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Dark Matter from a Slightly 
broken Mirror 
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Through the looking glass, Lewis Carroll
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A Slightly Broken Mirror  

+ Shadow version of the SM 

+ Approximate Z2, softly broken 

+ Asymmetric Inflaton Coupling 

+ Reheating T’ <  T is compatible with CMB 

+ Higgs vev and Yukawas such that proton 
slightly heavier than neutron 

+ Interaction weak: gravity, U(1) mixing, 
axions
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p→ → n→ + e→+ + ω→e

Shadow protons decay

But shadow 
nucleons can be 
stable
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p→ + n→ → D→ + ω

Ongoing work with  
Arushi Bodas,  
PostDoc NYU
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Shadow BBN Network
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Shadow Nucleosynthesis  
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T → → 0.3TSM
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Compact Shadow Structures
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Shadow Sector forms Halos and Structures! 
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Expected Shadow Object Population 
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GW and Multi messenger Signals 
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X-rays from captured SM Matter 
+ SM matter in a compact core inside the 
shadow neutron star. 
+ During merger, this SM core is shock-
heated producing a hot thermal photon bath. 
+ The characteristic temperature reaches the 
keV regime, so the prompt emission peaks in 
X-rays. 
+ Unlike an ordinary NS mergers, there is 
much less surrounding SM material. 
+ X-rays therefore encounter a smaller SM 
optical depth and escape more easily 
+ Visibility reaches the Mpc scale
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Shadow Matter in the Lab

mailto:juri.smirnov@liverpool.ac.uk


Juri Smirnov,  juri.smirnov@liverpool.ac.uk; Paris, 14/09/26 12

Expected Interactions and Cross Sections
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Cross Section Scaling 
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Direct Detection Range Cartoon
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Direct Detection Range Cartoon
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The Earth as a Dark 
Matter Accumulator 
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Dark Matter Capture Rates
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Captured Dark Matter Profile
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Captured Dark Matter Profile
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Hydrostatic equilibrium: 
Isothermal DM 

Ref: Effect of hypothetical, weakly 
interacting, massive particles on energy 

transport in the solar interior

D.N.  Spergel and W.H. Press in 1984
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Captured Dark Matter Profile
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Captured Dark Matter Profile
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Ref: Floating Dark Matter in 
Celestial Bodies: 2209.09834

 R.K. Leane and J. Smirnov 
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DM Diffusion in the Earth

R. K. Leane and JS 
2209.09834
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Locally Enhanced Dark Matter Density

Even stronger  
boosts possible  
With long range 

mediator  
See our work:  

2303.01516

R. K. Leane and JS 
2209.09834
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New Detection Concept without a Threshold
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Quantum Sensing and 
Superfluid He3
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QUEST-DMC Superfluid He3

mailto:juri.smirnov@liverpool.ac.uk


Juri Smirnov,  juri.smirnov@liverpool.ac.uk; Paris, 14/09/26 23

Phases of He3
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Measure Power not Recoils! 

Technique has 
 potential to  

get rid of readout 
thresholds 

  
Sensitive to even  
slow drifting DM 
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Heat Exchange and Heat Leaks 
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Calibration Run and Parameter Extraction 

mailto:juri.smirnov@liverpool.ac.uk


Juri Smirnov,  juri.smirnov@liverpool.ac.uk; Paris, 14/09/26 27

Temperature Drift in the Bolometer 
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Pleak < pW
Estimated from 

simulations 
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Signals with Varying Depth 

•Already push below pW 

sensitivity  

•Heat leak depth dependent  

•Cosmics are as well 

•Effects calculable  

•Differential measurement 
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Summary

•Shadow sector with dissipative Dark Matter 

• Astrophysical multi messenger signals 

•New signatures in ultra-low temperature 

experiments  

•Earth bound slow dark matter population 

contributes to a thermal link/ anomalous heat leak 

•Signal strength varies with detector depth 
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Backup
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Expected Shadow Object Population 
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Shadow Sector forms Halos and Structures! 
+ In addition to shadow neutron halo dissipative plasma: 
( 99% 4He’), (1% T’) 
+ (4He’) drives high-temperature cooling; (T’/T2’) enables 
lower-temperature cooling 
+ Dissipation forms a dark disk, clouds and shadow stars 
+ High cooling floor ->  large Jeans masses and rapid 
accretion 
+ Shadow-star IMF is top-heavy, roughly Population-III-
like: Typical masses: 10 - 100 MSun with efficient (D/T2’) 
cooling, and direct BH collapse without it 
+ Short-lived massive stars end mainly as shadow neutron 
stars or black holes
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QUEST-DMC Superfluid He3
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QUEST-DMC Superfluid He3

XENON
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QUEST-DMC Superfluid He3

XENON

QUEST
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Energy Deposition 

mailto:juri.smirnov@liverpool.ac.uk


Juri Smirnov,  juri.smirnov@liverpool.ac.uk; Paris, 14/09/26 35

Nano-wire Signal Readout   
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Quasi Particle Dampening   
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Readout Calibration 
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Overall Sensitivity and effect   

arXiv: 2502.10251; QUEST Collaboration
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Surface Overdensity: DM w. long range force 
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Dark Matter Research in Liverpool

Quantum Materials and Astroparticle Physics 
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