfully demonstrated at UCLA

E, . IMVIm], Tpeak [ Amps]

Q [pC]

To get 50 A peak from gun with 1 mm rms cathode spot, ~40

MV/m peak electric field on the cathode is required.
An SRF electron gun is the best solution to meeting these

requirements.



Blow-Out Mode Smooths Initial
Distribution Errors
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Longitudinal Distribution
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Why Quarter Wave Resonator Cavity?

Small ratio between accelerating gap length and
wavelength. Pseudo DC field in gap.

— Less phase slip as bunch is accelerated, so cavity runs closer to
crest.

— Peak electric field applied to cathode is higher.
— More linear momentum versus longitudinal position distribution

Smaller in radius than elliptical cavity at low frequencies.
Easier to fabricate.

High ratio of E 4. t0 E o More useful gradient, less
field emission.

Low ratio of B, to E ., Quench limit is higher, more
electric field.

Low frequency cavity can be operated at atmospheric
pressure. Cheaper testing infrastructure.

Kee>
W WISCONSIN
{\'\-.'!/. UNIVERSITY OF WISCONSIN-MABISON




Cavity With Superfish Field Map
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Key Gun Parameters
e Momentum — 4.5 MeV/c

 Peak surface magnetic field — 93 mT
 Rf Power loss into He — 39 W at 4K
« Q-3E9

Key Bunch Parameters

e Bunch length at gun exit — 0.18 mm

e Cathode spot ~1 mm, 0.85 mm-mrad ethermal
e At gun exit, dp/p ~ 2.5%, divergence — 7 mrad
e Q—-200pC
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Cavity Filter Design Detalls

 Cavity provides rf short circuit and
thermal gap between the warm
cathode holder and the srf cavity.

» The small gap region acts to minimize
the radial field across the cathode
holder face.

» Bellows in filter allows final alignment
and tuning of filter.

» Copper plated SS acts as thermal
break to put valve, alignment, etc
mechanisms outside cryostat.

X position, mm

Z position, cm
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Cathode Holder and Mount

e Support structure needs to
be accurate from 10 to 20
microns in every axis and
linear direction. The cathode
adjustment support is fixed to
the vacuum vessel.

The cathode stem is designed to allow
nitrogen to flow through a channel
forcing it near the exchangeable stalk
insert.

Sapphire washer seals and electrically
iInsulates cathode stem while Kapton
iInsulated guide blocks mate to spring
loaded bayonet mount.

Electrical isolation allows the cathode
to be biased to suppress multipactor.
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Cathode Preparation and
Load Lock System

Schematic of Prep chamber,
load lock and transfer arms

Example of sample
preparation chamber and load
lock designed/built for ARPES

at SRC Multiple evaporator with

H20 cooling and source
masks
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Cavity tuner designs

 “Pull” on anode tube to change cavity length/resonant frequency

* Frequency shift is simplified for sake of Superfish

* Changes in cavity length are shared between elliptical anode plate and half
toroid at cathode end of cavity

» The spring rate for the tuner can be calculated from the Ansys runs

» Cavity wall thickness is balance of stress in cavity wall and tuner force

requirement
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Rf Coupler

This design using a contact,
coaxial coupler. Initial design
uses pressure contact to allow
tuning of coupler to cavity.

Relatively low power, <10kW,
at 1 mA of beam

Qext of ~107 can be obtained
with a 3 cm penetration of the
probe. A travel of £ 1 cm
should be more than enough
for operational adjustment but
the need for processing might
require more penetration.

Peak E fields on the probe tip
are on the order of 3 MV/m
with a Qext of 107
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Field emission Tracking Studies

Highest field region is a 7 mm
radius ring around the cathode.
Emission Iis assumed to occur
from there at +/- 30 degrees of
crest on rf drive with a gaussian
longitudinal distribution.

~50 of 100,000 particles
survive. Most are lost on the
Inner tube of the co-axial rf
coupler.
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Beam Dynamics Simulations of
Injector using Blow Out Bunches
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R&D at SRC

« SRC is ready and has an R&D plan
In place for the SRF gun work

 SRC has allocated space for the
gun work adjacent to Aladdin vault

« Test stand will allow us to
demonstrate cryogenic, rf, laser,
timing and instrumentation systems.

e Strong support from the University
administration to put the
cryomodule test stand on the main
campus to utilize infrastructure and
to encourage faculty and student
iInvolvement.



Conclusions

SRF gun is one technology to produce 1 mA current,
CW, bunches with smooth distributions for seeded
FEL's

U of Wisconsin is developing QWR cavity based gun

Key technical issues addressed include
— Warm cathode/cavity filter

— Rf power coupler

— Cavity tuner

Technology could be applied to advanced light
sources with high brightness requirements
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Additional Slides
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Old vs New Design

Old Design :
- : New Design
*Minimal defocusing .
*Higher quench limit Buildable
gher quenc sLower quench and more
defocusing
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Modeling the Cavity

SuperFish to model fields and thermal loads ~ Ansys for finite element analysis

FishPact to model multipactor Microwave Studio for couplers
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Non-linear dp/p vs z produced by SRF Guns

Vertical scales are different

FZD Gun
3.5 cell 1.3GHz
50 MV/m pk Halfwave Gun
-7 degrees 40 MV/m
-10 degrees
1.6 cell 1.3GHz
60 MV/m

-40 degrees
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Cs, Te Cathode Specified

Cs,Te photocathode specified because it has been used
successfully in FZD SRF gun.

No sign of cavity contamination.

ngTe has prompt response; ~100 fsec. Blow-out mode
test in summer '09 at FNAL AO.

Quantum efficiency is 10 — 100 times larger than metal
cathodes using UV light. ~1 mA/W

Lifetime using Cs,Te in PITZ gun at FLASH is >120 days
running 24/7 with vacuum pressure of 10 torr

Load lock on cavity allows cathodes to be changed
routinely.
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Cavity Filter Effects Er/r

« Cavity filter design strongly effects the radial field across the
cathode

« Radial field strongly effects downstream transverse sigma and
emittance compensation

» Cavity filter design directly influences emittance compensation
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