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Nucleosynthesis Studies with INTEGRALNucleosynthesis Studies with INTEGRAL

• Science Goals
Understand Positron Annihilation in the Galaxy
Understand and Use Galactic 26Al Radioactivity
Probe Supernova Explosion Mechanism through 44Ti
Constrain Massiv-Star Interiors through 60Fe/26Al Ratio
Be Ready for Supernova Ia Diagnostics through 56Ni
Search for Nova Radioactivity, Line Transients, ... the unknown

• Science Prospects
INTEGRAL's Database for the Galaxy will be Unique (~COMPTEL)
SPI will Remain the Best-Ever Spectrometer
Future Missions Could Best Advance Specific-Source Constraints
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Achievements and Challenges, in more DetailAchievements and Challenges, in more Detail
• Positron Annihilation Emission

Is the Bright Bulge-Like Emission Symmetric and Centered?
SgrA*, 
or Source Populations, 
or Dark-Matter 
Annihilations?
Check at 
Intermediate Latitudes!

What are Parameters of the Disk Emission?
Asymmetric?
→LMXB as
main sources?
Latitude Profile?
→DM contribution?

Check in Diffent Galactic-Plane Regions!

INTEGRAL / SPI Ps Cont. Skymap
Richardson-Lucy, Smoothed
Weidenspointner et al. 2006

INTEGRAL / SPI 511 keV Skymap
Richardson-Lucy, Smoothed
Knödlseder et al. 2005

INTEGRAL / SPI 511 keV Skymap, refined & more data
Richardson-Lucy, Smoothed
Weidenspointner et al. 2007
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Science Result: Science Result: 2626AlAl

SPI High-Resolution Spectroscopy Pushed 
the Velocity Contraints Towards the 
Astrophysically-Meaningful ISM Velocity Range

-> Data up to mid 2006; W.Wang et al., in prep.
Line Width Probability Distribution  by K.Kretschmer
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Achievements and Challenges, in more DetailAchievements and Challenges, in more Detail
• 26Al Emission

Peculiar Dynamics 
in the 
inner Galaxy?

Deep Exploration of Key Galactic-Plane 
Regions (also Latitude Extent)!

A Window to 
Active 
Nucleosynthesis 
Regions 
in the 
Galaxy?

Sufficient Exposures for the 
26Al-emitting Galactic-Plane Regions!
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Now: Spectral Variation along the Plane of the GalaxyNow: Spectral Variation along the Plane of the Galaxy

Spatially-Resolved 26Al Signals are Weak (again)
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Contaminations from Underlying or Nearby Instrumental Lines?Contaminations from Underlying or Nearby Instrumental Lines?

• What are the Origins of Lines?
We care, because of characteristic time 
variations, e.g. after belt passages

This example: 19 Detectors fitted with 
3 Gaussians & Exponential:

– 1793.0 keV 1.0 keV wide    21877 cnts
– 1798.5 keV 1.1 keV wide    37829 cnts
– 1809.4 keV 1.9 keV wide 1640280 cnts

We are analyzing celestial 26Al at 
– 1808.65 keV, expecting ~300000 cnts 

~1000days

SPI Instrumental Bgd Paper:
(Weidenspointner et al. 2003)'raw' spectra
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Science Result: Science Result: 6060FeFe

Marginal Result
Problematic Instrumental Lines

– 60Co Buildup, 1337 keV Ge Line
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"Imaging" Bgd: Interior, or from Outside"Imaging" Bgd: Interior, or from Outside

• SPI 19-Ge Detector Arrangement within BGO Shield
Use Relative Contributions to Signal per Detector

Homogeneous Irradiation & Performance <-> Equal Shares 

Hints for
Location of
Bgd Source

Discriminate
among Candidates

1337 keV
Ge Line

1764 keV
Bi Line

1810 keV
Line Blend
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Science Result: Science Result: 4444Ti from Cas ATi from Cas A

• SNR Kinematics with γ-Ray Lines
Internal Consistency Checks on Intensity, Systematics
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Ridge Emission Decomposed into: 
Identified Sources 
+ Unresolved Sources
+ Diffuse Emission

Sources Dominate up to ~100 keV
– IBIS Studies: Mostly Unresolved CV's and XRB's

Diffuse/Unresolved Emission Dominating 
at >150 keV

– Truly-Diffuse Emission Explains Measurements 
(SPI Range)

– There May be an Unresolved Source Contribution 
(COMPTEL Range)

cosmic-ray 
interactions with
interstellar gas
and starlight

Achievements: Galactic Ridge EmissionAchievements: Galactic Ridge Emission
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Achievements and Challenges,Achievements and Challenges, Diffuse Galactic EmissionDiffuse Galactic Emission

Strong et al. 2005
primary e

Strong et al. 2008
more data;
primary + secondary e
new ISRF

• Diffuse/Unresolved Ridge Emission
Is there an unresolved-source component?
What is the proper ISRF and CR Spectrum?

see Porter et al. 2008 (new GALPROP)
Is the diffuse-emission model correct? 
(→Galactic Cosmic-Rays)

Test at a Variety of Galactic-Plane Regions!
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Nucleosynthesis Studies with INTEGRALNucleosynthesis Studies with INTEGRAL

• Science Goals
Understand Positron Annihilation in the Galaxy

Imaging Survey in the Disk & Bulge 'Fringes'
Program Pursued OK

Understand and Use Galactic 26Al Radioactivity
Deep Exposures of Star-Formation Regions
Program Pursued ~as Side Effect of Annihilation (?)

Probe Supernova Explosion Mechanism through 44Ti
Deep Exposures of Cas A, (LMC?). Use GP Survey
Program Pursued ~ok

Constrain Massiv-Star Interiors through 60Fe/26Al Ratio
Galactic-Plance Surveys; Cygnus -> Different Regions
~ok

Be Ready for Supernova Ia Diagnostics through 56Ni
Hope

Search for Nova Radioactivity, Line Transients, ... the unknown
GP Survey; Hope
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Diffuse Emission & Nucleosynthesis StudiesDiffuse Emission & Nucleosynthesis Studies
• Science Goals

Understand Galactic-Ridge Emission (Diffuse/Src) in Galaxy
Understand Positron Annihilation in the Galaxy
Understand and Use Galactic 26Al Radioactivity
Probe Supernova Explosion Mechanism through 44Ti
Constrain Massiv-Star Interiors through 60Fe/26Al Ratio
Be Ready for Supernova Ia Diagnostics through 56Ni
Search for Nova Radioactivity, Line Transients, ... the unknown

• Next
Key Programmes Need Good Complementarity

Allow / Cater for Community Assessment of Best Plans
Factors of ~2 are Important for Most/All Goals

More Caution with "already observed", "not enough exposure" Rejections
Prospects are Good

Goals Benefit from Deepening of Exposures in Already-Interesting Fields
Replace Annual TAC by Bi-Annual KP Symposia? 
(open discussion & compromise)
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