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Cosmological Constant

» Cosmological Constant A
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Quintessence

w,w, CDM Constraints For Combined Samples

> Assume A =0
» A dynamical mechanism: quintessence
> Slowly rolling scalar field ¢

SN+CMB+BAO+HO

¢+3Hp+V,=0

» Reminiscent of inflation, but matter
and radiation cannot be neglected

T -1.20 -1.05

Scolnic+ (2018)



Quintessential Inflation

o » Inflaton and quintessence are the same
field
» Economy: no new degrees of
freedom
> Quitessence initial conditions given
by inflation

v e R G » Difficulty: a huge range of energies

Borrowed from: Dimopoulos & Owen between . and
(2017) plnf p/\

> The potential has to have a huge
gradient



Quintessential Inflation

V(9) » Inflaton and quintessence are the same
field
» Economy: no new degrees of
freedom
> Quitessence initial conditions given
by inflation

¢ » Difficulty: a huge range of energies

between pins and pp
> The potential has to have a huge
gradient



Reheating

> Reheating
» Non-oscillating part
» Other options
> gravitational reheating, but it is very
¢ inefficient
> instant preheating
> curvaton preheating




Reheating

> Reheating
» Non-oscillating part
» Other options

> gravitational reheating, but it is very
inefficient

> instant preheating

> curvaton preheating
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Other Problems

» The mass of the quintessence field my < Hg very light, also

[Carroll (1998)]
Bi ( I\/I) L

> 5th force: EStvos-type experiments constraint violations of
equivalence principle

» Varying fundamental constants: e.g. fine structure constant «
from Bra () Fun F*

» The excursion of the scalar field A¢ > mp
» Radiative corrections
» Non-renormalisable terms
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» Tachyonic trap

> A concrete example



The Trapping Mechanism

» Simple Model: H = 0 and no (classical) potential
[Kofman et al. (2004)]
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» Simple Model: H = 0 and no (classical) potential
[Kofman et al. (2004)]
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The Trapping Mechanism

» Simple Model: H = 0 and no (classical) potential
[Kofman et al. (2004)]

1
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» Backreaction

ngp =¢€ 8
» The x field

X + wixi =0 P Jo =0
= T > ko
where wi = k* + g2 (¢ — ¢rsp)’ Wﬁ%
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> Non-adiabaticity -
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The Trapping Mechanism

» Simple Model: H = 0 and no (classical) potential
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The Trapping Mechanism

» Simple Model: H = 0 and no (classical) potential
[Kofman et al. (2004)]
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> Linear potential

¢ = —gnysign (4) _
Ny =e &
» The x field
o 2 |
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The Trapping Mechanism

» Simple Model: H = 0 and no (classical) potential
[Kofman et al. (2004)]
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> ¢ evolution
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The Trapping Mechanism

» Simple Model: H = 0 and no (classical) potential
[Kofman et al. (2004)]
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The Trapping Mechanism

» Simple Model: H = 0 and no (classical) potential
[Kofman et al. (2004)]

1
L= ~0,00"$ — 0uxd"x — 58°X° (¢ — dsp)?
» ¢ evolution

¢ =vt— %sign (¢) gn, t?
» The x field

Xk + wixk =0

@y

where w? = k? + g2 (¢ — ¢msp)?
» End of resonance

|86 < \/v/g = py = prn
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Tachyonic Trap

s it 2
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Tachyonic Trap

1 1
L= —0,00"¢ — uxd'x — 58°x" (¢ — dmsp)” = 2 (x* - £2)?

» Tachyonic particle production [Dufaux+ (2006)]

wi = k* + g% (¢ — drsp)? — M2+ 32 (%)




Tachyonic Trap
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Tachyonic Trap

1 1
L= —0,00"¢ — uxd'x — 58°x" (¢ — dmsp)” = 2 (x* - £2)?

» Tachyonic particle production [Dufaux+ (2006)]
wk = k* + g% (¢ — dusp)” — AP + 30 ()

» More efficient particle

The spectrum after the first production

production
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Tachyonic Trap

1 1
L= —0,00"¢ — uxd'x — 58°x" (¢ — dmsp)” = 2 (x* - £2)?

» Tachyonic particle production [Dufaux+ (2006)]

wi = k* + g% (¢ — drsp)? — M2+ 32 (%)

» More efficient particle

The spectrum after the first production

production e
100 —— Semi-analytic
—k2 02
N =e" e Cw
<
» Particle production stops when
either
> |A¢| < non-adiabitc region; et o
or

> becomes heavy



Prompt Trapping

> Field excursion ¢ < mp; = ¢rsp < mp; and &1 < mp;
1. Trapping is prompt

Hesp ~v = tiHrgsp K1

2. Radiative corrections small
3. Non-renormalisable terms in the perturbative potential are
small

» In the vacuum ¢ is heavy and fixed
mé = g% > H?

1. No 5th force
2. No variation of fundamental constants



> Introduction
» Tachyonic trap

» A concrete example



Non-Perturbative Part

» Non-perturbative + perturbative part

o= Lkin ain LV ol £prtb



Non-Perturbative Part

> Kinetic term

(0%

2
[0}



Non-Perturbative Part

» The potential (e.g. gaugino condensation)
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Non-Perturbative Part

» The potential (e.g. gaugino condensation)

2
c=2 <@> 80" + Vo /P 4 Loy

2\ ¢
2 —/ah (i)

mp1 mp1

The pole is sent to —oo
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Perturbative Lagrangian
» Perturbative part
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Perturbative Lagrangian

> Perturbative part
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2
L= % (%) 8 p0" $ + Voe "¢/ M

+c’)ﬂx8“x+ g X (¢ — ¢usp)® + )\( *fz)z




Perturbative Lagrangian
> Perturbative part

2
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+c’)ﬂx8“x+ g X (¢ — ¢usp)® + )\( *fz)z

V (©,x)
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Perturbative Lagrangian

> Perturbative part
2
L= % (%) 800" § + Ve "¢/ mm1

+6#x6“x+ g X (¢ — ¢msp)® + )\( *fz)z

» Peccei-Quinn field
» Economy: axion DM f ~ 10'? GeV
» x heavy during inflation = no isocurvature perturbations
> k: the vacuum energy
HQZSESP i Vo 102

mp1 Vvac
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» |nflation

> Kination
> ESP
> reheating = N, = Planck Constraints



Constraints

» |nflation

> Kination
> ESP
> reheating = N, = Planck Constraints

mp; =1

¢ =+alng



Inflation
» Double exponential potential V (¢) = Voexp [~k exp (p/v/a)]

» Observables
1V

5 @ 8«
_ - . A = =4
2472 ¢

nsﬁl_,\T N2’ N2



Inflation
» Double exponential potential V (p) = Vpexp[—rexp (¢/v/@)]

» Observables
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ST 2472 ¢
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Inflation
» Double exponential potential V (p) = Vpexp[—rexp (¢/v/@)]
» Observables

ne~lo2_ . 8 _ 1 v
77 N, NZ' - N2 ST 242 ¢
» Thus Vo («)
a=(1-n)N>—2N, Vp=127> (1 —ns— Ni) et reNa=2 A

» Observational (Planck) constraints

ns = 0.968 == 0.006 53 < N, <70
r<0.06 = 1<a<37
In (10™°A;) = 3.094 + 0.034 KeEsp < 236



Inflation
» Double exponential potential V (p) = Vpexp[—rexp (¢/v/@)]
» Observables
2 « 8a 1V
N, A2 TR =T 2am2 ¢’

» Thus Vo («)

a=(1-n)N>—2N, Vo=127" (1 = Ni> et nN- =2 4

» Inflationary energy scale (within 20 of n)

logiol Vol 1 mpy )

55 60 65 70



Kination

10°18

22

» Potential is irrelevant %z
L. . o AMra
$+3Hp~0
I
¢2 o 376 ‘ «
a < 10
» Velocity at ESP
. 2Vo(a)/3 { v2a \V*?
PESP = <V V(p)
K,((\)qf)Esp

e (o7)



At the enhanced symmetry point

» With | — prsp| < 1

Viae (p—¢ESP)/ V@ 11 Ll
V &~ Viae + 57" (p —prsp) X~ + V(%)
Vo 2
where _ gbusp
7= \/a
» Dispersion relation of xx & \
N
wE = K2+ (o — pmsp) A (3 (2) — F2) \\_,_J
A PSP

» Constraint
by (057 v d’ESP) <1



At the enhanced symmetry point

> With |o — grsp| < 1

Viae (p—wESP)/Va ) A
Ve~ Vvac< y ) + 57 (p—ymsp)" X"+ V(X)
0
where _ gousp
==

» Dispersion relation of xx
wh = K477 (¢ — wrsp)*+A (3(x*) — %)

» Constraint

&1 (o, 7, ¢msp) < 1 a



Trapping

» Particle production ends when

1. |Ay| < non-adiabtic window = pr 3¢Esp

2. m: ~X(3(x*?) —f?) becomes large = pr < Lofep

> 1st case if
A > 1
WL

> Stronger x's self-coupling less effective trapping.



Reheating

> If & < % is satisfied
v

» Reheating temperature (instant thermalisation)

1 =D 71'2 4
= T
5 PESP 30g h

> An estimate

¢esp =~ 1
1/4 =5
Vend = 10
Kk ~ 102
A

oGy,



Planck Constraints

» Number of e-folds of observable inflation

o 244 5
N, ~563+,/—In <— >
A/ 24 mqﬁEsp

0.02

0.00 4 R
0955 0.960 0.965 0970 0.975 0.980

ns




Conclusions

» Quintessential inflation
» Trapping mechanism helps solving several traditional problems

> A concrete example






Kinetic Term

> Kaihler Potential for a string modulus T = \%:f
121
K —
—=-3In(T+T7)
Mpy
= —3In (\f2¢)
mpj

This gives the kinetic term
Lyin = K370, TO*T
3 (mp 271 2 1 2
- 1 (™) [jear+ ;00

~~ ¢

«




Axion DM Constraints

Ja[GeV]

Tensor-to-scalar ratior
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