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WG3 Charges

* Study of Resource Optimization

— “Human resource (Labor)” optimization in staging

* To be resulting in necessary partial trade b/w “Person-hours” and
“Value” , later

— “Value” optimization including the effect of the SRF Cost-
reduction R&D
 Al: Nb material
* A2: High-Q and High-G
* A3: Power input coupler
* A4: VEP with safer solution
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TP ILC-TDR Labor Estimate
Labor Labor in FTE Average
K person-hrs pP-yrs Stafflyr
i 22,898 | 13,470
| |
1 ACC (SRF, 9 yr) ! 6,520 (28.5%) : 3,835 426
2 ACC (etc) : 5,321 (23.2%) : 3,130 347 <1,124>
| |
3 CFS, Alignment 1 1,359 (5.9%) | 800 89 ~<1,100 FTE/yr
| I required for construction
4 Administration 1 3,998 (17.5%) 1 2,352 261
! ! Excluding installation work
5 Installation ( 4 yr) =-5:700-(249%)- 3,353 (+838)
Reference:

e CERN: ~ 2500, DESY:~2,400, CEA-Saclay: ~4,200, etc..
* Fermilab: ~1,700, SLAC: ~1,700, BNL: ~3,000, JLab :~800, etc.,
« KEK: ~750, IHEP: ~1,400. PAL: (TBD),  RRCAT: (> 3,000). etc.,

* |LC can be built with contribution with a level of ~ 1/10 worldwide human resource
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Summary of

TDR-Value and Labor changes for options
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LIC Labor-Matrix in TDR (500 GeV) & Staging (250 GeV)

(Model 3: Offset + Linear-Scaling - updated)

Updated, 170621

From GO-140a11

Techrics Systam

TOR Cost Maksix
e

THR_ Ll Wiatriz—140311

TDR HR matrix: updated by GD, 2014-3-11

AsaSytsm  OFS Sarvmy el ::E:““ Lband WLRF  Cryogsnics (notatuion \WeEetzand  GoSTUS,  Computing - natrumartatio Dues and
Common 71,791 - - - - 1,050,000 - 438,639 1,392,000 - -
&= Source 23.775 27,720 47811 11,875 26,645 200,000 130,685 19,881 145263 4320
e+ Source 20,078 27,720 58,329 10,380 26,645 300,000 257135 38,640 72314 48,495
Damping Rings 49,624 48,576 - - 21,300 1,000,000 340,807 95,052 51,000 =
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Main Linas 441373 252,560 3,253,063 B41,629 431,429 2,200,000 274,500 615,724 80,000 -
BDS 50,370 137,104 - - 15101 700,000 246,600 76,713 68,000 118,457
IR 73914 48,280 - - -

TOTAL 787.338 572000 3.554272 914,362 552345\ 5.700000) 1.792621 1356986 1392000 516,577 210.586
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Notes;

A. Yamamoto:

6,076 + 1,050 = 7,126

588 + 200= 788

826 + 300 = 1,126
996 + 1,000 = 1,996
1,318 + 250 = 1,568
6,331 + 2,200 = 8,531
933 + 700 = 1,663
123 + 0 = 123

17,192 + 5,700 = 22,892

170628

(0.45 + 0.05) *+ 0.5 x 0.490** = 0.745

1.00
1.00
1.00

(0.45 + 0.05)* + 0.5 x 0.490** = 0.745

0.1 +0.9x0.490 = 0.541
1.00
1.00

*0.45 (=7.2/15.8) +0.1
- ratio (non-ML) + offset (ML)
** ML energy staging ratio:
(125x1.06 — 15) / (250x1.02-15) = 0.490

5,309
788
1,126
1,996
1,168
4,615
1,633
123

16,758 (73.2 %)

-25.5%
0%
0%
0%

-25.5%
-45.9%
0%
0%
-26.8 %




WG3 Charges

— “Value” optimization including the effect of the SRF Cost-
reduction R&D
* Al: Nb material
* A2: High-Q and High-G
* A3: Power input coupler
* A4: VEP with safer solution
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Fraction of SCRF Cavity and CMs

Controls@nd . _Dumps@ndEVacuumB _ Nonf-band®RF&
. |?’h"“’trumentm—'onoIIimators 1% 1%0
Computing@ 1%0 1% [

Infrastructrurel
6%

Magnetsndz
PowerBupplies

ILC-TDR total

7.985 for AS

*To be 7.98 for AS

Cavity and CM
—> ~35%

- Cryogenics:

2> ~8%

HLRF

2> ~10%

{ Nb : 5.7 %
Others: 29.3 %
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A plan for ILC Cost-Reduction R&D in Japan and US
focusing on SRF Technology, in 2~3 years

Based on recent advances in technologies;

Nb material preparation
. w/ optimum RRR and clean surface
Reduction fraction to Total ILC Cost : (~200 Oku) 2~3 %

SRF cavity fabrication for high-Q and high-G
* w/ a new baking recipe with N-infusion

* Reduction fraction (~750 Oku): 89 % =2 4~5 %
— Revised because of CFS (unchanged), HLRF increase, and Cryo-plant of 3

Power input coupler fabrication

* w/ new (low SEE) ceramic without coating
e Reduction fraction (~120 Oku): 1~2 %

Cavity chemical process

« w/ vertical EP and new chemical (non HF) solution
e Reduction fraction (~¥120 Oku): 1~2 %

Others
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Goals of Cost-Reduction w/ SRF R&D

* Al : Nb-material w/lower RRR and Ingot-slice

— Cost-down to be a half price, resulting - 2~3 % to total cost.

* RRR to be 250 (+/- 50), allowing more Ta (or some residual)
* Grain-size to be relaxed/larger

* Ingot-sliced disks for forming half-cell cavities

* Issue: mechanical property to satisfy high-pressure code

e A2: High-Q and High-G,w / 10% higher G, twice Q

— Cost-down, resulting - 8~¥9% —> 5~6 to total
* -10 % Cryomodules, w/ <G>=35MV/m @ <Q> 1.6 E10 (+/- 20%)
- 10 % tunnel length (or to be reserved for redundancy/)

* -30 % Cryogenics load down to be further evaluated
* |ssue: - ?% ( % of process) Surface process reduction (2"9 EP etc)

* [ssue: + ?% —> 0 (cancelling b/w Klystron and RDS) RF power system to keep beam-pulse
duty, to be unchanged



Courtesy: G. Myneni

FG-NDb rolled or LG-Nb sliced from Ingot

Fabrication process of Nb sheets for
Superconducting Cavities

Cleanness highly secured
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Gradient Reached w/ Nb-Ingot Sliced

Result from DESY, 2012
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SRF Cavity and Cryomodule Fabrication Process

Two—phaseEHem ﬂ% @y
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Purchasing Material/Sub-component

Manufacturing Cavity

Processing Surface

Assembling LHe-Tank

U

Qualifying Cavity

Cavity String Assembly

Cryomodule Assembly

Qualifying CMs
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A 4

Standard Procedure Established

Standard Fabrication/Process

Fabrication

Nb-sheet purchasing

Component Fabrication

Cavity assembly with EBW

Process

EP-1 (~150um)

Ultrasonic degreasing with detergent, or
ethanol rinse

High-pressure pure-water rinsing

=

Hydrogen degassing at > 800 C

/

e N2 infusion at 120 C directly
after heat treatment at 800 C

//
|
\\

|

Baking at 120 C

Cold Test
(vertical test)

Performance Test with temperature and
mode measurement

A. Yamamoto, 17/05/22

Key Process

Fabrication

« Material

 EBW

« Shape
Process

« Electro-Polishing

« Ethanol Rinsing or

« Ultra sonic. + Detergent

RINs.

« High Pr. Pure Water
cleaning
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A. Grassellino, S. Aderhold, TTC-2016

New Surface Process recently demonstrated at

TE1PAVOO7 - with caps - Process
12 April 2016 - IB4 Furnace
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N2 infusion at 120 C directly
after heat treatment at 800 C,
Same cavity, sequentially
processed, no EP in b/w
Achieved: 45.6 MV/m

Qat~ 35 MV/m:~2.3el0

A. Yamamoto, 17/05/22

Fermilab, “N, Infusion at 120 C”
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9-cell cavity results, 120C infusion
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1.3 GHz cavities, tested at 2K

1 6/2717 S. Aderhold | N-Infusion and Cost Heduction R&D @ Fermilab

Same extraodinarily
high Q as single
cells

Highly reproducible
CAV0018 limited by
FE -> might have
gone even higher in
gradient

3= Fermilab



Cost Reduction Timescales

« Working groups at FNAL and KEK identified several important R&D
pathways for the ILC cost reduction, and grouped them under short (3 years),
medium (5 years) and long (10 years) term efforts.

Eace [MV/m] R&D Cost reduction Timeline
Q=2 1010 gt 3156 MV/m

3156 High @ / High Gradient via N= 5% Short Term
infusion 3 year
35 High Q / High Gradient via N3 11% Short Term program

infusion and FE reduction

40 High @ / High Gradient via N2 16% Medium Term
Development infusion and FE reduction
pDSSIbl? n 4b High @ / High Gradient via N3 20% Medium Term
para IIEI WIth ILC infusion, FE reduction and New
|mp|ementatlon cavity shape: New input couplers
efforts Development
=60 Nb3zSn (plus above) 35% Long Tern for future ILC
stages
2 Fermilab

17 6/2717 S. Aderhold | N-Infusion and Cost Heduction R&D @ Fermilab



A. Yamamoto, 160711b
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Cost Reduction Estimate w/ Nb-ingot and High-Q & -G (at KEK)

Cost Fraction Cav.-CM Fraction CFS-tunnel Fraction HLRF Fraction Cryog. Fraction Fraction
(down to 90%) (stay at same level) (stay at same level) (Stay at similar level ) | to ILC total Cost

Cost Reduction from R&Ds

(Nb-Ingot directly sliced: ) ~2.4%

N-infusion Effect ~54%
TDR : l 29 % 16 % 10 % 7% "1 ~62 %
E=31.5 MVm Effecive
Q=. 1.0e(}0 Reduction
- with 2"°-EP > ~54%
N-infuson: Hi-G, Hi-Q: 26 % 16 % 10 % 57% 56.6 %
E= 35.0 MVm (_10%) 24.8% (no-change) (cancel-out)

— 4 0

Q= 1-69_10 (('ndz x 0.8e10) (to stay at TDR, before gfpﬁf&?élmzv) (nearly no reduction
- By passing 0 2"°-EP -171.5% R&D result) reduce) 8 for construction cost)
Note:

*1: ML Cryogenics fraction is 8 — 1 (for others) =7 %
*2: ML Cryo: cost reduction;
Effective saving of the cryogenics capacity down to 1/1.6 because of Q increase: = Dynamic loss relatively down to 0.625
Breakdown: static 2> 7x~0.2 =14%
dynamic > 7x~0.8 x0.625=3.5%

sum: =4.9%
Relative cryogenic power ratio: 4.9% /7% = 0.7 (= Cryogenics power relatively reduced to 70 %. )
Conversion to the Cryogenics cost (following power-index of (*0.6) = 0.720.6 = 0.81 (= Cryogenics cost can be reduced to 81 %)
-> Cryogenics Fraction downto: 7% x0.81=5.7%
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A-3. Power input coupler fabrication

The principal researchers are E. Kako, Y. Yamamoto (KEK) and N.

. Solyak and S. Kazakov (Fermilab).
Cost reduction:

~1.5%(of the ILC total cost in the TDR)

STF-2 Couper . Cost Estimate of TTF-IIIl and STF2

STF2 Coupler
TTF-IIl (T) Coupler ®Raw Material and

machining stainless steel

" @ Raw Material and
1% machining copper 1%
u Ceramics ‘

wBellows 15%| |

~

TTF-1l Couper PO S

X

u Copper plating ‘ 229,

o/ W Brazing
3% %

w1 TiN Coating
| g 3%

MOty 2%

2%

TTF-I (T) : Toshiba modifying version

Schedule

| W | v | s | 09
> > — —

KEK b -

e g pm—— Design Manufacturing #2 Manufacturing Manufacturing
EY e (on going) — sy FOT Cyromodule
Y. Yamamoto el > !

Collaboration with FNAL High power test High power test
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A-4. Cavity chemical treatment

Principal researcher: H.Hayano

The change of the SC-cavity chemical treatment, from horizontal EP and sulfuric aC|d + HF (TDR)
to vertical EP (VEP) + non-HF solution + bipolar EP. 4P

Anodic Pulse “Tuned” to: Off-Time “Tuned” to:

- Control current distribution Forward | _ Heat dissipation

= Eliminates need for

| > - Replenish reacting species
Z‘I)S:‘:ﬁell:\; ::;l;fers g - Remove reaction products 'v: 3
z |
£ Fa
Je
Cathodic Pulse “Tuned” to: Ve ::
- Reduce oxide/depassivate surface _A_;i;
=>» Eliminate the need for HF T [ >
Cathodic Reverse ]
-) b @! -
NiFses |
VEP Bipolar EP )
. . . . e <
with wing-cathode using non-HF solution =2

1.6 % (of the ILC total cost in TDR).

7

KEK < — > % >

i VEP pilot study VEP/clean-room 1-cell cavity process, g-cell cavity process,
H. Havapo. T-.SBERI, S. Kato, Bipolar-EP construction  Vertical Test vertical test
H. Monjyushiro, M. Sawabe Information exchange Information exchange .

Information
JLAB R. Geng, C. Reece > - » - » exchange
I: VEP+Bipolar-EP facility construction  1-cell cavity process, S-cell cavity process,

C\grrnrg% Ota fﬁb‘ﬁ?zz - ‘ertlcal Test vertical test 20

Bipolar-EP parameter study



Summary of Scope for Cost-Reduction R&D

_ Effect Planin JFY-2018 Plan in JFY-2019

A-l(:Lﬁ\t/)v:enraI;;:aSIc Nb-ingot slice) - 2((?02.51)5/::)-JY 4x3-cell C. & VT 8x9-cell C. & VT

- :(ﬁz\';lvplceerramic & Plug-comp.) - 1522'22;” Coupler design Coupler fab. & Test

A :(\\A//(ie{:]iiilnE-ilF B ) 1(2_013;:])_” Single-cell R&D 9-cell R&D
Sum (Integrated) ~11%

Nb ingot

_‘n i 0 i STF-2 Couper
£
.
L .

21
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Summary

WG3 activities on human resource optimization
and SRF R&D effect on the cost saving in case of
the staging 250 GeV (in case of Option C)

— Human resource : ~25%
— SRF R&D effect : ~>10 % at 500 GeV
- ~2 5% at 250 GeV (staging)

Study in progress.
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Incremental Labor estimates for 250 GeV initial stage

« Same assumptions as for Value

250 GeV machine: Incremental Labor estimates
Electron Linac Positron Linac RTML Common
1000
500
U _
-]
=
& 500 -
g M Scenario 1: -4,536 K hrs -(20%)
@ -1000 -
=3
~
1500 B Scenario 2: -3,542 K hrs -(16%)
-2000
-2500

Changes and fractions are relative to baseline Labor
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