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In the physicsof neutronstarsthe density dependencef
the enegy density e(p), (equationof state)plays a central
role. The stiffnessagainstcompressioris determinedby the
neutron-neutroimteractionwhich is stronglyrepulsive at short
distancesThetheoreticakreatmenis involvedbecausehere-
pulsioninducesshortrangedtwo- andthree-bodycorrelations
which cannotbe understoodn a mean-fieldpicture.

Different mary-body theorieshave beendevelopedto treat
these correlations, like Variational-Monte-Carlo(VMC) or
Fermi-Hypernetted-Chai(FHNC) methodg1]. In 1973H.A.
Betheproposedhe homevork problemto calculatethe equa-
tion of statefor neutronmatterwith the purely repulsie two-
bodyinteractionV (r) = 9263.1 MeV fmexp{—4.9fm=1r}/r
in orderto comparehedifferentmodels.

The Unitary Correlation Operator Method (UCOM) [2]
which has beenquite successfuin finite nuclei and Helium
dropsis usedherefor this interactionwhich hasno attractve
region andhenceno boundstate. Thusthe form of the unitary
correlatorC[R 4 (r)] cannotbe found arymoreby minimizing
theenepy of thetwo-bodyboundstatewith respecto theshape
of R, (r). Forabindingpotentialthecorrelatorshifts probabil-
ity (r — R (r)) outof therepulsie into the attractize region
in orderto obtainthe minimumin theenegy

E=(®|C[R+(r)]™" (T+V) C[R+(r)]|®). (1)
For Bethes repulsive potentialthereis no minimumandin the
lowestenepgy state(&Z = 0) the particlesare simply shifted
sofar away from eachotherthatthey do notinteractarymore.
Thereforewe minimizee = E/N of neutronmatterwherea
realminimum exists becauséhe averagedistancebetweerthe
particlesis fixedby the givendensityp.

The upperfigure comparesour UCOM resultswith exist-
ing FHNC and VMC calculations(squaresrianglesand di-
amonds). The uncorrelatedmean-fieldenegy £“°(p) is of
coursemuch too repulsive. Including two-body correlations
only (C2) doesnot give enoughrepulsionfor densitiesp >
0.5fm=3 ~ 3p, (nuclearmatter: py = 0.16 fm=3). Theincul-
sion of three-bodycorrelations(C'3) improvesthe comparison
at low densitiesbut overcompensatelseyond 1fm—3 = 6p,.
However, a slightly density-dependenghift function R (r)
which is usedin an effective two-body correlation(C2p) can
reproduceahe numericallycostly mary-body calculationsjuite
well overthewholedensityrange.

The middle figure shaws the two-body density p(?) (r) asa
function of the distancer betweentwo neutrons.Oneseeghat
two-body correlationsalone (C2) resultin a ratherlarge hole
whichis responsibléor thelack of repulsion.But with acertain
probability a third andfourth neutronis presentn the correla-
tion hole of thetwo neutrons.This effectis takeninto account
in the density-dependentdorrelator which reproduceghe en-
ergy densityandthusincludeseffectively three-andmore-body
correlations(C2p).

Thelowerfiguredisplayshesingle-particleoccupatiomum-
bersof themomentunstatesasfunctionof k for threedifferent
densities.Dueto the shortrangerepulsionmomentaabove the

Fermimomentunmky areoccupiedwith increasingstrengthfor
higherdensities.

The results shov that the Unitary Correlation Operator
Methodreproduceshe muchmoreexpensve FHNC andVMC
calculationswell enoughsothatmorerealisticinteractionscan
beinvestigated.
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