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This talk...

* Focusing on low energy, trans-relativistic positrons (e*)
evidenced by annihilation radiation from the Inner
Galaxy

* ~5x 10% e* /s annihilate in the Galaxy (Siegert et al.
2016)
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Diffuse, Galactic positron annihilation signal detected for more

than 40 years, first with balloon-borne, and more recently satellite
(COMPTEL, INTEGRAL) experiments



Positron Annihilaton Observations

* Coded mask instruments (non-focusing) with poor
angular resolution (~3°)

“ Very strong cosmic ray backgrounds due to space
environment

* Construct models for 511 keV sky distribution rather
than images



Positron Annihilaton Observations

Siegert et al. 2016 -



Positron Annihilaton Observations

# Central mystery: very large positron luminosity ratio
bulge:disk (B/D)...not seen at any other wavelength

“ Historically: bulge/disk positron luminosity:
B/D~14
» Star Formation Rate[puige] / SFR[disk] ~ 0.1

= MaSS[bulge]/MaSS[disk] = 4
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New observational situation following Siegert+2016 results:

* now much more low surface brightness emission from disk
detected

* B/D ~ 1.4 (previously) — B/D = 0.4 (now)

* newly reduced B/D makes idea for “special” positron source
in the GC/bulge less compelling

* BUT now we have to explain the “extra” disk positrons!

+ Point: B/D = 0.4 = MasSibulgel/ Massidisk]
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New observational situation following Siegert+2016 results:

* Also new: detection (>50) of separate positron source
in the Galactic nucleus

+ Poor angular resolution of INTEGRAL SPI (~3°)

means that we do not know whether this source is
* truly the super-massive black hole or

* the Nuclear Bulge/Central Molecular Zone region
of ~300 pc width surrounding the SMBH
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New observational situation following Siegert+2016 results:

* Note that a stellar positron source connected to OLD
stars could explain entirety of gross, Galactic positron
injection morphology because

¢ B/ = (04210.09)
~ MasS[bulge] / M assidisk]
+ NB/B = (0.083+0.021)
= A SSnuclear bulge] /. VaSS[bulgel= .09

..out exactly how old would stellar positron sources need to be?
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Source Age More Quantitatively with
Delay 1ime Distribution

Rx[t] = vx [ DTD[t —t'] SFH[t'] dt’,

rate of transient star fprmation
event ‘X history

(t/tp)“ Child ]
DTD[t] X GTiye= T | ;?)81856’[8

\ t,. delay time’
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Galactc Star Formation History

mm SFR disk [V yr']
m= SFR bulge [M_ yr1]
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How old does a szellar positron source need to be?
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Plischke et al. 2011

°Nj — °%Co — °Fe +e™ 1=804d

Ui —» #Sc — *“Ca+e™ A=60yr



How old does a szellar positron source need to be?
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Another problem for Ni positrons from SNla

# 2Nii - > >Co- > %Fe ~80 day decay time: positron
trapping in SN ejecta

* Late-time pseudo-bolometric light curves of SNIa

indicate complete trapping: vast majority of positrons from
SNIa °°Ni never reach the ISM
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... Trapping not a problem for *Ti:

£ L 5 (a /0 YEAR decay time: supeeneya
positrons can reach ISM

« BUT also y-ray and X-ray line associated with this decay
chain and measured total luminosity of ##Ti sky lines too
small to account for Galactic positron injection rate

* Moreover, daughter nucleus #Ca measured in solar
system material; inferred production rate too small to
account for Galactic positron injection rate
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Is #4T1 ruled out?

* NO! What is required to evade these problems is that:



SFR/(M@/YI’)

Galactc Star Formaton History

= SFR disk [M_ yr]
SFR bulge [M_ yr-']

_____ disk SNla [century™"]
bulge SNla [century~']

mmmm  disk SN91bg [century™]
bulge SN91bg [century™]
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Is #4T1 ruled out?

* NO! What is required to evade these problems is that:

. 44Ti—producing events are more common today than in the period
leading up to the formation of the solar system 4.55 Gyr ago;
naturally occurs if the stellar sources of “Ti have a ~6 Gyr delay time



A Galactic *Ti source that...

* ...occurs every =300 years
« ...synthesises 0.02-0.03 M, of A

* ...happens at a delay time of ~6 Gyr post star formation
would:

« explain the absolute positron luminosity of the Galaxy
« explain the **Ca abundance in pre-solar material

» explain the bulge to disk positron luminosity ratio

+ explain the nuclear bulge to bulge positron luminosity ratio
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How old does a szellar positron source need to be?
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What could such a source be?

+ Relatively large **Ti mass requires a helium detonation;
requires assembly large He mass at correct density

(~iO5—1O6 g [ cm?)

* Mergers of low mass white dwarf binaries can achieve this

+ CO-WD/ (pure) He-WD mergers occur at ~3-6 Gyr in
Ashley’s binary population synthesis model (StarTrack;
Belczynski+); this is the time scale required by positron
phenomenology

* Mergers also occur with approximately correct rate
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What are these events?

# Our answer: ‘SN1991bg-like” supernovae

* These are sub-luminous Type la (thermonuclear) supernovae
that occur in old stellar populations

* 30% of SNIa in elliptical galaxies

* 15% of SNIa in all galaxies

* Direct, spectroscopic evidence they synthesise Ti

* Frequency seems to be increasing with cosmic time as required

by our analysis (to be confirmed with DES: Panther PhD)
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Summary

*The GC Excess seems to trace particular stellar populations in the
inner Galaxy

+Siegert et al have changed the empirical situation with respect to
Galactic positron annihilation, in particular, the Galactic disk is a
brighter positron source than previously reckoned

+B /D positron luminosity ratio ~ B/D stellar mass ratio

*Generically, this phenomenology can be explained with a positron
source connected to old stars in the Galaxy

* A single type of transient event — SN1991bg-like supernovae — can
supply the requisite number of positrons in the correct distribution to
explain the origin of most Galactic antimatter
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