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Fermi Instrument Response Function

P7SOURCE_V6 effective area at normal incidence (cos(8) > 0.975) P7SOURCE_VE6 effective area at 10 GeV, averaged over ¢
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Llﬁ/FN Aldo Morselli International School of Cosmic Ray Astrophysics Erice 29 July -06 August 2026



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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distance between planes

-
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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.

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

Nyg= number of photons from background
AQ = solid angle around dth source : : : d epen dS on
A= Effective area ( Area* efficiency ) ens I 1. l v l Ty fleld Of VieW

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 ¢ \ depends on
1

\ "
N~ > 5 (N )— 5 angular resolution
s vB

Sensitivity

AQ ~ 70?% ~ TE*x

(I)S>E (I)B*,’L’
— F Aeff*AT

—
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good detector
small converter plane

D (I)B*SC
E Aeff*AT
/

large effective area
(large geometric area and large total _ _
conversion efficiency ) large field of view

©s >

—
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Integral flux (photons em™ s™ )
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Sensitivity of y-ray detectors

il TR T T
5 sigma, 50 hours, > 10 events
EGRET |
AGILE _
.~ CELESTE, il
GLAST thin section Crab Ngbula STACEE =
! wGLAST (1yr) VIILAGRO i
FGLAST (5 yr) E
i MAGIC 2 (exp) | RGO
MAGIC (now) _—eeees
Whlpple
VERITAS —
—_— Large field of Vlew experiments —— Yagust
— Cerenkov detectors in operation - R
— Past experiments : HEGRA ““
—_ Future expenmentsI . s*®
; ; — ; = ; . B .l- a
10" 10° 10’ 102 108 """ 10*
Photon Energy (GeV)
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The Fermi LAT gamma-ray sky

S st 3-year all-sky map, E > 1 GeV

=)
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The sky in gamma-rays

I , |
0 0.0099 0.03 0.07 0.15 0.31 0.62 1.2 2.5 5 10

—
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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

Aldo Morselli

International School of Cosmic Ray Astrophysics

Erice 29 July -06 August 2026
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The sky in gamma-rays 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%

-

589 1095
Unknown Blazars
31% 579%



Gamma Astronomy has revealed a a very rich,
fascinating landscape

*Many sources have been identified [GeV , TeV ranges]

*Several classes of objects
[SNR, Pulsars, PWN, AGN, GRB, ...]

*Probably different acceleration mechanisms.

Still developing an understanding many questions remain open

)
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ASSOCIATION: SNR, PWN, BINARY AND NOVAE

. 3 T b : . > 3 r T '
' Ay g Wl j oy 4-.-.' & b W 3
L : ‘.‘A”- L . A O.’ LT e e
g Sy e o 4 . . s oo L A Ty o .
J"‘ " ‘4 LY B W . - ® . 3 "‘ A -] o » » »
8 "’a o, = .. B\ 2.;_ "B b rt.'w =, .~'}',, ‘. B ) - .
R Aol M L A LR P R G T
rei%utee o e 3 Chg® g s AR
e s L MR g, » 90ICV ¥ 5,
PR i 3 A T et d 5 A a X
AR S 4 ee . e . ' » .0 . "
I O AT S W T e P RS SRR Ve
e ad fite, TS BERR RIS TS
Nova Cygni 2010 e R T o e N LR TS PP SRR S e Y S SRR
(V407 Cyg) oh g VAQZ YIS TatA towm ® e wd s o 3VAQ7 Cyg: D,
B % % " I e . St Wi BN e 3]
I ° LY N .; » 7 f 0 Ba s g A= y \0 3
. o » v . L TR s Vi AT el AR
k ® R & o & §al ‘.' SRR o "-‘;.- A .. A »
Pulsars Pulsars O . oy 2 Ft TR e N N " Sl A ST % A
fffff — = e de pacaRe: i 5 s YR ) Gy g FOR iR
5 degrees 5 degrees = - = - 2 4 .t ) : i~ _"' o e e O " v 4
oL degree o L &, Do e SRR TR T SR A
b P A 4 .‘:P ws . ~¢': S8 el IR ~ P T & |
Feb. 19 to March 9, 2010 March 10 to 29, 2010 March 7, 20:36 UT March 10, 19:08 UT

ofor these classes of sources we rely on the
1mages on optical and spatial coincidence

)
INEN Aldo Morselli

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



S -NASA GSFC Flickr Fotostream
. https://www.flickr.com/photos/gsfc/5162413062




~ The pulsating
@ ermi gamma rays sky

Gamma-ray

¥ Space Telescope

o
Q Dragonfly

© @

Geminga

o .

A l/

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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y-ray PULSAR CENSUS

GRP

280
260

180
160
140
120
100

o 3838838

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

)
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Not just an increase in number
Diverse Family

110
105

60 /
/ e dio pulsars
85 / emge=radio-quiet pulsars
e
80 // msec pulsars
45
a0 /

35 } 7 ’
30 ///
- o &

10 //
R———z

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

millisecond pulsars - can 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.

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

*After 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.

*Using 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

2.5
% Fermi-LAT 2021 \
B International Pulsar Timing Array (IPTA) \
+ European Pulsar Timing Array (EPTA) /\‘\
2.0 @ North American Nanohertz Observatory %\\
for Gravitational Waves (NANOGrav) ) \_
& Parkes Pulsar Timing Array (PPTA) ‘%\\\
Z\
£ 15 2
)
—
3. ¢
o
2 1.0
< ¥
SN -~ B A 0.5 .I
W MlLL'SECOND PULSARS i < y s 3 Measuring the qu
sky:map 7 seenbythe Fermi o effect on'an array o t I : I 344
Gamma y Space Telescope in n firstiyear f : the - tvq t
: ct the 2005 2010 2015 2020

l'_
A gamma-ray pulsar timing array constrains the nanohertz gravitational wave background Science 376 (6592) April 2022 [arxiv:2204.05226]

—
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Science with the Fermi-LAT

—-%—— GRBs (see G.

Dark Matter searches ke Principe and R.
. "o =i Pillera’s talks)
’ Blazars NEW! Gravitational waves
Radio

Galaxies @J
- Starburst Galaxies LMC & SMCr Bt
‘ Globular Clusters

Pulsars: isolated, binaries, & MSPs
(see G. Principe’s talk)

Sun: flares & CR

5 I . V) ...':f:g:
" LA | 4 ey,

Moon interactions
Earth Limb Terrestrial y-ray 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

—
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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

Hl

robustness
>

)
('_ff" Aldo Morselli International School of Cosmic Ray Astrophysics Erice 29 July -06 August 2026 25



Annihilation channels

Gamma-rays
v/ y
[
Y
70
Y Wizl
WIMP Dark vy
Matter Particles - 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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THEY ALL ASK “WHAT 1S DARK MATTER?”
AND “WHERE 1S DARK MATTER?” BUT

« ')))
LNOBOD\’ASKS HOW 1S DARK N\MTEQ.J
o
il A
-
= = rnogorcevics

)
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The GeV excess 7 x7 region centered on the Galactic Center
11 months of data, E >400 MeV, front-converting events

analyzed with binned likelihood analysis )

« The systematic uncertainty of the effective area (blue area) of the LAT 1s ~10%
at 100 MeV, decreasing to 5% at 560 MeV and increasing to 20% at 10 GeV

04
03
0.2
0.1
0
A
2
3

(counts- model) / model

& & o

e I I R

-------------------------------------------------------------------------------------------------------------------------------

-----------------

...........

104
10 Energy (MeV)

',
—~ V.Vitale, A.Morselli, Fermi Coll. 2009 arXiv:0912.3828 Fermi Symposium eConf Proceedings C091122
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the GALACTIC CENTER : any hints of Dark Matter?
the beginning of the history :

The Galactic Center as a Dark Matter Gamma-Ray Source
A.Morselli, A. Lionetto, A. Cesarini, F. Fucito, P. Ullio, Nuclear Physics B 113B (2002) 213-220 [astro-ph/0211327]
A.Cesarini, F.Fucito, A Lionetto, A.Morselli, P.Ullio Astroparticle Physics 21, 267-285, 2004 [astro-ph/0305075]

Possible Evidence For Dark Matter Annihilation In The Inner Milky Way From The Fermi Gamma Ray Space Telescope
Lisa Goodenough, Dan Hooper arXiv:0910.2998

Indirect Search for Dark Matter from the center of the Milky Way with the Fermi-Large Area Telescope
Vincenzo Vitale, Aldo Morselli, the Fermi/LAT Collaboration
Proceedings of the 2009 Fermi Symposium, 2-5 November 2009, eConf Proceedings C091122 arXiv:0912.3828 21 Dec 2009

Search for Dark Matter with Fermi Large Area Telescope: the Galactic Center
V.Vitale, A.Morselli, the Fermi-LAT Collaboration NIM A 630 (2011) 147-150 (Available online 23 June 2010)

Dark Matter Annihilation in The Galactic Center As Seen by the Fermi Gamma Ray Space Telescope
Dan Hooper, Lisa Goodenough. (21 March 2011). 21 pp. Phys.Lett. B697 (2011) 412-428

Background model systematics for the Fermi GeV excess
F.Calore, I. Cholis, C. Weniger JCAP03(2015)038 arXiv:1409.0042v1

Fermi-LAT observations of high-energy y-ray emission toward the galactic centre
M. Ajello et al.[ Fermi-LAT Coll.] Apj 819:44 2016 arXiv:1511.02938

The Fermi galactic center GeV excess and implications for dark matter
M. Ajello et al.[ Fermi-LAT Coll.] Apj 819:44 2016 arXiv:1511.02938

Revisiting the Gamma-Ray Galactic Center Excess with Multi-Messenger Observations
IC, Zhong, McDermott, Surdutovich, PRD 105, 103023 (2022)

—
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The GeV €XCEeSS (Pass8 analy31s)

— AJeIIo et al (201 6) (flt |nten5|ty) ® o Gordon & MaC|as (2013)
—— Ajello et al (2016) (fit index) ¢ & Calore et al (2015)
107%F & & Sample E
22
S| 8
— 107 7F E
s |
€
1078 F E
101 10Y 10t 10 107

E (GeV)
following uncertainties have relatively small effect on the excess spectrum
- Variation of GALPROP models - Distribution of gas along the line of sight

* Most significant sources of uncertainty are:
- Fermi bubbles morphology at low latitude - Sources of CR electrons near the GC

Fermi-LAT Collaboration Apj 840:43 2017 May 1 arXiv:1704.03910

A
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The GeV excess

10~ _ -
: GC excess spectrum with
----- 60 GDE models L stat. and corr. syst. errors |
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Population of pulsars in the Galactic bulge and the GeV excess

B I | 1 I | L l | ] ] | | I i l | I I | T I | I_

i - - - Npuge = 1300 and o = 2.60 -

- e Ajello et al. (2017) -

e 106 T ......................................... - Qalore.etva.lv...20.1.5b ............... -

o2 . : : -
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5 " wﬁ% i
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Energy [GeV]

a population with about 2.7 ©-ray pulsars in the Galactic disk for each pulsar in the Galactic bulge
is consistent with the population of known ©-ray pulsars as well as with the spatial profile and energy
spectrum of the GC excess

M.Ajello et al. [Fermi-LAT Coll.] Apj sub. [arXiv:1705.00009]
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The GeV excess : Other explanations exist

» past activity of the Galactic center
(e.g. Petrovic et al., arXiv:1405.7928, Carlson & Profumo arXiv:1405.7685)

+ Series of Leptonic Cosmic-Ray Outbursts
Cholis et al. arXiv:1506.05119

- Stellar population of the X-bulge and the nuclear bulge
Macias et al. arXiv:1611.06644

- Molecular Clouds in the disk
De Boer et al. arXiv:1610.08926, arXiv:1707.08653

* Population of pulsars in the Galactic bulge

e.g. , Yuan and Zhang arXiv:1404.2318v1, Lee et al. arXiv:1506.05124, Bartels et.al.
1506.05104
M.Ajello et al. [Fermi-LAT Coll.] Phys. Rev. D 95, 082007 (2017) [arXiv:1704.07195]

How’ro discriminate between different hypothesis ?

—
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S The Fermi LAT 3FGL Inner Galactic Region

aaaaaaaa

August 4, 2008, to July 31, 2010 100 MeV to 300 GeV energy range

-
I

g O O

Galactic latitude (deq)

Galactic longitude (deg)

' No association o Possible association with SNR or PWN < AGN
!, . = Pulsar 2 Globular cluster « Starburst Galaxy > PWN
Fermi Coll. APJS = Binary + Galaxy © SNR + Nova

(2015) 218 23 * Star-forming region
arXiv:1501.02003
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Fermi-LAT Instrument Response Functions ( Pass
8 ) Angular Resolution

P8R2_SOURCE_V6 acc. weighted PSF

10°
- E —e— Front 68%
—  Rresg. —e— Back 68%
@ | 33, —e— Total 68%
2 10 SO =
- H
= ]
e -
£ 1k
s F
c -
3 -
& M

107

10-2_ | 11 1 1111

10

—
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How to discriminate between different hypothesis ?

eROSITA
Modeling of the Fermi bubbles
Look for correlated features near the Galactic center

HESS, MAGIC, CTA

Fermi bubbles near the GC are much brighter
Possible to see with Cherenkov telescopes?

Radio observations, MeerKAT, SKA

Search for individual pulsars in the halo around the GC
Radio surveys, Planck

Look for correlated synchrotron emission near the GC

More Fermi LAT analysis

Diffuse emission modeling
Analysis of point sources near the GC

But ultimately We need a new experiment with better
angular resolution below 100 MeV

—
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Galactic Center Region 0.5-2 GeV

500 MeV - 2000 MeV

Log scale
ASTROGAM Fermi-LAT

20 15 10 5 0 355 350 345 340 20 15 10 5 O 355 350 345 340

INFN

v

- 200.5

- 100.5

- 49.9

24.9

12.3
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Classical Dwarf spheroidal galaxies:
promising targets for DM detection
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Dwarf Sphermdal Galames upper- Ilmn“s (6 years )

10~ 22
: \
| Pass 8 Combmed dSphs “‘ bb
|| — Fermi-LAT MW Halo \‘ _
10~23}|-- H.E.S.S. GC Halo “ s
MAGIC Segue 1 \ .
| \
o || '@ Abazajian et al. 2014 (10) \
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5 M.Ackermann et al., [Fermi Coll.] PRL 115, 231301 (2015) [arXiv:1503.02641]
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Dwarf Sphermdal Galaxues upper- Ilmn“s (6 years )
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&5 M.Ackermann et al., [Fermi Coll.]PRL 115, 231301 (2015) [arXiv:1503.02641]
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Combining all dSph observations

“)\Mb J Q
2= %WCHSQ! 1 0%

o | af e e
« Combination of the observation E. 107 . bb
results towards 20 dwarf Spheroidal = 10—22 R e ~~~ B ™
galaxies (dSphs) g 10_23 N R s o
- Significant increase of the e =
Statistics o\o 1 0 é_ ............................................................................................................................................................
. 7o) =
- Increase the SGIlSlthlty tO (0)) 10—25 é_ ...............................................................................................................................................................
potential dark matter signals T = R
- Cover the widest energy range . =
ever investigated : 20 MeV o 80 10 §— ....... ............................................. ............... ............................................. .............. ______ ,,,,,
sl ——— Combined limit (¥8)  ======-- Fermi-LAT limit
TeV 107 Hymedian o HAWC limit
o . P [ ] H,68% containment H.E.S.S. limit
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- Agreed model parameters 30l Thermal relic cross section == === VERITAS limit
_ Sharable likelihOOd table formats 1 0 EH] || ..... ||H|| 2 ........ . ||||||| 3| ....... | ..... I....i...l...l...l..l.. 4 ........ . j |||||| 5
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- Jomt likelihood test statistic My [GeV]

.‘@?— Fermi, HAWC, H.E.S.S., MAGIC, and VERITAS Collaborations) JCAP 03 (2026) 035 [ arXiv:2508.20229]
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Dwarf Spheroidal Galaxies:
CTAO Sensitivity compared with other targets and experiments

CTAO performance for bb annihilating DM
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Prospects for dark matter observations in dwarf spheroidal galaxies with the Cherenkov Telescope Array Observatory
CTAOQO Consortium. c.a. M. Doro, A. Morselli, G. Rodriguez-Fermandez, F. G. Saturni MNRAS 544, 29462986 (2025) arXiv:2508.19120

102

)
INFN
(_

Aldo Morselli

International School of Cosmic Ray Astrophysics

Erice 29 July -06 August 2026

42



Search for Dark Matter beyond WIMP

Axion Like Particle (ALP) search prospects
Simulated spectra of the radio galaxy NGC 1275

T TTTTg

= Me=30DnsV,

=== Fit w/o ALPs
1 4 CTA simulation

IN('}C 1275I uieséent' .
Tobs =300 hours
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T 107
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5 1013
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(M) () (ee)
the observation 1s simulated without an ALP effect E
and is modeled both without ALPs and with a fixed E -1
set of magnetic-field realization and ALP §
parameters that are excluded at 95 % confidence % 103
level by the flaring state simulation !
E

The CTA Consortium, JCAP 02 (2021) 048, 2021 [arX1v:2010.01349]
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Search for Dark Matter beyond WIMP

Axion Like Particle search prospects

. 10—10
* Observation of a CAST

flaring state of the radio SN1987A '/I
galaxy NGC 1275 y-ray burst
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The CTA Consortium, JCAP 02 (2021) 048, 2021 [arXiv:2010.01349]
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The Low Energy Frontier
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] MeV-GeV gamma-rays

~ 10
Im
N
= OMPTEL
(&)
50
S
) EGRET
>,
o= K
= \ CTA North
~— \ or
= Fermi-LAT MA{} 1c K
Q L4
05 N
~ HiSCORE
CTA South y----""
LHAASO
' 2 3 4 6 8 9 10
10 10 1 10 10 10 10 100 10 10 10 10 10

Energy (MeV)
e Worst covered part of the electromagnetic spectrum in 0.1-100 MeV

e Many objects have their peak emissivity in this range (GRBs, blazars,
pulsars...)

e The MeV range is the domain of nuclear gamma-ray lines (supernovae,
nucleosynthesis and Galactic chemical evolution)
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»+ 1-100 MeV unexplored domain for
- Dark Matter searches
- Galactic compact stars and nucleosynthesis
- Cosmic rays
- Relativistic jets, microquasars
- Blazars
- Gamma-Ray Bursts
- Solar physics
- and...
- Terrestrial Gamma-Ray Flashes

—
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Gamma-light scheme
40+1 x-y planes e ——
100 pum pitch 4
each

~0.025 X,

-

Tot~ 1 Xo

54.7 cm

height of a plane 1.3 cm

2 Xo Calorimiter

\%’

50 cm T pitch

95 cm

Compton scattering and pair production telescope
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G-LIGHT Simulation

)

INFN
C

Compton interaction
of a 10 MeV photon
producing a low-
energy single-track
electron, and
depositing energy in
the Calorimeter for
a 300 incidence

Aldo Morselli

International School of Cosmic Ray Astrophysics

10 MeV
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Gamma-light Simulation

100 MeV
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Gamma-light payload

ESA Call for Small Missions: June, 2012

« Power~ 400
wW

+ Weight~600
Kg

)
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* _a companion satellite similar to G-LIGHT can be acc

INEN
(_

GAMMA-LIGHT satellite launch configurations for
the PSLV

and VEGA

N
~ ‘-, §

g

omodated.
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Effective area

Ferm1 LAT
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: ._---—----‘-.“" ....... :
. Fermi LAT o
5 ( Front) .
~ 1000 —
5 : e  GAMMA-LIGHT 3
— B 300 3
o - -
<L ~ —
L4
2 - -
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10" 10? 10% 10* 10°

, Energy (MeV)
A.Morselli et al. Nuclear Physics B 239-240 (2013) 193-198 [arXiv:1406.1071]
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PSF (68% containment radius)
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A.Morselli et al. Nuclear Physics B 239-240 (2013) 193-198 [arXiv:1406.1071]
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Effective area
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48 hours — Galactic Centre Region Sensitivity
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1 year — Galactic Centre Region sensitivity
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An observatory for gamma rays
In the MeV/GeV domam
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5l e-ASTROGAM Performance assessment

/ SP1
9 S

10 /</COMPTEL
-10 ) 7
10 / EGRET
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Energy (MeV)

‘ » e-ASTROGAM performance evaluated with MEGAIlib and
BoGem both tools based on Geant4 — and a detailed
“;a@ﬁ\ numerical mass model of the gamma-ray instrument

\ % £ e-Astrogam: arXiv:1711.01265
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O] ASTROGAM a unified proposal from the entire

gamma-ray community

heritage M1/M2 M3 (2010) Si
r CLAIRE (2007) % (2012)
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Vv ol

AGILE 2007 FERMI 2008 % Gamma-Light
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An instrument that combine two
detection techniques

AC system

Calorimeter

Tracked Compton event Pair event

)
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5| ASTROGAM Silicon Tracker

e 70 layers of 6 X 6 double sided Si strip detectors =
2520 DSSDs

 Each DSSD has a total area of 9.5 X9.5 cm?, a
thickness of 400 um, a strip width of 100 um and
pitch of 240 um (384 strips per side), and a guard
ring of 1.5 mm

e Spacing of the Si layers: 7.5 mm

 The DSSDs are wire bonded strip to strip to form 2-
D ladders |

= 322 560 electronic channels

e DSSD strips connected to ASICs
(32 channels each) through a
pitch adapter (DC coupling)

e 144 ASICs (IDeF-X HD) per layer
(72 per DSSD side)

= 10 080 ASICs total

)
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Detail of the detector-ASIC
bonding in the AGILE Si Tracker




e-ASTROGAM: y-ray as’rr'onomy in context

e-ASTROGAM _ o _

AVAAVATAVAVATAVAVAYAVAVAVAVAVA

gamma ray X-ray ultraviolet  visible infrared  microwave radio

New Astronomies:
gravitational waves
heutrinos

« e-ASTROGAM will be a sensitive, wide-field y-ray space observatory
operating at the same time as facilities like SKA and CTA, as well as eLISA
and neutrino detectors, to get a coherent picture of the transient sky and the
sources of gravitational waves and high-energy neutrinos

—
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e-ASTROGAM Angular Resolution

)
(<5 -
S
oy
E 10 3 e..
S F K
> I COMPTEL . Fermi/LAT
1) ..
| & L
- - 1 )
o -
?n " Compton Pair-,
j I e-ASTROGAM
-1
10 —
: 1 1 IIIIIII 1 1 IIIIIII [ [ | IIIIIII [ [ IIIIIII [ [ IIIIIII [
-1 2 3 4
10 1 10 10 10 10

Gamma-ray energy (MeV)

Aldo Morselli International School of Cosmic Ray Astrophysics Erice 29 July -06 August 2026 67



Our sister experiment: AMEGO (NASA)

P DSSD Tracker
Segment
CZT Calorimeter DSSD Tracker
Module < Module

Csl Calorimeter

. = - / Module
side CZT R ‘;. g =
Calorimeter :

MMS/Thermal
Blanket

Status and Plans :
Resubmit in the next MIDEX round
(~2027)

in the meantime:

Advocate to NASA via the Physics of the Cosmos
Program Analysis Group (PhysPAG). This is NASA's
link to the community.

» Science gaps:
https://pcos.gsfc.nasa.gov/physpag/science-gaps/
science-gaps.php

» Technology gaps: https://pcos.gsfc.nasa.gov/news/
2024/6_Technology Gaps_Submissions Due.php

* Join the Gamma-ray Science Interest Group
(GammaSIG)

* https://pcos.gsfc.nasa.gov/sigs/grsig.php

)
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Why eAstrogam is important for IceCube
and KM3Net

 Wide FoV (> 2.5 srat 10 MeV) in survey mode.

* Sources of astrophysical neutrinos detected by IceCube may be
opaque to 1-100 GeV gamma-rays but bright in the MeV
domains (expecially 1f the neutrino flux originates from photo-
hadronic processes)

» ¢Astrogam can select the best blazar candidates for a neutrino
emission (looking at the MeV hump of the double-humped
spectral energy distribution)

* (Can constrain the population models of the EGB helping to
discriminate between py or pp processes

—
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An instrument to complete the coverage of the
electromagnetic spectrum

70
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Our sister experiment:
AMEGO (NASA)

(two brands, one community)
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Csl Calorimeter

/ Module
Side CZT
Calorimeter

MMS/Thermal
Blanket

" Polarization

| Spectroscopy -

Compact
’ Object
s Binaries  Galactic Diffuse

. Emission

Palsars

Pulsar Wind

Nebulae
Ma'netars

Gamma-ray Active Galactic
Bursts o Nudlei

. g

Supemova Remnants
~ o,
Novae
2
Gravitational
Wave
Counterparts

Neutrino
Counterparts

il
"Continuum

Dark Matter

o ~20% smaller tracker
e CZT calorimeter layer

Status and Plans :

Resubmit in the next MIDEX round

(~2027)
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Our sister experiment: AMEGO (NASA)

Status and Plans :

P DSSD Tracker

Segment Resubmit in the next MIDEX round
DSSD Tracker (~2027)
CZT Calorimeter . .
Module «~ Wodule in the meantime:
Bk Baiose Advocate to NASA via the Physics of the Cosmos
AC = = / Module Program Analysis Group (PhysPAG). This is NASA’s
S s S = e T— link ’Fo the community.
Calorimeter Blanket °* Science gaps:

/ https://pcos.gsfc.nasa.gov/physpag/science-gaps/
science-gaps.php

» Technology gaps: https://pcos.gsfc.nasa.gov/news/
2024/6_Technology Gaps_Submissions Due.php

* Join the Gamma-ray Science Interest Group
(GammaSIG)

* https://pcos.gsfc.nasa.gov/sigs/grsig.php

)
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COSI The Compton Spectrometer ‘ l '
and Imager CUS | A.

The Compton Spectrometer.and Imager
COSI has been selected by NASA as a
SMEX to launch in 2027

a Compton telescope for observing
0.2-5 MeV gamma-rays

Key capabilities
» Uses cryogenically-cooled germanium

detectors (GeDs) to provide energy
resolution (~1%)

Instantaneous field of view is >25%-sky
and covers the whole sky every day

Goal D emphasizes the connection to
gravitational waves

Concept Study Report in response to:

NNH19ZDA0110-ASMEX19

S b S e Principal Investigator:

Dr. John A. Tomsick
University of Califernia’ Berkeley .

=Detects short gamma-ray bursts
(GRBs) from merging neutron stars
'LOcallzathnS to Nlo accuracy AuthonzedOrgamzahunalRepresentatlve

; ; — Sahina Gafarova

=Public alerts in <1 hour — b

- GRUMM N—| Sponsmd Projects Office, Umversrty of California, Berkeley
INFN Aldo Morselli ternationt /

NASA




COSI
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GECCO The Galactic Explorer with a Coded Aperture Mask Compton Telescope

0

Coded Aperture Mask with
AntiCoincidence Shield

N
o
=

4444444344444484444444444844444444444844844444844¢

Mask deployment

BGO shield

3 cylinder CZT Imaging
m AntiCoincidence Calorimeter
T Detector Csl Calorimeter
conceptual design  mask in stowed position cutaway diameter =90 cm

GECCO Team, JCAP07(2022)036 arXiv:2112.07190
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GECCO The Galactic Explorer with a Coded Aperture Mask Compton Telescope

Sensitivity
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New opportunity: ASI Call for Small Missions

New ASI call

e 100 kg payload, 50 Meuros
e proposals due in April 2026
e Proposals currently under review

For this call we proposed

The Gamma-ray Explorer for Multi-Messenger and
Cosmic Accelerators Project (GEMMA )

e MeV-GeV Mission,
e INAF-INFN partneship like AGILE and Fermi

—
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The GEMMA window

(1=138.8 deg, b=32.3 deq) (1=80 deg, b=0 deqg)

10794 10-°
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5 ] N
— -10 ] -
:‘:‘ 10-1¢ % E: 10 lll14
L * o 3
2 « 2 ]
> - ’ N
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3 : 5 :
3 =
% - 2 FERMI-LAT

12 -12
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TRl vravwey  ToaweRay S "'""T_' ety P ekt PRty PRl R S B L S L B Ll B Ll S a L e
10! 10° 10! 10 10° 10* 10° 101 10° 10! 102 103 101 10°
Energy [MeV] Energy [MeV]

the detector is designed to operate in both the Compton and pair-production
regimes from 1 MeV to beyond 1 GeV and it is composed by:

1) a Scintillating Fiber Tracker,

2) a highly segmented Csl(Tl) calorimeter

3) a segmented plastic anticoincidence

—
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Why the MeV domain is essential?

107
PKS 1830-211 %
: T 2 = 2,507 4 1) ) .
1. Cosmic-ray origin - : 3. Multi-messenger astrophysics
o Origin of Galactic cosmic rays still ,,'” o  Counterparts of:
unknown E .
. . gl o neutrinos
¢ Hadronic vs leptonic processes - I
unresolved 3 o gravitational waves
1o o Hidden accelerators peak in MeV

e  Pion bump (10-300 MeV) is the key
diagnostic

I day
1 week

band

w— | month

1 0-!!
107 10° 10° 10*
Energy (MeV)
GEMMA sensitivity and Cygnus Cocoon hadronic/leptonic summary

107 5
101
2. Jets & relativistic accelerators 0|
- 1010
?: o  Transition between thermaland non- | 7 10|
S 10 thermal emission DT
& §
x ; : B
€ « Disentangling: g0 : /] |
& e GENMA senstny (6 i) 2 o] GRB 221009A within [22:100] s ‘
g o ok o  Bremsstrahlung 37 | = Toul$SSC §  LHAASO intrins ‘
10°9 / = Ik 10" == Synchrotron $  LHAASO observed \
Mo 202 o Inverse Compton RER 4 AGILEGRID |
) 4 o FermiLAT Astiasarain (2023) 10°] —.— " |
/ I LHAASO (2023 : e EBL absorbed
_— Lo - i l'y o Hadronic emission v . ‘
Gamma-ray energy (GeV] 10 10’ 10 10* 10° 0t 10" 10 10
Energy [eV]

Only MeV observations disentangle particle acceleration processes

)
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Summary

e AGILE ended data taking on 13 Feb 2024

e CTA, SWGO and LHAASO can explore the high -energy domain
e Fermiis still in orbit but we need a new mission

with a focus in the low energy range ( below 100 MeV)

e The whole astroparticle-multimessenger community is expecting
a mission after Fermi

The energy band just below Fermi energy is not explored since
Comptel.

We submitted Gemma to the ASI small mission program

We hope that everybody will help in any possible way to have that
mission approved.

—
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injection Direct

Experiments
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further
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about 10 Myears
in the Galaxy
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07-11 Sept 2026 see you in Roma La Sapienza for

" 10t Roma International Conference
2 ’0@6 on AstroParticle Physics

SAPIENZA

UNIVERSITA DI ROMA

~

Hlaw
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(1]

OMA

Bttuto Naponale NV cocd ST 4 TS
L/ di Faica Nuclears '0. Y .GA'A

VERSITA DEGLI STUDS
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i L

uan
ot | |

h’gtps://agenda.infn.it/event/51859/
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THIS RADIO TELESCOPE TO RADIO-

BRING IN RADIO SIGNALS FROM ﬁwgfﬁ

THE STARS, THEY DIDN'T REALIZE
IT WOULD ALSO BRING ¢S HERE--
TO TAKE OVER THEIR WORLD /

there is always |
arisk ..

%

but hopefully this will not happen
even with the new telescopes..
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