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M317

‘bulkier brother’ of the Milky way:

e large, massive spiral galaxy: 2-3x as big as the Milky Way
e Distance: 780 kpc

e Radial Velocity: -200 km/s -- incoming!

The local group e Bulge mass:

M31 3-5 10" MO (Tamm+,
1208.5712)
MW ~0.9 10'°Mo

e few times more globular
Milky Way clusters

» - e ~?7x more massive SMBH
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M31 in gamma-rays

e M31 detected with 5.30 in two year Fermi LAT data (Abdo+, ApJ (2010))

— only marginal detection of spatial extension (1.80)
e Recently: more detailed analysis with 88 months of Pass 8 SOURCE class events

2 Features:
— emission does not correlate with gas maps
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M31 in gamma-rays

e M31 detected with 5.30 in two year Fermi LAT data (Abdo+, ApJ (2010))
— only marginal detection of spatial extension (1.80)
e Recently: more detailed analysis with 88 months of Pass 8 SOURCE class events

DEC (J2000) (deg)

25
42.5 §

l 20
42.0 §

415 §

15

41.0 §
40.5 §

40.0 §

125 120 115 11.0 105 100 95 90 85
RA (J2000) (deg)

Ackermann+, ApJ 836 (2017)

Features:
— emission does not correlate with gas maps

— emission templates:
- uniform disk, r~0.38+0.05° (~5 kpc)
- Gaussian, 0~0.23+0.08° (~3.5 kpc)



M31 in gamma-rays

e M31 detected with 5.30 in two year Fermi LAT data (Abdo+, ApJ (2010))
— only marginal detection of spatial extension (1.80)
* Now: more detailed analysis with 88 months of Pass 8 SOURCE class events
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Features:

— emission does not correlate with gas maps
— emission templates:

- uniform disk, r~0.38+0.05° (~5 kpc)

- Gaussian, 0~0.23+0.08° (~3.5 kpc)
— spectrum:

- PL best fit: ~2.4 +0.1

- PLEXP: T~2.1 £0.2, Ecytoff ~5.3 £ 4.9 GeV



GCE vs M31 emission?
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> M31 extended emission

A

Milky Way (MW) Galactic Center Excess

viewed along the plane & dominant GDE — — external viewpoint

obstructed view on the GCE — ~10 times lower SFR than in MW, low GDE
— size of the emission region comparable to
that of the GCE
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Motivation for MSP interpretation in M31
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dust and current star formation in rings

[far IR & sub-mm, Hershel, 1403.4272]



What we learned about MSPs in the MW?

MSP emission observed in
— galactic halo, ‘locally’...
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About ~100 MSPs observed to date*, used to derive the luminosity function.

*https://conﬂuence.slac.stanford.edu/display/G LAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars



What we learned about MSPs in the MW?

MSP emission observed in
— galactic halo, ‘locally’...
— and cumulative emission in

globular clusters

gamma-ray
luminosity of a
globular cluster
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Toy model

Simple MSP formation mechanism picture:

— primordial formation (i.e. in Galactic halo), correlates with total stellar mass*

— dynamical (in Globular clusters), correlates with stellar encounter rate

densities in Galaxy bulges somewhere in between — possibly both mechanisms at play

* more precisely with OLD stars & does depend on stellar environment and formation history (Ploeg+, 2017)

Note: distribution of LMXBs in M31 follows p« distribution in the outskirts and p«? distribution
in the inner parts of the bulge

E I 1T 11 ||| T |||| T T IE
102k T f ~
5 - .
o b T+ h
s +
3 - :
= Ll =
& g1 L CXB (subtracted) . | = =T

; Voss+, MNRAS (2007 e ;

10—2 [ I " I | 1 1 I(I I| )] I I | 1 1 11 I| I I I_+_II

1 10 100

radlus. arcsec



Toy model - in situ formation

Toy model for MSP emission:

nMsp (T) = A <:0* (T)>d1 +B <Pz(7")>d2/<7
e’ | S
”primordial” MSPs ”dynamically” formed

Main inputs for our analysis:

— primordial formation: use the stellar distribution & MSP luminosity function of field
halos (already used in Winter+2016 for dSphs)

— dynamical formation: use gamma ray luminosity vs stellar encounter rate relation of
globular clusters (Hui+, "11)

—Naive but almost ‘parameter free’ model:
— validate it with the Galactic Center Excess features
— check predictions for the M31 extended emission
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GCE emission - primordial formation
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— good agreement with GCE properties, both in morphology and normalization!

MSP GCE interpretation: [Bartels+, PRL (2016), Lee+, PRL (2016), Charles+, Gomez-Vargas+, ...



GCE emission - primordial formation

MSP migration?
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By using a viral theorem, a la
Zwicky ;)

and MSP velocities 30-70km/s

— migration distances
/00-200pc

—agreement within inner 2 deg worsens, when migration taken into account



emission - dynamical formation

cncounnter raloe

preliminary

[Hui+, Apd (2011)]

gamma ray luminosity of GICls
correlates with:

— stellar interaction rate p*(r)

— but also with the low
energy photon filed (ISRF)

dyn prim
LMWbulge < 0.09 LMWbulge
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— good agreement with GCE properties, when dynamical formation + MSP migration

into account!



M31 - primordial + dynamical formation
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— predicted luminosity under predicts but agrees within ~30 with the measured

emission from M31

Caveats:
— NSC properties poorly known

— other gamma-ray sources expected to contribute (point sources, SMBH...?)




M31 - primordial + dynamical formation

morphology:
Template TS A LogL
Uniform disk 46 — -
tzer/IRAC 587 maps at 3.6
Gaussian (MSP PLEC) 46 - Spitz ¢ 1ap
Point Source 37 4.3 MM template tracing
IRAC o 41 2.4 old stars which reside
IRAGq 70 . . 41 2.5 dominantly in the bulge
TRAC preliminary 40 2.6 Y J

— morphology consistent within 30 with the best fit templates, though the data
suggest larger extension

Note that the disk emission of M31 is predicted to be below the upper limit of non-
detection.



Outlook

— in our toy model GCE properties can be explained with the simple MSP emission
model including primordial and dynamical formation of MSPs
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Outlook

— in our toy model GCE properties can be explained with the simple MSP emission
model including primordial and dynamical formation of MSPs

— the models under predict (but is consistent within three sigma) with the M31
measurement

— better angular resolution needed...
— electrons from MSPs? (Venters+, ApJ (2015)) — CTA, Astrogam/AMEGO?
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Outlook

— in our toy model GCE properties can be explained with the simple MSP emission
model including primordial and dynamical formation of MSPs

— the models under predict (but is consistent within three sigma) with the M31
measurement
— better angular resolution needed...

— electrons from MSPs? (Venters+, ApJ (2015)) — CTA, Astrogam/AMEGQO?

just as Loops, MSPs are everywhere
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For MSPs above 10733 erg/s,
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