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In the physicsof neutronstarsthe density dependenceof
the energy density, ������� , (equationof state)plays a central
role. The stiffnessagainstcompressionis determinedby the
neutron-neutroninteractionwhich is stronglyrepulsiveat short
distances.Thetheoreticaltreatmentis involvedbecausethere-
pulsioninducesshortrangedtwo- andthree-bodycorrelations
which cannotbeunderstoodin amean-fieldpicture.

Differentmany-body theorieshave beendevelopedto treat
these correlations, like Variational-Monte-Carlo(VMC) or
Fermi-Hypernetted-Chain(FHNC) methods[1]. In 1973H.A.
Betheproposedthe homework problemto calculatethe equa-
tion of statefor neutronmatterwith the purely repulsive two-
body interaction� ���	��

����������� MeVfm ��������� � � � fm !�" ��#%$&�
in orderto comparethedifferentmodels.

The Unitary Correlation Operator Method (UCOM) [2]
which hasbeenquite successfulin finite nuclei and Helium
dropsis usedherefor this interactionwhich hasno attractive
region andhenceno boundstate.Thusthe form of theunitary
correlator ')( *,+ ���	�.- cannotbe found anymoreby minimizing
theenergyof thetwo-bodyboundstatewith respectto theshape
of * + �/�%� . For abindingpotentialthecorrelatorshiftsprobabil-
ity ( �102 * + ���	� ) out of therepulsive into theattractive region
in orderto obtaintheminimumin theenergy
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For Bethe’s repulsive potentialthereis no minimumandin the
lowest energy state(

3 
ED ) the particlesare simply shifted
sofar away from eachotherthat they do not interactanymore.
Thereforewe minimize �F
 3 $HG of neutronmatterwherea
realminimumexistsbecausetheaveragedistancebetweenthe
particlesis fixedby thegivendensity� .

The upperfigure comparesour UCOM resultswith exist-
ing FHNC and VMC calculations(squares,trianglesand di-
amonds). The uncorrelatedmean-fieldenergy �	IKJ������ is of
coursemuch too repulsive. Including two-body correlations
only � ' ��� doesnot give enoughrepulsionfor densities�MLD��ON fm !APRQ �	� J (nuclearmatter: � J 
SD����T� fm !UP ). Theincul-
sionof three-bodycorrelations� ' ��� improvesthecomparison
at low densitiesbut overcompensatesbeyond � fm !APVQ �	� J .
However, a slightly density-dependentshift function * + ���	�
which is usedin an effective two-bodycorrelation � ' �	�W� can
reproducethenumericallycostlymany-bodycalculationsquite
well over thewholedensityrange.

The middle figure shows the two-bodydensity ��XZY\[H�/�%� asa
functionof thedistance� betweentwo neutrons.Oneseesthat
two-bodycorrelationsalone � ' ��� result in a ratherlarge hole
whichis responsiblefor thelackof repulsion.But with acertain
probabilitya third andfourth neutronis presentin thecorrela-
tion holeof thetwo neutrons.This effect is takeninto account
in the density-dependentcorrelator, which reproducesthe en-
ergy densityandthusincludeseffectively three-andmore-body
correlations� ' �%��� .

Thelowerfiguredisplaysthesingle-particleoccupationnum-
bersof themomentumstatesasfunctionof ] for threedifferent
densities.Dueto theshortrangerepulsionmomentaabove the

Fermimomentum]�^ areoccupiedwith increasingstrengthfor
higherdensities.

The results show that the Unitary Correlation Operator
MethodreproducesthemuchmoreexpensiveFHNCandVMC
calculationswell enoughsothatmorerealisticinteractionscan
beinvestigated.

0 0.5 1 1.5 � [fm !AP ]

0 2 2.5 3 ] ^ [fm !�" ]

0

500

1000

1500

2000

[MeV]

_a`cbKd
' D ' �

' �	�

' �

0 1 2 3 � [ fm]
0

0.2

0.4

0.6

0.8

1

baeZf�gh`ciAdTjkb�f
�l
S��� D fm !AP

' D

' �%�

' �

0 0.5 1 1.5 2 ] [ ]�^ ]
-3

-2

-1

0

monUprqts@u fwv `\xyd�z
�)


��� D fm !APD�� N fm !AP
D�� � fm !AP

[1] J.G.Zabolitzky; Phys.Rev. A 16 (1977)1258

[2] H. Feldmeier, T. Neff, R. RothandJ.Schnack;Nucl. Phys.A632(1998)61


