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INPUTS TO THE ESPP

Update of European Strategy
for Particle Physics
* Deadline 31 March
* 263 (!) inputs

_ Collaborations,
Strategies Groups and Theories
Indidivuals
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INPUTS TO THE ESPP

Update of European Strategy
for Particle Physics

* Deadline 31 March

* Today's focus:
_ Collaborations,
Strategies Groups and
Indidivuals
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OUTLINE

) Accelerator projects  The future of

Europe?

* First 30 minutes

II) Scenarios & visions
* Middle 10 minutes

lIl) Countries
* Last 10 minutes

=» | propose we discuss mostly during/after the last section
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FUTURE CIRCULAR COLLIDER

PHOTO: J. WENNINGER



FCC-EE: PROJECT

Most famous proposal

* 91 km circle
e Z+W+H (+t)
* EWK + BPH + top
* Upgrade to FCC-hh

IR
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= More in colloquium by Frank Zimmermann (16 May)
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FCC-EE: PRYSICS

178 68% prob. regions from EW fit

E W K <> Current
@ HL-LHC
@» HL+FCC-ee

e W+/+1t 176l HLFCC-ee (n0 Thi)
* Precision

Direct determination

PR CMS, 2024 PDG, 2024
~ - MW -mt

. HL-LHC

170

80.33 80.34 80.35 80.36 80.37 80.38 80.39
My [GeV]

UNIVERSITY -
OF TWENTE. Nik|het

Tristan du Pree



https://indico.cern.ch/event/1439855/contributions/6461657/
https://indico.cern.ch/event/1439855/contributions/6461657/

FCC-EE: PRYSICS

68% prob. regions from EW fit
< > Current

E W K Coupling HL-LHC FCC-ee 178

}i: 8;8 @ HL-LHC
° . . @» HL+FCC-ee
W + Z + t 25* 038 /049 HL+FCC-ee (no Thyyy,)
n . 2" 0.49/0.54 176 Direct determination
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E W K Coup ling HL-LHC 178 68% prob. regions from EW fit
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FCC-EE: COSTS

Cost: 14 BCHF

* |ncl. tunnel
* 6 BCHF

e Extra: ttbar?
e 1.3 BCHF

Advantage: up to 4 IPs

Tristan du Pree

o . /).
Domain @ Cost [MCHF]

Civil engineering 6,160
Technical infrastructures 2,840
Injectors and transfer lines 590
Booster and collider 4,140
CERN contribution to four experiments 290
FCC-ee total
Four experiments (non-CERN part) 1,300
FCC-ee total, including four experiments 15,320
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FCC-EE: TIMELINE

34135)136|37 3840 41 4244 45 4655

W
W

Activity

Environmental evaluation & project authorisation processes

32

Technical design accelerator

Civil engineering design and tendering

I

Project decision

Start of subsurface constructions

Subsurface civil construction

Injector construction
Technical infrastructures installation

Accelerator installation

Hardware commissioning

Beam commissioning

o—

Lower intensity beam operation (Z pole

Z pole operation

WW operation

HZ operation
Upgrade for ttbar

ttbar operation
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FCC

14 B

LCF

CLIC
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LINEAR COLLIDER AT GERN
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LINEAR COLLIDER FACILITY AT CERN

P h yS | CS Ca S e In this paper we outline a proposal

ject for CERN. This proposal offers the
construction of a new collider that will be able to comprehensively map the Higgs boson’s

® S M & H |g g S fa Cto r'y properties, including the Higgs field potential, thanks to a large span in centre-of-mass

energies and polarised beams. A comprehensive programme to study the Higgs boson

o K<1 %, like FCC_ee farg?n II'S; jth high precision requires data at centre-of-mass energies

asses, Megsuiamantabibadansquads Yukawa

2 5 LO SMEFT Fit with free I',,, I', .., Tz LC Visior _I | neasurement of thgl Higgs boson self-couplingfthrough
T e e s 4

HH production, and precision measurements of the eleclioweakr coupimngs of the top
77 % quark. In addition, e*e™ collisions offer discovery potential for new particles comple-
mentary to HL-LHC. The facility we propose robustly satisfies these scientific goals.

Withy a total length of 33.5km, two interaction regions s well as additional R&D and
fixed-target experiments, it ofters significant tlexibility to take into account scientific and
1 -5 T T UUNIIN B S : strategic deve|opment8. From today’s perspective, we propose to equip the Linear Col-

. lider Facility in a first stage with superconducting RF cavities for polarised e e~ collisions

a luminosity of 2.7 x 10%* cm™2s™, which

0 J (3€
-------------------------------------------------------------------------------------------------- - investment of about 8.3 BCHF.JWith a preparatory phase of six years, fol-

B HL-LHC @ LCF250, 3ab™
B HL-LHC @ LCF250, 3ab'® LCF550, 8ab" 550

2 . BohtGaric IPEE A S [ seceeueensesummmnnnn s snnansnsmnmnnne s munscs SR

05 R B B - N N O O e . . an be achieved with the same accelerator technology for

well as other new capabilities that will further enhance the Higgs programme and extend
0 the discovery potential for new physics. These upgrades will primarily be accomplished
by accelerator technology innovations rather than by additional civil construction.

Precision on Higgs boson couplings [%]

A
Z Wb t g cbinbliy, T,y T 5 t %
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LCF: PLAN

87
The first-stage LCF configuration We propose a facility with a site length of 33.5 km, includiny 4
. a 5km beam delivery region sized for up to 3 TeV collisions. We plan that the project will include
Sta rt ea rI Ie r, rU n IO n g e r two interaction points, which would share the collider luminosity. We note that bot1h ILC and CLIC
have produced beam delivery system (BDS) designs with two interagtian.naints.” For the initial
2042 L . E R B S R B S R 2064 techaalagy, we propose superconducting cavities with a gradient 1 as developed for
- Scenario LCF4CERN_10Hz_3ab-1 the ut with a quality factor Qemé 010 At its first stage, thIE TIPS tlcbo-0auippasis
4000 - ecm =91 Gev ' ' reaCll a4 centre-of-mass energy with both beams polarised
—— ECM = 250 GeV leaving part of the tunnel equipped ONTY WITH a transigiinewAe=we=will di 2 :
—— ECM = 350 GeV allows to flexibly increase the centre-of-mass energ )y installing more accelerating
3000 F — EcM =550 Gev modules at any time, at a speed adjustable to availability 0 (e.g. from non-member-states,

2000

Integrated Luminosity [fb™]
o
S
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LCF: PLAN

St t I . I a 5km beam delivery region sized for up to 3 TeV collisions. We plan that the prolect WI|| include
a r ea r Ie r, rU n O n g e r two interaction points, which would share the collider luminosity. We note that both ILC and CLIC
have produced beam delivery system (BDS) designs with two interaction points.1 For the initial

= S EL B S S R R technology, we propose superconducting cavities with a gradient of 31.5 MV/m, as developed for
;_9 4000 - Scenario LCF4CERN—1.9H§“.??P.1 ........................................................ the ILC, but with a quality factor Qq of 2 x 101?. At its first stage, thjs facility v_\/ould be equipped to
— B ECM =91 GeV reach a centre-of-mass energy of 250 GeV, with both beams polarised (|P(e ,e")| = (80%,30%)),
3" - — ECM =250 GeV leaving part of the tunnel equipped only with a transfer line. As we will discuss below, this approach
) | —— ECM = 350 GeV _ 5 ; allows to flexibly increase the centre-of-mass energy up to 550 GeV by installing more accelerating
8 3000 [ — Ecm =550 Gev | modules at any time, at a speed adjustable to availability of resources (e.g. from non-member-states,
E : : :

3 2000 B SN 5 S A SO - CLIC technology: By replacing the inz ' : ' -like
O - ? cavities [20], running at a gradient o gould
..% i be reached in the LCF.

o, 1000 9 [ o — . C° technology: Alternatively, the SCRF linacs could be replaced with a C-band copper ac-
_,0_9, celerator using the innovations of distributed coupling and cryogenic liquid N2 operation envi-
£ sioned for the C° proposal [21, 22]. Depending on the future achieyable gradient and advances

0 in high-efficiency RF sources, centre-of-mass energies betwee ould be
20 reached in the LCF [23].
years

« HELEN technology: By replacing the initial SCRF with travelling-wave Nb cavities with gradi-
L t d t 1 3 T V ents of 60 MV/m, like in the HELEN proposal [24, 25], a centre-of-mass energy of at least
a e r U pg ra e O - e 1 TeV could be reached in the LCF.

° * Nb3Sn technology: Advanced superconducting technology based on the use of Nb3Sn [26]
Same tU n nel can reach gradients as high as 90— 100 MV/m. Once these become application-ready, a
centre-of-mass energy of at least 1.5 TeV could be reached in the LCF.

* Subject to available technology

Tristan du Pree UNIVERSITY Ni@Iwef
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LINEAR COLLIDER FACILITY AT CERN

Costs: initial + upgrade

* 250 - 550 GeV
* Total ~ 14 BCHF

Quantity Symbol Unit Initial-250 Upgrades Initial-550 Upgrade
Centre-of-mass energy \V/S GeV 250 250 550 550 550
Inst. Luminosity & (10%*em=2s71) 2.7 5.4 7.7 3.9 7.7
Polarisation |P(e)|/ |P(e")| (%) | 80/30 80/30 80/60| 80/30 80 /60
Bunches per pulse Nbunch 1 1312 2625 2625 1312 2625
Average beam power Pave MW 10.5 21 46 23 46
Site AC power Psite MW 143 182 322 250 322
Construction cost BCHF 8.29 +0.77  +5.46
Operation & maintenance MCHF/y 170 196 342 291 342
Electricity MCHF/y 66 77 142 115 142
Operating Personnel FTE 640 640 850 850 850

Tristan du Pree
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FCC

14 B

LCF

14 B

CLIC
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CLIC: PROJECT

ESPP input for 380 GeV - 1.5 TeV

* 12 -30 km
* Higgs + top + A~10%

i Ay S oy L s 12 e
Compact Liear Cllider (CLIC) 7 5 ? o ~ tt threshold - QQbar_Threshold NNNLO i ‘g CLICdp
Al = swv-mom o (5 0.6 |- ISR + CLIC LS 90% Charge _ P - model independent -
| s e /7GRN = - PS - >
J - | - N - —default-m,~ 171.5 GeV, I'; 1.37 GeV - =
.T - m, variations = 0.2 GeV - 0 1.1
+‘D 0.5 —— I’y variations = 0.15 GeV _: >
O S
0.4 - . 3
- - L] S 0 0 0 10 0 i szt 2 o
0.3 ~
- 1 simulated data points e & S
» | 0.2 :_ 100 fb™ total _:
R 4 - i 0.9
0.1 _- I o 350 GeV, 4.3 ab -
- CLlCdp - o +1.4TeV,4ab’
0.8

340 345 350
/s [GeV]
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CLIC: DUAL BEAM

Two detectors Pz

simultaneously
* Dual Beam Delivery — ottt

I10m

( 7
, BN 380 GeV - 12.1 km (CLIC380)
A I 1.5 teV - 29.6 km (CLIC1500)

Operation with two detectors t an average
repetition rate of 50 Hz. This provides each detector with an average luminosi . The doubling
of machine total repetition rate from 50 Hz to 100 Hz, with respect to the previous basehne [6] 18 achleved without major
design changes, and with increases in the overall power consumption by about 60%. The luminosity delivery can be
flexible: if desired, 100% of the luminosity can be provided to a single detector for any given period of time.

The operation of two detectors is achieved with the concept of a dual Beam Delivery System (BDS) serving two
interaction regions (IRs) simultaneously [16]. The dual BDS introduces separate paths for the electron and positron
beams to accommodate two detectors with distinct crossing e of CLIC features a dual BDS
design achieved by extending the diagnostics section o 1ght additional FODO cells, each with a
phase advance of 45°, and with a total additional length of 300 m, were added to separate the two IRs longitudinally and

Geneva

UNIVERSITY Niklhef
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CLIC: COST & TIME

10 + 2 years 10 years

380 GeV
* 7.2 BCHF e,

1.5 TeV am
e 6.5BCHF

Installation

Reconfiguration

Year O

Construction, cost estimate, and energy consumption The technology and construction-driven timeline for the
CLIC programme is given in Figure 5 [6]. This schedule has sevenguas witialcanstaiction and commissioning,

R u n 2 04 1 o 2 O 6 3 potentially starting in 2033. Including a two-year margin, this leads tqfirst collisions in 2041} The suggested 22 years of

CLIC data-taking include an interval of two years between the stages.

9 TOtaI —~ 1 4 B C H F (' ) The cost estimate of the 100 Hz initial staggwith twg IRs is approximatelf 7.17 billion CHH The energy upgrade to
- 1.5 TeV has an estimated cost of approximatelly 6.5 billion CHF jincluding the upgrade of the drive-beam RF power.

UNIVERSITY Niklhef
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FCC

14 B

LCF

14 B

CLIC

14 B
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FCC VS LCF

= The FCC-ee and LCF proposals have converged €

FCC-ee:
W/Z/B

Physics: LCF:
SM & Higgs t & HH

End date: LCF:
~2060 Earlier

FCC-ee:
Faster

Cost: LCF:

FCC-ee: .
14 BCHF ZH + upgrade

Z/\WW/H program

FCC-ee: Size: LCF:
91 km > LHC 33 km

FCC-ee: IPs: | CF:
2-4 1-2

: UNIVERSITY :
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Corporate needs'you to find the differehée
between this piecture and this picture

They're the same
piciure
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C3: PARAMETERS

C3 = Cool Copper Collider
* Upgrade option for LC

Gradient ~100 MV/m

* Compact accelerator

* 8.7 km: ZH Higgs factory
* 33 km: 3 TeV (LCVision)

Tristan du Pree BP'%E,ERHE( Nik|hef


https://indico.cern.ch/event/1439855/contributions/6461485/
https://indico.cern.ch/event/1439855/contributions/6461485/

C3: TIMELINE

Timeline: R&D B 22 2023 2024 2025 2026 2027 2028 202¢

* Single Structure Beam Dynamics Modeling Medical, Industrial,
S D— Compact Linacs

* Development needed = High Brighiness

* Raft Development 2

* Structure Development Damping 2 - PhOtO' I nj eCtOI'

* Various applications Sl T Linacs for Injection

* Demonstration Proposal
Organize Demo Controls Group \

. . * RF Components (First Cryomodule Test) I =
I e I n V O V e I I l e n Demonstrator Facility Cryogenic Engineering ' 4 l Com paCt
Assemble First Cryomodule el Light
* Install Cryomodule with RF | S Py QLo
Sources

* Injector RF Components

* RasNik alignment e 1 — [ e

Install Injector : — - - ‘1

Beam Test Injector : ' ! /

* RF Components (Second Cryomodule Test) — — 4
* Demonstrator 2025 s cronons s
* Install Second Cryomodule with RF
* RF Components (Third Cryomodule Test)
Assemble Third Cryomodule

age 3

ud ol
‘“l ;

* Install Third Cryomodule with RF ]
*+ Beam Tests K — = -
S Follow-On
3
C] C3 Demonstrator R&D . Completed R&D Applications Studies: Staging,

Positrons, Beam

Anyway valuable technology
* Option for smaller Higgs factory

UNIVERSITY Niklhef
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BACK TO THE LHC

J

“The LHC is an everything factory’

* A.Hoecker — EPS HEP 2019
e Still true after all those years

LHC

0
’. |
Z boson 8 billion (— ¢, 270 million per flavour) l ] I l B B BN

Particle Produced in 140 fb-! at Vs =13 TeV

Higgs boson 7.8 million

Top quark 275 million

W boson 26 billion (— v, 2.8 billion per flavour)
Bottom quark ~160 trillion

UNIVERSITY Niklhef
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(HL-)LHC: TIMELINE

Higgs  Nobel Breakthrough Prize We are HL-LHC
discovery  Prize for LHC Experiments here 2030 — 2041
l l HL-LHC
Run 1 |
EYETS 13.6 TeV LS3 13.6 - 14 TeV
13 TeV energy
Dlodes Consolidation
splice consolidation cryolimit LIU Installation _ , HL-LHC
8 TeV - - triplet
7 TeV butten eallmators ek Civil Eng. P1-P5 pilot beam radtion it installation
R X ¥y
| 2022 | 2023 | 202¢ | 2025 | 2026 | 2027 | 2028 | 209 | 2000 Jlf]}
ATLAS - CMS —
experiment upgrade phase 1 ATLAS - CMS 40minglt D

beam plpes HL upgrade

201 O nominal Lum 2 X nominal '—“le ALICE - LHCb ) 2 x nominal Lumi , 2 O 4 1
75% nominal Lumi I/_- S
luminosity B E{ v

UNIVERSITY Niklhef
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HL-LHC: PHYSICS

Physics prospects

* Higgs: 2-3% uncertainties
* And much much more for
EWK, B-phys, BSM, top, etc...

Observation of H — uu.and H — Zy and determination their couplings with a precision of 3 and 7%, respectively;

Main Higgs boson couplings to fermions and vector bosons, with a precision between 1.6 and 3.6%;
A sensitivity to the charm Yukawa coupling of 1.5 times the SM value at 95% CL;

Observation of SM di-Higgs-boson production with significance exceeding 7o;

Measurement of Higgs boson trilinear self-coupling A3 with precision better than 30%;

Precision on_top, Higgs and W masses of ~200 MeV, 21 MeV and 5 MeV, respectively;

Sensitivity to fully exclude at 95% CL generic, high-scale new physics models enabling a strong first-order electroweak phase
transition in the early universe;

Sensitivity to largely exclude s strong FOPT in a specific Scalar singlet model;

Observation of longitudinally polarised vector boson scattering W; W, process with better than 20% precision;

Top quark physics: not accessible unless Fcc-ee is run at the top threshold: Constraints on anomalous interactions between the top
quark and the Z boson, probing new physics at energy scales up to 2 TeV.

Measurement of extremely rare processes, as four-top-quark production, with precision of 6%;

Tristan du Pree

Ky

(s =14 TeV, S2, 3 ab' per experiment

; ' ' T : ' ' T
I o
I

I 57

I 5o

-2%

-3%

-4%

I so

I, o1

ATLAS+CMS
Projections ESPPU 2026

B ESPPU 2026
ESPPU 2020

o || oo2 | o004

006 008 01
Expected uncertainty
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HL-LHC: PHYSICS

Physics prospects
* HL-LHC will dominate sensitivity for several processes for decades
* Not only various Higgs channels, also SM, B-physics, Heavy lon...

kappa-0 | HL-LHC | LHeC | HE-LHC ILC CLIC CEPC| FCC-ee |FCC-ee/eh/hh
S2 S2/ {250 500 1000|380 15000 3000 240 365
kw[%]] 1.7 [0.75][1.4 098[1.8 0.29 0.24[0.86 0.16 0.11] 1.3 [1.3 0.43 0.14
1.5 | 1.2 [1.3 09 [0.29 0.23 0.22| 0.5 0.26 0.23| 0.14 |0.20 0.17|  0.12
23 | 36 (19 12|23 097 06625 13 09| 1.5 |17 1.0 0.49
19 | 76 (16 12|67 34 19 [98x 50 22| 3.7 |47 39| 029
10. — |57 3.8 |99% 86% 85% [120x 15 6.9 | 82 |81x 75% 0.69
—~ 41 |[= = ]25 13 0943 18 14|22 |18 13 0.95
3.3 — |28 17| - 69 16| — — 27| = [ = = 1.0
K, [%]| 3.6 | 2.1 |32 23|18 058 048| 1.9 046 0.37| 1.2 |13 0.67| 0.43
(}xﬂ%]) 4.6 — |25 17|15 94 62 (320« 13 58| 89 |10 89 0.41
=T%]| 19 | 33 |15 1.1 |19 0.70 0.57|3.0 13 0.88] 1.3 |14 0.73 0.44

UNIVERSITY
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HL-LHC: PHYSICS

Observation of di-Higgs

e ATLAS+CMS >70
° A< 30%

2ab ' (52) 3ab ' (52) 3ab~ ' (S3)
ATLAS CMS ATLAS CMS ATLAS CMS
H H statistical significance
bbr 3.0 1.9 3,50 2.4 3.8 2.7
bbyy 2.1 2.0 241 2.4 2.6 2.6
bbbb resolved 0.9 1.0 1.0 1.2f 1.0 1.3°
bbbb boosted - 1.8 _ 221 - 227
Multilepton 0.8 - 1.0' - 1.0 -
bt 0™ 0.47 - 0.5" - 0.5" -
Combination 3.7 3.5 4.3 4.2 4.5 4.5
-7.6

ATLAS+CMS 6.0 1.2

=» Major legacy result of the HL-LHC
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BACK TO THE FUTURE COLLIDER
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FCC-HH: MAGNETS

Hadron collider

¢ ECOM — 80'90 TeV
* 21Ps

Stronger magnets

* Nb,;Sn tech
* Currenttarget: 14 T

Tristan du Pree
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& 1038
c ® HL-LHC
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£ o 1t ® Tevatron
E o i ® R
%
8 10 ® SppS
1030
0.01 0.1 1 10 100 1000
c.m. energy [TeV]
Beam Bore Peak Loadline Current Temperature
energy (TeV) field (T) field (T) margin (%) margin (%) margin (K)
LHC dipole 7.0 8.3 8.7 14% 43% 1.3
HL-LHC triplet 7.0 .91 11.3 22% 54% 4.6
42.5 14 14.5 20% 60%

FCC-hh dipole
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FCC-HH: PHYSICS

Physics
°* Energy: BSM
* Tens of TeV

* SM & Higgs
°* A~5%

100 TeV 84 TeV
BSM object (%) (CDR baseline FSR baseline

7’ ssp — bl
7’ sy —TT, Bt
Lo —tt

72 TeV

F12LL

=» For different collision energy scenarios
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FCC- hh

30ab~?! (84 TeV)
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=== Stat. only
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FCC-HH: PRACTICALITIES

PraCthalltleS Domain
* Cost- 19 BCHF g
¢ Ru N 2074 — 2 1 OO Iél(j)el:lcig;rrs and transfer lines 1,000

40(
FCC-hh total 18,880 Q

ACtiVity S9160|61|62|63|64|65]166|67|68)69|70|71(72)7 75176781 79|80 81|82)83|84|85)186|87|88|89]190|91(92193]94[95|96|97]98|99 m

Environmental evaluation & project authorisation processes
Latest project decision -.IIII
Start of subsurface constructions for FCC-hh stage 2 -....

Subsurface civil construction

Technical infrastructures installation

Technical design accelerator

Industrialization & magnet production

FCC-ee dismantling

Accelerator installation

Hardware commissioning

Beam commissioning o

Nommabbeamoperion | | | L LI LI LI L L e

: UNIVERSITY :
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MUON COLLIDER: PROJECT

New physics: muon collisions - ——
* Energy and Precision Centreof mass nergy .

Target integrated luminosity
Estimated luminosity

e CoM Energy: 3-10 TeV Collider circumference

Collider arc peak field B, T 11 14 4.8 11

Collider dipole technology Nbs;Sn | HTS NbTi | Nb3Sn
* AtCERN:3.2-7.6 TeV or HTS

Proton Driver Target & Front End Acceleration Collider

H™ LINAC Accumulator Conlygressor Pion Chicane & Muon Phase | Charee Bunch Final  Buncher Pre- SC LINAC RLA 1,2 RCS1,2,3 &4 3 TeV Collider
Ring ing Target Absorber Buncher Rotator Separation Merge - Cooling accelerator 10 TeV Collider

Cooling A Cooling B

UNIVERSITY
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MUCOL: INFRASTRUCTURE

/
: /
Includes proposal for CERN site / SCINAC) 4 [CERNEend |
; Target| |Cooling RLA1 :
* Reuse infrastructure Gom| |100025m Length 200m,
e LHC d SPS! Rz?:tlonqmator E’I‘-tﬁ%‘)om'
an : " 0200 m. Injection Tunnel
Muon Collider /24 from RLAZ to 3PS
R|ng Length 10 km. ‘
Ve Prevessin Site

Y sy N Experimental cavern
s/ ) o

— TI18

Length 257 m.
a . 4
SPS Length 533 m.
Injection Tunnel
Length 2006 m. -
Experimental cavern,.;ii\ ~ w '
Meyrin Site —————"FS 0y LHC
SPL %] } o Injection Tunnel 2. acesians
LINAC 4 /%ﬁ;&*}?& Length 2006 m. | | - ¥
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MUCOL: INFRASTRUCTURE

Includes proposal for CERN site / SC LINAC
* Reuse LHC & SPS tunnels o
KE%E%'% %gg)tn?r

* Detector optimization
for both energies

Muon Collider
Rlng Length 10 km.

MAIA Detector Concept

Muon Collider

Simulation '_— Muon System

— _— Hadronic Calorimeter

’ Nozzles

Injection Tunnel

Length 2006 m. -

EM Calorimeter =~ .
Solenoid = -

—
Silicon Tracker =

Experimental cavern,.>

-
g,
'5

Meyrin Site

b2,
s
. N
o 4, ” *\s__
“.',/06 X-X,
.”',I,/:
P
4
SPS

CERN land |
-~ IRLAT

Length 200m.

RLA2

Length 1000m.

Injection Tunnel
from RLA2 to SPS

Length 1010 m.

Prevessin Site
Experimental cavern

TI18

Length 257 m.

Length 533 m.

LHC
Injection Tunnel 2 uoicoescors
Length 2006 m. S
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MUCOL: INFRASTRUCTURE

Includes proposal for CERN site

* Reuse LHC & SPS tunnels
* Detector ontimi= "~ peam Pane
h
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MUCOL: BUDGET & TIMELINE

R&D programme budget
* Accelerator: 0.3 BCHF approval process. The programme s

R&D programme to reach the maturity required o initiate the
res approximately 300 MCHF material budget arjd about 1800
FTEy of personnel for the accelerator gnd about 20 MCHF and 900 FTEy for detectors) With timely
funding, the programme spans about 10 years. : I
O 2 y
+ 1 8 O O FT Ey of operation around 2050. lits could thus be the next flagship project in Europe in case no Higgs factory
is realised a . A slightly longer timescale is envisaged for an implementation in the U.S. taking

® D e‘te CtO rS : O . O 2 B C H F into account budget constraints.

Target first
* +900 FTEy p/fys,-cs
=2025| L =2030| L =2o35| L =204o| L =2045| L =205_o| L =2055| L :2oeo| .. 2065 >

eline

| , Technically Limited Tim
Shutdown 1 Shutdown 2

UNIVERSITY
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A CHINESE COLLIDER?




PROJECT: CEPC

Very similar to FCC

* Located in China
* Proposed by IHEP
in 2012

Tristan du Pree

\| Detector
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PROJECT: CEPC

alid I add>uvlalCu udlls dSOuwl, 11Cavy »SLCLLIC 11ICuUUlv, dalid 11010, 1110 vLllulal LLICCUUIl rousiuoull volluct (va /
Ve ry S I m I I ar tO F C C proposed by the Chinese High Energy community in 2012, is designed to run at a center-of-mass energy of 240 GeV

as a Higgs factory. The CEPC can also be operated at lower energies to deliver an unprecedented amount of Z and W
to run at higher energy to the top pair threshold. The estimated construction cost is
he luminosities of the CEPC are mainly limited by the synchrotron radiation (SR)

bosons, and £

¢ LOcated in China approximat

power. The CEI ASCHE S 1S set fop=3€ ser-beanr—and-is-uperadabre~t9 S0 MW. A tentative “10-2-1-5”

® COSt < 5 B C H F operation plan is devised to run the CEP{ firstly as a Higgs factory for 10 years tq produce about 2.6 million Higgs

) bosons with the baseline configuration, followed by 2 years ol operation as a super Z factory to produce 2.5 trillion

¢ Sta rt H |ggS ( 1 Oy) Z bosons, and then 1 year as a W factory to produce approximately 130 million WW bosons. Finally, an energy

upgrade will enable the CEPC to operate at the tt energy to produce 0.4 million tt pairs.

¢ H-Z-W-t = 10-2-1-5

UNIVERSITY
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PROJECT: CEPC

8
alid I add>uvlalCu udlls dSOuwl, 11Cavy »SLCLLIC 11ICuUUlv, dalid 11010, 1110 vLllulal LLICCUUIl rousiuoull volluct (va /
Ve ry S I m I I ar tO F C C proposed by the Chinese High Energy community in 2012, is designed to run at a center-of-mass energy of 240 GeV
as a Higgs factory. The CEPC can also be operated at lower energies to deliver an unprecedented amount of Z and W
° 0 : bosons, and Stk to run at higher energy to the top pair threshold. The estimated construction cost is
Located IN C h INa approximately 4.6 billion CHF he luminosities of the CEPC are mamly limited by the synchrotron radiation (SR)

power. The CEPCbaseiine SI . per-beams-and-s-upgradeble~t9 50 MW. A tentative “10-2-1-5”

® COSt < 5 B C H F operation plan is devised to run the CEP{ firstly as a nggs factory for 10 years td produce about 2.6 million Higgs

) bosons with the baseline configuration, followed by 2 years ol operation as a super Z factory to produce 2.5 trillion

® Sta rt H |ggS ( 1 Oy) Z bosons, and then 1 year as a W factory to produce approximately 130 million WW bosons. Finally, an energy

upgrade will enable the CEPC to operate at the tt energy to produce 0.4 million tt pairs.

e H-Z-W-t = 10-2-1-5
Advanced status

@ TDR ;i 2023 The yncentual Desion Renors R ) was forms aleaced 1n No er2018,whiletheTechnica]Design
1 Repdrt (TDR) for the CEPC accelerator was pubhshed on December 25, 2023. The TDR for the CEPC detector and
an Eng DTS REPO - T UTdeT ge Ve TOpITeTT, ana are expected to be released in June 2025

o _ . :
2025 SmeISSIOn and December2027 respectively. ACEPCp onosal (including the accelerator, the detector, ar R site feasibility
. study and the civil engineering design) will bg submitted to the central Chinese government in 2025 jo apply for the

. m
2026 . ConStru Ct'O n ? approva] of the CEPC project The planned SCAEATIE AT S AL ST O e L O SITUC IO JUTINE e ) ﬁve-year plan
(2026 2030)” (for example around 2027) afd completing it around 2035. Fhis document provides a brief summary

* 2035: ready to go? o develonment. the daciam and the nlan (PTRT=FPT=rETFTAITRATNE A atartor the accaciated nhysice nots

UNIVERSITY Niklhef
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PROJECT: CEPC

Demonstrating readiness

(Transverse bar)

| |
O -
(AC-LGAD)
T™PC
Vertex (Pixelated readout)
(MAPS SiPixel) n.5
(MAPS SiPixel)

* "Prepare CepC
for delivery”

Figure 5. CEPC 650 MHz w 800 kW klystron and power source. Figure 3. Layout of afj automatic fabrication line for the vacuum chamber (NEG coating

UNIVERSITY Niklhef
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PROJECT: CEPC

Yoke +
s%':,g’;" Muon (PS+SIPM)

PFA HCAL
(Scintillation Glass)
LumiCal

Demonstrating readiness

* Forthcoming EDR

* "Prepare CepC
for delivery”

Crystal PFA ECAL
(Transverse bar)

OTK
(AC-LGAD)

TPC

Vertex (Pixelated readout)

(MAPS SiPixel) ITK

(MAPS SiPixel)

Figure 5. CEPC 65 MHz CW 800 kW klystron and power source. Figure 3. Layout of ajj automatic fabrication line for the vacuum chamber NEG coating

C e p C S u b m i S S i O n fo r E S P P - (2026-2030)” (for example, around 2027) and completing it around 2035. This document provides a brief summary

of the development, the design and the plan of the CEPC accelerator and the detector, the associated physics potential,
drawing from both published and forthcoming TDRs and EDRs, and the work being conducted to prepare CEPC for

o “ S e e kl n g | n te rn atl O n a I delivery. Effective international collaboration will be crucial at this stage. This submission for consideration by the
" 79 factory.
cooperation

UNIVERSITY Niklhef
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¥ ¥

C E PC CEPC Projec‘t Timeline 2012-2015 2016-2020 2021-2025 | 2026-2030 J 2031-2035 2036-2040 | 2041-2045 | 2046-2050 2051-2055

Conceptual and Technical Design Reports

(CDR & TDR) - coflll R

Key technologies R&D

Timeline

Engineering Design Report (EDR)
Mass production of devices though CIPC

Civil engineering, campus construction

Accelerator

Construction, installation and upgrade of
accelerator

Conceptual Design Report (CDR)

New system design & TDR

Construction, installation, upgrade &
commissioning

Experiments operation Higgs Z W tt

. Cutnchor aret olkder & S
Physics, detector and collider design
Sign formal agreements

Detectors: establish two collaborations -
Accelerator: finalize contribution details

Detector

International
Cooperation

International experiment collaborations

Tristan du Pree UNIVERSITY \ i% ef
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LHEC: PHYSICS

| HC + electron beam E’ ol direct searches for new physic
= FCC-he 4 : / unique environment: eq only EW interactions
O 1 2 TeV e- & [ B LHeC eA physnf:s ! e.g. heavy v, darky, axion-like particles
: P 10" B HERA + vy physics

EIC

* 50 GeV e 0 [ BCDMS
E NMC
4| | SLAC

* Broad physics o
* QCD, PDFs 0]
* Some BSM -
* EW+Higgs+t

Develop ERL

EW, Higgs and top quark physics
Amy, ~ 3 MeV, AV, | ~ 1%, top-quark FCNC
AsinZ0,,%™ ~ 0.0002 (full scale-dependency)
weak neutral couplings to light quarks ~ 1%
Higgs couplings largely improved wrt HL-LHC
improved SMEFT fits (accuracy & degeneracy)
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LHEC: TIMELINE

3'98
LHeC construction planning | YEAR 1 YEAR2 YEAR3 |YEAR4 YEARS5 YEARG6 YEAR7 /
Start after HL-LHC —
Land negotiations
¢ 2044'2 046 Environmental Impact
Study

e 2048-2050 Building permits

* Brid ge to future Detailed design & tendering

Construction
e E.g.LHC-FCC
ReaSO N a b I e CO St The construction costs were estimated to b2018 cost) for the electron accelerator, with 46% corre-
sponding to the SRF ERL accelerator and 24V5~to~tireTivil engineering. The required person power is estimated

the detector is approximately 360 MCHF Jof which 270 MCHF correspond to the calorimeters. Reuse of any existing
® E RL HL-LHC detector would substantially decrease this cost.

O <2 BC H F to be ca. 2500 Person Yearerator implementation. Additionally, the 2025 cost of the central part of

- - . . - . . .
nceerninge onerations N and considerine 2(0) ds NEe par of oneration nNe reon ol hOowe : mated to he

UNIVERSITY
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MANY OTHER PROJECTS AND SUBMISSIONS...

EuCAIF Recommendations for Scaling Al Capabilities

AStrO p a rtl CI e in Particle Physics
ACCG I e ratO 'S Magnet R&D for the Muon Collider

European Strategy Input

Higgs Criticality and the Metastability Bound:
a target for future colliders

A Spin-Based Pathway to Testing the Quantum Nature of
C -t Gravity
O m p U In g Community input to the European Strategy on particle physics:

Searches for Permanent Electric Dipole Moments DISCOVGI‘y potentlal

of LHCDb Upgrade 11
D ete CtO 'S ATLAS Software and Computing for the Future XLZD:
_ . The low-background observatory
M ag N ets Einstein Telescope - The future European for astroparticle physics

Midterm Review of the European Gravitational Wave Observatory
P THE FORWARD PHYSICS FACILITY AT THE

T h eo ry Accelerator R&D Roadmap Synergies and complementariness with the High Energy T e s el
Particle Physics

EtC ESPP Contribution - Gravitational Field of Proton Bunches Constraining the real scalar singlet extension of the SM Light lon Collisions at the LHC
Input to the European Strategy for Particle Physics- 2026 update.
High Field Magnet Programme — European Strategy Input Phase-One LHeC APPEC, March 2025

A Straw Tracker for an FCC-ee experiment

Proton-Driven Plasma Wakefield Acceleration Quantum Sensing for Dark Matter and Gravitational

for FUture H EP CO"iderS Waves
European Strategy for Particle Physics 2026: Computer Algebra for Precision Calculations in Particle Physics: Countering the biodiversity loss using particle physics research sites
Frontier sensor R&D for the ALICE 3 apparatus the FORM project

KM3NeT contribution to the European Strategy for Particle Physics

- UNIVERSITY :
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PART II: PLANS & VISIONS

| LOVEIT WHEN

{
) -*

,{ .' ;

A‘PlAN COMES

T

'I'(IGETIIEH

memegenerator.net

Tristan du Pree 8'?'?/\,5';,3\,'%( Nik|hef



SCENARIO #1: FCC

FUTURE
CIRCULAR
COLLIDER

“Vanilla CERN Plan”
* FCC-ee + FCC-hh
e 2050 -2100

The FCC integrated programme: a physics manifesto

——CDR baseline runs (4IPs)
— Additional opportunities

y 4 WW ZH e _ tTOtaIt q At the completion of the HL-LHC, the LEP-LHC integrated programme will have delivered sustained
integrate .. } }
on 0 102 5 10.8 0.4 - luminosity s01ent.1ﬁc excellence for. over 50 years, and greatly fldvanced our understagdmg (?f the fundameptal In-
+ (ab-) teractions. The succession of FCC-ee and FCC-hh in a common tunnel will replicate and magnify this
—— i > success, with vastly better precision and increased energies. The FCC integrated programme offers out-
40 - 60 8 912 94 125 157.5 - 1625 217 240 340 ... 350 365 E(gir“‘,:')y stemding-prospests SressHTewe si-topresiretudimgtizzerelectrowenis-mrd-faveourphrystes;
as well as remarkable sensitivity in direct searches for both feebly coupled low-mass particles and those
. , ] he current ESPP Update provides an opportunity for the global
Z lineshape W mass and width . . . . .
QCD QCD . . top EW couplings EP community to endorse this vision,Jand then to work together so as to enable the first stage of this
precision flavour electron N, Higgs mass Higgs couplings Mwp  Higgs VBF production Physics . .. : . . .
studies rare decays Yukawa as oz (M an?:igHiggs cou[;Iings improved) highlights 14 lmely fashion. SClZlng this Opportumty will be an lmportant Step
dark sector flavour (e.g. Vo) forward in the journey towards a more complete understanding of the laws of nature.
0(10%) 0(109) 0(2x109) 0@x109) #(:\:;rsl;s
2o o
:5 % m_S T T T TEW sector
2255
$ 297
° 3 g g. I 1 T I Higgs sector
s
5273

T 1

sensitivity to Higgs self-coupling via quantum effects

UNIVERSITY
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PART IIB: PLANS & VISION

PLAN A SEEMED PERFECT
A

_‘n

A 3

WHAT'S PLAN B2
gl o

imgflip.com
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SCENARIO #2: "LC VISION”

Linear collider vision

* Staged energy increase, A~10% 107

* Unite international LC community —~10°
A 10°

[T}

qq(g=u,d,s,c,b)

X

ear e“e” colliders with a special focus on D 2
© 10° s
: () Hv,v,
first S
Atechnology that is mature today could be upgraded with technologies of tomorrow b 1 02 (><_j’;->_—
gqrer energies and/or 1 OSIUeS. A0Q1TIONn, we C ) Jelecliors, dillerndtl- ’__________)-t__:
ive collider modes, as well as opportunities for beyond-collider experiments and R&D facilities as 1 0 He'e

part of a linear collider facility (LCF). The material of this pape
colliders and additional opportunities they offer, independently of technology choice or proposec 1

site, as well as R&D for advanced accelerator technologies. This joint perspective on the phys-

=
the world. The back-up document [1] discusses candidate technologieq reaching 1 to 3TeV in a 33.5km 1 O
-Dana a

tunnel, including X-band “warm” copper cavities a la CLIC [16, 18, 54], cool” copper cavities & 5 |
c? [20, 21, 55], travelling-wave SCRF cavities a la HELEN [22, 23] and Nb,Sn SCRF cavities [56], as well as 1 O- ; .
wakefield acceleration, either only for the electron beam a la HALHF [24, 25, 57] or for both beams [26, 27, O 1 OOO
29, 58]. For the longer future, it may make possible e*e™ or yy colliders with energies of 10 TeV and above.

HHZ

—

1 1 1 1

3000
/s [GeV]

T
2000

UNIVERSITY Niklhef
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SCENARIO #3: EARLY FCC-HH

Near-term FCC-hh @ 50-70 TeV

* Physics motivation

* BSM reach
* SM production

* Alternative shorter timescale

A near-term intermediate-energy hadron collider would provide a broad and comprehensive
program for exploring physics at the electroweak scale and providing a window beyond with-

out needing an ete~ machine. Specifically, it simultaneously provides a powerful Higgs and
electroweak precision program, as well as a direct (and EFT) probe program.
Bringing this opportunity into the career span of the current younger generation o1 scientists
is of critical importance to maintain the vitality of the field, as well as the required expertise.
To achieve this goal, the FCC program should lay out a decision-making process that
evaluates in detail options for proceeding directly to a hadron collider, including the possibility
of reducing energy targets and staging the magnet installation to spread out the cost profile.

Tristan du Pree
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SCENARIO #3: EARLY FCC-HH

FCC-hh: SM, BSM and HH

* Excellent SM
Higgs physics
* Very competitive

with FCC-ee!

Kappa (%] HL-LHC HL-LHC+FCC-ee HL-LHC+FCC-hh
KW 1.6 0.38 0.39
Kz 1.6 0.14

Kg 2.4 0.88

Koy 1.8 1.2

KZ~ 6.8 10.

Ke — 1.3

Kt 3.4 3.1

Kb 3.6 0.59

Ky 3.0 3.9

K. 1.9 0.61
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SCENARIO #3: EARLY FCC-HH

FCC_h h S V] | B S M an d HH ;ig_gs Self-Coupling Sensitivity at Future Colliders = ‘*‘fem@,@sf
' Direct-HH

0 O ~ | Indirect-H (49-50)
Excellent SM 3, 50 =
: : _% _
Higgs physics T
o - 0 S 400 (3) (33-35)
Self-coupling ~5% L
(30) (15-30) .
Kappa [%] HL-LHC HL-LHC+FCC-ee HL-LHC+FCC-hh _ (24)
KW 1.6 0.38 0.39 — (20) [
Kz 1.6 0.14 0.63 -
g 2.4 0.88 0.74 20—
e 1.8 1.2 0.56 i
KZe 6.8 10. 0.89 _
Ke = 1.3 - -
it 3.4 3.1 0.99 10—
b 3.6 0.59 0.99 -
> 3.0 3.9 0.68 i
o 1.9 0.61 0.9 _
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SCENARIO #4: LC + MUCOL

Decision points

2030

"A Flexible Strategy”

* Linear Collider
° /H & SM

¢ MUOn CO”ider If 10 TeV ready
by 2038
* HH & BSM

Baseline

If 10 TeV ready
by 2043

If 10 TeV ready
by 2048;
or LC 1-3 TeV
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SCENARIO #N: LEP3

LEP3: ee
¢ Reuse tu N nel e near orfon the Z peak (91.2 GeV), ofer 5 years,

frOm LEP/LHC e near t
Py lee FCC'ee bUt e near thg ZH threshold (at 230 GeV)

Low-E & Low-Lumi Two New Experiments

CostElement CosttoCERN| CosttoPP

Accelerator
Injectors and Transfer Lines

Proposal: 91-230 GeV cosinants||||

Civil Engineering

0 Z / VVVV / ZH LHC Removal/LEP3 Installation
* Cost: >3 BCHF Total (MCHF)

The LEP3 physics programme would have three phases,

> WW threshold (163 GeV'), ¢ver 4 years and

over 6 years.

UNIVERSITY

Tristan du Pree OF TWENTE. Nik|hef


https://indico.cern.ch/event/1439855/contributions/6461601/
https://indico.cern.ch/event/1439855/contributions/6461601/

SCENARIO #N: LEP3

. . . Higgs Boson Physics
LI m Ited p hys I CS Case | HL-LHC* LEP3 ** |(Comment/ leading error
* Disadvantages a1 Arsioms | 2
Prog Integ. Lumi (ab-1) 3 2.6
O NO ttbar, HH and )\ Years of Running 10 6

as indicated

Observable + error

Sm(H) (MeV)
ST(H)/T(H)

Sys: beam energy
LHC - indirect meas.

* Time after HL-LHC

o 0g(HZZ)/g(HZZ)
No upgrade to pp . .
og(Hrtt)/g(Hrr) 1.9 1.5
og(Hyy)/g(Hyy) 1.8 2.7
Og /g
via a suite of high precision electroweak measurements. For these reasons, we think that the - |5g(Hcc)/g(Hec) LHC from ~CMS/Y2 WATLAS
LEP3 accelerator proposed here would provide an ideal back-up in the event of technical or 0g(Hbb)/g( L . .
financial issues for the preferred FCC project. og(Hgg)/g(Hgg) 2.4 2.1
We reiterate that we support FCC as CERN’s next major project and consider dg(Htt)/g(Htt) 3.4 7.0
LEP3 only as a back-up option in case FCC-ee turns out not to be technically or ;

financially feasible.
Given its lower luminosity and inability to reach the ¢-t threshold, LEP3 would be a less

capable machine than FCC-ee (or CEPC). However, if neither FCC-ee nor CEPC proceed,
LEP3 could be a more viable ete™ Higgs boson and electroweak factory than any of the other

LHC from CMS/YV2 WATLAS

BR (I>EXO) (%) 95%CL
S(H self-cplg) (%) 68%CL

30 (SM) 90 HH from LHC, ZH from ee
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"SOME THOUGHTS®

J. v/d Bij

* \Various ideas
* Bit chaotic

should be the low energy theorv, at least in the chiral sector.

However I think possible extensions o
the standard model have a limited form. This will affect the choice of the sort
of experiments one might want to perform in the future.

Hope is at best for our greatgrandchildren and only our greatgreatgrandchildren

large accelerators now or in the near future. This is simply out of focus. Of
course particle physics is not the biggest problem. Manned space-flight is a far
bigger waste of resources. I do not think I need to mention military budgets.

The FCC or CEPC are indeed the only mac} ~es that can in detail study the
spectral density of the Higgs propagator, v C/?I " ~ fundamental quantity

S SOOI On OGOl Ol O lm Sl Nag ugh. Building the
N pe. Ccular one should not

Tristan du Pree

Futyyy

Any major projects in the present age should be considered in the light wv. /
the challenges from climate change. Climate change, in particular the damage
occurring, is still largely underestimated. There have now been a number of

Afuo/ton. The damage is roughly 20% of the BNP. In large projects this is
e amount one should calculate with. It is a big factor above the price paid in
in CERN. With the present energy-mix for instance the electricity pri Ca

) ) ) ) ) ) ) .
N4 0 be about 40 A WD N3 not looked p 3 0 R

but given the fact that we are talking about 20% of the BNP, CERN shomw /
calculate with a 20% reduced budget. This is a conservative estimate as CERN

is a more energy intensive organization than most. This is also the price one
should take for the CO2 used in concrete for any major constructions, like the

FCC tunnel.

of the question. Given the developments inside the USA, it is questionable if
high-energy physics in the USA will exist at all. Regarding the chinese option:
From the scientific point of view, a collaboration would be interesting. However,
the political situation is such, that plans with China are not in the ce-ds. A
lot would have to change. Whether China can and will build the CEP /[4

Whe . Mucy,

oBls he P o here is no reason to build the
Given this situation, performing research towards a muon-collider at CER /
might be the best way forward. It is the only machine, that can measure the
line-shape of the Higgs-boson, being complementary to CEPC/FCC. It may be
more interesting for young people to be involved in. At least that is what the
discussion indicated.
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"FUTURE OF CERN"

Focal point: It is too early to decide the future of CERN from now all the way until the end of this
century.

That is the major problem with the FCC proposal — if it is approved “now”, then there is no turning
back, and on top of that, already the realization of its initial FCC-ee phase will suppress for many years
any other (major) complementary scientific activity at CERN. The FCC proponents use a very long-term
for many years to come. Maybe it is so, but only “administratively speaking”, because from the
scientific point of view that may well result in a relative regress. It is worth noting, that this is a very
different situation for the CEPC project in China — which firstly is to be realized much earlier and at
much lower cost, and secondly —in this case it is a compelling way to develop a world-class le F/e "f’\.
in long te RN | ] ' le///'z‘y

obligation to stay at the forefront of research, but it may well happen that in 10 years from now it will l /

- . .
(1], MOV --10 N WOLIU ICJUIE CCLILC ] DdILICIC D] g1 UCC O

become obvious that the FCC project is NOT the way to keep that leadership. One should note here

20 Be

on scaling up the existing state-of-the-art solutions. However, the collision scheme of FCC-ee —.. fh f@ch
current nano-beam concept with large crossing angle — essential for obtaining the required extremely

high luminosities is pushed to extreme limits. Such a scheme was implemented at SuperKEKB already
several years ago without much success — presently its luminosity is less than 10% of the target value

and it is not clear if it may ever be achieved.

nat both tho ECC_oo and CEDC nroioct do not reauiire develoning novel technglogiog b

PAhy,«.:
nature of Higgs boson. There, the least known and unexplored aspect is its self-interaction :ZKSICS
determination of the Higgs field potential is of fundamental importance not only for particle physics
but for cosmology too. Among the proposed future colliders, the best sensitivity to the Higgs self-
coupling is offered by the muon collider, which is also providing the best reach in discovering new
particles or interactions at highest energy scales. Moreover, its scientific scope is very profound and

versatile, Inciuding also a ricn neutrino science, Tor example. Aowever, the muon collider concep

mAande Hinan fAar dAavialanina +hAa ramniirad nAavAal FAarlhnAlAxiAacs FthAavafara Aana clhAalilAd viiAald Ak lAaacs 1N vAAYe

72 Tristan du Pree

determination of the Higgs field potential is of fundamental importance not only for particle physics
but for cosmology too. Among the proposed future colliders, the best sensitivity to the Higgs self-
coupling is offered by the muon collider, which is also providing the best reach in discovering

~y
versatile, including also a rich neutrino science, for example. However, the muon collider concept

needs time for developing the required novel technologies, therefore one should wait at least 10 years
to make an optimal and informed decision regarding the CERN very long-term future and its next very

DI project in paracular.

s L Hec
These 10 years of “delay” can be very well utilized — firstly one can then significantly extend the h.
LHC scientific program by adding the electron-hadron collisions as proposed within the LHeC projec
which offers a vast scientific program of its own, very complementary with respect to the on-going
studies of hadron-hadron collisions. Secondly, the research at the LHeC will provide very valuable
feedback which will significantly improve the scientific output of the hadron-hadron exy ~ts at
the HL-LHC. In addition, as the financial load due to the LHeC is limited (similar to the costu. tral‘e

9y
LHC upgrade), during that time a vigorous R&D program can be pursued at CERN not only in the doman.
of the high energy muon beams but also of the plasma acceleration, ERL technologies and high-field
magnets required for a possible LHC energy upgrade (HE-LHC). Finally, that delay will allow to learn
rom KEK about validity of the FCC-ee design assumptions. As a result, in 10 years from now one will
be able to much better iudge and choose the best option for the CERN future, both from the

a -an - a ANNS~ miAla Allielar~ “lAaT~iue a \/1 N “7a & “lalmanm AlAT~ ala AldAIYA

technological and scienfific points of view —as in 10 years, using new data from the , from many
experiments testing fundamental science worldwide and perhaps also from astroparticle and
gravitational wave observations, one should acquire more hints regarding the best long-term scientific
strategy for CERN.
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"TO BUILD OR NOT TO BUILD"”

Individual contribution

* A.F. Zarnecki (PL)

* Comments on
the process

Tristan du Pree

I first came to the idea of writing this contribution at the seminar on “Future Perspectives in High
Energy Physics” organised by the International Committee for Future Accelerators (ICFA) at DESY,
Hamburg, in November 2023. During the main panel discussion, CERN Director General (DG) Fabiola
Gianotti stated her reason for considering only the FCC as the next flagship project for CERN: “this is
the only project which matches the size of CERN community”.

one of the main reasons for its wide support at CERN, but I had never expected this to be confirmed
so openly, admitting at the same time that the physics case was of secondary importance.

For the expected inputs to the ESPP update from the HEP communities in the Member State, ECFA
has prepared dedicated guidelines. A set of detailed questions was given, to be considered in the national
documents. The questions were formulated in such a way, as the answer to the first one, “Which is the

preferred next major/flagship collider project for CERN?” could only be one, namely FCC. It looked
more as an invitation to cast a vote than to give a wider input to the strategy shaping discussions.

I do not agree with any of these arguments. If we consider the first one, the whole ESPP update
process looks like a PR move: CERN makes the decision and then asks the communities in the Member
States to give their unanimous support, to strengthen the CERN’s position in the negotiations with the

Member State governments. We also heard at the last ECFA study workshop that “there is no room for
disagreements after we converge” (on the choice for the next collider at CERN) [7]. This statement

sounded almost like a threat to me and I do think we should not agree with such an approach. There
DE NO Progress In science, 1

€re 1S No Ireeaom 11n expressing our Oplilons. € POIIlIClaIls,
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PART lll: COUNTRIES
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European Strategy
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BIG COUNTRIES

Germany

at up to four interaction regions. The FCC-ee concept was developed at CERN and its feasibility
studied in depth, with no technical showstopper reported so far. The tunnel to be built for the
FCC-ee could be re-used for a future FCC-hh. Clearly, CERN has the required expertise to carry
out this integrated programme

ization requires the tlmely development of a solid and affordable

fmanmal plan by CER

UNIVERSITY Niklhef
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BIG COUNTRIES

at up to four interaction regions. The FCC-ee concept was developed at CERN and its feasibility
studied in depth, with no technical showstopper reported so far. The tunnel to be built for the
FCC-ee could be re-used for a future FCC-hh. Clearly, CERN has the required expertise to carry
out this integrated programme.

The German community supports the FCC-ee as the next flagship project at CERN jwith
ighest priority. The German community will be fully committed to engage in all aspects
of this proie jzation requires the timely development of a solid and affordable

financil plan by CER.

UK

3.a Which is the preferred next major/flagship collider project for CERN?

There is strong support in the UK for a new large-circumference tunnel at CERN, the FCC tunnel,
as a major infrastructure for the future of collider particle physics. The community has a large contingent

in support of the integrated programme of FCC-ee followed by FCC-hh, as well as a large contingent in favour of
considering FCC-hh as the next collider at CERN. FCC-hh would also have additional opportunities for heavy-ion

collisions and electron-proton collisions through FCC-eh. A key driver in UK discussions on this question was a

desire for CERN to retain its position as a leading global centre for particle physics, which means investing in
infrastructure for future colliders beyond the HL-LHC, combined with a strong request from the ECR community
(noted in Section 2) to commit to a decision to move forwards. The opportunities and risks associated with
committing to the FCC tunnel at this stage were discussed extensively. Inspiring and training the next generation

* Germany emphasizes finances
* UK mentions FCC-hh option

UNIVERSITY Niklhef
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BIG COUNTRIES
'We recommend FCC-integrated (FCC-ee, followed by FCC-hh)Jas the next major
agship collider a RIN. This project offers an unprecedented opportunity to explore the

Germany fundamental physics with extraordinary physics potential. It also presents a crucial and
at up to four interaction regions. The FCC-ee concept was developed at CERN and its feasibility timely opportunity for Europe to reaffirm its global leadership in fundamental physics and
studied in depth, with no technical showstopper reported so far. The tunnel to be built for the further strengthen this leadership for the future Now is the right moment for Europe o launch
FCC-ee could be re-used for a future FCC-hh. Clearly, CERN has the required expertise to carry the FCC project with determination and vision, ensuring long-term scientific excellence and

out this integrated programme. fostering cutting-edge technological advancements. This will drive innovation and

The German community supports the FCC-ee as the next flagshlp broject at CERN |with advancements in key sectors, will strengthen Europe’s high-tech industry, reinforcing the

leadership of national laboratories and research institutes for decades to come. We cannot
w' 0 engage In all aspects afford to miss this opportuni
jzation requires the tlmely development of a solid and affordable PP ty-

fmanmal plan by CERN.
UK 4.1 Preferred option for the next collider at CERN: FCC,. France

The French community expressed a strong support for the e™ e~ Future Circular Collider project, FCCe. , as the next Flagship
facility at CERN. The FCC.. project has a compelling physics program, addressing a broad range of physics questions. It will
“provide great advances in the knowledge of the couplings of the Higgs bosons, the electroweak and strong gauge couplings,
prominent electroweak observables (my, mz, m; and the corresponding widths), flavour physics (the b, ¢, T fermions), as well
as searches for dark- or light-sector particles. The operation at the Z pole and the related wealth of electroweak Flavour and
QCD measurements is considered as a unique opportunity, improving many fundamental measurements by factors 10-100

compared to the legacy from LEPI. -

3.a Which is the preferred next major/flagship collider project for CERN?

There is strong support in the UK for a new large-circumference tunnel at CERN, the FCC tunnel,

as a major infrastructure for the future of collider particle physics. The community has a large contingent
in support of the integrated programme of FCC-ee followed by FCC-hh, as well as a large contingent in favour of
considering FCC-hh as the next collider at CERN. FCC-hh would also have additional opportunities for heavy-ion

collisions and electron-proton collisions through FCC-eh. A key driver in UK discussions on this question was a

desire for CERN to retain its position as a leading global centre for particle physics, which means investing in
infrastructure for future colliders beyond the HL-LHC, combined with a strong request from the ECR community
(noted in Section 2) to commit to a decision to move forwards. The opportunities and risks associated with
committing to the FCC tunnel at this stage were discussed extensively. Inspiring and training the next generation

Broad consensus on FCC

* Germany emphasizes finances
* UK mentions FCC-hh option
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BIG COUNTRIES

Germany

at up to four interaction regions. The FCC-ee concept was developed at CERN and its feasibility
studied in depth, with no technical showstopper reported so far. The tunnel to be built for the
FCC-ee could be re-used for a future FCC-hh. Clearly, CERN has the required expertise to carry
out this integrated programme.

e German community will be
aglization requires the timely development of a solid and affordable

UK
ship collider project for CERN?

There is strong support in the UK for a new large-circumference tunnel at CERN, the FCC tunnel,
as a major infrastructure for the future of collider particle physics. The community has a large contingent

in support of the integrated programme of FCC-ee followed by FCC-hh, as well as a large contingent in favour of

considering FCC-hh as the next collider at CERN. FCC-hh would also have additional opportunities for heavy-ion

collisions and electron-proton collisions through FCC-eh. A key driver in UK discussions on this question was a
desire for CERN to retain its position as a leading global centre for particle physics, which means investing in
infrastructure for future colliders beyond the HL-LHC, combined with a strong request from the ECR community
(noted in Section 2) to commit to a decision to move forwards. The opportunities and risks associated with
committing to the FCC tunnel at this stage were discussed extensively. Inspiring and training the next generation

Broad consensus on FCC

* Germany emphasizes finances
* UK mentions FCC-hh option
* CH outrageously enthusiastic

Tristan du Pree

Italy

| We recommend FCC-integrated (FCC-ee, followed by FCC-hh) Jas the next major

agship collider a RIN. This project offers an unprecedented opportunity to explore the
fundamental physics with extraordmary physics potential. It also presents a crucial and
timely opportunity for Europe to reaffirm its global leadership in fundamental physics and

further strengthen this leadership for the futurel Now is the right moment for Europe fo launch
the FCC project with determination and vision, ensuring long-term scientific excellence and

fostering cutting-edge technological advancements. This will drive innovation and
advancements in key sectors, will strengthen Europe’s high-tech industry, reinforcing the
leadership of national laboratories and research institutes for decades to come. We cannot
afford to miss this opportunity.

4.1 Preferred option for the next collider at CERN: FCC,. France

The French community expressed a strong support for the e™ e~ Future Circular Collider project, FCCe. , as the next Flagship
facility at CERN. The FCC.. project has a compelling physics program, addressing a broad range of physics questions. It will
provide great advances in the knowledge of the couplings of the Higgs bosons, the electroweak and strong gauge couplings,
prominent electroweak observables (my, mz, m; and the corresponding widths), flavour physics (the b, ¢, T fermions), as well
as searches for dark- or light-sector particles. The operation at the Z pole and the related wealth of electroweak Flavour and
QCD measurements is considered as a unique opportunity, improving many fundamental measurements by factors 10-100

compared to the legacy from LEPI. -

Switzerland

The Swiss Institute of Particle Physics (CHIPP) community strongly supports the

' Future Circular Collider (FCC) project as the next major facility at CERN, & eglnmng

vt ECC sa and followad By ECC Bl CHIDD roaffic a avath the informatin

vailable at the time of writing, no other prospective facility can match the FCC's
unparalleled combination of exceptional physics potential and long-term prospects
for the field. This evaluation considers the financial aspects, the technological and

human benefits, and the energy sustainability in relation to other projects. The CHIPP
community underscores that the FCC represents a tremendous opportunity that
Europe should embrace. Realizing the FCC is essential to secure the future of CERN
and to ensure the long-term vitality of particle physics in Europe.
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OTHER COUNTRIES

The FCC (FCC-ee+FCC-hh) project has broad supportjacross the Spanish HEP

community as the preferred next flagshin facility at CERN _brovideg aasibility study
establishes that its realisation is{ technologically and financially achievable|within the
proposed timescale. This community ommitted 1o partcipating at all levels (accelerator
and detectors R&D, as well as physics studies), commensurate with its involvement in the
HL-LHC. This project offers a very ambitious physics programme including, in a first stage,
an electron-positron collider (at the Z, WW, ZH and top-quark pair production energies)
that will perform crucial measurements of Higgs properties, test the electroweak sector and
the top quark to an unprecedented level of precision, and perform key measurements in
flavour physics. In a second stage, a hadron collider will push the energy frontier by an

Other observations
* Spain emphasizes finances

Tristan du Pree

UNIVERSITY
OF TWENTE.



Netherlands

Spain Completing the full HL-LHC programme must be the main present priority
The FCC (FCC-ee+FCC-hh) project has broad support across the Spanlsh HEP educing 1ts programme to 1implement a next riagship collider would be

community as the preferred next flagship taciiy al CERN_nrovidec bility study ruptive to both the planned physics reach of HL-LHC and the detector R&D programme.
establishes that its realisation is} technologically and financially achlevable within the

proposed timescale. This communi SISO pariipatng St el Tevers-jaccelerator It is essential that the next flagship collider is located at CERN.] We discussed
and detectors R&D, as well as physics studies), commensurate with its involvement in the .

HL-LHC. This project offers a very ambitious physics programme including, in a first stage,

an electron-positron collider (at the Z, WW, ZH and top-quark pair production energies) Austria
that will perform crucial measurements of Higgs properties, test the electroweak sector and In light of the most pressing questions around the Standard Model and the search for PhYSICS beyond the SM
the top quark to an unprecedented level of precision, and perform key measurements in the Austrian community prefers as the highest priority of future erator-hased experiments and as
flavour physics. In a second stage, a hadron collider will push the energy frontier by an next major flagship project at CERN a not at the expense

of t

currently planned HL-LHC program §nd also accounting for the additional aspect outlined below.

Other observations
* Spain emphasizes finances

* NL + AU remain quite neutral
* NL + AU mention HL-LHC
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Netherlands

Spain Completing the full HL-LHC programme must be the main present priority
The FCC (FCC-ee+FCC-hh) project has broad support across the Spanlsh HEP educing 1ts programme to 1implement a next riagship collider would be

community as the preferred next flagship taciiy al CERN_nrovidec bility study ruptive to both the planned physics reach of HL-LHC and the detector R&D programme.
establishes that its realisation is} technologically and financially achlevable within the

proposed timescale. This communi SISO pariipatng St el Tevers-jaccelerator It is essential that the next flagship collider is located at CERN.] We discussed
and detectors R&D, as well as physics studies), commensurate with its involvement in the .

HL-LHC. This project offers a very ambitious physics programme including, in a first stage,

an electron-positron collider (at the Z, WW, ZH and top-quark pair production energies) Austria

that will perform crucial measurements of Higgs properties, test the electroweak sector and In light of the most pressing questions around the Standard Model and the search for PhYSICS beyond the SM

the top quark to an unprecedented level of precision, and perform key measurements in the Austrian community prefers as the highest priority of future erator-hased experiments and as

flavour physics. In a second stage, a hadron collider will push the energy frontier by an next major flagship project at CERN a not at the expense
of t

currently planned HL-LHC program §nd also accounting for the additional aspect outlined below.

Belgium

The Belgian community strongly supports an ambitious project for the next CERN flagship machine. We believe

that CERN should keep its leadership as thq largest international center in the world for research in high energ

and particle physics, and in related advanced technology develo 4 peaceful and worldwide open

our preferred next long-term project is the FCC-ee/hh.

Other observations
* Spain emphasizes finances
* NL + AU remain quite neutral
* NL + AU mention HL-LHC
* BE: international/global role

collaboration organisation. To reach this goa
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Netherlands

, Spain Completing the full HL-LHC programme must be the main present priority
The FCC (FCC-ee+FCC-hh) project has broad supportjacross the Spanish HEP educing 1ts programme to 1mplement a ne agship collider would be

community as the preferred next flagship facility at CERN_nrovidec 2asibility study ruptive to both the planned physics reach of HL-LHC and the detector R&D programme.
establishes that its realisation is} technologically and financially achievablejwithin the

proposed timescale. This communi SISO pariipatng St el Tevers-jaccelerator It is essential that the next flagship collider is located at CERNJWe discussed
and detectors R&D, as well as physics studies), commensurate with its involvement in the .

HL-LHC. This project offers a very ambitious physics programme including, in a first stage,

an electron-positron collider (at the Z, WW, ZH and top-quark pair production energies) Austria

that will perform crucial measurements of Higgs properties, test the electroweak sector and In light of the most pressing questions around the Standard Model and the search for physics beyond the SM

the top quark to an unprecedented level of precision, and perform key measurements in the Austrian community prefers as the highest priority of future accelerator-hased experiments and as

flavour physics. In a second stage, a hadron collider will push the energy frontier by an next major flagship project at CERN a not at the expense
of t

2 currently planned HL-LHC program nd also accounting for the additional aspect outlined below.

Belgium

The Belgian community strongly supports an ambitious project for the next CERN flagship machine. We believe

that CERN should keep its leadership as thé¢ | largest international center in the world for research in high energ
and particle physics, and in related advanced technology development, in g peaceful and worldwide open

collaboration organisation. To reach this goa our preferred next long-term project is the FCC-ee/hh.

The high-energy physics (HEP) community in Sweden strongly supports the FCC integrated program
to be the next flagship project at C , whereby an e"e~ collider )C-ee) with a centre-of-mass
energy ranging from 91 to 365 GeV allows precision measurements of the electroweak and Higgs sectors
in the first stage of the project, from 2045 to 2065, by producing very large datasets of W/Z bosons, top
quarks and Higgs bosons. Subsequently, if there is a strong physics case, a hadron collider (FCC-hh)

Oth e r O bse rvati O n S based on high-field magnets, operated in the same 91 km long tunnel, will allow further exploration of

the high-energy frontier through proton-proton and heavy-ion collisions with centre-of-mass energies
that exceed those reached at the LHC by a factor 6-7. As such, the FCC integrated program consists

* Spain emphasizes finances USA

ments without specifying their locations. In preparation for the ESPP update, the US funding

® N L - AU re m al n q u |te n e utral agencies (DOE and NSF) commissioned a focused Higgs Factory Coordination Consortium whose

report is being submitted as a separate document. That report concludes:

® | _ "The U.S. is enthusiastic for a Higgs F h ior collider and /
NL + AU mention HL-LHC FCC et . i 3 hone ot s mt atr rekemch rmsucuns e CERN. - The 05,
* USA strongly supports FCC-ee

RN

would also support an ouncil approves such a project in a timely manner.
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MORE MEMBER STATES poin

next large infrastructuge. In recent years, CERN has firmly established the FCC as its preferred flagship

Czechia project in the post-L

Following extensive discussions and feedback from the Czech HEP community, we reaffirm related activities, including in particular precision theoretical calculations. The FCC-ee Higgs factory
our strong support for the long-term goal of a next-generation circular hadron-hadron collider has numerous advantages. It combines Higgs boson and top-quark studies with ultimate precision of
(FCC-hh) with a center-of-mass energy of 100 TeV. While we recognize the significant the electroweak measurements at the Z-pole. In addition, FCC-ee offers a unique possibility to probe
challenges associated with realizing such a machine in the near future, we believe that a

the Higgs-electron coupling. With four interaction points and four experiments, most of the CERN
staged approach is the most feasible and scientifically robust path forward. In this context,

the Future Circular Collider in its electron-positron (FCC-ee) configuration represents the arrangements for the FCC tunnel construction. Furthermore, FCC-ee offers an excellent springboard to
optimal first step, serving as a Higgs factory and laying the technological and scientific

community can get involved in the project. Preparations at CERN are well advanced, in particular

JIOUTNJUwWoOTrt U AUl cliciuavyv=IicC w U U C ADPDIUc w Ul C C Al U JC wdy

for high-energy physics while maintaining CERN and Europe's leadership in the field.

Some observations

* CZ mentions FCC-hh
* PL mentions CERN preference
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MORE MEMBER STATES

Czechia

Following extensive discussions and feedback from the Czech HEP community, we reaffirm
our strong support for the long-term goal of a next-generation circular hadron-hadron collider
(FCC-hh) with a center-of-mass energy of 100 TeV. While we recognize the significant
challenges associated with realizing such a machine in the near future, we believe that a

staged approach is the most feasible and scientifically robust path forward. In this context,
the Future Circular Collider in its electron-positron (FCC-ee) configuration represents the
optimal first step, serving as a Higgs factory and laying the technological and scientific

JIOUINJwoIrFr U ALUTEe cliciJuvyv=I1J - U U C AP PDIUc - T C C AlCU JC wdy

for high-energy physics while maintaining CERN and Europe's leadership in the field.

Some observations
* CZ mentions FCC-hh
* PL mentions CERN preference

Tristan du Pree

Poland

next large infrastructuge. In recent years, CERN has firmly established the FCC as its preferred flagship

project in the post-L
related activities, including in particular precision theoretical calculations. The FCC-ee Higgs factory
has numerous advantages. It combines Higgs boson and top-quark studies with ultimate precision of
the electroweak measurements at the Z-pole. In addition, FCC-ee offers a unique possibility to probe

the Higgs-electron coupling. With four interaction points and four experiments, most of the CERN

community can get involved in the project. Preparations at CERN are well advanced, in particular
arrangements for the FCC tunnel construction. Furthermore, FCC-ee offers an excellent springboard to

Israel

3) a) For the next collider, the IL HEP community considers the construction of a high luminosi
iggs factory based on an e+e- collider to be the highest priority. A significant part of the
community, and especially most of the relevant HEP-EX and HEP-PH Pls, are in favor of

FCCee, which also sets the ground for the next generation hadron collider in the same tunnel.
The relevant experimentalist Pls, in particular, have started to take part in the FCCee.

UNIVERSITY
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MORE MEMBER STATES

Czechia

f Following extensive discussions and feedback from the Czech HEP community, we reaffirm
our strong support for the long-term goal of a next-generation circular hadron-hadron collider
(FCC-hh) with a center-of-mass energy of 100 TeV. While we recognize the significant
challenges associated with realizing such a machine in the near future, we believe that a

staged approach is the most feasible and scientifically robust path forward. In this context,
the Future Circular Collider in its electron-positron (FCC-ee) configuration represents the
optimal first step, serving as a Higgs factory and laying the technological and scientific

JIOUTNMJUwWoOTrFr U JUUTe elrierdav=irc - 9 U C «|0]0)0)c - UT'C C dlCU JC wdy

for high-energy physics while maintaining CERN and Europe's leadership in the field.

Greece
'/ The overwhelming majority of responses to the question regarding the preferred next

oroject for CERN favor the Future Circular Collider (FCC). A common
suggestion includes starting with FCC-ee, an electron-positron collider for precision

Portugal

' The Portuguese HEP community showed overwhelming support for FCC dnd measurable

support for a linear e+e- collider (e.g. CLIC). The most crucial element mentioned as rational
for such choices was its physics potential, with the long-term prospects also being pointed out as

an important aspect.

Some observations

* CZ mentions FCC-hh
* PL mentions CERN preference

Tristan du Pree

Poland

next large infrastructuge. In recent years CERN has firmly established the FCC as its preferred flagship
project in the post-L
related activities, including in particular precision theoretical calculations. The FCC-ee Higgs factory
has numerous advantages. It combines Higgs boson and top-quark studies with ultimate precision of
the electroweak measurements at the Z-pole. In addition, FCC-ee offers a unique possibility to probe

| the Higgs-electron coupling. With four interaction points and four experiments, most of the CERN

community can get involved in the project. Preparations at CERN are well advanced, in particular

arrangements for the FCC tunnel construction. Furthermore, FCC-ee offers an excellent springboard to

Israel
3) a) For the next collider, the IL HEP community considers the construction of a high luminosi
"Higgs factory based on an e+e- collider to be the highest priority. A significant part of the
community, and especially most of the relevant HEP-EX and HEP-PH Pls, are in favor of
FCCee, which also sets the ground for the next generation hadron collider in the same tunnel.
The relevant experimentalist Pls, in particular, have started to take part in the FCCee.

Norwa
The Norwegian commumty pr10r1t1zes a large circular electron-positron collider, currently known as FCC -ee

[ s VvE DelIeve -e€ wWOould ay c IOUINdatlOol U d IIEW ddTI' 01 U (€

second half of the 21st century, should this be justified by scientific findings at the HL-LHC and FCC -ee and
Denmark

| The Danish CERN community prefers the integrated FCC project, Jstarting with FCC-ee at energies 90-

b5 GeV, and then moving rorward to "IN targetng 100 1€V, as the next CERN flagship collider
project. Shghtly lower energies for FCC-hh could be acceptable, 1f limited by magnet technology

and/ or funding. Slovakia

Therefore, after the HL-LHC reaches its potential, we strongly recommend the most preferred
flagship project for CERN to be electron-positron collider machine FCC-ee as a Higgs Boson
(and W/Z boson and top-quark pairs) factory with subsequent construction of the FCC-hh in

: a NUgc pnysics
potential simultaneously prov1dmg a long-term perspective for young experts and particle
physics in general. The start of the FCC-ee should follow soon after the HL-LHC
decommissioning to preserve human and financial resources.

Nik[hef
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_ next large infrastructuge. In recent years, CERN has firmly established the FCC as its preferred flagship
Czechia project in the post-L
related activities, including in particular precision theoretical calculations. The FCC-ee Higgs factory

Following extensive discussions and feedback from the Czech HEP community, we reaffirm
our strong support for the long-term goal of a next-generation circular hadron-hadron collider
(FCC-hh) with a center-of-mass energy of 100 TeV. While we recognize the significant
challenges associated with realizing such a machine in the near future, we believe that a
staged approach is the most feasible and scientifically robust path forward. In this context,
the Future Circular Collider in its electron-positron (FCC-ee) configuratie
optimal first step, serving as a Higgs factory and |ayis

for high-energy physics while maintaini

The overwhelming majorif;
major/flagship collider pr,

suggestion includes st:

has numerous advantages. It combines Higgs boson and top-quark studies with ultimate precision of

the electroweak measurements at the Z-pole. In addition, FCC-ee offers a unique possibility to probe

the Higgs-electron coupling. With four interaction points and four experiments, most of the CERN
community can get involved in the project. Preparations at CERN are well advanced, in particular
nel construction. Furthermore, FCC-ee offers an excellent springboard to

Israel
onsiders the construction of a high luminosi
wmhest priority. A significant part of the

Broad consensus on FCC o HEr i o o
as preferred option of the member a’“""‘eFCCee-N
states in the European Strategy

for Particle Physics T ek

m starting with FCC-ee at energies 90-
g 100 1eV, as the next CERN flagship collider

ould be acceptable, if limited by magnet technology
Slovakia

support for a linear e+e- col
for such choices was its physics pott

an important aspect.

Therefore, after the HL-LHC reaches its potential, we strongly recommend the most preferred

Some observations
flagship project for CERN to be electron-positron collider machine FCC-ee as a Higgs Boson
* CZ mentions FCC-hh T I O e EeTT Ve o oL CoeE Jrepotr 21 PYEeer R - T PRV eee

- YOV

potential simultaneously providing a long-term perspective for young experts and particle

o PL mentIOnS CERN prefe rence physics in general. The start of the FCC-ee should follow soon after the HL-LHC

decommissioning to preserve human and financial resources.
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COUNTRIES: ALTERNATIVE SCENARIOS (CEPC)

Germany

Improvement O SICS reacn In comparison 1o ine expeciec

A Iinear_e+é— cdllider facility with a centre-of;mass enérgy of initi;Iiy at_lea-s_t 550 GeV

JIC C ALY COITIPDE ve PDIITY JI OUIl C C adlcad U U ola) = .U

unique opportunity of direct access to ZHH production) and in the top sector. With its

UNIVERSITY
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COUNTRIES: ALTERNATIVE SCENARIOS (CEPC)

Germany

- - - Italy

A hadron collider with magnet technology expected to be available at the end of We, the INFN, will provide further considerations in an addendum or a subsequent update o
the HL-LHC, installed in a tunnel of about 90 km circumference, will provide a huge . SN : : :

this document within th Before completing our recommendations, we wish

d next few weeks.

LU A L L e, SICS reach 1n comparison 10 1Ne expeclec - to review the input submitted to e upaate of the Strategy of the European Strategy for Particle
Alinearete~ colllder faCIIIty with a centre-of-mass energy of initially at Ieast 550 GeV Physics regarding projects alternative to the FCC.

JIC C JIHY COITIPE v DIV JIOUI C c dlicad U U Iy =.U. vV

unique opportunity of direct access to ZHH production) and in the top sector. With its

UK France
During the second community drafting day in January the decision was made t¢ any In absence of FCC,. , a linear e+e collider facility (LCF) at CERN would be the next best option for a Higgs factory.
prioritisation of alternative options until the next community meeting on 28th A pril when additional STITCITAT [Tt StatStes att 5SS SeCON Pear and o e e TUTTITIOSIY At e Z-pOIC are 1T Dart COMmpernsatec

by the possibility to reach at least /s = 500 GeV, allowing a clean observation of the eTe~ — VVH process, of the 7

threshold, and providing an improved determination of the Higgs-boson self coupling. Energies of /s = 1-3 TeV, as enabled
by CLIC technology, would significantly improve these measurements and allow detailed studies of vector-boson scattering.

information will be available. This section currently summarises key considerations raised on possible scenarios
Spain

The scientific case of a hadron collider at energies larger than those reached at the HL-

LHC as an alternative option is strong. More details on the feaS|b|I|ty of a timely hadron

judging whether it is a sensible alternative to an electron-positron collider. _
Switzerland

CERN's flagship should remain the FCC. Even if the Circular Electron-Positron

Collider (CEPC) comes online years earlier, investing in the FCC remains crucial. The

If Ch I na bu IIdS CepC . ‘The flexibility of center-of-mass energies of the FCC-ee can allow it also to be

complementary to the CEPC in terms of the physics it explores.

® FCC-h h? Ll near COI I Ider? Should the CEPC become a reality, China’s plan envisions the Spp.C 9perating tzy

2055 to achieve 70-100 TeV collisions. It is essential to factor this into CERN'’s
roadmap and allocate the necessary resources to continugl advancing FCC-hh

¢ FCC'ee? MUOn CO”Ider? developments.

* Quite mixed, some not yet defined
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COUNTRIES: ALTERNATIVE SCENARIOS ($$9%)

Germany

If F C C : .t f . b I In this case, an eTe~ Linear Collider provides an attractive alternative path towards a Higgs
|S nO eaSI e factory. It has interesting additional features (polarization of both beams) and can provide up to
erful acceleration devices. The ongoing cost analysis of different linear collider stages will
o i i ’? give important input to balancing the financial, scientific, and scheduling aspects in the
LI N ea [ COI I | d e [ decision for a next flagship project if the FCC-ee is not financially feasible.
* But feasability &
Spain

COSt eStl mate needed f the FCC is found not to be feasible, a linear electron-positron collider facility at CER

would be the preferred alternative option, with an initial Higgs factory stage and the
possibility of an energy upgrade to the TeV scale. A fully engineered design and studies of
the implementation in the region would however need to be completed. With two
experiments and polarised beams, this facility would enable a competitive Higgs,
electroweak and top-quark programmes. The possibility of energy upgrades provides a
deeper probe of the top-quark electroweak couplings, access to the Higgs self-coupling
and its interaction with the top quark, as well as an extension in sensitivity of direct
earches.

Switzerland

The Swiss communlty is not provndmg an alternative option;fand it emphasizes that no

slgle ; shlcRNaLc 1R eL0 Lo prpromise one or more critical

(Switzerland even refuses to consider alternatives)

aspects.

All alternative options fall short compared to the FCC-ee.jJThey lack the sufficiently
compelling and comprehensive physics program required to sustain the interest of

the global particle physics community and inspire the next generation of scientists.
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COUNTRIES: AOB

Italy

H L - L H C The successful completion of the high-luminosity upgrade of the machine and detectors must remain
the focal point of European particle physics, together with continued innovation in experimental

techniques. The full physics potential of the LHC and the HL-LHC, including the study of flavour
physics and the quark-gluon plasma, must be exploited.

German

L H eC For a scenario with a longer time gap between the HL-LHC and the future flagship project at
CERN, the LHeC could be considered as a potential intermediate project provided technical fea-
sibility is established. However, the technological challenges for an Energy Recovery Linac of the
required performance need to be overcome. Furthermore, the practical and financial implications

timely realisation of the next flagship project remains the highest priority.

Italy

To summarize, it is recommended that, together with the realization of the FCC-integrated
R & D project, CERN and the European particle physics community:

strongly support a comprehensive and well-funded R&D campaign to build on existing
studies for a multi-TeV Muon Collider, progressing towards the design of a Muon
Collider Demonstrator and the development of a Muon Collider Conceptual Design
Report

strongly support and adequately fund an R&D campaign to advance plasma-based
accelerator designs, beyond current and planned studies, focusing on developments for
long-term future particle accelerators.

Tristan du Pree 8IF\I¥/VI\EIIEIS\IITTE(




ECRS

Early Career Researchers s the Survey. 2 Question o Soecific callider wrefeseace.was alsg asked The s

was made after intense discussions in the WG. Of the 782 answers, “a circular e"e™ collider (e.g. FCC-ee)”
received 28 % of the votes, followed by “a muon collider” at 15%, “a hadron collider (e.g. FCC-hh)" at 14 %,

® 55 re Com mendathnS and “a linear ee™ collider (e.g. CLIC/ILC/ C3)” at 8 %. Additionally, 23 % of respondents expressed that

they do not have a strong opinion or do not know, while 9% supported the idea of building “any collider,

® T Ao SOOI a5 POSSID . UJ \ 0 Ol Da YAl DD DOSEC ' 01 B . OT1S ' TP A COINE 1 Hope,
Some Crlth ue No other options were considered in the question. As it might be susceptible to biases resulting from the
on process S

is still necessary to unite behind a single project. There is, however, an impression that this decision, which
concerns the future of CERN and the whole of particle physics in Europe, is pre-determined and being driven
by a limited number of people. For example, the FCC is increasingly often referred to as the “baseline”
project (see e.g. [19]), despite the facts that firstly, a feasibility study is still ongoing to determine whether
he project is feasible: and secondly, the last ESPPU has not concluded or determined a “baseline”. This
al to the process anc ne consequences of 1ts outcome. :
for open, transparent and democratic decision-making. After the decision has been made, a
structured explanation of the criteria which led to a certain result is necessary and will help
significantly in understanding the procedure and building trust for its outcome within the
whole community (R. 4.10). For example, it is not clear to what extent securing the future of CERN
and preserving its size, as well as preferences from funding agencies or national governments, impact the
decision-making.

UNIVERSITY Niklhef
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https://indico.cern.ch/event/1439855/contributions/6461451/
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CERN openlab: A Flagship Model for

S O M E OT H E R O B S E RVAT I O N S Industry-Science Computing R&D

V.Mexner et al
EPPCN | Bt

O U tre aC h | m p O rta nt Communicating for the future of particle physics
] Input to the 2026 update of the European Strategy for Particle Physics
* Mentioned a lot

by the European Particle Physics Communication Network (EPPCN)

Contact persons:
Arnaud Marsollier (CERN) and Vanessa Mexner (NL), EPPCN co-chairs

[ ] [ | [ ]
S u Sta I n a b I I Ity Email: Arnaud.Marsollier@cern.ch, Vanessa.Mexner@nikhef.nl

P.Koppenburg et al
* Not so much
O S O U C Input to European Strategy Update for Particle Physics: Sustainability
N I 't Veronique Boisvert', Daniel Britzger?, Samuel Calvet’, Yann Coadou®, Caterina Doglioni®, Julien
u C e a r CO I I l l I l u n I y Faivre®, Patrick Koppenburg”, Valerie S. Lang®, Kristin Lohwasser®, Zach Marshall'°, Rakhi

Mahbubani'®, Peter Millington®, Tomoko Muranaka'?, Karolos Potamianos'3, Ruth Péttgen'*, Hannah
Wakeling'®, Efe Yazgan'®

Science4Peace: Early Career Researcher Input to the

* Concern about prospects
. + - . A Plea for Continued Peaceful International Scientific : :
N case Of e e COI I |d er Cooperation Egropean Strategy fgr Particle Physics Update
Fifty-five recommendations for the future of our field

CERN is much more than just the lab! Data Preservation in High Energy Physics

Ensuring continued operation of INSPIRE as a cornerstone of = cern-Mepicis
the HEP information infrastructure A unique facility for the production of innovative biomedical research radionuclides
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THUMBS UP TO THE ESPP PROCESS

Great that everyone
could give their input
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ESPP IN THE PUBLIC MEDIA

This i1s not good...
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CONCLUSIONS

HL-LHC FCC-ee Plan B ?

Our near-future focus The European community’s
Fully exploit excellent program preferred future collider project

What if CepC in China?
What if FCC not feasible?
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CONCLUSIONS

HL-LHC FCC-ee Plan B ?
Our near-future focus The European community’s FCC-ee? Linear Collider?
Fully exploit excellent program preferred future collider project FCC-hh? Muon Collider?

Diversity R&D
A.o. Astroparticle, LHeC MuCol, ERL, Wakefield, HTS
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CONCLUSIONS

HL-LHC FCC-ee Plan B ?
Our near-future focus The European community’s FCC-ee? Linear Collider?
Fully exploit excellent program preferred future collider project FCC-hh? Muon Collider?

Diversity R&D
A.o. Astroparticle, LHeC MuCol, ERL, Wakefield, HTS

= Plan A seems already fixed €
=» The discussion of Plan B and finances is possibly more important €=

UNIVERSITY Niklhef
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THANKS EVERYONE!

To many colleagues ILC R&D
: : Peter, Gerhard, Niels vB, Kazu,
for all discussions Patrick Martin, Joris

over the years...

FCC General Strategy Astroparticle
Clara, Eric, Jorgen, Jos E, Lydia, Aart, Auke, Paul,
Juan, Wouter W Frank L, Stan, Marcel M Marieke, Patrick

MuCol HL-LHC
Panos, Jacco, Mick, Frank F, Pamela, Flavia, Raimond, Sascha,
Nicolo, Maarten, Alessandro NielsT, Robert, Melissa, Wouter V&H

...and many students, postdocs and ECRs in the ATLAS group and elsewhere, inside and outside Nikhef

UNIVERSITY
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THE FUTURE: FROI\/I GENEVA TO ANNECY?

Saint-Julien- ©
en-Genevois

Bonnev ,

La Roche-st
Foron ,

UNIVERSITY
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FROM GENEVA TO ANNECY (VIA VENICE)
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* ‘Bon voyage
Buon viaggio

A

Tristan du Pree gP%EIIEIS\IITTI\E( Niaiwef




	Slide 1: INPUTS TO THE EUROPEAN STRATEGY for particle physics
	Slide 2: MY PROFESSIONAL LIGHTCONE
	Slide 3: MY PROFESSIONAL LIGHTCONE
	Slide 4: MY PROFESSIONAL LIGHTCONE
	Slide 5: MY PROFESSIONAL LIGHTCONE
	Slide 6: MY PROFESSIONAL LIGHTCONE
	Slide 7: TODAY, I AM ASIMOV
	Slide 8: INPUTS TO THE ESPP
	Slide 9: INPUTS TO THE ESPP
	Slide 10: OUTLINE
	Slide 11
	Slide 12: FCC-EE: PROJECT 
	Slide 13: FCC-EE: PHYSICS
	Slide 14: FCC-EE: PHYSICS
	Slide 15: FCC-EE: PHYSICS
	Slide 16: FCC-ee: COSTs
	Slide 17: FCC-EE: TIMELINE
	Slide 18
	Slide 19
	Slide 20: LINEAR COLLIDER FACILITY AT CERN
	Slide 21: LCF: PLAN
	Slide 22: LCF: PLAN
	Slide 23: LINEAR COLLIDER FACILITY AT CERN
	Slide 24
	Slide 25: CLIC: PROJECT
	Slide 26: CLIC: DUAL BEAM
	Slide 27: CLIC: COST & TIME
	Slide 28
	Slide 29: FCC vs LCF
	Slide 30
	Slide 31: C3: PARAMETERS
	Slide 32: C3: TIMELINE
	Slide 33: BACK TO THE LHC
	Slide 34: (HL-)LHC: TIMELINE 
	Slide 35: HL-LHC: PHYSICS
	Slide 36: HL-LHC: PHYSICS
	Slide 37: HL-LHC: PHYSICS
	Slide 38
	Slide 39: FCC-HH: MAGNETS
	Slide 40: FCC-HH: PHYSICS
	Slide 41: FCC-HH: PRACTICALITIES
	Slide 42
	Slide 43: Muon COLLIDER: PROJECT
	Slide 44: MUCOL: INFRAStruCTURE
	Slide 45: MUCOL: INFRAStruCTURE
	Slide 46: MUCOL: INFRAStruCTURE
	Slide 47: MUCOL: BUDGET & TIMELINE
	Slide 48
	Slide 49: PROJECT: CEPC
	Slide 50: PROJECT: CEPC
	Slide 51: PROJECT: CEPC
	Slide 52: PROJECT: CEPC
	Slide 53: PROJECT: CEPC
	Slide 54: CEPC
	Slide 55: CEPC
	Slide 56
	Slide 57: LHEC: PHYSICS
	Slide 58: LHEC: TIMELINE
	Slide 59: MANY OTHER PROJECTS and SUBMISSIONS…
	Slide 60: PART II: PLANS & VISIONS
	Slide 61: SCENARIO #1: FCC
	Slide 62: PART IIB: PLANS & VISION
	Slide 63: SCenaRIO #2: “LC VISION”
	Slide 64: SCENARIO #3: EARLY FCC-hh 
	Slide 65: SCENARIO #3: EARLY FCC-HH
	Slide 66: SCENARIO #3: EARLY FCC-HH
	Slide 67: SCENARIO #4: LC + MUCOL
	Slide 68: SCENARIO #N: LEP3
	Slide 69: SCENARIO #N: LEP3
	Slide 70: INTERMEZZO
	Slide 71: “SOME THOUGHTS”
	Slide 72: “FUTURE OF CERN”
	Slide 73: “TO BUILD OR NOT TO BUILD”
	Slide 74: PART III: COUNTRIES
	Slide 75: BIG COUNTRIES
	Slide 76: BIG COUNTRIES
	Slide 77: BIG COUNTRIES
	Slide 78: BIG COUNTRIES
	Slide 79: OTHER COUNTRIES
	Slide 80: OTHER COUNTRIES
	Slide 81: OTHER COUNTRIES
	Slide 82: OTHER COUNTRIES
	Slide 83: MORE MEMber statES
	Slide 84: MORE MEMber statES
	Slide 85: MORE MEMber statES
	Slide 86: MORE MEMber statES
	Slide 87: COUNTRIES: ALTERNATIVE SCENARIOS (CEPC)
	Slide 88: COUNTRIES: ALTERNATIVE SCENARIOS (CEPC)
	Slide 89: COUNTRIES: ALTERNATIVE SCENARIOS ($$$)
	Slide 90: COUNTRIES: AOB
	Slide 91: ECRs
	Slide 92: SOME OTHER OBSERVATIONS
	Slide 93: THUMBS UP TO THE ESPP PROCESS
	Slide 94: ESPP IN THE PUBLIC MEDIA
	Slide 95: CONCLUSIONS
	Slide 96: CONCLUSIONS
	Slide 97: CONCLUSIONS
	Slide 98: THANKS EVERYONE!
	Slide 99: THE FUTURE: FROM GENEVA TO ANNECY?
	Slide 100: FROM GENEVA TO ANNECY (VIA VENICE)
	Slide 101: BACKUP
	Slide 102: WHAT IF… BUDGET IS SMALL?
	Slide 103: WHAT IF… CEPC?
	Slide 104: A GLOBAL VISION FOR EUROPA
	Slide 105: EUROPE & TECHNOLOGY
	Slide 106: LHEC PHYSICS
	Slide 107: SELF-COUPLING at LC
	Slide 108: DARK HIGGS?
	Slide 109: DARK HIGGS?
	Slide 110: ONZICHTBARE HIGGS?
	Slide 111: ONZICHTBARE HIGGS
	Slide 112: MAIN CHALLENGE
	Slide 113: MUON COLLIDER: CHALLENGES
	Slide 114: LUMI
	Slide 115: PLANS FOR A MUON COLLIDER DEMONSTRATOR
	Slide 116: COOLING
	Slide 117: SUSTAINABILITY
	Slide 118: SUSTAINABILITY
	Slide 119: JOIN THE ADVENTURE TOWARDS THE NEXT ESUPP!
	Slide 120

