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Accelerator Outline

Damping Rings Polarised electron

solrce o
e+ Main Linac

Ring to Main Linac (RTML)
(inc. bunch compressors)
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— C.M. Energy 500GeV

e Beam Delivery

T Peak luminosity 1.8 x1G% cmr3st
| Polarised ~ SYystem (BDS) &
_ physics detectors Beam Rep. rate S5 Hz
positron .
Beam pulse duration 0.73ms
source
Averagecurrent 5.8 mA (n pulse)
- Gradient in SCRF acc. 31.5 MV +/-20%
cavity Q= 1E10
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A Technical

A Baseline @
a brief out

The Issue

Design Report (TDR) published last year

esign for cent@f-mass energy 500GeV with
Ine for upgrade to 1TeV

A Total lengt

N for 500GeV I1s ~31km

A Energy reach is determined by the site length and the
accelerating gradient

A Question:how high an energy can we reach eventually
at Kitakamisite?
I How long iKitakamisite?
I How high is the ultimate accelerating gradient?

A 500GeV machine design is based on the average accelerating
gradient 31.5MV/m ircavities

i 5 2 yc&diabout the cost



ILC Cavity Performance Specificationr

A 500GeV Baseline

I Performance test for Cavity only (salled vertical test VT)
A 35 MV/m (28¢ 42 MV/m)  (accept-20% spread)
A Q0 =0.8 x 19 @35 MV/m
A Should be passed in twice V.T.s
A Only EP/BCP as Surface Process
I CryomoduleOperation with Beam

A Average Gradient in @ryomodule
31.5 MV/Im(25¢38 MV/m)  (accept-20% spread)

AQ0=1.0x19@31.5 MV/Im
A 1TeV Extension (assumption in TDR)
i VT  ~50MV/m
I Average gradient in ercyomodule 45MV/m



yield [%]

Progress in SCRF Ca@radient (VT)

2nd pass yield - established vendors, standard process

# 28 MV/m yield B >35 MV/m yield
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37.1 MV/m

reached (2012)

94 % at > 28 MV/m,

Average gradient:

A. Yamamoto, May2013, ECFA1!
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TeVUpgrade : From 500 to 10@&:V

<26 km ?

(site length <52 km ?)
£ E
— <10.8 km ? 10.8 km ™ 2.2 km—>
— — u
(\ / | ( L
\_| [/
=3 / / Main Linac o BDS
0
S 5 P
I Main Li
5 ain -inac central region

<Giaiy® = 31.5 MV/m

G.g FF  HH®T | axzKY
(fill fact. =0.72)

Snowmass 2005 baseline

recommendation foiTeVupgrade:
Gaviy =36MVIm = 9.6 km
(VT X N axkYo

Based on use of
low-loss or re
entrant cavity
shapes

2013/10/23 Tohoku Forum,
Yokoya N.Walkergranada ¢



TeVUpgrade in TDR

A Scenarios

A) Extend by present gradient 31.5MV/m

B) Use first step part as the high energy section, and adc
higher gradient (45MV/m) section upstream

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

Table 12.3
Comparison of main
linac upgrade scenarios

TeV Upgrade

(gradient). Approxi-
mate cavity numbers
and linac lengths as-
sume the same cavity
length and packing
fraction (64%) as the

current baseline linac
design. Linac length km

2013/10/23 Tohoku Forum,
Yokoya

Scenario A Scenario B Scenario C
upgrade base
Energy range GeV 15-500 15-275  275-500 15-500
Gradient MV /m 315 45 315 45
Num. of cavities 15280 8190 7090 10700
total cavities: 15280
25 9.5 115 17.5
total length: 21.0
.



TeVupgrade: Construction Scenario

start civil construction /

civil construction + installation

2
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nstallation/upgrade shutdown
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removal/relocation of BC
Removal of turnaround etc.
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Commissioning / operation at 1 TeV
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CM Energy vs. Site Length

A Under the assumption
I Scenario B (i.e., keep the 500d@&acas the high energy part)
I Avalilable total site length L km

I Operating gradient G MV/m
(to be compared with 31.5 in the present design)

I Assume the same packing factor

A Then, the final centeof-mass energy is
Ecm= 500 + (131)*(G/45)*27.8 GeV)

I e.g., L=50km, G=31.5MVim 870GeV
L=50km, G=45MV/mA 1030GeV

L:67km, G=45MV/M, 1500GeV
L=67km, G=100MV/®}, 2700GeV

A This includes the margin ~1% for availability

A But does not take into account the possible increase of the BDS for
EcnrlTeV
I Present design of BDS accepts 1TeV without increase of length

I A minor point in increasing BDS length: |asteaight
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. A Can be extended more to the north
T.Sanuki A 14.9km + 50.2km + 1.9km = 67km

2013110123 Tohoku Forum, A~ 75km may be possible by further extension to the north
Yokoya




A Local Problem d&itakami

A Once the first stage machine is built, it is almost impossible

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

N— T s
A Asymmetric collider may be acceptable
A Asymmetric accelerator
A Asymmetric energy

A 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

—

[ OLD CAVITIES

memsssssm NEW CAVITIES
2013/10/23 Tohoku Forum,

Yokoya L



High Gradient Cavities

A Niobium

A Superconducting material other than
niobium



Development of Niobium Cauvities

Comparisorof 1- and 9cell performance
There Is large gap betweercéll and 9c:eII caV|ty performance'
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What approach can we take?
According to TDR (Volume 3, Part 1, Page 28)...

(D Cavity Shape

U Low Loss, ReEntrant, Low Surface Field
(2 Material (niobium)

U Large Grain, Sea#ess

@) Surface Treatment
U Recently, new idea trying

4 Packing Factor o€ryomodule
U Exchanging Gmagto Cavity

K. Yamamoto




(D Cavity Shape

TESLA

H field

LL-shape

o —

- e

LL /’"_\\\
\"'\hll.. _-:_:_. T

Figure 1: H contour in two shapes of inner cell.

Reduce the maximum magnetic

N1or W

field on the niobium surface Figure 6: The 9-cell LSF cavity with coupler end-groups.
'Eahle E'.H TESLA  Low-loss/ Re-entrant Low-surface
omparison of BF pa- ICHIRD Feld
rameters of alternate-
shape cavities with the frequency GHz 1.3 1.3 1.3 1.3
baceline Aperture mm 70 60 60 60
Epeak [Eace - 1.98 2.36 2.28 1.08
Hpeak/ Eace mT/{MV/m) 415 36l 3.54 3.71
Cell-cell coupling %o 1.00 1.52 1.57 1.27
G*R/Q 15 30840 37970 41208 36005
2013/10/23 Tohoku Forum,
15
Yokoya

K. Yamamoto




2 Material

Fine Grain Large Grain

The remarkable merit is higher, @t lower gradient.

lower residual resistance
K. Yamamoto

2013/10/23 Tohoku Forum,

Yokoya 16



New Superconducting Material

Discoveries of Superconductors

http://en.wikipedia.org/wiki/File:Sc_history.gif
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2013/10/23 Tohoku Forum,
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Important factors for the material to be
used for SRF cavities T. Tajima

* Low RF surface resistance for high Q, to reduce
the consumption of liquid helium

* High H_, and H, for high gradient (vortices cause
RF losses)

* Good thermal conductivity (in the case of bulk
material)
* Practically,
— Should not degrade over time
— Can be cleaned with high-pressure water rinse
— Can have a smooth surface

23 July 2011 SRF2011 Tutoria

2013/10/23 Tohoku Forum,
Yokoya
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Some Candidate Materials

T. [K] 9.2 18.3 16.2 17.5

P, [1€2:cm] 2 20 0.3-5][2] 70 35

A (0) [nm] 40 85 140 200 151 140
& [nm]

K =A/E

H. (0) [mT] 200 540 430 230 430
H., (0) [mT] 170 50 30 20 30 30
H., (0) [T] 0.4 30 3.5 15 3.5
Hgp, (0) [MT]

Ref.

[1] most data are from IALM. ValenteHFeliciano, SRF2007 tutorial
[2] C. Zhuang et al., SUST 22 (2009) 025002.

23 July 2011 SRF2011 Tutorial 13

Good candidates:
Nb;Sn : triniobium tin
MgB, : magnesiunmdi-boride

2013/10/23 Tohoku Forum,
19
Yokoya



Multilayer thin film superconductors concept
proposed by Alex Gurevich [1, 2]

Higher-T.SC: NbN,
Nb,Sn, etc

H, = 2T
H,,

d

[1] A. Gurevich, APL 88 (2006) 012511

[2]A. Gurevich, SRF Materials Workshop,
‘\I//‘ FNAL, 23-24 May 2007

Insulating
2013/10/23 Tohoku Forum, .
Yoldgyyly 2011 layers SRF2011 Tutorial 3720



How to make a thin layer on niobium

Atomic layer deposition (ALD)

A A thin film synthesis process based on sequential;lseifing
surface reactions between vapors of chemical precursors and a
solid surface to deposit films in an atomic laygrlayer manner.
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Technology of;
(1) nm-level Smooth Nb cavity surface,

Tumbling, electrepolish, etc.
Hydroforming without welding.

(2) Well controlled thinfilm formation on Nb cavity,

Atomic Layer Deposition (ALD)

will be required.

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

H.Hayano

2013/10/23 Tohoku Forum,
22
Yokoya




