R e "w..‘\
(fl/

VIEWGRAPH: 4th INTEGRAL Workshop, Alicante, Sept. 4-8, 2000 V. Schonfelder, June 13, 00 (M:viewgraphs/alicante_viewgr_00junel3.doc)

The “Early” History
of Gamma-Ray Astronomy

1912: Discovery of “High Altitude Radiation” by Hess
(Vienna) and Kohlhorster (Berlin) via ionisation
rate measurements in air at different altitudes.

1920’s: Millican introduces the name “cosmic rays’ .

The radiation is supposed to consist of y-rays, which
enter the atmosphere from outside and produce
recoil-electrons in the atmosphere causing the meas-
ured ionisation.

1929: Bothe and Kohlhorster discover the corpuscular
nature of the “high altitude radiation” by means of
two Geiger-Miiller counters in coincidence.

1940’s to early 1950’s:

Upper limits to fraction of y-rays in primary cosmic
radiation (balloon and rocket experiments).

1950’s: Predictions about cosmic ‘y-radiation:
- 1952 Hayakawa  (m’-decay)
- 1952 Hutchinson (electron-
bremsstrahlung)

- 1958 Morrison (celestial y-ray sources)
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Morrison’s Predications in the
Light of our Present Knowledge
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GAMMA - RAY ASTRONOMY TIMELINE

GLAS Deep, high energy survey
AGILE Sky survey at 30 MeV - 50 GeV

———————m Gamma-ray bursts and afterglows
m High resolution imaging and spectroscopy y-ray mission

BEPPO-SAX Clarifies cosmalogical origin of y-ray bursts

First all sky coverage revealing important discoveries
N—— COMPTON OBSERVATORY in all areas of y-ray astronomy. Gammma-ray astronomy

becomes anintegrated part of astronomy.
—————E First high resclution images (13 resolution) of sky regions in the hard x-ray / soft y-ray range

First credible detection of a TeV-gamma-ray source
(Crab Nebula) by an atmospheric Cerenkov telescope

m Extensive studies of sclar flare y-ray and neutron emission,
discovery of *°¢ o-lines from SN 1987a
—‘v—————:j Discovery of radioactive * Atin the Galaxy

["——l Firstdetailed map of Milky way revealing the first
1 high- gy source ¢ with 24 objects

First detection of solar flare 7-ray fines

Firsthigh-energy y-ray'images from parts of the sky, discovery of Geminga

—v——-———-‘:! Claims spectrai MeV-bump in the diffuse cosmic background spectrum.

First detection of high-energy y-rays >100 MeV from the Milky Way

First detection of solar flare continuum gamma rays

Discovery of the burst phenomenum

B : xrLoreR-T

First detection of high-energy y-rays from space and E arth atmos phere
LR rfll LU L llll L N T IIII IR LR I||| LI

1 MeV 1 GeV 1TeV 1 PeV

y

Figure 3.1: The history of observational y-ray astronomy from the early 1960s until
the launch of the Fermi Gamma-ray Space Telescope, formerly GLAST.
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~ All-Sky Distribution
of 621 Sky Events Detected by
OSO-III between 1967 and 1968
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‘Methods of Low Energy Gammy-Ray Astronomy

< Shielding
(example OSSE)

(coded masks,
rotation collimators)

(examples: INTEGRAL
HESSI)

Liquid Scintillators

»”—~ Gamma Ray scattered

Photomultipliers : :
light emitted.

Gamma Ray absorbed

Crystal ; 4
light emitted.

Scintillators
Photomultipliers —*

Shadowing =

Compton telescopes

(example:
COMPTEL)
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Abb. 63: Isointensitdtskontourenkarte der Gammaemission der MilchstralBe.
Profile entlang galaktischer Ldnge bzw. Breite.
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The Second COS-B Source Catalogue
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Mahoney et al.: HEAO-3 Discovery of 1.809 MeV Al Line



VIEWGRAPH: 4th INTEGRAL Workshop, Alicante, Sept. 4-8, 2000

—_———e

V. Schonfelder, June 13, 00 (M:viewgraphs/alicante_viewgr_OOjune13.doc)

First Solar Flare Gamma Ray Line-

and Continuum Detection
from

August 4, 1972 Flare by OSO-7
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Mass Transfer in a Binary System from a Normal Star

Onto a Compact Object

( Computer Simmulation )




SIGMA Images of GC-Region
(40 - 150 keV)
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The Gamma-Ray Observatory
(100 keV to 30 GeV)

OSSE COMPTEL EGRET BATSE (8)
100 keV to 10 MeV 1 to 30 MeV 20 MeV to 30 GeV 20 keV to 30 MeV
3.8° x 11.4° 1°to 4° 0.4°to 2°

within within
64° FWHM 45° FWHM

¢
















COMPTEL 1-30 MeV Phases 1- 6

Cyyg X1 PKS1622-297 3IC273 IC279 Cen A

Cas A 3C4543 PSR1509 Vela _ PKS
PSR1951+32 CTA102 PKS0208 512 0516 609 0528+134

EGRET > 100 MeV

1570-0R9

16334382 1606+106 1622-253

1406-076 K273 3279 OR27--243

PSR
1055 52

Geminga

8 crab

PKS
0528+ 34
C4461112
Orion

_ PSR 3C4a54.3 PSR 1 706-44 GMW  Vela
951432 4o35.164 2230114 PKS 0208-512



COMPTEL and EGRET Gamma-Quellen
MeV < E < GeV

¢ EGRET AGN COMPTEL Quellen (750 keV -30 MeV)
m EGRET Pulsare

EGRET LMC
® EGRET unidentifizierte Quellen
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COMPTEL All-Sky Image at 1.8 MeV:
26Al Nucleosynthesis in the Galaxy

_ Vela
b/ /" Orion / 4%
/ Eridands *

—_—

Complete CGRO Mission

(Pliischice et al. 2001)

ALMAP Roland Diehl




DOPPLER-VERSCHIEBUNG DER 2°AL-LINIE

10°<1<40°

1810

-10<i<10°

~10<1<-10°

Doppler-Verschiebung

1910 RPN | NS S

EnerglerkeV 50 0
Gal. Brelte/Grad

Spektrallinie des ”Al-hrfalls, entlang unterschiedlicher Sichtlinien in unserer Galaxis (drei ficherférmige Bereiche wie im Bild
rechts oben gezeigt). Die g der Milch b (breiter Pfeil rechts oben) fiihrt zu Relativbewegungel
von etwa 100 km s~! zwlschen dem z‘Al im lnterstellaren Gas und dem Sonnensystem. Dies éuRert sich in Doppler-Verschiebun-
gen der Linien (linke Spalte). Die g D g in Abh keit von der galaktischen Léingenkoordinate
(rechts unten) lisst sich gut mit einem Rotutlonsmode" der MilchstraRe beschrelben (farbig dargestellt).




Decay Chain
'‘Be — 7 Li
56N j—56C0—56F e

57Ni—57Co —57Fe

22Na — 22 Ne
44Tj— MSc—* Ca
60F g—s 80Co—sB0Ni

26 Al — 26 Mg

V. Schoénfelder

Mean
Life (Yrs)
0.145

0.31

1.1

3.8
90.0

2.2 %510°%

1.1+10 6

Table 1

Emission
(MeV)

e-capt, 0.478
e*,0.847, 1.238

0.014, 0.122

e*, 1.275

e*, 0.068, 0.078,
1.156

0.059,1.173,
1.332
e*, 1.809

Alpbach, August 4, 2004

Origin
Novae
Supernova

Supernova

Novae,
WR-stars

Supernova

Supernova

Supernova,
WR-stars

Observed
from

SN 1987 a
SN 1991T ?

SN 1987 a

NCas 1995(7?)
Gal. Bulge (?)

Cas A
RX0852-4622 ?

Inner Galaxy

Gal. Plane,RX
0852-4622 (?)

10




©
@
.
>
®
=
'I_U
@
w
2

£
o
(2]}
c
S
k]
15}
g
x
b |
3
e

LB AL S A LA e RS B R

T

T

GALACTIC CENTER

|
)

PENERTTI BRI |
FLUX (Photons cm? sec™' rad

P

Ll

3 !

1.0
ENERGY (MeV)

Positronium fraction 0.93 + 0.04

Kinzer et al. ApJ, 2001

c) 4
TOTAL ANNIHILATION RADIATION

(Two-Gaussian Buige +
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2704 BATSE Gamma-Ray Bursts
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Merging of 2 neutron stars

| 2 neutron stars spiral around each othe 2 neutron stars merge into a black hole

Hypernova Model

star collapses into a black hole star explodes

Supernova Model

Massive rotating star

star explodes as SN into a rotating NS the NS collapses into a blackhole




Start of Science Operations

a-a line =
{- high o/p or ambient *He

particles not beamed g"")“;'a}'g% ’c?,‘,’!?"m

91JUNE 4 SOLAR FLARE
4
,

o—Fe line =
low ambient “He

Spectral variability = /o
physics of particlé acceleration

0% om0

X R )
Energy (McV)

S coronal ambient
~f~Mg, Si, Fe = composition —C &0
-<—n capture &
photospheric 3He

Counts s—! MeV-1

\—broad nuclear lines = N ey BT
accelerated particle abundances . — bremsstrahlung} =
- A\ X

Ne/O = spectrum J/\\ {accelerated ion energy
of accelerated ions s = 4.1 \\ ‘F > electron energy

1 N\ 3Ny

1 10

Energy (MeV)

Murphy, Share, et al., ApJ, 1997
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Figure 3.1: The history of observational y-ray astronomy from the early 1960s until

GAMMA - RAY ASTRONOMY TIMELINE

Gamma-ray bursts and afterglows

m High resolution imaging and specioscopy ray nussion

BEPPO-SAX Clanfies cosmalagical ongin of »ray bursts

Fistall sky coverage revealing impo:ant discovenes
S— COMPTON OBSERVATORY in afl areas of ~ray . Gamma-ray
bacomaes anintegrated pan of astronomy.
———————[:: Fitst high r2salition images (13" rasolutiont of sky regions in the hard -y / soft »-ray range

R ieec

Fitst credible detection of a TeV-gamma-ray scurce
{Crab Nebulal by an atmospheric Cerenkov telescope

m Extensive studies of solar flare ;-1ay and neutron emission,
discovery of **Co-nes from SN 1987a
—-————-‘: Discovery of radioactive “* Alin the Galaxy

{:: ::l Firstdetailed map of Mitky vay revealing the fist
high-energy source catalogue with 24 objects
First detection of solar flare 7ray lines

! l Fast iigh-energy 7-ray images from parts of the sky, discovery of Geminga

——————————{: Claims spectrai MeV-bump in the diffuse cosmic background spectrum.

Jl 3 l { irst detection of high-energy -rays >100 MeV from the Milkky Way
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the launch of the Fermi Gamma-ray Space Teclescope, formerly GLAST.
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