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Dark Matter is often thought of as a being a cold object with
constant mass...
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Dark Matter is often thought of as a being a cold object with

constant mass...

However we know that this is not the case for most of the particles

in cosmology !

* Presence of a high temperature

* Thermal effects =———p (h) =0

e All particles massless at large T
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Dark Matter is often thought of as a being a cold object with
constant mass...

* |Interactions between the dark sector and the

thermal bath =——p thermal effects

* Mass terms in the dark sector might vary with T

However we know that this'is not the case for most of the particles
in cosmology !

* Presence of a high temperature
* Thermal effects ==——p (h) =0

e All particles massless at large T
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An educational toy model :

ﬁtree — £SM + ﬁdark + Eint .

Lint : Interaction between DM particles 1 and SM particles

£dau‘k — W!’Z’MJF 8M¢8H¢ ?JCWW Vtree(¢)+£darka
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An educational toy model :

ﬁtree — £SM + ﬁdark + Eint .

Lint : Interaction between DM particles 1 and SM particles

My ((3)) = Y(§) tommmmm Vireo() = —1o 62
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An educational toy model :

£tree — £SM + ﬁdark + Eint .

Lint : Interaction between DM particles 1 and SM particles

my((6)) = 5(d) 4 Viseo(6) = =162+ 2

But this is in the vacuum, atT = 0 ...
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¢

Scalar

Y

Thermal equilibrium : T = VI&(T', )

VER(T, ) = Vireo(¢) +Vow (6) + V54 (6) +F (T, ¢)

Zero Temperature CW 1-loop correction to
the free energy
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Only ¢ is assumed to be thermalized...

VI(T, ) = Visee () + Vow (8) + Viiac(0) + F (T 6) |

6472 ()2 2
4 2
F(T.6) = ~nr 5 Tr (m“fr(f) )

Tt w2 m? 1 m? m? mb
=— — —— — ——log——= + O
360 24 T2 32 T4 12 T6
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Only ¢ is assumed to be thermalized...

VI(T, 6) = Visee (8) + Vow (8) + Vi (6) + F(T )|

Vew () Vi (d) = —nr () [Iog(m¢(¢)2) B §]

6472 ()2 2
4 2
F(T.6) = ~nr 5 Tr (mfr(f) )

2 +00
JF (%) = / du u? log(l + e_\//2+m2/T2)
0

Tt w2 m? 1 m? m? mb
= — = — — — log —=|+ O| —
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VEH(T, $) = Viree(9) +Vow (0) + V5t (0) + F (T, ¢)
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771'2 v’ ﬁ‘(T)z Aeff (T)
vth T, — _n T4_ e 2_|_ 4
#(T59) 1720 T 0
T. = 2v6 p
C ;—nF y
T >T, "
> e 2"d order phase transition
T =T,
T > T, DM massless
\ I<Te T < T, DM acquires mass
S0) , Spontaneous
Freeze Out
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vp= g0 =1 +uley), where Ty = my(xs)/s
- )
‘u(mf) > 1| l <o <xp: me(r) ~mge,
FO My (T) =~ y\/ /\ej(m) myee.
u(zy) = O)| | 152 S myle) = 2um/z—1,
Spont. FO My (@) = 24 y\/g,g;z;)) '
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Decoupling of Dark Matter And Scalar Potential

After Dark Matter freezes out

dVeﬁ“ B dvdust
do d¢

b+ 3HG = —

Veff(‘f)) — Vtree(‘f)) + VCW(‘?-E’) Vdark(qb)

dX" dXY
Saust = — Z / dr; yp(X \/gw( X;) -+ —
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Interactions with the Standard Model

To compute the relic abundance : need to specify L;t

Consider Sl interactions : Ov = Yy, 0 fy*f and Og=yyff

G? e
(ov)y 2—;(14— )mi(a:),

<0"U>5 ~




Interactions with the Standard Model
After Spontaneous Freeze Out

For agiven (o) if mw(aj)/’ then th/

In order to have Qh? = 0.12 one needs a
larger annihilation cross section

» Models more accessible to detection

2 Unitarity limit modified as compared to
the usual WIMP scenario
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Unitarity Bound

In the usual WIMP scenario, unitarity imposes that

(2] + 1)
mtpzvrel

O-]vrel <

In our scenario, for a given dark-matter mass today, the
DM mass at freeze-out was smaller

(Ujvrel)FOm x < (Ujvrel)SFO

a

max
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Stability of the dark scalar ?

* ¢ could be produced through a Freeze-In mechanism and participate to the relic
abundance...
e Could decay after BBN...
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Direct Detection constraints

Os =Yff

Velocity suppressed

No constraints from indirect

detection

Might be detectable through

direct detection...

f — {q}q=u,d,s,c,b,t
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f — {l}l=e,r,u
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Indirect Detection constraints
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Conclusion

Masses in the dark sector might be generated by the spontaneous breaking of
some global symmetry

While DM particles are in thermal equilibrium, thermal corrections to the scalar
potential associated with such SSB might be significant and restore the symetry
above some critical temperature

The sudden 2"d order phase transition taking place at T = T, might provoke the
Spontaneous Freeze Out of dark matter particles before their mass reached their
asymptotic value

The cross section necessary to generate the correct DM relic abundance is
typically larger than in the usual WIMP scenario

The model might involve the presence of long lived scalars which might be
detectable in future experiments

Unitarity bounds on the WIMP mass might be overshot thanks to the dynamical
evolution of the dark matter mass
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Thank you very much!
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