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A TALK ABOUT LARGE SCALE STRUCTURES ...
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Beutler et al. 2012—




... BUT ALSO ABOUT MODIFICATIONS OF GR!
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... BUT ALSO ABOUT MODIFICATIONS OF GR!

NGr = (Newtonian Gravity)




COARSE-GRAINED VLASOV EQUATION
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No divergences from shell-crossing for R > 0
Physics at scale L insensitive to R in the R/L ->0 limit (to be checked!)




BEYOND PRESSURELESS PERFECTION
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(14 5(x))v (x)] =0

V' (%) = =V é(x) — J5(x) — Ji(x)

Oxk

Exact dynamics,
including shell-crossing

¢ 1550 ki
Need input on the UV > n(x) Ox* (n(x)o™(x))

“Sources” n(lx) (PmicV Smic) (%) — n(x) VP (x))




UV INFORMATION ¢

() = 5 (n(x)o ()

(<nmicvi¢mi0>(x) = n(X)vz¢(X))

Need input on the UV
“sources”

Jiloe) =

1
n(x)

Measure them from N-body simulations
(MP, Mangano, Saviano, Viel 1108.5203, Manzotti, Peloso, MP, Viel, Villaescusa-Navarro 1407.1342)

EFToLSS: Expand in terms of long wavelength fields + power law expansion

in momentum, with arbitrary coefficients to be fitted
(Carrasco, Hertzberg, Senatore, 1206.2926 ....)

Compute them from first principles. Shell-crossing!

1+1 dim attempts

(Mc Quinn, White, 1502.07389; Taruya, Colombi, 1701.09088; Rampf, Frisch, 1705.08456;
McDonald, Vlah, 1709.02834, Pajer, van der Woude, 1710.01736...)




UV SOURCES FROM N-BODY

shell crossing,
fully non-linear

<5(_k)5(_k)>pt no shell crossing,

non-linearities up to PT order
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(“cosmology independent”1407.1342)



1-LOOP PT + UV

P}z(k) ~ P}?),l—loop(k) 4 Apcfz,l—loop(k) in the R->0 limit

a a (in practice, on the plateau)

no fitting on the PS
next order: 2-loop PT +(.J §6) correlators

residual BAO's on the orange curves




BAO ARE LARGELY UV INDEPENDENT

BAO: peak in the corr. function at ~100 Mpc/h

very linear!

width of the linear peak ~ 20 Mpc/h

quasi linear!

I | !
110

Largest nonlinear (in Eulerian space) effect: random displacements (rms~ 6 Mpc/h)
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CF: peak broadening, P(k): damping of the peaks




THE BAO DAMPING IS A CONTROLLED PHYSICAL EFFECT!

It is largely taken into account in the Zel'dovich approximation:
linear effect in lagrangian space!

It is not a nonlinear “noise” to be marginalised over. It contains physical
information!

Ex. Massive neutrinos

(Peloso, MP, Viel, Villaescusa-Navarro 1505.07477)

7 [ m, =03 V, =0
- Xmy =0.15eV; z=0 - umy eV; z

increasing neutrino masses P(k) decreases, > m, =015 eV | 0.6%

but also velocity dispersion does: Yo

T2




CONSISTENCY RELATIONS AND BAO EVOLUTION

evolution equation for P(k)

Oy Pap(k) = [— Qac Py (k) + € Iisp1,paYaca(P1: P2) Byea(k, p1, p2) — (B (K)o, (=k))’

+(a<—>b)],

k-q

(p2(q)pa(k — q)ps(—k)) = —€” -z

P (o) (Pal0) — Pl — ) +0 (

consistency relations from Galilean invariance

: 1
fully nonlinear!! (Peloso, MP 1310.7915)




CONSISTENCY RELATIONS AND BAO EVOLUTION

: ; BBy (k-
€ Ik,Plapz%Lchbcd(k?pl’pQ) = 77/ (2m)? ( q

f) B} (Enlh) = Eallk—a))

2 k? - 0 : 2 *
~ e (27T)2/ dq P (q) /_1 dxr (Pab(k)_Pab(k_qx)) ( )

sensitive to oscillatory features!

if the (nonlinear) P(k) has an oscillatory part: P, (k) = Pj*(k)(1 + Aas(k) sin(k 7ea0)) = Py’ (k) + P (k)

suppressed as 1/(k*rz,,)
: : AR . .
W|th :(Tbao) == @ / qu (Q) (1 == ]0<q Tbao) =13 2]2(6] Tbao))

Physically: large scale displacement act predominantly on P(k) (or CF) features




TWO BENEFITS

1) A nonlinear evolution equation for the oscillating part of P(k)
(including subdominant UV effects)

2) A tool to extract the BAO feature from a given (nonlinear) P(k)

fA de (1 - P(k_xks))

A P(k)

R|P](k; A, n) =

ks =2m/r,,
i e T/ BAO extractor

Linear PS, @=0.1

= k (h/Mpc
5( pc)

no need of “nw” fitting functions




IR+UYV EVOLUTION OF BAO

z=1, =0.6, Ak=0.005 h/Mpc a=0.6, Ak=0.005 h/Mpc

k (h/Mpc e N k (h/Mpc
0.25 *-___.°0.30 kil - 15, (here)

~

BAO'’s match with N-body at all scales down to z=0!




IR+UYV EVOLUTION OF BAO

z=1, =0.6, Ak=0.005 h/Mpc z=0, =0.6, Ak=0.005 h/Mpc
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BAO'’s match with N-body at all scales down to z=0!

compare with results for the broadband shape
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ROBUSTNESS: REDSHIFT SPACE

shift of the BAO scale OR|Py)(kn; a, A) = RIF,|(kn/a; A) — R[Paata](kn; A)

@)= Y. SRIP)(knia, A)Crh(A)RIP ks, A)

n,m=mmqin

2=0, A=0.8, DM Real and Redshift space ‘DM, A=0.8, Redshift Space vs Real Space
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N-body
real space

2=0 (Xmin=8.7/9)
z=1 (Xmin=8.7/9)

redshift space

~ 0.5% shift in the BAO scale due to redshift effects

Redshift space, z=0, A=0.8, DM approaches vs Nbody

Linear (y2;,=10.6/11)

shift correctly reproduced 4 F e 1-loop (=13.5/13
by TRG equations NEoe

TRG with FoG (A=4.6 (Mpc/h)?)(y2in=14.1/26)




ROBUSTNESS: HALO BIAS

z=0, A=0.8, DM vs Halos

Halo (All Masses)
DM-Nbody
DM-Nbody + bias (A= 2.4 (Mpc/h)?

R[P]-R[P),]

DM-TRG + bias (A= 2.4 (Mpc/h)?
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DM-Nbody (y2,=17.8/22)

DM-Nbody-+bias (A= 2.4 (Mpe/h)?)(y2in=19.5/26)
DM-TRG (y2,,=21/22)

DM-TRG-bias (A= 2.4 (Mpc/h)?) (x2in=28.4/24)

Extractor is only sensitive to scale-dependent bias




ROBUSTNESS: REDSHIFT SPACE+HALO BIAS

z=1, A=0.8, Pmodel Vs halos, redshift space

T T T T T T I3 T

Prodei(k, A = —4.5 (Mpc/h)?) (x2i,=21.8/27)
Prmodel(k, A=0) (/\/?ninz 197/18)
Prir(K) (xin=33/35)

0.99 1.00
a

z=0, A=0.8, Pmodel Vs halos, redshift space

Pmodei(k, A=3.5 (Mpc/h)?) (xZin=27/26)
Podek(k, A=0) (x2in=20/22)
Prie(k) (xZin=20.7/31)

" " = SMOoOo inear k —%
compare to “standard” analysis: Phillca) — 2 ’“h(k){1+[01 (a)—lle z}

0
AS Olinear (k‘) P (k)

Pimooth (k) = BpPY™ (k) + A1k + Ay + p PO (k)

need: PAnw(k) + 7 nuisance parameters+ (¥




EXTRACTOR ON BOSS DATA (preliminary)

North, z1, kmax=0.27 h Mpc™'

South, 21, kmax=0.27 h Mpc™" Combined North & South

— 21, a = 0.996694 * 0.00416397
z2, a = 1.00498 + 0.0042042
— 23, a =0.997989 + 0.004373

North, z2, kmax=0.27 h Mpc™'
. . : .

compare to Beutler et al. 1607.03149

21, o= 1.000=0.010
22, o= 0.9936 + 0.0082
23, o = 0.9887 + 0.0087

Notice, no TRG used here, only simple model+extractor




CONCLUSIONS

IR and UV nonlinear effects clearly separated in TRG approach

UV effects require external input (or nonperturbative
breakthrough)

IR effects are well understood and contain physical information

BAO extractor is robust: can be efficiently computed and
measured




SCALE DEPENDENCE OF SOURCES

<h¢1 >
<¢1 01>

(Nbody — 1 loop)




