Staged design plan for the ILC

» Staging discussion in LCC-ILC

» WG1:Positron source

» WG2:CFS for 250 GeV

» WG3:Resources (Cost reduction R&D, human resources)
» Luminosity @250GeV operation



Organization in LCC-ILC

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)

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)

- Main task (¥6 months) of TCMB is to review WGs for “staging”.
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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 Yamamoto KEK
— Nobuhiro Terunuma KEK
* Meetings
— 8 meetings every other week

— Staging mini-WS (Apr.5-7)
https://kds.kek.jp/indico/event/24127/



https://kds.kek.jp/indico/event/24127/

Conclusions on the Technical Feasibility

Neither scheme is not ready now. K. Yokoya
. . AWLC17
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 wheael.

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
vield 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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Working assumption (1) AH\WHLQYSNO

(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).

collision condition

(L1+L2+L3)—L4=nxCDR
L2
A Ls n=integer

( = g Cor=3238.68m

(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



Working assumption (2) H. HAYANO
AWLC17

(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 CR0O009 and CR0014 for cryogenics. The access hall is re-considered \
with this design change. Angle cross with Linac tunnel and access tunnel
for cryomodaule 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.
K(13) Number of beam dump and power of them proposed by Yokoya are adopted. j

Progress after [TDR




TDR

TDR Cryomodule configuration

H. HAYANO
AWLC17

put 1473m put 1473m

SRF 31.5MV/m

by change Requesgcm =500GeV by change Request

4911.6m 4795.2m

129.3m 2509.7m 4907.8m . 3413.8m 2334.9m) 4907.8m 2509.7m 129.3m

PM-13 PM-12 PM-10 PM-8 PM+8 PM+10 PM+12 PM+13
d a i | L O DI i .
1264m 1375m 1375m 1264m
- > — > IR < —pt -

PM-12 PM-10 PM-8 8+M9 01+M9
€l e Gk G El EINE)

RTML - [C1masm Il 2aa62m [ 24462m [ 2446.2m [N 24462m [coll.sect |e+ source 208 [ooe oo _meeses [ ms.ones | msopes [ msases |  mesest | IMTA
BC evinj ECM=500GeV . . BC
51 99 189 189 189 189 54  cryomodules$,” 180 189 189 189 99 51

17 22 42 42 42 42 8 RF unit 8 40 42 42 42 22 17
100 281 536 536 53.6 536 20 Egan(Gev)>0 510 536 536 53.6 281 10.0

Total length of tunnel = 15872.2m+14676.9m+1473m+1473m=33495m

Cavity active length = 1.0385m

Energy gain by 1 cavity = 31.5%1.0385 = 32.7 MeV
Energy gain by 1 RF unit =32.7 MeV * 39 =1.2753 GeV
length of 1 RF unit =58.3m

AWLC2017 June 28, 2017
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H. HAYANO
AWLC17

version 05152017
calculated from the recent optics deck

Option C ECM=250GeV | | SRF 31.5MV/m

2437.58m 4950.26m 3489.0m 2361.46m  4795.2m

2516m
M:-12 PM-10 PM-8 | PM+8 PM+10

Anot R ) . i

locate the 583m space (PM-0)drain tunnel

between turn-around an¢ BC ] )

Cono [L5Gev BRRLI e

ace _ . Ecm=250GeV | 583m space BC
: e+inj e-inj .
\ 189

24 module space 24 180

189 90 51
1162 54 cryomodules 24 153 171 90 51

17 20 38 36 8 RFunit~ 8 34 38 20 17
e 134.9Gev= 10.0 255 485 459 50 Egain(GeV) 50 433 485 255 10.0

51 9% 171

=e* 132.3GeV
+5.8%margin

Total tunnel length = 20549.5m
(20.5km)
module space margin for option C, 31.5MV/m

AWLC2017 June 28, 2017 13



H. HAYANO

AWLC17
SRF 31.5MV/m
Option D | Eem = 250GeV tunnel=500GeV length, accelerator at downstream
6477m 2437.58m  4950.26m  3489.0m 2361.46m  4795.2m 2516m 6477m
PM-13  PM-12 PM-10 PM-8 PM+8 PM+10 PM+12  PM+13
4907.8m | ' ~ 4907.8m
¢ ﬁ. am | L . B
. 4006.8m . 2470. 22m ! ! ! ! ! 3391.8m . 4085.2m N
EDE -Iﬂ. nmns IRso L] ec
Simple tunnel simple tunnel
Ecm=250GeV
BC e+inj e-inj BC
51 99 171 162 24 cryomodules 24 153 171 90 51
17 22 38 36 8 RFunit 8 34 38 20 17
e 134.9GeV(= 10.0 255 485 459 >0 Egain(Gev)>0 433 485 255100 =e*132.3GeV

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.

AWLC2017 June 28, 2017

tunnel total length = 17353.8m+16149.7m=33503.5m

(33.5km)

simple tunnel length = 6477m+6477m=12954m
(n=4 extension on both end)

(12.9km)

19
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Option D’

> 4—

Ecm = 250GeV tunnel=350GeV length, accelerator at downstream
3238m 2437.58m 4950.26m

>

H. HAYANO
AWLC17/

SRF 31.5MV/m

3489.0m 2361.46m 4795.2m

2516m  3238m

4 > < >

_}‘ 49078m P[\/I-lo PM-8 PM+8 PM+10 o e, PM+12
| | L D a i .
R
oc J m ] oo Lscev BT v ] ec
Simple tunnel simple tunnel
Ecm=250GeV
BC e+inj e-inj BC
51 90 171 162 54 cryomodules 5, 153 171 90 51
17 20 38 36 8 RF unit 8 34 38 20 17
e 188.6GeV = 10.0 25.5 48.5 45.9 >0 Egain (Gev) >-043.3 48.5 25.510.0 = e* 186GeV
+6.3%margin
tunnel length = 14114.8m+12910.7m=27025.5m
(27.0km)
simple tunnel length = 3238m+3238m=6476m
(n=2 extension on both end) (6.5km)

21
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(1) Estimate cost with ILCU unit for; Estimate Conditions
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 H. HAYANO
on the change of RF unit cost and decrease number of RF unit. AWLC1Y




(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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A. YAMAMOTO
AWLC17

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

AWLC2017 June 28, 2017 19



Rev. 151025

ILC-TDR Labor Estimate

Labor Labor in FTE FTE / year | Average
K person-hrs p-yrs Av. In yr Staff/yr
13

: 22,898 | 470
|
|
1 ACC (SRF, 9 yr) | 6,520 (28.5%) ! 3,835 426 =
1
2 ACC (etc) | 5,321 (23.2%) | 3,130 347 be<1,124>
|
3 CFS, Alignment | 1,359  (5.9%) | 800 89
o . 1 0 : ~<1,100 FTE/yr
4 Administration : 3,998 (17.5%) | 2,352 SN < quired for construction
|
5 Installation (4 yr) ! 5,700 (24.9%) | 3,353 (+838) Excluding installation work
e b b e e o Er
Reference:

e CERN: ~2500, DESY:~2,400, CEA-Saclay:~4,200, etc..
e 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

A. YAMAMOTO

AWLC2017 June 28, 2017 20
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LIC Labor-Matrix in TDR (500 GeV) & Staging (250 GeV) TR

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

From G0-140011

Techricsl Byatam

Aras System OFS

Gommoen 71,79
&~ Source 23,775
e+ Source 20,078
Damping Rings 49,624
RTML 56,413
Main Linac 441,373
BDS 50,370
IR 73914
TOTAL 787,338

TOR Cost Mabrix TRR Labor Wairiz—140311
o5 TDR HR matrix: updated by GD, 2014-3-11
By el E.:d_:m c':b" L-band HLRF  Cryoganics ( Installation ‘”""“;I:‘u‘:iu hc':;m ang fompuing Instumermatio Dumes 2l yncuum Cthar HLRF xﬁ":'“'“ Lborstoey m and  (oTAL \
- - - - 1,050,000 - 438,635  1.392,000 - - - - - 3,998 400 175,000 7125830
27,720 474811 11,875 26,645 200,000 130,695 19,881 145263 4320 628 9,266 140,250 788,129
27,720 58,329 10300 26.645 300,000 257135 36,640 72314 48,495 5264 18205 242,750 1.125 986
48576 - - 21,300 1,000,000 340207 95,052 51,000 - 19617 40,239 330,187 1996411
26 040 195,069 50 468 31,226 250,000 542484 74,337 100,000 39,314 59,890 - 140,250 1,568 492
252560 3253083 541,629 431,429 2,200,000 274,500 615,724 80,000 = = = 140,250 8530927
137,104 = = 15,101 700,000 246 500 76,713 68,000 118,457 34,000 = 187,000 1,833,345
49280 = = = 123,194
572000 3554272 914,362 552,345\ 5,700,000 ) 1,792621 1358988 1.392.000 518,577 210,586 119,400 67.710 1,180,687 3,998 400 175,000 \ 22892294)

Area Svst TDR (500GeV) Scaling Factor (a model for 250 GeV) Staging (250 GeV) Reduct. Ratio
reasystem Construct. + Install. [k p-hrs] Unchange/offset + reduction, ratio [k p-hrs] (%) [%]

Common

e~ Source
e+ Source
Damping Rings
RTML
Main Linac
BDS
IR

TOTAL

Notes;

6,076 + 1,050 = 7,126 (0.45 +0.05) *+ 0.5 x 0.490** = 0.745 5,309 -255%
588+ 200= 788 1.00 788 0%
826 + 300 = 1,126 1.00 1,126 0%
996 + 1,000 = 1,996 1.00 1,996 0%

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

6,331 + 2,200 = 8,531 0.1 +0.9x0.490 = 0.541 4,615 -45.9 %
933 + 700 = 1,663 1.00 1,633 0%
123 + 0 = 123 1.00 123 0%

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

*0.45 (=7.2/15.8) + 0.1

- ratio (non-ML) + offset (ML) A. YAMAM OTO

** ML energy staging ratio:
(125x1.06 — 15) / (250x1.02-15) = 0.490 AW LC17
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A. YAMAMOTO
AWLC17

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

Dumps and Vacuum _ Non L-band RF
Controls and Instrumentation U o

. limators 1% 1%
Computing 1% ﬁ 1% [
Infrastructrure |

6%

Area system
specific
1%

Magnets and
Power Supplies
6%

Installation
1%

7.985 for AS

*To be 7.98 for AS

gay_'g';;)d CM { Nb : 5.7 %

s . Others: 29.3 %
- Cryogenics:
2>~8%
HLRF

2> ~10%

A. YAMAMOTO
AWLC17 23




Summary of Scope for Cost-Reduction R&Desoocev ic

_ Effect Plan in JFY-2018 Plan in JFY-2019

A-l(:LI\(IJE/)v:‘raI:;rI;a;& Nb-ingot slice) - zgoz.glfy:j)_” 4x3-cell C. & VT 8x9-cell C. & VT

- :(ilzl\jslce:ramic & Plug-comp.) - 1(201?152)” Coupler design Coupler fab. & Test

i :(\v/vei’::Cnacl):-IT-IF Seaes] i l(z_olal;::)-” Single-cell R&D 9-cell R&D
Sum (Integrated) ~11%

Nb ingot

7 ‘ 55 i STF-2 Couper

L0080 Ml“":’}
‘—-“ . h‘! “ v‘u':‘o"?:‘
A. YAMAMOTO |

AWLC17 AWLC2017 June 28, 2017 24



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 : ~ 210 % at 500 GeV
-2 ~> 5% at 250 GeV (staging)

Study in progress. A. YAMAMOTO
AWLC17



(@ RF system for ILC

PoslyonML
Length:10km -
e

Main Linac (ML)

Length:-ldi'un e
WR770
| ot : = 1
o7 "5 ]
'
s0n, 1200, 65 ms |
: $ac .. -; Ly F
T.MATSUMOTO 2 : 3

AWLC17



Design optimization for High Q and High Gradient op.

High Gradient (31.5 MV/m—->35 MV/m)

AN

~— fill |«—— flat-top ——»
ampl. accelerating voltage
. — (Q ) Longer pulse modulator
R aa —%P n2 (1.65 ms > 1.76 ms)
s L Longer fllllng time,
;i i / higher power per cav.
(QL)opt CCW
0 VTO . . .
I
© vio Klystron Modulator, (Q) bo €OS Py ngher eff|C|ency kly
; WINDOW J (11MW)
ISOLATOR
(¥ PHASE SHIFTER - WR770
wm  Pressurized PDS
[ == PDS
I 5 Mw Load WR650
| 9 cavities | 4 cavities quad 4 cavities " 9 cavities Qca ities

same rf distribution



H. HAYANO

AWLC17
version 05152017

calculated from the recent optics deck

Option C ECM=250GeV | |SRF35MV/m
2437.58m 4950.26m  3489.0m 2361.46m

4 > <4

4795.2m 2516m

< >

<

>

Another possibility isto P10  PME  m PV PM+10
locate the 1049m space

(PM-0)drain tunnel
between turn-around anw

e

A 3 =2 IR E “w | e |

. Ecm=250GeV | 1049m space BC
e+inj e-inj

189 24  modulespace 24 180 189 90 51

51 90 153 144 54  cryomodules 54 135 153 90 51

17 20 34 32 8 RF unit

e 137.0GeV= 10.0 28.4 48.2 45.4 5.0

9

3 30 34 20 17

Egain (GeV) 50 425 482 284 10.0 =e*134.1GeV

+7.3%margin
Total tunnel length = 20549.5m
(20.5km)
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 samé@s31:5MV/m.
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Luminosity Optimization

We decided E,,=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
0.82x103* /cm?s 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.
K. YOKOYA
AWLC17



Luminosity optimization

It seems possible to increase the luminosity at
250GeV from the TDR value 0.82x103* /cm?s to
somewhere around 1.3x103% /cm?s

By reducing the horizontal emittance ¢, at IP to half

DR g, can be halved

— Though must further check possible instabilities
— Must check ¢, increase after DR (seems OK)
Almost no cost increase

But the beamstrahlung loss would be larger

Smaller ¢, wouldn’t help at 500GeV (but FFS tuning
would become easier) < YOKOYA
AWLC17



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

15.12.3.1.1 Scenario 1 The technical scope reductions in this scenario are the removal of 100 GeV of

electron linac (together with its tunnel), 125 GeV of positron linac (and tunnel), and the corresponding 200%

1TeV Scenario C
lengths of the RTML long transfer lines. The ratio of the electron linac removed to the total

1 TeV Scenario A

100%)

baseline linac is 100/470 = 0.212. The ratio of the positron linac remove *
linac is 125/470 = 0.266. The fraction of the RTML long transfer ik TDR Vol.3-11
0.212+0.266 = 0.479.

In evaluating the Value and Labour changes associated with these teck 15- 12-3

the system Value or Labour are simply scaled with the change in associated tecnnical scope, assuming

[ ]
1 TeV Scenario B

150%

Baseline with luminosity upgrade

Fractional Value (Baseline

that component unit costs do not change. In fact, the change in the numbers of components would 100% =
result in unit cost changes, but this effect is neglected. Baseline
In addition to changes in the linacs and RTML, changes in the scope of Common elements of the First stage scenario 2
associated technical systems (CFS, installation, and control systems) are also included. This based First stage’scenario 1
on a simple scaling with changes in the associated technical system Value or Labour. No changes 50%
in laboratory-wide Common Value or Labour elements, (i.e. computing infrastructure, laboratory
management and administration, and simulation and operations) are included, as it is not clear how
these elements would scale with the technical scope changes.
The total Value change associated with scenario 1 is -2,425 MILCU. This is about 31% of I 0% ! I ! ! !
the 500 GeV baseline Value estimate. The total Labour change associated with scenario 1 is -4,583 0 250 500 750 1000 1250
thousand person-hrs. This is about 20% of the 500 GeV baseline Labour estimate. CM Energy (GeV)

_ TDR senariol | 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%

AWLC2017 June 28, 2017



