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Nuclei: one of the astronomical messengers

Nuclear line transitions - atomic state ~irrelevant

Radioactive decay — a natural clock
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Nuclear Gamma-Ray Lines from Supernovae

Radioactive trace isotopes are by-products of nucleosynthesis reactions

Released from the supernova explosion, we observe gamma-ray afterglows:

Isotope Mean Decay Chain Y -Ray Energy (keV)
Lifetime

*°Ni 111d *°Ni — *°Co* - °Fe*+e’ 158, 812; 847, 1238
*’Ni 390 d *’Co— *'Fe* 122
i 85y “TisMsc*r 5™ ca*+e’ 78, 68; 1157
oA\ 1.04 10°% Al — *°Mg* + e* 1809
*Ore 3.8 10% *re — Co* — ONij* 59, 1173, 1332
e' .. 10% e'+e = Ps — Y. 511, <511

* Million years to ~one week (%Al — **Ti — °®Ni/>°Co)

* Typically 10> ph cm2 st
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2°Al in our Galaxy: y-ray Image and Spectrum

05 keV binned All Sky AI Spedrum (COMPTEL map)
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0.5 keV binned All Sky Al Spectrum (COMPTEL map)
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1815 1820

Current-Galaxy SN Ejecta (t~My)

From 2°Al y-rays in the ISM
= ~2 Mg of %Al in the Galaxy
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Using the %®Al Line to Characterize the Galaxy’s SN Activity

Measured Gamma-Ray Flux*

*) better account for foreground emission

Galaxy Geometry
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- Diehl et al., Nature 2006
- Diehl et al., A&A 2010*
- Diehl et al., in prep. (2017)*

26Al Mass in Galaxy = 2.0 (£0.3) Mg

26Al Mass in the Galaxy
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Resolving 2°Al Emission from Specific Groups of Stars
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Massive-Star Groups an d their SNe

Voss R., et al., 2009
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Radioactivities from massive stars: OFe, 26A]

e Massive-Star Interiors

(adapted from Heger)
— Hydrostatic fusion
WR wind release
Late Shell burning
Explosive fusion

Explosive release
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Understanding Massive-
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36

 We study the “outputs”
of massive stars and their
supernovae
— Winds and Explosions

— Nucleosynthesis Ejecta —

— lonizing Radiation
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Supernova ejecta in the dynamic interstellar medium

* |SM Dynamics <2 Ejecta in SNR and (Super-)Bubbles
— Multi-Messenger Obs & Simulations

(Cygnus, Orion, Scorpius-Centaurus, Carina)
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Massive Star Groups in our Galaxy 26| y—rays

e Large-scale Galactic rotation
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Kretschmer et al., A&A (2013)
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The velocities versus Galactic longitude

* Excess velocity seen for 26AI eJecta versus, e.g., Co!
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Kinematics of massive star ejecta in the Milky Way
as traced by Al

Karsten Kretschmer!-2, Roland Diehl>3, Martin KrauseZ 3, Andreas Burkert* 32,
Katharina Fierlinger3~4, Ortwin Gerhard?, Jochen Greiner®3, and Wei Wang5
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How massive-star ejecta are spread out...

e Superbubbles blown into inter-arm region
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How ejecta are spread out on the My scale...

2

* SN ejecta are in superbubbles, preferentially (not snri)

SSLl | scen in other galaxies.
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Nucleosynthesis in CC-Supernova Models and #*Ti

Shock Region
Explosive Nucleosynthesis

=3 R\R .
Downflow = R ]
. . P I .
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#Ti y-rays from Cas A
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Are all Core Collapse Supernovae #*Ti Sources?

Cas Ais the ONLY Source Seen in our Galaxy
Sky Regions with Most Massive Stars (inner Galaxy) are 44Ti Source-Free

We would expect to see > a few of such sources!

...................................

The et al. 2006, see also Dufour & Kaspi 2013
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“Abnormal” Supernovae as “*Ca (=%*Ti) Sources?
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>6Nj Radioactivity Decay Chain and Gamma-Rays

° 0+
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SN2014J: Discovery of °®Ni y-ray lines
SN la in M82

(Starburst Galaxy)
 Discovered 22 Jan 2014

* Likely Explosion Date:
14 Jan 2014 (14.75 +/-0.3d)

* Distance 3.3...3.53 Mpc,

* Closest SN lain40y!
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Longterm Data: Broad Lines from ~°Co!
* INTEGRAL Obs from 31 Jan till 26 Jun 2014
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The Challenge of Finding Cosmic Gamma-Rays

— Current Gamma-Ray Telescopes Have Large Intrinsic Background
e Cosmic Ray Activation of Spacecraft and Instrument

T ——
10-!
10-2
10-3
10-4
108
10-¢
10-7

10-8
10—9 1 1 1 | l 1 1 1 1 l 1 1 1
500 1000

Energy, keV

typical background intensity

———

Flux, Phot/s/cm?/keV

€Xpected signal from SN20144

from Churazov et al., 2014
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SN2014J Data Analysis

@@ — Background modeling from detailed mission data spectroscopy
- exploit physics of lines = consistent high-resolution model

‘4.5><10‘_"""""ﬂ£n' . r ]
. Z l - Use isotope recognition & properties!]
. 4.0x10*F e sk =
B 8Co 27 -
3.5x10* - | | [\w. 1’% ~
L ! 69Ge + K i
_One 5 oxi0 | ! =
3000 N ' 56:/' m
: 2.5%10* |- . :
,, 2500F [ f' |
= : :
£ 2000[- 2.0x10* !
3 - B 58Cq L 303 - |
T - - 214p), zoeii I l T :
1500 [ I
' 1.5x104—f ll li }J h l U
1000 M Auiiiasch I P VAT IR A Y] L""
i. . 1.0 104F Continuum I—
C UX M T R RS R . . : .
800 800 820 840 860 880 900

Energy [keV]

Roland Diehl "Progenitor - Supernova - Remnant Connections", Ringberg Castle, 23-28 Jul, 2017 24



SN2014J data Jan —.

— Doppler broadened v/

Velocity [km/s]
0 —-1x10%

1.5x1075 -

- Spl'lt into 4 time bins

— Coarse & fine spectral
binning

- Observe a structured and
evolving spectrum

— expected:
gradual appearance
of broadened >°Co lines

* Diehletal., A&A (2015)
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SN2014)J data Jan —Jun 2014: 847 keV ~°Co line
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Bolometric supernova light

Roland Diehl
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o 25A| throughout the Galaxy
show that superbubbles hosts
and re-cycle ejecta from Sne

* 44Tj origins must be from rare
sources (<< SN rate)

Summary: y-rays from supernovae

|
—_

* °°Co y-ray emergence from ;===
SN2014J indicates ‘porosity’ / 5 | ||
3-dimensional structure A
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+ Days 66.3 — 99.1
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