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Schwinger Current in de-Sitter

M. Bastero-Gil, P. B. Ferraz, A. Torres Manso, L. Ubaldi, RVM: PRELIMINARY
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Figure 1. Comparison of the dimensionless conductivities for di�erent masses. Top panel: Con-
ductivities for minimally coupled scalars � = 0 obtained with PV (solid), physical scale AS (dashed)
and DR (dot-dashed). In dashed gray there is the negative conductivity obtained in [1]. Bottom
panel: Conductivities for conformaly coupled scalars � = 1/6 (solid) and fermions (dot dashed).

Also of interest, there is the heavy mass limit m� � �, H. In this case we may be

expecting a current suppressed by the mass. In this limit, the function F� � 2�2/15 +

– 9 –
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Figure 1. Comparison of the dimensionless conductivities for di�erent masses. Top panel: Con-
ductivities for minimally coupled scalars � = 0 obtained with PV (solid), physical scale AS (dashed)
and DR (dot-dashed). In dashed gray there is the negative conductivity obtained in [1]. Bottom
panel: Conductivities for conformaly coupled scalars � = 1/6 (solid) and fermions (dot dashed).

Also of interest, there is the heavy mass limit m� � �, H. In this case we may be

expecting a current suppressed by the mass. In this limit, the function F� � 2�2/15 +

– 9 –

We find strictly positive conductivities and in the conformal limit
and similar results for both fermions and scalars

conformal

100

↳ contrary to literature !

(Kobayashi ,et. al : 1408 .4141 and Banyeres,et.al : 1809. 08977)



Summary and Conclusions

I Have presented an inflationary Schwinger (non-thermal)
dark matter production mechanism

I Can generate observed relic abundance for ‘dark electron’
masses in the range 0.1 eV . m� . 1015 GeV
(lower limit of 100 eV for fermions)

I Viable even in the conformal limit (massless) when purely
gravitational production is absent

I Also viable in the m� > Hend regime where purely gravitational
production is exponentially suppressed

I Examining current in de-Sitter space
I Examining backreaction and reheating effects



GRACIAS!

AND COME VISIT!



EXTRA SLIDES!



Constraints on Model Parameters
No-Thermalization within dark sector (or with SM)

gD . 2
✓

m�✏2R
(E/H2

end)
3

◆1/7

No Schwinger backreaction

� < 1

No backreaction on inflaton dynamics

⇢end
E < ⇢end

I V 1 <
E

H2
end

< 109

Visible sector must have more energy density than dark sector
at end of reheating (to ensure matter radiation equality)

⇢end
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end)



Producing a Dark Electric Field

To have a current need a (background) dark E-field

In principle any inflationary VDM mechanisms can work

Inspired by magnetogenesis in axion inflation models

Lsource(Aµ, �) =
1
2
@µ�@µ� + V (�) +

↵

4f
�Fµ⌫ F̃

µ⌫

Can reproduce observed DM relic abundance for:
µeV . mA . TeV, 100 GeV . H . 1014 GeV
(Bastero-Gil, Santiago, Ubaldi, RVM: 1810.07208, 2103.12145)

Dark E -field polarized with peak in energy density spectrum

Coherence length size of the horizon at end of inflation



Energy density spectrum at end of inflation
(Mar Bastero-Gil, Jose Santiago, Lorenzo Ubaldi, RVM: 1810.07208, 2103.12145)
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Figure 5. Left:Energy density spectrum for the electric (solid) and magnetic (dashed) component

at the end of inflation for m/Hend = 0 (black), 3.15·10�5 (red), 3.15·10�1 (green) and �end = 9. The

red and green dotted vertical lines indicate km/kend = m/Hend (see Fig. 3 and Eq.(47)). The

spectrum for the Bunch-Davies vacuum (black dotted) is also shown. Right: Same energy density

spectra as left, but zoomed in around the peak for �end = 3, 6, 9 and m/Hend � 1.

magnetic component changes from decreasing like k�4 to one decreasing like k�2 as we go to

larger scales. This change occurs when q = m and the modes at large co-moving scale (top

in Fig. 3) cross the Compton wavelength contour in Fig. 3 causing them to become non-

relativistic and damp more slowly with expansion than the still relativistic modes at smaller

scales. As discussed above, the last mode for which this occurs is at km so modes at scales

larger than k�1
m will see an enhancement relative to the massless case as seen in Fig. 5. We

see also that at the end of inflation this leads to domination by the magnetic component

at scales k�1 > k�1
m where m >> q. At even larger scales k�1 � k�1

m , we see the electric

component also changes slope from one decreasing like k�4 to one decreasing like k�2 after

going through a kink when the field time derivative ��A+ changes sign. However, we see it

still remains subdominant to the magnetic component at these scales. This is in contrast

to the massless case in which the electric component dominates at all scales6. Finally, we

see that around the peak the mass e�ects are negligible and, in particular, the massive and

massless cases have the same spectrum for modes k > km which will always contain the

majority of the peak. This is the case unless Hend . m < �Hend which we do not consider

since the tachyhonic production begins to be suppressed. However, this super heavy mass

6 We discuss these mass e�ects on the spectrum at large scales in more detail in the Appendix.

21

Power spectrum is peaked at very small scales (⇠ cm � km)
V power suppressed at CMB scales evading isocurvature limits



Inflationary dark vector production mechanisms


