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A  Quick  About   Me 

๏ Near Toronto 

๏ Small(ish) hometown 
  

๏ Undergraduate (4 yr) 
at U. of Guelph.  

๏ M.Sc. & Ph.D. in 
Hamilton. 
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A   Map!

2027
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W H AT  W E  K N O W  W E  D O N ’ T  K N O W .  

Dark matter  
direct detection

N .  J E F F R E Y  /  D A R K  E N E R G Y  S U RV E Y  

๏ We have big experimental 
blind-spots. 


๏ Low-masses and/or soft-
scatters. 


๏ Need new ideas even for 
large cross-sections. 



Dark  Matter  Landscape
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๏ Mature literature 
attacking wave-like 
dark matter.


๏ Big potential for 
low-mass particle-
like DM. 


๏ See Riedel, Yavin 
(2016) 1609.04145.
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๏ Mature literature 
attacking wave-like 
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๏ Big potential for 
low-mass particle-
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Atom  Interferometers
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A I C E  P R O P O S A L  AT  C E R N  



Decoherence 
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|A(x)⟩ |χ(k)⟩ → |A(x)⟩ ⊗ ̂Sx |χ(k)⟩

๏Dark matter scattering from atom at position .x

๏ ``Measure''  without disturbing atom. x
๏ Can be detected with atom intereferometer!



Decoherence  &  Interferometery
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๏ DM interacts with atom. 


๏ Dark matter "bath" 
decoheres system.


๏ Phase shift/contrast loss. 

R E M A R K A B L E  P R O P E RT I E S

๏ No thresholds. 


๏ Can probe lower masses 
than any other scheme. 

S L I D E  B Y  C .  M U R G U I  

|A(x)⟩ |χ(k)⟩ → |A(x)⟩ ⊗ ̂Sx |χ(k)⟩



15

Z E N  D E T E C T I O N

C H A N G E  W I T H O U T  C H A N G E

W H E R E  W E  A R E  N O W

W H E R E  A R E  W E  G O I N G

Q U A N T U M  M E C H A N I C S

PA RT  3

D E C  1 1 ,  2 0 2 0

AT O M  I N T E R F E R O M E T E R S

C O H E R E N C E  +  D E C O H E R E N C E

A  D E T E C T O R  F R O N T I E R         

A  G A P  I N  T H E  L I T E R AT U R E  

๏ All theory assumes one atom. 


๏ Experiments use . 


๏ Enhancements .

106 − 109

∼ Np



Coherent   Enhancements 
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๏ Well known in particle physics literature that cross 
sections can scale with number of targets as  


๏ Atom interferometers have  (i.e., huge). 

๏ Can this be leveraged to enhance observables? 

N2
T

NT ∼ 106 − 109

A  G A P  I N  T H E  L I T E R AT U R E  

๏ All theory assumes one atom. 


๏ Experiments use . 


๏ Enhancements .

106 − 109

∼ Np

A S  O F  2 0 2 3  T H I S  
WA S  N O T  K N O W N



Revisiting   Foundations
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๏ Generalized to include 
 atoms. 


๏ Identified coherently 
enhanced observables. 


๏ Studied idealized limit 
with point-like cloud 
following classical 
trajectory. 

N



Experimental  Realities

18

๏ Incorporated cloud-radius, temperature, 
and quantum spreading. 


๏ Proposed experimental test with  
electron gun and photon lamp. 


๏ First phenomenological application to DM. 



New   Observables  &  Models
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๏ Product state is very special. 


๏ Cancellations between terms leads 
variance scaling as  vs . 


๏ Dark matter can spoil cancellations!

N N2

|AI⟩ =
N

⨂
i=1

1

2
( | ↑ ⟩ + | ↓ ⟩)

χ
χ



New  Observables  &  Models
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๏ Interactions with dark matter induces 
correlations between atoms. 


๏ Can lead to non-binomial statistics. 


๏ New observable! Well suited to a 
strongly interacting dark matter.



New  Observables  &  Models
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New Advances in Light Dark Matter Detection

WSi, 1.67ng, 
11 micron, 
415 hours

First science results, PRL 2025 [2412.16279]

QROCODILE

Previous 
SNSPD

Superconducting Nanowires Single 
Photon Detector (SNSPD) 

as target + sensor for DM interactions

World leading limits on sub-MeV dark matter

DM DM

SNSPD
(nanowire)

๏ Atom interferomter 
competitive with ng sensor.


๏ Has no threshold! 
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New Advances in Light Dark Matter Detection

WSi, 1.67ng, 
11 micron, 
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First science results, PRL 2025 [2412.16279]
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competitive with ng sensor.
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P R O J E C T I O N  
AT O M  

I N T E R F E R O M E T E R

R E A L  D ATA  
S N S P D
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What's  Next ? 
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๏ Pablo Blanco (Ph.D. student visited May+June). 


๏ Tentative plan is to study spin-dependent dark matter. 


๏ May look at atomic clocks and or nuclear clocks.



25

Conclusions
๏  Atom interferometers offer thresholdless detection!


๏  N-enhancements are a resource. 


๏  Can probe otherwise unreachable parameter space.


