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 Staging discussion in LCC-ILC
WG1:Positron source
WG2:CFS for 250 GeV
WG3:Resources (Cost reduction R&D, human resources)
 Luminosity @250GeV operation



LCC-ILC (Shin MICHIZONO）
Technical & change management board
(TCMB)

Ad-hoc WG1
Positron (Kaoru YOKOYA)

Ad-hoc WG2 
CFS for staging (Hitoshi HAYANO)

Ad-hoc WG3
Resource Optimization 
(Akira YAMAMOTO)

Organization in LCC-ILC
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- Main task (~6 months) of TCMB is to review WGs for “staging”.

TCMB members:
Accelerators + Detectors

Benno LIST (DESY), chair
Nobuhiro TERUNUMA (KEK) deputy
Hitoshi HAYANO (KEK)
Akira YAMAMOTO (KEK)
Toshiyuki OKUGI (KEK)
Olivier NAPOLY (CEA-Saclay)
John OSBONE (CERN)
Nicolay SOLYAK (FNAL)
Marc ROSS (SLAC)
Thomas MARKIEWICZ (SLAC)
Jenny LIST(DESY)
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ILC Undulator-based e+ Source

Positron Target
Capture Linac 55m

Electron Driver
220.8 m 

Positron Booster
531.2m 

ECS
75.2m 

Total  :  882.2 m

e+ Booster

e- DR
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BC Undulatore- Main Linac e- Booster

e+ Target
e- gun

e+ DR

IP

(Experiments)
BC

E-driven ILC Positron Source
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WG1 Members
• Members

– Andriy Ushakov Hamburg Univ./DESY
– Gudrid Moortgat Hamburg Univ./DESY
– Sabine Riemann DESY
– Peter Sievers CERN
– Tohru Takahashi Hiroshima Univ.
– Tsunehiko Omori KEK
– Masao Kuriki Hiroshima Univ.
– Wei Gai ANL
– Kaoru Yokoya KEK
– Benno List DESY
– Toshiyuki Okugi KEK
– Akira YamamotoKEK
– Nobuhiro Terunuma KEK

• Meetings
– 8 meetings every other week
– Staging mini-WS (Apr.5-7)

https://kds.kek.jp/indico/event/24127/
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Conclusions on the Technical Feasibility

• Neither scheme is not ready now.
• e-Driven scheme seems to be closer to reality 
• But obviously undulator scheme is better 

(polarization) if feasible
• So, we cannot down-select now

– When can we decide? In 2019 after 2-3 year R&D?

• Main R&D issue for the undulator scheme is the 
mechanical performance of the target wheel.

• Flux Concentrator for undulator seems very difficult 
due to the time dependence of the field. A 
possibility when FC fails is the QWT. The positron 
yield is lower with QWT than with FC. Optimization 
of QWT needed. What level of yield is acceptable?
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staging option name
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TDR: 500GeV

Option D: 

Option C: 

Option F: 

Option E: 

350GeV Option D’: 

350GeV Option E’: 

350GeV Option F’: 

250 GeV

Damping Rings
Turnaround & 

Bunch compressors

TDR staged:



staging option name
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TDR: 500GeV

Option D: 

Option C: 

Option F: 

Option E: 

350GeV Option D’: 

350GeV Option E’: 

350GeV Option F’: 

250 GeV

Damping Rings
Turnaround & 

Bunch compressors

TDR staged:

C,D,E,F

C,D,E,F

C,(D)
C,D,(E)



Working assumption (1)
(1) Considering collision timing adjustment must keep in any option,

option C = remove length between PM+10 and PM+12, 
and remove TDR timing adjustment,
and adjust to n=6

option D = adjust to n=10, and option C + put simple tunnel of 6477m (total).
option D’ =adjust to n=8, and option C + put simple tunnel of 3238m (total).

(2) Keep Energy Reach Margin enough safe to reach target.
1) Module margin : margin to reach the target energy of the target experiment (0% in TDR)

2.5% module margin(3.1GeV each) for Ecm=250GeV
2) Availability margin : margin to compensate cryomodule trip (1.5% in TDR, ~3 RF unit trip )

Ecm=250GeV; 3 RF unit correspond to 3%
*Anytime 0.5% is required in the operation with cavity phase offset.

3) Space margin : cryomodule space to be installed more cryomodule in future.
Total margin:  1.5%+ 0.5% = 2% for TDR Ecm=500GeV

2.5% + 3% + 0.5% = 6% for Ecm=250GeV, Option C
10

collision condition

CDR=3238.68m

( L1 + L2 + L3 ) – L4 = n x CDR

n=integer

AWLC2017 June 28, 2017
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(3) TDR-undulator-based positron is kept in this study.
The length of undulator is streched to 230m from 147m with 125GeV beam.

(4) Keep the Damping Ring circumference. No design change for DR.
(5) Only 5Hz Linac operation is considered (not 10Hz).
(6) Maximum cryo-line length of one cryogenics is 2.5km+/-10%, the same as TDR.
(7) Remove access tunnels at turn-around (PM-13 and PM+13) of TDR tunnel, 

not for staging tunnel.
(8) One water-drain-tunnel is considered in the collision point, not at PM-13/PM+13.
(9)  Adopt CR0009 and CR0014 for cryogenics. The access hall is re-considered 

with this design change. Angle cross with Linac tunnel and access tunnel 
for cryomodule carry in, is considered.

(10) Linac central wall is 1.5m thick. Total width of Linac tunnel is 9.5m.
(11) Two Vertical shaft access to detector hall is assumed.
(12) Design change of positron side BDS tunnel and injector-linac position are adopted.
(13) Number of beam dump and power of them proposed by Yokoya are adopted.

Working assumption (2)

Progress after TDR

AWLC2017 June 28, 2017
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TDR Cryomodule configuration
H. HAYANO
AWLC17
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Another possibility is to
locate the 583m space 
between turn-around and BC

H. HAYANO
AWLC17
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H. HAYANO
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Simple tunnel means: normal wall finish, but no central 
shield wall, no AC power line, no cooling water line, 
however air-condition, lighting and water drain are 
installed.
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Estimate Conditions(1) Estimate cost with ILCU unit for; 
TDR-updated, staging option each with 31.5MV/m and 35MV/m gradient

(2) Estimate cost for accelerator part;
using RF unit cost and other unit cost calculated from TDR,
decrease TDR cost by subtracting decreased number of units.
( ignore mass-production effect which will be different for number of production)

(3) Consideration items for accelerator part;
Decrease number of RF unit, cryogenics
Add simple beam line for open space of cryomodules
Decrease of RTML-return line length
Increase number of positron undulator
Decrease of beam dump power for BDS tune-up

(4) Estimate cost for CFS part;
ignore the cost difference depending on the length.

(5) Consideration items for CFS part;
Decrease of number of access-hall cavern, access-tunnel, surface access-station
Decrease of utility devices in the surface access-station and cavern
Decrease of Main Linac Tunnel length

(Decrease of Utility device, AC power cable, water pipes of cut Main Linac Tunnel)
Increase of simple tunnel 

(6) Estimate cost for High-Q High-G R&D success;
If the R&D success, consider cost reduction effect 

on the change of RF unit cost and decrease number of RF unit.
AWLC2017 June 28, 2017 16
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(1) We  examined the conditions to be considered for the staging.

such as, collision timing condition, energy margin, 

cryoline length, undulator length, access point intervals, 

RF unit arrangement, etc.

(2) CFS configurations for option C, option D and D’ are proposed.

Still under examination for more cost reduction.

(3) Cost estimation conditions are examined. 

The calculation is under cross-checking, and waiting for internal review.

H. HAYANO
AWLC17
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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
• A1: Nb material

• A2: High-Q and High-G 

• A3: Power input coupler

• A4: VEP with safer solution 

19AWLC2017 June 28, 2017
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ILC-TDR Labor Estimate 

Labor 
K person-hrs

Labor in FTE
p-yrs

FTE / year
Av. In yr

Average
Staff/yr

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 1,359       (5.9%) 800 89

4 Administration 3,998  (17.5%) 2,352 261

5 Installation （４ yr） 5,700  (24.9%) 3,353 (+838)

20

Reference: 

• 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., 

• ILC can be built with contribution with a level of ~ 1/10 worldwide human resource 

~ <1,100 FTE/yr
required for construction

Excluding installation work

28%
28.5%

Rev. 151025
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LIC Labor-Matrix in TDR (500 GeV) & Staging (250 GeV)  
(Model 3: Offset + Linear-Scaling - updated)   

Area System
TDR (500GeV)

Construct. + Install. [k p-hrs]
Scaling Factor (a model for 250 GeV)
Unchange/offset + reduction, ratio

Staging (250 GeV)
[k p-hrs]   (%) 

Reduct.  Ratio
[%]

Common 6,076  +  1,050  =  7,126 （0.45 + 0.05）＊+ 0.5 x 0.490** = 0.745 5,309  - 25.5 %

e- Source 588 +  200 =     788 1.00 788   0 %

e+ Source 826  +  300  =  1,126 1.00 1,126   0 %

Damping Rings 996  +  1,000  =  1,996 1.00 1,996   0 %

RTML 1,318  +  250  =  1,568 (0.45 + 0.05)* + 0.5 x 0.490** = 0.745 1,168 - 25.5 %

Main Linac 6,331  +  2,200  =  8,531 0.1 + 0.9 x 0.490 = 0.541 4,615  - 45.9 %

BDS 933  +  700  =  1,663 1.00 1,633    0%

IR 123  +  0  =     123         1.00 123   0%

TOTAL 17,192 +  5,700 = 22,892 -- 16,758  (73.2 %) - 26.8 %

Notes;

* 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

TDR HR matrix: updated by GD, 2014-3-11 
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Updated, 170621
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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
• A1: Nb material

• A2: High-Q and High-G 

• A3: Power input coupler

• A4: VEP with safer solution 
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New potential breakthrough: very high Q at very high 

gradients with low temperature (120C) nitrogen treatment

4/12/16Alexander Romanenko | FCC Week 2016 - Rome34

- Record Q at 
fields > 30 
MV/m 

- Preliminary 
data indicates 
potential 15% 
boost in 
achievable 
quench fields

- Can be game 
changer for ILC!

Summary of Scope for Cost-Reduction R&D@500GeV ILC

24

Effect Plan in JFY-2018 Plan in JFY-2019 

A-1：Nb material
(Lower RRR & Nb-ingot slice) 

- 200 Oku-JY
(- 2.4 %)

4 x 3-cell C. & VT 8 x 9-cell C. & VT

A-2：High-Q & High-G
(with N infusion) 

- 500 Oku-JY
(- 5.4%)

5 Single-Cell C. & VT
3 x 9-Cell C. &VT

8 x 9-cell C. & VT

A-3：Coupler 
(New Ceramic & Plug-comp.)

- 120 Oku-JY
(- 1.4 %)

Coupler design Coupler fab. & Test

A-4：Vertical EP
(with non-HF process) 

- 120 Oku-JY
(- 1.4%)

Single-cell R&D 9-cell R&D

Sum (Integrated) ~ 11 % 
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WG3 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
 ~≥  5 % at 250 GeV (staging) 

• Study in progress. 

25AWLC2017 June 28, 2017
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Design optimization for High Q and High Gradient op.

High Q High Gradient (31.5 MV/m→35 MV/m)

Smaller Cryo.

Shorter tunnel

Higher efficiency kly.
(11MW)

same rf distribution

Longer filling time, 
higher power per cav.

AWLC2017 June 28, 2017 27

Longer pulse modulator
(1.65 ms → 1.76 ms)
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Another possibility is to
locate the 1049m space 
between turn-around and BC

In case of HG,HQ R&D success;
HG HQ upgrade :from 31.5MV/m Q0=1E10   35MV/m Q0=1.6E10   by N-infusion.

Same RF unit configuration, but increase of klystron output to 11MW, 1.75ms.
Consider decrease of number of RF unit for 35MV/m. 
The length of tunnel is kept the same as 31.5MV/m.

H. HAYANO
AWLC17
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Luminosity Optimization

• We decided ECM=250GeV for the first stage. 
• Upgrade to 500GeV will not be guaranteed at the first stage 

construction.
• Need good physics output in the first stage to get approval for 

higher energies as early as possible.
• Luminosity at 250GeV must be as high as possible.
• ILC TDR is optimized for 500GeV CM.

– Luminosity at 250GeV with 1312 bunches (no 10Hz collision) is 
0.82x1034 /cm2s in (corrected) TDR

– Less than half of 500GeV

• Can we go to higher luminosity?
– 10Hz collision at the first stage is hopeless (needs Option F, cost 

reduction would be minimal)
– ~6Hz might be possible, depending on the power margin, but 

better not to assume even this possibility.

2017/3/31 Detector Annual, Yokoya 30
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Luminosity optimization

• It seems possible to increase the luminosity at 
250GeV from the TDR value 0.82x1034 /cm2s to 
somewhere around 1.3x1034 /cm2s 

• By reducing the horizontal emittance ex at IP to half

• DR ex can be halved 
– Though must further check possible instabilities

– Must check ex increase after DR (seems OK)

• Almost no cost increase 

• But the beamstrahlung loss would be larger

• Smaller  ex wouldn’t help at 500GeV (but FFS tuning 
would become easier)

2017/6/28 AWLC, Yokoya 31

K. YOKOYA
AWLC17



32

TDR TDR senario1 TDR senario2 Option C Option D

e-/e+ [GeV] 250/250 150/125 125/125

Undulator [m] 147 230

Tunnel[GeV] 500 250 500 250 500

Gradient [MV/m] 31.5

Tunnel cross section [m] 11x5.5 9.5x5.5

Timing Not considered Considered (longer tunnel)

Margin 2% 6%

Cost 100% 69% 75%

Summary:
TDR scenario 1&2 and option C&D
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