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“Problems” in particle physics
Standard Model of particle physics accurately describes* every known 
experiment and observation to the measured and calculated precision 

mathematical structures  |  numerological curiosities  |  computational precision

dark matter  |  baryon asymmetry  |  inflation

experimental frontiers:

theoretical frontiers:

high-energy  |  cosmic  |  intensity  |  precision

*parametrized unknowns:
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0.2 eV < m < 20 eV(3) Dark matter sensitivity
hidden vectors  |  moduli  |  axions
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Bosonic dark matter couplings
EFT of DM bosons coupled to electrons, quarks, photons, gluons 
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Bosonic dark matter fields and interactions
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e.g. hidden photon:

production: {inflationary perturbations (spin-1)
misalignment mechanism (spin-0)
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Resonant excitation of a two-level system
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Resonant excitation of a two-level system
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Resonant excitation of a two-level system
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Resonant excitation of a two-level system
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Molecular levels and transitions
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DM absorption rate

V = 300 cm3

T = 100 K

P = 5 bar
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DM absorption rate

V = 300 cm3

T = 100 K

P = 5 bar

P = 0.05 bar

✏ = 10�12
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Cooperative radiation
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Absorption + Cooperative emission

✏ = 10�12

hidden photon DM
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Key considerations
frequency coverage radiative efficiency

Stark tuning 
(electric field)

Zeeman tuning 
(magnetic field)

molecular species 
or isotope shift

collisional 
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Photon detection

Bulk Phase I: PMT

⌘det ⇠ 0.5 �E ⇠ 0.1 eV⌘det ⇠ 0.3

B. MazinHamamatsu
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Backgrounds

thermal occupation / BBR:

natural/cosmogenic radioactivity:

cosmic rays:

dark count rate (DCR): high-reflectivity coatings 
cryogenic photodetectors: SNSPD, MKID, TES

underground and/or muon scintillator (99.9%)

veto trigger:
timing + fast relaxation

many, high-E particles

high-purity shield + components

ionized electrons{
10-12 mass fraction 238U for meter-scale volume�RD ⇠ 10�2 Hz

Stack configuration: 84% of signal in 10-7 solid angle  
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Signal discrimination

collisional broadening:

frequency shifts:

selection rules:
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DM-induced transitions



Kinematically mixed photon
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B-L gauge boson
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Modulus: electron coupling
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Modulus: photon, quark, gluon

��� ��� � � �� ���

�

�

�

�

�

�

� �� � � � ��� ��� ��� ����

�ϕ [��]

��
� �
�
� �

λγ [μ�]

� ������

�������

���

��

���

����� ������

�� �������

��� ��� � � �� ���

�

�

�

�

�

�

� �� � � � ��� ��� ��� ����

�ϕ [��]

��
� �
�
� �

�

λγ [μ�]

� ������

�������

��� �����

���

��

�������� ������

�� �������

��� ��� � � �� ���

�

�

�

�

�

�

� �� � � � ��� ��� ��� ����

�ϕ [��]

��
� �
�
� �

λγ [μ�]

� ������� �������

��

���

��

���
����� ������

����� �������



Axion: nuclear coupling
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Axion: electron coupling
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Conclusions
(1) Dark matter fields can resonantly excite a molecular system

(2) Experimental setup

(3) Dark matter sensitivity 0.2 eV < m < 20 eV

dark matter absorption = weak, monochromatic signal  
gas of small molecules = multimode resonator with large signal rate

low background rates 
tunable frequency response: superb discrimination power 
established field with photodetector technology advancements 
cooperative focusing effects: directional isolation and information

spin-1: mixed photon, B-L gauge boson, … 
spin-0, parity-even: moduli fields for electron, quark, photon, gluon, … 
spin-0, parity-odd: axion coupling to electrons, nucleons, photons, …

m < 0.2 eV  |  m > 20 eV  |  other use?  |  map out molecular forestFuture:
Phase I prototypes
Phase II R&D: slab/stack manufacturing  |  optimize photodetectors
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Electronic states of a diatomic molecule
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Molecular info



Configuration summary
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Key considerations
frequency coverage radiative efficiency

����� ����� ����� � ��

��-�

��-�

��-�

��-�

�

���

���

���

���

����

����

� [���]

��
��
[�
�]

��� �=�� �=�〉 → �=�� �=�〉

��

γ���

(�-�)γ�

η���(�-�)γ�

γ�

Γ��

γ���������

� = �� �
� = ��� �

� � � � � �

-�

-�

-�

�

�

�

�

μ��/��

ω
���
� /�

�

�=�→� �=�→�
�=�→±�

�=�→�

�=�→�

�=�→� �=±�→�

�=�→�

�=�→�

— Stark tuning:
— Zeeman tuning
— molecular species/isotope
— collisional broadening — Bulk: �quench�0 +

X

i

�i

— Stack: (r̄ � 1)�0 �
col

⇠

&


