Hamiosmamswna Arxanesia Haywe Yepaism

THETHTYT ATEPHITE 00 COlIEeHE
BIJZIJJIJI qll.illhli JMEeNTOHIB

~ »MERRY *
CHRISTMAS}

eeeeeeeee

DARK MATTER SEARCH
INn GAMMA- and COSMIC RAY WINDOWS

B. Hnatyk
Astronomical Observatory.
ofilaras Shevehenko National University, ofi Kyiv,




\f
N
oyl
o
-
—
=
e
A
=P
-
).
L
—
-
- p—
~f
-
i
EE




Atoms
4.9%

Dark
Matter
26.8%

Neutrinos Dark
10% Matter

63%

Photons
15%

Atoms

12%
13.7 BILLION YEARS AGO

(Universe 380,000 years old)




SM PROBLEMS:
SM VACUUM INSTABILITY (SUSY is needed?)
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Figure 3: Left: SM phase diagram in terms of Higgs and top pole masses. The plane is
divided into regions of absolute stability, meta-stability, instability of the SM vacuum, and non-
perturbativity of the Higgs quartic coupling. The top Yukawa coupling becomes non-perturbative
for My > 230 GeV. The dotted contour-lines show the instability scale A; in GeV assuming
as(Mz) = 0.1184. Right: Zoom in the region of the preferred experimental range of My, and M,
(the grey areas denote the allowed region atf 1, 2, and 30). The three boundary lines correspond
to 1-0 variations of ag(Mz) = 0.1184 £0.0007, and the grading of the colours indicates the size
of the theoretical error.

Fig. 1. The Kibble mechanism for U7(1) symmetry hreaking: the

Higgs field & evolves in a potential i) whose minimum is a

degenerate cu‘cle The field chooses at any point in real Sp‘l{‘E
' phase on the circle (below).

D. Buttazzoa et al., JHEP, Vol. 2013, #89 (arXiv:1307.3536)



SM VACUUM INSTABILITY
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Figure 7: Left: The probability that electroweak vacuum decay happened in our past light-cone,
taking into account the expansion of the universe. Right: The life-time of the electroweak
vacuum, with two different assumptions for future cosmology: universes dominated by the cos-

mological constant (NCDM) or by dark matter (CDM).
D. Buttazzoa et al., JHEP, Vol. 2013, #89 (arXiv:1307.3536)




BEYOND STANDARD MODEL:
DARK MATTER LANDSCAPE

Theories of

Dark Matter
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DM SEARCH

* Peculiarity in dynamics of gravitating systems
 Direct detection experiments

* Indirect detection experiments:
(detection of SM particles from DM annihilation or decay)

« - X-ray ( XMM-Newton) and gamma-ray (Fermi-LAT) spectral
lines

« - charged matter-antimatter particles (e+e-, p+p-, D+D-) In




Data - medal

FIG. 1: Examples of spectral dataset with identified extra line, see Table II for details. The spectra are binned by 60 eV and presented in
detector’s frame similar to [2]. Blue and red residuals (bottom) are shown with respect to the best-fit model with and without adding an extra

[cta/sec/kaV]

Hormalized count rate

- X-ray ( XMM-Newton) spectral line 3.5 keV:
sterile neutrinos!?

Testing the origin of ~3.55 keV line in individual galaxy clusters

observed with XMM-Newton

arXiv:1508.05186v1
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radiative decay lifetime tau_dm ~ (3.5-6) x 10°27 s



http://arxiv.org/find/astro-ph/1/au:+Iakubovskyi_D/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Bulbul_E/0/1/0/all/0/1

ANTIMATTER from DM ANNIHILATION

X +X =g WIW ™y u= 7 tau™ ...

"WIMP miracle‘:

In case of WIMP DM with annihilation rate < ov >= 3 x 107%%cm? /sec and
average dark matter density ~ 0.4 GeV/em?® in solar neighborhood, the required
TeV scale masses of DM Mpjyr < 1 TeV result in considerably low values of number
density and, correspondingly, of the annihilation rate. The expected electron+positron
spectral intensity ®(F) in E2®(E) presentation is |36]

—2
E Mpw,
E*®(E) =6 x 1071 (lCeV) (lTL:{I) O(Mpy — E)Brorm™?s ™! GeV?,

(1.1)
where additional "bust factor" By ~ 200 as a signature of Sommerfeld enhance-

ment effect [36] should be introduced in order to match the observational intensities
E3®(E)pps ~ 10°m =257t sr=1 GeV? in sub-TeV range (Fig. 1.5, 1.6)

ANTIMATTER from ASTROPHYSICAL SOURCES (SNRs, PWNe)

PW: e+e- pairs +DSA at
PWN shock

pp — pn.’;'rJr — ppeﬂ?_veﬂev# Yy
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COSMIC RAY SPECTRUM
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DARK MATTER DECAY in HALO
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DM decay produces e+e- In halo e+e- diffusively propagate

AstrSources produce e+e- in disk into the Galaxy and lose energy via
synchrotron and |




L.A.Cavasonza, M. Kramer, M. Pellenar, arXiv:1409.8226v2

We are interested in the energy spectrum of a given SM final state f = {e*,~,p,p,v,¥},
resulting from the annihilation process DM DM — eTe™ + (Z — f), including the decay of the
Z boson and the fragmentation and hadronization of the decay products, see Fig 1.!

DM (WIMP) et (p1)

DM (WIMP) e (p2)

Figure 1: Generic annihilation process of DM into an electron-positron pair plus Z radiation, with Z decay,
fragmentation and hadronisation.

The energy spectrum is given by

dNy 1 d{ovem)
dr  {(ovem) dz

with © = 2E¢/y/s, and (0vem) is the thermally averaged cross section ' ) Frag. fun. approx.
+te=(Z — f). The centre-of-mass energy is /s = 2Mpyg/+/1— 02, ! :"’I Full caleulation —

of the final state SM particle of type f. By vy we denote the velocity P

in the centre-of-mass frame. More specifically, as the dark matter pa

we have x ~ F'y /Mpy. In contrast to some conventions in the litera

Eq. (1), is normalised to one, [drdNy/dz = 1.

AoXp =0 e Z
Mpyy = 3000 GeV

DGLAP equations [36, 37]. In particular, the energy spectrum of a SM particle f is |

a8} Z [ = DY () D21 (i, 2




o 0, 01 0 p
2 (DY — Viah) + —p? Dy iy — — [n _Lv.v, w]
It ( zx V1T c.) pp(.jppg. dp yzi 3( c).

11

— —t — =1 +q(r,p), (1)

Tf Ty
where (7, p,t) is the number density per unit of total particle momentum, which is
related to the phase space density f(r,p.t) as (7, p,t) = 4mp? f(r, p, t). For steady-state
diffusion, it is assumed that dv)/dt = (. The number densities of cosmic-ray particles are
vanishing at the boundary of the halo, i.e., ¥(Rp, z,p) = ¢(R,£Z4,p) = 0. The spatial

diffusion coeflicient D, is energy dependent and can be parametrized as

a
D,. = Dy (ﬁ) , (2)

A0

where p = p/(Ze) is the rigidity of the cosmic-ray particle with electric charge Ze. The

_11[,;2 pQ

Dpp =

3D,,6(4—62)(4—0)w’ (3)

where w characterise the level of turbulence. We take w = 1 as only V;2/w is relevant in

cross section for p + H(He) — p + X. The primary source term of cosmic-ray particles

from the annihilation of Majorana DM particles has the following form

- A (X)
PO oy S e 3)

< dp

where {owv) is the velocity-averaged DM annihilation cross section multiplied by DM rela-
tive velocity (referred to as cross section) which is the quantity appears in the Boltzmann
equation for calculating the evolution of DM number density. p(r) 1s the DM energy
density distribution function, and dN®) /dp is the injection energy spectrum of antipro-
tons from DM annihilating into SM final states through all possible intermediate states X
with 77x the corresponding branching fractions. The injection spectra dN') /dp from DM

annihilation are calculated using the numerical package PYTHIA v8.175 [32], in which

Hong-Bo Jin et al.,
arXiv:1410.0171v1

; 2mTros + T2,
(I)TO.-\ Tona ) = TOA D(T
(Troa) ( 9mT + T2 )‘ (T)

Tron =T — ¢F

(the kinetic energy
of the CR at the top
of the atmosphere)




GALPROP CODE

e b 3 . y qalpmp stanford edu

Pj| CODE | PUBLICATIONS || CONTACTS ~ BUGS?

[Search GALPROP web site Register Login

The GALPROP code for cosmic-ray transport and diffuse emission production

GALPROP is a numerical code for calculating the propagation of relativistic charged particles and the diffuse emissions produced during their
propagation. The GALPROP code incorporates as much realistic astrophysical input as possible together with latest theoretical developments.
The code calculates the propagation of cosmic-ray nuclei, antiprotons, electrons and positrons, and computes diffuse y-rays and synchrotron
emission in the same framework. Each run of the code is governed by a configuration file allowing the user to specify and control many details
of the calculation. Thus, each run of the code corresponds to a potentially different "model”. The cocdle itself continues to be developed and is
available to the scientific community via this website.




Antimatter particles in GeV-TeV cosmic ray flux

- In Gev-TeV range a set of running experiments are suitable for
detection of charged matter-antimatter particles:

« satellite PAMELA (e+, e=, p, p-),
« experiment AMS at ISS (e+e-and anti-nuclei detection),
 aballoon-borne Advanced Thin lonization Calorimeter (ATIC),

- charged leptonic e+te=components in a space-born (FERMI-LAT),

« and in ground based (HESS) gamma-telescopes,




PRL 113, 121101 (2014) High Statistics Measurement of the Positron
Fraction in Primary Cosmic Rays of 0.5-500 GeV with the Alpha Magnetic
Spectrometer on the International Space
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FIG. 3 (color). The positron fraction above 10 GeV, where it

begins to increase. The present measurement extends the energy FIG. 2 (color). The positron fraction from 1 to 35 GeV. It shows
range to 500 GeV and demonstrates that, above ~200 GeV, the arapid decrease from 1 to ~8 GeV followed by a steady increase.
positron fraction is no longer increasing. Measurements from . :
PAMELA [21] (the horizontal blue line is their lower limit),
Fermi-LAT [22], and other experiments |17-20] are also shown.

The AMS data provide accurate information on the minimum of
the positron fraction.
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PRL 113, 121102 (2014)
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FIG. 3 (color). The spectral indices of the electron flux y,- and
of the positron flux y,+ as a function of energy. The shaded
regions indicate the 68% C.L. intervals including the comrelation
between neighboring points due to the sliding energy window.




Quantity Prior

Best-fit

value

Posterfor mean and

Standard deviation

Zy(kpc)
Dy/Zy,

)

Vo(km -s71)

Positron fracton

3.2

2.02
0.29
44.7
1.79
2.46

3.3£0.6
2.00+0.07
0.29+0.01
44.6+1.2
1.78+0.01
2.4540.01

Positron fracton

i DM->2i{95%C.L.)
—4— AMS.02
PAMELA
Fermi-LAT

— 570 GeV,
—1.10 TeV,
— 1.53 TeV,

— 3.07 TeV,

B DM->4u[95%C.L.)
L —— AMS-02
PAMELA
Fermi-LAT

-
]

etle* +e)

Lol
5

10 Ene rgy[é%\']

Positron fracton

10

Positron fracton

i DM-=27(95%C.L.)
L —— AMS-02
PAMELA
Fermi-LAT

Lol
5

E|1ergy[é%;h']

i DM->41{35%C.L.)
L —— AmMS-02
PAMELA
Fermi-LAT

Ene rgy[é%.'v.’]

E|1ergy[é%£\r']

{
{
{
{

ov) = 6.72 x 107 cm?s71,
ov) =1.49 x 107 em?®s!,
ov) =5.34 x 107% cm®s ™!,

ov) =116 x 1072 em?s™1

Hong-Bo Jin et al.,
arXiv:1410.0171v1




DARK MATTER GALACTIC PULSARSs
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Figure 1.5: Observational data and theoretical models of the positron fraction (upper)
and electron and positron energy spectrum (lower). Astrophysical background (long
dash lines) and additional contribution from dark matter annihilation (¥~ channel)
(a) or Galactic pulsar population (b) (short dash lines) are presented. See text for
detail. Figure taken from [39)]




DM PROBLEM: PAMELA+AMS vs FERMI+HESS
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Figure 1.6: Best fit DM parameters Mpy and ov for explanation observational
positron fraction (AMS-2 and PAMELA data) and total eTe” flux (FERMI-LAT
and HESS data) (30 and 50 contours). Left (right) column corresponds to p=p™
(7777 ) annihilation cannel. Shaded regions show constraints from FERMI-LAT «
observations of dwarf galaxdes and our Galaxy with NFW (upper line) and isothermal
(lower line) DM density profiles. Fignre taken from [38]

Cirelli M., Kadastik M., Raidal M., Strumia A., Nuclear, Nucl. Phys. B'813, 1 (2009):
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3H T. Delahaye et al.: Galactic electrons and positrons at the Earth ~ 3H T4 nynbcapu

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
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Fig. 9. Left: plot of the observed age versus distance to the Earth for our sample of local SNRs (and associated uncertainties, see Table C.1). The
dashed lines correspond to limits beneath which a local source cannot contribute significantly to the signal at the corresponding energy (valid only
in the med propagation model — see Table 1). Indeed the age sets an upper limit, while the distance sets a lower limit to the energy range — see
Sect. 4.4. Right: same plot for our complete sample of local SNRs and pulsars.




CONTRIBUTION to LOCAL e+e- FLUX
from INDIVIDUAL SHORT-TERM SOURCES
(SNRs, PULSARS)

We assume an e e~ spectrum at source of the form

Q(E.t,7) = Qo (1 C‘;,

and we take a spectral index I' = 1.7. This value 1s 1n the range of the gamma-ray
spectral indexes reported in the Fermi-LAT pulsar catalogue [10], where 1 < I'), < 2

T
) exp[—E/Eu|0(t — 19)d(7), 3)

Finally, the normalization parameter () was set for each pulsar to the value such
that
42
E t3,
T

/_ E xQ(E)AE = E,,;, = with 7 ~ 10 yr and n = 0.4. (4)

with t4, the characteristic pulsar age, 7 the characteristic luminosity decay time, E

the spin-down luminosity, and 7 the e"e~ production efficiency (our results are easily

To calculate the local ete~ flux from a source term such as the one we adopt in

Eq. (3) we consider the following standard cosmic-ray diffusion-loss transport equation:
BT D(EYVEN, — A ((E)N:) = QUE. 1), (5)

where D(E) = Do(E/1 GeV)’ is the rigidity-dependent diffusion coefficient, for
which we assume the customary values Dy = 3.6 x 10*® cm?/s and § = 0.33
3], and where b(E) = boE? is the energy loss term, which includes the dominant

L. Gendelev et al., arXiv:1001.4540v1
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CONTRIBUTION to LOCAL T e e §

e+e- FLUX from 10 FERMI-LAT IR s i
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L. Gendelev et al., arXiv:1001.4540v 1 uuct:
'S '.

E (GeV)

Figure 2. The spectrum of the 10 Fermi-LAT pulsars giving the largest contributions
to the local ete™ flux, assuming an e”e™ injection effciency 7 = 0.4 and an ete™
spectral index I' = 1.7 with a cutoff E.;; = 1 TeV for all pulsars. Black lines refer
to blind search gamma-ray selected pulsars, red lines to all other pulsars. The data
points reproduce the eTe~ spectrum measured by Fermi [2]

] o E NT(_E T
J"\"E. ry Lyl = E T 1 GeV
(E,t,7) 2R (E, 1) (1 E-max(f)) 1 GeV

E 1 r
- - 6
P [ Ec:ut 1— E/Emax (Rdiff> ] { )

with

1— (1 — E/Emad) ™\ "*
(1= )/ B ) ()

and where the maximal energy, 1.e. the energy an electron or positron injected with

arbitrarily large energy would have after a time ¢, is Fy..(t) = (bot) 1. ‘

RdiE(E,f) ~ 9 (D(E)f
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Delahaye, Lavalle. Lineros, Donato & Fornengo (2010)
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Figure 1.7: Primary positron energy spectra from nearby pulsars, produced power
low spectra with spectral index v = 2 and maxinum energy E. = 3 TeV. The cases
of nonrelativistic and full relativi The upper cutoff in age for the pulsars contributing to the local e"e™ flux simply
51]

Figure taken from stems from the maximal energy cutoff as a function of energy

1.4 % 10716 GeV-1s~1\ /100 GeV
by E

t <23x10%yr

The non-trivial dependence on pulsar age that cuts off the contribution from young
pulsars depends, instead, on the fact that for young pulsars and for energies such that
E < Enax = (bot)~ !, the diffusion radius is

Dy t \"? 7100 GeV\*?
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http://inspirehep.net/author/profile/Lallement%2C Rosine?recid=1255274&ln=ru

Filamentary Diffusion of Cosmic Rays on Small Scales
G. Giacinti, M. Kachelriess, and D. V. Semikoz arXiv:1204.1271v?2

Diffusion approximation becomes valid at b~ 10°yr (L /150 pe)? (E/PeV) ™ (Boe /4 G
(1)
with 3 ~ 2 and v = 0.25-0.5 for Kolmogorov turbulence.




Galactic Streams of Cosmic-ray
Electrons and Positrons
M.D. Kistler, H. Yuksel, A. Friedland
arXiv:1210.8180
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~ 2 and v = 0.25-0.5 for Kolmogorov turbulence.
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FIG. 1: Distributions of electrons with initial energies of
1 PeV after propagating 5000 yr in a 3 4G random magnetic
field. Each stream ( ) corresponds to one of nine sources.



Vela PWN as the e+e- source:
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PROBING THE PULSAR ORIGIN OF THE ANOMALOUS POSITRON FRACTION
WITH AMS-02 AND ATMOSPHERIC CHERENKOV TELESCOPES
T. Linden, S. Profumo, arXiv:1304.1791v2
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SUPERHEAVY DARK MATTER
(M_X>M_WIMP~10 TeV)

Never in the thermal plasma equilibrium
Produced In the early Universe

If SHDM particles are unstable ( metastable), they can produce standard model
particles via decay. If SHDM particles are stable due to the existence of a some discrete
gauge symmetry, and this symmetry is weakly broken, a lifetime of X-particles can be
larger than the age of Universe It is believed, that main decay channel is to quarks and
leptons. Following hadronization of quarks results in hadron jets with dominance of
pion and minor part of nucleons. By-tern, pions decay to leptons ( electrons/positrons.
neutrinos) and photons. While the hadronization process is described in the QCD
frame, the spectra of producing species are also determined mainly by QSD and should
be similar to collider result for e + e — gg — nuclons + pions |59]. Calculation of
the particle energy qper‘rrﬁ a‘r the My energy scale suggests a flat power-law energy
spectrum N(FE v = 1.9 with photon dominated flux as a robust
signature of c‘lena}flng origin. The photon /nucleon fraction in the calculated spectra
is in the range N, (E)/N,(E) ~ (2 — 3) [73] ( Fig. 1.11. Therefore the X-particles

with masses Myx > 102! eV and the life time of order of the age of the Universe could
contribute to the observable flux of the ultra high energy cosmic rays.




SHDM from COSMIC STRINGS

Figure 1.10: Numerical simulations of cosmic string network of infinite strings and
loops in classical field theory (left) and in the Nambu-Goto approximation (right).
Box sizes is of order of the horizon size. Due to the scaling properties the evolving
string network structure remains self-similar. Figures taken from |G6]
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UHECR DETECTORS
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Figure 1.12: Past (Fly's Eve, AGASA, HiRes (High Resolution Flv's Eye)). present
(Auger-South, Telescope Array (TA)) and future (Auger-North, JEM-EUSO ( nadir
and tilt modes) experiments for detection of ultra high energy cosmic rays with energy
> 10'® V. Figure taken from [83]




RECENT UHECR DATA
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Figure 1.18: Ultra high energy part of cosmic ray spectrum. Recent results of TA
(upper line p-fit) and AUGER (black points) collaborations are presented. TA data
are fitted according to the proton-dominated dip model, Auger data - according to
the ankle model with additional galactic component ( dotted line). See text for detail.
Figure taken from [80)]




DECAYING SHDM: PHOTON CRISIS
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Figure 1.11: Contribution to the observable spectrum of UHECRs (AUGER data)
from ultra high energy photons, produced by decaying SHDM (left). Fraction of ultra
high energy photons in the total flux for decaying Galactic SHDM with NFW density
profile (right). Figures taken from [73]




NO PHOTONS — NO SHDM
IN UHECR SPECTRUM?
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Figure 1.19: Upper limits on ultra high energy photon flux from Auger Surface Detec-
tor (SD) and Hybrid (SD and fluorescence telescope) data [853]. Theoretical predictions
from models of super-heavy dark matter (SHDM), topological defect ('TD), Z-bursts,
and the expected flux due to the Greisen-Zatsepin-Kuzmin (GZK) effect are also
presented. Figure taken from [83]
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cherenkov telescope array

GAMMA-400
scientific complex

1g. 2. Single-dash telescopes bemg developed for the CTA amrays, A) Large Size Telescope (LST), B) Medium Size
Telescope (MST), C) Small Size Telescope single mirror (SST IM)
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GAMMA-400
scientific complex

The GAMMA-400 scientific complex is designed by:

» Lebedev Physical Institute (leading organization),
o Muclear Physics and Astrophysics Division,
Mational Research NMuclear University MEPhHI,
loffe Physical Technical Institute (Saint-Petersburg),
Cpen Joint Stock Company "Research Institute for Electromechanics” (Istra),
Scientific Eesearch Institute of System Analysis,
Taras Shevchenko National University of Kyiv (Ukraine),
Lviv Center of Institute for Space Research (Ukraine, Lviv),
Institute for Scintillation matenals (Ukraine. Kharkiv),
|stituto Mazionale di Fisica Nucleare, INFN (ltaly).




Figure 1: The GAMMA-400 physical scheme.

Navigator
connection
truss

The GAMMA-400 physical scheme 1s shown in Fig. 1. GAMMA-400 consists of plastic
scintillation anticoincidence top and lateral detectors (ACtop and AClat), a converter-tracker
(C), plastic scintillation detectors (S1 and 52) for a time-of-flight system (ToF), a two-part
calorimeter (CC1 and CC2), lateral detectors (LD), plastic scintillation detectors (53 and 54,
and a neutron detector (ND).

The converter-tracker consists of 13 layers of double (x, v) silicon strip coordinate
detectors (pitch of 0.08 mm). The first three and final two layers have no tungsten while the
middle eight layvers are interleaved with tungsten conversion foils. Using the first three lavers

without tungsten allows us to measure gamma rays down to approximately 20 MeV. The total

converter-tracker thickness 1s about 1 X, (where X 1s the radiation length). The converter-
tracker information is utilized to precisely determine the conversion point and the direction of
each incident particle.

The two-part calorimeter measures particle energy. The 1maging calorimeter CCl
consists of 2 layers of double (x, vy) silicon strip coordinate detectors (pitch of 0.08 mm)
interleaved with planes from CsI{T1) stals, and the electromagnetic calonmeter CC2 consists
of Csl{Tl) cubic crystals with dimensions of 36 mm = 36 mm * 36 mm. The thickness of CCI
and CC2 15 2 X, a 23 Xy, respectively. The total calorimeter thickness 15 25 X or 1.2
(where &g 1s nuclear interaction length) when detecting vertical incident particles and 54 X, or
2.5 3y when detecting laterally incident particles. Using a deep calorimeter allows us to extend
the energy range up to several TeV for gamma rays, 10 TeV for electrons, and to reach an energy
resolution of approximately 1% above 100 GeV.




Table 1

Fermi-LAT

GAMMA-400

Circular, 565 km

Highly elliptical,
500-300000 km
(without the Earth’s
occultation)

Operation mode

Sky-survey (3 hours)

Point observation
{up to 100 days)

Source exposition

1/7

Energy range

20 MeV - 300 GeV (v, e)

~20 MeV - 1 TeV (y)
1 GeV - 10 TeV (e)

Effective area
(E, =1 GeV)

~6500 cm” (total)
~4000 cm’ (front)

~4000 cm?

Coordinate detectors
- readout

S1 strips (pitch 0.23 mm)
digital

S1 strips (pitch 0.08 mm)
analog

Angular resolution

~4° (E, = 100 MeV)
~0.2° (E, = 10 GeV)
~0.1° (E, = 100 GeV)

~2% (E, = 100 MeV)
~0.1° (E, = 10 GeV)
~0.01° (E, > 100 GeV)

Calorimeter
- thickness

Csl(Tl)
~8.5 Xy

Csl(Tl)+ %1
~235 X

Energy resolution

~10% (E, = 10 GeV)
~10% (E, > 100 GeV)

~3% (E, = 10 GeV)
~1% (E; > 100 GeV)

Proton rejection factor

~5x10°

Mass, kg

4100

bytes/day

Telemetry downlink volume,

100




Table 2

SPACE-BASED GROUND-BASED
GAMMA-RAY INSTRUMENTS GAMMA-RAY INSTRUMENTS
Fermi- | DAMPE | CALET | GAMMA |H.ESS.| MAGIC | VERITAS CTA
LAT =400

Particles ¥, € e, nuclel, | e, nuclen, Y, €,
v W nuclei

Operation | 2008- 2015 2015 ~2023
period
Energy 0.02- 5- 10- 0.02-
range, 300 10000 10000
GeV
Angular ] : 0.17 ~0.01°
resolution
(E,> 100
GeV)

Energy
resolution
(E, > 100
GeV)

DArk Matter Particle Explorer (CHINA) launched 15 Dec 2015

CALorimetric Electron Telescope (Japan-US-Italy) launched to ISS 19 A
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cherenkoy telescope array
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First interaction ~20km

Cherenkov flash lasts a

Shower maximum ~8-12k couple of nanoseconds

- and makes a pool of
light on the ground







[&] The MAGIC Telescopes

Gamma-ray astronomy at low energies with high sensitivity

HOME GENERAL INFORMATION SCIENCE WITH MAGIC MAGIC MEMBERS MAINTENANCE

e |







A)

Fig. 2. Single-dish telescopes being developed for the CTA arrays. A) Large Size Telescope (LST); B) Medium Size
Telescope (MST); C) Small Size Telescope single mirror (SST 1M). .




CTA News

CTA Consortlum member representatives from around the world met in Turku
Finland 3-8 May to collaborate and discuss the key science goals and technology of
CTA. On 8 May, the Consortium Board wrapped up the successful week of meetings

by voting to accept
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