A SEMICLASSICAL PATH
TO THE CosMmICc WEB
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BIG QUESTIONS

dark matter
early universe

dark energy & gravity

ANSWERS?

nonlinear clustering
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NUMERICAL ANALYTICAL
N PARTICLES 2 FIELDS

small scales large scales
limited power limited accuracy

limited sampling limited features
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1 WAVE FUNCTION

perturbation theory
& initial conditions




APPROXIMATE: SHOOT PARTICLES

follow initial gravitational potential

’U(q7 a) — —Vgpml( ) Zel'dovich approx

x(q,a) = q — aVe(q)




FREE PROPAGATION

classical action: displacement x velocity

1 r —q

So(x,q,a) = 5(513 —q) - -

background expansion



FREE PROPAGATION

transition amplitude

K 1 ..
dol,a) = N [ dqexp |1 Sol@.q.0)| vl (@)

Schrodinger equation
free-particle approx

hQ Coles & Spencer ‘03

— V1
2 CU, Rampf & Hahn ‘20
arXiv:1812.05633
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ihaaw() — =

small parameter



position x

time a

", SINE-WAVE EXAMPLE; =

AMPLITUDE:
BRIGHTNESS

» PHASE:

COLOR

interference

regularised
density
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INTERACTIVE PROPAGATION

h2
1hO, W = ——V2¢ + Veg (¢, a)
T "\ T?/
perturbative fluid: tidal effects ~— @ —
an

V@) = SV {(v%“m)) (Vi) }
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Schrodinger eq.

propagator

(86+ Siia) (.90
Vi (@) + Vi (@)

kick+drift+kick

a

Stid ~ — 9
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Schrodinger eq.

propagator

Y(x,a) x /d3qexp

h

[/

S(x,q,a)

—
Var (@)

™ (g)
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Schrodinger eq.

propagator

V(x,a) _ Y™ (q)

phase space

classical
fw(z,p,a) » observables
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~ CLASSICAL OBSERVABLES

PHASE-SPACE DISTRIBUTION

coarse-grained Wigner fw [y, i — 0]

d3z’ —ip-x

f(enp) = [ 55 exp B vl + ) il B

phase-space info in wave function
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_.CLASSICAL OBSERVABLES

LLAGRANGIAN FLUID

displacement: 2LPT
velocity beyond v%(q) = &(q)

v(q) = —Vgp(lm)—aVV(Q)
+5 v Vplind)

vorticity conserver




. ,CLASSICAL OBSERVABLES
VORTICITY CONSERVATION

Eulerian V, x v =0

before shell-crossing




,CLASSICAL OBSERVABLES
VORTICITY CONSERVATION

Lagrangian: Cauchy invariants
gijkx1 Tk = 0

2LPT
= (’)(az)

2PPT
= C’)(as)




. CLASSICAL OBSERVABLES

EULERIAN FLUID

denSity & VeIOCity application: Lyman-a

Porqueres et al.
p(x) = |Y(x) |2 arXiv:2005.12928

ih YV — YV
o) = 5 T

Propagator PT ~ LPT in Eulerian space
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. PPT INITIAL CONDITIONS '

ICs FOR EULERIAN HYDRO SIMS

2 fluids: DM & baryons

relative density 0. = 0, — 0.

Rampf, CU, Hahn

neglect decaying modes & Hahn, Rampf, CU
fresh on arXiv

= 1 propagator for 2 wave functions

see Oliver Hahn’'s Talk “Initial conditions for
Cosmological Simulations: The next generation”
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Large-scale structure = cosmic laboratory

Challenge: nonlinear clustering

analytical methods & numerical simulations

Tool: semiclassical physics

correspondence classical £ quantum
Schrodinger eq. with effective potential
Propagator PT: best of Lagrangian & Eulerian

Applications: Lyman-«a & initial conditions



