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Topic mission and strategy

Study the fundamental laws of Nature in our Universe, governed by

quantum physics and the dynamics of space-time
Guiding themes for PoF |V

Vig)

What is the
structure of
the vacuum?

Higgs and Searches for
fundamental new particles
e Where did the interactions at & oh .
> high precision 4 S

What is dark anti-matter go?

Cosmology
and the dark
sector of the

universe
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Atoms
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Topic mission and strategy

» Collider Physics

. rticl I
Broad theory Particle Cosmology

Guiding themes for PoF IV portfolio * Lattice Gauge Theory

« String Theory

Higgs and
fundamental
interactions at
high precision

Searches for
new particles

& phenomena

Cosmology
and the dark
sector of the

universe

« Off-site experiments:
ATLAS & CMS @CERN,
Belle-Il @KEK

« Attractive on-site program:
ALPS-Il, Baby-IAXO, LUXE

* Preparation of future
facilities/experiments
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Scientific competences ...

« Scientific expertise in
the full lifecycle of large
and small experiments

Data preservation Strategy
; ~ Conception

. World-leading Interpretathn

scientists (3 ERC
grants, 2 Emmy S
Noether groups, 6 .
Helmholtz Y1Gs, 9 W2/ 1_U@
W3 Professorships)

EEEEEEEEEEE

« Diverse and rich N T R&D

environment (158
scientists, 78 Ph.D. .
students, 42 Analysis

nationalities) o . Construction
peration
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... and infrastructures

« Enhance infrastructure and system
competences for the full lifecycle

Wolfgang Pauli Center

for Theoretical Physics Detector Assembly
Facility (DAF)
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LHC - short term future: Run-3 eI

“‘Beam splash-event19.10.21

« Successful beam tests (October 2021)
* Physics collisions expected in 2022

« centre-of-mass energy target 6.8 TeV

 max levelled luminosity 2.05 - 1034 cm2 s-1

tooay

In 2019 the decision was taken to extend Run 3 by a year and for LS3 to start in ZI)ZS. Impact of coronavirus pandemic reflected in the extended hardware commissioning and magnet training foreseen for 2021.
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Long Shutdown 2 (LSZ)] ] Run 3 Long Shutdown 3 (LS3)
100 0 O

Shutdown/Technical stop

Protons physics

Ions

Commissioning with beam

Hardware commissioning/magnet training

https://Ihc-commissioning.web.cern.ch/schedule/LHC-long-term.htm
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Shutdown/Technical stop b
LHC - long term future: HL-LHC MIUE

Ions EEEEEEEEEEE
Commissioning with beam
2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

MAM 1]3als|oINiD)J [FIMAIM 3 |AIS|OIN|DJ [FIMAIM 3 |3 |A[S|OINID| 3 |FIMIAIMI 3|3 |A[S|OINID| 3 |F|MIAIM 3|3 |A[S|OINID|J [F|MIAIM[ |3 |AS|O[N|DY 3 [FIMAIMI 3 |1 |A[S|OIN[D{ 3 | FIMIA|MI 3 | |A[S|OIN|D{ 3 |[FIMIAIM 3| |A[S|OINID| D [FIMAIM[ |3 |AS|OIND)

Run4 LS4  Run5 LS5

* Module production
« Tracker structures assembly
* Quality assessment tests

* Preparation of physics programme:

* Rare processes
TOGETHER

* Higgs properties WITH

THEORISTS
 Dark Matter
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Belle - ll perspectives

Operation, calibration and maintenance of the Pixel

Vertex Detector

Extensive Physics program:

« Lepton flavour universality tests in tau physics

* Global analysis of inclusive B-decays

 Dark sector searches
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Belle - I

Operation, cz
Vertex Detec

Extensive Ph
« Lepton fla
« Global an

 Dark secic
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+ flavour anomalies

Cornella ef al. '21 _ slide from G. Isidori:
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Alguero et al. '19
Ciuchini et al. 20

Li-Sheng Geng et al. '21
Altmanshofer & Stangl '21

Conservative fit using “clean obs.”

with current best estimate
of charm contrib

>> 50

significance of NP hypothesis

AC#=— AC, } vs. SM 3.90 global significance of NP Lancierini, GL,

(very conserv. estimate)  (en. Serra, 21

within FPF: U. Nierste et al
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On-site experiments: ALPS-ll & beyond

ALPS IlI: “Light shining through a wall”

« Towards Axions/ALPs
observation

ALPS-II experiment on

schedule, physics harvesting
coming soon!

prototypes for IAXO
(babylAXO at DESY) and
MADMAX (at CERN) under
construction, expect scientific
results by 2024/2025

Finished
2021

ALPS Il Optics Commissioning Roadmap

MATTER AND
THE UNIVERSE

laser

production
magnetic field

regeneration
magnetic field

(Baby)IAXO
Helioscopes
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MADMAX
DM Haloscope

‘axions : ¥

hlgh magnetic field

In Progress In Progress First half

2021 2021

2022

In|t|al 250m Cavity COB Cavity Dual Detector
Alignment Commissioning | Commissioning Resonance Integration
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Science
Runs

2022
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On-site experiments: LUXE

electron - laser set up

EEEEEEEEEEE

e @ -+ Firsttime measurement of non-perturbative QED

© . . . - .

8 Compton in strong fields (Schwinger critical field
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107 """" ST A2-dump. .
 Collaboration of particle, accelerator and B -
laser physicists Mo GeV]
« Ongoing infrastructure and detector designs
Review Construction Instal_latipn_& Physics Run
process commissioning
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Theoretical developments

« Building construction for the Wolfgang
Pauli Center

« Coherent interfaces between theory and
experiments for Higgs physics, B-physics
and new particles models

« Cosmological implications of Higgs and
dark matter

* Precise predictions for Standard Model

physics and beyond

Karlsruhe Institute of Technology

DESY | Fundamental Particles and Forces: Outlook | Priscilla Pani - 25.11.2021 - MU days

EEEEEEEEEEE

Temperature evolution of Higgs potential in

V().

High t71perature early universe

Critical temperature
(degenerate minima)

1.

Transition temperature

¢

arxiv:2103.12707

1st order EW phase transition

= matter-antimatter asymmetry

(baryogenesis)

= Collider “smoking gun”: N2HDM

A > Z ha/h3

= Stronger transition = stronger LHC signal!

12


https://arxiv.org/abs/2103.12707

Future global colliders

« Continue long-term contribution to the European Strategy for Particle Physics
« Creation of a community forum supporting future collider activities in Germany:
* Foster the interactions (experiment and theory, detectors and accelerators)

 Identify and exploit synergies

Compact Linear Collider
Future Circular Collider
International Linear Collider
Large Hadron Collider (High Lumi/High Energy)

Muon Collider

I T T A T O 1 T T T I A O
2020 2030 2040 2050 2060 2070 2080 2090
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Conclusions

a LHC operation & analysis m Operation and analysis
Ya

E Operation & analysis m Operation & analysis

ALPS I Operation & analysis Follow-up program?
sabyax0 Operation 8 nayi

MADMAX R&D CERN experiment DESY experiment?

Looking forward to the exciting scientific program ahead!
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