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Parameters Value

C.M.  Energy 500 GeV

Peak luminosity 1.8 x1034 cm-2s-1

Beam Rep. rate 5 Hz

Beam pulse duration 0.73 ms

Average current 5.8 mA (in pulse)

Gradient in SCRF acc. 
cavity

31.5 MV/m +/-20%
Q0 = 1E10



The Issue
ÅTechnical Design Report (TDR) published last year
ÅBaseline design for center-of-mass energy 500GeV with 

a brief outline for upgrade to 1TeV
ÅTotal length for 500GeV is ~31km
ÅEnergy reach is determined by the site length and the 

accelerating gradient
ÅQuestion: how high an energy can we reach eventually 

at Kitakamisite?
ïHow long is Kitakamisite?
ïHow high is the ultimate accelerating gradient?
Å500GeV machine design is based on the average accelerating 

gradient 31.5MV/m in cavities

ï5ƻƴΩǘ care about the cost
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ILC Cavity Performance Specification

Å500GeV Baseline
ïPerformance test for Cavity only (so-called vertical test VT)
Å35 MV/m (28 ς42 MV/m)      (accept +-20% spread)

ÅQ0 = 0.8 x 1010 @35 MV/m

ÅShould be passed in twice V.T.s

ÅOnly EP/BCP as Surface Process

ïCryomoduleOperation with Beam
ÅAverage Gradient in a Cryomodule

31.5 MV/m (25 ς38 MV/m)      (accept +-20% spread)

ÅQ0 = 1.0 x 1010 @31.5 MV/m

Å1TeV Extension (assumption in TDR)
ïVT      ~ 50MV/m

ïAverage gradient in a cryomodule 45MV/m
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Progress in SCRF Cavity Gradient (VT)

Production yield:  

94 % at > 28 MV/m,

Average gradient: 

37.1 MV/m

reached (2012) 

A. Yamamoto, May2013, ECFA132013/10/23 Tohoku Forum, 
Yokoya
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TeVUpgrade : From 500 to 1000 GeV
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TeVUpgrade in TDR
ÅScenarios
A) Extend by present gradient 31.5MV/m
B) Use first step part as the high energy section, and add 

higher gradient (45MV/m) section upstream
C) Replace all by high gradient (45MV/m) cavities

2013/10/23 Tohoku Forum, 
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TeVupgrade: Construction Scenario (B)
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start civil construction

500GeV operations

500GeV operations

Installation/upgrade shutdown

civil construction + installation

final installation/connection
removal/relocation of BC
Removal of turnaround etc.

Installation of addition 
magnets etc.

Commissioning / operation at 1TeV
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CM Energy vs. Site Length
Å Under the assumption
ïScenario B (i.e., keep the 500GeV linacas the high energy part)
ïAvailable total site length     L km
ïOperating gradient                G  MV/m

(to be compared with 31.5 in the present design)
ïAssume the same packing factor

Å Then, the final center-of-mass energy is
Ecm= 500 + (L-31)*(G/45)*27.8     (GeV)
ïe.g.,  L=50km, G=31.5MV/m Ą 870GeV

L=50km, G=45MV/m Ą 1030GeV
L=67km, G=45MV/m Ą 1500 GeV
L=67km, G=100MV/m Ą 2700 GeV

Å This includes the margin ~1% for availability
Å But does not take into account the possible increase of the BDS for 

Ecm>1TeV
ïPresent design of BDS accepts 1TeV without increase of length
ïA minor point in increasing BDS length:  laser-straight
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Available Site Length at Kitakami

Å Can be extended more to the north
Å 14.9km + 50.2km + 1.9km = 67km
Å 75km may be possible by further extension to the north2013/10/23 Tohoku Forum, 

Yokoya
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A Local Problem at Kitakami
ÅOnce the first stage machine is built, it is almost impossible 

to move the IP (interaction point) in later stages because of 
the crossing angle

2013/10/23 Tohoku Forum, 
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Å Asymmetric collider may be acceptable
Å Asymmetric accelerator 
Å Asymmetric energy
Å Asymmetric energy can be avoided to some 

extent by moving all the old cavities in the 
south arm to the north at the time of 
upgrade 

SN



High Gradient Cavities

ÅNiobium

ÅSuperconducting material other than 
niobium
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Development of Niobium Cavities
Comparison of 1- and 9-cell performance

There is large gap between 1-cell and 9-cell cavity performance!

9-cell performance is almost saturated?!

9-cell cavity

K. Yamamoto
2013/10/23 Tohoku Forum, 
Yokoya
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What approach can we take?

Cavity Shape
ü Low Loss, Re-Entrant, Low Surface Field

Material (niobium)
ü Large Grain, Seam-less

Surface Treatment
ü Recently, new idea trying

Packing Factor of Cryomodule
ü Exchanging Q-magto Cavity

According to TDR (Volume 3, Part 1, Page 28)...

K. Yamamoto
2013/10/23 Tohoku Forum, 
Yokoya
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Cavity Shape

K. Yamamoto
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Reduce the maximum magnetic 
field on the niobium surface



Material

Fine Grain Large Grain

The remarkable merit is higher Q0 at lower gradient.

lower residual resistance

K. Yamamoto
2013/10/23 Tohoku Forum, 
Yokoya
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T. Tajima

New Superconducting Material
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T. Tajima
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T. Tajima
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Good candidates:
Nb3Sn : tri-niobium tin
MgB2 : magnesium di-boride



T. Tajima
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Å A thin film synthesis process based on sequential, self-limiting 
surface reactions between vapors of chemical precursors and a 
solid surface to deposit films in an atomic layer-by-layer manner. 

Atomic layer deposition (ALD)

C. Cao

How to make a thin layer on niobium
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!ǇǇƭƛŎŀǘƛƻƴ ƻŦ άǘƘƛƴ-ŦƛƭƳ ƻƴ bōέ ǘƻ L[/Κ

Technology of;
(1) nm-level Smooth Nb cavity surface,

(2) Well controlled thin-film formation on Nb cavity,

will be required.

Then, we can reach >100MV/m with TESLA cavity shape.

Tumbling, electro-polish, etc.

Hydroforming without welding.

Atomic Layer Deposition (ALD)
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