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BROWNIAN MOTION
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Complexity in the early universe

What if the early universe is not simple?
Ik . :
Si= /d% T liaijaﬁaﬂw — V(o)
¢ + T d ¢ + 3HP' + GIV; = 0
2

SR
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(non-linear, complicated)
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Consider a spectator field in an expanding universe

2 2
(d il +3Hd+M2+m -

S \

a(t) = eft=to) M? = 2H?  (conformal) m(t) = ij o(t — ;)
(de Sitter) M2

=l (massless) (localized non-adiabatic events)
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Consider a spectator field in an expanding universe

g L= etiit="ta)
(de Sitter)
k

(sub-, super-horizon)
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(localized non-adiabatic events)
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Brute force: solve numerically
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Transfer Matrix Formalism

Equation of motion — junction conditions

() =m; (5) =miy (2) . P -te -1

M; =1+ imja; ( ‘fk(Tj_))’i _fk(Tj).2|2)

where
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¢(j) = 5 arg (B0 it —5arg(fiay) . n(j) = 1851

Xu(r) = (L+m)Y2e7 @) (7)1 /266 ()
. J

Marcos A. G. Garcia 27/02/19



Transfer Matrix Formalism

Evolution of the transfer matrix is Markovian

M(@) = M;M(j —1)

|

e~ o o,

( P is a transition probability) l

0 P(M;t) = —0Om [<5|\22Mj P(M;t)] + %0,%,, [WP(M;t)
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A closed form analytical approximation can be obtained for sub-horizon modes. Only
marginals and low moments are available analytically for super-horizon modes
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Results
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Results

|. The strength of the non-adiabaticity is uniquely quantified by

W~ Nanm;] o2

A= 2

2. Distributions

Marcos A. G. Garcia 27/02/19



Results

3. Inside the horizon the field is always near its vacuum state. Outside the horizon, the mean
and variance grow linearly with cosmic time

Oms(ln [xx|®) = w1 —2
OpiVar [In|xx ] = po
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Results

3. Inside the horizon the field is always near its vacuum state. Outside the horizon, the mean
and variance grow linearly with cosmic time

— i1 = Om(In(1 + n))
g1+ 2 =0 (In| X %) +2

Oms(ln [xx|®) = w1 —2
OpiVar [In|xx ] = po

—  ji2 = Ot Var[ln(1 + n))

o = O Var[ln | X |?]

(conformal)
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Results
3. The two-point function for Zi(t) = In xe|? = (In [xe|*)
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Results

3. The two-point function for Zi(t) = In xe|? = (In [xe|*)

In(k'/k)
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implies that Ixk|? performs a geometric (Brownian) random walk outside the horizon
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Results

Caveats:
* Fokker-Planck gets you everything 1-point inside the horizon

* Qutside the horizon, FP only gives the mean rate 1 in the weak scattering limit, and
the distribution of one of the phases.

* No way to derive analytically the 1-point nor the N-point distribution of the field.

* Other expansion histories unexplored

Wiays forward:
* Random Matrix Theory?
» SDE approach?

* Higher spin?
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Applications

The quasi-de Sitter Goldstone 7 couples to the spectator X

S it l/\/—_gd4m|:6(t+ﬂ-)a,u,ﬂ-auﬂ-+auxﬁux_ (M2—|—m2(t‘|_ﬂ-)) X2j|

dm?(t) ,

— /\/—d4 {() Oumotm + 0, xO"x — (M? +m?*(t)) x° — 7

X7r+ ]

With ¢ ~ Hm ,an enhancement to the curvature power spectrum results

A2(0) = ax (P [ ar'ar” Gt )Gl P alr Yot L AT
2 / (621 )3 Xp(T /)Xp(T”)er_lq(T/)X|p_k|(7'")
where  (((k)¢(K')) = FAQ(’C) 5@ (k + )
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Applications

Given the Dirac-delta form of the effective mass, and the lognormality of the field,

(s () [k ()P} = exb | S0 {00 e () + 5 D (Z (1) 2, 1)

we can compute moments:
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(when scatterings begin)
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(e-fold duration of scatterings)
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Applications

(conformal, Nyt = 20 )
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Applications

(conformal, Nyt = 20 )
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Avallable parameter space:

Applications

Backreaction

Marcos A. G. Garcia

27/02/19



Applications

Tilt correction:
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More open problems

More caveats:

* The power spectrum calculation is very technical. An order of magnitude estimate is not
available

* How to proceed then with the N-point function?

* Lognormality of x may lead to a heavily skewed distribution for 7. How representative
of the typical member of the ensemble is the mean?

* Unclear how important dissipation effects (m — X ) are
* Reliance on "adiabatic regularization™
* Interpretation of the "feature’ in the power spectrum

*  Gravitational waves!?
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