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The matter and the Universe

Matter \

Dark Energy 71%

Leptons




The “test tube” and the “microscope” CPPM

Detector (microscope

Probe (“observatory”) °

or ; > <
Bang! (“experiment”) .
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Deep into the matter.....
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30 years of discoveries.....
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I The Standard Model of particle physics mes Leptons | Theonised/explained
Years from concept to discovery : 3::?:: | Discovered
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Le modele Standard

J ﬁ\\ M(Z)= 91.1880+0.0020 GeV
2 M (W)= 80.3692+0.0133 GeV
= igastie Forces M(H)= 125.20+0.11 GeV

M(photon)<1x10718 eV
M(g)=0

Precision 103-10°

Electro-
magnetique

Le ptons gravitation




The implications
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 Particle physics is at the forefront of the most fundamental questions in science
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How to make a discovery: observe/confront
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 The event signature
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*Science 76 (1932) 238-239

Phys.Lett.B 504 (2001) : hep-ex/0012035

F.L. =4535 um DONUT
Bk = 93 mrad

p >29'02 GeV/c
pr >0.27*1% GeV/e
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https://arxiv.org/abs/hep-ex/0012035

How to make a discovery: observe/confront
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 The cross section
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Precision leads to discovery

» Discrepancies and domain
“mappings” are place holders

for future discoveries

« Crosssing borders in precision
and energy are equivalent
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https://physicsworld.com/a/an-unelementary-affair-150-years-of-the-periodic-table/
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Stanley Livingston first noted that advances in accelerator technology increase
the energy records achieved by new machines by a factor of 10 every six years.
(Panofsky, 1996)

http://www.slac.stanford.edu/pubs/beamline/27/1/27-1-panofsky.pdf
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European Strategy for Particle Physics 2026

CPPM
« The aim of the Strategy Update should be to develop a visionary . Orlglnal Strategy (2006):
and concrete plan that greatly advances human knowledge in LHC, mooting of luminosity
fundamental physics through the realisation of the next flagship upgrade of LHC, R&D in
project at CERN. This plan should attract and value international iggfc'ﬁgt?;:eﬂt‘ﬁ‘:‘I’D%te:ntlal Lo
collaboration and should allow Europe to continue to play a project
H H H 7
leading role in the field. | _ . 1st Update (2013):
» The Strategy update should include the preferred option for the next i o
. ey ) ) igh Luminosity LHC, need for a
collider at CERN (Plan A) and prioritised alternative options (Plan B) post-LHC pro
. . gramme
to be pursued if the chosen preferred plan turns out not to be feasible or
competitive. « 2nd Update (2020):

FCC feasibility study
3rd Update (2026) >

« The Strategy update should also indicate areas of priority for
exploration complementary to colliders and for other experiments to

be considered at CERN and at other laboratories in Europe, as well as for recommendation for the next
participation in projects outside Europe. large-scale accelerator project
at CERN (reach consensus on
The European Strategy for Particle Physics is not a project the preferred option and

approval process. Projects are approved by the CERN Council possible alternatives)

through a separate decision process, taking the Strategy

recommendations into account.

C. DIACONU
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CENTRE DE PHYSIQUE DES

Timeline for the update of the
European Strategy for Particle Physics

Deadline for the

Council appointment of the Deadline for the open submission of final
MSHHEIS of he FEG and submission of main Symposium national input in advance Submission of the draft
decision on the.venue for the input from the i ) of the ESG Strategy strategy document to
Open Symposium community (in Venice) Drafting Session the Council
End September 2024 31 March 2025 23-27 June 2025 14 November 2025 End January 2026
We are here
December 2024 26 May 2025 End September 2025 1-5 December 2025 March and June 2026
Council decision on the . .
venue for the ESG Deadline for the SBu pr?lssgn o:“the ESG Strategy Discussion of the draft strategy
Strategy Drafting submission of additional riefing Book to Drafting document by the Council and
Session national input in the ESG Session updating of the Strategy
advance of the Open
Symposium (Monte Verita /

C. DIACONU
CPPM | CNRS/IN2P3 and Aix Marseille Université

Ascona, CH)

More details on ESPP web page: https://europeanstrategyupdate.web.cern.ch/

15


https://europeanstrategyupdate.web.cern.ch/

The community input

« 266 contributions received
* https://indico.cern.ch/event/1439855/contributions/

* These submissions are analysed by the

* Physics Preparatory Group (PPG) and
» European Strategy Group (ESG)

* Open Symposium Venice
https://agenda.infn.it/event/44943/

European Strategy, ‘
for Particle Physic )
= U} i g

OPEN SYMPOSIUM
European Strategy
for Particle Physics

23-27 JUNE 2025 ‘

2026 UPDATE

C. DIACONU
CPPM | CNRS/IN2P3 and Aix Marseille Université

nd the Standard Model physics
Neutrinos and cosmic %ers

Dark matter and the dark sector

21% (55)
StroH interations
Electroweak ics including Hi

Flavour i

Projects and large experiments

37% (96)

National inputs and national laboratories
22% (57)

Others, e.g. personal contributions
8% (21)

Detector instrumentation

30% (80)

Accelerator science and technology
18% (47)

Compti

|

Communications, education, outreach, knowledge transfer and careers

Sustainabili
6% (16)
. Science drivers I Community organisation
[ Enabling technologies I Policy

Self-attributed themes of the 263 community inputs
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The future accelerator/collider projects submitted

 Important scientific ingredients
* Initial state
Energy
Intensity/luminosity
Experimental precision
Theoretical precision/understanding

* Other ingredients
« Community
* Funding
» Societal and envioronmental impact

* The “lab” is well equiped!
* Eprocess ~ GeV = 50 TeV
« ~6 orders of magnitude

C. DIACONU
CPPM | CNRS/IN2P3 and Aix Marseille Université

“Target”

e
Belle Il,
FCCee, -
€ lcerc,stcr| MUY %
o)
LCF,LEP3 -
mu MUonE mu-coll nu
P
P EIC, LHeC LHC,FCChh A
LHC,
A EIC, LHeC FPF FPF LHC,FCChh|SPS,FCChh,
FAIR
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The fUtu re IS n ew Id ea s: Remember Livingstone: LEP 2: 209 GeV in year 2000. PM
Precision-and energy frontier explorers -

FCC-ee (e*e, circular, 91 — 365 GeV) LCF (e*e, linear, 91 — 240, 550 GeV) CLIC (e*e, linear, 380 GeV, 1.5 TeV)

e*e- colliders
(“Higgs factories”)

91 km
circumference

LEP3 (et*e, circular, 91 — 230 GeV) LHeC (ep, circular, electron ERL,
50 GeV e, > 1 TeV ep collisions)

Intermediate projects

e~ X\

new electron accelerat

S0 GeV beam energ
BY e
much smolier investment
\

(Leave room (time, budget, resources) for further
development of THE machine that can probe
directly the energy frontier at the 10 TeV parton
scale)

existing/future
proton accelerator
HC and/or KC

major imvestment »

18
K. Jakobs, ESPP Open Symposium, 27" June 2025 -



CENTRE DE PHYSIQUE DES

Potential for development: future 10 TeV parton-scale collider options

FCC-ee LEP3 LHeC LCF, CLIC

_—
A

W e~
A \ new elect erator \,
[P 50 Ge oy %\
W ‘
) /
o,
—

N ) ke

R A R —————— L

Muon Collider
> 10TeV CoM

FCC-hh, Muon Collider (3, 10 TeV) e*e” with improved acceleration technologies
baseline 85 TeV (2> 120 TeV) LCF, C3 (> 1 TeV), CLIC (1.5 TeV), HALHF, ...
+ possibility for HI collisions - plasma acceleration for higher energies

K. Jakobs, ESPP Open Symposium, 27" June 2025 (can 0(10) TeV be reached? on what timescale?)

C. DIACONU

CPPM | CNRS/INZP3 and Aix Marseille Universits ~ hemember Livingstone: LHC: 13,6 TeVin year ~2010. 19



Comparing future collider capabilities
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Very different design to address the search for new physics

Nz L [ab-1]

40.%...........E ........................ R S R S .

_.Z‘ i H : H : )
@ . FeC
(- : ° - : : : : : -
) : 20......(( FCC )) ................ e R I ovsssseromsssssenns s e frsssessssnssensamsasesssennsaeesd
- (G . =
e . i : ) : - :
: 106 %
12 °
102 Gz i
: °
s s @
sesmssasiensns o : : @ :
L] Linear Col;ider Vision .
. e N (G z E
3 ...... ............................ ‘ N SRR e
.............. : (e
° :
o :
1 09 Linear :Co”ider Vision o ... e e LH C ....................................................................
| : — | L :
: ® : H
0.2 o feomi i bl I S A .

Mz 2Mw 250 350 550 1 1.5 10 84
GeV GeV GeV TeVTeV TeV TeV
Energy

Characterization of the EW sector at Future Colliders
June 25, 2025
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Running for 1st generation projects

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

- CPPM
How far into the future should the
particle physics community make plans with this . . .
SHfateg) lipdate? * Our community (you!) plans multiple projects
for the next 40 years
Until 2035 - 2045
Until 2045 - 2065
Z peak
" Until 2060 - 2095 ww
ZH
1 do not know ECR survey (Venise) tt
: ; | 550 GeV
0.0 0.1 0.2 0.3 0.4
Fraction of respondents
2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

FCC-ee 05 05 1 1 1 1 1 0,5 1 1

CLIC-380-550 gl U3 06 1 1| 1 1 1 1 1 i 1 1 i

LCF-250 g1 0a Oh 1L 1 1 1 1 i

LCF-250-550 01 03 0,6 1 1 1 1 1 ! 1 il 1 il

LEP3 1 1 1 1 1 -I 1 1 1 1l 1} 1 4 1

LHeC 1 1 1 1 1

C. DIACONU 1

CPPM | CNRS/IN2P3 and Aix Marseille Université



T h e fu t u re Assessment of large-scale accelerator projects at CERN
Report of ESG WG2a CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE

31 October 2025

G. Arduini'® (convener), F. Bordry' (co-opted accelerator expert), R. Brinkmann? (co-opted
accelerator expert), P. Burrows®® (convener), K. Desch®, S. Farrington®¢, F. Gianotti',
K. Hanagaki’, N. Holtkamp®® (co-opted accelerator expert), J. Keintzel' (scientific
secretary), B. Kilminster'®, T. Lesiak', L. Rivkin'*"* (co-opted accelerator expert),
F. Sabatié™, M. Tuts', A. Zoccoli™.

0
~—t
~+
=]
cLic FCC-ee FCC-hh LCF LEP3 LHeC MC )
IS~
IS~
LP FP )
o
(V)
Particles colliding [-] e'le e'le p/p e'le e'le elp Ywiiy o
o)
C.o.m. energy [GeV] 380 550 | 1500 | 912 160 240 365 84600 250 | 912 | 250 550 | 912 160 230 1180 3200 7600 3
o
Length [km] 121 15 296 907 907 335 276 02276 | 1148 | 187 | |
=
#Ps [] 2 2 1 4 4 2 2 1 2 ®
Peak inst. lumi/lP =
eax inst. ‘umi 22 32 37 140 20 75 14 30 135 | 028 27 385 40 6.2 16 23 092 | 791101 | |&
[10*cm2s] I~
©

Peak power
consumption [MW] 166 210 287 251 276 207 381 355 143 123 182 322 200 226 250 220 17 182 ﬁ
<
Cost [BCHFJ* 72 | +30% | +71 15 +10° 83 +0.8 +55 39 2 12 17 %

@ Total installation and construction cost quoted by the proponents of the projects in 2024 prices. The cost includes the technical components, materials, contracts, services, civil construction and
conventional systems and associated implicit labour such as that provided by a company to produce components. It does not include labour provided by the host institution and the collaborating
laboratories, contingency, any potential future inflation, the costs prior to project approval (construction and R&D), off-line computing, spares, maintenance, beam commissioning. The cost of the
experiments is not included. The cost of land acquisition, site activation (e.g. external roads, water supplies, power lines) and spoil removal are not included for CLIC and LCF though they are
expected to represent a minor contribution to the total cost (at the percent level). The additional cost of each individual upgrade is indicated.

® Cost of the upgrade from 380 GeV.

¢ Cost estimated if FCC-hh follows FCC-ee. The cost for standalone FCC-hh is given as 28.4 BCHF.

Table 1: Overview of the main parameters submitted to the ESPP2026 and considered for this assessment. Data compiled from Refs. [ID40,
ID78, ID188, ID207, ID214, ID233, ID247,1,2,3,4]. LP=Low Power, FP=Full Power. 2


https://cds.cern.ch/record/2947728

Examples of criteriafor accelerator readiness

PARTICULES DE MARSEILLE

CPPM

Comercal depoyert * Projects’ assessment based on:
Real workd | « Scope level-of-definition
e - Technical Readiness Level of major sub-

8!
environment in the case of key enabling technologies)

I:, * Technology validated in a relevant environment (industrially relevant Sy S t e l I I S

environment in the case of key enabling technologies)

| | + Technology validated in a lab R & D
Research Lab N Test facilities/demonstrators

TRL 1 , Performance uncertainty

Identified Idea

Simulated world

‘ Cost ‘ Level of ‘ Typical purpose of | Expected accuracy ranges, low ‘

Site preparation status

class definition estimate (L) and high (H)
Capacity fa d, hastic,

Class 5 0/2% p:rzi::e?;ic1rcl:2;cels,s_i‘l(:ccig::::nln:r’s‘ Concept screening L: -20/-50%; H: +30/+100% S C h ed u I e u n Ce rta I n ty

analogy

Equipment factored, more
parametric models

Semi-detailed unit costs with
assembly level line items.
Combination of various techniques
Class 3 10/40% (detailed, unit-cost, or

‘ Typical estimating technique

Class 4 1/15% Study or feasibility L: -15/-30%; H: +20/+50%

Cost uncertainty

Risk level-of-definition

Preliminary, budget

.. . . authorization
activity-based; parametric; specific
analogy: expert opinion; trend
analysis).
Detailed unit costs. Combination
Class2 | 30707 | OF various techniques (detailed, Control or L: -5/-15%: H: +5/420%
unit-cost, or activity-based; expert bid/tender
opinion; learning curve).
Class 1 50/100% Deterministic, most definitive cost Check estimate or L: -3/-10%: H: +3/+15% 23

estimation. bid/tender https://web.aacei.org/



https://web.aacei.org/

Summary schematic assessment

PARTICULES DE MARSEILLE

CPPM

Project TRL R&D Test facilities | Performance Site Schedule Cost Risk
preparation

CLIC 380GeV, 1.5TeV

FCC-ee 91-365GeV

4-7 (Nb,Sn)/4.3

FCC-hh 85TeV

FCC-hh - SA 85TeV 4 -7 (NbySn)/5

LCF 250-550GeV 5-7/55

LEP3 91-230GeV 3-6/4.0

LHeC: HL-LHC+50GeV ERL

MC 3.2TeV, 7.6TeV

Table 16: Summary table schematically representing the key findings of the WG according to the assessment criteria and based on the present
status of the large-scale collider project proposals as submitted to the ESPP2026. Scope=Scope level-of-definition; TDR=Technical Readiness
Level score - the range of values and the cost-weighted average for the baseline scenarios are listed; the colour code is selected based on on
the cost-weighted average TRL score (TRL= 6 - green, 4<TRL<6 - yellow, TRL<4 - red); R&D=R&D requirements, R&D plan level-of-definition,
R&D funding status; Test facilities=need of test facilities or demonstrators and (if needed) level-of-definition of their scope;
Performance=Performance uncertainty; Site preparation=Site preparation status; Schedule=Schedule uncertainty; Cost=Cost uncertainty;
Risk=Risk level-of-definition. The cost-weighted average TRL score could not be estimated for the MC project as there is no detailed cost
breakdown by sub-system.

C. DIACUNU
CPPM | CNRS/IN2P3 and Aix Marseille Université 24



Physics Briefing Book:
Input for the 2026 update of the European Strategy for Particle Physics

e-Print: 2511.03883 [hep-ex]
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Key points - all areas

* The full run of the HL-LHC is vital as the
foundation to any future project

» Theory plays an indispensable role and we
can not achieve our physics goals without
significant investment and advancement in
theory

» Scientific diversity across many areas
from BSM, QCD, Flavor, neutrinos, DM
searches, etc, is critical given the richness

of new physics possibilities to also achieve
our physics goals

C. DIACONU
CPPM | CNRS/IN2P3 and Aix Marseille Université
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Higgs: Key points =
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Higgs self-coupling

 All e+e- machines provide precision
results in the Higgs sector

* The full potential of e+e- machines
require at least one energy point
above 250 GeV

* FCCee - has high luminosities, its
precise measurements of Higgs and
EWPO are very constraining for the SM

 LC - benefits from higher energies
such as in HH production and top
physics

C. DIACONU
CPPM | CNRS/IN2P3 and Aix Marseille Université
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Electroweak
EW Operators
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* The Tera-Z run provides a large
energy reach to many EW
operators

* High-energy di-boson
measurements high-energy LC or
the MuC (and FCChh) provide
complementary information and
in some cases comparable
energy reach
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Top physics

Top Sector Operators

. LHeC LCFz2s0 . CLIC3g FCC-eezwwi240 . MuCygrev
I—IT --------- . LCFzp2s0i550 . CLIC350/1500 . FCC-eezwwr240365
{+MuCy, +FCC-hh' [ LcF wo [ cLiCasonsonnsone [l Fcc-eesFcc-nh i
European Strategy;
fit ': Single-operator bound 68% probability sensitivity - All scenarios combined with HL-LHC

<<
«
<l
«
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» Top benefits from a lever arm in
energy

» Precision machines when coupled
with a high energy machine (FCChh
or to a lesser extent muon collider)
yield overall the best results

» Top Yukawa is best measured at
FCChh

* (not shown): muon vs hadron
colliders are complementary probes
at high energy (i.e. lepton couplings
vs. QCD currents)
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BSM Key points

. The search for composite structure of the Higgs (and W,Z,top) can give very high-scale limits and a
very nice complementarity between precision and direct searches for associated new states (like
vector-like tops)

B MuC-10 _
W FCC-ee/hh —
I FCC-ee ]
I FCC-ee 240

| CLIC-3000

0 CLIC-1500

LEP3

M LCF-550 i
8 LCF-250 —
M HL-LHC N

80 100
m. [TeV]
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BSM Key points
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. Direct discovery potential from high-intensity runs at lepton colliders for Portal interactions (ALPs,
dark scalars, HNLs) connect visible and hidden sectors; FCC-ee Tera-Z run offers exceptional

sensitivity.

101

AP AR LR LLLL B B L L

LRLLLL B LU R

|Up| = [Ue =0

EWPD

Lo’//MuC 3Te
7’ s
4’ —,
=~ MuC10TeV,

FCC-hh

FCC-ee (displ theo full det)

European Strateg)
for Particle Physics
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vl L1
103 10*

== HL-LHC 14 TeV 3 ab~!
=== HL-LHC 14 TeV3ab!
= SHiP, 15y, 6 x 10% PoT
= LHeC, N=3 events, 1.3 TeV 1 ab~!
SBND, 6.6 x 10%° PoT
= DUNE (ND), 7y, 7.7 x 10* PoT
e Hyper-K (ND280), 10y, 1022 PoT
e FCC-ee Z-pole 200 ab™!, 6 x 102 Z
= FCC-ee Z-pole 200 ab™1,6 x 102 Z
=== FCC-ee Z-pole 200ab~',6 x 1012 Z
=== LCF 250 GeV (H decays) 2 ab~!
==s= LCF 250 GeV 0.9 ab~!
=== LCF500GeV 1.6 ab~!
== LCF 1000 GeV 3.2ab"!
==x= LCF 250 GeV, beam dump, 10y, 4 x 10> EoT
== LCF 1000 GeV, beam dump, 10y, 4 x 102 EoT
----- LCF Z-pole 30 fb™1,10° Z
== FCC-hh 85 TeV 30 ab™!
== MuC3TeV1ab!
m— MuC 10 TeV 10 ab~!



Dark Matter: Key points
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* The most comprehensive possible coverage of dark matter requires diversity of experimental
approaches. Non-accelerator searches offer complementary reach and should be supported in any

scenario.
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QC D : Key p 0 i nt S FARTCAE DEMARSLE

CPPM
» The strong coupling/interaction is the least + The proton/nucleus structure understanding is key to
known, significant progress is a must for future all hadron machines and instrumental for ultimate
projects. precision in the EWK sector. Also plays a key role to

other sectors/programs (astrophysics, neutrino

» Precise QCD (experiment and theory) is physics, etc)

necessary for all sectors and all future projects
Kinematic plane for nuclei

endof LHC | future
107 3 77-."70
55 B 1 r . direct PDF determination in DIS
1059 oo ) )
seees l indirect PDF determination
0.6
in hadronic collisions
p— 105 -
(<]
°\ 0.5
e —_—
o~
—
NEN 0.4 % 10° 5
O
Vm S
B o ¢
g o2 O 103 4
0.2
102 =
0.1
101 4
0.0 -
PDG LHeC FCC-ee LEP3 LCF/CLIC Ilattice
(2045) 10° _— — e e
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Making plans to further knowledge: what’s the plan?
CPPM
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Build a future : scenarios

Conditions
Criteria

plan A

Target

plan ® knowledg

C. DIACONU 36
CPPM | CNRS/IN2P3 and Aix Marseille Université



Question: can we rank the physics case? An attempt.

* Physics sector k y

» Importance (Energy) I(k)
 Perfection (Precision) P(k)

>

Ny . 4
[ ] Q ° ° °
< 7 ) j
* Metrics possible: $ 7 .
* Isophysical S P a / -
kLN ietds § / .
. Surface Y. P(k)+I(k) / -
. ... S hatd / -
- But: / .
+ “We're Not Laying Pipe. We're Talking About Physics” A . .
Perfection
A practical example
C. DIACONU 37
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Proton/nucleon

structure

C. DIACONU

CPPM | CNRS/IN2P3 and Aix Marseille Université

Table 4.3: Schematic comparison of the impact and complementarities between facili-
ties in accessing selected physics benchmarks. Dark/light/white shading indicates high-
est/significant/negligible contributions of the experiment to the quantities. Comments in each
cell provide simplified explanations of the assessment (see the text and Fig. 4.4).

LHC: (ELILHC: ALICE FoCal : o o
. collider mode ¢ SHiP NC, CC and jets in
Quantity fixed target mode 5 Photons, pions, ¢
ofinterest | D, B, quarkonium D, B, quarkonium, qasckonium, jets DIS of v from ¢ decays on | DIS, light and
i 'ht’ha g ' | light hadrons, UPCs L fixed target heavy flavour ID,
& UPCs, DY excl. diffraction
PDFs Mosticfo, avail, | Mostinfo, svail, | Siomitemeons B of Siomltsneons it of prute B i By HER A
proton and nuclei and nuclei; Fy, Fs
OImnpicmeontia C.I
nPDFs Most info. avail. Most info. avail. Sl e Slmu]tane'ous L e
overlapping 3 and nuclel; F4, FS
ent pPb
TMDs DY, jets D Limited PID P D
GPDs Currently UPCs Currently UPCs P D
Small-x Indirect, from pre- g : Indirect, from precision at Kemaatiat
dynamics -cision at large-x 2 large-x
LHeC MuCol FCC-hh
Quantit FPF NC, CC and jets FCC-ee/LEP3/LC DIS of v from D, B,
of inte rey s | Y DIS of v from ¢ decays in DIS, heavy FFs of light and heavy R — ed” quarkonium,
on fixed target flavour ID, excl. quarks, jets, -y ta c)lh light hadrons,
diffraction g UPCs, DY
PDFs Simultaneous fit of proton EIETH TR Simultaneous fit of R EHEELENT
and nuclei; Fy, Fs precision proton and nuclei reach
aPDFs Simultaneous fit of proton &R Simultaneous fit of FSHEIETT
and nuclei; Fy, Fs precision proton and nuclei reach
Limited PID in FFs needed for PDFs, and DY iets
detector design TMDs in jets ]
Kinematic reach 7~ (transition GPDs) Currently UPCs
: - g Kinematic
: ¢ Kinematic reach Indirect, from 2
Kinematic reach 2 7Y processes 24 reach in pp and
in ep and eA precision at large-x A
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Criteria -QCD

Precision QCD (ag, my,,, My, benchmarks)

5: Best precision

4: Reduce precision compared to level 5

 3: Precision x2 worse compared to level 5
* 1: No major improvements w.rt HL-LHC
C. DIACONU

CPPM | CNRS/IN2P3 and Aix Marseille Université
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Aas(m3) [%]

W Z hadronic decays
s W hadronic decays

* Inclusive DIS + jets
W Deuteron + spin-dep. SF
== Bjorken sum rule + PDFs
EEE T hadronic decays
BN Event shapes and jet rates

( }
Euljopean Strategy,

FCC-ee(2)
FCC-ee(1)

LEP3(2)
LEP3(1)

LC(2)

LHeC+HL-LHC pgu

HL-LHC
LHC

theory
5 B experiment
(1) olete -w*w-)
threshold scan
3 (2) Constrained my fit

a 6
Amy [MGV]

theory
B experiment

5 O

FCC-ee

LC

3

HL-LHC

100 200

30
Am, [MeV]
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Gedanken ranking

* These rankings are fictious, just to illustrate the point

Higgs EWPO Top Flavour QCD
Precision [%chtﬁlr%
FCCee ok
— Best including with high
§; LEP3 energy option
@
Lo LCF 250
()
CLIC 380
N LCF 550
b O
53 2
<2 CLG s
FCChh .
§ (no FCCee) 1 Marg_lnal./narrow
o = contribution
O
I LHeC
C. DIACONU
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Build the future / a future : the decision process

» National input / roadmaps

e . Comparisons across proposed

Identify & Define benchmarking Develop alternative

the problem previous solutions solutions to the problem prOjeCtS (P rOjeCt assessment,

for similar problems)

Physics Potential)

 Strategy Implementation

Monitor &

evaluate the
implemented solution (through

Implement the Establish and * Relation with other fields of

Evalu§te alte'rnatl.ve Weigh all the
solutions & identify S
criteria for

solution and sk ' i
it inplsmdntution the best solution S phyS|CS

feedback. plan)

« Sustainability and environmental
Figure 1: The stages of rational decision-making

Source: Preda (2006) impact

si | + Publi i
The decision process is a complex process depending Uellis EMEERIEmENL, EoliEEn

on internal and external conditions, some of which are and communication

only partially available/known during the process. . Knowledge and technology

C. DIACONU transfer
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What is the preferred large-scale accelerator for CERN

CERN Member States (MS)

25
21
20
15
10
5
0 ! °
0 — [
support/ are to be  support for
in favour opposed decidedin anye+te-
November collider
* Overwhelming support (21/24 CERN MS
HEP communities) in favour of the
integrated FCC-ee/hh programme
C. DIACONU
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... incl. Associate- and Non-Member States (MS)

25 >
- VS ANS NMS
20
15
10
6
5 2 1 2 2
I 000 0 0 0
0 — -
support /in  are opposed to be decided insupport for any
favour November ete- collider

» Support as well from Associate Member states (AMS)
and Non-member states

42
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What is the alternative if the preferred option is not feasible? :

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM
12 multiple entries from each country CERN Member States (MS) (multiple entries allowed)
10 * 10 MS HEP communities list a Linear Collider (LCF, CLIC) as second
best choice
8 (LCF is preferred to be realised with 550 GeV)
6 + 3 MS HEP mention LEP3 as a genuinely less costly alternative to
FCC-ee

4 3

5 2 * 6 MS HEP communities support LHeC

0 I I + 6 MS HEP communities support a lower-energy hadron collider

& ¢ N . her opti h |
{{\(y & & QC}\& *2* 0\\@ Q&v 3 2 MS”HEP f,lee no reason for another option, as they would be
<& ¢S S é@ equally costly.

\/ Q’Q %Q \\Q

C. DIACONU
CPPM | CNRS/IN2P3 and Aix Marseille Université 43



And more parameters : Early Career Survey

Task: distribute 90 points among 9
criteria for a flagship decision (2=10)

150.0-

X=15.17 £ vu.3>

X=13.53+0.38

X=1278+027
%= 1055 % 0.32
%=981%029

% =8.89 + 023
B
X=165%026

X=7.16 %022

X=446%020

0 10 20 30 40 50 60
priority [0-90]

C. DIACONU
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innovation
physics baseline
collaboration
sustainability
smaller projects support
upgrade path
timeline

social acceptance
location

Mean

Median

[ ' 1
70 80 90

}>1O

> ~10

<10

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE
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Measures to improve your personal situation?

More eduation/protection against
harassment/bullying/discrimination.
Better childcare/disability support.

Most named: More

More guidelines and accountability on

Supervisors to fulfill their role well. job opportunities,
Better workplace culture and environment. o
Less administrative overhead and time spent secu"ty;
writing applications. . ege
Lighter workload and more protection against IOcatlon'Stablllty
overtime.
F

More flexibility for remote work.

Better career mentorship and soft-skill
‘ wanning

More job opportunntles/securnty/locatlon
stabllnty

L e Ve s

more support

Better pay.

—

003 004 005 006 007 0.08
Fraction of respondents

Sustainability and social acceptance should be
smaller drivers for the flagship decision, but are

necessary conditions for any flagship




Sustainability
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T. Lesziak Open Symposium Venise june 2025 M. Titov EPS-HEP 2025 Marseille, July 2025

Epg Sustainability of a Science Project Energy Efficient Accelerator Technologies

Wider Deployment of Permanent Magnets
(ZEPTO: Electromagnet Operation vs. Manufacturing Footprin)t

Improving the key technology
for energy efficiency:

Sustainablity assessment of a project is based A comprehensive, recommended by the relevant bodies

| on the analysis of the three main pillars: assessment of sustainability of particle accelerator-based * Electromagnetic quadrupole + Permanent magnet quadrupole

| . . . . . . . * Mai terials: steel, * Mail terials:

| society, economy and environment research project should be based on quantitative Cost- High E,.. gradient and Q, « Mamufactore mpacte 1 steel, NdFeB, aluminium
Benefit-Analysis (CBA): cavities, operation at higher T Ay 5 [coper st * Manufacture impacts (kgCOze)

* Operation costs ) NdFeB 1097kg

High efficiency RF sources + 856W at 100% excitation (big uncertainties in NdlFeB footprint;
* Another 250W for cooling g c'ed maenets could

Direct cost Revenue Indirect cost Benefit value (klystrons) " Iy reduce it)

¢ Construction * Research * Lland and forest * Scientific knowledge on costs: negligible
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*  Construction Carbon Tax Impact on local life procurements > Comp‘e SRF can fundamentally drive higher

https://indico.cern.ch/event/1138197/contribu sustainability for future large-scale facilities

i . i . i uality (noise, Open data / open source

Endronment oy Equipment e e q.b v A pf /op WAl tions/4821294/attachments/2474897/4246880/

3 * Energy +  Manufactures vibration, traffic) software HE_WS_2022_Syratchev.pdf alk @ ESPPU2025
| consumption *  Electricity Biodiversity Licences and patents ] 13

v
depletion Web / social media impact UG 24 MW e 15w

93 @ HE design, CERN (PIC simulations)
HE industrial prototype A ; off shelf A
025

Loss of cultural Cultural activities 07 Y
JE— and natural heritage Newly created land ? /':S“:w. )
Loss of agricultural Heat supply 2 Yachieved s | Amp— :fﬁ:':'m AT f A - .
“ income P TR B i » R&D into replacement of bulk Ni- cavities with
ibuti Newly created / reinforced ' . e thin-fillm-SRF (e.g. Nb or Nb3Sn coated Cu):
| ESPP Contribution #162 e ; wx reduce Nb consumption, higher T operation
| Guide to Cost-Benefit Analysis public infrastructures / services xan - A g
| ESPP Contribution #220 oF vest g Increased life expectancy @ I Kystrons for science o (2 4.5 K) > reduces cryo power by factor 3
|

(medical procedures / devices)

ESPP Contribution #265

Ferro-Electric Fast Reactive Tuners (FE-FRT):
potential game-changer for SRF cavity tuning,
particularly beneficial for ERL applications.

(] 05 075 1 125 15 175

'WGS — Sustainability and Environmental Impact Tadeusz Lesiak (IFJPAN Krakéw) June 27, 2025 micro Perveance (RA/V*?)

https://indico.in2p3.fr/event/33627/contributions/153159/attachments/95165/145657/2025 07 MARSEIL
LE-FRANCE EPS-HEP2025 CONFERENCE ENVIRONMENTAL-IMPACT ACCELERATOR-
FACILITIES 10072025.pdf
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Europe competiveness and geopolitical situation

PARTICULES DE MARSEILLE

« Oct. 2025 “Although our proposal that CEPC be included
in the next five-year plan was not successful, IHEP will
continue this effort, which an international collaboration
has developed for the past 10 years,” says study leader
Wang Yifang, of the Institute of High Energy Physics
(IHEP) in Beijing. “We plan to submit CEPC for
consideration again in 2030, unless FCC is officially
approved before then, in which case we will seek to join
FCC, and give up CEPC.”

CEPC Study Group 2025 arXiv:2510.05260

The future —
— of European

* Nov 2024: “One of CERN’s most promising current Competitiveness
projects, with significant scientific potential, is the
construction of the Future Circular Collider (FCC): a
90-km ring designed initially for an electron collider and
later for a hadron collider. Refinancing CERN and
ensuring its continued global leadership in frontier
research should be regarded as a top EU priority ...”

C. DIACONU
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The future? Stay tuned
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CPPM

* “Nobody can really guarantee the future. The best we can do is size up the chances,
calculate the risks involved, estimate our ability to deal with them and then make our
plans with confidence.” Henri Ford

* Before the flood, Noah’s idea of designing and building an ark on a mountain was
believed to be absurd, however in a changed context, in the flood, his decision became
ideal and the other resolutions were downgraded to the level of absurdity (preda, 2006).

Timeline for the update of the
European Strategy for Particle Physics

- . Deadlin f the
Council appointment of the Deadline for the Open submission of final .
members of the PPG and submission of main H Submission of the draft
- Symposmm national in p ut in adva
decision on the venue for the inpu tfgm the of the ESG S! ‘ gy strategy document to
Open Symposium ~ communi Drafting S the Council
End September 2024 31 March 2025 23-27 June 2025 14 November 2025 End January 2026
Decem?.ef 2024 26 May 2025 End September 2025 1-5 December 2025 March and June 2026
°°°°° | decision on th Deadline for the Submission of the ESG Strategy Discussion of the d an strategy
venue for the ESG " . )
submission of additional Briefing Book” to Draftin document t by the Council and
Strategy Drafting national in| the ESG g f
Session nputin Session updating of the s""“’gy
C DIACONU advance of the Open

Symposium

CPPM | CNRS/IN2P3 and Aix Marseille Université 47



Your future, your vote

* https://gruiz.net/Q/?ehojnr
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Pathways for New Physics

* https://gruiz.net/Q/?2u94FiR
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How do you believe the Particle Physics will evolve?

 The future of particle physics

* https://gruiz.net/Q/?iUjatb
ml
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Backup
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French community input

* Preferred Option for the Next Collider at CERN: FCCee:

» Strong support from the French community for the Future
Circular Collider (FCCee) project.

« FCCee aims to advance knowledge of Higgs boson couplings,
electroweak and strong gauge couplings, and prominent electroweak
observables.

« Operation at the Z pole is expected to improve fundamental
measurements by factors of 10-100 compared to LEP1.

 Potential for a future ~100 TeV hadron collider reusing the FCCee tunnel.

 CERN is considered the best place to host FCCee due to its expertise,
infrastructure, and sustainability practices.

C. DIACONU
CPPM | CNRS/IN2P3 and Aix Marseille Université

52



CPPM

 Fall-back Options if FCCee is Not Feasible:

* If no comparable e+e-e+e- collider is established outside Europe:

» Alinear e+e—e+e— collider facility (LCF) at CERN as the next best option for a Higgs
factory.

» Consideration of LEP3 as a last-resort fallback, with limitations in luminosity and energy
range.

 If a comparable e+e- collider is established outside Europe:

» Development of a high-energy hh/eh program in a new tunnel, with reduced energy reach.
* Complement both FCChh and HL-LHC with an electron-hadron collider such as the LHeC.

» Scientific Complementarity and Return:

* Fall-back scenarios offer faster scientific return and increased
complementarity.

* Programs including ee, pp, and ep collisions on similar timescales can
compensate for the scientific loss compared to the FCC program.
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ESPP Organisation and decision process

"Secretariat”:
Secretary (chair): K. Jakobs
CERN SPC chair: H. Montgomery
ECFA chair: P. S
LDG chair: D. Newbold

o M. Seidel from 1/1/2025

(]

[ A

European Strategy Group (ESG): ~60 persons
Secretariat (secretary chairs ESG);

One rep per CERN member state;

One rep per lab in LDG;

CERN DG, CERN DG-elect;

Invitees: PPG, President of Council, 1 rep from each
Associate Member State and Observer State, 1 rep from
EC; chairs of ApPEC, NuPECC, ESFRI

0 00 0 o

PPG:
Physics + Technology working groups

- Electroweak physics (including Higgs physics)
- Strong interaction

- Flavour physics

- Beyond the Standard Model physics

- Neutrino physics and cosmic messengers
- Dark matter and dark sector

- Accelerator science and technology

- Detector instrumentation

- Computing

a o'\ﬁhysics Briefing Book
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ESG: Overarching topics

- National input / roadmaps (a strategic)
- Projects (FCC, LC, LE-FCC-hh, MC, ..)
(timeline, costs, .... (physicsa PPG))
- Comparisons across proposed projects
- Relations with other fields of physics

- Implementation of the Strategy

(role of CERN and National Labs, coordination of European
participation in projects sited outside Europe, ...)

- Knowledge and Technology transfer
- Sustainability, environmental impact
- Public engagement, education, communication

CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE

CPPM
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Don’t look back (snowmass 2013)
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MAP Feasibility Advanced
Muon Accelerator Assessment Systems R&D

R&D Phase Muon lonization Coolibg
Experiment (MICE) & Indicates a date when

| o | an informed decision
’ should be possible
Proton Driver :
Implementation —
Pr X Stage Ill & IV

| . . Proposed Muon Sidrage Ring
Intensity Frontier Facilty (vSTYRM)

Evolution of LPng Baseline v Factory

¥ Collider Conceptual

=» Technical Design

Energy Frontier Collider Construction =

Physics Program
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