
The Universe is our lab

Euclid will map 15 000 deg2 from space to 
“see” the dark matter distribution and 
constrain the DE equation of state.

CTA will be one order of mag. 
mo re sens i t i ve , have an 
extended energy range, a better 
angular resolution and an 
improved capability to detect 
transient sources. 

AdVIRGO is a gravitational wave detector in Italy, which started 
operating in 2017. It is a massive Michelson laser interferometer 
made of two orthogonal arms, each three kilometers long.



Dark matter

m
ulti -m

essenger approach

All Enigmass experiments 
have something to say about 
the puzzeling DM problem.

CMB + BAO

[Planck 2015]



Dark matter: where is it ?

lensing & LSS with LSST (LAPP, LPSC)

clusters of galaxies with NIKA2, KISS, 
Euclid, LSST (LPSC)
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Shear measurements

● Ellipticities from shapeHSM in ‘i’ band

● Quality cut: ellipticities should be 
roughly compatible in ‘r’ and ‘i’   

 |Δe
i,r
| < 0.5

MACSJ2243.3-0935

Reconstruction of the matter 
gravitational potential using the 
shear 
Work using CFHT data 
processed with the LSST stack 
(LAPP, LPSC)



Dark matter: what is it ?
direct detection with MIMAC/Cygnus (LPSC / LSM) 1m3, toward 50m3

indirect detection with photons with CTA (LAPP) 

gamma and cosmic-rays background understanding (LAPP/LAPTh/LPSC)

astro-ph 1609.08091 
<𝝈v> limit at 95% CL for the 
line scan between 100 GeV and 
2 TeV using H.E.S.S. and 
H.E.S.S.II data + CLUMPY 
package

6

 (TeV)χm
2−10 1−10 1 10

)
 -1

 s
  3

 (9
5%

 C
L)

 (c
m

γγ
→χχ

 v
>

σ
 <

30−10

29−10

28−10

27−10

26−10

25−10

24−10

Weniger (2012) - Line at 130 GeV
Fermi-LAT (2015) (5.2 yr)
H.E.S.S. I CGH (2013) (112 h)

H.E.S.S. II data line scan (15.2 h) DM halo at Fermi-LAT HS
MC sensitivity limits (15.2 h)
MC sensitivity limits (112 h)

MC sensitivity limits (15.2 h) DM halo at GC 

FIG. 3. h�vi limits at 95% CL (red points) for the line scan
between 100 GeV and 2 TeV, derived from 15.2 h of data
and using an Einasto DM profile with �astro value calculated
with CLUMPY package [25] (⇢s = 20 kpc, rs = 0.17). The
MC estimations are presented with the same conventions as
in Figure 2. Former limits from H.E.S.S. I [3] obtained in the
CGH region and Fermi-LAT [10] are represented by blue and
black data points, respectively. The h�vi value corresponding
to the 130 GeV line feature reported as R16 in [7] is shown in
green. The limits extracted with assumption of the DM halo
position at the GC are shown with a continuous blue line (see
in the text). It should be noted that the comparison of the
limits on the hotspot obtained in this work can not be directly
done with the H.E.S.S. I results as DM halo was centred on
the Galactic Centre position in the sky. In case of Fermi-LAT,
the red curve can still be compared to the Fermi-LAT limits
as the latter would only be marginally modified (at the level
of 1%) by the displacement of the DM halo, given the very
large size of the ROI (16� of radius) in use.

in sensitivity by a factor of 8 to 10 can be explained
by a decrease in the �astro value by a factor of 4.3 (
�astro = 5.6 ⇥ 1020 GeV2cm�5). In this case the DM
signal leakage into the OFF regions was 40 %, adding
another factor of two in the total loss in sensitivity for
the line search studies with data sample dedicated to the
130 GeV excess.

For the particular case of the 130 GeV excess, the like-
lihood method yielded the 95% CL limit on the line signal
fraction ⌘ of 0.0083 leading to N

95%CL
� of 102.8 events.

The 95% CL upper limits on the flux and h�vi for data
and MC simulations are summarised in Table I for both
Einasto [24] and Navarro-Frenk-White (NFW) [26] DM
halo profiles.

The cross-check studies with independent calibration
and reconstruction, here in monoscopic mode, confirmed
the conclusion of no significant excess at 130 GeV and
the exclusion at 95% CL for the 130 GeV excess. Due

�95%CL/�⌦ h�vi95%CL h�vi95%CL

10�4 � m�2s�1sr�1 10�27 cm3s�1 10�27 cm3s�1

Einasto profile NFW profile

Data 8.4 1.38 1.43

MC 8.6 1.42 1.56

TABLE I. 95% CL limits on the flux (per solid angle unit)
and h�vi for the detection of the 130 GeV line. The limits
on h�vi are given for Einasto and NFW DM halo profiles.
The MC values are coming from the simulations of 15.2 h
of observation time. The quoted values do not include the
systematic e↵ects.

to the large extension of the galactic DM halo, a fraction
of the expected DM signal leaks into the background re-
gions, found to be at the level of 25% of the DM signal
in the ROI. The presented h�vi limits account for this ef-
fect. The impact of various systematic uncertainties was
evaluated with full MC simulations including those of ra-
dial acceptance e↵ects within the signal region and were
found to only a↵ect the limits obtained at the few percent
level. As the signal region is su�ciently large there is no
e↵ect due to the point spread function. Finally, to esti-
mate the impact of systematic uncertainties in the limits
calculation for the considered sources of errors such as
IRF values, the global energy scale, the background PDF
shape and the di↵use emission component included in the
background regions, nuisance parameters modelled with
Gaussian functions were introduced in the full likelihood
calculations. The impact of each systematic e↵ect was
studied with 500 MC simulations providing statistically
calibrated results. The background PDF shape has been
identified as dominant source of systematic uncertainties,
changing 95% CL limits by 10 to 15 % depending on the
line energy probed.

SUMMARY AND CONCLUSIONS

Analysis of data from dedicated H.E.S.S. II observa-
tions of 18 h towards the vicinity of the Galactic Centre
lead to the 95% CL exclusion of the h�vi value associated
to the 130 GeV excess reported in [7] in the Fermi-LAT
data. The likelihood method developed for this study
has been successfully applied to estimate for the first
time the sensitivity for a DM line search with the five
telescope configuration of the H.E.S.S. experiment. New
constraints on line-like DM signals have been obtained
in the line scan in the energy range between 100 GeV
and 2 TeV, bridging the gap between previously reported
H.E.S.S. phase I and Fermi-LAT results. The analysis
reported here has been performed under the hypothesis
of the DM halo centred at the 130 GeV excess position,
displaced with respect to the gravitational centre of the
Galaxy. Moving the centre of the DM halo to l = 0, b = 0
implies a loss of sensitivity by a factor of at least eight



Extreme state of the matter
Active Galactic Nuclei with CTA (LAPP) 

Black holes and neutron stars with AdVirgo (then ET) 

Origin of  the cosmic-rays with Auger & CTA (LPSC, LAPP)  

Inflation with CMB E4 (LPSC, LAPTh)  

Loop quantum cosmology (LPSC) 

new !



2012 2019 2029

CMB Planck NIKA / NIKA2 E4

galaxy survey LSST Euclid   & LSST

cosmic rays AMS Auger/Auger-Prime            .

gamma photons HESS/HESSII CTA

DM direct detection MIMAC MIMAC-Cygnus

gravitational waves Virgo AdVirgo Einstein telescope

phenomenology dark matter & cosmic rays

“ quantum gravity & cosmology

Synthesis of astro/cosmo activities

yellow  = 1 ENIGMASS lab 
green   = 2 ENIGMASS labs 
blue     = 1 ENIGMASS lab+ IPAG

it is only a scheme !



What’s ending ?

• Planck (2016) 

• AMS (detector still at work but teams move on to other subjects in 2018/2019)  

• HESS/HESSII (probably ~ 2019)



What’s in progress ?

• SZ observations with NIKA then with NIKA2 from ~ 2010 up to ~ 2022 
+ KISS in Spain starting in ~ 2018 

• MIMAC @ LSM and MIMAC Cygnus @ LSM 1 m3 + China 1 m3 

• phenomenology on quantum gravity & cosmology 

• phenomenology on dark matter (& RC ?)



Which new data ?

• AugerPrime (upgrade of Auger detectors, new in ENIGMASS next generation) 

• CTA (successor of HESS/HESSII + team from AMS/LAPP; observations in ~ 
2018/19 but already in construction, tests, simulations …)  

• LSST (survey will start in 2022 but already in construction, tests, simulations 
…; new team now in LAPP) 

• Euclid (observations in 2021 but already in tests, simulations …)



What will be new but we don’t know what (yet)

• Einstein Telescope (next generation after AdVirgo, underground detector, 
3 arms of 10 kms, but place, exact design, money etc to define & find) 

• E4 (CMB after Planck to detect primordial B-modes; the CORE satellite 
project discarded: what to do now ? French/European meetings & groups 
have to draw a strategy using ground-based telescopes & balloon in the 
framework of the US S4 effort, participations to other space experiments 
for the next 15 years). 


