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Symmetry energy constraints from
terrestrial experiments
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How can we measure Symmetry
Energy with astrophysics?



Which regions of a neutron star tell us about which physics?
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quark-hybrid tradiional neutron star
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Parameterised Crust and Core EOS
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What multi-messenger observables can we use?



Kilonovae and Short Gamma Ray Bursts tell us a lot about the messy post-merger physics!
But it’s difficult to extract info about the neutron star progenitors themselves...
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Nuclear Physics
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Stellar Vibrations
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Resonant Shattering Flares
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Some SGRBs have precursors...
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What are the prospects for detecting RSFs?



0.5 1

0

500

Cis/s [B8-260 keV] Cle/'s'det [15-150 keV]

0

0 05

Cts/s/det [15-150 keV)

Cis’s

Cte/'s [8-260 keV] Cis/s'det [15-150 kaV]
50 100

0

2000

0 01 02 03

T e s Potential Orphan RSFs?
E: EE Erss ~ 10% - 10%? erq, trsr ~ 0.18
A Ak LA AR A AL 'y BAT Fluence E
kiR & Mt b SATISO  Notes
T pet ! (erg)
: : Nal +Nal +Nal, :: Y :
| | High Eun,
5 e 1501018 0.018 0.13 0.23 26x10% 0 e
R 0505098  0.073 0.225 0.09 1.1X10%  Gehrels+(2005)
*- L aind 0605028  0.131 0.287 0.4 7.9x10%  Bioom+ (2006)
"1 i Levan & Tanvir
i % | 050906 0.128 0.031* 0.07 1.5 x 104
T LA N TN TR Lol
L W ‘
—— 090417A 0.07 0.088* 0.19 25% 1047  Manchai+(2018)
SwitvBAT !!
: : 081024A
X A 130515A 0.29 0.023" 1.5 2.8x 104  Manchai+(2018)
L h o LA A f
T PRRTTAR AN S Lt At
FermiGEM : :
———" 111020A 0.40 0.018" 0.65 9.4x10%  Manchai+(2018)
#\.l. : ' hﬂ wh 1AL, *no ahe.rxlow;hostphxymwn BAT errorboaz
S RHTTOTT T Y WY TRy Q: Is there a local orphan RSF component in SGRBs population?

Time since BAT trigger [s)



Progenitor

v
Z

Post-Merger

NS+ Dlsk’c't:}“u

magnctosphenc flare

| g SGRB
é = kKilonova
Z g’ RSF
& O

-

(&3

BH + Disc/Ejecta

SGREB
Kilonova
RSF
magnctospheric flare

No Tudal Drisraption No Maner

RSF None
magnetospheric flare

Neill, DT, Van Eerten, Ryan, & Newton (2022) MNRAS, 514, 4



0.8

0.6

0.4

0.2

0.0

Tidal disruption occurs, .+*"
sGRB, kNe and RSF .+
are possible. .»

22.8%

1.400.."

No tidal disruption.
RSF possible for NS
with strong B fields.

46.9%
98.4%
No tidal disruption.
ISCO reached before
resonant i-mode excitation.
0.0001%
0.0013%
10 30 100 300
MBH/M‘:L:‘

Neill, DT, Van Eerten, Ryan, & Newton (2022) MNRAS, 514, 4



Resonant Shattering Flares
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Fields are long lived if
they thread the core

Fields decay in < 106 years if
anchored only in the crust

Ho, Andersson & Graber (2017) PRC, 96, 065801

Konenkov & Geppert (2000) MNRAS, 313, 1, 66
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GRB170817A
Fermi/GBM Nal 1 + Nal 2 + Nal 5
Merger at ~40 Mpc
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Conclusions




Conclusions

Nuclear physicists want to understand 'many-
body interactions of bulk nuclear matter
Symmetry Energy is diff in binding energy.
between symmetric nuclear matter and pure
neutron matter - ¢

The inner core of a neutron star is very
uncertain: may or may not be nucleonic
Symmetry Energy is important, but most core-
dominated observables do not probe Symmetry:
"Energy! :

It is best probed near the core/crust boundary:.




