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Multi-scales, multi-wavelengths, multi-messengers approach

ALL SKY

R. Adam, I. Bartalucci, G.W. Pratt et al.: kSZ mapping toward MACS J0717.5+3745

Figure 7. Comparison between the data and the best-fit model. From left to right, the figure shows the input data subtracted from point sources,
the best-fit model F1, the residual F1, the best-fit model F2, and the residual F2. The top row provides the 260 GHz data and the bottom row the
150 GHz data. Contours are multiples of 2� at 150 GHz and 1� at 260 GHz, starting at ±2�.

Figure 8. Constraints of the model on the ICM distribution in the plane line-of-sight velocity – central optical depth, v(i)
z – ⌧(i)

0 , for subclusters
B, C and D. The purple, dark blue and light blue are constraints contours at 68, 95 and 99% confidence limit in the case of our baseline fit (F1,
without X-ray imaging prior on the gas density). For subcluster B, the red contours are similar to the blue ones in the case of the fit F2 (with the
X-ray imaging prior). The marginalized probability density distribution are also given by the histograms in the case of F1. The dashed line give
the zero location of the velocity axis. As discussed in the text, given the limitation of the models to describe the cluster, we stress that the error
contours do not necessarily reflect the true underlying uncertainties.

6.5. Comparison to previous results and discussion

The first kSZ detection toward MACS J0717.5+3745 was made
by Bolocam using 140 and 268 GHz observation (Sayers et al.
2013), following constraints on the velocity of galaxies by Ma
et al. (2009), as discussed in Section 1. Table 6 summaries ve-
locity measurements performed toward MACS J0717.5+3745.

The raw NIKA and Bolocam maps are di�cult to directly
compare because they probe di↵erent angular scales as a re-
sult of beam smoothing and large scale filtering. However, the
best-fit model of Sayers et al. (2013) and our best-fit model are
deconvolved from the respective transfer functions and can be
quantitatively compared. While we consider a physical paramet-
ric description of the ICM, Sayers et al. (2013) use X-ray data to
predict a tSZ template, to which they add a �-model component
to include the kSZ signal. Each model has its advantages and dis-
advantages and both are limited in the case of a complex system

like MACS J0717.5+3745. Our model is clearly an idealization
of the cluster, but it allows the building of a self-consistent de-
scription of the ICM. The model of Sayers et al. (2013), on the
other hand, does not assume any parametrization of the ICM for
the tSZ signal, but it does use a �–model for the kSZ, and the
two are not necessarily related to the same underlying gas den-
sity distribution. The tSZ template built by Sayers et al. (2013)
is based on X-ray data and is therefore likely to better reproduce
the projected geometry of the cluster than our model. However,
it requires the conversion of

R
n2

edl to
R

nedl, which is done via
an e↵ective line-of-sight extent of the ICM, `e↵ . The latter is
left as a free parameter, but is assumed to be a constant for the
entire cluster extent. This is a strong assumption and our base-
line model is not sensitive to such an e↵ect. In fact, `e↵ is di-
rectly related to the clumping of the gas, < n2

e > / < ne >2,
which is expected to be of the order of 1.4-1.6 for disturbed
clusters (e.g., Zhuravleva et al. 2013). At the scales probed by
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DETAILED view 
(see Florian’s talk)

COSMIC-RAYS, 
PHOTONS & 

GRAVITATIONAL WAVES 
(see Quentin’s talk)

LSST, le 6 novembre 2017

SUBMM, VISIBLE, GAMMA 
WAVELENGTHS



Bilan 2016/2017

publications 2016 publications 2017

AMS + CREAM 2 3

H.E.S.S. 9 12

MIMAC 1 1

NIKA2 3 4

Planck 51 5

Virgo 35 33

pheno BH&cosmo 5 6

pheno  CR&DM 26 11

Just indicative - probably not complete 
Note the very different collaboration sizes 

Euclid & LSST in preparation (1 LSST publication in 2017 for DB)



Boron to Carbon Flux Ratio in Cosmic Rays  
from 1.9 GV to 2.6 TV with AMS

and L3–L8. This residual background is < 3% for the
boron sample and < 0.5% for carbon.
The background from carbon, nitrogen, and oxygen

interactions on materials above L1 (thin support structures
made by carbon fiber and aluminum honeycomb) has been
estimated from simulation, using MC samples generated
according to AMS flux measurements [32]. The simulation
of nuclear interactions has been validated using data as
shown in Fig. 3 of the Supplemental Material [31]. The
background from interactions above L1 in the boron
sample is 2% at 2 GV and increases up to 8% at 2.6
TV, while for the carbon sample it is< 0.5% over the entire
rigidity range. The total correction to the B=C ratio from
background subtraction is −2% at 2 GV, −3% at 20 GV,
−7% at 200 GV, and −10% at 2 TV.
After background subtraction the sample contains

2.3 × 106 boron and 8.3 × 106 carbon nuclei.
Data analysis.—The isotropic flux ΦZ

i for nuclei of
charge Z in the ith rigidity bin ðRi; Ri þ ΔRiÞ is given by

ΦZ
i ¼ NZ

i

AZ
i ϵ

Z
i TiΔRi

; ð1Þ

where NZ
i is the number of events of charge Z corrected

for bin-to-bin migrations, AZ
i is the effective acceptance, ϵZi

is the trigger efficiency, and Ti is the collection time.
The B=C ratio in each rigidity bin is then given by

!
B
C

"

i
¼ ΦB

i

ΦC
i
¼ NB

i

NC
i

!
AB
i

AC
i

ϵBi
ϵCi

"−1
: ð2Þ

In this Letter the B=C ratio was measured in 67 bins from
1.9 GV to 2.6 TV with bin widths chosen according to the
rigidity resolution.
The bin-to-bin migration of events was corrected

using the unfolding procedure described in Ref. [4]

independently for the boron and the carbon samples.
This results in a correction on the B=C ratio of −2.4%
at 2 GV, −0.5% at 20 GV, −5% at 200 GV, and −13%
at 2 TV.
Extensive studies were made of the systematic errors.

These errors include the uncertainties in the two back-
ground estimations discussed above, in the trigger effi-
ciency, in the acceptance calculation, in the rigidity
resolution function, and in the absolute rigidity scale.
The systematic error on the B=C ratio associated with

background subtraction is dominated by the uncertainty of
∼10% in the boron sample background estimation for
interactions above L1, see, for example, Fig. 3 of the
Supplemental Material [31]. The total background sub-
traction error on the B=C ratio is < 1% over the entire
rigidity range.
The systematic error on the B=C ratio associated with the

trigger efficiency is < 0.5% over the entire rigidity range.

Rigidity [GV]
10 210 310

∆

0.6−

0.4−

0.2−

0

0.2

FIG. 2. The B=C spectral index Δ as a function of rigidity.
The dashed red line shows the single power law fit result to the
B=C ratio above 65 GV; see Fig. 1.
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FIG. 3. The boron to carbon ratio as a function of kinetic energy
per nucleon EK compared with measurements since the year 1980
[12–21]. The dashed line is the B=C ratio required for the model
of Ref. [7].
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FIG. 1. The AMS boron to carbon ratio (B=C) as a function of
rigidity in the interval from 1.9 GV to 2.6 TV based on 2.3 million
boron and 8.3 million carbon nuclei. The dashed line shows
the single power law fit starting from 65 GV with index Δ ¼
−0.333% 0.014ðfitÞ % 0.005ðsystÞ.
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Knowledge of the rigidity dependence of 
the boron to carbon flux ratio (B/C) is 
important  in  understanding  the 
propagation of cosmic rays.
The B/C ratio does not show any significant structures in 
contrast  to  many  cosmic  ray  models  that  require  such 
structures at  high rigidities.  Remarkably,  above 65 GV, 
the B/C ratio is well described by a single power law, in 
good  agreement  with  the  Kolmogorov  theory  of 
turbulence which predicts Δ = −1/3 asymptotically. 



Main results of the year:  
First detection of gravitational waves by Virgo

onto the three detectors. As an illustration, we perform a
test comparing the tensor-only mode with scalar-only and
vector-only modes. We find that purely tensor polarization
is strongly favored over purely scalar or vector polar-
izations. With this, and additional tests, we find that
GW170814 is consistent with GR.

II. DETECTORS

LIGOoperates two 4 km long detectors in the U.S., one in
Livingston, LA and one in Hanford, WA [14], while Virgo
consists of a single 3 km long detector near Pisa, Italy [15].
Together with GEO600 located near Hanover, Germany
[16], several science runs of the initial-era gravitational-
wave networkwere conducted through 2011. LIGO stopped
observing in 2010 for the Advanced LIGO upgrade [1]. The
Advanced LIGOdetectors have been operational since 2015
[17]. They underwent a series of upgrades between the first
and second observation runs [4], and began observing again
in November 2016.

Virgo stopped observing in 2011 for the Advanced Virgo
upgrade, during which many parts of the detector were
replaced or improved [6]. Among the main changes are an
increase of the finesse of the arm cavities, the use of heavier
test mass mirrors that have lower absorption and better
surface quality [18]. To reduce the impact of the coating
thermal noise [19], the size of the beam in the central part of
the detectorwas doubled,which requiredmodifications of the
vacuum system and the input-output optics [20,21]. The
recycling cavities are kept marginally stable as in the initial
Virgo configuration. The optical benches supporting themain
readout photodiodes have been suspended and put under
vacuum to reduce the impact of scattered light and acoustic
noise. Cryogenic traps have been installed to improve the
vacuum level. The vibration isolation and suspension system,
already compliant with the Advanced Virgo requirement
[22,23], has been further improved to allow for a more robust
control of the last-stage pendulum and the accommodation of
baffles to mitigate the effect of scattered light. The test mass

FIG. 1. The GWevent GW170814 observed by LIGO Hanford, LIGO Livingston, and Virgo. Times are shown from August 14, 2017,
10∶30:43 UTC. Top row: SNR time series produced in low latency and used by the low-latency localization pipeline on August 14, 2017.
The time series were produced by time shifting the best-match template from the online analysis and computing the integrated SNR at
each point in time. The single-detector SNRs in Hanford, Livingston, and Virgo are 7.3, 13.7, and 4.4, respectively. Second row: Time-
frequency representation of the strain data around the time of GW170814. Bottom row: Time-domain detector data (in color), and
90% confidence intervals for waveforms reconstructed from a morphology-independent wavelet analysis [13] (light gray) and BBH
models described in Sec. V (dark gray), whitened by each instrument’s noise amplitude spectral density between 20 Hz and 1024 Hz.
For this figure the data were also low passed with a 380 Hz cutoff to eliminate out-of-band noise. The whitening emphasizes different
frequency bands for each detector, which is why the reconstructed waveform amplitude evolution looks different in each column. The
left ordinate axes are normalized such that the physical strain of the wave form is accurate at 130 Hz. The right ordinate axes are in units
of whitened strain, divided by the square root of the effective bandwidth (360 Hz), resulting in units of noise standard deviations.
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Times are shown from August 4, 2017, 10∶30:43 UTC.



Main results of the year: First detection of a kilonova by 
gravitational waves & electromagnetic waves

• Detection August 17th, publication 
October, 16th

• Fusion of 2 objects with mass 
between 1.1 and 1.5 solar mass. 
Unknown result (NS or BH)

• No signal from Virgo → event “in 
the shadow” → localisation 
précise enough thanks to the 
three interferometers

∼100 s (calculated starting from 24 Hz) in the detectors’
sensitive band, the inspiral signal ended at 12∶41:04.4 UTC.
In addition, a γ-ray burst was observed 1.7 s after the
coalescence time [39–45]. The combination of data from
the LIGO and Virgo detectors allowed a precise sky
position localization to an area of 28 deg2. This measure-
ment enabled an electromagnetic follow-up campaign that
identified a counterpart near the galaxy NGC 4993, con-
sistent with the localization and distance inferred from
gravitational-wave data [46–50].
From the gravitational-wave signal, the best measured

combination of the masses is the chirp mass [51]
M ¼ 1.188þ0.004

−0.002M⊙. From the union of 90% credible
intervals obtained using different waveform models (see
Sec. IV for details), the total mass of the system is between
2.73 and 3.29 M⊙. The individual masses are in the broad
range of 0.86 to 2.26 M⊙, due to correlations between their
uncertainties. This suggests a BNS as the source of the
gravitational-wave signal, as the total masses of known
BNS systems are between 2.57 and 2.88 M⊙ with compo-
nents between 1.17 and ∼1.6 M⊙ [52]. Neutron stars in
general have precisely measured masses as large as 2.01#
0.04 M⊙ [53], whereas stellar-mass black holes found in
binaries in our galaxy have masses substantially greater
than the components of GW170817 [54–56].
Gravitational-wave observations alone are able to mea-

sure the masses of the two objects and set a lower limit on
their compactness, but the results presented here do not
exclude objects more compact than neutron stars such as
quark stars, black holes, or more exotic objects [57–61].
The detection of GRB 170817A and subsequent electro-
magnetic emission demonstrates the presence of matter.
Moreover, although a neutron star–black hole system is not
ruled out, the consistency of the mass estimates with the
dynamically measured masses of known neutron stars in
binaries, and their inconsistency with the masses of known
black holes in galactic binary systems, suggests the source
was composed of two neutron stars.

II. DATA

At the time of GW170817, the Advanced LIGO detec-
tors and the Advanced Virgo detector were in observing
mode. The maximum distances at which the LIGO-
Livingston and LIGO-Hanford detectors could detect a
BNS system (SNR ¼ 8), known as the detector horizon
[32,62,63], were 218 Mpc and 107 Mpc, while for Virgo
the horizon was 58 Mpc. The GEO600 detector [64] was
also operating at the time, but its sensitivity was insufficient
to contribute to the analysis of the inspiral. The configu-
ration of the detectors at the time of GW170817 is
summarized in [29].
A time-frequency representation [65] of the data from

all three detectors around the time of the signal is shown in
Fig 1. The signal is clearly visible in the LIGO-Hanford
and LIGO-Livingston data. The signal is not visible

in the Virgo data due to the lower BNS horizon and the
direction of the source with respect to the detector’s antenna
pattern.
Figure 1 illustrates the data as they were analyzed to

determine astrophysical source properties. After data col-
lection, several independently measured terrestrial contribu-
tions to the detector noise were subtracted from the LIGO
data usingWiener filtering [66], as described in [67–70]. This
subtraction removed calibration lines and 60 Hz ac power
mains harmonics from both LIGO data streams. The sensi-
tivity of the LIGO-Hanford detector was particularly
improved by the subtraction of laser pointing noise; several
broad peaks in the 150–800 Hz region were effectively
removed, increasing the BNS horizon of that detector
by 26%.

FIG. 1. Time-frequency representations [65] of data containing
the gravitational-wave event GW170817, observed by the LIGO-
Hanford (top), LIGO-Livingston (middle), and Virgo (bottom)
detectors. Times are shown relative to August 17, 2017 12∶41:04
UTC. The amplitude scale in each detector is normalized to that
detector’s noise amplitude spectral density. In the LIGO data,
independently observable noise sources and a glitch that occurred
in the LIGO-Livingston detector have been subtracted, as
described in the text. This noise mitigation is the same as that
used for the results presented in Sec. IV.

PRL 119, 161101 (2017) P HY S I CA L R EV I EW LE T T ER S week ending
20 OCTOBER 2017

161101-2



[light blue : 2 LIGO 190 deg2, dark blue : + VIRGO 31 
deg2, green : with improved method 28 deg2]

LIGO-Livingston, and Virgo data respectively, making it
the loudest gravitational-wave signal so far detected. Two
matched-filter binary-coalescence searches targeting
sources with total mass between 2 and 500 M⊙ in the
detector frame were used to estimate the significance of this
event [9,12,30,32,73,81–83,86,87,91–97]. The searches
analyzed 5.9 days of LIGO data between August 13,
2017 02∶00 UTC and August 21, 2017 01∶05 UTC.
Events are assigned a detection-statistic value that ranks
their probability of being a gravitational-wave signal. Each
search uses a different method to compute this statistic and
measure the search background—the rate at which detector
noise produces events with a detection-statistic value equal
to or higher than the candidate event.
GW170817 was identified as the most significant event

in the 5.9 days of data, with an estimated false alarm rate of
one in 1.1 × 106 years with one search [81,83], and a
consistent bound of less than one in 8.0 × 104 years for the
other [73,86,87]. The second most significant signal in this
analysis of 5.9 days of data is GW170814, which has a
combined SNR of 18.3 [29]. Virgo data were not used in
these significance estimates, but were used in the sky
localization of the source and inference of the source
properties.

IV. SOURCE PROPERTIES

General relativity makes detailed predictions for the
inspiral and coalescence of two compact objects, which

may be neutron stars or black holes. At early times, for low
orbital and gravitational-wave frequencies, the chirplike
time evolution of the frequency is determined primarily by
a specific combination of the component masses m1 and
m2, the chirp mass M ¼ ðm1m2Þ3=5ðm1 þm2Þ−1=5. As the
orbit shrinks and the gravitational-wave frequency grows
rapidly, the gravitational-wave phase is increasingly influ-
enced by relativistic effects related to the mass ratio
q ¼ m2=m1, where m1 ≥ m2, as well as spin-orbit and
spin-spin couplings [98].
The details of the objects’ internal structure become

important as the orbital separation approaches the size of
the bodies. For neutron stars, the tidal field of the
companion induces a mass-quadrupole moment [99,100]
and accelerates the coalescence [101]. The ratio of the
induced quadrupole moment to the external tidal field is
proportional to the tidal deformability (or polarizability)
Λ ¼ ð2=3Þk2½ðc2=GÞðR=mÞ&5, where k2 is the second Love
number and R is the stellar radius. Both R and k2 are fixed
for a given stellar massm by the equation of state (EOS) for
neutron-star matter, with k2 ≃ 0.05–0.15 for realistic neu-
tron stars [102–104]. Black holes are expected to have
k2 ¼ 0 [99,105–109], so this effect would be absent.
As the gravitational-wave frequency increases, tidal

effects in binary neutron stars increasingly affect the phase
and become significant above fGW ≃ 600 Hz, so they are
potentially observable [103,110–116]. Tidal deformabil-
ities correlate with masses and spins, and our measurements
are sensitive to the accuracy with which we describe
the point-mass, spin, and tidal dynamics [113,117–119].
The point-mass dynamics has been calculated within the
post-Newtonian framework [34,36,37], effective-one-body
formalism [10,120–125], and with a phenomenological
approach [126–131]. Results presented here are obtained
using a frequency domain post-Newtonian waveform
model [30] that includes dynamical effects from tidal
interactions [132], point-mass spin-spin interactions
[34,37,133,134], and couplings between the orbital angular
momentum and the orbit-aligned dimensionless spin com-
ponents of the stars χz [92].
The properties of gravitational-wave sources are inferred

by matching the data with predicted waveforms. We
perform a Bayesian analysis in the frequency range
30–2048 Hz that includes the effects of the 1σ calibration
uncertainties on the received signal [135,136] (< 7% in
amplitude and 3° in phase for the LIGO detectors [137] and
10% and 10° for Virgo at the time of the event). Unless
otherwise specified, bounds on the properties of
GW170817 presented in the text and in Table I are 90%
posterior probability intervals that enclose systematic
differences from currently available waveform models.
To ensure that the applied glitch mitigation procedure

previously discussed in Sec. II (see Fig. 2) did not bias the
estimated parameters, we added simulated signals with
known parameters to data that contained glitches analogous
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FIG. 3. Sky location reconstructed for GW170817 by a rapid
localization algorithm from a Hanford-Livingston (190 deg2,
light blue contours) and Hanford-Livingston-Virgo (31 deg2,
dark blue contours) analysis. A higher latency Hanford-Living-
ston-Virgo analysis improved the localization (28 deg2, green
contours). In the top-right inset panel, the reticle marks the
position of the apparent host galaxy NGC 4993. The bottom-right
panel shows the a posteriori luminosity distance distribution
from the three gravitational-wave localization analyses. The
distance of NGC 4993, assuming the redshift from the NASA/
IPAC Extragalactic Database [89] and standard cosmological
parameters [90], is shown with a vertical line.
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First electromagnetic counterpart detected by Swope Supernova Survey (∅1m, NIR, Chili), 
~ 10,9 hour after the GW signal. 
At the flore time only the GBM detector of Fermi had access to this part of the sky.
Event seen in the INTEGRAL data.



Less than 2 seconds between 
fusion and gamma flare.

H.E.S.S. upper limit : 
0.22 days after GW 

F < 3.9 10-12 erg.cm-2.s-1 (90%) 
in the range [0.28-2.31] TeV



stamp = time in day after fusion

Color = main color of the object at that time

(Xshooter, VLT, ESO data)

kilonova : the fusion produces nuclear reactions 
allowing production of nuclei heavier then Iron due to 
the high neutron abundance. This hot matter cools 
down and spreads out: light in gamma, then X, then 
blue to red.



2012 ……2019 2029

CMB & SZ effect Planck NIKA / NIKA2 LiteBird ? 

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

phenomenology quantum gravity & cosmology

Synthesis of astro/cosmo activities, past, present and future

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

it is only a scheme !



Discussions for future driving scientific projects 

Axe Matières noire et baryonique dans les plus grandes structures de l’univers 

Amas de galaxies avec NIKA2, Euclid, LSST (LPSC) & LSST (LAPP) 

Étalonnage des observables de masse pour Euclid & LSST avec les données SZ de 
Planck & NIKA2.  

Parfait timing des 3 expériences couvrant toute la durée du futur LabEx, expertise 
du groupe démontrée avec Planck.




Discussions for future driving scientific projects 

Axe Annihilation de matière noire dans les galaxies 

Détection indirecte avec NIKA2, Euclid, LSST, phénoménologie (LPSC), 
LSST, CTA (LAPP) & phénoménologie (LAPTh) 

* Pour les amas, possibilité d’obtenir les profils centraux via SZ par NIKA2


* Pour les galaxies naines, irrégulières et les amas : catalogue de positions des 
amas par LSST/Euclid


* Pour les amas proches : distribution de matière noire par effet de lentille 
gravitationnelle par LSST/Euclid


Dans tous les cas, signal gamma par CTA et choix des cibles, prédiction du 
bruit de fond astrophysique & interprétation avec les groupes Phénoménologie.


Parfait timing des 4 expériences couvrant toute la durée du futur LabEx, 
expertise du groupe démontrée avec H.E.S.S. et AMS + USINE.




Discussions for future driving scientific projects 

Axe Matière baryonique en état extrême 

Suivi multi-longueurs d’onde et multi-messagers des alertes GRB issues de 
LIGO/Virgo (LAPP) par Auger, NIKA2, LSST (LPSC) & CTA, LSST (LAPP), 
prédiction et interprétation en collaboration avec le groupe Phénoménologie 
(LAPTh) 

LSST : possibilité de participer à la politique de suivi d’alerte, besoin 
d’algorithmes de choix, au programme de la prochaine réunion LSST France


CTA : politique exacte reste à définir, mais prendra la suite de H.E.S.S où cette 
activité a commencé au LAPP. 


Auger : contribue par la recherche de photons et de neutrinos d’énergie extreme


Possibilité de lien avec ALICE car l’équation d’état de ces objets super-denses 
intervient dans le calcul du signal attendu.


