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Speckled gamma-ray emission from-inner Galaxy
points to a new source population

v

Bartels et al. 2016 Lee et al. 2016
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Sw’vﬁm‘:&

Advantages

@ Hybrid between image reconstruction & template fitting

Foreground/Background Templates

@ Inverse-Compton
@ Gas (piO) emission
@ IGRB
@ 3FGL

@ Fermi Bubbles
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G CE Analysis

1) Fixed Templates
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G CE Analysis

el 1) Fixed Templates
cNFW Einasto
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G CE Analysis

o preft 1) Fixed Templates

Einasto 511 keV

Siegert+ 2015
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G CE Analysis

o preft 1) Fixed Templates
Einasto - 511 keV

Siegert+ 2

| Boxy bulge '.i
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,.:; Superpositions of these
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G CE Analysis

1) Fixed Templates

Einasto 511 keV

Siegert+ i

| Boxy bulge | Nuclear bulge

Launhardt+ 2002

| Superpositions of these
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G CE Analysis

1) Fixed Templates
Einasto 511 keV

Siegert+ 2

Launhardt+ 2002 Ness & Lang 2016

) ~ -

,.;; SMF’@.T‘ Fwsi&mms c:yf these |

Richard Bartels (GRAPPA, Amsterdam) 5 TeVPA 2017, Columbus (OH), UsA



G CE Analysis

1) Fixed Templates
Einasto 511 keV

A Siegert+ 2015
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CE Av\alvs&s

R) Fixed spectrum
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CE Amatjsi;s

R) Fixed spectrum
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GCE Analysis

Bulge + NB
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GCE Analysis
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Gr(.."» vs., Skellar
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= Finasto
NFW, ~ = 1.26
B 511 keV (Siegert+ 2015)

Boxy bulge + nuclear bulge
Calore+ 2014
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Calore+ 2014

511 keV (Siegert+ 2015)
Einasto

NFW, v =1.26

Boxy bulge + nuclear bulge
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Conclusions F?m*% 1

1. The GCE from skyfact is more oblate wrt
previous analyses

2. It traces stellar mass in the inner galaxy!
MSPs?
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Part 2: GCE & 8§11 eV

@ 511 keV: positron annihilation

@ Morphology appears similar to that of the GCE
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Yo puta& Lo
svv\%kesis
1. Thermonuclear SNe (crocker+ 2016)
2. Low Mass X-ray binaries (LMXBs)
- MSP progenitors
- Positrons from jets of accreting BHs
(Guessoum+ 2005; Bandyopadhyay+ 2008)

- 511 keV observed in microquasar jet!
(Siegert+ 2016)

Richard Bartels (GRAPPA, Amsterdam) 11 TeVPA 2017, Columbus (OH), UsA



Po pula&&ov\
svv\%k@.si;s

1. Thermonuclear SNe (crocker+ 2016)

3 2. Low Mass X-ray binaries (LMXBs) )

- MSP progenitors

- Positrons from jets of accreting BHs
(Guessoum+ 2005; Bandyopadhyay+ 2008)

- 511 keV observed in microquasar jet!

(Siegert+ 2016) 4!
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ulﬁracom?a& )(mrav
binaries in the Bulqge

Richard Bartels (GRAPPA, Amsterdam) 12 TeVPA 2017, Columbus (OH), UsA



ulﬁracom?a& )(mrav
binaries in the Bulqge

@ van Haaften+ 2013 model the population of UCXBs in the Bulge.
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binaries in the Bulqge

@ van Haaften+ 2013 model the population of UCXBs in the Bulge.

5
- 2x10 NS-UCXBs in the Bulge

Richard Bartels (GRAPPA, Amsterdam) 12 TeVPA 2017, Columbus (OH), UsA



ulﬁracom?a& )(mrav
binaries in the Bulqge

@ van Haaften+ 2013 model the population of UCXBs in the Bulge.

5
- 2x10 NS-UCXBs in the Bulge

4
- 10 isolated MSPs ==> GCE

Richard Bartels (GRAPPA, Amsterdam) 12 TeVPA 2017, Columbus (OH), UsA



ulﬁracom?a& )(mrav
binaries in the Bulqge

@ van Haaften+ 2013 model the population of UCXBs in the Bulge.
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- 2x10 NS-UCXBs in the Bulge
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binaries in the Bulqge

@ van Haaften+ 2013 model the population of UCXBs in the Bulge.
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- Assume BH:NS = 1:10
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ulﬁracom?a& )(mrav
binaries in the Bulqge

@ van Haaften+ 2013 model the population of UCXBs in the Bulge.
_ 2x10 NS-UCXBs in the Bulge
= 104 iIsolated MSPs ==> GCE

@ We:
- Assume BH:NS = 1:10

- Model BH-UCXB population as a function of M

(van Haaften+ 2012)
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ulﬁracom?a& )(mrav
binaries in the Bulqge

@ van Haaften+ 2013 model the population of UCXBs in the Bulge.
_ 2x10 NS-UCXBs in the Bulge
= 104 iIsolated MSPs ==> GCE

@ We:
- Assume BH:NS = 1:10

- Model BH-UCXB population as a function of M

(van Haaften+ 2012)

- Calculate Power in BH jets (NSs have too weak jets!!)
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Taweawav reﬂipe
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Tmfeawav reﬂipe

star-formation rate

Richard Bartels (GRAPPA, Amsterdam) 13 TeVPA 2017, Columbus (OH), UsA



T&M’eawav rect

star-formation rate Delay Time

adapted from van Haaften+ 2013
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Taweawav reﬂipe

star-formation rate Delay Time UCXB Evolution
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Taweawav reﬂipe

star-formation rate Delay Time UCXB Evolution

adapted from van Haaften+ 2013

e
>

14

Tage ;
1yr

<
e

PDF, Star-formation rate
=)
o

# of systems starting RLOF |Myr~

Delay time since ZAMS [Gyr]

' Luminosity function
108

10°
10*
103
102
10!
10°
1071
1072

10°°
0% 10%  10%

Richard Bartels (GRAPPA, Amsterdam) 13 TeVPA 2017, Columbus (OH), UsA



Taweawav reﬂipe

star-formation rate Delay Time UCXB Evolution

adapted from van Haaften+ 2013
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Jeb kinetic power .
Posi&roms

L> (BH)

LJ O(MO(
{LX(NS)

Fender+ (2003)
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Jebk kinekic power .
Fasiﬁroms

LJO(MO(

Fender+ (2003)

L35 (BH) | We assume a cold, |
" pair dominated jet |
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Jeb kinetic power .
Posi&rohs

— BH-UCXBs
m— NS-UCXBSs
Observed




Conclusions F?m*% 2

o Evolutionary channel of Millisecond
pulsars through LMXBs can explain
both the 8§11 keV and GCE signals
from the Bulqe!
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Conclusion

o The GCE appears to trace sktellar
mass!

o We find a correspondence with the
Bu,i.ge + huclear bui.ge

: 3 511 lm\i amd GL,ET &outd b@. reio&e.ci il
through Faputaﬁmm svm&hescs
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freeFS NEW126
freeFS_FT Einasto
freeFS_FS BulgeGC
freeFS_+GeV RCG
freeFS_—-GeV RCG_NB
NEW100 RCG_NB_X

_------.
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B&atfup: s[per:%ro\ 2

Central region (|b] < 15° and |¢| < 15°)

Bubbles ExtSrc

Gas ring [

Gas ring II

as ring I11
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Nuclear bulge
Boxy bulge
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OTHER
COMPONENTS

NFW BULGE
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