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Result™: Ps(k) ~ k=2 for k — oc

* Arises before re-expansion of structures
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Result™: Ps(k) ~ k=2 for k — oc

* Arises before re-expansion of structures

* Persists after onset of re-expansion
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Result™: Ps(k) ~ k=2 for k — o

* Arises before re-expansion of structures
* Persists after onset of re-expansion

* Independent on the shape of the initial power spectrum
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* Exact before shell crossing
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Why Zeldovich trajectories?

* Exact before shell crossing

* Rigorous analytical treatment across all scales is necessary AND
possible in kinetic field theory (KFT)

* Good choice as building blocks for full structure growth in KFT

If you have not seen our talk
Kinetic Field Theory: An Introduction
| recommend to watch this first,
before continuing
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Zeldovich trajectories

* Density fluctuation power spectrum in KFT

P(S(k,t) — ﬁpA(l -+ IS] + ) ZO [JaK]J:O:K
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Zeldovich trajectories

* Density fluctuation power spectrum in KFT
Ps(k,t) = pp(1 +i8; + ) Zo[3.K];_ox

 Solution to Hamiltonian e.o.m.
t

q(t) = @V + ggp(t,0)p") + / dt' ggp(t, ') f (')
0
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Zeldovich trajectories

* Density fluctuation power spectrum in KFT
Ps(k.t) = pp(1 ) Zo 13, K] _ox
* Solution to Hamiltonian e.o.m.

q(t) = 3 + ggp(t, 005
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Zeldovich trajectories

* Density fluctuation power spectrum in KFT

Ps(k.t) = pp(1 ) %03, Ky _o—x
* Solution to Hamiltonian e.o.m.

q(t) = @V + ggp(t, 0)p"
* Linear growth on large scales

9ap(t,t') = Dy (t) — Do ()

— linear growth factor
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Zeldovich trajectories

Density fluctuation power spectrum in KFT

P5(k7t) — ﬁﬁ(l ) ZO [JaK]J:O:K

Solution to Hamiltonian e.o.m.
q(t) = 3 + ggp(t, 005
* Linear growth on large scales

9ap(t,t') = Dy (t) — Do ()

— linear growth factor

* Gaussian initial momentum correlations

’ Y = E Y E i EAG
CPP(A@ = <p(§) =y p(q + Agf» — / = p(s( )(k)e kEAq

k 14

— initial density fluctuation
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CDM Power spectrum

General expression

Ps(k,t) = (o™ FIT 0=
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CDM Power spectrum

General expression

Ps(k,t) = (e~ 1D O-2:(0))

For particles on straight Zeldovich trajectories

o2 —_ A — T
735(]{7 t) — e_Tlggp(t>O)k2 /d3q (eggp(t’o)kTCpp(Cf)k _ 1) elk'q

~ initial momentum correlations
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Large scale limit £ — 0
7)5(k,t) _;gqp(t 0)k2/d3q (egqp(t O)kTCpp(J)k 1) eiE'CT

Expansion for small modes — linear power spectrum for large scales
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Large scale limit £ — 0
7)5(]§,t) _;gqp(t 0)k2/d3q (egqp(t O)kTCpp(‘T)k 1) eiE'CT

Expansion for small modes — linear power spectrum for large scales

Ps(k, 1) Ng(?p(t,())/d?)q ETCop(DF &7
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Large scale limit £ — 0
735(]§,t) _;gqp(t 0)k2/d3q (egqp(t O)kTCpp(‘T)k 1) eiE'CT

Expansion for small modes — linear power spectrum for large scales
Ps(k,t) ~ ggp(t,()) /dgq ETépp(@)E eig.q

= 2,00 PV (k),  fork —0
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Small scale limit & —

7)5(]€,t) — e_%ggp(t’o)k2 /d3q (eggp(tao)]g-répp(‘j)]; _ 1) eiE‘J

Expansion of the exponent for small scales *
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Small scale limit & —

2

7)5(]€,t) — e_%ggp(t’o)k2 /d3q (eggp(tao)lg-répp(‘j)]; _ 1) eiE‘J

Expansion of the exponent for small scales *

N - o2 A
Gyt OFC(@F ~ g2, (00K | 5L+ A7 +0 (o)
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Small scale limit & —

2

7)5(16,?5) — e_%ggp(t’o)k2 /d3q (eggp(tvO)ETépp(‘j)]; _ 1) eiE‘J
Expansion of the exponent for small scales *

02 (L OFTC (DR ~ g2 (1, 0)K7 [— LA+ 0 (q4)]

with the Hessian 2 (1 00
A=2210 1 0
0 0 3
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Small scale limit & —

2

7)5(16,?5) — e_%ggp(t’o)k2 /d3q (eggp(tvO)ETépp(‘j)E _ 1) eiE‘i

Expansion of the exponent for small scales *

02 (L OFTC (DR ~ g2 (1, 0)K7 [— LA+ 0 (q4)]

with the Hessian 2 (1 00
A=2210 1 0
0 0 3

and the moments of the initial power spectrum

02 = / dk K2"=2P (k) N

*we gave a mathematical proof that
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Small scale limit & —

2

P(S(k,t) — e_%ggp(t’o)k2 /d3q (eggp(tvo)l;-répp((f)]; _ 1) eiE‘J

Expansion for large modes — power law for small scales

Ps(k,t) ~ / d3q e 9an(LOK*TTATHiE-
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Small scale limit & —

2

91
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Expansion for large modes — power law for small scales
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Small scale limit & —

2

91

Ps(k,t) = e~ 3 9an(t O)k2/d3q (egqp(t KT Cop (DF _ 1) oik-d

Expansion for large modes — power law for small scales

—

Ps(k,t) ~ / d3q e~ 9ap(HOK T ATHiE-G

1 (27)3/2 5 A
B V3 2g2 (t,0)03 e 07 for k— oo
9ap\L 2

This result has also been found recently by Chen and Pietroni in the

Lagrangian formulation of fluid mechanics arXiv:2002.11357 -
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Amplitude Time Evolution
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Amplitude Time Evolution
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Amplitude Time Evolution
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Asymptotics a = 0.04

* Arises before re-expansion of structures
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Asymptotics a = 0.05

* Arises before re-expansion of structures
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Asymptotics a=0.065

* Arises before re-expansion of structures
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Asymptotics a = 0.1

* Persists after onset of re-expansion
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Asymptotics a= 0.5

* Persists after onset of re-expansion

1e+06 i<
10000 :

100 |

0.01 }

power spectrum P(k)

0.0001 f| /

1e-08 -
0.01 0.1 1 10

wavenumber k [h Mpc'1]
Sara Konrad — Universality of the CDM Power Spectrum




Asymptotics a =10

* Persists after onset of re-expansion
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Initial Hot Dark Matter P(S(i)(k:) xk-eF

* Independent on the shape of the initial power spectrum
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Initial Hot Dark Matter P(S(i)(k:) xk-eF

* Independent on the shape of the initial power spectrum
104§ o i e e i | : ' """l "."I ; v """E
g linear,a=1 = = = ]
1n1 '
gqp( )P (k) |
g 0 = N ) 3 \
=] \
5 \
(o] :
Sl B
& \
2
8_ \
-4 | B d
10 : =
\
\
Bl ey d
L _ \
! iR o A Shaisly RN IR m | iy i
0.01 0.1 1 10 100
wave number k [h'1 Mpc ]

Sara Konrad — Universality of the CDM Power Spectrum

37



Initial Hot Dark Matter P(S(i)(k:) xk-eF

* Independent on the shape of the initial power spectrum
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Initial Hot Dark Matter P(S(i)(k:) xk-eF

* Independent on the shape of the initial power spectrum
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Initial Hot Dark Matter P(S(i)(k:) xk-eF

. Independent on the shape of the initial power spectrum
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Result™: Ps(k) ~ k=2 for k — o

* Arises before re-expansion of structures
* Persists after onset of re-expansion

* Independent on the shape of the initial power spectrum
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Thank you for watching my talk!

* Please visit also the talks by Elena Kozlikin and Carsten Littek

* | am looking forward to meet you in the discussion session!

e Contact me

Email: Sara.Konrad@stud.uni-heidelberg.de
LinkedIn: linkedin.com/in/sara-konrad-00a9551b3
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Zel'dovich trajectories

» Lagrangian Dynamics: (', t)
T t initial coordinate

coordinate at time t

* Ansatz for intially rotation free velocity field
m(Z,t) = a(t)T + b(t)p(X)
t initial momentum

* Being compatible with linear growth on large scales

r(Z,t) = a(t)T + a(t) D4 (¢)p(T)
b linear growth factor
e Gaussian initial momentum correlations

A — — —) = —/ — E@ E an i—’ f—_'
Conl =) s= () © @) = [ P (e
k L initial density fluctuatien

power spectrum
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