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Holon Kinetic Energy in RVB State
%8 Pascal Lederer, H:a#H P  sF&F  Yoshinori Takahashi

Recent numerical results by various groups show that the ground state energy of a two-
dimensional quantum Heisenberg antiferromagnet can be rather well approximated
either by an antiferromagnetic ( AF ) wave function or by resonating valence bond
(RVB) wave function with a difference of energy of about 107%J per bond, where J is
the exchange coupling between neighboring spins. Anderson and coworkers! argued
that high T, superconductivity may develop from doping an RVB ground state. Since
RVB and AF are almost degenerate at half band filling, the crucial question is which
state, RVB or AF, is favored by the kinetic energy of holes by doping. According to
Anderson et al." holes will gain an energy of order ¢ in RVB compared to AF, while
one of us (P.L.) has shown? based on an approximate RVB wave function that the
“holon” motion disrupts the phase coherence of the wave function in such a way as to

increase the kinetic energy of a holon in RVB compared to a hole in AF leading to the
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opposite conclusion that stabilization of RVB by holes would be unlikely if AF was the
most stable state at half band filling.

We report here our recent results of the holon density of states on 5X5 clusters in the
limit t/U—= 0, We evaluated the first 8 moments of the density of states with the techniqu-
es developed by Nagaoka® and Brinkman and Rice® using the phase coherent RVB wa
ve function proposed recently by Sutherland® and extended by us® in the case of a holo
n by explicitly taking the phase coherence into account in fermion representation.Our wa
ve function consists of sum over singlet product states with the adequate phase factor,
which is approximated by the Gutzwiller wave function with a “ s+id” symmetry.” Our
wave function in the present case has 196 components, while the approximation in ref.
2) had only 4. Our method has several advantages over other approaches because one
can take into account the full Hilbert space for the calculation of the kinetic energy, and
one automatically ensures local particle number conservation ; however, the method is
limited to the dilute doping case.

It was pointed out? that components of the RVB wave function with an odd number of
singlets along a closed loop path contribute a change of sign of this component in the
wave function, and that such terms overweigh the contribution of components with an
even number of singlets, which have no change of sign. This was confirmed by our wave
function and we find that, for £/U—> 0, the holon kinetic energy is higher than the hole
one in AF, with a differnce (w§"'’~w4")4t= (8.4+0.3) X107%t. We have also checked
a recent result by Affleck,® who finds, using an original mean field approach for
nearest neighbor singlet wave functions, that doping favors a transition from a state
with “ s+id symmetry to a state with s symmetry. We find no such transition : there
is a small kinetic energy loss in a s symmetry weve function (0.3%+0.1) X10~ 't compar-
ed to the stid, as well as a large exchange energy cost ( ~0.22J per bond ) . The inter-
est of this calculation, aside from this conclusion, is to show that our kinetic energy
estimate is fairly insensitive to the datailed choice of RVB wave function.

Our conclusion at this point is that stabilizing with doping a nearest neighbor singlet
RVB wave function at the expense of the Néel type ordering is impossible in the limit
t/U— 0, It is unlikely that this conclusion changes when finite ¢/U corrections are includ-
ed in the calculation. Extension of our work is under progress for more general RVB
wave functions and for ¢/U finite. It may be that local changes in the symmetry of the

RVB wave function play an important role in the competition between RVB and AF.
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MAX .energy 2.0Gew
Injection energy 1.0 GeW
Average beam current 200 1 A
Repetition rate 50Hz

Beam intensity 2.5 X10'*ppp
Circulating current 6.7TA ( B=1)
Injected H™ ion beam current 20mA
Momentum spread of injected beam +0.1%

Pulse width of injected beam 200 us
Average radius 27m

Bending radius 13.27Tm
Focussing structure FDO Combined —function

Number of focussing period 24



Length of straight section
Max.central field
Betatron frequency per revolution
Horizontal
Vertical
Profile parameter
Max.amplitude function
Horizontal
Vertical
Momentum compaction factor
Transition energy/rest mass
Beam emittance of output beam
Revolution frequency
Harmonic number

Acceleration frequency

3.595m
0.700T

5.25
5.25

4.19m™!

10.8m
10.8m

0.0421

4.88

10X10 ( mm e mr ) 2

1.5463—1.6746 MHz

2

3.093-3.349 MHz
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Max.RF voltage 100kV
RF bucket area 1.92eV o s
Number of RF stations 5
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