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The Positron Puzzle

What do we see?

Where do the |/ []
positrons come from? |O ¥

Why does it v.
: p 4
look like that? y# Y




i What Do We See?

* Annihilation in Flight:
- Direct annihilation with E,,_(e*) >0 e+\
- E.(e") =E,,(e)=0:511 keV line Y
- E,..(e’) #/= E,, (e’) > 0: continuous spectrum

* Formation of Positronium Atom (Ps):

- Singlet state (S=0): antiparallel spins e’ -.._
“Para-Positronium” p-Ps | Q
2y: monoenergetic y-ray line (511 keV) -

- Triplet state (S=1): parallel spins
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A Where Do The Positrons Come From?

Of Course: 2°Al!

Webber, Schonfelder, Diehl 1986

Is there a common origin for the
cosmic y-ray lines at 0.51
and 1.81 MeV near the galactic centre?
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“Here we discuss the possibility that the
0.51- and 1.81-MeV lines have a common
origin [...] and we show that this is not
contradicted by the existing data.”

“The 2Al line requires that 5+2 Mg, of
26Al was synthesized within this timescale
of ~10° yr.”

“To produce the observed increase of the
0.51-MeV line of 2.5 times the steady 1.8-
MeV line [...] a spherical region
containing the %Al of 3 pc is required.”

Thomas Siegert, 08/02/2019, Nucleosynthesis for a Life



E: Variability Of The 511 keV Line?
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A
O 26Al — Of Course!
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How Many Positrons Are There?

Disk Annihilation budget: 3.1x10*3 e* s!

. Disk <0
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Total Milky Way: (4.9%£1.7)x10%3 e* s?

Thomas Siegert, 08/02/2019, Nucleosynthesis for a Life



ikag Positron Production Mechanisms

) , , Dark matter ...
R High-energy

}‘s< processes! :
B*-decay

x f

.. annihilation

Y1 e~

€' (P1,41) ulp_,o.)

€" (P2, 22) v(P,,0,) N< .-
vy pair production v/EM-field .. deexcitation *

pair production

Thomas Siegert, 08/02/2019, Nucleosynthesis for a Life



A : .
O vy Candidate Positron Sources

§ Fast moving Cas A

« Massive stars / Novae / SNe la&Il [t

- Radioactivity from B*-decay

* XRBs / Microquasars

—> “Compact y-ray source”; Jets; Corona
 SgrA*

— Past AGN activity; Accretion disk

e Cosmic rays

— p-p collisions: Secondary positrons
* Pulsars

- Magnetic field interactions

* Dark Matter

— Decay; Annihilation; Excitation

» Stars / stellar flares




Let’s Try Dark Matter:
A Bulge Component On Its Own

Decay, Annihilation, De-excitation?

Fs11 < (ppm)™ ?

Skinner+2014: Dark matter profile with n=2 fits

Q

Galactic centre

)

DM main halo

Dark matter simulation
Kuhlen+2008

Thomas Siegert, 08/02/2019,

Dwarf galaxies

)

DM sub-haloes

Nucleosynthesis for a Life

_ Siegert, Diehl, Vincent+2016
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Ov¢| The Dark Matter Scenario With SPI

Dwarf galaxies are believed to be DM-dominated
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Ov¢| A Bulge Component: Microquasars

Microquasars identified as galactic positron sources!
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Ov¢| A Bulge Component: Microquasars

Microquasars identified as galactic positron sources!

12:00:32

0 R -10
MilliArc seconds  Cradit: J Miller—Jones

]

100-200 keV band flux [107 ph cm™ s™" keV

Siegert, Diehl, Greiner+2016

T " T
Rev. 1554 Rev.1555 = Rev. 15 56

5 ?Epoch 1 Epoch 2 Epoch 3 18
=
] —10
3 E 4
2 <
-5
1E ++ ]
0 + —w—% + 0
1 |+ ]
196 193 200 202 204

MJD - 57000 [days]

Palr-plasma annihilation
light curve in V404 Cygni

103 — 108 uQs expected in the Milky Way: contribution tens of %!

Thomas Siegert, 08/02/2019, Nucleosynthesis for a Life

[107 phcm™s

Annihilation flux



A
Ovy| Budgeting Galactic Positrons

Antimatter reservoir in the
interstellar/intergalactic
medium
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@ Why Does It Look Like This?
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Summary And Outlook

Maybe just ask
the aliens ...

an e '
A

reservoir \&

'?,‘ Thomas Siegert, 08/02/2019, Nucleosynthesis for a Life
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