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VARIATIONAL MONTE CARLO:
SHADOW WAVE FUNCTION FOR

BOSON EXCITED STATES
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PHYSICAL MOTIVATION
Discretized path-integral
of the density matrix

e each particle <= “polymer”

e path of a particle <= “center of mass” +
fluctwations

° e'C("i"'f), +=¢ model for the fluctuations
| along the path with respect to the CM

¢ 5; <> center of mass

e The CM behave as quasi-classical particles
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The Shadow Tarticle Approach to
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Optimized Shadow Wave Fumction
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The Excled State Emerﬂy
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T he Strocture Factor
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FEYNMAN'’S APPROACH
TO A VORTEX LINE

N
¥, (R) = [] £(pj)e” ¥o(R)
j=1

¥,(R) is the ground-state wave function

RE{rj|j=1,...,N}

N
0 = Z 9,‘
j=1
§; is the cylindrical angle of particle j

lim f(p) =0 and lm f(p) =1
p—0 p—r00

ce ]2 g2
P; = a:j+yj

p; is the radial distance to the vortex axis
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THE SHADOW WAVE APPROXIMATION

N
¥,(R) = [] f(p;)e?UL(R)
j=1

f(p) =1- (&)’

a is a variational parameter

¥,(R) ~V_.(R)

¥.(R) is a trial shadow wave function

Empty core - Localized vorticity
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THE $S#ADOW WAVE FUNCTION
FOR THE GROUND-STATE

¥, (R) = ¥(R) ] k(R, S)ys(S)dS
S={s;|ji=1...,N}
dS = dsidsg - --dsy

Y(R) = H e—3u(ri)  and  ¢,(S) = He-—u.(s,-,)

j<l j<i

u(rjy) = (i};{—;ﬁ)s and ug(s;) = (|sjb_‘..l|)9

k(R,S) =11 e~ Clri=%:)’
7

b, b and C are variational parameters
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CYLINDRICAL CONTAINER

1-body terms for particles and

for shadow particles

N
$(R) = [[ tanh d(R? - p})
7=l

N
p(R) = [] tanh dy(R? - ¢3)
j=1

d and d,; are variational parameters

R is the cylinder’s radius

%

o

"o’
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VORTEX LINE WAVE FUNCTION
WITH DELOCALIZED VORTICITY

¥ ,(R) = ¥(R) [ FOk(R, S)s(S)dS

J; - cylindrical angle of shadow particle j

¥,(R) is an eigenstate of L

L¥4R) = Nh¥4R)

e distributed vorticity
e non vanishing density at the vortex axis

e no extra varfiational parameters
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The Groumd Stale Emeray
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SUMMARY

FEYNMAN WAVE FUNCTION

N
¥, (R) = [] f(p;)e’ ¥r(R)
j=1
f)=1-e (&)

a is a variational parameter

VORTEX LINE WAVE FUNCTION
WITH DELOCALIZED VORTICITY

#,(R) = 9(R) [ £k(R, 5)¥()dS
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