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Table 1. Detection of new satellite galaxy candidates in DES Y1A1

Name !
2000

"
2000

m � M Map Sig TS Scan TS Fit r h # $ ! pi
(deg) (deg) ( %) (deg) (deg)

DES J0335.6-5403 (Ret II) 53.92 -54.05 17.5 24.6 1466 1713 0 .10+0.01
! 0.01 0.6+0.1

! 0.2 72+7

! 7

338.1

DES J0344.3-4331 (Eri II) 56.09 -43.53 22.6 23.0 322 512 0 .03+0.01
! 0.01 0.19+0.16

! 0.16 90+30

! 30

96.9

DES J2251.2-5836 (Tuc II) 343.06 -58.57 18.8 6.4 129 167 0 .12+0.03
! 0.03 Ð Ð 114.9

DES J0255.4-5406 (Hor I) 43.87 -54.11 19.7 8.2 55 81 0 .04+0.05
! 0.02 Ð Ð 30.6

DES J2108.8-5109 (Ind I) 317.20 -51.16 19.2 5.5 Ð 75 0 .010+0.002
! 0.002 Ð Ð 26.6

DES J0443.8-5017 (Pic I) 70.95 -50.28 20.5 7.1 Ð 63 0 .02+0.07
! 0.01 Ð Ð 19.1

DES J2339.9-5424 (Phe II) 354.99 -54.41 19.9 5.1 Ð 61 0 .02+0.01
! 0.01 Ð Ð 19.4

DES J0222.7-5217 (Eri III) 35.69 -52.28 19.9 5.4 Ð 57 0 .007+0.005
! 0.003 Ð Ð 8.9

Note. Ñ Best-Þt parameters from the maximum-likelihood Þt assuming the composite isochrone described in Section 3.2 . Uncertainties are
calculated from the the highest density interval containing 90% of the posterior distribution. ÒMap SigÓ refers to detection signiÞcance of the
candidate from the stellar density map search method (Section 3.1 ). ÒTS ScanÓ refers to the signiÞcance (Equation 4) from the likelihood scan
using a Plummer model spatial kernel with half-light radius r h = 0 ." 1 (Section 3.2 ). ÒTS FitÓ denotes the signiÞcance of the likelihood method
using the set of best-Þt parameters. Ellipticities and position angles are not quoted for lower signiÞcance candidates where they are not well
constrained by the data. ! pi is the estimated number of satellite member stars with g < 23 in the stellar catalog.

Fig. 2.Ñ Left : False color gri coadd image of the 0.! 3 ! 0.! 3 region centered on DES J0335.6
" 5403. Right: Stars in the same Þeld of view with membership probabilitypi > 0.01 are marked
with colored circles. In this color map, red signiÞes high-conÞdence association with DES J0335.6
" 5403 and blue indicates lower membership probability. The membership probabilities have been
evaluated using Equation (2) for the best-Þt model parameters listed in Table1.
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Events within 0.5° 
of RetII

A suggestive feature?
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Quantify the significance of the signal (e.g. p value)

Statistical procedure

Each photon gets a weight

sum over all observed events

T =
X

i ! photons

w(Qi )

wQ = log
!

1 +
sQ
bQ

"
signal

background

  Geringer-Sameth, Koushiappas, Walker arXiv:1410.2242 (PRD)
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FIG. 11: Annihilation cross section limits from the joint analysis of 20 dwarf galaxies. The shaded band is the systematic 1 !
uncertainty in the limit derived from many realizations of halo J-proÞles of the dwarfs consistent with kinematic data. The
solid line depicts the median of this distribution of limits over the halo realizations. The thin dashed line corresponds to the
benchmark value of the required relic abundance cross section (3! 10! 26 cm3

/s), while the solid horizontal line corresponds
to the detailed calculation of this quantity derived by Steigman et al. [18]. The observed limits are below this latter curve
for masses less than [0, 26, 54] GeV (for annihilation into b

ø
b), [18, 29, 62] GeV (" + " ! ), [21, 35, 64] GeV (uøu, d

ø
d, søs, cøc, and gg),

[87, 114, 146] GeV (##), and [5, 6, 10] GeV (e+
e

! ), where the quantities in brackets are for the " 1! , median, and +1 ! levels of
the systematic uncertainty band. A machine-readable Þle tabulating these limits is available as Supplemental Material.

observed test statistic. The signal signiÞcance is shown
assuming the two di! erent background PDFs. An as-
sumption of a Poisson background does not describe the
actual background in many cases and can lead to a mis-
takenly large detection signiÞcance.

The di" culty in Þtting a multi-component Poisson
background model is illustrated in Fig. 4 of [92]. There,
Òblank sky locationsÓ are used to test whether the like-
lihood ratio test statistic is accurately described by an
ÒasymptoticÓ! 2 distribution. This sampling of blank sky
locations is analogous to the empirical background sam-
pling developed in [48] and employed in the present work.
Ackermann et al. [92] found that the blank sky PDF of
the test statistic deviated from the ! 2 distribution at

large values of the test statistic. One of the reasons for
the deviation could be that the background model is not
ßexible enough to describe the true background. Carl-
son et al. [56] present evidence that unresolved blazars
and radio sources are at least partly responsible for the
insu" ciency of the background treatment used in [92].

The blank sky location sampling of Ackermann et al.
[92, Fig. 4] reduces the tail probability of a TS = 8.7
observation to a local p-value of 0.13. This corresponds
to a signiÞcance of 2.2" which can be directly compared
to the values shown in our Figs. 8, 9, and 10. Thus,
when calibrating the detection signiÞcance using an em-
pirical sampling of the background, the results of Acker-
mann et al. [92] are closer in line with what we Þnd. We

!!
v

"

allowed

ruled out

Reticulum 2 Other dwarfs

log10 J ! 19.6 ± 0.3

  AGS, Koushiappas, Walker (PRD 91, 083535)  Geringer-Sameth+ arXiv:1503.02320 (PRL)

If signal is due to dark matter annihilation 
what can we say about the dark matter particle?
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Figure 3. Median (solid), 68 % (dashed), and 95% (dash-dot) CIs
of the J - (top) and D -factors (bottom) of Ret II, as a function of
integration angle, reconstructed from our Jeans/MCMC analysis.

0.1 < P i < 0.95, we obtain very similar results. These
two tests conÞrm that the reconstruction of the astro-
physical factors of Ret II is not signiÞcantly a! ected by
outliers. This is not always the case, notably for Segue I
(Bonnivard, Maurin & Walker, in prep.).

We note that Simon et al. (2015) independently per-
formed an analysis of the M2FS Ret II spectroscopic data
and found a slightly smaller J -factor. This can be traced
to their choice of priors and light proÞle (L. Strigari,
private communication). A detailed comparison will be
presented in Geringer-Sameth at al. (in prep.).

4. COMPARISON TO OTHER DSPHS

The same Jeans analysis has been applied to twenty-
one other dSphs in Bonnivard et al. (2015b). In Figure 4,
we compare theJ -factors (for ! int = 0 .5! ) of Ret II to the
brightest objects identiÞed in Bonnivard et al. (2015b)11.
Ret II is comparable to Wilman I in terms of its median
J -factor, but slightly below Coma Berenices and Ursa
Major II. Its CIs are typical of an ÔultrafaintÕ dSph, and
signiÞcantly larger than the uncertainties of ÔclassicalÕ
dSphs.

Interpreting the possible " -ray signal in Ret II in
terms of DM annihilation (Geringer-Sameth et al. 2015b;
Hooper & Linden 2015), one would expect similar emis-
sions from the dSphs with comparableJ -factors, such as
UMa II, Coma, and Wil I. However, no excess was re-
ported from these latter objects (Geringer-Sameth et al.
2014; Fermi-LAT Collaboration 2015). This could be
explained by the large statistical and systematic12 un-

11 Segue I may have a highly uncertain J -factor (Bonnivard,
Maurin & Walker, in prep.). We show it only for illustration pur-
poses.

12 The latter comes from a possible triaxiality of the dSph (0.4
and 0.3 dex for annihilation and decay respectively, see Bonnivard
et al. 2015a), and depends on the l.o.s. orientation with respect to
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Figure 4. Comparison of the J -factors at ! int = 0 .5! obtained
for Ret II (red circle) and for the potentially brightest objects
from Bonnivard et al. (2015b) (blue squares), with the same
Jeans/MCMC analysis. Ret II is comparable to Wil I in terms
of J -factors, but slightly below Coma and UMa II. A 0.4 dex sys-
tematic uncertainty was added in quadrature to the 68% CIs to
account for possible triaxiality of the DM halo (Bonnivard et al.
2015a). Also shown are the J -factors obtained for Ret II by varying
di ! erent ingredients of the analysis - see Section 3.

certainties in the J-factors. Moreover, the Jeans analysis
assumes all of these objects to be in dynamical equilib-
rium, but tidal interactions with the Milky Way could
artiÞcially inßate the velocity dispersion and therefore
the astrophysical factors. UMa II, and to a lesser extent
Coma, appear to be experiencing tidal disturbance (Si-
mon & Geha 2007; Fellhauer et al. 2007; Mu÷noz et al.
2010; Smith et al. 2013), while Wil I may show non-
equilibrium kinematics (Willman et al. 2011). Caution
is therefore always advised when interpreting the astro-
physical factors of these objects. The dynamical status
of Ret II is not yet clear. Its ßattened morphology may
signal ongoing tidal disruption. However, the available
kinematic data do not exhibit a signiÞcant velocity gra-
dient that might be associated with tidal streaming mo-
tions (Walker et al. 2015).

5. CONCLUSION

We have applied a spherical Jeans analysis to the newly
discovered dSph Ret II, using sixteen likely members
from the kinematic data set of Walker et al. (2015).
We employed the optimized setup of Bonnivard et al.
(2015a,b), which was found to mitigate several biases
of the analysis, and checked that our results are robust
against several of its ingredients. We Þnd that Ret II
presents one of the largest annihilationJ -factors among
the Milky WayÕs dSphs, possibly making it one of the
best targets to constrain DM particle properties. How-
ever, it is important to obtain follow-up photometric and
spectroscopic data in order to test the assumptions of dy-
namical equilibrium as well as to constrain the fraction of
binary stars in the kinematic sample. Nevertheless, the
proximity of Ret II and its apparently large dark matter
content place it among the most attractive targets for
dark matter particle searches.

This work has been supported by the ÒInvestissements
dÕavenir, Labex ENIGMASSÓ, and by the French ANR,
Project DMAstro-LHC, ANR-12-BS05-0006. MGW
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Use line of sight velocities + Jeans equation to infer dark matter density profile
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Figure 3. Median (solid), 68 % (dashed), and 95% (dash-dot) CIs
of the J - (top) and D -factors (bottom) of Ret II, as a function of
integration angle, reconstructed from our Jeans/MCMC analysis.
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two tests conÞrm that the reconstruction of the astro-
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The same Jeans analysis has been applied to twenty-
one other dSphs in Bonnivard et al. (2015b). In Figure 4,
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Ret II is comparable to Wilman I in terms of its median
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Major II. Its CIs are typical of an ÔultrafaintÕ dSph, and
signiÞcantly larger than the uncertainties of ÔclassicalÕ
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2014; Fermi-LAT Collaboration 2015). This could be
explained by the large statistical and systematic12 un-
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certainties in the J-factors. Moreover, the Jeans analysis
assumes all of these objects to be in dynamical equilib-
rium, but tidal interactions with the Milky Way could
artiÞcially inßate the velocity dispersion and therefore
the astrophysical factors. UMa II, and to a lesser extent
Coma, appear to be experiencing tidal disturbance (Si-
mon & Geha 2007; Fellhauer et al. 2007; Mu÷noz et al.
2010; Smith et al. 2013), while Wil I may show non-
equilibrium kinematics (Willman et al. 2011). Caution
is therefore always advised when interpreting the astro-
physical factors of these objects. The dynamical status
of Ret II is not yet clear. Its ßattened morphology may
signal ongoing tidal disruption. However, the available
kinematic data do not exhibit a signiÞcant velocity gra-
dient that might be associated with tidal streaming mo-
tions (Walker et al. 2015).

5. CONCLUSION

We have applied a spherical Jeans analysis to the newly
discovered dSph Ret II, using sixteen likely members
from the kinematic data set of Walker et al. (2015).
We employed the optimized setup of Bonnivard et al.
(2015a,b), which was found to mitigate several biases
of the analysis, and checked that our results are robust
against several of its ingredients. We Þnd that Ret II
presents one of the largest annihilationJ -factors among
the Milky WayÕs dSphs, possibly making it one of the
best targets to constrain DM particle properties. How-
ever, it is important to obtain follow-up photometric and
spectroscopic data in order to test the assumptions of dy-
namical equilibrium as well as to constrain the fraction of
binary stars in the kinematic sample. Nevertheless, the
proximity of Ret II and its apparently large dark matter
content place it among the most attractive targets for
dark matter particle searches.
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Figure 8. Comparison of theJ -factors of Seg I, obtained with the several
tests of this paper, to the values for the closest dSphs galaxies fromBon-
nivard et al. (2015a,b). The J -factor can vary from! 1016 to ! 1021

GeV2 cm! 5 from one analysis to another. On the other hand, Ret IIÕsJ -
factor was found to be robust against the different tests.

for other dSph galaxies10 . Depending on choice of procedure, for
Seg I we can recover estimates ofJ -factors spanning! 3 orders of
magnitude, covering the range of previously published values. We
conclude that estimates ofJ -factors for Seg I should be regarded
with extreme caution when planning and interpreting indirect de-
tection experiments.
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Seg1



1. Gamma-ray data is inconsistent with background

2. Consistent with dark matter annihilation

3. Inconsistent with any other possible source

Energy spectrum of signal 
!
Dark matter halo of RetII

Distant source coincidentally in same direction 
!
Instrument/data, Pass 8 
!

— related to (1)

Drlica-Wagner+ (Fermi,DES) 1503.02632 (ApJL) 
Hooper & Linden 1503.06209

Hurdles for any dark matter interpretation


