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Satellite Experiments with
Capabilities for y-ray Detection

CALET (Calorimeter Electron Telescope),
Japanese-led international mission, launch by
march 2016

DAMPE (Dark Matter Particle Explorer),
Chinese-led international mission, launch 2015-
2016 (HERD High Energy Cosmic Radiation
facility, launch ~20207?)

GAMMA-400, Russian-led international mission,
launch 2019



Electrons can tell us about local GCR sources

« High energy electrons have a high energy loss rate o« E?
o Lifetime of ~10° years for >1 TeV electrons

* Transport of GCR through interstellar space is a diffusive process
o Implies that source of high enerqgy electrons are < 1 kpc away
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Electron Spectrum
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ATIC Instrument

Silicon Matrix

Antarctic Flights:

+ 12/28/00 - 1/13/01
» 12/29/02 — 1/18-03
« 12/27/07 — 1/15/08




Results from three ATIC fllghts
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“Source on/source off” significance of bump for ATIC1+2 is

about 3.8 sigma
J Chang et al. Nature 456, 362 (2008)

ATIC-4 with 10 BGO layers has improved
e, p separation. (~4x lower background)

“Bump” is seen in all three flights.

Significance for ATIC1+2+4 is 5.1 sigma
J. P. Wefel, TevPA 2011, Stockholm (2011)

Events

800 F
600 [
400 |

200 |

G L B L L ! L
O 20 40 60 80 100 120 140
<R.M.5.>ge01 +<RM.5.>g000 +Facoe+Fagoic




CALET
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Calorimeter (CALET/CAL) | -
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+ Electrons: 1 GeV - 20 TeV e 1 ,\
« Gamma-rays: 4 *GeV - 10 **TeV ‘=30
(6amma-ray Bursts: > 1 GeV)
* Protons and Heavy Ions:
10's of GeV - 1,000** TeV
* Ultra Heavy (Z>28) Nuclei:

E> 600 MeV/nucleon
(* B0% efficiency, ** statistical dependent)

Gamma-ray Burst Monitor (CGBM)

o« Yo _ . A Detector Dedicated to Electron
X PGYSISOfT Gamma-rays: Observations 1GeV-20,000GeV

7keV - 20MeV ,
Science Objectives Observation Targets
Nearby Cosmic-ray Sources Electron spectrum into trans-TeV region
Dark Matter Signatures in 10 GeV - 10 TeV electron and gamma
energy spectra
Origin and Acceleration of Cosmic Rays p-Fe above several tens of GeV, Ultra Heavy Nuclei
Cosmic-ray Propagation in the Galaxy B/C ratio to several TeV /nucleon
Solar Physics Electron flux below 10 GeV
Gamma-ray Transients Gamma-rays and X-rays 7 keV - 20 MeV

S. Torii, TeVPA 2013, Irvine, USA



Overview of the CALET Instrument

o0 - e L (.

: ; 450 mm
: - CHarge Detector (CHD)
L= ——— :r (Charge Measurement in Z=1-40)

~ - Imaging Calorimeter (IMC)

(Particle ID, Direction)
. o Total Thickness of Tungsten (W): 3X, , 0.11 A,
| B Layer Number of Scifi Belts: 8 Layers x2(X.y)

i > - Tetal Absorption Calorimeter (TASC)
- (Energy Measurement, Particle ID)
PWO 20mm x 20mm x 320mm

— Total Depth of PWO: 27 X, (24 cm),1.35),

e 1 TeV electron shower
CHD IMC TASC
(Charge Detector) (Imaging Calorimeter) (Total Absorption Calorimeter)
2 LA S PWO log: 12 layers
Plastic Scintillator : 2 layers SciFi : 16 layers M ke
+ Senu I sorl ) Unit Size: 32mm x 10mm X Unit size: 1mm? x 448 mm - 923‘31295";?““ ES——
450mm Total thickness of Tungsten: 3 X, Total Thickness of PWO: 27 X,
APD/PD+CSA
Readout PMT+CSA 64 -anode PMT+ ASIC PMT+CSA ( for Trigger) _ 9

S. Torii, TeVPA 2013, Irvine, USA
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& Proton rejection power of 10° can be achieved with IMC and TASC
shower imaging capability.
& Charge of incident particle is determined to 0>=0.15-0.3 with the CHD.

S. Torii, TeVPA 2013, Irvine, USA
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CALET energy resolution for gamma
rays of normal incidence.

Energy resolution [%]
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Angular resolution vs conversion layer
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£ '%:jCAL: Gamma-ray observation performance
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CALET simulation (>10 GeV; 3 year) Gamma-ray performance

Energy range (photon) 10 GeV-10 TeV
Effective area 600 cm? (@ 10 GeV)

Angular resolution 25°@1 GeV
0.35°@10GeV

FOV ~2 sr

Simulation of point source observations in one year

Geminga: ~150
photons above 5 GeV
Crab: ~ 100 photons
above 5 GeV

Vela: ~ 300 photon
above 5 GeV

Greece)

T. Sakamoto, Explosive Transients: Lighthouses of The Universe 2013, Santorini, Greece



CALET Capability for Detection of Gamma-ray Lines from Dark Matter

Monochromatic gamma-ray signals from WIMP dark matter annihilation
would provide a distinctive signature of dark matter, if detected. Since
gamma-ray line signatures are expected in the sub-TeV to TeV region,
due to annihilation or decay of dark matter particles, CALET, with an
excellent energy resolution of 1 - 3 % above 100 GeV, is a suitable
instrument to detect these signatures .

o —+ CALET (5yr) | * Simulated 1.4 TeV gamma-ray line

35 * ] from dark matter toward the

30 | | Galactic center (300 <1< 60° , |b] «

10¢ ) including the Galactic diffuse

£ 27 background for CALET 5 year
£ oo l ] observations.

o

wosy H |+ The annihilation cross-section is

10 - taken as <ow,, = 1x1072° cm3®s™! with a

5 | {}{{_ NFW halo profile. The distinctive line

d*hH? signature is clearly seen in the

o- 4+ ' +3+
200 400 600 800 1000 1200-.1400-1600 gamma-ray spectrum.
Gamma-ray Energy (GeV)

S. Torii, TeVPA 2013, Irvine, USA



DAMPE
(and HERD)



DAMPE Collaboration

» CINA
» Purple Mountain Observatory, CAS, Nanjing
» Responsabile dell’esperimento: Prof. Jin Chang
» Institute of High Energy Physics, CAS, Beijing
» National Space Science Center, CAS, Beijing
» University of Science and Technology of China, Hefei
» Institute of Modern Physics, CAS, Lanzhou

» SVIZZERA
» Universita di Ginevra

» ITALIA
» INFN Perugia
» INFN Bari
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Dark Matter Particle Explorer Satellite

* One of the 5 satellite missions of the Chinese Strategic Priority Research
Program in Space Science of CAS

o Approved for construction (phase C/D) in Dec. 2011
0 Scheduled launch date late 2015

e Satellite = 1900 kg, payload =1300kg
[ * Power consumption =640W
« Lifetime > 3 years
 Launched by CZ-2D rockets

Altitude 500 km
Inclination 97.4°
Period 95 minutes

Sun-synchronous
orbit




Scientific Objectives of DAMPE

 High energy particle detection in space
o Search for Dark Matter signatures with e, y
0 Study of cosmic ray spectrum and composition
o High energy gamma ray astronomy

Covering 2 GeV - 10 TeV ely, 30 GeV - 100 TeV CR
Excellent energy resolution and tracking precision

Complementary to Fermi, AMS-02, CALET, ISS-CREAM, ...

‘ ‘ II: L) 400 T TTTT] III‘

] L [ e AMS-02 .

Sso % 350[| © ancotzoz (2001 & 2003) —

_ N T F|osemsn (2004) =

Q bry E | © FermiLAT (2009) .

> 102 — X @ 3001 HEI'::S (2004 -2007) =

(L] = & - 7] - L .S, ]

o = g ~ [ | o HES.S.(LE) (2004 &2005)

- ;t e £ 250
o L i = -
o L og ®  PANMELA 4 % i 8 200;
L3 . ¢ HEAT94495 < C
® o AMS ;
w 10 ?Dv ¥  CAPRICE94 — ; 150:
% o m MASS91 3 = -
] =y & ATIC . W 100
L r ¥  Kobayash T C
- BETS 7 -
% Fermi 50?

HESS r o ]

1\\||| 1 | 1 Lol 1 Ll ! [ 0_\\’|||‘ | I\\III‘ | | I\I\H| | 1 111110

05 1 2 34 10 20 100 200 10002000 1 10 102 10°

Energy (GeV) Energy (GeV)



DAMPE APPARATUS

BGO calorimeter

Neutron Detector



DAMPE Detector Layout

Seint.
Strips

Si Tracker

BGO

Calorimeter 492. Omm

Neutron _ 80. Omm

Detector

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



Silicon Tungsten Tracker (STK)

« 12 layers of silicon micro-strip detector, 7 support planes
o Plane: carbon fiber face sheet with Al honeycomb core
o0 Sensor 9.5 x 9.5 cm?, 4 sensors bonded together to form a ladder
o 16 ladders on each face of the support plane, x-view and y-view
« Except top and bottom planes: only one face has ladders
« Readout every other channel, readout pitch 242um

« Tungsten plates integrated in trays 2, 3, 4 counting from the top
o Total 1.43 X, for photon conversion Detection area 76cm X 76cm

e

UniGE, INFN Perugia & Bari, IHEP Beijing



BGO Calorimeter (BGO)

14-layer BGO hodoscope, 7 x-layers + 7 y-layers

o BGO bar 2.5cm X 2.5cm, 60cm long, readout both ends with
PMT
« Use 3 dynode (2, 5, 8) signals to extend the dynamic range
o Charge readout: VA160 with dynamic range up to 12 pC
o Trigger readout: VATA160 to generate hit signal a

CFRP honeycomb

threshold
» Detection area 60cm X 60cm

BGO crystal

Total thickness 31X,

Measure electron/photon
energy with great precision

between 5 GeV - 10 TeV



BGO Performance

« A prototype calorimeter (12 layers, 30cm X 30cm) was tested with
high energy electrons and protons beams at CERN in October 2012.

0 Resolution <1.2% above 20 GeV (requirement 1.5% at 100 GeV)

Energy Resolution 6/E (%)

Graph
Uy
of
: —w— 3E=0:7009,7.746, 7854
o e "
I A MC
4
I Required Resolution
3_

N

250

:_ - -l BeamTest
- | 4 | | | 200 A e
0 150 200 250 300 350

Energy (GeV)

—_
(o)
o

Reconstructed Energy (GeV)

Goal 1% at 800 GeV 2/ ndf 119.5/9
100 ) 3.37 +1.979
p1 0.8853 + 0.01279
I I x2 / ndf 1.85/4
good linearity 50 I el
p1 0.9046 + 0.001002
N T I |- R R

Energy (GeV)



DAMPE e/y Performances

Photons
Range 5GeV-10TeV
Effective Area 3000cmZ@10GeV
Field of View 2.8 sr
Geometry Factor 0.81m?sr

Energy resolution

1.5%@100GeV

Angular resolution

0.1°@10GeV

Point source
Sensitivity

8.5x101cm>3s!

F. Loparco, BOHEME 2014, Italy

Electrons

Range
Geometry Factor
Energy resolution
Angular resolution
Proton rejection

Gamma separation

5GeV-10TeV

0.3m?3sr

1.5%@100GeV
0.1°@10GeV
10°
100



DAMPE compared to AMS-02 and

Fermi
' |pampE AMS-02 FERMI-LAT
5-10¢% 0.1-103 0.02 - 300

Energy Range

(GeV)

Energy resolution  1.59 304 10%

for ely @100

GeV

Angular 0.1° 0.3° 0.1°
resolution for efy

@100 GeV

Proton rejection 105 105-106¢ 103

factor

Calorimeter 31 17 8.6
depths (X,)

Acceptance 0.29 (0.36 peril  0.09 (ECAL) 1

(m3sr) solo BGO)

F. Loparco, BOHEME 2014, Italy



Search for y lines

» Energy resolution of 1% for E>100 GeV allows DAMPE to detect possible
lines due to WIMP annihilations in the y-ray spectrum

'FERMI, 195 weeks
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Simulation of a y line atl.4TeV due to DM annihilation
from the galactic center (300° <I<60° , |b|<10° ):

e Annihilation cross section <cv>yy= 10"2°cm3s1

 NFW DM profile

 The simulation includes the diffuse galactic background

Expected results for six months of data taking.



Two Dark Matter Detection Experiments

L 4m

High Energy cosmic
Radiation Detection facility
(HERD) onboard China’s
space station: ~2000 kg
payload. Launch time ~2020

FER . W LT I, ih—T 8T

e R i i
RO 2 A8, LihAs
L B

China’s dark matter
detection satellite
experiment: 1200 kg
payload. Expected launch
time ~2015

HCAL

21/36



GAMMA-400



Vitaly Ginzburg (1916-2009) Lidiya Kurnosova (1918-2006)

At the end of the last century the Nobel laureate academician Vitaly
Ginzburg (LPI) and professor Lidiya Kurnosova (LPI) proposed the
GAMMA-400 project in Russia to search for indirect signals of dark matter
particles studying the gamma-ray sky. Within the framework of this project,

which has become international, the precision gamma-ray telescope
GAMMA-400 has been designed.

A. Galper, Workshop on the Future of Dark Matter Astroparticle Physics 2013, Trieste, Italy



Cooperation in the design and production of scientific equipment

Russian scientific organizations Foreign scientific organizations

LPI RAS - Leading Institute INFN (Italy) — Converter/Tracker and
Calorimeter

NRNU MEPhI - TOF and A/C detectors  INAF (ltaly) — Converter/Tracker

NIIEM — design, Taras Schevchenko National University
temperature control system (Ukraine) — Ukrainian main collaborator
NIIS| RAS — electronics CrAO (Ukraine) — ground-based observatio
loffe Institute — IKI (Ukraine) — magnetometer

Konus-FG burst monitor

IKI — star sensor ISM (Ukraine) — scintillators

IHEP — calorimeters, scintillators KTH (Sweden) —anticoincidence

TsNIIMASH — space qualification



GAMMA-400

e Mission approved by ROSCOSMOS
(launch currently scheduled by 2019)

e« GAMMA-400 will be installed onboard the
platform “Navigator” manufactured by
L_avochkin

o Scientific payload mass 4100 kg (rocket
changed from Zenith to Proton-M)

o Power budget 2000 W
o Telemetry downlink capability 100 GB/day

o Lifetime ~ 10 yrs



GAMMA-400 SCIENTIFIC COMPLEX
ON THE NAVIGATOR SERVICE MODULE

GAMMA-400 gamma-ray telescope Star sensors (2) with

_ \ accuracy of =5"
(Space Research Institute)

Gamma-ray burst monitor
‘ ‘ “Konus-FG” (6)
(loffe Physical Technical
Institute, St. Petersburg)

T\
<1 \ 4 direction detectors on

| P ;
' telescopic booms

2 spectrometric detectors

Magnetometer (2)
(Ukraine, Lviv)
on telescopic boom

Navigator service module

The GAMMA-400 spacecraft and Navigator service module
are designed by Lavochkin.



OBSERVATION MODES AND

THE GAMMA-400 ORBIT EVOLUTION

Observation modes:

- continuous long-duration (=100 days)
observation of some regions of celestial
sphere, including point and extended
gamma-ray Sources;

-monitoring of the celestial sphere.

g

N

Initial orbit parameters:

- apogee: 300,000 km:
P - perigee: 500 km;

- inclination: 51.4°

\ After ~5 months the orbit will transform to
nearly circular with a radius of ~150,000 km.



GAMMA-400

* Original Russian design focused on:
o High Energy Gamma-rays (~ 10 GeV - 3 TeV)
o High energy electrons (e* and e°) up to TeV

 Scientific objectives (from Russian proposal):

o “To study the nature and features of weakly interacting
massive particles, from which the Dark Matter
consists™

o “To study the nature and features of variable gamma-
ray activity of astrophysical objects, from stars to
galactic clusters”

0 “To study the mechanisms of generation, acceleration,
propagation and interaction of cosmic rays in galactic
and intergalactic spaces”



Improvements in the GAMMA-
400 design and performance

e During the last years, the collaboration between
Italian and Russian groups have resulted in a new
version of the apparatus for the G-400 mission. The
guidelines of this work have been:

o to develop a jointly defined dual instrument that, taking
Into account the currently available financial resources,
optimizes the scientific performance and improves them
with respect to the B1 version: this new “baseline”
version, called B2, has been agreed upon by both
(Russian and Italian) sides during a collaboration
meeting held in Moscow In February 2013.

V. Bonvicini, CSN2 2013, Trento, Italy



GAMMA-400

AC Bepx

AC bor

C1 (BNC)

Cc2 (BNC)

i HIL ANeKTPOoHHUKA nepexogHana
Electronic / tepma
S _ Mepesoaman HABWUIATOPa

depua
"Hasuratopa"

Original Russian proposal (2011) Jointly agreed Russian-Italian proposal (2013)
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The new B2 baseline

'y

1000

500

electronics

$1 (TOF)

S2 (TOF)

S3

base
plate

54

ND

AC - anticeincidence detectors (AC top , AC lat)

C - Converter-Tracker - total 1 Xo

8 layers W 0.1 Xo +5i (x,y) (pitch 0.1mm)
2 Si(x,y) noW

S1, 82 - TOF detectors
§3, 84 calorimeter scintillator detectors
CC1 - imaging calorimeter (2Xo)
2 layers: Csl(Tl) 1Xo + Si(x,y) (pitch 0.1 mm)

CC2 - electromagnetic calorimeter
Csl(TI) 23 Xo 3.6x3.6x3.6 cm? - 28x28x12=9408 crystals

LD - 4 lateral calorimeter detectors

ND - neutron detector

B2 over B1 improvements:

* Introduction of the highly segmented
homogeneous calorimeter with Csl cubes
=> improved energy resolution, extended
GF with lateral particle impingement,
nuclei capability

» Increase of the planar dimensions of
the calorimeter (from 80 cm x 80 cm

Navigat 0 100 cm x 100 cm) = larger Ay
connectl «  Si strip detector pitch of the 2 CC1

truss

layers decreased from 0.5 mm to
0.1 mm



B2 detectors: Converter/Tracker

AC top

AC lat

$1 (TOF)

1000

« 8layers W 0.8X, + 8 planes Si (x,y)
e 2layers of Si (x,y), no W

V. Bonvicini, CSN2 2013, Trento, Italy



B2 detectors: Converter/Tracker

 Homogeneous Si-W Tracker
o 4 towers (~50cm x 50 cm each);
o 8 WI/Si-x/Si-y planes + 2 Si-x/Si-y planes
(no W);
e Thickness of each plane 0.1 X,
 Eachsensor ~9.7cm x 9.7 cm from 6 wafers;
» Sensors arranged in ladders (5 detectors/ladder), 1 ladder ~ 50 cm;
e Read-out pitch 240 um (capacitive charge division), 384 strips/ladder
« Implant pitch:

o Either 120 um (one strip every 2 is read-out)

e Or 80 um (one strip every 3 is read-out)

e 2000 silicon detectors;
« 153600 readout channels, 2400 front-end ASICs (64 channels/ASIC)
* Power consumption (FE only): ~80 W

V. Bonvicini, CSN2 2013, Trento, Italy



B2: Converter/Tracker

WARIAZIONE 1

WSiY TRAY
w | W I TRY 01
| o I TRY 02
FE B, B, BN, B, B,
VARTAZIOME 3 | W | TRY 03
Bir-W-SiE TRAY |
FE 5, T 5,4 5, B, .
| w : TRY 04
L'
| w | TRY o5
|
(=5 =0 B B g
FE .1 .z - s s | W | TRY O&
VARIAZIONE 3
SiV-SIE TRAY
FE 5N, 5, 5y 5,4 5, | i I TRY O7F
| o I TRY 08
W | TRY 0%
FE 5., 5, - i . 50, S, | |
VARTAPIONE 4
SiT TRAY | | TRY 10
FE S, 5. 5iY,q S,y i,
| | TRY 11
Figura 2 — Tower Azzembly
Fhue 1- Tray Type

V. Bonvicini, CSN2 2013, Trento, Italy



GAMMA-400: Calorimeter

186.5

Tisas

&5

151.0

B2: Calorimeter

Calorimeter CCI (Si-Csl(T1})

N favers 2

Si pitch 0.1 mm
Size IxIx0.04 m?
Xq 2
A 0.1

Catorimeter CC2 (GI(TH)

MxMNxN 28x28x12
L. 3.6 cm
Size 1xix0.47 m®
Xq 54 6xH4 62234
Aj 25x25x1 1
M ass 1683 kg

V. Bonvicini, CSN2 2013, Trento, Italy




Physics with GAMMA-400
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Comparison of the main parameters for
GAMMA-400 and Fermi-LAT

Fermi-LAT GAMMA-400
Orbit circular, 565 km high-elliptical, 500-300 000 km
Energy range 20 MeV - 300 GeV 100 MeV - 10 000 GeV
Effective area N 2 N 2
E,>1GeV) 8000 cm 5000 cm
Coordinate detectors | Si strips (pitch 0.23 mm) Si strips (pitch 0.1 mm)
Angular resolution o Ao
(E,>100 GeV) 0.1 0.01
Calorimeter Csl CslI(TD+Si strips
- thickness ~8.5X, ~25X,
Energy resolution 1Mo 10
(E,>100 GeV) 10% 1%
Protc.)n. rejection 104 108
coefficient
Mass 2800 kg 4100 kg
Telemetry downlink 15 GB/day 100 GB/day

capability

A. Galper, Workshop on the Future of Dark Matter Astroparticle Physics 2013, Trieste, Italy




y-ray lines in diffuse radiation : Perspectives for
GAMMA-400

Back-on-envelope estimate:

Sensitivity to the y-ray line (flux) i diffuse radiation can be expressed
in simplifi n,  [2FnE
in simplified formas: /7 =—=¢ ck Iy

" 0.68 GT

where n is a number of o, F,, is a (diffuse) background, nEy is an energy bin
width, which depends on n (energy resolution), G is a geometric factor, Tis
an observation time

Comparison of Fermi LAT and GAMMA-400 sensitivity:
- nEy for GAMMA-400 is 10X less than that for Fermi LAT at E>100 GeV,
- G for GAMMA-400is ~ 0.5 of that for Fermi LAT,

- the sensitivity for GAMMA-400 for the same observation time is expected
to be ~ 2 better than for Fermi LAT.

Alexander Moiseev  Cosmic Frontier

Workshop SLAC March 6-8 2013



y-ray line from source : Perspectives for
GAMMA-400

Assumption: the line is a 6-function in energy spectrrum

Confidence estimate: Confidence of the line detection can be taken similarly to
the confidence in detection of point source (probability for the background to

fluctuate to create a “feature”)
N .

(" _ sig
Arbr’\ .
where N, is a number of events from the “line” (source), and N, is a number

of background (diffuse) events
With 10X better PSF for Gamma-400:
Ny, can be 100X less,

- detection confidence C will be ~5X larger, assuming twice less events from

the “line” N, detected (due to smaller A )

- All this works only for the pomt source!

Alexander IViolsee mic Frontier
'|'|<'|'|'+' SLAC "-.-'.:1|'=: 6-8 2013



Increasing the energy resolution

Gamma-400, 10X better dE/E, 10X better PSF

LAT-like instrument, 300 (100X less background), same # of events
events from line _
= = o — g
%_ 1 5 rv
e + Ecant
T | o oo stsrtion |
- —T— E| | 3 i
-+
L e T =
80 100 120 140 160 180 200 220 240 60 80 100 120 140 160 180
Energy, GeV Energy, GeV

Alexander Moiseev Aspen 2013 Closing in
on Dark Matter



Increasing the energy resolution

] ! l I I [ ' T T
- -+ background A
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The y-ray differential energy results for a 135 GeV right-handed neutrino dark matter candidate.
L. Bergstrom, Phys.Rev. D86 (2012) 103514, arXiv:1208.6082
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Significance, N

Increasing the angular and energy resolution

| Fermi—LAT GAMMA-400
10 ARl 10
L
Z
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=
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The expected significance of 135 GeV line in the flux spectrum (dashed lines) or the
fluctuation angular power spectrum (solid lines) analysis of the diffuse y-ray
background with the Fermi-LAT or GAMMA-400 experiments.

S. S. Campbell and J.F. Beacom (2013) arXiv:1312.3945



Galactic Center

Expected to be the strongest source of y-rays from DM annihilation.
“EGRET GeV excess” has been in the center of DM discussion for years,
until it was closed by Fermi LAT results

Intense background from unresolved sources remains the main problem,
assuming that the part of background created by CR interactions with the
matter, is much better known and can be accounted for

Potential perspectives for GAMMA-400: having >10 times better angular
resolution at high energy, faint sources in dense GC area can be localized
and their radiation can be removed as a background, and better model of
diffuse radiation can be built. Concern: smaller effective area can make
this analysis more difficult and not efficient

Alexander Moiseev  Cosmic Frontier

Workshop SLAC March 6-8 2013



COMPARISON OF BASIC PARAMETERS OF OPERATED,
EXISTING, AND PLANNED SPACE-BASED AND GROUND-

BASED INSTRUMENTS
SPACE-BASED INSTRUMENTS GROUND-BASED GAMMA-RAY
FACILITIES
EGRET | AGILE |Fermi-| CALET | GAMMA- | HE.S.S.-| MAGIC |VERITAS| CTA
LAT 400 I
Operation | 1991- | 2007- | 2008- | 2014 2019 2012- 2009- 2007- 2018
period 2000
Energy 0.03-30 | 0.03-50 | 0.02- 10- 0.1- > 30 > 50 > 100 > 20
range, 300 | 10000 10000
GeV
Angular 0.2° 0.1° 0.1° 0.1° ~0.01° 0.07° 0.07° 0.1° 0.1°
resolution | E~05GeV) | (E~1GeV) (E, =300 GeV) (E, =100 GeV)
0.03°
E;EY\;) 100 (E, =10 TeV)
e
Energy 15% 50% | 10% 2% ~1% 15% 20% 15% 20%
resolution | E05GeV) | (E~1Gev) (E, = 100 GeV) (E, =100 GeV)
15% 5%
E;Ev\;) 100 (E,=1TeV) (E,=10TeV)
e

A. Galper, Workshop on the Future of Dark Matter Astroparticle Physics 2013, Trieste, Italy




Using the data from the TeV Gamma-Ray Source Catalogue (from the ground-
based facilities), we can calculate expected number of gammas, which GAMMA-
400 will detect during 100 days of observation (the GAMMA-400 effective area is

5000 cm?).
Name Facility Spectr. Integr. Expected gammas
index flux N(> 100 GeV)
F(> 100 GeV), per 100 days
10° cmst
1ES 1011+496 MAGIC 4.0 67.7 2921
1ES 1218+304 MAGIC 3.0 4.09 177
1ES 1959+650 MAGIC 2.78 5.805 251
1ES 2344+514 MAGIC 3.3 1.67 72
3C 279 MAGIC 4.11 219.0 9458
BL Lac MAGIC 3.64 3.18 138
Crab H.E.S.S., MAGIC 2.48 11.7 504
MAGIC J0616+225 | MAGIC, VERITAS 3.1 0.605 26
Mkn 180 MAGIC 3.25 3.60 155
Mkn 421 H.E.S.S., MAGIC 3.2 6.05 261
Mkn 501 MAGIC 2.28 10.7 463
PG 1553+113 H.E.S.S., MAGIC 4.01 204.0 8833
PKS 2155-304 H.E.S.S., MAGIC 3.53 69.0 2983
RX J0852.0-4622 H.E.S.S. 2.2 0.331 14
RXJ1713.7-3946 H.E.S.S. 2.84 0.618 27
W Com VERITAS 3.8 4.570 198



http://tegasocat.in2p3.fr/view_source.php?id=4
http://tegasocat.in2p3.fr/view_source.php?id=6
http://tegasocat.in2p3.fr/view_source.php?id=7
http://tegasocat.in2p3.fr/view_source.php?id=8
http://tegasocat.in2p3.fr/view_source.php?id=9
http://tegasocat.in2p3.fr/view_source.php?id=10
http://tegasocat.in2p3.fr/view_source.php?id=29
http://tegasocat.in2p3.fr/view_source.php?id=37
http://tegasocat.in2p3.fr/view_source.php?id=15
http://tegasocat.in2p3.fr/view_source.php?id=16
http://tegasocat.in2p3.fr/view_source.php?id=17
http://tegasocat.in2p3.fr/view_source.php?id=19
http://tegasocat.in2p3.fr/view_source.php?id=22
http://tegasocat.in2p3.fr/view_source.php?id=43
http://tegasocat.in2p3.fr/view_source.php?id=44
http://tegasocat.in2p3.fr/view_source.php?id=25




* PANGU (PAir-productioN Gamma-ray Unit)

— An unprecedented high resolution (< 1°) y-ray space telescope dedicated
to the sub-GeV (¥100 MeV to ~1 GeV) region

An unique instrument to open up a frequency window

that has never been explored with great precision

* A wide range of topics of Galactic and extragalactic astronomy
and fundamental physics can be attacked
— Extreme physics of extended/compact objects (extensive targets)
— Galactic and extragalactic cosmic rays (origin, acceleration mechanism)
— Search for Dark Matter (unique capability)
— Detect and determine the high-energy behavior of gamma-ray transients.
— Fundamental Physics, e.g. Baryon asymmetry in early universe

— Solar and terrestrial high energy phenomena

* Innovative instrument concept
xinwe Thin target material (scintillating fiber) with magnetic spectrometer :

X. Wu, First Workshop on a CAS-ESA Joint Scientific Space
Mission, 2014, Chengdu, Cina



Mission Concept

* Low earth orbit

* All-sky survey and pointed observations

— With possibility to rotate the payload to study systematic effect of
polarisation measurement

* Minimum lifetime three years

* Science data open to the world community

Xin Wu CAS-ESA workshop, 25-26/02/14 35

X. Wu, First Workshop on a CAS-ESA Joint Scientific Space
Mission, 2014, Chengdu, Cina



Sketch of a Possible PANGU Layout

ACD

Lower Tracker | _ Target and magnet sizes

can be easily scaled to fit
i with resource constraints!

3 sub-systems: target-tracker, magnet + lower tracker, Anticoincidence
— Target-tracker : ~ 40 x 40 x 40 cm?
— Magnet: r, =26 cm, r; = 25 cm, height 10 cm, field in +y direction

— Lower tracker: one X-layer above, one X-layer, and two X-Y layers
below, ¥10 cm between layers

xinwu— Anticoincidence detector (ACD) on 5 sides ”

X. Wu, First Workshop on a CAS-ESA Joint Scientific Space
Mission, 2014, Chengdu, Cina



FERMI All Electron Spectrum
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Electrons measured with H.E.S.S.

Results: Low-Energy Spectrum

= Cuts:

7 impact distance <100 m

° image size in each camera >
80 photo electrons

= Data set of 2004/2005
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(Electron plus Positron) Spectrum
comparison with recent measurements

l"'-lm400 T T I IIIIIII| IIIIIII| I I L1

- T
~ [ o AMS-02 -
X 350[—| © aTico1a02 (2001 & 2003) =
. - | O BETS04 (2004 & .
E 300__ O Ferml-LAT (2009) =
0 ~ | 0 HESS. (2004 -2007) .
NE 2503_ 1 HESS.(LE) (2004 & 2005) a0 —f
E 200 > 13
= 150F e
51 o
S0 :
- ¢ @
50:— ® _:
n o =
ﬂ_",".' | 1111 | L L LD

1 10 10 10°

Energy (GeV)



SO [em’sr]

f )| CALET Expected Performance by Simulations

i £ 4all . . -

1200 ., . . 10F ! =1 Angular resolution for

: PR e ¢t Energy resolution for. | gamma ray (10GeV-1TeV):
10000 & £ of electrons (>10GeV) : | | 2 a/m = 0.2-0.3 deg

K] I o/m=~2% 15_ .it e S et T
800 . ® I T | e —— s oo

i s o - ::t*‘j* I8 £ S S, :f:
600 . 2 H i e » . »

! * | Geometrical factor S 4 | e ses s smee sy
400 for electrons: wo . ' B T S S T ey
2008 ~1200 cm?sr 2‘ _ S BN N L . # electron

: . 0% = s | G [LILLUCHCY g

. | | | ol , | | | S

10" 1 10 10° 10° 10 1 10 107 10° 10* 10 107 10° 10

Energy [GeV] Energy [GeV] E, [GeV]
1.u-1§.. ............. .
E 1800[
& 1500]
5 10 E Tt A PRI 1y 1400
n o N
iy r 12001 .
> 10° 1000 Experiment
= F 800 CHD
e E | B
B . e s00r
E = Elﬂctﬂll‘l m_
" | = Proton | 200|
10‘E_ ' ! I]: il
i1 i 1 ]
8x10" z

1 2
Energy Weighted Spread [cm]

From test beam @ G5I

Proton rejection power at 1TeV =10°
with 95% efficiency for electrons

Charge resolution:
0,=0.15-0.3

S. Torii, TeVPA 2013, Irvine, USA



CALET GRB performance

Broad energy range (from few keV X-rays to GeV-TeV gamma-rays):
long-duration GRBs, short-duration GRBs, X-ray flashes and GeV GRBs.
Sensitivity of CGBM: ~10-2 ergs cm2 s-' (1-1000 keV) for 50 s long bursts.

CAL CGBM

Energy range 1GeV-10TeV HXM: 7 keV - 1 MeV (goal 3 keV - 3 MeV)

(GRB trigger) SGM: 100 keV - 20 MeV
(goal 30 keV - 30 MeV)
Energy 3% (10 GeV) HXM: ~3% (662 keV)
resolution SGM: ~15% (662 keV)
Effective area  ~600 cm? (10 GeV) 68 cm? (2 HXMs), 82 cm? (SGM)
Angular 2.9° (1 GeV) -
resolution 0.35° (10 GeV)
Field of view ~45° (~2 sr) ~3 sr (HXM), ~411 sr (SGM)
Dead time 2ms 40 ps
Time resolution 62.5 us GRB trigger: 62.5 us (event-by-event data)

Normal mode: 125 ms with 8 ch,
4 s with 512 ch (histogram data)

S. Torii, TeVPA 2013, Irvine, USA



Clumps : Perspectives for GAMMA-400

Features to search for:
* Hard ( Not power-law) energy spectrum
* Extended spatial dimensions
* Lack of counterparts in other wavelengths

Approach:

Check among available by that time non-ID Fermi LAT and GAMMA-400 (if found)
y-sources to meet the above criteria

Perspectives:

Better energy resolution will allow to better distinguish between power-law
“normal source” and hard DM spectra, potentially increasing the number of
satellite candidates

Better angular resolution will allow to better distinguish between point and

extended sources, also potentially increasing the number of satellite candidates

Larger number of available by that time non-ID Fermi LAT sources shall also
increase the number of satellite candidates

Alexander Moiseev  Cosmic Frontier

Workshop SLAC March 6-8 2013



Dwarf Spheroidal Galaxies: prominent DM candidates

* Search for y=ray emission from Dwarf Spheroidal Galaxies (satellite galaxies) with
large J-factor (line-of-sight integral of the squared DM density)

* Fermi LAT applied a joint likelihood analysis to 10 satellite galaxies: no dark matter
signal was detected. Upper limit for <o v> is set to “102° cm3s! at 5 GeV and 5 x 103
cm3 st at 1 TeV (Ackermann et al. PRL 107, 241302, 2011)

Upper limits, & channel
10" 1
axl0 - Draco - Sextans 1
Bootes Formax = Ursa Major i
10 0 = Caring = Sculpbor =  Ursa Minor
Coma Barenicas Segue 1 ol Likélihood, 10 dSphs

0¥

104

10%*

10 24

WIMP cross section [em?® /s]

10 ra1

10 26

10° 10° 10°
WIMP mass [GeV]
Alexander Moiseev  Cosmic Frontier

Workshop SLAC March 6-8 2013



Dwarf Spheroidal Galaxies: Perspectives for GAMMA-400

Joint likelihood (for 10 dSphs) of agreement
between observed y-radiation and that predicted

Energy-binned y-ray
by DM model: data; should be better

/ for Gamma-400

L(D|pw, {p}) = @ Pw. P:)

[logl..lJ} logio(J;) /207

Binned Poisson likelihood fully 1[1(10)] ” U'

accounting of the PSF (E); should
be better for Gamma-400

Improved dE/E and PSF for GAMMA-400 should
provide better sensitivity for this analysis

Alexander Moiseev  Cosmic Frontier
Workshop SLAC March 6-8 2013
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