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Non gaussianities from a gaussian theory

e Enhanced quantization on the half line
e A new class of exact coherent states H. Bergeron, J.-P. Gazeau, P. Malkiewicz, PP — 2310.16868
Phys.Rev. D109, 023516 (2024)

e Born-Oppenheimer, entanglement and the multiverse

H. Bergeron, P. Matkiewicz, PP — 2405.09307
Phys.Rev. D110, 043512 (2024)

Basic model: GR + perfect fluid
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Basic model: GR + perfect fluid
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Coherent state quantization

Background phase space (¢,p) € R*" x R=1{(q,p)lg > 0,p € R}

Natural choice = 2 parameter affine group of the real line X\ ¢ R > (¢,p)- \ = A + p

q

I\ 5 (. P /
(20,20 (@,0)} = (@+0') = (@0 p0) © (4, D) (q . +p)

left-invariant measure dq¢’ A dp’ = dg A dp
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“Usual” Coherent state quantization

Background phase space (¢,p) € R*" x R

Natural choice = 2 parameter affine group of the real line X\ ¢ R > (¢,p)- \ = A + p

q

unitary, irreducible and square-integrable representation in the Hilbert space H = L~ (R*+, dw)

(@lU (g, p)I¥) = (ela,p) = —= (5)

\wx) (]))

covariant integral quantization on (affine) coherent states

RT™ xR > (q,p) — |qg,p) :==Ulg,p)|§) € H

l \ normalized fiducial state

U(q, p) _ ez’p:ﬁe—i(ln q)cZ alg?bra
l 2, d] = iz

A 1
dilation d := 5(@5 + pT)
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“Enhanced”Coherent state quantization

Background phase space (¢,p) € R*" x R

A
Natural choice = 2 parameter affine group of thereal line A € R — (g,p) - A = p +p
Equivalent representation ——> canonical transformation ¢ — ¢ & p +— i_l
aq

unitary, irreducible and square-integrable representation in the Hilbert space H, = L* (R*+, a:_o‘dx)

covariant integral quantization on (affine) coherent states

RT xR > (¢,p) = |g,p) == ) € H
l \ normalized fiducial state
[a _ 2] qu _ 5@’ —(ng®)d/2 _ &% —(Ing)d algebra
l [Aa d} o
Y, —| =1i%
l o :
H=p*+Cq? dilation d := 5(:?3]5 + pT)

H, ¢*. d / 2) = closed Lie algebra with structure constant independent of C'
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—+ 00 d
define ¢ () :/ . (z)|? > /H |q p)(q,p| =1 (resolution of unity)
0 +

rY+2

affine coherent state quantization: / dgdp lq,p) f(g,p){q,p]
I 2mco(&o)
—_— Al =1
_ \V/OZ c R, Aqa _ Ca(g()) C/I\joz — Aq _ C1 (60) j\j
co(&o) co($o)
H Ap _ Cl (50) p A A
co(&o) impose ¢ (&) = ¢o(&y) to ensure |[A,, A,
— A, = c2(%o) d dilation operator
v Co(?ﬂo) P
. . ( K 3] 1)
— = A, — 62<¢O) ) 2 | T . .
p co (o) \p (o) 2| 22 }> hamiltonian
> dy : R
K = ; ?56(9)2 -0 Hy, =p~ A 52
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Coherent state semiclassical framework

new fiducial state [¢o)

q,p) =

Aq,p‘¢0>
va € R, (¢,p|2%¢;p) = c-a—2(¢0) ¢° I E%P CL‘q,p>63(¢o)q}
q,p

(conformal) time-dependent functions ¢(7) and p(n)

define time-dependent coherent states | g(7),p(n)) = an ol %0) (z) = q(n)

A

—— O(q,p) ~ (a(n),p(n)|Ola(n),p(n)) = O(n)

A C
———— semiclassical hamiltonian: (g, p |p2\ q,p) = C—4(¢0)p2 - q_2 \

o - / 2
C—/O Yo(z)“de > 0
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Choosing the fiducial state [/0)wisely... A o—p2y L 4

1) demand that 1t solve the Schrodinger equation

with extra time dependent phase
1) apply Ehrenfest theorem:

1 () 016 () = i(0(0) |1, O) ()

S~ g0y )

f_n““") #w(n)) = % — 2(3(m) [p () = 2,
effective d%W(n) Blv(n)) = %7 = (VQ - i) (Y(m) |77 ](m)) =2 (VQ - i) le;f())
GOV = sl - - Z);g(%“c_ =0
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Choosing the fiducial state [vo)wisely... H,=p>+—14
X
V2 — ) c
semi classical hamiltonian:  Hsc(qn, pn) = p?? | ( z)Q 1 (o)
7

dgn _ OHs

dn  Opy

dpy _ _OHs
dn aqU

: > 1
+ constraint: C = / Yo(x)*da = (u2 - 1) 1 (tho)e—a(tho) — co(tbo)]
0

POSSIBLE ?2??
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Choosing the fiducial state [/0)wisely... I, —

3) Necessary condition: i V.| 9, {e_i¢(”)‘7qnpn} o) = e VT H LV, b o)

dnPn

. N . N V2 1 C ) n
ORI {6—@(77)‘/%%} _ () + 5282 ( 4;)2 1(¥0) o 577 ;
i T

eigenvalue w
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5) Solve eigenfunction equation ﬁo\ D, ) = (pz |

1%
X

V>1 v >0

2

— &, (z)=(x|P,) €R
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Choosing the fiducial state [vo)wisely...

6) Open book on known hamiltonian eigenvalues and eigenvectors:

— W, =26,2n+ v+ 1)

2 n! v+1 1 2
2 V—|—1/2LV 2 —5&v
Twtnt1) > ° @ (Gva”) €

— P, (x) =

n=>0

0.4!
Laguerre polynomials |

03!

[(|@0) |

02!

0.1

0.0

...
.=_

]
.

l~'
L ]
'''''''

»' ‘ _' ~'
¢ 1}
" 4
LI 1 L L L 1 A IS LAFSREN L 1 L

Cosmology and High Energy Physics IX — Montpellier —25/10/2024




Choosing the fiducial state [vo)wisely...

7) Wrap up with full solutions L —ib(n) _ <§V — Z.qnpn) ic,
gl/ _I_ anpn

def

(g, p;v,m) = e PP g, p) g,

8) Plot nice figures for the phase space evolution...

semiclassical trajectory in phase space

q
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q=2,p=0v=3n=0

pv(q,p) = |(q,p;v,0 )% /[2mco(v,0)]  semi classical probability density
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Next step: include perturbations H=HO 4 Z Hl(f) — HO 2 %\%,k|2 4 1 (wk2 _ V) vk |2
k k

— |
8(1 — 3w) p?

)Y = 11 30) & Mukhanov variable

a S S
9oy — (O 4 F©@
> i5 1) (H +H )|\p>

usual way to go Born-Oppenheimer expansion |J(50)) = |4(P8) (¢)) @ [P [{y ) q (n), p (0)])

+ Schrodinger i§‘¢(Pert)> = (P8 | (2|4 (Pe)y |y (Pert)y
n

but possible non diagonal terms... ("% |H )| "#))
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or time evolution or
BO not stable |¥) = [¢/)") 1"} Zw“@@ )P ()

BO 1nitial condition interferences

AN
/

Schrodinger

0
> 9 — (pert) E M 1H(2> (pert)

= ~_

My = (pP2) |3 (b2)) ("8 | H P |08

pa.s(a:p) = (a0, p|d. p)|* overcomplete basis <w,fbbg>\f](2)w(()bg)> + 0
no 66699

a simple semiclassical’ state eventually evolves into a multibranched state

interferences / virtual universes / loop expansion

interpretation / meaning?
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BO fixed basis {|¢,)} such that id,|¢,) = (P& |H@) P&y |6, ) (same n)

wave function decomposition \ngpe“>> — Z O | Om)
m™m

. : : —1 ~—1 2 —1 2
> time evolution |0y, = E M., SmkHér,o])ngérp - E Smk;Hzgpz{;pOénp
kp

Irkp

Sip = (D] dp) (Or|H,2) | dp)

multiverse amplitude evolution
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Universe =y { biverse J—» multiverse

fixed basis

b
0¥ (1) = lgo(n), po(m)) o
two background modes with energies £y and £/,
1 (M) = lai(n), p1(n))

=

=

| | i0nloE,) = (a0(n), o) H la0(n), po(n))| b, )
Born-Oppenheimer basis |0z, (1)) and |05, (1)) =— _
i0nloE,) = (@ (), pr () H |1 (0), p1(0)) | b, )

05" (1)) = aoo(n)|dm, () + o1 ()| dm, (1))
B1P (1)) = aro(n)| b, () + a11 (1) dm, (7))

perturbation basis

> (0)) = [g0, o) [oo (M, (M) + o1 ()| b, (M)] + a1, p1) [@10 (1)@, (1)) + @11 ()|, ()]
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One k mode perturbation hamiltonian ,L.(].Q) — (

1 0? 1

2 6’2),% 2

(¢i,Dilgj,pj) = /dx<qi,pi|:v><x|qj,pj>

Analytical integrations

- 2(1 — 3w)
Y (14 3w)2v(v — 1)

N

/\\

(v+1)(v—3)

P45

Ev

, (Sy + i
— P4,

>1/2

| wk%,%) Mij —

—1D;q;

(&/
El/ + iijj

>1/2'

qi

&
q;

;P pi 2\ el 1)
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- 9 2
- 8(1—3w) |p; , v+3 &
Y (143w ¢ v(v—1)q}

q;

) c (piq; — ;i)

+ (V? + 3)

diagonal element
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Gaussian perturbation representation (Vg|PE,) =

matrix elements Hi(jzlzl = \/§Mij Re () Re (Ql)]i

mode equation f 7;” + (wk2 — Vi) fi =0 > variance (2; =

pe(q,p,n) = [VE(g,p,n)|° = /OOO dxz(q, p|z){z|VE)

||||||||||||||||||||
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_ [¥Be(@p,m — o) + Y5, (42,1 — M)

twomodes  pg. 5, (q,p,7)

2(1 + Re(qo, polq1,p1))
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|Vi2(m)

potentials
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time development of non-BO parameters
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projected distribution
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Conclusions

® A new class of coherent state basis for background quantum cosmology

e quantum background + quantum fluctuations

|

superposition principe = possible interferences

Non gaussianities
from gaussian states

2
g, |

-6x10%-4x10%-2x10° O 2x10% 4x10% 6x10°
1+ 1 Vk

S Cosmology and High Energy Physics IX — Montpellier —25/10/2024



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

