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Emission of gamma-rays
is predicted from:

¢ The &atac&ba gas (HI, HII, DNG): «° oleaa:;

o A Cralactic Inverse Camp&mn (IC) Pho&an Papuia&icm
® An isotropic (mostly extragalactic) background

¢ Poink sources

e Extended sources (included Fermi Bubbles and Loop I)

e Sun and Moown
¢ Residual Earth Limb (negligible for £> 200 MeV)



Photown stakiskics

p&shéms the y-ray source count distribution below the
Catalog detection thresholds

Zechlin, Cuoco, FD, Fornengo, Vittine ApJS 2016;
Zechlin, Cuoco, FD, Fornengo, Regis AP:’ 2016, Zechlin, Manconi, FD PRD 201%

The 1-point probabiti&v distribution function (1[9--‘?13!:) ;

o MEASURE the source count (N) distribution dN/AS as a

function of the flux S
EXTEND the sensitivity for AN/AS BELOW the catalog threshold
DECOMPOSE  the total gamma-ray sky into:

i)  Point sources,

it) Galactic foreground,

i) Isotropic diffuse background

iv) Further components (Le. darke matter)?

Dodelson, Belikoy, Hooper, Serpico 2009; Mqtjshevétﬂogg 2011; Lee, Lisanti, Safdi 2018;
Lee, Lisanti, Safdi, Slatyer 2015; Linden, Rodd, Safdi, Slatyer 2016; Vernstrom+ 2014; Vernstrom+ 201§;
Lisanti+ 2016; Leane, Si.o&jer 2019; Chang, Mishra-Sharma, Lisantl + 2019



1p-‘?1§§ aalusis

Zechlin, CuocoD, Fornengo, Vittine Apds 2016,

1p-PDF == p,, the Frobabit&_&j to find k photons in a given pixel

n, is the humber of pixels counting k photons

Exploit the method of generating functions (Malyshev & Hogg 2011)

Idea: consider statistics of pixel wise photon counts

Examples:
(A) diffuse isotropic background

Poissonian
1p-PDF
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(B) adding point sources, Galactic foreground, ...

distorted
1p-PDF
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Generically, AN/LS s shapeo&
bj a mulki-broken powerntaw
(MBPL):
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» "T"és%suﬂf the 1pPDF model

In 1-10 GeV (Zechline AF-:‘JS R016)

&== posterior
== profile likelihood
§  3FGL

ng = 1.97 £ 0.03
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In energy bins
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Ac\.&&ing a galactic dark matter
Eempto&e (Zechlin+ 201%)

1pPDF, [1,2] GeV
1pPDF, [2,5] GeV

1pPDF, [5,10] GeV
Dwarfs, Ackermann et al.(2015)

bb channel



The blazar Luminosity function

BlLlLacs & FSRQs - A unigue model (Ajello + ApIL 2015)

Gamma-ray Luminosity function:

®(L., 2 T) = ®(L,,0,T) x e(L, 2)

ze(Ly) (L7/1048)aa
pi(Ly) =(pi ) 7(log(L) — 46),
p2(L~) @ d(log(L~) — 46).




The 1p‘?‘b¢ mebhod with the Blazar model

S 1-10 CreV
s :./0 dz/ dU' ®[L (g, 2, 1), 2,T] —— o ddLs  br30 deq

1o yrs dakta

—=- 1pPDF, MBPL

—— 1pPDF, bl del oy L
PPDF, blazar mode ¢ The 1!5»‘?1% measures pomfi

sources x10 below flux
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o The BLAZAR model is a gqood
fik down xloo

S2dNIdS[phcm™2s~'deg?]

o The BLAZAR model is

102 107 107 107 107° 1077 compa&ibie wikh 1F?‘DF: MBPL
S[phcm™2s7]

BTW, we also find a new fit for the MBPL dN/dS on 10 yrs and P%.



The amsgutaf power spectrum (APS) in the
unresolved regime on the blazar model

5) i, jare for energy bins —
auto- and cross-correlation

. 1‘ 3.5 max
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We find a best fit compatible with Fermi-LAT measurements
and small uncertainties



The 4FGL Fermi cataloq on the blazar model

This a cross check mostly (see next slide)

all sources; all z (upper limit)

source classes: BLL, BCU, FSRQ; all z (lower limit)
z=[0.0,0.5] * z=[1.2,2.3]

z=[0.5,1.2] & z=[2.3,4.0)
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Fit of the blazar model
(the § free parameters)

Points as Llower Limiks
due to imeompi&&ehess
of catalog



Cownskrainks bto the Blazar wmodel

W 1pPDF

c, fit o Crood Ccmpafzibf.tf.l‘:j 1pPDF
aret e (resolved & unresolved) and
4Gl (resolved)
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o APS comstrains p*, working
on eherqgy bins

e 1pPDF comstrains A (global
normalizakion) and y;

(Luminosity evolution)

o Catalog bounds pz*




The dN/JS from the fit to 1pPDF, APS, 4FGL

o Best fit to the resolved
¥ 4FGL; all sources
* 4FGL; BLL, BCU, FSRQ sources (obvi,ou,stj)

5 from the cataloqg 4FGL
o)
cLc/: 10—11
E ® 1P‘P‘DF‘ constrains
3 resolved & unresolved
£ 10712
ie]
?D — 1pPDF 1 -10GeV, b fi

— cz, best fit = e APS tests O&r\iv

— b fit from

i unresolved fluxes,
10-2 1071 100 109 1078 107 would overﬂpredicl‘:

Slecm™2s71]

resolved



The APS from the fit to 1pPDF, APS, 4FGL

The APS is an energy dependent analysis
The 1pPDF is for 1-10 GeV
The 4FGL is studied fluxes integrated 1-100 GeV

= 1pPDF 1 = 10 GeV, best fit
= Cp, best fit

= 1pPDF 1 = 10 GeV, best fit

= Cp, best fit
—— 4FGL, best fit ' —— 4FGL, best fit

4 Fermi-LAT C, (diagonal) ~ - 4+ E; =[8.30~-14.50] GeV
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As expe_c&ed, 4+GL cannot F:reciit:& APS



APS and Eke 4+l are Comptemev\ﬁarv

0 H\!hd [ Cp+4FGL fit
<. \' "" The two analysis
J

i ) combine ko give
'// f{\\\ o fit to the blazar
—= model in both the

resolved and

|

unresolved regions




'Tke resulks on the GLF

TABLE I: Best-fit parameters for each of the techniques investigated in this paper. The first column lists the free
parameters, while the following four columns contain the corresponding best fits. The last column reports the
reference values from Ref. |24].

Parameter 1pPDF Cp 4FGL Cp+4FGL Ref. [24]

A /N3 T 2 0x+0.86 & Re+0.54 T 01 +0.08 @ 01+0.05 @ 71+0.36
log,,(A/Mpc™7) 8.987 09 7.5575"%0 9.017575 8917 %% 8.717 557

o 6527005 0.3670 5% 0.6570 09 0.6070 01 0.507015

pi 3.2673 78 4.8975 1% 2.80%] 3.7419% 3.397050

—1.47 —0.70
* 1 6 O =+7.36 - oo+2.38 e 0141.57 1 ap+2.25
P35 . —-19.57,%, —5.287 67 —5.317 68 —4.967 1 %6
* —o+0.34 o 90+0.05 1 ~0+0.32 o o140.04 o 0+0.03
n 1.787, 55 2.327 0o 1.7975 7 2317, 02 2.227 5 09
1 ne+0.01
"1gﬂl 1.()1)_().()1 - -

- -1 -1 -1 q - 0.11

Fiso [10” "em™'s™ "sr™ 7] 1187015 - B
. =q+0.82 1 12+0.06
k - 0.5975 09 1.1375505

- In(£)= -245276.1 x*/dof —=80.2/7 5/2%  x?/dof = 94.5

arxiv:1912.01622



- Cowneclusions

* We have applied different methods to constrain the gamma-ry
emission from blazars: 1pPDF (res.unres.), APS (unres.), 4FGL (res.)

* 10 years of Fermi-LAT data at high latitude

"The 1pPDF & APS permit to fix the parameters of the gamma-ray
Luminosity function and SED ot fluxes ~ 100 times below detector
flux threshold

‘The different techniques are consistent and complementary



