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The Livingston Plot for Proton Machines
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Development With Time: Size

Size does matter: (anti)proton colliders only - radius

SppS (1981): 1.1 km

HERA (1992): 1.0 km
Tevatron (1992): 0.95 km

LHC (2008): 4.3 km

FCC (204X): 15.9 km

ISR (1971): 75 m

Linear Collider (L=20++ km)
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HEP as a Global Endeavour

Japan: Future HEP Projects

New machines are multi-billion Euro enterprises
« There can only be one of a kind (?)
* Need international consensus

Co-ordinated strategy processes worldwide Update of European Strategy for by

« Last round concluded 2013. CERN Council (May 2013)

« Different flavours in different regions of the world

« But looks like an emerging global, coherent strategy .

* Next update of European strategy 2020 (see later slides); rj
US to follow 2-3 years after. European Strategy

Specific Topics for Europe
 HL-LHC is decided :

. CLIC versus FCC? S nO eSS

« Or ,,onIy“ magnet development and HE-LHC? recommendations to P5
 If Japan moves forward, European participation in ILC? in line with worldwide

+ Long-baseline neutrino programme? BN SEIEUETEE
 China?
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Outline

Europe — politically

Europe — scientifically

The European Strategy Update (ESU) Process

HEP Funding and Strategy in Germany

The DESY 2030 Strategy Process and the DESY HEP Strategy

HEP Strategies in other countries
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Europe
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Science In Europe



Science In Europe

!‘/////
7/
Y,

European
Research Area

andmarke

ROADMAP 2016

Marie Sklodowska Curie Actions (MSCA)
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European Research Area ERA

Integrating scientific ressources in the EU

European
Research Area

The European Research Area (ERA) is a system of scientific research programs integrating the scientific resources of the European Union (EU). Since its
inception in 2000, the structure has been concentrated on multinational cooperation in the fields of medical, environmental, industrial, and socioeconomic
research. The ERA can be likened to a research and innovation equivalent of the European "commaon market" for goods and services. Its purpose is to increase
the competitiveness of European research institutions by bringing them together and encouraging a more inclusive way of work, similar to what already exists
among institutions in North America and Japan. Increased mobility of knowledge workers and deepened multilateral cooperation among research institutions
among the member states of the European Union are central goals of the ERA.
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Horizon 2020

Note:
« EU framework programmes concentrate on
European added value (optimum usage of facilities,
European 7 ,/// creating synergies, strengthening technological
// developments, design studies like EuroTeV or
£ ILCHiGrade, ...)
4 - * New facilities are mostly funded by national
governments (with IK contributions, or as European
/ Research Infrastructure Consortium (ERIC), or ...
//’ Recent examples are FAIR, XFEL, ESS, ...
« Sometimes EU takes coordinating role (e.g. in case
of ITER).

European
Research Area

Horizon 2020 [edit)

Horizon 2020 is the eighth framework programme funding research, technological development, and innovation. The programme's name has been modified to "Framework Programme for Research and
Innovation". The framework programme is implemented by the European Commission, the executive body of the European Union, either by various internal directorate general (DGs), such as the directorate
general for research and innovation {DG RTD&) or the directorate general for communications networks, content and Technology, or by executive agencies such as the Research Executive Agency (REA), the
Executive Agency for SMEs (EASME), or the ERC Executive Agency (ERCEA). The framework programme's objective is to complete the European Research Area (ERA) by coordinating national research
policies and pooling research funding in some areas to avoid duplication. Horizon 2020 itself is seen as a policy instrument to implement other high-level policy initiatives of the European Union, such as
Europe 2020 and Innovation Union. The programme runs from 2014-20 and provides an estimated €80 billion of funding,!'®1'! an increase of 23 per cent on the previous phase.2”]
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XFEL cryomodule production
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HORIZON 2020

Budget 2014-2020: ~80 billion EUR (current prizes)

Industrial Leadership _
EUR 17.0 billion

» Societal Challenges
EUR 29.7 billion

European Institute of
= Innovation and Technology

EUR 2.7 billion

Excellent Science
EUR 244 billion

. Other
Euratom (2014-2018) EUR 3.2 billion

EUR 1.6 billion
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EU Framework Programmes

Budget development

burprar
.
—

200000 -+

100000 +

Growth of Framework Programme funding 1984-2020

FP 1984-1987

FP 1987-1991 FP 1990-1994 FP 1994-1998 FP 1998-2002 FP 2002-2006
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FP 2007-2013

H2020 2014-2020
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European Research Council ERC

Funding excellent research in the EU

European
Research Area

The European Research Council (ERC) is a public body for funding of scientific and technological research conducted within the European Union (EU).
Established by the European Commission in 2007, the ERC is composed of an independent Scientific Council, its governing body consisting of distinguished
researchers, and an Executive Agency, in charge of the implementation. It forms part of the framework programme of the union dedicated to research and
innovation, Horizon 2020, preceded by the Seventh Research Framework Programme (FP7). The ERC budget is over €13 billion from 2014 — 2020 and comes
from the Horizon 2020 programme, a part of the European Union's budget. Under Horizon 2020 it is estimated that around 7,000 ERC grantees will be funded and
42,000 team members supported, including 11,000 doctoral students and almost 16,000 post-doctoral researchers.

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018 Page 17



Marie Curie Actions

¥
Y

European
Research Area

Europe -Japan Accelerator
Development Exchange Programme

27

Marie Sklodowska Curie Actions (MSCA)
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ESFRI Roadmap

Mission

The mission of ESFRI is to support a coherent and strategy-led approach to policy-
making on research infrastructures in Europe, and to facilitate multilateral initiatives
leading to the better use and development of research infrastructures, at EU and
international level.

ESFRI's delegates are nominated by the Research Ministers of the Member and
Associate Countries, and include a representative of the Commission, working together
to develop a joint vision and a common strategy. This strategy aims at overcoming the
limits due to fragmentation of individual policies and provides Europe with the most

up-to-date Research Infrastructures, responding to the rapidly evolving Science
frontiers, advancing also the knowledge-based technologies and their extended use.

andmarke

ROADMAP 2016
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DESY. Eu

ESFRI PROJECTS

| ECCSEL
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Note: No CERN / HEP projects in list of ESFRI projects!

Relation EU-CERN regulated by treaty. EU delegates strategy
development in the field of HEP infrastructures to CERN.

CERN strategy and projects therein form part of ESFRI.
CERN strategy is condition for access to EU framework
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The European Strategy Update
(ESU) Process



The Update of the European Strategy  \

European Strate
Relevance and scope Update i

https://council.web.cern.ch/en/content/european-strategy-particle-physics:

The Convention bestows two missions upon the Organization, namely the operation of
laboratories and the organisation and sponsoring of international co-operation in the field of
elementary particle physics.

[...] In this context, the Council has assumed full responsibility for defining the strategic orientations of
European particle physics, a bottom-up process that starts with the broad consultation of all stakeholders in
Europe’s particle physics community and culminates in a dedicated meeting of the European Strategy Group,
which brings together representatives of the CERN's Member States and of the major European laboratories
active in the field, particle physicists from outside Europe and specialists in related fields of physics. The
Strategy updates are drafted at this special "drafting" session of the European Strategy Group and are then
validated at a dedicated "European Strategy Session" of the Council.

The last one of these was held on 28 May 2013 in Brussels.

=>» Strategy process defines long-term commitments of European community. CERN strategy as necessary
condition for access to EU FP funds.

=> ILC competing with large CERN projects (and others; note that CERN needs a future after LHC)
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The Update of the European Strategy )\

European Strategy

a) Europe should preserve this [European organisational] model in order to keep its leading role, sustaining the success
of particle physics and the benefits it brings to the wider society.

b) The European Strategy takes into account the worldwide particle physics landscape and developments in related fields
and should continue to do so.

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 collecting ten times more data than in the initial design, by around 2030.

d) CERN should undertake design studies for accelerator projects in a global context, with emphasis on proton-proton
and electron-positron high-energy frontier machines. These design studies should be coupled to a vigorous accelerator
R&D programme, including high-field magnets and high-gradient accelerating structures [...]

e) There is a strong scientific case for an electron-positron collider, complementary to the LHC ... The initiative from the
Japanese particle physics community to host the ILC in Japan is most welcome, and European groups are eager to
participate. Europe looks forward to a proposal from Japan to discuss a possible participation.

f) CERN should develop a neutrino programme to pave the way for a substantial European role in future long-baseline
experiments. Europe should explore the possibility of major participation in leading long-baseline neutrino projects in
the US and Japan.
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The Update of the European Strategy

Jan.2020
Strategy Update
Drafting Session

March.2018
Call for nominations
of the PPG and
ESG members

Dec.2017
Call for proposals
for venues for Open
Symposium and
Strategy Drafting

Session
(deadline May 15, 2018)

Dec.2018
Closing submission
community input

May.2019 .
Open Symposium March.2020
Strategy Update

submitted to Council |

June.2018 '}

Firm European Council decision on
tat i . venues and dates;

S_ SUSENIE SRl Call for scientific input -

firm Japanese | ~- Sept.2019

statement by the Physics Briefing / .
: bati
end of 2018. Book available | consultation

consensus building

Sept.2018
Conditions defined Council to launch the

Strategy Update process &
by ICFA statement. establish the PPG and ESG

organisation &
input preparation by community

May.2020
Council to approve

Strategy Update

Physics results appearing
after May 2019 will be taken
into account in the process
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The ICFA and LCB Statements on the ILC250

Physics studies by the Linear Collider Collaboration Physics and Detector Group [1], and
ICFA Statement on the ILC Opera the Japanese Association of High Energy Physicists (JAHEP) [2] show a compelling physics

case for constructing an ILC at 250 GeV centre of mass energy as a Higgs factory. The
The discovery of a Higgs boson in 2012 at cost of such a machine is estimated to be lower by up to 40% compared to the originally
significant recent breakthroughs in scienc  proposed ILC at 500 GeV [3]. The acceleration technology of the ILC is now well established
Precision studies of the Higgs boson will fi thanks to the experience gained from the successful construction of the European XFEL
laws of matter and its interactions. in Hamburg. One of the unique features of a linear collider is the capability to increase

the operating energy by improving the acceleration technology and/or extending the tunnel
The International Linear Collider (ILC) ope ]Jength. For these reasons, the Linear Collider Board strongly supports the JAHEP proposal
excellent science from precision studies o  [4] to construct the ILC at 250 GeV in Japan and encourages the Japanese government to
science project complementary to the LH( giyve the proposal serious consideration for a timely decision.

In recent examples of similar international projects!, the host country made the ma-
jority contribution. A natural expectation would be that the cost for the civil construction
and other infrastructure is the responsibility of the host country, while the accelerator con-
struction should be shared appropriately. A clear expression of interest to host the machine
under these principles would enable Japan to start negotiations with international part-
ners. It would also allow members of the international community to initiate meaningful

ICFA welcomes the efforts by the Linear C
indicate that up to 40% cost reduction rel
possible for a 250 GeV collider.

ICFA emphasizes the extendibility of the Il

potential with important additional meas "~ _ _ _ _ _ _
discussions with their own governments on possible contributions.

ICFA thus supports the conclusions of the Linicar vumuer buaiu (Lew) 1 uIEn TEpUI L prescicu au uns

meeting and very strongly encourages Japan to realize the ILC in a timely fashion as a Higgs boson

factory with a center-of-mass energy of 250 GeV as an international project’, led by Japanese

initiative.
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The Update of the European Strategy

Strategy update approval by Council: May 2020 (fixed)

Strategy update is drafted by European Strategy Group (ESG), based on community
input that is collected by the Physics Preparatory Group (PPG).

The PPG also organises the Open Symposium (13-16 May 2019, Granada, Spain) to
discuss all proposals; the PPG summarises the input, the discussions and their
conclusions in a Briefing Book.

The Briefing Book constitutes the input for the ESG for drafting their update.

The drafting takes place during a dedicated drafting session (the ESU conclave, 20-24
January 2020, Bad Honnef, Germany)

The organisation is handled by the Strategy Secretary who also chairs all groups.

DESY. European + German HEP Strategy | T. Schérner | KEK - 23 July 2018

N\

European Strategy

Halina Aramowicz
Strategy Secretary
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The Update of the European Strategy )\

European Strategy

Strategy Secretariat:

H. Abramowicz (Strategy Secretary), K. Ellis (SPC chair), J. D'Hondt (ECFA chair), L. Rifkin (chair
of European Laboratory Directors Group)

PPG (15-17 people):
H. Abromowicz, four members recommended by PSC, four members recommended by ECFA,

SPC and ECFA chairs, chair of European Laboratory Directors Group, one CERN representative,
2 representatives from both Asia and the Americas

ESG (62-64 people):
H. Abramowicz, one representative from each of the 22 members states and the European labs,
CERN DG, chairs of SPC and ECFA

Invitees: President of CERN Council, one representative from each AMS and OS (7+3), the EU
representative, chairs of ApPEC, NUPECC, FALC, ESFRI, members of the PPG (17-secretariat)
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HEP Funding and Strategy In
Germany

- Helmholtz Association
- Funding Landscape
- HEP Strategy Development



Helmholtz Association

1. Berlin 11. Heidelberg

Helmholtz-Zentrum Berlin fiir Materialien und Energie (HZB) s German Cancer Research Center (DKFZ)
GEOMAR

2. Berlin-Buch © 12. Julich

Max Delbriick Center for Molecular Medicine in the Forschungszentrum Jiilich

Helmholtz Association (MDC)

[} . I
(8 o 13. Karlsruhe

3. Brunswick DESY Karlsruhe Institute of Technology (KIT)

Helmholtz Center for Infection Research (HZI)

e 14. Kiel
4. Bremerhaven .- @ GEOMAR Helmholtz Center for Ocean Research Kiel
Alfred-Wegener-Institut Helmholtz-Zentrum fiir . =@ Hee 15. Cologne
Polar- und Meeresforschung (AWI :
g (AW =G ? German Aerospace Center (DLR)
5. Bonn g 16. Leipzig
German Center for Neurodegenerative : )
Diseases (DZNE) I éDLR @ ez ] Helmho.ltz Center for Environmental Research (UFZ)
6. Darmstadt @ o :I7eln|\f;1]2||(t:: Center Munich
GSI Helmholtz Center for Heavy lon Research -
y ] German Research Center for Health and the Environment
. Dresden 1 18. Potsdam
Helmholtz Center Dresden Rossendorf (HZDR :
( ) ®* Helmholtz Center Potsdam
8. Garching German Research Center for Geosciences GFZ
Max Planck Institute for Plasma Physics (IPP) i
(Associate Member) ®
9. Geesthacht OL :
Helmholtz Center Geesthacht | e Research Areas: B Aeronautics, Space
Center for Material and Coastal Research (HZG) oy @) Energy and Transport
10. Hamburg 1 : @ Earth and Environment B Matter
Deutsches Elektronen-Synchrotron DESY B Health B Key Technologies
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Helmholtz Association . nfastructure

Personnel

Mission, 6 research fields; personnel and budget 2017 g 38 % (1279
Systems solutions for grand challenges based on: 38.733
« Scientific excellence, interdisciplinarity and critical mass, Employees
(as of July 2017)
long-term research programmes Tramees
Profound expertise in large scale research infrastructures % (1,561) K Poctoral Students
Other SC|ent|f|C/ 14% (5,105)

Helmholtz as a prime strategic partner at local, national

and international level (5/7year funding cycles) Pemomnsll 46 17,60

KEY
TECHNOLOGIES

(FUTURE: Third-party

INFORMATION) funding ** Budget approach

(baseline: 2016) Institutional through
28 % (€ 1.24 billion) the federal government
(90%) and the federal
states (10 %)*

66 % (€ 2.88 billion)

EARTH AND HEALTH AERONAUTICS, | MATTER

ENVIRONMENT SPACE AND

TRANSPORT

€4.38

billion

Special financing

6 % (€ 0.26 billion) /

* As of 2016, the German federal government alone is financing the
pact increase so that the federal government's share is over 90%.
** Including project sponsorships
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Funding Landscape

CERN
budget

Collaborative research

R

Project funding

Base+
project
funding

HELMHOLTZ

RESEARCH FOR GRAND CHALLENGES

Plus EU and DFG project funds
Plus Max Planck Society
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German Federal Funding for HEP

“Collaborative Research Funding”:
Physics of smallest particles 2015-2018
(102 MEUR for 3 years 2015-2018)

ELI-NP R&D Beschleuniger R&D Detektoren

0, % 2‘7
BELLEN 1% % ’
5% ’
AGATA

2% \
PANDA

S
0,
2% N ATLAS

NUSTAR ——2f
9% y

s COMOPASS LHCB 12
v 3% 8%
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Example: German CERN contributions
Sum per year: 246 MEUR

Contribution CERN budget: 217 MEUR (2017)
Collaborative research (= universities) 63.5 MEUR (3 years)

LHC detector upgrades (= universities) 16.8 MEUR (3 years)
(90 MEUR altogether)
Additional technical Ph.D. programme 2 MEUR / year

Plus Helmholtz and MPI contributions
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BMBF and Strategy

The principle

% Federal Ministry
of Education

and Research

Research
Investigation of the goals

Universe and Matter
Framework Programme

Leading strategic (political) goals
» Enabling scientific excellence

» Strengthening future technologies,
energy/material/life sciences

» Research as technology driver

» Educating experts and leaders for
research and economy

* Ensuring societal participation in
scientific insights and achievements
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BMBF and Strategy

Federal Ministry
of Education
and Research

®

Konzeption

National
RI roadmap

—

Research

Investigation of the

Universe and Matter
Framework Programme

High-level political processes
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B M B F RO ad m ap Next update of German roadmap:

For research infrastructures 2020-2022 > suits ILC / ESU?

B\ Nationaler D\ B N\ Betrieb
Konzeption Roadmap-Proze ; Auslauf
Oadmap-rrozess Instrumentierung

ELT ALMA VLT
@ @
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German Strategy Process

Since 2016: Strategy discussion in German
Committee for Elementary Particle Physics (KET)

» Concluding statements as input to ESU
« German community has clear picture of future
Input to BMBF / ESU

DESY. European + German HEP Strategy | T. Schérner | KEK - 23 July 2018

The Future of Non-Collider-Physics

27-28 April 2017
Helmholtz Institute

Europe/Berlin timezone

Overview
Timetable

Registration
L. Registration Form

Participant List

Venue and Directions

The Future of Non-Collider Physics
A German Perspective on Topics, Opportunities and Challenges

This workshop is a joint initiative of the German committees of astroparticle physics (KAT),
elementary particle physics (KET), and nuclear and hadron physics (KHuK). The aim of the workshop
is to formulate a German strategy and prioritisation of future non-collider physics projects with
substantial German participation. This will serve as preparation for a new European strategy which
should emerge in 2019/2020.

The Future of Neutrino Physics

A German Perspective on Topics, Opportunities and Challenges

23-24 February 2017, MPIK Heidelberg

ete”

Helmholtz Institute
Conference Room, Groundfloor

Staudingerweg 18
55128 Mainz

Workshop on

Future Hadron Colliders
at the Energy Frontier

| 14-15 December 2017
Y, Hamburg

Colliders:

The Next Generaty

KET workshop

( / 0
strategy for the future of particle physics >
J 4
An initiative of the 3 Max-Planck-Institut fiir Physl v/

physics particl

Bomitee fur

“ien.Physik

sermany’s

energyirontier:

ime Committee R, - 0 izing Committee

Fleischer, Thomas Schémer, ~ Manfred Fleischer, Thomas Schémer;
stermann, Lieschen Muller Max Mustermann, Lieschen Miiller
atson, Christian Mrotzek Emma Watson

as://indico.desy.de//event/futurehadrons

.* KAT. Komitee fiir £ KET N—LK J/EE‘?‘

<\
Y
o .Teilchen. Physik N O

www.mpp.mpg.de/KETeeWorkshop2016
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German Strategy

“The strong German participation in the LHC
and HL-LHC experiments shall be
maintained at the same level.”

“An e+e- collider shall be realized with the
highest priority; upgradeable to at least 500
Gel.”

« “We emphasise our support for the Japanese
Initiative to realise, on a short timescale, the
ILC as a “Higgs factory” with an initial energy
of about 250 GeV as an international project

7

« “The option to upgrade the machine to higher
energies (at least 500 GeV) shall be
incorporated into the plans [...]”

DESY. European + German HEP Strategy | T. Schérner | KEK - 23 July 2018

“... significant development efforts in the
areas of high-field magnets and of detectors
are necessary.”

Search for Axions or Axion-like particles

» Substantial interest in e.g. DARWIN, IAXO,
MADMAX

“A visible participation of German groups in
a long-baseline experiment, in particular in
LBNF/DUNE, is strongly supported.”

Importance of national and international
labs, and of theory.
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DESY 2030 Strategy Process
and DESY HEP Strategy

- DESY
- DESY-2030 Strategy Process
- HEP Strategy




DESY in a Nutshell

The national laboratory for particle physics

DESY:

: Deutsches Elektronen-Synchrotron
Foundatlon 1959 DESY, campus Hamburg PY

Research center within the
Helmholtz Association Deutsches Elektronen-Synchrotron

DESY, campus Zeuthen
Two sites:
Hamburg and Zeuthen (1992)

250 Mio. € base budget (2017)
(90% federal, 10% state)

2450 staff (2017)

3000 visiting scientist per
year from 45 nations

30 % research, 70 % facilities

Mission:

Development, construction, operation
and scientific exploitation of accelerators

Provide access and services for
national and international users

Exploration of matter (particle physics,
photon science, ...)

o M =

DESY. Particle Physics at DESY | Patras Workshop | 18 June 2018 | J. Mnich Page 42



DESY in a Nutshell

Photon Science:

Development of photon-science experi-
ments and detectors

Research in “Matter — Dynamics,

Mechanisms, Control”, “Biological and Soft
Matter”, “Nano and Material Sciences”

Collaboration with universities, Max Planck
etc. (CFEL, CSSB, ...)

DESY. Particle Physics at DESY | Patras Workshop | 18 June 2018 | J. Mnich

Accelerators:

Development of (electron) accele-
rators and FELSs.

Construction of on-site accelerators.

Operation of FLASH I/ll, PETRA 3 (4),
European XFEL

Plasma-wakefield accelerator, THz
acceleration, ...

Particle Physics:

Design, development, construction,
operation and analysis of particle
physics experiments

ATLAS, CMS, Belle I, ALPS, ILC...

Astroparticle physics with e.g. lceCube,
CTA, ...

Computing
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The Strategy Loop

4. Positioning

+ Vision/mission statement

» Core strategy (formulated)

« Strategic initiatives & programs

5. Check Organizational Design
Leadership structures

Organizational structure

Process optimization

In-/Outsourcing

6. Governance & Controlling Systems
« Strategic controlling (results, impact)

« Controlling strategic initiatives
» Monitoring progresss

- Change management

4

Designing
the future

Adapting the
organization

Controlling
strategically

Implementing

3. Strategic Decisions

» Assess options

» Chances / Risk potential
 Strategic gap

3

Decision-
making

2. Strategic Options
 Strategic goals

* Research portfolio
+ Positioning

Inventing
the future

Analyzing

1. Strategic Analysis
Market/competition
Strengths/weaknesses
Existing core competencies
Strategic challenges

7. Implementation
HR development

- Communication,

- Monitoring progress

DESY

European + German HEP Strategy | T. Schorner | KEK - 23 July 2018

- Leadership instruments

- Support - Review
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DESY “Competence Teams”

4 N ( N N AV
AMOC Exp. Particle
Phys.
CFEL Accelerator m
" / R&D N ’ J
- 4 N Detector 4 N
% Nano-Mat —_— Development Data Theoret. Particle
o Management Phys.
o — SRF Facilities .
NanoLab and Analysis
o SINBAD/ —
(. / ATHENA 8 J
- PITZ DESY Test Beams D
Bio-Soft REGAE/LUX Astro-
Particle Phys.
CFEL, CSSB
SFX, hRIXS
\ JAN AN AN Y )
) il I i .
% 2 PETRA Il (IV)
n o E| )
0 2 3 FLASH (-2020) J TIER-2 ]
g W )
— XFEL Acc.
® |( . . .
5 Innovation | Talent-Management | Outreach | Campus Development | International Cooperation
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DESY-2030 — Output

Strategie fiir die Zukunft

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018 Page 48



The Mission of Particle Physics

Understanding the most elementary building blocks of matter, their interactions, and their influence on the
development of the universe.

Our current picture is incomplete and partly inconsistent, and the entire effort in particle physics is dedicated to
solving the related scientific challenges.

BIG BANG

Unified Forces Inflationary Forces Nucleons Atoms form Stars form
: Expansion (?) : separate : form : :

11045 1107 1 107°s 1 10%s i 400 000 years i 10° years

{10Tev f109Tev P 1Tev {150MeV i lev {1 mev

DESY. European + German HEP Strategy | T. Schérner | KEK - 23 July 2018




Science Drivers Structure of the vacuum

Big open questions Nature of the Higgs boson

Theory beyond SM

Dark matter

(Anti)Matter asymmetry
Neutrino properties

Cosmic accelerators

Theory

Belle li

DESY. European + German HEP Strategy | T. Schérner | KEK - 23 July 2018 Page 50



Particle Physics Strategy

From the DESY 2030 strategy process

Explore the LHC and beyond . | = Selle i
» Upgrade ATLAS and CMS for HL-LHC \ W el ‘

» Prepare leading participation in future global
collider project

Harvest at Belle Il
« Data taking and analysis until ~2027

On-site experiment
* Prepare a future on-site experiment after ALPS-II
* Detector R&D & testbeam operation

Theory:

* Maintain broad spectrum of research topics and
world-leading expertise

DESY as a “hub”:
« Support projects with large German participation

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018 Page 51



Future Strategic Orientation

Focusing on science drivers

Detectors (ATLAS, CMS, Belle I, ...) at

large facilities (LHC, SuperKEKB, ...)

Big data, information
and data analytics

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018 Page 54
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DESY Particle Physics — Lifecycle Competence

- Construction
e & .H-t ~ Commissioning

Conception R&D ~‘,23‘ A "I‘

Design i ‘

Decision

T
wLAS Praliminary

Data preservation ;
Outreach into society %

L]

' i 4 :: 1 !
o - * * | Operation
164 B E A e e
4-50 10750 } L
10° 10 10? 10° 10 10° 10 10° 1§ :
my[GeV] mylGeVl g
Interpl’etatlon ~ucoann. [l hybrid 0 stop coann. ™ N
New ideas ¥i* coann. focus paink

LLLLLLLLLLLLLLLLLLLLLLLLLL

hysics analysis

Analysis strategy
DESY. European + German HEP Strategy | T. Schérner | KEK - 23 July 2018
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HEP Strategy In Other
(European) Countries

- USA
- France

- Italy
- UK



HEP Strategy In Other
Countries

- USA

- Italy
- UK
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Particle Physics Programme at IN2P3

 Participation in all 4 major LHC experiments :
ATLAS, CMS, LHCDb, ALICE
Physics of and beyond the standard model

B-physics and fundamental symmetries
Heavy-lon physics

- B-physics at ete™ collider
Belle-ll (since 2017)

« Neutrino program:
Accelerator based
T2K, DUNE (Proto-DUNE-DP)
Non-accelerator

KM3NeT, SUPERNEMO, SuperKamiokande
Reactor

Double-Chooz, JUNO, STEREO, Solid

 Participation in precision physics experiments
nEDM, GRANIT, Comet, AEgIS & Gbar

« Detector R&D for ILC:
CALICE (SiW and SDHCAL)
CMOS sensors (micro-vertex)

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018

Hadronic physics
ALICE, CMS & LHCb HI
J-Lab and Hades/GSI

Direct dark matter detection
Edelweiss, DAMIC
XENON, Darkside
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IN2P3 and ESU

« IN2P3 input to ESPP is being prepared: it will be ready during Fall 2018
— Community driven inputs: scientific considerations from experimentalists and theorists
— Associated technology into considerations: detector and accelerator R&D, computing
— Related topics also discussed: Dark energy, gravitational waves, ...

Some quidelines for this preparation:

- Exploit CERN facilities and develop them for its long term future
— Physics programs at CERN represent ~2/3 of IN2P3 activities in HEP

- Exploit European and French Research Infrastructures
Exploit and consolidate physics program at European infrastructures, in particular at:
—  Km3net, Laboratoire Souterrain de Modane, ILL, LNCA, Gran Sasso, FAIR, PSI, ...

- Strengthen IN2P3 participation in HEP programs in the US
— Neutrino program at Fermilab: Preparation of DUNE
— Hadronic physics at J-Lab

- Consolidate IN2P3 participation in HEP programs in Asia
— Neutrino program in Japan: T2K and its upgrade, SK, some interest for HK
— Neutrino program in China (JUNO)
— IN2P3 joined the Belle-Il collaboration (2017)

— Strong interest for ILC : accelerator based on XFEL developments, detector R&D
DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018 Page 61



HEP Strategy In Other
(European) Countries

- France
- Italy
- UK



i“& U.S. DEPARTMENT OF Office of

=1 | .-r'"l
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S S cience
. I Vs

Status of the DOE
High Energy Physics
Program

High Energy Physics Advisory Panel
May 2018

Jim Siegrist
Associate Director for High Energy Physics
Office of Science, U.S. Department of Energy



P5 Long-Term Particle Strategy

- 4 1 r
2014 P5 report Bu||d|ngf0folsco‘!el

Developed 2012-2014 (Snowmass, P5)
Supported by US HEP community
Supported by DOE, Congress

Recognized by international community through global partnership

LHC is ,,centerpiece of the U.S. energy frontier program®
(US ~19% of ATLAS, 29% of CMS);

US also contributing massively to LHC machine upgrade.

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018 Page 64



Science Drivers

The U.S. long-term strategy report _

identified five intertwined science - D w
- i i i i >0 =0 Lo
drivers, compelling lines of inquiry that / \ D 2% EE
show great promise for discovery: v e9 £9 89
o - L Oé
» Use the Higgs boson as a new tool for :
» Pursue the physics associated with neutrino Neutrino Mass ° °
mass 2015 G i
) Dark Matter
» Identify the new physics of dark matter ° °
» Understand cosmic acceleration: dark Cosmic Acceleration
energy and inflation k2011 G5 Explore the °
» Explore the unknown: new particles, Unknown

interactions, and physical principles

* Since 2011, three of the five science drivers have
been lines of inquiry recognized with Nobel Prizes

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018 Page 65



P5 Construction and Physics Timeline

Project 2015 2020 2025

HEP Science Qutput

Currently operating _ .

Large Prﬂjects [ } $2 ':I l:l M] _

MuZe —l—_
™ e
—____
e
I ———
| C—

LHC: Phase 1 upgrade

HL-LHLC

LENF/DUME (and PIP-II}

ILC
Medium and Small Projects [<$2

200M]
LSST [

DESI e i i i
P5 provided ten-year strategic plan in

DM G2 L the context of a 20-year global vision
Carefully choisen investments will

DM G3 . enable a steady stream of exciting new
results for many years

CMEB 54 e

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018
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Future Colliders

» DOE coordinating with international community towards development of the next
collider program
» U.S. looks forward to a decision this year by Japan to host the ILC as an international project

» Global strategy for circular collider awaits 2020 European Strategy Update for Particle Physics

» Interest fromm HEP community to pursue R&D studies for future collider options
» Circular collider: DOE efforts focused on high-field magnet technology to enable higher energy

» ILC: DOE efforts focused on cost reduction R&D, e.g., nitrogen treatment in SRF cavities has
potential for up to 10% cost reductions in 3-5 years, up to 15% in 5-10 years

» Under any fiscal constraints in the Energy Frontier program, near-term priorities will
aim to support the LHC program as well as R&D for the HL-LHC upgrades

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018 Page 69
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- UK



Italy

We live in a special period:

We have an important discovery (Higgs)
We have a precisely verified () model (SM)
We have unexplained phenomena (e.g. DM)

With the completion of the SM, we have somewhat
lost guidance in the search for new fundamental
particles / phenomena.

=» Two main science drivers for acc.-based HEP:
« Understand the role of the newly discovered boson

« Clarify exp. observations and theoretical arguments
for the existence of new physics.

Identification of relevant subjects more difficult!
- WGs on SM, BSM, flavour, non-pert. QCD

DESY. European + German HEP Strategy | T. Schérner | KEK - 23 July 2018
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Italy

2015 “What Next?” Brochure of CSN1 (in TS’ words)

Outcome: Drivers
Understand EW symmetry breaking

Direct searches for new physics, covering a broad
range of theories

Precision measurements of and searches for
highly suppressed processes testing the SM
structure and delivering tight constraints on
models of new phenomena

DM searches at colliders

Strategy to tackle these drivers determined by
evolution of machines and detection
techniques (plus resources)

#1: ... continue and strengthen ... support of R&D

for the development of new high-field magnets
and ... acceleration structures.

: ... urge experiments planned for HL-LHC to
develop plans to deal with the computing issue.

: ... continue funding of all approved experiments
and ... upgrades until their planned completion.

: The ATLAS and CMS detector upgrades for HL-
LHC are the highest priority of CSNL1.

: CSN1 supports INFN participation in studies and
R&D related to future colliders. Our community
must be part of the planning of the future.

: CSN1 supports the development of experimental
proposals for new physics searches with
fixed-target experiments ...

This report will be updated by mid-2017. By then it will be clear if new physics is observed at
LHC and most potential new experiments will have consolidated their proposals. This timing will also
allow us to give our input to the update of the European strategy on particle physics planned for 2018.

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018
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A Word of Caution



A Word of Caution

Superconducting Super Collider SSC (USA)
« Planned pp collider in 87 km tunnel
* Firstideas in 1983, construction since 1987

« Stopped in 1993 by Congress, with half
the tunnel ready.

« Reason: significant cost increase by almost
factor of 10.

UNK in Serpukhov

« 21 km pp storage ring with up to 6 TeV CMS energy

« Later staged to a 2*600 GeV machine (U-600)

* 1In 1998, 75% of the U-600 dipoles available, most tested.
» A quarter of the ring ready for installation.

* Complete stop in 1998; since then tunnel and equipment
kept unders safe coniditions.

Without international cooperation and a clear global
strategy, we will not succeed in securing the next large
project.

DESY. European + German HEP Strategy | T. Schérner | KEK - 23 July 2018




Thank you for your attention!

E-JADE Is a Marie Sklodowska-Curie Research

and Innovation Staff Exchange {RISE) action,
funded by the EU under Horizon2020

E-JADE

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018 Page 76



CERN next exits
- GET IN LANE
T =

HE-LHC @ FCC-pp
construction (FCC-ee)

2028+7?7 construction 2028+7?7?

physics 2038+77? physics 2038+7??

China next right

SppS
construction 2028+7?7?
physics 2038+7?7?

CLIC

construction 2028+7?7?
physics 2038+7?7?

-

ILC In Japan g

construction 2018~

I— H C physics 20287

for the next 20 years / Thank you for your attentlon' \
B3 CepC in China

construction 2018~
physics 20287 y

Muon Collider
construction 2030+7?
physics 2040+7?

sssssssssssss

E-JADE Is a Marie Sklodo
and Innovation Staff Exchan

N. Walker, ICHEP ‘14 Sy - ——




Backup



German Federal Funding for HEP

Interplay of different funding instruments

“Collaborative Research Funding”:
Physics of smallest particles 2015-2018 (102 MEUR for 3 years 2015-2018)

ELI-NP R&D Beschleuniger R&D Detektoren

Contribution to
CERN budget: 217
MEUR (2017)

COMPASS
2% 3%

8%

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018 Page 79



German Federal Funding for HEP

Interplay of different funding instruments — example CERN

Sum per year: 246 MEUR
Contribution CERN budget: 217 MEUR (2017)
Collaborative research (= universities) 63.5 MEUR (3 years)

LHC detector upgrades (= universities) 16.8 MEUR (3 years)
(90 MEUR altogether)

Additional technical Ph.D. programme 2 MEUR / year

Plus Helmholtz and MPI contributions

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018

Contribution to
CERN budget: 217
MEUR (2017)
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AXION and WIMPs

Axions — Goldstone boson of Peccei-Quinn
symmetry that explains strong CP problem:

« Name ,axion® introduced by F. Wilzcek 1978.

 Hot candidates for cold dark matter.
* Not observed so far, but ...

Numerous ways to search for them

» Primakoff-like axion conversion in B field
« ,Light-shining-through-a-wall®

= LSW, helioscopes, haloscopes

And many new experiments on the way ...
« See next slide!

DESY. European + German HEP Strategy | T. Schérner | KEK - 23 July 2018
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Purely laboratory experiments
“light-shining-through-walls”,
optical photons

Helioscopes
ALPs emitted by the sun,
X-rays,

Haloscopes

looking for dark matter constituents,
microwaves.

tr
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Luftfahrt, Raumiahrt und Ve rkehr

Forschungainfrastruktur

ISTAR
NGC-FID
C-Cube - Concurrent Certification

Cantre

Large Hadron Collider [LHC) -
Upgrades der LHC-Detektoren
[LHC-Upgrade s)

Global Cosmic Ray Observatories
EDM @ COSY

BESSY-VSR (Variabler Pulslbngen
Speicheming) Beschleuniger

FLASH Upgrade

PETRA IV

BESSY I

European XFEL Phase Il

Hochbrillianz Spallstionaquelle
[HBS)

Accelerator Technolo gy HElmholtz
INfrastructure [ATHENA)

Julich Short-pulsed Particle and
Radiation Centre [JuSPARC)

Large Scale European Facllities in
Electron Microscopy

Karsruhe Center for Optics &
Photonics (KCOP)
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BMBF

ERUM - Strategic Goals

Strategische Leitziele

Handlungsfelder

Wissenschaftliche Spitzenleistungen
ermoglichen.

Zukunftstechnologien,
Energieforschung, Material- und
Lebenswissenschaften starken.

Innovationskeime durch Forschung als
Technologietreiber schaffen.

Fach- und Fiihrungskrafte fiir
Wissenschaft und Wirtschaft
heranbilden.

Partizipation der Gesellschaft
an Erkenntnissen und Erfolgen
der Forschung sicherstellen.

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018

GroRgeratelandschaft

® Zugang zu weltweit fiihrenden
Forschungsinfrastrukturen sichern.

® | andschaft der naturwissenschaftlichen
GroRgerite bedarfsgerecht ausgestalten.

® Nutzerplattformen fir Schlisseltechnologien,
Energie-, Material- und Lebenswissenschaften
ausbauen.

MINT-Nachwuchs

® Nachwuchs fir MINT-Facher faszinieren.

® Wissenschaftlichen Nachwuchs qualifizieren.
® Karriereperspektiven schaffen.




Further Examples from Germany

Astro and Astroparticle physics (2017-2020)

MeerKAT,

1,324
LOFAR, 1,891
E-INF-
ASTRO, 618 \

ALMA, 1,248 V

<€

VLT/VLTI,
1,810

GERDA,

4%

DESY. European + German HEP Strategy | T. Schorner | KEK - 23 July 2018

Earthbound astrophysics: 17,0M€

Astroparticle physics: 19,5M€
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