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TWPA as broadband preamp:

First 10 qHz TWPA produced and characterized

Added Noise [K]

Béla Majorovits @)

MAX-PLANCK-INSTITUT
FUR PHYSIK

Added noise ® 10 GHz ~ 1K

3.0 ~
. !
,,,,,, 5 LNF'HEMT

2.5 % N ‘(gat/a'sheet)

DL st awea
201 3 ,\\;\ W - (\M = F_f,;_‘ji,SéL
1.5
1.0
0.5
0.0

Frequency [GHz]

Further activities at NEEL:
. Fre;tuencie‘s up to 20 ('30?) GHz

* Further reduce noise (tﬁelett‘ric !-o‘ss)
il



Searching for Galactic Axions and Superconducting Devices with Quantum E‘fﬁciehcy, 25-29 Oct. 2021

MADMAX Prototype

Boost' faft'or

1D idealized world
differs from
3D real-itg

Tilt
y

Planarity

T

£ ~9/10

Surface
Roughness
o

£~ A4

Advances in searching for galactic axions with a dielectrie halos:ope: J\/\@ /\/\/M

Power Boost Factor 82 Power Boost Factor B2

Power Boost Factor B2

2.04

=
(%]
1

(]
(=]
1

]
(5]
n

0.04

x10*

20 Disks, #=30cm

Max. Tilt [um /a]
— 1000
— 300

100

30

10

2.0

[u]
(%3]
1

0.0+

Planarity
o [um]
— 100
== | 23

10

5
= T

2.04

[a]
w
1

Roughness
o [um]
— 100
— 60

30
20
10

0.04

22.00

22.05 22.10

Frequency [GHz]

Béla Majoroﬂts %

Full Scale MADMAX A PN e T
80 Disks, g=1m

4
5 x10
| Max. Tilt [um/e]
: —— 1000
4 4 |
=8 —— 300
s 100
S 3 30
iid
= — 10
8
@ 21
- e N
[+ o S
a 1 e o 1
o =
Vil >
04 - " / / [
7 T : / / _3
5 X10* 8 ; \ o >
S ..s =an/ <
[ = Planarity~9*" .~ <o
\\.\\\\ "/i\\_._k .‘.G-_[ﬁ.‘! "]"F:;/’ W
a 41 < S 00 3.
T . — 30 a
o - y i | 10 o~
e 5 ®
£ -~
g —2 9
@ 27 »,
e
g o
&£ 11 o
>~
0] N
5 x10* 2NN
Ny
Roughness @
o [um] _V\g
N 41 — 100 O
; e 3
S E -+
': 20
a — 10
@ 2
|
@
3
a 14
0_
22.10 22.15 22.20
Frequency [GHz] 12



Searching for Galactic Axions and Supereonducting Devices with Quantum Efficieney, 25-29 Oct. 2021 Bela Majorovits % @

Beam 'shape
1'D it’eal-ized WOTM tﬁﬁ:er‘s frorn 3’9 real-it\:)
o Simul-aﬁon's (itleahzeto i /
, 7

P, VL e
‘k??\\ ® .- Ff B \“ H
Tilt Thickness Variation Surface Roughness, ./ ;v,ﬁ/
0.2 S
Ymax =100 um/o o=10um, £ =35mm o=20um,§=4mm =N 200
gy, — I 100
3 5
L -0 e
- 00 ] 1 | =
- —100
—0.1 4 = |
—-200
— 250 = =70 2501 ' 0 250 ' ' | 0 250
L % “ = E [Eo] : E [Eo] //—s»——\,\\ E [Eol
0 == 2 T 0 T T T 0 T T T
—0.1 0.0 0.1 —0.1 0.0 0.1 —0.1 0.0 0.1

x [m] x [m] -

Advances in searching for galactic axions with a dielectric haloscope: //|AD ||} AX MADMAX: Krirek et al., JCAP10(2021)034 13



Seart‘nihg for Galactic Axions and Superconducting Devices with Quantum Efﬁcientg, 25-29 Oct. 2021 Béla Majorovits % s
¢ ¢
P roof o‘f pr hctp’-e setup

Feasibility of tuning

-INSTITUT
FUR PHYSIK

* Positioning algorithm:
achievable accuracy

2 Re-prod ucfm"ﬂ'}j

* Correlations
Recivity 1. buust

S Egge et ol EFTCE0(2020)392 [2001.04363]

Advances in searching for galactic axions with a dielectric haloseope: J\/\& /\/\,A_X



Sea"’”"ﬂ for Galactic Axions and Superconducting Devices with Guantum Eﬂ:iciehcg, 25-29 Oct. 2021 Béla Majoroﬂts \@\\

Proof of princip!-e setup

Feasibility of tuning

32

5.
: —— Measurement 396 e - > o “;// /?’J
* Positioning algorithm: | = %:.\ 1} /é///
3C‘ﬁevame accuracy Y | W‘ | i ’ g -
* Reproducthility - \‘WW} | o0 gt

* Correlations i ol N "~ SR P L

... —— Difference
\ T T

2 a . = ] -""-’“..'-'\-*-_‘. LTRSS 1T FLPAEY N ) i ,_.-._, -.'-'.'_ I pallll (FR1 SN
¢ ¢ - = = Wy L 380 |'
revfiecty YS. pooST s
L Qe ) < |
N Vi Py %% 17 18 19 20 21 22 23 24
SO\ . ! Y Frequency [GHz] —=2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0

Frequency Deviation [MHz]

Egge et al EPJC80(2020)392 [2001.04363]
Advances in Searchihg for gal-acﬁt axtons with a dielectric halos:ope: J\/\@ /\/\/M 15




Searching for Galactic Axions and Supereonducting Devices with Quantum Efficieney, 25-29 Oct. 2021 Béla Majorovits %

C!-o'setl {:oo‘s["er ‘setup
Sim-pl-e well defined 3 dise closed system:

FUR PHYSIK

o

Signal- response -+
3D 'sirnul-aﬁon

magnitude [dB]
&

~> calibration

-
o

100

75 main peak

5011 J‘

| ’ P erf orm 'ﬁfst |
| __measurements n l /\

‘\ s \: Sy | ] b | \ I
l« N 0 0 ! . R
N . : . 1. 18 1825 185 18.756 19 (19.256 _19:5~319.75 320
- B-ﬁeld and at LHe!

frequency [GHZz]

25

group delay [ns]

Chang Lee at TAUP 2021
Advances in searching for galactic axions with a dielectric haloseope: J\/\& /\/\,A_X 16



Searching for Galactic Axions and Superconducting Devices with Quantum Efﬁciencg, 25-29 Oct. 2021 Béla Majorovits % @)

MAX-PLANCK-INSTITUT

FUR PHYSIK

Mea'suremenfs at CERN MORPURGO magnet

https://home.cern/news/news/experiments/madmax-and-cerns-morpurgo-magnet

300 Me‘.f’)%(ZQDU)%(l.ﬁT)( A )%
Pa 32 B, 7.23 x 1@_1 mi/

( Teys ) (SNR)% (0-85)%( "3“)(_‘4 d**ﬁ’ﬁ)%«[é?ev-l]

gay = 479 x 107

ABOUT NEWS  SCIENCE

410 5 n % kHz/ . \—g¢ /)
Voir en frangais \:.\\\. . F‘tl 5 . l"\\ : "!'
MADMAX and CERN’s Morpurgo e 24 D 4
E magnet . 107°
B e oo MORPURGO CAST
10 NOVEMBER, 2020 | By Thomas Hortala _10
| 2022 § 2023
-, ‘ & ‘ i projected sensitivity
T 0
b e ©
eam S ut OWY\S O -1
=10
o
is)
=13
10
oy QCD axion
10
77.0 77.5 78.0 78.5 79.0 79.5 80.0

(Image: CERN)

Chang Lee at TAUP 2021 Axion mass [ueV]
Advances in searching for galactic axions with a dielectric haloscope: A/\AD )M AX 17



Searching for Galactic Axions and Supereonducting Devices with Guantum Efficieney, 25-29 Oct, 2021 Béla Majorovits % @)

Measurements at Lﬂe temperature

Currenﬂg {)eing
performed:

Advances in searching for galactic axions with a dielectric haloseope: J\/\& /\/\/A_X 18



Searching for Galactic Axions and Supereonducting Devices with Quantum Efficieney, 25-29 Oct. 2021 Béla Majorovits %

The MADMAX magnet:

7T thpo e masnet S,

,,---\
/

~ w«u‘\v“;:kj:‘ , o \ = N ) ;!
x I m ore WWae ™ EE "\j;:.;g}%/ e
. L -

\\\‘\

. mm b53ed cotdhele <

Main chan-enge's:

Fo rces

‘Q BILFINGER

BiLFINGER NOELL GMBH

Advances in searching for galactic axions with a dielectric ‘wa!-os:ope: J\/\& /\/\/A_X 19



Searching for Galactic Axions and Supercenducting Devices with Guantum Efficiency, 25-29 Oct, 2021 Béla Majonmt's % (Cs

The MADMAX magnet:

Very promising studies ongeing
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Stay tuned!
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