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Heterodyne Detection Scheme

g
aγγ

𝜸 → 𝒂 → 𝜸

𝜸 → ? → 𝜸
… any light particle

Photon energy at 1064 

nm wavelength ~ 1.2 eV

: axion / axion-like particles

Wall

Sikivie effect

|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

g
aγγ



DESY. Page 5|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Andreas Ringwald, Rencontres de Moriond

Electroweak Interactions & Unified Theories 2023

La Thuile, Italy, 18-25 March 2023

Ciaran O’Hare: https://cajohare.github.io/AxionLimits/

https://cajohare.github.io/AxionLimits/


DESY. Page 6|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Andreas Ringwald, Rencontres de Moriond

Electroweak Interactions & Unified Theories 2023

La Thuile, Italy, 18-25 March 2023

Uncharted

Parameter

Space for 

LSW searches

> 3 orders of 

improvement 

in sensitivity

Ciaran O’Hare: https://cajohare.github.io/AxionLimits/

https://cajohare.github.io/AxionLimits/


DESY. Page 7|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

… hinted by astrophysics

Andreas Ringwald, Rencontres de Moriond

Electroweak Interactions & Unified Theories 2023

La Thuile, Italy, 18-25 March 2023

Ciaran O’Hare: https://cajohare.github.io/AxionLimits/

https://cajohare.github.io/AxionLimits/


DESY. Page 8|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

… hinted by astrophysics

Andreas Ringwald, Rencontres de Moriond

Electroweak Interactions & Unified Theories 2023

La Thuile, Italy, 18-25 March 2023

Ciaran O’Hare: https://cajohare.github.io/AxionLimits/

Axion dark matter (theory & experiment)

Andreas Ringwald, 30 Aug 2023, 11:00

https://cajohare.github.io/AxionLimits/


DESY. Page 9|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

N

• HAMBURG



DESY. Page 10|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

N

• HAMBURG



DESY. Page 11|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N



DESY. Page 12|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N

HERA North

(Hadron-Electron Ring Accelerator)



DESY. Page 13|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N

HERA North



DESY. Page 14|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N

HERA North

• HAMBURG… hinted by astrophysics

How to detect a QCD axion with MADMAX: 

Introduction and first physics results

Juan PA Maldonado, 31 Aug 2023, 17:30



DESY. Page 15|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N

HERA North

HERA South



DESY. Page 16|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N

HERA North

HERA South

… hinted by astrophysics

Searches of Axions/ALPS with (Baby)IAXO

JuanAn García, 28 Aug 2023, 16:45



DESY. Page 17|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N

HERA North



DESY. Page 18|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N

HERA North



DESY. Page 19|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N

HERA North



DESY. Page 20|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N

HERA North



DESY. Page 21|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N

HERA North



DESY. Page 22|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

• HAMBURG

N

HERA North



DESY. Page 23|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

N

Optical

Frequency

ν
1 ν

2

ν
3



DESY. Page 24|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

N

Optical

Frequency

ν
1 ν

2

ν
3



DESY. Page 25|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Installation of the experiment completed

2022

Sept



DESY. Page 26|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Installation of the experiment completed

2022

Sept

2023

May

First data



DESY. Page 27|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Installation of the experiment completed
2010

May

ALPS I

results

published
2013

Feb

ALPS II

project R&D

approved 2019

Oct

First magnet

in the tunnel 2020

Jun

First

cleanroom

ready
2020

Oct

All magnets

installed 

and aligned

2020

Dec

First optical

table ready
2021

Apr

First laser

beam through

the magnets

2022

Sept

2023

Apr

Final safety

clearance

2023

May

First data

2022

Mar

First power-on

of the magnets



DESY. Page 28|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Installation of the experiment completed
2010

May

ALPS I

results

published
2013

Feb

ALPS II

project R&D

approved 2019

Oct

First magnet

in the tunnel 2020

Jun

First

cleanroom

ready
2020

Oct

All magnets

installed 

and aligned

2020

Dec

First optical

table ready
2021

Apr

First laser

beam through

the magnets

2022

Sept

2023

Apr

Final safety

clearance

End of

2023
2023

May

First data

Initial

Science

Run

2022

Mar

First power-on

of the magnets



DESY. Page 29|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

N

𝐁



DESY. Page 30|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

≈ 2 × 1020

VIENNA •

N



DESY. Page 31|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023



DESY. Page 32|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

≈ 2 × 1020

γ a

Prob ≈ 3 × 10−17 ×
𝐵 ⋅ 𝐿

560 tesla ⋅ meter

2

×
𝑔𝑎𝛾𝛾

2 × 10−11 GeV−1

2

VIENNA •

N

𝐴 × 𝑩𝟐 ≈ 1.8 × 10−13 photon/s

≈ 1 photon every 150000 years



DESY. Page 33|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Central

Cleanroom

North-Left Cleanroom

North-Right

Cleanroom



DESY. Page 34|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Central

Cleanroom

North-Left Cleanroom

North-Right

Cleanroom



DESY. Page 35|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Central

Cleanroom

North-Left Cleanroom

North-Right

Cleanroom

Twice as thin as this line

Magnet string aperture aspect ratio: ⌀50 mm over 250 m



DESY. Page 36|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023



DESY. Page 37|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

≈ 2 × 1020

γ a

Prob ≈ 3 × 10−17 ×
𝐵 ⋅ 𝐿

560 tesla ⋅ meter

2

×
𝑔𝑎𝛾𝛾

2 × 10−11 GeV−1

2

β

𝛽 ≈ 10000 ×
100 ppm

Mirror Transmissivity
for a lossless symmetric cavity

VIENNA •

N

𝐴 × 𝑩𝟐 ≈ 1.8 × 10−13 photon/s

≈ 1 photon every 150000 years

𝐴 × 𝑩𝟐 × 𝑪𝟐 ≈ 1.8 × 10−5 photon/s

≈ 1.6 photons per day



DESY. Page 38|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

N

𝛽 ∝
Input Mirror Transmissivity

Cavity Roundtrip Loss 2

𝛼 [W]

𝛼 × 𝛽 [W]



DESY. Page 39|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

VIENNA •

N

𝛼 [W]

𝛼 × 𝛽 [W]



DESY. Page 40|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Detection of a 2-photon-per-day flux

Optical

Frequency

ν
1 ν

2

ν
3



DESY. Page 41|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Detection of a 2-photon-per-day flux

Optical

Frequency

ν
1 ν

2

ν
1
≠ ν

2

ν
2

ν
1

𝑷𝟏 + 𝑷𝟐 + 𝟐 ⋅ 𝑷𝟏 ⋅ 𝑷𝟐 ⋅ 𝐜𝐨𝐬 𝟐𝝅 𝝂𝟏 − 𝝂𝟐 𝒕

ν
3



DESY. Page 42|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Detection of a 2-photon-per-day flux

Optical

Frequency

ν
1 ν

2

ν
1
≠ ν

2

2 ⋅ 𝐿 = 𝑁 ⋅ 𝜆, 𝜈 = 𝑁 ⋅
𝒄

𝟐𝑳

1.22263 MHz

ν
2

ν
1

𝑷𝟏 + 𝑷𝟐 + 𝟐 ⋅ 𝑷𝟏 ⋅ 𝑷𝟐 ⋅ 𝐜𝐨𝐬 𝟐𝝅 𝝂𝟏 − 𝝂𝟐 𝒕

ν
3



DESY. Page 43|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

Detection of a 2-photon-per-day flux

Optical

Frequency

ν
1 ν

2

ν
1
≠ ν

2

2 ⋅ 𝐿 = 𝑁 ⋅ 𝜆, 𝜈 = 𝑁 ⋅
𝒄

𝟐𝑳

1.22263 MHz

ν
2

ν
1

𝑷𝟏 + 𝑷𝟐 + 𝟐 ⋅ 𝑷𝟏 ⋅ 𝑷𝟐 ⋅ 𝐜𝐨𝐬 𝟐𝝅 𝝂𝟏 − 𝝂𝟐 𝒕

ν
1
= ν

2
+ x ∙ FSR

ν
3



DESY. Page 44|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023

FREQUENCY≈ 282 THz ≈ 282 THz + 𝑂(10 MHz)

≈ 50 Hz ≈ 50 Hz

ν
2 ν

1

ν
3

𝑂(10 MHz) ± 3μHz ×
phase tolerance ∙ 106s

𝜋 ∙ integration time



DESY. Page 45

• Electromagnetic Interference:

• Middleman Laser at ν
3

|  Towards the first axion search results of ALPS II  |  Li-Wei Wei  |  TAUP2023, University of Vienna  |  28 Aug – 01 Sept 2023



DESY. Page 46
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(scalar search mode)
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