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What is it?

e |t is a document that will set the road of European particle physics in
the future, in coordination with projects from around the world, such
that particle physics benefits the most

e The Physics Preparatory Group prepares the scientific contribution
from the community to the European Strategy Group, which drafts a

proposal of the European Strategy for Particle Physics to the CERN
Council to make a final decision
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The story of the strategy

CERN Council /(. : FE R )

CERN 1/’ SR i

\ According to the Convention for the Establishment of a European Organization for Nuclear Research, established by
the twelve founding members of CERN, the Council is the supreme decision-making authority of the Organization,

composed by delegates of all its twenty-three Member States.

Through the Council's adoption of the first European Strategy for Particle Physics in July 2006 and the subsequent
Update of this Strategy in May 2013, CERN has assumed its mandate of organising and sponsoring international
cooperation in particle physics and related fields not only inside, but also outside the Laboratory. Launched in 2018,
the current Strategy update process will deliver its conclusions in spring 2020. This will be an important step in
defining the future priorities of European particle physics and for the infrastructures which should follow the LHC.

Katarina Krizkova Gajdosova | CTU in Prague
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The story of the strategy

European Strate
pUpdate s/

European Strategy Group (ESG)

The European Strategy Group (ESG) is a special body set up by the CERN Council approximately every five years,
with the remit to establish a proposal for the periodic update of the medium-and long-term European Strategy for
Particle Physics which it submits to the CERN Council for approval. The ESG is assisted in this task by a Physics

Preparatory Group (PPG) and drafts its update proposal taking into account, inter alia, the scientific input
submitted by the PPG.

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.
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The European Strategy for Particle Physics provides a clear prioritisation of European ambitions in advancing
the particle physics science. The Strategy is due to be updated by May 2020 to guide the direction of the field to
the mid-2020s and beyond.

To optimally inform all participants in the process, the Secretariat of the European Strategy Group (ESG)
called upon the particle physics community across universities, laboratories and national institutes to submit
written input by 18 December 2018 to prepare the discussions on the Strategy Update which will take place in
2019.

Global Perspective

The European Strategy takes into account the worldwide particle physics landscape and developments in related
fields, and was initiated by the CERN Council to coordinate activities across a large, international and fast-

moving community with the aim to maximise scientific returns.
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European Committee for

website

e | ong-range planning of European high-energy facilities
e ECFA is advisory to CERN Council and others
e Physicists from Member States of CERN participate in ECFA

e For Czech Republic: Jana Bielcikova, Marek Tasevsky, Tomas Davidek
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https://ecfa.web.cern.ch/content/terms-reference

What is ApPEC and NuPPEC

\Z AP

S
e Astroparticle European Physics Consortium responsible for coordinating and funding

national research efforts in astroparticle physics
e Also releases European Astroparticle Physics Strategy

N2 (C

* Nuclear Physics European Collaboration Committee develops the strategy in nuclear
science by supporting collaborative ventures between research groups in Europe

* Releases a “Long range plan” document
 For Czech republic: Vladimir Wagner
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Organization (2013 update):

http://europeanstrateqygroup.web.cern.ch/europeanstrateqgygroup/

UPDATE of the European
Particle Physics Strategy (2013)

— TODAY

Higgs discovery (2012)

Start data taking at the LHC (2010)

European Particle Physics

Organization (2006):
Strategy (2006)

http://council-strategyagroup.web.cern.ch/council-strategvaroup/
Y
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Strategy in 2006 FoRS|......

143

website

e The main focus is the LHC

* The highest priority is to fully exploit the physics potential of the LHC, resources for completion of the initial programme
have to be secured such that machine and experiments can operate optimally at their design performance; R&D for

machine and detectors has to be vigorously pursued now and centrally organised towards a luminosity upgrade by
around 2015

e Coordinate the European activity with the ILC project

e |tis fundamental to complement the results of the LHC with measurements at a linear collider. There should be a strong
well-coordinated European activity, including CERN, for the ILC design and technical preparation ...

e Coordinate with ApPEC and NUPECC
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Strategy in JoR8

website
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around 2015
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Selected diphoton sample

®  Data 2011 and 2012
Sig + Bkg inclusive fit (m_ = 126.5 GeV)
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Strategy In

e The main focus is the LHC

* The highest priority is to fully exploit the physics potential of the LHC, resources for completion of the initial programme
have to be secured such that machine and experiments can operate optimally at their design performance; R&D for
machine and detectors has to be vigorously pursued now and centrally organised towards a luminosity upgrade by
around 2015

e Coordinate the European activity with the ILC project

e |tis fundamental to complement the results of the LHC with measurements at a linear collider. There should be a strong
well-coordinated European activity, including CERN, for the ILC design and technical preparation ...

e Coordinate with ApPEC and NUPECC
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International Linear Collider (

e e+e collider with {/s = 0.5 TeV (upgradeable to 1 TeV) e International project, supposed to be built in Japan

e precision Higgs and top programme and beyond e The decision process is still in progress
e 20 km long tunnel with 2 all-purpose detectors at the e Project now downgraded to /s = 250 GeV
interaction point » Just above the production threshold of HH pair

website

- ~16000 superconductive cavities of ~1m
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Strategy In

e The main focus is the LHC

* The highest priority is to fully exploit the physics potential of the LHC, resources for completion of the initial programme
have to be secured such that machine and experiments can operate optimally at their design performance; R&D for
machine and detectors has to be vigorously pursued now and centrally organised towards a luminosity upgrade by
around 2015

e Coordinate the European activity with the ILC project
e |t is fundamental to complement the results of the LHC with measurements at a linear collider. There should be a strong
well-coordinated European activity, including CERN, for the ILC design and technical preparation ...

e Coordinate with ApPEC and NuPECC
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LAL Orsay

NuPECC "= JENAS-2019 |/ | e

XIS 8 Joint ECFA-NUPECC-APPEC Seminar
L~ October 14-16, 2019 - LAL Orsay, France RN \//

oo JENAS-2019
ApPEC © Joint ECFA-NUPECC-ApPEC Semlnar\\ [

- ‘k" October 14-16, 2019 - LAL Orsay, France

Bruno Mazoyer

* First meeting in October 2019
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Update to the Strategy in 2013

website

e Exploit the full potential of the LHC

e The discovery of the Higgs boson is the start of a major programme of work to measure this particle’s properties.
Europe’s top priority should be the exploitation of the full potential of the LHC, including the high-luminosity upgrade and
detectors with a view to collecting ten times more data than in the initial design, by around 2030.

e Undertake design studies to be able to propose a post-LHC accelerator at the next Strategy update
e To stay at the forefront of particle physics, Europe needs to be in a position to propose an ambitious post-LHC
accelerator project at CERN by the time of the next Strategy update, when physics results from the LHC running at 14 TeV
will be available. CERN should undertake design studies in a global context, with emphasis on pp and ep high-energy
frontier machines, coupled to R&D of high-field magnets, high-gradient accelerating structures, ...

e Europe looks forward to a proposal from Japan to discuss a possible participation

 There is a strong scientific case for an ep collider complementary to the LHC. The TDR has been completed, with large
European participation. The initiative from the Japanese particle physics community to host the ILC in Japan is most
welcome, and European groups are eager to participate.

e Europe should explore the possibility of major participation in leading long-baseline neutrino projects
in the US and Japan.
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e Successfull Run1 and even better Run2 behind us

e Now preparing for Run3 (most important for heavy-ion experiments)
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e Objective is to increase the luminosity by 10 times the LHC
design value

e E.g., it will produce 15M Higgs bosons/year (now it is only 3M)
* Top priority of the strategy 2013

e The whole LHC will undergo major upgrades

e “Crab cavities” for tilting the beams at interaction points
* More compact and powerful bending magnets (11 T compared to 8 T)
* Two new shafts at Points 1&5 (CMS and ATLAS sites)

e [cchnical Design Report
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e Objective is to increase the luminosity by 10 times the LHC

design value

e E.g., it will produce 15M Higgs bosons/year (now it is only 3M)
* Top priority of the strategy 2013

e The whole LHC will undergo major upgrades

e “Crab cavities” for tilting the beams at interaction points
* More compact and powerful bending magnets (11 T compared to 8 T)
* Two new shafts at Points 1&5 (CMS and ATLAS sites)
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e Objective is to increase the luminosity by 10 times the LHC

design value

e E.g., it will produce 15M Higgs bosons/year (now it is only 3M)
* Top priority of the strategy 2013

e The whole LHC will undergo major upgrades

e “Crab cavities” for tilting the beams at interaction points
* More compact and powerful bending magnets (11 T compared to 8 T)
* Two new shafts at Points 1&5 (CMS and ATLAS sites)

~\‘~c ' D

e Also Pb-Pb collisions are under consideration
 But the ALICE experiment will probably not be able to cope with this
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S Tochnical Design Report
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New experiment at Point 2 FER8|

e WWhen the luminosity is too high for ALICE, there are two options discussed about how to use
the interaction Point 2

Option 1)

e All silicon light detector to study ultra-soft QCD (a “better” ALICE)
* Parts of the detector inside the beam pipe !

P |nsta”ed during LS4 Shower Pixel Detector (SPD)
e arXiv: 1902.01211 T

<«—— Time Of Flight
(TOF)

R y—

_insert-able
conversion layer
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e WWhen the luminosity is too high for ALICE, there are two options discussed about how to use
the interaction Point 2

Option 1)

e All silicon light detector to study ultra-soft QCD (a “b
e Parts of the detector inside the beam pipe ! "

e |nstalled during LS4
o arXiv: 1902.01211

Option 2)
e | HeC project, which can run in parallel to HL-LHC
e ep or eA collisions with up to /sen ~ 1.3 TeV SR N e e D
. o, ' \- ,‘ . \ oy W Civil Engineering
e J.Phys.G.: Nucl.Part.Phys. 46 (2019) 123001 ARG ST N -SSR A . A4 Oferent Opdons
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e Exploit the full potential of the LHC
e The discovery of the Higgs boson is the start of a major programme of work to measure this particle’s properties.
Europe’s top priority should be the exploitation of the full potential of the LHC, including the high-luminosity upgrade and
detectors with a view to collecting ten times more data than in the initial design, by around 2030.

e Undertake design studies to be able to propose a post-LHC accelerator at the next Strategy update
e To stay at the forefront of particle physics, Europe needs to be in a position to propose an ambitious post-LHC
accelerator project at CERN by the time of the next Strategy update, when physics results from the LHC running at 14 TeV
will be available. CERN should undertake design studies in a global context, with emphasis on pp and ep high-energy
frontier machines, coupled to R&D of high-field magnets, high-gradient accelerating structures, ...

e Europe looks forward to a proposal from Japan to discuss a possible participation

* There is a strong scientific case for an ep collider complementary to the LHC. The TDR has been completed, with large
European participation. The initiative from the Japanese particle physics community to host the ILC in Japan is most
welcome, and European groups are eager to participate.

e Europe should explore the possibility of major participation in leading long-baseline neutrino projects
in the US and Japan.
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Possible scenarios of future colliders ™ Proton collider mmmm— Construction/Transformation: heights of box construction cost/year
Electron collider

Electron-Proton collider

ILC: 250 GeV 1 TeV These are technical schedules

Preparation

JaRan

tyears syl  ab =4-5.4 ab compiled by Ursula Bassler
31km tunnel 40 km tunnel
4]
= CepC: 90/160/240 GeV
6 100km tunnel 16/2.6/5.6 ab1

CLIC: 380 GeV

5 years 11 km tunnel 1.5 ab-1

29 km tunnel 50 km tunnel

350-365 GeV FCC hh: 150 TeV =20-30 ab!
100km tunnel FCC-ee: 390/160/250 1.7 ab

GeVv -150/10/5 ab+*

8 years

CERN

FCC hh: 100 TeV 20-30 ab™

FCC hh: 100 TeV 20-30 ab!

8 years 100km tunnel

HL-LHC: 13 TeV 3-4 ab! HE-LHC: 27 TeV 10 ab!

EEEEE EEEEEEEEE ST S EEEEEEEE ST S SEPEEEEEEE B P EEEEEEE EEEEs
| 2020 2030 2040 2050 2060 2070 2080 26/09/2019 2090 |n
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 Upgrade of the LHC to achieve 2 times higher energies than its original nominal value
e With 16 T magnets being developed for the purpose of the FCC
e pp collisions with /s ~ 27 TeV

e |t will be a new collider, the old LHC would have to be decommissioned and dismantled
e Also a “new SPS” will be necessary for higher injection energies

e Possible extension to eh collider HE-LHeC (energies up to sen ~ 1.7 TeV)

n |  EH - R 7 KB c KO ¢ B o 8 s E3 7 65 o B 2 B3 =
Project preparation & Do
S A ermissions
administrative processes -
Contribution Anticipated stop of
Funding strategy HL-LHC program
CE and infrastructure design, m—eaepeamrereriing, CE work
tendering preparation Infrastructure refurblshment
16 T dipole magnet 16 T dipole magnet 16 T dipole magnet 16 T dipole magnet
short and long models nrototype Dreseries series production
Technology R&D for accelerators and technical designs AcCeIersior (SCHH'S + HE-LHC) consiucion,
installation, commissioning
Set up of international experiment collaborations, . . Detector construction,
Detector technical design . . SEE ot
detector R&D and concept development installation, commissioning

stop of HL-LHC
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Compact Linear Collider (CLIC) RS ....
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RIS A A T S website
Compact Linear Collider (CLIC) ~  ©
BN 380 GeV - 11.4 km (CLIC380) A i
. IR 1.5 TeV - 29.0 km (CLIC1500)

. 10 3.0 TeV-50.1 km (CLIC3000)
o e+e- collider s |

* Designed to study HH,
tt production and more
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Compact Linear Collider (CLIC) ?r :

7 B 380 GeV - 11.4 km (CLIC380)
. WE 1.5 TeV - 29.0 km (CLIC1500)

. 0 3.0 TeV-50.1 km (CLIC3000)

website

e ete- collider
* Designed to study HH,
tt production and more

e Acceleration via a drive
beam

-

W -
drive beams
these electron beams provide the RF power to the main accelerators

-

>

.m'ﬂm ﬂﬂ

detector

- -

electron main accelerator electrons | positrons positron main accelerator
main beams
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website
2013-2019 2020-2025

Preparation Phase

- 1l

2019-2020 2025 2035
Decisions (Strategy)  Construction Start First Beams

Development Phase

Q Compact Linear Collider
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FCCee + FCChh
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FCCee + FCChh

e Similarly as LEP (precision machine), LHC (discovery machine) and HL-LHC upgrade

Domain Cost in MCHF
Stage 1 - Civil Engineering 5,400
Stage 1 - Technical Infrastructure 2,200
Stage 1 - FCC-ee Machine and Injector Complex 4,000
Stage 2 - Civil Engineering complement 600
Stage 2 - Technical Infrastructure adaptation 2,800
Stage 2 - FCC-hh Machine and Injector complex 13,600
TOTAL construction cost for integral FCC project 28,600
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e Disadvantage over CLIC: cannot reach such high energies
e Although it is enough for all SM related processes

 Advantage over CLIC: achieved luminosity CERN-ACC-2019-0003
1'—— : | | | | | | | | | | | | l:
CLIU) : Z (91 2 GeV) . 4.6 X 1036 Cm-25-1 e FCC-ee (Base"ne, 2 |Ps) :
'E n . ILC (Baseline) N
O B FCCee +  CLIC (Baseline) N
ﬁ-
°°O 10° — * . CEPC (Baseline,2IPs)
— - W*W (161 GeV): 5.6 x 10*° cm2s™ =
> — B
= - ]
n
cCD - C C HZ (240 GeV) : 1.7 x 10*° cm2s -
= e
3 :
N tt (350 GeV) : 3.8 x 103 cm2
u ILC (365 GeV) : 3.1 x 10* CL'C
HZ (250 GeV) : 1.5 x 10** cm2s1™®
1= =
[ 1 1 1 | 1 1 Lo 1 1]

10°

—
o
N

\'s [GeV]
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e A possibility of a heavy-ion program
e Pb-Pb collisions with /snn ~ 39 TeV
e p-Pb collisions with /sy ~ 63 TeV

e Possibility to be extended to an electron-hadron collider

e ep collisions up to snn ~ 3.5 TeV, e-Pb collisions sen ~ 2.2 TeV
e Continuation of the LHeC E

13 e 15 B 17 20 BVARN 22

i Project preparation & -
L Permissions
. administrative processes

7

: : . Contribution
Timeline Funding strategyI agreements ]

\,

gical investigations, infrastructure : T . g
pri or [ design and tendering preparation I Tunnel, site and technical infrastructure construction } Operatlon
FCCee i 16 T dipole magnet I 16 T dipole magnet I 16 T dipole magnet I 16 T dipole magnet ]
. short and long models prototypes preseries series production
Technology R&D for accelerator and technical design I Accelerator construction, installation, commissioning
" Set up of international experiment collaborations, Detector technical . . . )
. Detector construction, installation, commissioning

_detector R&D and concept development design )
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e Exploit the full potential of the LHC
e The discovery of the Higgs boson is the start of a major programme of work to measure this particle’s properties.
Europe’s top priority should be the exploitation of the full potential of the LHC, including the high-luminosity upgrade and
detectors with a view to collecting ten times more data than in the initial design, by around 2030.

e Undertake design studies to be able to propose a post-LHC accelerator at the next Strategy update
e To stay at the forefront of particle physics, Europe needs to be in a position to propose an ambitious post-LHC
accelerator project at CERN by the time of the next Strategy update, when physics results from the LHC running at 14 TeV
will be available. CERN should undertake design studies in a global context, with emphasis on pp and ep high-energy
frontier machines, coupled to R&D of high-field magnets, high-gradient accelerating structures, ...

e Europe looks forward to a proposal from Japan to discuss a possible participation
* There is a strong scientific case for an ep collider complementary to the LHC. The TDR has been completed, with large
European participation. The initiative from the Japanese particle physics community to host the ILC in Japan is most
welcome, and European groups are eager to participate.

e Europe should explore the possibility of major participation in leading long-baseline neutrino projects
in the US and Japan.
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International Linear Collider (

e e+e collider with {/s = 0.5 TeV (upgradeable to 1 TeV) e International project, supposed to be built in Japan

e precision Higgs and top programme and beyond e The decision process is still in progress
e 20 km long tunnel with 2 all-purpose detectors at the e Project now downgraded to /s = 250 GeV
interaction point » Just above the production threshold of HH pair

website

- ~16000 superconductive cavities of ~1m
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Update to the Strategy Iin

e Exploit the full potential of the LHC
e The discovery of the Higgs boson is the start of a major programme of work to measure this particle’s properties.
Europe’s top priority should be the exploitation of the full potential of the LHC, including the high-luminosity upgrade and
detectors with a view to collecting ten times more data than in the initial design, by around 2030.

e Undertake design studies to be able to propose a post-LHC accelerator at the next Strategy update
e To stay at the forefront of particle physics, Europe needs to be in a position to propose an ambitious post-LHC
accelerator project at CERN by the time of the next Strategy update, when physics results from the LHC running at 14 TeV
will be available. CERN should undertake design studies in a global context, with emphasis on pp and ep high-energy
frontier machines, coupled to R&D of high-field magnets, high-gradient accelerating structures, ...

e Europe looks forward to a proposal from Japan to discuss a possible participation

* There is a strong scientific case for an ep collider complementary to the LHC. The TDR has been completed, with large
European participation. The initiative from the Japanese particle physics community to host the ILC in Japan is most
welcome, and European groups are eager to participate.

e Europe should explore the possibility of major participation in leading long-baseline neutrino projects
in the US and Japan.
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‘CERN Neutrino' Platform
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The Neutrino Platform is CERN’s undertaking to foster and contribute tofundamental research in neutrino physics at particle accelerators worldwide

The CERN Neutrino Platform is CERN’s undertaking to foster and contribute to fundamental research in neutrino physics at particle accelerators worldwide, as
recommended by the 2013 European Strategy for Particle Physics. It includes the provision of a facility at CERN to allow the global community of neutrino experts
to develop and prototype the next generation of neutrino detectors. The CERN Neutrino Platform is CERN’s main contribution to a globally coordinated
programme of neutrino research.

One of the experiment where CERN is participating:

Sanford Underground Deep Underground Neutrino Experiment (DUNE) website
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ProtoDUNE @ CERN
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e The goals of the Strategy Upgrade 2013 seem to be advancing well

 There is time for a new Strategy Update 2020
* This one will have big impact on the far future: we should decide on which
future accelerator will be the main focus of European particle physics
community
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Jan.2018
Call for proposals
for venues for Open

Dec 18.2018 Jan 20-24,2020
Strategy Update
Drafting Session

Bad Honnef, DE

Closing submission
community input

Febr.2018
Call for scientific input

March.2018 v/ May 13-16,2019
Call for nominations of Open Symposium

PPG & ESG members Granada, ES| | March.2020

] Strategy Update
June 14,2018 - | submitted to Council

Council decision on
venues and dates

Symposium and
Strategy Drafting
Session

Sept.2019
Physics Briefing
Book available

‘/ Sept 27,2018 consultation &

Council launches the consensus building
Strategy Update process &
organisation & establish the PPG and ESG T v moerrene | May.2020
. : ysics results appearing | :
input preparation | after May 2019 will be taken ) Council to approve
by community I into account in the process : Strategy Update
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Czech input to the Strategy

Inputs to European Strategy Update 2018-2020
by the Czech particle physics community

Abstract

Although the Standard Model has been very successful in predicting and interpreting current measurements in
particle physics, 1t has become clear that 1t cannot answer all the outstanding questions. To resolve the remaining
1ssues new theories have been developed and further measurements are needed. The experience shows that
diverse and complementary scientific program 1s the right approach to tackle the questions. To maintain this, the
Czech high-energy physics community agreed upon a strong support of the activities listed below.
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Czech input to the Strategy

 Full exploitation of the physics potential of the CERN LHC
e Continuation in a strong participation in both ATLAS and ALICE experiments
e Strong endorsement of a new successor project of ALICE at the LHC

e R&D of detector and new accelerator technologies

e ... inorder to secure CERN its know-how and ability to build new experiments and accelerators in the future

e Support the ILC project in Japan
e Support the EIC project in USA

e Lower energy experiments (e.g. ISOLDE, ...)

* Neutrino experiments (DUNE, JUNO, consider participation in Hyper-Kamiokande)

e Computing development

e Theoretical physics program (collaboration between theorists and experimentalists)

e Cooperation with astroparticle and nuclear physics communities

 Cooperation with ApPEC: Pierre Auger Observatory
 Cooperation with NUPECC: FAIR at GSI, as well as smaller experiments

e Qutreach
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Physics Briefing Book

Input for the European Strategy for Particle Physics Update 2020

Electroweak Physics: Richard Keith Ellis’ . Beate Heinemann™" (Conveners)

Jorge de Blas"", Maria Cepeda®, Christophe Grojean™’, Fabio Maltoni™”, Aleandro Nisati'", -
Elisabeth Petit"’ . Riccardo Ranazzi'“, Wouter Verkerke " (Contribwtors) arX“[: 1 91 0_ 1 1 775

Strong Interactions: Jorgen D’Hondt™, Krzysztof Redlich®” (Conveners)
Anton Andronic"’, Ferenc Siklér'’ (Scientific Secretaries)
Nestor Armestow, Dan#l Boer'g, David d’Enterriazo, Tetyana Ga]alyukm. Thomas Gehrmann 22,
Klaus Kirch®, Uta Klein®*, Jean-Philippe Lansberg™, Gavin P. Salam®, Gunar Schnell”,
Johanna Stachel®, Tanguy Pierogzq, Hartmut Wittig'w, Urs Wiedemann"(Contributors)

Flavour Physics: Belen Gavela’! , Antonio Zoccoli-> (Conveners)
Sandra Malvezzi>, Ana M. Teixeira ", Jure Zupan35 (Scientific Secretaries)
Daniel Aloni™®, Augusto Ceccucci®’, Avital Dely?’6 , Michael Dine™ , Svetlana Fajfer38 , Stefania Gori”,
Gudrun Hiller””, Gino Isidori”, Yoshikata Kuno®, Alberto Lusiani*', Yosef Nir®,
Marie-Helene Schune*?, Marco Sozzi*’, Stephan Paul**, Carlos Pena” (Contribwors)

Neutrino Physics & Cosmic Messengers: Stan Bentvelsen*’, Marco Zito ™ (Conveners)
Albert De Roeck °, Thomas Schwetz™ ( Scientific Secretaries)

® > 2 OO pag eS Bonnie Fleming“, Francis Halzen"w. Andreas Haungszg. Marek Kowalskiz, Susanne Mertensu,
Mauro Mezzetto’, Silvia Pascoli’", Bangalore Sathyaprakmh5 ! Nicola Serra® (Contributors)
® > 7 OO refe ren CeS Beyond the Standard Model: Gian E Giudioezo, Paris Sphicas "> (Conveners)

Juan Alcaraz Maestre®, Caterina Doglioni*, Gaia Lanfranchi” ~*, Monica D’Onofrio™,
Matthew McCullough'O, Gilad Perez36, Phili Roloﬂ'm, Veronica Sanz” 5, Andreas Weiler“,
Andrea Wulzer*' " (Contributors)

Dark Matter and Dark Sector: Shoji Asai°®, Marcela Carena’’ (Conveners)
Babette Dsbrich™, Caterina DoglioniS3, Joerg Jaeckel®, Gordan ijaicﬂ , Jocelyn Monroe™,
Konstantinos Petridis’", Christoph Weni ger"0 (Scientific Secretaries/Contributors)

Accelerator Science and Technology: Catenina Biscari® ., Leonid Rivkin®* (Conveners)
Philip Burrows”®, Frank Zimmermann®® ( Scientific Secretaries)
Michae] Benedikt””, Pierluigi Cam‘,ganas", Edda Gschwendtner”", Erk Jensen””, Mike Lamont™,
Wim Leemans’, Lucio Rossi’", Daniel Schulte”’, Mike Seidel®?, Vladimir Shiltsev®,

20,64

Steinar Stapnes20 , Akira Yamamoto (Contributors)

Instrumentation and Computing: Xinchou Lou®, Brigitte Vachon™ (Conveners)
Roger Jones® , Emilia Leogrande® (Scientific Secretaries)
Ian Bird”’, Simone Campana’", Ariella Cattai’", Didier Contardo®™, Cinzia Da Via®, Francesco Forti'",
Maria Gironem, Matthias Kasemannz, Lucie Linssenm, Felix Sefkowz, Graecme Stewartzo( Contributors)

Editors: Halina Abramowicz ', Roger Fortyzo, and the Conveners
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http://arxiv.org/abs/arXiv:1910.11775

Main topics discussed In the BF

e Electroweak Physics (W,Z,H,t,QED)

* Flavour Physics and CP violation (quarks, charged leptons, rare processes)
e Dark Matter and Dark Sector

e Accelerators Science and Technology

» Beyond Standard Model at colliders

e Strong Interactions (QCD, DIS, heavy-ions)

* Neutrino Physics

* |nstrumentation and Computing
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Main strawman scenarios

CC-all HL-LHC
LE-to-HE-FCC-h/e/A [HL-LHC
LHeC-FCC-h/e/A HL-LHC + LHeC

FCC-ee (90-365)
LE-FCC-h/e/A (low-field magnets)
HeC

FCC-h/e/A (Adv HF magnets) / other tech
FCC-h/e/A (Adv HF magnets) / other tech
CC-h/e/A (Adv HF magnets) / other tech

1st gen technology 2nd gen technology
CLIC380
FCall  JHelHC FCC-h/e/A (Adv HF magnets) / other tech
HoHe FCC-h/e/A (Adv HF magnets) / other tech

r—
T

e Some scenarios may depend on decisions outside of Europe (i.e. to be verified at the next Strategy
update in about 7 years, when HL-LHC will start)

e An advanced acceleration technologies may come in for the second generation colliders, thus it can
be updated/changed

e | HeC can potentially be added to all scenarios
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Main strawman scenarios

Typical path: select a scenario and plan for success

. C
o
>
Operational
E;Iaa;feg g collider 1st gen
(2040’s)
~2027 *
Strategy 5\
update Launch
2020 ,
construction
Ky

(late 2020’s)

1 prepare TDR
CDRs
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CLIC-all
CLIC-FCC

CC-all
LE-to-HE-FCC-h/e/A
LHeC-FCC-h/e/A

L

H
H

1L

2020-2040

L-LHC
L-LHC
L-LHC
L-LHC

HL-LHC + LHeC

After all, a decision is being made, which will affect us.

I\

1st gen technology 2nd gen technology
CLIC380-1500

LE-FCC-h/e/A (low-field magnets)§ FCC-h/e/A (Adv HF magnets) / other tech
HeC CC-h/e/A (Adv HF magnets) / other tech

r—
11
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e Early-Career Researchers (ECR) were invited by ECFA to
debate and express their opinions to the current European
Strategy Update
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105th Plenary ECFA meeting - CERN

o Early-Career Researchers (ECR) were invited by ECFA to
debate and express their opinions to the current European
Strategy Update e Timetable

Contribution List Thu 14/11 | Fri15/11 | Al days

 We all met at CERN on 15th November 2019 for a whole-day

Participant List

discussion, which was followed by a survey collecting
quantitative input (180 delegates)

14-15 November 2019 jo
Europe/Zunch timezone

P o | Fulsceen | osaleqvew | Fier

19:00 Early Career Researchers and the European Strategy for Particle Physics: Discussion (part 1)

500/1-001 - Main Auditorium, CERN

61/1-201 - Pas perdus - Not a meeting room -, CERN

(e VT S EERET E R LR LB ST GREEL R T EN Y Regular Plenary ECFA meeting: Regular Plenary ECFA
for Particle Physics: Discussion (part 2) meeting

500/1-001 - Main Auditorium, CERN 13:30 - 16:30

503/1-001 - Council Chamber, CERN 13:30 - 16:35
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105th Plenary ECFA meeting - CERN

e Early-Career Researchers (ECR) were invited by ECFA to

i i P
debate and express their opinions to the current European ‘
Strategy Update i Timetable
* We all met at CERN on 15th November 2019 for a whole-day e " e —
dISCUSSIOn WhICh WaS fOllowed by a Su rvey CO” ectlng S SERUIN carly Career Researchers and the European Strategy for Particle Physics: Discussion (part 1)

quantitative input (180 delegates) ...

12200 - 13:30

\ g: Regular Plenary ECFA

A
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The juniors enter the game

Report on the ECFA Early-Career Researchers debate on the 2020
European Strategy Update for Particle Physics

e Early-Career Researchers (ECR) were invited by ECFA to
debate and express their opinions to the current European
Strategy Update

 We all met at CERN on 15th November 2019 for a whole-day

The ECFA Early-Career Researchers

10 January 2020

List of editors/organisers
A. Bethani, Université catholique de Louvain, Chemin du Cyclotron 2, Louvain-la-Neuve, Belgium
E. Brondolin, CERN, Esplanade des Particules 1, Geneva, Switzerland
A. A. Elliot, Queen Mary University of London, Mile End Road, London, United Kingdom
J. Garcia Pardifias, Universitat Ziirich, Winterthurerstrasse 190, Ziirich, Switzerland
G. Gilles, Bergische Universitat Wuppertal, Gaussstrasse 20, Wuppertal, Germany
L. Gouskos, CERN, Geneve 23, Geneva, Switzerland
E. Gouveia, LIP, Campus de Gualtar, 4710-057, Braga, Portugal
E. Graverini, Ecole Polytechnique Fédérale dg ¥ ————- “@nory 4t—e—o
N. Hermansson-Truedsson, Lund University ({ F. Collamati, Istituto Nazionale di Fisica Nucleare, Sezione di Roma, Piazzale Aldo Moro 2, Roma, Italy
A. Irles, Laboratoire de Physique des 2 Infir A. de Wit, DESY, Notkestrasse 85, Hamburg, Germany
Batiment 200, BP 3 4, F-01898, Orsay, France F. Dordei, Istituto Nazionale di Fisica Nucleare (INFN), sezione di Cagliari, Complesso Universitario di Monserrato
H. Jansen, DESY, Notkestr. 85, Hamburg, Ge - S-P. per Sestu Km 0.700, 09042, Monserrato (Cagliari), Italy
K. H. Mankinen, Lund University, Professorsg M- Dordevic, VINCA Institute of Nuclear Sciences, University of Belgrade, Mike Petrovica Alasa 12-14 11351

T snse ¥ o O3 _1

discussion, which was followed by a survey collecting
quantitative input (180 delegates

* A report document from the ECR debate was put together and

handed to the chair of ECFA on 10th January 2020

e The chair of ECFA promised that they will consider our document
during the Drafting Session of the Strategy Update on 20-24th
January 2020

* Eventually, the document will be put on arXiv

E. Manoni, INFN Sezione di Perugia, Via A F Vinca, Belgrade, Serbia

A. Mathad, Universitit Ziirich, Wi h T. A. du Pree, Nikhef, National Institute of Subatomic Physics, Science Park 105, Amsterdam, The Netherlands
1 Mcal'favden. rg;‘;;}a;}pmade d:tg:rtix L. Dufour, CERN, Esplanade des Particules 1, Geneva, Switzerland

M. Queitsch-Maitland, CERN, Esplanade des a
J. Rembser, CNRS/IN2P3, Institut Polytechn _~
E. T. J. Reynolds, University of Birmingham, _~

Einhaus, DESY, Notkestrasse 85, Hamburg, Germany

R. Schifbeck, HEPHY, Nikolsdorfergasse 18,17
P. Schwendimann, Paul Scherrer Institute, For
S. Sekmen, Kyungpook National University, 8 A
P. Sznajder, National Centre for Nuclear Resa
S. L. Williams, University of Cambridge, JJ T C
D. Zanzi, CERN, Esplanade des Particules 1, 5 Giribono, INFN - LNF, Via Enrico Fermi 40 , Frascati, |
L. Gouskas, CERN, Geneve 23, Geneva, Switzerland
List of authors E. Gouveia, LIP, Campus de Gualtar, 4710-057, Braga, Por|
N. Andari, CEA, Saclay, Saclay, France E. Graverini, Ecole Polytechnique Fédérale de Lausanne (El
L. Apolindrio, LIP, Avenida Prof. Gama Pint{ H. N. Heracleous, CERN, Esplanade des Particules 1, Gene
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Results of the survey 3]........

IN PRAGUE

Nationality

Serbian British
1.9% 8.4%
Finnish Austria
1.9% 0.9%
Hungarian Italian
2.8% 15.9%
Cypriot Bulgarian
1.9% 0%
Slovak Gr.eek
2.8%

2.8%
Danish Dutch;
1.9% 3 70
Spanish Belgian
6.5% > 80
Swiss Portuguese
1.9% G EoL
Polish Gerrﬁan
oo 11.2%
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CTU

Results of the survey 3]........

IN PRAGUE

Current location

Netherlands . UK
3.1% [.7%
Czech republic

ltaly Switzerland
6 2% 20.0%
France

7. 7%

Spain Austria
3.1% 3.1%
Norway Bulgaria
4.6% 1.5%
Poland Slovenia
6.2% 1.5%
Portugal Belgium
4.6% 7.7%
Sweden Germany
3.1% 7.7%
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Results of the survey

Current career stage

@® Postdoc
@ Staff
PhD student
® Junior staff
© Other
©® Master Student
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e Originally, the discussion was split into sections:
e Environment and Sustainability
e Electroweak and Strong Physics
BSM, Dark Matter and Dark Sector
Neutrino, Flavour and Cosmic Messenger Physics
Accelerator and Detector R&D
Computing and Software

e After the meeting in November, the sections were extended with
e Human and sociological factors
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GENERAL

e “ECRs feel that the attractiveness of our field is at risk and that dedicated actions need to be taken to
save its future” .... “The European Strategy Update must therefore include sociological and

sustainability aspects in addition to technical ones ...”

 “funding for non-permanent positions is converted to funding for permanent positions, i.e. fewer post-docs Iin
exchange for more staff”

e “establish a permanent ECR committee as part of ECFA”
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HUMAN AND SOCIOLOGICAL FACTORS

Working extra hours is necessary to secure my academic career.

116 responses

60

40
37 (31.9%)

20
17 (14.7%)
3(2.6%)

- 6 (5.2%)
2

1
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HUMAN AND SOCIOLOGICAL FACTORS

How would you rate your level of work-related stress?

118 responses

80
60 62 (52.5%)

40

26 (22%
20 (22%) 21 (17.8%)
1(0.8%)
) 8 (6.8%)
1 2 3 4 5
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HUMAN AND SOCIOLOGICAL FACTORS

Having children would negatively affect my academic career

117 responses

60

52 (46.8%)

40

26 (23.4%)
20

16 (14.4%)
0
1 2 3
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HUMAN AND SOCIOLOGICAL FACTORS

If you had to change your country during your career, do you think it has had
a positive impact on your career?

110 responses

60
54 (49.1%)
40
20
15 (13.6%)
0 (0%)
] 5 (4.5%

1 2 3 4 S
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e

Views of ECR to the Strategy Update

HUMAN AND SOCIOLOGICAL FACTORS

If you had to change your country during your career, do you think it has had
a positive impact on your personal/family life?"

110 responses

60

40 45 (40.9%)

28 (25.5%)
20

23 (20.9%)

S | 6(5.5%) [

1 2 3 4 5]
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HUMAN AND SOCIOLOGICAL FACTORS

| feel at ease in expressing concerns about reconciliation of work and
personal/family life in the workplace

115 responses

60
40 44 (38.3%)
20 %
19 (16.5%) £2(18-1%) 20 (17.4%)
10 (8.7%)
0

1 2 3 4 S
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HUMAN AND SOCIOLOGICAL FACTORS

e “possibility for a healthy work-life-balance and the reconciliation of family and a scientific career is a
must” ...

Such topics were only partially discussed in the Briefing Book and ECRs want to emphasise their importance in the
report

Future project evaluations and strategy updates should include the social impact in their implementation
Project-oriented short-term funding -> base-funding, enabling the institutions to realise a healthier and more family-
friendly environment with a larger fraction of permanent positions

Reasonable work-life balance should not come into effect only after a successful permanent job application

Having children often translates to less mobility -> less possibilities to take part in conferences and workshops

e “equal recognition and career paths for the various domains of our field have to be established to
maintain expertise in the field”

Equal recognition: areas such as detector R&D does not receive such recognition as physics analysis, although they
play an essential role for progress in experimental particle physics
Strengthening the networks with the “outside world” of industry could be beneficial to the field
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ENVIRONMENT AND SUSTAINABILITY

How important it is for you that the environmental impact is taken into
account when taking decisions on future projects?

118 responses

60
47 (39.8%)
40
40 (33.9%)
20
15 (12.7%
o — I
1 2 3 4 S
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ENVIRONMENT AND SUSTAINABILITY

Attending conferences and workshops in person is necessary to secure
your academic career

118 responses

80
60 63 (53.4%)
40
40 (33.9%)
20
2 (1.7%) 4(3:4%)
9(7.0%) *
O —
1 2 4 .
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ENVIRONMENT AND SUSTAINABILITY

How often would you attend conferences remotely if better tools were
available?

118 responses

60

m 45 (38.1%)

40 (33.9%)

< 20 (16.9%)

N 6 (5.1%)

1 2 3 4 S
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ENVIRONMENT AND SUSTAINABILITY

Giving up conferences over environmental concerns would damage my
career

118 responses

60

50 (42.4%)

40
39 (33.1%)

20
18 (15.3%)

N %) 6 (5.1%
1 2
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ENVIRONMENT AND SUSTAINABILITY

e “Laboratories such as CERN have a unique position and responsibility in society. A strong statement
from CERN putting the environment and sustainability at the forefront of decision-making would have a
significant impact.”

* More considerations should be put to the environmental impact of future collider scenarios (construction and disposal
of large infrastructure)

* |[n order to increase researcher’s visibility, an unnecessary amount of journeys to conferences and

workshops is done

 Job market in academia is highly competitive, leading to ECRs to prioritise career concerns over environmental
considerations

* Travel and conference schedules should be seriously assessed to reduce the amount of travel and the associated
carbon footprint
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PHYSICS
Most important and most interesting topics in HEP

B Most important B Most interesting

Electroweak Symmetry Breaking
Naturalness & Fine Tuning
Strong Interactions

Strong CP

Flavour Physics

Neutrino Physics

Dark Matter

Dark Sectors & Feeble Interactions
The Cosmos

Gravity

Soft QCD
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PHYSICS

Most important and most interesting topics in HEP

B Most important B Most interesting

Electroweak Symmetry Breaking
Naturalness & Fine Tuning

Strong Interactions

Strong CP

Flavour Physics

Neutrino Physics

Dark Matter

Dark Sectors & Feeble Interactions
The Cosmos

.. Gonaco] >

20 40 60 80
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PHYSICS

 No clear consensus on which future collider should be pursued due to clear advantages being offered

by different areas

e ete- machine: Precision couplings of Higgs, factory of W,Z,H,t

e hh machine: BSM searches, PDFs, hot and dense QCD

e Better collaboration between theory and experiment, and between different observatories (neutrino + gravitational
waves + gamma ray telescopes, ...)
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R

ACCELERATOR AND DETECTOR R&D

 Concerns have been raised about whether the key numbers stated in the Briefing Book allow for a fair
comparison of the various projects

COMPUTING AND SOFTWARE

e Software and computing must be recognised not only as means to do physics analyses, but as research

that requires a high level of skill
e Innovation in physics analysis [code] should minimise the time to produce physics results allowing more person-
power to be allocated to areas where innovation and development is truly needed
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2020-2040 2060-2080
1st gen technology 2nd gen technology

CLIC-all _ CLIC3000 / other tech

CLIC-FCC FCC-h/e/A (Adv HF magnets) / other tech
FCC-all -LHC FCC-h/e/A (Adv HF magnets) / other tech
LE-to-HE-FCC-h/e/A [HL-LHC FCC-h/e/A (Adv HF magnets) / other tech
FCC-h/e/A (Adv HF magnets) / other tech

50

M FCC-all
B CLIC-all
FUTURE OF THE FIELD 40 CLIC-FCC
e “ECRs emphasise the importance of a B LE-to-HE-FCC
European collider project soon after HL- %9 B LHeC-ECC
LHC” ... “postponing the choice of the next
collider project at CERN to the 2030s has 20
the potential to negatively impact the future
of the field” 10
0

First choice Second choice Third choice Fourth choice Fifth choice
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The Long-term Strategy in 2020 o

UNIVERSITY
IN PRAGUE

Jan.2018 Dec 18.2018 Jan 20-24.2020

Call for proposals Closing submission Strategy Update
Febr.2018 - : )

for venues for Open Call for scientific inout community input Drafting Session

Symposium and P Bad Honnef, DE

Strategy Drafting ]

Session March.2018 v/ May 13-16,2019
Call for nominations of Open Symposium

PPG & ESG members Granada, ESl| | March.2020

1 Strategy Update
June 14,2018 submitted to Council

Council decision on
venues and dates

Sept.2019
Physics Briefing
Book available

‘/ Sept 27,2018 consultation &
Council launches the consensus building

Strategy Update process &
organisation & establish the PPG and ESG oo e ———————— H

. . | Physics results appearing | .
input preparation | after May 2019 will be taken ) Council to approve
by community I into account in the process : Strategy Update

May.2020
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European Strategy,

Update Major facility

after HL-LHC
Start data
UPDATE of the European taking HL-LHC
Particle Physics Strategy (2013) (2026)

—q TopAY R

Higgs discovery (2012) UPDATE of the European Particle

Physics Strategy (2020)

https://europeanstrategy.cern

Start data taking at the LHC (2010)

European Particle Physics

. Strategy (2006) i
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