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Applications for cw scrf (8=1)

- Stable rf fields
* Inherently small perturbative effects on the beam
+ Reduced rf power requirements (cf. warm)

- Storage rings
- Energy recovery linacs (ERL's)

- Recirculating linacs
high flux/brightness synchrotron light sources
free-electron lasers
electron-hadron colliders
electron cooling
nuclear physics facilities
Compton scattering
THz CSR sources
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cw scrf structures

* Accelerating cavities

* Beam conditioning structures

* harmonic cavities
* manipulation of longitudinal phase space
* fransverse deflecting cavities

* RF photoinjectors

» Single-cell & multi-cell



cw scrf projects & proposals (US)

- BNL ERL for e- cooling

- CEBAF 12 GeV upgrade

- TINAF ERL FEL

+ Stanford HEPL

* MIT x-ray FEL

* LBNL recirculating linac light source
* Cornell / TINAF ERL light source

- LANL - APT, ATW

+ + European projects - ELBE, 4GLS (ERLP)



BNL 703.75 MHz cw scrf cryomodule

|. Ben-Zvi Cryomodule design passed

Final Design Review
BNL, TINAF, AES
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BNL cw scrf R&D ERL

Bldg 912 July 04
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Plan to start commissioning late 2006 / early 2007 e
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Q and filling time for scrf systems

+ Qp ~ 1010
~ 2.4 s for unloaded 1.3 GHz structures
- Overcoupling reduces filling time
* requires additional rf power
- Beam loading may provide conditions closer to a match
. Many applications do not have heavy beam loading
* Q..+, coupling, and filling time are limited primarily by
the ability to provide feedback of the system against
field fluctuations induced by microphonics
»+ 50 Hz cavity/feed system bandwidth
* Encompass the cavity vibrational modes
* Q.+ Of 2.6x107 for the TESLA cavities
~ milliseconds



Time constants, dynamic heat load

- Applications of interest discussed here require bunch
rates >> 1-10 ms time constant

- operate in continuous wave (cw) mode

* Power dissipation from rf currents on the cavity inner
surfaces ("dynamic load”)

+ TESLA cavity operating at 20 MV/m cw dissipates
approximately 40 W at liquid helium temperature

 cf.~ 1 W for the nominal pulsed operating mode

» Operating in cw mode at a gradient of up to 20 MV/m
requires development and testing of systems +to
accommodate the thermal load.



Goals for a cw scrf test facility

* Common R&D requirements across many proposals

- Experimental test facility to research cw scrf and
demonstrate operating systems, with and without beam

+ 20 MVm-! cw operations
* Q, > 3x1010
) Qext > 1x107

* Techniques for thermal management
- HOM measurements and damping

- Cavity tuning control

* Power coupler designs

* Multipacting, dark current, ...



Thermal management

* Modifications of TESLA design for cw operations

* Increase number of feed pipes between the rf cavity
helium tank and the two-phase helium stand pipe

* Position the helium feeds near ends of the helium tank
* Increase the inside diameter of the helium tank

* Increase the liquid helium feed pipe diameter

* Increase the two-phase helium header pipe diameter

e Increase Q,
e Improved materials processing
e Reduced temperature
e magnetic shielding,cryo system, costs, ..



Thermal management

* Heat transport from cavity

Cold Mass Support

0.025 bar, 2 K He Gas Return Pipe

80 K Return
5 K Gas Forward

/|
40 K Gas Forward
100 mm Dia. Cavity
II \¢ Feed Pipe

Vacuum Vessel

2K Two-Phase, 1.9 K He
Header Pipe >100 mm Dia

8 K Retur

Electron Beam Pipe

Ti Cavity He Tank, which
is 15 mm larger than the
RF Coupler TESLA cavity tank

Cool Down Line

TESLA TDR, DESY
- Input coupler

« 10 - 20 kW

 Variable coupling
Multipacting, thermal load




Rossendorf 1.3 GHz cw scrf linac

ELBE,
Rossendorf

Daresbury ERLP similar design
Built by ACCEL 6GmbH
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Feedback control of tuning variations

* Lorentz force not an issue in cw applications
- Random tuning variations
+ Slow perturbations e.g. from variations in He pressure
+ Slow (narrow-band) mechanical tuners

* Faster perturbations from microphonics at acoustic
frequencies - structural resonances

- Fast feedback of rf drive
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Reactive tuner with resonant ring

T. Zwart et al

MIT-Bates | oad SC Cavit
RF Amplifier | .
) Reactive
(10T or Solid State ) Tuner
. Directional Coupler < T
\ ~ ~-6dB = %/
; Low Loss Ferrite Phase Shifters
EoFoReCVC Ing @( <P>=10 kW
(Reslonant Ring) Insertion loss < 0.8 dB
J 7 <50 us
Loop loss <2 dB Low Loss Phase Shifter ~ A4¢>+90°

Not necessarily ferrite

Resolution < 1°
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Cavity HOM and wakefields

* Wakefields may persist for long periods
* Many modes in multi-cell structures

* May present problems with collective effects
* High-current applications, multi-bunch effects, BBU

- Single-bunch emittance growth

- Beam tests important



Infrastructure for cw scrf test facility

- RF power
* L-band 1.3 GHz, 1.5 GHz (TESLA, CEBAF)
+ 703 MHz (BNL)
+ ~ 15 kW per m @ 20 MVm-!
+ 50 Hz bandwidth
* IOT or klystron
- dc power supply
* drive amplifier
* Cryogenic fluids & transport
- 40-60 Wm'! @ 1.8 K, 20 MVm-!, Q, = 1x1010
-10Wm1 @ 45K



Beam tests for cw scrf test facility

- HOM impact on emittance and energy spread
* Measure cavity transfer matrix
* Impact of field asymmetry near couplers, etc
* Projected emittance measurements
- Slice emittance measurements
* Energy spread measurements

* Tests of llrf compensation under beam loading
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Injector development - beam for SMTF

TESLA cavity

I magnetic bunch
compressor
12 MV/m «— DUMP

L ettt Lt —4— oo Present FNPL
rfx-gun .H /.

flat beam .
. user experimental
transformation

arca
FNPL,
3.9 Ghz accelerating
FNAL mode structure

3.9 Ghz deflecting
mode structure

TESLA cavities
4

12 MV/m

magnetic bunch
compressor

+“—>

\ FIR g
25 MV/m ' i f
rf-gun

flat beam .
. user experimental
transformation atea

Upgrade:

- Develop laser, rf gun for cw operations e
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Summary - cw program goals and infrastructure

* Many cw scrf applications that could benefit from SMTF

» This would provide an experimental test facility to
research cw scrf and demonstrate operating systems

- 20 MVm-! cw operations
* Q, > 3x1010
) Qext > 1x107

- ~ 15 kW RF power per m @ 20 MVm-!
- 40-60 Wm-! heat load @ 1.8 K, 20 MVm-!

* Beam tests provide additional information on “real”
performance
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FNPL,
FNAL

Tesla TTF 2 Modules with beam compression

RF Gun

1 12 with doorknon
input coupler

ILC injector for SMTF

A Model for Size & Scape
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