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Failures of the
Standard Model

‘® The horizon problem

'® The flatness problem
A .
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Add a new field ¢ called inflaton

& A.H. Guth, Phys. Rev. D23, 347 (1981
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A.H. Guth, Beem Line 27(3), 1997
S. Watson, An Exposition on Inflationary Cosmology, 2000
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Add a new field ¢ called inflaton
A. H. Guth, Phys. Rev. D23, 347 (1981)

~

Potential energy V(¢)

The inflaton slowly rolls from its initial state.
Its almost constant potential energy drives

the inflation.
A. Linde, Phys. Lett. 129B, 177 (1983).

(energy density)

o)
Inflaton field magnitude ¢

A.H. Guth, Beem Line 27(3), 1997
S. Watson, An Exposition on Inflationary Cosmology, 2000
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Add a new field ¢ called inflaton

& A.H. Guth, Phys. Rev. D23, 347 (1981
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Inflaton field magnitude ¢

V(p) = AM(p? — M?)? H’\%S ?Kev«hw\

V(p) = %mquz Massive scalar Gield
V(p) = 1¢p* Ge\§ '\Meruﬁ'\w% scadar Sield

V(p) = ZHL-2 (3 — %) e~®/Vs %’Vr'\w% ’\’\Ae,on{

Theory of Inflation

Add a new field ¢ called inflaton
A. H. Guth, Phys. Rev. D23, 347 (1981)

The inflaton slowly rolls from its initial state.
Its almost constant potential energy drives

the inflation.
A. Linde, Phys. Lett. 129B, 177 (1983).

The inflaton starts to oscillate around its
minimum and, coupled to matter fields, it
creates particles through parametric

resondance.
L. Kofman, A. Linde & A. Starobinsky, Phys. Rev. D 56, (1997).

A.H. Guth, Beem Line 27(3), 1997
S. Watson, An Exposition on Inflationary Cosmology, 2000
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Inflaton field magnitude ¢

Particles are created in pairs with opposite
momenta in a two modes squeezed state.
Interactions lead to decoherence and
thermalization

D. Campo & R. Parentani, Phys. Rev. D 74, 025001 (2006).

Add a new field ¢ called inflaton
A. H. Guth, Phys. Rev. D23, 347 (1981)

The inflaton slowly rolls from its initial state.
Its almost constant potential energy drives

the inflation.
A. Linde, Phys. Lett. 129B, 177 (1983).

The inflaton starts to oscillate around its
minimum and, coupled to matter fields, it
creates particles through parametric

resondance.
L. Kofman, A. Linde & A. Starobinsky, Phys. Rev. D 56, (1997).

A.H. Guth, Beem Line 27(3), 1997
S. Watson, An Exposition on Inflationary Cosmology, 2000
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Analog gravity

a Astrophysical black hole

Event horizon

PHYSICAL REVIEW e e
LETTERS | 9

- S — Particle
VOLUME 46 25 MAY 1981 NUMBER 21 |
Warped space-time

b Analogue black hole
Experimental Black-Hole Evaporation?

W. G. Unruh
Depaviment of Physics, Universily of British Columbia, Vancouvey, Bvitish Columbia V6T 2A6, Canada
(Received 8 December 1980) Sound

It is shown that the same arguments which lead to black-hole evaporation also predict Fluid wave
that a thermal spectrum of sound waves should be given out from the sonic horizon in
transsonic fluid flow, ‘

Supersonic region Subsonic region
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M. Jacquet et al., Eur. Phys. J. D 76, 152 (2022).

. . . S. Weinfurtner et al., Phys. Rev. Left.
— M. J. Jacquet, S. Weinfurtner, and F. Kénig, The next Generation of Analogue 106, 021302 (2011). 49

Gravity Experiments, Phil. Trans. R. Soc. A. 378, 20190239 (2020).
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experiment

theory

Experiment at Maryland, USA : aring BEC is expanded at supersonic speed [1].

[1] S. Eckel et al., A Rapidly Expanding Bose-Einstein Condensate: An Expanding Universe in the Lab, Phys. Rev. X 8, 021021 (2018).
[2] A. Chatrchyan et al., Analog Cosmological Reheating in an Ultracold Bose Gas, Phys. Rev. A 104, 023302 (2021).
[3] C. Viermann et al., Quantum Field Simulator for Dynamics in Curved Spacetime, Nature 611, 260 (2022).

Atomic density (arb. units)
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BEC is a macroscopic
state at k=0

+ Energy

S. Robertson, F. Michel, and R. Parentani,
Phys. Rev. D 95, 065020 (2017).

X. Busch and R. Parentani, Phys. Rev. D 88,
045023 (2013).
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BEC for analog inflation

INFLATION MODEL

. . | Creation of Interaction between
BEC Is @ macroscopic Oscillation of the entangled particles - : particles,
state af k=0 inflaton "| pairs with oppesite | decoherenee,
+ Energy momenta e thermalization
QFC\ACM\"\W% Zc\/»cmﬁ'\w%
\ /
\\ ll
o e/
\ /

S. Robertson, F. Michel, and R. Parentani,

Phys. Rev. D 95, 065020 (2017).

X. Busch and R. Parentani, Phys. Rev. D 88, 45
045023 (2013).



LABORATOIRE

BEC for analog inflation

INFLATION MODEL

. . | Creation of Interaction between
BEC Is @ macroscopic Oscillation of the entangled particles - : particles,
state af k=0 inflaton "| pairs with oppesite | decoherenee,
+ Energy momenta e thermalization
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W . excitation frequency

S. Robertson, F. Michel, and R. Parentani,
Phys. Rev. D 95, 065020 (2017).
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Probing entenglement

BEC is a macroscopic

state at k=0 Second order (n
k1k2)
correlation function: 9P (ky, ky) =

t Ener -
% (Mier )(ez) (...) : average over
experimental realizations
\ /
\\ /l e g@(k —k)>2 forentangled
N —o_/ (quasi) particles
\ / e 340, =0 with momentum k

W : excitation frequency

>
S. Robertson, F. Michel, and R. Parentani, ‘ ‘ ' Momentum
Phys. Rev. D 95, 065020 (2017).

X. Busch and R. Parentani, Phys. Rev. D 88, > —k(w k (w
045023 (2013). Time (a.0) (w) 0 +k (w) 47

Trap Stiffness w | (a.u.)
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(3) Work in progress @LCF




LABORATOIRE

CHARLES '
LI Experimental sefup




LABORATOIRE

ciartes - An experimental cycle

FABRY

Magneto-

opftical tfrap
l Dipole trap
20 pK 400 nK
0,2 m/s 3cm/s
107 atoms 5.104 atoms

— \Q
M} 4 Evaporative cooling\
® .

/eeman slower Magnetic tfrap




l\ EZ‘\QEE\? Detection of unique metastable helium atoms

Cigar shape BEC in @
crossed dipole frap
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Metastable Helium 4

= Simple atomic
stfructure

= No hyperfine structure

= |nternal energy of
20 eV

= Recoil speed of 2 cm/s
at 1083 nm

Cigar shape BEC in @
crossed dipole frap
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(...) . average over

Second order : L
experimental realizations

correlation function :

100
(2) _ (n_gny) é/
(n_c) ) o
X 1.4 - 2
& Clear correlations between opposite | - 60 g
momenta particles, ~ ©
w But g@ still under 2 3 L.2- ~40 9
Perspectives 1.0 - - 20
¥ Decrease the temperature 0
§ Decrease the # of oscillations (| population) (I) 5 10 1'5
¥ Check ¢® > 2 & entanglement : a,af, =0 Speed (mm/s) (v = hk)

‘Y Study the thermalization 53
J.-C. Jaskula et al., Phys. Rev. Lett. 109, 220401 (2012).
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Cosmology, 2000
« J.-C. Jaskula et al., Phys. Rev. Lett. 109, 220401
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p p + Aq p + 2hq Momentum
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“EZAQEE\? Supplement : checking the non-separabillity criteria

N\

(T

c c = cos(¢p)a +sin(¢p) b

ng = (c*c) = cos(¢)? ata + sin(¢)? bTh + cos psin (a™b + bTa)

- Check that this term is zero.
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Time
A
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Last scattering
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a o t?/3 Big Bang =

Distance
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dominated era

a « t1/2

a o« ellt Inflation

Big Bang 57
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