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Motivation

Cosmological inflation is the early period of accelerated expansion, a ~ e/’

v 2.6
Sieon

¢ — ¢+0¢ 0,
g— g+dg BudZ

RS SR Y

820

a
18

2 0.1 (5 B

Marcos A. G. Garcia PPC2017



Motivation

Cosmological inflation is the early period of accelerated expansion, a ~ et

174 2.6)
SR
o Tl
—
g— g+dg e
R
® 20
a
1.8
‘ @ 0.1 05 1 TR

When inflation ends, the Universe reheats. ..
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When inflation ends, the Universe reheats...in a potentially complicated way
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Stochastic Particle Production

Consider Nt coupled (scalar) fields. Assume the evolution of fluctuations contains localized
non-adiabatic events with random strengths at random intervals, and that the fields are
otherwise free

[1ai+¢2+m5(7)] VTR =0, U= Pl
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Stochastic Particle Production

Consider Nt coupled (scalar) fields. Assume the evolution of fluctuations contains localized
non-adiabatic events with random strengths at random intervals, and that the fields are
otherwise free

[1ai+¢2+m5(7)] VTR =0, U= Pl

A—ﬂ e Lo

A random walk (with drift) for the occupation number

: 1 o o 1
na(j) = S (\Xj|2 +w§|xj|2) oot 161
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Stochastic Particle Production

Consider Nt coupled (scalar) fields. Assume the evolution of fluctuations contains localized

non-adiabatic events with random strengths at random intervals, and that the fields are
otherwise free

[]1872,+Lu2+m5(7)] -x(1,k) =0, w2 =K+ m?

a
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Randomness and non-adiabaticity are encoded in M = define P(M; 1)
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Stochastic Particle Production

A general transfer matrix can be parametrized as

G i)

where u,v € U(N;), and n = diag(ni, n2,---) = Np(2N; + 1) variables in FP equation!
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A general transfer matrix can be parametrized as
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where u,v € U(N;), and n = diag(ni, n2,---) = Np(2N; + 1) variables in FP equation!

Is it possible to derive universal or quasi-universal results?
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Stochastic Particle Production

A general transfer matrix can be parametrized as

M(u 0NN Vvn v 0
= \UEE U vn  V/1+n)\0 v*
where u,v € U(N;), and n = diag(ni, n2,---) = Np(2N; + 1) variables in FP equation!

Is it possible to derive universal or quasi-universal resufts?

Assume the building block P maximizes the Shannon entropy
S[P| = —/P(M;éT) In P(M; 67) dM

subject to the constraints:

L (nj)sr

The local mean particle production rate is known and fixed, p; = ST
t  OT

. . 570
Coarse-grained continuity, Myisr ——— M,
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Stochastic Particle Production

A general transfer matrix can be parametrized as
M_ (4 0)(Vitn Vvn v 0
= \UEE U vn  V/1+n)\0 v*
where u,v € U(N;), and n = diag(ni, n2,---) = Np(2N; + 1) variables in FP equation!

Is it possible to derive universal or quasi-universal resufts?

Then (Mello, Pereyra, Kumar [988; Amin, Baumann 2016),
Pis flat (Haar) wrtu, dP({u,n,v}) = P({n, v}) du(u)

A closed set of equations for the moments of n =Y n, is obtained,

2N;

Ay (In(1 + n)) 1222 Nori”

i.e. exponential growth
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Exact Results

Consider the approximation

N
Mep(T) = 2v/was Y _ Aas(13)8(7 — 75)
! <

where 7; are uniformly distributed, and
ey =0, {(AapAca) = 025 (8acOba + Gaadsc)

The transfer matrix takes the form

Bl e e = diag(e“1™. 427 ...
M]f]l—kz(o aj>(_Aj e a; = diag(e™* ™, 27 .. .)
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Exact Results

Consider the approximation
Ny
mi(7) = 2v/waws y  Aan(m3)d(7 = 73),
j=1

where 7; are uniformly distributed, and
ey = O (AasAca) = 02 (8acbd + Gaadbe)
The transfer matrix takes the form

L 2 a;‘( 0 Aj Aj a-j 0 e UST Tt AQIOT 7
Mijl—Fz(O aj)(_Aj e a; = diag(e“7, 27 .. )

m;

Will focus on the total occupation number. Define R = MMT:

nG) = $Tr [MEM () - 1] = JTrRG) - 1)
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Exact Results

Single field

Only two parameters, n and u = €. Computation is straightforward,
(om) = (2n+1) 0 (ondn) = 2n(n+ 1)o*
ondp) =0
e (
(56) = 0 :

(6489) = gore Ty

§l2n + 1204 1)
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Exact Results

Single field

Only two parameters, n and u = €. Computation is straightforward,

(6n) = (2n+ 1) 0 (6nén) = 2n(n+ 1)0°

0_2

(09 0¢) = m

§l2n + 1204 1)
No ¢ dependence!l = maximum entropy
The FP equation is

1" 10 0 0
—a—P(n,T) = n(n+ 1)%P(n, T)

o2 0t
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Exact Results

Single field

Only two parameters, n and u = e, Computation is straightforward,

e (5ndn) = 2n(n + 1)0°

0_2

(09 0¢) = m

§l2n + 1204 1)
No ¢ dependence!l = maximum entropy
The FP equation is

%%P(n; ) = % [n(n—i— 1)%P(n; 7')]

with solution (n > 1)

1 (Inn— o%7)?
P(n;7)dn = ———— exp {77} dlnn
i dro?T thoyir

Marcos A. G. Garcia PPC2017



Exact Results
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Exact Results

Two fields

Six parameters now, n1, nz and

' ; 0 —i(eH¥) g 0 —i(e—¥)
u(¢:97¢7§0) = €_§¢ C(?S 29 ei? —) Sln92 ei(z )
sin 5 e2'¥ GosERet
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= need 27 correlators
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Exact Results

Two fields
Six parameters now, n1, nz and

iy cosfe 2 (p+9) sm§e 2 (=)

u(e,0,9,0) =€

sm 0 62(s0 ) cos & 62(w+w)

= need 27 correlators

Let

(M) —"ci | ((A22))sr = 05, (Al = (M) e ol .
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Exact Results

Two fields
Six parameters now, ni, n2 and

14 cos e 2 (o) —singe” 2(o=¥)

u(9,0,, ) =

sin & eg(v ) cos§ 62(50+w)

= need 27 correlators
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Exact Results
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Exact Results

8, (In(1 + n)) = 202
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Exact Results

Nt fields

Ni(Ng + 1) parameters now, ni, ng, . .., ny; and  (Tilma, Sudarshan 2002)

= < H A(k)) ([SUN=1)]- e n2-1%n2-1 | Ak) = P3%2k-3) A (k=1)2 41 92(k—1)
2<k<N
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Exact Results

Nt fields
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Exact Results

Nt fields

Ni( Nt + 1) parameters now, n1, na, . .

u= [ [ a® U

2<k<N

= need O(N;*) correlators!

Among other assumptions, consider
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.,nn; and  (Tilma, Sudarshan 2002)

A(k) = A3 (2k—3) eiA(k—1)2+1a2(1€*1)
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Exact Results
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Exact Results

(In(1 + n))/a%Nst
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Conclusion

Avoid relying on detailed model building, and take a coarse grained approach to
the particle production in the early universe

MEA captures the universal features arising from a Central Limit Threorem
(concentration of measure)...

...as long as there’s no hierarchy of couplings
Break from weak scattering limit = Random Matrix Theory?

Next; include expansion and metric perturbations
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Conclusion

Avoid relying on detailed model building, and take a coarse grained approach to
the particle production in the early universe

MEA captures the universal features arising from a Central Limit Threorem
(concentration of measure)...

...as long as there’s no hierarchy of couplings
Break from weak scattering limit = Random Matrix Theory?

Next; include expansion and metric perturbations

Thank you
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