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Postmerger GW signal

From Bauswein+ 2015 _ From Radice+ 2017
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See also Takami+ 2014; Bernuzzi 2015, Rezzolla+ 2016; Dietrich+ 2016; Breschi+ 2019; Bauswein+ 2019; ...



QCD phase transitions
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Out of equilibrium effects?

e When dense matter is compressed
1.5 it undergoes strong and weak
reactions
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e tweak = 10° Ms = thyaro: potentially
~10 out of equilibrium

e Could result in non-ideal effects
(eg., bulk viscosity)

From Alford+ 2017

See also Perego+ 2019; Most+ 2021, 2022, 2024; Hammond+ 2021; Radice+ 2021; Espino 2024; ...
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Thermodynamic equilibrium
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From Espino+ PRL 132:211001 (2024)



Bulk-viscous pressure: II=p—p(T*,Y;)

ot = 1.70 ms ot = 3.69 ms 3t =5.72 ms

From Espino+ PRL 132:211001 (2024)



Bulk-viscous pressure: 11 =p— p(T*,Y;)

ot = 1.70 ms ot = 3.69 ms 3t =5.72 ms
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e Out of equilibrium effects confined to first few ms of the merger

e Physics of translucent regions to be revisited with better Urca rates

e What about weak reactions with strangeness, muons, etc.?

From Espino+ PRL 132:211001 (2024)
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Neutrinos in neutron star mergers

GW170817 GW170817
DECam observation DECam observation
(0.5-1.5 days post merger) (>14 days post merger)




Neutrinos in neutron star mergers
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From Villar+ 2017



Neutrinos in neutron star mergers
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GW170817 ejecta was reprocessed by neutrinos!
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Neutrino effects on the eiecta
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See also Sekiguchi+ 2015; Foucart+ 2016; Radice+, MNRAS 460:3255 (2016)

Combi+ 2023; Foucart+ 2024; ... Zappa+, MNRAS 520:1481 (2023)



Neutrino effects on the eiecta

t = 15.464 [ms t ="1h464 ms|

LR

Relative abundances
—_
(]
L

150 200 50 100 150 200 50 100
A A A

— ’ UL

50 100

4

i |

200

.-...l'..__.l.-.
y [km]

300

0 100

y [km]

Radice+, MNRAS 460:3255 (2016)
Zappa+, MNRAS 520:1481 (2023)

1 L | L : P S
100 200 300 300  —=200 —100

300 —200 —100

See also Sekiguchi+ 2015; Foucart+ 2016;
Combi+ 2023; Foucart+ 2024; ...



Neutrino flavor transformations

o nucleosynthesis yields at 1 day
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See also Li & Siegel 2023; Fernandez+ 2022; Lund+ 2025



Flavor transformation model

We consider a flavor transformation scenario that can be solved
using simple thermodynamics

BGK approximation Detailed balance
1 _ _
—i|H, f] — (f*— 1) Vp Uy S 1y Uy,
| 7(p)

We are currently exploring FFl-inspired setups

See Nagakura+ 2023, Martin+ 2023, Johns 2024, Ehring+ 2024
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From Qiu+, 2503.11758



y or z [Mg]

y or z [km|

x [km]

From Qiu+, 2503.11758
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e Neutrino mixing can change nucleosynthesis yields by a factor ~5

e The details of the mixing process matter!
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See also Ehring+ 2024

Impact on dynamics
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Conclusions

Thermal O(10 MeV) neutrinos impact the postmerger dynamics
(GWs), and the properties of the ejecta (EM & nucleosynthesis)

The window for effective bulk viscosity to be active due to weak
reactions is of only a few milliseconds postmerger

Other non-ideal thermodynamics effects cannot be excluded

Neutrino flavor transformation have a significant impact on
observables






Thermal effects
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