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GW170817
First multi-messenger observation : 

GW + EM

What about UHECR and Neutrinos ?

Multi-messenger observations

TXS 0506+056 No GW

All multi-messenger : GW + neutrinos + EM + UHCR

Possible ? 
Which distance ?

UHECR 2018

ASTROPHYSIQUE

LES BLAZARS, 
SOURCES  
DE NEUTRINOS  
DE HAUTE ÉNERGIE

À chaque instant, un flux 
constant de particules 
bombarde la Terre. Parmi 
celles-ci, les neutrinos font 
l’objet de nombreuses 
recherches. Depuis leur pre-

mière détection en 1956, de nombreux 
observatoires ont été construits pour 
étudier ces particules. Ils ont permis de 
localiser deux sources de neutrinos de 
basse énergie (d’au plus quelques 
dizaines de mégaélectronvolts) en 
dehors de la Terre": le Soleil et la super-
nova SN"1987a. Mais d’où proviennent les 
neutrinos de haute énergie"? L’hypothèse 

plus de 4 milliards d’années-lumière de 
la Terre.

Les blazars sont des galaxies dites 
actives dont le centre est occupé par un 
trou noir supermassif, autour duquel spi-
rale la matière d’un disque d’accrétion. Une 
partie de cette matière en orbite est éjectée 
sous la forme de deux jets perpendiculaires 
au plan du disque. Ils contiennent divers 
types de particules émises à des vitesses 
proches de celle de la lumière": photons, 
électrons, positrons, etc. En période 
d’éruption, les blazars émettent notam-
ment des rayons gamma (des photons 
d’énergie supérieure au gigaélectronvolt, 
détectables par des télescopes spéciale-
ment conçus à cette fin), et probablement 
des neutrinos de haute énergie.

L’idée du projet IceCube – cet obser-
vatoire est en service depuis 2010 – est 

En 2017, l’observatoire IceCube, en Antarctique, a détecté un 
neutrino de haute énergie. Il proviendrait d’une galaxie d’un 
type particulier située à plus de 4 milliards d’années-lumière.

la plus probable est qu’ils acquièrent leur 
énergie dans des objets astrophysiques 
extrêmement massifs. 

Le 22 septembre 2017, des physiciens 
de l’observatoire IceCube, situé en 
Antarctique, ont détecté un neutrino 
d’énergie supérieure à 290  téraélec-
tronvolts. Cette énergie est plus de 
20 fois celle atteinte dans les collisions 
proton-proton au grand collisionneur de 
hadrons (LHC) du Cern. La combinaison 
de nombreuses observations effectuées 
auprès de différents télescopes a permis 
d’identifier la source de ce neutrino": il 
s’agit du blazar TXS"0506+056, situé à 

Vue d’artiste d’un blazar. Le jet 
de particules de haute énergie 

éjecté du disque d’accrétion 
comprend notamment des 

photons et des neutrinos.

6 / POUR LA SCIENCE N° 491 / Septembre 2018 

©
 D

es
y,

 S
ci

en
ce

 C
om

m
un

ic
at

io
n 

La
b

ÉCHOS DES LABOS

P.!6 Échos des labos
P.!20 Livres du mois
P.!22 Agenda
P.!24 Homo sapiens informaticus
P.!26 Cabinet de curiosités 
 sociologiques



Valentin Decoene 3/12

Neutron star merger structure

Blue Kilo-Novae: polar ejecta 
poor lanthanides ejecta

Red Kilo-Novae: equatorial ejecta

Accretion disk Black-Hole
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Fall-back heating 
starting 0.1s after merger

Rich lanthanides ejecta 
Nuclear heating starting 1.3s after merger

GRB shocked

UHECR 2018
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UHECR production in NSM

Particle accelerations and escape via blue side 
 = similar to GRB studies  

(e.g., Zhang et al. 2016, Baerwald et al. 2016,  
Kimura et al. 2018…)

Alternative scenario:  
acceleration in wind / corona / disk

UHECR 2018

We assume UHECR acceleration 
and focus on interactions in the Kilonova

Kimura et al. 2015Particle acceleration in accretion flow
Electric field acceleration Levinson 2000

Riquelme et al. 2012, Hoshino 2013, 2015 Magnetic reconnection
Stochastic acceleration Lynn et al. 2014 

2 zones model

Examples of possible processes at play for acceleration

Acceleration 
zone

Interaction 
zone
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Interaction background : Red ejecta
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Mass accretion rate

Barnes et al. 2016, M. R. Drout et al, 2017

Nuclear reaction

ėr(t) = 4⇥ 1018 Erg.s�1.g�1 ✏th(t) f(t; t0,�)
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t0 = 1.3 and � = 0.11
<latexit sha1_base64="WGoLbmzCczs2n5j6s18PmShk3+Y=">AAACE3icbVA9SwNBEN3zM8avU0ubxSCIRbhTQRshaGMZwXxALoS9zSZZsrt37M6J4bj/YONfsbFQxNbGzn/jJrlCEx8MPN6bYWZeGAtuwPO+nYXFpeWV1cJacX1jc2vb3dmtmyjRlNVoJCLdDIlhgitWAw6CNWPNiAwFa4TD67HfuGfa8EjdwShmbUn6ivc4JWCljnsMndTL8CX2y6c4APYAWqYBJqob4AwHhvclsa5X9v2OW/LK3gR4nvg5KaEc1Y77FXQjmkimgApiTMv3YminRAOngmXFIDEsJnRI+qxlqSKSmXY6+SnDh1bp4l6kbSnAE/X3REqkMSMZ2k5JYGBmvbH4n9dKoHfRTrmKE2CKThf1EoEhwuOAcJdrRkGMLCFUc3srpgOiCQUbY9GG4M++PE/qJ2XfRnZ7Vqpc5XEU0D46QEfIR+eogm5QFdUQRY/oGb2iN+fJeXHenY9p64KTz+yhP3A+fwCJv5tm</latexit><latexit sha1_base64="WGoLbmzCczs2n5j6s18PmShk3+Y=">AAACE3icbVA9SwNBEN3zM8avU0ubxSCIRbhTQRshaGMZwXxALoS9zSZZsrt37M6J4bj/YONfsbFQxNbGzn/jJrlCEx8MPN6bYWZeGAtuwPO+nYXFpeWV1cJacX1jc2vb3dmtmyjRlNVoJCLdDIlhgitWAw6CNWPNiAwFa4TD67HfuGfa8EjdwShmbUn6ivc4JWCljnsMndTL8CX2y6c4APYAWqYBJqob4AwHhvclsa5X9v2OW/LK3gR4nvg5KaEc1Y77FXQjmkimgApiTMv3YminRAOngmXFIDEsJnRI+qxlqSKSmXY6+SnDh1bp4l6kbSnAE/X3REqkMSMZ2k5JYGBmvbH4n9dKoHfRTrmKE2CKThf1EoEhwuOAcJdrRkGMLCFUc3srpgOiCQUbY9GG4M++PE/qJ2XfRnZ7Vqpc5XEU0D46QEfIR+eogm5QFdUQRY/oGb2iN+fJeXHenY9p64KTz+yhP3A+fwCJv5tm</latexit><latexit sha1_base64="WGoLbmzCczs2n5j6s18PmShk3+Y=">AAACE3icbVA9SwNBEN3zM8avU0ubxSCIRbhTQRshaGMZwXxALoS9zSZZsrt37M6J4bj/YONfsbFQxNbGzn/jJrlCEx8MPN6bYWZeGAtuwPO+nYXFpeWV1cJacX1jc2vb3dmtmyjRlNVoJCLdDIlhgitWAw6CNWPNiAwFa4TD67HfuGfa8EjdwShmbUn6ivc4JWCljnsMndTL8CX2y6c4APYAWqYBJqob4AwHhvclsa5X9v2OW/LK3gR4nvg5KaEc1Y77FXQjmkimgApiTMv3YminRAOngmXFIDEsJnRI+qxlqSKSmXY6+SnDh1bp4l6kbSnAE/X3REqkMSMZ2k5JYGBmvbH4n9dKoHfRTrmKE2CKThf1EoEhwuOAcJdrRkGMLCFUc3srpgOiCQUbY9GG4M++PE/qJ2XfRnZ7Vqpc5XEU0D46QEfIR+eogm5QFdUQRY/oGb2iN+fJeXHenY9p64KTz+yhP3A+fwCJv5tm</latexit><latexit sha1_base64="WGoLbmzCczs2n5j6s18PmShk3+Y=">AAACE3icbVA9SwNBEN3zM8avU0ubxSCIRbhTQRshaGMZwXxALoS9zSZZsrt37M6J4bj/YONfsbFQxNbGzn/jJrlCEx8MPN6bYWZeGAtuwPO+nYXFpeWV1cJacX1jc2vb3dmtmyjRlNVoJCLdDIlhgitWAw6CNWPNiAwFa4TD67HfuGfa8EjdwShmbUn6ivc4JWCljnsMndTL8CX2y6c4APYAWqYBJqob4AwHhvclsa5X9v2OW/LK3gR4nvg5KaEc1Y77FXQjmkimgApiTMv3YminRAOngmXFIDEsJnRI+qxlqSKSmXY6+SnDh1bp4l6kbSnAE/X3REqkMSMZ2k5JYGBmvbH4n9dKoHfRTrmKE2CKThf1EoEhwuOAcJdrRkGMLCFUc3srpgOiCQUbY9GG4M++PE/qJ2XfRnZ7Vqpc5XEU0D46QEfIR+eogm5QFdUQRY/oGb2iN+fJeXHenY9p64KTz+yhP3A+fwCJv5tm</latexit>

Q̇r = M Xr ėr(t)
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Nuclear mass energy

Thermal efficiency

Finally the lowest maximal energy from all these processes is the maximal energy allowed in the
wind.

3 Dynamical ejecta from the Kilonovae

3.1 Ejecta dynamics

Characteristics We are looking at the ejecta contained in the equatorial plane of the merger.
This dynamical ejecta is characterised by heavy r-process heating and fall-back heating coming from the
accretion disk around the remnant.
The total mass of this ejecta is M = 0.04M� and its ejection velocity is v = 0.1c [3].

Energies We assume that the thermodynamical equilibrium is reached and we can write the energy
as

dE = �P dV + �Q , (15)

with P the pressure, V the volume and Q the heating.

dE

dt
= �P
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dt
+

�Q

dt
(16)

We rewrite the heating term as a sum of the source and loss terms : �Q
dt = Q̇loss + Q̇source.

We can then assume

P ⇡ E

R3
, (17)

dV

dt
⇡ R

2dR

dt
, (18)

Q̇loss ⇡ � E

tesc
, (19)

Q̇source ⇡ Q̇r + Q̇fb . (20)

dR ⇡ v dt (21)

Where Q̇r and Q̇fb are respectively the nuclear heating rate and the fall-back heating rate.
Leading to

dE

dt
= �E

R

dR

dt
� E

tesc
+ Q̇r + Q̇fb . (22)

With

tesc ⇡ (⌧ + 1)
R

c
=

✓
3M

4⇡R2
+ 1

◆
R

c
, (23)

Figure 2 shows the energy evolution and the photon escaping time evolution with time for light r-process
and heavy r-process ejecta with and without fall-back heating.

Nuclear heating rate

Q̇r = MXrėr(t) (24)

With ėr(t) = 4.1018✏th

 
0.5�

arctan
�
t�t0
�

�

⇡

!1.3

erg.s�1.g�1
. (25)

t0 = 1.3 and � = 0.11 . (26)

4

Metzger et al. 2011

Opacity (lanthanides)

UHECR 2018



Valentin Decoene 4/10

UHECR production in NSM

TeVPA 2018

Valentin Decoene 3/10

Neutron star merger structure
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Accretion disk Black-Hole
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Particles accelerations in the disk

Rdisk = 105 cm
<latexit sha1_base64="+EZlkzarSy9DDCPzemlQ1a0gfr4=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRJRdCMU3bisYh/QxDKZTtqhM0mYuRFLyAe48VfcuFDErR/gzr9x2mahrQcGDuecy517/FhwDbb9bRUWFpeWV4qrpbX1jc2t8vZOU0eJoqxBIxGptk80EzxkDeAgWDtWjEhfsJY/vBz7rXumNI/CWxjFzJOkH/KAUwJG6pYrN93UVRL3uB5m+Bw79l16kmEX2AMombqYysyk7Ko9AZ4nTk4qKEe9W/5yexFNJAuBCqJ1x7Fj8FKigFPBspKbaBYTOiR91jE0JJJpL50ck+EDo/RwECnzQsAT9fdESqTWI+mbpCQw0LPeWPzP6yQQnHkpD+MEWEini4JEYIjwuBlTgWIUxMgQQhU3f8V0QBShYPormRKc2ZPnSfOo6thV5/q4UrvI6yiiPbSPDpGDTlENXaE6aiCKHtEzekVv1pP1Yr1bH9NowcpndtEfWJ8/UgqahQ==</latexit><latexit sha1_base64="+EZlkzarSy9DDCPzemlQ1a0gfr4=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRJRdCMU3bisYh/QxDKZTtqhM0mYuRFLyAe48VfcuFDErR/gzr9x2mahrQcGDuecy517/FhwDbb9bRUWFpeWV4qrpbX1jc2t8vZOU0eJoqxBIxGptk80EzxkDeAgWDtWjEhfsJY/vBz7rXumNI/CWxjFzJOkH/KAUwJG6pYrN93UVRL3uB5m+Bw79l16kmEX2AMombqYysyk7Ko9AZ4nTk4qKEe9W/5yexFNJAuBCqJ1x7Fj8FKigFPBspKbaBYTOiR91jE0JJJpL50ck+EDo/RwECnzQsAT9fdESqTWI+mbpCQw0LPeWPzP6yQQnHkpD+MEWEini4JEYIjwuBlTgWIUxMgQQhU3f8V0QBShYPormRKc2ZPnSfOo6thV5/q4UrvI6yiiPbSPDpGDTlENXaE6aiCKHtEzekVv1pP1Yr1bH9NowcpndtEfWJ8/UgqahQ==</latexit><latexit sha1_base64="+EZlkzarSy9DDCPzemlQ1a0gfr4=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRJRdCMU3bisYh/QxDKZTtqhM0mYuRFLyAe48VfcuFDErR/gzr9x2mahrQcGDuecy517/FhwDbb9bRUWFpeWV4qrpbX1jc2t8vZOU0eJoqxBIxGptk80EzxkDeAgWDtWjEhfsJY/vBz7rXumNI/CWxjFzJOkH/KAUwJG6pYrN93UVRL3uB5m+Bw79l16kmEX2AMombqYysyk7Ko9AZ4nTk4qKEe9W/5yexFNJAuBCqJ1x7Fj8FKigFPBspKbaBYTOiR91jE0JJJpL50ck+EDo/RwECnzQsAT9fdESqTWI+mbpCQw0LPeWPzP6yQQnHkpD+MEWEini4JEYIjwuBlTgWIUxMgQQhU3f8V0QBShYPormRKc2ZPnSfOo6thV5/q4UrvI6yiiPbSPDpGDTlENXaE6aiCKHtEzekVv1pP1Yr1bH9NowcpndtEfWJ8/UgqahQ==</latexit><latexit sha1_base64="+EZlkzarSy9DDCPzemlQ1a0gfr4=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRJRdCMU3bisYh/QxDKZTtqhM0mYuRFLyAe48VfcuFDErR/gzr9x2mahrQcGDuecy517/FhwDbb9bRUWFpeWV4qrpbX1jc2t8vZOU0eJoqxBIxGptk80EzxkDeAgWDtWjEhfsJY/vBz7rXumNI/CWxjFzJOkH/KAUwJG6pYrN93UVRL3uB5m+Bw79l16kmEX2AMombqYysyk7Ko9AZ4nTk4qKEe9W/5yexFNJAuBCqJ1x7Fj8FKigFPBspKbaBYTOiR91jE0JJJpL50ck+EDo/RwECnzQsAT9fdESqTWI+mbpCQw0LPeWPzP6yQQnHkpD+MEWEini4JEYIjwuBlTgWIUxMgQQhU3f8V0QBShYPormRKc2ZPnSfOo6thV5/q4UrvI6yiiPbSPDpGDTlENXaE6aiCKHtEzekVv1pP1Yr1bH9NowcpndtEfWJ8/UgqahQ==</latexit>

Bdisk = 1015 G
<latexit sha1_base64="4PIRVhk2j9Wp6fumWy5ZIEFjec8=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKKboRSF7qsYB/QxDKZTtqhM0mYuRFLyAe48VfcuFDErR/gzr9x2mahrQcGDuecy517/FhwDbb9bS0sLi2vrBbWiusbm1vbpZ3dpo4SRVmDRiJSbZ9oJnjIGsBBsHasGJG+YC1/eDn2W/dMaR6FtzCKmSdJP+QBpwSM1C2Va93UVRL3uB5m+AI79l3qnGbYBfYASqYuvspMyq7YE+B54uSkjHLUu6UvtxfRRLIQqCBadxw7Bi8lCjgVLCu6iWYxoUPSZx1DQyKZ9tLJMRk+NEoPB5EyLwQ8UX9PpERqPZK+SUoCAz3rjcX/vE4CwbmX8jBOgIV0uihIBIYIj5sxFShGQYwMIVRx81dMB0QRCqa/oinBmT15njSPK45dcW5OytVaXkcB7aMDdIQcdIaq6BrVUQNR9Iie0St6s56sF+vd+phGF6x8Zg/9gfX5A69lmh0=</latexit><latexit sha1_base64="4PIRVhk2j9Wp6fumWy5ZIEFjec8=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKKboRSF7qsYB/QxDKZTtqhM0mYuRFLyAe48VfcuFDErR/gzr9x2mahrQcGDuecy517/FhwDbb9bS0sLi2vrBbWiusbm1vbpZ3dpo4SRVmDRiJSbZ9oJnjIGsBBsHasGJG+YC1/eDn2W/dMaR6FtzCKmSdJP+QBpwSM1C2Va93UVRL3uB5m+AI79l3qnGbYBfYASqYuvspMyq7YE+B54uSkjHLUu6UvtxfRRLIQqCBadxw7Bi8lCjgVLCu6iWYxoUPSZx1DQyKZ9tLJMRk+NEoPB5EyLwQ8UX9PpERqPZK+SUoCAz3rjcX/vE4CwbmX8jBOgIV0uihIBIYIj5sxFShGQYwMIVRx81dMB0QRCqa/oinBmT15njSPK45dcW5OytVaXkcB7aMDdIQcdIaq6BrVUQNR9Iie0St6s56sF+vd+phGF6x8Zg/9gfX5A69lmh0=</latexit><latexit sha1_base64="4PIRVhk2j9Wp6fumWy5ZIEFjec8=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKKboRSF7qsYB/QxDKZTtqhM0mYuRFLyAe48VfcuFDErR/gzr9x2mahrQcGDuecy517/FhwDbb9bS0sLi2vrBbWiusbm1vbpZ3dpo4SRVmDRiJSbZ9oJnjIGsBBsHasGJG+YC1/eDn2W/dMaR6FtzCKmSdJP+QBpwSM1C2Va93UVRL3uB5m+AI79l3qnGbYBfYASqYuvspMyq7YE+B54uSkjHLUu6UvtxfRRLIQqCBadxw7Bi8lCjgVLCu6iWYxoUPSZx1DQyKZ9tLJMRk+NEoPB5EyLwQ8UX9PpERqPZK+SUoCAz3rjcX/vE4CwbmX8jBOgIV0uihIBIYIj5sxFShGQYwMIVRx81dMB0QRCqa/oinBmT15njSPK45dcW5OytVaXkcB7aMDdIQcdIaq6BrVUQNR9Iie0St6s56sF+vd+phGF6x8Zg/9gfX5A69lmh0=</latexit><latexit sha1_base64="4PIRVhk2j9Wp6fumWy5ZIEFjec8=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKKboRSF7qsYB/QxDKZTtqhM0mYuRFLyAe48VfcuFDErR/gzr9x2mahrQcGDuecy517/FhwDbb9bS0sLi2vrBbWiusbm1vbpZ3dpo4SRVmDRiJSbZ9oJnjIGsBBsHasGJG+YC1/eDn2W/dMaR6FtzCKmSdJP+QBpwSM1C2Va93UVRL3uB5m+AI79l3qnGbYBfYASqYuvspMyq7YE+B54uSkjHLUu6UvtxfRRLIQqCBadxw7Bi8lCjgVLCu6iWYxoUPSZx1DQyKZ9tLJMRk+NEoPB5EyLwQ8UX9PpERqPZK+SUoCAz3rjcX/vE4CwbmX8jBOgIV0uihIBIYIj5sxFShGQYwMIVRx81dMB0QRCqa/oinBmT15njSPK45dcW5OytVaXkcB7aMDdIQcdIaq6BrVUQNR9Iie0St6s56sF+vd+phGF6x8Zg/9gfX5A69lmh0=</latexit>

Emax ⇡ 1022 eV
<latexit sha1_base64="EJIYKSjnIWp2+j1OVOYRsM7Go6c=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBD0EnaDoMegCB4jmAdkY5iddJIhM7vLTK8kLPkGL/6KFw+KePXkzb9x8jhoYkFDTVU3011BLIVB1/12lpZXVtfWMxvZza3tnd3c3n7VRInmUOGRjHQ9YAakCKGCAiXUYw1MBRJqQf9q7NceQBsRhXc4jKGpWDcUHcEZWqmVO71upb5WVLHBiPosjnU0oJ57nxaL9o0wQK1Sn0J11Mrl3YI7AV0k3ozkyQzlVu7Lb0c8URAil8yYhufG2EyZRsEljLJ+YiBmvM+60LA0ZApMM52cNKLHVmnTTqRthUgn6u+JlCljhiqwnYphz8x7Y/E/r5Fg56KZijBOEEI+/aiTSIoRHedD20IDRzm0hHEt7K6U95hmHG2KWRuCN3/yIqkWC55b8G7P8qXLWRwZckiOyAnxyDkpkRtSJhXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifPyWXnSI=</latexit><latexit sha1_base64="EJIYKSjnIWp2+j1OVOYRsM7Go6c=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBD0EnaDoMegCB4jmAdkY5iddJIhM7vLTK8kLPkGL/6KFw+KePXkzb9x8jhoYkFDTVU3011BLIVB1/12lpZXVtfWMxvZza3tnd3c3n7VRInmUOGRjHQ9YAakCKGCAiXUYw1MBRJqQf9q7NceQBsRhXc4jKGpWDcUHcEZWqmVO71upb5WVLHBiPosjnU0oJ57nxaL9o0wQK1Sn0J11Mrl3YI7AV0k3ozkyQzlVu7Lb0c8URAil8yYhufG2EyZRsEljLJ+YiBmvM+60LA0ZApMM52cNKLHVmnTTqRthUgn6u+JlCljhiqwnYphz8x7Y/E/r5Fg56KZijBOEEI+/aiTSIoRHedD20IDRzm0hHEt7K6U95hmHG2KWRuCN3/yIqkWC55b8G7P8qXLWRwZckiOyAnxyDkpkRtSJhXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifPyWXnSI=</latexit><latexit sha1_base64="EJIYKSjnIWp2+j1OVOYRsM7Go6c=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBD0EnaDoMegCB4jmAdkY5iddJIhM7vLTK8kLPkGL/6KFw+KePXkzb9x8jhoYkFDTVU3011BLIVB1/12lpZXVtfWMxvZza3tnd3c3n7VRInmUOGRjHQ9YAakCKGCAiXUYw1MBRJqQf9q7NceQBsRhXc4jKGpWDcUHcEZWqmVO71upb5WVLHBiPosjnU0oJ57nxaL9o0wQK1Sn0J11Mrl3YI7AV0k3ozkyQzlVu7Lb0c8URAil8yYhufG2EyZRsEljLJ+YiBmvM+60LA0ZApMM52cNKLHVmnTTqRthUgn6u+JlCljhiqwnYphz8x7Y/E/r5Fg56KZijBOEEI+/aiTSIoRHedD20IDRzm0hHEt7K6U95hmHG2KWRuCN3/yIqkWC55b8G7P8qXLWRwZckiOyAnxyDkpkRtSJhXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifPyWXnSI=</latexit><latexit sha1_base64="EJIYKSjnIWp2+j1OVOYRsM7Go6c=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBD0EnaDoMegCB4jmAdkY5iddJIhM7vLTK8kLPkGL/6KFw+KePXkzb9x8jhoYkFDTVU3011BLIVB1/12lpZXVtfWMxvZza3tnd3c3n7VRInmUOGRjHQ9YAakCKGCAiXUYw1MBRJqQf9q7NceQBsRhXc4jKGpWDcUHcEZWqmVO71upb5WVLHBiPosjnU0oJ57nxaL9o0wQK1Sn0J11Mrl3YI7AV0k3ozkyQzlVu7Lb0c8URAil8yYhufG2EyZRsEljLJ+YiBmvM+60LA0ZApMM52cNKLHVmnTTqRthUgn6u+JlCljhiqwnYphz8x7Y/E/r5Fg56KZijBOEEI+/aiTSIoRHedD20IDRzm0hHEt7K6U95hmHG2KWRuCN3/yIqkWC55b8G7P8qXLWRwZckiOyAnxyDkpkRtSJhXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifPyWXnSI=</latexit>
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(heavy r-processes)

R
<latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit>

R
<latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit>

~v
<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

M ⇡ 10�3M�
<latexit sha1_base64="5DP8/a5bHwC1AzZrQxukK3jilLc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKooMuiGzeFCvYBTQyTyaQdOsmEmYlYQhZu/BU3LhRx60e482+ctllo64ELh3Pu5d57/IRRqSzr2ygtLa+srpXXKxubW9s75u5eR/JUYNLGnHHR85EkjMakrahipJcIgiKfka4/upr43XsiJOXxrRonxI3QIKYhxUhpyTOrTeigJBH8AdrWXXZ8msOmlzk84Cr3zJpVt6aAi8QuSA0UaHnmlxNwnEYkVpghKfu2lSg3Q0JRzEhecVJJEoRHaED6msYoItLNpk/k8FArAQy50BUrOFV/T2QoknIc+bozQmoo572J+J/XT1V44WY0TlJFYjxbFKYMKg4nicCACoIVG2uCsKD6VoiHSCCsdG4VHYI9//Ii6ZzUbatu35zVGpdFHGVQBQfgCNjgHDTANWiBNsDgETyDV/BmPBkvxrvxMWstGcXMPvgD4/MHLlqXKQ==</latexit><latexit sha1_base64="5DP8/a5bHwC1AzZrQxukK3jilLc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKooMuiGzeFCvYBTQyTyaQdOsmEmYlYQhZu/BU3LhRx60e482+ctllo64ELh3Pu5d57/IRRqSzr2ygtLa+srpXXKxubW9s75u5eR/JUYNLGnHHR85EkjMakrahipJcIgiKfka4/upr43XsiJOXxrRonxI3QIKYhxUhpyTOrTeigJBH8AdrWXXZ8msOmlzk84Cr3zJpVt6aAi8QuSA0UaHnmlxNwnEYkVpghKfu2lSg3Q0JRzEhecVJJEoRHaED6msYoItLNpk/k8FArAQy50BUrOFV/T2QoknIc+bozQmoo572J+J/XT1V44WY0TlJFYjxbFKYMKg4nicCACoIVG2uCsKD6VoiHSCCsdG4VHYI9//Ii6ZzUbatu35zVGpdFHGVQBQfgCNjgHDTANWiBNsDgETyDV/BmPBkvxrvxMWstGcXMPvgD4/MHLlqXKQ==</latexit><latexit sha1_base64="5DP8/a5bHwC1AzZrQxukK3jilLc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKooMuiGzeFCvYBTQyTyaQdOsmEmYlYQhZu/BU3LhRx60e482+ctllo64ELh3Pu5d57/IRRqSzr2ygtLa+srpXXKxubW9s75u5eR/JUYNLGnHHR85EkjMakrahipJcIgiKfka4/upr43XsiJOXxrRonxI3QIKYhxUhpyTOrTeigJBH8AdrWXXZ8msOmlzk84Cr3zJpVt6aAi8QuSA0UaHnmlxNwnEYkVpghKfu2lSg3Q0JRzEhecVJJEoRHaED6msYoItLNpk/k8FArAQy50BUrOFV/T2QoknIc+bozQmoo572J+J/XT1V44WY0TlJFYjxbFKYMKg4nicCACoIVG2uCsKD6VoiHSCCsdG4VHYI9//Ii6ZzUbatu35zVGpdFHGVQBQfgCNjgHDTANWiBNsDgETyDV/BmPBkvxrvxMWstGcXMPvgD4/MHLlqXKQ==</latexit><latexit sha1_base64="5DP8/a5bHwC1AzZrQxukK3jilLc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKooMuiGzeFCvYBTQyTyaQdOsmEmYlYQhZu/BU3LhRx60e482+ctllo64ELh3Pu5d57/IRRqSzr2ygtLa+srpXXKxubW9s75u5eR/JUYNLGnHHR85EkjMakrahipJcIgiKfka4/upr43XsiJOXxrRonxI3QIKYhxUhpyTOrTeigJBH8AdrWXXZ8msOmlzk84Cr3zJpVt6aAi8QuSA0UaHnmlxNwnEYkVpghKfu2lSg3Q0JRzEhecVJJEoRHaED6msYoItLNpk/k8FArAQy50BUrOFV/T2QoknIc+bozQmoo572J+J/XT1V44WY0TlJFYjxbFKYMKg4nicCACoIVG2uCsKD6VoiHSCCsdG4VHYI9//Ii6ZzUbatu35zVGpdFHGVQBQfgCNjgHDTANWiBNsDgETyDV/BmPBkvxrvxMWstGcXMPvgD4/MHLlqXKQ==</latexit>

Q̇r
<latexit sha1_base64="HT2LJN+ijUOk3LDwpZ4LFKm6+Vo=">AAAB+HicbVDLSgMxFL1TX7U+WnXpJlgEV2VGBF0W3bhswT6gHYZMmmlDk8yQZIQ6zJe4caGIWz/FnX9j2s5CWw9cOJxzb3LvCRPOtHHdb6e0sbm1vVPereztHxxWa0fHXR2nitAOiXms+iHWlDNJO4YZTvuJoliEnPbC6d3c7z1SpVksH8wsob7AY8kiRrCxUlCrDkexydp5kA2VQCoPanW34S6A1olXkDoUaAW1L/sCSQWVhnCs9cBzE+NnWBlGOM0rw1TTBJMpHtOBpRILqv1ssXiOzq0yQlGsbEmDFurviQwLrWcitJ0Cm4le9ebif94gNdGNnzGZpIZKsvwoSjkyMZqngEZMUWL4zBJMFLO7IjLBChNjs6rYELzVk9dJ97LhuQ2vfVVv3hZxlOEUzuACPLiGJtxDCzpAIIVneIU358l5cd6dj2VrySlmTuAPnM8fCROTUQ==</latexit><latexit sha1_base64="HT2LJN+ijUOk3LDwpZ4LFKm6+Vo=">AAAB+HicbVDLSgMxFL1TX7U+WnXpJlgEV2VGBF0W3bhswT6gHYZMmmlDk8yQZIQ6zJe4caGIWz/FnX9j2s5CWw9cOJxzb3LvCRPOtHHdb6e0sbm1vVPereztHxxWa0fHXR2nitAOiXms+iHWlDNJO4YZTvuJoliEnPbC6d3c7z1SpVksH8wsob7AY8kiRrCxUlCrDkexydp5kA2VQCoPanW34S6A1olXkDoUaAW1L/sCSQWVhnCs9cBzE+NnWBlGOM0rw1TTBJMpHtOBpRILqv1ssXiOzq0yQlGsbEmDFurviQwLrWcitJ0Cm4le9ebif94gNdGNnzGZpIZKsvwoSjkyMZqngEZMUWL4zBJMFLO7IjLBChNjs6rYELzVk9dJ97LhuQ2vfVVv3hZxlOEUzuACPLiGJtxDCzpAIIVneIU358l5cd6dj2VrySlmTuAPnM8fCROTUQ==</latexit><latexit sha1_base64="HT2LJN+ijUOk3LDwpZ4LFKm6+Vo=">AAAB+HicbVDLSgMxFL1TX7U+WnXpJlgEV2VGBF0W3bhswT6gHYZMmmlDk8yQZIQ6zJe4caGIWz/FnX9j2s5CWw9cOJxzb3LvCRPOtHHdb6e0sbm1vVPereztHxxWa0fHXR2nitAOiXms+iHWlDNJO4YZTvuJoliEnPbC6d3c7z1SpVksH8wsob7AY8kiRrCxUlCrDkexydp5kA2VQCoPanW34S6A1olXkDoUaAW1L/sCSQWVhnCs9cBzE+NnWBlGOM0rw1TTBJMpHtOBpRILqv1ssXiOzq0yQlGsbEmDFurviQwLrWcitJ0Cm4le9ebif94gNdGNnzGZpIZKsvwoSjkyMZqngEZMUWL4zBJMFLO7IjLBChNjs6rYELzVk9dJ97LhuQ2vfVVv3hZxlOEUzuACPLiGJtxDCzpAIIVneIU358l5cd6dj2VrySlmTuAPnM8fCROTUQ==</latexit><latexit sha1_base64="HT2LJN+ijUOk3LDwpZ4LFKm6+Vo=">AAAB+HicbVDLSgMxFL1TX7U+WnXpJlgEV2VGBF0W3bhswT6gHYZMmmlDk8yQZIQ6zJe4caGIWz/FnX9j2s5CWw9cOJxzb3LvCRPOtHHdb6e0sbm1vVPereztHxxWa0fHXR2nitAOiXms+iHWlDNJO4YZTvuJoliEnPbC6d3c7z1SpVksH8wsob7AY8kiRrCxUlCrDkexydp5kA2VQCoPanW34S6A1olXkDoUaAW1L/sCSQWVhnCs9cBzE+NnWBlGOM0rw1TTBJMpHtOBpRILqv1ssXiOzq0yQlGsbEmDFurviQwLrWcitJ0Cm4le9ebif94gNdGNnzGZpIZKsvwoSjkyMZqngEZMUWL4zBJMFLO7IjLBChNjs6rYELzVk9dJ97LhuQ2vfVVv3hZxlOEUzuACPLiGJtxDCzpAIIVneIU358l5cd6dj2VrySlmTuAPnM8fCROTUQ==</latexit>

Q̇fb
<latexit sha1_base64="gA55wWN6gvczXo8fWqPh7HLEd5s=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irgh6LXjy2YGuhXZZsmm1Dk+ySZAtl2X/ixYMiXv0n3vw3pu0etPXBwOO9mWTmRSln2njet1PZ2Nza3qnu1vb2Dw6P3OOTrk4yRWiHJDxRvQhrypmkHcMMp71UUSwiTp+iyf3cf5pSpVkiH80spYHAI8liRrCxUui6g2Fi8nYR5gMlUBwVoVv3Gt4CaJ34JalDiVboftknSCaoNIRjrfu+l5ogx8owwmlRG2SapphM8Ij2LZVYUB3ki80LdGGVIYoTZUsatFB/T+RYaD0Tke0U2Iz1qjcX//P6mYlvg5zJNDNUkuVHccaRSdA8BjRkihLDZ5ZgopjdFZExVpgYG1bNhuCvnrxOulcN32v47et6866MowpncA6X4MMNNOEBWtABAlN4hld4c3LnxXl3PpatFaecOYU/cD5/ALZnk7E=</latexit><latexit sha1_base64="gA55wWN6gvczXo8fWqPh7HLEd5s=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irgh6LXjy2YGuhXZZsmm1Dk+ySZAtl2X/ixYMiXv0n3vw3pu0etPXBwOO9mWTmRSln2njet1PZ2Nza3qnu1vb2Dw6P3OOTrk4yRWiHJDxRvQhrypmkHcMMp71UUSwiTp+iyf3cf5pSpVkiH80spYHAI8liRrCxUui6g2Fi8nYR5gMlUBwVoVv3Gt4CaJ34JalDiVboftknSCaoNIRjrfu+l5ogx8owwmlRG2SapphM8Ij2LZVYUB3ki80LdGGVIYoTZUsatFB/T+RYaD0Tke0U2Iz1qjcX//P6mYlvg5zJNDNUkuVHccaRSdA8BjRkihLDZ5ZgopjdFZExVpgYG1bNhuCvnrxOulcN32v47et6866MowpncA6X4MMNNOEBWtABAlN4hld4c3LnxXl3PpatFaecOYU/cD5/ALZnk7E=</latexit><latexit sha1_base64="gA55wWN6gvczXo8fWqPh7HLEd5s=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irgh6LXjy2YGuhXZZsmm1Dk+ySZAtl2X/ixYMiXv0n3vw3pu0etPXBwOO9mWTmRSln2njet1PZ2Nza3qnu1vb2Dw6P3OOTrk4yRWiHJDxRvQhrypmkHcMMp71UUSwiTp+iyf3cf5pSpVkiH80spYHAI8liRrCxUui6g2Fi8nYR5gMlUBwVoVv3Gt4CaJ34JalDiVboftknSCaoNIRjrfu+l5ogx8owwmlRG2SapphM8Ij2LZVYUB3ki80LdGGVIYoTZUsatFB/T+RYaD0Tke0U2Iz1qjcX//P6mYlvg5zJNDNUkuVHccaRSdA8BjRkihLDZ5ZgopjdFZExVpgYG1bNhuCvnrxOulcN32v47et6866MowpncA6X4MMNNOEBWtABAlN4hld4c3LnxXl3PpatFaecOYU/cD5/ALZnk7E=</latexit><latexit sha1_base64="gA55wWN6gvczXo8fWqPh7HLEd5s=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Irgh6LXjy2YGuhXZZsmm1Dk+ySZAtl2X/ixYMiXv0n3vw3pu0etPXBwOO9mWTmRSln2njet1PZ2Nza3qnu1vb2Dw6P3OOTrk4yRWiHJDxRvQhrypmkHcMMp71UUSwiTp+iyf3cf5pSpVkiH80spYHAI8liRrCxUui6g2Fi8nYR5gMlUBwVoVv3Gt4CaJ34JalDiVboftknSCaoNIRjrfu+l5ogx8owwmlRG2SapphM8Ij2LZVYUB3ki80LdGGVIYoTZUsatFB/T+RYaD0Tke0U2Iz1qjcX//P6mYlvg5zJNDNUkuVHccaRSdA8BjRkihLDZ5ZgopjdFZExVpgYG1bNhuCvnrxOulcN32v47et6866MowpncA6X4MMNNOEBWtABAlN4hld4c3LnxXl3PpatFaecOYU/cD5/ALZnk7E=</latexit>

☢
☢

☢

☢
☢

☢

Valentin Decoene 6/12

Interaction background

Fall-back

Nuclear

Free-escape
R / t

<latexit sha1_base64="ofkHERm/25Y9dqHiKCgrBkU3O5A=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUV+4DpUDJppg3NJCG5I5Shn+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEWnALvv/tldbWNza3ytuVnd29/YPq4VHbqsxQ1qJKKNONiWWCS9YCDoJ1tWEkjQXrxOPbmd95YsZyJR9holmUkqHkCacEnBQ+4J42SoPC0K/W/Lo/B14lQUFqqECzX/3qDRTNUiaBCmJtGPgaopwY4FSwaaWXWaYJHZMhCx2VJGU2yucnT/GZUwY4UcY9CXiu/t7ISWrtJI3dZEpgZJe9mfifF2aQXEc5lzoDJunioyQTeBbR5ccDbhgFMXGEUMPdrZiOiCEUXEsVV0KwHHmVtC/qgV8P7i9rjZuijjI6QafoHAXoCjXQHWqiFqJIoWf0it488F68d+9jMVryip1j9Afe5w/OUZDu</latexit><latexit sha1_base64="ofkHERm/25Y9dqHiKCgrBkU3O5A=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUV+4DpUDJppg3NJCG5I5Shn+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEWnALvv/tldbWNza3ytuVnd29/YPq4VHbqsxQ1qJKKNONiWWCS9YCDoJ1tWEkjQXrxOPbmd95YsZyJR9holmUkqHkCacEnBQ+4J42SoPC0K/W/Lo/B14lQUFqqECzX/3qDRTNUiaBCmJtGPgaopwY4FSwaaWXWaYJHZMhCx2VJGU2yucnT/GZUwY4UcY9CXiu/t7ISWrtJI3dZEpgZJe9mfifF2aQXEc5lzoDJunioyQTeBbR5ccDbhgFMXGEUMPdrZiOiCEUXEsVV0KwHHmVtC/qgV8P7i9rjZuijjI6QafoHAXoCjXQHWqiFqJIoWf0it488F68d+9jMVryip1j9Afe5w/OUZDu</latexit><latexit sha1_base64="ofkHERm/25Y9dqHiKCgrBkU3O5A=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUV+4DpUDJppg3NJCG5I5Shn+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEWnALvv/tldbWNza3ytuVnd29/YPq4VHbqsxQ1qJKKNONiWWCS9YCDoJ1tWEkjQXrxOPbmd95YsZyJR9holmUkqHkCacEnBQ+4J42SoPC0K/W/Lo/B14lQUFqqECzX/3qDRTNUiaBCmJtGPgaopwY4FSwaaWXWaYJHZMhCx2VJGU2yucnT/GZUwY4UcY9CXiu/t7ISWrtJI3dZEpgZJe9mfifF2aQXEc5lzoDJunioyQTeBbR5ccDbhgFMXGEUMPdrZiOiCEUXEsVV0KwHHmVtC/qgV8P7i9rjZuijjI6QafoHAXoCjXQHWqiFqJIoWf0it488F68d+9jMVryip1j9Afe5w/OUZDu</latexit><latexit sha1_base64="ofkHERm/25Y9dqHiKCgrBkU3O5A=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUV+4DpUDJppg3NJCG5I5Shn+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEWnALvv/tldbWNza3ytuVnd29/YPq4VHbqsxQ1qJKKNONiWWCS9YCDoJ1tWEkjQXrxOPbmd95YsZyJR9holmUkqHkCacEnBQ+4J42SoPC0K/W/Lo/B14lQUFqqECzX/3qDRTNUiaBCmJtGPgaopwY4FSwaaWXWaYJHZMhCx2VJGU2yucnT/GZUwY4UcY9CXiu/t7ISWrtJI3dZEpgZJe9mfifF2aQXEc5lzoDJunioyQTeBbR5ccDbhgFMXGEUMPdrZiOiCEUXEsVV0KwHHmVtC/qgV8P7i9rjZuijjI6QafoHAXoCjXQHWqiFqJIoWf0it488F68d+9jMVryip1j9Afe5w/OUZDu</latexit>
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UHECR propagation and interactions

Monte-Carlo propagation code
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Figure 1: Nuclear heating rate and fall-back heating rate evolution with time for heavy r-process ejecta
and light r-process ejecta
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Figure 17 down, shows the evolution of the suppression factor with time.
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Cascades

UHECR 2018



Neutrino production  
efficiency : 

interactions efficiencies 
(👍 ) 

mesons cascades  
(suppression factor 👎  )

Valentin Decoene 8/12

Interaction background

⇡ 104 s
<latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit><latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit><latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit><latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit>

proton-proton

dominant

Photomeson

dominant

Ideal neutrino 
production time 

UHECR production  
efficiency : 

competition between 
background density  

(escape rate 👍 ) 
dynamical expansion  

(lower energy 👎 )

UHECR 2018
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Neutrinos fluences

⇡ 104 s
<latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit><latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit><latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit><latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit>

Ideal neutrino 
production time 

Case of GW170817 
distance to the observer 

≈ 40 Mpc

UHECR 2018
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Neutrinos lightcurves

Higher emission  
around PeV energies

Higher neutrinos luminosity 
at

⇡ 104 s
<latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit><latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit><latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit><latexit sha1_base64="r1xSYMDHrJSkd+sal5WpDXmwhtQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIQY9FLx4r2A9oatlsN+3STbLsTqQl5ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZub5UnANjvNtFdbWNza3itulnd29/QP78Kil40RR1qSxiFXHJ5oJHrEmcBCsIxUjoS9Y2x9fz/z2A1Oax9EdTCXrhWQY8YBTAkbq22WPSKniCXad+7SWYQ/YBFSYelhnfbviVJ058Cpxc1JBORp9+8sbxDQJWQRUEK27riOhlxIFnAqWlbxEM0nomAxZ19CIhEz30vkTGT41ygAHsTIVAZ6rvydSEmo9DX3TGRIY6WVvJv7ndRMILnspj2QCLKKLRUEiMMR4lggecMUoiKkhhCpubsV0RBShYHIrmRDc5ZdXSeu86jpV97ZWqV/lcRRRGZ2gM+SiC1RHN6iBmoiiR/SMXtGb9WS9WO/Wx6K1YOUzx+gPrM8fIGWXwQ==</latexit>

Competition between  
interactions efficiency 

and 
meson cascades

meson cascades

background dilution

UHECR 2018
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Neutrinos observation

NS merger rate at 10 Mpc r = 1.540+3.200
�1.220 10

�2 yr�1
<latexit sha1_base64="OLkKeCXQNsQ4KN/5BMlQ8oQEKu4="></latexit><latexit sha1_base64="OLkKeCXQNsQ4KN/5BMlQ8oQEKu4="></latexit><latexit sha1_base64="OLkKeCXQNsQ4KN/5BMlQ8oQEKu4="></latexit><latexit sha1_base64="OLkKeCXQNsQ4KN/5BMlQ8oQEKu4="></latexit>

Abbott et al. 2017c 
1 every 66 years

Aartsen et al. 2015, Fang et al. 2017

UHECR 2018
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Summary

Neutrons star merger  
model for the ejecta 

Red Kilo-novae -> equatorial plane 
Rich lanthanides ejecta -> heavy r-process

Interactions background model 
Black-body emission from nuclear reactions 

Fall-back from the disk

Particle acceleration  
of UHECR particles 

Outflows coming from the wind /corona / disk 
Targeting the equatorial ejecta

Particle interactions  
and propagations 

Mean free paths inside the ejecta 
Numerical propagation

Neutrinos fluence 
Observable around a few hours with IceCube at 10 Mpc

Neutrinos lightcurves 
Neutrinos follow-up of the KN evolution

UHECR 2018


