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Standard Cosmology

@ Abundance, Y = 1

xdy_ T <Y>2 L

where ' = n(ov) = Ys(ov)and x = m/T.
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Dark Matter Relic Abundance.
Thermal evolution

Evolution is governed by the factor .
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Experimental bounds

Fermi-LAT' and Planck® experiments have been exploring upper
bounds.
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The Problem That We Study

@ Is there any non-standard cosmology that predicts different
annihilation cross-section for thermal DM?

@ Scalar-Tensor Theories are good candidates before big-bang
nucleosynthesis.

v

Previous works

@ Catena et al. 2004, Phys. Rev D70. arXiv:0403614
@ Catena et al. 2010, Phys. Rev D81. arXiv:0912.4421
@ Meeham and Whittingham. 2015, JCAP. arXiv:1508.05174
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Conformal Scenario

Evolution of scalar field is dictated by,

20"+ (1 @) ¢ +2(1 - 3&)a(p) = 0.

where N =Ina/ay, B=1—¢"2/6, a(p) = d'”dg/z, w=&.

Veff
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Conformal Scenario
Equation of State

@(T) o
0.333 p—cp
@ Radiation domination,
&= 1/3.
@ Matter domination, & = 0.
@ Dark Energy domination,
0.3137 T T T R T BETE STTE BT~ BT O = _1
T(GeV)
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Parameter Constraints

Solar system tests of gravity impose constraints®.

Hi order 1 before the onset of BBN.

SarXiv: 0009034. 0103036
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Conformal Scenario
Expansion Rate of the Universe

In the plot* below C(yp) =

(1+0.1e78%)2 and (g, ¢y) = (0.2, —0.99)
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Conformal Scenario
Dark Matter Relic Abundance

The Boltzmann equation becomes

xav PV
~ T~ — T =~ ~ —1 .
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Conformal Scenario
Relic Abundance for 130 GeV
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Conformal Scenario

Comparing i and H
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Conformal Scenario
Dark Matter Annihilation Cross Section
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Conclusions

@ ST present a atractor mechanism to standard cosmology prior to
BBN.

@ DM annihilation cross-section larger and smaller than the one
predicted by standard cosmology, consistent with the experimental
bounds.

@ Significant variation in the evolution of abundance for high masses
(Presented example for 1000 GeV)
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Scalar-Tensor Theories of Gravity

Frames of reference

Two frames of references connected by §,., = C(¢)gu + D(¢)0,¢0,¢

Jordan Frame, g,.,

@ Scalar field couples through the gravitational sector.

@ As an example, the action for D = 0 is given by,

1
Stot =

+ SMat (Q,Lbl/a Wm) .

= [1~ .
s [ @5/5 [ LR - 20,000 - 200)]
GR

@ By construction, observables such as mass, length and time take

their standard interpretation.

xdv PV
= o= = = ~ —1
qu dX H qu
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Scalar-Tensor Theories of Gravity

Frames of reference

Einstein Frame, g,

@ Scalar field couples through the matter sector.

S= gz [ xvGR - [ dxy5 | 5062 + V(9)
+ Swiat (C(9)Gw + D(6)0,60, ¢, Vi) -

@ Physical quantities measured in this frame are spacetime
dependent.

® R — 3G R = K? (T;f,, n TW>
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Scalar-Tensor Theories of Gravity
Cosmological equations

FRW metric g,.., .
ds? = —dt? + a(t)?dx;dx’.

Einstein and scalar field equations become

2 _ K
H™ =2 lps + 0l

2
. K
H+H2=—€[P¢+3P¢+P+3P]a

¢+3Hdp+Vys+ Qo =0.

where H = 2.

CST and DM Mitchell 2017 18/19



Conformal Scenario
Expansion Rate of the Universe

With the solution for the scalar field we find H as follows,

Expansion Rate in the Jordan Frame

01/2(90) 1 1 Hgr
1/2 N2 o
C1/2(0) (1 — a(p)y) \/1 == (¢) V14 a2(go)

1—o(p)¢')?

where ' denotes derivative w.rt N = In /3
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