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INFLATION, NON-GAUSSIANITY AND
DENSITY PEAKS

3 SIMPLEST INFLATIONARY MODELS PREDICT SMALL BUT NONZERO NON-GAUSSIANITY
(NON-LINEAR EVOLUTION OF THE POTENTIAL)

B rorRP = D + FyL (P2-<DP25 ), EXPECT F ~ ©Qi1). © BARDEEN POTENTIAL
(E.G. SALOPEK & BOND 90. MALDACENA 2003)

3 BUT OTHER MQODELS ALSO PREDICT HIGHER F,,_ (=100) SO THAT SEEING OR NOT-SEEING
PRIMORDIAL NG IS IMPORTANT

s CURRENT WMAP CONSTRAINTS (FROM T BISPECTRUM): FyL = O(100) (CL 95%)

s WE CAN EXPECT FnL = O(10) FROM PLANCK

3 THE ABUNDANCE OF RARE PEAKS CAN BE STRONGLY AFFECTED BY THIS SORT OF
SKEWNESS = CAN WE CONSTRAIN FyL USING HALO STATISTICS LIKE DN/DM OR THEIR

BIAS?

3 SO FAR. QUALITATIVE ESTIMATES HAVE BEEN MADE USING (EXTENDED) PRESS-
SCHECHTER. BUT PS MASS FUNCTION IS OFF BY AN ORDER OF MAGNITUDE FOR
CLUSTER-SIZED HALOS (VERDE ET AL. O1, SCOCCIMARRO 04, SEFUSATTI ET AL. 06)

8 SIMULATIONS ARE REQUIRED TO PROPERLY ADDRESS THE EFFECT OF FyL ON DN/DM
Pirsa: 07110074 Page 4/37
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QUTLINE

2 MASS FUNCTION:
CONSTRUCTING A SIMPLE AND UNIVERSAL
FITTING FORMULA FOR Fn. COSMOLOGIES
USING N-BODY SIMULATIONS

8 LARGE SCALE HALO BIAS IN Fn COSMOLOGIES:
ANALYTICS AND NUMERICAL INSIGHTS

% OBSERVATIONAL CONSEQUENCES
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GENERATING ICs FOR N-BODY
SIMULATIONS WITH FNI_T"&O

e P2M GRACOS CODE (WWW.GRACOS.ORG)

GENERATE A REALIZATION OF ® As GAUSSIAN FIELD WITH
A (NEARLY) SCALE INVARIANT POWER SPECTRA

ADD THE QUADRATIC TERM IN REAL SPACE
APPLY TRANSFER FUNCTION IN FOURIER SPACE

UsSE ZELDOVICH APPROXIMATION TO GENERATE THE
PARTICLE DATA

CAVEAT: FINITE VOLUME EFFECT COULD BE TRICKY DUE TO
MODE-COUPLING BUT IT SEEMS TO BE UNIMPORTANT

WE GENERATE 5123 AND 10243 SIMULATIONS USING THE
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LARGE SCALE STRUCTURES
DEPENDS ON FnL

INne=-5000
fne=-500
B BEUNDER-DENSE
REGIONS EVOLUTION
DECREASE WITH Fy_
Ing = )
| BOVER-DENSE
REGIONS EVOLUTION
INCREASE WITH Fno
INnL=500

8@ SAME INITIAL CONDITIONS. DIFFERENT Funo
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GENERATING ICs FOR N-BODY
SIMULATIONS WITH F\“_—O

GENERATE A REALIZATION OF ® As GAUSSIAN FIELD WITH
A (NEARLY) SCALE INVARIANT POWER SPECTRA

ADD THE QUADRATIC TERM IN REAL SPACE
APPLY TRANSFER FUNCTION IN FOURIER SPACE

UsSE ZELDOVICH APPROXIMATION TO GENERATE THE
PARTICLE DATA

CAVEAT: FINITE VOLUME EFFECT COULD BE TRICKY DUE TO
MODE-COUPLING BUT IT SEEMS TO BE UNIMPORTANT

WE GENERATE 5123 AND 10243 SIMULATIONS USING THE
3M GRACOS CODE (WWW.GRACOS.ORG)
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LARGE SCALE STRUCTURES
DEPENDS ON FnL

tne=-5000
Ine=-500
ine=0
Ine=500

8| BUNDER-DENSE
REGIONS EVOLUTION
DECREASE WITH Fy,

BOVER-DENSE
REGIONS EVOLUTION
INCREASE WITH FuL

@ SAME INITIAL CONDITIONS. DIFFERENT Funo
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GENERATING ICs FOR N-BODY
SIMULATIONS WITH FNI_,._-"-&O

e P2M GRACOS CODE (WWW.GRACOS.ORG)

GENERATE A REALIZATION OF ® As GAUSSIAN FIELD WITH
A (NEARLY) SCALE INVARIANT POWER SPECTRA

ADD THE QUADRATIC TERM IN REAL SPACE
APPLY TRANSFER FUNCTION IN FOURIER SPACE

UsSE ZELDOVICH APPROXIMATION TO GENERATE THE
PARTICLE DATA

CAVEAT: FINITE VOLUME EFFECT COULD BE TRICKY DUE TO
MODE-COUPLING BUT IT SEEMS TO BE UNIMPORTANT

WE GENERATE 5123 AND 10243 SIMULATIONS USING THE
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LARGE SCALE STRUCTURES

S ON FnL

BEPENE
Ine=-5000
tn =-500
Ine= 0
tne=500

g BUNDER-DENSE

REGIONS EVOLUTION
DECREASE WITH Fy_

BOVER-DENSE
REGIONS EVOLUTION
INCREASE WITH FunL

@ SAME INITIAL CONDITIONS. DIFFERENT Funo
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MEASURED HALO MASS FUNCTIONS
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LARGE SCALE STRUCTURES
DEPENDS ON fnoL

ine=-5000
Ine=-500
| BUNDER-DENSE
REGIONS EVOLUTION
DECREASE WITH Fy_
Inn=0
i BOVER-DENSE
REGIONS EVOLUTION
INCREASE WITH Fno
Ine=500
tne=5000

8 SAME INITIAL CONDITIONS. DIFFERENT FunL
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MEASURED HALO MASS FUNCTIONS
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BUILDING THE P(MgMp) DISTRIBUTION

USING A SIMPLE PARTICLE BASED PROCEDURE WE CAN MATCH
CLUSTERS (MASS Mg) IN THE Fuyi =0 SIMULATIONS TO THE
CORRESPONDING ONE IN THE FnyL SIMULATION (MASS Mpg)

1015 -

M, [h 'Me]

10145
Fni= 500
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STATISTICAL APPROACH

P(Mg|Mo) BINNED IN Mo

I < M{f=0)/18" [F*Ms] £ .8 1 < M(f.=0)/10" [A"'M,] < 3
1.0000F [ T E 1. 04040 3 - T 3
0.1000 ¢ : 010008 E

™ 001005 . TN = 0.0100 5 :
D.DUlU; g . 3 D.Dﬂlﬂl.:— 3
0.0001 | '. 0.0001 |
-0.5 0.0 0.5 1.0 | -0.5 0.0 0.5 1.0
M(fw)/ M{fu=0)-1 M{fe) M{Ei=0)=1
SMALL CLUSTERS MERGE TO MASSIVE CLUSTERS SPLIT IN
FORM BIGGER ONES SMALLER ONES FOR Fn <O
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BUILDING THE P(Mg|Mp) DISTRIBUTION

USING A SIMPLE PARTICLE BASED PROCEDURE WE CAN MATCH
CLUSTERS (MASS Mg) IN THE FnyL=0 SIMULATIONS TO THE
CORRESPONDING ONE IN THE FnyL SIMULATION (MASS Mpg)

1015}

M, [h M|

10145
Fni= 500
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STATISTICAL APPROACH

P(Mg|Mo) BINNED IN Mo

I < M{fu=0),/10" [A7'M:] < 3 1 < M(fu=0), 10" [A7'Ms] < 3
1.0000 F = 3 1.0000 ¢ —R 3
0.1000 : 0.1000r -
™ 0.0100¢ o | = 001005 :
0.0010F —— - 0.0010¢ 1
0.0001 | '. 0.0001 __a |
-0.5 0.0 0.5 1.0 |-0.5 0.0 0.5 1.0
M(fa),/ M{fu=0)-1 M{f)  M({fa=01=1
SMALL CLUSTERS MERGE TO MASSIVE CLUSTERS SPLIT IN
FORM BIGGER ONES SMALLER ONES FOR Fy. <O
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DEFINING P(M¢|Mo)
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DEFINING P(MF|MO) AS A GAUSSIAN, A GOOD FIT TO THE MEAN
MASS SHIFT AND ITS VARIANCE IS GIVEN BY

| 5 M . "
- 1 — 13 I{J_‘.Ii\'f_GH Gi;'"l‘f[;,.___,-' T 1'-(”‘( I ) — l—I' I{J_‘[.ﬂ,‘f_gﬁ ::'* = G:;‘ILI[_;._::I_'
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A SIMPLE FITTING FUNCTION

! KNOWING THE MAPPING Mo— M., IT IS THEN EASY TO BUILD A FITTING
FUNCTION FOR DN/DM(M.Z.Fn....-) STARTING FROM THE GAUSSIAN DN/DM,
E.G. JENKINS ET AL.

dn / dn (!P[i‘ff_r:ibfg_])
(! () '

aM, . M, dm, Y
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DEFINING P(M¢|Mo)
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DEFINING P(MF|MO) AS A GAUSSIAN., A GOOD FIT TO THE MEAN
MASS SHIFT AND ITS VARIANCE IS GIVEN BY
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A SIMPLE FITTING FUNCTION

! KNOWING THE MAPPING Mo— M., IT IS THEN EASY TO BUILD A FITTING
FUNCTION FOR DN/DM(M.Z.Fni.-.-) STARTING FROM THE GAUSSIAN DN/DM.,
E.G. JENKINS ET AL.

dn / dn dP(M:M,)
vl

dM; . M, dMm, Y
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A SIMPLE

FITTING FUNCTION

KNOWING THE MAPPING Mo M-, IT IS THEN EASY TO BUILD A FITTING
FUNCTION FOR DN/DM(M.Z.Fn_....) STARTING FROM THE GAUSSIAN DN/DM,

E.G. JENKINS ET AL.
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BRATIO OF NG TO GAUSSIAN DN/DM

BAGREEMENT TO WITHIN 10% OVER THE ENTIRE RANGE OF MASS AND Z
mﬁALTHGUGH NOT PERFECT, IT IS BASICALLY AS GOOD AS THE FITS TO
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HALO CLUSTERING:
ANALYTICAL ESTIMATES |

% NG PARAMETRIZED AS

8 sSiNCE D 1s A GAUSSIAN FIELD. WE KNOW THE JOINT STATISTICS
ofF ©. VP anD V2D AND USING POISSON EQUATION (V2@ xd) WE

CAN WRITE DOWN THE PDF OF 6NG AS A FUNCTION OF 6 THAT

LEADS TO E.G.

® NEAR PEAKS, |V®|2 IS NEGLIGIBLE AND WE GET

_ge h
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HALO CLUSTERING:
ANALYTICAL ESTIMATES Il

A _

@ ITIS EASY TO COMPUTE THE PEAK-PEAK CORRELATION FUNCTION (93>8..+) iOR
R _

8 OR MORE INTERESTINGLY THE BIAS OF THE PEAK-PEAK CORRELATION (A LA

o _

8 WE OBTAIN THE FOLLOWING SCALE DEPENDENT BIAS

@ THIS RESULT DIFFERS FROM THE USUAL CONSTANT LINEAR BIAS... BUT

DERIVATION OF THIS RESULT GENERALLY ASSUMES LOCALITY OF THE
WHEREAS HERE OUR NG TYPE IS NON

“GALAXY" FORMATION PROCESS...
PIsy OB%R] FOR O . IF WE WERE TO CONSIDER A NG OF THE TYPE Onc = O+ Fpyp 00825

THEN WE WOULD NOT FIND ANY SCALE DEPENDENT BIAS



SCALE-DEPENDENT BIAS
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8@ STRONG SCALE DEPENDANCE IN THE LINEAR REGIME
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# PERFECT AGREEMENT WITH SIMS AND ANALYTICS (NO FREE PARAMETER)



CONSTRAINTS FROM P(K): GALAXY

SURVEYS, BAO, AND ISW

® TO MEASURE THE LARGE SCALE BIAS OFFERS A NEW OPPORTUNITY TO
MEASURE F,_

8 THIS EFFECT SHOULD BE EASY TO MEASURE SINCE THERE IS A VERY
SPECIFIC K AND Z DEPENDANCE ON LARGE SCALES

® ALRG SURVEY (B,=2. N=4. 105 (H''MPC)3) oUT TO z=0.7 COULD
GIvE F"“\-;I_ _5 F'-g,.('fll 2

@ THIS EFFECT WILL ALSO SHIFT THE FIRST BAO PEAK AT K=0.07H/
MPC BY 0.4% AT Zz=1 FOR Fn . =100. WHICH WOULD LEAD TO A 1~2%
BIAS IN W IF UNACCOUNTED FOR

8 ULTIMATE ISW OBSERVATIONS (~70) SHOULD YIELD Fy,_ =40 (10)

AND CURRENT OBSERVATIONS (~2-40) SHOULD IMPLY AROUND FxL
=120 (19)

B [T ALSO OPENS THE (UNEXPLORED YET) POSSIBILITY TO USE VOID

e TEYATISTICS TO MEASURE Fne. CAN WE DO THAT WITH CURRENT (B9%67?)
csnNss MDNATA?



SCALE-DEPENDENT BIAS
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STRONG SCALE DEPENDANCE IN THE LINEAR REGIME
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CONSTRAINTS FROM P(K): GALAXY
SURVEYS, BAO, AND ISW

TO MEASURE THE LARGE SCALE BIAS OFFERS A NEW OPPORTUNITY TO
MEASURE F\_

THIS EFFECT SHOULD BE EASY TO MEASURE SINCE THERE IS A VERY
SPECIFIC K AND Z DEPENDANCE ON LARGE SCALES

A LRG SURVEY (B, =2. N=4. 10° (H''MPC)3) ouT TO Z=0.7 COULD
GIVE Fnuo =5 Fswy 2

THIS EFFECT WILL ALSO SHIFT THE FIRST BAO PEAK AT K=0.07H/
MpPcC BY 0.4% AT Zz=1 FOR Fn =100. WHICH WOULD LEAD TO A 1~29%
BIAS IN W IF UNACCOUNTED FOR

ULTIMATE ISW OBSERVATIONS (~70) SHOULD YIELD Fy_ =40 (10)

AND CURRENT OBSERVATIONS (~2-40) SHOULD IMPLY AROUND FxL
=120 (19)

IT ALSO OPENS THE (UNEXPLORED YET) POSSIBILITY TO USE VOID

P T8N ATISTICS TO MEASURE Fno. CAN WE DO THAT WITH CURRENT (199%7)

csnNss MNATA?



MEASURING Fny. WITH DN/DM?

200 N-body simulations -

(OO

- L0

1
|

200

W

8 SPT LIKE SURVEY. IE 4000 sSQ. DEG UP TO z=1.5
8 ~7000 CLUSTERS WITH M>2 10% M-
8 |Fno|~< 100
rsaori007« M NOT REALLY A NUISANCE FOR W Page 30/37



CONSTRAINTS FROM P(K): GALAXY
SURVEYS, BAO, AND ISW

TO MEASURE THE LARGE SCALE BIAS OFFERS A NEW OPPORTUNITY TO
MEASURE F\_

THIS EFFECT SHOULD BE EASY TO MEASURE SINCE THERE IS A VERY
SPECIFIC K AND Z DEPENDANCE ON LARGE SCALES

A LRG SURVEY (B, =2. N=4. 10° (H'MPCc)3) ouT TO Zz=0.7 COULD
GIVE Fno =5 Fsky 12

THIS EFFECT WILL ALSO SHIFT THE FIRST BAO PEAK AT K=0.07H/
MpPC BY 0.4% AT Z=1 FOR Fn . =100. WHICH WOULD LEAD TO A 1~29%9%
BIAS IN W IF UNACCOUNTED FOR

ULTIMATE ISW OBSERVATIONS (~70) SHOULD YIELD Fy_ =40 (10)

AND CURRENT OBSERVATIONS (~2-40) SHOULD IMPLY AROUND Fx_
<120 (10)

IT ALSO OPENS THE (UNEXPLORED YET) POSSIBILITY TO USE VOID

e T8N ATISTICS TO MEASURE Fn. CAN WE DO THAT WITH CURRENT (T99K7?)

csnNss NDNATA7?



MEASURING Fy. WITH HIGH Z
HALO COUNTS?

% |F OUR ANSATZ FOR THE MAPPING RELATION IS CORRECT THEN IT
SUGGESTS THAT WHAT MATTERS IS O(M.zZ)2 AND NOT M/M*(Z)

% FOR EXAMPLE. HIGH-Z QSOS OR GALAXIES, EVEN THOUGH THEY HAVE M/
M* GREATER THAN 200 OR SO BELONG TO 10'2 HALOS AND THUS LEAD
TO A 29 EFFECT FOR Fn ~500 AT Z=6

@ THIS IS TO BE COMPARED TO A 25% EFFECT AT Z=1 FOR A 10!° OBJECT

Pirsa: 07110074 -
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MEASURING Fy. WITH DN/DM?

i = T ]
200 - N-body simulations -

L1

2 oL EPS

- 100

1
I

00

2 SPT LIKE SURVEY. IE 4000 sQ. DEG UP TO z=1.5
8 ~7000 CLUSTERS WITH M>2 10% M-
8 |Fnu|~< 100
isaori007« M NOT REALLY A NUISANCE FOR W Page 33/37



MEASURING Fny. WITH HIGH Z
HALO COUNTS?Y

% |F OUR ANSATZ FOR THE MAPPING RELATION IS CORRECT THEN IT
SUGGESTS THAT WHAT MATTERS IS O(M.zZ)"2 AND NOT M/M*(Z)

% FOR EXAMPLE. HIGH-Z QSOS OR GALAXIES, EVEN THOUGH THEY HAVE M/
M#* GREATER THAN 200 OR SO BELONG TO 10'2 HALOS AND THUS LEAD

TO A 2% EFFECT FOR Fn ~500 AT Z=6

@ THIS IS TO BE COMPARED TO A 25% EFFECT AT Z=1 FOR A 10!° OBJECT
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MEASURING Fny. WITH DN/DM?

irsa:

00 - N-body simulations -

100

-100 =

200 = —

8 SPT LIKE SURVEY. IE 4000 sSQ. DEG UP TO z=1.5
8 ~7000 CLUSTERS WITH M>2 10% M-
8 |Fno~< 100
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MEASURING Fny. WITH HIGH Z
HALO COUNTS?

% |[F OUR ANSATZ FOR THE MAPPING RELATION IS CORRECT THEN IT
SUGGESTS THAT WHAT MATTERS IS O(M.zZ)2 AND NOT M/M*(Z)

@ FOR EXAMPLE., HIGH-Z QSOS OR GALAXIES, EVEN THOUGH THEY HAVE M/
M* GREATER THAN 200 OR SO BELONG TO 10'2 HALOS AND THUS LEAD

TO A 2% EFFECT FOR Fn ~500 AT Z=6

@ THIS IS TO BE COMPARED TO A 25% EFFECT AT Z=1 FOR A 10!° OBJECT
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SUMMARY

WE PROPOSED A NEW AND MEASURABLE OBSERVATIONAL SIGNATURE
OF PRIMORDIAL NG (CONSTANT FnL TYPE)

WE PROPOSED A SIMPLE AND ACCURATE FITTING FORMULA FOR THE
HALO MASS FUNCTION AS A FUNCTION OF FnL

WE SHOWED HOW TO CALCULATE PEAK STATISTICS FOR FnL
COSMOQOLOGIES AND IN PARTICULAR THE BIAS SHAFE

WE TESTED OUR PREDICTIONS AGAINST N-BODY SIMULATIONS AND
FUND A REMARKABLE AGREEMENT

AS A CONSEQUENCE. THE MEASURE OF THE LARGE SCALE HALO BIAS
SHOULD GIVE FnL CONSTRAINTS COMPARABLE TO PLANCK. I.E. FnL< O
{ 1C)

ALL THOSE CONCLUSIONS RELY ON ONE TYPE OF *“LOCAL NG", WHAT
APPENS IF WE TAKE INTO ACCOUNT Fn (K) FOR EXAMPLE (EG LOVERDE
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ET AL. O7) REMAINS TO BE STUDIED



