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** The “MeV domain” (100 keV — 100 MeV) remains largely unexplored




[TpnHUMN paboThbl

E,=E,+E, |
cos O =1+ m_?[1/(E,+E,)-1/E,]

Tracker. Low-Z material for Compton scattering
and minimum Doppler broadening = Si

Calorimeter. High-Z material for an efficient
absorption of the scattered photon

YPE, )4 Anticoincidence detector to veto charged-

“~particle induced background
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COMPTEL (CGRO: 1991-2000)

E: 1-30 MaB
Ang.res: 1-2 rpag.
anhicanaidence (AC) dome V1 FoV: 1 ctepaguaH
Dl megstes En.res: 9% (1 MaB)

<7 INE 213)

Seff = 10-50 cm?

H. Bxpansion
chambers

Al AC photomultpliers _

cose= ==+t EVE

,, 1. The energy loss E, of the Compton electron in the upper
AC domes V: detector.

’ 2. The location of the interaction in the upper detector.

= 3. The pulse shape of the scintillation pulse in the upper
il """ detector.

4. The energy loss E, in the lower detector.

5. The location of the interaction in the lower detector.

6. The time of flight of the scattered gamma ray from the

i
1

ﬂu

!\%l?!lzl_l;!; upper to tt’te lower detector.
7. The time of the event.

D2 modules ) AL phatamultipliers
Na D AC dome Vi

-1700mm ——————==f

FIG. 2.—S8chematic view of COMPTEL



3 concepts discussed in detail at the 2"d AstroMeV workshop in Nov. 2013

PACT (Pair and Compton
Telescope; Tatischeff et al.)

Silicon tracker
¥ Scintillator
calorimeter

Plastic anti-
coincidence system

Si DSSDs + CeBr, scintillators
Heritage: MEGA, GRIPS MZ/
M3 (MPE), AGILE, Fermi/LAT

asCi (all sky Compton
imager; von Ballmoos et al.)

Ge-strip detectors
Heritage: NCT/COSI
(UC Berkeley), DUAL M3

3

Gamma Cube
(Lebrun et al.)
v-ray (5 MeV)

v-ray (100 MEV}

Microlens /
array g

Plastic
scintillator

%
e track

SiPM e J/
# [
array et /
e/

Novel concept: imaging
ionization traces in a plastic
scintillator

Very interesting! But not
mature enough for M4




COMPTEL

/;:;/

HXD
dra
104

llllllllllllllllllllllllllllllllllllllll

Chan

1010

108
Energy [eV]

1014

106




[Tap-KOHBEPCUOHHbIE TENECKOb

Fermi-LAT (Large Area
Telescope)

Calorimeter

Figure 1. Schematic diagram of the
LAT. The telescope’s dimensions are
1.8 mx 1.8 mx 0.72 m. The power
required and the mass are 650 W and
2789 kg, respectively.

Precision Si-strip Tracker (TKR) 18
XY tracking planes. Single-sided
silicon strip detectors (228 mm
pitch) Measure the photon
direction; gamma ID.

Hodoscopic Csl Calorimeter(CAL)
Array of 1536 CsI(TI) crystals in 8
layers. Measure the photon
energy; image the shower.




Fermi-LAT (npogormkeHune)

For each event, the LAT measures three guantities:
arrival direction, energy, and arrival time.

ID:236084237-d008S[———————————___}
II____='_=

p-strip

\‘ _IW/ V///74,

= &
n-type silicon Y &

The green crosses show the detected positions of the charged particles, the
blue lines show the reconstructed track trajectories, and the yellow line
shows the candidate gamma-ray estimated direction. The red crosses show
the detected energy depositions in the calorimeter.



Fermi-LAT (npogormkeHune)

E: 20 MaB - 300 2B
Ang.res: 1-2 rpag.

FoV: 2.4 ctepaanaH (~20%
BCero Heba)

Seff = 9500 cm?

Energy resolution (equivalent Gaussian
10):

100 MeV-1 GeV (on-axis) 9%—15%

1 GeV-10 GeV (on-axis) 8%—9%

10 GeV-300 GeV (on-axis) 8.5%—-18%
>10 GeV (>60- incidence) 6%

Single photon angular resolution on-axis,
68% containment radius:

>10 GeV 0.°15

1 GeV 0.6

100 MeV 3.°5



Teneckonbl BbICOKUX SHEPrui

* YepeHKoBCKME TernecKonmnsbl
 VHE y B3anmogencTsyeT c atMmocdepoun, poxaad e, et
e €, e* nopoXaarT dNeKTPOMarHUTHbIN Kackag

Development of gamma-ray air showers

S Primary particle
< (gamma ray)
S Y
<
<
3
N ' first interaction
/ e with nucleus in air
‘. . et (pair production)
N 2 o 1
'{,J ) O bremsstrahlung
@ . .
(“ ¥ J_l v on nucleus in air
-

}. 'P < pair production
|

S | / ‘ f— bremsstrahlung
/“'I * (o] \ |
p & ! \
! r

D
[ ]
g \ \\\\ (C) 1999 K. Bernldhr



N3nyyeHne BaBunosa-YepeHkoBa (Hobenesckas
npemua 1958 r: HepeHkoB, PpaHk, Tamm)

* Vv >c/n - nanyyvyeHne Basunosa-YepeHkoBa
* cosO=c/n




|*F——-Ct———%—:
v<¢ u>cC

® u r. 14.14. U3nyuenue BaBunosa — Hepenkosa.

OKDYHOCTH H306paKaloT NOCIeAOBATebHOCTb BOJHOBHX (POHTOB MOJS HaCTHUB Rk

cJayyaeB, KOTZa CKOPOCTb MeHbIlle H OOJibllle CKODOCTH CBeTa B CpeXe. Ilpu v > ¢ npoucxo-

INT o6pasoBaHHe <«yAapHOH» 3JeKTPOMAarHUTHOM BOJIHBEI, HNBHMXKYIleHCs B HalpaBJieHHH,.
onpexensieMoM YepeHKOBCKHM yriom Oc.



CnekTp YePEHKOBCKOro N3Ny4YeHus:

. 2
Iw)dw .!'f—_h] [l f : }] wdw

Y
(. (P I

OcHOoBHOE n3ny4veHne B obnactu ynbTpaduonera

n=1.0003 (Bo3ayx, BOANMbIN AnanasoH): v, = 0.9997c,
E.,==20 MaB

n=1.3 (Boga): E,;,==270 keV



MakcumarnbHOe Yncno
yacTtuy Ha ~10 km

300-350 H™m
~100 dpoToHoB/M? (1 TaB)

[rnTenbHOCTb BCMbILLKA
~HECKONbKO HC

Gamma-

ray

Particle
shower

“
Q
)
)
*-
< 4
Ly
f
S

Detection of
high-energy
gamma rays

using Cherenkov
telescopes
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 PaboTalolwme B HacTosLlee
Bpemsi: H.E.S.S., VERITAS (12
m), MAGIC (17 m), H.E.S.S. Il

(28 m)

* [lepBoe OoeTekTnpoBaHue —
1992, obcepBaTopua Whipple,
Mrk421 (bnasap)

« Ang.res: 1’ (E/100 MaB)-172

e En.res: 15-30 %

Instrument Lat | Long | Alt Telescopes Pixels FoV | Thresh Sensi-
# | Area | Total FoV tivity
() [ () | (m) (m?) | (m?) (°) | (TeV) | (% Crab)
H.E.5.5. -23 16 1800 | 4 107 428 960 5 0.1 0.7
VERITAS 32 | -111 | 1275 | 4 106 424 499 3.5 0.1 0.7
MAGIC IT+11 29 18 2225 | 2 | 234 468 | 576/1039 | 3.5 0.03 1.0
CANGAROO-IIT | -31 | 137 160 | 3 | 57.3 172 427 4 0.4 15
Whipple 32 [ -111 | 2300 | 1 75 75 379 2.3 0.3 15




[amma-usnydveHue ConHua

| Oowme ceepeHna o ConHue

* R=696000 km (=7x%10%° cm), 16’

e M =2x1033r

« <p>=1.41r/cm3 (p.=149 r/cm3)

« L=3.8 x1033 apr/c

* Q = 1366 B1/m? (=1.4%10° 3pr/cm?/c)
» P (akBaTtop) = 25 gHewn, P (nosntoc) =
30 gHen

* T« =5770 K

Irradiance (W m'znm")

=
n

0.0

— ~
h =
™7 T ™ ™7

)

T 1 T T T 7 | T T T T

Top of Atmosphere

At Surface -

10 m Below

Ocean Surface —

500

1000 1500
Wavelength (nm)

2000
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CtpoeHue ConHua

doTtocdepa

h =180 km

HEWNOHM30BaHHbIN BOAOPO

p=0.1-5 %107 r/cm3 (0.06-3 x10*7
aTomMoB/cm3)

p*h =10 r/cm? (N=5.4 x10Y/
aToOMOB/CM?)

nnnnnnnnnn
......

Xpomocdepa

p=0.1-1 x1015 r/cm3 (0.1-1%x10°
aToMoB/cm3)

h = 2-3 TbIC. KM

T~10°K

Corona

., X- iy
e ok 3.6 million K (”)

Kopoha G 55

h ~14O OOO KM uv :952(;13108F: X]I)(,i ;; o, \\(@cq,

)

lower Corona
‘ Uv17.1 nm 4 7 ) A
(Fi L}xogoroeoxK) { 3 *®  Corona
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[amma-nsnydyeHme ConHua B CNOKOUHOM

COCTOAHUU

| n3ny4YyeHna ot gmucka ns-3a
B3aUMOOENCTBUA apPOHHOM
komnoHeHTbl KJ1 ¢ dotocepon

Il Extended komnoHeHTa (<=10 rpaa) —
obpaTHOEe KOMIMTOHOBCKOE paccesiHue
CONHEYHbIX POTOHOB Ha NENTOHHOM
KOMMNoOHeHTe ranaktnyecknx KJl

Fermi-LAT:

F(>100 MaB)=5x10"" poToHOB/CM?/C
(~10-19 3pr/cm?/c) — gmck

F(>100 M3aB)=7x10"" doToHOB/CM?/C —
NPOTSAKEHHAA KOMMOHEHTa

SAAAN ] T LRARA B T T
e
i e Data
§ === background
Disk emission i
10° Ve E
- == IC amission =

background + Disk + IC

Integral Intensity (photons sr')

I EREWE FETETS FTTTE FTTe PR TE FTTT P aadeas
0 05 1 15 2 25 3 35 4 45 5
Elongation angle (deg)

LINLE S S e S B S A B B A B B B B

e Data

——-= Dackground
1 06 - Disk emission —
- == IC emission 3

background « Disk + IC

Integral Intensity (photons sr')

-
S
LLL S

-
B

PR . TP PN BATEPN BIPE PEPON B e Lo PG
0 2 4 6 8 10 12 14 16 18 20
Elongation angle (deg)

Figure 5. Integral intensity profiles above 500 MeV for elongation angles
<57 (top) and <20° (bottom). Points (red) are the observed counts, dash-
dotted horizontal (black) line is the background. dotted (magenta) and dashed
(green) lines are the point-like and extended components of the emission,
correspondingly. The solid (blue) line is the sum of the background and the
two components of the emission. The shaded areas around the lines show total

error estimates. See the text for details.
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ConHeYyHble BCMNbILUKM

* TunnyHasa ceeTnmocTtb ~1027 3pr/c
* [MonHoe aHeproBbiaenenue ao 1033 apr
« ANUTENbHOCTb: AECATKN CEKYH — AECATKN MUHYT

[TocTosAHHBIN MOHUTOPUHT: the Geostationary Operational Environmental
Satellites (GOEYS)

CUES Xray Flux (5 minute data) Begin: 2006 Apr 26 0000 UTG
Wwfg—— 3§ — T T —§ T 7
1077 = = 5 < < %_;
- - - dx = = X
- - - — [
Ja—4L _ _ 1 7 7 ¥
= = = =" == N
107 & = = 4 1
. = : : 5. W0 o
o — Z Z 170 & -
g 10_55 = = h -H]
= = h = <
- - _ B o %
-7 i =+
19T E &S
- Z Z 1 = @
& I 1 i I ST )
" E 5o N
— z - Ll |
_oF - - =
10 M [l ) e\
Apr 26 Apr 27 Apr 28 Apr 29 ™

Universal Time

Updaoted 2008 Apr 28 23:56:05 UTC MOAA SSEC Baulder, CO USA
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Knaccndukaumsa scnblllek

After Bhatnagar & Livingston 2005

Ha classification Radio | Soft X-ray class
flux at

Importance | Area Area 5000 Importance | Peak flux

Class (Sqg. Deg.) | 10 solar disk :\r/]'HZ class in 1-8 A w/m?2
s.f.u.

S 2.0 200 5 A 108 to 107

1 2.0-5.1 200-500 30 B 107 to 10°

2 5.2-12.4 500-1200 300 C 106 to 10°

3 12.5-24.7 | 1200-2400 3000 (M 10 to 10*

4 >24.7 >2400 3000 |X >10+

Ha sub-classification by brightness: F — faint, N —normal, B — bright

1 s.f.u. =10%jansky = 102 W m2 Hz!




ConHeYyHble BCMNbILUKM

| NCTOYHUK 3HEPrUM — cBODOAHAA SHEPINSI MarHUTHOIO Nons

|| yckOpeHune 3apsKeHHbIX YacTuy, 4o aHeprun > MaB

[ll n3ny4yeHnsa Bo Bcem gmnanasoHe AJSIMH BOMH OT paano 40 ramma
YCKOpeHMe YyacTtul — nepecoeanHeHne MarHMTHbIX CUITOBbIX JIMHUN

BennynHa MarHMTHOro nosns — A0 HECKOJIbKUX TbICAY [C

OHeprusi B YCKOPEHHbIX 3MEKTPOHaX U NPOTOHaxX NPUMEPHO
oJMHaKoBas
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HGPECOGQMHGHMG U BClNbilLWeYHas netis
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.. Magnetic
i S\~ Field

Yohkoh X-ray Image of a Solar Flare, Combined Image in Soft X-rays (left) and
Soft X-rays with Hard X-ray Contours {right). Jan 13,1992,



[ MPOCUHXPOTPOHHOE N3Ny4eHne

Electron
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Reuven Ramaty High Energy Solar Spectroscopic
Imager (RHESSI): 2002-

4-5 keV 5-6 keV -7 keV

10-12 KeV 12-15keV  _15-18 keV 18-22 keV 22-26 keV

--

26-32 keV  32-38 keV 38-46 keV 46-55 keV

Ge geTeKkTopbl
[nana3oH 3 kaB — 17 MaB 66-80 keV  80-96 keV

CniekTparnbHOe pa3peLlieHne
koB

Yrnosoe paspelueHue ~2"
Seff ~1OO CM2
Imaging spectroscopy



CornHeYHble BCMbilKM B AaHHbIX Koryc-BuHa
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HeTennoBown cnekTp — CTENEHHON C

CnekTp

CteneHHaa moaenb B obnactn >40 kaB:

nokasartenem ot 1.7 0o 4.5 (cpegHun 2.9) dN/dE o E

Tennoson T ~20-40 MK (go 100 MK)

Phaotons cm™® 57 ke

1D|:l_

107

10%

data and folded model

10%

S SOL2002-03-10T01:34

10

100 1000 10000 _ .
Energy (keV) vy = 2.65 + 0.03 (32 = 46/55 dof)
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