Gammaray astronomy with satellites
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Fermi Instrument Response Function

P7SOURCE_V6 effective area at normal incidence (cos(8) > 0.975)
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Now you know the difference between frontal and rear events.
You can then select which events to analyze depending on what
you are studying.

For example, if you are interested in regions with high flux and
many sources, you can use only frontal events.

If you are interested in high  -energy studies,

you can use all events (rear + frontal)

because at high energies, multiple scattering is negligible
and the statistics are low.
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Fermi Instrument Response Function
P7SOURCE_V6 PSF at normal incidence
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The first part of the angular resolution curve is due to multiple
scattering.

The second part is flat and depends on the geometric
configuration .

l.e. depends on the ratio between the pich and the distance
between the planes
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Ng.= number of photons from source

Ngs= number of photons from background
D W salid angle around dth source 4y 71 dependS on
A = Effective area ( Area* efficiency ) S e n S ItIVIty fleld Of Vi ew

X = converter plane in radiation lengh

/
Nys = D (cm_Q) * Aerp x AT

Nop = @B(cm_zsr_l) k A x Agrp x AT

number of s \ depends on

Sensitivity S .
— = angular resolution
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good detector
small converter plane

/

D 0 B XX
E Ae ff X AT
/
large effective area

(large geometric area and large total _ _
conversion efficiency ) large field of view
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The Fermi LAT gamma -ray sky
« 3-year all-sky map, E > 1 GeV
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The sky In gammarays
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0 No association

¥* Pulsar

B Binary

* Star-forming region

Possible association with SNR or PWN

A Globular cluster * Starburst Galaxy
+ Galaxy o SNR

B Unclassified source

x AGN
¢ PWN
# Nova
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The sky ingammarays 4"source catalog

Description Identified Associated
Designator Number Designator Number 0T

A 5 : Galactic center GC 1
% 2 !.-45( Young pulsars, identified by pulsations PSR 135

Xes x - A,_"". " Young pulsars, no pulsations seen in LAT yet ce- S psr 2
. .5‘ Millisecond pulsars, identified by pulsations MSP 120

Millisecond pulsars, no pulsations seen in LAT yet s s msp 35

Pulsar wind nebula PWN 11 pwn 8

Supernova remnant SNR 24 snr 19

Supernova remnant / Pulsar wind nebula SPP 0 spp 114

Globular cluster GLC 0 glc 35

Star-forming region SFR 3 sfr 2

High-mass binary HMB 8 hmb 3

Low-mass binary LMB 2 lmb 6

Binary BIN 1 bin 6

Nova NOV 4 nov 0

BL Lac type of blazar BLL 22 bll 1435

FSRQ type of blazar FSRQ 44 fsrq 750

Radio galaxy RDG 6 rdg 39

Nonblazar active galaxy AGN 1 agn 8

Steep spectrum radio quasar SSRQ 0 ssrq 2

Compact steep spectrum radio source CSS 0 css 5

Blazar candidate of uncertain type BCU 1 bcu 1491

Narrow-line Seyfert 1 NLSY1 4 nlsyl 4

Seyfert galaxy SEY 0 sey 2

Starburst galaxy SBG 0 sbg 8

Normal galaxy (or part) GAL 2 gal 4

Unknown UNK 0 unk 134

—— Total cee 389 cee 4112

(m NO ASS  Unassociated s s s 2157 GN

® PUISar NoTeE—The designation ‘spp’ indicates potential association with SNR or PWN. ‘Unknown’ are WN
= Binary |b] < 10° sources solely associated with the likelihood-ratio method from large radio and X-ray lova
surveys. Designations shown in capital letters are firm identifications; lower-case letters indicate

* Star-fo associations.
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What has Fermi found: The LAT two-year catalog

Supernova

Bulcars remnants Globular clusters,
4% high-mass binaries

o \ |/ normal galaxies
Non-blazar \ and more

active galaxies -y 1%

-

1095
589
Unknown Blazars
31% 579%



Gamma Astronomy has revealed aeay rich,
fascinating landscape

AMany sources have been i de

ASeveral classes of object s
ISNR, Pulsars, PWN, AGN, GRB, ...]

AProbably different acceler

Still developing an understanding many guestions remain open

)
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ASSOCIATION: SNR, PWN, BINARY AND NOVAE

- Fo - " . v
3 2 A . .
v _ i 3 Y v o L e @
e » % -"o ‘e N o . o ".n. . ISR ey . §
e Vo T i S adr bt - PO R T e o o
£ » ’.“ b .“. 3 .’ s 2.., . be r‘.",""" e ‘.. PR | ?" -
2 - Y > A .
- » Bt N S S R ) ¢ .l vat e .
PRt T e PR Sl e
¥ e of & e LR g s s 20000 *: s,
e g - A . WPy . AT . : .
(R S S - o -. Tl E‘Q~ ST T R g T S
i, T Bt T
Nova Cygni 2010 e R T o e N LR TS P SRR P e O S SR
(V407 Cyg) I s LTVAOT O Tade = [EESEE SN VA07 Cygy ]
® ' A » N g T h o P st PO APt
I ° LY . a2 .; ':0. 7 f 0 .’.' AT ; Tn, -y \0 3
. i T s E . L) e o P I . .
k PR ik ¢ .' g g T bt o R AR i A »
Pulsars Pulsars g B R .. s SR Ftg AR o N BN ‘ Sl A ” g o -
77777 S — e — s ".. P 3 3 & o " s ... T Mcers - L2
5 degrees 5 degrees — > .y . ').' v e~ Pt Do — \’ — R - G ,~". 3 -
ddedree o ., feos b3 4dedree o e
o 15 e L o AL g s S KN A - SR T
ol e £ - $ac i = bl ey P B |

Feb. 19 to March 9, 2010 March 10 to 29, 2010 March 7, 20:36 UT March 10, 19:08 UT

Af or these classes of sour ce
Images on optical and spatial coincidence

INFN Aldo Morselli International School of Cosmic Ray Astrophysics Erice 29 July-06 August 2026 17



-

.'. - NASA GSFC Flickr
. http‘s\://www.flickr.com/photos/gsfc/5162413062

Fotostream



A~ The pulsating
@5 ermi gamma rays sky

Gamma-ray

¥ Space Telescope

Geminga

Dragonfly

Pulsation at
1/10 of the real

© New pulsars discovered in a blind search frequency
@ Millisecond radio pulsars

@ Young radio pulsars

© Pulsars seen by Compton Observatory EGRET instrument

-
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Not just an Increase in number
Diverse Family
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millisecond pulsarscan be explained by assuming that all of the millisecond pulsars were originally
In orbit with another star. After the pulsar formed, matter was pulled from the companion star on

to the pulsar. During this process the pulsar rotated faster and faster until it became one of the
millisecond pulsars. Later, the companion star died and became either a white dwarf, neutron star
or black hole depending on its original size. If the companion star remained in orbit with the pulsar,
a binary millisecond pulsar system would be formed.
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Fermi LAT pulsars

Gravitational waves can be detected by monitoring the times of arrival of the steady pulses from

each pulsar, which arrive earlier or later than expected due to the spacetime perturbations.

Anfter large galaxies merge, their central supermassive black holes (SMBH) are expected to form binary systems
whose orbital motion generates a gravitational wave background (GWB) at nHz frequencies.

AUsing 12.5 years of LAT data to form a gamma-ray pulsar timing array (PTA) formed by 35 bright gamma-ray
pulsars, it was possible to constrain the emission from the gravitational wave background (GWB).

HUNTING GRAVITATIONAL WAVES USING PULSARS

25

Fermi-LAT 2021
International Pulsar Timing Array (IPTA)
European Pulsar Timing Array (EPTA)

North American Nanohertz Observatory
for Gravitational Waves (NANOGrav)

Parkes Pulsar Timing Array (PPTA)
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A gammaray pulsar timing array constrains the nanohertz gravitational wave background Science 376 (6592) April 2022 f0&22&0D
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Science with the FerruAT

L !_ GRBs(see G.
4 Principe and R.
A= Pi | | mlksh' s

Blazars

Dark Matter searches

NEW! Gravitational waves

LMC & SMC

Fermi Bubbles g8

Pulsars: isolated, binaries, & MSPs

(see G. Principe:

Sun: flares & CR

) e e T
- I e oS
" LA | | Pifiady

Moon interactions 2
Earth Limb Terrestrial gray Flashes == - e*e spectrum
/,
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Dark Matter Search: Targets and Strategies

i Galactic Center .
Satellites oo 1 =N Milky Way Halo
Low background ant yoeod 00 . a |s.|cs, ut source Large statistics, but diffuse
source id, but low statistics confusion/diffuse background

background

Spectral Lines :
Little or no astrophysical uncertainties, good
source id, but low sensitivity because of
expected small branching ratio Galaxy Clusters
. .- Dark Matter simulation:
Low background, but low statistics Pieri+(2009) arXiv:0908.0195

Isotropic” contributions

Large statistics, but astrophysics,
galactic diffuse background

N
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Dark Matter Search: Targets and Strategies

(Another way to see it)
signal

strength

A

cumulative extragalactic signal

dwarf satellites

spectral line

w) Sigmal ccums: 57.0 (4.630) S05-2301 GV
B p-ralee=0.46, x2, =22.1/2

clusters of galaxies mTLr [ 1]

robustness
>
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Annihilation channels

G .
y / amma-rays
[
Y
70
X W-/Z/q
WIMP Dark Vi
Matter Particles B Ve
ECMH1 00GeV

% WH/Z/g X Y
N Neutrinos WIMP Dark ~
v .
—~ Matter Particles
] Ecm~100GeV \
VuVe
i \ X Y
e
+ a few p/p, d/d
Analysis Anti-matter Analysis
Chain Chain
? 7 ? 27 27 2
Dark Matter New Particle Final State Cosmic Ray Detector Dark Matter New Particle Cosmic Ray Detector
Density e.g. N-bedy  Theory e.g. Hadronization Propogation Simulation Density e.g. N-body Theory e.g. Propogation Simulation
Simulation SUSY, Extra-dim e.g. PYTHIA and Galatic i.e. GEANT4 Simulation SUSY, Extra-dim  and Galatic i.e. GEANT4
Simulation Interaction 12008 Interaction 1-2008
i.e. GALPROP 8765A1 i.e. GALPROP 8765A2
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