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Introduction
Cold neutron stars (NS) equations of state (EOS) can sustain heavy 
neutron stars over 2 𝑀⨀ [1]
• Need large, rapid rise in the speed of sound (𝑐!")
• Cold NS contain few positively charged particles (𝑌# = 𝑛#/𝑛$ ≲0.2)
• EOS is also probed in heavy-ion collisions (HIC) but for nearly symmetric 
nuclear matter (𝑌#~ 0.39).

Switch EOS from NS to HIC using symmetry energy expansion
•  Use EOS method from [2] that produces NS with >2 M⨀; has QHC crust 
[3] + large bump in cs2
• Rewrite symmetry energy expansion to reach 𝑌#~ 0.39
• Define 𝑌#,#&'()*!+ = ,

-
; 𝑌#,#&' 	is the charge fraction of NS and depends on 𝑛$

• Apply the symmetry energy expansion with 4 coefficients [4]
• Test for causality and positivity limits (0≤cs2≤1) for both NS and HIC
• For different YQ slices (needed for numerical relativity simulations)

Question: What does a large bump in 𝒄𝒔𝟐	look like in 
HIC?

Conclusions & references
• A corner plot shows that 𝐾!"# is constrained from

-200 to 200 MeV, whereas 𝐽!"# is constrained
from -50 MeV to 500 MeV.
• 𝐿!"# < 50 MeV preferred.
• Next step: using  the converted EOS in SMASH[5,6]: 

a hadronic transport approach to provide 
descriptions of heavy-ion reactions at low and 
intermediate beam energy
• Compare HIC observables simulated from SMASH 

with experimental data

Formalism
1) Subtract lepton contributions to Fermi energy.
2) We first use symmetry energy expansion with𝑌#,#&'(𝑛$) to obtain energy 

density (𝜖) of HIC from energy density of NS: 𝜖./& = 𝜖01 − 4[𝐸!23,4 +
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3) Then we obtain pressure(p) by derivative:

• p= 𝑛!"
# !
"#

#$#
4) We then obtain the speed of sound 𝑐!":
• 𝑐%"=

#&
#'

5) We first apply 3 constraints to converted EOS
• 0.14 𝑓𝑚:6	<saturation density <0.18 𝑓𝑚:6

• At saturation density, −18MeV < ;&'(
*$

−𝑚0 < −14 MeV

• 0 < 𝑐!"<1 for 𝑛$ > 0.9	𝑛!<+
6) Range of symmetry energy coefficients [4]: 
• 𝐸!23,4	𝑖𝑛	[27.5, 	40.5] MeV 
• 𝐿!23	𝑖𝑛	[30, 130]	MeV
• 𝐾!23	𝑖𝑛	[−220, 180]	MeV
• 𝐽!23	𝑖𝑛	[200, 800] MeV
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Causality and stability 
constrains also 
constrain L and K!
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