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Overview

 FY2015 Scope of Work.
 Recent Progress.

– Prototype Cavity Cold Test Results.
• RF performance.
• f/P.
• Lorentz detuning.

– Cryomodule and Sub‐Component Fabrication.
• Vacuum vessel with integral magnetic, thermal and MLI shielding.
• Titanium strong‐back.
• Cavity‐vacuum and helium manifolds.
• Brief update on everything else.

– Clean‐room update.
 Future Work.



FY15 PXIE HWR Cryomodule Goals

 Complete all design work for HWR cryomodule – In Progress.

 Complete fabrication (incl. helium vessel) of 7 remaining production 
cavities – In Progress, order placed with Meyer tool.

 Complete fabrication (incl. helium vessel) of 7 remaining superconducting 
solenoids – In Progress, orders placed with Cryomagnetics and Meyer tool.

 Preform cold/RF testing of the second prototype HWR together with SC 
solenoid – Finished.

 Complete Assembly of Cryostat Vessel with Thermal Shield and Magnetic 
Shields – In Progress.

 Complete Fabrication of Helium and Vacuum Manifolds – Finished.

 Complete Fabrication of the Titanium Strong‐back – Finished.



Second Prototype Cavity Cold Test w/ Solenoid

 The second prototype cavity’s repair 
was successful.

– Test results next.

 The cavity was tested at 2K with:

– The prototype solenoid next to it.

– The slow tuner installed on the cavity.

 The cavity performance exceeded the 
design goals.

 The cavity performance did not change 
when quenched with the solenoid 
fields on.

– This was done for both the steering 
coils and the main coil.

 The cavity has been removed from the 
test cryostat and is in storage for the 
cryomodule assembly.
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HWR RF Parameters
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Surface E-Field Surface B-Field

Parameter HWR
Frequency (MHz) 162.5

Effective Length (m) 0.207

 0.112
Epk/Eacc 4.68

Bpk/Eacc (mT/(MV/m)) 5.02
G =RsQ () 48.2
Rsh/Q () 271.7



HWR1 Q-Curves
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HWR0 & HWR1 Q-Curves

7



HWR0 df/dP
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HWR1 df/dP
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HWR0 Lorentz Detuning
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HWR1 Lorentz Detuning
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KL = -1.3 ± 0.3 Hz/(MV/m)2



HWR Cavity RF Power Requirements
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Microphonics 1 mA 2 mA 5 mA
0 Hzp‐p 1.6 kW 3.2 kW 8.1 kW
10 Hzp‐p 1.8 kW 3.4 kW 8.3 kW
20 Hzp‐p 2.1 kW 3.6 kW 8.4 kW
50 Hzp‐p 2.9 kW 4.4 kW 9.0 kW
100 Hzp‐p 4.5 kW 5.8 kW 10.2 kW

-250 synchronous phase.
Assuming +/-1mbar pressure fluctuations gives 10 Hzp-p.



Cavity Testing Summary

 Both prototype half‐wave resonators have been tested at 2 K.
– Both exceed design goals.  Need to keep particulate contamination 

low during cryomodule assembly.
– HWR1 (Cabot Material) did not show any Q degradation when 

quenched with the solenoid or steering coils energized.
– The slow tuner testing began and is on‐going.  The cavity tuning range 

will be set to avoid detuning the cavity at room temperature, ~120 
kHz.

 Up next:
– Production cavity update.
– Cryomodule update.
– Clean room status.
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Production HWR Status
 Fabrication:

– Build and test QTY = 4 new assemblies.
• Finished.  All units were good.
• 625 C bake at FNAL, thank you!

– Fabrication of 35 New Braze Assemblies:
• Start: 10/1/2014.
• End: ASAP.  First 8 in process.

– Remove all Leaky Braze Assemblies:
• Finished.

– Weld On Power Coupler Ports:
• Finished.
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– Weld On Toroid Ports:
• Start: 2/12/2015.
• End: 4/24/2015.

– Helium Jacket Cavities:
• Start: 3/17/2015.
• End: 9/30/2015.

 All parts for the new braze assemblies have 
been received and are at ANL Central 
Shops for brazing.

New 
Braze 

Assembly 
Parts



Production HWR Status - II

 All production cavities have been 
baked at 625 C at FNAL with 
Margherita’s help.

 No leaky braze assemblies have 
been found in the beam ports.

 The new braze assemblies still 
need to be baked…
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Cryomodule Status
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 Complete all design work for HWR cryomodule – In Progress.

 Complete fabrication (incl. helium vessel) of 7 remaining production 
cavities – In Progress.

 Complete fabrication (incl. helium vessel) of 7 remaining superconducting 
solenoids – In Progress.

 Preform cold/RF testing of the second prototype HWR together with SC 
solenoid – Finished.

 Complete Assembly of Cryostat Vessel with Thermal Shield and Magnetic 
Shields – In Progress.

 Complete Fabrication of Helium and Vacuum Manifolds – Finished.

 Complete Fabrication of the Titanium Strong‐back – Finished.



HWR Design Work
 Major Items To Be Designed:

– Slow Tuner 70 K Heat Exchanger.
• Design finished.
• Not ordered.

– Beam‐line gate valves.
• Design finished.
• Sub‐components (e.g. bellows) ordered.

– Room Temperature to 70 K Support Posts.
• Finished.
• Design finished not ordered.

– Sub‐atmospheric heat exchanger assembly.
• Finished.
• Ordered.

– Helium relief port with check valve.
• Finished.
• WEKA check valve ordered.
• Full assembly not ordered.

 Design and fabrication of these items is 
pending funding.

17

Helium Relief 
Port

Slow Tuner 
70K Heat 

Exchanger Beam-line 
Gate Valves

R.T. To 70K 
Support Posts

Sub-atmospheric Heat 
Exchanger Assembly



Cryomodule Vessel Assembly
 Cryomodule Vacuum Vessel Fabrication:

– Start: 10/01/2014.
– End: 04/30/2015.

 Magnetic Shield Fabrication:
– Finished.

 70 K Thermal Shield Fabrication:
– Finished.

 Cryomodule Vessel Assembly with thermal 
and magnetic shields installed:
– Start: 02/28/2015.
– End: 06/30/2015.
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Helium and Vacuum Manifold Fabrication
 Vacuum manifold fabrication:

– Finished.
– The parts have been cold shocked and leak 

tested.  All parts passed.

 Helium Manifold fabrication:
– Finished, waiting for final inspection.

 All pictures on this slide are for the vacuum 
manifold.
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Cavity Vacuum Manifold

Vacuum Manifold Parts at ANL

Parts That Attach To Cavities

Upper Manifold 
Parts (the stuff 

that goes 
through the lid)



Helium and Vacuum Manifold Fabrication - II
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Helium Manifold Parts Helium Manifold



Fabrication of the Strong-back
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 The strong‐back is the titanium rail 
system the cavities sit on.

 Strong‐back Fabrication:
– Finished.

 The assembly of the support and 
alignment hardware on the strong‐
back is now in progress.

Strong‐back

Parts Inspection and Assembly is 
Underway

Strong‐back Assembly



Beam Position Monitors
 Hermetic feedthrough welding is finished.
 Next step = fit the electrodes and electron beam weld them into position.
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New Cleanroom

23Diagrams courtesy of M. Kelly (ANL).



New Cleanroom - II
 Clean‐room construction expected to be complete March‐April 2015.
 June 2015 for start of clean operations.
 Initial use for HWR cryomodule assembly.  Also appropriate for SSR 

cryomodule assembly, LCLS‐II 3.9 GHz cryomodule assembly, PIP‐II SSR2 
cryomodules, 650 MHz, etc.
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Future Work (HWR Related)

 Cryomodule with integral magnetic and thermal shields will be delivered 
to ANL ~April 2015.
– Need to hang strong‐back and perform an engineering cooldown.
– This will check for leaks in the 70 K heat shields and the alignment of 

the titanium strong‐back.
 Cavity helium jacketing starts March 2.

– Electron beam welding of the new braze assemblies will run from 
February 12 – April 30.

– Meyer Tool to complete jacketing this FY.
 Solenoids are in production and will begin jacketing soon.
 FNAL BPMs to be finished when able to do so.
 Focus will be on the mock assembly of the cryomodule.  To being 

next FY.
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