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There is treasure to be
found:

Open questions
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Unimaginable Riches to be found ;-) è Go Explore



Dreaming about the
treasure

https://en.wikipedia.org/wiki/Treasure#/media/File:Tesoro_de_Villena.jpg
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Some answers with axions/ALPs
• Dark Energy: Quintessential Axion

• Dark Matter: QCD axion or ALP Dark 
Matter via misalignment mechanism

• ALP Baryogenesis

• Neutrino Masses and everything explained
with axions/ALPs: SMASH

• And much much more to be imagined...
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More ALPy answers to more questions

• The strong CP Problem

• Axion (Natural) Inflation

• Astrophysical puzzles: Energy Loss of stars, 
gamma ray transparency of the Universe

• (g-2)μ

• ...                               Your paper here



Drawing a Map:
Where is the

New Physics Treasure?
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Testing of models fostering Exploration

An early example (16th-18th Century):
You want to go to explore the southern hemisphere

If you want to explore: ask a theorist ;-)

16th Century Theorist: Gerardus Mercator
16th Century Theory: Terra Australis

https://en.wikipedia.org/wiki/Gerardus_Mercator#/media/File:Gerardus_Mercator_3.jpg
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Testing of models fostering Exploration

Gerardus Mercator on the need for the existence
of Terra Australis:
„...demonstrated and proved by solid reasons and arguments

to yield in its geometric proportions, size and weight, and
importance to neither of the other two, nor possibly to be
lesser or smaller, otherwise the constitution of the world could
not hold together at its centre.“ (according to Walter Ghim cf. Wikipedia Terra Australis)

Theorists don‘t lack confidence in their results
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Gerardus Mercator on the need for the existence
of Terra Australis:
„...demonstrated and proved by solid reasons and arguments

to yield in its geometric proportions, size and weight, and
importance to neither of the other two, nor possibly to be
lesser or smaller, otherwise the constitution of the world could
not hold together at its centre.“  (according to Walter Ghim cf. Wikipedia Terra Australis)

Some theory gibberish
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Gerardus Mercator on the need for the existence
of Terra Australis:
„...demonstrated and proved by solid reasons and arguments

to yield in its geometric proportions, size and weight, and
importance to neither of the other two, nor possibly to be
lesser or smaller, otherwise the constitution of the world could
not hold together at its centre.“ (according to Walter Ghim cf. Wikipedia Terra Australis)

All other theories are, of course, completely wrong
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Testing of models fostering Exploration

Gerardus Mercator on the need for the existence
of Terra Australis:
„...demonstrated and proved by solid reasons and arguments

to yield in its geometric proportions, size and weight, and
importance to neither of the other two, nor possibly to be
lesser or smaller, otherwise the constitution of the world could
not hold together at its centre.“ (according to Walter Ghim cf. Wikipedia Terra Australis)

Draw Map with
Predicted

Terra Australis

https://en.wikipedia.org/wiki/Terra_Australis#/media/File:Typus_Orbis_Terrarum_drawn_by_Abraham_Ortelius.jpg
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Gerardus Mercator on the need for the existence
of Terra Australis:
„...demonstrated and proved by solid reasons and arguments

to yield in its geometric proportions, size and weight, and
importance to neither of the other two, nor possibly to be
lesser or smaller, otherwise the constitution of the world could
not hold together at its centre.“ (according to Walter Ghim cf. Wikipedia Terra Australis)

„Experimentally“ 
Discovered:
Australia

https://en.wikipedia.org/wiki/World_map#/media/File:Mercator_projection_SW.jpg
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Testing of models fostering Exploration

Gerardus Mercator on the need for the existence
of Terra Australis:
„...demonstrated and proved by solid reasons and arguments

to yield in its geometric proportions, size and weight, and
importance to neither of the other two, nor possibly to be
lesser or smaller, otherwise the constitution of the world could
not hold together at its centre.“ (according to Walter Ghim cf. Wikipedia Terra Australis)

„Experimentally“ 
Discovered:
Australia

è Draw a Map and go explore

https://en.wikipedia.org/wiki/World_map#/media/File:Mercator_projection_SW.jpg
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Exploring is (at least) 2 dimensional

n,Fixed 
target
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The future…

n,Fixed 
target

NA64+

SHiP

EDM
Ring

IAXO

JURA

NA 62+NA62+

Codex-b

TauFV

SHADOWS
NEW!!!!

SNDAION
ISOLDE, 
AD...e.g.

DARWIN

MadMax



An example of a FIP:
Axions, 

axion like particles, 
general pseudo-Goldstone bosons
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ALP/Pseudo-Goldstone Boson?
• Start with U(1) symmetric potential
• Add a small breaking of U(1) symmetry

small

large

very small
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Couplings fixed by scale of symmetry 
breaking: fa

• Photon coupling

• Gluon coupling

• Fermion couplings
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In pictures...

photons

gluons

fermions
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Target space

photon coupling

gluon
coupling
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Go Explore
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Measurement of proton EDM

Themis Bowcock

Sensitivity
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What is measured?
• Proton electric dipole moment ~!QCD

• Sensitive to static and slowly oscillating 
EDM. 

• If " = Dark Matter è oscillating

!QCD
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photon coupling

gluon
coupling
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International Axion Observatory = IAXO

Sun Detector

Ion
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Baby IAXO comes soon

Pictures and slides from IAXO collaboration meeting,
talks by Igor Irastorza and Uwe Schneekloth

https://indico.cern.ch/event/1011471/
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Sensitivity

photon coupling
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coupling
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coupling

Planck Scale

LHC

IAXO

oEDM

-24 -21 -18 -15 -12 -9 -6 -3 0 3 6 9 12 15 18

-21

-18

-15

-12

-9

-6

-3

0

Mass of BSM state⇒ Log10mX[eV]

Co
up
lin
g
st
re
ng
th
⇒
Lo
g 1

0
1/
f a

[G
eV

-1
]

Sensitivity

#-transparency + stellar cooling
QCD axion



Heidelberg 
University

a a

More : Light shining through walls
JURA
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Searching Axion DM

• Photon Regeneration

axion
(dark matter)

Photon 
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Searching for Axion DM
ADMX

https://depts.washington.edu/admx/gallery.shtml

Going Quantum:HAYSTAC

https://arxiv.org/pdf/2008.01853.pdf
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Going to higher masses
MadMax@Munich/DESY

Uses resonant dish antenna strategy!

https://www.mpp.mpg.de/en/research/astroparticle-physics-and-cosmology/dark-matter-experiments/madmax-searching-for-axion-dark-matter

https://cerncourier.com/a/search-for-wisps-gains-momentum/
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CASPEr

ABRACADABRA
https://abracadabra.mit.edu

https://budker.uni-mainz.de/?page_id=7
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Sensitivity: WIMP DM detectors

DM Region

https://darwin.physik.uzh.ch/images/darwin_size.jpg

DARWIN
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Search for Hidden Particls = SHiP
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A theorist’s picture…
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A theorist’s picture…
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SHiP + NA62+, NA64+ and KLEVER
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“Seeing” the dark stuff NA 64+

"
e.g.

dark matter

Precisely measure energy/momentum

+ “dark matter” detector @ SHiP
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Messengers for dark matter?

DM could be here
M. Dolan et al 1709.00009
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Long Lived Particles @ LHC
• Idea: Look for very long lived particles 

produced in LHC collissions
• Recent proposals: 

MATHUSLA, FASER, CodexB, MilliCan
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Long Lived Particles @ LHC
• Idea: Look for very long lived particles 

produced in LHC collissions
• Recent proposals: 

MATHUSLA, FASER, CodexB, MilliCan

Ap
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ed

FASER



Heidelberg 
University

Planck Scale

LHC

oEDM

IAXO

JURA

MadMax
ADMX
Haystac
KLASH

CA
SP
Er

AB
RA
. &
Co

SHiP
NA62++
NA64++
LDMX
KLEVER
FASER
CODEX-B
MATHUSLA
MilliQan

-24 -21 -18 -15 -12 -9 -6 -3 0 3 6 9 12 15 18

-21

-18

-15

-12

-9

-6

-3

0

Mass of BSM state⇒ Log10mX [eV]

Co
up
lin
g
st
re
ng
th
⇒
Lo
g 1

0
g/
M
m
ed
ia
to
r
[G
eV

-1
]

Long Lived Particle searches also explore 
MeV-GeV region
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Future Circular Collider

Energy ~100 TeV

https://home.cern/science/accelerators/future-circular-collider
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Flavor searches
• Rare decays: 

K+àπ++νν NA62 (currently running)
K0àπ0+νν KLEVER
τàμ+μ-μ+ TauFV
ηàμ++e- RedTop

è Probe 1-1000TeV scales
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Where do we explore...
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Much more to come... for example

From O. Buchmueller @ PBC 2021

AION

From O. Buchmueller @ PBC 2021
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https://pbc.web.cern.ch/fpc-mandate



Conclusions
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Conclusions
• Exploration for New Physics benefits from 

both high energy as well as high sensitivity 

èDifferent experiments 
complement each other

èInteresting Hints

Many (more) cool things to explore!

DM

# + cooling

messenger
(g-2)µ, 
p-radius

axi
ons
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Conclusions

Columbus‘ Theory: Tenerife – Jakarta ~ 3000 miles
Actual distance:                          ~ 7300 miles

Lesson: 
Theory doesn‘t have to be correct
in order to find something ;-).
èGo Explore + Be prepared

for surprises

https://en.wikipedia.org/wiki/Christopher_Columbus#/media/File:Emanuel_Gottlieb_Leutze_-_Columbus_Before_the_Queen.JPG

https://spectrum.ieee.org/tech-talk/at-work/test-and-measurement/columbuss-geographical-miscalculations


