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How does an external magnetic field affect the thermodynamics of neutral
many-particle systems?

@ Prior investigation shows that the magnetic-field/magnetic-moment
interaction has no significant influence on the EoS of a system of
charged fermions:" E.J. Ferrer, V. de la Incera, D. Manreza Paret, A.
Prez Martnez, and A. Sanchez Phys. Rev. D 91, 085041, 27 April
2015."

@ Does an external magnetic field signficantly affect the EoS of neutral
particle systems?
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Lagrangian density with B = (0,0, B) and ky = "Neutron Anomalous
Magnetic Moment”

L= WN(I"yaaa — MN + ikNJal,FaV)\UN

Energy Spectrum with n,0 = +1

2
Eno = n\/p32 + (\/MN2 +p1%+ P22+ okNB)
Many-Particle Effective Lagrangian Density

LE = \T/N(I"Yaaa + ’)/O,M — MN + kaO'a,/FaV)\IJN
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Thermodynamic Potential

The one loop Grand Canonical Potential with pg = ips, p; = ips — jt and
p; = pi:

Qu [13 Tr [/n[Z] Z /

/n[Det( ’y — My — I'kNB")Q’yl)]

We may write: Qn = Qac + €3
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Many-Particle Thermodynamic Potential

In the zero temperature limit: €, = limg_,, {3

oo 3
= /oo (;/W;; (1= Ex)0(n — Er ) + (n— Er1)O(n — Ey 1)
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Many-Particle Potential Cont.
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Asymmetries at B#0 p #0

EJF, V. de la Incera, J. Keith, L.Portillo and P.Springsteen, PRC 82
(2010) 065802

1 v
ﬂ—v<7"“’> = Qgn" + (uN + TS)u*u” + BMn/,’

Qp=Q+ B8, o =FwFy, M=-%% yields

oN
€=QB_I*"3HB

pl=—-Qg and plt=-Qp+ B%%f
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Thermodynamic Quantities

Magentization

o0
M=_"K
0B
Energy Density
o0
€=, Ma—;
Parallel Pressure
B2
pp ===
Perpendicular Pressure
B2
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Energy Density Ratio vs B
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Parallel Pressure Ratio vs B
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Perp Pressure Ratio vs B
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Pressure Splitting vs B
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Parallel Pressure EoS Without Maxwell Term

Parallel Pressure (GeV*4)
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Parallel Pressure Ratio vs ED
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Perp Pressure EoS Without Maxwell Term
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Perp Pressure Ratio vs ED

1t = (1000MeV/, 2000MeV)
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Parallel Pressure EoS with Maxwell Term
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Maxwell Parallel Pressure Ratio vs ED
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Perp Pressure EoS with Maxwell Term
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Maxwell Perp Pressure Ratio vs ED
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Magnetization vs B
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Concluding Remarks

@ The pressures and energy density only begin to vary at magnetic field
strengths close to the maximum allowed value.

@ There is a maximum field value that produces a zero pressure

@ The pressure splitting is only significant at magnetic field values close
to the maximum allowed field.

@ On the domain considered, no significant change in the equations of
state is observed.
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