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FIG. 24. Double tangent construction which locates the
freezing and melting volumes. The upper curve is for the
crystal phase, the lower for the fluid phase. The two points
of common slope are shown as sofid circles ().
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THE SHADOW WAVE FUNCTION
¥(R) = ¢(R) [ dSK(R, S)ps(S)

R= {??1 .o FN} particles
S={§...5v} shadows

@(R) and 5(S) are functioms of the Jastrow form. The kernel
K(R,S) is a gaussian: |

N
K(R,S) = [] e ©"~%"
] |

MAIN PROPERTIES:

¢ Gives a realistic description of the equation of state over
a wide range of densities;

¢ The solid phase is obtained without a factor localizing
the particles: the wave function is always translationally
invariant;

¢ Introduces implicitely correlations between particles at
any order (not only second or third...);

e Optimal parameters in ¢(R),ps(S) and K(R,S) depend
on density.

NOT POSSIBLE TO OBTAIN
A REALISTIC COEXISTENCE



EXPECTATION yALVE OF THE HAMILTON AN
~, e
H=T+3 (%)
b"’

E(ﬁ):k[ﬂ) JSK(@S)'Z[S)

< > _ ﬂus,z,s' tz[“)K(R,S)K(R/S)Vj[S)14(5‘)
' Rss PR

R=(%, .. %)
$:(3,- %)
.5'3(5‘: 3,

AVERAGE COMPUTED VITH METROPOLIS MONTE CARLO

/VW:}B/VW

& ®op P
W o

Wﬁww
&QWW*M
bratpnce otteles



o GROWD STATE ENERGY oOF ‘He (R plinial)
|+ CFMC fracksmilat) SHADOW WF : Weguat fum.
“la E,‘Mm thftULTe . %&MA&Z’«J

— P8 5P ”t o y ‘fh«l«-’ o

N 357 (" ’ 4 7

o 135%x (‘s4) o, -llnwvg
L .

37 LI1QUID | BROKEW SymmeTRy Due To
? f — : MANY BoDy CoRRELATION.
3| L. s, soub
d.0100 0.0200 (o, ) 0.0300 0.0400

LD PHASE : : ‘ “

: — fantile gl worv bealozed a’...;utd
l.lt- .
: ond it Aoy many
% "°::" w b‘&‘am-
“f &
ot

9
r/o

S0L10 PHASE: f‘i‘fwrf’: panbick g lons

y/o

¥ 'ill"'

| |

lII'llT[I

4

W
m\&»%xkﬁa;
[ W
LA 4% A e
(& N B ¥

o~ WA e
lllnllllll_l_l;]_]l‘""1

-+
.1
-l
4

-

4
.

4 2 2 4

/
xa
-B-‘

LiwDEMANMY RATIO b’= 7

V=027 pudicls
{:0,20 144‘”



T e i
—— allin 2e10® MCs or

—— vl bl
o %10’

<10

N




PROBABILITY W CONFIGURATION SFPACE

B2 V(7.
CLASSICAL PARTICLESS @[R)C’C e ﬁi‘«j / ’)

, Herc

QUANTUM PRRTICLES (D[R )< “‘//(R)/z
- T=0K ¢




GRouWD STATE EWNEKG) OF HE

MWWMW _

VMC calcs. with HFDHERZ vs. Expt.

_2 B I i 1 i i I ! I 1 1 I ¥ 1 ¥ 1 I/
3 I Expt. b
- —e— OSWF ]
[ o OJOT(N) ]
4 7
< X ]
2 i .
m o[ ~
N :
_ oo E
: l 1 1 1 | | 1 1 L 1 l 1 1 i 1 l :
0.02 0.025 0.03 0.035
p (A-9)
'-
dems Aty (A })
%: ‘th 0.0280 00253 c.0232

Wl’ o.021§ 0.0158 0.0280



- we VA
CANCY W SoLip *d,

WM odow wi Jn N alovs
?VMVM%

VARV L ey
oy A

me A/ v
v E::E./V



' v@ M' -/yvawﬁhmﬁg&

)5 [ 5 D 1
5 . .

“vPP('l) ;([,/n) b) C/ 5} o ; W%—JW@

H,M(rz): Cq,z : 5: w

u'ajg("'):gv;(‘l") WW&,ML’”C

m%t‘;&m/n, /co (ﬁ/zfos’)z‘ic)mﬂbé

hep (#=780)

bee (M=54)
50 |- ' o her
\ g fec
o : o bec .
NS % ] x ewnpyfrerhle iy
e 20 |- ﬁ | | 4 W(WG’%W b4
- ‘
10 N . _
0.(;28‘ — 0.1031 1 l0.01321
p(A-3)

Fldincn 6. Uoplin, S, Fandns: amd LR, (Blip.Reri 8 1557)
-13 -



albor devn.
ng‘: - Jf/
P’il‘“)/‘,‘“;“'."‘i""’,z’fﬁ? o prfecd rpplel

I | by onad om
|0 et
: & & : wall rae veianty
0.003 [ 5 : ] -- W#”/td
QOOOZE_ ;g s% - M“‘""ﬁh&
& % 1




LOCAL DENSITY SHADOW WAVE FUNCTION

In order to be able to describe a two—phase coexistence we
need to describe both the phases with the same wave function.
Shadow Wave Function alone does not match this requirement.

Problem
Can we describe the solid and the liquid with a unique set
of parameters (i.e. with the same wave function?)

Solution
Promote the variational parameters to operators dependent
on some local property of the system, as the local density.

o — o)

The local density operator j; is defined as:

=L ury) ) m—L
Ai=1 " 1 4+ e“ﬂ("—"c)

and it measures the density within a radius r. around the par-
ticle of coordinates r;

wr)
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THE SIMULATIONS

Initial Configuration

Periodic boundary conditions are imposed in all directions.

e The number of particles employed
1s very high (1900-4000)

e Simulations require very long CPU
time

e Simulation of {111} and {100} in-
terfaces of a fcc crystal

an whiralrmic cnltinaskn. L 79 Ar MM s med
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From the analysis of the results obtained in the homoge-
neous phases we can infer that most of the properties of the
phase transition are driven by the shadows. In particular it
is enough to make only the parameters in ¢s(S) dependent
on the local density in order to stabilize the coexistence. The
explicit forms of the functions ¢(R) and ¢g(S) are:

p(R) =] exp(—b/r;;)°
- (b‘/ 551'), by + b 252\
V:)T& 993(5)=H€‘XP( T )

.. L]
S i i<y 1

b, by, by are variational parameters.

Computations have been performed for the solid-liquid
coexistence and interface in *He.

See:

F.Pederiva, A. Ferrante, S. Fantoni and L. Reatto,
Phys. Rev. Lett. T2, 2589, (1994).



e When the average density p falls
in a certain range, the coexistence
of liquid and solid is stable, out-
side the system melts or freezes -

e The interface is mobile, but the
fraction of liquid and of solid reaches
a stationary value which depends
on p but not on initial conditions.
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INTERFACIAL ENERGY

e(v) = €(Vim) cos® 0 + €(v;) sin® 4 + %—?-Uint

We can fit o, from the calculated total energies For

the {100} interface :
it = 0.18 £ 0.07K /A’

For the {111} interface :

iy = 0.16 £ 0.00K/A*

Error is mostly due to the uncertainty on the values of
the freezing and of the melting densities.

o CONSISTENT WITH EXPERIMENTAL VALUES

o INDEPENDENT ON THE PARAMETRIZATION

Experiments refer to basal plane of a hcp crystal and to
a finite temperature

-22.-
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