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▸ All evidence for DM comes from gravitational interactions 

▸ Searches for DM rely on other interactions with SM 

▸ Production mechanisms can guide experimental searches
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▸ Many production mechanisms rely on non-gravitational interactions
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▸ Successful paradigm of Primordial Inflation 

▸ Time-varying background, large particle production  

▸ Unavoidable contribution; could account for DM?

H ⟹

Inflation
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[‘39 Schrödinger; ‘69 Parker;  
‘77 Gibbons, Hawking; 

‘79 Birrell, Davies; ‘87 Ford; …]
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Time-varying bkg   non-adiabaticity  particle prod. 
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Time-varying bkg   non-adiabaticity  particle prod. 

 mass term, …
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De-Sitter “temperature”     “bath” of particles 

(approximate analogy)

TdS ∼
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Time-varying bkg   non-adiabaticity  particle prod. 
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Massive vector A′ L Fermion ψ
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[‘98 Chung, Kolb, Riotto][‘15 Graham, Mardon, Rajendran]
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Massive vector A′ L Fermion ψ

106 GeVneV μeV meV eV keV MeV GeV TeV mDM109 GeV 1012 GeV1015 GeV

[‘98 Chung, Kolb, Riotto][‘15 Graham, Mardon, Rajendran]

▸ A minimal complexity of the dark sector opens new benchmarks!
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▸ , the mode  freezesρk,exit ∼ H4
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▸ , the mode  freezesρk,exit ∼ H4
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▸ In this talk, for illustration, mψ ≫ mA′ 

MASSIVE 
DARK QED

[‘21 Arvanitaki, Dimopoulos, Galanis, DR, Simon, Thompson]
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▸  produced during inflationA′ L,k
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PRELIMINARY
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▸  is generically presentεF′ μνFμν

▸ Production via freeze—in:
▸ Handle for DM detection
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▸  is generically presentεF′ μνFμν

▸ Production via freeze—in:
▸ Handle for DM detection

▸ Grav. prod. in massive QED 
complements freeze-in

PRELIMINARY



Gravitational Production of Dark Sectors

CONCLUSIONS

Davide Racco (Perimeter Institute)

12

▸ DM production mechanisms: benchmark for detection 

▸ Gravity + inflation  unavoidable gravitational 
production

⟹

 TDS ∼
HI

MP
TSM
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▸ DM production mechanisms: benchmark for detection 

▸ Gravity + inflation  unavoidable gravitational 
production

⟹

▸ Minimal structure in dark sector opens up new 
benchmarks for detection

 TDS ∼
HI

MP
TSM


