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A prototype Conduction-cooled SCQ 
installed into KEK-STF2 beam line

in cooperation with Fermilab
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CL-Box
at wall side 

SCQ prototype design and fabricated 
in cooperation with Fermilab



CM Assembly with SC Quadrupole (SCQ)
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12.652 m (slot length)

cavities (8) SC quad package
Type-B module
Type-A has 9 cavities and no quadrupole

Image of ML cross-section

Very tight space at 
wall side
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Proposal for the ILC-ML-SCQ Current-Lead Box 
Location to the other side of CM

• SCQ current-lead (CL) box location:
• The CL box is moved to the coupler side,
• The box envelope in width needs to be limited to ≤ 750 mm, 

from the CM axis. 

• Reasons: 
• Space/gap between CM and Wall is very tight, 
• Free space is required for other CM installation and for 

walking,

• Recent confirmation: 
• An empty (coupler) port is available at axial center of CM. 
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≤750 mm

CL box



Proposal for the CL box to be moved to the Coupler Port Side

A. Yamamoto, 2022/6/21 5

≤ 0.75 m

CL-port/box to be moved

New CL Box 
Location 

Maintena
nce port



ILC-ML SCQ CL and RF Wave-Guide Layout:
Courtesy: 
T. Matsumoto (211112)
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1. CL-Box (port)
2. Maintenance port

SCQ

Top View

Side View

Side View with HLRF wave-guide A. Yamamoto, 2022/6/21 6



ILC-ML CM configuration with SRF cavity and SCQ
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Side View                

Top/plane view



SCQ Layout with CL/Coupler Flange

1. CL-Box port
2. Maintenance port

(Same port size as Coupler’s or Tuner’s) A. Yamamoto, 2022/6/21 8



ILC-ML SCQ-CL and CL-Box
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Current Lead Box 
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ML-CM Heat Loads averaged  in ILC-TDR
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Averaged heat loads for SCQ 
(Quad.+2 Dipoles) with 6 CLs 
of < 6 x 100 A, 
--> 1 /3 of one SCQ package



ML-CM Heat Loads, averaged, in ILC-TDR 

2K 5-8K 40-80K
<T.L.> in 3 CM 0.56 0.94 8.26

T.L. / SCQ 1.68 2.82 24.78
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Averaged heat loads for SCQ 
(Quad.+2 Dipoles) with 6 CLs 
of < 6 x 100 A, 
--> 1 /3 of one SCQ package



SCQ-CL New Design Optimization in Progress
Material (ILC-TDR) (New) Cu Cu + NbTi Cu + MgB2 Cu + HTS
Component St, Dyn, Cond. Heat. Cond. Heat. Cond. Heat Cond. Heat

RT à
60K

(x 16.5)

3 x 4.13 3 x 4.13 15.3 9.0 15.3 9.0 15.3 9.0 15.3 9.0
24.78 (W) 24.3 24.3 24.3 24.3

60 à 5K
(x 198)

3x 0.47 3x0.47 0.9 1.5 0.9 1.3 0.9 0.8 0.1 0
2.82 (W) 2.4 2.1 1.7 0.1

5 à 2 K
(x 703)

3x0.28 3x0.28 0.6 0.2 0.01 0 0.01 0 0.01 0
1.68 (W) 0.8 0.01 0.01 0.01

Integrated  
to RT 2148 (W) 1439 824 745 428

2 K,        5K anchor

60 K anchor
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+ NbTI (Tc, 9K)             + MgB2 (Tc, 39K)       + HTS（Tc, >70K)

Cu                    Cu                            Cu                        Cu



ILC ML Heat Loads estimated in TDR V3, Part II
and conversion efficiency in Watt/Watt, on page 54.
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Summary
• We propose a new SCQ current lead (CL) box to be implemented into ILC-

ML CM design, by using an empty port for the RF Power Coupler.

• It will benefit to minimize the CM horizontal width (envelop), for easier 
installation into the ML tunnel, and provide more flexible space between 
the CM and tunnel-wall.

• No major issues have been found with envelopes of HLRF wave guides 
and power coupler system including vacuum pipe-line  

• The conceptual design and layout of the CL-box has been made, and it is 
ready to be implemented into the ILC-ML CM design,  if the proposal may 
be agreed with the IDT-WG2-SRF group and recognized as a new baseline 
design with the authorization for the ILC-250.  

• We would thank, in advance, Fermilab cooperation to integrate the new CL 
box design envelope to be implemented into the ILC CM CAD drawings. 

• The SCQ-CLs may be conduction-cooled, as same as the SCQ itself 
(meaning HPGS regulation free).   Further optimization study is in progress, 
to establish the best CL configuration with a combination of Cu and 
LTS/HTS to minimize the power consumption (converted to AC-plug power).   
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Appendix
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HLRF Wave Guide Layout Design in Progress
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Empty space is available for 
SCQ Current Lead Port

Courtesy: T. Matsumoto
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The axially central location would conflict with 
HLRF wave guide complex. 



1.3 GHz ILC CM (tuner port view) : based on a 
Prototype SCQ installed in KEK-STF 

8 tuner motor
access ports (LCLS-II)

magnet current leads box
(with HTC CL-KEK)
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STF-CM and SCQ  Test in Nov. 2016

SCQ Current Leads

SCQ
Location
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1.3 GHz ILC CM (power coupler view)

1.3 GHz ILC-2021, is the next generation of:
1.3 GHz T4CM + 1.3 GHz XFEL + 1.3 GHz LCLS-II
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New SCQ CL location 
proposed
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ILC-ML/CM-SCQ Current-Lead Port Layout
-- Update Proposal to be reviewed --

Current layout Update Proposal to be reviewed

Moved to 
the other side

≤ 750
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ILC-ML/CM-SCQ Current-Lead Port Layout
-- Update Proposal to be reviewed --

Current layout Update Proposal to be reviewed

Moved to 
the other side

≤ 750
23
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1.3 GHz cavity string

GV

GV

BP bellows with
Al gaskets

2 phase bellows

splittable SC magnet

magnet BP spool
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1.3 GHz ILC magnet 

• ILC conduction cooled 
splittable quad, ~1 m

• Magnet 2-phase pipe have 
extra volume for He

342
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250

1000

Al thermal straps

support rails
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ILC CM cryogenic piping sizes
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