
• the sky freely provides the particules : 
“the Universe is our lab”

• access to huge energy phenomena, 
large scale gravitation

• LAPP, LAPTh, LPSC, LSM largely 
implied
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The Dark Matter Problem

DARK MATTER
DARK ENERGY
ORDINARY MATTER

Plank Collaboration (2016)

How DESC usually thinks  
 about dark matter

Dark matter

m
ulti -m

essenger

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

CMB + BAO



Dark matter: where is it ?
lensing & LSS with LSST (LAPP, LPSC)

LSST France – Paris – mars 2017Nicolas Chotard 9

Shear measurements

● Ellipticities from shapeHSM in ‘i’ band

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

 |Δe
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| < 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)

clusters of galaxies with Planck, 
NIKA, NIKA2, KISS, Euclid (LPSC) 
+LSST (LAPP, LPSC)
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Joint reconstruction of  the intracluster medium electronic 
pressure and density by combining NIKA, Planck, XMM-
Newton and Chandra data Adam et al. arXiv:1510.06674

http://arxiv.org/abs/1510.06674


Dark matter: what is it ?
indirect detection with photons with HESS 
then with CTA (LAPP) 

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

<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. astro-ph 1609.08091 
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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

AMS measurements of electron, 
positron, proton and antiproton

The measured fluxes of  elementary particles multiplied by 
|R|2.7. The fluxes show different behaviour at low 
rigidities, while at |R| above ~60 GV the functional 
behaviour of  the antiproton, proton and positron fluxes are 
nearly identical and distinctly different from the electron 
flux.



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

Comparison of  the directionality D for the 3 strategies: 
gaseous TPC in blue, crystal in red, emulsion in green for a 
WIMP of  1 GeV/c2 . Simulations of  the recoils in the 
different detector materials lead to higher D values for a 
gaseous TPC (id for 10, 100, 100 GeV WIMP) .  
astro-ph 1607.08157

Figure 5. Comparison of the directionality D for the three strategies – gaseous TPC in blue, crystal
in red, emulsion in green – for 4 different WIMP masses: 1/10/100/1000GeV/c2. For all these WIMP
masses, the simulations of the recoils in the different detector materials lead to higher D values for a
gaseous TPC (direction is better preserved); emulsion and crystal show similar, lower distributions of
D.

4 Discussion

Using SRIM simulations, we compared how the recoil primary direction information is pre-
served in the detector materials for three different strategies for a Dark matter directional
detection: anisotropic crystals, emulsion layers and low-pressure gaseous TPCs. Anisotropic
crystals do not allow an event by event reconstruction of the tracks; yet showing how they
preserve the direction information is useful to understand the prospective results of a direc-
tional measurement. On the other hand, emulsion and TPCs detectors measure each recoil
track; the ranges of the typical recoil tracks expected from the elastic scattering by a WIMP
is consistent with the reconstruction resolution of their respective readouts. We propose the
use of a new observable, D, to quantify the preservation of the initial direction information
of the recoiling nucleus. This observable shows that among the three studied materials, a
low pressure TPC gaseous mix is better suited for measuring the direction of WIMP-induced
nuclear recoils. In fact, dedicated measurements with a calibration source producing ions
with a known direction at a given kinetic energy such as the COMIMAC facility [17] would
allow to confirm the simulations presented here.

We acknowledge F. Hosseini and Q. Riffard help during the phase of preliminary data
analysis. CC acknowdleges financial support from the Labex Enigmass.

References

[1] M. W. Goodman and E. Witten, Detectability of certain dark-matter candidates, Physical
Review D 31 (Jun, 1985) 3059–3063.
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R&D Instrumental development installed in Modane 
Possibility to have the full detector in China



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

Virgo is now taking data (reduced 
sensitivity). 
The LAPP Virgo team was involved in the 
data analysis of  the events detected by the 
LIGO detectors.

Black holes and neutron stars with AdVirgo
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FIGURE 1. The energy spectra of PKS 2155�304 (left panel) and PG 1553+113 (right panel) obtained from the H.E.S.S. II mono
analysis (shown by blue circles with confidence band) in comparison with the contemporaneous Fermi-LAT data with an energy
threshold of 0.1 GeV (red triangles and confidence band), 10 GeV (green band), and 50 GeV (purple band) and contemporaneous
CT1–4 data (grey squares). In all cases the confidence bands represent the 1 � region. The right-hand y-axis shows the equivalent
isotropic luminosity (not corrected for beaming or EBL absorption; the assumed redshift of PG 1553+113 is z = 0.49). The insets
compare the H.E.S.S. confidence bands with the Fermi-LAT catalogue data (3FGL, 1FHL and 2FHL).

TABLE 1. Estimated systematic uncertainties in the spectral measurements using H.E.S.S. II mono for the analyses presented in
this work.

Object Name Energy Scale Flux Index Curvature

PKS 2155�304 ± 19% ± 20% ± 0.17 ± 0.12
PG 1553+113 ± 19% ± 22% ± 0.65 ± 1.0

normalisation uncertainty, the photon index uncertainty and the uncertainty on the curvature parameter � (for the log-
parabola model). In addition, the energy scale uncertainty is given in the second column. The energy scale uncertainty
implies an additional uncertainty on the flux normalisation which depends on the steepness of the spectrum. It is
also relevant for the determination of the position of spectral features such as the SED maximum or EBL cuto↵. The
procedures used here for estimating the systematic uncertainties generally repeat the procedures used for H.E.S.S. I
[1]. A more detailed description of the systematic uncertainties will be provided in a forthcoming publication.

The CT1–4 stereoscopic data collected simultaneously with the CT5 data have been analysed using the H.E.S.S. I
version of the Model analysis method [14], yielding also significant detections of both sources. In both cases the
spectrum is well fitted by a power-law model. The resulting forward-folded data points are shown on Fig. 1 (grey
squares). The CT1–4 results for PKS 2155�304 were found to be in excellent agreement with the H.E.S.S. II mono
results. Due to the limited statistics and relatively high energy threshold of the CT1–4 analysis, the CT1–4 results for
PG 1553+113 are represented on Fig. 1 by 3 data points only. Taking into consideration the systematic uncertainties
on the energy scale and flux normalization, the CT1–4 data were found to be in satisfactory agreement with the CT5
results.

HE Gamma-Rays Observed by Fermi-LAT
The Fermi-LAT detects gamma-ray photons above an energy of 100 MeV. Data taken contemporaneously with the
H.E.S.S. II observations were analysed with the publicly available ScienceTools v10r0p52. Photon events in a circular
region of 15� radius centred on the position of sources of interest were considered and the PASS 8 instrument response
functions (event class 128 and event type 3) corresponding to the P8R2 SOURCE V6 response were used together with
a zenith angle cut of 90�. The analysis was performed using the Enrico Python package [22] adapted for PASS 8
analysis. The sky model was constructed based on the 3FGL catalogue [23]. The Galactic di↵use emission has been
modeled using the file gll iem v06.fits [24] and the isotropic background using iso P8R2 SOURCE V6 v06.txt.

2See http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/.

The energy spectrum of  PKS 2155−304 obtained from the 
H.E.S.S. II mono analysis in comparison with the 
contemporaneous Fermi-LAT data with an energy threshold 
of  0.1, 10 and 50 GeV and contemporaneous CT1–4 data. In 
all cases the confidence bands represent the 1 σ region. The 
right-hand y-axis shows the equivalent isotropic luminosity 
(not corrected for beaming or EBL absorption). 
astro-ph/1612.01511



The primordial Universe
Loop quantum cosmology (LPSC) Planck results 

Inflation with CMB E4 (LPSC, LAPTh) 

Marginalized joint 68% and 95% CL 
regions for ns and r at k = 0.002 Mpc-1 
from Planck compared to the theoretical 
predictions of  selected inflationary 
models. aa25898-15 
About 1/3 of  inflation models 
discarded.

4

FIG. 2: Evolution of the scale factor (left) and the Hubble parameter (right) in loop quantum cosmology (red) and in the
GR-like scenario (black).
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FIG. 3: Probability distribution of the number of inflationary e-folds. On the left panel, the black histograms corresponds to
a ‘GR’ like dynamics (using the standard Friedmann equation throughout the evolution). The red histogram is the prediction
of loop quantum cosmology. With the standard Friedmann equation the most likely value is N

tot

= 133, while in LQC we find
N

tot

= 145. The right panel shows that the probability density function does not depend on the value of the energy density
as long as the surface of initial data is set at ⇢ ⌧ ⇢

Pl

. The di↵erent histograms are labeled by ↵ =
p

⇢

Pl

/⇢. The probability
density function converges as soon as ↵ becomes larger than 10.

pared with the usual slow-roll inflation expectation (dot-
ted lines). Such spectra (and their variants including ore
subtle LQC e↵ects) are the main observables associated
with loop quantum cosmology.
The length of inflation is crucial because it determines
the location of the window of wavenumbers relevant
for the cosmic microwave background anisotropy mea-
surements, with respect to the characteristic LQC scale
k

LQC

⌘ a
B

p
⇢

B

. On infrared scales, the mode functions
remain in the Bunch-Davies state with P(k) / k2. We
see that in both LQC and the GR-like scenario the power
spectra agree with the slow-roll expectations in the ultra-
violet regime. Oscillations are present in both scenarios
in the range 10�3 < k/k

LQC

< 1. The amplitude is larger
in the GR-like scenario than in LQC, however the period

of the oscillations does not seem to be a↵ected by the
specific modified LQC dynamics. This shows that oscilla-
tions in themselves are a bounce feature but not a specific
LQC feature. This motivates the search for complemen-
tary probes such as primordial non-gaussianity [6]. For a
more detailed comparison of the di↵erent kinds of power
spectra expected in LQC under di↵erent assumptions for
the mode propagation, see [7].

The most reliable result of loop quantum cosmology
is the modified Friedmann equation describing the back-
ground dynamics. It receives a quadratic correction in
density which prevents the Universe from collapsing into
a singularity. In this article, we have investigated the
influence of this modified dynamics on the duration of
inflation. The conclusion is that the modification of the

Probability distribution of  the number of  inflationary e-folds. The 
black histograms corresponds to a ‘GR’ like dynamics (using the 
standard Friedmann equation throughout the evolution). The red 
histogram is the prediction of  loop quantum cosmology. 
arXiv:1701.02282 



Almost ready new instruments

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

The Cherenkov Telescope 
Array 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. 

The Large Synoptic 
Survey Telescope will 
map the whole visible 
sky during 10 years 
billions of stars and 
billions of galaxies with 
the biggest camera 
ever built. 



New or TBD in the EUR

E4: the European contribution to 
detect B-modes of the CMB from 
the ground. Design study (H2020 
proposition), in the context of the 
Stage IV, leaded by the US.

The Einstein Telescope is an FP7 funded design 
effort for a European third generation gravitational 
wave observatory, consisting of 3 underground 
interferometers with and arm length of each 10km. 

Observatoire Pierre Auger detects shore produced by ultra-
high energy cosmic particules. The network is currently improved 
by muon scintillators.
Contribution to study of the Extreme state of the matter



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 towards the EUR

yellow  = 1 ENIGMASS lab 
green   = 2 ENIGMASS labs 
blue     = 1 ENIGMASS lab+ IPAG it is only a scheme !


