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10-2 Mass, in electron volts (eV)

ULTRALIGHT

I
l | Mass range
DARK MATTER

~1to ~30
solar masses

ASl‘I’OhOmica/ Experiments

LIGO/Virgo

Mass range
~10-22 gV to ~10-6 eV

Experiments

CASPEr, MAGIS-100 o ObjeC ts

Mass range
COherenet/y ~1 GeV to ~1 T:V
oscillating — (wst

waves

What Could
= Experiments
Dark Matter XENONNT,

PandaX-4T,
LZ, CRESST, DAMA,

COSINE-100

Be?

L

AXIONS / SUB-GeV

T»_\: 7 DARK MATTER
X ~1 keV to ~1 GeV
109
T Experiments
I n d’ Vi dU al SENSEI, :ESSERACT
patricles

OQ)O Mass range
~107% eV to ~10-3 eV
Experiments
ADMX, MADMAX,
QUAX, CAPP 2

Samuel Velasco/Quanta Magazine
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Axions in Stockholm Direct searches
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WISP zoo
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- Pseudo-scalar

WISP - Axion
-+ PQ solution to strong CP problem (1977)

Mafa~ Agcp
- Invisible axion (1979)
- Dark matter candidate (1983)

- Axion-Like Particle (ALP)

- Generic axion w/o solving the
strong CP problem

Mafa * Agcp

Mili-chaged particle

ALP

- Scalar
- Chameleon (2003)
- Dark energy candidate

- Vector
- Hidden photon
- Gauge field in hidden sector

Hidden
photon

- Others
- Mili-charged particle, ...
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C. O’Hare (2020)

Chandra, NuSTAR,

- g = Fermi, Planck,
<o) INTEGRAL

XMM-Newton

" [ SuperMAG, eROSITA, COBE,

GNOME
(Globe)

HINODE, LISA,
MICROSCOPE
(Space)

QUALIPHIDE
Dark E-field Radio / /
. BACON ' Al-;'ﬂ v
HAWC Tase
Axion i = 4
[t Se \ / \ o
e - — by url.oAn/nowm.oAp\( Wm’
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Axions in Stockholm Direct searches

i) Axion dark matter

- Solution to Strong CP problem Absence o nEDM
- PQ mechanism (1977)
- U(1) global symmetry and scalar field
- SSB => axion field (1978) . _a) ;
o303, 66 = f. 32n°

- QCD axion: mzf? ~ m2f? (cf. ALP)

Spontaneous Symmetry Breaking

- Cosmological implication
- Accounting for dark matter (1983)

a(x) =60 x f,at

- Axion models o
. Paww  DFSZ  Ksvz |
QCD anomaly SM ferminons BSM fermions
Spont. breaking 2 Higgs 2Higgs+singlet Higgs+singlet
£, scale I Invisible (£, > vgw)

(fa ~ VEw)

Remark Ruled out Benchmark




Axions in Stockholm

Direct searches

‘i) Interaction and detection

- Axion coupling

Hamiltonian // JayyaE - B \\ JarrVa -3 Jepmas - E
Observable Il Photon \ Spin precession Oscillating EDM
\
Detection method ] (POIEr SYEEIT, IEETEIORTEET, (S NMR, polarimeter, ...
I photon counter, ... \
v o\
\
1
1
aq-=-=------ Qafw/ 4 :
|
I
Y |
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i) Axionscopes

{0

- Axion source

Source Photons Fermions __| ___nEDMs |

Dark matter ADMX, CAPP. QUAX, QUAX-ae, GNOME, CASPEr-electric,
MADMAX, DM Radio, .. CASPEr-gradient, ... SrEDM, ...
Solar CAST, IAXO
Laboratory ALPS (1) ARIADNE

- Axion mass
- Different PQ breaking scenarios

- Post inflation Ny, = 1

68— Sub dominant

0+ 6,

Astrophysical observations
Lumped element 5" force

(LLLL DULBURLLLY RSUURLLAALL SLAULLALL B |||||I1| UNUBULLLLL BUURLALLLL B AL AL R AL ALY BURLLLL B

10-% 10 10°% 1077 1wor® 10°°% 107* 107 1077 107! 10° 10! 102 10°
m, [eV]

Cavity regime | Radiation regime

}\Comp < Dexp

Theoretical scenarios
Photon coupling
Fermion/gluon coupling

Quasistatic regime

}\Comp > Dexp }\Comp ~ Dexp
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i) Search strategies

Amplifier (T)

- Haloscope
- Dark matter halo in our galaxy

Magnetic field (Bg)

¢ Payy ~ 9 X 10_23 w (%)2 (0_4[)56%/) (1.1ngz) (1:2 T)Z (SZL) (OC.‘6) (1QOC5)

~100 photons/sec

- Helioscope

- Solar axion £y ”
2 2 2
. ~ -17 Yayy ) ( Bg ) L ) _ 2(1—cos qL)
:Pa"y 26 %10 (10—10 GeV 1 10T 10m FooF (qL)?
~10 photons/day
Production Cavity (PC) Regeneration Cavity (RC)
- Light shinning through a wall . ﬂ"’b

- Axion production at lab ;M_WB.. cooooooroos

Magnet String

4
: — P BL
N, =4x%x10 5HZ( Jayy ) ( laser) ( ) (BPC) ( Pre ~1 photons/day
)4 10710 Gey—1 40W 560 Tm 5000 40000
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Direct searches

Laser

10

—p

ADMX SLIC

1 GHz=4.2 ueV

N\ Helioscope (solar axion)

X-ray optics

Detector |
oDDoOoDooDon =209 [,
Magnet String WSS
LSW (axion at lab) Py
arf T :—::/ """" . frenen % : 'i X-ray detectors
L e ‘/»" ““““ Movable platform —— Shielding
L a
/:—«' """" (Gayy: Par Ma
10'19 ‘_9 g 7 ) 3 =) = '
10 10 10 10 10 10 10 10

Magnetic field (By)

Haloscope (DM axion)
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Haloscopes



Axions in Stockholm

) Cavity haloscope

Direct searches

1GHz=4.2pueV

- Most sensitive for DM axion search in GHz (ueV) region

- Resonant conversion of axions into microwave photons

- Axion-photon conversion power (a—yy)
2
- -23 Jayy Pa fa
PaW ~9x10 w (0.36) (0_45%’) (1.1 GHZ)

(~100 photons/sec)
(%) (3 (E) &)
X
10.5T 37 L/ \0.6/ \10°

- Signal-to-noise ratio (SNR)

1 Payy At
Qq/10°

Psignal
SNR = —— =
Pnoise 4kp (Tsys/o-2 K)

- Unknown mass = > scan rate (F.O.M.)

-

Amplifier (T)

Magnetic field (B)

System noise (in temperature)
Tsys = Tthr + Tada
ex) 02K ~3x10722 W
(~4000 photons/sec)

df _ . GHz ( 5 \? (02K 20 Pay \2[10° 417D ;D A e
year \SNR Tsys 1x10 w Q¢
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i) Cavity haloscope — in a nutshell

- Most sensitive for microwave photons

Quantum noise
limited amplifier T

CryogenlcsT d
darevs I pvicor) el

- el = =
Signal amplification w/
minimal noise added

Lo wer/ng thermal noise

Tunable High-Q resonator
High field Magnet B

Interdisciplinary
Boosting a—yy conversion rate research ! Resonant frequency tuning
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Form factor
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- Geometry and mode dependent ‘ jgc Bodvl
- Cavity mode and external field mip . |— |2 — 2
. . je‘Ec dv ||| dv

For cylindrical cavities
» z-direction for TM modes
» (@-direction for TE modes

E, field

y-coordinate [mm]

T™M,,, mode

» Maximum form factor

» Typical cavity mode for
axion haloscopes

E, profile | -
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TMp10 tuning and signal [
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Relative frequency
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Conductor
(0] 2I0 40 6;0 BIO 1(IJO 12IO lﬂlfO 16IO 180
Rod position (deq)
Dielectric
0 20 40 60 80 160 12I0 lﬂlfO 16IO 180

Rod position (deg)

Direct searches

Single Spectrum SNR (offset)

80

60

WCWV Background-Subtracted

oy
=
WWN

A PN
VA -MAAAMANAM A VA NNAAM AR

1
Synthetic DFSZ Synthetic KSVZ
Signal Signal

T T

Optimally Filtered
Combined Spectra

647.99 648 648.01
Frequency (MHz)
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) Haloscope searches
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i) Cavity haloscopes Cartyregne

- 4 7\Comp ~ Dexp
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Direct searches

Axion Mass (ueV)

arXiv:2504.07279 10 100
UF B HAYSTAC "QUAX - CASTCAPP m This Work
s RBF WM GrAHal RADES ~ mmm ADMX 2010-2024 [ZZ] CAST

1079 4

CAPP

ORGAN W TASEH

KSVZ

"l pFsz

This Work

MRI (9.8T, 80cm)

KSVZ
DFSZ
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PRD 107 072007 (2023)
PRL 134 151006 (2025)

v, [GHz]
15 30 6.0 75 9.0 105 120
10 " 3 . — 3 - — r
REBF 5 E 2 o Uw )
g g) ~.l § 3 Q v é
B 2 23 g
¢ o o

Nature 590 238 (2021) E: s

¥

10°

107! =
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. o - ] -
< 17.0 175 180 185 19.0 195 2300 2325 2350 2375 2400
Quantum squeezing (Ty < Tsq, ) X ih Erie
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Singl Microwave Photon Detector
PRX 15021031 (2025)
(b)

Frequency SMPD

T tuning

4 Qubit
readout

Dielectric cavity PRApplied 17 054013 (2022)

Pump

SMPD tuned
(c) with haloscope

TWPA

PRD 108 062005 N " T SR T T
(2023) 3 4 5 6 7 8 9 10

Frequency (GHz)
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Direct searches

PRD 99 101101 (2019) SC (NbTi) cavity

ZFC Waveform Fit
FC Waveform Fit
ZFC VNA-calibrated
FC VNA-calibrated
Copper Cavity

PRD 110 022008 (2025)

10—12

10—13

QUAX (LNF)

10—14

(R ANTT| B ARTT] B WA |

10~15

a8

mg [eV]
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Frequency [GHz] JPA run PRD 111 095007 (2024)
6.14 6.19 6.24 6.29 6.34

=] B =
c X
=107 -
£ ] < e co o
50 1 = X zoc
Digiteer
ORGAN-Q pa = 0.45GeV cm ™ - &
10713 : . . _ 2 .
254 256 258 26.0 262 L I ). 9K
mg [peV]

62.0 62.9 63.7 64.5 65.3 66.2 67.0
10704 -

1ALP cogenesis

GeV)

~ 10-11 ol

|garn

11 Sci. Adv. 8 abq3765 (2022) ALP genesis + SMASH |
15.0 o 15'.2 S 15‘.4 o 15'.6 o 15'.8 o 16I.0 o 16'.2 '
Frequency (GHz)
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IBS-CAPP

Hjﬁ ‘H“*'EWT"F A

~~ gfl

CAPP-9T CAPP-12TB CAPP-12T CAPP-8T CAPP-8TB
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_ e d 2 kst
High-Q cavities 2t BVCUTS 5
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- Under strong magnetic fields

B f ——
BC A Normal state A /\U/\U/\
2

c High critical field B, Vortex depinning
& S (high dissipation)

High depinning frequency f,

Ll Vortex pinning
(low dissipation)

Te ReBCO-based
High-Temperature Superconductor (HTS)

- ReBCO HTS

- Biaxially-textured 2D tapes (commercially available)

Stabilizer (Cu) 20um a

Protection layer (Ag) 2 un
P

> Superconducting ‘
ayer (GdBCO) 2 um

Buffer layer (MgO) 0.7 um

Substrate (Hastelloy) 50 um

GdBCO HTS tape Tapes on 2D pieces Assembly 3D SC cavity
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EuBCO + APC
Fujikura

Material
Manufacturer
Volume [L]
Freq. [GHZz]
Q@8 T
Application

4.5x10°
4.0x10%F
3.5x10°

S 5

E 3.0x10

w 2.5x10°%

220410,

3]

8 1.5x10°
1.0x10°

L___'__gf_'___‘_.__'___'______

o
N
N
—

gy
—_

04 05 0607 08 00
Magnetic Field (T)

KT

5.0x10°*
0.0

o 1 2 3

4

5 6 7 8 9

Magnetic Field (T)

YBCO
AMSC
0.3
6.9
0.33 M
Demostration

GdBCO
Theva
1.5
2.3
0.5M
Axion search

Direct searches

2.0E+7
1.8E+7
1.6E+7
—_
O1.4E+7
(&)
©1.2E+7
1.0E+7
=
8.0E+6
36.0E+6
4.0E+6
2.0E+6
00E+0

2 3 4 5 6 7
Magnetic Field (T

EuBCO + APC
Fujikura
1.5 0.2
2.2 5.4
3.5M 13 M
AQN search Axion search

37
1.2
1.1M

Axion search
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/i¥) QNL amplification BT |

\.

- Flux-driven Josephson parametric amplifiers (JPAS)

Coil current (1A) Parallel-Serial configuration
—282.3 —-120.1 421
f e } Read-
2.30<\ i ! ! |Soun:e v\A'>©~\A~M\~vvv\~>©—\m~) ot
n
f— 2\ 7/
g = ..' :. k.. ... ‘ : SST 34 085013 (2021) JPIA1 JPA 2 JP.IA 3 JPL4 JPAS JPAIQG
2 ofs = Y] ! Best performance!
2201 e . I E— T 1
[ .
. 2287 2288 2280 e [
f
2.15 . (GHz) | Q
-0.5 0.0 0.5
d/do . ,#
Frequency tuning
Pump
A4 0.200 T
In Ce -~ — 1.30G X :
] —— 1.35G
out ._l |_W 0175 7 00
e 1.45G x
> —o T T Parametric 01501 - 1506
amplification —*= 1.55G
- 0.125
g

(nonlinear inductance)

Added Noise T, (K)
o
=
o
o
"%

0.075

0.050 17 Standard-quanttm limit
0.025
0.000

1.20 1.25 1.30 135 1.40 1.45 1.50

U_ Of TOkyO & RIKEN Frequencies (Hz) 1e9



Direct searches

Axions in Stockholm

G ‘ & pay2p2 KAIST |
1t§ H F ap proaCh dt B V C QLTsySt l\ 1911/
Multiple-cell (pizza) Higher-mode (Wheel) Photonic crystal
PLB 777 412 (2018) m PRD 107 015012 (2022)
™y 1 0.69
TMyy 23 15 1 013 O/Ogo\ >
TMps, 36 1.9 1 0.05 C

JPG 47 035203 (2020)

Relative frequency

« Larger volume
« Simpler receiver chain

Y ~4 X fTM010 Rodrposmon (deg)

f < spacing
~10 X frmoro
Kirigami tuning
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CAPP-8T
(8T7/125mm)
HTS SC cavity + JPA
(2.3 GHz, Q ~ 3.5 M)
AQN search

Paper in preparation

CAPP-8TB
(87/165mm)
8-cell + JPA
(6.9 GHz, 400 mK)
Near KSVZ sensitivity
arXiv:2507.04344 CAPP-12TB
CAPP-12T (127/320mm)
(127/96m) —— f>1GHz V=37L, Ty, <250 mK
3-cell + JPA == df/dt ~ 2 MHz/day @ DFSZ
(6.3 GHz, 400 mK) Iaﬂ PRL 130 071002 (2023)
KSVZ sensitivity . Extended scan (Af~120 MHz)
NM algorithm PRX 14 031023 (2024)

Ready for 300-MHz run w/ SC cavity

PRL 133 211803 (2024)
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Direct searches

Research
Centers

Research Outcomes

Mathematics

Center for Theoretical Physics of
the Univarse(Particle Theory
and Cosmology Group)

Center for Theoretical Physics of
the Universe(Cosmology, Gravity
and Astroparticle Physics
Group)

Center for Exotic Nuciear
Studios

Dark Matter Axion Group

Ceonter for Artificial Low
Dwmnensional Electronic Systems
Center for Underground Physics
Center for Axion and
Precision Physics Research

Center for Axion and Precision Physics Research

# Home > Research Centers » Center for Axion and Precision Physics Research

Searching for dark matter

axions to axnlain the farmation m
2013.10 ~ 2024.12

(&)

Research
Centers

Dark Matter Axion Group

& Home » Research Centers » Dark Matter Axion Group

Research Outcomes

Mathematics

Center for Theoretical Physics of
the Universe(Particle Theory
and Cosmology Group)

Center for Theoretical Physics of
the Universe(Cosmology, Gravity
and Astroparticle Physics
Group)

Center for Exotic Nuclear
Studies

+ Dark Matter Axion Group

Center for Artificial Low
Dimensional Electronic Systems

Center for Underground Physics

Center for Axion and Procision
Physics Research

IBS Dark Matter Axion Group

2025.01 ~
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i) Cavity haloscopes cantyregne

N ‘“*"“‘ ' 7\Comp ~ Dexp

Cavity regime
)‘Comp ~ Dexp
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) Axion mass predictions

Frequency [MHZz]
10° 10*

o SRR
b,
LA

WA 4 4
\‘*f?er"f‘./.k

CAST

—10
10 Neutron Stars
SN1987A
fpr—
~ 10 I8 'NuSTAR
Pulsars

CAST-CAPP 5 DMX
PHVIO NV OAO
RADES

QUAX-07  GigaBREAD

LBRLRLAL

p—
(@)
—
w
IBLRALLL |

T T

1 L L I | 1
I 1 T 1 1 L | 1 I 1 1 1 LU | 1
Dine "17
[ Benabou 24
Bonati "16 Klaer/17 Saikawa 24 |
PO i Ballesteros "17 "
H ﬁ 'l, 7 cuip 1
T ' Jorsanyi "16
Petreczky ‘16 Buschmann 20 } -
& Co"20}
E Bt‘{k()\\'il/ 15 Fleury '15
] ! [ B A | = ! T ]

10~6 10~> 104

mg [eV]

10!
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- Dielectric power booster

Direct searches

PRL 118 091801 (2017)

PHETEEEEA T,

electromag. wave EmiSSfDD(mnnmr\w

scaled
field
strength 5|
a N
E /N !

N N \ x i i
Ej, =Ejp '

e=1e=4

Mirror Dielectric Disks

Receiver

Suitable for 10~100 GHz

Mirror (not visible)

9 T dipole magnet

Cryostat (4 K
y R Horn antenna

& receiver systen

Kinetic mixing x

Separate
volu

Booster: 80 adjustable dielectric disks (&21.25 m)
Focusing mirror

_ﬂﬂﬂ] | M/ﬁ Preliminary

31

Radiation regime
)\Comp < Dexp

Proof-of-concept

Morpurgo (1.6T)
3 disks

Be

- (-

Prototype (2024)

*,

10

e BRASSp——— MADMAX
Prototype
CB200
MMWMW . Unpolarized DPDM
| : no= 0.3 GeV/cm?®
75 80 85

Dark photon mass m, [peV/c?|

PRL 134 151004 (2025)
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- Plasma haloscope
- Wire metamaterial => bulk plasmon

|
=
o

$12 magnitude [dB]
3

Direct searches

PRL 123 141802 (2019)

32

Radiation regime
)\Comp < Dexp

ECEED

212
o
5

.

w, independent of the detector size
Large conversion volume at high frequencies

|
w

-15¢

---Experiment 4

TM110 TM111l _ cst

“711.3 11.35 11.4 11.45 11.5 11.55 11.6 11.65 11.7

f[GHz]

Prototype 10x10 array (11.4 GHz)

60 cm

16x16 array
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10

‘Magnetic ﬁeld 13T
Form factor: 0.5
Integration time: 3 y
Noise: g.lim

Diameter: 50 cm

Buschmann (2021)
Q 10s Magnetlc field: 9T

Form factor: 0.5 |ntegrahon time: 3y
| 50 discovery potential | Nonse Squ Volume' 201

e 107 103
Axion mass mj, [eV/cz]
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D M R d . Quasistatic regime
a IO A-Comp > Dexp

- Lumped element haloscope
- Broadband low mass (<1 ueV) search

- Sensitive to pre-inflationary scenario DM Radio-m®
Solenoidal goemetry

PRD 106 103008 (2022)

# g0 Bag; %,
=< T %

’ e o
F \‘_\f,;‘
\n
1]
i tﬁ [l
W\ So f
\ A%

& =V,

Frequency

kHz MHz GHz

Jeff = Gay\ 2pa cOs(@qt) B
> 1072

2
} 1014

=)
;5
2 116 ]

ABRACADABRA-10cm
PRL 127 081801 (2021)

Sheath /\

DM Radio-50L
Toroidal goemetry
(under construction)
arXiv:2210.07215
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i) Other haloscopes
- Recent
- CAST-CAPP: phase-matched cavities, ~20 ueV Nat. Comm. 13, 6180 (2022)
- RADES: microwave fiber, ~34 ueV JHEP 2021 75 (2021)
- Grenoble Axion Haloscope arXiv:2110. 14406
- 14T7/52mm magnet, ~26 ueV
- Taiwan Axion Search Experiment with Haloscope PRL 129 111802 (2022)

- 4.7 GHz, 11 x g,,*SV?

Broadband Reflector Experiment for Axion Detection  prL 132 131004 (2024)
- Parabolic reflector, THz region

- Proposed
- Canfranc Axion Detection Experiment JCAP 11 044 (2022)
- 90 GHz (W-band), Kinetic inductance detectors
- Superconducting axion search arXiv:2505.07541
- SC (NbN) cavity, 1471, 8.4 GHz
- GrAHal-CAPP Front. Phys. 12:1358810 (2024)

- 9T/800mm magnet, SC cavity, 1~3 ueV
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Grenoble (431/34mm)

g o i _?
e |1 ! -
G-

- S

i “ A ] ’ | :'.,3 { |
YBCO pancakes 254 i

(-

L

s ’

Jd

A

Vacuum vessel
He vessel

CERN (1.6T)

r—

S - / : Thermal schield
DESY (10T, dipole) T
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W PRD 99 101101 (2019)

1200 L ¥ ZFC Waveform Fit
o } 3§ FC Waveform Fit
N = ZFC VNA-calibrated
1000 - FCVNA-calibrated
Eo ---- Copper Cavity
.
800 - fi
E 9 GHz
600 - b,
g
400 [~ } g'.'.'-i-., )
Run 1A-C Run 2 EFR Loty
200~
PRL 125 221302 (2020) R T e S
BI[T]

Glle) W%
Q| CR% (0%

PRD 107 015012 (2022)

NIM 985 164641 (2021)

x10°

® Magnet Ramp-up 109 GHZ
@ Magnet Ramp-down o
o ® o o e o o 0o
s’ N 3.00E+07
r. 3! Frequency shift | 2 50E+07 5 4 GHZ
° wal . IS | 1 ' 7
> §1 2.00E+07 Qo > 10
L]
° 0l gt g 1.50E+07
L]
,. -1 73 5 BAT S 7 1.00E+07
® 5.00E+06
0 2 4 6 8 0.00E+00
B(T) 0 1 2 3 4 6 7 8

B Field (Ti
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i) Microwave photon detector

v

Power detection vs. photon counting

(w/ amplifiers) (w/ single photon detector)
100~ T (== Selective field-
f=10 GHz Hido ’Fonverslon cavity |_| Detection cavity| ____ .y

Transistor-based 10} I ph . Im—ﬁ..;n
(Th ~ K) i , Sa.,. F::*.z:’mb:w"’ M
g Laser Free from EIctron
0.100f /,,.—" E Strong magnetic field magnetic field  detector

== Total noise

Tnnise [K]

0.010¢ == Bosonic occupation
0.0011 T — Standard Quantum Limit | | \At:mlc+Extema|
- Tnuise=Tphy Atomic \\\\\
1074k : ‘ : : : s eaz
| v 0.001 0.010 0.100Tphy K 1 10 100 N e/ ::: \\ = N\\\
Quantum limited ~ Game changer \ \ /
(ToaL ~ 50 MK x f[GHz]) at high freq. and low temp.
Nature 590 238 (2021) IEEE TASC 2850019 (2018) PRL 126 141302 (2021)
- C)
_#'_’. . Readout
Transmon i Dark Matter
o C‘H“" Ma
“;% 0=1000 é‘é nY = Storage

Quantum squeezing (Ty < Tsq, ) Single photon counting (Ty << Tsq,)
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i) Local dark matter density
* Daxion = 0.45 GeV /cm3 (cf. pyiup = 0.3 GeV /cm3)

 Gaia DR3 and APOGEE DR17 * Phase space distribution of 6M

» Circular velocity curve of MW stars (Gaia DR3)

Mon. Not. R. Astron. Soc. 528 693 (2024) UI’)SU,O ervised machine | earning

===+ All baryon == Warm dust —— Baryon 4+ DM

===+ Bulge H1 gas 1 Ouet al. 2023 (this work) JCAPO1 021 (2025)
-==- Disk —-— H, gas I Eilers et al. 2019
== Cold dust —— Best Fit DM: Einasto = Total B ¢ =-0200rads | 55
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Pomiocal = 0.447 +0.004 GeV /cm? Pomiocar = 047 + 0.05 GeV /cm3



Axions in Stockholm Direct searches

Helioscope / LSW
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Sunrise
X-ray telescope system

Photon (keV) to axion \/— 7. Conversion into X-ray
in \l,‘V 'g\|ﬁ555552 "Iiﬂboa;gnet "‘.:‘. T in
dense stellar plasma N T : laboratory B fields
v s
~10 photons/day
-17 Yayy 2 By 20 L \? 2(1—cos qL)
- Py, 2.6 X 10 ar F, F= :
10710 Gey—1 10T 10m (qL)
) » arXiv:2406. 16840
- History © 10
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- International AXion Observatory
- Large toroidal helioscope
- 8dipoles (6.4 T, 20 m x @600 mm)
- Diverse physics over wide range
- Axions /ALP miracle / Astrophysical hints

- Goal : ggy ~ 10712 GeV ™!

- Baby-IAXO arXiv:2010:12076
- Approved in 2020 (DESY)

- First step towards full IAXO
- 4T/10mlong => 10 x MFOM st

10° 10 107 10° 10° 10* 10° 102 10" 1 10
m,(eV)
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Light shining through a wall

- Axion-production/photon-regeneration at the lab
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agnet String
~1 photons/day
- Model independent search e
- No need of cosmo./astrophys. source 107

- Pure axion-photon coupling

- History o
- BFRT => OSQAR =>ALPS =>ALPS Il

- Goal: go,, ~ 10711 GeV ™" below 0.1 eV
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- Any Light Particle Search Il

High power Productiog Central optical Regeneratiogn Single photon
laser (HP L) cav1ty’(PC)\ bench (COB) cav1ty’ (RC)‘ detector
Magnet strmg
e & o o o .[. H!
B=56T iy
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- ': -~ - :
106 m—— 105104 HZ
S Y S B et eetee e T
10-12 4 —— HET data + phase correction First SCience run (30 X ALPS)
—— HET data + phase correction, open shutter -6 From Ciaran O'Hare: hitps:/icajohare.githubio/AxionLimits!
—— Noise 10
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i) Axion searches — future

Frequency [Hz]
10° 10° 10 10
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101 CAST
____________________ Wi
TR — o NINEEN | | 0 —
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ADMX SLI L
S 107 g
)
10
10771 Lunsped clegent .= MfJSt parameter space
will be explored within
the next few decades!
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Summary
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C. O’Hare (2020)

» Axion is theoretically well-motivated
but experimentally very challenging

Chandra, NuSTAR,
Fermi, Planck,
INTEORAL
AWM -MHowbon
oROSITA, COBE,

HINODE, LISA,
MICROSCOPE

P

S € o JoEe N\ M\ i wmeepeaxct 0 7

' ORPHEL \
Li00
MAGIS
QUALIPHIDE ¥ jul =~ DANCE
Dark E-fleld Redlo ' DOSUE-RR
— s SAPPHIRES
Axion nzae ! o
Dark phOtO“ X VT . - NS - PPTA

Scalar/vector

« Axion' community is getting larger
* Next few decades must be crucial/exciting
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