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THEK: THREHIZHHN AR
FHEKER

® the single-field slow-roll model

® the curvaton model, modulated reheating, multi-brid inflation, multi-
field inflation, multi-curvaton, inhomogeneous cosmological phase
transition, k-inflation, Dirac-Born-Infeld (DBI) inflatio, ghost
inflation, ......




R#AES HriE (Primordial non-Gaussianity, PNG)

O BV FERVZELNINSAITOHRESHOMHAR
O F415| 115

® = Og + faL(PE — (DZ)) + higher-order terms
O XE: SRS NFERIESHIEBURR RIS
(®(k1)P(ks)P(k3)) = (27)%0° (k1 + ko + k3)Bo (k1, ko, k3)

e “Local” Z£#! ¢ “Equilateral” 382! ¢ “Orthogonal” Z£#!

NEM ks < kg~ Ky Ny kg A ke & Ortho . o & kg & Ky
k3 ~ 2]€2 ~ 2]{71
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O FZ¥IESHTEESMEs, IPREZR

O FEAMKE S SEES (CMB) X REYIESETHERIZIR (Planck 2018):
o flocal — 09451, I = 26447, fEhe = 38+ 24
® Hlii: CMBMI_44F4E. SilkPEE

O FHRARESEEKX:

® DIRTFIARAMNDHENEFRERNFEIRN =497

® k. MEAIFSETMERYTIL

SMERNITTENNEIEEE S

O #FrETE:

® Marked power spectrum (E. Massara 2021, PRL), Power spectra in cosmic
web environments (T. Bonnaire 2022, A&A), Persistent homology
(Heydenreich 2021, A&A; Wilding 2021, MNRAS; Biagetti 2021, JCAP), neural
network (U. Giri 2023, PRD), field-level inference (D. Baumann 2022, JCAP)
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(Credit: Mark C. Neyrinck et al. 2009, ApJL)
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OFENEBES:  on(x) = In[p(x)/p]
O ESUNETH:  pi(w,Xx) = / pin(x') ¥ (w, x — x)d*x’
O&[EMENE: U(w,x) = w20 (w|x|)

O /NERE: {k|k; = wi/cw = (0.1 +iAy) hMpe ™ with 0 < i < 7 and A, = 2/35}
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O35 01, (w, x) I ZREBFRE: 1 (peaks) F1A (valleys)

O %% RS MERSEABER, AEREEATREMEBEER,
MRBIT “B” . EBNFEAEMEER, WiRBA 87

the spatial distribution of multi-scale extrema
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O REREIRYUE S R EL (scale-dependent PeaK Height Function, scale-PKHF)

O REMREEI B IREEEN (scale-dependent ValleY Depth Function, scale-VLYDF)

—_—
detect
extrema | .7 . -

k\W

Npk (W, Vpk) = dl;/i )
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the spatial d1str1but10n of multl—scale extrema
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Fisher{S B4 #T

sge =, local equil ortho
O %é&%% 0 = NL y JNL Qmaﬂbaa&nmh}

Y, i — R
0 ’;E'-L-I—E%E' S = {ﬂxlw(k[}ayvly=[}): Tyly kD:Vxh 1): Nyly anyxh )

( (
Nty (K1, iy.0)s ety (K1, iy 1)y My (K1, vy 2),
mh(kga?fﬂy,o): nxh(k%?f’vh ): ﬂ»l»(kza?f’xm)
npx (Ko, vpio)s Tpi(Kos pi1)s i (Ko, Vpica),
npk(k1, ko), Mpk(ke, vpi1),  npk(k, vk 2),
npk(k%ypk,ﬁ): npk(k%?f’pk ) npk(k%?f’pk 2)
P(kU): P(kl): P(kQ)a

O RS EEITHIRZE TR
a(0;) >V (F Y

O Fisher{S B E[%:

8\ ., (98\"
f*f(ae)‘f (a—ej)
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O Quij oteF B FEN-SFRHL (https://quijote-simulations.readthedocs.io/en/latest/index.html)

® H#r: “Quantify the information content on cosmological observables”

o EUEIRIIE: 15000 MBEAISEIN, SETWIEEM, 2018F PlanckFHF S
(flocal — (), fa™ = fortho — 0 Q,, = 0.3175, Q) = 0.049, 0% = 0.834,n, = 0.9624, h = 0.6711)

® AABZS00XFEN SEMAIENIE : BHEENENFHEFESEHITEL
® Quijote-PNGIEHL: =HE 500X BV SEIANEIE, SHPEMTL £ NL
® ENERMRTANL Gpe3/hn3, BEHMIBRAIFNEH51273

Y s i o e SO 1]

Francisco Villaescusa-Navarro William R. Coulton
Flatiron Institute Flatiron Institute


https://quijote-simulations.readthedocs.io/en/latest/index.html
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O gitepmxEr: 7 = Cii//CiiCjj
O scale-PKHFFlscale-VLYDFEITh 5 Z LE T RIEE X A1k
O scale-PKHF. scale-VLYDFMINZE}E =&~ B8 X M4 1R1{E
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O Gt BHIERLE SNR = vV SC-187
O %k, > 0.3 h/Mpch}, ThERiHE1R LRk

O HKkpax = 0.5 h/MpchH,

® scale-PKHF#iscale-VLYDF4H4: 9{Z{=MgLL
® scale-PKHF. scale-VLYDFHMINZLEHA: 10(Z(ZMEEL

= nyy(k, ty) + npk(k, vpx) + P(k)
nty (K, ty) + k(K vpk)
npk (K, Vpk)
= nyy(k, vuy)

- P(k)

103

SNR

10%F

0.1 0.2 0.3 0.4 0.5
- [hMpc_l]
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O $HAFIZEW “WERT : op/0g

local,

® NI iyt t+ P > ngy+tnge > P+B > ng, > B > ng > P
o roaul, P P+B > B P
NL - vy + Tpk + > Nyly + Npx > + > > Nyly > Npg >
® OI‘thO, P P B B P
NL - Ilvly + Npk + > Nyly + Npx > + > > Nyly > Npg >
® Qn: nyy+ny+P >P+B >B > ny+ny > P > nyy > Ny
® Qp: nyy+ny+P >P+B > B > ngy+np > Nyy > Npg > P
® Og: Ny +Npx+P > P+ B > B > Ny, +npe > Nyy = Npg > P
® ng: Nyly + Np + P> Nyy +Npe > Nyy > Npg > P+B > B > P
® h: Nyy +Npx+P > P+ B > B > Ny + Ny > Nyy > Npg > P
Paras op/op [19] op/op+B [19] op/on,, oP/0n,, OP/[On i, +ny OP/On, 1, +ny+P
N 28.6 57.6 32.7 202 60.2 99.1
ol 45.1 53.3 28.1 19.5 54.8 116.0
o 43.5 74.9 29.8 39.3 104.4 112.4
O 2.5 5.1 0.8 0.7 1.2 59
2.4 3.8 1.2 1.1 1.6 4.0
10.1 29.9 4.2 4.2 8.8 48.5
3.2 7.8 12.4 8.6 15.6 22.8
2.6 49 1.7 1.5 2.4 6.6

([19] Floss & Meerburg 2024, JCAP)
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O $HAFIZEW “WERT : op/0g

e %fffal:nvly+npk >P+B > > Nyy > B > ny > P
equil
® NqL PNy + Ny > P+ B > >B > nyy > npgg > P
o ONrth:nV1y+npkz > P+B > B > ngy > Ny > P
® O,: P+B > B > Ny + Ny = > P > nyy > Ny
® QOp: P+B > B > nyy+ Ny > > Nyy > Npg > P
® 0g: P+B > B > ng,+ny > > Nyy = Npg > P
® ng: Ny g > > Nyy > Npg > P+B > B > P
® h: P+B > B > nyy+ Ny, > > Nyy > Npg > P
Paras op/og[19] op/opyB [19] op/on,, oP/Ony OP[Onyy +np OP/Onyytnp+P
N 28.6 57.6 32.7 20.2 60.2 (55.3) 99.1
oquil 45.1 53.3 28.1 19.5 54.8 (47.3) 116.0
g 43.5 74.9 29.8 39.3 104.4/(106.9) 112.4
O 2.5 5.1 0.8 0.7 1.2/(1.2) 59
2.4 3.8 1.2 1.1 1.6/(1.4) 4.0
10.1 29.9 4.2 4.2 8.8(7.5) 48.5
3.2 7.8 12.4 8.6 15.6/(13.6) 22.8
2.6 4.9 1.7 1.5 2.4(2.1) 6.6

([19] Floss & Meerburg 2024, JCAP)
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Capturing primordial non-Gaussian signatures in the late Universe
by multi-scale extrema of the cosmic log-density field

Yun Wang (£ =) * and Ping He (fi7F)L2 1

YCollege of Physics, Jilin University, Changchun 130012, China
2Center for High Energy Physics, Peking University, Beijing 100871, China
(Dated: August 27, 2024)

We construct two new summary statistics, the scale-dependent peak height function (scale-PKHF) and the
scale-dependent valley depth function (scale-VLYDF), and forecast their constraining power on PNG amplitudes
{fogal ) poauil | forthol and standard cosmological parameters based on ten thousands of density fields drawn
from QUUOTE and QUIJOTE-PNG simulations at z = 0. With the Fisher analysis, we find that the scale-PKHF
and scale-VLYDF are capable of capturing a wealth of primordial information about the Universe. Specifically,
the constraint on the scalar spectral index ns obtained from the scale-VLYDF (scale-PKHF) is 12.4 (8.6) times
tighter than that from the power spectrum, and 3.9 (2.7) times tlghter than that from the bispectrum. The

local equ1

combination of the two statistics yields constraints on { fxr ", } similar to those from the bispectrum and
power spectrum combination, but provides a 1.4-fold unprovement in the constraint on fy"°. After including
the power spectrum, its constraining power well exceeds that of the bispectrum and power spectrum combination
by factors of 1.1-2.9 for all parameters.
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