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The Quest for Dark Matter Signals and the gamma-ray sky

Aldo Morselli
INFN Roma Tor Vergata  14 March 2012

Rencontres de Moriond La Thuile, Italy



    Aldo Morselli,  INFN Roma Tor Vergata 2



    Aldo Morselli,  INFN Roma Tor Vergata 3

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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How Fermi LAT detects gamma rays
4 x 4 array of identical towers with:
• Precision Si-strip tracker (TKR)

– With W converter foils
• Hodoscopic CsI calorimeter (CAL)
• DAQ and Power supply box

An anticoincidence detector
around the telescope distinguishes gamma-
rays from charged particles

γ

e+   e-

Conversion
(γ in e+/e-)
in W foils

Incoming γ

Incoming direction
reconstruction by
tracking the
charged particles

Energy measurement
with e.m.
calorimeter
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Multiple
Scattering
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Multiple Scattering

50
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Fermi Instrument Response Function

http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm



    Aldo Morselli,  INFN Roma Tor Vergata 9

Fermi Instrument Response Function

http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm
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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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1873 sources
1095 AGN’s
589 unidentified

http://fermi.gsfc.nasa.gov/ssc/data/access/lat/2yr_catalog/
The Fermi LAT 2FGL Source Catalog

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

Fermi Coll.
arXiv:1108.1435
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the 2FGL Sources around the Galactic center

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

15 * 15 degrees

20
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12 Fermi 1 year
catalog sources

best diffuse model and
isotropic emission

data (stat. error) preliminary

Spectrum   (E> 400 MeV, 7°x7°  region centered on the
Galactic Center analyzed with binned likelihood analysis )

 V.Vitale, A.M. for the Fermi Coll. NIM A630 (2011) 147–150
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GC Residuals   7°x7°  region centered on the Galactic Center
11 months of data, E >400 MeV, front-converting events

analyzed with binned likelihood analysis )
• The systematic uncertainty of the effective area (blue area) of the LAT is ~10%

at 100 MeV, decreasing to 5% at 560 MeV and increasing to 20% at 10  GeV

 V.Vitale, A.M. for the Fermi Coll. NIM A630 (2011) 147–150
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Milky Way Dark
Matter Profiles

A.Lapi, AM. et al. arXiv:0912.1766

All profiles are
normalized to the local
density 0.3 GeV cm－3

at the Sun’s location
r ≈ 8.5 kpc
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Different spatial behaviour for decaying or annihilating dark matter

The angular profile of the gamma-ray signal is shown, as function of the angle θ to the centre of
the galaxy for a Navarro-Frenk-White (NFW) halo distribution for decaying DM, solid (red) line,
compared to the case of self-annihilating DM, dashed (blue) line
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Differential
yield for each

annihilation
channel

WIMP mass=200GeV

A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics,  21, 267,  2004 [astro-ph/0305075]
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neutralino mass

Differential yield
for b bar

A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics,  21, 267-285,  2004 [astro-ph/0305075]
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Galactic-Centre Gamma Rays in CMSSM Dark Matter Scenarios

Ellis et al., arXiv:1106.0768

The constraints due to the absences of charginos and the Higgs boson at LEP are also shown, as black dashed and red dot-dashed
lines, respectively. Regions excluded by the requirements of electroweak symmetry breaking and a neutral LSP are shaded dark pink
and brown, respectively. The green region is excluded by b → sγ, and the pink region is favoured by the supersymmetric
interpretation of the discrepancy between the Standard Model calculation and the experimental measurement of gμ － 2 within 1 and 2
standard deviations (dashed and solid lines, respectively)

A0=0 µ>0A0=0 µ>0

NFW profile Einasto profile

FERMI 
constraints

FERMI 
constraints

mχ=400 GeV

mχ=300 GeV

mχ=400 GeV

mχ=300 GeV

WMAP
allowed region

WMAP
allowed region
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40 x-y planes
300+300 µm
each
~0.256 X0

first and last 2
planes high
dynamical range

2 cm between
planes

40 cm

140 cm ( 4*4 towers) 

114 µm
pitch

9.5 cm

AC
Gamma-400a2

20 Xo Calorimiter

2 0.7 X_0 BGO plane

120 cm 

High Energy Si plane

50 cm
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Angular resolution

Fermi

Gamma 400
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Sensitivity depends on
field of view 

depends on
angular resolution 

Nγs= number of photons from source
NγB= number of photons from background
ΔΩ = solid angle around dth source
Aeff = Effective area ( Area* efficiency )
x = converter plane in radiation lengh

Sensitivity number of σ

3/3/11  Aldo Morselli, Vincenzo Vitale, Beatriz Canadas
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good detector

large field of view

large effective area
(large geometric area and large total
conversion efficiency )

small converter plane
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MAGIC (now)

MAGIC 2 (exp)

HESS

ARGO
GLAST (1 yr )

GLAST thin section

Sensitivity of γ-ray detectors

GLAST (5 yr )

 CTA 

HAWC

A.Morselli.11-10

1/E
from here
geometric
angolar
resolution

limited by
statistics



    Aldo Morselli,  INFN Roma Tor Vergata 25

Gamma-400 mission

trying to increase the angular resolution in the 20 MeV- 200 MeV range
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GAMMA-400 PROJECT STATUS

• Included in the Federal Russian Program

• Finishing Phase “A” till 31.03.2012:

- extend energy range ( < 100 MeV)

Referee – 2 month, report in Roscosmos
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Institutions involved
 • INFN & University of Firenze, Pisa, Roma, Trieste
 • IASF Roma
 • Lebedev Physical Institute, Russian Academy of
   Sciences Russia
• Ioffe Physical Technical Institute
• Space Research Institute, Russian Academy of
  Sciences
 • National Research Nuclear University MEPhI
 • NASA Goddard Space Flight Center
 • Kavli Institute for Particle Astrophysics and
   Cosmology
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• Gamma-400 physics

– Dark matter
– Cosmic-ray origin and propagation
– Neutron stars, flaring Crab, plasma
instabilities

– Black holes
– AGNs (blazars)
– GRBs
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G-­‐400
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AGILE-GRID
(pointing)

FERMI-LAT
(front, P7_V6)

GAMMA-400

Aeff (100 MeV) ~ 400 cm2 ~ 1000 cm2 ~ 4000 cm2

Source livetime fraction  ~ 0.5 ~ 0.16 ~ 1

1-day exposure
(30 degree off-axis,
@100 MeV)

~ 2·107 cm2 s ~ 1.5·107 cm2 s ~ 3·108 cm2 s

1-day sensitivity
(30 degree off-axis, 5σ,
@100 MeV)

~ 10-10 erg cm-2 s-1 ~ 10-10 erg cm-2 s-
1

~ 3·10-11 erg cm-2

s-1

Attitude fixed variable fixed

a	
  comparison:1-­‐day	
  exposure	
  and	
  sensi6vity

(1d-­‐exp)GAMMA-­‐400	
  	
  ≈	
  10	
  (1d-­‐exp)Fermi	
  	
  ≈	
  10	
  (1d-­‐exp)AGILE

(FS)GAMMA-­‐400	
  ≈	
  0.3	
  (FS)Fermi	
  ≈	
  0.3(FS)AGILE
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The GAMMA-400 space observatory will be installed on the
Navigator space service platform produced by Lavochkin
Research and Production Association.
Two variants of orbit are possible:

• Lagrange point L2
• high-elliptical orbit.

The initial high-elliptical orbital parameters are:
an apogee of 300 000 km, a perigee of 500 km, and an
inclination of 51.8 deg

The launch of the GAMMA-400 space observatory is planned
in 2018.
The expected mission duration is longer than 7 years

Gamma - 400 Orbit
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From high energy gamma sources to cosmic rays, one century after their discovery

LecceLecce, , 20-22 June 2012
http://scineghe2012.le.infn.it/  

SciNeGhe	
  2012
9th Workshop on Science with the New Generation of High Energy Gamma-ray Experiments

The 2012 edition of the SciNeGHE conference will focus on the interplay between studies
and measurements concerning high energy gamma ray sources and cosmic rays. A special
session will be devoted to the history of the cosmic radiation research in the centenary of its
discovery. An update on the current and planned research with space-borne and ground-
based experiments dedicated to the observation of the gamma and cosmic ray sky will be
given, together with the analysis of up to date theoretical scenarios. R&D programs going
on to set up new observational techniques and devices will also be covered.

you ar
e all

 inv
ited


