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The European Strategy Update

* Last Update: May 2013
* Current Update planned for May 2020

* Important bodies
- Physics Preparatory group (PPG): 17 people
= Organizes Symposium(May2019) and prepares Briefing Book (Sept.2019)
- European Strategy Group (ESG):
= Drafts the strategy update (Jan.2020)

- Strategy secretariat:
= H.Abramowicz (chair), J.D’Hondt, K.Ellis, L.Rivkin
= Coordinates the process

- CERN Council:
= Approves the strategy

* CERN management 1s responsible for implementing strategy

* The Strategy also serves as important guideline for national Funding
Agencies
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Symposium (@ Granada

* Symposium from 13 to 17 May, 2019

* Organised in Plenary and Parallel Sessions:

- Monday 13t

- Tuesday 14t

- Wednesday 15t
- Thursday 16

- (Friday 17t

morning: Plenary
full day Parallel
morning: Parellel
full day Plenary
Closed Session)

afternoon: Parallel

afternoon: Plenary
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Scientific Input to the Strategy Update

 Call for inputs issued February 28, 2018 with deadline for submission December 18, 2018
« 160 submissions received

Track D  Granadasessions Description Conveners

1 Large experiments and projects PPG/ESG 40
2 National road maps ESG 42
7 Bl Electroweak Physics (physics of the W, Z, H bosons, of the top quark, and QED) Keith Ellis Beate Heinemann 21
8 Flavour Physics and CP violation (quarks, charged leptons and rare processes) Belen Gavela Antonio Zoccoli 27
5 B3 Dark matter and Dark Sector (accelerator and non-accelerator dark matter, dark photons, hidden sector, axions) Marcela Carena Shoji Asal 27
3 B4 Accelerator Science and Technology Caterina Biscari Lenny Rivkin 51

q 8BS Beyond the Standard Model at colliders (present and future) Gian Giudice Paris Sphicas 20
10 B6 Strong Interactions (perturbative and non-perturbative QCD, DIS, heavy ions) Krzysztof Redlich Jorgen D'Hondt 31

9 B7 Neutrino Physics (accelerator and non-accelerator) Stan Bentvelsen Marco Zito 23
6 B8 Instrumentation and Computing Xinchou Lou Brigitte Vachon 35
11 Other (communication, outreach, strategy process, technology transfer, individual contributions,...) ESG

« The Open Symposium aims to reach a consensus on the scientific goals of the community, based
on the provided input, and assess the proposed projects and technologies to achieve those goals

* This is to ensure that the ESG is provided with all the necessary input to propose a realistic
update of HaindWrdagyiczdecisions on strategic choices are not expected to be taken this week

3/05/2019 Granada Open Symposium

8 parallel sessions in Granada: B1-B8 5



Reminder of the ESPP 2013 “recommendations”

High-priority large-scale scientific projects (1)
c) Europe’s top priority should be the exploitation of the full potential of the LHC,
including the high-luminosity upgrade of the machine and detectors with a view to

Fabiola Gianotti
Introduction talk, Granada

collecting ten times more data than in the initial design, by around 2030. This upgrade
programme will also provide further exciting opportunities for the study of flavour
physics and the quark-gluon plasma.

Run 2 completed successfully, with accelerators, experiments and computing performance
exceeding expectation

High-Luminosity LHC (HL-LHC) approved by CERN’s Council June 2016
pp, ATLAS and CMS
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High-Luminosity LHC

* The HL-LHC Yellow Report released end of 2018 / beginning of 2019
served as foundation of the discussions made both in the inputs and
during the Symposium

» = the starting point for all new proposed projects i1s the outcome
expected from the completion of the HL-LHC physics programme
- This was exactly the mission of the HL/HE-LHC Yellow Report

* ... and the question 1s: what future projects would add to it



High-Luminosity LHC B e boo couing popecs
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Total ATLAS and CMS
* The HL-LHC Yellow Report released end of T oenrimon HLLHC Projection
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experimental (green) and theory (red). From Ref. [2].
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Accelerators related inputs

About 60 different inputs + national inputs which include accelerators
« e+e- colliders

* hh colliders

« ep colliders

- FCC

« Gamma factories

* Plasma acceleration

*  Muon colliders

« Beyond colliders

« Technological developments

Input to speakers:

- Contributions of the community

- Coherent parameters (Integrated luminosity, duty cycle, readiness definition, ...)
- What about costs and time schedule?

Output from speakers
- comprehensive summary of 2-3 slides, including open questions, challenges, opportunities and objectives

15 May, 2019 Accelerators summary - ESPP Update - Open Symposium May 13-16 2019 - Granada (Spain) 9



Ewopeangtrateg» Granada Open Symposium

In particular for the Accelerator Science and Technology

. What is the best implementation for a Higgs factory?
Choice and challenges for accelerator technology: linear vs. circular?

- Path towards the highest energies: how to achieve the ultimate performance
(including new acceleration techniques)?

: How to achieve proper complementarity for the high intensity frontier vs.
the high-energy frontier?

. Energy management in the age of high-power accelerators?

15 May, 2019 Accelerators summary - ESPP Update - Open Symposium May 13-16 2019 - Granada (Spain) 10



Comparisons

Project Type Energy Int. Lumi. Oper. Time Power
[TeV] [a™] [y] [MW]
ILC ee 0.25 2 11 129 (upgr. 4.8-5.3 GILCU +
150-200) upgrade
0.5 4 10 163 (204) 7.98 GILCU
1.0 300 ?
CLIC ee 0.38 1 8 168 5.9 GCHF
1.5 2.5 7 (370) +5.1 GCHF
3 5 8 (590) +7.3 GCHF
CEPC ee 0.091+0.16 16+2.6 149 5GS
0.24 5.6 7 266
FCC-ee ee 0.091+0.16 150+10 4+1 259 10.5 GCHF
0.24 5 3 282
0.365 (+0.35) 1.5(+0.2) 4 (+1) 340 +1.1 GCHF
LHeC ep 60 / 7000 1 12 (+100) 1.75 GCHF
FCC-hh pp 100 30 25 580 (550) 17 GCHF (+7 GCHF) For comparison:
HE-LHC pp 27 20 20 7.2 GCHF LHC: ~ 150 MW

D. Schulte Higgs Factories, Granada 2019 1 1



Proposed Schedules and Evolution

+15 +20

CLIC

0.5/ab 1.5/ab 1.0/ab 0.2/ab 3/ab
ILC 250 GeV 250 GeV 500 GeV 2Miop 500 GeV
5.6/ab
CEPC 240 GeV
1.0/ab

380 GeV

CEPC
ILC
CLIC
FCC-ee

D. Schulte LHeC

2022
2024
2026
2029
2023

m Start Physics (higgs) Proposed dates from projects

2030
Would expect that technically required

time to start construction is O(5-10
2035 years) for prototyping etc.

2039 (2044)

2033

2031 5019

12



Ours is a very dynamic field!

(Luminosity upgrades for ILC, CLIC)

Luminosity per facility
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D. Schulte Higgs Factories, Granada 2019 13



Maturity

« CEPC and FCC-ee, LHeC
- Do not see a feasibility issue with technologies or overall design

- But more hardware development and studies essential to ensure that the performance goal can be fully
met

= E.g. high power klystrons, strong-strong beam-beam studies with lattice with field errors, ...

* [ILC and CLIC
- Do not see a feasibility issue with technology or overall design
- Cutting edge technologies developed for linear colliders
= [LC technology already used at large scale
= CLIC technology in the process of industrialisation
- More hardware development and studies required to ensure that the performance goal can be full met
= ¢.g. undulator-based positron source, BDS tuning, ...

* Do not anticipate obstacle to commit to either CEPC, FCC-ee, ILC or CLIC
- But a review is required of the chosen candidate(s)
- More effort required before any of the projects can start construction

» Guidance on project choice is necessary
- Physics potential
- Strategic considerations



High field magnet development

Dipole Field for Hadron Collider
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Personal (A. Yamamoto) View on Relative Timelines

Timeline | ~5| __ ~10 -5 -2 ~25 -3 ~35

Lepton Colliders

SRF-Lc/cc o pre- Construction Operation .
series
NRF—-LC Proto/pre-series Construction Operation .

Hadron Collider (CC)

8~(11)T Proto/pre- : _
NbTi /(NB3Sn) series Construction Operation =
12~14T _ _ _
Nb-Sh Short-model R&D Proto/Pre-series Construction Operation
3
14~16T | _
Nb,Sn Short-model R&D Prototype/Pre-series Construction

Note: LHC experience: NbTi (10 T) R&D started in 1980’s --> (8.3 T) Production started in late 1990’s, in ~ 15 years

L} J
A. Yamamoto, 190512b



Technical Challenges in Energy-Frontier Colliders proposed

E Lumino Cost-estimate : Major Challenges in Technology
(CM) | sity value
[TeV] | [1E34] [Billion]
CDR

FCC- ~ 100 <30 580 24 or ~16 High-field SC magnet (SCM)
C hh +17 (aft. ee) - Nb3Sn: Jc and Mechanical stress
[BCHF] Energy management
C SPPC  (tobe 75 - 12 - High-field SCM
hh filled) 120 24 - 1BS: Jcc and mech. stress
Energy management
FCC- CDR 0.18 - 460 — 260 — 10.5 +1.1 10 -20 | High-Q SRF cavity at < GHz, Nb Thin-film
ee 0.37 31 350 (0.4 -0.8) | Coating
[BCHF] Synchrotron Radiation constraint
Energy efficiency (RF efficiency)
CEPC CDR 0.046 - 32~ 150 - 5 20 — (40) | High-Q SRF cavity at < GHz, LG Nb-bulk/Thin-
0.24 5 270 (0.65) film
(0.37) [BS] Synchrotron Radiation constraint
High-precision Low-field magnet
ILC TDR 0.25 1.35 129 4.8-5.3 31.5 — (45) | High-G and high-Q SRF cavity at GHz, Nb-bulk
L update (-1) (- 4.9) (-300) (for 0.25 TeV) (1.3) Higher-G for future upgrade
[BILCU] Nano-beam stability, e+ source, beam dump
C CLIC CDR 0.38 1.5 160 5.9 72 -100 | Large-scale production of Acc. Structure
ee (-3) (- 6) (-580) (for 0.38 TeV) (12) Two-beam acceleration in a prototype scale
[BCHF] Precise alignment and stabilization. timing

*Cost estimates are commonly for "Value” (material) only.
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Higgs precision measurements

* The work on this topic has

been fully developed 1n the

framework of the
Higgs@FutureCollider

(Higgs@FC) working group
the ESU PPG with

set up by
ECFA

* A preliminary report has
been submitted just before
the Granada Symposium
Higgs couplings

= Kappa framework

= EFT framework
Rare decays and CP
properties
Mass and width
Theory considerations

Higgs@Future Colliders

Higgs Boson studies at future particle colliders

- Preliminary Version -

J. de Blas'?, M. Cepeda’, J. D'Hondt*, R. K. Ellis’, C. Grojean®’, B. Heinemann®*,
F. Maltoni”'", A. Nisati''*, E. Petit'?, R. Rattazzi'*, and W. Verkerke'*

Dwnmemo di Fisica e Astronomia Galileo Galilei, Universita di Padova, Via Marzolo 8, 1-35131 Padova, Italy
?Istituto Nazionale di Fisica Nudeare (INFN) Sezwne di Padtwa Via Marzolo 8, I-35131 Padova, ltaly

Centro de Ir i g yTe icas (CIEMAT), Avda. Complutense 40,
28040, Madrid, Spain
“Inter-University Institute for High Energies (IIHE), Vrije Universiteit Brussel, 1050, Belgium

SIPPP, University of Durham, Durham DH1 3LE, UK
“Deutsches Elektronen-Synchrotron (DESY), Hamburg, 22607, Germany
7institut for Physik, Humboldt-Universitat, Berlin, 12489, Germany
*Albert-Ludwigs-Universitat Freiburg, Freiburg, 79104, Germany
“Centre for Cosmology, Particle Physics and Phenomenology, Université catholique de Louvain,
Louvain-la-Neuve, 1348, Belgium
'“Dipartimento di Fisica e Astronomia, Universita di Bologna and INFN, Sezione di Bologna, via Irnerio 46, 40126
Bologna, Italy
'Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Roma, Ple A. Moro 2, 1-00185 Roma, Italy
'2Aix Marseille Univ, CNRS/IN2P3, CPPM, Marseille, France
3Theoretical Particle Physics Laboratory (LPTP),EPFL, Lausanne, Switzerland
"“Nikhef and University of Amsterdam, Science Park 105, 1098XG Amsterdam, the Netherlands

“Corresponding author
ABSTRACT

This document aims to provide an assessment of the potential of future colliding beam facilities to perform Higgs boson studies.
The analysis builds on the made by the of future colliders to the European Stralegy Update process,

and takes as its point of departure the results expected at the completion of the HL-LHC program. This report presents
quantitative results on many aspects of Higgs physics for future collider projects using uniform methodologies for all proposed
machine projects of sufficient maturity. This report is still y and is for the of at the
Open Symposium in Granada (13-16/05/2019).

arXiv:1905.03764

Report

Introduction

Methodology

The Higgs boson couplings to fermions and vector bosons

The kappaframework . .. ....... ... ... .. . .. ... ... ...
Results from the kappa-framework studies and comparison . . . . . . .
Effective field theory description of Higgs boson couplings . ... ...
Results from the EFT framework studies . . ... ..............
Impact of Standard Model theory uncertainties in Higgs calculations .
The Higgs boson self-coupling

Rare Higgs boson decays

Sensitivity to Higgs CP

The Higgs boson mass and full width

Future studies of the Higgs sector, post-European Strategy

Higgs prospects at the muoncollider . . ...................
Higgs physics at multi-TeV ete  colliders . . . .. ..............
What and Why: Higgs prospect studies beyond this report . .. .. ..

Summary

19




Kappa studies

FIS;IM ) Kf21 For hadron colliders

'y = | — (BRin + BRun) |IKv|<I has been impos«
Scenario BRiny BR include HL-LHC
kappa-0 fixedatO fixed at0 no
kappa-1 measured fixed at0 no
kappa-2 measured measured no
kappa-3 measured measured yes

The impact of theoretical uncertainties for
lepton colliders (gmtrmsw and parametric) is
studied independently: the baseline fits do
not include intrinsic theoretical
uncertainties for future lepton colliders
(they do include parametric uncertainties)

« HL/HE use S2 uncertainties (theory 1/2
wrt today), including in combinations of
HL with other colliders

* FCC-hh, for production x luminosity a
1% 1s assumed in the original
documentation

* LHeC: 0.5% production uncertainty

Kappa-3: +HL-LHC

Kw (%)

00 04 08 1.2 1.6 2.0

Brin (< %, 95% C.L.)

00 04 08 12 1.6 2.0

0.0 1.5 3.0 45 6.0 7.5
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0.0 1.5 3.0 45 6.0 7.5
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n |
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—_ O

1 I

1 —

0 1 2 3 4 0 1 2 3 4
Ku (%) Kzy (%)

I 1

| I—

I —/ 1

1

O j—

0 4 8 12 16 0 4 8 12 16

modified version (x-scale) of the plot in the report for illustration purposes

Higgs@FC WG Kappa-3, May 2019

Bl FCC-ece+FCC-eh+FCC-hh CLIC330

Bl FCC-eess+FCC-eenqq ILC500+ILC350+ILCas0
FCC-eeasp ILCaso
CEPC B LHeC (kv < 1)

B CLIC3000+CLIC500+CLIC3g0 HE-LHC (|ky| << 1)
CLIC500+CLIC3g0 HL-LHC (|xy| < 1)

All future colliders combined with HL-LHC

20



Kappa studies Kappa-3: +HL- LHC

Kw (%) Kz (%) Ke (%) (%) Kp (%)
* HL-LHC (absolute) couplings &, . i m m
achieve precisions of O(1-3%) = = — = =
- But model dependent — i —— — — — 4
o HL_LHC Coupling ratios are 00 04 08 1.2 1.6 2.0 00 04 0812 1.6 2.0 0 | 2 3 4 0 | 2 3 4 0 | 2 3 4
model independent % o o o o
e Future ee colliders can - o — — '
“measure” 'y from data = = = = =
. . —— - S [I—
 Future colliders (ee,ep) improve ™ = = = —
by ) faCtOI’ ~2 tO 10 aSSU.mlng 0 1 2 3 4 001530456075 001530456075 0 4 8 12 16 0 4 8 12 16
° ° modified version (x-scale) of the plot in the report for illustration purposes
the full scientific programimme sy, <% 95%cL) Br,,,-,,(< %,95% C.L.) Higgs@FC WG Kappa3. May 2019
« Initial stages ee colliders have = = - cerCC e Lo L C 1L Co
comparable sensitivities (within — FCC-ceng ILCxso
[ — . CEPC 1 Ll’fc('(\x\v\ <1
a factor Of 2) | I B CLIC3000+CLIC500+CLIC380 HE-LHC (|ky| << 1)
CLIC 500+CLIC350 HL-LHC (|ky| < 1)
2 } _‘ All future colliders combined with HL-LHC

* CC and ep COHideI’S can access k((:).o 061218 2430 0 1 21



Global fit results

2L ] W HL-LHC M HL+LHeC Il HL+HELHC HL+ILCys0 HL+CLIC3, I HL+CEPC | {101
104 { |GErit 110

- [ B HL+ILCsqo HL+CLIC1s00 -
EFT F .t 3 - ’ e —

IHPUt tO the ﬁt: 10'.'7_. - AR, 10-2

Single Higgs boson processes |

Diboson production (aT G'f) g
EWPO: Z and W propertigs 1} - 110 S
Top production (if allowed) | ]

107 - {10~

f f f f ff f f f ff i
Ohzz Ghww GHyy GRzy GHgg OThtt GHce Thbb THrr GHuw 091z 0Ky Az
I Improvement wrt. HL-LHC [

gﬁfzfz g:IﬁWW g:lf;y gﬁgy g:lgg g:ltt g:lcc g:lbb gﬁrr g:lpy 6912 6Ky Az

Open Symposium - Update of the European Strategy for Particle Physics Jorge de Blas

Granada, May 14, 2019 INFN - University of Padova



Sensitivity to deviations in HV'V couplings

M HL-LHC M HL+LHeC M HL+HELHC M HL+ILCos HL+CLIC3s M HL+CEPC
Higgs@FC WG B HL+ILCs00 HL+CLIC 1500
iggs
SMEFTyp fit M HL+CLICs000
2( 2t
9 | g 1t
5 | g
& 0.5 2 0.5]
0.2| 0.2|
u ff
Ohzz ghww

-
-WARNING: HE improvement relies on improvement of theory uncertainties

-WARNING: LHeC achieves <1% precision for some H rates. However, in EFT framework
precision on HVV requires extra info (e.g. aTGC, angular). Results in current fit limited by
LEP2 precision of aTGC (e.g. 10x LEP2 precision would bring LHeC HVV down to 0.7%)

-Lepton colliders can achieve ~per-mille accuracy. Difference is how long it may take

t t there:
o ge ere CL|C380 < ILC250~CEPC~FCC69240 < |LC500~CL|C~FCC33365

Open Symposium - Update of the European Strategy for Particle Physics Jorge de Blas
Granada, May 14, 2019 INFN - University of Padova




Global fit results

Sensitivity to deviations in H,

M HL-LHC M HL+LHeC M HL+HELHC M HL+ILCys HL+CLICss0 M HL:CEPC
Higgs@FC WG . HL+ILCsq HL+CLIC1500
_ SMEFTyp fit M HL+CLIC000

Not directly accessible at HL/HE-LHC

N w s

69ilgi[%]
69ilgi[%]

eff
GHpp

s

~
-Charm coupling not directly accessible with good precision at HL-LHC/HE-LHC.
Available at percent level from ep (LHeC) and Lepton colliders.

- Muon coupling: Rare decay — Statistically limited at ep/Lepton Colliders:
Sub-percent precision at FCC-ee/eh/hh via hh ratios of BR
(Relies on knowledge of H #ZZ* from FCC-ee)

Open Symposium - Update of the European Strategy for Particle Physics

Jorge de Blas
Granada, May 14, 2019 INFN - University of Padova



Beate Heineman talk

mproved H couplings (EFT)

# of “largely

Factor 22 Factor 25 Factor 210 Years from T,
CLIC380 9 6 4 7
Initial FCC-ee240 10 8 3 9
run CEPC 10 8 3 10
ILC250 10 7 3 11
FCC-ee365 10 8 6 15
2M/3rd || CLIC1500 10 7 7 17
Run ee ||HE-LHC 1 0 0 20
ILC500 10 8 6 22
hh CLIC3000 11 7 7 28
ee,eh & hh || FCC-ee/eh/hh 12 1 10 >50

13 quantities intotal N humber of seconds/year differs: ILC 1.6x107, FCC-ee & CLIC: 1.2x107, CEPC: 1.3x107




W™ How to measure deviations of )\3

¢ The Higgs self-coupling can be assessed using di-Higgs production and

single-Higgs production

¢ The sensitivity of the various future colliders can be obtained using four

different methods:

exclusive

global

method 1

method 3

method 4

Path towards measuring the Higgs potential

Elisabeth Petit, CPPM, AMU/CNRS/IN2P3

26



W Results: global view

¢ 68% CL uncertainties on K, with the four methods:

* DiHiggs: k;

Higgs@FC WG | di-H, excl. Bl di-H, glob. [ single-H, excl. [l single-H, glob.

- HL_LHC ~ 5 0% or better . All future colliders combined with HL-LHC

HL-LHC | [ e
- ILC500 ~27%, CLIC1500 FCC-ee/eh/hh
~36% e LR A S———
- CLIC3000 ~9% and FCC-hh e
~7 ILCosy , —
» Single Higgs: k, éLEC;g B
- FCC-ee365 and ILC500 CLIC,, . . . . . ;
350, B

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

- FCC-ee 21% with 4 detectors ~ CHCsn0 -

' [
0 10 20 30 40 50
May 2019 68% CL bounds on x; [%]

Path towards measuring the Higgs potential Elisabeth Petit, CPPM, AMU/CNRS/IN2P3
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Beyond the Standard Model (at colliders)

Open Symposium on the Update of European Strategy for Particle Physics

Gian Giudice and Paris Sphicas
For the BSM group
J. Alcaraz, C. Doglioni, G. Lanfranchi, M. D'Onofrio, M. McCullough,
G. Perez, P. Roloff, V. Sanz, A. Weiler, A. Wulzer

= The four big questions for BSM (@colliders):

+ To what extent can we tell whether the Higgs is fundamental or
composite?
e EWSB/NewReson, SUSY

+ Are there new interactions or new particles around or above
the electroweak scale?

e EWSB/NewReson, SUSY, Ext-H/FlavorDyn, DM, FIPs

+ What cases of thermal relic WIMPs are still unprobed and can
be fully covered by future collider searches?

e DM, FIPs, SUSY

+ To what extent can current or future accelerators probe feebly
interacting sectors?

e FIPs, SUSY 25
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Indirect constraints in Composite Higgs models

* interpretation of EFT results 1n terms of a broad class of composite

12f

Higgs models

- dependence of the Wilson coefficients on new physics coupling, g*x, and mass,

nx

101 @ HLscLIC
- @ HL+FCC

[ .-” HL+CEPC /¢

95% C.R.
HL-LHC

HL+ILC

-~ HL+|LC250 /7 v
-~ HL+CLIC3gg '/l /

~” HL+FCCq //

Higgs@FC WG

Allowed regions in the (gx,mx) plane from the fit presented
in Figure 6,using the SILH power-counting (solid regions).
Dashed lines indicate the regions constrained by the
corresponding low-energy runs (or FCC-ee only for the case
of the FCC project).
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A very diverse experimental

approach INeutrino Physics

Atmospheric neutrinos

—

HK, ORCA, r/\ LBL exp:
IceCube Gen2., 9 DUNE.TZHK.
INO / 23 (ESSnuSB, 222)
. MO " )cpy N T B g
Reactor L g
C | g
neutrinos: 012 [ masses / Dir(zzscT(s)eZEZh] 5
JUNO 3
013 Neutrinoless §
. J |V nature double beta decay | «
Coherent nu-nucleus scattenng > ’
Motivation : necessary to get a complete picture, make the most out of H H
every neutrino source, test at different L/E, possible existence of new AStrOpart|C|e phySICS

neutrino states, of Non-Standard-Interactions

+ Gravitational waves and multimessenger
physics open up a new window on the
Universe. Very strong physics case.

« There is a very high impact on the field of
particle physics (and fundamental
interactions) (eg dark matter, neutrinos,
general relativity, ...)

« There is clearly an opportunity for the particle
physics community and laboratories to
expand their involvement in this program 31



APPEC

AstroParticle Physics European
Consortlum (APPEC) Roadmap

EU Strategy Update Open Symposium,

Teresa.Montaruli@unige.ch

APPEC GA Chair

- 2022-23: site selection & TDR = > ET approval
-2025: infrastructure realization start

-2030-31 end of civil infrastructure construction
- 2032+: commissioning and operation

Einstein Telescope -
xylophone
10 km

Input #64

An accelerator beam pipe without a beam (quote from C. Stegmann)

S AP




Towards 3G GW detectors

The definition of a fruitful and bidirectional cooperation with CERN is of primary importance for ET.

Governance: APPEC is considering how to support the development of ET governance, e.g. a WG with CERN
involvement with GWIC and GWAC representatives, in view of the ESFRI proposal submission aimed at on Apr. 2020.
GWAC is an informal exchange forum of Agencies representatives to develop higher level coordination.

Technical challenges shared with CERN community:

-long term operation of underground facilities; low noise ventilation for radioactivity elimination, safety
(descenderies, deep shafts, policies, monitoring), definition of criteria for site choice;

-Vacuum technologies applied to large volumes

-Cryogenic technology also shared by DM and BB0v

-Lasers, mirrors, coatings (1 suitable facility only), electronics, data acquisition, monitoring

-computing/software/DATA policies,




C. Biscari, L. Rivkin

Further (Far?) Future

Muon-based technology represents a unique opportunity for the future of high energy physics research:
the multi-TeV energy domain exploration.

Very interesting R&D projects o[ | o i o
 Muon collider: —m§ ” lg T &=
3 E : E%US é .,3 :%' OF —

* from proton beam (rcooling success: MICE) S B 4 5: 325 7 [poem | 77

 from e+e- production (LEMMA)

. . . EuPRAXIA -' -
* P I a S m a Wa kefl e I d a C Ce I e ra t l O n ¢ Horizon 2020 EU design study funded in 2015. s (IA
. . . Deliverable: Conceptual Design Re by Oct 2019
* High gradients possible: ~100 GV/m e e
. The EuPRAXIA Strategy for Accelerator Innovation: -
* R&D progressing well but many challenges T ccslomt o Sy demoneiion ecity Eurmo

production facility.

PRESENT PLASMA E- ACCELERATION EXPERIMENTS

EuPRAXIA INFRASTRUCTURE

Engineering a high quality, PLASMA ACCELERATOR
asbotuall ©RODUCTION FACILITIES
5 GeV electron beam for the
2020's =

. ) Plasma-based linear collider in
Demonstrating user readines=fl 2040's
Pilot users from FEL, HEP, Plasma-based FEL in 2030's
medicine = Medical, industrial

applicatons soon

vert number

r
.




The Muon Collider challenges

towards the highest possible energy

NEWS

Strategy update: Dream machine

17 May 2019

See Alessandro Variola talk
at this retreat (May 16t)

Muon colliders are both precision and discovery machines, but significant R&D is

required before they can be considered candidates for a next collider.

https://cerncourier.com/strategy-update-dream-machine/ 35




Conclusion and ...

* Impressive amount of information presented and discussed at the
Symposium
- Input from the HL-LHC Yellow Report was fundamental

* Many open points discussed and to be addresses by the ESG

- Do we need a e+e- collider?
- Do we want a hadron collider at CERN?
= Install NbTi dipoles in a 100 km tunnel and continue at the same time R&D for HTS dipoles?
- More involvement of CERN in astroparticle physics?
- Theory support for (more) precise calculations is key
- Tighten collaboration with industry for detector development

* ESG 1s working as planned, in parallel with the PPG
- contact your National Representative to propose suggestions
= INFN: Fabio Zwirner* (+ LNF: Pierluigi Campana; LNGS: Stefano Ragazzi)

- Briefing Book expected sometime in September, ESG recommendation to CERN
Council on January 2020.

= CERN Council: Italy representative: Fernando Ferroni (+ H.E. Mr Gian Lorenzo Cornado)



... some (personal) comments

* It 1s mandatory to secure a frontier project for CERN to give future to
CERN

* We have large collection of 1deas & scenarios: we (we = hep
community) should use this as richness

* Higgs Sector Physics: the delta between different options is visible,
but often it is not large/decisive. This delta is “smaller” or comparable
to the delta from other aspects, that include project costs, upgrade,
logistic, “sociology”, etc etc

* High-Energy frontier: needs multi-TeV colliders; e.g. hadron colliders

* Support to R&D for innovative new solutions 1s crucial:

- Muon Collider
- plasma wakefield accelerator
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Physics Preparatory Group (PPG)

The remit of the Physics Preparatory Group (PPG) is to prepare the scientific contribution to the work of the ESG
(the “Briefing Book”), based on the input it gathers from the community. The PPG has the following composition:

Members:
e the Strategy Secretary (acting as Chair),
e four members appointed by the Council on the recommendation of the SPC,

e four members appointed by the Council on the recommendation of ECFA,

the SPC Chair,

the ECFA Chair,

the Chair of the European Laboratory Directors’ meeting,
e one representative appointed by CERN,
e two representatives from Asia appointed by the respective regional representatives in ICFA,

e two representatives from the Americas appointed by the respective regional representatives in ICFA.



The PPG

STRATEGY SECRETARIAT

Scientific Secretary (Chair)

SPC Chair

ECFA Chair

Chair EU Lab. Directors’ Mtg

SPC

Prof. Caterina Biscari (ES)
Prof. Belen Gavela (ES)
Prof. Beate Heinemann (DE)

Prof. Krzysztof Redlich (PL)

ECFA

Prof. Stan Bentvelsen (NL)
Prof. Paris Sphicas (GR)

Dr Marco Zito (FR)

Prof. Antonio Zoccoli (IT)

Prof. Halina Abramowicz (IL)
Prof. Keith Ellis (UK)
Prof. Jorgen D'Hondt (BE)

Prof. Lenny Rivkin (CH)

CERN

Dr Gian Giudice

ASIA/AMERICAS

Prof. Shoji Asai (Japan)
Prof. Marcela Carena (USA)
Prof. Xinchou Lou (China)

Prof. Brigitte Vachon (Canada)
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European Strategy Group (ESG)

Members:
e the Strategy Secretary (acting as Chair),
e one representative appointed by each CERN Member State,

e one representative appointed by each of the Laboratories participating in the
major European Laboratory Directors’ meetings, including its Chair
(CERN, CIEMAT (Madrid-Spain), DESY (Hamburg-Germany), Irfu (Saclay-France), LAL (Orsay-France), Nikhef
(Amsterdam-Netherlands), LNF (Frascati-Italy), LNGS (Gran Sasso-Italy), PSI (Villigen-Switzerland), STFC-RAL
(Didcot-UK)),

e the CERN Director-General,
e the SPC Chair,
e the ECFA Chair.

Invitees:

e the President of the CERN Council,

¢ one representative from each of the Associate Member States,
¢ one representative from each Observer State,

¢ one representative from the European Commission,

the Chairs of ApPEC and NuPECC,

the Chairs of FALC and ESFRI,

the members of the Physics Preparatory Group.

Invitees are entitled to attend all open meetings of the ESG and to take the floor.



CERN Council

President Dr Ursula Bassler
Secretary Dr Fabiola Gianotti (Director-General)

CERN is run by 23 Member States, each of which has two official delegates to
Delegates the CERN Council. One represents his or her government’s administration;

the other represents national scientific interests. Each Member State has a

Member States single vote and most decisions require a simple majority, although in
practice the Council aims for a consensus as close as possible to unanimity.

Associate Member States in the pre-stage to Membership Associate Member States

Ex-Officio

Members Standing invitation Observers upon
invitation

Chair of the FC Chair of ECFA

Chair of the SPC
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Higgs (and EW) physics at Future Colliders

® |nputs included in the fits (from ESU documents and Refs. therein):

Higgs aTGC
Yes (4, ozH
(Complete (xith HL)—LHC) Yes (aTGCv;jorn.)
arning
Yes (Y, OzH) et
(Complete with HL-LHC) Yes (HEV:II:::i)ng

Yes (Y, 0zH)

(Complete with HL-LHC) TS (@TGC dom)

Warning

Yes (Full EFT

Yes (i, oz+) parameterization)

EWPO

Yes

LEP/SLD (Z-pole) +
HL-LHC + W (ILC)

Yes

LEP/SLD (Z-pole) +
HL-LHC + W (CLIC)

Top EW

Yes (365 GeV, Ztt)

Yes (500 GeV, Ztt)

No

Yes

Extrapolated from

LEP/SLD

with FCCee/hh

HL-LHC N/A = LEP2 Ll LLHC (M, sin?6y) -
Yes (u, BR/BR))
Used in combination From FCC-ee From FCC-ee -
with FCCee/eh
LEP/SLD
Yes (W) N/A = LEP2 | LL-LHC (Mw, sin28.) -
Yes (1) 3
Used in combination From FCC-ee F:_orznuECZCdge -

Open Symposium - Update of the European Strategy for Particle Physics

Granada, May 14, 2019

Jorge de Blas
INFN - University of Padova
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“compressed” SUSY mass spectra: how-to

* SUSY models characterized by compressed mass spectra are among the work-horses of
ete- colliders: e.g. AM(stop, LSP)~ GeV, higgsino-like models

 HL-LHC might be sensitive to those with two approaches

- monojet, targeting AM ~ 1 GeV (possibly up to 10 GeV)
For wino or higgsino models:

For stop: Projections with ColliderReachTool:
HL-LHC = 0.95 TeV;

[confirmed by theorists’ studies]

HE-LHC = 2 TeV,

- ISR jet + soft leptons, targeting AM ~ 2-40 GeV

<0
X1

>

- my [Ge

Mz

45,

95% C.L. | Wino | Higgsino
14 TeV | 280 GeV | 200 GeV
27 TeV | 700 GeV | 490 GeV
eV)
A Ay <
- -- Expected 95% CL limit ] &
o —Expected 5 o discovery 1 6;;—
E —:10"
E 1 1 Il Il L L - S:\: Z::::'X“\”ﬂzum‘i
""" M. 100 150 200 250 300 350 400 450
450

(from HL/HE YR,
section 3.1.3)

m,o [GeV]

(from HL/HE YR,
section 2.2.5
and 2.2.6)

* For AM <1 GeV, decays of EWK partners into LSP might be non-prompt:

- Disappearing tracks analyses


http://collider-reach.web.cern.ch/collider-reach/

ET Science and Roadmap

- 2022-23: site selection & TDR = > ET approval
-2025: infrastructure realization start

-2030-31 end of civil infrastructure construction
. - 2032+: commissioning and operation

g.‘

2
Einstein Telescope
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Input #64

AstroParticle Physics European
Consortium (APPEC) Roadmap
5,'?017 - 2026
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W 3 Interferometers resolve polarisation “

An accelerator beam pipe without a beam (quote from C. Stegmann)

b\) Towards 3G GW detectors
e 4

The definition of a fruitful and bidirectional cooperation with CERN is of primary importance for ET.
- ‘_’_’,}? Governance: APPEC is considering how to support the development of ET governance, e.g. a WG with CERN
— /// involvement with GWIC and GWAC representatives, in view of the ESFRI proposal submission aimed at on Apr. 2020.
- GWAC is an informal exchange forum of Agencies representatives to develop higher level coordination.

EU Strategy Update open Symposium, Granada, 15 May 2019 Technical challenges shared with CERN community:
-long term operation of underground facilities; low noise ventilation for radioactivity elimination, safety

(descenderies, deep shafts, policies, monitoring), definition of criteria for site choice;
-Vacuum technologies applied to large volumes
-Cryogenic technology also shared by DM and BB0v
-Lasers, mirrors, coatings (1 suitable facility only), electronics, data acquisition, monitoring
-computing/software/DATA policies,

Teresa.Montaruli@unige.ch http://www.appec.org
APPEC GA Chair Input #84 to the Update EU Strategy




