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Diffuse γ-ray	background.	80%		

GalacYc	Foreground	+	nearly	isotropic	EGB	



Diffuse γ-ray	background:	astrophysical	sources	

AddiYonal	contributors:	

• 	Clusters	of	Galaxies	

• 	Supernovae	Type	1a				

Ackermann+	2014	
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ω(ϑ) = δI(α)δI(α +ϑ)



Ackermann+	2012	
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Cross-correlaYon	with	LSS	



Cross-correlaYon	with	LSS	



Cross-correlaYon	with	LSS	

CCF(ϑ) = δI(α)δN(α +ϑ)



X-correlaYons	EGB	Fermi	5-year	

2MASS	galaxies	

Xia+	2015	

SDSS-QSOs	 SDSS	main	galaxy	sample	



X-correlaYon	2MASS	-	EGB	Fermi	5-year	
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Let	us	focus	on	2MASS	and	

assume	that	DM	is	the	only		

(largely	local)	EGB	source.		

Regis+	2015	



x	

To	model	the	x-power	and	the	density		

along	the	LOS	we	use	the	halo	model	

and	consider	the	effect	of	sub-halos		

within	their	parent	halos.	

Given	the	theoreYcal	uncertainYes	in	

the	halo	profile,	sub-halo	abundance,	

their	profile	etc…	we	consider	two	

extreme		scenarios:	LOW	and	HIGH,	

corresponding	to	conservaYve	and	

opYmisYc	scenarios,	respecYvely.		
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bias	of	the	discrete	sources	

Redshic	distribuYon	of	discrete	sources	

Model:	DM	–	LSS	cross-correlaYon	(2-point	stat)	



Model:	DM	only	
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DM-annihilaYon	and	decay	

models	provide	a	good	fit	to	

the	observed	CCF	without	

violaYng	the	EGB	intensity	

constraint	(small	panel).	

Forcing	DM	to	be	the	only	

source	of	EGB	allows	one	to	

obtain	stringent	UPPER	

limits	to	DM	annihilaYon	

cross-secYon	(or	decay	

Yme).	
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Model:	DM	only	
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DM-annihilaYon	and	decay	

models	provide	a	good	fit	to	

the	observed	CCF	without	

violaYng	the	EGB	intensity	

constraint	(small	panel).	

Forcing	DM	to	be	the	only	

source	of	EGB	allows	one	to	
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cross-secYon	(or	decay	

Yme).	
10

1

10
2

10
3

10
−27

10
−26

10
−25

10
−24

10
−23

10
−22

mDM [GeV ]

<
σ

a
v

>
[c

m
3
/s

]
Thermal WIMP

annLOW - bb̄ - ALLGeV

annLOW - bb̄ - 1GeV

annLOW - bb̄ - 500MeV

annLOW - bb̄ - 10GeV

annLOW - τ
+
τ
− - ALLGeV

annLOW - W +W− - ALLGeV

annLOW - µ+µ− - ALLGeV

annHIGH - bb̄ - ALLGeVRegis+	2015	

95%		C.L.	



Model:	DM	only	

Or	to	look	for	allowed	

regions	for	DM	mass	and	

annihilaYon	cross-secYon.		

The	plot	shows	that		3	

energy	channels	are	

sufficient	to	constrain	DM	

mass.	

This	exercise	is	not	too	

unrealisYc	since	2MASS	is	

not	expected	to	significantly	

correlate	with	standard	

astrophysical	γ-ray	sources.	
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1-σ,	2-σ	contours	



Model:	DM	only	

Similar	constraints	can	be	

obtained	also	for	decaying	

dark	maher	and	decaying	

Yme.	

Regis+	2015	

1-σ,	2-σ	contours	



Model	vs.	data.	X-correlaYon	and	tomography	
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Model:	All	in	
With	this	analysis	one	can	

esYmate	the	contribuYon	of	

the	various	sources	to	EGB.	

The	good	news:	the	total	

EGB	intensity	constraint	is	

not	violated.	DM	constraints	

are	somewhat	improved	

The	bad	news:	degeneracy	

between	mAGN	and	SFG	

contribuYons.	

Degeneracy	can	be	removed	

by	(i)	improving	mAGN	and	

SFG	γ-ray	LF	models		(ii)	

refining	tomography	(iii)	

beher	energy	binning.	
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Ongoing	analysis.		Fermi	Pass-8	for	energy	binning		

MPz	+	WIxSC	+	BOSS	for	beher	z-slicing	







Cen	&	Ostriker	2002	

Hydrodynamical	simula6ons:	WHIM	traces	the	filaments	of	cosmic	web.	

Observa6ons:	hints	of	WHIM	in	filaments	seen	in	X-rays.	E.g.	Weber+	2009	

and	recent	XMM-Newton	observaYons	of	A2744.	Excess	emission	in	the	

0.5-1.2	KeV	band,	outside	the	cluster’s	virial	radius,	associated	to	filaments	

of	size	~	4	Mpc.	Gas	temperature	[1-2x107	KeV]	marginally	consistent	with	

that	of	the	WHIM.	These	structures	are	also	associated	to	DM	and	galaxy	

overdensiYes	(Eckert+	2015).	

Eckert+	2015	



Possible	strategy	to	detect	and	study		

he	WHIM:	(i)	3D	galaxy	distribuYon	

from	galaxy	surveys	to	trace	filamentary	

structures	(ii)	theoreYcal	input	from	

hydrodynamical	simulaYons	(iii)	

esYmate	detecYon	probability	and	

characterize	WHIM	properYes.	
Eckert+	2015	

Viel+	2005	

E.g.	Nevalainen+	2015	Galaxy	Luminosity	

vs.	WHIM	gas	density	relaYon	in	

filaments	calibrated	on	simulaYons	

Ingredients.	

Hydro	simulaYons:	Cui+	2012,	Roncarelli+	
2012		

HOD	gal.	model:	Giocoli+	2010,	Zehavi+	2011	

Real	dataset:	2dF:	Colless+	2001		

Nevalainen+	2015	

Nevalainen+	2015	

rel_lo.pdf	rel_lo.pdf	
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ApplicaYon	to	line	of	sight	to	H2356	passing	through		

Sculptor	Wall	and	Pisces-Cetus	in	2dF	
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NOVII	consistent	with	

Fang+	10	

NH	consistent	with	

Zappacosta+	10	




