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ILC250 accelerator facility /s

i,

e- Main Linac C.M. Energy 250 GeV
Length 20km
e+ Source N
Luminosity 1.35 x16%cmr3st
Repetition 5 Hz
Physics Detectors :
Beam Pulse Period 0.73ms
e- Source Beam Current 5.8 mA (in pulse)

Beam size (y) at FF 7.7nm 250GeV

e+ Main Liinac

SRF Cavity G. 31.5MV/m
(35MV/m)
Q Q, = 1x10%°

O source
Nancbeam Technology

’ RARARARANE

8,000 SRF cavities will be used.

main linac . i
compressor collimation
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Main advantages H/ &
o
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A Alinear accelerator is more advantagedos accelerating
electron and/or positron beams toigher energies

A Thespin of the electron and/or positrobeam can be
maintained during the acceleration and collision. This can help

significantly improve measurement precision.

Circulating beam loses energy by

: i hrot diation.
A The small surface resistance of the SRF accelerating Structure’car cofidor can extend its

(cavity) made of Nb enables tleéficient power transfefrom collision energy by longer tunnel/
higher gradient.
the AC power source to the beam.

circular
A Further energy efficiency improvements are considered as part linear
of the of Green ILConcept, which aims to establish a S

sustainable laboratory.

beam energy
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Technical Maturity ;’IE
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A ILC based on superconducting radiofrequency (SRF) technology started its R&D from 2005 (GDE).
ReferenceDesignReport(RDR) was published in 2007 afdR was published in 2013
A More than 2,400 researchers contributed to the TDR.

AcCKS {wC (SOKy2ft23eQa YI (GdzZNA (& ¢ | -tay ArdNFPIeBoy Laded |
(XFEL) in Hamburg, where 800 superconducting cavities (1/10 of ILC SRF vsentiastalled.
A In addition to European XFEL, L-@la6 SLAC, SHINE in Shanghaiinder construction.

A Nanobeam technology has beetemonstrated at ATRosted in KEK under international collaboration
and almost satisfied the requirements of the ILC.

A Remaining technical preparation (such as m@assluction of SRF cavities, positron source, beam

dump) can be carried out during the preparation phas€relab before ILC construction. These are
f A & (0 BeBommehdations on ILC Project Implementatich

—
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ILC machine parameters ip

ILC

Beam Energy

Peak Luminosity (10"34)
Int. Luminosity
BeamdHE at IP
TransvBeam sizes at IP x/y
Rms bunch length /
beta*

Crossing angle
Rep./Rev. frequency
Bunch spacing

# of bunches
Length/Circumference
Facility site power

Cost (value) range

Timescale till operations

GeV
cm2 sl
ab-1/yr

nm
cm
mm
mrad
Hz
ns

km
MW
$B US
years

11,
electron/positron ILC250 ILC Luminosity Scenario (ECM=250GeV)  ;
125 (e) and 125 (e+) = T e e
1.35 T 7
SRl S . -
0.24*  *5000hour operation at peak luminosity i os| % . |
0.188% (&), 0.150% (e+) g os| C . ]
515/7.66 St 3 e
0.03 6, il R
bx*=13mm, by*=0.41mm k 0 1Operaﬁ§n r 0
14
5 0.73 (Q.‘BS) ms
554 I I I
1 g 3 12 % 0.73 (0.96) ms
1312 (2625) bunches
20.5
111 ' 554(366)ns .
~5 (tunnel and accelerator) I I I I

(~1 + 4(prep.) + 9(construction)

G, =0.3mm = 1ps
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Potential for upgrades H I
"o

The ILC can be upgraded to higher energy and luminosity. inernatna dvelspment s

| | | 7-Poels 500GeV [1*

Baseline Lum. Up Baseline | Lum. Up L Up.10Hz Baseline Lum. Up case B

Senter—of-Mass Energy E-vs GeV 91.2 91.2 25 250 2350 500 500 1000 Energy
Beam Energy E.. GeV 45.6 45.6 1295 125 125 250 250 500
Collision rate f, Hz 3.7 3.7 5 5 10 5 5 4
Pluse interval in electron main linac ms 135 135 20 200 100 200 200 200
Number of bunches Nb 1312 2625 1312 2625 2625 1312 2625 2450
Bunch population N 1010 2 2 2 2 2 2 2 1.737
Bunch separation Aty ns 554 254 5] 366 366 554 366 366
Beam current mA 5.79 5.79 5.79 8.75 8.75 5.79 8.75 7.60
Average beam power at IP (2 beams) Peb MW 1.42 2.84 5.26 10.5 21.0 10.5 21.0 273
RMS bunch length at ML & IP Oz mm 0.41 0.41 0.3 0.30 0.30 0.30 0.30 0.225
Emittance at IP (x) ve', um 6.2 6.2 5. 5.0 5.0 10.0 10.0 10.0
Emittance at IP (y) e’y nm 485 485 35. 35.0 35.0 35.0 35.0 30.0
Beam size at IP (x) G Um 1.118 1.118 0.5135 0.515 0.515 0.474 0474 0.335
Beam size at IP (v) ol nm 14.56 14.56 7.66 7.66 7.66 5.86 5.86 2.66

uminosity L 10°4/cm?/s 0.205 0.410 1 .35| 2.70 5.40 1.79 3.60 5.11
Luminosity enhancement factor Ho 2.16 2.16 2.55 2.55 2.55 2.38 2.39 1.93
Luminosity at top 1% Looi/L % 99.0 99.0 7 74 74 58 58 45
Number of beamstrahlung photons Ng 0.841 0.841 1.91 1.91 1.82 1.82 2.05
Beamstrahlung energy loss OBs % 0.157 0.157 2.62 2.62 45 45 105
AC power [6] Psite MW 138 198 173 215 300
Site length Lsite  km 20.5 20.5 20.5 20.5 31 31 40
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Construction cost

ILC accelerator (including tunnel) construction cost is ~5 B$.

TDR: ILC500 ILC250 Conversion to:
[B ILCU] [B ILCU]* [B JPY]
(Estimated by GDE) (Estimated by LCC) (Reported to MEXT/SC.J)
Accelerator Construction: sum n/a nia 6350~T7028
Value: sub-sum 7.98 478~5.26 515.2 ~583.0
Tunnel & building 1.46 1.01 111.0~129.0
Accelerator & utility 6.52 3.77-424 404.2~ 4540
Labor: Human Resource 22.9 M person-hours 17.2 M person-hours 119.8
(13.5 K person-years) (10.1 K person-years)

Detector Construction: sum nfa nia 100.5

Value: Detectors (SiD+ILD) 0.315+0.392 0.315+0.392 766

Labor: Human Resource (SiD + ILD) | 74841400 person-years | 748+1,400 person-years 239
Operationlyear (Acc.) : sum nla nia 36.6~39.2
Value: Utilities/Maintenance 0.390 0.290~0.316 290~316
Labor: Human Resource 850 FTE 638 FTE 16

Others (Acc. Preparation) nfa n/a 23.3
Uncertainty 25% 25% 25%
Contingency 10% 10% 10%
Decommission nfa nia Equiv. to 2-year op. cost

A
o

infernafianal development team

*1 ILCU= 1 US$ in 2012 prices
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Area systems of the ILC iln
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== ey
= =
= =
—

v e- Main Linac

e+ Main Liinac

b%]ch, consisting of ~10” 10 e+/e-

reating particles Sources
olarized elections/positrons e ~Q o
igh quallty'beams Damping ring 85> o bR |
A ow emittance beams > <o

ASmall beam size (small beam spread)

MAarallel beam (small momentum spread)
Acceleration Main linac

Kuperconducting radio frequency (SRFEEM | .‘.W"‘ét
‘-:“ . _'0 " ".'i""n"

AGetting them collided Final focus
Aanometer beams

AGo toBeam dumps
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Positron Source (Undulator)

125 GeV electrons are injected to the helical undulator. The photons produced anth#atoris used for
the electron/positron pair creation at the rotating target. Polarized positrons can be generateehmping ring

Quench Current ()

o

Photon Energy
ollimat: a
(p; : Jr:gr:;e) Pre-accelerator SCRF booster comp. RF

125GeV

electron -‘5 .

SC helical undulator

350

(125-400 MeV) (0.4-5 GeV)
f ‘

Targe* [ <—— Spin rotation
] QWT v solenoid
1
GLEW = ~ -
* photon
dump
Capture RF
(125 MeV) o- dump
—

00 a b, & . **
*
| A "0 *
* e
2504 » ot
* *
. ¥ - "
w .vvv -
200 e L *
L L * *
* *
150
*
& Magnet 1
100+ # Magnet 2
—— Nominal Current
50+
o T T T T T

test at Daresbury

0 10 20 30

Quench Number

40 PHYSICAL REVIEW LETTERS 107 (2011) 174803
ST TE—————

Two undulators in one cryomoduleere tested.Both achieved nominal magnetic fields.

A
1o
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Positron Source {Briven)

Extra 3GeVinacis used for the positron generation. High energy electrons are not necessary. (Electron
independent commissioning is possible. However, polarization is not available.)

L-band SW NC
capture cavity Damping Ring
chicane
3GeV S-band NC — / 5GeV L+S band J_\./
drive linac : NC e+ linac
—— e esle— /) ~ —[]
energy e+ dump
compressor
a«,e‘ | ~ yand e dump
v AMD (FC) solenoid

200 ms (5 Hz)

Damping Ring

63 ms (20 pulses)

‘ Total 20x5 beam pulses pdgr sect
3.‘3£si(3OOHz)

137 ms (rest) R
L XN q L N X J

tp=480 ns
430 ns : T, = 6.15 nsec
33x2 bunches _ Positron Booster H """]
4  Each beam pulse includes 33x2 blinches. ML= o
A pulse in drive- and booster-linacs 81.6ns 197 ns
. 480 ns .
) 197 ns 197 ns -
— —
81.6 ns
—
33 bunches 33 bunches

Ty_to_b=6.15 nsec Ty_to_b=6.15 n sec

A
o
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Positron rotating target ip
"

Aperture D=16 mm il %‘- 8trip line Fﬂ@mﬂﬂbﬂﬂfﬁ&rﬁfﬂﬂmﬂmﬂm
’_E‘/I Acc. tube(L=1.1m, Airis 60 mm)| |

Gap 5 mm
Central part of the target

Target
vacuum Ferrofluid Seal Unit
chamb

Gap 5 mm Mator
—

Target disk.

Magnetic
bearing

Radiatian coaled target wheel +
FC [funclional skelch)

—
ERiemann 2014330 Wiater

—_— Orawing bassd on sketch of B Sisvers

|  unduator | _ Ebriven | Existing Xay generator

Cooling/Seal Radiation/ water/magnetic fluid water/magnetic fluid
magnetic levitation
radius 'H'Hx 500 250 160
weight kg) 50* 65* 17
Tangential velocity m/s) 100 5 160
rotation (rpm) 2,000 200 10,000

Beam heat load(kW) 2 20 90
Vacuum pressufe Pa) 106 106 104

*The weight depends on the design of the disk part and the material
- Reliable rotating target
- Replacement of rotating target
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Nancbeam R&D at ATF2

— NATIONAL M IVERE [TV
% E{ j( 1 A ATONAL COVAL UNIVERSITY OF
[.-—-.’ THEUNVERSITY OF Tokyo e Bem XN | ABORATORY UNIVERSITY OXFORD

2% Fermilab
Institute of High Energy Physics # erml a

Chinese Academy of Sciences

Goal 1:Establish the ILC final focus method with same opti Goal 2:Develop the position stabilization for the ILC collision
and comparable beamline tolerances . FB latencyl 33 nsecachieved (target: < 36Gseq

ATF2 Goal37nmA ILC7.7nm (|LC250)achieved41 nm (2016) - positon jitter at IP: 1064 41 nm (2018Jlimited by the BPM resolution)

IP Final Focus Matching Extraction Line
| I o oty Fedek Nano-meter stabilizationat IP
Pulsed Laserwire OTRs _
D ,L—{_l_,l‘ { I 1‘ (2018)
——4-HH-HH—F
““"‘].:h-': Interference Monitor 10 _]
(IPBSM) ) F
B Quadropole [ Sextupole [ Dipols Skew OQuadrupole [ Corrector D'!“llfli“f-’, R“l:-'; 8 FE; Oﬁ on
E 00 o
c ' T .
< 350 History of ATF2 small beam £ 6
ﬁ 300 | L LE
E 250 | 1Shew 5‘-‘"3’”9 instailed Orbit Stabilization 1
@ 20 5 FF sextupole ]
E 4 Skew Sextupole Installed Skew Sextupole Modification 2
B
i
=

[ 3]

1501 - ,U, 4 FF Sextupoles
100 +
® o {—l't. ﬁ\\ 0 [ 1
50t o - - 0 |
0 . | 2™ . 44rm L 41nm Bunch Position (um)

2012 = 2013 2014 201 12016
Sextupole Swapped F John Adams Institute for Accelerator Science Seminar 14




e FONT*Bunch train feedback afinal focus e

*Feedback On Nanosecond Timescale©xford University __ CAIN simulation Mmmﬂ!m ﬂgﬂ%
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.21.122802 104 N=2el10 .
N e n=1e10 | Depending on the
ILCbunch structure E \ relative position of
@ le i g 0 \ the beam,beams
Bunch Train 554 ns E 02 are greatly scattered
| 0 2 . bythe bearbeam
0.4

i 25 :—1 r—
PRI ||1|;|1|2| - effect.
unc pacing X -300 -200 -100 0 +100 +200 +300
UUUUUU\H‘HM }U J .

Vertical Offset [nm]
0.726 ms

Kicker

/

The position of the beam between pulses shifts due
to ground vibrations and equipment noise.

On the other hand, the position of the beam does
not change significantly inside the bunch train.

Efficient beam collision can be achieweih high- OO Op @O OBt
speed feedbackhat measures the initial beam 1
position of the bunch train and corrects the position €Ot O Vg S o T

of subsequent bunches in the train.

Kicker
Feedback latency should be less than bunch space.

The first bunch does not collide, but the
second and subsequent bunches will collide.
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Matured SRF technologies "I't:
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R.Geng(JLAB)

ILC:
Accept:35 MV/m +20%
Operate: 31.5MV/m +20%

European XFEL
800 cavities
(10% of ILC ML)
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