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First-order phase transitions

+ dissipative effects
Out-ot-eq eftects & open quantum systems Thermal + vacuum equilibrium effects are well understood \\ \
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EFT for nucleation

UV

JV modes (shrinking bubbles)

A, ~ R (Set by the bubble critical radius)

nucl

IR~modes\(grovving bubbles)

1. System-Environment splitting

P(x) = pr(¥) + Pyy(x)
Sl@] = Slor] + Slduy] + SnixlPr> Puv]

p (1) = pr (o) puv (L)

pr(D) = Triy (U, ty) p (t)U(t, ty) ) Sebastian .E|||s
IR-UV couplings

affect the IR physics

2. Initial conditions

puv[¢JV, Povstl = <¢[_|j_V(55) | puv(®) | ¢Gv(3_5)>

INn-In formalism
Example:

puvlty) = |QNQ| = Yy 1¥[dpy]*

Daniel Baumann
Vacuum wavefunctional

3/6



3. Renormalization

IR partition function:

G (x,x") = (T {Pp()p(x)})
G~ (x,x") = (p(0)P(x))
G=(x,x) = (¢(x)p(x))

G (x,x") = (A {px)p(x)})

ZIR — J D ¢I_ED ¢Ii pIR[¢I_|}_{9 ¢Ii’ to] e% eff[quR9¢II{]
B.C.

Fffective action:

Seirldrk- PRl = ) a (Slgfel+Sipldik. dir] )

a .
Unitary evolution EFT corrections

of IR modes

INnfluence functional:

i - La (S[PEy]+S i [Pl Pt
e%SIF[gbﬁr{,gbIR] B J' D¢[_|J_VD ¢6V pUV[¢[_JI_Va ¢6V; tO] € ; Gl PPl

B.C.
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4. IR equations of motion

Sebastian Ellis

In fact, we can map this information into a “reduced Wigner function”
Out-of-eq effects, Memory/non-local effects, Collision terms, etc

Wig, r; 1]
A .
E__ V- -J=-— V¢-J¢— V_-J, (Schematically)
[ [ J - n
Q2
4
. 4 2 1/2 - _ Nucleation rate in
D B - " F _ ) 1_ + 62 _ l exp __Vb . Vf.\!- . Quantum mechanics
27w 4 2 kT Hanggi-Mojtabai (1982)
Function of the dissipation kernel Negative eigenmode (Now corrected by dissipative kernels)
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[ake-nome message

.+ | depends on the details of the dissipation.

- The dissipation kernel can be computed directly from the Influence action.

. Strong memory effects lead to sizable effects in the nucleation rate (deviations from the traditional result).

- Theoretical uncertainties in the GW spectrum due to dissipation.
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