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Axion dark matter

• Explicit symmetry breaking by QCD 
produces particle that weakly interacts 
with SM particles


• Axion solves the strong CP problem


• Post-inflationary scenario: ma ~100μeV


• Hard to reach by the existing 
resonant cavity searches.


• λde Broglie~1m, “wave-like”
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MADMAX
Dielectric haloscope

• Axions convert to photons at boundary 
of different materials in magnetic field.


• More & wider boundaries → stronger 
signal


• Constructively interfering signal:


• tuning by changing the disk spacings


• 1D structure can be easily scaled up.


• Full MADMAX: sensitivity to QCD axions

Mirror Dielectric  Disks Receiver 
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MADMAX collaboration
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MADMAX group @ MPP

• Tasks: rf understanding, proof-of-
principle setups, prototype design 
and magnet design.


• S. Knirck to join  
the ADMX group @ Fermilab

Director A. Caldwell Exp
Project leader B. Majorovits Spokesperson

O. Reimann Exp
Scientists G. Raffelt Theory

F. Steffen Theory
Postdocs C. Lee Exp

X. Li Exp
Ph. D. students S. Knirck* Exp

L.Shtembari Exp
J. Diehl Theory

Engineering D. Strom
A. Hambardzumjan

C. Gooch
D. Kittlinger
A. Sedlak
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Lab 25

and special thanks to the workshop!!
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DESY Physics Review Committee review
November review
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Prototype

• R&D platform 


• 20 x 30cm φ sapphire disks


• 4K operation


• Cryostat design fixed


• First cryogenic piezo positioner & laser 
interferometer assembly delivered


• to be tested in the MPP LHe cryostat
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Morpurgo magnet @ CERN

• 1.6 T dipole field


• Test of the booster in B-field


• Usage during the SPSS shut down


• CERN SPSC approved the usage


• LHe provided by CERN


• ALP search after successful 
commissioning

CERN Bulletin

https://home.cern/news/news/experiments/madmax-and-cerns-morpurgo-magnet
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Quantum-limited amplifier
Traveling wave parametric amplifier (TWPA)

• Amplifier is a major source of thermal noise.


• First 10 GHz TWPA  
produced and characterized: 
Phys. Rev. X 10, 021021 


• Noise temperature ~ 1K!


• Remaining source is the substrate.


• Future development to 30 GHz.
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9 T ↑

Magnet development
Full scale MADMAX magnet

• 9T, 1.35-m warm bore dipole magnet


• Superconducting CICC conductor


• experience and infrastructure from ITER.


• Quench test: 1/2 size mockup coil
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1.35 m

laser welding CuNbTi



Meanwhile 
in Lab 39
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Proof-of-principle setup
3x 100mm disks in LHe

• Simple and robust dielectric haloscope


• Easy comparison with simulation


• easier calibration & understanding


• Thermal noise measurement in LHe


• comparison with reflectivity


• ALP / hidden photon search

12

G-
G 

( 1
 : 

2 
)

Z 
( 1

 : 
2 

)
Pa

ra
bo

lic
 t
ap

er

(D
IN
 9

12
)

IS
O 

47
62

M2
x1
6

A2
-7

0

-

Zy
l.-

Sc
hr

. m
. I
nn

en
se

ch
sk

t.

6
23

(D
IN
 9

12
)

IS
O 

47
62

M2
x6

A2
-7

0

-

Zy
l.-

Sc
hr

. m
. I
nn

en
se

ch
sk

t.

6
22

(D
IN
 9

12
)

IS
O 

47
62

M2
x1
0

A2
-7

0

-

Zy
l.-

Sc
hr

. m
. I
nn

en
se

ch
sk

t.

28
21

(D
IN
 9

12
)

IS
O 

47
62

M2
x8

A2
-7

0

-

Zy
l.-

Sc
hr

. m
. I
nn

en
se

ch
sk

t.

12
20

(�
hn

l. 
DI
N 

84
)

IS
O 

12
07

M2
x5

A2
-7

0

-

Zy
l.-

Sc
hr

. m
. S

ch
lit

z

6
19

(D
IN
 1
25

-2
)

IS
O 

70
90

2-
30

0 
HV

A2

-

Un
te

rle
gs

ch
eib

e 
mi
t 
Fa

se
 (B

)

34
18

 

 

 

 

03
1-
04

17
-0

04
.ia

m

Ta
pe

r
1

17

 

 

 

 

03
1-
04

17
-0

03
.ia

m

Ta
pe

r
1

16

Ka
uf

te
il: 

Co
. x

xx

 

 

Al
u-

Le
g

pl
at

zh
al
te

r_
fr
eq

ue
nc

eA
na

ly
se

r.i
pt

Pl
at

zh
al
te

r 
Fr

eq
ue

nz
an

al
ys

er

1
15

Ka
uf

te
il: 

Co
. F

la
nn

 

 

Al
u-

Le
g

20
64

.ip
t

W
av

eg
uid

e

1
14

Ka
uf

te
il: 

Co
. L

ow
 N

ois
e 

Fa
ct
or

y

 

 

Al
u-

Le
g

LN
F-

LN
C1
6_

28
W
B.
ipt

Am
pl
ifi
er

1
13

 

 

 

AW
-6

08
2 

Al
Si
1M

gM
n

03
1-
04

17
33

.ip
t

Di
st
an

zr
ing

 4
 -

 1
3,
0m

m

1
12

 

 

 

AW
-6

08
2 

Al
Si
1M

gM
n

03
1-
04

17
21
.ip

t

Di
st
an

zr
ing

 2
 -

 V
ac

/A
ir

1
11

 

 

 

AW
-6

08
2 

Al
Si
1M

gM
n

03
1-
04

17
20

.ip
t

Kr
on

en
st

eg

12
10

 

 

 

AW
-6

08
2 

Al
Si
1M

gM
n

03
1-
04

17
14

.ip
t

Di
st
an

zr
ing

 1
 -

 V
ac

/A
ir

1
9

 

 

 

Sa
ph

irg
la
s

03
1-
04

15
12
.ip

t

Sa
ph

ir-
Di
sc

3
8

 

 

 

Cu
-L

eg

03
1-
04

15
11.

ipt

Cu
-M

irr
or

1
7

 

 

 

GF
K-

G1
0

03
1-
04

17
10
.ip

t

Iso
la
tio

ns
rin

g 
ob

en

2
6

 

 

 

AW
-6

08
2 

Al
Si
1M

gM
n

03
1-
04

17
08

.ip
t

Di
st
an

zr
ing

 3
 -

 V
ac

/A
ir

1
5

 

 

 

AW
-6

08
2 

Al
Si
1M

gM
n

03
1-
04

17
06

.ip
t

An
dr
¯c

kf
la
ns

ch

1
4

 

 

 

AW
-6

08
2 

Al
Si
1M

gM
n

03
1-
04

17
05

.ip
t

En
df

la
ns

ch

1
3

 

 

 

AW
-6

08
2 

Al
Si
1M

gM
n

03
1-
04

17
02

.ip
t

Ro
hr

, W
av

eg
uid

eb
er

eic
h

1
2

 

 

 

AW
-6

08
2 

Al
Si
1M

gM
n

03
1-
04

17
01
.ip

t

Ro
hr

, T
ap

er
be

re
ich

1
1

St
¯c

kl
ist

e

Be
me

rk
un

g

No
rm

Ab
me

ss
un

ge
n 

/ 
Ar

t. 
Nr

.

W
er

ks
to

ff

Ze
ich

n. 
Nr

. /
 E

DV
 N

r,

Be
ne

nn
un

g

St
.

Te
il

G

Z

DI
N 

EN
 2

0 
21
6 

- 
 A

2 
(4
20

 x
 5

94
)

Ha
up

tp
ro

jek
tio

n

Ge
wi
ch

t..
....
...:

4,
34

6 
kg

mm

Di
me

ns
ion

en
 :

Ma
�e

 o
hn

e 
To

le
ra

nz
an

ga
be

 n
ac

h

DI
N 

IS
O 

27
68

m 
K

 W
er

ks
to

ff

 Ze
ich

nu
ng

sn
um

me
r 
/ 

ED
V 

Nr
.:

 So
ft
wa

re
....
..:

Inv
en

to
r 
20

18

Bl
at

t:
Ge

sa
mt

za
hl
:

3 
V1

7.b

3 
 

Te
il:

 

10
0m

m 
Se

tu
p 

mi
t 
Ta

pe
r

 L
He

 C
ry

os
ta

t

 

Ma
dM

ax

Pr
oje

ktM
ax

-P
la

nc
k-

In
sti

tu
t f
ür

 P
hy

sik

(W
er

ne
r-H

ei
se

nb
er

g-
In

sti
tu

t)

ge
ze

ich
ne

t
ge

pr
ue

ft
ge

pl
ot

te
t

Ta
g

Na
me

15
.05

.20
20

Ob
er

m¯
lle

r
M
ün

ch
en

 +
0,
1

 -
0,
1

Ma
�s

ta
b

 0
31
-0

41
7-

00
1.i
dw

1 
: 2

(1 
: 5

)
  

 

En
tw

ur
f 

17
.02

.20
20

21
6

10
3

20
18

19

1
7

9
8

11
8

5
8

12
17

14
15

13

4

18
23 2

10
6

21
18

21
20

18
22

(quasi)

TE11 mode

Al ring
sapphire 

disk

Cu mirror



MPP Project Review, 14 Dec 2020

MADMAX: search for Axion dark matter Chang LEE

Proof-of-principle setup
Room temperature reflectivity measurement

simulation

data
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Taper modes main peak
whispering gallery modes

“leakage” to the external 
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Proof-of-principle setup
ALP / hidden photon search

• LHe cryostat & dipole magnet procured & operational.

projected sensitivity: 
gaγγ ~10-11, Δf ~20 MHz.

14

B

LHe bath 
(4K)

0.45 T dipole Halbach array
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Conclusion
• Important milestones in 2020 for 




• 2021 will be another exciting year!
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Thank you
Stay tuned!
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