(Srssv

Berliner Elektronenspeicherring-Gesellschaft
fiir Synchrotronstrahlung m.b.H.

CW Operation of SC TESLA Cavities

W. Anders, J. Knobloch, O. Kugeler, A. Neumann, BESSY, Berlin Germany

*BESSY Projects: FEL, STARS
HoBiCaT Testfacility

CW € = Pulsed RF

CW Cryomodule

*CW Coupler Test

*HOM Heating

*Microphonics

eSummary

Leibniz
Gemeinschaft




The BESSY FEL Project

Electron energy 2.3 GeV
RF frequency 1.3 GHz
RF mode CWwW

Cavities/Cryomodules TESLA type modified
Number of Modules/Cavities 18/ 144

Bunch repetition rate 25 kHz
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e Test FEL at BESSY for demonstrating cascaded HGHG operation

- Electron Energy 325 MeV

» 20 fundamental cavities 1.3 GHz and 7 harmonic cavities 3.9 GHz
 Field gradient ~ 17 mV/m =» 23 W cryogenic loss per cavity
 Total cryogenic losses 750 W@1.8 K
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Bunch Modul 3 Kollimator + HGHG

Harmonic  Kompression Emittanz
Messung

Modul 2
Kaskade
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The HoBIiCaT Testfacility

HoBiCaT

A Testfacility for superconducting
cavities in CW mode.

The HoBiCaT Test facility include all
things you need for measurements of
cw-related topics of TESLA type cavities:

* Cryogenics 80 W @ 1.8 K
 Cryostat for two cavities

» Cavities

e Tuner

 CW Transmitter

* Low level electronics
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CW € = Pulsed RF

Bunch Structure

CW FEL operation
bunch spacing: 40 ys — 10 ms
RF pulse: CW

Beam current: 80 pA
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Pulsed operation:
RF pulse: 1 ms
bunch gap: 100 ms

Current in bunch train: 8 mA
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CW Pulsed
Duty factor 100% 1%
Field gradient 15-20 MV/m | 20-35 MV/m
Cryogenic load per cavity 20-30 W <1lW
Dynamic cryogenic losses | dominant average
Loaded Q-value ~1C° ~1CP
Bandwidth of Cavity 1-30 Hz 100-500 Hz
Lorenz force detuning weak strong
Microphonic detuning dominant | not relevant
Average RF power per 5 kW 1.5 kW
Cavity
Peak power per cavity 15 kW 150 kW

CW Operation of SC TESLA Cavities
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@Essv Limits of thermal conductivity =»the helium vessel
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Heat flux in chimney (Wicm?)

Tesla cavities are operated below A-
point at 2.17 K =» better heat
conductivity, no film boiling

Helium vaporizing in 2-phase line

In CW operation heat load is 20-30
W/cavity

Limiting bottlenecks for heat
conductivity are the vessel at the cavity
iris (62cm?) and the chimney:

Chimney: TESLA 23 cm?/BESSY 63 cm?

Experiment: Increasing the heat load by
an electric heater = quench at
conductivity limit of 1.53 W/cm?2

Experiment was performed with TESLA
and with BESSY chimney with same
result
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Layout of the 2-phase line

T T - SNS_F (module 1)

E§7 F= h . . .
(o Veea) aed ety The helium supply line contains  two

i:;::::F:?f:.::\:::a::::;::::;:: : SNS'T(mOd“'em) - phases Of hellum:

* liquid helium for the cavity supply

e vaporized helium return gas

0,01 ¢

© tellevelzphaseubedameter To avoid instabilities in the 2-phase line
the vapor speed should be below 4 m/s
i:: _‘ ‘pLDDGmJG‘SIIULS ::E: - ‘ri‘b‘ - :‘ rﬁ'— - I - I
KJ(APG)WLM(/?)UGSPGD%WULSPLDL‘W = Increase diameter of 2-phase line and
s 1 o two connections to gas return pipe every
EEEEE e A module
K T TTTITfIIIIIroIIIroiT o SSwK(modded i
| Staifiedwavy & | | | o SSW_K(module9) . . . .
R L L sswmowen Calculations show, the BESSY FEL is in
L o e the regime of stratified partly wavy
,,,,, L,i,,,,77737%77777Slrallfled‘smcolh‘ ‘,77:77‘# j,,L,j,, hellum flOW
"o o1 o0z oa o4 05 o8 07 o8 o9 1 Calculations by Xian Yu, GSI, Darmstadt

He Il level / 2-phase tube diameter
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Layout of the gas return pipe

The gas return pipe (GRP) is
the mechanical reference of

Vapor pressure in 100 mm two-phase tube and gas return pipe through 18 the cryo mOdUIe

cryomodules with middle pumping port (250 W | cryomodule)

Diameter: 300 mm

185
module 18 Layout LHe suLply at module $ )
|~ \ meple | N Pressure drop is calculated
Wi e W Vo ¥ :
Sah L et = or the BESSY FEL
13 | PRI 1. Connection to cryoplant at
. the end of the linac
.Eiﬁ.ﬂ '\ '
3 N / 2. Connection to cryoplant in
E‘m Layout LHe supply at module 18 the middle of the linac
% | } high pfessure drop alang module =» Connection at the end
AWIch{.‘T}’OmOdUlﬂ |ﬁrg1h:12.2m causes hlgh pressure drop
el along first modules
158 =» Connection in the middle
] 50 100 Lm“m“ (m) 200 250 200

of the linac uncritical

W. Anders, BESSY CW Operation of SC TESLA Cavities ESLS RF Meeting 5.10.2007




CW Cryo Module

CW changes on the cryo module

Entarged 2-phase supply
line to 100 mm ID

P

Additional connection

Qne supply valve per module GRP unchanged Enlarged chimney to 90 mm ID
[
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) ) ] i
) Mo connection of the 2-phase Reservoir with heater and level meter, 'I
line between modules Hester likehy to be distributed along module
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Optimal helium bath temperature

In CW linacs the dynamic losses in a cryomodule of 8 cavities are about 200 W and static
losses of about 3 W are negligible.

The dynamic cryogenic losses of a superconducting cavity are inversive proportional to the
unloaded quality factor Q,. When magnetic shielding is good, the BCS theory is applicable

and quality factor is rising to lower temperatures.
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RF Coupler Test

Pumpout port
Vacwon-vessel fange (300 K)

"Coupler vazmum”

Wk Cavity vacuum

S PTI

"W arm coupier”

P,
"Cold zouplar”

RF coupler was tested under warm and cold
conditions.

It was operated into a load (traveling wave) and into
shorted wave guide with worst case length.

Bellow at the warm part of the inner conductor is the
thermal critical place and has to be cooled by gas flow

W. Anders, BESSY
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Heating of HOM feedthroughs

Heating of the ceramics of the HOM feedthroughs causes quench in CW operation

=>» Using sapphire with good thermal conductivity instead of ceramics
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e Bath temperature plays no unexpected role
* Probably cooling by straps to 2PL is not needgut¢u
20 MV/m). Still should investigate if cooling cae
removed altogether.

.. » Pickup cables are a significant source of hedtesg
Nz | need a thermal anchor and/or low conductivity cable
: must be employed

B Wi, « 20 MV/m (and higher) CW operation should be easily
Tests in collaboration with JLAB and DESY realisable with the new feedthroughs!

i
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Microphonics

Detailed measurements on microphonics have been ' |
performed. '
o 0.5
* Dominant part below 1 Hz by pressure fluctuations of E o4
helium bath even the pressure stability was ;0_3_
o=30pbar@16mbar limited by the resolution of the | —
pressure sensor g
* Mechanical resonances 40-200 Hz J‘éu' bt L

Frequency {(Hz)

* Turbo pump 300 Hz Microphonics spectrum, low frequencies

supressed due to short measuring time
Microphonics and pressure wvariation
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Correlation of helium bath pressure and Integrated microphonic spectrum for
microphonic detuning different cavity bandwidth (open loop)
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Compensation of Microphonics

frasier caoilsior pin-cinds chreuiahon TTF3-coupiar

atinnualor ampifiar | b lunar *-
kiyewon,
10T
Hss g WOlS0 B i ‘ Feedback and feed forward was used
[HHEHEHEH] to compensate microphonics
ety | frpws e ———y s puntind A phase detector gives a phase-error
i e - signal acting on a piezo tuner
il AT dalisisy )
[ ; : . :
et wgre itz Loop was realized with a LabView
Realtime System
8
Filter setiings: Without pie;o feedback )
o =iner iy i Poakcopescn. 1225 Good results for compensating low
, s frequencies up to a few Hertz with a
T | o et g feedback loop (picture)
; 2 RMS detuning = 0.51 Hz E - -
£, o g 300 Hz microphonics from the turbo
8

pump and mechanical resonances at
40 Hz and 170 Hz could be
compensated using feed forward
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Summary

 BESSY Projects were presented
» HoBiCaT Testfacility for SC TESLA Cavities in CW Mode was introduced
» Detailed Measurements on:

» Design of a CW Cryo Module

» Optimal Bath Temperature

e Coupler Test in CW Mode

« HOM Heating

» Microphonics and Compensation

‘ Solutions on all essential topics to operate
TESLA cavities in CW mode were presented

Thanks to the BESSY Group, many people from DESY, CEA Saclay, Cornell and Cebaf for their support

Paper TUP40 at SRF conference 15.-19.10.2007 Beijing
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