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Balloon data : Positron fraction before 1990 

leaky box

dinamic halo

mχ=20GeV
Tilka 89
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~2 degrees around the galactic center

EGRET data

Annihilation channel W+W-

Mχ =80.3 GeV

background model(Galprop)

Total Contribution

Nb=1.82 1021

Nχ=8. 51 104 
Typical Nχ  values:
NFW: Nχ =  104

Moore:  Nχ =  9 106

Isotermal:  Nχ = 3 101

WIMP annihilation (DarkSusy)

EGRET data & Dark Matter 

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

 Assume χ  present in the galactic halo
• χ  is its own antiparticle  => can annihilate in galactic halo
producing gamma-rays, antiprotons, positrons….
• Antimatter not produced in large quantities through standard processes
(secondary production through p + p --> anti p + X)
• So, any extra contribution from exotic sources (χ χ annihilation) is an
interesting signature
• ie: χ χ -->  anti p + X
• Produced from (e. g.) χ χ --> q / g / gauge boson / Higgs boson and
subsequent decay and/ or hadronisation.
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MASS  Matter Antimatter Space Spectrometer 

5 September 1989  
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MASS 89 flight 
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MASS 89 flight 
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MASS 89 
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MASS  89 the calorimeter 
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MASS 1989 

electron proton 
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MASS 1989  
Positron to electron ratio 
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MASS 1991 
 antiproton to proton ratio 
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The Turning Point 
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The TS93 and CAPRICE silicon-tungsten imaging calorimeter. 

48 cm 

48 cm 
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The CAPRICE 94 
flight 
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Silicon detectors : useful non only for cosmic rays 
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 Compton Observatory figure 



   Aldo Morselli,  INFN Roma Tor Vergata                                         Roma 20 Giugno  2016 23
 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 γ-ray 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 
time-of-flight 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 electron-positron 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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Elements of a pair-conversion telescope 

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

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

(energy measurement) 
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Energy Calorimeter

Spark Chamber
Trigger Telescope

Cerenkov Counter

Anti-Coincidence Dome

Cos-B 
8/1975-4/1982SAS-2 

11/1972-7/1973

EGRET 
4/1991-1999

The gamma-ray  
missions 
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~1993 

High Energy Gamma Experiments Experiments 
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GILDA 
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So we were ready to respond to the Call for Ideas for 
Small Missions ASI (Universe Sciences) June 26, 1997 
and we responded with two proposals: 
 
•  GILDA 40 
e  
•  AGILE    
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                             THE AGILE MISSION 
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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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April 23, 2007: Launch! 
 

Equatorial orbit: 550 Km, < 3º inclination angle 
SHAR base (Chennai), India 
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GILDA 

GLAST 

Development of GLAST, a broadband High-Energy Gamma-
Ray Telescope using Silicon Strip Detectors
P.Michelson, W.Atwood,  E.Bloom, G.Godfrey,  Y.Lin, P.Nolan,
D.Bertsch, N.Gehrels, R.Hartman, S.Hunter, J.Norris, J.Ormes, R.Streitmatter, 
D.Thompson, E.Grove, P.Hertz, W.N.Johnson, M.Lovellette, G.H.Share, M.Wolff, 
K.S.Wood, R.Johnson, C.Couvault,  R.Ong, M.Oreglia,  J.Mattox, T.Burnett, 
C.Chenette, G.Nakano, L.Cominsky, H.A.Mayer-Hasselwander, G.Barbiellini, 
A.Colavita, A.Morselli, T.Kamae,
K.Kasahara
Proposal   presented to NASA, Space Physics Division in 
response to "Proposal for High Energy Astrophysics Supporting 
Research and Technology Program", NRA 95-OSS-17
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August 98 beam test @ CERN on Silicon tracker prototype    
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FERMI 
Large Area 
Telescope 
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e+ e– 

γ#

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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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 
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228 µm
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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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RMS 18.788 17.765
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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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GLAST @ SLAC 

12/16 Towers in the GRID on 7/10/05 
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Fermi @ SLAC 
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Happy 8th Birthday Fermi !! 

11 June 2008 
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Tray Test at INFN Roma 2 
in the meantime, in the near clean room , PAMELA assembly 
Silicon tracker and silicon detector 



   Aldo Morselli,  INFN Roma Tor Vergata                                         Roma 20 Giugno  2016 64

PAMELA 
Payload for Antimatter Matter Exploration and 

Light Nuclei Astrophysics 
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long list of attempts before Pamela 
 
•  Wizard on Astromag 
 
C.De Marzo, R.Bellotti, F.Cafagna, M.Calicchio, O.Erriquez, N.Giglietto,  B. 
Marangelli, E.Spinelli, P.Spillantini, M.Bocciolini, M.Meschini, A.Perego, G.Basini, 
E.Bonaviri, F.Bongiorno, M.Occhigrossi, M.Ricci, A.Codino, C.Federico, C.Grimani, 
M.Menichelli, E.Rongoni, I.Salvatori, D.Prosperi, M.De Sanctis, A.Incicchitti, P.Picozza, 
M.P.De Pascale, A.Morselli, P.Galeotti, G.Barbiellini, L.Lanceri, P.Poropat, P.Schiavon, 
A.Vacchi, S.P.Ahlen, J.J.Beatty, H.J.Crawford, P.J.Lindstrom, J.F.Ormes, R.E.Streitmatter, C.R.Bower, 
R.M.Heinz, S.Mufson, T.G.Guzik, J.P.Wefel, A.Stephens, J.H.Adams, K.E.Krombel, A.J Tylka, M.Simon, 
K.D.Martin, R.Golden 
Proposal of the  Wizard experiment presented to the Italian Space Agency, June 1989 
 Il Nuovo Cimento 103B, 625-634, (1989) 
 
• WiZard-Sat  
R.Bellotti, G.De Cataldo, C.De Marzo, N.Giglietto, B.Marangelli,P.Spinelli,M.Bocciolini, E.Pace, P.Papini, 
A.Perego, P.Spillantini,  A.Codino, C.Grimani, M.Menichelli, I.Salvatori,   M.Candusso,  M.P.De Pascale, 
A.Morselli, P.Picozza,  G.Basini,F.Bongiorno, M.Ricci, R.Bertoni, M.Dardo, P.Galeotti, P.L.Ghi, F.Aversa, 
G.Barbiellini, M.Boezio, G.Cantatore, A.Colavita,  P.Schiavon, A.Vacchi, S.Venkataraman 
 
Proposal for a satellite experiment to observe antimatter, gamma-rays and  other topics in 
cosmic rays, June 1993 
........ 
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PAMELA 
 Payload for Antimatter Matter Exploration and 

Light Nuclei Astrophysics 

In orbit on June 15, 2006, on board of the DK1 
satellite by a Soyuz rocket from the Bajkonour 
launch site. 
First switch-on on June 21 2006 
From July 11  Pamela is in continuous data 
taking mode 
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PAMELA Instrument 

GF ~21.5 cm2sr 
     
Mass: 470 kg     
 
Size: 130x70x70 cm3 
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The tracking system 
 
 
 
 
Main tasks: 
•  Rigidity measurement 
•  Sign of electric charge 
•  dE/dx 
Characteristics: 
•  6 planes double-side (x&y view) microstrip Si 
sensors 

•  36864 channels 
•  Dynamic range 10 MIP 
Performances: 
•  Spatial resolution: 3÷4 µm  
•  MDR ~1.2TV (from flight data) SPECTROMETER 

PAMELA  
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•  1994:   
–  AMS concept development begins 
–  Prof. Ting visits the NASA Administrator, (Dan Golden) to explore NASA interest 

in AMS 
–  AMS first proposed to DOE  

•  April 1995:  first DOE-AMS Committee Review (“Blue Ribbon Panel”) 
•  1997:  AMS becomes a “recognized experiment” at CERN 
•  June 1998:  AMS-01 “engineering test” Space Shuttle flight 
•  March 1999:  second DOE-AMS Committee Review 
•  September 2006:  third DOE-AMS Committee Review 
•  January 2010:  NASA-DOE Implementing Arrangement signed: NASA delivers 

payload, provides ISS services; DOE responsible U.S. science effort. 
•  May 2011:  AMS-02 arrives at ISS, is installed, taking data within 5 hours 
•  September 2013:  fourth and most recent DOE-AMS Committee Review 

–  Chair report endorses continued operation onboard the ISS at least to 2020, at 
which point statistical errors will be have been halved.   

Selected Elements of AMS History 
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AMS 01 
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AMS-01 Silicon tracker 
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The Alpha Magnetic 
Spectrometer 
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New gamma projects in space 
•  e-AstroGam  300 KeV- GeV  (Proposal to ESA for M5 ) 
•  Gamma-light    (Proposed to ESA but not approved )  
http://agenda.infn.it/getFile.py/access?contribId=67&resId=0&materialId=slides&confId=4267 

•  Gamma-400          launch foreseen by 2020 
100 MeV – 3 TeV, an approved Russian γ-ray satellite. Energy resolution (100 GeV) ∼ 1 %.   Effective 
area ∼ 0.4 m2.  Angular resolution (100 GeV) ∼ 0.01°. 
Science with Gamma-400 Workshop http://cdsagenda5.ictp.it/full_display.php?ida=a1311 

 

• HERD: Instrument on the planned Chinese Space Station.  
Energy resolution (100 GeV) ∼ 1 %. Effective area ∼ 1 - 2 m2. Angular resolution (100 
GeV) ∼ 0.01°. Planned launch around 2020.  
 

All new project include silicon detectors 
 

• DAMPE: An approved Chinese γ-ray satellite 
with italian contribution.    Launched 17/12/2015.  
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Many Thanks  
 

 Guido! 

MG 1997 

Aquila School  
2001 


