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YacTOTHBIN CIIEKTP POHOBOTO 3JIEKTPOMATHUTHOTO KOCMHYECKOTO U3JTyUYEHHUS



NpUOOPHI U YCTAHOBKM:

INTEGRAL, COMPTEL, Swift, Fermi - opOuTajibHble raMMa-

TEJECKOIbI;

MAGIC, HEGRA, HESS - yepeHKOBCKHE Ha3eMHbI€ TaMMAa-TeJIeCKOIbI
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CocraBHoe n3oopaxxenne KpaboBuaHOM TYMaHHOCTH.
http://www.astronet.ru/db/msg/1179814
Cnextp KpaboBuaHoit TymaHHOCTH http://iopscience.iop.org/2041-
8205/730/2/L15/pdf/2041-8205 730 2 L15.pdf



PacnpeneneHue peHTTEeHOBCKMX HCTOYHHUKOB 110 HEOECHOHU cepe,
MTOJIYYEHHOE C MOMOIIBIO CIENUATU3UPOBAHHBIX PEHTTEHOBCKUX
ciyTHukOoB UHURU u EINSTEIN. Pagnyc okpyXHOCTH
COOTBETCTBYET APKOCTH OOBEKTA,



JAunanma3on I'M oyeHb IIUPOK, €ro MPUHATO ACJIUTH HA HECKOJIbKO
Y4aCTKOB CO CBOMMH HAYYHBIMH 32/1a4aMU U METOAUKOMN
HAO0JIIOICHMIA:

o6Jacth msarkoro ' ¢ € = 0,1-5 M3B (A = 0,12 — 0,24-102 A),
00J1aCTh MPOMEKYTOUYHBIX JHeprui € = 5-50 M>B
A ~2,4103-2,4-104 A),

o0sacts I'M BbicokuX 3Heprun ¢ € ~ 50 M3B - 10 I»B (100 I'>B)
(A~ 2,4104-1,2-10¢ A),

oojacth I'U ouenn Buicokux nepruii  1011-10133B.



The LAT detects v rays in the energy range 20 MeV to more than 300 GeV, measuring
their arrival times, energies, and directions. The LAT 1s also an eflicient detector of the
intense background of charged particles from cosmic rays and trapped radiation at the orbit
of the Fermi satellite. Accounting for ~+ rays lost in filtering charged particles from the
data, the effective collecting area is ~6500 cm? at 1 GeV (for the PTREP_SOURCE_V15
event selection used here; see below). The hive time i1s nearly 76%. lmited primarily by
imterruptions of data taking when Fermi 1s passing through the South Atlantic Anomaly
(~13%) and readout dead-time fraction (~9%). The field of view of the LAT is 2.4 sr at
1 GeV. The per-photon angular resolution (point-spread function, PSF, 687 containment)
15 ~5” at 100 MeV, decreasing to (X8 at 1 GeV (averaged over the acceptance of the LAT),
varying with energy approximately as E~%% and asymptoting at ~(0°2 above 20 GeV. The
tracking section of the LAT has 36 layers of silicon strip detectors interleaved with 16 layers
of tungsten foil (12 thin layers, (.03 radiation length. at the top or Front of the instrument.,
followed by 4 thick layers, 0.18 radiation length, in the Back section). The silicon strips track
charged particles. and the tungsten foils facilitate conversion of v rays to positron-electron
pairs. Beneath the tracker 15 a calorimeter composed of an S-laver array of Csl crystals
(~8.5 total radiation lengths) to determine the ~-ray energy. A segmented charged-particle
anticoincidence detector (plastic seintillators read out by photomultipher tubes) around the

tracker 1s used to reject charged-particle background events.
| 11 1



NASA's Fermi telescope reveals best-ever view of the gamma-ray sky

#1851 30 WredprysTied

ermi
) .1 Credit: NASA/DOE/Fermi LAT Collaboration




HMcrounuku B Hamen I'anakTuke:

Couanue;

PEHTIeHOBCKHE IBOMHbIE 3Be3HbIe CUCTEMBbI}
yJIbCapbl

OCTATKM CBEPXHOBbIX;

HIAPOBBIC 3BE3AHbIC CKONJICHUA
HeUJCHTU(PUIMPOBAHHDbIE TAJAKTHYECKHE HCTOYHUKH

3a npenenamu NanakTuku:

AKTUBHbIC IAJIAKTUKH, YIAJCHHbIC HA MULIUAPObl CBETOBbIX JIET
CKOIICHUSA TAJIAKTHK

HEOTOKIEeCTBJIEHHbIE UCTOYHUKH



ﬁQQ%V

17h15m 17h11m

TUunuYHas YePpEeHKOBCKAasi raMMa-acTPOHOMUYeCKasi Ha3eMHas ycraHoBka HESS.
OCHOBHBbIE KOMIIOHEHTbI TAKHUX TEJECKONOB 3TO (POKYyCHPYIOIee 3ePKAJIO U
Mo3auka @IV, pacnosokeHHass B Gpokyce 3epkaJa.

N3o0paxkenune ocrarka cBepxHoBoid RXJ1713.7-3946 nosryuyeHo no 1aHHbIM
HESS B ramma-guanazode ot 0.15 g0 10 T>B. YepHbIM KOHTYPOM 0003HAYECHBI
peHTreHoBcKkue JanHbie ASCA.



Galactic latitude (deg)

Fig.

o Mo association o Possible association with SMNR or PWN AGH
Pulsar Globular chuster + Starburst Galaxy - PWMN
o Bmnary + Galaxy SNR + Mova
+ Star-forming region
2 I I I I [ of THol I I I lof | Hz' I:i:h IR [ ol o I
ﬂ_...'.__l? .................. '.-..:.F'..'DF!‘ﬁ__'_n uu E_L1 . '....:....:.u+.th&E5I:E_E__R__D
e . . . . . . o . ‘o . . . . . a H .o . © o
clo 0o P g ge g b e 1%
180 170 160 150 140 130 120 110 100 aQ &0 70 &0
Sra N N . ri, 5: !5 T4 T IE|I ToE T Ted T
U-":“E'ﬂ!’“--uﬁ-'#?' Eﬂlﬂ:“iﬂ AL ? ”ﬂ“h ‘Em E't.‘ﬂ
' ' ' ' ' ﬂ |
sl 1 1 1 9§ " A o | |“ |E" |'=' ol |
G0 =0 40 3(] Z'D 10 0 35(] 30 330 320 30 300
ST T T T T T T . T T T T T.1 E'l I!J 1T L & T &
o . . : . .8 . a- . . ; .
- L A N R SR TR b
L1 v L1 1 AT N = I RN TR RN NN TR SN SR N N A .
300 2490 280 2ra 260 250 240 230 220 210 200 180 180
Galactic longitude (deg)
15.— Full sky map (top) and blow-up of the mner Galactic region (bottom) showing

sources by source class (see Table @). All AGN classes are plotted with the same symbol for

simplicity.



inlegrated imensity, ¥ =0.1 — LD GeV integratad imensity, £ = 1.0 — 10.0 GeV integrated inienaity, [ = 10.0 — 500.0 Cel

§—

2 3 e 3 8 e

| I | | [ I I | C T 1T T
QIG 030 0.8 060 Orh 000 108 1H 136 15D 02 00 02 04 DE DB 1D 13 14 ORO-0.35 000 025 OB0 O7: 100 526 650
kg I0* F (e *s 1) logmn[I0* F [cm -2 a-1ar-1) login[107 F (em- 28 1ar- 1)

Gamma-ray intensity maps integrated in three large energy hins for the data set used in this paper.
Throughout this paper we show skymaps in Galactic coordinates centered on the Galactic center using the Mollweide
projection. The pixel size 1s 0.9°. The map on the right i1s smoothed with a ¢ = 1° Gaussian kernel. The smoothing

is for presentation only; we do not smooth the data maps when fitting the models.



Galactic Latitude

Galactic Latitude

Galactic Latitude

240°
Galactic Longitude
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Sigma units

Residuals when setting the diffuse model normalizations to 1 and no power-law
correction, integrated from 100 MeV to 100 GeV and expressed in sigma units over (K5 pixels.
Top: Positive Galactic longitudes from the anticenter to Cygnus. Center: Galactic ridge.
Bottom: Negative Galactic longitudes from Carina to the anticenter.



Overall, 3FGL includes 1745 sources associated with AGN (58% of all 3FGL
sources) of which 1145 are blazars, 573 are candidate blazars, 15 are radio
galaxies, 5 are Seyfert galaxies, and 3 are other AGN. The Seyfert galaxies are

narrow-line Seyfert 1 galaxies that have been established as a new class of -ray
active AGN

Five sources in the 3FGL catalog lie within the extended source model for the
LMC and are otherwise unassociated with counterparts at other wavelengths.

The public catalog of LAT-detected pulsars is regularly updated19. At the time of
the 3FGL association analysis, this catalog had 147 pulsars

In addition to the four pulsar wind nebulae found in 2FGL (Crab, Vela-X, MSH
15-52, HESS J1825-137), the 3FGL catalog includes seven new PWNe
associations.

Twelve SNRs are firmly identified in the 3FGL catalog as spatially extended
sources

Three HMB sources that appeared in 2FGL are also found in 3FGL: LS I +61
303 BFGL J0240.5+6113), 1IFGL J1018.6—5856 (3FGL J1018.9—-5856), and LS
5039 BFGL J1826.2—1450).
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The TS map of the H.E.S.5. Galactic Plane Survey.
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ABOHUHBIE ABOMHBIC

XapaKTep BPEMEHHOI0 NMOBedeHUs

0pOMTATbHAS MEPUOAHMYHOCTD — 3aTMeHus (mepuoanl 10* — 10° ¢)
MOAYJIAIUS MOTOKA, TUIbI (Tep U0 abI 10° -10* )

BpalleHHe MATHUTHON HeliTpoHHoii 3Be3pl — myabcamun (107 —10° ¢)

npemeccusi — AoJAronepuoanueckne nukianbi (> 10° ¢)
KBa3uImepuoaudeckue ocuuasaumum (1 0°-10"¢)
Hepery/IsipHbie Bapuamun (mym), (10~ —10° ¢)

Benbiku (1 —10 ¢)
Tpansuentsb! (1072 -10° ¢)
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a) CxemaTH4yHOe M300paKeHUe CTPYKTYPbI TECHOM IBOMHON CUCTEMbI B Pe:KUMeE JTUCKOBOM
akkpeunuu. 1 - onTuyeckas 38e3/1a; 2 - KOMIAKTHBIA 00beKT; 3 - ra30BbId TUCK; 4 - CTPYS;

S - Apkoe (ropsiuee) NATHO B 00J1aCTH 3aXBATA MEPETEKAIIEI0 BeHIeCTBA AKKPEIMOHHBIM
JTUCKOM.

http://www.astronet.ru/db/msg/1168623/node8.html
0) XyaoxkecrBeHHoe uzoopaxenue T/IC ¢ akKpelMOHHBIM AMCKOM.
http://www.astronet.ru/db/msg/1280650/bh.jpg.html

B) U300paxkenue 3 JIupol, nonyuennoe National Optical Astronomy Observatory, NOAO.
http://arxiv.org/abs/0808.0932



Cygnus OB2 Field: HEGRA CT-System
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Skymap of the Cygnus region with the center of
gravity of the TeV ~-ray excess and the 2o error circle for
TeV J2032+4130 [12]. Also marked are the 95 % error ellipses

of three nearby EGRET GeV sources, the core of Cygnus OB2
and the location of Cygnus X-3.
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Puc. 11. Cpennitii pazoBelii npodins

OyabcalRi (Tiepron 1.24 ¢)
PEHTTEHOBCKOTO H3IyUeHHA OBOHHOH

cricrene: Her X-1 Cxema pagdonyJibcapa 1 HMITYJIbChI
paguousnydeHus. OcCh BpaleHUs
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g OCBhIO0 MAarHUTHOTO JUTIOJIS.

E N N http://ntc0.1bl.gov/~nkg/science sp.html
5

Puc. 12. PentrenoBckas kpuas Onecka aBoiHO# cuctembl Cen X-3, u3mepeHHast B
JKCIEpHMEHTE Ha “YXypy”.
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The unpulsed energy spectrum of the Crab nebula
(E = 100 MeV) as measured by the EGRET experiment (open
circles) as well as with the HEGRA TACT system (filled cir-
cles). A deep observation of nearly 400 hours with the HEGRA
telescopes allowed for a measurement of the Crab spectrum in
the energy range from 0.5 to 80 TeV [7]. The solid lines indi-
cate model expectations (from [7]) for synchrotron and inverse
Compton radiation.
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a) InddepenunajbHbIi S HEPreTHYECKNI CIIEKTP JIEKTPOHHON ¥ MO3UTPOHHON KOMIIOHEHT KOCMUYECKHX JIy4ei B
OKpecTHOCTH 3emJin 10 AaHHBIM 3KkcniepuMenTa IIAMEJIA: 1 — no3uTpOHBI, 2 — 3JIEKTPOHBI, 3 — CyMMa 4YacTHIL.
http://library.mephi.ru/data/scientific-sessions/2010/fulltext t4/1-11-1.doc OCH u3nyuenusi-ramma Kapra) 0 .

Vela ¢ 3neprueii 6osbie 800 M3B no nanabiMm Fermi LAT. Pacnonoxenue myiabcapa PSR B083-45 o003HaueHo
0ebIM KpecToM. 3ejieHoi JTuHNel 0003HaYeHbl KOHTYPbI PaAou3Jy4enns: Ha yactore 61 I'T'.

[astro-ph.HE] .

B) JInddepeHnuaabHblil JHEPreTHYECKUN CIIEKTP raMmmMa-u3iaydeHus nmyabcapa Vela PSR B083-45, ycpennenublii

1o ¢gase no nanubiM Fermi LAT. http://arxiv.org/pdf/1002.4050v1.pdf.
r) JAunddepennuanbublii 3Heprerudeckuii cnektp ramma-uziaydyeduss OCH Vela mo nanabim Fermi LAT.

[astro-ph.HE].


http://arxiv.org/abs/1002.4383
http://arxiv.org/abs/1002.4383
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Examples of localization T'S maps. The contours for 68%, 95%, and 99% con-
tainment are shown. The scale (in decimal degrees) 18 not the same in both plots. Left:
PSR J1459—6053, a good locahzation with LQ = 0.63. Right: 3FGL J2246.7—5205, a bad
locahzation with L(Q) = 14.
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The spectral energy distribution for a typical source, in this case PSR J1459—-6053,
as measured by the pointlike analysis. The lower plot shows the pulls, defined as the square
root of the difference 2A log £ between the fitted Hlux and the spectral model in each energy
band, signed with the residual. The points with error bars reflect the dependence of the
likelihood on the flux for each energy band, combining Front and Back, while the curve 1s
the result of the fit to all the energy bands.
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Pucynok 4. lnarpamma «1pou3BOJHAS U3MEHEHUS TIEPUOJAA BPALICHUS — MEPUOJ BpalleHHs1». MameHbKUMH TO YKaM U
OTMEYEHBI MyJbCAPbl, OT KOTOPHIX I'AMMa-H3JIyd€HHE HE PETUCTPUPOBAIOCH, KPYIHBIE TOYKH — TaMMa-I1yJIbCap bl
CIJIOIIHBIMU JTMHUSIMU OTMEYEHBI YPOBHH, COOTBETCTBYIOUIME PA3IMYHOMY BO3pacTy MyJIbCAPOB, MPEPHIBUCTHIMHU
JUHUAMU — 3HAUYEHUIO TIOBEPXHOCTHOTO MArHUTHOIO MOJIS, MyHKTUPHBIMU JIMHUAMHU — Pa3HOCTH MOTEHIMAIOB Ha
OTKPBITBIX CUJIOBBIX JIM HU SIX.
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Pucynox 17. BpemenHoit npoduis HHTEHCHBHOCTH KECTKOTO PEHTTEHOBCKOTO U3ITy9ICHHUS
BO BpeMs IMTaHTCKOM BCObIIKK MarHeTapa SGR 1806-20 27.12.2004 [12].
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(G323.7-1.0. The figure is taken from [42].
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Puc. 5-18 WanyyatenbHas cnocobHOCTL B
NoKanbHoN ranakTuyeckon OKPEeCTHOCTH.
KpuBaa 1 — ramma-kBaHThl, oOpasyrolimeca 3a
cyeT pacnaga n° — ME30HOB,

2 — raMma-nanydyeHne, obpasyrlleecs 3a cyeT

TOPMO3HbIX noTepb PENATUBUCTCKUX
anekTpoHoB. CnekTp anekTpoHoB B obnactu
SHEprun E < 1IsB onpepenanca W3
paguoLaHHbIX.

Koeaga 3 — cymmapHaa WuanydarenbHag

CNOCoDHOCTL TNOKal1bHOIO ranaktTn4yeckoro
NPOCTPaHCTBa B rAaMMa-Anana3oHe.
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a) CreKTp BBICOKOMIMPOTHOIO 1U(PPy3HOro ramma-usiayuenus ['asakruxku
Fermi-LAT [8] B o0s1acTu 200°<1<260°, 22° < |b| < 60° 1- ranakruueckas
aoJarora u b - ranakruyeckas mupora. KpacHou JuHueil 0003HaAYeH BKJIA/
TOPMO3HOI0 U3JIyYeHUS PEJIATUBUCTCKUX JIEKTPOHOB.
HU3KOKOIIUPOTHOIO AM(PPY3HOro raMmmMa-u3jaydyeHus ['ajakTUKH N0 JaHHbIM
Fermi-LAT [9] B o0s1actu 0°<1<360°, 10° < |b| <20°. Bkiaa TOpMO3HOTO
U3JIYYCHUS PEJIATUBUCTCKUX JJIEKTPOHOB 0003HAYEH MAJUHOBOW JIMHUEH.

0) Cnektp
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a) CrieKTp raMMa-us3jaydyeHus U3 00J1aCTH raJJakTH4YeCKoro HeHrpa,
MOJY4YeHHBIH 0 JAHHBIM CUUMHTHWLJISIHUOHHOTO CIIEKTPOMeTpa
OSSE CGRO:; 0) kapra nenrpa I'anakruku B iuHuu 511 x3B o
NaHHBIM opOuTaabHOU o0cepBaropu MHTEI'PAJI



Imtensity, £ =64 — 9.1 GeV Residual'std, E = 6.4 - 9.1 GaV
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Gas-cormelated components, E= &4 - 9.1 GaV Local polynomial components, E = 6.4 - 9.1 GaV
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An example of fitting a combination of gas-correlated templates and a local polynomial model to the
data. Top left: gamma-ray intensity in the 6.4 - 9.1 GeV energy bin. Bottom left: gas-correlated gamma-ray
rmission determined from the fit to the gamma-ray data. Bottom right: emission components not correlated with
the gas templates modeled by a combination of local polynomials. Top right: the residual map.
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Template intensities in the energy bin E = 6.4 — 9.1 GeV. Top left: gas-correlated template (sum of
hadronic and bremsstrahlung for neutral and ionized atomic and molecular hydrogen) obtained from GALPROP.
Top right: IC map obtained from GALPROP. Bottom: Loop I template based on geometrical model
E[} (left) and on the Haslam map (right). The Loop I template normalizations are obtained by fitting to the
Fermi LAT data.
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Left: elliptical region that covers the bubbles {orange) and background region (black). The Galactic
plane is masked at |b| < 10°. Right: mask for point sources (TS> 25) and extended sources from the 2FGL catalog
(Nolan et al.|2012].

Template maps used in all-sky fit for derivation of the spectra.

Template Dlescription

MNeutral and ionized atomic hydrogen GALPROP: bremsstrahlung and hadronic production

(sum of H I and H II) local ring: 8 - 10 kpe (free)
non-local component: 0 - 8 kpe and 10 - 50 kpe (fixed)
Molecular hydrogen (Hz) GALPROP: bremsstrahlung and hadronic production
all Galactocentric rings combined (fixed)

Inverse Compton radiation GALPROP (free)

Bright 2FGL sources TS = 200, 472 sources: each fitted individually

Weak 2FGL sources one template obtained by adding 2FGL fuxes (free)

[zotropic extragalactic diffuse and

residual CR contamination (free)

Loop I Haslam map or geometric template (free)

Bubhble template obtained from residuals (Section :':‘-.2|* (free)




IME T T T T T
—  Allsky
- Ellipse region
——  Quiside region ]
1P E Mormal distribution, epg=1.5
: —— Cut &t 30pg ]
L.
g IFE "
Significance of imegrated msiduals for £ = 6.4 — 2896 GaV ..E‘ C :
o L bt ]
: 3 :
E IFE ]
=3 1 ]
= 1
I T
1 L4 1
! I
11 : - -
- 1 3
|
1
|
|
O o o — — e ; i E 0 1
G0 —LL 00 25 G0 7.5 100 125 150 17.6 20.0 (data-model)/sgrt{model)

(data-modal)/ sgri{modal)

Left: significance of integrated residual map at energies 6.4GeV < E < 200GeV, defined as
(data — model)/vmodel, smoothed with a 2° Gaussian kernel. The large-scale residuals outside of the bubbles
are due to imperfect modeling of Loop I and the local gas. Right: histogram of values in the smoothed residual
significance map. Dashed (red): background region {Figure. Dash-dotted (green): the region of interest. Solid
(blue): all sky. Dotted (cyan): Gaussian fit to the background distribution, the width is opg = 1.5. The threshold
in the definition of the bubbles’ template is set to 3ogg and i1s shown as a vertical dashed black line. All pixels
inside the elliptical masking region and abowve |b| = 10” with the level of residual flux larger than the threshold are
included in the template of the bubbles (Figure .



IC model of the bubbles
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Left: IC model fit to the baseline gamma-ray spectrum of the Fermi bubbles (Section . The spectrum
of electrons for the ISRF at 5 kpc 1s a power law with an index 2.2 and an exponential cutoff at 1.25 TeV (Section
. If we take mnto account only IC scattering on CMB photons, then the electron spectrum has an index 2.3
and a cutoff at 2.0 TeV. Right: index and cutoff energy for electron spectra determined for different derivations of
gamma-ray foregrounds and different definitions of the Fermi bubbles templates (for the ISRF at 5 kpe above the
Galactic center). The red cross corresponds to the baseline model values with the statistical errors.



Hadronic model of the bubbles
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Primary gamma-ray emission of hadronic model of the Fermi bubbles spectrum using a simple power

law or a power law with an exponential cutoff for the spectrum of protons.
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a) Paguoranaxkruka 3C219. Cunue nBera - onTuyeckoe n3odpakeHmne, KpacHblil BT - KOMIIOHEHTBI
paanoucroynuka. http://wl.sao.ru/Doc-k8/SciNews/RC0311/figl.jpg.

0) AkTuBHasi rajakTuka llenraBp A. O0sacTu paguousiaydyeHusi MOKA3aHbl KPACHBIM, PEHTT€HOBCKOI0 - CHHUM
uBeToM. Bujaen yuyactok akera quHoi 4000 cBeTOBBIX JIeT.
http://images.astronet.ru/pubd/2003/05/02/0001189854/cenajet cxcnrao cl.jpg.

B) Cxema ¢popmMupoOBaHNS U3IyYeHUS ZKeTA.

http:// www3.mpifr-bonn.mpg.de/bonn04/program.html
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Quasars are so far away
that even radiotelescopes can
only see their outlines
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Left panel: Number of events vs. squared angular distance ©2 to the core position of M 87 as observed in the years
1998 and 1999 with the HEGRA IACT system. The dots show the ON-source events, while the histogram gives the background
estimate. Indicated by the vertical dotted line is the optimum angular cut as determined from nearly contemporaneous Crab
observations at similar zenith angles. The significance of the M 87 excess amounts to 4.7 . Right panel: Radio image of M 87
at 90 cm showing the structure of the M 87 halo. The center of gravity position of the TeV ~-ray excess from the HEGRA M 87
observations is marked by the cross indicating the statistical 1o errors [6].
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(Classification based on the hardness-duration diagram. Here we show only GRBs with
hardness errors less than the hardness itself. Colors indicate their group membership (red: on
average short/hard, blue: on average long/soft). Ellipses show the best fitting multivariate gaussian
models. In the TO90-HR case (bottom) the best model has components with equal volume and shape
(the major and minor axes of the ellipses are equal) but their orientation is not constrained. For
T50-HR (top) the best model has similar properties as for TO90-HR, only the orientation of the
components is constrained to be the same (see Figure [ for BIC values of different models).
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Fermi GBM GRBs in first six years of operation

1404 GBM GRBs
+ 1175 Long

. 229 Short
7 191 also friggered Swift-BAT

Sky distribution of GBM triggered GRBs in celestial coordinates. Crosses indicate long GRBs (Tog = 2 s); asterisks
indicate short GRBs. Also shown are the GBM GRBs simultaneously detected by Swift (red squares)
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DHEPrus




CTONKHOBEHWE OBYX
HEWTPOHHbIX 3BE3[]




SN nnu GRB?

= OOblYHBLIM KONManc -  Super
Novae

=« MarHutoBpallaTenbHbIN KOnnarc
— GRB

=« Rate (SN) / Rate
(GRB) ~100




ObLee (bonee-meHee) MHeHWE




OTKpBITHA MOCTCIHUX JIET

- BO3MOKHasl CBsI3b FTAMMa-BCILJIECKOB CO CBEPXHOBBLIMM
GRB9Y980425 co
cBepxHOBOM SN 1998bw
z =10.0085, ~10%8 spr

- “peHTreHOBCcKHEe Benblluku” (X-ray flash)

20-100 3B, 2-30 x»B

- “TeMHBIC TAMMA-BCILICCKN”’

CBs13b raMMa-BCIJIECKOB € MPOILIECCAMM Ha KOHEYHBIX CTAAUSIX SBOIIOIAN MACCUBHBIX
3BE3J]: YaCTOTA BO3HUKHOBECHHUS TaAMMa-BCIJIECKOB OTPAXKAET UCTOPHIO
3BE3/1000pa30BaHMs BILIOTH A0 OYE€Hb OONBIINX 3HAYCHUM Z ~ 20



EcTb nu HoBasa u3mnkay
raMma-BCnnecKoB?

I I'Ipenen KapuaLueBa (uo Kakux 3Heprum

MOXHO YCKOPATb YaCTULbI BONMN3n YEPHbLIX D,blp)

= B2/8pi R3 = Mc? , R=Rg=2GM/c?

« Max. Energy=eER~eBR
~1/137 E,



S HepelleHHbIX
HabngaTenbHbIX 3a0au
raMmMa-BCrnJsieCKoB




Muccusa «JilomoHocoB»

[MpoeKkT peanuiyeTtcs B pamMkax nporpamMmmbl pa3sutusa MIy
[Tpoekm nodoepxxaH NpesudeHmom PP (Ne [Np-1796 om 21.06.2010) u ymeepx0eH
nepedyHem rmopydeHul NpesudeHma PO ([p-22, nyHkm 14).

MNMpoekT B YacTtu akcnepumeHTa TYC ocywectBnsaetcsa B pamkax @Kl Poccun



«JloMmOHOCOB»

Hay4Hble 3agayn
1. HaGnroageHne KOCMUYECKUX ryvyen
CBEepPXBbICOKUX 3HEprumn
2. ogHOBpEeMeHHble HabraeHUuss ramMmma-BCnJiIeCKoB
B ONTUKEU rammMa-ry4vyax
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LOMONOSOV

Multiwave study of Gamma Ray Bursts

ShOK

BDRG

zenith
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Detailed study of GRB 2016-07-20
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Detailed study of GRB 2016-07-20

BDRG-2/LLomonosov

Count rate, 51

3500
—— Events in Nal(TI}
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Comparison of GRB
20161017A light curve with
Swift and Fermi data
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Time, s after June 20, 2016 15:16

Light curves of a SGR occurred on June 20, 2016 at 15:16:34 obtained by
BDRGI/Lomonosov. Numbers of events in Nal(Tl) in the energy ranges 20-40 keV
(red), 40-70 keV (green) and >70 keV (blue) are shown. The time resolution 1s 10m:s.
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LOMONOSOV SHOK mstrument

11t star’s value for,single shotor
13th star’s value for 100 serial shots (5 shots/sec)

I'Ipm6op LIJOK Ha 6opTy KA ﬂOMOHOCOB
y 3Be3[Hasi BENM4MHa Ha OOAVMHOYHOM kagpe
13 3BesaHas BENn4nHa Ha- cymme 100 CHUMKOB

| . 5 Kaupoe B ceKyHny |

*Field of view of each camera is about
1000 square degrees ' |
-and maX|mum framlng rate is about 5-7 frameslsec.
“«In fact, cameras record “a movie” contlnuously,
'-and is case of gama -burst detectlon part of th|s
‘movie can be transmitted to the Earth |
T usmg GLOBAL STAR space system

TecToBbIN (cbOKycprBqubm) Kaup NeTHoro o6pa3ua LLIOK. 3Kcr|o3wu,|/|ﬂ JC.
MNpepen — 12 3Be3gHada BennymHa
Mocgea, FAULL MY nionb 2011 roga.

On ground test of SHOCK instrument in MSU
( exposure- 5 sec, distance limit —the 12 -th star’s value



S
L F

Ob6cepBaTOpUA JIOMOHOCOR
Kamepbl MACTEP-LLIOK!

Oﬁoebropun_nououocoé :

O6cepeaTtopus JloMoHOCOB
Kamepbl MACTEP-LUOK

.ObcgpeaTopus [loMohocos
-KaMepbl.MACTEP-LLIOK:

O6cepeatopus IToMOHOCOB
Kamepbl MACTEP-LLUOK

epm MACTEPALIOK

O6cepBaTtopusi JlomoHocoOB
Kamepbl MACTE P-LLUOK

O6cepeaTopus MoMoHocoR
Kamepsl MACTEP-LLUOK

ok

Oﬁcépropua l'iououoc_:oa
KaMepbl MACTEP-LLIOK




I'I eACcTapToBble UCMbITaHMA HA KOCMOApPOMe
OCTOYHbINY










Cnacu0o0 3a BHUMaHue
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