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–  g rays offer a direct view into Nature’s 
largest accelerators.

–  the Universe is mainly transparent to g 
rays with < 20 GeV that can probe 
cosmological volumes.  Any opacity is 
energy-dependent for higher energy.

–  particle relics of the early universe 
produce g rays when they annihilate or 
decay. 

Why to study gamma rays? 
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the deep sky
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EGRET Map  
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Binary system formed by a black hole and a companion star
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Binary system formed by a black hole and a companion star 
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Omicron Ceti or Mira is a cool, pulsating, red giant stars, ~ 700 times the diameter of the Sun.  Only 420 light-years 
away and co-orbits with a companion star, a small white dwarf (Mira B).  Mira B is surround by a disk of material 
drawn from the pulsating giant and in such a double star system, the white dwarf star's hot accretion disk is 
expected to produce x-rays

Chandra data

Binary system formed by a black hole and a companion star 
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a rotating black hole in an accretion disk 
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Fermi Dynamic Gamma-ray Sky
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Particle Physics => Particle Astrophysics
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Extraordinary beasts in the sky
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Gamma ray attenuation
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Gamma ray attenuation (2)

Transparency of the atmosphere for 
radiation of different wavelengths.
The solid line show the height 
above sea-level at which the 
atmosphere becomes tranparent.
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Photon total cross sections
Interaction of photons with matter

Pair

x/X0 Prob Int.
0.5 0.40
1 0.54
2 0.79
7 0.995

Fractional energy loss for e+ and e-  in lead

with X0 = radiation length
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Relation between altitude, number of Radiation Length 
and g/cm2 traversed

16 X0  Yanbajiging
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Longitudinal development of the electron component of photon initiated shower 
( with electron threshold energy of 5 MeV and fluctuations superimposed )
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Compton Observatory figure
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Compton Observatory Scheme  
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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 cm2

Angular resolution  5.8o

(@100MeV) 

Sensitivity    0.1 GeV       5x10-8

for point     1    GeV       1x10-8

sources    10  GeV         2x10-8

(ph cm-2 s-1)* 
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EGRET – Principle of 
gamma ray detection

A gray 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 electronpositron 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 NaI(Tl) Total
absorption Shower Counter (TASC) located 
directly below the lower array of plastic scintillators 
is used to estimate the photon energy.
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Photon total cross sections
Interaction of photons with matter

Pair

x/X0 Prob Int.
0.5 0.40
1 0.54
2 0.79
7 0.995

Fractional energy loss for e+ and e-  in lead

with X0 = radiation length
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Pair photon interaction probability
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Multiple 
Scattering
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Elements of a pair-conversion telescope

• photons materialize 
  into matter-antimatter 
pairs:
     Eg  -->    me+c2 + me-c2

• electron and positron 
    carry information about
    the direction, energy and 
    polarization of the g-ray 

(energy measurement)
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Longitudinal development of the electron component of photon initiated shower 
( with electron threshold energy of 5 MeV and fluctuations superimposed )
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Trigger Telescope 

Anti-Coincidence Dome 

EGRET 4/1991-1999 

SAS-2 11/1972-7/1973 

Cos-B 8/1975-
4/1982 

Spark Chamber 

Cerenkov Counter 

Energy Calorimeter 

The gamma-ray missions 
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~1993

High Energy Gamma Experiments Experiments



32Aldo Morselli                                                                                               International School of Cosmic Ray Astrophysics                                                                       Erice 21-28 July 2024 

32

The CAPRICE 94 
flight
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MASS  89 the calorimeter
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MASS 89 flight



37Aldo Morselli                                                                                               International School of Cosmic Ray Astrophysics                                                                       Erice 21-28 July 2024 

MASS 89 flight
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MASS 89
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39

The TS93 and CAPRICE silicon-tungsten imaging calorimeter.

48 cm

48 cm
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GILDA
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Quindi eravamo pronti per rispondere alla Call for 
Ideas ASI per Piccole Missioni (Scienze dell’Universo) 
26 giugno 1997
e rispondemmo con due proposte:

•  GILDA 40
e 
•  AGILE   
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GILDA

GLAST
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THE AGILE MISSION
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New Detector Technology

• Silicon strip detector
Strip-shaped
PN diode

50-500micron wide

300-500micron thick

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)
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Silicon Strip Detector Principle
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AGILE Silicon Tracker prototype 

121 µm
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The Silicon Tracker
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The Silicon Tracker
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AGILE on PSLV-C8 Sriharikota, India 
April 2007 The AGILE 

Payload: the 
most compact 
instrument for 

high-energy 
astrophysics:

only ~100 kg
~ 60 ´ 60 cm

Payload

ASI Mission with INFN, INAF e CIFS participation
g-ray astrophysics: 30 MeV - 30 GeV energy range and 
simultaneous X-ray capability between 18 - 60 keV
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April 23, 2007: Launch!

Equatorial orbit: 550 Km, < 3º inclination angleSHAR base (Chennai), India
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AGILE orbital parameters

Semi-major axis: 6922.5 km (± 0.1 km)
Requirement:       6928.0 ± 10 km

Inclination angle: 2.48° (±0.04°)
Requirement:        < 3°

Eccentricity:        0.002 (±0.0015)
Requirement:      < 0.1°

Baseline equatorial orbit: 550 Km, 3º inclination

TPZ orbital decay estimate:
Height < 400Km on 20/04/2017
(A/M=0.009 sqm/Kg)
Worst case (A/M=0.012 sqm/Kg): 
02/11/2015
Best case (A/M=0.006 sqm/Kg):   
29/04/2023
(March 2013 updated estimate, using recent
solar flux “Schatten”  forecasts + 2s)
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You can follow 
AGILE with 

AGILE Science App.
(when it was in 

operation)
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Automatic 
data processing

~1 hr

~0.5 hr

~0.5-1 hr

~(2-2.5) hr

AGILE: “very fast” Ground Segment
(with contained costs)

Satellite

Malindi Ground Station

Fucino TZP MOC

ASDC

AGILE Team

Guest Observers

Public data access

Record for a gamma-ray mission!
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AGILE

Happy 15th Birthday Agile !!
23 April 2007- 23 April 2022
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60

AGILE 

16 years and 10 month in orbit !!

23 April 2007
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Summary of AGILE results in >16 years of operations

• Publications: the scientific production of the AGILE Team consists of> 800 bibliographic 
references in ADS, of which> 160 refereed articles.

• The monitoring of the sky with a rapid and efficient alert system led to the publication of >240 
ATels and >300 GCNs. From May 2019, 101 MCAL GCN automatic notices have been 
published.

• The Quick Look system developed by INAF-OAS, distributed between the data center at SSDC 
and INAF-OAS in Bologna, produced scientific results within ~ 25 min from the data downlink 
to the ASI Malindi ground station: an absolute record for gamma astrophysics. The Team has 
also developed AGILEScience - App on Google Play and App Store to monitor and follow the 
observations of the AGILE satellite on mobile devices.

• AGILE and the search for GW counterparts: participation of Team members with shifts 24/7 
during LIGO-VIRGO observational runs. AGILE follow-up of all pre-O4 GW events, with 96 GW-
AGILE type GCNs published during O3 and collected in a dedicated web page in SSDC: 
https://agile.ssdc.asi.it/news_gw.html           AGILE completed the follow-up of all GW events up to the end of 
LVK O4a (first part) on Jan 16, 2024.

• AGILE contribution to Fast Radio Bursts science: very important discovery on April 28, 2020 
published in Nature, Tavani et al. 2021 (2021NatAs...5..401T)
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Three of the most important AGILE discoveries: 

• Discovery of a new acceleration mechanism inducing 
intense and rapid flux variations in the Crab Nebula in 
the energy band above 100 millions of elettronvolt!

• First direct evidence of cosmic ray acceleration in 
Supernovae remnants with the AGILE observations of 
the SNR W44 

• Direct evidence that extreme particle acceleration and 
non-thermalized emission above 100 MeV can occur in 
microquasars (Cyg X-3 and Cyg X-1) with a repetitive 
pattern. 
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THE AGILE LEGACY

AGILE archives and catalogs are available to the community through the ASI SSDC.

Science activities continue. We have just published on Feb. 29, 2024 all AGILE-GRID 
data up to January 15, 2024. A data reprocessing is in progress.

Open-source Python software package Agilepy (INAF-OAS) and/or SSDC AGILE-LV3 
online data analysis tool. 

With AGILE’s re-entry, the in-orbit operational phase ended, but a new phase of 
scientific work on the satellite legacy data archive opens.

Work in progress on new catalogs with and without Machine Learning techniques. 
Stay tuned for further results.
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Detector Technology: X-ray vs. Gamma-ray 

X-ray (0.5 - 10keV)
Focusing possible

Large effective area 
Excellent energy resolution 
Very low background 
Narrow view

Gamma-ray(0.1-500GeV)
No focusing possible

Wide field of view
Limited effective area 
Moderate energy resolution 
High background



66Aldo Morselli                                                                                               International School of Cosmic Ray Astrophysics                                                                       Erice 21-28 July 2024 

NASA Goddard Media Studio
https://svs.gsfc.nasa.gov/13094

Credit: NASA's Goddard Space Flight Center/CI Lab

The Fermi Gamma-Ray Space Telescope



67Aldo Morselli                                                                                               International School of Cosmic Ray Astrophysics                                                                       Erice 21-28 July 2024 

FERMI
Large Area Telescope
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e+ e–

g

Fermi LAT: A Telescope Without Lenses
• Precision Si-strip Tracker (TKR) 

70 m2 of silicon detectors 
arranged in 36 planes.  880,000 
channels.

• Hodoscopic CsI 
Calorimeter(CAL)      1536 
CsI(Tl) crystals in 8 layers, total 
mass 1.5 tons.

• Segmented Anticoincidence 
Detector (ACD)  89 plastic 
scintillator tiles. 

• Electronics System Includes 
flexible hardware trigger and 
onboard computing.

Calorimeter

Tracker

ACD 
[surrounds 4x4 
array of TKR 
towers]
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EGRET(Spark Chamber) VS. Fermi LAT (Silicon Strip Detector)

EGRET on Compton GRO 
(1991-2000)

Fermi Large Area Telescope 
(2008-2018)
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• https://owncloud.roma2.infn.it/index.php/s/yvpYj8NMDV2Bip7

Fermi 
 Paper Model
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The Fermi LAT Participating Institutions 
American Institutions 
 SU-HEPL Stanford University, Hanson Experimental Physics Laboratory , ,
 SU-SLAC Stanford Linear Accelerator Center, Particle Astrophysics group
 GSFC-NASA-LHEA Goddard Space Flight Center, Laboratory for High Energy Astrophysics
 NRL - U. S. Naval Research Laboratory, E. O. Hulburt Center for Space Research, X-ray and gamma-ray branches UCSC- SCIPP 

University of California at Santa Cruz, Santa Cruz Institute of Particle Physics 
 SSU- California State University at Sonoma, Department of Physics & Astronomy , WUStL-Washington University, St. Louis 

UW- University of Washington , TAMUK- Texas A&M University-Kingsville, Ohio State University 
Italian Institutions 
 INFN - Istituto Nazionale di Fisica Nucleare and Univ. of Bari, Padova, Perugia, Pisa, Roma2, Trieste, Udine ASI - Italian 

Space Agency
 IASF- Milano, Roma 
Japanese Institutions 
 University of Tokyo
 ICRR - Institute for Cosmic-Ray Research
 ISAS- Institute for Space and Astronautical Science Hiroshima University 
French Institutions
 CEA/DAPNIA Commissariat à l'Energie Atomique, Département d'Astrophysique, de physique des Particules, de physique 

Nucliaire et de l'Instrumentation Associée, CEA, Saclay 
 IN2P3 Institut National de Physique Nucléaire et de Physique des Particules, IN2P3 IN2P3/LPNHE-X Laboratoire de Physique 

Nucléaire des Hautes Energies de l'École Polytechnique IN2P3/PCC Laboratoire de Physique Corpusculaire et Cosmologie, 
Collège de France IN2P3/CENBG Centre d'études nucléaires de Bordeaux Gradignan

 IN2P3/LPTA Laboratoire de Physique Theorique et Astroparticules, Montpellier
Swedish Institutions 
 KTHRoyal Institute of Technology
 Stockholms Universitet 

Collaboration members: ~270 
Members: 95 
Affiliated Scientists ~90 
Postdocs: 37 
Graduate Students 48 
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Tracker Production Overview

Readout Cables
UCSC, SLAC

SSD Procurement, Testing
Japan, Italy, SLAC

Electronics Design, 
Fabrication & Test
UCSC, SLAC (Teledyne)

Tracker Module 
Assembly and Test 
Italy 

Tray Assembly and 
Test
Italy (G&A, Mipot)

SSD Ladder Assembly
Italy (G&A, Mipot)

Composite Panel & Converters
Engineering: 
SLAC, Italy (Hytec, COI)
Procurement: Italy (Plyform)

2592

10,368

342

648

18

Module Structure (walls, flexures, 
thermal-gasket, fasteners)
Engineering: SLAC, Italy (Hytec)
Procurement: SLAC, Italy

342
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Tray assembly in G&A

Tray positioning 

Ladder positioning

Microbonding

•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



75Aldo Morselli                                                                                               International School of Cosmic Ray Astrophysics                                                                       Erice 21-28 July 2024 



76Aldo Morselli                                                                                               International School of Cosmic Ray Astrophysics                                                                       Erice 21-28 July 2024 



77Aldo Morselli                                                                                               International School of Cosmic Ray Astrophysics                                                                       Erice 21-28 July 2024 



78Aldo Morselli                                                                                               International School of Cosmic Ray Astrophysics                                                                       Erice 21-28 July 2024 

228 µm
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Encapsulation
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

Fast system to check 
encapsulation height

228 µm pitch
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Ladders testing
Ladders probe station: 5 probes are used to measure body and 

single strip I, C to check sanity of each single channel

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

        1900
§ Under construction          800
§ rejected           ~ 1%
§ 0.016% bad chans caused by bonding or 

probing
§ 2µm RMS alignment spread
§ All results in good agreement with what 

expected from SSDs

Depletion voltage
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Measured Expected

Average 65.888 65.759

Min 25 35

Max 115 117.5

RMS 18.788 17.765
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Tray test at INFN

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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Tray Test at 
INFN Roma 2
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Tray Test at INFN Roma 2
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Tray Test at INFN Roma 2
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The LAT Tracker numbers

11500 sensors
360 trays
18 towers

~ 1M channels
83 m2 Si surface

> 240K functional test 
recorded in DB

~ 30M strip tested 
(30 test/strip on average)

> 60 physicist and engineers involved 
in the italian teams from INFN 

(Trieste, Udine, Padova, Pisa, Perugia, 
Roma2, Bari) in partnership with ASI 
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GLAST @ SLAC

12/16 Towers in the GRID on 7/10/05
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Fermi @ SLAC
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The Fermi Observatory

GBM
 Bismuth 

Germanate
Detector

200 KeV- 40 MeV

GBM 
Sodium Iodide

Detector
8 KeV- 1 MeV

> 8 sr

LAT
Large 
Area 
Telescope
20 MeV-300 GeV
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Fermi Prior to Fairing Installation
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11 June 2008
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Happy 16th Birthday Fermi !!

11 June 2008
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Pisa 15 March 2018
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Daily Gamma-ray Sky
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DAQ Electronics

Grid

Tracker

Calorimeter 

ACD Thermal 
BlanketAnticoincidence  

Shield

Silicon Tracker tower 
18 planes of X Y silicon detectors  + converters
12 planes with 3% R.L. of W , 4 planes with 18% R.L 
2 planes without converters

1.68 m

84 cm

DAQ 
Electronics

( 8.5 Rad.Length)

Fermi Gamma-Ray Large Area Space Telescope 
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Elements of a pair-conversion telescope

• photons materialize 
  into matter-antimatter 
pairs:
     Eg  -->    me+c2 + me-c2

• electron and positron 
    carry information about
    the direction, energy and 
    polarization of the g-ray 

(energy measurement)
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Elements of a pair-conversion telescope

• photons materialize 
  into matter-antimatter 
pairs:
     Eg  -->    me+c2 + me-c2

• electron and positron 
    carry information about
    the direction, energy and 
    polarization of the g-ray 

(energy measurement)

(more realistic scheme)
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Multiple 
Scattering

0.01

0.1

1

10

0.1 1 10

0.15Xo(deg)
0.07Xo(deg)
0.05Xo(deg)

pr
oj

ec
te

d 
an

gu
la

r d
ist

rib
ut

io
n 

( d
eg

re
es

)
E(GeV)

0

1

2

3

4

5

6

0.1 1 10

0.15Xo(deg)
0.07Xo(deg)
0.05Xo(deg)

pr
oj

ec
te

d 
an

gu
la

r d
ist

rib
ut

io
n 

( d
eg

re
es

)

E(GeV)

E(GeV)



107Aldo Morselli                                                                                               International School of Cosmic Ray Astrophysics                                                                       Erice 21-28 July 2024 

Multiple Scattering

50
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Fermi Instrument Response Function

http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm
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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 gamma-rays
E>10 GeV
7 yrs

M.Ackermann et al. [Fermi Coll.]  3FHL: The Third Catalog of Hard Fermi-LAT Sources   arXiv:1702.00664
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The sky in gamma-rays  4th source catalog
50MeV-1TeV
12 yrs

6658 sources
galactic coordinates

Incremental Fermi Fouth Source Catalog,  ApJS 260, 53 (2022) arXiv: 2201.11184
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The sky in gamma-rays  4th source catalog
50MeV-1TeV
12 yrs

5065 sources
galactic coordinates

Incremental Fermi Fouth Source Catalog,  ApJS 260, 53 (2022) arXiv: 2201.11184
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•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 

Gamma Astronomy has revealed a a very rich, 
fascinating landscape 
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ASSOCIATION: SNR, PWN, BINARY AND NOVAE 

•for these classes of sources we rely on the 
images on optical and spatial coincidence 
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Credit:  NASA/Goddard Space Flight Center Scientific Visualization Studio NASA GSFC Flickr Fotostream
https://www.flickr.com/photos/gsfc/5162413062

The Fermi Bubbles
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Pulsation at
1/10 of the real 
frequency

The pulsating gamma 
rays sky
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In 1934 Walter Baade and Fritz Zwicky predicted the existence of neutron stars: stars which have 
collapsed under their own gravity during a supernova explosion. Stars like our Sun will not form 
neutron stars. A]er exhaus^ng all their fuel, such small stars become white dwarfs. Only very massive 
stars (at least a few ^mes more massive than our Sun) will undergo a supernova explosion and 
become neutron stars. Even more massive stars will collapse to form black holes.

Neutron Star and Pulsars

Neutron stars were predicted to be very dense, to spin very fast, have a tiny radius of only about 10km and to 
possess large magnetic fields. However, we now know that charged particles moving along the magnetic field could 
cause beams of radiation to be emitted from the magnetic poles. Then, as the neutron star rotates, the beam would 
sweep across space. When this beam is in the direction of the Earth, a pulse may be detectable

The interior structure of a neutron star consists of iron, neutron rich nuclei and electrons in the outer crust. The inner crust 
contains neutron rich nuclei, free superfluid neutrons and electrons and the interior, superfluid neutrons, superfluid protons 
and electrons. The makeup of the core is unknown.
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Pulsar astronomy in g-rays
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Milky Way in gammas:     cosmic ray protons è gas & dust è pions,
 then   p°à gg   and   p± àµ±n àe±nn, e± à g’s.  

Point sources in the plane are mostly pulsars.
Off the plane, mostly blazars (and some MSP)
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g-ray PULSAR CENSUS
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Not just an increase in number 
Diverse Family

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.
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Gamma-ray deathline near spin-down power 
Ė = 4Ip² Ṗ /P3 of ~3E33 erg/s

In globular clusters.

Double   pulsar,
J0737.

Uncertainty in 
Shklovskii correction*.

1st outside Galaxy.

The Second Fermi Large Area Telescope Catalog of Gamma-ray Pulsars
The Astrophysical Journal Supp  208 (2013) 17   [arXiv:1305.4385]
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The Second Fermi Large Area Telescope Catalog of Gamma-ray Pulsars
The Astrophysical Journal Supp  208 (2013) 17   [arXiv:1305.4385]Fermi LAT pulsars

• For a complete list of the Fermi LAT pulsars see: 
https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars 

At present the LAT has detected 276 gamma-ray pulsars  ( Third Catalog on the way)
•Half of the gamma-ray pulsars were not known before Fermi 
•Pulsar science represents an example of successful cooperation between radio, X-ray and gamma-ray astronomers. 
• A Pulsar Search Consortium (PSC) undertook searches at radio and X-ray wavelengths at the positions of unidentified LAT gamma-
ray sources. 
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A gamma-ray pulsar timing array constrains the nanohertz gravitational wave background  Science 376 (6592) April 2022 [arxiv:2204.05226]

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). 
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•Most of the pulsars are well known in radio and X 
• Ephemerides (timing parameters) are available 
for a large number of pulsars 
Gamma-ray data can be folded according to 
ephemerides in other bands to show the pulsation. 
Some pulsars are visible only in gamma and no 
ephemerides are there to help: 
• Need a search in all the possible periods to 
search for a significative pulse 
• Time and CPU consuming 

ASSOCIATION: PULSARS 
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Why is important to find more pulsars?

A physics case: The GalacDc Center
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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.

Dark Matter EVIDENCE

Since then, even more evidence:

Rotation curves of galaxies Gravitational lensing

Structure formation as deduced from CMB

Bullet cluster

W Dm» 26.8%

W M » 4.9%

Data by Plank
imply: 
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Dark Matter
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What is dark matter made of ? 
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Dark Sector Candidates, Anomalies, and Search Techniques

New Ideas in Dark Matter 2017 : Community Report arXiv:1707.04591 
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Some particle dark matter candidates 
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•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
•Q-balls
•Mirror Matter
•Champs (charged DM)
•D-matter
•Cryptons
•Self-interacting
•Superweakly interacting
•Braneworld DM
•Heavy neutrino
•NEUTRALINO
•Messenger States in GMSB
•Branons
•Chaplygin Gas
•Split SUSY
•Primordial Black Holes

Dark Matter Candidates
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•Kaluza-Klein DM inUED
•Kaluza-Klein DM in RS 
•Axion
•Axino
•Gravitino
•Photino
•SM Neutrino
•Sterile Neutrino
•Sneutrino
•Light DM
•Little Higgs DM
•Wimpzillas
•Q-balls
•Mirror Matter
•Champs (charged DM)
•D-matter
•Cryptons
•Self-interacting
•Superweakly interacting
•Braneworls DM
•Heavy neutrino
•NEUTRALINO
•Messenger States in GMSB
•Branons
•Chaplygin Gas
•Split SUSY
•Primordial Black Holes

Dark Matter Candidates
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Annihilation channels
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Which channel to choose?
Example: The dominant annihilation modes in the pMSSM scan

L.Roszkowski et al., JHEP, 1408 (2014) 067  
[arXiv:1405.4289]
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Dark Matter Search: Targets and Strategies


