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Program Schedule I

U Mini-workshop: GreenAccelerator and Colliders (Jan 18 19, 2024)

A Carbon footprint

A Efficiency of electricity consumptions
A Waste heat recovery

A Green energy applications, etc.

U Conference: Jan 22 25, 2024
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An Introduction to Future Accelerator
based Projects in Asia/Australia

Jie Gao

Institute of High Energy Physics

* Colliders for high energy physics

* Nuclear physics

« Photon and spallation neutron sources
* Proton and Carbon therapy

« Summary




Future accelerator facilities in Asia and Australia: ILC250 GeV

ILC250GeV

Parameters Value

C.M. Energy 250 GeV
Peak luminosity 1.35 x10%
cm2s
Beam Rep. rate 5Hz
Pulse duration 0.73ms
Average current 5.8 mA (in
pulse)
Av. field gradient 31.5MV/m
+/-20%
Q, =1E10
# 9-cell cavity 8012 (x
11)
# cryomodule 928
Hong Kong. Jan 18, 2024 J Gao
# Klystron ~200
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ILC250GeV accelerator (mcludmg tunnel) construction cost is ~5 B$.
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Quantity Symbol Unit Initial £ Upgrade Z pole E / £ Upgrades
Centre of mass energy Ve GeV 250 250 91.2 500 250 1000
Luminosity L 10%%cm 25! 0.21/0.41 1.8/3.6 5.4 5.1
Polarization for e~ /e P_(Py) % 80(30) 80(30) 80(30) 80(30) 80(30) 80(20)
Repetition frequency Jrep Hz 5 5 3.7 5 10 4
Bunches per pulse Nbunch 1 1312 2625 1312/2625 1312/2625 2625 2450
Bunch population N. 10'° 2 2 2 2 2 1.74
Linac bunch interval Aty ns 554 366 554/366 554/366 366 366
Beam current in pulse Tpulse mA 5.8 8.8 5.8/8.8 5.8/8.8 8.8 7.6
Beam pulse duration tpulse s 727 961 727/961 727 /961 961 897
Accelerating gradient G MV/m 31.5 31.5 31.5 31.5 31.5 45
Average beam power Poa MW 5.3 10.5 1.42/2.84%) 10.5/21 21 27.2
RMS bunch length o: mm 0.3 0.3 0.41 0.3 0.3 0.225
Norm. hor. emitt, at IP Yer pm 5 5 5 5 5 5
Norm. vert. emitt. at IP ey m 35 35 35 35 35 30
RMS hor. beam size at IP oy nm 516 516 1120 474 516 335
RMS vert. beam size at 1P oy nm 7.7 7.7 14.6 5.9 7.7 2.7
Luminosity in top 1 % Lo /L 73 % 73% 99% 58.3% 3% 45%
Beamstrahlung energy loss dps 2.6 % 2.6 % 0.16 % 4.5% 26% 105%
Site AC power * Paite MW | m1 138 | 94/115 173/215 198 300
Site length L site km 20.5 20.5 20.5 31 31 40

¢ SRF technology has been well matured for the realization of the ILC,
including industrial participation, based on the very successful Euro-XFEL
completion constructed and stable operation since 2017, and with LCLS-II
being in commissioning.
e SRF technology advances with high-G and -Q highly expected for future
upgrades:
e Nb-bulk, SW:
e Nb3Sn, SW:
e Nb-bulk, TW:

~ 50 MV/m, for ~ 1-TeV upgrade ,
> 50 MV/m, for > 1-TeV upgrade, and
~ 70 MV/m, for further upgrade to reach beyond (up to ~ 3 TeV).




Future accelerator facilities in Asia and Australia;: CEPC

CEPC as a Higgs Factory: H, W, Z, upgradable to tt-bar, followed by a SppC (a Hadron collider) ~125TeV
30MW SR power per beam (upgradale to 50MW) CEPC TDR cost (2023) 36.4B RMB (~5B USD)

Lumi=8*10"34/cm"2/s
@Higgs@50MW
Lumi=119*10134/cm”2
Is@Z@50MW

Site: In China Planned operation time ~2035

CEPC

CEPC-SppC Technical Design Report

TUNNEL CROSS SECTION OF THE ARC AREA

Superconducting
accelertors in
both booster
(1.3GHz) and
collider rings

(650MHz) CEPC booster ring (100km) !

Tanble 12.1.2: CEPC project cost breakdown, (Unit: 100,000,000 yuan)

Total o4
Progect managenent 3
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v beam lines 3

Experiments 40
=

Contingency (8%)
® Project management
® Accelerator

= Conventional facilities
u Gamma-ray sources
= Exporiments

= Contingency

CEPC collider ring (100km)
CEPC TDR S+C-band 30GeV linac injector

ESBS: Electron source & bunching system

CEPC Civil Engineering

PSPAS: Positron source & pre-accelerating section

Distribution of CEPC Project total TDR
cost of 36.4B RMB

FAS: First accelerating section SAS: Second accelerating section

EBTL: Electron bypass transport line
EBTL

TAS: Third accelerating section
DR: Damping ring

CEPC accelerator TDR

ESBS

y4 FAS PSPAS SAS TAS
L 1 t U t L Ll CEPC accelerator TDR
50MeV 1.1GeV aAGeV 200MeV 1.1GeV 1.1GeV 10GeV
L 335.5m o CEPC accelerator TDR

102.am |
1

80.9m 1163.4m

p11.1ml
I i

formally released on December 25, 2023

http://english.ihep.cas.cn/nw/han/y23/202312/t20231229 654555.html

has been completed and

link: (arXiv: 2312.14363)
releasing news:

1601.3m

1800.0m

LI nac BOOSter COI Ilder Proposal (2025) for CEPC entering 15" five year plan
Parameter | Symbol Unit Baseline 0““ — 'HOn - Lid — 4 = Higgs | Z | w tt 36.4B RMB
ini s | Offasis | axis | Offais Off axis injection [Number of IPs 2 total
jjection injection |injection] injection
Energy EJE,, GeV 30 Circumfer. km 100 [Circumference (km) 100.0 i
- - :.llj:r';:’ﬂ GeV 30 ISR power per beam (MW) 30 2 ’Accumulated investment
epetition <
rate Jrep Hz 100 f:g;;lion GeV 180 120 80 455 [Energy (GeV) 120 45.5 80 180 E Investment per year
Bunch Bunch number 5| 268 [2617] 1297 | 397 | 5067 | [punch number 28 | 10934 | 1297 3 EDR s the critical path £ .
owmiber per lor2 ‘ [Emittance £/5, (mipm) 0.64/13 | 02714 | 08717 | 1447 towards CEPC construction 28, RMB/yenr
Maximum & P 5
pulse bunch ch nC 0.99 0.7 203 0.73 0.8 0.81 - starting around 2027
Banch unch Charge 53 eam size at IP o, /g, (um/nm) 14/36 6/35 13/42 39/113 Year
unc| Beam current | mA 0.11 094 | 098 2.85 . 14.4
charge nc 1563) SR power MW | 093 | 094 | 166 | 094 | 0323 | 049 |:1unch length (natural/total) 231 | 2587 | 2549 | 2200 | 2012.9 2015.3 2017.4 2018.11  2023.12 2024 ~ 2027 ~2035
Energy Emittance nm 2.83 1.26 0.56 0.19 mm) CEPC proposed Pre-CDR  Progress report CDR TDR EDR start of construction  Completion
spread ap 1.5x10° RF frequency | GHz 1.3 |Beam—heum parameters £ /£ | 0.015/0.11 ]0.004/0.127]0.012/0.113| 0.071/0.1
RF voltage GV 9.7 2.17 0.87 0.46 IRF frequency (MHz) 650
Emi Full 1 i
Emittance & m 6.5 frl;n;[;':l:l;;n h 0.1 0.14 [ 0.16 | 027 1.8 | 0.8 h_,uminosiry per IP (10¥ em2 s1)[ 5.0 115 16 0.5




Future accelerator facilities in Asia and Australia: HIAF & CIADS I

g e

® HIAF: High Intensity heavy ion Accelerator Facility® Two of 16 large-scale scientific infrastructure

CiADS: China Initiative Accelerator Driven System facilities approved by China Government
Being built by IMP in Huizhou of Guangdong Prov.  during the 12" 5-year-plan 2016-2020

HIAF: Nuclear physics research B CiADS: Nuclear waste transmutation

Total budget: 2.8 B CNY ¥ (424 M USD $) B Total budget: 4.0 B CNY ¥ (606 M USD $)
Schedule: 2018-2025 B Schedule: 2021-2027

Construction started officially Dec. 2018 B Construction started officially July. 2021




Future accelerator facilities in Asia and Australia: SHINE

-FEL

Photon energy: 0.4-25 keV B
Pulse duration : 1-100fs »
Repetition : IMHz
Total length : 3.1km
ca.38m underground ¥

T 2

FEL-11 (0.4-3 keV)

Lo L1 L2 L3

VHF Gun LH HL BC1 BC2 — -
750keV  CMOO CMO1 CM02-03 CM04-21 CM22-75
./I"\' ./“\' / - FEL-I (3-15 keV)
- — T — — — —
\
Buncher 120 MeV 270 MeV 2.1'GeVv 8.6 GeV \.\
2.4MeV 12A 85 A 1500 A 1500 A

R FEL-111 (10-25 keV)
T ——

Shanghai Hard X-ray FEL Facility (SHINE)

SHINE is based on 1.3GHz SC
accelerator technology:

+ 1.3GHz SRF cryomodules : 75
«  1.3GHz 9cell cavities: 600+16
« 3.9GHz SRF modules: 2
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FEL Line
FEL-1
Photon energy/keV 3-15
Photon number per pulse @12.4keV >1010
Max pulse repetition rate/MHz 0.66

SHINE groundbreaking phom:f;:;«kev 0.43
in April, 2018, aiming i pis et sty TS
at lasing in 2025. o
SHINE cost:~10B RMB 0%

or ~1.5B USD

3-15
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4-8.6
10-300
upto 1
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5-200
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Mini worﬁséop on green




Future accelerator facilities in Asia and Australia: HEPS

All the buildings delivered
for installation. Project
1" beam completed y
in Linac , '
; = _ 2025
12
9 Preoperati

long beam High Energy
Photon Source
(HEPS) of IHEP

The first high-energy
synchrotron fadiation light
source in Chiha

Linac and Booster
installation starts.

“*Groundbreaking: Jun. 29, 2019
-Scheduléd completion in Dec., ——

= 2025 - ‘ (875 ~ .
storage rmghaTld -Costy~5B RMB ~750M USD k ((Booster 0.5.66ev ) 1385908 |
\| c=454.07m )
experiment ha _#Area 650,658.21 m? ‘- } G
Circumference” = 13604 m STB" 5 4
\ T———— UMD

Iaboratory bUIldln\g\ N " Beam energy 6 GeV
/' ; T

’ ¢ . Emittance <0.06 nmerad
y P Brightness  >1x10%2  phs/s/mmimrad?/0.1%BW
é gueksjt house Beamlines 290 14 BLs in Phase |
3 undaing

Photon‘energy 0.2-300 keV
range .

Location:-Huairou Science City of Beijing ,about 80km away fromHEP

Weimin Pan
HEPS Booster HEPS Liac
| e 2400* Magnets
700" BPMs

~ 2000 vacuum chambers




Future accelerator facilities in Asia and Australia;: HALF & SAPS

Hefei Advanced Light Facility (HALF)

On July 12, 2022, the

_| Circumference

5 NDRC approved the
. = feasibility study report
W AN E of HALF project «& The Southern Advanced Photon Source (SAPS)
A - A o | of IHEP in Dongguan ShengWang
=T I ; Beamlines . . . L . N
" 221 10 lines (firstly) O The 4th generation (3.5GeV) diffraction-limited storage ring - iy S
Ny N O Brightness >1022phs/s/mm?/mrad2/0.1%BW & (A Py
N L ¥4 ST \ 7
> N E O SAPS will be located adjacent to CSNS 400 )k
inac 5% Nis ] K
2.2GeV201m O Planned to start construction around 2025 y l o S s
Transport line — O Cost about 30B RMB ~450M USD S~ ==

1384 m Ay g,
SAPS is located at IHEP, Dongguan campus, Guangdong Province, China

Energy [GeV] 2.2 SAPS
Beam current [mA] 350 CSNS'.%?,‘ % .b
Circumference [m] 479.86 ‘ Q (< - e
Natural emittance [pm rad] 85.8 '
Lattice Structure 6BA
Number of straight sections 20%x5.3 m+20%x2.2 m
Maximum brightness [Flux/mm?mrad?] 1.15x102!

Coherence ratio (@ 1 keV) 30%




Future accelerator facilities in Asia and Australia: Korea

Accelerator Facilities in Korea pLs-l & PAL-XFEL (PAL)

(Photon sources and nuclear physics)

Heavy ion radio-therapy

Korea-4GSR project (started)

......

152 95

Mini workshop on green acccelerator and colliders, HKUST-IAS




Future accelerator facilities in Asia and Australia: Australia

Recent Projects in Australia Rohan Down

X-band test laboratory at University of Melbourne: X-LAB

— The southern hemisphere’s first X-band radio-frequency test facility

—  Electron test beam to be developed in 2024

Australian Bragg Centre for Proton Treatment and Research in Adelaide

— Houses a Radiance 330 proton beam therapy system, manufactured by ProTom
International

— Australia’s first Proton therapy facility, due for operation 2023

Future Projects in Australia

National Particle Treatment and Research Centre (NPTRC)

— In advanced design, but not yet committed to by government.

— Designed for Proton and Carbon therapy, with a research
branchline proposed.

More proton therapy facilities are also proposed.

NPTRC proposal Bragg Centre December 2022 m



Summary I

 There are wide and extensive accelerator related activities and long
term plannings in Asia and Australia, ranging from high energy
physics frontiers in lepton and hadron colliders, nuclear physics
facilities, photon and spallation neutron sources, to proton and carbon
therapy facilities.

* The strategical technologies for future large accelerator projects are
mainly high Q/ high gradient SRF, high field SC magnets, plasma
wakefield accelerators and related energy saving technologies, etc.

» Facing to the increasing large scale and number of future colliders )

and accelerators, continuous efforts on sustainability development
should be strengthened towards green colliders and accelerators in
\_ future. .




EAJADE Sustainability Activities for Future Large Accelerators and Colliders

he International Workshop on
ustainabjjity‘in Future Accelera

| Local Organizin Committee‘u
Satomi Fujisaki (Ifvate U) =
Klyotomo Kawag@e (Kyushu tf/
\ Masao Kuriki (Hir@shima U)
| Shinya Narita (lwate U) -Chair
\Aiko Shoji (lwate
{ohru Takahashi (H shcma V) um
hru Takeshita (Sh| hu\U) g
S oru Yamashita (Iw Prefec L)

2z
The workshop is:
orgahized by vate University
co-organized by 1"hol/u ILC Project Dgyelopment Cetner
lwate Prefecture I€ Pr
supported by High Energy Accelerdtqg Or
4 Tohokg ILC promotion Codhcil

Agvancee Accelerator Associatidh Rromoting Science and:Teghn®logy
ILC Vanguardﬂnmatlve
\‘

Workshop Web site

Contact; wsfa-contact@huhep.org

https://wsfa2023.huhep.org/-;.https://indico,desy,de/event/39980/-

Four blocks (not limited to future Higgs Factores and to Linear Colliders):

I. Large—Scale Research Facilities & Sustainability/Life Cycle Assessment (LCA)
[1l. Sustainable Accelerator Technologies

[l1. Europe—Horizon and National SUSIainabjljinyquartng_Pragpammes
1V. Green ILC and Local Industries

Highlights of the EAJADE
Workshop on Sustainability
(WSFA2023) & European LDG
Working Group on Sustainability
Assessment of Future
Accelerators

Maxim Titov
CEA Saclay / CERN



EAJADE workshop on sustainablility & assessment of future Acc.

II. Sustainable Accelerator Technologles IV. Green ILC and Local Industries

v High-Efficiency Klystrons @ CERN Scenarios toward 2050 Carbon Neutrallty in

v" Sustainable Accelerator R&D in the UK Japan and ILC (M. Yoshioka)

v" Experience from ESS on Green Facilities EffortS.Of Talhely(? Cement SR aThor
Neutrality (Y. Ohgi)

III. Europe_HOriZOn & National The Future of Construction: Carbon—Negative
Concrete for a Greener Tomorrow (K. Avadh)

Sustainability Supporting Programs j . “Large=Scale Wooden Construetion (Y. Shibuya)

v El-Horizon EAJADE (/l/ TJ'tOV) S(;stgir}gbie)Forestry in the Tohoku region
i ibata

= . . ;
v’ EU-Horizon 1SAS (j d HOHG’Z‘) Quantitative Evaluation of Forest C02
v' Spanish Science Industry (E. Fernandez) Absorption in Ichinoseki City (H. Kikuchi)

7 El-Japan Regional & Cluster Cr(.ea?i(')n of a sustainable society model
utilizing IoT technology and local resources

Cooperation Heldesk (V. Fermaud) e

Commercialization of Low—Grade Waste Heat
Lasers RUED aslltr + sl Recovery (Y. Kouno)

| Oscillator power supply: 750W

+ Lasers are very power

hungry due to their
inefficiency O

+ Often lasers are used
as pumps to make new  [osee
lasers, compounding
the inefficiency

+ Altogether the oscillator + amplifier power supplies produce >8
tonnes of CO,

+ The most effective way to reduce the CO, emissions from the
laser system is through improvements in efficiency

High Efficiency Klystrons

Ampiier Chller 2 000W l




EAJADE workshop on sustainablility & assessment of future Acc.

Summary and Outlook

v' Power efficiency, energy consumption and also carbon emission and other
sustainability targets are today important drivers of accelerator development and
R&D:

— KRelated to designs, new concepts and many technical developments

— Very large synergy across the entire field of accelerator science (small and
large installations)

— Funding in many cases “encourages” this R&D
v’ Optimisation of subsystems and components for energy efficiency, e.g. :

— Better accelerator cavities (optimize design for more gradient, reduced losses,

— Efficient klystrons
— Permanent magnets
v Important to be pro—active, anticipating the changes happening in the energy
markets and society with respeet to sustainability driven changes:
— Power, energy efficiency at all levels
— Adapting to and using more renewables (increased availability of it, can be
increased by
contracts)
— Reducing carbon in construction from civil engineering to technical components
— Making use of materials, technologies and working with suppliers that are
invested in these changes
— Integration in/with local areas,
(e. &. Green ILC)

their Infrastructure and development plans

““*| The IS1S-II Neutron & Muon Source \\

Life Cycle Assessment: \ é

wrq AN Introduction

P
Anders Sunesson A <\
ESS g-‘ £

Workshop on Sustainability in
Future Accelerators
Mats Lindroos, Mamad Eshrag, Kent Hedin, &‘é‘
tarko Kalafatic i

=

September 26, 2023

CERN)Y

Linear colliders
Sustainability studies for LCs
Life Cycle Assessments

Steinar Stapnes

EAJADE WP4: Morioka 27.9.2023

Hannah Wakeling

John Adams Institute for Accelerator Science,
University of Oxford

EAl

< OXFORD

Experiences from ESS on Green Facilities

CERN Accelerates SUSTAINABILITY!

R. Losito, CERN

26 September 2023
EAJADE Workshop on Sustainability in Future Accelerators (WSFA2023

A sustainable strategy for the Cool Copper Collider

reidenbach, Brendon Bullad', EmiligiNannl, Dimitris Niounis'2, Catering Vernier
Accelerator Laboratory, 2 >

EAJADE Workshopion Sustginabilty in Futures
September 27,2023
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