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Q@ VDW - GCE
@ VDW with quantum statistics (QVDW)
© Nuclear matter with the VDW equation of state

o Phase diagram
o Fluctuations in the region of the critical point
o Comparison with Walecka model



Van der Waals model in GCE

Van der Waals EoS (CE)
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when a=b=0: n(T,u) = ma(T,pn).
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Qvdw

Quntum van der Waals model (QVDW)

Requirements for quantum version of EoS
1) Should reduce to ideal gas Eos as a=0and b =0
2) Should reduce to classical VDW EoS when quantum statistics can be

neglected
3)s>0ands—0as T —0

Pressure VDW-GCE

p(T,p) =p(T, ") —an®, p*=p—bp—abn’®+2an.
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Nuclear matter

Nuclear matter with van der Waals EoS

parameters values
w>0, n=+41, g=4, m = 938 MeV .

ground state properties, T =0
p=0, ¢e/n= mt+Eg = 922MeV, n=n = 0.16fm 3.

= b =~3.42 fm? | a = 329 MeV fm? . J
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Nuclear matter

Nucleon number fluctuations
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Nuclear matter

Nuclear matter: QVDW vs Walecka

QVDW:

p(T,p) = p(T,u*) — an?(T, pu) )
p*=p — bp(T,u) —abn*(T,u)+2an(T,pu)

(T ) = -2 L)

L+ bn (T, 1)

Walecka model:
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Nuclear matter

Critical point

Walecka Hybrid QvdW Experiment!
T. [MeV] 18.9 19.2 19.7 179 £ 0.4
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LElliott, Lake, Moretto, Phair, Phys. Rev. C (2013).



Nuclear matter

Critical exponents

1 2 3 4
exponent scaling path mean-field theory | empirical
a ¢ = AT7? T 0 ,n=1 0 0.11
8 Mo B(-r) T 0" ] 033
¥ kr = pt G177 T 0, =1 1 1.24
) p-1=DJn—-1se(@ -1 | n—1F,7=0 3 4.79
S
e =
g @ S, o n<n
1.05}
3.0
Qvdw Qudw
1.00
29 n>n
095 Ltttk : : :
10 10° 10° 10" 10° 10° 10° 10? 10"
T -1
Critical amplitudes: G ~ 0.257, D~14.
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Summary

Summary

© Van der Waals equation can be generalized to include quantum
statistics effects.

© Applied to the description of nuclear matter the model predicts rich
structures of fluctuations in the region of critical point.

@ In the region of critical point model predictions are very similar to
the corresponding predictions of Walecka model.

Thank you for attention! |
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