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MADMAX: Introduction and status

Post-inflation axion

Our Universe:

Cosmic axion
Random 0, string

Cosmic axion |

0.01

ma < 10 meV SN— ——— =
PQ symmetry breaking after inflation

ma ~ 100 peV
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High-mass challenge

Dark matter axion predictions:
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e 40—400peV (10—100 GHz):
Challenging for traditional resonant cavity
due to smaller volume, lower Q
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AXxion signal

¢ |nverse-Primakoff in matter

AN a .
A. J. Millar et al JCAP01(2017)061
NANASY
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* Discontinuity of € or Be o B | o
generates propagating EM =4 o B
field. E/

k, € >k,
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E.=E, H=H) “4 y
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sighal power
TTETTTeeerrneste.

* Simplest: a metallic mirror (g = oo)

—_12 Be
Ey=13x 1072 [V/m] x ( )
107

~12 photons / day / m2 (@ 25 GHZz)
Mirror D|eIect;|]c i|sk55
* Mirror + dielectric: QO « ¢

Leaky resonator, g = E/E,

40 |

boost factor: - 20
~ 0
2 2 A
Fobho '6 ~20 - standing
 Add more dielectric disks... <ol Wave
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5, O0.=—
4n
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Dielectric haloscope

A A
T IrIrIeTt e
® Mmore sources + I -
coherent —— -
iInterferences 1™ -
e Boost -
Mirror 7 7Dieliectrié Disks 7 Receiver
2‘ more N! ; Area (B - bandwidth) as
p — _of e "
é 4
I3
& 2
1
| 0
> 0 2 4 6 8 10 12 14
|4 Number of dielectrics

3rd Workshop on Microwave cavities and detectors for Axion Research



MADMAX: Introduction and status C. Lee

BOOSt oooooE- 80 discs |
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e (2> 60,000 possible
with ~80 disks.
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Power Boost Factor /32
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Frequency v [GHZ]
* Disk spacings tune 8. _,

- _— AV5:200 MH

e Broad band for : — Av, = 50 MHz
V r - Vp = 7z
coverage - el ~ Avs =1 MH

e higher 3 for
confirmation
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Scan st

* Area Law:

Psig X Av Is independent

of disk spacings.

Loran SN2/ kT2
2= () &)
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P'O<B29 27n9A9N9_
S1g IB AL

e Narrower peak leads
to faster scan.

e |n practice,

ttot_adj ~ ttot_scan-
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AD | /\/\ AX collaboration
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Instrument

~2m

80 dielectric
discs e=24

spacing ~cm
for 10-100GHz boost

-
m& .y
B
=
e
| -
N

mirror | 4
T~ receiver

i

10T magnet

~ 4K Cryogenic parabolic mirror

enviroment (?)

/---

Cover the QCD axion @ 10—100 GHz
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Simulation

Cecerek_ v
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e Maxwell-Axion
equation solved by
analytic, FEM, ray
tracing, and other

methods. '
. dielectric
1D calculations diSK S it
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e | atest topics:
3D effects,
boundary loss,
diffraction N
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Reflectivity
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recelver chain

LHe-Bath Room temperature
| -10 dB l\ -10 dB l\ -10dB l\
10GHz - 20 GHz o > ~_
e I™> >} D> X D& X F>—JaHFe
33 dB | 383 dB 10 GHz 7..25-7.75 GHz 1.555-1.605 GHz 50 MHz
TN= 5-6 K T =75 K
G G G
i o o
fo, f f
1. Local osclllator 2. Local osclllator 8. Local osclllator
2.7GHz - 12.7GHz 5.7245GHz 1.5495GHz

signal analyzer
(4 samplers, 1.4% dead time)

"] J j front end mixers

and amps

“Fake Axion” (signal generator)

LHe bath
— 4K THe + 5.5K TAmp I~ 95K TSys

e 10-23 W detected in a week
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System temperature

e Thermal emissivity of the
iInternal parts to be
measured.
goal: AT < 0.5 K

e Bottleneck: ~5 K noise
temperature from HEMT

e Quantum noise:

~0.48K @ 20 GHz t
Scan 2
& Tyo Toyg =Ty + T
e Latest options Ay sys> ~sys — bg ' amp_
(JPA, TWPA, ...) to be <4K 5-6K
considered
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C. Lee

e Baseline design by
M. Matysek & D. Kittlinger

e 80 disks at cryogenic temp.

image by M. Matysek
e Each moves 1.5—30mm w/

< 60pum precision for 3 ~1000.

* Piezo motor for moving disks

Frequency [GHz]
19.006 19.008 19.010 19.012 19.014 19.016

— MU=0um, 0=0.3um
— MU=25um, 0=0.2 um
B Towards Mirror

B Away from Mirror

e test @ cryogenic
+ high magnetic field

e Hysteresis, accuracy
measurement at varying loads
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Dielectric study

1 dielectrics
ﬂmax — Oy — —
n Al2O3
for 1 mirror + 1 disk setup
at resonance LaAlO;
30 r— TiO2
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Magnets

CEA Saclay

* Prototype magnets for R&D (2~3 years)

e 3-4 T, ~400mm bore 05

* Used magnets at Saclay under survey.-1s

* Final setup (> 5 years)

* 10T dipole, B2A: ~100 T2m2, ?(e\‘\“\
~400 MJ stored in 2m x 1Tm?Z

* Two independent design studies I-L

by CEA Saclay & Bilfinger Noell Gmb .
.. Noell Bilfinger
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Site & infrastructure

e DESY offered
HERA north hall (H1)

e |Large supply of LHe
for magnets

e Support for magnets’
weight (~150 tons)
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Prototype

e Feasibility test & First scientific data

e startsin ~3 yrs
20 x ®30 cm disks

Mirror + motors /

. prelim
{ { { 34T
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Future perspective

Prototype

10 IAXOlprojection
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Summary

e 40—400 peV is an
interesting target for post-
inflation QCD axion search.

e Dielectric haloscope is a
promising technique.

 MADMAX is developing,
aiming to cover the
parameter space.

e PRL 118 091801
JCAPO1 (2017) 061
MADMAX white paper
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Boost

B=E/Eo

* Transparent mode:

S I
* Disks + mirror boosts signal by &}

mirror disk

27T

O=nxdxv=rm, 3m, 5m...
constructive interference.

* Resonant mode:
o =m1/2, 3n/2, ...
disks + mirror forms a leaky
resonator.

Dielectric Phase Depth 6,
~

e Combined boost from both _
contributions. 0
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Transfer matrix

e Transfer matrix formalism w/ boundary conditions
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list of show-stoppers

Disk Surface

A‘ —'
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fted W

cidert Wav
Surace Wav
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e High tano, tilt, 3D loss,
diffraction

N

e Unexpected losses /
/
A

%
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e Components incompatible with
h|gh B field Incident Wave ) Ay

A0 1 |

Ao, [/ a0,

e Mechanical precision too difficult. SN
| AT, S AD,

NOA®; \ Ad3

Reflected / Transmitted Wave
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Dielectric width

e For a set of dielectric disk with width d, how wide
frequency can we cover?

e Tmm 15—30GHz

e 3mm 5—15GHz (LaAlO3)
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Fine-tuning search

20000 40000 CocO0 20000 10C0OCO 12000 1400C0
Power Coost Madtor 'W
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