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Abstract: In the first part of my talk, | present the effective-field theory (EFT)-based cosmological full-shape analysis of the anisotropic power
spectrum of eBOSS quasars. We perform extensive tests of our pipeline on simulations, paying particular attention to the modeling of observational
systematics. Assuming the minimal 2ZCDM model, we find the Hubble constant HO = (66.7 = 3.2) km/s/Mpc, the matter density fraction 2m =0.32 +
0.03, and the late-time mass fluctuation amplitude ?8 = 0.95 + 0.08. These measurements are fully consistent with the Planck cosmic microwave
background results. Our work paves the way for systematic full-shape analyses of quasar samples from future surveys like DESI. | also present the
cosmological constraints from the full-shape BOSS+eBOSS data in various extensions of the 2CDM model, such as massive neutrinos, dynamical
dark energy and spatial curvature.

In the second part, | study the one-point probability distribution function (PDF) for matter density averaged over spherical cells. The leading part to
the PDF is defined by the dynamics of the spherical collapse whereas the next-to-leading part comes from the integration over fluctuations around
the saddle-point solution. The latter calculation receives sizable contributions from unphysical short modes and must be renormalized. We propose a
new approach to renormalization by modeling the effective stress-energy tensor for short perturbations. The model contains three free parameters
which can be related to the counterterms in the one-loop matter power spectrum and bispectrum. We demonstrate that this relation can be used to
impose priors in fitting the model to the PDF data. We confront the model with the results of high-resolution N-body simulations and find excellent
agreement for cell radii r>=10 Mpc/h at al redshifts up to z=0.

Zoom link: https://pitp.zoom.us/j/922196271927pwd=eGg4M DUrbGIrR2JqY OxyWHdwQ21ZZz09
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eBOSS QSO sample
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Survey geomeftry
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Window function effect

EZ mocks window function effect
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Radial Integral Constraint (RIC)
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Fiber collisions

EZ mocks fibre collision effect
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Systematic effects
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Systematic effects
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Theoretical model

P>(k) = P(k) + Pshot,2
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Theoretical model

P>(k) = P(k) + Pshot,2
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EFTofLSS

Cosmological parameters
ws fixed h € Hz'\‘r[().4. l] . Wedm € ﬂn‘r[(].()li. ().7] ’
n, fixed In(10'" A,) € flat[0.1, 10]

Bias by € flat[0,4], by ~ N(0,1%),
bg, ~ N(-0.4,1%), bp, ~N (0.77,1%)

Higher-derivative terms [L\[p:[l]/h}i ~ N'(20,20?), [3[]:(:3/;,]2 ~ N(30,202)
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Outer Rim mocks: results

parameters : (we, h, Ag) X (b1, ba,bg,, br,, co, c2, C4, €, @2, Pshot, Pshot,2)
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EZ mocks: results

parameters : (we, h, As) X (b1, b2, bg,, br,, co, €2, €4, €, a2, Pshot, Pshot.2)
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EZ mocks: results
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eBOSS DR14 analysis
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Il -BOSS QSO
Il BOSS FS4+BAO+BBN
Il Planck 2018

k P/k), (Mpc/h)®

.ITF]‘Ile-l'fTH'

0.05 0.10 0.15 0.20 0.25 0.30
k, h Mpc™

QSO SGC sample, zgx=1.48

5 + n ¥ 1000 -
) N i
® WT“*
ety
o | 2 Ty 1
f\I\I l;.': :1] 7 0x \AU 1.2 :
Hy s 050 o 018 0% 0% 0%

k, h Mpc™!

Page 18/66



Pirsa: 22120072

eBOSS DR14 analysis

H -BOSS QS0
E B0OSS FS+BAO+BBN
E Planck 2015

\'\'\DMM'I eBOSS QSO|BOSS FS+BAO+BBN| Planck 2018
Param. \
weam (0118470800 | 0126275608 |0.1200%5 6012
h 0.66697065 | 0.68327070%¢  |0.6736075055
In(10'°A,) 3.37510:13 2.74210:095 3.044%0015
Qi 0.32051593 ¢ 0.3196+001 03153150077
o 0.944579:081 1573 e 0.8112+9:006
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EFTofLSS / a-analysis

(o, a1, fog) = Da, Dy, fog

EFTofLSS
Dir(z = 1.48)/-’?11‘.’!1:; — 12()8t:1‘12‘}] :

Dar(z = 1.48) /T arag = 30.45 + 0.78,

fos(z =1.48) = 0.4371303¢

D;\l ( )/I'clrng

) = - = >
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eBOSS analysis

Dy (z = 1.48) /rqrag = 13.52 £ 0.51,
Dar(z = 1.48) /T drag = 30.68 £ 0.90,
fas(z = 1.48) = 0.476 £ 0.04.
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BOSS+eBOSS(+SN) data

Full-shape measurements BBN
« Power spectra (P,P,P,)

* Analog to real-space power spectrum (Q,)
BAO measurements

6dFGS at z=0.106

* SDSS DR7 MGS at z=0.15
* QSO-Lyaat z=2.4

* Lya-Lya at z=2.4

* BAO from post-reconstracted power spectra
* Monopole bispectrum (B,)

* 2. eBOSS QSO sample (z=1.48):

» Power spectra (P,P,P,)

* 3. eBOSS ELG sample (z=0.845):

« Power spectra (P,P,P,)

* BAO from post-reconstracted power spectra

Supernova data
Pantheon sample

ne = 0.9649
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VACDM: BOSS+eBOSS
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VACDM: BOSS+eBOSS+SN

B <BOSS+DBOSS
eBOSS+BOSS+5N
El Planck

DACC RNCcc
BOSS+eROSS

Mo < 0.41eV

' ' BOSS+eBOSS+SN
0 ‘ ’ A[f()f < 0.36 OV
. | | , Planck
= ' My < 0.24eV
S N N\ | 2
0.30 o 0.35 64 lelri[”\l TO 0.7 - 0.5 0.0 “:1]“1 [

Pirsa: 22120072

Page 24/66



Pirsa: 22120072

Hy

wOCDM: eBOSS+BOSS+SN

I Planck
eBOSS+BOSS+5N

BOSS+eBOSS+SN
wo = —1.019 £ 0.038

70
Hy

Page 25/66



Pirsa: 22120072

wOwaCDM: eBOSS+BOSS+SN

BOSS+eBOSS+SN
wg = —0.936 & 0.093

w, = —0.473 £+ 0.469

Page 26/66



Pirsa: 22120072

Hy

wOCDM: eBOSS+BOSS+SN

I Planck
eBOSS+BOSS+5N

BOSS+eBOSS+SN
wo = —1.019 £ 0.038

70
Hy

Page 27/66



oACDM: eBOSS+BOSS+SN

eBOSS+BOSS+SN
E Planck
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' Qr = —0.044 4+ 0.026
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wOwaCDM: eBOSS+BOSS+SN
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oACDM: eBOSS+BOSS+SN
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oACDM: eBOSS+BOSS+SN

eBOSS+BOSS+5N
Il Planck
Bl <BOSS+BOSS+SN+Planck

BOSS+eBOSS+SN
), = —0.044 £ 0.026

I . - Planck
S 2, = 0.011 £ 0.007
....... —_~ ] s |
S ! ! ] BOSS+eBOSS+SN+Planck
Qr = (0.8+£1.9)-1073
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Part I: conclusions

! Full-shape analysis of eBOSS quasar power spectrum is fully
consistent with the Planck results

I Quasar power spectra analysis does not exhibit S,-tension

1 Full-shape analysis of BOSS+eBOSS data leads to strong CMB-
independent constraints in some ACDM extensions

¥ BOSS+eBOSS data lead to M, < 0.41 eV (20). After including
supernova data it leads to M, < 0.36 eV (20).

7l Combination of BOSS+eBOSS with CMB data is promising in various
extensions
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VACDM: BOSS+eBOSS+SN
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- Theore‘rlccﬂ modehng of _
one-pom‘r pr'obablhfy distribution funcfj'on
‘for' cosmologncdl counfs “in’ cells
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Cosmological counts in cells

'P(()*) - probability that a cell of radius 7"«
has averaged density contrast d.

a~g(2)%0? <1 g 8—to™

P(6:) = exp {—é(ao + aaq + )}

N

Saddle point solution Prefactor

Cinstantor) (determinant’)

defined by spherical collapse from perturbations around
o the saddle point solution

\’'alanene
L vu(a::‘_"d..@ ve)

£ AA A e 10N
(M.M. Ivanov19)

Page 38/66



Cosmological counts in cells

= Sk . ,
P(o.) =N /D(SL exp { ] M} 05 (8. — dwlor))

Saddle-point solution B
§o = / ZEW( (x) = [kﬂ'(kr*)é(k}

- F2(5,)
P(6,) ox exp {—2(127
Prefactor from fluctuations
6, =F R.=r.(1+ r)'*)l/”' ¢
5(r) = o(r)Yo(®) + D Y Sem(r) Yem(F)
£>0 m=—1
: : I
P(ds) = Ao - HA;-(()*) -(\xp{ s ( 2) } P =Psp x Aasp
/ £>0 \ 29°0%,
Monopole prefactor Aspherical prefactor
can be found precisely can be calculated on grid numerically
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Semiclassical scaling
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Semiclassical scaling persists down to very small 7, |
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Fluctuation determinant

Value at the origin Slope at the origin
controlled by unitarity controlled by
"00 translation invariance
/ ds. P(6,) = 1

| (6) = [ d6. P(8,) 8, =0

 — r.=15Mpc/h,,

v Unitarity
| ¥ Translation invariance

Pasp

v Weakly depends on cosmology

01 05 1 5 10 P =Psp x Aasp
140,

Computations use https://github.com/Michalychforever/AsPy
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Fluctuation determinant

Value at the origin Slope at the origin
controlled by unitarity controlled by
"00 translation invariance
/ ds. P(6,) = 1

| (6) = [ d6. P(8,) 8, =0

 — r.=15Mpc/h,,

v Unitarity
| ¥ Translation invariance

Pasp

v Weakly depends on cosmology

01 05 1 5 10 P =Psp x Aasp
140,

Computations use https://github.com/Michalychforever/AsPy

Pirsa: 22120072 Page 43/66



Aspherical prefactor from data

'~ Pl ata 6* —!1

09 ~i
By e
08 B g
Aspherical prefactor r,=10 Mpc/h T e e e

« ‘N-=body data

v Unitarity

a 2.0 i { rmi . . . .
N el v Translation invariance retained
& 1.5
3
' v Weakly depend on cosmology

' X Fluctuation determinant

05 T e overpredicts the data

(N ] i
08.1 0.5 1 5 10

Renormalization of short-wavelength contributions is required!

Aspherical prefactor from datq
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Shell crossing scale o, = 9,
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Aspherical prefactor from data
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=pherical prefactor from daty
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Shell crossing scale o, = 9,

dx; -
dx; - A k
= —0;¥ — f)jllf{l) dr ! = — -
dn {”’ £+ 1/2
Y _9.9.9,0) _ g.p0) .
gy S ot B¢ = 04 +1/2)
o (1)
ox; _ _ 1 (
gz = bt Consider its trace 2 0.z = —ApM) = _e(®)
' da " T

2

max

2 20+ 1 [Fmex k2dk K :
(@a"y) =% ]f / (.;i):a P(k) / dn'©\" (of . v(n', R); k)
¢ R = J—oc

2

i / k2dk PR /'\ ds
. J1/R

i )
- /'O (1, R; =
(27)3 (27)23¢ ‘_/_x”’ ea(n', ;)

Cummulative growth factor

D.(n) = (

o

2
OO ]'. 7] N &
/ ,(1 / tfrf(-)”(:;'.ffw:z}‘

1/R. (2m)ese |J_o

0.100|
0.050|

0.010]
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Shell crossing scale

Assuming power-law Universe P(k) o k
0 (1)y2 1 S iR : -m/2
(@z%) . Fec(ny B)icc (D10 R))
4
m =
3+n
: .D.’T(UZO) i Y¥(2) = 109™(2)
2.0r
1.5
1.0¢
0.5¢ ]
]
0.1 0.5 1 5 10
146,
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Effective stress tensor

of b o, of
5 + p—. Vf—amVo. E =]

. o7 - dr(x)z / l".\(‘x_x,“{itul(x’)
01()1 =0 I O.“ Jax!

Utot,i = Uy + US P (x) = [ Wa(lx — X)) ®ror(x)
D ik + d° =
(1+o"(xnuitx)zf Wa(lx — x'[) (1 + 6(x'))tgor,i(x')

Ao )

Bt +‘.)a((] + ()I)u“:) =0
oul ,’(f,, 1 g 1
Bt + Hu; + (u;0;)u; + 6:P" = _md.f'Ti.j

mij = (L+ 8ol + 20 ([r‘k«b-‘flﬁlfﬂ’ ~ 5% {ag.q,-w-)kdﬂ’) (D. Baumann'12)
L 4

-

'kinetic’ part ‘potential part
crucial for decoupling virial scales
I.('U' —ul)(v; — _“;.)f,r d3p oy £ | i
of = J\Ui T WY %)) a I S rom long-wavelength dynamics
e [ ffdPp ' T am
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Fluid description
1/R, € k1 <k < kg K kg

(1), (1 2/, :
of; = (uiul) = H2(B,¥ Ve, v )

Averaging over initial conditions :

7 +(2)
0p = 0o + 9y
Oy =6y + 6"
by = ‘j-)() ar (blt]z)

Expanding up to the quadratic order
and averaging over the angles...

1
T(n) = — —;Ti;
H_[_ l (\] 1—rT a=da. ('I')

2 - [ ) A . *Tn 7 5

’JIH)JF":::_]';(I+')["r)) JF"EJZ:;*(":;(] +O("u))) 0 = / dr r"}(l-f—dl,(r))
dn o
2(2) L 3 .
2(2) 4 ' 3z . B\ @ 3 (2 aga . T S
"” i 2 } (l | ')d(, 'F] P ,’H } 252 M | = 9 (f,,] I,l(')] = / dr ;-Zd‘[}u}[r}
- = n ='n e

204+1 1 [ 1
T=I’ - - n( ):)-‘l)t )
A gl

20(¢ T U\DE”(’L-‘I’T} _
=

&l

20 + 1 ay 2 5
g qz(—)ﬁ”o,.w;” — (8, V) +
=

T® T must be renormolized
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Effective stress tensor

of b o, of
5 + p—. Vf—amVao. T 0

o 3= [ Walx—xDbian(x)
Otot = 0 +4° Ja!

l i
Utot,i — U; + U; P (x)

[ ‘lv\(‘x - x’|)(l)tut{x,)

JI

Dot = o'+ P° .
i K (1+o"(xnuitx)zf Wa(lx = x')(1 + 3(x'))tror:(x")

0" .
o +0i((1+8"Yu}) =0
(')ui— I R e 1 9
5t + Hu; + (u;0;)u; + 6:P" = ~1 30
24 2 : 5 ¢ sl Il ‘ 55 s1l N Boiimane'l 23
i = (1+ d)o;; + el (0;9°9;9°]" — 5(‘),-_} (O P*0r D" | (D. Baumann'12)
v -
'kinetic’ part ‘potential part
crucial for decoupling virial scales
[(vi —ul)(v; —ub) fld3p D; i
l J Ui —U){Y; —U;)] 47 S from long-wavelength dynamics
e [ ffdPp "7 am
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Fluid description

1/R, € k1 <k < kg K kg
Averaging over initial conditions o = ’u‘(l-l)) = H*(0; ¢ Mg, uV)

S +(2)
0p = 0o + 9y
Oy =6y + 6"
(]J” = ‘j-)() -+ (1)((]2)

Expanding up to the quadratic order
and averaging over the angles...

]
T(n) - —;Ti;
H2(1 + 9) i—7 a=o, O
2 (2) A . n - 1 9 . . "y : 5
13 4 FDF2(1 4 5(7,)) + :-f;”%”(r;,(l +o(r-,,))) —0 f= / dr r2(1 + 8o(r))
J0
-(2) . 3 .
oy Ty 3. R L _ .
Sl (1 F50(my) f—__-,)",[[ ? .,!.,_,ﬂ"‘ = =T"(#) u® :/ dr 126 (r)
B B " I Jo
2+1 1 ,.q :
= _(6Vo, oV
Z dr l+{i< ¢ Ore)
2¢ + 1 1y 2 . 20(6+1 (6 +1 . ) :
17 = Z e <{2(—)5”E),.lll‘f” = ;((‘),_\115”33 I (ﬂ )‘I‘Enf')r-‘l’;[l} _ X -~ )(‘psn)z + ﬁ(ii,-‘l'}”fD
xil (

£

T® T must be renormolized
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Renormalization

1 2 2
= ——7\ 07+ -7 — =71
i—+r Hg(l + {)) T r

;T8

I 27
n.,7r(n)
= . a,ctr 9 i dk P(k dzz i
Counterterm must fix UV behaviour THCr QY / (.)_53) . &
A. =)

s 1 ;
ik P(k — x DM
/A [é (k) x Af:"l)'—' X

OO

7O (n R) = (% - 2H? [D(u. R)]m B / dx MRl tR) - a=0,9 a=|,L
”

- hw—l T
. m—2 > f". )Ii J’) "o II".
T”'”](i)):2(;“[!)‘{1})] '{ i v (n; ) + (m—2) M / & x| (7, H.:z}}
R 2t 1 +0 n.7(n): RI' *
@ 1 4 a 2 a 1 a
V% = ——=|0rX) + —X| — X1
1+9 4 : n.#(n)
cctr :5 ctr | a,cLr \ cctr
oy = r_:‘“ (n=0) AV = exp[—Adw 4] a=o0,P

Actr = exp {Ca In Aa.ctr 1 C<I) ln[Ad?,ctr]}
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Counterterm prefactor

Actr = exp {Co In Aa,ctr . Cfl) ll’l[A(I)'Ctr}}

ﬂtlnc[r
1,4:— = r1.=15 Mpc/h £
i r,=10 Mpc/h /
B ) i r.=5Mpc/h ._"'.__1 1
— 1,=15Mpc/h 124
0.7 ‘
r.=10 Mpc/h 11 X
06 - eememeas r.=5Mpc/h ““,. ] ‘ %‘":_;;w ,-;,Z::"'
“] 10} R i st
0.1 0.5 1 5 10 0.1 0.5 1 5 10
1+, 1+0,
. a.ctr i 2
Time dependence In[A"] o [g(2)]™
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Counterterm prefactor

Actr = exp {Co In Aa,ctr . Cfl) ll’l[A(I)'Ctr}}

In[AT"] In[ A%<
0.0- 1 5
0.5 — m=2
-0.1 0.4- m=7/3
—02- — m=8/3
0.2 ) 0.3 /
— m= — m=1
~03 m=3
m=7/3 0.2-
-0.4- e
— m=8/3 0.1-
-0.5 ==z =3
0.0
| (=4
0.1 0.5 1 5 10 01 05 1 5 10
1+6,

(S Cq’. m) can be related to one-loop EFT parameters!
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Consistency conditions

ctry g (jf ctr (5*5 ctr 4 EH Y
In[A*"(6,)] = 5 Ce — 656 (f'ﬁ'.a —18 (9—1 = 0—2) ffu:g) +0(687)

T

S :g_z”/ f W (kirs)..W (kpre) (8(ky)...0(ky, )<t
kI n

£ =4r / [dk] "“?”* Wien (krs) P(k)
=

22 =4n /[rf}.-]A-z [Win (kr,))? P(k)

¥(2), (_Mpc/h)2 -

Yo = 1.95 + 0.26 (Mpc/h)?

m = 2.26 £ 0.21

corr(vg, m) = 0.85
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Theoretical model and fitting strategy

P(8.) = Psp - | | Ae(5.) - A

ST

Spherical PDF Fluctuation determinant Counterterm prefactor
computed precisely calculated on grid numerically predicted given
model parameters
(a.p.m)

A('lr = exp {crr In An.('lr' + C(l] l“[Afll.t'tl ]}

(¢7, ¢®, m) free parameters

+Gaussian prior on (y,, m)

Time dependence In[A*¥] o [g(2)]™ 2
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Results for R=15 Mpc/h

r«, Mpc/h m ¢7 C(IJ \2/‘\11& Y0 ‘
15 223+0.15|053+054 | —26+1.4| 72/82 |2.04+0.16 ‘

1-point PDF, r,=15 Mpc/h

0.100

_0.010

“w
& 0.001

140,

Pirsa: 22120072 Page 58/66



Results for R=10 Mpc/h

‘ r.. Mpc/h m & c® 2/ Not -
‘ 10 2.144+0.10 | 0.48 £ 0.29 | —2.03 £ 0.69 | 108/110 | 1.73 £ 0.08

1-point PDF, r,=10 Mpc/h

1+6,
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Residuals for R=10 Mpc/h

Residuals, r.=10 Mpc/h

S
N

=
(S

liiiix!;!sxafi,gfigl}lJll

|

0.5 1 5 10
149,

psim/pmod_l
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|
=
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S
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Sensitivity to g,

X%ﬁt/Nd_of

| — r.=15Mpc/h
| — r.=10Mpc/h

4 - _.:Jla....
1]
1

3 - - J—v-':——

= .E:_,;.;i_:l}i@_

097 098 099 1.00 101 102 1.03

O.g)pul/o_éruc
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Results for R=7.5 Mpc/h

re, Mpc/h m ¢ ¢* e e Yo
7.5 2.37+0.06 | 1.06 £ 0.18 | —0.49+0.36 | 225/125 | 1.71 £ 0.05

1-point PDF, r,=7.5 Mpc/h

1+6,
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Residuals for R=7.5 Mpc/h

Xeest_sit/Ndof = 1.80 (5.30)

Residuals, r,.=7.5 Mpc/h

J{Jilg}inggkrl‘liiiiii&I]ilﬁl\]

0.1 05 1 5 10
140,
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Residuals for R=5 Mpc/h

Xt aet it/ Ndof = 9.74 (250)

Residuals, r.=5 Mpc/h

0.4
N0
b=
o
E@\ 00 i rrsyaves=b LEYE &’!i§1
= ]
& -0.2 |

~0.4

0.1 0.5 1 5 10
140,
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Sound speed measurements

0, (Mpc/h)*

2.2}
2.0
1.65 e
Tl et
6 8 10 12 14
r., Mpc/h

Pirsa: 22120072

Page 65/66



Part II: conclusions

¥l Three-parametric model for couterterm prefactor is in a percent
agreement with N-body data for r, > 10 Mpc/h

I PDF can provide better constraints on the one-loop counterterm
coefficient than the correlation functions

/I PDF of r.<10 Mpc/h has a per-mile sensitivity to o,
¥ Joint analysis of PDF and full-shape power spectra is required

vl For 5 Mpc/h«<r.<10 Mpc/h there is a few percent deviation between
the model and the N-body data due to the 2-loop correction,

I Theoretical error is needed for robust measurements at r.<10 Mpc/h
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