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Axions
Photon coupling and Maxwell 1864

Exploited by many experiments as relatively “simple”.

B, Photon-axion mixing in a background magnetic dipole filed
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The concept
Light-through-a-wall
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The challenge
Any-Light-Particle-Search ALPS Il
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Y

Probability:

P(y—»a—y) ~(g-B-L)*

g: axion-photon mixing (particle physics)
B: strength of the magnetic field
L: length of the magnetic field

ALPS II:

g =2-10111/GeV (astrophysics)
B=53T

L=105.6 m

P(y—»>a—y) =5-1034

Still invisible?
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How to look: three kinds of experiments at DESY

* Purely laboratory experiments a a
“light-shining-through-walls”, v WV\/\% > > gf\/\/\/L Y
optical photons

B B
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How to look: three kinds of experiments at DESY

« Haloscopes
looking for dark matter constituents,

microwaves
,.y*
« Helioscopes a
Axions emitted by the sun, > %
X-rays
B
,.Y*

* Purely laboratory experiments a a
“light-shining-through-walls”, Y WV\/\% > > gf\/\/\/L Y
optical photons

B B
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How to look: three kinds of experiments at DESY

Axion/ALP photon mixing in magnetic fields

« Haloscopes
looking for dark matter constituents, MADMAX
microwaves.

« Helioscopes
Axions emitted by the sun, BabylAXO
X-rays

« Purely laboratory experiments
“light-shining-through-walls”, ALPS I
optical photons
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How to look: three kinds of experiments at DESY

Axion/ALP photon mixing in magnetic fields

« Haloscopes
looking for dark matter constituents, MADMAX
microwaves.

« Helioscopes
Axions emitted by the sun, BabylAXO
X-rays

« Purely laboratory experiments
“light-shining-through-walls”, ALPS I
optical photons 1st science run
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Any Light Particle Search |l

Light-through-a-wall
Probing axion-photon couplings model independently.

Production Cavity L'gw;“ght Regeneration Cavity

1064 nm laser [IEENTINEREIN ——> BEERTIIETEAN  oetector
e ] 25 1 —— AON FlEl(] <— 125 ) =—
Axion generation 250 m AXion reconversion
Light injection Axion pass the wall Light detection
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Any Light Particle Search ||

The light-shining-through-a-wall approach exploiting
optical resonators was already proposed in 1991.

And later re-invented (at least) twice.

F. Hoogeveen, T. Ziegenhagen / Light bosons

Gir Gor

SRR

Nuclear Physics B358 (1991) 3-26
North-Holland

PRODUCTION AND DETECTION OF LIGHT BOSONS USING
OPTICAL RESONATORS

F. HOOGEVEEN* and T. ZIEGENHAGEN

Instizute of Theoretical Physics, University of Hannover, Appelstrasse 2,
3000 Hannover 1, Germany

Received 13 December 1990
(Revised 22 February 1991)

Experiments looking for light spin-zero particles using the “shining light through walls™
technique can be improved by enclosing the light in an optical resonator. In this paper we
analyze this technique. The effect of using cavities factorizes into a gain factor for both the
emitting and the receiving cavity and a mode coupling constant. The gain factor only depends on
the optical quality of the two cavities, whereas the mode coupling constant depends, but not
sensitively, in a calculable way on the geometry, axion mass and magnetic fields used. An
increase in sensitivity by a factor 10 in the axion—photon coupling constant is within reach.
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Any Light Particle Search |l

Constructed in a straight section of the HERA tunnel

HERA hall North
(former H1

: Cryolines
experiment at HERA)

Cleanroom with
cavity optics and
HET detection.

-
,n

Cleanroom with “wall”
and optics to match
both optical cavities.

Cleanroom with
high power laser.
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Any Light Particle Search |l

Status of autumn 2020
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Any Light Particle Search |l
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Any Light Particle Search |l
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Any Light Particle Search ||
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Any Light Particle Search |l

More magnets
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Any Light Particle Search |l

More magnets

/

.// ,‘
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Any Light Particle Search |l

More magnets
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More magnets
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Any Light Particle Search |l

More magnets
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Any Light Particle Search |l

Joachim Mnich, Wim Leemans,
Director for Director for
particle physics accelerators

(now at CERN)

DESY. ALPS Il | DESY Summerstudent Lecture 2022 | AL, JARG, CS Page 27



Any Light Particle Search |l
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Any Light Particle Search |l

|_ screw

pressure screw
Technologies
i pressure

\
i o codmass 7
. . = o pressureressure
« 12+12 superconducting dipole magnets prop por Py
Figure 9: Schematics of straightening. Left: Before applying the deforming force, Right: The deforma-

pressure”_i———o
bu i |t for the former H E RA proton accelerato r, tion forces the pipe to develop two ’camel humps,’ eraggerated in the figure for better illustration. This

deformation yields the largest achievable horizontal aperture.

needed to straighten the cold mass. Physics Letters B
i ' Volume 689, Issues 4-5, 31 May 2010

« Optics:
long baseline precisions interferometry based on
GEOG600 and aLIGO experience.

Design of the ALPS Il optical system,
Phys.Dark Univ. 35 (2022), 100968

« Extremely low 1064 nm photon flux detection:

heterodyne sensing and
superconducting transition edge sensor (TES)

Phys.Dark Univ. 35 (2022), 100914

PoS EPS-HEP2021 (2022), 801
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ALPS Il Optics

Optical resonators

Two semitransparent mirrors, 80% reflection in the animation.

Cavity Cavity
De-tuned time: 0.00 Tuned time: 0.00

Sum of electric field
Sum of electric field

Tuned:

« The mirror system becomes transparent, the
electric field is amplified between the mirrors.

« ALPS II: power built-up factor up to 40,000,

requiring sub-pm length control.
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Any Light Particle Search |l

Optics

DESY. ALPS Il | DESY Summerstudent Lecture 2022 | AL, JARG, CS Page 31



Any Light Particle Search |l

Actuators: picometer position accuracy required

%E-
cP = .

Additional reference laser
coupled to RC length

A N\

Phase lock between PC transmitted

light and reference laser -
- e S— N

Production Cavity
(PC)

Regeneration Cavity Local
High Power

Central Optical Bench

(RC) oscillator
) (COB)

Laser
e
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Any Light Particle Search ||

RC resonant enhancement (Bzc)
RC absolute length changes (ALgc)
RC linewidth (HWHM)
PC circulating power
PC relative power noise (RMS)
Axion Coupling to RC (n)
Coherence (nys)
Dynamic phase noise (A®)
Static frequency offset (Af)
Spatial overlap (n5)
Angular alignment (AB)
Transversal shift (Ax)
Detector sensitivity
Environmental temperature conditions
Stray light mitigation
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> 10 000

~ 15 um

15 Hz

> 150 kW

<0.1%

> 90%

> 95%

<0.2rad

<15Hz

> 95%

<5.7 yrad
<1.2mm

> 2x10724 W for 20 days
<0.1K

< 1 photon / 10 days

15 Hz out of 3-1014 Hz
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ALPS II

Schematic of the ALPS Il experiment

Production Cavity

H:H]i

Axion-like-pariicle

Regeneration Cavity

| en—

Laser
1064 nm
. , Detector
HERA dipole magnets string HERA dipole magnets string
P = — - FpcFre-(gaBl)™ = 6-10 .7: F
VTeT T g Y PO e (9o )’ kS 10-19GeV =1 17T 10m
105.6

PC: 30 W —— RC:5.7x107%* W
~3.5 % 10"°Hz ~ 3 photons per day
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0.2 5 3

!

gay = (0294 0.18) x 10710 GeV !
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800 Im

23% of power glarrov:/j pupil {
converted to light mm diameter
4.8 « 1012 v/s

23W - 624108 y/s

A
v

1m

DESY.



https://en.wikipedia.org/wiki/File:HST-SM4.jpeg

DESY.

1y/s

800 Im

23% of power
converted to light

23W - 6.24 %108 y/s

Narrow pupil
2 mm diameter

4.8 102 y/s

(e

v

A

1m

> 2.19 %103 km




https://en.wikipedia.org/wiki/File:HST-SM4.jpeg

DESY.

1y/s

800 Im

23% of power
converted to light

23W - 6.24%108y/s

Narrow pupil
2 mm diameter {
4.8 102 y/s

v

A

1m

» 2.19 % 103 km

107°y/s — 6.92 x10° km

3.84 * 10° km

https://en.wikipedia.org/wiki/Moon#/media/File:FullMoon2010.jpg



Single photon detector

Requirements for ALPS II:

Sensibility to very low rates (1-2 photons a day).

Low energy photon detection (1064 nm equivalent to 1.16 eV).

Low background rate: < 7.7 - 10~®cps ~ 1 photon (1064nm — like) every 2 days.
High detection efficiency.

Long term stability (~20 days).

The Transition Edge Sensor (TES) could meet these
requirements.
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Transition Edge Sensor (TES)

TES CURRENT

TIME

TES

- O Thermal link

SQUID readout

Schematic adapted from Katharina-Sophie Isleif.
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Tungsten microchip at critical transition region (~140 mK)

Temperature increase: Single photon (1064nm = 1.16eV)

heats TES by ~100 uK

!

~6.6 () resistance increase: from superconducting to normal

conducting

Current change (voltage-biased circuit)
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Transition Edge Sensor (TES)
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Transition Edge Sensor (TES)

25 um X 25 ym X 20 nm
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Transition Edge Sensor (TES)

Real Signal

fiber feed
through

readout temp_pulse reduced

electronic =
fiber ECE Entries 400000
= 9 Mean 8.713
o | M T — F Y © StdDev 2056

=

. LS E PC a O
iber : 22 e
attenuator 40K ; 5 % i =
; Ez2-
diode laser (Suk) : N -5
(@1064nm) fiber - ST
splitter L
Eaﬁenuator heed 1/99 - Pulse-fitting ~10F
~uW ~10pW analysis B
calibrated optical ~15 [ < .
power reference B Relaxation
optical table _20F
_ ¥2Indf = 6795.6/3995
Amplitude = (22.5 +- 0.2) mV
_ _ o p——— t, = (-0.739 +- 0.016) us
Schematic adapted from Katharina-Sophie Isleif. ry Tdecay = (0.406 +- 0.010) us

T, =(2.60 +-0.03) ps
V, = (-1.331 +- 0.026) mV

Arrival of the photon

-20 -10 0 10 20 30 40 50 60
Time [us]
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Understanding the signal

Real Signal
. . temp_pulse_reduced
Pulse Integral in Time > S ———
w gauss_signal % 5 Mean 8.713
£ 140 Entries 4275 ro} StdD 20.56
2 [ 1064 nm photons Vean 04317 E ekt
O | _ Std Dev  0.01349 [} 0
120 Energy Resolution: c%
= o
- L= (9.96 + 0.12)% _5
100
- —10
80— :
: —15
60 -
- TES physics? -20 )
_ n ¥¥ndf = 6795.6/3995
40 o5 N Amplitude = (22.5 +- 0.2) mV
L Constant = (126 +- 2) —£I t, = {-[1.739 +-0.016) us
[ 1= (0.1315 +- 0.0002) 10° Vs - Tjecay = (0-406 +-0.010) us
20— =(0.0131 +-0.0002) 10° V soF T, =(2.60 +-0.03) ps
[ ofu=(9.96 +-0.12) % Bt V, = (-1.331 +- 0.026) mV
0-||||||||||||||| |||I|||I|||I| :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIII
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 20 -10 0 10 20 30 40 50 60
Integral [10° Vs] Time [us]
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Understanding the signal

Real Signal
. . temp_pulse_reduced
Pulse Integral in Time | g S ———
2 00 S?QSS_S@Q?S' . Mean 8.713
c — ninies =] Std D 2056
2 [ 1064 nm photons Vean 04317 E ekt
© L _ Std Dev  0.01349 a
120 Energy Resolution: c%
= o
- L= (9.96 + 0.12)%
100f
- 10—
80 Electronic :
i noise? -15F
60— -
- TES physics? -20 )
_ n ¥2ndf = 6795.6/3995
40 o5 N Amplitude = (22.5 +- 0.2) mV
[ Constant = (126 +-2) —eo ty = (-0.739 +- 0.016) us
[ 1= (0.1315 +- 0.0002) 10° Vs - Tjecay = (0-406 +-0.010) us
20— =(0.0131 +-0.0002) 10° V soF T, =(2.60 +-0.03) ps
[ olu=(9.96 +0.12) % —Vr V, = (-1.331 +- 0.026) mV
0-||||||||||||||| |||I|||I|||I| :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIII
0 0.020.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 20 -10 0O 10 20 30 40 50 60
Integral [10™ Vs] Time [us]
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Simulation of electronic noise

~ 10° =
T =
= ~
T E Noise
§ i extracted from
;é data
= 10 E_ --L"--IL_

- S / Simulated noise

e
— Mean FFT
|| —— Noise in Data
—— Noise in Simulation
10—1 ] 1 | | | |

1
10 1 Freql]gncy [MHz]
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Simulation of electronic noise

~ 10° =
T =
= ~
T E Noise
§ - extracted from
;é < data
= 10 E_ .---L"--IL_

- S / Simulated noise

e
— Mean FFT
B Noise in Data
Noise in Simulation
10—1 ] 1 | | | |

1
10 1 Freql]gncy [MHZz]

- 200 kHz harmonics
- White noise
- Brownian noise
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Simulation of electronic noise

Pulse U vs. t
% oh
T 10E ¢ |
% - = s
T E Noise -
g - extracted from o
3 data =
= W .
- S / Simulated noise + 20—
— ) 725;
1= 7‘72‘0‘ I ‘(l)‘ ‘ ‘2|0‘ ‘ ‘4‘0‘ ‘ ‘6‘0‘ ‘ I8‘()I ‘ I1(‘)0I ‘ ‘12‘0‘ ‘ ‘11‘10‘ ‘ ‘.1é0‘
— Time [us]
Z Mean FFT ‘
|| —— Noise in Data Pulse U vs. t
— Noise in Simulation 5
1071 1 1 1 1 1 11 I 1 1 1 1 L1 11 | 1 1 1 1 1 111 | 1 % 5
1 g
10 1 Freql]gncy [MHz] 5 o
-5
kHz h ' oE
- 200 kHz harmonics =
. . 15—
- White noise "
- Brownian noise o5
30—
7‘72‘0‘ ‘ ‘(l)l ‘ ‘2‘0‘ I ‘4‘0‘ ‘ IG‘O‘ ‘ ‘8‘0| ‘ ‘1(‘)0‘ I ‘12‘0‘ ‘ |1¢|10‘ ‘ ‘16‘50‘
Time [us]
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Simulation of electronic noise

> 10
E
4]
2 [
5 0
g -
101
_o0 Fit parameters:
. y?/ndf = 7284.3/3995
- A =(18.6 +- 0.1) mV
_30__ to = (0.573 +- 0.010) us
. T, = (0226 +- 0.007) us
- Tgecay = (3.88 +- 0.04) us
-40— V, =(1.633 +- 0.027) mV
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

20 -10 O 10 20 30 40 50 60
time [us]
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Pulse Integral in Time

w 140 gagss_agnal
= | Entries 4194
3 - Mean  0.1309
© 120'_ StdDev  0.01321
100
80
60
40
- Constant = (127 +- 2)
- 1 =(0.1308 +- 0.0002) 10° Vs
20~ 5 =(0.0130 +-0.0001) 10° V.
| o/u=(9.90 +- 0.12) %
0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Integral [10°° Vs]

Data Analysis:
Energy Resolution
(9.96 + 0.12)%

Simulation:
Energy Resolution
(9.90 £ 0.12)%

Studying other phenomena
- Rejection of pileup
- DAQ trigger efficiency.
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Intrinsics background

Intrinsic background (no fiber connected)

The accepted rate of events is in the order of
1072 cps (same trigger as light samples).

Possible contributions:
« Cosmic Rays (Muons)

« Radioactivity (Surrounding materials)

DESY. ALPS Il | DESY Summerstudent Lecture 2022 | AL, JARG, CS

fiber feed
through
readout
electronic
L
< E PC
8BS
40K | 598
: = §‘;
[ _l .........
Pulse-fitting
analysis
-
SQuUID
signal

cryostat
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Understanding background

Possible contributions:

« Cosmic Rays (Muons)

Sensitive to 1064nm
/ » Radioactivity (Surrounding
materials)

*

Particles could produce a signal
Indirectly in the sensor.

Geant4 simulation
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Single photon detector

- Sensibility to very low rates (1-2 photons a day). \/

- Low energy photon detection (1064 nm equivalent to 1.16 eV). \/

- Low background rate: < 7.7 - 10~®cps ~ 1 photon (1064nm — like) every 2 days.

Yes, for intrinsics

- High detection efficiency.

Yes, demostrated for similar systems

- Long term stability (~20 days). \/

DESY. ALPS Il | DESY Summerstudent Lecture 2022 | AL, JARG, CS
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Sub-GeV dark matter?

Limits of nuclear recoil experiments

—
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5 (g4 0e 8 2 » \
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_8%_; § AN\ \\
§ 10746 | 10710 §
=10 i b102E

’ = Dm tn

. raet
10-50 | 77 L |||l 1 | 77117 ] |||l 1 | P11 |||I 1 LI (9de‘c ho'\o)
1 10 100 1000 nucleus .

Cern Courier (2017) WIMP mass (GeV/c2) eulshc_ y

ER ~ 30 keV
(WIMPs)

DESY. ALPS Il | DESY Summerstudent Lecture 2022 | AL, JARG, CS Sketch adapted from Benjamin V. Lehman Page 56


https://cerncourier.com/a/testing-wimps-to-the-limit/

Sub-GeV dark matter?

Limits of nuclear recoil experiments

—_

S
w
[*3
|

107

9
5
1

L1074
10742 ~ 1078

1044 107

1
=)
MP-nucleon cross-section (pb)

10-46 —

WIMP-nucleon cross-section (cm?)

10712

=
&
I

10-50 LR | 1 LI R | I LR | 1 T TTTTIT

1 10 100 1000
2
Cern Courier (2017) WIMP mass (GeV/c?)
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DM mass: m,, target mass: mr

v (1 —cos(0Rr))

reduced mass: p = —xX"T
my +mr
: : _ ld? _ p?
recoil energy: Er = 5 — = —

For m, < mp: p~m,

2

m
%ERNm—;

Sketch adapted from Benjamin V. Lehman
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Sub-GeV dark matter?

Limits of nuclear recoil experiments

—

S
@
©
|

107

—1074

-107°

|
—_
|
o]

1
=)
MP-nucleon cross-section (pb)

WIMP-nucleon cross-section (cm?)

—_ —_ — — —_

SN e R e e
& 5 ES S 5
| | | | 1

L1072

"-..:-_-"'atmosp

10-50 LR | 1 LI R | I LI | 1 T TTTTIT

1 10 100 1000
Cern Courier (2017) WIMP mass (GeV/c?)

DESY. ALPS Il | DESY Summerstudent Lecture 2022 | AL, JARG, CS

Sketch adapted from Benjamin V. Lehman
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Sub-GeV dark matter?

DM — electron scattering

Assume:

10—38_
= ol - * Characteristic DM halo velocity vy ~ 1077
f;’ ? * Scattering via mediator (heavy or light) coupling to EM charges (e.g. dark
é 1072 g photon as massless, light mediator)

@
g g
S 10-44- S
S g Maximum Energy transfer E7 in scattering event is entire kinetic energy of
£ 107 2 DM particle with mass 772y :
= , s
=08 : WIN. _ ,zaens = _
0....‘-:-‘-’_..32“:(;;“8“6andDSNB ETmax f— Ekln ~ mx?j2 ~ 10 6mx
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1 10 100 1000
WIMP mass (GeV/c?)

Cern Courier (2017)
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Sub-GeV dark matter?

DM — electron scattering

10738 || \ 102
- : -3
< Ig = * Characteristic DM halo velocity v, ~ 10
oo 10+ 5
= \ =
S = . .
g 1072+ -10° 8 photon as massless, light mediator)
g il i 10-8 g
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S t -10 S . .
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Cern Courier (2017) WIMP mass (GeV/c?) - Energy range for given mass range:
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Assume:

* Scattering via mediator (heavy or light) coupling to EM charges (e.g. dark

Maximum Energy transfer 7 in scattering event is entire kinetic energy of
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Sub-GeV dark matter?

DM — electron scattering

Assume:
10—38_
- : -3
= _ * Characteristic DM halo velocity v, ~ 10
g’ g * Scattering via mediator (heavy or light) coupling to EM charges (e.g. dark
§ 1082 % photon as massless, light mediator)
g 10-44_ g
8 g Maximum Energy transfer 7 in scattering event is entire kinetic energy of
2 107 = DM particle with mass 772 :
4 d X
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Cern Courier (2017) WIMP mass (GeV/c?) — Energy range for given mass range:

TES?

Supercor\duﬂ’O‘S
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Direct DM detection Low noise

Suitable devices Large’ target mass

Example: principle proven for SNSPDs (Superconducting Nanowire Single
Photon Detector)

Were able to set new bounds on parameter space with only one 3hr
measurement (no background signals, 0.76 eV energy threshold)

Light mediator

10—22 i
~.o Preﬁo‘{ﬂ?ﬂ]}i
10725 - T B
Now pound
10—28 _

Terrestrial

1074 - S Al kg-yr (10meV)
10743 . . . .
1073 1072 101 109 10! 102

mpm [MeV|

Hochberg, Y. et al. arXiv:2110.01586 (2021)
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Direct DM detection

Suitable devices

Low noise

‘Large’ target mass

Example: principle proven for SNSPDs (Superconducting Nanowire Single

Photon Detector)

Were able to set new bounds on parameter space with only one 3hr
measurement (no background signals, 0.76 eV energy threshold)

Proposal: Apply same idea to TES!
v Superconductor

v" Low noise

v" Energy resolution

v' Lower energy threshold

X Lower mass (0.2 ng)

X Smaller target area

DESY. ALPS Il | DESY Summerstudent Lecture 2022 | AL, JARG, CS

5 um
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Light mediator

New bound

Terrestrial
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Hochberg, Y. et al. arXiv:2110.01586 (2021)
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Direct DM detection Low noise

Suitable devices Large’ target mass

Example: principle proven for SNSPDs (Superconducting Nanowire Single
Photon Detector)

Were able to set new bounds on parameter space with only one 3hr
measurement (no background signals, 0.76 eV energy threshold)

Proposal: Apply same idea to TES!
Superconductor
Low noise

v New boud
v

v" Energy resolution

v

X

X

Terrestrial

Lower energy threshold
Lower mass (0.2 ng)

Smaller target area l'- ]

(248 meV)

s /
10—40 ] iy v _‘,o’*“‘"" Al kg-yT (l()ll\(‘vv)
1()'_2 10"1 l(l)0 1(')l 10
Ongoing research and simulations! mpym [MeV]

Hochberg, Y. et al. arXiv:2110.01586 (2021)
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Outline

 Light-shining-through-a-wall
« 3 different kinds

« Any-light-particle search: the ALPS Il experiment

* ATransition Edge Sensor (TES) for ALPS Il

« More Dark Matter Searches with a TES

e« Summary
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Any Light Particle Search ||

Spring 2021
Start of optics installation.

June 2021
Lock of 250 m long optical resonator,
characterization of optics and seismic noise studies.

September 2021
all magnets aligned and connected.

December 2021
magnet string reaches operation temperature of 4 K.

March 2022:

magnet string reaches full operation current of 5.7 kKA.

May 2022:
regeneration cavity test-installation and -lock.

Late 2022: first science run (hopefully)!
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Power in transmission [a.u.]

0.2

ALPS Il RC Cavity Storage Time

Mean storage time = 6.7537 ms
Standard deviation = 0.025574 ms

125 m regeneration
cavity storage time:
6 ms! (world record)

Time (ms)
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More achievements since 2012

PhDs: Former DESY fellows:

« 11 dissertations in experimental physics. * 5 permanent positions in academia.

« 1 dissertation in engineering. * 1 junior professorship.

« At least 6 theses still to come. * 1 left for family reasons to another postdoc position.

» 2 left to industry.
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Axion searches at DESY

In context
ALPS II, model independent searches:

« Improve sensitivity on axion-photon coupling by a factor of ~ 1,000, going beyond astrophysics limits.
167
10~7
10-8

|84l [GeV 1]

https://github.com/cajohare/AxionLimits

107"
i\ O 9 % 1 _6 _% & % _2 A O O & A Ao} §) 4
10720707 404077407 40740404040 407 A0 A0 AT AT 40% 40 A8 40
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Axion searches at DESY

In context

IAXO, solar axion searches:

« Improve sensitivity on axion-photon coupling by a factor of ~ 15 (BabylAXO = 4).
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https://github.com/cajohare/AxionLimits
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Axion searches at DESY

In context
MADMAX, dark matter axion searches:

* Probe the mass region between 40 and 400 peV.
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Instead of a summary

Alpeq . L
/ ‘\Lli’o " first data taking in 2022:

« Determine the axion-photon coupling model-independently.

L/\XO , first data taking of BabylAXO in 2026 ?

« Determine the absolute solar axion flux using the ALPS Il result.

» Do axion-photon mixings differ in vacuum and dense plasmas?

* Measure the axion-electron and axion-nucleon couplings.

J\/\AD /V\/AX’ first data taking in 2028 ?

« Axions make up the dark matter in our universe.

* Precisely measure the axion mass and the dark matter velocity distribution.
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DESY in Hamburg in the 2020-ties

HERA: still a unique site for potential breakthrgoidah-results in particle physics

Halle Ost (HERMES) |
Hall East (HERMES)

Halle West )
Hall West Elektronen / Positronen

Electrons / Positrons

Protonen
Protons

<Ay Photonenstrahlung
Photon Radiation

DESY. ALPS Il | DESY Summerstudent Lecture 2022 | AL, JARG, CS Page 72



DESY in Hamburg in the 2020-ties

HERA: still a unique site for potential breakthrg
‘\ '/‘."

h-results in particle physics

Halle Ost (HERMES) |
Hall East (HERMES)

Halle West )
Hall West Elektronen / Positronen

Electrons / Positrons

Protonen
Protons

<Ay Photonenstrahlung
Photon Radiation
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