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Linear Coherent Light Source Il (LCLS -II)

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

A LCLS-Il is an upgrade of LCLS to be completed in 2020
I normal conducting linac A superconducting linac
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LCLS-Il Superconducting RF Cryomodules

A First of its kind running in continuous wave (CW) mode
A Fermilab is responsible for designing the cryomodules.

A Together with JLab, we will assemble, and test
I Thirty-five 1.3 GHz Cryomodules (17 Fermilab; 18 JLab)
I Two 3.9 GHz Cryomodules (Fermilab)
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(Image courtesy df e r mi TechicalBivision) (Image by K. Sirorattanakul; Jun 6, 2016)
Niobium TESLA-style Prototype cryomodule (pCM)atF e r mi |
9-cell superconducting cavity [1] Technical Division
8 cavities per one module First two 1.3 GHz cryomodules are pCMs.
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Cryomodule Testing at Fermilab

A Fer mi Crgomddale Testing Facility (CMTF)

I First test stand, CMTS1, commissions its first operation in July
2016 for LCLS-1l Cryomodules testing [2]

I Can be cooled down to 2 K

Helium compressor building

Tech area/Coriftol « High bay/Test
room. = = f caves/Cryo plant
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(Image by K. Sirorattanakul; Aug 2, 2016) ' i —th-;;
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Purposes of Cryomodule Testing

A Characterize boththecr y o modan & 6esach cav
performance to ensure that they meet the stringent minimum
acceptance criteria from SLAC/LCLS-II Collaboration

A Some of these parameters out of more than 20 are [3]:
U Connection between cryo and RF
U Magnetic operational effect and shielding
U Coupler conditioning
U Intrinsic Quality Factor, Q, & Heat Load
U Gradient, E,.. (MV/m) ---- Two methods to calculate [4]:

T
1. Eacc \/Ppr OQE_

x
2. Eacc \/T I:)forv@@rd_
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Power Readouts

A Power will be read from three locations through F e r mi | a
Accelerator Control System (ACNET)

I Default acquisition rate = 1 Hz
I Waveform capturing at rate up to 10 kHz

Reflected Forward Reflected @ Reflected Forward

4 kKW Solid State slatr
Amplifiers (SSA) (LabVIEW)

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

1. Analyze CMTS10s 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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Purposes of this Study

1. Analyze CMTS10s RF system

a. Calilirations 0P 6werdReadaonits (S SANS LERERF)
b. Stability of output from the solid state amplifiers (SSA)

2. Develop graphical interfaces to monitor the test
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Waveguides Attenuation (Theory)
A Straights Section [5]:

= 8.32 x 103 dBm/m

I WR-650 (a=6.51In., b =3.25 in.) made from Aluminum 6061-T6
I Surface resistance,’Y =1.43x 102 Ohms

I Impedance,— =3.77 x 10> m? kg s=3 A~
I Critical angular frequency,] =5.71 x 10° rad/s

A Bends: Power loss = 0.01%

A Couplers: Main arm power loss = 0.01%

Side arm power loss = 0.06%  HFEEESHEE==2S
(Image by K. Sirorattanakul)
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Waveguides Attenuation (Results)

A Calculated
T SSA#1, 3,5, 7--Total Loss =2.37%
T SSA#2, 4,6, 8--Total Loss =2.22%

A Comparison between the calculated loss and the measured
loss from test runs (only for SSA#2, 3, 5, 6, 7)

____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

A SSA #2 is well-calibrated.
A Complete calibrations are still needed  for SSA#3, 5, 6, 7.
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Purposes of this Study

1. Analyze CMTS10s RF system
a. Calibrations for Power Readouts (SSA vs LLRF)
b. Stalilityyob dotputiftdnv thefselicbstdtetaraplifierS{SSA)SSA)

2. Develop graphical interfaces to monitor the test
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SSA Performance: Stability SSA output only in

K -~ ﬂ = % integers, improved
B G = L by binning average
~" i i Q-"ii;:‘ i ;fv;;;f "::EH?; m? i :
i N 1 (50 per bin).
W

SSA # I T T T A

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

RMS is within 2% during continuous operation up to two days duration.
Parasitic oscillations are systematic.

1 70 Error from power ~ 1% (could be larger due
Eace [Poro@2—5— to higher spread at cavity than SSA)
i 70
Eice [TP:or Lo T Error from power ~ 1%
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Purposes of this Study

1. Analyze CMTS10s RF system
a. Calibrations for Power Readouts (SSA vs LLRF)
b. Stability of output from the solid state amplifiers (SSA)

2. Develaparaphicakihterfacesde manitorithe testtest
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LabVIEW Interface for Power Readouts

SetalNo._ Oftsct abm) .:mm

SetalNo._ Oftsct abm) .:mm

SetalNo._ Ofisct ahm) 910N

SetalNo._ Ofisct ahm) 9]0

SetalNo._ Ofisct ahm) 9]0

SealNo._ Ofset ahm) 95700

SealNo._ Ofset ahm) 75700

SerialNo.  Offset (dBm) [/ oes/o0(

Device Name.
ITSRPMLI MY35460 JBS I 0.06

SealNo._ Ofset 4k} 75100 |

Device Name.
ITSRPML2 MY35460 JBD I 0.00

SerialNo.  Offset (dBm) [/ oezio0

Device Name.
ITTRPMLI MY35470 JBS |092

SerialNo.  Offset (dBm) [ oezio0(

Device Name.
IT?RPML2 MY35470 JIOO Il 51 |

Serial No. mlmDumm

2= Fermilab

Device Name _ Serial No. mlmljumm |

Main Page Plots
(Courtesy of D. Slimmer)

Settings

ACNET
Main Program

EENNED
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