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Astroparticle Physics

» Study of the Origin of Cosmic Rays
» Study of interactions at energies higher than LCH
» Search for signals from Dark Matter

Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014



Particle Physics => Particle Astrophysics

Terrestrial Accelerators Cosmic Accelerators

Active Galactic Nuclei s

Diameter of collider

LHC CERN, Geneva, 2007 ©

/L' Cyclotron Berkeley 1937

Energy of accelerated particles



Dark Matter EVIDENCES

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, many other evidences:

Rotation curves of galaxies Gravitational lensing

. ’

.

observed : ~A.,1/—‘f
I S o S

expected
from
~~~._ __ luminous disk

19 R (kpc)

M33 rotation curve

4.6%

72% Qb h?~0.02
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Dark Matter Candid}ates

WIMP type Candidates () ~1
I

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

* AxXion

* Axino

e Gravitino

* Photino

* SM Neutrino

» Sterile Neutrino

* Sneutrino

e Little Higgs DM S -

*Light DM

s Wimpzillas : axien a AXino &
* @-balls ' 5
e Mirror Matter

e Champs (charged DM)
* D-matter

Cryptons . gravilin
* Self-interacting

* Superweakly interacting

* Braneworld DM

* Heavy neutrino

* NEUTRALINO

* Messenger States in GMSB
* Branons

* Chaplygin Gas

e Split SUSY

e DrnivTnAarAial RPlarnl> IITAlAC

16 N

|

I s
neulralino x s WIMP

wimpzilla
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Dark Matter Candidates

WIMP type Candidates (o~
T o

* Kaluza-Klein DM inUED
e Kaluza-Klein DM in RS
* AxXion

* Axino

e Gravitino

e Photino

* SM Neutrino

» Sterile Neutrino

* Sneutrino

e Little Higgs DM S -

*Light DM

s Wimpzillas : axien a AXino &
* @-balls vl
* Mirror Matter

e Champs (charged DM)
* D-matter

Cryptons . gravilin
* Self-interacting

* Superweakly interacting
* Braneworls DM
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wimpzilla

* Messenger States in GMSB
* Branons

* Chaplygin Gas

e Split SUSY
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scattering
(Direct detection)

Experimental Astroparticle Physics

Corfu 11 September 2014

production
(Particle colliders)



creation IndiI"QCT,
Source acceleration D I rect

and

injection

Accellerator
Searches
for Dark Matte

acceleration?

}Modulation

" Space experiments ~ 400 km

Direct detection

Atmosphere
40 km

Balloons ~ 40 km Particle
~3 g/cm? residual atmosphere AS trOthSiCS

23 Xo Extensive Air Shower .
High Montain Detectors EXp eriments
Detectors -
Cherencov Detectors S ;} s

. Underground, Under-ice, Underwater
Particle Accelerators




Particle creation Fermi

Astrophysics Source acceleration EpUAS<a

: ST AGILE
Experiments injection AMS

MAGIC

g Vo . Calet

Veritas . GC(mmC(-4OO
CTA SO Jem-EUSO | KASCADE Grande

I DECOR

AUGER

g LOFAR
CODALEMA
Y Modulatlon
ARGO-JBJ NEMO
Milagro VAR ANTARES
HAWC ¢ o \.553 IceCubKM3NeT
LHAASO L Space expellments 400 km Baikal-GVD
il Dire detectlon
Atmospherg DAMA
Ballogns ~ 40.Xm
i & ’Q) ~3 g/¢m- peSidualatmosphere SAGMQ{;—IBRA
%XO | Extensive Air Shower oLe
e CRESST-II

High Montam Detectors <&
Detectors e : = ﬁqﬂﬂ?_ﬂ / CDMS
Cherencov Detectors Sy ﬁ,ﬁa T I ﬂj/./

Particle Accelerators “\“nderground, Unc{er—ice, Underwater




Neutralino WIMPs

Assume ¥ present in the galactic halo
* y 1S 1ts own antiparticle => can annihilate in galactic halo

producing gamma-rays, antiprotons, positrons....

e Antimatter not produced in large quantities through standard processes
(secondary production through p + p --> anti p + X)

* So, any extra contribution from exotic sources (7 x annihilation) 1s an
interesting signature

eie:y y -—> antip + X

* Produced from (e. g.) x x --=>q/ g / gauge boson / Higgs boson and
subsequent decay and/ or hadronisation.

) .
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Antiproton/proton ratio

)
INFN

(_

16°

Antiproton
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- | 4 I

/proton ratio 1997

—6
10 I i 1 1

1 1 l

® Caprice coll.
Astrophysics Journal,
487,415, 1997
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MA 55 Matter Antimatter Space Spectrometer

=z
pod
()
=z
m
.

- TRACKING SYSTEM

. ;

- TOF
fn ~~ CALORIMETER

Y |
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PAMELA

Payload for Antimatter Matter Exploration and
Light Nucle1 Astrophysics

In orbit on June 15, 2006, on board of the DK
satellite by a Soyuz rocket from the Bajkonour

launch site.
First switch-on on June 21 2006

From July 11 Pamela 1s in continuous data
taking mode

L W
PaMALA



» ~ 6 years from
PAMELA launch

Launched 1n orbit on
June 15, 2006, on board
of the DK satellite by a
Soyuz rocket from the
Bajkonour cosmodrom.

Aldo Morselli, INFN Roma Tor Vergata



antiproton

positron
Pa e I a i TOF : Time of Flight (S1)
TOF : Time of Flight (S2)
Tracker(s)
Silicon
Strip i L
Detectors
Magnetic Spectrometer
I1m
— TOF : Time of Flight (S2)
—
' Silicon Calorimeter
J
- P e’
|—| S4 and Neutron detectors
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Antiproton-to-proton ratio

o TTT1T] T T T 1111 T T T T 11T T T T 11T T
a s
103 | =
Overall | T iy
B I A TP -  ~ Jveaer, St S L |
agreement 10 g
with pure s
secondary -
calculation A
L BESS 2000 (Y. Asaoka st al )
v BESS 1333 (Y. Asaoka st al ) —
A BESS-polar 2004 (K. Abe st al.) -
A CAPRICE 1354 (M. Boezio st al.) =
O CAPRICE 1358 (M. Boszio et al) -]
- HEAT-pbar 2000 (A. S. Beaach et al.)
@ PAMELA
105 Lol ] ESBl o 1 A | ] Lol ] Lol ]
10" 1 10 102
Kinetic ener Ge
Adriani et al. - PRL 105 (2010) 121101 gy [ V]
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The situation before 2008

Electron + positron spectrum

L T LA | L |

O AMS—-01 (2002)
| A BETS (2001)
< HEAT (2001)
| > CAPRICE (1994) B
/\ Kobayashi (1999) -

lf

10?

E*J(E) (GeVm™s™'sr™)

GALPROP model with y,=2.54 (5 =0.33)

|

10° 10° 102
E (GeV)

10°

Data were compatible with conventional large-scale Galactic models of CRs tuned to fit

gamma-ray data and other observables

Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics
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2008: Results from ATIC and HESS

O AMS—-01 (2002) m ATIC (2008)
- A BETS (2001) v HESS (2008)

| >k CAPRICE (1994)
/\ Kobayashi (1999)

10°*

. ;. I
AN

E*J(E) (GeVim™s™'sr™)

GALPROP model with y,= 2.54 (§=0.33)

10° 10’ 107 10°
E (GeV)

Data clearly call for major changes to the conventional model:
Nearby sources (e.g. pulsar) or dark matter annihilation/decay models have been proposed
to explain those data

(NN Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014 25



_2009: PAMELA results

L
© 0.10 | - T }[ —
N : N SRR I 2u-h :
2 s B <3 ~ 1 conventional GALPROP model
~ i 3 Yo=2.54 (8=0.33)
= i \ Secondary positrons only !
| AHEAT 94+95 \A/_
;PAMELA 08
E< 10 Gev, probably solar modulation effect
0.01 L. .. e e e
10° 10’ 10° 10°
E (GeV)
et/let+e) oc K- +70-3 YP- proton source power-index

It improves only adopting very soft electron spectra (high ¥, )

-
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Happy 6™ Birthday Fermi
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Discovering the gamma-ray sky

28



Fermi Gamma-Ray Large Area Space Telescope

Tracker
\ 1.68m

.. Ty
e "

84 cm

Grid
Silicon Tracker tower Thermal
18 planes of X Y silicon detectors + converters Anticoincidence Blanket

12 planes with 3% R.L. of W , 4 planes with 18% R.L
2 planes without converters

Shield

total 1.5 R.L. )
DAQ Electronics )
Calorimeter (8.6 Rad.Length)
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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 INEN - Istituto Nazionale di Fisica Nucleare and Univ. of Bari, Padova, Perugia, Pisa, Roma2, Trieste, Udine

ASI - TItalian Space Agency
IASF- Milano, Roma L
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 a I'Energie Atomique, Département d'Astrophysique, de physique des Particules,
de physique Nucliaire et de I'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 I'Ecole Polytechnique l i
IN2P3/PCC Laboratoire de Physique Corpusculaire et Cosmologie, College de France
IN2P3/CENBG Centre d'études nucléaires de Bordeaux Gradignan
IN2P3/LLPTA 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
L’_i:'? Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle F Graduate Students 48 30



—
INFN

(_

Tracker Production Overview

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

Readout Cables
UCSC, SLAC

Aldo Morselli, INFN Roma Tor Vergata

SSD Procurement, Testing R SSD Ladder Assembly

Japan, Italy, SLAC

1 . " ITracker Module
T S . Assembly and Test

Ttaly

Electronics Design,

Fabrication & Test

UCSC, SLAC (Teledyne)
)

9

Italy (6&A, Mipot)

\. - Tray Assembly and
.- — b\ - TZST

Italy (G&A, Mipot)

Composite Panel & Converters
Engineering:

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

U ¥l

Experimental Astroparticle Physics Corfu 11 September 2014
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L

Tray assembly in G&A

Tray positioning

Ladder positioning

*160 bare panels produced

*100 tested and qualified for integration
with ladders

. , scompleted trays for 3.3 towers

) el *6 assembly chain ready

*Max assembly rate : 3 trays/day/shift

Microbonding
L'i FN Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014 32
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Encapsulation

"
T e i i

Dam & Fill encapsulation

Y VP ¢

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

'
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Fast system to check
encapsulation height
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The LAT Tracker numbers

-

360 trays

r 18towers =

LAT l'I'KlR ?er;fo:m?nce . ~ 1M Qhﬂﬂﬂ@.S = - "
e e . 3 240K functional test|

'~/ recorded in DB
L~ 30M strip tested

Efficiency (%)
8
Bad channels (%)

LAT TKR assembly rate . | (30testistrip-onraverage)

Towers/month
Trays/month

3 > = o = = > c
) o
b3 o & o ] z a © 3




The Fermi Observator

LAT

Large
Area
Telescope

GBM

=3 .} Sodium Iodide
B} Detector
i
;‘{ f. GBM
D i Bismuth
F’;‘;?f Germanate
,{{ 1 Detector
|
i
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Fermi
Paper Model

http://people.roma?2.infn.it/~aldo/GLASTpaperModel.pdf
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all red lines
\
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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 calor'imeTer/(E’All,)

- DAQ and Power supply box~
Y

An anticoincidence detector e

around the telescope distinguishes gamma-

rays from charged particles

)

Lli FN Aldo Morselli, INFN Roma Tor Vergata

e

: Incoming Y

conversion
(y in et/e”)
in W foils

Incoming direction
reconstruction by
tracking the
charged particles

Energy measurement
with e.m.
calorimeter

Experimental Astroparticle Physics
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How Fermi LAT detects electrons

Trigger and downlink

LAT *rigge,r's on (almost) I thcomi ng Electron
every particle that crosses |4
the LAT ACD identifies

charged particle

- ~ 2.2 kHz trigger rate

On board processing
removes many charged
particles events

- But keeps events with more

that 20 GeV of deposited
energy in the CAL

- ~ 400 Hz downlink rate
Only ~1 Hz are good y-rays

Main track
pointing to the
hit ACD tile

: - . Same tracking and
Electron identification 7

energy
The challenge is identifying reconstruction
the good electrons among i
the proton background s
- Rejection power of 103 -
10% required
- Can not separate electrons
from positrons
INQ Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014
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Event topology

A candidate electron A candidate hadron
(recon energy 844 GeV) (raw energy > 800 GeV)

TKR: clean main track with extra-clusters «  TKR: small number of extra

very close fo the frack clusters around main track
CAL: clean EM shower profile, not fully

contained + CAL: large and asymmeftric shower
ACD: few hits in conjunction with the track profile

* ACD: large energy deposit per tile

Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014



Fermi Electron + Posn‘ron spec’rrum

[ A Kobayashi (1999) o AMS (2002) '@ FERMI (2010) g
- A CAPRICE (2000) m ATIC—1,2 (2008) -
- S HEAT (2001) % PPB—BETS (2008) -
| & BETS (2001 HESS (2008-Q9
o ( ) v ( 09) ﬁ »—{% AE /E
:\ I » 53 5| Y "j; T T
|L 8002 g u“ Y ,"(.ff‘ ¢ 1 e
M = P S Ty e L R Y
| - P
(7)) 2 | D % A
DL I
NE I /f‘i‘l
% - 5
oL 3 &
SN—” ; g
() .
S I&
=
d 10" | =
| & il
1 [ bl | I L L 1 1 1 1 | P I 1 1 L 1 1 1 L1 I
10° 10’ 10" 10~
E (GeV)

Extended Energy Range (7 GeV - 1 TeV) One year statistics (8M evts)

)
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Geomagnetic field + Earth shadow = directions from which
only electrons or only positrons are allowed

90° longitude

events arriving from West:
e” allowed, e blocked

0° longitude

180° longitude 7
- %ig am

2,\0\,\\1;;/ events arriving from East:
°long e
e- allowed, e* blocked

* For some directions, e or e* forbidden

* Pure e” region looking West and pure e region looking East

* Regions vary with particle energy and spacecraft position

 To determine regions, use code by Don Smart and Peggy Shea (numerically traces
trajectory in geomagnetic field)

Using International Geomagnetic Reference Field for the 2010 epoch

=)
INFN

N Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014 47



1 1 I LI I 1

I —=— Fermi2011  Positron Ff'GC’l'iOﬂ , _

== —e— PAMELA 2010 .
_ | —=— AMS 2007 ad
2 [ —a— HEAT 1997 ‘ L ]
: | 4
i s |
S 107'F A 3 a
2 | 5{] .. 4 3
o [ +»—0—m*_._§_%g e :
- I: =
) | I i e i Ayl ) ) ) i G §F g fl A
1 10°

10
Energy (GeV)

The Fermi-LAT has measured the cosmic-ray positron and electron spectra separately, between 20 and 130 GeV,
using the Earth's magnetic field as a charge discriminator
*Two independent methods of background subtraction produce consistent results
*The observed positron fraction is consistent with the one measured by PAMELA

Differences between different experiments below few GeV’s probably due to charge-sign-dependent modulation
but still under study

& Fermi Coll., PRL, 108 (2012) 011103 arXiv:1109.0521

/j
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Positron Fraction @ ICHEP14

5 0.3 -
= i * AMS-02
o L o PAMELA
= r | Fermi
| - :
© 0.2 | |
-‘T, : | : L]
¢

o
-l
L !
Yo
e

| | | | | | | |

T | o N |
100 200 300 400 500
Energy range extended to 500 GeV Energy [GeV]

- Improved accuracy compared with previous AMS measurement
* Positron fraction becomes energy independent above 206 GeV

/j
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Lepto-
philic
Models

here we assume a
democratic dark
matter pair-
annihilation
branching ratio
into each charged
lepton species:
1/3 into e+e-, 1/3
into pu+ u- and 1/3
into =+ - Here
too antiprotons
are not produced
in dark matter

air annihilation. ]
P 10 26
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\
P
\

— Fermi Best Fit [y, =1]

) e ) 3
Pair Annihilation Cross-Section [cm /s]
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Ol
| | IIIII\L

—— Pamela Best Fit [x2 dof=1]

Illllll ] ] llIIlII ] ] |

100 1000
P Astrp Phys.32 (2009) 140 [arXiv:0905.0636] Dark Matter Particle Mass (GeV)
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are not produced
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Pamela + Fermi positrons
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Pulsars

1. On purely energetic grounds they work (relatively large
efficiency)

2. On the basis of the spectrum, it is not clear
1. The spectra of PWN show relatively flat spectra of pairs at
Low energies but we do not understand what it is
2. The general spectra (acceleration at the termination shock)
are too steep

The biggest problem is that of escape of particles from the pulsar
1. Even if acceleration works, pairs have to survive losses
2. And in order to escape they have to cross other two shocks

New Fermi data on pulsars will help to constrain the pulsar models
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What if we randomly vary the pulsar parameters

relevant for e+e- production?
(injection spectrum, e+e- production efficiency, PWN “trapping” time)

¢ HEAT (2001)
- A BETS (2001)
O AMS=01 (2002)
L m ATIC-1,2 (2008)
< PPB-BETS (2008)

~ ¥ HESS (2008) I TL T te- .
| E F § ) 1 _ vl I "
L(/_) @ FERMI (2009) § FII T [ : I
. ' e ’ +\
%) : - N ‘
£ 10% :
> i I el
)
&
-’ | AHEAT 94495
=
Ty "
Il OFPAM
1 \
10 | Ji o] Ll 0.01 Ll
10 10° 10° 10°
E (GeV)

1l

| I

107

10?
E (GeV)

Under reasonable assumptions, electron/positron emission from pulsars

offers a viable interpretation of Fermi CRE data which is also consistent with the HESS

and Pamela results.

)
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Cosmic Ray Electrons
Anisotropy

the levels of anisotropy expected for Geminga-like
and Monogem-like sources (i.e. sources with similar
distances and ages) seem to be higher than the
scale of anisotropies excluded by the results
However, it is worth to point out that the model
results are affected by large uncertainties related
to the choice of the free parameters

Distribution of significance,
fitted by a Gaussian ——>

=

=)
S
|

Number of pixels/bin
5
LI IIII T [ B B R BAL
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electron + positron expected anisotropy in the
directions of Monogem and Vela
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Dipole anisotropy in the positron ratio
16 GeV -350 GeV

Galactic e
coordinates (b,l) "
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T
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Significance (0)
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S0 D

The fluctuations of the positron ratio e*/e™ are isotropic
0 £ 0.030 at the 95% confidence level
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other Astrophysical solution

Solid line — E
max

dotted line — E
,j_'_ ~ X

=100TeV

dash—dot line — E
max

=10TeV
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» Positrons created as econdar'y products of hadronic ln’rer'ac‘rlons inside the

sources

- Secondary production takes place in the same region where cosmic rays are

being accelerated

-> Therefore secondary positron have a very flat spectrum, which is responsible,
after propagation in the Galaxy, for the observed positron excess

)
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Blasi, arXiv:0903.2794
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B/C ratio

10°

INFN

a2

- B 0B

Aldo Morselli, INFN Roma Tor Vergata

§: Ay

I

B/C Ratio

B CREAM 2008 Astr.Phys. 30 133 ~
[arXiv:0808.1718]

ATIC-2
Panov et al., ICRC 2007

- = = spallation during propagation only

spallation also during acceleration
Philipp Mertsch, Subir Sarkar Phys.Rev.Lett.103:081104,2009
arXiv:0905.3152

A i (ot Tede W AR T i i A A K _&_8_ &2 3

o I R R |

|

10 10

energy per nucleon [GeV|
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B/C Ratio

- r
INFN

0.3

0.2

0.05

Boron-to-Carbon ratio compared with previous data

- spallation also during acceleration
_-,th :’ "-“: = Philipp Mertsch, Subir Sarkar Phys.Rev.Lett.103:081104,2009

arXiv:0905.3152 o AMS-OZ

N% of total expected data

Orth ot &f. [1972)

O

] Dwyar & Mayev (1873-1875)
Fa Svnon ef &, (1974-1276)

=
d

HEAQSI-C2 (1980)

Webber et al. (T9817)

Y CRAN-Spacalad? (1985)

O Buckley of 4l (1897)

AMS-01 (2598)

ATIC-02 (2003)

spallation during propagation only ¢}

CREAM-I (2003)
TRACER ¢2008)

Reaftl oo L L 1;11111 1 1 | IS0 B89 7 U

1 10 107
Kinetic Energy (GeV/n)
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Annihilation channels

y / Gamma-rays

[
b
0
% W/Ziq )
WIMP Dark v,
Matter Particles e
T+ \Vu\’e
Ecw~100GeV U —
% WH/Z/g ) et X Y
e, Toones WIMP Dark i
Y .
i Matter Particles
w\ Ecu~100GeV P
VuVe
e ] N X Y
+ a few p/p, d/d
Analysis Anti-matter Analysis
Chain Chain
?? ?? ? ?? ?? ?
—> P B > P —> B 2 >
Dark Matter New Particle Final State Cosmic Ray Detector Dark Matter New Particle Cosmic Ray Detector
Density e.g. N-body  Theory e.g. Hadronization Propogation Simulation Density e.g. N-body Theory e.g. Propogation Simulation
Simulation SUSY, Extra-dim e.g. PYTHIA and Galatic i.e. GEANT4 Simulation SUSY, Extra-dim and Galatic i.e. GEANT4
Simulation Interaction 1-0008 Interaction 1:0008
i.e. GALPROP 8765A1 i.e. GALPROP 8765A2
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Signal rate from Supersymmetry

gamma-ray flux from
neutralino annihilation

o(E, AS2) o<. / / p*(1)dldS?)
Jl.o.s J AS2

governed by / \
supersymmetric governed by

parameters J(p): halo distribution
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Differ‘en.rial 10 I IIIIII| I T TTTITI I T TTTITI 1 IIIIII|t-Ith£1i.IIII
yield for each 0 b - bbar
annihilation " W-W
BEERPEIN ~ 3200 B -oe-oo tau - ta

[
f
!
]
|
{
|
I
|
f
!
!
i
!
i
t
| IIIII|,|| 1 111l

v yield per annihilation

10
-2
10
3
10
-4
10 secondar?' component
arbitrarily rescaled)
-5
10
& WIMP mass=200GeV .
10 E E
7L | | | | \ A
10 L L il | L 1111l | I | | | L1l
E;) -1 2 3
10 10 1 10 10 10
- | | R | | E (GeV)
A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics, 21,267, 2004 [astro-ph/0305075] Y



Differential yield

for b bar

The low
energy
window (<100
MeV)

1S important
even foral
TeV DM
Mass ||

v yield per annihilation * (50 GeV / Mchi)’

10

10

10

10

10

10

1 IIIIIHI I T T TTIT ] IIIIIHI L] IIIIIII 1 lllllg

b - bbar =

- 1g<oo E

e neutralino mass 3

B ; =

= secondary T componen =

= (arbitrarily rescaled) =

i | N | lllllll |- lllllll | | lllllll | I I NN lllll—
=D -1 2

10 10 1 10 10 10
E, (GeV)

L:f? A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics, 21, 267-285, 2004 [astro-ph/0305075]
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Search Strat egles

Satellites: Galactic center: Milky Way halo:

Low background and Good statistics but source Large statistics but
good source id, but low confusion/diffuse background  diffuse background
statistics

And
electronsl!

and
Anisotropies

M ———— g ' "'

Spectral lines:

No astrophysical Galaxy Extra-galactic:

uncertainties, QOOd Clusfer‘s; Lar'ge statistics, but

source id, but low astrophysics,galactic
statistics diffuse background

Low background but
low statistics
=5 Pre-launch sensitivities published in Baltz et al., 2008, JCAP 0807:013 [astro-ph/0806.2911]
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Constraints from the Milky Way halo

testing the LAT diffuse data for a contribution from a
Milky Way DM annihilation/decay signal

DM annihilation signal o4 Fermi two-year all-sky map

2 years of data 1-100 GeV energy range
ROT: 5° <|b|<15° and |1]|<80°, chosen to:
- minimize DM profile uncertainty (highest in the Galactic Center region)

- limit astrophysical uncertainty by masking out the Galactic plane and cutting-
out high- latitude emission from the Fermi lobes and Loop T

)
FN
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Constraints from the Milky Way halo

xx — ', 1SO

only phOTOhS 107! — IC+FSR, w/o background modeling AP
pr'oduced by muons — FSR, w/o background modeling

(no e|ec'|‘r'on5) to set 0-2. IC+FSR, constrained free source fits
“no-background
limits"

“no-background
limits" including FSR
+IC from dark

1025 =~ Pamela positrons region
matter 3
T WIMP freeze—out

limits from profile 10-26

likelihood and CR

sources set to zero 10 10> 10° 10*
in the inner 3 kpc m [GeV]

DM interpretation of PAMELA/Fermi CR anomalies disfavored

. .‘@;77 Fermi Coll.ApJ 761 (2012) 91 [arXiv:1205.6474]
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- SDSSJ1049+517103

ies (dSph)

for DM detection

Experimental Astroparticle Physics

X
S

S

S
=
2

Targets

promising

Dwarf sphero

Aldo Morselli, INFN Roma Tor Vergata




Dwarf Spheroidal Galaxies combined analysis

Upper limits, b6 channel

1079 §
i 3:3.0-2¢ — - Draco — Sextans
I — Bootes | Fornax — Ursa Major Il
1072° | — - Carina —— Sculptor —— Ursa Minor .
' Coma Berenices —  Segue 1 - Joint Likelihood, 10 dSphs
w I ]
o 10—21 3 A
= [ _
— i 1
- 22 | =l
o 10 i i
S |
v 10?3 |
) i
w
e s
= Fo=?
o -
=
= 10-25
107°° | x
10"t 107 10°

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 Spheroidal Galaxies combined analysis

Upper limits, Joint Likelihood of 10 dSphs

10" % —
: 310 --- 't Channel
— bbb Channel ... Wt W Channel
i Ko | - - - 757 Channel :
1077 | ’

TO<% |

10-25 I

WIMP cross-section [cm® /s]

107°° | 5

10 | T 102 | 103
WIMP mass [GeV]
robust constraints including J-factor uncertainties from the stellar data statistical analysis

Fermi Lat Coll., PRL 107, 241302 (2011) [arXiv:1108.3546]
=

L’i FN Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014 70



Dwar'f Spheroudal Galaxies upper- IImI‘l'S

= Maximum L1kel1hood Combmed 15 DW&I’fS
— Bayesian 4-year data A4
—~ JMedisn Expested 500 MeV to 500GeV 4
10_22 1 68% Containment 7, 3
i 95% Containment % ]
1025}
,T B
92}
O'DE &
S 10—24 :
/>\ 5
\b/ :
1l
100§
101 102 103
mpm (GeV)
£5M.Ackermann et al., [Fermi Coll.] PRD sub.[arXiv:1310.0828]
INF Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014
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f | — Observed Limit
D 1022 l{ =~ Median Expected
Wa r' = 68% Containment
S p h e r‘o i d a I ]VJ 95% Containment
: )
Galaxies

upper-limits

B i e e —————— — ———

15 D\garfs

4-year
500 MeV to 500GeV

M.Ackermann et al.,
[Fermi Coll.] PRD sub.

[arXiv:1310.0828] 10* 10 10° 10* 10 10°
Mass (GeV/c?) Mass (GeV/c?)
1 N:f? Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014

(_

72



25 Dwarf Spher'mdal Galaxnes upper- limits
10~° BlootcsI Bootc,a II 4; - Bootcs II1 | L;)\\/E{If} §1I 3 (,o.ncs \(_natlu II Igwa:
106 o X ;
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Q: A07° H(,rculcs Leo I -3 L(.o II L(,O IV Leo V
E 10—6 ﬁﬁ E Vo E 2
B 1077 t‘ﬂ'w! 5 33-;‘#‘;? j?fw -w"’wr Frews &fﬁv‘:‘ i
E 1 IT v I 'l i:-; L 1 l l:: : J 3 "l .
@ 10~° Pls(.cs II ' S;gittarius r : # S;ulptor ' Segue 1 ' r Slguc 2 r
o
= —6 ¥ #;“ﬁ
A 10 k““‘ﬁ _— < .
% o Taad Targ AR
10—7 .- ;: ’F = ;5 ~3 TT —5
105> Scxtans I I Ulrsa Major lI : I Ulrsa Minor | | V\ illman 1 | I &5
106 ,P"; 7 ﬁ.,w* R“"qﬁ,
4 2 ;
7 = ¥ el T ¥ '
10 ;Tit‘t ﬁﬁ;wtf 514'? ;37“} ?.vw T‘?%ﬂ "&“‘ 1
104 10° 10° 104 10° 10° 104 10° 108 104 10° 10 P 1()4 10°
Energy (MeV) 4-year data
& M.Ackermann et al., [Fermi Coll.] PRD sub.[arXiv:1310.0828] 500 MeV to 500GeV
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DM limit improvement estimate in 10 years with the
composite likelihood approach (2008- 2018)

10 years of data instead of
2(5x)

» 30 dSphs (3x) (supposing
that the new optical surveys
will find new dSph)

* -10% from spatial
extension (source extension
increases the signal region
at high energy

E>10 GeV, M > 200 GeV )

10 23

107 ¢

(ecm3s1)

(ov)

10726 p

1 [1 i

10725 |

Predicted dSph Limits for bb Channel

ol

| ——g=— 2yr. 10 dSphs (Published)

- @ = 2yr. 10 dSphs (Spatial Extension)

| = ® = 2yr. 30 dSphs
| = ® = 10yr. 10 dSphs
—@ 10yr. 30 dSphs (Spatial Extension)

10! 102 10°
Mass (GeV)

* There are many assumptions in this prediction
* Doesn’t deal with a possible detections.

/j
L’i FN Aldo Morselli, INFN Roma Tor Vergata
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Dwarf Spheroidal Galaxies upper-limits

— 1022 g
TJ) E Fermi combined DSG analysis (10 DSGs), 2 years
"’E I Fermi combined DSG analysis, 10 years
i = Galactic Halo, 100 h, CTA array B (Ring Method)
é = Fornax Cluster, 100 h, CTA array B B,ax = 1.0°)
s 1 0_23 | Segue 1 DSG, 100 h, CTA array B
< =
v = Segue 1
i . CTA array B 100 h
104
E Fornax Cluster
2 CTA array B 100 h
107" = Fermi 2 years
: Galactic Halo CTA
= array B 100 h
| erml— }_O__yeoars WIMP eter space
10-26 -7 g L R ooy g i g e
102 10° 10%
mMpy [GeV]
. U
Fermi 10 years 30 dSphs pdate of :
Doro et al. arXiv:1208.5356
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5

ATLAS-Fermi Results

ATLAS {E 7TeV, 4.7 fb 95%CL

I | I IIIIIII | I ll|ll| Illllll
1019

1029 2 x ( Fermi-LAT dSphs (xx)Majorana—> bb )

102" » DS: qa— (xX)
10_22 * D8: qa_'> (Xi)

1023
<
1025
1026
1027
10° "

102 - R
1 10 10° 10°
WIMP mass m, [ GeV 1

Dirac

Dirac

E|
E
3
Thermal relic valuej

Annihilation rate <ov> for ¥ — qq [cm®/ s]

Atlas Coll. arXiv:1210.4491
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e The Fermi LAT 2FGL Inner quqc’ric Region

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

30

-
&)

—
N d

Galactic latitude (deg)
|
o o

15 0 345 330 315 300 285 270
Galactic longitude (deg)

I
W
o

O
)
~
(&)
(@)
o
N
(62
w
o

Fermi Coll. ApJS

o No association Possible association with SNR or PWN

(2012) 199, 31 <~ AGN “* Pulsar A Globular cluster
. * Starburst Gal ® PWN = HMB
arXiv:1108.1435 + Galaxy 5 SNR * Nova
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Milky Way Dark
Matter Profiles 2

o
M
|
O
>
)
&)
e
%
L+ (rg/r) 1BV o =2
S
o(r) = po [22]" [l |
+ (r/rs)”
@)
Halo model |l B v rginkpe 0
Cored isothermal 2 2 0 5 —
Navarro, Frenk, White | 1 3 1 20 _4
Moore 1 3 1.16 30 i
Einasto | a=0.17 = 20kpc ps = 0.06 GeV/cm?

N All profiles are

lllllllll IllIllllllllllllllllllllllllllllllllllll

N normalized to the Iocal

\' —

density 0.3 GeV cm™3
at the Sun's location

. —.
— .

— o=1.25 aniso
Einasto

lllllllllllllllllllllllllllllllllllllllllllll\lil

-3 -2 -1 0 1 2

A Lapi et al. arXiv:0912.1766

n)
C

log r/rg
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Different spatial behaviour for decaying or annihilating dark matter

"\ Annihilating DM .

Decaying DM

1

.
.
.
.
\ .

-150

-100 -50

0
0[]

50

100 150

The angular profile of the gamma-ray signal is shown, as function of the angle 0 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

)

INFN Aldo Morselli, INFN Roma Tor Vergata
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Residual Emission for 15 * 15 degrees around the Galactic center

Galactic latitude (deg)
Galactic latitude (deg)
3 e

M DATA- Model (diffuse+ sources)

0 358 336 354

6 E 2 & W W W 6 E 2
Galactic longitude (deg) Galactic longitude (deg)
= 1 = 1
4 18 ) 36 45 54 63 72 81 8 I 4 2 00098 2 4 [ 8

Diffuse emission and point sources account for most of the emission
observed in the region.

Low-level residuals remain, the interpretation of these is work in-progress

Papers are forthcoming and will include dark matter results.

LliFN' Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014 /‘\.‘jj_ ¢



DM in the galactic center?

D. Hooper and

T.Linden, 2011.
arXiv:1110.000

Using the remarkable

source of public
Fermi-LAT data!

To improve, need
better angular and
energy resolution
in the 1 -20 GeV

range.

Eventually, a gamma-
ray line at the DM
mass could be seen —
would be very
convincing!

E® AN/dE (GeV cm™? s™1)

(o4}

10~8
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SP@CTrum (E> 400 MeV, 7°x7° region centered on the
Galactic Center analyzed with binned likelihood analysis )

-
o

.......................................................

-

.............................................................................................................................................

counts/MeV

12 Fermi 1 year : : S B Sy L e e P ooE 3
102 & catdlog sources : e S R e T s S Sy e D e SR . e

3 4
L Energy (Mev;
Fermi Coll. NIM A630 (2011) 147 [arXiv:0912.3828] Corfiu 11 Sepiember 2014
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GC Residuals

11 months of data, E 400 MeV, front-converting events

analyzed with binned likelihood analysis )

7°x7° region centered on the Galactic Center

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

04
03
0.2
0.1

-0.1
-0.2
0.3

(counts- model) / model

Fermi Coll. NIM A630 (2011) 147 [arXiv:0912.3828]
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..........

---------

Energy (MeV)
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ARE WE SEEING DARK MATTER WITH
THE FERMI-LAT IN A REGION AROUND
THE MILKY WAY CENTER?

* Maybe yes, but we can't be sure as far as we
don't understand the background at the level
needed for disentangle a DM-induced y-ray flux
in this interesting region.

* New molecular and atomic gas, CR and y-ray data
is around the corner, keep tunel
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z
:
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C

a a

Search for Spectral Gamma Lines

Smoking gun signal of dark matter
Search for lines in the first 23 months of Fermi data (7-200 GeV en.range)

Search region |b[>10° plus a 20°x 20° square centered at the galactic center

For the region within 1°of the GC, no point source removal was done as this would
have removed the GC

For the remaining part of the ROTI, point sources were masked from the analysis
using a circle of radius 0.2 deg

The data selection includes additional cuts to remove residual charged particle
contamination.

-h
o
N

Counts /2.25 2

10

Region-of-interest for line search
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b [deg]

E? & [GeV cm 2?s 'sr!]

10° F

Reg3
Einasto

-80 -60

-40

20 0

¢ [deg]

A line at ~ 130 GeV ?

Reg4 (ULTRACLEAN), E, =129.8 GeV

Signal counts: 46.1 (4.360)
30 p-value=0.37, x2,=23.6/22

35

25

Counts

20 40 60 80 15 L -
=y
T — 10 | T

T T
80.5 - 210.1 GeV

0 N —_—

ca | |
=0 ] 1 ﬂ L2 :
(il 2 O:I IIII S II i IIIIIIIEI;
.;; ‘.]~ -I")() ‘ ll()() 2‘(]() g -10 :- 7
E [GeV] o ' A | &y o
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|

E [GeV]

Experimental Astroparticle Physics

Weniger arXiv:1204.2797
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Fermi Lat Coll., PRD Accepted, arXiv:1305.5597

Fermi-LAT Line Search Flux Upper Limits

;::-‘\ B | | 1 1 1 I 1 | 1 1 1 | 1 il
o B 3.7 year R16 il
& B —— Observed Limit 1
= 4108k _o¢e®™ - Expected Limit
= = [ Expected 68% Containment =
E = [ Expected 95% Containment m
iy il
O E) J
o i -]
& 10°F ya S w =
D = R =
=3 - T Ve A 3
ook NN\ =
= | 1 1 1 L l 1 1 1 1 L 1 L L l 1 L i

10 10°
E, (GeV)

‘Most of the limits fall within the expected bands.

‘Near 135 GeV the limits are near the upper edge of the bands.

*The huge statistics at low energies mean small uncertainties in the collecting area can
produce statistical significant spectral features.

INFN
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Fermi-LAT New Instrument Response
Functions ( Pass 8 )
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Complete rewrite of event reconstruction in the LAT

— Well beyond original motivation of suppressing cosmic-ray pileup
Significant improvements wrt Pass7 performance

— Larger acceptance, Increased energy range (low and high energy)

« Wil be used for 5 year catalog and LAT analyses starting 2014 Arxiv 1303.3514
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Constraints from

the inner Galaxy .
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Low energy lines limits and implications for gravitino dark matter in

the uvSSM
JCAP accepted,[arXiv:1406.3430]
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New projects in space
° ISS'Cr'eGm launch planned for 2014

* CA LET CALorimetric Electron Telescope launch planned for 2014
arXiv:1302.1257

« Gamma-| lghT (Proposed to ESA but not approved )
http://agenda.infn.it/getFile.py/access?contribId=67&resId=0&materialId=slides&confId=4267

- JEM EUSO launch tentatively planned for 2017
Dolores Rodriguez-Frias later
+ Gamma-400 launch foreseen by end 2018

100 MeV - 3 TeV, an approved Russian y-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=al311

* DAMPE: satellite of similar performance as Gamma-400.
An approved Chinese y-ray satellite. Planned launch 2015-16.

* 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.
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The Cherenkov Telescope Array

A huge improvement in all aspects of performance

» A factor ~10 in sensitivity, much wider energy coverage,
much better resolution, field-of-view, full sky, ...

e A 27 nation ~€200M project
Includlng everyone from HESS MAGIC and VERITAS
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Pulsars,

Far-away AGN,
Photon propagation,

AXxions,

O(100 GeV) resonances
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Conclusions

Detection of gamma rays from the annihilation or decay
of dark matter particles is a promising method for
identifying dark matter, understanding its intrinsic
properties, and mapping its distribution in the universe
(in synergy with the experiments at the LHC and in the
underground laboratories).

In the future it would be extremely important to
extend the energy range of experiments at lower
energies (compared to the Fermi energies)

( eg. Gamma-Light) and higher energies (HAWC, Dampe,
HERD, Gamma-400, CTA, LHAASO)
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cta

cherenkov telescope array

CTA and Galactic Center
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Models with thermal relic cross section should be detectable assuming an
extrapolation of the DM density profile consistent with CDM simulations

LlyN) Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014

99



The TS93 and CAPRICE silicon-tungsten imaging calorimeter.




Galactic Center bump and LHC and
direct detection results

+ We revisit MSSM scenarios with light neutralino as a
dark matter candidate in view of the latest LHC and
dark matter direct and indirect detection experiments.
We show that scenarios with a very light neutralino (-
10 GeV) and a scalar bottom quark close in mass, can
satisfy all the available constraints from LEP, Tevatron,
LHC, flavour and low energy experiments and provide
solutions in agreement with the bulk of dark matter
direct detection experiments DAMA/LIBRA, CoGeNT
and CRESST-ITI
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D-7 GeV bump produced by pulsar
population ?

» we find that millisecond pulsars can account for
no more than ~10% of the Inner Galaxy's GeV
excess

Dan Hooper, Ilias Cholis, Tim Linden, Jennifer Siegal-
Gaskins, Tracy Slatyer arXiv:1305.0830v1
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Constraints from
the inner Galaxy

Op‘“m'Zed RQI EinaStg’m NFW -
for each profile

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

Gomez-Vargas et al. JCAP sub., ' deg)  dea)
arXiv:1308.3515 NFWc¢ Burkert
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INSTRUMENTS
& METHODS
IN PHYSICS

RESEARCH
Section A

Nuclear Instruments and Methods in Physics Research A 354 (1995) 547-552

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
 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.

/j
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Quindi eravamo pronti per rispondere alla Call for
Ideas AST per Piccole Missioni (Scienze dell'Universo)
26 giugno 1997

e rispondemmo con due proposte:

- GILDA 40
e

- AGILE
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Proposta per la Call for Ideas ASI per Piccole Missioni (Scienze dell’Universo)
26 giugno 1997

GILDAA40: rivelatore di raggi gamma al Silicio

A. Morselli’, G. Barbiellini?, M. Boezio?, P. Caraveo®, M. Casolino!, M. P. De Pascale’,
S. Mereghetti®, A.Perrino?, P. Picozza!, P. Schiavon?, R. Sparvoli!, M. Tavani®*, A. Vacchi?

1. Dipartimento di Fisica, Universitd ” Tor Vergata” e INFN.

2. Dipartimento di Fisica, Universita di Trieste e INFN.

3. Istituto di Fisica Cosmica e Tecnologie Relative, CNR, Milano.

4. Columbia Astrophysics Laboratory, Columbia University, New York, USA.

Introduzione

La proposta del telescopio gamma GILDA40 nasce dall’attivita’ consolidata della collaborazione
internazionale denominata WiZard che prevede le missioni Nina (prevista volare per l'autunno
1997) e Pamela (programmata per la seconda meta’ del 2000). Cio’ significa che esiste un contesto
scientifico in cui GILDA40 si inserisce naturalmente. Costi e tempi di sviluppo possono essere
realisticamente e sensibilmente bassi visto che e’ possibile attingere a tutto il lavoro di progettazione,
realizzazione e test gia’ esistente (vedi descrizione tecnica). Il telescopio GILDA40 fa infatti uso
di rivelatori al silicio ad alta risoluzione spaziale. Questi offrono grandi vantaggi per la rivelazione
astrofisica di radiazione gamma: non presentano problemi di rifornimento di gas, non necessitano
di alti valori di tensione né di fotomoltiplicatori per I’analisi del segnale, presentano un tempo
morto breve (1us) e un trigger dato esclusivamente dai piani di silicio. Lo strumento consiste in un
tracciatore al silicio e di un calorimetro di dimensioni e peso opportunamente configurati in base
all’orbita scelta. GILDA40 puo’ volare sia su un satellite a puntamento con orbita equatoriale,
che in scanning mode su un satellite elio-sincrono. GILDA40 puo’ essere realizzata interamente in
Italia entro tre anni con un costo dello strumento inferiore ai 10 miliardi di lire.
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Galactic Center and Dark Matter
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A raw image of the Galactic all known sources subtracted
cess of 1-3 GeV y rays with a spectrum, angular distribution, and overall normalization that

ially extended
@ﬁt@redﬂ WA that predicted by simple annihilating dark matter models”
. Well fit by a 31- 40 GeV WIMP with <ov> = (1.4 - 2.0) x 1026 cm3/s
 approximately spherically symmetric and centered around the dynamical center of the Milky Way
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Gamma-light scheme
40+1 x-y planes / e —
100 pm pitch 4
each

"‘0025 XO

-

Tot~ 1 XO

54.7 cm

height of a plane 1.3 cm

2 Xo Calorimiter

50 cm T pITCh

95 cm

Compton scattering and pair production telescope

)
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Gamma-light payload

ESA Call for Small Missions: June, 2012

Power~ 400 W
Weight~600 Kg
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GAMMA-LIGHT satellite launch configurations for
the PSLV

and VEGA

e —

- a comban/on satellite similar to G-LIGH T can be accomodafed

—
FN
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G-LIGHT Simulation 10 MeV

Compton interaction of

a 10 MelV photon

producing a low-energy 7
single-track electron,
and depositing energy
in the Calorimeter for
a 3P incidence

‘\J\
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Gamma-light Simulation
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PSF (68% com'ammenf radius)
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48 hours — Galactic Centre Region Sensitivity
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1 year — Goalactic Centre Region sensitivity
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Astrophysics Objectives of GAMMA-LIGHT

1. Search of Dark Matter gamma-ray signatures in the Galaxy and
in particular in the Galactic Center region;

2. Resolving the Galactic Center region in gamma-rays: the
central BH region, GeV and TeV sources, nebulae, compact
sources, SNRs;

3. Resolving the diffuse emission in the Galactic plane, relation
with cosmic-ray propagation, star forming regions in the Galactic
plane; extending the cosmic-ray propagation and emission
properties of the "Fermi bubbles" to the lowest energies below
100 MeV;

4. Resolving spatially and spectrally SNRs and addressing the
origin and propagation of cosmic- rays:;
5. Polarization studies of gamma-ray sources;
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Astrophysics Objectives of GAMMA-LIGHT
(cont.)

+ 6. Detection of soft gamma-ray pulsars in the range 10-100 MeV,
and pulsar wind nebulae studies:;

7. Detection of compact objects, microquasars, relativistic jets
in the range 10 MeV - 1 GeV resolving the issue of hadronic vs.
leptonic jets for a variety of sources (e.g., Cyg X-3):

- 8. Detection and localization of transients and exotic sources
with much improved sensitivity;detection of Crab Nebula gamma-
ray flares with excellent sensitivity down to 10 MeV;

* 9. Blazar studies down to 10 MeV, excellent positioning resolving
source confusion;

- 10. GRB excellent capability in the range 10 MeV - 5 GeV,
sub-millisecond timing capability in the range 0.3-100 MeV.
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Extragalactic Sources, Blazars, MeV Blazars
Multi-epoch SEDs of the FSRQ 3C454.3

108L A Pre-Flare (2010 Nov.)

0O Post-flare (2010 Nov.)

_107F 1 Low state (2008 Fall) ] ’J \ 3
= i | 1\ 3
g 10 £ E'?t% i

=~ 3\ f

= 10" wl =

1 OTC' 1 015 1 02(' 1 025
Frequency [Hz]

G-LIGHT will allow us to investigate daily (or sub-daily) SEDs during gamma-ray

super- flares. The 5-sigma G-LIGHT differential sensitivity (purple line) is computed
for an integration time of 48 hours
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SNRs and the Origin and Propagation of CRs
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+ gamma-ray spectrum of SNRs W44. The red curve shows the expected
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Gamma-400

Gamma-400 goals: follow and deepen the findings of Fermi LAT (similar energy
range and instrument overall capabilities). Very suitable for the search for
WIMPs. However much better performance at high energy (> 10 GeV): PSF and
energy resolution. Search for dark matter is the main goal for Gamma-400

A new high-energy space y-ray telescope

Approved and fully funded by Russian Space
Agency Russian, included in Federal Space
Program

Uses the WNavigator service module made by
Lavochkin Association, recently used for the
Radioastron mission, planned for other missions

Uses technology similar to Fermi Large Area
Telescope (tracker/converter, energy
measurement system, anticoincidence detector),
but with better angular and energy resolution

Launch is planned for 2018-2019

)
INFN
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Gamma-400 Orbit

Initial orbit: 500 — 300000 km

»

-~

/
/

GAMMA-400
~Ig

Earth

Ra S Orbit after 5 months : 100000 — 200000 km

Aldo Morselli, INFN Roma Tor Vergata Experimental Astroparticle Physics Corfu 11 September 2014 125



Gamma-400 Concept
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Energy range

Field-of-view, sr (E > 1 GeV)

Effective area, cm? (E > 1
GeV)

Energy resolution (E > 10
GeV)

Angular Resolution (E >100
GeV)

Converter-tracker thickness
Calorimeter thickness
Proton rejection factor

Telemetry downlink volume,

wemm e GB/day

Total mass, kg
Maximum dimensions, m

Power consumption, W

Experimental Astroparticle Physics

100 MeV - 3000
GeV

~1.2
~4,000

~1%
~0.01°

~1X,
~25X,
~106
100

2,600
20x2.0x3.0
2,000
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Gamma-400 Performance
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Future Experiments

* GAMMA-400, 100 MeV - 3 TeV, an approved Russian y-ray
satellite. Planned launch 2017-18.

Energy resolution (100 GeV) ~ 1 %. Effective area ~ 0.4 m2.
Angular resolution (100 GeV) ~ 0.01°,

* DAMPE: Satellite of similar performance.
An approved Chinese y-ray satellite. Planned launch 2015-16.

* 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.
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LOFTY AMBITIONS

S Mission Chief scentist Goals Estimated aunch
k) : = z -
A HXMT iped, CAS Institute 20

of High Energy Physics
and Tsinghua University

Science, 20 May 2011

B Shijian-10 g Wenru, CAS

nstitute of Mechaniks

SPACE SCIENCE

Chinese Academy Takes

Study solar influence Mid-2015

on space weather

KuaFu Project

Dark Matter

enmangtement

Space Under Its Wi
pace unaerits vwing
Science ","'r‘ﬂt' |“va‘ or ”ij"'
. & Satellite 1",‘". :,”' v‘.f' |-J 9
) oa® . : . ance quantum

L

Strategic Priority Research
Program in Space Science

x. : " ;’" o . '
Dark Matter Particle Explorer Satellite B
. “ & . g : - » 5

J

Z
-
Z

130



2000k 165. Omm
Strips :
i e reaa 410mm
Si Tracker 207. 5mm
it NOSSESR |
':r : ,lSmm
BGO
Calorimeter 492. Omm
Neutron ) 80. Omm
Detector

e Scintillator strips, Silicon tracker, BGO calorimeter, neutron detector
* Combine ay-ray space telescope with a deep imaging calorimeter
— Silicon tracker/converter + BGO imaging calorimeter
- — Total ¥33 X, - deepest detector in space

INFN
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DAMPE Tracker Components

* Silicon sensor (Hamamatsu)
— use AGILE specification
e FE ASIC (Gamma Medica-ldeas)

— use updated version of the AMS-02 ASICs, already available
thanks to INFN Perugia R&D

* Electronics (INFN Pg, DPNC for specs)

— use updated version of the AMS readout and power
electronics

 Silicon ladder (INFN Pg +DPNC)
— similar to AMS-02

* Silicon plane and tracker assembly (DPNC + INFN Pg)
— based on AMS-02 experience

Proven technologies and profiting from previous experiences! 1
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DAMPE and other detectors

T  ape awsz | femi | casT | caniain

Energy range (GeV)

e/y Energy res.@100 GeV (%)
e/y Angular res.@100 GeV (°)
e/p discrimination
Calorimeter thickness (X,)

Geometrical accep. (m?2sr)

5-104

1.5
0.1
10°
31

0.4

0.1-10® 0.02-300

3 10
0.3 0.1
10°-10 103
17 8.6
0.09 1

1-103 0.1-3103
2 1

0.1 0.01

10° 106

30 25

0.12 0.5
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