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An Optical magnetometer
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Currently, 16 Stations
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Currently, 16 Stations

Beijing NMOR 133Cs 
Daejeon NMOR 133Cs 
Hefei SERF Rb/K 
Canberra SERF 87Rb 

Mainz SERF (Quspin) 87Rb
Krakow SERF (Quspin) 87Rb 
Moxa rf-driven 133Cs 
Stuttgart rf-driven 85Rb 
Belgrade rf-driven 133Cs 
Beersheba

Oberlin SERF K/Rb 
Lewisburg SERF 87Rb 
Berkeley 1 NMOR 133Cs 
Berkeley 2   NMOR 133Cs 
Hayward SERF (Quspin) 87Rb 
Los Angeles  rf-driven 85Rb
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Interlock System
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Interlock System

 
 
 
   
 
 
 
  
 
 
 

     

        

Calibration Pulses Bandwidth

Mainz

Lewisburg

Daejeon

 

   

 

   

       

              

 

   



         

      

       

            

           

        

         

         

          

          

         

The Global Network of Optical 
Magnetometers for Exotic physics 

8

A
ctive tim
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Sensitivity and Duty time
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Simple Sensitivity 
Evaluation

 

                          



Directional Sensitivity
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Simple Sensitivity 
Evaluation
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Dark Matter Search: Domain Walls



 

 

 

 

 

 

 

 

 
     

Exotic spin interactions

Larmor precession

𝐻𝑖𝑛𝑡~ 𝑺 ∙ 𝜵𝑎(𝒓)

𝑺
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Science case

Dark Matter Search: Domain Walls
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Dark Matter Search: Domain Walls

SHM     

    

∆𝑡𝑗= Ԧ𝑥𝑗 − Ԧ𝑥0
𝑣⊥
𝑣⊥
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Dark Matter Search: Domain Walls

Scan directions     

    

∆𝑡𝑗= Ԧ𝑥𝑗 − Ԧ𝑥0
𝑣⊥
𝑣⊥
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Domain Wall 
- Magnitude
- Uncertainty
- Velocity
- p–value

Network 
time-series
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𝐷𝑚 = Ԧ𝑠

Dark Matter Search: Domain Walls

     

    



16Insertions in Background data

Sensitivity

Dark Matter Search: Domain Walls



               
    

   

 

  

   

 
 
 
 
  
  
 
 
  
 
 
 
 
  
 
  
 
 
 
 
  

                        

               

   

   

   

   

 
 
 
 
  
  
  
  
 
 
 
 

 
 

          

      

                              

No significant 

signal found

One month 

measurement 17

Dark Matter Search: Domain Walls
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Dark Matter Search: ALP constraints
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Dark Matter Search: ALP constraints



Improvements

20Projections for better sensitivity and bandwidth

 



21Software improvements

Scan directions

Improve Bandwidth

∝
1

𝜏
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N

Large Domain walls not detected

Ideas?

• Divide analysis

• Large magnitude

• Small magnitude

• Pre-filter events

• Machine Learning 

algorithm

• Delay + Amplitude

• Yordan Raykov

• Move efforts to other 

searches

Improvements



GNOME: dark matter cosmology observatory
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Thanks for your attention
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https://budker.uni-mainz.de/gnome/
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Dark Matter Search

               

                                 

  
 

    

   

 
  
 
  
 
  
 
  
  
 
  

    

    

    

    

    

    

    

    

 
 
  
 
  
 
 
  
  
 
 
 
   
  

Calibration

Insert domain walls

• 0.1 − 104 pT
• 0.01 − 103 s

Scan the detection 
parameters



 

 

 

 

 

 

 

 

 
     

Exotic spin interactions

Axion like particles (ALP)

Compact dark Matter objects

- ALP Domain Walls

- ALP Stars

ALP field features

- Burst astrophysics

- Continuous oscillations

- Stochastic behavior

Larmor precession

𝐻𝑖𝑛𝑡~ 𝑺 ∙ 𝜵𝑎(𝒓)

𝑺
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Dark Matter Search

Science case


