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Monte Carlo Studies of the Quantum XXZ 
~1od21 ir: T'v,;'o Dimcnsic!1s.* E. LOII, Jr. and D.J. 
SCALAPINO, Univ. of California, Santa Barbara 
and P. GRANT, IBM Res. Lab. San Jose--Monte 
Carlo simulation techniques have been used to 
study the spin-~ XXZ model in two dimensions. 
By varying the SZ - SZ coupling, we studied the 
system as it changed from an XY model through 
isotropic Heisenberg to Ising. Energies and 
specific heats were measured as functions of 
temperature. Spin-spin correlation functions 
and the helicity modulus have also been calcu­
lated. Using the data for the correlation 
functions and the specific heat, a finite-sized 
scaling analysis of the model was carried out. 

, ,. ' fResults will be reported. 
~ 
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Gaussian orbitals a(; - i) centered at the sites i of 
the b.c.c. lattice, with up spins on one simple cubic 
~ublattice, down spins on the other. I show that at 
~~ll interparticle separation parameter r , ~ is a 

,rge-and spin-density-wave state, contra~y to pre­
. . LOuS belief, and ~ is an exact eigenstate of the HEG 
~amiltonian for r ~ D. But the energy of ~ is higher 
L.J dn the ground s~ate energy in this limit by - 8%, 
, tile Fermi surface being a cube instead of a sphere), 
:.uc h larger than t he energy differences between 'I' and 
tl ;e ferromagnetic-fluid s tate when the latter is low­
er.l A new wave function ~, = JD', whe~e t~e occupied 
.. rbitals in D' a re Bloch sums of the a(r - R) taken 
(''l r the whole b.c.c. lattice, wi th spin up or down 
(. ):) th occupied) , is shown t o approach the exac t ground 
~ t a te as rs ~ 0 and t he Wigner solid as rs ~ ­

·D. Ceperl ey, Phys. Rev. B~, 3126 (1978) 

ii}12 

~:'!.~'perative Magnetism i.!! Metallic Jellium and i.!! the Insulating Wigner 
!.:~l'ctron Cryst~l.· N.H. MARCH" and F. HERMAN. IBM San J ose 
l~sea!E!! Lab~~ -- As the interelectronic spacing rs in jellium is 
',; creased from zero to infinity, one has at absolute zero successively 
,"r"magnetic and ferromagnetic metals, antiferromag netic and finally 
ioncmagnetic insulators . Using the Monte Carlo results of Ceperley and 
""ler, I in conjunction with the virial theorem, the electronic kinetic 
c!l';rgy is followed as a function of rs through the pa ramagnetic­
ferromagnetic tra nsition in the metallic phase, and the magnitude of the 
rl ; ';~ontinuity t.K is exposed and interpreted. The relation to the pheno­
'n('nological theory of March et al 2 in which the order parameter is the 
j i,continuity in the single-particle occupation probability at the Fermi 
surface is briefly considered. Some attention is then given to the 
antifcrromagnetic-paramagnctic phase boundary in the insulating Wigner 
ckelron crystal , the long-range cooperative Neel type anti ferromagnetism 
~"xlcnding at T==O over the density range corresponding to 100 a < r, < 

o
'0 a , where a is the Bohr radius. Using an approximate theory of the 
eel ?emperatur"e due to Carr,3 it is established that one is dealing with 

cooperative antiferromagnetism in the milli-degree Kelvin range . 

·Supported in part by ONR Contract Number NOOOI4-79-C-0814. 

;·Permanent address: Theoretical Chemistry Dept., Oxford University . 

.D.M. Ceperlcy and B.J . Alder, Phys. Rev . Letters 45 , 566 (1980) . 

'N.H. March, M. Suzuki, and M. Parrinello, Phys. Rev. B 19.2027 (1979) . 

J
W.J . Carr. Phys. Rev. 122, 1437 (1961) . 

­
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AJ 6 Tr ansition from Large to Small Polarons a t Two 
Dimensions. M.H. COHEN, Exxon Research & Engineering Co. 
and L. A. TURKEVICH, Princeton U. -- We study the dimen­
sional dependence of electron self-trapping in a deforma ­
tion potential t. wi thin adiabatic and continuum 
approximations; 

~2 d2
H = l"t l 2 + y,t. - AltI 2 

L\}d rf l Zm 
The scaling results complement analysis of the nonlinear 
Schr~dinger eq ua tion . The scaling results of Emin and 
Holstein are repro duced [or d = 1 and d = 3 . The dis­
appearance of the large polaron solution (as d ~ 2-) and 
of the small polaron solu tion (as d ~ 2+) is examined in 
detail. The re5ults are gene ralized t o anisotropic 
(quasi-ld, quasi-2d) cont inua. 

10:36 


AJ 7 Cont i nuum Model of a ~Iixed Peierls System. 

S. R. SHASTRY, TATA Institu te, India, and \J.P. SU, "* 
~versity oE Ill inois at Urbana-Cham~~.--A model of 

- ~ ne dimen s ional sys tem s in wh ich the electron is coupled 
a two types of Inttice fields is discussed. The 

COntinuum model is so lved using the Fermi level scheme. 
Dep ending on th e r elative strength of the two co uplings 
the model reduc e 5 to rolyacetylene in one limit and to 
" Continuous c hiral symmetric model in th e other limit. 
The soli t on exc itat ions have the reversed charge- sp in 

Monday Morning 

relations as in polyacetyl ene. The soli ton creation 
energy and the energy of t he gap s t a te are variable. 
'~Supported by NSF DMR81-17182 
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AJ8 Monte Carlo Studies of the Quantum xxz 

Model in TWo Dimensions.* E. LOH, Jr. and D.J. 

SCALAPINO. Univ . of California, Santa Barbara 

and P. GRANT. IBM Res . Lab. San Jose--Monte 

Carlo simulation techniques have been used to 

study the spin-~ XXZ model in two dimensions . 

By varying the SZ - SZ coupling, we studied the 

system as it changed from an XY model through 

isotropic Heisenberg to Ising. Energies and 

specific heats were measured as functions of 

temperature. Spin-spin correlation functions 

and the helicity modulus have also been calcu­

lated. Using the data for the correlation 

functions and the specific heat, a finite-sized 

scaling analysis of the model was carried out. 

Results will be reported. 


*This work was supported in part by NSF Grant 

DMR80-01492. and Mr. Loh would like to 

acknowledge an IBM Graduate Fellowship. 


\ runctional Integra l \pgroach to a 
led tlectron-L1bron S'ste~. JoAn rLORt~cI0* 

·L 1\ , , . ..... lnclnnati. __ !~re investi­
leve l e lectron system coupleJ qua­

J raticall y t o li'Hons. The partition "ll'lcti on 
is for::tulate'] as a fl!nctional integral over 
commuting and anticommuti ll ,<; (Grass:;wnn) ele­
me nts. ~fter a canonical tra~sFormation i~ 
lone in the ori ciina l r ' a:~ iltollian, the integr al 
over the libronic coordinates is performeJ in 
closeJ form. The electronic intezral is then 
calculated in a semi-classical a~proximation 
where the classical equations are solved 
exactly. The free ener gy of the system is 
found to be a smooth function of the coupling 
constant and of the temperature. 5pc r ific heat 
results will also be shown. This model is of 
interest for systems of linear conductors 
bas ed on TC ~Q molecules. 

*Present aJJress: IJ, of Georgia 

11:12 
AJ 10 Monte Carlo Study of the 2-D Spin less 
Hubbard Model.* D.J. SCALAPINO and R.L. SUGAR. 
Univ. of California, Santa Barbara and W.D. 
TOUSSAINT. Univ. of California. San Diego-­
Using recently developed fermion Monte Carlo 
methods ' we have carried out simulations of a 
gas of spinless electrons hopping on a two­
dimensional lattice with a near neighbor inter­
action V. For a half-filled band and a repul­
sive interaction V > 0, this system undergoes a 
normal metal to insulating charge density wave 
transition as the temperature is lowered. For 
an attractive interaction V < O. we find both a 
transition to a p-wave pairing state and a gas­
li9uid condensation depending upon the size of 
IVI / t. Results for the charge density wave and 
pairing susceptibilities wi ll be used along 
with a finite size scaling analysis to discuss 
the phase diagram of this system. 

l R. Blankenbecler, D.J. Scalapino and R.L. Sugar 
Phys. Rev. D 24, 2278 (1981); D.J. Scalapino and 
R.L. Sugar, Phys. Rev. B 24. 4295 (1981). 

*This work was supported in part by DOE Contracts 
DE-AT03-83ER45008 and DE-AT03-81ER40029, NSF 
Grant PHY80-18938. and NSF Grant PHY77-27084. 
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