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26Al Observation Results
Spatially-Resolved Spectra
Line Width Constraint
Galactic 26Al versus Models

– Wang et al., A&A (2009)

Cygnus-Region 26Al versus Models
– Martin et al., submitted to A&A

26Al Nucleosynthesis Models
Stellar Evolution from MS through Collapse

– Limongi & Chieffi, A&A (2006)

Stellar Evolution Including Effects of Stellar Rotation
– Palacios et al., A&A (2005)

Updates of WW95 Model with new Nuclear Physics
– Woosley & Heger, PhysRep (2007)

26Al in Massive-Star Regions: Predictions
Population Synthesis for Massive-Star Groups

– Voss et al., submitted to A&A

Massive-Star Groups in the Cygnus Region
– Martin et al., submitted to A&A

Meynet05 star & Limongi06 SN
Meynet97 star & WW95 SN
LimongiChieffi06 star & SN

Voss et al. 2009

Martin et al. 2009

Wang et al. 2009
50 km s-1

Status of the Status of the NucleosynthesisNucleosynthesis Field Field -- 2626AlAl
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Status of the Status of the NucleosynthesisNucleosynthesis Field Field -- 6060FeFe
60Fe in the Galaxy

Clear Detection
– Wang et al., A&A 2007; Lang et al., in prep.

Limits for Cygnus, Vela
– Wang et al., A&A 2007; Martin et al., submitted to A&A

60Fe/26Al Ratio: New Models & Theory
– Updates & Variants on Stellar & SN Models

» Limongi & Chieffi, A&A 2006
– Review/Re-Measurements of Nuclear Rates

» First-Ever Measurement 
of 60Fe (n,γ)61Fe (10.2 ±3 mb) 
(Reifarth et al. 2009)

» First Measurements 
of 59Fe (n,γ)60Fe in preparation

– Simulations for ISM-
Massive-Star Groups

» Balsara et al. 2008
» Voss et al. 2009

60Fe Lifetime Re-Determined/Revised
» 'old' value: τ=(2.15 ±0.3) My (Kutschera et al 1984)
» 'new' value: τ=(3.78 ±0.06) My (Rugel et al 2009)

based on 60Fe from PSI beam dump and AMS
» Implications for Young Regions (not 'steady-state')

Voss et al. 2009
Balsara et al. 2008
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Status of the Status of the NucleosynthesisNucleosynthesis Field Field -- 4444TiTi
44Ti from Supernovae

Cas A Constraints from 3 Lines
– IBIS provided best total-flux measurement

(2.5 ±0.3) 10-5 ph cm-2 s-1 (Renaud+ 2006)
– Compatible Velocities >500 km/s 

(SPI 1157 keV line limit); Martin+ 2009

New Radioactivity Constraints for SNe
Cas A Echo Spectrum, Krause+ 2008
Cas A 56Ni Yield from Reddening, 
Ericson+ 2008

New SNR G1.9+0.3 with ~100 yrs age 
– Reynolds+ 2008
– No Hint for 44Ti Emission found in SPI nor IBIS

New Model Yields & their Variabilities
First 2.x-dimensional Parametrized Simulations

– Strong Ye Dependency; Fryer+ 2008, Magkotsios+ 2008

Re-Measurements of Key Nuclear Reaction Rates
– 40Ca(α,γ)44Ti being measured; 44Ti(α,p)47V to be done (RIB); others?

Nuclear-Network Studies
– e.g. NARF, Parikh+ in prep.
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Status of the Status of the NucleosynthesisNucleosynthesis Field:Field: ee++ AnnihilationAnnihilation
Positrons in the Galaxy

Imaging Studies -> Asymmetry
– Weidenspointner et al., Nat 2008
– Bouchet et al., ApJ 2008
– Skinner et al., PoS 2009 -> 1.60 +0.49-0.16

Spatially-Resolved Spectra
– Weidenspointner et al., Nat 2009

Models and Simulations
– Prantzos et al., in prep for RevModPhys

(from 2007/2008 ISSI workshops)
– Studies & Discussion on Cosmic-Ray Propagation,

on Positron Production by Different Sources,
on Positron Annihilation Physics, on Dark Matter

Annihilation Physics and Site
– Guessoum et al., A&A 2006

Sources: SgrA; Pulsars; Binaries; DM; ...
– Cheng; Wang; Guessoum, Skinner; Boehm, Hooper;...

Positron Propagation in ISM
– Gillard et al., ESA-SP 2007

Bulge/Disk Ratio: 
New Models & Theory

– Higdon et al.; Lingenfelter, submitted to ApJ
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NucleosynthesisNucleosynthesis Science MeetingsScience Meetings
since last IUG Meeting
a subjective list of conferences with "nucleosynthesis" as a main/major theme 

Gas & Stars in Galaxies, Jun 2008, Garching/Germany
Cosmic Odysee of Elements, Jul 2008, Crete/Greece
Astrophysics with 60Fe, Jul 2008, Garching/Germany
Chemical Evolution of Dwarf Galaxies, Jul 2008, Garching/Germany
High-Energy Gamma-Ray Symposium, Jul 2008, Heidelberg/Germany
Nuclei in the Cosmos X, Aug 2008, Michigan/USA

invited INTEGRAL nucleosynthesis-result talk

INTEGRAL Science Workshop, Sep 2008, Copenhagen/Denmark
invited INTEGRAL nucleosynthesis-result talk

Particles & Nuclei in the Cosmos (PANIC), Nov 2008, Eilat/Israel
invited INTEGRAL nucleosynthesis-result talk

Origin of Elements Heavier than Iron, Sep 2008, Torino/Italy
invited INTEGRAL nucleosynthesis-result talk

Simbol-X Workshop, Dec 2008, Paris/France
Astrophysics with 44Ti, Jan 2009, Garching/Germany
VISTARS Workshop, Mar 2009, Russbach/Austria

invited INTEGRAL nucleosynthesis-result talk

and upcoming:
Nucleosynthesis - Making the Elements in the Universe, Jun 2009, Bad Honnef/Germany
Nuclear Physics in Astrophysics IV, Jul 2009, Gran Sasso/Italy
Chemical Abundances IAU265, Aug 2009, Rio de Janeiro/Brazil
Light Elements in the Universe, Nov 2009, Geneva/Switzerland
Nuclei in the Cosmos XI, Jul 2010, Heidelberg/Germany
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Science Quality Monitoring by IUGScience Quality Monitoring by IUG
Tracking of Advances in INTEGRAL's Science Areas

Monitor Papers & Plans per Science Area
Tracking of Success and Science Impacts for 

Observing Time, and Proposals
with respect to

» resources invested, results obtained
» science appreciation, contribution to science advance

– Action for one/two IUG Members per Area? Rotating?

Report & Discussion at IUG Mtgs
» TAC Guidelines Developped from there?

Prerequisite: (and Side-Effects)
Define quality criteria for INTEGRAL proposals and observing time

e.g.:
» stated goals were (xx%) achieved
» xx scientists with xx personmonths were involved
» result received xx credits among experts, and xx credits among adjacent / broader community

Define relative merits of science areas of INTEGRAL
Guide future proposal evaluations, and observation scheduling

IUG (rather than external bodies & committees) defines quality criteria
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'Nucleosynthesis' with INTEGRAL:'Nucleosynthesis' with INTEGRAL: TargetsTargets
Core Program

Galactic Plane
– Diffuse Radioactivities (26Al, 60Fe), Positron Annihilation, 44Ti Sources
– Vela Region (26Al, 60Fe, Positron Annihilation)
– Cygnus Region (26Al, 60Fe, Positron Annihilation)

Open Program in the AO Cycles
Specific Source Regions

– SN1987A/LMC
– Cas A
– Tycho
– SN1006
– Cygnus
– Carina
– Vela
– Orion
– Perseus
– Galactic Bulge
– Galactic Ridge
– Scutum Spiral Arm Region

Key Programs
Galactic Plane (511 keV; 26Al, 60Fe; 44Ti)

High-Latitude Region (511 keV reference)

Special Pointing Strategies (511 keV)

SPI Exposure 
2002-2008
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Remarks: Judging the "Nucleosynthesis" FieldRemarks: Judging the "Nucleosynthesis" Field
Progress and Status Measurements are Difficult and SubjectiveProgress and Status Measurements are Difficult and Subjective

Choices of Objects and their Units
– observation seconds / numbers of proposals / numbers of scientists & time / ???
– publications / citations / invited talks / N&V / ???

Choices of Normalizations / References
– all absolute numbers merely measure the size of a community
– compare to peer groups: other missions (CGRO / ASCA, XMM... / UVES-VLT / ???)
– compare to other INTEGRAL science objectives (uuuuuuhhhh....)
– compare different epochs / times / AO's

My Choices
Questions Asked

– how do different nucleosynthesis projects compare?
– how did the return on investment evolve over the INTEGRAL mission?
– how does nucleosynthesis compare to other INTEGRAL science objectives?

INTEGRAL Investments
– observing time per AO and nucleosynthesis proposals

Science Return
– refereed-journal publications
– refereed-paper citations

Annotations and Caveat'sAnnotations and Caveat's
This addresses Core Program only Indirectly (-> Proposals on same targets)
Others may take a different (and maybe better) approach
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AO's 1-6

Accepted Accepted NucleosynthesisNucleosynthesis ProposalsProposals
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Nucleosynthesis Proposals:Nucleosynthesis Proposals: The Outcome The Outcome 
Accumulated Observing Time
Papers on Proposal's Science with PI as Co-Author, Refereed

up to AO-5 (which is complete); Status Apr'09, Obs up to Rev 778 / Feb'09
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Nucleosynthesis ToO's: No Luck yetNucleosynthesis ToO's: No Luck yet

SN2003gs
SN2004dj
SN2008S

(M. Leising)
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INTEGRAL/INTEGRAL/SPISPI Science ContributionsScience Contributions

"Nucleosynthesis and Gamma-Ray Line Spectroscopy"
is a Major Science Field where SPI Results Contribute

Citation Status Snapshot 
for SPI Publications 
(ADS Paper Database) 

– Weekly Status Update, Fri Apr 17 05:11:22 2009 
– Complete Citation History till Apr'09
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Jean+: 
First e+/511 keV results

Bird+: 
2nd IBIS/ISGRI Catalog

Sguera+: 
Supergiant Fast X-Ray Transients

Diehl+: 
26Al results

49

Falanga+: 
XTE J1807-294 in outburst 16

Beckmann+: 
First INTEGRAL AGN Catalogue 40

31

52

101

An "Impact" An "Impact" 
ComparisonComparison

WellWell--Cited INTEGRAL Cited INTEGRAL 
Papers in Different Papers in Different 
Core Science AreasCore Science Areas

with with 
Some Citation HistorySome Citation History
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INTEGRAL/INTEGRAL/SPISPI Science ContributionsScience Contributions
"Nucleosynthesis and Gamma-Ray Line Spectroscopy"
is a Major Science Field where SPI Results Contribute

Citation Status 
for SPI Publications 
(ADS Paper Database; Apr 2009) 

Gamma-Ray Line Paper
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Status of Status of NucleosynthesisNucleosynthesis with INTEGRALwith INTEGRAL

Nucleosynthesis is a Key Science Turf for INTEGRAL
Unique Observations and Data
Diversity of Objects & Objectives

INTEGRAL's Nucleosynthesis Results Have Major Impact
Fewer Papers than other INTEGRAL Science Areas
Among the Most-Cited INTEGRAL Papers
External Community Attention Obtained after ~3 years

Large Observing Investments Appear Justified
Several Hallmark Publications, Nucleosynthesis-Line Legacy Results
Broad Interests

Typical Results Appear after ~3 Years or More
Major Discoveries Have Been Reported
Refinement Studies Will Address More Subtle Astrophysics Issues

– Spatially-Resolved Spectroscopy for Diffuse Emissions -> Line Astronomy...
– Upper Limits for Key/Candidate Sources/Regions -> Constrain Model Space...
– Expect Future Papers to Address Expert-Community

Some Observations Have Not Yet Been Summed Up (and Should)
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other Recent Science from other Recent Science from SPISPI's AntiCoincidence's AntiCoincidence
512 kg of BGO Detector (!)

Most-sensitive ~MeV gamma-ray 
detector for all-sky monitoring

AXP 1E1547.0-5408
– GCN 8841, Mereghetti+ Jan 22 2009

ACS recorded two bright and long 
bursts on  from the recently 
reactivated AXP 1E1547.0-5408. 
Pulsations at NS period (2.1 s) are 
clearly visible

GRB 080916C
– Abdo+ Science 2009; Greiner+ A&A 2009

Brightest-Ever GRB (~4 1052 erg in 
gamma-rays) at z=4.35, with GeV 
Emission
ACS recorded time variability at 
<100ms time scale 
-> Lorentz Factor Γ>1000 (in conflict 
with afterglow-derived Γ~80-200)

SPI/ACS

SPI/ACSSPI/ACS

FERMI/GBM


