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* Current and future needs
= input from outside comtmhitg?

~ what ean axien eemmunity offer?
- How cah iDMEU help?
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Needed arms:
Magnets
Streng (dipole) magnets |

Axion community R&D:
;i Huge S*Permhtlutﬁng J'r-po!e magnets

l-arge stbretl energy
e Solenotds

magnet: based on existing Input— from oﬂ\er communiﬁes:
CERN tec‘\no]ﬁgg ]trom accelerator magnets

* accelerator physies,

¢ * medical p‘\gsic's,

° fusion rese‘arch, dipole magnet: being developed in terms of

. ) EU-innovation partnership between MPP, Rilfinger-NOELL
® some aspec’rs o]( sohd state pkysics, and CEA-Trfu Sacly
°

Axions (and Axion Like Particles) 73



Initiative for Dark Matter in Europe and beyond (i’DMEu) kick-off meeting, 10, May 2021 Béla Majorovits % @)
Needed arms:

Pheton detection

ImproVe detector sensitivity
=D increases mass range that can be covered in given time

squeezed states Axion community R&D: )
[2008.0185%] o q'uantum detectors (freqvuehcxj < 1OOQHZ)

broad bandwidth (.TPA, TWPA)

beat quantum limit
- Sihg!—e P‘\b{'—on detectors ()(re%uehcg > 10 GHZ)i

extremely low thresheld, low background: (GMONs, TES, MKIDs, .. .)

Inpat from other eommunities:

Guantum limited TWPA .
[2101.05615] * Quantum computing

Radio astronomy

neutrine experiments & other ’«ig}\t' DM searches

Axions (and Axion Like P arﬁtle's) o 2%
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Needed arms:

Low l-o‘ss tﬁel—ecrric's and cavities
Minimize RF losses in cavities/ booster, ete.

Axion community R&D:
* Large single erystals

Low loss dielectries

[1901.07401] : pro'c{uce amurp"\ous dielectrics
* Superconducting cavities,
o Meta-materials

In-put from oﬂ\er communities;
* _ Radio astronomy

Superconducting cavities

*  GQuantum computing [2002.08769]
Phetonie erystal . N . .
[2002,01516] 9 RF engineering — tel-ecommumcahoh

°

Axions (and Axion Like Parﬁcle's) 2
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N eeded arms,

Cryogenic precision engineering in B-field

Precision displacement at low temperature & strong B-field

tune freguency , minimizing noise, maximize signal

Axion eommunity RED: o

Cryogenic piezo linear stage et PreCiSibh maf‘ﬁhing bf "arse bbjefts

hﬂps://www.jpe—innovaﬁons.corn/

Preciston Jis-pl—acement at extreme conditions
% Macroscoric stroke at cryogenic temperature
o Reliability

Input from sther communities:

Crgoger\ic cohﬁgwﬁ“e Slit Unit P g | ' . :
For GTC telescope Cf3° e!ectron microscopy
[etps://dei.ers/10.1117 112.671793] * Gravitational wave detectors

* Preciston Ji'splacement t'echnologg in 5eneral-
f Tel-e'scope's

Axions (ahd Axion Like P arﬁcles) 26



Initiative for Dark Matter in Europe and beyond (i‘DMEu) Kick-off me eting, 10. Mag 2021 Bela Majomﬁts % @
. . MAX-PLANCK-I;E&ILE%II‘E
Forhfg infrastructure

for experiments with axien sensitivity

Infra'stmfl'ure for projects with

QCD axion reach: o
similar to particle physies — accelerator RED:

wen-eq{uirpet[ large (emmgh) experimental halls

eryogenie infrastructure

Nece‘ssarg boundary conditions:

® operation of large aperture Supercoht[ucﬁng magnets,

* operating ultra-sensitive guantum detectors,

* minimize (thermal) RF neise & stable ground in detector
Surroumﬁhg.

——

Former HERA ring at DESY
Axions (ahd Axion Like P arﬁcles} 7
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Mang chan-enging R&D sites:

Theory: | . Dielectrics:
Iy Magnets: Technologtes: ~
map ﬂ\e SYN*NH : Tol—er‘ate ho l—o'ss!
Crank em up! be precise, stay cooll
Astrophystes: Quantum detectors;
per aspera ad astral RF understan ding? Computing: Dig deeperl <
stay tun ed! Not‘ ohl\j ‘sfmulaﬁhg

Mang potehﬁal- synergies with other communities:
Gravitational wave detectors medical physics
Quantum computing Cryo-electron miereseopy solid state physics
Radic astronomy accelerater physies
light DM searches neutrine experiments

Axions (ahd Axion Like P arﬁcles) 28
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.HOW can iDMEU hel’g?

Many challenging R&D sites:

N —

Where does the axion family hide?
How to get there?
How to hunt it down?

¢ ¢ ¢ Exam l-e:
Raise interest with: A
*  Other communities 7{\/ APPECGC

g Ihdu‘stn:)
¢ La‘st not l-ea‘st': Fuhtﬁng agehc're's!

Axions (ahd Axion Like Parﬁcles) 29



the @kCD Aan & family

Quilty for solving the strong CP problem! Prime suspeet for cause of DM erisis!

Many bounty hunters and
| bel-per‘s heet’ed toégrn an awartl:
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.
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Cavity

Projects with (expecte sensitivity

Exeiting last 5 — 10 years:
-pl-eﬂ\ora of a-p-proac}\e's emergihg
IR7 s VERY COMPLEMENTARY!

precession LC ciresit
9N, 9504
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Axions and ALPs: basic concepts
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Sensitivity of Now background” experiments
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L
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Mxions (and Axion Like Particles)

Experiment | Type| Techn. [ g_ | Mass range | Status | Limits| Location | Timescale |
Experiments with expected sensitivity to DM axion benchmark models

CASPEr-e* | &g | NMR | .n 107 eV—1neV | R&D ALP | BU

DM Radio® %) LC v 20neV—0.8 peV R&D HP Stanford | 2025-30
ADMX*® %] C o] 2 neV—40 peV running | axion’| UW 2017-30
HAYSTAC 1] CS =% 15 peV—35ueV running | axion?| Yale 2015-25
CULTASK 1) SC/MC | ay 3 ueV—70 eV running | axion*| CAPP 2021-30
QUAX 1%} SN\ e 30 ueV— 50 ueV in prep. | ALP* | INEN 2021-25
MADMAX® | @ DH ay 40 peV— 400 peV prototype DESY 2025-35
ORGAN4 1%} DC/CS* {4 60 peV—210 peV prototype | ALP | UWA 2025-35
IAXOs ® XR ay,ae o 1 IMEVETaN n prep. DESY 2023-35
ALP experiments

CASPErw? 1% NMR ALPN | 10722 eV—1 eV running | ALP | HIM/UCB

GNOME @ | NMR | arpn | 10721eV—10"1%¢V| running | ALP | global 2017-24
DANCE g | oC aLpy | 107106V R&D ALP | Tokyo

Up/Download | @ MO ALPy | 10710eV—10="eV | prototype | ALP | UWA

ABRA? %] LC ALPy | 1neV—peV in prep. ALP | MIT

SHAFT 1%} | Be; ALPy | S10neV R&D ALP | BU

ADMX-SLIC | @ LC ALPy | S50.2pueV R&D ALRSss UFL

ALPSII L LSW ALPy | S0.1meV constr. DESY 2021
RADES %] MC ALPy [, 2307= 50 ueV R&D CERN

QUAX 1%} & =S ALPe | 30 pueV—80pueV R&D ALP | INEN 2021-25
BRASS 1) DA ALPy | 1 peV—1000 peV in prep. UH 2022-23
IAXO# ® XR ALPy | SleV in prep. DESY 2025-35
Hidden photon experiments (no axion or ALP coupling)

SHUKET 1%} DA € 20 peV—30 peV in prep. HP CEA 2024
FUNK 1) DA € 2eV—-8eV upgrade | HP KIT
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