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The Large Area Telescone

_.-» Ihe Tracker-converter

Pair production in tungsten foils
Tracks detection in single-sided strip detectors

MCM
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The Anti-coincidence
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Calorimeter
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The gamma-ray sky

Diffuse Galactic emission

Inverse Compton process
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Bremsstrahlung
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proton-proton interaction

photo-pion production
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The gamma-ray sky

Galactic Sources

Globular clusters
Star-forming regions
Binary systems

Pulsars,
pulsar wind nebulae

Novae,
Supernova Remnants
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The gamma-ray sky

Extragalactic Sources

Star forming galaxies
(SFG)
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The gamma-ray sky
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The unresolved gamma-ray hackgrouna

Study the UGRB

to determine its exact
composition

to constrain the faint end of the

O) luminosity functions of
i components
O | .
N to shed light on exotic physics
(WIMP-like DM)
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The UGRB intensity energy spectrum
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The UGRB intensity energy spectrum

Star forming galaxies
(SFG)
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: V71 Ackermann et al. 2015
34 view Top Viw 1072 - Blazar (Ajello et al. 2015)
- MAGN (Di Mauro et al. 2014)
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Anisotropy of Isotropic point-like sources
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Anisotropy of Isotropic point-like sources
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Anisotrony energy spectrum

Anisotropy of Isotropic point-like sources
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Autocorrelation E2 E2 X E2

Autocorrelation E1
Cross-correlation E1xE2 (different populations)

By x By = CF < \/CHCE

Cross-correlation E1xE2 (same population)
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Gross-correlation of energy bins




Gross-correlation of energy bins
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Gross-correlation of energy bins
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Gross-correlation of energy bins
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Gosmic shear
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Gross-correlation with Galaxy catalogs

Investigated surveys with spectral (E
[Cuoco etal. 2017]
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UGRB produced by different types of sources

Signal varies with redshift:

1D 3o 0D0Nn)
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and tomographic (z) approach:
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Gross-correlation with Galaxy catalogs

Beyond the tomographic approach for 2MPZ catalog:

[Ammazzalorso et al. 2018]
« redshift slicing (3 bins)
* B-band [uminosity slicing:
traces the star formation activity
o K-band [uminosity slicing:
correlates with objects mass
 High K- low B (high masses + low level of star formation):
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traces DM (WIMP)
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Signal dominated by mAGNs emissions +
subdominant contribution from blazars and SFGs
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Cross-correlation with GalaliifRITE T

Constrain the contribution of Intra-cluster medium and DM N A *

e.q.
« WHL12 (158,103 clusters)
- redMaPPer (26,350 clusters)  >30 signal!

* PlanckSZ (1,653 clusters)

1-halo term

oo
|

ol

Illllll 1 IIIIIII' 1 IIIIIIII I llllllg
¢ PlanckSZ (x 10) 1
® redMaPPer E

WHLI12 (x0.1) A

10"“;— FL —

10" z' | j ‘_;_‘ - | -z
T _ Small scales:
lO-lzg_ 1 1 ’—f; _é

* hard component

: small-scales

._
(e}
o
m

E°Cc"/AE [(GeV cm'zs'lsr'l) sr]

ey ]o .IﬂlSllIﬂoﬂlll‘II{.l éll_l,

Energy [GeV]

PHOTON 2019

Q
o
; + SoTt component

Z 0 E

© sl N

o— 10 3 E

: '

lO-l() Ll Lol ol I
.2 0.1 1 10 100 1000

29



Investigated surveys with spectral and tomographic

J

Co'.sn.m shear: approach (proposed by Camera et al. 2013/2015):
statistical measurement of the distortion of images due to the weak lensing +
PN + CFHTLenS + RCSLenS +KiDs ¢
/’ OF. - ‘\ [Troster et al. 2017] 2
N\ | ' ‘; ™
o PN Ry i) ;*
net ellipticity ? e AV “ : + Subaru Hyper Suprime-Cam  _ >
. % [Shirasaki et al. 2018] . S
- v o :
| @ | S ——
A \o . HSC S16A x Fermi EGB, E,>1 GeV e
H i mass distribution - All source galaxies = | [08<z,<08
- - e 1 |
N |§ 0 k p
& [+ Baseline EGB ] 5
z o > O rpTITETT . ho signal
o 3 a
O 2 S sf - detected!
I "4 o
O E Fiducial Blazar Bias=4.1 i
T - 30 40 50 60 30 40 50 STAY TUNED:
U 8, [arcmin] 6, [arcmin
n '— k Ammazzalorso et al + DES
>3 30

-—

JR———
—



31

Unlensed

A‘

0.1b3N e|aydin

NOLOHd




b
s s

4 . g7
) A N . ¥

L3 ’ & b/
WL S

Py
s
NP E

'

[Fornengo et al. 2015]:
Cross-correlation of Lensing potential of the CMB and y-ray field to investigate the LSS
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Signature of the Integrated Saches-Wolfe effect

[Xia etal.2011];
Searched for signature of ISW in cross-correlation
between WMAP7-CMB and 21-mo y-ray data

... but no signal detected!

Gravitational well of galaxy supercluster: the depth shrinks as the universe (and cluster) expands
33
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simmary and conclusions

Complementary to Intensity spectrum estimation to unveil
the nature of the unresolved gamma-ray background

]
.
.- Gross-correlation
l 4

Autocorrelation e to characterize the UGRB composition
to constrain source populations models ’,/' Galaxy cataloys
. . .
to constralrj WIMP-like DM parameters /,o Galaxy Clusters
_.. Cosmic shear
. PR e - )
S ot CMB lensing
l' o’ ,'\

1 i' + BMB

[ ¢ ’

] ’ 1

| q I

\j | 4 v w

Study the High Undate UGRB- Undate UGRB-
Energy end of the Gosmic shear CMB/CMB lensing
anisotropy Cross Cross
spectrum measurements measurements
0 TS=2log(L/L0) 11.3
Cerenkov telescopes IceCube DES LSST Fuclid T

(e.g- HAWC, CTA) (more with IceCube-Gen2*) ’ y SHCH ane

* https://icecube.wisc.edu/news/view/605
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Most recent results of Cross-correlations between UGRB and LSS tracers

l10‘1 | | | | - l1£)° | | | | - l101
Redshit range considered
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00 e W (Cuoco et al. 2017)
SDSS QSO DR6
71 A - 0.0 2000.0) Gev (1.0 - 10.0) GeV (Cuoco et al. 2017)
4301 WI x CO
4004 I (10.0 - 500.0) GeV (Cuoco et al. 2017)
3804 (1.0 - 10.0) GeV 2MASS
g'gg EEEEREEEEEEEBBEEBmmmRmm I (Cuoco et al. 2017)
" 3504 I (1.0-0 - 500.0} GeV- - - - - - -- .0 - 10. :
5 350 (10.0 - 500.0) GeV B (1.0 - 10.0) GeV SDSS Main Galaxy
— 3204 (1.0 - 10.0) GeV (Cuoco et al. 2017)
(C 3.0 o - (O-5 --1.0) G (1.0 - 500.0) GeV o 2MPZ
g 5 o100 Gey (Ammazzalorso et al. 2018)
‘B 2604 I (0-6 - 2000.0) GeV e CMB lensing
349 -/ (1.0 - 10.0) GeV (Fornengo et al. 2015)
53204 I (10.0 - 500.0) GeV | Weak lensing
200 rmo -500.0)-GeV I (1.0 - 10.0) GeV " (Troster et al. 2017)
1.8 0 18 (06 - 2000.0) Gev o | ,, , 7-10. HSC clusters
1.6o04 | (Hashimoto et al. 2018)
E 1.30 o-------- - - EEEEEEEEE SRS , : I (1.0 - 500.0) GeV - redMaPPer clusters
B (Branchini et al. 2017)
Q WHL12 clusters
z L (Branchini et al. 2017)
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The Angular Power Spectrum - APS
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HEALPix maps (order 9, NSIDE=512)
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Isotropic point sources P
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PSF correction - The Widow Functions

Isotropic point sources Ty %
\
1D \ —— |sotropic point sources
\\ ——— |sotropic point sources x smoothing
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7 3
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The White Noise Correction

Computed for each energy bin:

Photon counts ‘s.\ “,-. Exposure
s
\ E
, 2
CN _ <Nq/,pza¢/ApiX>
Qpix

‘
e’

. -
Pixel area #=="

The Standard APS estimator

CFl — Cy

S1g.
CZ,E - WQ
¢ E
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A K
no association
pulsar
PWN

X % ’ﬁx
X ’2(‘: P x ;‘X
WX X0 ¢ S a
SNR

Globular Cluster
Binary

X

% X

') 4

Wo WPootTDN N

x

R

%
¢

b 4
o

-

o s o
x x”"‘xxx x))(}?( x x %
g0 4 %,
% ?‘x x x X @ XRX x®

Star-fofming fegion
Blazar
MAGN

P,

Fermi Source Catalogs

dered [yrs]

Ission consi

Years of m

FL8Y 5524 srcs

3FHL 1720 srcs
2FHL: 360 srcs

3FGL 3033 srcs

1FHL 514 srcs

2FGL 1873 srcs

A ‘Gé iaxy

¢

Starburst galaxy
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‘1010 10210
Energy range considered

Definition of the source mask radius:

rsrc(¢src; Emin) — 2 X PSF(Emm) _ 10g(¢src) — 1Og(¢min)
5 X PSF(Emm) — 2 X PSF(Emm) 10g(¢max) — 10g(¢min)




Two classes of sources

xx{’,“ SR

.
g&(."’g‘ 8% Bx x%ad %

FL8Y Extragalactic Sources

2901 Extragalactic sources

@
g’;x

FLBY Sources

Extragalactic: 2901

BCU

Galactic: 491

BL-Lacs

Non-associated: 2131
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Two classes of sources

5
[[c?( 2855 blazars in the FL8Y source list
“ /C / - 7 A 7 ]
\, 5,?0 20 - / Uncertain type
’ ’ | ., B BL Lac
Q ‘agt 0- B FSRQ
1
60 - /
3/4 View Top View eo | / /
40 - ‘“ /
. |
4
20 - '
10 - =
0— [l §

1.'50 1.75 2.00 2.25 2.50 2.75 3.00
Spectral Index
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Past Measurements - Ackermann et al. 2012

Autocorrelation to constrain source populations models:

le-08

/\‘ Source count

S | | | [ ]

£t dN
— q d dS dIStrI!DUtIOH |
dS (the simplest model:

broken power law)

g 103 uu : S . S
ceModel ~Anisop,,, Cp = 5% —dS
- SRR P () dS

TT@Z "1D 39 SuLSby
)

le_ll ' 1 L 1 1 I l A L L A L |
10000 le+05 le+06
NMSP
-70 I_ﬁ L L | '// L B L L | /- LENNLEN LR ',J T T '/‘ T T '; ;'_
/ | 1

Blazars [ .//Férmi BestFit

"1 100% IGRB Anisotropy

* The majority of anisotropy signal: blazars

mjw and to anisotropy at the same extent!

300.

_10'0 -1 PR Y SR TN TR NN TN TN T N 1

1.2 14 1.6 1.8
45

low index o

1 1 1 1 1 1 1 1 1 1 1

- [ 100% IGRB Intensity / Ao
o e - /8 +blazars contributes to <20% of the UGRB intensity
o S /l{=  +the 80% being due to low-intrinsic-anisotropy component
4 1’2 obse _/:::::::/’/ %
= - I 3) UGRB species do not contribute to intensity
L
-
>3

o
(o))
o
o0
=)

Zeclin et al. 2016,arXiv:1605.04256v2
Cuoco et al. 2012, arXiv:1701.06988v1
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intensity and anisotropy energy spectra

... as complementary observables of the UGRB:

1.0f v
: Intensity [1 '
08¢ Ani [ | :Q
 ——— t
| mso. ropy. | &) I
06 ====- Fermi sensitivity I !
= ! 1ol
o . I
= 04 - |
= : i / o
g 0.2 i : / §
S : : _ _
S 0.0 =|====E,$=====-pﬁ=—1# Pt
S 2
S : :
£ 0.1 S
: :

0.01

: 0.001

Log,,( Si00 [ph em™2s7'])

v

Cumulative contribution of blazar to the Intensity
and to anisotropy as a function of source intensity

The anisotropy from unresolved sources is more strongly
dependent on the sensitivity limit: improved point source sensitivity
have a more notable impact on the measured IGRB anisotropy.

EE——
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Ackermann et al. 2015

- mmwm Abdo et al. 2010

103 104 10°
Energy [MeV]

B M. Ackermann et al. 2012
M. Fornasa et al. 2016
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101 102
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Past Measurements - Fornasa et al. 2016

Autocorrelation to constrain WIMP-like DM parameters:

Conservative exclusion limits on annihilating and decaying DM from the new APS measurement by Fornasa et al. 2016

Annihilation, bb Decay, bb
R I I I I LI I I | 1 L I I I ] 1027 l LI I | | 1 | I | | I | I 1 | I _
i Thermal (o,,,v) (Steigman et al., 2012) ~ M- Fermi LAT IGRB intensity (Ando & Ishiwata, conservative, 2015) -
. Fermi LAT dwarf Spheroidals (Ackermann et al., 2015) I . + Fermi LAT dwarfSphefoidals (Baring-et-al.,.2015.k i
10—21 E . , . . —] i — 1l
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Less stringent than UGRB spectrum limit by factor of 2
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Past Measurements - Fornasa et al. 2016

Autocorrelation to investigate the UGRB composition:
Blazars VS Blazars+new-population:
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