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Motivation
QCD axion DM

 PQ symmetry to solve the strong CP problem
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Motivation

Post-inflationary axion DM mass

* Pre-inflationary
scenarios allows much
| Inflation Wlder M.

—
—
° —
° —
. —
.. —
—
—

* Post-inflationary
production prefers
m, : 40 — 180 pueV.

Buschmann et al.,
Nat. Commun. 2022

averaging

0 patches of
Universe @ fa

current

2/ Universe?
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DM axion detection status

10~
axion-photon coupling
Y 1010
s 10-11 | : -
Post-inflationary
simulations
10—12 :
<
%) C. Beck, PRL, 231801, (2013)
10—13
B,
10-14 Haloscope
e ¥~ 20GHz

Buschmann et al.,
Nat. Commun. 2022

m, [eV] AxionLimits by C. J. O’Hare

4/22
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Principle
Axion-induced E-field

axion field a

6/22




ICHEP 2022 Bologna Chang Lee

Principle
Axion-induced E-field

magnetic field Be

A A A A A A A A A A A A A A A A A A A A A AL

axion field a
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Principle
Axion-induced E-field
magnetic field Be

A A A A A A A A A A A A A A A A A A A A A A A
6 - —» - 1Ll

axion field a

B, %

o= T Je.

Axion-induced electric field

8/22
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Traveling wave from dielectrics

At the boundaries, different ¢

produce different £, and
traveling waves are emitted.

» Signature: mono-energetic peak
above background.

* Problem: siglgal IS too small.
EY = — Car ~a §
€ a

~ 1075 (v/m/T]

freqii€ncy A. J. Millar et al JCAPO1(2017)061
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Dielectric haloscope ! M TT T TT 111,

- 5

e Solution: constructive interference
of signal from multiple boundaries

e Scale-up on transverse dimensions,
sensitive 10 the QCD-&XIOH Mirror Dielectric Disks Receiver

Mirror (not visible)

e [uning by moving disks

Cryostat (4 K
y ( ) Horn antenna

& receiver system

* Antenna couples only to the axion
mode (ideally)

1(0/<Booster: 80 adjustable dielectric disks (21.25 m)

Focusing mirror




Closed booster
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Verification of concept i rwever

A small & simple dielectric haloscope

sapphire

» “Closed”: conducting boundary

| | Mirror
e Understand the detector & its noise

. [ ] O ; T ; T
* First Axionic DM search T
0.4+ ,’/,’\\\ _
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Hidden photon search @ MPP

-to receiver Faraday cage

 Hidden photon to microwave
conversion w/o B field.

e 32 days, 200K effective Tsys

 NO excess power observed

Preliminary

SDEV
o

-4 Search region

-20 -10 0 10 20
center frequency difference [MHZz]
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Hidden photon search @ MPP

 Hidden photon to microwave
conversion w/o B field.

e 32 days, 200K effective Tsys

 NO excess power observed

SDEV

4

2

0

Preliminary

Search region

-20

-10 0 10 20
center frequency difference [MHZz]

10 \ .
10
10
10-11
Se 10-12
10
-13
| 10
1 . CMB 8 80
10 Tokyo Projected sensitivity
B this work
10-14
40 50 60 70 80 90

14/22

Mpp [HEV]
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ALP search from CERN’s Morpurgo magnet

 MPP group traveled to CERN to use Morpurgo magnet for ALP search!
10 hrs @ 1.6T, No excess power found.

* Planning upgrade with a 4K system. Search region
? .47’

Morpurgo magnet/ s

' L\ dielectric

T ﬂ\aloscope

N” 2

Preliminary

SDEV
o

-20 -10 0 10 20
center frequency difference [MHZ]

= 15/20
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ALP search from CERN’s Morpurgo magnet

 MPP group traveled to CERN to use Morpurgo magnet for ALP search!
10 hrs @ 1.6T, No excess power found.

. . 10
* Planning upgrade with a 4K Syst. CAST Y room temperaturs

= Morpurgo 2022

projected sensitivity
\ N _ 4 disks, 11K, 1.6 T
dielectric 4 days
~haloscope = =
Preliminary
KSV/7Z QCD axion
e

.....................................................................................................................................

77.5 78.0 78.5 79.0 79.5 80.0
Axion mass [ueV]
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MADMAX prototype thermosyphon 1

¢$30cm disks
== piezo positioners
-8 & laser interferometer

 Mechanical and rf feasibllity test

 DFG funded!

UH
To be commissioned at ®1.2 m

* Operation in Morpurgo until 2025
during the beam SPS shutdown periods antenna & cold electronics

18/22
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Mechanical feasibility R&D

Milestones achieved!

 Can we operate the dielectric haloscope
In high B, cryogenic temperature?

* Project200 (p200mm disks) successfully tested
at CERN’s cryolab and Morpurgo

* Piezo-motor operated inside the 5T ALPS |I
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Full MADMAX Magnet

Conductor (NbTi in Cu jacket) -4

quench test successful!
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Projected sensitivity

MADMAX

Full MADMAX starting from > 2028
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Summary & COnCIUSion “ o to the dark sector”.D. Strom

* Axion is a well-motivated DM candidate. Post-
inflationary scenarios prefer m, > 40 pueV.

* Dielectric haloscope is a promising concept.

Intense activities to validate the concept using 10°°
the closed booster and prototype. > CAST
10 Morpurgo 2022
* Piezo motor and P200 successfully operated - | - projected sensitivity
in high B-field and cryogenic temperature. 3 .. 4 disks, 11K, 1.6 T
¢ .| Preliminary 4 days
* First HP and ALP DM search using asmall =~ . |
setup. The analysis is ongoing. N vz QCDaxion
el OFSZ

77.0 77.5 78.0 78.5 79.0 79.5 80.0
22/22 Axion mass [ueV]



