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COMMON THREAD

HOW CAN WE CONSTRAIN
EARLY NON-GAUSSIANITIES

FROM LATE-TIME OBSERVABLES ¢



HALO AND VOID COUNTING

How MANY HALOS OF GIVEN MASS M ARE THERE ?

EX&)R-S'OM SET TH&)RY . [Bondetal.1991]
« SOWES CLOUD -IN-CLOUD PROBLEM
(NO HALO OVERCOUNTING)

o 1S SUITABLE FOiR NUTIERICA L. SIMULATIONS

» CAN MODEL. UNDERDENISITIES (VOIDS)



EXCURSION SET THEORY

How MANY HALOS OF GIVEN MASS M ARE THERE ?
@ LocAL Density OSuoomco«rms. @ SHRINK wiNDOow!

CONTRAST 8) S(g;wvom WALK.
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EXCURSION SET THEORY

How MANY HALOS OF GIVEN MASS M ARE THERE ?
@ LocAL Density OSuoomco:\rms. @ SHRINK wiNDOow!

CONTRAST 5) - S(%WDOM WALK.
80 )<o I

R fd 5(3) t\/.m.,(-d,nz) Rmy RN,

&) HALO FORMATION : FIRST-PASSAGE AT BARRIER.




EXCURSION SET : VOIDS

VOIDS = GROWING FIELD FOR.CONSTRAINING COSMOLOGY

[Pisani et al. 1903.05161,
Verza et al. 2401.14451,..]

BUT HARDER FOR EXCURSION SET- THEORY:
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THE PERKS OF BEING A GAUSSIAN FIELD

(@D LacAL DenssSITy CONTRAST
S(l) OR /S\&

@ SMOOTH CONTRAST *.
S(R)= WEIGHTED Sum
oF §() (R 5&)

_(DRANDOM WALK.
INDEPENDENT STEPS

2(R) —= $(R-dR)

‘ .}_?J; ® HALO/VOID
MASS FUNCTION

M\ : 'S dn’HmD(M)
T[8]-sop{RI 9> 4] diM
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g oToctAsSTIC ) INITIALCONDITIONS

INELATION
s Nemned 15050072 f . 0 QUCELY PRESENT
CosrlowosicaLf - NON - GAUSSIAN
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[Renaux-Petel 1508.06740,...] [Sasaki et al. 9507001]

(@) HOWTO Be PREDICTIVE WITH STRONG NON-GAUSSIANITIES ?



1PE3ﬂtTlJGli5#FT1\hE5 OR. ANON-FERTURRKRATIVE

PDF(5)
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PERTURBATIVE OR Non-PERTURBATIVE

PDF(S)
@ GAUSSIAN @ PEQTURBATIVE

/ NON-GAUVSSIANITIES

8 ~N o-l [Maggiore & Riotto 0903.1251,

D'Amico et al. 1005.1203,...]

e —|—
_/ L Lo BisPeCTRUM <5955,
’ \ ?

—_ . =
/ INITIAL DENSITY CONTRAST $

(3 NON-PETURBATIVE NION-GALSSIANITIES

Lo (£SS CONSTRAINED, HARD TO SAMPLE & MODEL
L, BUT VERY OFTENLY PREDICTED . 52 sese i 20705517, )




OUTLINE

() THE METHOD OF
LARGE DEVIATIONS

(3 resuuts: nao (W) concLuSIon -
AND VOID SIZE LET'S DISCLSS!
FUNCTIONS



METHODOLOGY




LARGE DEVIATIONS — QUALITATIVE

. CORE O3t : TAILS oF DisTRIBUTIONS

[Dembo & Zeitouni 2009, Uhlemann et al. 151 2.05793,.,.] ?‘W(S)
- CORE METHCDOLOGY - (/I\Js
PROBABILIT'Y OPTTMIZATION
Uln 20,53/ PROBLEMS
PROBLEMS

? Hgo ea:;:a /f



LARGE DEVIATIONS — QUANTITATIVE

HOW TO MODEL RARE EVENTS ?  rosenezon

M POF( S:Js_%/@” ~— TAIL
8,

T |
ENCODES BENG INTHE TAIL - £—= O <=> 3 a7= \ar($)




LARGE DEVIATIONS — QUANTITATIVE

HOW TO MODEL RARE EVENTS ?  roserezon

A POF(S, —(&
& -4.1(5,) SHAPe

PDF < ~ OF THE
MV D (S,'_)&’/Q» \_/TAIL

T |
ENCODES BENG INTHE TAIL - £—= O <=> 3 a°= \ar($)

: GA&SS%AM - INFLATION (SN-Forrauis) - CUR ANALYSIS

A -~ g A A e g N A (l
I(Sk) oC 'S‘c 'Z ‘L(sk) o ,S‘Ji [Pi & Sasaki 2211.13932] -‘—(Sk) oC ,8k|
I(SL) oC I gh '3'2- [Coulton et al. 2406.15546,...] (i > O
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CONTRACTION PRINCIPLE
How TO CONNECT 5, TO S(R) - J &Lb e,‘“s » Whioow (R 2

Q" POF or 5(R) 7 = Q" TAIL SHAPE OF §() ?
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HARD PROBLEM

i
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CONTRACTION PRINCIPLE
How TO CONNECT $, TO 9(R) - J 2 S, Wivoowg (R) 2

2: POF o S(R) ¢

;

\
\

HARD PROBLEM

—1

orrmzanion! «—J

log PDF(BCR)) o< L(5(R)=inf [ 21 ), (5| FIC 51).‘]4(“)]




FIRST-PASSAGE THE Tfs] |-+
&
HOW TO CONNECT §(R) TO THE Asr PASSAGE AT 8, 2

P

STRATEGY 4 STRATEGY 2

“ L ARGE DEVIATION FOR.  “REFLECTION PRINCIPLE”

[Puhalskii & Whitt 1997]

19



FIRST-PASSAGE TIME T[s] |- e
g
(@3 HOw TO CONNECT §(R) TO THE Asr PASSAGE AT §, 2

SN

STRATEGY 4 STRATEGY 2

“ L ARGE DEVIATION FOR.  “REFLECTION PRINCIPLE”
REVE“SEPRO&E MS» Symetiy POF(S) = PDF(-5)
U

EXACT PDA(TLS)) = PDA{ =
GAUSSIANITY NOT REQUIRED ) (S (R-1) )
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SUMMARY %'“.

'i’.m

@ EKPOI\ENWALTAILS / ‘ @ LocAL DENSITY CONTRAST

S(l) R S&
@Suoomconrmsn’f @RAMDOM WALK.
' INDEPENDENT STEPS

S(g): WEIGHTED SUM
oF (=) (or 5&)

v
NV ® HALO/VOID

@ FIRST- PASSAGE TIME &
MASS FUNCTION

TIsJ-sefRISW26] ol
dM

2(R) —= S(R-dR)
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EXPONENTIALTAILS " sermeris
WE Sowe  I(5(R)) = mF{ %lskl‘i) (5, "eproducing SR)
+

S > I £ X
USING HOLDEK+NEQURUTY Ifall, < {1, IlglL,iq
CONEXITY ARGUMENTS F(Zx) ¢ ZF)
_l-
MEASURE THEORY f/-u-{l,e/l} du = ,u.(A)

Log PDF(5(R)) o< T(8(R)) = C4I5)(* R*Y?



HALO MASS FUNCTION  RecaiL - POF(S)« exp(-I3])

1st-passage time PDF

Halo Mass Function (Mpc*-3)
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DOUBLE - BARRIER. SoLUTION FOR. YOIDS

m G’AU&‘A-U (q = 2) [Sheth & Van de Weygaert 0311260]

RESLLTS KNOWN
{ PEKTUKM”\ELV [D'Amico et al. 1011.1229]
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DOUBLE - BARRIER. SoLUTION FOR. YOIDS

FOR GAUSS[A-U ( q — 2) [Sheth & Van de Weygaert 0311260]
PEI'O—UKW\EL\/ [D'Amico et al. 1011.1229]

OUR RESULT:  NON-PERTORBATIVE AND crk?_

OSING LARGE DEVIATION PRINCIPLE
+

LAPLACE TRANSFORMS, LAPLACE'S METHOD (¥, /e

RESLLTS KNOWN/ {

p (5)~ o ~I(8) /e

At PASEIE. (107 T e (7)o () () o ()
\%‘?&SARGE en = (la*? + 2nlb = a9, dy = (b2 + (20 + DIb - af*) /)
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VOID SIZE AUNCTION  Rech - Porg) exp(-I5])

T [ £ J@EARLIER -CROSSED

g ool T2, VOID BARRIER

g o ] (vod-in- loud incfuded)
ISR — q-z(&m) |

5 oot/ I STRONG ENHANCEMENT OF
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TAKE -AWAYS

LARGE DEVIATION] FORMALISM CAN BRING
THEORETICAL PREDICTIONS IN REGIMES UNACCESSIBLE
TO PERTURBATIVE NON - GAUSSIANITIES
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TAKE -AWAYS

LARGE DEVIATION] FORMALISM CAN BRING
THEORETICAL PREDICTIONS IN REGIMES UNACCESSIBLE
TO PERTURBATIVE NON - GAUSSIANITIES

EXPONENTIAL TAILS CAN BoosT ABUNDANCE
OF LARGE CLUSTERS AND LARGE VOIDS
BY MANY ORDERS OF MAGNITUDE
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PERSPECTIVES

1 INFLATION THEORIES [ ] OBSERVATIONS [
0/0 LARGE DEVIAT ﬂi‘ % o{o ﬂ
+ STOCHASTIC INFLATION LET'S - VOID CATALOGS
. NUMERICAL TREATMENTS. 79 . JWSI UTNE RED DOTS
DiScuss!
» PRINORDIAL BLACK HOLES o DEGENERACIES

teuscher@lpsc.in2p3.fr
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PERTURBATIVE OR NON-FERTURBATVE

@) HowTo BE PREDICTIVE WITHOUT GAUSSIANITY ?

FAR FROM GAVSSIAN
—NO EXPANSION]

NUMERICAL HARD TO SATIPLE — NUNBRICS
APPROACH 15 NOT AN EASY SOLUTION

[Coulton et al. 2406.15546,...]
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MARKOVIANITY

f8,, kelef Zontr = fS,, ke £ & TaperEADGNT

V4 (e bl of modes 5, - 57

REAL- SPACE LOCAL NON-GAUSSIANITIES
S (l) F[S (x)] = ‘5 (x)+3{ML(SG(x) <5 >) LUDEPEMM

FOURIER - SPACE LOCAL NON - GAUSSIANITIES
Sue6)= FL 5, (&)  Tnerenpence

REMAINS
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MARKOVIANITY

CORRELATIONS CAN) BE TNCORPORATED PERTORBATIVELY
(N THE (ARGE DEVIATION PRINCIPLE

= 1

exp(Re(v - A)/e)) = / a3k, - - - 3k, UTEUTT ALY | (3.14)
(exp®e(o- 2)/e)) = 3 gy [ o & > Ik A

be{0,1}m i=1

®) means z; whenever b; = 0 and 2 whenever b; = 1. Another strategy is to perform
an Edgeworth—like expansion [18] of the joint probability, without relying on the Gértner-Ellis
lemma. One writes (for simplicity we directly consider the distribution of the joint moduli
|A| = {|Ak|}x) p|a| using the probability distributions pa,|’s of each individual mode,

where z;

p|A;(|z)—( I1 pAk|(|zkI))><ll+ > cm) I ™ (|2k|)]- (3.15)

k€K, /2(R) m={my }x k€K, /2(R)

NON - FERTURBAIVE IN THE PDF

= P periurasmve (ASOFNOW) I\ CORRELATIONS



LOG-NORMAL & MOVING BARRIERS
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1 V$. 2 BARRIERS

—— FPT at 6, (1 barrier)
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VARIANCE V5. SCALE
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PDF VS. HMF

HALOS -

VOIDS -

dn(z) _ pom ,rpr 1 dt(z)
_ Po, ()=
am -~ a3 ‘dlnR
dn(z) — V(R) 3 FFPT (4 dt(z)
dln Reom  V(Rcom) 4m(cR)3"" dIn R|g—pReom/1.7
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EXCURSION SET : WHAT FOR ?

« SOWVE CLOUD -IN-CLOUD PROBLEM & %(R)

(NO HALO OVERCOUNTING) . A {3 -~ Wy 9_5
o [ Ry
. ONLY REQUIRE LINEAR THEORY ™ Fomns ~ Shemto

o SUITRBLE FOR NOTERICA L SIMULATIONS

§18)
? HALO BARRIER >O

-—ean an an am an am e an e o e

« CAN MODEL UNDERDENSITIES (VOIDS)

VOID BARRIER<O RV
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PRIMORDIAL NO\) -GAVSSIANITIES

STANDARD LORE :
i pm 4 PDF(S)
N§ _
F : $
L >
A {GAUSSIAN T.C.
1T /FOR DENSITY
| ) CONTRAST §
0 => loke: tine non- Gangsiancli)
STOCHASTIC
e sroutistic | INIMALCONDITIONS
INELATION S Veminetal 150600752 f - _QCGELY PRESENT

[Pincl HALD3610789
o]

CosriooskALl  NON -GAUSSIAN

_e— COLLIDER
SM - anm I[\:‘;T::i;:naan’;e;];0843] m mvxs

[Sasaki et al. 9507001]
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ULTRA Stow-Rot !

[Renaux-Petel 1508.06740,...]



