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Weakly Interacting Massive Particle (WIMP)




Weakly Interacting Massive Particle (WIMP)

Indirect detection
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Direct detection

See talk by R.
Leane for more
details on WIMP

) phenomenology +
Production indirect detection!




Weakly Interacting Massive Particle (WIMP)

 These particles can self-annihilate or
decay into SM particles

Low-energy photons Posntrons
Qunrks ;

a - Somg by- produ.cis of these processes
s “are bho_ ‘ utrmqs and ‘cosmic,

/ Medium-energy ‘

gamma rays ;l.~.\.ra§/'$ o » e . o .

J\ﬁmutrmos F S »' a % e e .

Leptons%  Photonssare the ‘golden channel’, as

\ Am,p,omns they are not deflected by magnetic
J\ﬂ fields (cosmic rays), yet they are much

Boso,,s Protons ~ easier to detect than neutrinos, with

T — no energy loses at the scales relevant
for DM searches (local Universe)

Supersymmetric
neutralinos




Fermi-LAT (2008-)

Gamma-ray astrophysics

Two type of observatories: space- and ground-based

Both types complementary



Gamma-ray astrophysics

Ferm/ LAT (2008 )
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« Energy resolution:s~20% @ 1 GeV
* FoV, 2.4 sr (vvhole sky in ca. 3h)
 Angular resolution: ~0.1° @ 10 GeV
« Effective area: ~1m?




Gamma-ray astrophysics

Fermi-LAT 3-year skymap
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Gamma-ray astrophysics
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DM predictions

o

DM annihilation signal simulated skymap, Pieri+09 [0908.0195]



DM predictions

o

Is DM hidden in the gamma-ray sky? Have we already detected it?




DM predictions

See talk by R. Leane for a
review of these searches
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DM predictions
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The WIMP DM annihilation cookbook
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The WIMP DM annihilation cookbook

(o)
2m2

FQr =77) =

Fxx=27) A . NyzzBi de(d_E) |
— | i . L

Gamma-ray data ; Etn
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VL-Il repopulation with low-mass subhalos

* Depending on the particle mass, subhalos are expected to have masses as low
as 10714 —107° Mg

* But any simulation is incompléte due to num.eri‘cé_l resolution,

el . R “r_[19 2] AN

e In Via Lactea ll '(VL—TD*Si/muI'ation (Diemand+08), the resolution is ~5 - 10° Mg - are
we losing subhalos with relevant J-factors?

e Characterizing the original VL-Il and using LCDM recipes of structure formation,
we generate mock realizations pushing down the mass resolution limit to 103 M@



VL-Il repopulation with low-mass subhalos
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VL-Il repopulation with low-mass subhalos
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VL-Il repopulation with low-mass subhalos
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unlDs as DM targets

These low-mass subhalos would appear in the gamma-ray sky as,
unidentified sources (uniDs)
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Ca. 1/3 of LAT sources (~1500) are unlDs — are some of them DM subhalos?



unlDs as DM targets

. There are some filters’ accordmg to the

ex&ected DM emission from a s’u/bhalo. i

/

With them, we can feject uniDs as
potential candidates

1. Source associations

_atn;ude
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ux var|ab|l|ty

T4, I\/achme -Ieammg
identification

5. Multiwavelength
emission

.



LAT catalogs filtering

Original # of  |unlIDs compatiblé
unlDs with DM

2FHL

SFHL

3FGL

JCB+19 [1906.11896]



LAT sensitivity to DM subhalos
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% This is the required flux to have a detection over the_bac’kground. =

— /
- \(

“* Normally taken as the threshold flux of the catalog

¢ But, important dependance on WIMP mass, annihilation channel, source sky
position and catalog setup



LAT sensitivity to DM subhalos

..than one here

A DM subhalo here will require
more flux to be detected...
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Spectral analysis

¢ For a shortlist of candidates, we perform a dedicated
olp them '

o

&~ One of the main advantagesythat we. have\nﬂ:’)foved Stat|5t|cs (10

| years of LAT data), to be ableto (dis}favour the DM hyp@the5|s —in
fact, some of the dimsources do not reach detection in 10 years and
are therefore rejected

* We use fermipy for the analysis



Spectral analysis
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Spectral analysis

3FGL J0336.1+7500

\Spectral Energy
| D|Str|but|on
(SED)

10° 10°
Energy [MeV]

JCB+19 [1910.14429]



Spectral analysis

We work with three
| - astrophysical
S\ e A meyizations:
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Spectral analysis
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Spectral analysis

We work with three
. astrophysical
2o
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Spectral analysis

We work with three
| - astrophysical
7 ametfizations:
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Spectral analysis

Then, we compute the likelihood of each model and compare them to the best
DM fit, for each channel, via the generalized likelihood ratio test (Akaike 1974)

a5 =2 (ko ko) )| A,

Difference in degrées of “Traditional” LRT
freedom of the models

We would require ATS > 25 to have a positive detection of DM



Spectral analysis

3FGL J1543.5-0244 3FGL J2043.8—4801
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Two best candidates - ATS~10 (not strong enough!)




DM constraints
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As we do not trust the previous candidates enough, we just set limits

The spectral analysis improves the constraints a factor ~4




Spatial analysis

Brightest DM subhalos are expected to be spatially extended
h‘ﬂat.lng

Anni
Gun” for

ed gar?”
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1ot Stl"lke

argue that

o 602.07303

V. SPATIAL EXTENSION

n ini M candidates
5 Spatial analysis of remaining b extended, especially those m

data analysis results this section, we study the

. « moking gun” for DM SOUrces 1 a .

. .on has been studied by many authors as a possible fS B i cesatdion; il 1oc . dentified in the
Spatial extension 18. 24, 49-51]). In this section we search for sp ermine whether ¢}
smmihilation (see e.g- [17, 18, 2% exdtension.

1910.14429 1504.02087
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- LAT PSF @ 10 GeV
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Spatial analysis

Due to the Point
~Spread Function (PSF),
an extended source
can be effectively
seen as point-like,
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Spatial analysis

- LAT PSF @ 10 GeV
LAT PSF @ 1 GeV

The brightest subhalos
should have angular
extensions of 0(10°)

= <

Is any of our
candidates
extended?




Spatial analysis

L
TS ot = —210g( ext )

3FGL J1543.5-0244 median 2FHL J0648.5+4438 median

lo u.l. lo c.l.

. JCB+19 [1910.14429]

3Tse_\., =0.06 \ 7S...=11.91
Res =0.031 +0.069 Res =0.532+0.103

. | [ o
0.1 0.2 0.3 0.4 0.5 { 0.2 0.4 0.6 0.8
Width [deg] Width [deg]

Our best DM candidates — point like Extended unlD — not fitted to DM




Spatial analysis

Lext
point
. JCB+19 [1910.14429]

2FHL J0648.5+4438 median ||
[ locl.
A

We do not discard any unlD as DM subhalo
attending to its spatial extension

— work in progress to fully understand the LAT

sensitivity to extended subhalos!
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Our best DM candidates — point like Extended unlD — not fitted to DM
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Spatial analysis (preliminary results, JCB+21in prep.)

* |t is unclear whether the LAT is able I _
to see these bright subhalos as s+, 104 Mo
extended sources — a dedicated - S PRELIMINARY
analysis is necessary

»* By simulating subhalos with: real
gamma-ray data- and CLUMPY
‘spatial profiles, we can study how
does the LAT sensttivity-€hange

* The F,;, 1o detect them is a factor
~2 larger , while we need a flux ~10 0
times larger unequivocally detect Mass [GeV]
spatial extension (TS, = 25)




Spatial analysis (preliminary results, JCB+21in prep.)

—— TSya=25

e We can also compute the relation PRELIMINARY 15,025
between the extension  and = 10" Mo ; el
detection significances, which turns ‘ T
out to be remarkably Imear

m,= 50 GeV

my, = 100 GeV
m, = 200 GeV
m,= 500 GeV
m,= 1000 GeV
my,= 2000 GeV
my,= 5000 GeV
m,= 10000 GeV

. Hea\?fer‘ WIMPs  require large
annihilation *cross sectiQns to be
detected — above ~200 — 500 GeV,
the LAT is very little sensitive to
subhalo DM annihilation
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— 0

In most cases, light WIMPs
are detected as extended,
with a 68% containment angle
between 0.1 — 0.3°

Above 500-1000 TeV -only

hints. of extensién can be

found for large J-factor/cross |

section values —

Eventually, it could be used
as an additional filter’ to
refine the constraints

bb, 10* Mg

02
Res [deg]

02

Res [degl

10

bb,

10* Mg

Spatial analysis (preliminary results, JCB+21in prep.)
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Summary and conclusions

* DM subhalos, appearing as unidentified gamma-ray sources (unlDs) are Competmve and
independent targets for indirect DM detection in a variety of gamma- ray telescopes

* We also need powerful N-body simulations to fully understand the number, d|str|but|on and
brightness of DM subhalos

P

X Subhalo cand|dates can be |dent|ﬂed among the QOH o/dleWpPylng a ser/les of ﬂlters \ -
) e o
X Performlng a full, dedicated Spectral ana|y5|s on tne rema|n|ng uniDs with -tne Iatest data can
(dis)favour the DM nypotneS|S |
g
¢ The achievable constraints, by comparing the N-body simulations predictions with the actual
gamma-ray data, are comparable and complementary to the best in the field

¢ Ongoing work on spatial extension of subhalo signals may point it to be a “smoking gun” for DM
subhalo detection
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N-body cosmological simulations
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0< Xsub < 0.1
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0.3 <Xgyp < 1.0
1.0 <Xgyp < 1.5

10

i
3
]factor X C

107 108 10°
Mygg [h" M)

Illlllll | lIIII]I !

Moliné+17 [1603.04057]




N-body cosmological simulations

I0 < Xgub < 0.1 |
0.1 <Xgyp <0.3
0.3 <Xgyp < 1.0
1.0 <Xgyp < 1.5

Low mass — larger W e \carer the GC— larger [Nl
concentrations 107 108 [l concentrations

Mogg [h"'Mg]
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Source name

DM channel(s)

my (GeV)

Astro. models

3FGL J1543.5—-0244

bb
7970
CC

1524+ 1.3
11.1+0.9
11.8 £0.7

LP, PLE

3FGL J2043.8—4801

ce
A AL

Tt

224+ 1.7
23.3 0.7
8.0+0.4

PLE, LP

3JFHL J0041.7—1608

cC

666 + 99

PL

3FHL J0343.5—6302

AN AL
cC

112 + 14
67.1 6.7

PL, LP

3FHL J0620.9—5033

L

00.7 1 9.2

PL, PLE

3FHL J1441.3—1934

T~
ptp
ete”
bb
cC

A A

48.1 £13.3
29.6 = 2.9
29.6 = 3.0
328 £ 45
197 == 22
299 £ 32

PLE, PL

3JFHL J1716.1+2308

zZh 70
cC

207 £+ 25
162 =47

JCB+19 [1910.14429]
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Searching for stellar streams with Gaia

If one of our unlDs, with a spectrum compatible with DM, is coincident
with a stellar stream, if might be the remnant of a stripped dSph °

XD cluster location

Star overdensity, proper
motion compatible with
the Sagittarius stream

pmRA (mas/yr)

pmRA (mas/yr)

We only find one source (3FHL JO041.7-16038) coincident with the
Sagittarius stream, yet we cannot univoguely associate them

JCB+19 [1910.14429] -



