UH
s AD || I\ AX
2 ¥ Universitat Hamburg
DER FORSCHUNG | DER LEHRE | DER BILDUNG
n

Towards a DielectrigxionHaloscope

Christoph Krieger
UniversitatHamburg

On behalf of the MADMAX Collaboration

18" June2021
160 Patrasworkshop onAxions WIMPs and WISPs
Trieste/Virtual



.. ... AxionParameter Space //\AD | )| Ax

DER FORSCHUNG | DER LEHRE | DER BILDUNG

TheAxion =
A PseudoNambuGoldstone bosong e ’
A Small mass and small couplings@ ©*¢ -
A Connected to solution of the B SUM,CSVA'MA A\
strong CP problem S
A Primakoffeffect: PhotorAxion = A NN I e |
conversion in strong EM fields g WE - e [
A Axioncan explain (part of) c
Cold Dark Matter S o nflrr
- o
S oM Mass region preferred in
8 ol P (Qoée\s: postinflationary scenario,
b s RS, .. . Dutdiffioult to accesy
10°% 108 1077 1076 1075 104 1073 1072 1077 100 10!

axionmassa [eV] [Nat. Phys13(2017) 584
|

18.06.2021 MADMAX- Towards a Dielectric Axion Haloscope 2



#....... DielectricHaloscope //\AD MAX

DER FORSCHUNG | DER LEHRE | DER BILDUNG

,l, ,l, l l ,I, l l l l l l i l l g,  Inan external magnetic fielfi _the axion

clectromag. wave emission_ 1111 field cX(©) sources an oscillatinglectric field [

scaledA
field
streng: Tk IS different in materials with different
E X
S At the surface® must be continuous
1= il.2 A Emission of electromagnetic waves
e=1e=14

P TN L T

Power emitted from a single surfack: 5 C&gp |' c’)é ( )

18.06.2021 MADMAX- Towards a Dielectric Axion Haloscope 3



mess e Di€lECErICHAlOSCOpE /\/\AD;\;/\/\/A,X

DER FORSCHUNG | DER LEHRE | DER BILDUNG

'lf:l' 'lf \If 'l' \If 'l[ \If ‘l' 'Hf 'l';lf 'l' Sel e Aot Boost emitted power through:

A coherent emission from

1 = multiple interfaces
o s A constructive interference effects
o i Power boost factor:
- 6 3
: I 0
Mirror _ i Diel_ectrir_: Dis_ks _ Receiver

> 7, 0
Power emitted from all interfaces” 5 C& gp T 0 (—) .

)
18.06.2021 MADMAX- Towards a Dielectric Axion Haloscope 4



s Di€lEcCtricHaloscope  //|AD ) 1| AX

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Al | p machievable with

. _I 1 1 | 1 I 1 1 1 1 I | 1 1 | I 1 | 1 1
80discsand (¢ T ~ 105F 80 discs -
o - Simulation
. . . S i E
A Nonuniform disk spacing € 8*10f :
ofx | can achieve = 6x10°F .
broadband response S -
P R 4x10k -
A Tuning of sensitive : 2x10 .
frequencyrange by = . 3_} | J | | r

adjusting disspacing 24.90 2495 2500 2505 2510

, Frequency v [GHz|
A Arealawf &  €onst

T
18.06.2021 MADMAX- Towards a Dielectric Axion Haloscope 5



@....... TheMADMAX Eperiment //\A0 A

DER FORSCHUNG | DER LEHRE | DER BILDUNG

MAgnetized Disc and Mirror Axion eXperiment

Mirror (not visible) 9T dipole magnet

Cryostat (4 K) _
Horn antenna & receiver system

Booster:80 adjustable dielectric discs {25m)

[Eur Phys. J. €9 (2019 186 Focusing mirror
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Design Phase PrototypingPhase ConstructionPhase
L L |\| I
Foundationof Prototypecommissionin : : . -

MADMAX to startin 202223 gail. F'rStphgcédEaéﬁak'”g

Collaboration

Firstendorsement
by DESY PRC

Fultsize MADMAX
< > magnetcommissioning

Usageof MORPURG®agnetapproved
by CERN Research Bo&wd2021-2024
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A MADMAX to be built adERAHall North
HERACa o A Make use of DESY infrastructure
all Nort A Benefit: reuse H yoke as magnetic

shielding to reduce fringe field

H1 magnet
(to be removed)
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