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Light DM-electron scattering

DM DM

Kinematic Requirement

What has such transition energies?

- Molecules, Semiconductors
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Fluorescence: scintillation
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Non-Radiative Transitions
• Absorbtion: Blue photon (EA) 

promotes electronic transition: S0  
S1  ∆J ≠0

• Non-Radiative Transition: Internal 
conversion or vibrational 
deexcitation

• Emission: Red Photon (EE) emitted as 
electronic state relaxes back to S0

• EE < EA
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p-xylene (EJ-301)

CH3CH3

Single σ-bond

• Absorption spectra of p-xylene is well 
described by slightly perturbed aromatic 
peaks

• Expected since methyl groups don’t 
affect LCAO at leading order

• Produce perturbation at ~5% level in 
energy, 

• Benzene HOMO/LUMO gap = 4.9 eV 

• p-xylene HOMO/LUMO gap = 4.7 eV 

EJ-301
Solvent: para-xylene
Fluor: 5% by mass

para-xylene
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EJ-301 (3.8 Hz)

EJ-301 (0.1 Hz)
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Results : Liquid EJ-301
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Trans-Stilbene

Trans-Stilbene
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Daily Modulation
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Sensitivity & Reach: Solid
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Anatomy of QDs

Stabilizing ligands

Small semiconductor crystal (e.g. PbS, a = 0.5nm)

Zherebetskyy et al., Science 344, 1380 (2014) 
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Excitations in QD: Quick review
• Absorbtion: (b) Creation of a “hot” 

exciton – an electron/hole pair with 
energy significantly larger than the 
bandgap

• Non-Radiative Transition: (b) MEG – 
multi-exciton generation when 
energy is greater than twice the 
bandgap. Creates several band-edge 
excitons.

• Emission: (b) Radiative 
recombination of severalband-edge 
excitons producing several 
coincident photons
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QDs sensitivity
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