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Fermi data reveal giant gamma-ray bubbles
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Timeline of y-ray, CR, and particle experiments
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DM discovery (de Boer+)

EGRET diffuse emission

g P | .
TR | Dark Matter * EGRET > ¥ PAMELA preliminary! | el
iz 1 =eee- Pion decay background 8 - OM
' ] eee Inverse Compton WM signal % f Cosmic Rays
Ry (RSP Bremsstrahlung 272 m,,,,,»=50-70 GeV - 7] V
g g WIMP s p TIUX mX = 60 GeV
P bb-channel ¥ 0
> '° 7 de Boer+'06 £
S ] 3
éc T i
°Eu
10°
- CR
de Boer’09
p F 10°: ol 0l
v g T L S ks S 10° 107 10" 1 10 10 10°
10 1 10 10
Energy/nucleon [Ge
 [GoV] rgy [GeV]

< The DM discovery was claimed by de Boer et al. in numerous
papers: consistency between excess in diffuse y-rays and p

< All possible EGRET systematics was neglected, even though at
some point it has become clear that the GeV excess was likely
instrumental (IM+°07)
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Fermi-LAT observations

10 % T TFAen] e S 102

0° <1<360°, 10° < |b| <20°

¢ X X
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&
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I @ LAT
- Isotropic

10*

103 e e T
102 103 104

1
Hy(Me¥0 Abdo+’09

<> LAT measurements of the spectrum of the diffuse emission
clearly show that the EGRET GEV excess is instrumental

<> The spectrum of the diffuse emission by LAT is in a good
agreement with prediction of the conventional model
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AMS-01: A 50 GeV bump in the proton spectrum

J. Alcaraz et al. / Physics Letters B 472 (2000) 215-226 227
: o Downward [ o Downward & Downward
;[ 0<Oy<03 | i [06<6y<07 & Upwad  [09<By<T.0 . Upyan
- E 3 %o
S boo !
2 107 * $ '
S L . 4 o o°
% 3 L
-2 °
§ 10 . g D u : L
Y " 49 t *e
g10° . ) ¥ .
x § i tH
Z 107 3 f |
° Q ¢
a 1 .t b 1 °f €
10 5 ) n A | 3 1 ) L | Afl M bbbl ¢°L 1 ) i A lT+£|
1 2 1

3 2 -1 B | 2
10 1 10 10 10 1 10 10 10 1 10 10

Kinetic Energy (GeV)

<> Hardly seen in the log-log scale, but some people
noticed it & including myself
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Interpretation of 50 GeV excess

Fine structure in the energy spectrum of cosmic ray protons at 50 GeV?
A.D. Erlykin, S.J. Fatemi, A. W. Wolfendale

) Physics Letters B 482 (2000) 337-342
< Excess was found in all y (2000)

available CR proton data! =~ wiscomogneric otiuses S glr\z/lsssm
< Their interpretation: S Lo o CAPRISE
— Technical factors S Sope m aTs e/ 00e 1 G _ I_II\/IE:)-(I-
(unlikely) % REE™
— Protons from exotic [T |
processes oo |
— SNR effects E oSt o\
— Heliospheric shock : .
<> This bump disappeared == I _» \
in a follow up paper by T
AMS-01 . :
(2000PhLB..490...27A) 7 Relative excess
° s e 17 18 i

Iong, GeV
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ATIC electron excess 300-800 GeV (Chang+'08)
1,000 1 1,00} . ; ;
N «

P |+ Qﬁﬁ% ;
P *n l% L
T 100 & o OE
E) >_A ‘ET,,
§ A AAAAAAAAAA I g
uw® s AAAAAQQ c'i‘m
10 o aaaaas - . 10 M i
e 100 — 10 100 1,000
Energy (GeV) , Energy (GeV)

<~ ATIC-1 and ATIC-2 show consistent ™|
results :

< Anhint of the excess is seen in data of
other experiments (PPB-BETS,
emulsion chambers)

< Local CR e source
< Annihilation of Kaluza-Klein particles 10

100 |

ES2O9dN/dE, (m2s1sr1 GeV?)

10 100 1,000

Energy (Ge
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All-electron measurements

s 250
N%J |-J; .

i, o ,
“zon E. i Asaoka+’19
5 200— T
S F ks Fermi-LAT, DAMPE,
= | — . iz
— il

- “’ﬁﬁw )
= l l Fromad
® 150 — [ w* A TEILIN b T .
L B [ l J [ _______ ; %ﬂ A e & . :

- e 5 ¥ ; :" :

B AMS-02, CALE 11

100[— =  CALET2018
| e uncertainty band (stat. + syst.)
= R DAMPE 2017
o A PAMELA e +e* 2017

B o Fermi-LAT 2017 (HE+LE)

- . AMS-02 2014

B e HESS 2008+2009

0 | | | | | I | I | | | | | I I | | | | |
10 102 10°

% All types of structures can be found Energy [GeV]

< Resulis by pairs of instruments (AMS-02 & CALET) and (Fermi-LAT &
DAMPE) confirm each other, but look quite different from another pair
with high significance!

d19 « UCLA « Mar. 27 - 29,2019 :: IVM 11



GeV excess in antiprotons

<> The reacceleration model
worked fairly well for all CR
data except p

It underpredicted the p flux
compared to BESS data by
~40%

A significant effort was made
to find a model that would be
able to reproduce the
observed p flux

Flux, m2ssr! GeV'

107

—h
=
W

gBM_
DR model 1]

® =550 MV|
\

[ ANTIPROTONS
e BESS 95-97
L0 BESS 98

. m MASS 91
[ A CAPRICE 98

Ptuskin+'06

44—§992l781 L L Ll R

107 10°
Kinetic energy, GeV

— IM+’02: Secondary Antiprotons and Propagation of Cosmic Rays in the Galaxy and Heliosphere
— IM+’03: Challenging Cosmic-Ray Propagation with Antiprotons: Evidence for a “"Fresh" Nuclei

Component?

—  Ptuskin+’06: Dissipation of Magnetohydrodynamic Waves on Energetic Particles: Impact on
Interstellar Turbulence and Cosmic-Ray Transport

— Kachelriess+'15: New Calculation of Antiproton Production by Cosmic Ray Protons and Nuclei
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AMS-02: solving the GeV p excess

1

10T F————t—— s = ] — T T 1T1r1r]
: BESS-Polar =
Lok W"‘ Pamela N
T ; !-i‘ AMS-02 -

)
>
O
o 107F ",
(7p]
S BESS-Polar fi
2107k _ Pamela
g . AMS-02 ¥
£
S 107k .
5 . 1 < Interestingly, the problem was
2 . ’ solved as the new AMS-02 data
5 1051 e | become available
Antiorotons 1 < The new data are a factor of ~2
p‘ _ i lower than BESS data, and ~20%
Boschini+'17 t . lower than PAMELA data (even
10/ L—— el il o nnnld - though that the solar activity
10 10 10 10 was similar)

Rigidity [GV]



AMS-02: 10 GeV p excess?

104 . 10 ‘ 101 r
[ # Aws-022011-2013]{ _ | [ ¢ AMS-022011-2013] [ ¢ AMS-022011-2015]
T'—‘ 1031 S 10 1 - .
— o ~ 102
5 2 w 107F 5
9 10 b .
] < N 2] 3
c\‘!n 10? E 10 Nu) 107k
§ § 100 b é
Z 10°} S Z10*}
c 2101 c
£ 101 g £
kS g E=R.
— < 1072 = 10
= 2 E =
§ 10 £ 10 5
e . 5 2 . g 10° .
& 10 Protons €10 Helium & Antiprotons
10° ‘ ‘
10° 107 102 10° 103

) 0.4 : )
g g 03p B g
3 : § o02f g
g 0 s 0.1f N . g 0
° 0 s oof freEmsssssssnannen e TY T ] o 0.
2 0. 1 2 -o01f e
© 8 -0.2¢ £
[3) : 1 < —0.3F {1 © ’
x -0.3 ) Lo L —0.4 . L o -0.6 . - - s

10 10 10 1 10° 107 102 103 10 10 10 10

Rigidity [GV] Rigidity [GV] iGidity [GV]

CR proton and He data (BESS, PAMELA, AMS-02) are described very well
for variety of conditions: low/high/intermediate solar activity

The residuals are at ~5% level

Antiprotons were not optimized, but agree well with calculations
There is a clear excess around ~10 GeV at the level of ~¥15%

True excess or calculation/instrumental systematics?

e S
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Fluxes of CR species

, 02 L AP. H
e He “‘A
= 103k Seo Proton er s, = He
',>~ . e v, %‘x all-electrons
(2 102} elium ] o o0 | *y . “'&‘ positrons
» 10t} Carbonx 5 [ & e’ \\\ -
o~ ] F Y,
E 100 N p ++++
= £ ~ 2 *
= c 11 0_2 _. o5 QAM " ‘Eq% “i“
= 10—1 %) qu tﬁ}‘q “A
C . e A
ﬂ_’, o 9 b’* % o ﬁ,,% 1‘
E 10 2 é. "tb“ - . +‘++‘h A ‘7‘
S 10 T 1104 | B % NS
5 - AMS-02 i,
107 PAMELA Tt
Qo ~ Oxygen 110% L Fermi-LAT et
1 10 10 ; X . i
Rigidity [GV] L
1 10 100 1000 10000
B E, GeV/n

< The range of intensities is quite spectacular with §~1O‘5 =+ 1074

<> The fluxes drop by 107 between 1 GeV and 1 TeV!

< Yet the solar modulation suppresses the fluxes of CR species by an order

of magnitude at low rigidities
<~ Thanks to CR Data Base by D. Maurin+
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Fluxes of CR species

1102 | ““n‘f H
He ™, He
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- 17100 | = positrons
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~ .
102 BTN \ g
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o 1"0™ ¢t AMS_OZ o - .?A
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0™ & Fermi-LAT
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< Changing the scale from Fluxto E 2°Flux makes a big difference too!
< However, both are important:
— see the real drop of the flux with energy
— see the systematics
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Secondary/Primary vs rigidity
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No flattening or a raise in the secondary/primary is observed
Inconsistent with predictions of the Nested Leaky-Box model
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Breaks in the spectra of CR species

hypothesis of secondary production
in SNR shocks

<& Also difficult is to have so well

o Oxygenx28

w

10° & Spectra of secondaries are steeper
4 -H- I-_ T o than primaries in the whole energy
A ease rerer to the .
: elium AMS-02 Pesee et L range — contradictory to the

pimary | :l] H

Flux x B> [ m2s7'sr" (GV)"]
N

C Aﬁ%ﬂ%ﬁ - correlated behavior (vs rigidity) of all
Primary + Secondar . .
- My <><><><>¢¢%¢ oé H‘; , Wt primary and all secondary species
- i TR A because of very much different
1 F . Lithiumx400 “**H“ ¥, * fragmentation and production cross
i u 5econdary+ sections
[ = Nitrogenx130 p— — —
OF e a aaal M M e g aal M | o A Helium s Lithium
30 102 2x10° . 10°  2x1( o, . © Carbon e Nitrogen .
Rigidity R [GV] - ¢ o , O Oxygen
2.5k A -
. . § -+ ' Ao ol:| & AMS_OZ A#] 7
¢ More likely and consistent with change | £ | "% T |
in the propagation properties of the g | ; ¢ + ¢ 1
interstellar medium, in the diffusion g | + ; ; .
coefficient (Vladimirov+'12) @ -3 : N
© Change in the spectrum of interstellar [ p i
turbulence (Blasi+'12) o 2030 10 2x'll~02l EEETETS
Rigidity R [GV]
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HAWC observations of the extended emission
from Geminga & PSR B065

B ;, Y ?,,A,, 2 ,“ ;nfmn;k?w chq:grcl‘rm;r; :"7 ] ; Dlshn(c'f' oooooo .u!; cccccc 1]
°I distance=250 pc |,
Geminga# Geminga \§ 2
f/@ g ? R
] hd O H i J
g = L.
= 3 e
% (B s £ Fast E-losses (100 TeV)
[a)] o . .
> —100 F Slow diffusion (100 GeV)
e 100 GeV e*
PSR B0656+14
288 pc e 100 TeV e*
-150 |
109 104 99 = . s - - -
L i) 300 250 200 150 100 50 0
X offset [pc]
= oy wg owl B & 2 .8 & D Abeysekara+'2017 10°

Significance [sigmas]

< Evidence of a non-uniform diffusion near the
sources of CRs

<> Fast E-losses (100 TeV) vs slow diffusion (100 GeV)

<> The local value ~¥4.5x1027 cm?2 s™1 @100 TeV is <<
the average from the B/C ratio

<> Proper motion ~60 pc since SN (Geminga)
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Spatially Resolved CR diffusion in LMC: 30 Doradus

24 um (Color) — starforming 1.4 GHz (Color) — 3 GeV e~
1-3 GeV (Contours) — 10-20 GeV p 1-3 GeV (Contours) — 10-20 GeV p
-68:30:00.0 -68:30:00.0
-69:00:00.0 5 -69:00:00.0
E 30:00.0 ;; 30:00.0
-70:00:00.0 -70:00:00.0
0.4 deg. ~ 350 pc .~ 350 pc
50:00.0 45:00.0 Ri:g-:g:g?(.gmigl.::ﬂﬂ.o 30:00.0 Murphy+’2012 50:00.0 45:00.0 R.i:g-:g:g?(._gmigs:OO.O 30:00.0

< IR — proxy for the star forming region (SNR)
<> Radio — synchrotron emission from electrons (100-140 pc at ~3 GeV)

<> Gamma rays — emission from 1%-decay (CR protons, 200-320 pc at ~20 GeV)
< Diffusion coefficient ~1027(R/GV)?-7 cm?2 s~ (~20 times lower than average in
the MW)
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Excitation of turbulence by the leaking particles

¥ Dense gas clumps

(gamma-dark)

- W vakowzo1

CR-illuminated
_Dense gas clump

CR-driving
shell

CR-cloud

Dsource<<D ISM . '

< Escaping CRs excite the Alfvén waves (Ptuskin+’08; Malkov+’13;
D’ Angelo+’16)

< The diffusion coefficient is strongly suppressed compared to its
background ISM value
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Starforming Galaxies (Fermi-LAT)

=
Q- . . .
1041 - S s Starbursts E
- 3= j_‘ _T/ Jeo T 4+ NGC 1068 :
- g ﬂ —T— ~ NGC 1068 (H.E.S.S.)
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L 38 | 5 3 $ |
S 10%°F 2 ﬁ+—{~ ‘% % T
o = :
N
Ll 1037 E g '_{H Local Group E
- o + Milky Way Global Model ]
i 2 Hg;.r@’—“{ﬁq}q * M31 j
1036 L bos] z LMC .
g 2 > SMC :
i D]
Ack 19 10° 10° 10’ 10°
ckermann Energy (MeV)

< Spectral flattening becomes obvious when the energy losses of CR
particles (starburst galaxies) start dominating the losses due to the
escape (MW, M31, LMC, SMC)

< Interstellar medium becomes very turbulent, small diffusion coefficient

d19 « UCLA « Mar. 27 — 29,2019 :: IVM 23



Cosmic Rays as a Universal Phenomenon

SFR (M@ yr)
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< y-ray luminosity vs. IR
luminosity for normal galaxies
detected with Fermi-LAT

< The y-ray luminosity scales
linearly (index ~1.1) with the
total emission of hot stars
reprocessed by dust — a tracer
of star formation

< The ratio approaches the
calorimetric limit in star-burst
galaxies

<> An evidence of the SNR-CR
connection in normal star-
forming galaxies



e” and y from Geminga (2-zone model)
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(also Profumo+,Tang&Piran, Fang+, Evoli+’18)
:IVM 25
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Scenario C
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Johannesson+’19, arXiv: 1903.05509



Generalization to the whole MW galaxy

Distribution of the effective diffusion coefficient in 2D and 3D model
Johannesson+’19, arXiv: 1903.05509

15 — 15
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< Assuming the slow diffusion zone around each CR source, the effective
diffusion coefficient in the plane may vary by a factor of 2-3

< Produces relatively small effect on CR spectra — diffusion coefficient in
the halo remains unaltered

< Effect on the diffuse emission is still being evaluated
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Roberts 1893 Hubble 1929

Fermi-LAT 2010 PAndAS 2013 \ 500 kpe

MW-M31-Like Pairs (for example) from Garrison-Kimmel et al. 2018 (11111)

e i e e

<> The closest spiral galaxy and has been the subject of numerous studies

<> Harbors a massive DM halo, may span up to ~600 kpc across and comprises ~90% of the
total mass

<> Halo size translates into the diameter of 42° on the sky for M31-Milky Way (MW) distance of
785 kpc, but its presumably low surface brightness makes it challenging to detect with
gamma-ray telescopes
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Event Selection:

® Front and back events, PSR2 Clean V6 selection

® Data: 7.6 years (2008-08-04 to 2016-03-16)

® Full ROI is a 60° radius centered at the position of M31 (1,b) = (121.17°,-21.57°).
Our primary field of interest, FM31, is a 28° x 28° region centered at M31.

® Energy range: 1-100 GeV in 20 bins logarithmically spaced

® Pixelation: 0.2° x 0.2°

® Fermi-LAT Science Tools v10-00-05 (run on UCI HPC, v10rOp5)

- o W rd-a M

1

Pt et e o ey i

-

Images:

® Top: full count range. Bottom: saturated counts, emphasizing lower counts at high
latitudes.

® Dashed green circle (21° in radius) corresponds to a 300 kpc projected radius, for
an M31-MW distance of 785 kpc, 1.e. the virial radius.

® M31 and M33 are shown with cyan triangles, and the rest of M31’s dwarf galaxy
population are shown with small green circles.

® The primary purpose of the overlay is to provide a qualitative representation
of M31’s outer halo and to show its relationship to the MW disk.

® Note: we do not expect to detect most of the M31 dwarfs, as the MW dwarfs are
mostly undetected.
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Injection Spectrum (bottom)
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(“Yusifov”) IEMs used in Ajello et al. (2016) for the analysis of the
inner Galaxy (IG).

4 Halo geometry: z is the height above the Galactic plane, and 7 is the
radius.

b CR source density. The parameters correspond to Eq. (1).

¢ Diffusion: D(R) o< 87R%. D(R) is normalized to Dy at 4.5 GV.

4 Convection: veony (2) = Veonv,0 + (dVconv/dz)z.

¢ Injection spectra: The spectral shape of the injection spectrum is the
same for all CR nuclei except for protons. The parameters correspond
to Eq. (2).

f The proton and electron flux are normalized at the Solar location at
a kinetic energy of 100 GeV. Note that for the IG IEM the electron
normalization is at a kinetic energy of 25 GeV.

€ Boundaries for the annuli which define the IEM. Only A5 (local an-
nulus) and beyond contribute to the foreground emission for FM31.

h Formalism for the inverse Compton (IC) component.

® GALPROP-based (v56) combined
diffusion-convection-reacceleration
model with a uniform spatial diffusion
coefficient and a single power law
index over the entire rigidity range.

® Injection and diffusion parameters are
derived from local CR measurements,
including AMS-02 and Voyager 1.

® Use the GALPROP parameters from
Boschini et al. 2017,2018, which
employ GALPROP and HelMod.

® CR source density based on the
distribution of pulsars.

® IG IEM from Ajello et al. 2016 used
as a reference model in our study of
the systematics for the M31 field.




il Interstellar Emission Model

4 Gamma ray
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® Total IEM for the MW integrated between 1-100 GeV.

® The color corresponds to the intensity and is shown in log scale. The intensity level corresponds to the initial
GALPROP output, before tuning to the gamma-ray data.

¢ IEM has contributions from pi-0 decay, (anisotropic) IC emission, and Bremsstrahlung emission (see next slide).

® IEM is defined in Galactocentric annuli (A1-AS8), but only A5-AS8 contribute to the foreground emission towards |
M31.

® The green dashed circle corresponds to M31°’s virial radius. Our primary field of interest, FM31, lies within the
virial radius, and we use the region outside (and below latitudes of -21.5°) as a tuning region (TR).

® For reference we also show the GC region, which corresponds to a 15° x 15° square centered at the GC.
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FM31 has a significant contribution
from emission related to H I gas, but
there is very little contribution for H2
gas.

H I map GALPROP employs is based
on LAB+GASS data, which for our
ROI corresponds to LAB data only.
A uniform spin temperature of 150 K
1s assumed.

Our model also accounts for the dark
neutral medium.

The distribution of He in the
interstellar gas 1s assumed to follow
that of hydrogen, with a He/H ratio of
0.11 by number.

Anisotropic formalism used for IC
calculation.

H I A5 and IC A5 are the dominant
contributions in FM31 below ~5 GeV.
IC A8 has minor contribution towards
top of the field.

i




Lot Tuning the IEM

o T —
Flux and Residuals (TR) Table 3
e oo Observed Flux ++ HIW, A e IC, A5 Baseline Values for the IEM Components in the TR
- NS N Component  Normalization Flux (x107%)  Intensity (x10~®)
T (phem=2s7 1) (phem™2s 1sr1)
£ 16" H17Y, A5 110+0.03 4394+ 110 153.1 4 3.8
5 16 Hin', A6 50+ 1.3 10.6 + 2.8 374 1.0
3 3 Hz 70, AS 21+0.1 12.6 £ 0.7 44403
;. oy ] Bremsstrahlung 1.0+ 0.6 100.4 4+ 58.3 35.0+£20.3
10 e ¥ IC,AS 23+0.1 274.74+ 14.0 95.7 £ 4.9
= 0.20 A § IC,A6-A7 35404 457+ 4.8 1594 1.7
R i Isotropic 1.06 £+ 0.04 248.1 £ 104 86.4+36
7;; s i Note. — The normalizations of the diffuse components are freely scaled,
£-0.05 H as well as all 3FGL sources in the region. The fit uses the all-sky isotropic
8210 i spectrum. Intensities are calculated by using the total area of the TR, which is
w-0.15 l— 0.287
3-0.23 1 | I T T | 1 . SI.
10° 10° 10°

Energy [MeV]

Results for the TR:

® Diffuse components listed in the table are scaled in the fit.

® Isotropic possesses a normalization of 1.06 +/- 0.04, which remains fixed for all fits in FM31.

®* Bremsstrahlung possesses a normalization of 1.0 +/- 0.6, which also remains fixed for all fits in FM31.

® 3FGL sources in the TR are also scaled in the fit, but they do not significantly impact the normalizations of the

diffuse components.

The model describes the data well across all energies and over the entire region.

® Residuals worsen at higher energies, but still consistent with statistical fluctuations. Possibly related to poorly
modeled 3FGL spectra. We note that it’s also possible that the [EM may be compensating for an un-modeled
component, i.e. a MW halo component.

® Normalizations of diffuse components all within reasonable agreement with the GALPROP predictions

(note: 1C A6-AT7 is a bit high. Same for H I A6, but this component has very little contribution in the TR).

d19 « UCLA « Mar. 27 — 29,2019 :: IVM 34



Ve

“s ermi

Results for Baseline Fit in FM31

amma-ray
Space Telescope

F‘Lux and Residuals (FM31)

3.2 GeV - 20 GeV (FM31)

T T
..Db MF\ Iﬂ f L a7
= Total Model . “'“t_”

xc A6 A‘I
Ve IC, AB !
® W 3FGL Sourc

Galactic Latitude

126.0° 114.0° 120.0° 114.0°

i 108.0°
Galactic Longitude

e

....ﬂf

10°

Galactic Longitude

-0.4 0.0

data -

0.4
model

0.0
data -

(Data-Model) /Model

1 L1111l model

Results for the Baseline Fit in FM31:

® Fit is performed by scaling the diffuse sourc o«
and point sources self-consistently

® Positive residual emission observed
between ~3-20 GeV at the level of ~5%

¢ Spatial residuals show structured excess
and deficits, primarily in the 1st energy bin.
Residuals in the 2nd bin are more uniformly

FM31 E(B-V) Reddening
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Dec (J2000)
b4
=]
°

+35.0°

+30.0°

dlStI‘lbuted, although StI'llC'[ureS can Stlll be 24.0 18.6° RAu(.;;eeee)e.oe 00.0°
T ——
. ' (mag] ' '

® The structured emission is likely gas-related
(see dust maps)
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..Results for the Baseline Fit with the Arc Template

Gammamy
Space Telescope

Arc Flux and Residuals Arc Flux and Residuals
e e T T it ] Results for the Arc Fit:

b maey o 'l semiil T Riing b The arc is fit simultaneously with
g 1| the other components
g ® The arc fit is unable to flatten
% the positive residual emission
g o between ~3-20 GeV
: . ® The index of the arc emission
E;-e.es has a value ~2.0-2.4, notably
oy B . flatter than the other gas-related

1 GeV - 3.2 GeV 3.2 GeV - 20 GeV emiSSion in the ﬁeld

® The arc emission is found to
have a high-energy cutoff

® The positive residual emission in
the second energy bin, associated
with the excess between ~3-20
GeV, appears roughly uniformly
distributed over the field
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Qfm Inteipretation: M31-Related Com_ponents

Gamma-ray
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- The MW-M31 y-ray Field
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<>We compare the observed excess with (simplified) predictions for a DM signal that originates
from the M31 halo, with a spectrum and annihilation cross-section consistent with a DM
interpretation of the GC excess.

<>We consider the contribution from both the M31 halo and the MW halo along the line of sight, since
the MW component has not been explicitly accounted for in our analysis, and may be at least partially
embedded within the isotropic component and other IEM components.

<>We consider different assumptions for the amount of DM substructure in M31 (and the MW), and we
find that if a cold DM scenario is assumed that includes a large boost factor due to substructures,
the observed excess emission is consistent with this interpretation.

{The spherical halo component is found to enclose 68% (19/28) of M31's dwarf galaxy population,
which increases to 82% (23/28) if including the dwarfs which are within ~1 degree of the spherical
halo boundary.
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The excess 1n different foreground models

Statistical (1ls) + Systematlc
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The green data points result from using the FSSC IEM, scaling all the parameters (including the index), and
fitting all components in the signal region (including the isotropic). Black squares: FSSC IEM: scaling the
isotropic and Galactic (with index fixed) in the signal region, using Clean data. Blue triangles: FSSC IEM
(UCV): same as above but using UltraCleanVeto (UCV) data. Dark yellow diamonds: M31 IC index scaled
(fit). The index scaling mostly affects outer Galaxy IC A6-A8. Blue band: M31 IC scaled: baseline fit using
M31 IEM with IC scaled corresponding to Figure 18 in draft. Green band: M31 (tuned): tuned baseline fit
using M31 IEM corresponding to Figure 14 in draft. Pink band: M31 (Arc): arc fit with M31 IEM corresponding
to Figure 22 in draft. Black band: I1G: baseline fit with the inner Galaxy (IG) IEM corresponding to Figure B2
in draft. All bands give 1 sigma error.
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Inplace of. a conclusion

In respect of CR voitﬁ €<t 0151016 ¢D there
generally remain some vague points, but on the
whole the picture 1s clear enough. ..

—0.L. Ginzburg, 1999

~Chere 1smothing new to be discovered in
physics now. Al that remains is more and more
precise measurement

—Lord Kelvin, 1900



