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Massive Star Groups
across the Galaxy
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Nuclear Gamma-Ray Lines
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Radioactive trace isotopes are by-products of nucleosynthesis
Gamma rays detect brightest sources (>10> ph cm™ s!) and thus
- complement other observables of stellar activity (formation/winds/explosions)

- trace ejecta amounts (not 'density'!) over the Myr time scale
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Nuclear-line astronomy — a small "window"
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26A| in our Galaxy: y-ray Image and Spectrum

0. 5 keV bmned All Sky Al Spedrum (COMPTEL map)
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26A| Radioactivity:
Special Messengers

* Radioactivity provides a
clock

e 25A| radioactivity
gamma rays trace
nucleosynthesis ejecta
over ~few Myrs

 Radioactive emission is
independent of density,
lonisation states, ...

Roland Diehl

electrons in the ISM

R %‘*w i

(free free radio @mission)
(WMAP, Bennett+2003)

starlight
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(2MASS, Skrutskie+2006)

positrons in the ISM

(511 keV y-ray emission)
(INTEGRAL/SPI, Siegert+2015)
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Using the %°Al Line to Characterize the Galaxy’s SN Activity

- Diehl et al., Nature 2006
- Diehl et al., A&A 2010*
- Diehl et al., in prep. (2016)*

Measured Gamma-Ray FIux® . 2 mass in Galaxy = 2.0 (20.3) M

*) better account for foreground emission
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Views of SF in our Galaxy: %°Al y-ray

e Large-scale Galactic rotation

\?‘o: l l I '
[ (3) HII+GMCs

Roland Diehl

Kretschmer et al., A&A (2013)
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The Galactic View: longitude-velocity diagrams

* excess velocity seen for masswe -star eJectaI

300 ¢E L 13
= 20047 ’]‘
g 100 _ K E
g o= K X
% ; "'4~\ Ol - AM?
> - %,": R _;
_(_E —1 OO g_ -~ g
= ; ,]g'“". ;
300fl . . ook

40 20 0 -20 -40

Kretschmer, Diehl, et al. 2013 Ga|aC'[IC Iong”:Ude [d eg]

Kinematics of massive star ejecta in the Milky Way
as traced by Al
Karsten Kretschmer'-2, Roland Diehl*3, Martin KrauseZ 3, Andreas Burkert*3-2,

Katharina Fierlinger*#, Ortwin Gerhard?, Jochen Greiner>3, and Wei Wang?®
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How massive-star ejecta are spread out...

e Superbubbles blown into inter-arm regions
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26Al in the Inner Galaxy: Excess Gas Velocities Seen in 2°Al

* Interpretation: One-sided Superbubble Blow-outs from Spiral arms’ leading edges
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Massive-Star Groups

Voss R., et al., 2009

e We study the “outputs” f ------ *’\: : | e |
of massive stars and their “ o iR
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Massive-Star Cluster Birth & Evolution

Issues:
— Formation monolithic or hierarchical?
— Role of initial gas mass?
— Role of gas expulsion?

Pfalzner+2014
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First generation
star formation

Wind bubble phase

Slow equatorial winds and accretion
Second generation star formation

Spongy structure for ISM

Stellar evolution
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Nucleosynthesis Ejecta and
Dynamics of Interstellar Medium

* |SMis Highly-Dynamic = Ejecta in (Super-)Bubbles
— Study SpECiﬁC Regions in Detail (Cygnus, Orion, Scorpius-Centaurus, Carina)
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Understanding the Eridanus Superbubble
* X-ray Emission, size, 2°Al |

ROSAT
0.1-0.4 keV
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— Temporal X-ray brightenings
after SN energy injections _.
— spatial oscillations | g ]

3 4 5 6 7 8 9 10
Time/Myr  Kraguse, RD, et al. 2015
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26A] in Orion

* Now also detected with SPI/INTEGRAL
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Resolving 2°Al Emission from Specific Groups of Stars
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& i0 "3 _“’ Groups of Stars:
_ % _5@3 ' i Test our Models for Consistency
ﬁ . L T age~1.7 Myr
i E HlpparCOS : " ‘Upper Iiiv::’wtajlrt;s -Lupus
o deZweeuw+99 &L el
' 49'8 stars

1 SN'eéxplosien :
it 66 B stars
%6 SN explosions

S
X o

Planck Miss
#image

AKARI/Far-Infrared Surveyor

o] Tt (K ki s-1)
! !
25 20 215

Galactic longitude

Roland Diehl "The Milky Way and its Environment", IAP, Paris (F), Sep 2016



Massive-Star Groups

We study the “outputs” ;
of massive stars and their ¢4
supernovae 7
— Winds and Explosions ;9
— Nucleosynthesis Ejecta — T3

— lonizing Radiation

Star Counts

— ISM Cavities
— Free-Electron Emission

Radioactive Ejecta
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Superbubbles and HI Holes

» 26A| Ejecta Streaming into HI Holes Between Arms
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How do HI “holes” (~SB’s) compare with this?

* PopSyn = Ejected E,.. from Star Clusters = SB size
 Depends on ambient ISM density

Krause, Diehl, et al. (A&A 2015)
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— Low-density environments are required to make large SBs
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How massive-star ejecta are spread out...

Roland Diehl

Declination (J2000)
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How Massive-Star Feedback May Impact Galactic Flows

mplicationiangular momentum

R | Mo a4 kpe-200km s~ ~ 10° Mo kpc? Ma 2

Milky Way.gas angular mome ntum:
1010 M5 kpe: 250 kms ! ~ 101 1 kc Ma!

Image credits: NASA/JPL-Caltech/ESO/R. Hurt
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26Al longitude vs. velocity: Update 2016

sky exposure

N
P o o)

13 years of data (9), improved methods
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—Carney+1990

26Al longitude vs. velocity: Update 2016

latitudinal dependency: disk vs halo region
- asymmetries (?) wrt disk & center

— T T T T LI B S p B e —

59%<ph<15°
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— foreground emission (Scorpius-Centaurus)?

Roland Diehl "The Milky Way and its Environment", IAP, Paris (F), Sep 2016




Measuring the Latitude Extent of Ejecta Flow
e scale height ~130 pc (CO: ~50 pc)

26Al gamma-rays Wang+ 2009

N I 1

Spiral-arm model

* Exponential disk .
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Massive-Star Cluster Birth & Evolution

Issues:

— Formation monolithic or hierarchical?

—How does

oje)
Q)
n
C
X

©
=
L.
O
=

happen???

cluster mass |

* see also Banerjee & Kroupa 2015,
Gentry+ 2016, Krause+2016,
Li+2016, Pfalzner+2016,
Yadev+2016, ...: an active field!
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Pfalzner+2014
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Stellar population evolution in small systems

* Gas expulsion, stellar interactions, and binary system
actions likely quench star formation quickly

. Schneider+2016
o
What remains?? T N N o ;
10k NNMS merger; Ninteract :i: i
. : stable RLOF interact “TTTYTTT
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* Important role of binaries = NS mergers? BH binaries?

— e.g., dSph’s...
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Positron Annihilation in a dSph Galaxy
Search for 511 keV emission in nearby dSph galaxies

e* annihilation gamma ray emission map

Siegert, RD, et al. (2016)
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Flaring of Microquasar V404 Cyg iun201s

=2 Y's from e*!
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Radioactivity Views of the Galaxy: Summary
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— Radioactivity y-rays provide a unique / different view
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e Radioactivity traces diluted ejecta over Myrs

Flux / keV [rel. units]

— 26Al gamma rays show an apparently higher velocity
of large-scale galactic rotation
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* Radioactive decay and ejecta flow = asymmetry
— Superbubbles blows towards spiral-arm leading part

e Ori-Eridanus cavity extends away from molecular clouds,
26Al seems to flow towards us in Orion

— Superbubbles are major agents of feedback:

e Overlapping cavities lead to large superbubbles N
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* Radiative cooling becomes less effective for later SN
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— Radioactivity complements Galactic-structure studies

o 26A] 80Fe, positrons,... _300¢

LoL
o o
o o

40 20 0 -20 -40
Galactic longitude [deg]

Roland Diehl "The Milky Way and its Environment", IAP, Paris (F), Sep 2016



