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Overview

1, &CE Amatjsis wikh ‘SM’:j!:ACT
2. Standard template fikking <—> Sw’v¥ae&

3, Can we see a GCE in the diske?
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The Galactic Centre Excess

Goodenough & Hooper 2009, Vitaler (Fermi coll.) 2009, Hooper & Goodenough 2011,
Hooper & Linden 2011, Boyarsky+ 2011 (no signal), Abazajian & Kaplinghat 2012, Hooper
& Slatyer 2013, Huang+ 2013, Gordon & Macilas 2013, Macias & Gordon 2014,
Zhou+2014, Aba\z.ajéam+ RO14, ‘ijtaw-zc’l"f-, Calore+ 2014, Gaggero + 2018, Carlson+r
2015, Fermi-LAEL 2016, 2017
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Image credit: NASA/T. Linden
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Speckled gamma-ray emission from-inner Galaxy
points to a new source population
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Bartels et al. 2016 Lee et al. 2016
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— — broken PL - - = DM T.T ' | Hooper&k Coodaenough 2010 Calore 4+ 2014

. . - ' ’ Hoyarsky + 2010 Formi coll. (profiminary)
) y e < , » 1 GV excooss emission - -
+ W Xp. . w .
PL with exp. cutoff I GC excess spectrum with e Hooperk Sacyer 2013 B NEW 7 =138
stat. and corr. syst. errors

Cordon 4 2013 Formi Bubbles (exunpolatod)

Abwzajian: 2014 - - HI 4 H2 (At 2 < 0.2 kpc)
Daylan ; 2014

Calactic latitude |6] [dog], at £ ~ 0°

Calore, Cholis & Weniger (2014) Calore, Cholis, McCabe & Weniger (2015)
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— — broken PL - = DM 7t . ' Hooper& Coodanough 2010 Calore 4 2014

Hoyarsky 4+ 2010 Formi coll. (prefiminary)
Hoopor&Slacyer 2013 = comuncied NFW 7 - 1.28
Cordon 4 2013 Formi Bubbles (exunpolatod)

Abzajian s 214 === HI + H2 (a1 2 < 0.2 kpc)
Daylan 4 2014

PL with exp. cutoff T GC excess spectrum with
stat. and corr. syst. errors

Calactic latitude |6] [dog], at £ ~ 0°

Calore, Cholis & Weniger (2014) Calore, Cholis, McCabe & Weniger (2015)
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Summary:

@ Hybrid between image reconstruction &
template fitting

Richard Bartels (GRAPPA, Amsterdam) § MM i the y-sky, Garmisch 2017



Summary:

@ Hybrid between image reconstruction &
template _--_ Rl

| This meains:

| freedom in spectral and |
f: spa&mi %ampta%e_s to ad&gp& '
{ to errors/ Lmaompte&amessf :

e.q. "dark gas” l,_
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Summary:

@ Hybrid between image reconstruction &
template fitting

Original Template

Gas (0.96 - 12.98 GeV)
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Summary:

@ Hybrid between image reconstruction &
template fitting
Best-fit Template

Gas (0.96 - 12.98 GeV)
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~ore-~ Background
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=CE Mmrgahmtagv

o f?;@.amatjsi;s using SM’jﬁACT

Richard Bartels (GRAPPA, Amsterdam) 7 MM i the y-sky, Garmisch 2017



=CE Mmrrﬁkatagv

o f&éamatfjsis using SM’jﬁACT
DM

cNFW
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GCE Morphology

o Reanalysis using SkyFACT
DM Stellar Mass diskribution

cNFW Boxy bulge Nuclear bulge

Launhardt+ 2002

Dwek+ 1995; Cao+ 2013
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Resulks

Run

r5_RCG_NB_X
r5_RCG_NB
r5_RCG

r5_ BulgeGC
r5_Einasto
r5_NFW126
r5_NFW100

Richard Bartels (GRAPPA, Amsterdam)

647808.1
647831.2
647884.7

647916.5
647961.4
648021.8
648049.8

—2In L
free spectrum MSP spectrum

648020.2
648027.5
648061.7
648140.3
648188.6
648242.4
648278.6

N i the y-sky, Grarmisch 2017



free spectru\‘

r5_RCG_NB X
r5_RCG_NB
r5_RCG

r5_ BulgeGC
r5_Einasto
r5_NFW126
r5_NFW100

Richard Bartels (GRAPPA, Amsterdam)

647808.1
647831.2
647884.7
647916.5
647961.4
648021.8
648049.8

648020.2

648027.5
648061.7

648140.3
648188.6
648242.4
648278.6

N i the y-sky, Grarmisch 2017



- 2.0 x 10%7 ergs™! Mél

Nuclear Bulge
Boxy Bulge
M31

Disk (predicted)
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- 2.0 X 1027 erg g1 Mél

Nuclear Bulge
Boxy Bulge
M31

Disk (predicted;

—

-
w
oo

p—

-
w
~J

‘_{|_|
o
20
s-q
L,
<
=
)
o
k=
=
-
—

P RIS AP PP ‘ S : ”_,;
{ ~10x Less "GCE" |
per Mo -

{010
Stellar Mass [Mg]

Richard Bartels (GRAPPA, Amsterdam) MMM i the y-sky, Garmisch 2017




Surprising?

m— Finasto
NFW, v =1.26
Nuclear Bulge
B 511 keV (Siegert+ 2015)

Boxy Bulge + Nuclear Bulge

5.0 7.9 10.0 12.5 15.0
Radius |[deg]
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2. From Traditional
Temgta&e Fitting to
SM’vF’ACT

Richard Bartels (GRAPPA, Amsterdam) 11 MMM i the y-sky, Garmisch 2017



Wl«v was this not
found in the past??



Wl«v was this not
found in the past??

o Past studies checked for non-
sphericity: negative resulks.

(Paylan+ 2014, Calorer 2014, but also see Linden+ 2016 & Fermi-
LAT Collaboration 2017)

Richard Bartels (GRAPPA, Amsterdam) 12 MMM i the y-sky, Garmisch 2017



Wl«v was this not
found in the past??

o Past studies checked for non-
sphericity: negative resulks.

(Paylan+ 2014, Calorer 2014, but also see Linden+ 2016 & Fermi-
LAT Collaboration 2017)

o We connected SkyFACT analysis to
Calore+ 2014 analysis (implementing
differences one by one)

Richard Bartels (GRAPPA, Amsterdam) 12 MMM i the y-sky, Garmisch 2017



Template Fitting < Skyfact

Reproduction of Calore et al. (2015b), with spatial DM template.
Reproduction of Calore et al. (2015b), with spatial stellar mass template.
A1l gas/ICS templates changed to RUN5 templates (1 gas template).
A2 gas/ICS templates changed to RUN5 templates (1 gas template).
B1 with longitude extended to |I| < 90°.
B2 with longitude extended to |I| < 90°.
C1 with modulation as in RUNS.
C2 with modulation as in RUNS.
D1 with disk unmasked
D2 with disk unmasked
E1 with two gas rings used.
E2 with two gas rings used.
F1 with extended sources added in.
F2 with extended sources added in.
G1 with spectral bubble template.
News H2 G2 with spectral bubble template.

Richard Bartels (GRAPPA, Amsterdam) ‘ MMM i the y-sky, Garmisch 2017



Template Fitting < Skyfact

Reproduction of Calore et al. (2015b), with spatial DM template.
Reproduction of Calore et al. (2015b), with spatial stellar mass template.
A1l gas/ICS templates changed to RUN5 templates (1 gas template).
A2 gas/ICS templates changed to RUN5 templates (1 gas template).
B1 with longitude extended to |I| < 90°.
B2 with longitude extended to |I| < 90°.
C1 with modulation as in RUNb5.
C2 with modulation as in RUNS. DM PT’Q‘FQT'T’Qd
D1 with disk unmasked
D2 with disk unmasked
E1 with two gas rings used.
E2 with two gas rings used.
F1 with extended sources added in.
F2 with extended sources added in.
G1 with spectral bubble template.

News H2 (G2 with spectral bubble template.
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Template Fitting < Skyfact

Reproduction of Calore et al. (2015b), with spatial DM template.
Reproduction of Calore et al. (2015b), with spatial stellar mass template.
A1l gas/ICS templates changed to RUN5 templates (1 gas template).
A2 gas/ICS templates changed to RUN5 templates (1 gas template).
B1 with longitude extended to |I| < 90°.
B2 with longitude extended to |I| < 90°.
C1 with modulation as in RUNS5.
C2 with modulation as in RUNS. DM Fr@ferréd
D1 with disk unmasked
D2 with disk unmasked
E1l with two gas rings used.
E2 with two gas rings used. MLS‘ 'N{QYNA
F1 with extended sources added in.
F2 with extended sources added in.
G1 with spectral bubble template.

News H2 G2 with spectral bubble template.

Richard Bartels (GRAPPA, Amsterdam) MMM i the y-sky, Garmisch 2017



X
(1) NFW ~ = 1.26

(2) RCGNB

147174.1
165359.2

718013.4
562568.4

655669.2

655113.2
651279.8

648635.9

A
A
B
B
C
C
D
D
E
E
F
F
G

G2 F2 with extended sources added in.
H1 G1 with spectral bubble template.
G2 with spectral bubble template.

Richard Bartels (GRAPPA, Amsterdam)

147486.0
167419.6

721344.0
562995.2
654782.6
654947 4
651022.9
648484.5

A in the y-sky, Garmisch 2017




Template Fitting < Skyfact

X° Ax*
(1) NFW v =1.26 (2) RCGNB
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3 “Dislke—CrCE ’"

Richard Bartels (GRAPPA, Amsterdam) 14 MMM i the y-sky, Garmisch 2017



Estimate of GCE
in the disk

Richard Bartels (GRAPPA, Amsterdam) 18 MMM i the y-sky, Garmisch 2017



Estimate of GCE
in the disk

1. Flux ffrcrm all local (<3 Lqm:) MSPs usiing
ATNF & 3FGL

Richard Bartels (GRAPPA, Amsterdam) 18 MMM i the y-sky, Garmisch 2017



Estimate of GCE
in the disk

1. Flux ffrcrm all local (<3 Lqm:) MSPs usiing
ATNF & 3FGL

2. Simulate a disk population of MSPs (with a
Lorimer distribution)
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Estimate of GCE
in the disk

1. Flux from all local (<3 l.f[m:) MSPs usiing
ATNF & 3FGL

2. Simulate a disk population of MSPs (with a
Lorimer distribution)

3. Estimate completeness of flux from Local

(<3 M’Fn‘;:) volume

assuming some Luminosity function.
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Estimate of GCE
in the disk

1. Flux from all local (<3 l.f[m:) MSPs usiing
ATNF & 3FGL

2. Simulate a disk population of MSPs (with a
Lorimer distribution)

3. Estimate completeness of flux from Local

(<3 M’Fn‘;:) volume

assuming some Luminosity function.

4, Greb bobal disk flux & Lum&mosi&v!

Richard Bartels (GRAPPA, Amsterdam) 18 MMM i the y-sky, Garmisch 2017



Resulks

Bulge Disk
o Flux o Flux
1.8 <107 % exocm “s tax 10 e em 97"
o Lum. vs. Mass o Lum. vs. Mass
2 x 108erg s= 5Vl 1.8 % 10 ergs M

Richard Bartels (GRAPPA, Amsterdam) 16 MMM i the y-sky, Garmisch 2017
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Dislke

o Flux o Flux

1.8 X107 % ergcm 255 Ta x 10 S e em 9%

o Lum. vs. Mass o Lum. vs. Mass
2 % 1078 ero's™ Ml 1.8 % 10 ergs M
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Dislke

o Flux o Flux

1.8 X107 Y ergccm “s7t T3 x A0 ¢ e e < 57

o Lum. vs. Mass o Lum. vs. Mass
2 x 10%erg s= *Vi s gt o) 106 eey - M,

~10%x WMOoTe M P

Richard Bartels (GRAPPA, Amsterdam) 16 MMM in the y-sky, Garmisch 2017



- 2.0 x 10%7 ergs™! Mél

Nuclear Bulge
Boxy Bulge
M31

Disk (predicted)
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Caon we debeck LE?

o ¥% of ICS in our ROI (1¥0 x 412
o 2% of «°

o This will be hard ...

Richard Bartels (GRAPPA, Amsterdam) 1% MMM i the y-sky, Garmisch 2017



Conclusion

3 f&eamatjseci the GCE wikh Sl«f’jﬁ“ACT

o We find a correspondence with the
Bulge + nuclear bulqe

o &CE appears to trace sktellar wass

Richard Bartels (GRAPPA, Amsterdam) 19 MMM i the y-sky, Garmisch 2017



Richard Bartels (GRAPPA, Amsterdam) A in the y-sky, Garmisch 2017



Bac up: sgve&ra

Central region (|b| < 20° and |£] < 207) Central region (|b] < 20° and |£] < 20°7)

—— Cas ring III v —— Casring I
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