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* The coarse-grained Vlasov
equation

* Why beyond standard PT (SPT)

* JR effects and safe
resummations

* The UV failure of SPT and
effective / mixed approaches



The LSS challenge(s)

Learn fundamental physics from
Large Scale Structure measurements

Initial metric perturbations: spectra, non-gaussianity
Properties of the DM (cold, mixed, warm, fuzzy, ...)
Neutrino masses

GR constraints

Properties of DE



Data!

ZdF | O(1075) spectroscopic redshifts of galaxies,
PAST: e’ O(1073)deg”2
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O(1076) spectroscopic redshifts of galaxies,
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O(1079) photometric redshifts of galaxies,

IS/ full sky (LSST)
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O(1077) spectroscopic redshifts of galaxies,
O(1019) photometric redshifts of galaxies,
full sky
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l.inear and non-hnear scales

linear Power Spectrum @z=0, ACDM
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Vlasov Equation

Liouville theorem+ neglect non-gravitational interactions:

d 0 pt 0 -
. — | - —amV _ o(X, T (X, P, 7) =0
dr Jmic O am Oz 2 ) fmie(%, P, T)
moments:
nmic(xa 7_) o / dgpfmic(xa P, 7-) density
1 P :
mic o T —— velocity
Wmiel,7) = ——— [ £ 2 froixp7)
ij 1 p' P - - velocity
J N 3 i K e )%



From particles to fluids

Buchert, Dominguez, ‘05, Pueblas Scoccimarro, ‘09, Baumann et al. "10
M.P., G. Mangano, N. Saviano, M. Viel, 1108.5203, Carrasco, Hertzberg, Senatore,1206.2976 .
Manzotti, Peloso, M.P,, \?el, Villaescusa Navarro, 1407.1342, Hulemann, Kopp, 1407.4810 ...
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From particles to fluids

Buchert, Dominguez, '05, Pueblas Scoccimarro, ‘09, Baumann et al. "10
M.P., G. Mangano, N. Saviano, M. Viel, 1108.5203, Carrasco, Hertzberg, Senatore,1206.2976 .
Manzotti, Peloso, M.P.,, Vgel, Villaescusa Navarro, 1407.1342, Hulemann, Kopp, 1407.4810 ...
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f(x7p7 7_) = V /dByW(y/LUV)fmzc(x ~ Y, D, 7_)



S : Gl
e amV (X, T) P oo ) =
Sl | : | ;
am | { == fmicV' Pmic) Ly (X, P> T) -f (%, P, T)V,0(x, T)
- Op Op !
\ short scales
it 1 3
@)1 ®) = 7 [ EYW/Lov)gix+)

Coarse-grained Vlasov equation

¢ 0 <¢mic>LUV
f T <fmic>LUV

Vlasov equation in the L_uv — 0 limit!

i

large scales

Taking moments....




Exact large scale dynamics for density and

velocity fields
0 0

Eé(x) | o [(1 = 5(X))Ui(X)] =)
50 (%) + HU'(x) + 07 (%) 50" (%) = —Vod(x) — Jo(x) — J1(X)
V24(x) = gQMH25(X)

n(x) = ng(l 4+ 6(x)) = ng(

. 1+ {dmic) (X))
) = (L i)}

1 4 0(x)
external input | s .
on UV-physics ik n(x) 0" (n(x)o™ (x))
needed to close { e
Ji1(x) =

the system n(x) (<nmicvz¢mi0>(x) = n(X)VZ¢(X))



Single stream regime

Set g = W =... =V xv=0

| (

f(x,p,7) =n(x,7) ép(p —amv(x,T))

System described by §(x,7), 0(x,7) =V - v(x,T)

00
o +V-((14+6)v) continuity
ov
o FHV 4+ (v-V)v=-V¢ Euler
3

Vg = 5 Qur H? S Poisson



Single stream regime

Set g = W =... =V xv=0

| (i = g}

f(x,p,7) =n(x,7) ép(p —amv(x,T))

System described by §(x,7), 8(x,7) =V - v(X, T)

0o

o +V-((14+9)v) continuity
0

8: FHv 4+ (v-V)v=-Vo¢ Euler
Vg = % Qur H? S Poisson

warning: self-consistent ... but ultimately wrong!



Linear Perturbation Theory

00
5 +60=0
L LA q e 2
=+ HO = -V"¢ 5+H5—2QMH5
Wi — g Qns H2 S linear GR equation for k > H
(1) (k
Solution : 61 (k, 1) = i /H(f’T) = ok e Dl (D () = 1)
. (et

growing/decaying mode

f+
EarEdS, Oyl e = ( > g B SR S



Standard Perturbation Theory

[t is an expansion of the density and velocity
fields in terms of the initial conditions

Compact notation: n = log(a/ain)

The continuity+Euler+Poisson system reads:

dRG D
(0abOn + Qan(n)) bk, n) = €” / 2m)F (27)7 0p(k — a — P)Vabe(k; q, P)ws(q, ) pc(P; M)
linear nonlinear
e
1 S 12k, q,p) = ma21(k,p,a) = - f
G & Y229 (k7 q, p) 57

2iq-p-



Standard Perturbation Theory

[t is an expansion of the density and velocity
fields in terms of the initial conditions

Compact notation: < ZZ;EZB ) hCR ( _95(57777’15)/71 ) n = log(a/ain)

The continuity+Euler+Poisson system reads:

dRG D
(0abOn + Qan(n)) bk, n) = €” / 2m)F (27)7 0p(k — a — P)Vabe(k; q, P)ws(q, ) pc(P; M)
linear nonlinear
e
1 S 12k, q,p) = ma21(k,p,a) = - f
G & Y229 (k7 q, p) 57

2iq-p-



[terative solution (EdS)
Sﬁg,l) ke — g vinon(k) linear solution
2 Do D et
9ab(n) = K g;; 2?; ) +€_5/2"< _4/5 3/5 )] ©(n)  linear propagator
n
oD (k,n) = /O ds gap(n — 5) €° T qpbea(k, a, P)etH (a, 8)05 (b, )

2nd grder solution

ngn)(ka M) = Ik,qq, ,ana’bly... b (ko = 77)902711((11) Al 90762 (dn)

nth order solution

e d3Q1 d3Qn 025 - ;
(Ik,Q1,”',C1n :/(27_‘_)3 (27‘(‘)35D(k Zq1)>

==

MODE MODE COUPLING



Correlators

If the initial conditions are gaussian, then only correlators involving an
even number of fields are non-vanishing

tree-level

Power spectrum: (0, (k, 1) (K, 7)) = (01 (k, 7)ot (K, 7))
+He® (k, el (&) + (0P (&, n)pl” (K, 7))

one-loop

D (ke (K, ) + O((¢™)®)

Bispectrum: (palk, m)eu(K',m)pc(K", 7)) = (P (k, n)ey” (K, ) (K", )
tree-level 42 permutations + O((¢*")°)



Diagrammar

a »  propagator (linear growth factor): —2 gup(14, 75)

- m . linear power spectrum: B ok

interaction vertex: —t¢e” ’Yabc(kaa kp, kc)



Diagrammar

a »  propagator (linear growth factor): —2 gup(14, 75)

- m . linear power spectrum: B ok

interaction vertex: —t¢e” ’Yabc(kaa kp, kc)

Example: 1-loop correction to the density power spectrum:

1 _ 1 1 1 1 N1
] + e} — 2 — e 0

Linear Power spectrum “prY”

IIP13II



P(k)/Pnowiggle(k)

Performance of standard Pl

Zo—id'srh
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k [h/Mpc] k [h/Mpc]
Blas et al 1309.3308

The expansion fails to converge at low redshifts/small scales



PT in the BAO range

1-loop propagator
@ large k:

k

[

-

Gav (k3 M0y M) = Gab(Mas M)

1 — k%0?

/

MNa __ 77b2_
(e —e™)

2

ke

/

(0 e™) " ~0.15hMpc™?
in the BAO range!

the PT series blows up in the BAO range



... but it can be resummed

k> q (Crocce-Scoccimarro ’06)

: iy <5(k777)5(k7772n)> . k220262n
G(k,n777@n) e <5(k,77@n)5(k,77@n)> &

‘coherence momentum’ kch o (0‘ 677)_1 ~ (.15 h MpC_l
\ damping in the BAO

range!



... but it can be resummed

k> q (Crocce-Scoccimarro ’06)

: iy <5(k777)5(k7772n)> . k220262n
G(k,n777@n) e <5(k,77@n)5(k,77@n)> &

‘coherence momentum’ kch o (0‘ 677)_1 ~ (.15 h MpC_l
\ damping in the BAO

range!

RPT: use G, and not g, as the linear propagator



Physical meaning of the IR resummation

Vlong

Oa(x? T) - 5a(x T Da(x.~ T)? T)' DG(X’T) = / dT,Vaflong(xaT,) = Da(T)

P k0 )0. (k7)) = (Ballr)Ba (K, 7)) (e F Daliir e CL I

— k2?02 (D(r)—D(7"))?

= (B, T)a (K, T Ype G
[ ,L. Sl e e
A= —grs | Ctlhons(@rhong(@) =3 [ 26D

PT at any finite order truncates the full exponential behavior (P13, P15,...)
(IR) Resummations take into account the large scale bulk motions
at all PT orders



/.el'dovich and beyond

1.0 kS
5L PP/Plin, z=1, L=0
08/
! —_ PPlloop/Plin
06| — PP_CS/Plin
— PP_TRG/Plin
04| - PP/Plin (Nbody)
02|
0.07\‘\‘\\\\‘\‘\\\\\\‘\\\\\\\\‘\
0.0 0.1 02 03 04 0.5 0.6

Large k limit: Zel’dovich
Small k limit: 1-loop
Interpolation built in the equation!



Large scale tlows and BAO

O(6 Mpc/h)

displacements
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reconstruction

Seo et al, 0910.5005, Padmanabhan et al 1202.0090, Tassev, Zaldarriaga 1203.6066, ...



Effect on the Correlation

Function

Most of the information on the BAO peak
is contained in the propagator part

The widening of the peak
can be reproduced by Zel’dovich
approximation (and improvements of it)

The widening of the peak
contains robust physical information
(not a parameter to marginalize!)

Peloso, MP, Viel, Villaescusa-Navarro, 1505.07477



simplified) Zel'dovich

approximation

Zeld _koy(»)
el e
k%02 (z)

Pl o) cmmmenmn 2l ()

g 1/(d3q P*(q, 2)

27)3 e

linear velocity dispersion:
contains information on linear PS, growth factor,...

1 - in(qR 2 .2 1 R
0¢(R) = 55 / dgq* 5P"™(q) (S q(; ) (it _ gfz(fp))

1

i) = 212 R

/O ? dqq (qR)" sin(qR) P(q)

Peloso, MP, Viel, Villaescusa-Navarro, 1505.07477



Redshift ratios

Ratio &(z)/£(z=0)

S S An & S g AV Oy ] T TR e e ] Ml T T e oen 32 ) e SRR S o
60 70 80 90 100 110 120
R [Mpc/h]

Peloso, MP, Viel, Villaescusa-Navarro, 1505.07477



Effect of Massive neutrimos on

BAO peak

- Y m, =0.15eV; z=0
X k202 (2)

Pk z) —c2 nzw Pz

Increasing neutrino

masses,
Plin decreases, but also
velocity dispersion
decreases.

Nitim,, = 0:15 = cVi Sl

i0f(Xmy, =03)/ & (Xm,=0)  Ratiof (Xm, =0.15)/ & (Xm, =0)

Rat;
(=]

Domy,=0.3% eV il 0

thf(va=06)/ f(zmv :0)

o \\ / |
\ 1
\ 1
= I
5 1
W 1
. !
E I
I
I
r I
0.5+ 1
I
[ 1 7,
r 1
’ 4
L I
““““““““ [ 0 l’I 0 ; |
60 80 120 140

Peloso, MP, Viel, Villaescusa-Navarro, 1505.07477
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assive neutrmos

‘40f > m, =0.0eV; z=0 (real space)
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Mode coupling-Response

functions

The nonlinear PS is a functional of the initial one
(in a given cosmology and assuming no PNG): Pap|P ’1(k, )

SPT is an expansion around P°(q) =0

: — 1 0™ Pop| PY) (k; : ;
PalPisn) =3 [ da- o, ST P P

n=1 linear order (= “0-loop”)
n=2 “1-loop”
- ,d =1 density
a, - ,d =2 velocity div.



Mode coupling-Response

functions

We can instead expand around a reference PS: P°(q) = P°(q)

[P e n) = Pab[PO](k' 1)

3 ORIl ; :
D a 5po<ql>[.--]§m?én> o P i)
e Cff Kalkm)0P@) +--,  6P%(q) = PO(q) — P(q)

ol Ry

; : A : i () ( 77)
Linear response function: Ka(k,¢;1) = ¢ / dflq 5PO(q)

PO— po0

Non-perturbative (gets contributions from all SPT orders)

Key object for more etficient interpolators ?



T'’he non-perturbative LLRIF

Kap(k,q;m) = q0p(k — q) Gaclk; 0, in) e Goalk; 0, in)Ud
I g° /
2 {on) / A€l (Lo (k; 1) Xe( = Min ) Xa (L Tin ) b (—K; 1)) Uctta.

) = —i{pa(k, ) xs(—k, in))’
methods from Matarrese, MP, ‘07




M. Peloso, M.P.
1302.0223/1310.7915
: d A. Kehagias, A. Riotto et al
IR consistency relations  %:0%
Creminelli et al. 1309.3557
P. Valageas 1311.1236

the effect of a long wavelength (time dependent)
velocity mode can be exactly reabsorbed by a
change of coordinates in the uniform limit

exact relations between N and N+1 point functions

. J J
v (q) = ig—29(q) X ig—Zé (q) No 1/q dependence for soft q
Q7‘77m :q7 Nin

Kap(k,q) < g° for q < k




IR screening

Sensitivity of the nonlinear PS at scale k
on a change of the initial PS at scale q:

e )

= 15 Pl (g. 2)

no O(q) terms

k= 0.161 h Mpc™"

2x107° - A -

1073

T(k,q)

—1x1073+

240" SPT 142-loop {ff "

SR N ep—— z=2
3x1073 ® c— =z =1 l' i
a — — -z=035 ,
e 2= 0 T
—4x107 : T ' T ———
0.1 |
q [h"Mpc]

Nishimichi, Bernardeau, Taruya 1411.2970

... Little, Weinberg, Park, 1991



IR screening

Sensitivity of the nonlinear PS at scale k
on a change of the initial PS at scale qg:

e )

= 15 Pl (g. 2)

IR: “Galilean invariance”
(kg 2) ~ q°

no O(q) terms

i)
o k = 0.161 h Mpc L
X — f —
/]
%
103+ yaE .
I ~ 2\
. B
O ............................................................................. “ \‘ ]
~ j= SB'== =m m= =
3 N \\_'\‘ ~~~~~
24 1} T~
= —1x107F | "
2 SPT 1-loop 1 | TN
z-indep. | } N
2x10°-  SPT 14+2-loop B
f @ =mesmmeas Z = 2 =¥¥= ]
—3x1073 e — =7 1 l' _|
a — — -z=035 ,
S 2= 0 T
—4x10° e .
0.1 1
£
q [h"Mpc]

Nishimichi, Bernardeau, Taruya 1411.2970

... Little, Weinberg, Park, 1991



Resummations and R sensitivity

PS in Lagrangian framework

U(q)=x—q displacement field

(1+6(x))d°r = d’q mass conservation
5(1{) L1 /dSCE 5(X)€—ik-x = /d3q 6—ik-q (e—ik-\IJ(Q) 2 1)

R / drerr (<e_ik'A‘P> — 1)



Zel’dovich approximation: displacement field from linear PT

/i dE ki k S
U,(q,7) = / dr'v(q, ") =i Dy (1) / ek — §,(k,0), (gaussian field)
: e’ R

- 17.41.5 i '
<e—zk-A\IJZ> el ral kI (ATY AW )

) /d?’r cos (k-r) |e” L5 (D-D')? o=DD' (Ko?~I(kx)) _ 1}

D =Dy(r), D'=D,(7") linear growth factor

[(k, I‘) = / (;iﬂ'];% olPr (pp4k) PO(p)) I(k, O) 2

All orders in SPT, good testing ground for resummations



¢

insensitive to IR velocity modes

—DD'(k*c*—I(k,r))
with momentum p p < O(1/r) ~ O(Minlk, 1/l40])

N n
Gy e—DD’(kQJQ—I(k,r)) 2l Z ) (DD’(k2 200 I(k, r)))n

n!
n=0

No spurious IR dependence

1 7 k202 V2 2! (_1)77, Lo )
bltitruncated “propagatoris o == Eagii NS ( (D D/)2>

Spurious IR dependence at order N+1

D2
fitaet Sproparators o (D DU



How much does it matter?

Not so much on the BAO feature

Broadband effect ~ (kQUQ)N oL

IR-UV connection

I I | I I I
110



IR safe resummations

3 0
General idea: define o%(p) = 1/ 2l f (g) 540, ex: f(z) = .

5 e (i

N '\
L co-—(k.r)) - — DD ef o p (DD’ 2 -0 N
- ( (k, 1)) ~ ¢ ( (P)) Z_:O - (I(k, r) — k2o (p))
Properties:
1) approaches SPT as p — 00 ;

2) for any finite P is IR safe;

3) RPT correspondsto p = 0 strictly. “Singular” non IR safe point.



Restoring the IR behaviour

M. Peloso, MP (in preparation)
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IR safe evolution equations




UV Screening

Sensitivity of the nonlinear PS at scale k AR ——
N k=0.161 h Mpc ~

on a change of the initial PS at scale q:

5P (k; 2)

= 15 Pl (g. 2)

T(k,q)
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Nishimichi, Bernardeau, Taruya 1411.2970
... Little, Weinberg, Park, 1991



UV Screening

Sensitivity of the nonlinear PS at scale k
on a change of the initial PS at scale qg:

e )
O (g 2)

Bk s0) —'q

PT overpredicts the sensitivity

of UV scales
on intermediate ones

————————
o k = 0.161 h Mpc
X — [ _
3
5
103+ yaE .
~ -..}‘)‘)

O ............................................................................. “ \‘ ]
= = =5 =="=m == =
3 NI~
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:—1X10_3— “‘1 T .

SPT I-loop 1§ RIS
z-indep= ' RN
{F. .
—2x107- RFT+2-loop | ]
| @ =—===—=== Z:2 =¥¥=
—3)(10_3— u '—'—ZZI :t N
s — — -7z=0.35 |
SR 2 =0 T
—4x107 N S
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Nishimichi, Bernardeau, Taruya 1411.2970

... Little, Weinberg, Park, 1991



UV screening

The effect of virialized structures on larger scales is screened
(Peebles ’80, Baumann et al 1004.2488, Blas et al 1408.2995).

However, the departure from the PT predictions starts at small q’s:
is it only a virialization effect?

2D
q, in  —9, Tin q O
- ~ 5s— damped propagators!

¢ \ =C

I <« T (compare SPT: linear propagator g=0(1))

"k, memory of initial substructures is largely lost



NL propagator and LLRF




LUV lessons

* SPT fails when loop momenta become higher than the nonlinear
scale (q = 0.4 h/Mpc)

* The real response to modifications in the UV regime is mild

* Most of the cosmology dependence is on intermediate scales



Dealing with the UV

* General idea: take the UV physics from N-body simulations
and use (IR resummed) PT only for the large and
intermediate scales



non-linear non-perfect fluid =~ N-body

T

4P ok coarse-grained
sources

Physics at k must be independenton L, L_uv
(“Wilsonian approach”)

Expansion in sources:

(86).s = (88)s=0 + (8.78)s=0 + 5 i
| N
computed in PT measured from
with cutoff at 1/L simulations

M.P, G. Mangano, N. Saviano, M. Viel, 1108.5203
Manzotti, Peloso, MP, Villaescusa-Navarro, Viel, 1407.1342




Exact large scale dynamics for density and

velocity fields
0 0

Eé(x) | oy [(1 + 5(X))Ui(X)] —5()
50 (%) +HU'(x) + 07 (x) 550" (x) = =V o(x) = J, (%) — Ji(X)
V24(x) = gQMH25(X)

n(x) = ng(l 4+ 6(x)) = ng(

1
i = {0+ Bmic)ohac) ()
1 4 6(x)

+ (Omic) (X))

external input J'(x) = : ; aik (n(x)o"" (x))

on UV-physics n(i{
needed Ji(x) = i ((Pmic V' mic) (x) — n(x)V'd(x))




Carrasco et al, 1206.2926

EFT appl"()ach Blas et al, 1507.06665

Floerchinger et al, 1607.03453 = RG

L~ 2 0; 7" Effective stress-tensor for the long modes
;- % * 2 3 2 i, e igraD ety ..
([T7] Yo, = pe0™ + py | 26167 — 225”01@05 = Z]C_;Z (5‘7@? e R §5Z]3kvf)] + A S

Expansion in the long modes

Issues:

scale and time dependence of the expansion parameters
matching procedure


http://arxiv.org/abs/arXiv:1607.03453

Measuring the sources in Nbody simulation

Manzotti, Peloso, M,
Villaescusa-Navarro, Viel, 1407.1342

LUV — 1, 2, 4 MpC/h

LUV : 5, ?)i, J{,J;

Lpor = 012 MPC/h Nparticles = (512)3



Measuring the sources in Nbody simulation
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1B
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Dyt =5 120Mpe

Manzotti, Peloso, MP,
Villaescusa-Navarro, Viel, 1407.1342

LUV — 1, 2, 4 MpC/h
gy 57 Uiv J{/v‘];

Lobot il I
2 2 1l Rr2
e SBeilin
W(R/L) <7T) 73 ©

Npartz’cles oy (512)3



Expansion in UV sources

(68).1 = (66).7=0 + (0J8).1=0 + 5 <5JJ5>J i

Py (k,n) = P{{"(k,n) + P17 (k. ) — AP P (k,n) + AP Y (k, n)

w
(0J6) 7—0

(- |RAR NbOdY)_UV



Expansion in UV sources

(88) 7 = (88) 70 + (8.J6) 70 + %%ho o

> Hlin ~1—loo ~h.1—loo ~h.N—body
Py (k, ) = P (k,n) + P8P (k, ;) — AP (k, ) + APEN % (k, )

w
Vpe <5‘]6> Ji=

ol (- PT + Nbody)_u

(6.1J6)
2<5J5> REF cosmology |

z=0
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Expansion in UV sources

1
(00) 7 = (00) j—o + (6J0) j—¢ + —%ﬁo S
i :

> Hlin ~1—loo ~h.1—loo ~h.N—body
Py (k, ) = P (k,n) + P8P (k, ;) — AP (k, ) + APEN % (k, )

w
Vpe <5‘]6> Ji=

ol (- PT + Nbody)_u

(6.1J6)
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Expansion in UV sources

T =

(00) 5 = (00) y=0 + (6J0) 5

> Hlin ~1—loo ~h.1—loo ~h.N—body
Py (k, ) = P (k,n) + P8 (k, ;) — AP (k, ) + APEN % (k, )

w
Vpe <5‘]6> Ji=

ol (- PT + Nbody)_uv

(6.1J6)
2<5J5> I;:EOF ooooo logy |

001t/

0.001 ' : e - —
005 01 015 02 025 03 035 04 045

k [hMpc)



Time-dependence

. _ . —f(n,k _
p1(n. k) =e "0 (n,k) , p2(nk)=e™" 7({7} ) n = In ‘L%r((nj)

ha(ka 77) = hclz(k~ 77) + h'g(k? 77) 3

i 2 —5/2
h (k ’7) lm :i;gl; ) _,7502? ha(k ’)) l\, ‘;—l(l; 77)6 OQQ 912(’)’1) — g (1 — € / 77)

AP Y (k) = —2 / " ds gia(n — s) (ha (k, 5) @1 (K, )

nzn

Ansatz for the time-dependence

D (s)
D (n)

a(n)
(hg(k,s)@(k’,n))'%[ ] X (ha (k,m) 1K), s <7

PT limit: a(n) — 2

Checked independently



Results of the reconstruction

A~

1 0.05

. . . . . 1.1
| Our reconstruction - /
" W\,/\ /\\/ﬁ\/ I NI
\/\ \/ ’_'\\ Our reconstruction
l"', Tree level o \/\ Tree level
" REF - z=0 REF -z=15
01.1 0.115 Ol.2 0.125 Ol.3 0.135 (;.4 045 0'90.05 Ol.1 0.115 01.2\ 0.125 0.l35 Ol.4
k [hMpc] k [hMpc’]
REF z | orec. €IT.rec. | €IT.1Joopstand. | Xscaling
0 1.76709¢ | 1.0% | 15% 1.81
0.25 1.8170% 1 12% | 12% 1.82
0.5 1.887012 1 13% | 8.5% 1.85
1 2.005018 1 1.0% | 4.7% 1.92
1.5 2.08701 1 0.8% | 2.4%

0.45



Results of the reconstruction

1.1

1.1

105 | // 105 | _
Our reconstruction —
N\ | /
VA S A o~ —
N\ Our reconstruction
\ /\ \
o | Tree level o= ’/\'-.|ITree level
REF - z=0 REF -z=15
O.9 1 1 1 1 1 1 1 0.9 1 1 [N 1 1 1 1
005 01 015 02 025 03 035 04 045 005 01 015 02 025 03 035 04 045
k [hMpc) k [hMpc]
REF z | orec. €IT.rec. | €IT.1Joopstand. | Xscaling
0 1.76709¢ | 1.0% | 15% 1.81
0.25 1.8170% 1 12% | 12% 1.82
0.5 1.887012 1 13% | 8.5% 1.85
1 2.00°01% 1 1.0% | 4.7% 1.92
1.5 2.08°01210.8% | 2.4%

Good, but... why not simply run a N-body simulation?!



Simulation Suite

COSMOLOGY DEPENDENCE

Name | €, 4, QO h ng | Ag[1077]

REF | 0.271 ] 0.045 | 0.729 | 0.703 | 0.966 2.42

Ay 102711 0.045 | 0.729 | 0.703 | 0.966 1.95

AT 10.271 ] 0.045 | 0.729 | 0.703 | 0.966 3.0
n, | 0.271]0.045 | 0.729 | 0.703 | 0.932 2.42
ng | 0.271 | 0.045 | 0.729 | 0.703 | 1.000 2.42

2 10.247 | 0.045 | 0.753 | 0.703 | 0.966 2.42

1 0.289 { 0.045 | 0.711 | 0.703 | 0.966 2.42

Lpoz = 512MpC/h Npa,rtz'cles =% (512)3



<hz @1 >/ <hy &1 >'per

Ratios of UV source correlators
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From N-body

Scale-independent!!



Rescale by using PT information

12 I I 1 1 I 1 1 1.2

REF —— REF ——
115 1 A - 115 | A
n n
11} n* 11+ nt
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+ %
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095 | - 095
09 - 09
085 - 085 |
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k hMpc']  (z=0) k hMpc]  (z=1.5)

Drer(n)

R;(k,n) (DREF(U*)
Rrer (k,n) ( D;(n) )Q‘(")_Q

D;(n4)

aper(n)—2
) (hy (k, 7) &1 (K, 7).
AP TP (k)

ss 112

\20(10)

Ri(ka 77) =

Amplitude captured by PT!!



The PS in 1-loop EFToLSS

0 [03515“ — Z’Z(S“@kvl’“ lgllc-la (fﬂjvl O'vl — §5”8kvl )] AT L
1M 0]0) kz mn
F ) = AP () + RO (k) - 20n) gy PG
I I2 I z=OZ.22 ST AT
i o=

2 1 c.” (hMpc /ky)?

o
o

005 01 015 02 025 03 035 04 045 05
k [hMpc]

higher orders+resummations needed
to reduce the scale dependence

(see Senatore Zaldarriaga, 1404.5954)




Matching

The correction to the SPT result is given by AP*M*°%(k, n) — AP*SPT (g, n)

o L o
APENbody (1 oy = 9 / ds g1a(n — s) (ha (k, s) 31 (K, 7))

Thn

It depends on two scales: Ls and k

s = 1 . ] E %) li g
B e () pi)s (P 5 ] ROSE ae h()oii) Ua R i arl
0.0100 - 0.0100
00070 Nbody— lloop 0000 Nbody— 1loop ﬂ
0.0050 - 0.0050 |- 1
, = A A ,
L = La A\ ¢ B
0.0030 | = =A A 0.0030
0.0020 - 0.0020 -
0.0015 - 0.0015
oooloL Lr =2 Ly =3 RSl e el =S
Ly=3 L;=6 Ly=3 L;=6
Lr=4 Ly=T7 Dl AT e
TR e e e (AT 020 S B S e Do O 005 R R0 50N < e D0

Ultimate reach of effective methods depends on PT!



Summary

* Semi-analytical methods and N-body are
complementary: (flexibility, physical insight,
speed)

* IR effects important and under control

* Intermediate scales treatable by (improved) SPT

* The UV is out of SPT reach but mildly
cosmology dependent: effective approaches!



