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Linear Coherent Light Source II (LCLS -II)

ÅX-ray Free Electron Laser (FEL) at existing SLAC tunnel

ÅLCLS-II is an upgrade of LCLS to be completed in 2020

ïnormal conducting linacĄ superconducting linac
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(Image courtesy of LCLS-II Project Team)
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LCLS-II Superconducting RF Cryomodules

ÅFirst of its kind running in continuous wave (CW) mode

ÅFermilab is responsible for designing the cryomodules.

ÅTogether with JLab, we will assemble, and test

ïThirty-five 1.3 GHz Cryomodules (17 Fermilab; 18 JLab)

ïTwo 3.9 GHz Cryomodules (Fermilab)
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Niobium TESLA-style 

9-cell superconducting cavity [1]

8 cavities per one module

(Image courtesy of FermilabôsTechincalDivision) (Image by K. Sirorattanakul; Jun 6, 2016)

Prototype cryomodule (pCM) at Fermilabôs

Technical Division

First two 1.3 GHz cryomodules are pCMs.



Cryomodule Testing at Fermilab

ÅFermilabôsCryomodule Testing Facility (CMTF)

ïFirst test stand, CMTS1, commissions its first operation in July 

2016 for LCLS-II Cryomodules testing [2]

ïCan be cooled down to 2 K
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(E. Harms et. al., SRF2015)

(Image by K. Sirorattanakul; Aug 2, 2016)

pCM in CMTS1

CMTF

Location 

and 

Layout



Purposes of Cryomodule Testing

ÅCharacterize both the cryomoduleôsand each cavityôs 

performance to ensure that they meet the stringent minimum 

acceptance criteria from SLAC/LCLS-II Collaboration

ÅSome of these parameters out of more than 20 are [3]:

üConnection between cryo and RF

üMagnetic operational effect and shielding

üCoupler conditioning

ü Intrinsic Quality Factor, Q0 & Heat Load

üGradient, Eacc (MV/m)   ---- Two methods to calculate [4]:
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1. Eacc PprobeQ2
Ⱦ

2. Eacc τPforwardQ0
Ⱦ



CMTS1 RF System Layout
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Amplifiers Ą Isolators ĄWaveguides Ą Directional Couplers Ą Cavities

+ Isolator

(E. Harms et. al., SRF2015, with modifications)



Power Readouts

ÅPower will be read from three locations through Fermilabôs

Accelerator Control System (ACNET) 

ïDefault acquisition rate = 1 Hz

ïWaveform capturing at rate up to 10 kHz
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Isolator 

(LabVIEW)

Cavity

(LLRF)
4 kW Solid State 

Amplifiers (SSA)

(Images by K. Sirorattanakul; Aug 3, 2016)
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Purposes of this Study

1. Analyze CMTS1ôs RF system

a. Calibrations for Power Readouts (SSA vs LLRF)

b. Stability of output from the solid state amplifiers (SSA)

2. Develop graphical interfaces to monitor the test
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ÅStraights Section [5]:

= 8.32 x 10-3 dBm/m

ïWR-650 (a = 6.5 in., b = 3.25 in.) made from Aluminum 6061-T6

ïSurface resistance, Ὑ = 1.43 x 10-2  Ohms

ï Impedance, – = 3.77 x 102 m2 kg s-3 A-2

ïCritical angular frequency, ‫ = 5.71 x 109 rad/s

ÅBends: Power loss = 0.01%

ÅCouplers: Main arm power loss = 0.01%

Side arm power loss = 0.06%

Waveguides Attenuation (Theory)
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(Images courtesy of MEGA Industries, LLC)

(Image by K. Sirorattanakul)



Waveguides Attenuation (Results)

ÅCalculated

ïSSA #1, 3, 5, 7 --- Total Loss = 2.37%

ïSSA #2, 4, 6, 8 --- Total Loss = 2.22%

ÅComparison between the calculated loss and the measured 

loss from test runs (only for SSA #2, 3, 5, 6, 7)

ÅSSA #2 is well-calibrated.

ÅComplete calibrations are still needed for SSA #3, 5, 6, 7.
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SSA # 2 3 5 6 7

SSA Output (W) 668.1 2195 2107 1539 1055

Calculated Loss (%) 2.22 2.37 2.37 2.22 2.37

Measured Loss (%) 2.22 6.01 6.90 7.73 6.13
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SSA Performance: Stability

8/13/2016 K. Sirorattanakul | LCLS-II Prototype Cryomodule Testing at Fermilab14

SSA # 2 3 5 6 7

Mean Power (W) 668.1 2195 2107 1539 1055

Duration (Hrs) 49.75 1.5 0.6 16 14.75

RMS (%) 2.08 0.28 0.15 0.36 0.50

Parasitic Period (hrs) [6, 7, 8] 0.79 - - 0.79 0.78

Eacc PprobeQ2
ὶȾὗ

ὒ

Eacc τPforwardQ0
ὶȾὗ

ὒ

RMS is within 2% during continuous operation up to two days duration.

Parasitic oscillations are systematic.

Error from power ~ 1% (could be larger due 

to higher spread at cavity than SSA)

Error from power ~ 1%

SSA output only in 

integers, improved 

by binning average 

(50 per bin).
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LabVIEW Interface for Power Readouts
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(Courtesy of D. Slimmer)


