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My 10 MeV 100 MeV
oo (95% CL.) 5.2 x 1077 1.9 x 1077
e G0 (95% CL.) | 1.2 x 107> em? | 1.4 x 107°% cm?
Ty(z = 17.2) 6.97K 6.71K
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Further Results

e [MeV]

my = 10 MeV

my = 100 MeV

1x 10~

oo = 1.05 x 1078

o0 = 3.46 x 1077

1x 10710

oo = 2.52 x 1079

oo = 8.36 x 1078

1x 1079

oo = 1.39 x 1077

oo = 2.09 x 1078

1x 1078

oo = 2.84 x 1079

oo = 1.61 x 1078

1x10°7

0o =9.88 x 1078

0o =5.29 x 1078

€ [MeV]

m, = 1000 MeV

m, = 5000 MeV

1x 10711

oo = 1.05 x 10~°

oo = 1.25 x 1074

1x 10710

o0 = 2.59 x 1076

oo =2.95x 107

1x107?

00 =6.79 x 1077

oo = 7.09 x 1070

1x10°8

oo = 1.93 x 1077

op = 2.25 x 1076

1x 1077

00 =2.07 x 1077

oo = 2.52 x 1076

Table: Inferred 95% confidence upper limits of og. Obtained with
MontePython using Planck 2015 TT+TE+FEE data.
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¢ [MeV] my =10 MeV my = 100 MeV

1x 1071 | 69 =4.43 x 10772 cm? | 69 = 5.29 x 10~°3 cm?
1x10719 [ 59 =3.36 x 107°2cm? | 69 = 4.04 x 10752 cm?
1x107 | 690 =5.86 x 10~*"cm? | 69 = 3.19 x 10~°! cm?
1x107% | 60=3.79 x 107 ¥ cem? | 59 = 7.78 x 107°0 cm?
1x1077 [ 69 =4.17x 100® cm? | 59 = 8.08 x 10~ cm?
€ [MeV] my, = 1000 MeV my = 5000 MeV

1x107 | 50 =1.29 x 1073 cm? | 69 = 1.48 x 1073 cm?
1x10719 [ 59 =1.00 x 107°%cm? | 69 = 1.10 x 107°% cm?
1x 1077 | 69 =28.36 x 10~°?cm? | 69 = 8.38 x 10~°! cm?
1x10°° | 60=752x 10 "Tem? | 60 = 8.41 x 10 cm?
1x 107" | 69 =255 x 107 cm? | 59 = 2.98 x 109 cm?

Table: Inferred 95% confidence upper limits of &9. Obtained with
MontePython using Planck 2015 TT+TE+EFE data.
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Figure: The evolution of the momentum exchange rate Ry for
e=1x10"19MeV, using the inferred CMB upper limits for og.
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Figure: Percent residuals of the TT (upper) and EE (lower) spectra with
respect to ACDM for e = 1 x 10710 MeV, using the inferred CMB upper

limits for og.
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Figure: The evolution of the momentum exchange rate Ry for
my = 100 MeV, using the inferred CMB upper limits for og.
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Figure: Percent residuals of the TT (upper) and EE (lower) spectra with
respect to ACDM for my = 100 MeV, using the inferred CMB upper limits
for og.
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Figure: Inferred 95% upper limits for oo (upper figure) and 5o (lower figure)
as a function of € for each tested my.
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Figure: Inferred 95% upper limits for oo (upper figure) and &o (lower figure)
as a function of my for each tested e.
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