High-energy gamma rdy astronomy in the multimessenger era
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Interaction of photons with matter

Fractional energy loss for e* and e- in lead
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Cross section (barns/atom)
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Relation between altitude, number of Radiation Length
and g/cm?” traversed
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EGRET:the
detector

Energy range: 20 MeV - 30 GeV
Weight: 1820 Kg
Power: 160 W
Field of view: 0.5 sr
Dead Time: 100 ms
Effective Area (@1GeV) 1200 cm?
Angular resolution 5.8°
(@100MeV)
Sensitivity 0.1 GeV  5x10%
for point 1 GeV IxI10%®
sources 10 GeV  2x10%
(ph cm-2 s-1)*
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Anticoincidence
Counter
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EGRET: Principle of Detection of High Energy Gamma Rays

EGRET - Principle of
gamma ray detection

A yray which enters the top of the EGRET
instrument will pass undetected through the large
anticoincidence scintillator surrounding the spark
chamber and has a probability 33% of converting
into an electron positron pair in one of the thin
tantalum (Ta) sheets interleaved between the 28
closely spaced spark chambers in the upper portion
of the instrument.

Below the conversion stack are two 4 x 4 arrays of
plastic scintillation detector tiles spaced 60 cm apart
which register the passage of charged particles. If the
timeofflight delay indicates a downward moving
particle which passed through a valid combination of
upper and lower scintillator tiles, and the
anticoincidence system has not been triggered by a
charged particle, the track information is recorded
digitally. In this manner, a three dimensional picture
of the path of the electronpositron pair is measured.
The energy deposition in the Nal(Tl) Total
absorption Shower Counter (TASC) located

directly below the lower array of plastic scintillators

~ 1s used to estimate the photon energy.
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The TS93 and CAPRICE silicon-tungsten imaging calorimeter.
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The GILDA mission: a new technique for a gamma-ray telescope
in the energy range 20 MeV-100 GeV

G. Barbiellini ?, M. Boezio *, M. Casolino ®, M. Candusso °, M.P. De Pascale °,
A. Morselli ™*, P. Picozza ®, M. Ricci ¢, R. Sparvoli °, P. Spillantini ©, A. Vacchi *

* Dept. of Physics, Univ. of Trieste and INFN, Italy
® Dept. of Physics, Il Univ. of Rome ‘‘Tor Vergata’’ and INFN, Italy
¢ Dept. of Physics, Univ. of Firenze and INFN, Italy
9 INFN Laboratori Nazionali di Frascati, Italy

Received 5 August 1994

Abstract

In this article a new technique for the realization of a high energy gamma-ray telescope is presented, based on the
adoption of silicon strip detectors and lead scintillating fibers. The simulated performances of such an instrument (GILDA)
are significatively better than those of EGRET, the last successful experiment of a high energy gamma-ray telescope,
launched on the CGRO satellite, though having less volume and weight.

* Corresponding author.
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Elements of a pair-conversion telescope
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Development of GLAST, a broadband High-Energy Gamma-
Ray Telescope using Silicon Strip Detectors
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Fermi LAT: A Telescope Without Lenses

* Precision Si-strip Tracker (TKR)
70 m? of silicon detectors arranged Y
in 36 planes. 880,000 channels. I Tracker

* Hodoscopic Csl Calorimeter(CAL)
1536 Csl(Tl) crystals in 8 layers, —
total mass 1.5 tons. | e x o1 c s

 Segmented Anticoincidence
Detector (ACD) 89 plastic
scintillator tiles.

ACD

* Electronics System Includes flexible [surrounds 4x4
hardware trigger and onboard array of TKR
. towers]
computing.

Calorimeter



New Detector Technology

» Silicon strip detector

Strip-shaped
PN diode

300-500micron thick

| |A
<«

»

50-500micron wide

VLSI amplifier

Stable particle tracker that allows micron-level tracking of gamma-rays

Well known technology in Particle Physics experiments.
Used by our collaboration in balloon experiments (MASS, TS93, CAPRICE),
on MIR Space Station ( SilEye) and on satellite (NINA)



Silicon Strip Detector Principle

VLSI
Low-noise, Low-power
Amplifier/Discriminator
(S/N typically > 20)

Al Strip
Electrodes Coupling

Cap

| 200 um

Electrons Depletion region

Charged particle
* produces ~32,000
* Implant electron/hole pairs.

|=— 400 pm —

" Al Backplane
at ~+90V



EGRET(Spark Chamber) VS. Fermi LAT (Silicon Strip Detector)

ield of View ~30X30deg?2

Area ~0.5mX0.5
rea mAY-om Field of View ~140X140deg2

A 3 Area ~1.4mX1.4m
. Silicon Strip
— A Spark Chamber
!
(Invented by  EEEEERCEEEEEEEEEEEEEEE
¥ Fukui and Miyamoto)
Calorimeter
Calorimeter
EGRET on Compton GRO Fermi Large Area Telescope

(1991-2000) (2008-2018)
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Multi-Messenger and Multi-Wavelength Astrophysics

Time Domain Astronomy - Searches for Dark Matter - Particle Astrophysics




The sky in gamma-rays
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galactic coordinates

+ SNRs and PWNe « BL Lacs =1 Unc. Blazars A Other GAL v Unassociated
% Pulsars & FSRQs +  Other EGAL < Unknown o Extended

M.Ackermann et al. [Fermi Coll.] 3FHL: The Third Catalog of Hard Fermi-LAT Sources ApJS 2017 232 arXiv:1702.00664
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The sky in gamma- rays 34 source catalog

100MeV-300GeV

)%Q(DX X XE

O\ g oo XX XX X

3033 sources
galactic coordinates

o No association Possible association with SNR or PWN <~ AGN
“ Pulsar 2 Globular cluster * Starburst Galaxy © PWN
= Binary + Galaxy © SNR * Nova
* Star—-forming region

_F.Acero et al. [Fermi Coll.] Fermi Third Catalog ApJS 2015 218 arXiv: 1501.02003
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The sky in gamma-rays 3r

LAT 3FGL Source Classes

@ ):x Description Identified Associated
X ol X, Designator ~ Number  Designator =~ Number
Ex’f , 500" Pulsar, identified by PSR 143
oo i,.z X, x5 X ' pulsations
» xx% g e sl " E D¢ Pu'lsar, no pulsations seen psr
O XJE\ ol ; X>D&>2< . 1nLATyet
X e ol ?"X X X.%%¢” Pulsar wind nebula PWN 9 pwn
K xx o xD = % o 2y % X %;7< Supernova remnant SNR 12 snor
x i ‘%@7 [ % U X" x 0 Supernova remnant/pul- spp
“ / - / B sar wind nebula
"‘ , Globular cluster GLC 0 glc
rG; High-mass binary HMB 3 hmb
°C Binary BIN 1 bin
. Nova NOV 1 nov
* Star-forming region SFR 1 sfr
Compact steep spectrum CSS 0 css
~ quasar
BL Lac type of blazar BLL 18 bll
FSRQ type of blazar FSRQ 38 fsrq
Non-blazar active galaxy AGN 0 agn
Radio galaxy RDG 3 rdg
Seyfert galaxy SEY 0 sey
» Blazar candidate of BCU S bcu 568
uncertain type
Normal galaxy (or part) GAL 2 gal |
Starburst galaxy SBG 0 sbg 4
= No association Narrow-line Seyfe.rt 1 NLSY1 2 nlsyl 3
Soft-spectrum radio SSRQ 0 ssrq 3
% Pylsar quasar
= Binary Total 238 1785
* Star—-forming region
Unassociated 1010

F.Acero et al. [Fermi Coll.] Fermi Third Catalog ApJS 2015 218 arXiv: 1501.02003

source catalog

100MeV-3006GeV

3033 sources
galactic coordinates

\GN
'WN
lova

Aldo Morselli,

INFN Roma Tor Vergata
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O No association

% Pulsar

® Binary

* Star-forming region

Possible association with SNR or PWN

A Globular cluster * Starburst Galaxy
+ Galaxy o SNR

B Unclassified source

Aldo Morselli,

INFN Roma Tor Vergata

Zacopane 19 June 2019
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The sky in gamma-rays 4™ source catalog

Description Identified Associated

Designator Number Designator Number

Pulsar, identified by pulsations PSR 229

Pulsar, no pulsations seen in LAT yet s s psr 10

Pulsar wind nebula PWN 12 pwn 6

Supernova remnant SNR 24 snr 16

Supernova remnant / Pulsar wind nebula SPP 0 Spp 90

Globular cluster GLC 0 gle 30

Star-forming region SFR 3 sfr 0

High-mass binary HMB 5 hmb 3

Low-mass binary LMB 1 Imb 1

Binary BIN 1 bin 0

Nova NOV 1 nov 0

BL Lac type of blazar BLL 22 bll 1094

FSRQ type of blazar FSRQ 42 fsrq 644

Radio galaxy RDG 6 rdg 36

Non-blazar active galaxy AGN 1 agn 17

Steep spectrum radio quasar SSRQ 0 ssrq 2

Compact Steep Spectrum radio source CSS 0 css 5

Blazar candidate of uncertain type BCU 3 bcu 1327

Narrow line Seyfert 1 NLSY1 4 nlsyl 5

Seyfert galaxy SEY 0 sey 1

Starburst galaxy SBG 0 sbg 7

Normal galaxy (or part) GAL 2 gal 2

Unknown UNK 0 unk 92
o No assoc Total 356 3388 \GN
% Pulsar Unassociated e e e 1323 'WN
= Binary NoTE—The designation ‘spp’ indicates potential association with SNR or PWN. lova
* Star-forrr Desig.na.tions shown in capital letters are firm identifications; lower case letters indicate

associations.
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The 10 years GRB catalog
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First time detection of a GRB at sub-TeV energies;
MAGIC detects the GRB 190114C

ATel #12390; Razmik Mirzoyan on behalf of the MAGIC Collaboration
onl5 Jan 2019; 01:03 UT
Credential Certification: Razmik Mirzoyan (Razmik Mirzoyan@mpp.mpg .de)

Subjects: Gamma Ray, >GeV, TeV, VHE, Request for Observations, Gamma-Ray Burst

Referred to by ATel #: 12395, 12475

The MAGIC telescopes performed a rapid follow-up observation of GRB 190114C (Gropp et al.,
GCN 23688; Tyurina et al., GCN 23690, de Ugarte Postigo et al., GCN 23692, Lipunov et al.
GCN 23693, Selsing et al. GCN 23695). This observation was triggered by the Swift-BAT alert;
we started observing at about 50s after Swift TO: 20:57:03.19. The MAGIC real-time analysis
shows a significance >20 sigma in the first 20 min of observations (starting at TO+50s) for
energies >300GeV. The relatively high detection threshold is due to the large zenith angle of
observations (>60 degrees) and the presence of partial Moon. Given the brightness of the event,
MAGIC will continue the observation of GRB 190114C until it is observable tonight and also in
the next days. We strongly encourage follow-up observations by other instruments. The MAGIC
contact persons for these observations are R. Mirzoyan (Razmik.Mirzoyan@mpp.mpg.de) and K.
Noda (nodak@icrr.u-tokyo.ac.jp). MAGIC is a system of two 17m-diameter Imaging
Atmospheric Cherenkov Telescopes located at the Observatory Roque de los Muchachos on the
Canary island La Palma, Spain, and designed to perform gamma-ray astronomy in the energy
range from 50 GeV to greater than 50 TeV.

INFN Roma Tor Vergata

Related

12475 GRB 190114C: Search for
ultra-high-energy neutrinos
with ARIANNA

12395 GRB 190114C: Search for
high-energy neutrinos with
IceCube

12390 First time detection of a GRB
at sub-TeV energies; MAGIC
detects the GRB 190114C

Zacopane 19 June 2019
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GW170817

Fermi

Reported 16 seconds
after detection

LIGO-Virgo

Reported 27 minutes after detection
T T T T |

INTEGRAL

Reported 66 minutes

after detection R <
| SR—
= Na
= e )
>
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Gamma rays, 50 to 300 keV GRB 170817A

Gravitational-wave strain GWI170817
/ .
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e
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Gamma rays, 100 keV and higher GRB 170817A

Multi-messenger Observations of a Binary Neutron Star Merger ApjL 848 L12 2017 [arXiv:1710.05833] 3656 authors !

Aldo Morselli,

INFN Roma Tor Vergata
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Neutrinos and Gamma Rays

Gamma-ray flux Neutrino flux
Ky o
4 By (By) R
{ 1(py) Hadronicy's can lose energy via
L

EM cascades or be buried by
leptonic backgrounds.

2(pp)

Astrophysical
beam dump

Galactic B-field
(Planck)

p+p/y—= X+ =y
S X477 = ut +

ut = et + (oscillates to ~1:1:1)

Aldo Morselli, INFN Roma Tor Vergata Dark Gost , Brussels, 13-14 November 2018




Multimessenger Astronomy: Neutrinos

e Are AGN sources of VHE neutrinos and thus of UHECR?
* The case of EHE 170922 (TXS 0506 +056)

A original GCN Notice Fri 22 Sep 17 20:55:13 UT B
6.6° refined best-fit direction IC170922A 6.6°
' == |C170922A 50% - area: 0.15 square degrees '
= |C170922A 90% - area: 0.97 square degrees
6.2° o) 6.2°
X
e
%]
S 5 80 g CE) 5 80
— 1 o 1 £
g TXS 0506+056 3 © g TXS 0506‘
5 0506+05 5
3 tZ 3 —
o - o
5.4° = 5.4°
:
g
5.0° 5.0°
TN
¥
MAGIC PSF
4.6° 4.6°
78.4° 78.0° 77.6° 77.2° 76.8° 76.4° 78.4° 78.0° 77.6° 77.2° 76.8° 76.4°
Right Ascension Right Ascension

Fermi-LAT and MAGIC observations of IceCube-170922A's location.

Science 361, eaat1378 (2018) 12July

MAGIC significance [0]



Multimessenger Astronomy: Neutrinos

e Are AGN sources of VHE neutrinos and thus of UHECR?
* The case of EHE 170922 (TXS 0506 +056)

2009 2010 2011 2012 2013 2014 2015 2016 2017 15 September, 2017 1 October, 2017 15 October, 2017
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Multiwavelength observations of TXS 0506+056 before and after IceCube-170922A
Science 361, eaat1378 (2018) 12July



Broadband spectral energy distribution for the blazar TXS 0506+056
* Are AGN sources of VHE neutrinos and thus of UHECR?

* The case of EHE 170922 (TXS 0506 +056)
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Dark Matter EVIDENCE

In 1933, the astronomer Zwicky realized that the mass of the luminous matter

in the Coma cluster was much smaller than its total mass implied by the
motion of cluster member galaxies.

Since then, even more evidence:

Rotation curves of galaxies Gravitational lensing

expected
from
~ _ _ luminous disk

R (kpc)

M33 rotation curve

Data by Plank
imply:

Dark Matter

Q DM~ 26.8%

ST— Qm~ 4.9%

47
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Dark Matter Candidates

Aldo Mors

* Kaluza-Klein DM in UED
* Kaluza-Klein DM in RS

* Axion

* Axino

* Gravitino

* Photino

* SM Neutrino

* Sterile Neutrino

* Sneutrino

*Light DM

* Little Higgs DM

* Wimpzillas

*@-balls

e Mirror Matter

* Champs (charged DM)

* D-matter

* Cryptons

* Self-interacting

* Superweakly interacting
* Braneworld DM

* Heavy neutrino

* NEUTRALINO

* Messenger States in GMSB
* Branons

e Chaplygin Gas

* Split SUSY

* Primordial Black Holes

WIMP type Candidates (),~1

ecutring »

neulralino x

=
: - I

axion a

WIMP

wimpzilla

axino,

EEsEsEEEEEE.

-

[Pp]
mEm
=

i

WIN2019

' i

log(my/(1 Gev))

05 June 2019
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Dark Matter Candidates

«Kaluza-Klein DM inUED WIMP type Candidates (),~1

« Kaluza-Klein DM in RS o SR B -
* AXion reutring .

* Axino i n

I GPa,V.ltlIlO neulralino x ?: WIMP

« Photino . -

* SM Neutrino 3 .

* Sterile Neutrino " R
* Sneutrino - ;5.
e Light DM o g
« Little Higgs DM I - U =z
* Wimpzillas ' axion a axino % =

JARCENE e : :

« Mirror Matter ; .

« Champs (charged DM) : 5

 D-matter ; .

* Cryptons 1% w oo

* Self-interacting S -

* Superweakly interacting
* Braneworls DM
e [lcavy neutrino 15 - - 2 a3 (B

log(my/(1 Gev))

t@
EmEE
=

* Micsoonger Staves in GMSB
* Branons

e Chaplygin Gas

* Split SUSY

* Primnordial Black Holes

WIN2019 05 June 2019
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scattering
(Direct detection)
Aldo Morselli, INFN Roma Tor Vergata

Zacopane 19 June 2019

production
(Particle colliders)
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Annihilation channels

Gamma-rays
v/

4) i

WIMP Dark
Matter Particles
Ecu~1 00GeV

% W+Z/g

). - Neutrinos

\n_ Vi

o
o

+a few p/p, d/d

1-2008

Analysis Anti-matter

Chain

?? ?? ?
Dark Matter New Particle Final State Cosmic Ray Detector
Density e.g. N-body  Theory e.g. Hadronization Propogation Simulation
Simulation SUSY, Extra-dim e.g. PYTHIA and Galatic i.e. GEANT4
Simulation Interaction
i.e. GALPROP 8765A1

Aldo Morselli, INFN Roma Tor Vergata

X

WIMP Dark
Matter Particles
Ecuy~100GeV

X

Analysis
Chain
?? ?? ?

— > > >

Dark Matter New Particle Cosmic Ray

Density e.g. N-body Theory e.g. Propogation
Simulation SUSY, Extra-dim and Galatic
Interaction

i.e. GALPROP

B

Detector
Simulation
i.e. GEANT4

1-2008
8765A2

Zacopane 19 June 2019 52



Which channel to choose?
Example: The dominant annihilation modes in the pMSSM scan

Proportion of models with dominant annihilation mode

‘
@ 04} \ .
I -
o i \
2
~—
o L
C
R
©
- — W
= 1072 E
' —— bb ‘
! —_—
— TT
10-3 i . . " . i " k b . i ’
0 1000 2000 3000 4000
L.Roszkowski et al., THEP, 1408 (2014) 067 M, (Gev)

[arXiv:1405.4289]

Aldo Morselli, INFN Roma Tor Vergata

Zacopane 19 June 2019
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Dark Matter Search: Targets and Strategies

i Galactic Center i
Satellites e 1 ¢ Milky Way Halo
Low background and good e .tatlsflcs, HESREESS 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
G Dark Matter simulation:
Low background, but low statistics Pieri+(2009) arXiv:0908.0195

Isotropic” contributions

Large statistics, but astrophysics,
galactic diffuse background

Aldo Morselli, INFN Roma Tor Vergata Zacopane 19 June 2019 54



signal
strength

Dark Matter Search: Targets and Strategies
(Another way to see it)

cumulative extragalactic signal

dwarf satellites

s | Ii
i spectral line
." : / wl Sinm.‘.uun'.:': sr.a'cmx-o" T Tss-meacew ]
| poralee=0.46, x2, =22.1/22

I~

clusters of galaxies

robustness

£

Aldo Morselli,

INFN Roma Tor Vergata Zacopane 19 June 2019 55



The GeV exXCcess 7 xr region centered on the Galactic Center

11 months of data, E 400 MeV, front-converting events
analyzed with binned likelihood analysis )

e The systematic uncertainty of the effective area (blue area) of the LAT is ~10%
at 100 MeV, decreasing to 5% at 560 MeV and increasing to 20% at 10 GeV
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V.Vitale, A.Morselli, Fermi Coll. 2009 arXiv:0912.3828 Fermi Symposium eConf Proceedings C091122

Aldo Morselli, INFN Roma Tor Vergata Zacopane 19 June 2019 56



The GeV excess

17
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.
.

60 CDE models ¢

— :
GC excess spectrum with
stat. and corr. syst. errors |
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Lines of constant reduced x?corresponding

o to best fits of the EGRET GC excess
Very similar to the .

Mass range found 2001 Lines of constant reduced
with the EGRET jhed
data in 2004 | so0 | Dbar channel

400 ¢}

300 ¢t

mass ~ b0- 80 GeV

m % [GeV]

200 ¢}

100 |
90 |
80 |
70 |
60 | 10

10° 103 104 10° 10°

N, ( GCJ factor)

A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics, 21,267, 2004 [astro-ph/0305075]
Aldo Morselli, INFN Roma Tor Vergata Zacopane 19 June 2019 58




EGRET,

E>1GeV

Mayer-Hasselwander
et al, 1998

Galactic Latitude

20 15 10 5 0 355 350 345 340

Aldo Morselli Galactic Longimde 59



— I() = T T T T T T T T T TT T T T T T 17T T T T T LI T T E
-~ B -T- I [ [
EGRET data & Susy models

" 10 ) = ‘ =
s = EGRET data :

S 3F = > 1

10 / N,=1.82 102! |3
S 0L R N,=8.51 10* |-
= 5 ) . Typical Ny values: i

s 10 F N NFW: Ny = 104 3

s _4F Moore: Ny = 9106 |

S 10 = Isotermal: Ny =3 10! |-

' £ Annihilation channel W*W -
8r ~ \
0L My =803 GeV /
of
10 g e background model(Galprop) .
7 ] WIMP annihilation (DarkSusy)
1o e Total Contribution E
ik ~2 degrees around the galactic center
l{) E_ | 1 1 1 11 11 | 1 | 1 1 11 11 I 1 1 | 1 11 11 I 3
107 107 I 10 10°

Energy (GeV)

A.Morselli, A. Lionetto, A. Cesarini, F. Fucito, P. Ullio, Nucl. Phys. B 113B (2002) 213-220 [astro-ph/0211327]

Aldo Morselli, INFN Roma Tor Vergata Zacopane 19 June 2019
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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
(using Pass7, Pass8 analysis in progress)

Aldo Morselli, INFN Roma Tor Vergata Zacopane 19 June 2019 61



The GeV excess (P0538 analysns)

— AJeIIo et aI (201 6) (flt mtensnty) o + Gordon & MaC|as (2013)
—— Ajello et al (2016) (fit index) ¢ ¢ Calore et al (2015)
107°F & 4 Sample =
21
3| 8
— 107 7F =
k|
m %
I
I
i
10—8 - l' : B
I 1
I 1
B I 1
: il | I L Y I i L. . ; S . I N
101 10° 101 102 103

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

Aldo Morselli, INFN Roma Tor Vergata Zacopane 19 June 2019



Classical Dwarf spheroidal galaxies:
promising targets for DM detection
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- - Dark Matter in the Milky Way (from simulations)
| - A ‘ @ satellfe

- galaxies |

-

_ _ : . 0. . & . .
..O. . » : : .. - S . » » .'.. o . . * e,
, O hpa | k. . : e . B Spr:i.ng'g?eq al. (-Ngu.r'e,'2005)




Dwarf Spheroidal Galaxies:
Growing number of known targets

Progression of the Number of Discovered Dwarf Galaxies peg year 2 Data:

Cumulative Number

50
- Drlica-Wagner+,
arXiv:1508.03622
40}
a0l | DECam Installed DES Year 1 Data:
Bechtol+:
30l | arXiv:1503.02584
30} Koposov+:
arXiv:1503.02079
20t | |
2015 Jan 1 2015 Jul 1 2016 Jan 1
SDSS Begins 4
10} i
;—j e Confirmed
o Candidate
1520 1940 1960 1980 2000 2020

Year
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Dwarf Spheroidal Galaxies combined analysis

Upper limits, b6 channel 2 years of data

1072 ;
i 3.-10-2¢ — - Draco — Sextans
! — Bootes | — -  Fornax — Ursa Major |l
1072° F - = Carina —— Sculptor —— Ursa Minor .
i —  Coma Berenices — Segue 1 - JOoint Likelihood, 10 dSphs
<2 21 | —
o 10 = -
= [ ]
==, i
! -22
o) 10 :
e
8 i
v 1023 |
m -
wn
o
S 24
10 :
o -
=
= 1025
107°° | -
10" 107 103

WIMP mass [GeV]
robust constraints including J-factor uncertainties from the stellar data statistical analysis
NFW. For cored dark matter profile, the J-factors for most of
the dSphs would either increase or not change much

/, Fermi Lat Coll., PRL 107, 241302 (2011) [arXiv:1108.3546]
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Dwarf Spheroudal Galaxues upper- ||m|Ts (6 years )

10~ 22
X ‘ :
— Pass 8 Combmed dSphS “‘ bb
|| — Fermi-LAT MW Halo \‘ _
10-23}{-- H.E.S.S. GC Halo \ g
: MAGIC Segue 1 ‘ 5
— || F@1 Abazajian et al. 2014 (1o0)
w 107241 Gordon & Macias 2013 (20)
ma‘ | — Daylan et al. 2014 (20)
= : Calore et al. 2014 (20)
= 1072} |
= i
1026} O Stetgman ot al. 2017) -
- bb
1027 i o o _
10! 10° 10? 107

DM Mass (GeV/c?)

$5M.Ackermann et al., [Fermi Coll.] PRL 115, 231301 (2015) [arXiv:1503.02641]

Aldo Morselli,

INFN Roma Tor Vergata
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Dwarf Spheroudal Galaxues upper- |Iml'|'S (6 years )

10 22 _
: Pass 8 Combmed dSphs
i Fermi-LAT MW Halo
10-23 ¢ MAGIC Segue 1
| /& Abazajian et al. 2014 (10)
o ! Daylan et al. 2014 (20)
w 10724} Calore et al. 2014 (20)
(agm] [
=
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/>\ 10—25 i -
-
10-26| TS R O e |
: P-4 .
B /‘Q,
! /ol o
10—27 e . TR . o . e
101 102 103 10
DM Mass (GeV /c?)
M.Acker'mann et al., [Fermi Coll.] PRL 115, 231301 (2015) [arXiv:1503.02641]
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DM limit improvement estimate in 15 years (2008- 2023)

1072}

(ov) (cm3s

10727}

10720}

T T \\ T /4
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15 dSphs, 15 Years \\ #1
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Abazajian et al. 2014 (1o)
Gordon & Macias 2013 (20)
Daylan et al. 2014 (20)
Calore et al. 2015 (20) “ ]
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—— — — -

-\ -‘
Thermal Relic Cross Section
— - P (Steigman+ 20L2a= |
#T o~ E
_//’/ ///
b Fermi 15 Years, 45 dwarfs 7
101 102 103 104
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Together Fermi and CTA will probe most of the space of WIMP models with thermal relic annihilation cross section

Aldo Morselli,

INFN Roma Tor Vergata Zacopane 19 June 2019
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~JCTAPROJECT

Next generation groumd.based Gamma- iy observatory
s | Open observatory = |

'« Two sites with more ;_'_"
'  Southern Site: Ne

_.;Ie'lescopes |
anal, Chile

« Northern Site: La Palma, Canary Islands, Spain
31 nations, ~300ME€ project +100M€ manpower




All-sky coverage: two observatories

* Two sites with more than 100 telescopes
e Southern Site: Near Paranal, Chile
* Northern Site; La Palma, Ganar

e

~ "&‘» r >
“rew energy array (4 LST + 15 MST)

3 :
extragalactic K‘}% North site

science

) k4 Total cost ~300 M€

Galactic plus ‘ Séuth site

\

extragalactic 1 Vi
science |
Full enefgy array (4 LST + 25 MST + 70 SST)

¢ ~200 M€

'~

» ¢ oy

31 hatons, ~300M€ pfj eét +100M€ mapoér »
CTA will be an Open observatory

Aldo Morselli, INFN Roma Tor Vergata Universita’ di Perugia 11 Ottobre 2018

wallpaper@mygeo.info| copyright hitp://earthobservatory nasa.gov




A

CTA sites and proposed telescope layouts
| 4 = \

Spain
La Palma

T T T T T
- Northern Hemisphere . Type: Southern Hemlsphere . e
23mLST @ i . . = " | B-MLST @
. N 12-mMST o , 12-MMST @
L — 7/ " \\ / (MAGIC) © " . " = " AMSST R
/ N N\ Mgg \ J L . . . i
o. © o © -o
3 * 0"0 00 = ]
\ [ J
MS?]D | - L] L] [} @ @ .O. @ @ ] [ ® 1A
] @ a @ ® (©] - @ ]
250 m ) LM Rl e, )
° N . L] o B . = L] = |
L ° o N i . & ] 1000 m
(] [ ]
MST 12 = - ™ m -
MST13 ) p » ) ) - L | . "
- “om N Circles:
J = “w0om
i i i i 1 1 1 1 1

. . . 4 Large-Sized (LST), 25 Medium-Sized (MST), 70 Small-Sized (SST) telescopes
4 Large-Sized (LST), 15 Medium-Sized (MST) telescopes
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CTA PERFORMANCE

Southern Site: , | " Northern Site:
4 Large-size telescopes

25 Medium-size telescopes
70 Small-size telescopes

4 Large-size telescopes
15 Medium-size telescopes

Diftferential sensitivity Angular resolution
bR ITI T QU LTI RS | R : . UL UL BRI Y L O R

A

CTA South

—
<
IIIIII|

| IIIIIII|

Fermi LAT Pass8 \ =

I T TTTT I|
| I 1 1111 I|
Angular Resolution (°)

E2 x Flux Sensitivity (erg cm2 s™)

—

o
L
w

www.cta-observatory.org/science/cta-performance/ (prod3b-v1)
www.cta-observatory.org/science/cta-performance/ (prod3b-v1)

IIIIIIIII|IIII+/II1I||III

IIII|IIII|IIIIIIIII|IIII

Differential flux sensitivity
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CTA PERFORMANCE

Southern Site;: e ‘ Netbhorn Site:

4 Large-size telescopes
15 Medium-size telescopes

4 Large-size telescopes
25 Medium-sige telescopes
70 Small-size telescopes

__Energy Resolution

IIIII| T IIIIIII|
CTA South

T
CTA North

0.25

A E/E (68% containment)
A E/E (68% containment)

www.cta-observatory.org/science/cta-performance/ (prod3b-v1)
www.cta-observatory.org/science/cta-performance/ (prod3b-v1)
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Final Agreements Signed for CTA's Southern Hemisphere
Site in Chile

Santiago, Chile — On 19 December 2018, the Cherenkov Telescope Array Observatory (CTAO)
and the European Southern Observatory (ESO) signed the final agreements needed for
CTA’s southern hemisphere array to be hosted near ESO’s Paranal Observatory in Chile.
Construction on both the northern and southern arrays is expected to begin in 2020.

Rendering of the South Site

Aldo Morselli, INFN Roma Tor Vergata Dark Matter and CTA WIN2019 05 June 2019
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https://www.cta-observatory.org/about/array-locations/chile/

Large-Sized Telescope Prototype records its First Light

On the night of 14-15 December 2018, the Large-SizedTelescope (LST) prototype recorded
its first Cherenkov light on the northern site of the Cherenkov Telescope Array (CTA),

located at the Instituto de Astrofisica de Canarias’ (IAC’s) Observatorio del Roque de los
MUChaChOS (nDl\/I\ An tha CFanansicland Afl A Dalma

181214 RunO1 Event# 1

1.0 -
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=
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g 00 3000
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X position (m)
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https://www.cta-observatory.org/project/technology/lst/
http://www.iac.es/eno.php?op1=2&lang=en

Key Science Projects (KSPs)

Ty
60 80
Time from GRB [sec]

Science with the Cherenkov
Telescope Array

World Scientific
https://doi.org/10.1142/10986
[arXiv:1709.07997] ~364 pp.

Aldo Morselli, INFN Roma Tor Vergata Universita’ di Perugia 11 Ottobre 2018 78



The Survey Key
Science Projects

Extragalactic Survey:

Unbiased survey of % sky to ~6 mCrab
VHE population study, duty cycle

New, unknown sources; 1000 h =
/ / Galactic Centre Survey:

00" 7

ID of the central source

Spectrum, morphology of diffuse emission
Deep DM search

Central exposure: 525 h, 10°%10°: 300 h

galactic latitude (deg)

Science with the Cherenkov

Telescope Array

World Scientific
https://doi.org/10.1142/10986
[arXiv:1709.07997] ~364 pp.

-90°
galactic longitude (&eg

)
Galactic Plane Survey: \ Large Magellanic Cloud Survey:

Survey of entire plane to ~2 mCrab
Galactic source population: SNRs, PWNe, etc.
PeVatron candidates, early view of GC, 1620 h

Face-on satellite galaxy with high SFR
Extreme Gal. sources, diffuse emission (CRs)
DM search; 340 h in six pointings

Aldo Morselli, INFN Roma Tor Vergata Dark Matter and CTA WIN2019 05 June 2019






CTA 1st LST construction

|

7
i

.\ i '\1“m.|w it

Feb 18
Photo Credit: Chiara Righi (MAGIC, INAF, Brera)



CTA 1st LST construction
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CTA Ist LST construct

Camera Support Structure Installed






CTA Is" LST construction
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Prototype at Berlin-Adlershof




cherenkov

Medium-Sized 2-mirror Telescope

Prototype SCT at Whipple Obs, Arizona

array

Schwarzschild-Couder Telescope
(SCT)

- 9.7 m primary

5.4 m secondary

5.6 m focal length, f/0.58

50 m?2 mirror dish area

PSF better than 4.5’
across 8° FOV

8° field of view
11328 x 0.07° Si-PM pixels

-» Improved y-ray angular
resolution

Aldo Morselli, INFN Roma Tor Vergata

Universita’ di Perugia 11 Ottobre 2018
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cherenkov

Small-Sized Telescopes escne

3 different prototype designs

2 designs use two-mirror approaches (Schwarzschild-Couder design)
All use Si-PM photosensors

8-10 m?2 mirror area, FOV > 9°

PR AR

SST-1M SST-2M ASTRI

'\

SST-2M GCT

Krakow, Poland Mt. Etna, Italy Meudon, France
Aldo Morselli, INFN Roma Tor Vergata Universita’ di Perugia 11 Ottobre 2018 88



Dwarf Spheroidal Galaxies: CTA Sensitivity

CTA Sculptor dSph

NFW profile, bb

Sculptor with Systematics

—— 100 h, Stat. only
...... 100 h, 0.3 % Syst.
----------- 100 h, 1 % Syst.
—— 500 h, Stat. only
------ 500 h, 0.3 % Syst.
----------- 500 h, 1 % Syst.

IlIIIIIl | IIIIIIII | | I

102" g 102" &
= CTA SculptordSph ~ ~— THEA ) B -
B S | I —— 500 h, bb S
tatistical errorsonly 540 oo B

10—22 — . ’ ) -22 -
= NFW profile — 500 h, W'W 10 =

10‘23 - 10-23 -

—~ - - -

n | (%) -

S 10 S 10

> - > -

o] - o) C
10_25 = 10—25 =
102 & 107
10—27 Ll 1 Lol 1 Lol ! L1111l 10‘27"'“|

0.05 0.1 0.2 1 2 345 10 2030 0.05 0.1

DM mass (TeV)

0.2

1 2 345 10 20 30
DM mass (TeV)

There are several of the newly discovered dSph that have a better case for
being a promising target,
Will choose most promising targets before observations with the latest
knowledge.

Aldo Morselli, INFN Roma Tor Vergata Dark Matter and CTA

WIN2019

05 June 2019
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CTA Galactic Halo DM upper-limits

B : —bb - —— 100 h, Stat. onl
| CTA Galactic halo, 500 h bb B CTAGalactichalo 100 h O.g %OE}yst.
_23 ™ g
10 & Einasto profile -8 - g e 100 h, 3 % Syst.
= P ~WW 10 = Einasto profile, bb 500 h, Stat. only
- - ) = . 500 h, 0.3 % Syst.
tat | I L
- Statistical errors only —tt e 500 h, 1 % Syst.
107 = {0 =
P - 7
o e
I N
8 -25 | i s, B, e
s 107 E > =
o} = o} =
10726 =
- - with systematic uncertainties on the residual
B T - cosmic-ray background
107 |- 1077 =
:Illlll | Il lIIIIII 1 1 IIIIII| | 1 L1111 02)5III(I)1 OIZI lllll||1 21 3141.51|lllll() 2I()3IOIIIII
0.05 0.1 0.2 1 2 345 10 20 30 ’ ) )

DM mass (TeV) DM mass (TeV)

The predictions shown here can be considered optimistic, even when systematics errors are
included, as we do not consider the effect of the Galactic diffuse emission as background

for DM searches that can affect the results by ~ 50%
This will be investigated in detail in a forthcoming publication by the CTA Consortium.

Aldo Morselli, INFN Roma Tor Vergata Dark Matter and CTA WIN2019 05 June 2019
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CTA, Fermi, HESS DM upper-limits

Together Fermi and CTA will probe 10723
most of the space of WIMP models

with thermal relic annihilation cross

section

The expectation for CTA for the

Galactic Halo 107%
is for the Einasto profile and is
optimistic as includes

only statistical errors.

The effect of the Galactic diffuse 2 .
emission can affect > 10
the results by ~ 50% o
As we saw in the previous slides

the limits from dwarfs are

much less dependent from the
systematic uncertanties

N

n
(ap)]
S

1072°

10727

0.

CTA Sculptor dwarf
—

HESS Galactic Halo

CTA Galactic Halo

— H.E.S.S. GC halo 254 h W*W- Einasto profile

—— Fermi dSph stacking bb

—— CTA Galactic Halo 500 h W*W- Einasto profile

—— CTA Sculptor dwarf 500 h W*W- NFW profile
CTA LMC 340 h bb NFW profile

O FITTI

Aldo Morselli, INFN Roma Tor Vergata Dark Matter and CTA
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CTA, HESS, FERMI, PLANK DM upper-limits

Together Fermi and CTA will probe L
most of the space of WIMP models o3
with thermal relic annihilation cross 107 &=
section -
The expectation for CTA is for the -
Einasto profile and is optimistic as B
includes only statistical errors. 1072 &=
The effect of the Galactic diffuse . -
emission can affect the results A B
by ~ 50% = B
o ’ 0_25 HESS Galactic Halo
> =
o -
B CTA Galactic Halo
10726
~ —— HESS Galactic halo (254 h)W*W- Einasto profile
~ —— Fermi dSph stacking (15 dSphs, 5 yrs) bb
. —— WMAP9
PLANCK
1077 = —— CTA Galactic halo, 500 h Einasto, V\/|+W'
1111 ] IIIIIII| ] I I B ] I I |
0.06 0.1 0.2 1 2 3456 10 20 30

DM mass (TeV)
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CTA DM Detection Strategy

Year 1 2 3 4 5 6 4 8 9 10
Galactichalo 175h 175h 175h
Best dSph 100h 100h 100 h
in case of detection at GC, large ov
Best dSph 150h 150h 150h 150h 150h 150h 150h
Galactic halo 100h 100h 100h 100h 100h 100h 100h
in case of detection at GC, small ov
Galactic halo 100h 100h 100h 100h 100h 100h 100h
in case of no detection at GC
Best Target 100h 100h 100h 100h 100h 100h 100h

First 3 years

e The principal target is the Galactic Center Halo (most intense diffuse emission regions removed)
e Best dSph as “cleaner” environment for cross-checks and verification (if hint of strong signal)

Next 7 years

¢ If there is detection in GC halo data set (525h)
e Strong signal: continue with GC halo in parallel with best dSph to provide robust detection
e Weak signal: focus on GC focus to increase data set until systematic errors can be kept

under control

e If no detection in GC halo data set
e Focus observation on the best target at that time to produce legacy limits.

Aldo Morselli, INFN Roma Tor Vergata

Dark Matter and CTA

WIN2019 05 June 2019
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cta

cherenkov telescope array

DEEP OBSERVATIONS OF GC REGION

Deep 525 h exposure in the inner 5° Fermi bubbles
around Sgr A%;

Extended 300 h survey of 10°x10°
region;

Produce CTA legacy data set for large
range of scientific topics, which include

» GCand GC DM halo

*  Understand “backgrounds” pin
down VHE sources and map diffuse
emission

»  Astrophysics of SNRs (multiple
sources, e.g. G1.9, ...)

»  Astrophysics of PWNe and Pulsars

+  Extended objects such as Central e
Radio lobes (central +1°) and arc
features.

Galactic plane

survey

Galactic |atrude

CTA legacy data set

Aldo Morselli, INFN Roma Tor Vergata Dark Matter and CTA WIN2019 05 June 2019



Complementarity and Searches
for Dark Matter in the pMSSM

107°

107

R - o1 (pb)

[ [ [

() ) o =
| | | o
—_ et ot |
[y} (V] o Vo]

10—17

Cahill-Rowley et al.

Aldo Morselli, INFN Roma Tor Vergata

XENON1T
— e Survives DD, ID, and LHC

e Survives DD and ID but not LHC

Excluded by ID but not DD
Excluded by DD and ID =
Exicluded by DD but not ID

% L) Rt
.‘-rs s!-' ._ D RAFY
; ? s ..,.L . el

or

arxiv:1305.6921
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Annihilation spectra for the continuum signals from the quark, lepton and
gauge boson primary channels

3

— 10 E
The line-like feature E m
expected from the = L S
virtual internal = -
Bremsstrahlung B 102 N
process contribution - .
is particularly i X
prominent for the I
W+W- channel
10
i —bb
i Z —tt
1 :—/ —wW'w
- e'e
B m,=2 TeV — +_u _
- TT
~1 ] ] I I | | | 1 I I | | 1 | Il 1 1 111 |
10 10 10" 1
E (TeV)
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note:the "thermal” cross section is only a reference value. The real cross section

can be higher or lower

-20 .
h BayesFITS (2014) EXCH:T\]?'C- )
Annihilation cross-
2l section points from
. a 19 dimensional
PMSSM fit
Z N
~ -
g B
g ______________ _| “thermal” cross-section
St P 310 * em*s?
—26} - ./’ v g
g s> w & ‘b\i.; \
- AR "1.‘ : Note that a strong
) : > ® g0 lgd X enhancement of the
S _28l b O . AA? annihilation cross section
p— e o s’ s occurs for winos around 2-3
4 SR S “| | TeV due to Sommerfeld
LR J s tete v ® s * o
. 1t e A i enhancement.
: 2 o Xy e4 ?"os}?. "
_30 - 4 o‘ :o: .\.~~ ~ '.'o
’ - :3:.0 ? .o .
PMSSM, i *
_3 L L Sk LAl L T A
&01 0.1 | _
L.Roszkowski et al., JHEP 1502 (2015) 014
m, (TeV) [arXiv:1411.5214]
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*of scientists from nations contributing to CTA construction and operations and from site host nations
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CTA: Analysis Software

A high-level data analysis package for gamma-ray
astronomy

¢ Gammalib-CTOOLS:

— COMPTEL

— Fermi/LAT

— Cherenkov telescopes (CTA, H.E.S.S., MAGIC, VERITAS)
¢ Gammapy:

— Fermi/LAT

— Cherenkov telescopes (CTA, H.E.S.S., MAGIC, VERITAS)

Aldo Morselli, INFN Roma Tor Vergata Dark Matter and CTA MAGIC Dark Matter Workshop 17 Januar y 2019



CTA: Analysis Software

- All tools needed to generate images, spectra, light and phase
curves from CTA DL3 data

— Support for unbinned, binned and stacked 3D/4D maximum
likelihood analysis

— Support for classical On/Off IACT
analysis (ring background sky
maps, reflected region spectra)

Aldo Morselli, INFN Roma Tor Vergata Dark Matter and CTA MAGIC Dark Matter Workshop 17 Januar y 2019 100



Download & Documentation

Gammalib-CTOOLS:
http://gammalib.sourceforge.net/

Gammapy:

http://gammapy.org/
Both have also regular coding sprints for user and developers

Aldo Morselli, INFN Roma Tor Vergata Dark Matter and CTA MAGIC Dark Matter Workshop 17 Januar y 2019



GammalLib+CTOOLS and Gammapy are a high-level data analysis package for
gamma-ray astronomy

Both are work in progress

They are very well documented

Gammapy is a python library

CTOOLS is a set of user-friendly command-lines tools that also support python
They are being used in the first Data Challenge

This first Data Challenge is used to comparer both frameworks

And also to improve their analysis algorithms, debugging, ecc.

Aldo Morselli, INFN Roma Tor Vergata Dark Matter and CTA MAGIC Dark Matter Workshop 17 January 2019



The Low Energy Frontier

"L

- ——- -
-
- R
-

E
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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]

HowTo discriminate between different hypothesis ?

Aldo Morselli, INFN Roma Tor Vergata Zacopane 19 June 2019 104



Population of pulsars in the Galactic bulge and the GeV excess
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a population with about 2.7 y-ray pulsars in the Galactic disk for each pulsar in the Galactic bulge
is consistent with the population of known y-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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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

Aldo Morselli, INFN Roma Tor Vergata Zacopane 19 June 2019 106



alo o The Fermi LAT 3FGL Inner Galactic Region

aaaaaaaa

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

B !@k !
 FHBC A8

A
30 20

O O O

Galactic latitude (deg)

Galactic longitude (deg)

= No association o Possible association with SNR or PWN <~ AGN

', . “ Pulsar 4 Globular cluster * Starburst Galaxy @ PWN

Fermi CO” APJS = Binary + Galaxy © SNR + Nova
(2015) 218 23 * Star-forming region

arXiv:1501.02003
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Fermi-LAT Instrument Response Functions
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Elements of a pair-conversion telescope

charged-particle Y.
anticoincidence g

. f

shield '
:

\ ‘

]

. ]
pair- [ :
conversion '

\ |
foils e 2 8 Ko e gyt SeaenTAwnannesnnscunanon "

oo e ——
E‘iztll(cmeg/ / \

detectors

calorimeter =

............. /'\
/ \
ct+ €-

(energy measurement)

Aldo Morselli,

INFN Roma Tor Vergata

* photons materialize

into matter-antimatter
pairs:
E, > mg.c?+ mgc?

* electron and positron
carry information about
the direction, energy and
polarization of the y-ray
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Elements of a pair-conversion telescope
(more realistic scheme)

charged-particle Y.
anticoincidence '
shield '
\ : * photons materialize
. ' into matter-antimatter
pair- - e - A ' pairs:
C().HVCI’SI()H \ l' Ey > me+02 + me_02
foils e 2 8 Ko e gyt SeaenTAwnannesnnscunanon .
!

* electron and positron
carry information about
‘ ' ' the direction, energy and

particle- / / polarization of the y-ray
tracking T A, P ‘
detectors \ '\

calorimeter =

(energy measurement)
Aldo Morselli, INFN Roma Tor Vergata

---------------------------------------------
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projected angular distribution ( degrees)
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0o =

5 ] "
ooy Multiple
! —- g3 -

Scattering

10_]]]]' T T lllllll

—e—(.15Xo(deg)
—a— 0.0?Xogdegg
—a— (0.05Xo(deg

1

rms Qrms

plane — \/§ space

0.1k

projected angular distribution ( degrees)

0.0'I ol 1 PR R N B B A ! ! '
0.1 1 EGev) 10

2/ x/Xo [1+0.0381n (x/X0)]

13.6 MeV
Bep

Aldo Morselli, INFN Roma Tor Vergata Zacopane 19 June 2019 111




Multiple Scattering
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Fermi Instrument Response Function
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http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm
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Containment angle (°)
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Fermi Instrument Response Function

P7SOURCE_V6 PSF at normal incidence
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Nys= number of photons from source

Nyg= number of photons from background
AQ = solid angle around dth source : : : dependS on
Ags = Effective area ( Area™ efficiency ) ens ' 1- l v | .'-y fleld Of VieW

X = converter plane in radiation lengh

/
Nys = P, (cm_2) k Aerp x AT

Nop = CPB(cm_QS'r_l) * AQ x Agrp x AT

number of & \ depends on
4 1 :
— = angular resolution
N.,s > 5(N,g)" 2

Sensitivity

AQ ~ 70% ~ TE %z

(I)S>E (I)B*SE
— F Aeff*AT

Aldo Morselli, INFN Roma Tor Vergata
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good detector
small converter plane

/

D (I)B*$
E Aeff*AT
/'

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

e >
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1/E Sensitivity of y-ray detectors S

T T RgeOmEtric
5 sigma, 50 hours, > 10 events angolar
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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

Aldo Morselli, INFN Roma Tor Vergata Zacopane 19 June 2019 118



Gamma-light project

ESA S1 Call
Power~ 400 W
Weight Tracker ~110 Kg
Weight Calorimeter ~60 Kg
Total weight ~ 600 Kg

Aldo Morselli, INFN Roma Tor Vergata Zacopane 19 June 2019 119



Gamma- L|gh1' Pom‘r Spr'ead Function (angular resolu‘hon)
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A . Morselli et al. , Nuclear Physics B Proc. Supp. 239-240 (2013) 193-198 [arXiv:1406.1071]
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An instrument that combine two
detection techniques

"‘ \ AC system
\
3\

\
[
\
[
\
[
[
[
[

Calorimeter

Tracked Compton event Pair event
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An observatory for garma rays

'ﬁlﬁ“e‘xtreme U—'Vei’? . 10|
In the MeV/GeV domaijn

”«m-.

-

W 1té Book arXiv:1711. 01265 (213 pages)
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The next gamma-ray MeV-GeV mission:
the e-Astrogam project

al

‘ MeV - GeV astrophysics

MeV - GeV community

e-ASTROGAM is focused on gamma-ray
astrophysics in the range 0.3-100 MeV.

L JCH



5] ASTROGAM a unified proposal from the entire

gamma-ray community

heritage M1/M2 M3 (2010) Si
rCLAIRE (2007) (2012)

/

>
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< | B
0 O
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\:ggx\ e
AGILE 2007  FERMI 2008 Gamma-Light
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ASTROGAM Angular Resolution
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Angular resolution (degree)
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5e-ASTROGAM  Performance assessment
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» e-ASTROGAM performance evaluated with MEGAIib and —
both tools based on Geant4 — and a detailed numerical

>|\ mass model of the gamma-ray instrument
% e-Astrogam: arXiv:1611.02232

INFN Roma Tor Vergata Zacopane 19 June 2019 126




E-ELT/LSST

-ASTROGAM Athena

JWST

High- redshlft blazars

hlgh accretion AGN

’< " /

/ Cosmic rays & the interstellar
medium (tracing gas &

Supernova remnants ’ / 4 :
& PeVatrons Supernovae, ‘ cosmic-ray feedback)
(kilo)novae, - 4
,/ nucleosynthesis
W
GRBs, merger events Y
; e Pulsars, magnetars
& other transients X- & y-ray binaries, oot
P . (polarization)
(polarization) microquasars
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Why eAstrogam is important for IceCube and
KM3Net

Wide FoV (> 2.5 sr at 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 if the neutrino flux originates from photo-
hadronic processes)

eAstrogam 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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Our sister experiment:
AMEGO (NASA)

(two brands, one community)

DSSD Tracker
Segment
CZT Calorimeter DSSD Tracker
Module +« Module

Csl Calorimeter

AC Module

Side CZT

MMS/Thermal
Calorimeter

e ~20% smaller tracker

 CZT calorimeter layer

* |In the decadal
survey?
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Space-based high energy gamma ray plan

p p
)
)

e M5 Phase A selection

— 7 May 2018: ESA selects three new mission concepts for study:

e A high-energy survey of the early Universe (Theseus), an infrared observatory to
study the formation of stars, planets and galaxies (Spica) , and a Venus orbiter
(EnVision) are to be considered for ESA’s fifth medium class mission in its Cosmic
Vision science programme, with a planned launch date in 2032

— e-ASTROGAM not selected for ESA M5
* Excellent report, though; stressed challenging technical solutions

* Next chances:
— AMEGO decadal review in 2019
— Discussions for a possible integration in HERD
— Discussions for a possible Russian launcher



An instrument to complete the coverage of the

electromagnetic spectrum
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Particle
Astrophysics
Experiments

creation

acceleration IndiPCCT,
injection Direct

and
further
acceleration? A Ccce l e PGTO r

osmic rays:
about 10 Myears
in the Galaxy
(6-7 g/cm2)

Cosmic Rays Propagation

Modulation

Space exp ents ~ 400 km

“}--__| Direct detection

Atmosplye}re

Extensive Air Shower >
Detectors

High Montain
Detectors

,,,,,,,,,,

Cherencov Detectors

Particle Accelerators

~t Underground, Under-ice, Underwater
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Particle .

Astrophysics creation .

Experiments acceleration
injection
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Tracker Production Overview

Module Structure (walls, flexures,
thermal-gaskeft, fasteners) .
Engineering: SLAC, Italy (Hytec) ?fz:rfﬁren;ir:é Testing
Procurement: SLAC, Italy pan, 21dY.

SSD Ladder Assembly
Ttaly (G&A, Mipot)

S
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.

(8 Aiaaa i ; ' Tracker Module
ShEeIaeaLl: i /.- 'Assembly and Test
' Fbe ;.. 1Itadly
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Electronics Design,
Fabrication & Test

Composite Panel & Converters
Engineering:

SLAC, Ttaly (Hytec, COI)
Procurement: Italy (Plyform)

Readout Cables
UCSC, SLAC




*160 bare panels produced

*100 tested and qualified for integration
with ladders

-completed trays for 3.3 towers

*6 assembly chain ready

*Max assembly rate : 3 trays/day/shift

Microbonding




|










Dam & Fill encapsulation

Dam Nusil 1142
Fill Nusil 15-2500

Requirements:

1. Height <0.5mm

2. Lateral overflow <0.05mm

3. Coverage of all the bondings and pads

/ 228 pum pitch

Fast system to check
encapsulation height
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Ladders testing

Ladders probe station: 5 probes are used to measure body and

200

Flight ladders production status:
. Completed and tested (INFN BA/RM2/PG)

180{ Depletion voltage Average es588 es750

160 -

1900
=  Under construction 800 ]
=  rejected ~1% i
= 0.016% bad chans caused by bonding or e

80 -

probing

. 2um RMS alignment spread

=  All results in good agreement with what
expected from SSDs 20 H

60 -

40 A

40
50




Stack of trays:

» functional tests/CR burn-in for a whole tower in parallel
« external trigger capability
* 4 stacks operating in parallel at INFN (Pi/Pg/Rm2/Ba)
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Tray Test at
INFN Roma 2
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Tray Test'at INFN Roma 2
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Efficiency (%)
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Bad channels (%)
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360 trays
dl 18 towers
F’ ~ 1M channels
LI/ 83 m2 Si surface
W 3 240K functional test
recorded in DB
~ 30M strip tested
(30 test/strip on average)
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12/16 Towers in the GRID on 7/10/05






