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WHY NEUTRON STARS MERGER?

big bang fusion
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cosmic ray fission
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dying low mass stars exploding white dwarfs
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WHY NEUTRON STARS MERGER?
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MERGER PHASES

Rest mass density in logscale at t=0.99ms

 Inspiral

* Merger

—_
o
Q
~
Q
-
o
—~
(@)}
o

* Post merger phase/Collapse

Stable NS/Collapse

Venturi, GR et al. (in prep)
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MERGER PHASES

 Inspiral

* Merger

* Post merger phase/Collapse

Stable NS/Collapse time [ms

Venturi, GR et al. (in prep)
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B-FIELD IN BNS

* Faster collapse to black hole

* Frequency shiftin GWs

Other references about B-field and
nucleosynthesis:

De Haas et al. (2025), 10.1093/mnras/stad2931
Kelsey A. Lund et al 2024 ApJ 964 111 =3

0 15 20
[ms]

0 5 1
tret - tmerge

BAMBERET AL. (2025), PhysRevD.111.044038
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OUR SETUP

Toroidal

* EOSs:
* SFHo (soft) g = 1,25
« DD2 (intermediate) q = 1,25 Poloidal
* HShen (stiff) g=1 |

Venturi, GR et al. (in prep)
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OUR SETUP

DB: circle.it00000000.silo
Cycle: 0 Time:0

* BNS simulation using: %@ﬁ

Einstein Toolkit + IllinoidGRMHD ) Avrr
adding tracer particles evolution L .
(up to 40 ms after merger)

www.einsteintoolkit.org
www.illinoisgrmhd.net

* Nucleosynthesis using WinNet
Of the ejected tracers

nuc-astro.github.io/WinNet/
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OUR SETUP

Rest mass density in logscale at t=8.28ms 0.0 Particle Positions at Time 8.52ms (3D View)
. Group B (U0<=0 or vr<=0)
Group A (U0>0 and vr>0)

-0.5

Z Position

logio (0/P0)

-4.0

Venturi, GR et al. (in prep)
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OUR SETUP

1stpeak 2nd pesk rare earths 3rd peak

Venturi, GR et al. (in prep)
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EJECTA PROPERTIES R

PISHEN (no B field) ¥isHEN (goloidal) %HSHEN (toroidal)
30° 0° 30°

« g = 1seems not affected!

180°
Crro (ng 8 field)

« g = 1,25 Poloidal shows fast
ejection at the poles!

* g = 1,25 Toroidal is not
affected!

GIUSEPPE RIVIECCIO
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EJECTA PROPERTIES

Higher Velocities and Temperature for Poloidal and Unequal Masses

—— SFHO (no B field) — DD2 (no B field)
—— SFHO (poloidal) —— DD2 (poloidal)
= SFHO (toroidal) —— DD2 (toroidal)

average(log

Venturi, GR et al. (in prep)
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EJECTA PROPERTIES: JET?

Time: 17.05 ms

Venturi, GR et al. (in prep)

300
%OO 200 100 0
Y Position 100 —200 3360
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NUCLEOSYNTHESIS

Mean Y(A) for all models

HSHEN (no B field)
HSHEN (poloidal)
HSHEN (toroidal)
SFHO (no B field)
SFHO (poloidal)
SFHO (toroidal)
DD2 (no B field)
DD2 (poloidal)
DD2 (toroidal)
Solar

1st peak 2nd peak

X 2 Poloidal vs Hydro

3rd peak

100 150
Mass number A
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Venturi, GR et al. (in prep)
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NUCLEOSYNTHESIS: 3rd Peak
Mean Y(A) for all models —

HSHEN (toroidal)
SFHO (no B field)
SFHO (poloidal)
R — SFHO (toroidal)
Stiff EoS q 1 DD2 (no B field)
DD2 (poloidal)

Poloidal has 10% difference /4 DD2 (toroidal)

Solar

194 196
Mass number A

Venturi, GR et al. (in prep)
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Conclusion




Conclusion &
Future Prospective

Poloidal Magnetic field suppress the 3rd peak

Effect comparable to EoS contribution

Venturi, GR et al. (in prep)

Enhanced ejection in the pole
* Nucleosynthesisin the "Jet"/Angular distribution

Post-processing code to extract tracer data!
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