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COLLIDERS FOR HEP

The main advances in High-Energy Physics in the last 
century have been possible thanks to the Colliders

Energy 
available for production 

of new effects

Luminosity
number of useful 

interactions

COLLIDERS ARE THE 
MOST POWERFUL 

INSTRUMENTS FOR 
DISCOVERIES AND 

PRECISION 
MEASUREMENTS 

THE PERFORMANCE OF A PARTICLE COLLIDER 
IS QUANTIFIED BY:
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Higher Energy 

MAXIMIZING PERFORMANCE

Maximum Luminosity

Precision Frontier
Energy Frontier

! Beam-Beam ! "

! Beam density
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INCREASING LUMINOSITY 
REQUIRES HIGH BEAM 

CURRENTS. 

HIGHER ENERGIES IMPLY 
INCREASING THE SIZE AND 

THE USE OF 
TECHNOLOGICAL 
IMPROVEMENTS
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Since the 60s, when the first
colliders  were constructed
to the LHC, colliders have
become 3x104 LARGER and
now achieve 107 times higher
luminosity and energy.

20TH CENTURY COLLIDERS 

ALL THE HEAVIER 
PARTICLES OF THE 

STANDARD MODEL WERE 
PRODUCED IN COLLIDERS

COLLIDERS PROGRESS WAS ENABLED BY THE INTRODUCTION OF NEW 
CONCEPTS AND EMERGENCE OF NEW TECHNOLOGIES 
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CURRENT COLLIDER  CONCEPTS
Strong 

focusing
Separate function 

magnets
Colliding 
beams

! higher field levels 
! more optics flexibility

Dipoles for 
guiding

Quadrupoles 
for focusing

Crab crossing schemes

Crab waist schemes

Sequence of 
alternately 

converging and 
diverging magnetic 

lenses of equal 
strength is itself 

converging

Nano beam sizes 
at Interaction Point



onon

CURRENT TECHNOLOGIES
Superconducting magnetsSuperconducting RF systems

PETRA, TRISTAN and LEP-II started 
the massive use of SC RF systems 

HERA, RHIC and LHC use both SC RF and SC magnets 

TEVATRON was the first accelerator 
based in SC magnets 
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The Large Hadron Collider
The LHC is the world’s largest and most powerful collider. The LHC consists of a 

27 km ring of thousands of SC magnets with a  number of RF accelerating 
structures to boost the energy of the protons up to 7 TeV.
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21ST CENTURY COLLIDERS
Pushing Energy frontierPushing Precision frontier

ACCELERATORS TECHNOLOGIES ARE 
READY TO GO FORWARD FOR LEPTON 

COLLIDERS, HIGGS FACTORIES.  

Higgs factories: ILC, CLIC,  FCCee and CepC Energy frontier colliders: FCChh and SppC

NEW SC HIGH-FIELD MAGNETS AND ENERGY 
MANAGEMENT STRATEGIES ARE NECCESARY 

FOR ENERGY FRONTIER COLLIDERS
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ULTIMATE  COLLIDERS

Plasma acceleratorsMuons colliders

COOLING-FREE MUON COLLIDERS, PROMISE AN ENERGY EFFICIENT PATH TOWARDS 
LEPTON COLLISIONS. WHILE PLASMA ACCELERATORS OFFER UNPRECEDENT HIGH 

GRADIENTS HENCE COMPACT COLLIDERS
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Context: EPPSU 2020 and Snowmass 2021  
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Timeline for European Strategy Update 2026

We are here !!!

June 2024: appointment of Strategy Secretary, Strategy Secretariat and European Strategy Group (ESG) by CERN Council

GIF 2025

CepC not entered in the 2025-2030 China strategic plan



"73.3)8%()*%198973%:(7;3%<==3637(8+7%>7+?3=8.

!(

International Large Scale Projects

FAIR

CepC.    
High current 
Z-pole  

EPPSU
FCC/CLIC, ILC ? 

LHC
ATF2
Super KEKB
XFEL
…

HL-LHC
11T Nb3Tn

FCChh
16T Nb3Tn/NbTn

ILC
1.3GHz SC

nano-
beam/stabilization

ESS
SC linac

HE-LHC (HL-LHC)
16T Nb3Tn/NbTn

In operation
In construction
Under study

FCCee
High current 
Z-pole  

LBNF

EIC

CLIC
12 GHz

nano-
beam/stabilization

An uncompleted view ...

2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050 2052 2054 2056

SppC

FCChh (FCCee)
16T Nb3Tn/NbTn

LHeC
ERL

FCCeh
ERL

µ.µ/

!"#$%&'()"#*$+#(
ATF3



!"#$%&'

!)
GIF 2025

! !"#$%&'(#)%"*#%*+%,,)&-$.

! /01*+%"#-2#3*
! !""#$%&%&'('#)*+,-..'%&%/
! 0123'!#""$%&%4'

! -4-5 (%,,)&-$.*6$%"#)-$.
! 56,7)*.738'('!)19:8'';9*)3719.
! #6.3-7)-<7=738';9*)3719'''''''

! +%"7-"#)%"8,*-4-5 (%,,)&-$.
! >>'?9*@1A3.B'C>>D11'E>1?>F
! 5>'?9*@1A3.B'G5>H'>5G>H'>IH'5>CJ>!K0

! 9&78"(-&**-4-5 (%,,)&-$.
! L**.37):'3M1'?19;*9,-)A1.B'NO'#KCH'!K5.'
! 5"P'1Q1D A*==7R19'.6<.8.31,B'7)@1A3*9.
! 5"P'<-.1R'1Q1D A*==7R19.



20

@"4%&0A%#:+B+6&'*9:+C*0&#%'*A++

GIF 2025



21

!"#$%&'$()*+*,%-./)*0.&%($-.'** 1"'(2$%23$4$()*0.&%($-.*

"#$$%

GIF 2025



!"#$%&'

""
GIF 2025

! !"#$%&'(#)%"*#%*+%,,)&-$.

! /01*+%"#-2#3*
! !""#$%&%&'('#)*+,-..'%&%/
! 0123'!#""$%&%4'

! -4-5 (%,,)&-$.*6$%"#)-$.
! 56,7)*.738'('!)19:8'';9*)3719.
! #6.3-7)-<7=738';9*)3719''''''

! +%"7-"#)%"8,*-4-5 (%,,)&-$.
! >>'?9*@1A3.B'C>>D11'E>1?>F
! 5>'?9*@1A3.B'G5>H'>5G>H'>IH'5>CJ>!K0

! 9&78"(-&**-4-5 (%,,)&-$.
! L**.37):'3M1'?19;*9,-)A1.B'NO'#KCH'!K5.'
! 5"P'1Q1D A*==7R19'.6<.8.31,B'7)@1A3*9.
! 5"P'<-.1R'1Q1D A*==7R19.



55' 677-4-.2(&.*58244-%/-'*2%9*:-)*;-78%&4&/$-'

>?

!"#$%& '()*"+,*-&

"#$%&'()&*#$+)#%&
,+-+!

./0'1&*#$+)#%&
,+-+2!"

!"#$%&"'()&*+#$,$-.
! &'()*+,-./.0,,%+)-./.1-*%. 234

! 5#'16.7,*8%.29P4
/0 )&*+#$,$-.

!"#$$ &'#"()*+%,-!,-"

3"45

!"#$%&'()*)+,

-%,#$%&'()*)+.%/

' "
(!"# *$+"%

,- .&'.('
/)* " 0" 1+

,!

-"

!%&' "
#
$

%& " '& (( !%&' "

) "
%&)

*+,*+,,+ !%&' -&
%

- .&.&.'.(.(.'
/)*/)*/ " + -"

01()2%13#$%&'()*)+,
!"#$%&%'



!"#$#%&'(&)*++,+-*.
!""#$%%&'()*&!%+&&

!"#$%&&$'()#*+,)#-$.+/*+,0

24
GIF 2025

http://cern.ch/fcc


!"#$%&%'()*#+,--./0/1

!""#$%&'()*&'+#,)-()*.#/ 01-,'

0112&& 0112++

! ()$*"#+,#-../""#012#!2#32#. /.4#$(#35**(#6$7)8%92#":"7)%8;"$<#=#)8>#6$7)8%9#$)#&5*&"()#:?@5A8(5)5"(
! ()$*"#B,#-../&&#0C+DD#E"F4#$(#A$)?%$:#78A)5A?$)58A#$)#"A"%*9#6%8A)5"%2#>>#=#GG#78::5(58A(H#"/!"8>)58A
! 78@@8A#75I5:#"A*5A""%5A*#$AJ#)"7&A57$:#5A6%$()%?7)?%"(2#K?5:J5A*#8A#$AJ#%"?(5A*#.LMNO(#"P5()5A*#

5A6%$()%?7)?%"
! -..#5A)"*%$)"J#>%8Q"7)#$::8;(#)&"#()$%)#86#$#A";2#@$Q8%#6$75:5)9#$)#.LMN#;5)&5A#6";#9"$%(#86#)&"#"AJ#

86#3R/R3.#"P>:85)$)58A

!"!"#$ !"%& !"%'#$ !"'& !"("#$ !)""# !"



!"#$%&%'()*#+,--./0/1

!"#"$"%&"'()*+,- )%.'/01("0"%-)-/+%2'!"#$%& '()*%+,
!"#$%&'()$*+,'$%&'$-'.'/00'1,1&1"2'3"41",&*5'
6"*+7'$,'*+3+4"2 (41&+41"*8
9 /-&4&/)<
9 '".=27-*7&%'(.2$%(' :2",7'"3"12"6121&#5'

%46",1*&1(5'+&(;<5
9 -%>$.&%#-%(<*:=4$&+(&+7'>$,+*<5'
9 $%=.2'(."7(".- :+2+(&41(1&#5'&4",*=$4&<5'
9 #278$%-*?-.=&.#2%7-

@6>&$9A.-9"7-A7&#?-%'2(-B*=41,(1=2+'$-'
?@'",7'A4+,()'4+B%2"&1$,*;

!"#$%&&'&()#*+,$-*.'/%*#&-0#1'
2345'.6'$-078'9'*:$;%<#'=(-0+*8'

>,;(&?'*@66#+$@' !#



!"#$%&%'()*#+,--./0/1

!"

!""#$$%&'(()*$+%&',&$-.
/'+%012)0)3),4%(50),'6).7

!/0" C /0# D'2%E1,$*1&#F+,+4B#'$-'!?G
!"*%*&"1,"62+'=)#*1(*

H$E61,1,B'($,(+=&*'-4$E'="*&'",7'
=4+*+,&'2+=&$,'($2217+4*'4+*%2&*'1,'"'
B1",&'*&+='1,'+--1(1+,(#8!"#$%&'()*+',"%%)!&(

! $%&'()*&+,-./(,01,(+*22-&3/(405-(678(%&9(:(;%+3<20-./(
90;;-2-&3(;2<$(6=>

-"./#.')*0&,-)"*
! .3%&9%29(%3($<9-2&(401,3(.<*2+-./(405-(?6?
! *.-9(%3(2-+-&3(-#-$ +<4409-2./(>=>@AA(BC?DE/(F=F:(BG%H%&E/(

:=>8AA(B8,0&%E
,(1$/21)3-',"%%)3)"*'3,4&5&
! .*++-..;*44'(9-$<&.32%3-9(%3(ID!J=(BA3%4'E(%&9(

?*H-2F=F: BG%H%&E
3#.&(,"*!#,-)*+'(1!)"6(&7#&*,8'383-&5'
! J)K8*("LL(M7N(?8(+%O030-.(H0<&--2-9(%3(;<2$-2(8=PJ(6=>
! )*45(J)(QLL(M7N(?8(+%O030-.(.0$04%2(3<(=??(B?R-9-&E/(

=*ST=6 BU-2$%&'E
! 2-O<4*30<&%2'(,01,4'(-;;0+0-&3(PT(H<R-2(.<*2+-.((
! &-R(<H-2%30<&(.+,-$-(;<2(;4-V0)4-(-&-21'(.R03+,0&1(W(

2-9*+-9(+<$H4-V03'



!"#$%&%'()*#+,--./0/1

!%

!""#$$%01),%-1+10$.$+6%1,*%'-$+1.)',%-(1,

*+,+-./., 0 !! " #$"% ! "!

!&55*2*&%$"%"(36$72$$89":; <<=$>?=$>@ ?.A=$?B0 ,@- 0@-/0.- 0B.
26%4+(&'(&%$(1)*1'*&%CD"1E$8FG; .- .- .- .- .-
D"1E$4H(("%'$8EI; ?,>@ ?0. ,BJ< BJ- .J?
%HED"($DH%4+"2$C$D"1E ??,-- ?<., 0-- A- B@
'&'15$KL$M&5'13"$@--$C$<--$FNO$89:; -J-<$C$- ?J-$C$- ,J?$C$- ,J?$C$AJ@ ,J?$C$>J,
5HE*%&2*'6$C$PQ$8?-#$ 4E%&2%'; ?@@ ,- AJ. ?J< ?J@
5HE*%&2*'6$C$6"1($81D%'; B< >JB 0JB -J<0 -JBA
(H%$'*E"$R*%45H)*%3$5HE* (1E#/H#S$86"1(2; @ , 0 ? @

'&'15$*%'"3(1'")$5HE*%&2*'6$81D%'; ,-. ?>J, ?-J< -J@ ,JA

'&'15$%HED"($&T$"M"%'2 B$?-'& U
,J@$?-( GG
B0&+4X(YY(%3(
,01,-2(Z.E

,J,$?-) UN
B.V$GG$W$

N
,$?-) ! "!$$X$$0A-V$UN
X$$>,V$GG$W$N



!"#$%&%'()*#+,--./0/1

!""#$$%&'$()*+&,%-$./$,0$%),1%23!%0&,0$'*%

! 9/,&%%':;;'<=>'?@A'383-&5'6"('BC'D'1*!'B="#$%&'($#)*)&$+#'%)&,--$.#,&#/0$(,&'/%#)&,(&
! 1-$2'3'-'&*#1/(#)4'&56'%7#3$&4$$%#8"#99"#8:#/0$(,&'/%
! ($;$()$#06,)$#/0$(,&'/%#,&#8#,--/4)#5/%)&,%&#5,;'&*#5/<0-'%7
! )<00($))'/%#/1#&6$#)'%7-$!5$--#=>>#?:@#)*)&$+#
! ($.<5$.#ABC"#'%)&,--,&'/%"#5/++'))'/%'%7"#$&5D

! E/,&%%'F;;'<=>'?@A'383-&5'6"(',"%%)!&('--$1('".&(1-)"*'1*!'$""3-&('1-'1%%'&*&(+)&3

!"#$$#%&'()*+%,

!-#%&'()*+%,

@--$FNO$KL$516&H'$1%)$D"1E$2Y*'4+*%3

T4-V0)4-(.-[*-&+-(\(] Y(@ 7

!$



!"#$%&%'()*#+,--./0/1

!""#$$%&'()*+,%-%+&./()&0+%1$$()02%(3$%4$5/)4$1$0(+%!!"#$%"#&%'

&'

:%.-40&-(^U78_/((FX(`09-(-3(%4X(

:;<=.!"!"###$$%"2>?@A4

!"#

$%&$"'($)*!+,-*"!'./*

D43-2&%30O-(^688_/((>X(P%0$<&90/(?X(60*NN</(-3(%4X(

:;<=.>BC.?>@??>.2>?>D4

0*1*22

0*1*22

03*1*! "!

03*1*! "!

! "!

! "!



!"#$%&%'()*#+,--./0/1

!""#$$%&'()*+,%6$71%89071)*+%+(/8)$+

&(

01++$#*'2$,$33$#*-,'),*"!)-2$"-$,&+!)$,456078



!"#$%&%'()*#+,--./0/1

:/'$4;<;=%7+%!""#$$%8$1&0+(47(&4%%%%%
E FGG!$$H)#GH)(-#1%I',(1$'21)3-'3,4&5&')<55$))1<--*#'+0-$+$%&$.#'%#IJ>J>
E (/<&'%$#/0$(,&'/%#,&#FGG!$$H)#!9:JK'55
E $&15',#((&*-3'L'KMN'O'KFGG!$$#+,2'+<+#5<(($%&L#

>+'$*(+%+'$*)?)*%(&%:/'$4;<;=
E 5/+0-$2#)*-&(1,-)"*'(&+)"*'4'&6#)<0$('+0/)$.#

+,7%$&)"#%/%!5-/)<($#/1#/0&'5,-#,3$((,&'/%)#
M#+,7%$&#5/'-#+,%<1,5&<('%7#$((/(#

E 3#!!&*'$&15'%"33'.<$#&/#5/+3'%,&'/%#/1#)0$5',-#N?OP#1-,%7$#K/%-*#,&#QRQL#
,%.#<)$#/1#;,5<<+#)$,-,%&#K'%&(<.'%7#'%&/#&6$#56,+3$(L

E 0//(#'%S$5&'/%#$11'5'$%5*#,&#!*+IT#++"#,%.#'+0/))'3'-'&*#&/#)U<$$@$#+<56#1<(&6$("#
.<$#&/#%1(+&')*0&,-&!'$&15'K6<7$#3-/4#<0#'%#3/&6#&(,%)1$(#-'%$)"#
V<0$(QRQWX#!#$"T>#%+##'(!")$%%&µ'(" FGG!$$X#!#$"T>#0+#KT>>>2#)+,--$(YL#

E %"2'3.&,)6),'%#5)*"3)-8'.<$#&/#($)'.<,-#K-,(7$L#-'%$,(#B#56(/+,&'5#5/<0-'%7#,&#Z["#
)0,5$#56,(7$#,%.#1$$.3,5\#%/')$

%!



!"#$%&%'()*#+,--./0/1

!""#$$%3!%-4-*$5%6 7$4%*$08,&9&:4

Superconducting elliptical cavity
! 400 MHz, 2-cell, copper Nb coated
! 1.5 m. long

400 MHz Cryomodule

Power source: Multibeam Tristron
! Very efficient ~90 % ! <<OPEX
! 3 m long
! 50 kV
! 500 kW, CW

Superconducting elliptical cavity
! 800 MHz, 6-cell, bulk Nb
! Nb3Sn if R&D is successful

800 MHz Cryomodule

X 264

X 264

X 66

X (408 + 448 booster) X (102 + 112 booster)

400 MHz Collider

800 MHz Collider + Booster

X 204 

+ 448 x 10 kW SSA booster
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e- Source

e+ Main Liinac

e+ 
Source

e- Main Linac

Damping Ring

Beam 
dump

Interaction point

Physics Detectors
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ILC Technology Network

WPP 1 Cavity production Jp., Eu. ,Kr. 

WPP 2 CM design Jp., Eu. ,Kr. 

WPP 3 Crab cavity

WPP 4 E- source

WPP 6 Undulator target Ger.

WPP 7 Undulator focusing Ger.

WPP 8 E-driven target Jp.

WPP 9 E-driven focusing Jp.

WPP 10 E-driven capture Jp.

WPP 11 Target replacement Jp.

WPP 12 DR System design Jp. Kr., Au.

WPP 14 DR Injection/extraction UK

WPP 15 Final focus Jp., Eu., Kr.

WPP 16 Final doublet

WPP 17 Main dump Jp.

SRF

e-, e+ 
Sources

Nano-
Beam

•Creating particles  Sources
•polarized elections  /   positrons

•High quality beams  Damping ring 
•Low emittance beams

•Small beam size (small beam spread)
•Parallel beam (small momentum spread)

•Acceleration   Main linac
•superconducting radio frequency (SRF)

•Getting them collided  Final focus
•nano-meter beams

•Go to Beam dumps

Time-consuming and essential work packages for ILC are summarized 
as ILC Technology Network (ITN). (~4-year plan)
https://linearcollider.org/wp-content/uploads/2023/09/IDT-EB-2023-002.pdf

ILC Technology Network (ITN)
  -- global collaboration program--

• Acc. R&Ds focusing on
• SRF
• e- & e+ Sources
• Nano-beam 

S. Michizono, LCWS 2025
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Grain Size:  50 - 100 um

A New Approach:
Medium Grain (MG) Disc

Grain Size < 1 mm

! Aiming for clean, mechanically stable, and cost-effective SRF cavity production.
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• Korea Univ. fabricated two 1-cell cavities.
• Single cell cavities satisfied ILC specification

56

WPP-1 in South Korea

Korean cavities

FG single-cell cavity

MG single-cell cavity

ILC specification

TTC2025, Jongmo Hwang

ILC specification

GIF 2025

S. Michizono, LCWS 2025
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Specifications

Type B

Thermal shield Single

Vacuum vessel length 12,652 m

Vacuum vessel diameter OD965mm, ID946mm

Coupler pitch distance 1326.7 mm

Cavity length 1247.4 mm

Takeshi Dohmae/Tomohiro Yamada/Takafumi Hara

3D model of CM with waveguide system

Thermal analysis for 40K shield

• ILC “Type B” CM chosen (eight cavities + one SC magnet/BPM)
• Single thermal shield @40K (5K dropped (t.b.d.))
• Tuner access available
• 3D model completed
• Heat load simulation done (dynamic under progress)
• Waveguide support frame designed
• Total cost for contract under estimation

A. Kumar

WPP-2 Cryomodule design in KEK S. Michizono, LCWS 2025



Undulator scheme and e-driven scheme positron source

58

Undulator method (baseline): 125 GeV electrons are passed through a helical undulator, and the 
produced gamma rays hit the target to produce electron-positron pairs. Polarized positrons (30%) are 
obtained. Need 125 GeV electron beam.

Electron driven method︓3GeV electrons hit the target to produce electron-positron pairs. High-energy 
electrons are not required, and the commissioning of the positron production is independent from 
electron beam commissioning.

Developed 
mainly in 
Japan.

Developed in 
mainly EU.

Both needs strong target and sophisticated design of Flux concentrator and capture section (cavity and solenoid) à In KEK, 
prototype of positron source based on e-driven method start to develop. GIF 2025

S. Michizono, LCWS 2025



• Fabrication of Target disk (W-Cu)
• Install Flux Concentrator (FC)
• Fabrication of collimator with pillow seal
• Fabrication of solenoid

59

The infrastructure for positron test stand was developed until JFY2024, 
including a cold fit test of the W-Cu target. From 2025, we will conduct the 
accelerator structure fabrication.

Build these parts
Until FY2024 

About 200 r p m
with water 
cooling.
Vacuum is 
around 10^-6 Pa 
level. (last year 
& this year)

rotating target. 

Flux 
concentrator

Movie 
Stable rotating target was produced under good vacuum condition. à impressive progress for future e+e- colliders  

WPP-8/9/10: e-Driven positron source in KEK

GIF 2025

S. Michizono, LCWS 2025



60

_0@0E#/+#"#$2%&"'(9&*+#$,$-4&5([#'+\R"H"R\"
`#1E%:+H 401E*I0+#"#$%&"'((54P&(
++++++++++++H Q9"%4,4P& *&%+I$5494$#

!"#$%&'(%)*+,+*)+%##-%&(.&/(01'

!"#$%&'()(*+,-,.&/,)+&012, +*(1-*.!

/22.3P,-H)('>-8$5=G-'+-Q#H-)(-ABA

2%,
#3*4

)."5
'"/4

6"7
'819

"1*'&
+$+:'

*+%,
"+1"*;

4"#%
'$"%

/"<
==3>

?

GIF 2025



@>

2013 2014 2015 2016 2017 2018 2019 2020

/)00)-#1%.2'"#-

//)(3

E2F&.*G->$-H*

!"#$%23.&%(42(567(0&38%5(.98&.%31'6(:(;

/4)(3

5&6+%)-%76+"+87%+'()
9)00)-#1%.2'"#-
:;#<)-#1%.2'"# 3'*+=>
05?@)=##*67$;)'(

0A)"7%#($B)4CC)(-#$)))
D'-+%+'()E+%%#&)7%)F@0G)HDI)/4)(3

5$%.2'"#-

4!" <7;#=+#"* -#%.2

5$%.2'"#-)-<72

J7;#=+#"*)3'*#"

B>;CC*D5;>*=?E5=*F565*@DA;?45<*F?AG*65<9H5<**D5;>*
?4A54=?A?5=*@I*JKL/MKL*MJ" 5#ND94HG*OMJ$%!<5=?74*P;C95Q*
;4<*65<9H5<*;D566;A?@4**@:A?H= OMJ!&R*S*!'RQ

I!5AIJ;*

H(%#(-+%B)
*#2#(*#($#)

!"#$%&"'()*&'+#,-.

/01/&&'+#,-.

L:JM %BN O%O&&I P%&%&Q

6R6$:/<49;$%&%&SI$P%&%&Q

L:JM$%ON$O%%T&%$P%&OTQ

L:JM$OUN$&UO&&%$P%&OVQ

O9P7QHQR



@&

E2F&.*G->$-H*

!"#$,<%5(1(0&%30;%1955(0&%.&3&9.%
3$%J;$%"#?>*%$J"(#

I!5AIJ;*
[?C/ N4J: F%*4 ESLAJZ4 %G )*L)%*L %* D'4 MAJ:4U)AK )M
D'4 *4U [ZTJ*&4Z [&&4F4AJD)A \F4:4*D ?4&'*)F)LV
X4T4F)S:4*D 6$\]? [?X> LAJ*D GDJAD4Z %* [SA%F /0/7
J*Z U%FF &)*D%*E4 )T4A 1 V4JAG"

K7$..3)$L736#&-I
! #$%%&'("()*$%+*,-".,+"
/%.,-$(
! 0.1*23"#45"2.6$7*,-"
! 827*6%*,$ #45(
! 9*6&%$":).;<$7

HDA:M)"7-#&

M7N(#%-I
! =9>?"=@A?"89>?"89A
! 5.-,$2";&1$7(

@+3+(N)-B-%#3-
! B$'"C5D"<.($+"D1$,2"
E$,.7.2&7F7$:$*1$7"(3(2$;"

! G$,$'"&62*:.%"(*-,.%"
+*(27*<H2*&,"(3(2$;"/&7"
7$/$7$,:$":%&:I("%*,.:J9G

O+$;#&)-B-%#3
0$7.;*:"".,+",$'":).;<$7"

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

PADM-I
! G$!*,(2.%%.2*&,"&/".%%"0#45("
! @.(2"(;.%%";&1$7("
! D%$:27&,*:("J"9*-*2*K$7(L

!"#

$%&'()*+,-./+0
1+22%&

345670

7-8.+90)%:+;0/%.9;%20
1%<0*;%9%9=*+

>?@A>?B09()(.80C=C9+)6D+&0C+<9E*%2+

F+&0/+;-)(/0/G-)1+;

$(.-/0H2=C9;%.0/%.9;%2

! R"6>="6& #$%"4553&5 &'('"
)*'+,)-)'*".(',(/-),,'*"0"('123'*""
4/56/+'+,37

! 8),)9:,)/+"6;:+")3")+"6(/9('33"
.8<=$"#$>7

! >',:);'*"3,2*)'3",/":33'33"",?'"
@AB0BA@B"00Q(3C3,'5"*'3)9+"-(/5"
,?'"6/)+,"/-"D)'&"/-",?'"
9&*+#$,$-4*",S+"6>="6&(*+$4*&5(
:('"/-"6:(:5/2+,")56/(,:+4'"
.&:E'-)';*3F"5:9+',"-)';*"'((/(3GGG7

!-''&%'*4-2.%-9*

O9P7QHQR



@F

E2F&.*G->$-H*

!"#$,<%5(1(0&%30;%1955(0&%.&3&9.%
T&68$6'"#*&(UI94'4P"94$#(

I!5AIJ;*

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

F@0C 2"7( 20 16 C37034 1O4 /4H400=7* QRS 16
P=Q2P2D4 1O4 ".3+('-+%B 2'%#(%+7" '= HTP> ./
C=712H3>=7 1O4 =00400P4/1 6R 1O4 .S5 TTI 0*014P
E402A/ 0C4H0 =/E 1O4 14HO/6>6A2H=>UO=7EV=74
HO62H40 =/E 1O4 >6/AJ147P 01=<2>21* 6C47=126/ 200340M

T'(N)@#&3)-%76+"+%B

U+NLV'&*#&)76#&&7%+'(-

A#73)H(-%&.3#(%7%+'(

I,10"=;7478"JKL"I13,5M

N1O,P4,25"=,3="3=1=4E7

A:=;+E2,3

J7;#=+#"*)3+%+N7%+'(

4D.BQ

! H2,3,:+*)+9":+*"2+)I2'"('32;,3":4?)'D'*"
)+"#$%0#$%JG"K:3'*"/+"#$%J"
:4?)'D'5'+,3"#$(5+$=59$II&("-/("@AB"
?:3"L''+"-/2+*

! #$%J"%&"'(4#9&#549.(>&I&#>&#*&()3"
4/56:,)L;'"&),?"=":&84&,>5 )56:4,":+*"
;/+9"L2+4?";'+9,?3G"#$%J";/&1)+,'+3),C")3"
M(/29?;CN"'I2)D:;'+,",/"@AB"+/5)+:;"
)+,'+3),CG

! #$%J"$I94*5(,4'49"94$#(4/2;*"L'"
'O6;:)+'*"LC"",4-#'&#9F"V499&65F":+*"
'3,94I$,"6("%&66"94$#5G"B/56:(:,)D'"
3)52;:,)/+3"3?/&+",?:+"#$%J"PQOP"/6,)43"
?:3"4;/3'(",/;'(:+4'3",/"@AB"/6,)43",?:+"
#$%J"POP"/6,)43G"

!-''&%'*4-2.%-9*

L:JM OWN &%B'&O P%&OIQ

6R6$:/<49;$%&%&SI$P%&%&Q
DR:XS(AR.".S%&%&S&U'$P%&%&Q

O9P7QHQR



/22.3P,-H)('>-8$5=G-'+-Q#H-)(-ABA

<=>$?8?7
&!&!

!"#$%&'%()*+%$&,-".)/%%0'),*)12)/%%0' -" 34512167

!"#$%$&

!"#$%&&'$(')*+',-%.&/"-'
#$-01,21#$-0'

3%4"-$'.(5-6'7("$6(&'#2#$-.

89-:'8-;$<0(&- .%4"-$#

=%9->/-&?'-5%&<%$/("



!"#$%&'($%')*+ ,-*$#&.&/$0-1&-((2&-1

@(

X5)$<$@5 @8?A)$5A(

W=PC2/A-&2/A

W414H167-X=>> !"#$%&'()*$'

!"#$%&%'



“Green ILC” and Carbon neutrality

66

Ø  “Green ILC”: Past efforts include increasing the efficiency of accelerators (SC, 
klystron)           https://green-ilc.in2p3.fr/documents/

Ø Carbon neutrality: Common challenge for all future HEP accelerators. The use of 
SC will contribute to carbon neutrality in the future.

Although SRF has been adopted, the AC power consumption  for ML part is 
<50%, what is a total of 110 MW  

Work is ongoing to study these issues in 
collaboration the "ILC Environmental 
Assessment Advisory Board"

https://wsfa2023.huhep.org/

GIF 2025
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CLIC new design highlights

GIF 2025

� Two Interaction Regions
� Addresses a long-standing concern: a single IR does not sufficiently serve the particle physics community
� Two detectors can be operated each at an average rate of 50 Hz
� All the luminosity can also be delivered to a single detector at 100 Hz

� Emittance budgets to full start-to-end simulation
� For the expected alignment imperfections and with a conservative ground motion 

model, 90% of machines achieve a luminosity of 4.5 × 1034 /cm2/s or greater, at 380 
GeV, 100 Hz. 

� The average luminosity achieved in simulations is 5.6×1034 /cm2/s (380 GeV, 100 
Hz).

� Future improvements to the technologies used to mitigate imperfections, such as 
better pre-alignment, active stabilization systems and additional beam-based tuning, 
will also help increasing this luminosity surplus further. A start-to-end simulation of a 
perfect machine shows that a luminosity of 8.6 × 1034 /cm2/s would be achieved (380 
GeV, 100 Hz).

� 50 and 100 Hz operation
� Re-evaluation of the level and distribution of power consumption at 380 GeV made 

clear that repetition rate – luminosity! - could be doubled with only 60% increase in 
power consumption.

� Due to large fraction of non-pulsed consumption, magnets, infrastructure etc. 
� Contributes also to implementing two interaction regions.

S. Stapnes, LCWS 2025
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CLIC Technical developments of key elements 
Extensive prototyping over the last ~5-10 years 

 

Examples of technical developments

GIF 2025

S. Stapnes, LCWS 2025
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“Green CLIC” and Carbon neutrality

GIF 2025 75

Ø Energy studies:
• Running when energy is cheap

• Renewable energy (carbon footprint)
• Recovering energy

Relative energy cost by no scheduling, avoiding the winter months  
(restricted), daily, weekly and dynamic scheduling. Central values of the 
ranges shown should be considered best estimates. The absolute cost scale 
will depend on price, contracts and detailed assumption about running times, 
but the relative cost differences indicate that significant cost-reductions 
could be achieved by optimizing the running schedule of CLIC to avoid 
high-energy cost periods (Fraunhofer)

Ø Energy consumption:

RF Design and Optimization of Linacs for the CLIC Main Beam Injector Complex

• Very large reductions since 
CDR, better estimates of nominal 
settings, much more optimized 
drive-beam complex, more 
efficient klystrons and optimized 
injectors.

• Further savings possible, as 
permanents magnets

S. Stapnes, LCWS 2025
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C3 R&D programme

GIF 2025

E. Nanni, LCWS 2025
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The injector linac Demonstrator

GIF 2025

Cool copper Operation Linac Demonstrator: Preliminary studies for a 6 GeV injector linac for the ESRF

E. Nanni, LCWS 2025
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Boosting the performances of LCs: HG SCRF

GIF 2025
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More advantages:
Ø Linac-like beam quality with extremely flexible time 

structure
Ø High operating efficiency 
Ø Multi-pass configuration: High current carrying 

capability (no RF power limit) + High beam power in 
a compact machine

The benefits: 
Ø Important reduction of RF power 

consumption
Ø Dumping the beam at injection power
Ø Fresh beam in IP with the same 

characteristics

The idea: 

Boosting the performances of LCs: ERLs

The idea: 

W. Kaabi, LCWS 2025
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Boosting the performances of LCs: ERLs
LCs with energy recovery potential reach luminosities 2 orders of magnitude higher than ILC. Two different concepts 
of LC with energy recovery:

• After the IP, the beams are decelerated and stored in damping rings until the beam properties (emittance, energy 
spread, etc) are restored. Then, accelerated again (ReLiC)

• After IP, the beams are decelerated and weakly damped by wigglers (single pass). Then, accelerated again (ERLC, 
Ghost Collider)

polarized e+e- Recycling Linear Collider with high-energy, high luminosity reach (ReLiC)

Accelerator R&D Challenges 
• High efficiency LiHe refrigeration systems
• Very high-Q SRF cavities
•    Reactive tuners in SRF systems
•    Damping rings
•    MHz rated kickers

1.5 GHz SRF, 
Q > 1011 , 1.5 K

GIF 2025

W. Kaabi, LCWS 2025
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Boosting the performances of LCs: ERLs
LCs with energy recovery potential reach luminosities 2 orders of magnitude higher than ILC. Two different concepts 
of LC with energy recovery:

• After the IP, the beams are decelerated and stored in damping rings until the beam properties (emittance, energy 
spread, etc) are restored. Then, accelerated again (ReLiC).

• After IP, the beams are decelerated and weakly damped by wigglers (single pass). Then, accelerated again (ERLC, 
Ghost Collider)

GIF 2025

ERLC: A re-imagining of the ILC as an ERL 

Accelerator R&D 
Challenges 
• Traveling Wave (TW) cavities 

(HELEN type), combined with the 
development of twin axis cavities 

The Ghost Collider

§ Ghost bunches are electrically neutral: equal numbers of e- and e+ traveling together in 
the same Linac buckets à No electromagnetic interactions with the linac environment:  No 
excitation of High Order Modes (HOM) or multi-bunch Beam Breackup (MBBU)

§ Energy transferred between e- and e+ in the same bunch, decelerating one and 
accelerating the other à No need to couple linacs in the same side to transfer the power 
(no twin-cavity needed)

§ No electromagnetic interactions between ghost bunches travelling in opposite direction à 
Single bidirectional linac on either side of the IR

§ No electromagnetic interaction in IP as bunches are neutral à Possible to have several IPs 
in the IR, each of them with the design luminosity (1.6 1034 cm-2 s-1).

W. Kaabi, LCWS 2025
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Boosting the performances of LCs: ERL demo
PERLE configuration and main parameters:

• Multi-turn ERL (3 pass up, 3 pass down)
• Top energy: 250 MeV, ~ 82 MeV /Linac 
• 500 pc bunch charge @ 40 MHz à 20 mA
• 802 MHz SRF system, targeted Q0= 3. 1010

• Beam damped at injection energy (7 MeV)

à 89 MeV- 20 mA

à 250 MeV- 20 mA

W. Kaabi, LCWS 2025
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1) Positron Acceleration in Plasma
• Acceleration in the non-linear regime 

is not symmetric for positive and 
negative charges

Wakefield Acceleration Comes with Unique Challenges

Positron acceleration: TRL 1!

+++
++
+

+

+
+
+

M. Turner, LCWS 2025

2) Staging
• Tight tolerances, matching
• Must be compact

Concepts exist.
No experimental demonstration with high 
charge transfer yet!

LPA e+e- colliders: Challenges 

GIF 2025 93



Strategy 1: Avoid Positron Acceleration

M. Turner, LCWS 2025

Strategy 2: Avoid Staging

LPA e+e- colliders: Challenges 
Wakefield Acceleration Comes with Unique Challenges

GIF 2025
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HALHF
Hybrid, Asymmetric, Linear Higgs 

Factory

• e- acceleration in e- beam–
driven plasma wakefields

• e+ acceleration in radiofrequency 
cavities (C3 technology)

• To make most effective use of 
space à collision of polarised 
375 GeV e- with 42 GeV e+

Advantages:
+ most advanced wakefield 
collider concept à avoids e+ 
acceleration in plasma
+ compact footprint, ~5 km

Since 2023

• Asymmetric collisions: 375 GeV polarized e- with 
41.7 GeV polarized e+ (boost: γ=1.67), Center-of-mass energy: 250 GeV.

• à upgrades 380, 550 GeV center-of-mass energy discussed

Estimated luminosity: 1.2x1034 cm-2s-1 two IPs
Estimated total power usage: 106 MW

Estimated R&D time (technically limited): 
10-15 years

Foster et al., Phys. Open 23, 100261 (2025)

22.10.2025 M. Turner, LCWS 2025 7 / 16

Challenges:
High repetition rate plasma operation and cooling, Staging,  

Production and acceleration of polarized beams, BDS design,…

LPA e+e- colliders: design studies 

GIF 2025
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ALiVE
A Linear accelerator for Very high 

Energies
• e- and e+ acceleration in single 

stage p+ beam-driven plasma 
wakefields

• Enabled by the energetic 
and short p+  drivers

• p+  drivers: high-rep.-rate 
500 GeV synchrotron 

Advantages:
+ avoids staging
+ compact footprint
+ scaling to higher energies 
(10 TeV)

Since 2024
Preliminary investigation of a Higgs 

factory based on proton-driven 
plasma wakefield acceleration

J. Farmer et al., 2024 New J. Phys. 
26 113011

Collider Parameters:
Centre-of-mass energy (CoM): 250 GeV

Estimated luminosity: 1.7x1034 cm-2s-1 

Footprint: ~4 x 2 km.

7 km circumference
high rep. rate: 14.4 kHz

500 GeV 
p+ synchrotron

Upgrade to ~7 TeV for 10 
TeV collisions

M. Turner, LCWS 2025

LPA e+e- colliders: design studies 

Challenges:
High power synchrotron, Proton Bunch Compression, Plasma Source 

Development, Positron Acceleration,  Energy Transfer Efficiency, Beam 
Quality Preservation,...

 GIF 2025
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10 TeV
Design Initiative for a 10 TeV pCM 

Wakefield Collider
Technology candidates:
• Laser-Driven Plasma Wakefields
• Beam-Driven Plasma Wakefields
• Structure Wakefields

Collider type:
• e+e-
• e-e-
• γγ

Goals include delivery of:
+ end-to-end design study report in 
2028
+ roadmaps and resource 
estimates 

Since 2025

The Design Study aims to produce a unified, self-consistent concept for 
a 10 TeV parton-center-of-mass (pCM) collider based on wakefield 
accelerator (WFA) technology.

• Assume for now that is an upgrade to another linear collider 
facility.

M. Turner, LCWS 2025

LPA e+e- colliders: design studies 

Chosen design constraints:
• Ez,avg > 500 MeV/m
• ℒ/Ptot > 1032 cm-2s-1 MW-1

Broad participation: detector 
physicists, particle 
physicists, etc…

https://indico.slac.stanford.edu/category/138/
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! Colliders are an essential tool for the future of Particle Physics.
! Building a collider demands an enormous effort and requires many different

scientific and technical experts coming together with a common goal.
! A rich R&D program is driving the developing and building of these new facilities
! New and revolutionary ideas are needed to push the precision and the energy

frontier
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Useful Links

� FCC Week 2025 (19-23 May 2025) https://indico.cern.ch/event/1408515/

� Open Symposium on the European Strategy for Particle Physics (23-27 
June 2025), https://agenda.infn.it/event/44943/overview

� International Workshop on Future Linear Colliders 2025 (20-24 October 
2025) https://agenda.linearcollider.org/event/10594/
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