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® Accelerator parallel, hybrid

on-line and in-person meeting

® Tuesday-Friday, 2 days, 6

sessions, 16 talks
» 2 Switzerland (CERN)
» 1 France (CEA, irfu)
» 1 Japan (KEK)
» 12 China (IHEP)

IAS-HEP 2024 Mini-Workshop: Accelerator
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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

ie
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Mini Workshop ¢ 8,012 SRF cavities will be used.
ILC250GeV accelerator (mcludmg tunnel) construction cost is ~5 B$.

main linac

commalxon

gree lerator and

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

%0
101 | %
| 0.8%
1%
T4%

100%
0.5%
Accelkerator

Conventumal facihities

Cann

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

| omina |  Range |
Shanghai Hard X-ray FEL Facility (SHINE) 100 10:300
Zhentang Zhao ) upto 1
‘ SHINE is based on 1.3GHz SC 08 0-24
A MBS ey A e ___ accelerator technology: 0425 04-25
s LR T . 1.3GHz SRF cryomodules : 75 BT e o
«  1.3GHz 9cell cavities: 600+16 Sx 1025 1X 101 X 1%
« 3.9GHz SRF modules: 2 31 31
Photon enery: 0.4-25 keV KMRERINRE—"g \ ,y _ 228 b
1 : < g A% ¥ L AN SR ? 4% L
M epettion: 1tz IRRYLSENG N ne W | | C g ‘ D i
Total length : 3.1km Pl - A | -~ n"{“,‘;“q"“l" “F - . :
ca.3_8m undcrground : , ) o : ; A'- : \"V? ‘:‘ .:- b '\w ' | omnenergy;'ke\ﬁI ! 3-1]5.J 3-1?]
L : NI : - > b . ’I I“ 14"”3" 2 .4 Photon number per pulse @12.4keV >10 >10
Soeese 3L ¥ L ! ’ " y . “"9 Max pulse repetition rate/MHz 0.66 1

FEL-II

S H I N E g rou nd brea ki ng Photon energy/keV

0.4-3 0.4-3
5 3 . . Photon number per pulse @1.24keV >1012 >1013

N Ap rl I, 201 8, almin g Max pulse repetition rate/MHz 0.66 1

& . FEL-III

P at I asin g In 2 O 2 5 * Photon energy/keV 10-25 10-25
VHF G kD L1 HL L2 2 L3 | pmamn s Photon number per pulse @15keV >10° >10'0

750k9\l/‘" CMO00 CMO1 Lk CMO02-03 ./l;C"I\' CMO04-21 ./B;;‘)\' CM22-75 //,’ ) E(m)- - () S H I N E Cost: ~ 1 0 B RM B 0.66 l

- — " — — —— w . o
My o - ko e\ or ~1.5B USD
N\ FEL-1II (10-25 keV)




Future accelerator facilities in Asia and Australia: HEPS

All the buildings delivered
for installation.

Project
1" beam completed y
[ nae') orsY

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., R —

P 2025 e ‘ kg ", .
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

Photonenergy

keV
Location:-Huairou Science City of Beijing yabout'€0km-away from IHEP b Weimin Ban
HEPS Booster HEPS Linac
| 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: Austrilia

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



EAJADE workshop on sustainability & assessment of future Acc.

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)
‘b
The workshop is:
orgahized by vate University
co-organized by %hol/ulLC Project Dgyelopment Cetner
lwate Prefecture I€ Pr tion Counol

supported by High Energy Accelerdtqg Or

Tohokg ILC promotion Codhcil

Agvancee Accelerator Associatidh Rromoting Science and:Teghn®logy
ILC Vangu archI ative
\‘

Workshop Web site

https://wsfa202 3.huhep.org

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 sustainability & assessment of future Acc.

* Objective Assessment of Sustainability Aspects of
New Large Infrastructures

Different approaches to reduce impact of large electric
power consumption:
— Reduce power (by higher efficiency)

« Experience from ESS on Green Facilities

« A Life Cycle Assessment of the CLIC and ILC — Re-use waste energy (heat)
Linear Collider Feasibility Studies — Modulate power according to availability (price)
— Use regenerative power
*  The ISIS-Il Neutron And Muon Source Life Cycle A real implementation of renewable energy supply:
Assessment: An Introduction v A physical power purchase agreement (PPA) is a long—term

contract for the supply of electricity at a defined, fixed

price at the start and then indexed every year, and a consumer

for a defined period (generally 20 years). Being considered for ::
CERN, initially at limited scale. Advantages: price, price il
« CERN Accelerates Sustainability stability, green, renewable.

Must be a goal to run future accelerator at CERN primarily on
green and more renewable energy with very low carbon footprint.
However, energy costs will remain a concern.

e The HEImholtz LInear ACcelerator HELIAC

*  Optimisation of the FCC Power Consumption and
Next Steps for Sustainability Studies

* A Sustainability Roadmap for C3

* A Sustainability Outlook for CLIC/ILC &




EAJADE workshop on sustainability & 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




Green ILC

Accelerator researchers are making following four efforts
to achieve sustainable accelerator facilities

(@ Increasing the power efficiency and performance of
accelerator components.

@ Electricity used by accelerators should be provided by
sustainable power sources instead of fossil fuels, and
effective local use of the waste heat energy emitted
from the accelerator.

@ To this end, we will help to increase the amount of
sustainable electricity in the region and create
regional energy management business using waste heat.

@ Cooperate to increase Green Carbon (from forests), Blue
Carbon (from seaweed), and White Carbon (CO, fixation by
increasing wooden buildings) in the region to increase
CO, absorption.

- Masakazu YOSHIOKA - - |

Sweden and Europe have liberalized their
electricity markets and electricity is traded
under free competition.

Electricity networks are interconnected and
power is transmitted and distributed across
borders.

The objective of the electricity market is to
use integrated resources as efficiently as
possible to meet the demands of electricity
users.

The public can view the following electricity
statuses at any time in real time
(https://www.svk.se/om-
kraftsystemet/kontrollrummet/)

Sverige

|~ Graf [ Tabell

People are looking at this kind of
data on their smartphones on a
daily basis.

Kraftfordelning klockan 08:02

R

_ Others

™~ Thermal

LN J
59

31,1%
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icerat: 3,2%
ft: 34,8%

aft: 29,0%



Green ILC

Green Carbon

Forests in Ichinoseki City

m planted forest - = natural forest

47% Planted Forest: 31465 ha
h3% Natural Forest: 34895 ha
Total 66363 ha

planted forest

= cedar = Japanese cypress

= Japanese red pine = Japanese larch

= Others

natural forest

m coniferous tree  ® broadleaf tree

Blue Carbon (002 absorptron by seaweed in coastal areas
in the town of Hirono, northern lwate Prefecture) |

CO, absorption by Seaweed is very promising because it is slightly better than that
of forests.

White Carbon

Metal Hardware Joining Method "KES System”

« Use of metal hardware in in the joints and connections of wooden components

_+ Drastic impravement in the performance of timber construction, including seismic resistance,
durability, insulation, airtightness, and ease of construction. -

In planted forests, cedar is the

most abundant species,

followed by red pine.

Natural forests are mostly
broadleaf tree.

1-hour Fireproof COOL' WO

Wooden Fireproof Components “COOL WOOD"

. Fire-stop layer (Gybsum board)

— - Surface material (Wood)

8, Load-t)earing component (Wood) .




M. Koratzmos

Cooling and ventilation
Beam energy (GeV)

Pcv (MW)

all

Storage Ring Z
Beam Energy (GeV) 45.6
Magnet current 25%
Power ratio 6%
Dipoles (MW) 08
Quadrupoles (MW) 1.4
Sextupoles (MW) 1.3
Power cables (MW) 1.2
Total magnet losses 4.8
Power demand (MW) 5.6

=

80
44%
19%

2.6

4.3
3.9

3.8

14.7
17.2

45.6

33

80
34

120
66%
43%

9.8
8.9

2.8

8.6

33.0
38.6

36

T

1825
- 100%
- 100%
13.3
226
20.5

20

- 764

89

e
120

182.5
40.2

SC Magnets for the FCCee Collider Ring |

Magnet is the major electricity consumer after SRF,
and we pay twice for normal conducting magnets:
one through ohmic losses, and again for removing
the heat with our cooling and ventilation (CV)

system.

Total contribution of the collider ring magnets is
therefore ~100MW at the top, 76% of which
comes from the quads and sextupoles

O

Replace the NC Q+S. by HTS Mag.: zero
Ohmic loss + higher packing factor

D | —
D S Q D
—
o |
D |:> D sa D
[
—
S D D s .S D
|

Potential additional benefit: More space (~7%) for dipole and reduction of the RF power m



SC for the FCCee collider I

sextu pole Choose a CCT magnet layout due to
& ® Ease of construction
demonstrator e Good field quality

® Quick design cycle
Other approaches (i.e. standard cosine-theta)
will also be pursued

Demonstration of the HTS tape CCT magnet

Specifications:

_ Aperture: 90mm
v : Current: 260A

Temperature: 40K

Field gradient: 1000T/m2
Max. field @conductor:1.5T
Crit. Current fraction: 49%
Temp. margin: 14K

=
o
=3
c
o
=
v
©
o
.
=
c
[
o
=
=]
o
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=
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SC for the FCCee collider

CCT Formers manufactured

Further reduce the
heat loss from the
Cu leads by
placing the power
supply (250A)
inside the cryostat

Cryostat (Cryogen-Free / Vacuum)

T,=300 K I.=60K
O4r Py HTS
L I Magnet
~|DC
e
DC \
Magnet \
sy CuLead HTS Lead
Cryostat (Cryogen-Free / Vacuum)
T,=300 K I.=60K
). L1 Afc WS
L Qd} ‘ > I Magnet
P—
< *\ ryoPSU \
Culead HTS Lead




An Integrated Beam Physics Simulation Framework

Giovanni IADAROLA

Who uses Xsuite and for which applications?

LHC and HL-LHC

Tracking for DA - lattice only: (M. Le Garrec, E. Maclean,
C. E. Montanari, T..Pugnat, D.'Veres)

Crab-cavity noise studies(A. Fornara, Uni. Manchester)
Beam-beam weak-strong (G. Sterbini, S. Kostoglou, C.
Droin, E. Lamb, D. Christie Uni. Manchester)
Beam-beam strong-strong (X. Buffat)

Wire compensation studies (P. Belanger, D. Kalchev
TRIUMF)

Collimation studies (F. Van Der Veken, N. Triantafillou,
B. Lindstrom, M. D’Andrea, P. Hermes)

Optics/orbit matching, including RDT matching

(B. Lindstrom, K. Paraschou, C. Droin, S. Kostoglou, Y. Angelis)
Non-linear corrections calculation (J. Dilly)

Hollow e-lens studies (P. Hermes + students)

Incoherent e-cloud effects (K. Paraschou)

Beam instrumentation studies (D. Alves, K. Lasocha, SY-BI)

Injector complex (PSB, PS, SPS, LEAR, AD, ELENA)

Space-charge studies (F. Asvesta, T. Prebibaj)

Cooling studies (D. Gamba, P. Kruyt)

Instabilities with wakes and space-charge (X. Buffat)
Slow extraction studies at PS and SPS (P. Arrutia Sota,

T. Bass, F. Velotti, SY-ABT)

lon studies (E. Waagaard)

Beam transfer simulations (F. Velotti, SY-ABT)

MTE simulations, optics+tracking (A. Huschauer, starting)

Light sources (Petra IV, Elettra, Bessy lll)

Tracking and DA

FCC

FCC-ee optics matching, tapering + RF phasing (M. Hofer, J.
Keintzel, P. Kicsiny (L. Van Riesen-Haupt)
FCC-ee DA studies (M. Hofer, L. Van Riesen-Haupt, EPFL)

~ FCC-ee and FCC-hh beam-beam-SS&WS (P. Kicsiny, D. Di Croce, EPFL)

Beamstrahlung, Bhabha (P. Kicsiny)
FCC-ee and FCC-hh collimation studies (A. Abramov, G. Broggi)

FCC-ee vibration studies (J.P. Salvesen, M.Hofer, LAPP Annecy collab.)
Compton scattering studies (A. Abramoyv, |. Debrot, M. Hofer)
Collective effects (M. Migliorati, A. Ghribi - Uni Sapienza, A. Rajabi =
Desy)

GSI/FAIR

Space-charge simulations (A. Qeftiger and team)
Slow extraction simulations - SIS18 and SIS100 (P. Niedermaver,
C. Cortes)

- ‘BTF studies (C. Cortes)

Medical accelerators

Slow-extraction for PIMMS (R. Tailor)
Slow-extraction for MedAustron (F. Kuehteubl, E. Renner, et al.)

BNL - RHIC and EIC

Optics calculations and tracking
Collimation studies

Fermilab — Main Injector, Recycler, IOTA

Tracking studies
Impedance + space-charge simulations

Training (Universiy of Rome and EPFL) 26

CERN has developed various software tools :

« MAD-X, lattice description, optics calculation and
design, tracking

e Sixtrack, a fast-tracking program: long single-
particle simulations

» Sixtracklib, a C/C++library for single-particle
tracking compatible with Graphics Processing Units
(GPUs)

 COMBI, simulation of beam-beam effects using
strong-strong modelling

* PyHEADTAIL, a Python toolkit for collective effects
(impedance, feedbacks, space charge, and e-cloud)

the Xsuite project since 2021

* Main goal: a modern Python toolkit the know-
how built in developing and exploiting MAD,
Sixtrack, COMBI, PyHEADTAIL etc.,

* Designed for seamless integration among the
different components and for extendability

e Designed to support different computing
platforms, including multicore CPUs and GPUs
from different vendors




CO, Reduction Optimization with Future =~ —.

Colliders Design, Construction and Operation

Dou Wang, (IHEP)

- Calculation Model for CEPC Construction Impact

* Environmental impact of construction: raw material supply (A1), material transport (A2),

material manufacture (A3), material transport to work site (A4), and construction process (AS )

Carbon Footprint of Construction

16 * Main tunnel: 7.0 kton CO, e/km
g: 12 » Carbon for construction: Main
Z os tunnel + other structures +
transport (+25%)
0.4

40 60 80 100 120 140 160

Circumference (km)




CO2 Reduction Optimization with Future Colliders Design, Construction and Operation

Carbon intensity (keCO2/kWh) SUTEEERIE T .+ Peak Carbon Dioxide Emissions:
| | China has pledged to reach carbon
0.836 0.775 0.722 0.91 peak by 2030
*19}: 0.679 - 0721 . 0.615 0.839 . . !
—— FE et f oy f s i S f
Jest 0.829 ) 0.776 ) 0.617 0.615 ) ) - . H
- e Cam . om o5 | = Carbon neutrality: achieve a
f?jﬁf 1S SRS oy .@0 25 < _m relative "zero emissions" before
" 0880890 T : )
g 0.85 0.929 0.753 1,000 2060 by plantlng trees and foreStS,
7R 0.924 . 0.888 : 0.861 0.742 : : - -
R bt 062 056t = saving energy and reducing
L 0.736 : 0.75 : 0.683 0.695 : : H H
T 0.682 0.665 0.525 < | HuZhou €mIssIons
LR 0.791 0.809 0.776 0.763
i 0.544 0.551 0.391 0.489 .
L 0.764 0.634 0.634 0:616 2021~ 2030: realize peak
baL] 0.844 0.806 0.791 0.738 0 =
e 0.372 0.353 0.357 0.316 Carbon emISSIOnS
WA 0552 0517 0.499 <— | Changsha
miﬁ . LGS 0.629 : 0.574 : 0.441 0432
il | —
% Coal pg 0.289 0.248 0.103 0.117
= s = G::: : R 0.638 ©0591 : 0.451 <« |.ShenShan |
:Rfﬁ = Biomass : I 0.482 0495 : 0.394 0526
e i Solar : g 0.646 . 0.686 : 0.515 0,459
:EE - . Wind . iell| 0.656 © 0495 : 0.428 0.42 :
ol B Nides |z BALS G 0082 e AEERRER
P : BN Hydraulic B Bt 0.87 - 0769 - 0.767 0:641
e 4000 8000 12000 16000 HA b S 0491 s : :
. . . ; Pl 0.226 D023 ; 0.26 0095 ; :
“Electricity Generating Capacity in China 2020 (10000 kW) : ey 0.818 L0779 : 0.62 0.872 : : - : - -
; ; ; ; o e = ~— | | 2046~ 2060: deep decarbonization,

achieving carbon neutrality




CO2 Reduction Optimization with Future Colliders Design, Construction and Operation

550 ton CO, e /GWh
 Grid average carbon intensity by 2035:

R : : PR : Solar (t Wind (t Hydroelectric nuclear(t
30 15 25 5

300 ton CO, e /GWh - Carbon Footprint of Operation -
: : - Maverage_2023 - MW average_2035-
Carbon Footprint of Operation BT EEEEES R R ..solar. SRR ..wmd.....
: W hydroelectric :  m nuclear
30.0 | | | |
- —e— Higgs 50MW_2023 S 200 _ _ _
. @ O
| —e— Higgs 5OMW_2035 S 150 Higgs number: 4 million
S O o | | : : ' _
~ s | | | | | | |
S 120 S0 M
5 oo _ _ _ _ _ _ _ _
: 50 : : : : :
5.0 | | | | I | I I |
o0 00 .".'“é' __ _____ -é'””';_ - __
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CO2 Reduction Optimization with Future Colliders Design, Construction and Operation

CEPC Carbon emission per Higgs (100km)
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CO2 Reduction Optimization with Future Colliders Design, Construction and Operation

Instantaneous power (MW) | 111 110 150 340 290 |
Annual collision month : : 6.2 4.6 6.2 5.0 4.2

| Annual collision time (E7s) | 16 | 12 | 16 | 13 | 11
Operational efficiency 3 | 0.75 0.75 0.75 0.57 - 0.75
Higgs operation time (years) f 11.5 8 11.5 10 3
Higgs number (millidn) f f 0.5 0.25 0.5 4 1

Ret: Patrick JANOT afld Alain BLONDEL, “The carbon footprint of proposed e*¢~ Higgs facétories”, arXfiv:2208. 10466\/4 [hep-ph] 23 Sep 52022.

| Total carbon footprint | f Carbon per Higgs | _

S ey
S | | | | 1 PR
12 | | | | » -
& ® Operations - 8 08 . 8
3;« ! : W Constructions 3 < : : 3 : 3 %
g | | | | S | | | | 2 I
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. 0.4 . . . ] g . . . . 2
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High Q and High Gradient SRF Cavity Studies
e and Applications in Green Accelerators

Jiyuan Zhai (IHEP)

Huge RF power decrease: Super-conducting (SC) vs Normal-conducting (NC)

650 MHz cavities for CEPC Collider Higgs mode:
2.2 GV RF voltage shared by two beams, 30 MW SR per beam

— SC: 3E10@25 MV/m, cell R/IQ=107 Q, 192 2-cell cavities
~ 4 kW RF wall loss , ~ 8 kW RF AC power, ~ 3 MW cryogenic AC power

— NC: 4E4@25 MV/m, cell R/IQ=270 Q, 77 5-cell cavities
~ 1200 MW RF wall loss , ~ 2000 MW RF AC power, ~ 180 MW cooling AC power

— NC: 4E4@2 MV/m, cell R/IQ=270 Q, 960 5-cell cavities
~ 100 MW RF wall loss , ~ 160 MW RF AC power, ~ 15 MW cooling AC power

Cryogenic power decrease with high Q
Niobium cavities
- CEPC 650 MHz 2-cell cavity Q, at 2 K
vs cryogenic AC power of total cavity
wall loss: 1E10 ~ 9 MW, 3E10 ~ 3 MW,
6E10 ~ 1.5 MW, 1E11 ~ 1 MW

Gain from further-increasing Q is marginal!

Cryogenic power decrease with high Q SRF Nb,;Sn cavities
— 650 MHz Nb3Sn 2 K Q, at ~ 20 MV/m lower than Nb (no-doping or N/O doping)

— ~20MV/m Nb;Sn 4.2 K cryo efficiency similar to Nb at 2 K, lower than high Q Nb
at2 K

— 650 MHz Nb cavity at 4.2 K Q, ~ 2E9. If use cryocooler at 4.2 K for industry
application (~ 10 MV/m), Nb;Sn is the only choice. COP of cryocooler not efficient
for large accelerators.




High-Q, high-gradient SRF application for a green accelerator

ADS Using SRF Cavities

1 GW fission reactor, 15 MW proton beam (1.5 GeV, 10 mA CW), 30 MW for the SRF linac. If
using normal conducting cavities, a large part of generated power goes to linac. |

............

ERL based collider with SRF Cawty

1R1 2 mx - llisien

" beam dump. |

ERL-FEL: Ideal EUV Light Source

Energy recovery linac (ERL) based Free Electron Laser (FEL) for high
power EUV lithography (proposed by KEK, Japan)

Many advantages over the current LPP source.
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Increasing efficiency by decelerating the used beams at collector

O CPI (USA) has developed multiple models of O CEPC will carry out the researches as well
| multi-stages decelerating collector klystrons > Theoretical studies of efficiency v.s. collection stages for
T . normal and high-efficient klystrons
O Many research institutes in Japan, UK and so on g-etticient Ky
has conducted similar efforts. CEPC high efficiency klystron prototype | CEPC first prototype
| H.V. 113kV - H.V. 81.5kV
| RF OUT | Cur. 9.5A Cur. 15.3A
. =) L/ P d Typical klystron Coll. Qty Coll. Eff. _ Kly. Eff. | coll.aty | Coll. Eff. | Kly. Eff.
: —> g 0o 0.0% _ 68.0% _ 0 0.00% 58.3%
i : ' i . Energyrecoveryklystron T 298% | T775% ]t 314% | T14%
2 47.7% ; 83.3% 2 50.9% 79.5%
3 . 55.6% : 85.8% : 3 59.2% 83.0%
4 61.4% : 87.7% ; 4 64.3% 85.1%
i — 5 65.2% 88.9% 5 67.9% 86.6%
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Eco-friendly magnet R&D at IHEP Mei Yang

‘o Longitudinal-gradient dipole takes use of the permanent
magnet at HEPS, WhICh consumes zero electr|C|ty

*  Equivalent smgle eXC|tat|on energy \1
consumption of about 1.62kW.
+  Equivalent cooling, power efficiency § oy Annual 'Savihg”: ------
addltlonalv energy consumptlon of about electricity about 5.6 |
Lokl SR | mllllon_kWh . e " R |
+ 240 magnets in the whole rng — . | K * ‘ ¢

+  Annual running time of 8000 hours

en
in

Dual-rings magnets

able field tenability
a large range




Develop plasma acceleration technology to improve the efficiency

Dazhang Li

High gradient: ~10-100GV/m, ~1000times higher than conventional Acc.
High energy conversion rate

Proposal Name c.m. energy Luminosity /TP Yrs. pre- Yrs. to 1st | Constr. cost | Electr. power
[TeV] (1034 cm~2s~1] | project R&D | physics [2021 BS] MW] High repetition rate possibility
FCC-eel 2 0.24 7.7 (28.9) 0-2 13-18 12-18 290 Focus on PWEA acceleration
CEPCH:2 0.24 8.3 (16.6) 0-2 13-18 12-18 340 e So ' '
ILC3-0.25 0.25 2.7 0-2 <12 7-12 140 , e ™ 4N Plasma wake field
CLIC3-0.38 0.38 2.3 0-2 13-18 7-12 110 ¥ 3
ccc? 0.25 1.3 35 13-18 712 150 Driver beam
HELEN3 0.25 1.4 5-10 13-18 7-12 110
FNAL ete circ. 0.24 1.2 3-5 13-18 7-12 200 3 | -
CERC? 0.24 78 5-10 19-24 12-30 90
ReLiC!:3 0.24 165 (330) 5-10 >25 7-18 315
ERLC3 0.24 90 5-10 >25 12-18 250
XCC vy 0.125 0.1 5-10 19-24 4-7 90
pup-Higgs 0.13 0.01 >10 10-24 el 200 AC - Driver, Driver =2 Wakefield, Wakefield = Trailer
ILC-3 99 km 3 6.1 5-10 19-24 18-30 ~400 . , . . : . .
Cuos Nkm | 3 i fad 2 i ) e Ty Bl DTTRTND e ST -
ReLiC-3 3 47(94) 5-10 >25 30-50 ~780 T
ppCollider'-3 3 2.3(4.6) >10 19-24 7-12 ~230 Y 7‘7-‘:’[,%”;;::'- &
LWFA-LC-3 1.3Km__ 3 _ . | >0 ] > [ 1280 ~30 | T ) X
PWFA-LC-3 14 kin 3 10 >10 19-24 12-30 ~230 B
SWFA-LC-3 3 10 5-10 >25 12-30 ~170 : e~
.:50-60% for PWFA .| | - 50%{exp.). . .| = | .. 40%(exp)

~ 10% for LWFA - 90% (sim.) : 90% (sim.)



CEPC & Test facility for developing Plasma-acceleration at IHEP

ESBS: Electron source & bunching system
FAS: First accelerating section
EBTL: Electron bypass transport line

PSPAS: Positron source & pre-accelerating section
SAS:  Second accelerating section
TAS: . Third accelerating section

EBTL DR: - Damping ring
ESBS FAS SPAS  SAS TAS
50MeV  1.1GeV 4GeV 200MeV 1.1GeV 1.1GeV : 30GeV
Driven - .6_3>I - 4nC/12nC 30 Gev
beam - @®— an 10GeV ©
. __:>k © PWRAI [ —
Witness - _I>|’* | e® " , 4nC
beam - @B l— pwrAl —
Taraet pl1.2nC, 2.4G 30 GeV
Witness: | _arge_ 0.4Gev —I’"P —I"I— : ‘
beam pl N

CEPC IARC, 2022.06

1.0 GeV e

2.5 GeV e-/e+ beamline + PW-level high

performance laser system

~ ey A TTT /e
: Plasma Acc.




Cold C-band acceleration R&D activities and challenges

o The gradient of the 30 GeV linac normal conducting structures | ] |ng ru Zha ng
-SbandSOMWkIystron : :
& 1-1(ESBS), 1 accelerating structure, 22MV/m_ |
e 1-4 (FAS), 21 sets(6+15), 84 standard accelerating structures, 22MV/m
‘& 1-2(PSPAS), 8 sets, 16 big hole accelerating structures, 22MV/m
"¢ 1-2(SAS), 4 sets, 8 accelerating structures, 27MV/m
» C-band, 50 MW klystron '
‘¢ 1.1GeV-30GeV, 1-2(TAS), 235 sets, 470 acceleratlng structures 4ot

I B T
ws - 41ceS
T g
I d e\’\‘ w
BT e BAG s w

Klystron Power MW 80 . 50

Vacuuming the cavity breaks the
good frequency distribution
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 Exploring the Inner of a cavity using an endoscope a



Solar panels on-top of the roof at HEPS Jinshu Huangl

o Photovoltaic (PV) power generation systems are
installed on the roofs of HEPS building complex

o Adopting 465Wp/550Wp monocrystalline silicon
photovoltaic modules, the first phase has a total
installed capacity of 9,950.92 kWp. The average
annual power generation is expected to be 10.31
million kWh, and the equivalent average annual
utilization hours will be 10,035.85h.

o Phase I was connected to the grid on 2023.10.30.

o The second phase is planned to lay PV modules on
the ground inside the storage ring with an installed
capacity of 7314.45kWp




AHP serves to recover the waste heat

Rui Ge

« As the rapid development of photovoltaic and heat storage technology, AHP can be
served the new possible scheme to recover the waste heat.

Heat user
35L
Y .
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Summary .

* Novel concept to improve the power efficiency, recycle energy, and
generate renewable energy are addressed as comprehensive
measures for sustainable operation.

* There are many common challenges to achieve a green & high
efficiency machine

« Substantial collaborations can provide many benefits




