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R--u ntly. Green's Funetion Monte Carlo methods have been |l|-\n-|up--ul which
saabide ope o '---rlurm exact calenlations for the grannd states of three and fonr
body nueler These methods allow the alpha particle to be used as a testing

runml for a variety of two and three-nueleon interaction models, hoth in 1erms
of their ground stare energies and a sariety of other groual <tate expectation
valnes.
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‘ 'u-lnn. recent improvements of the aleorithm and a disenssion of the prospecs
for the inclasion of momentumedependent terma. We then discuss resnits for
the aronel state eperey. ones aneld two-body density distributions, D state prob
abndity, consiornd sinn pale aned momentum Jistebations, The GENC

results are
compared ta experimental resalts aid to vanational Monte

Carlo caleulations.

v INTRODUCTION
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where Wrs s an aatal rial <tate, 0y pically obtamed froma vanatonal cabosiaton By

evidime the propatation Tene = b pany small steps A,
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el can evntiate the matey elements b cach short time propagaton o0 K. By Moste o

s etnpdonend S per B e itenrals over wil coordimates at cach ates stediate e e

Por Sl pocinaation times A= b Sllowan apiroscnmtnn oo e ey

1y ll:. Wi h:_ h:’n n h:! r.'"."_._l. '

T 'l:||':.l'-'-.|-'

ot eguation, e Pl G e BN ciandinates s approximtely given by the fes jant o

et tor g datisstals e g phosdia ool ad pair propagators diseded by theer HOR TV E

e Tt e HECRH M FUS RYTHE I Lo stitiest ap oniiLtion T ”Il' TR U I N B ..|'. NI
: AR : I l

'l"lil _\' '.".I 11 & ‘:_. l"ll.. l
v Ve saeloerty et e aDeratuls o spii 1sosplle St I* - UL LT EIT L HU LI

Tt aent it ee et caees, o seive quinertoaiiny for the Bl pan Giieen's St

Ty ol s st e tant for =2 e case of hand core potent s o

e T
b ase Gwesgagiantun apinds agiel soipis P Nucear iteractions, though, often e o
am e st cnres, g snne e adiitonal coamplesity of sveral spinand sospan i e

o Leed et ars s hmensonal T tons e a ratter danntimg Cask

-

O

P e b o sacgomg ol 2 teenal pathee fodeteriume the pain propagaton

. :
Forr anatels thoe st newee e Y i ear prohlems as we can amipae a0 et ot gttt

et e Phe Lt I T T Y TR | e [RLLEL u.||".- I~ |||||~l|.|ll'|| 1n '|'I||I' H | LICTR L R R



represents the approximation given in equation Lo where we only compute the potent i a

the two el posuts. However, by further subddividing vhe parh one can obtam a mmdy ey
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Poavine 20 Vi e s i propagator for 14 terms,
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in an eighteen channel Faddeey caloulation 2 \Ye rook the variatnonea wate fute e for '
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This extrapolation is required hecanse we are solving for § racher than ¥4 s equation is
only an approximation, bnt has ofen proses to be e nseful More accarate calenlations
of the expectation vadnes are poesibles e very danenlt o amplement snocesafuile o N
CXTrapoLaton s Sevessard fop e ety o conrse, hecasise the true wave tunetion s an
entenstate o e Hunnroniae,
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it the rwo cases presented Lere, cansing a corresponding ierease in the inportanee of the
tan-plon-exchasge portion of the three nucleon interaction. Itoas quote feasible o mehule
thiree e boon sterac Gons o the GEMO algorithm chere they are treated perturbatively
atol henee roderernine i stnportance of the midaeed three body correlations o the alpha
il-l:'il':l'.
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I'he charge form factor and coulomb sum rule of light nuclei are also important quantities
of current interest. Results for the charge form factor, calculated in the impulse approxi-
mation, are presented in Boure 3. alorg with the experimental values. At small momentum
vronsfer, the Dlerence hetween the two cal tulations s solely due ro the decreased rms radins
citarned w i GENIC The most importaat ditferences occur at larger values of %, uear the
vedton of he UTraction sicimuzm and bevoud. In the region of the second maximum. the
cariationid restits are el smadler than those obrained with GEMC. The form factar
Tarse mommen' on ctranister pivoives a delicate caneellation between the inner and onter por-
sl of the charae densiy, soit is not too surprising to find significant differences in these
caiciatons. Neher caicnbation inelndes any effeers of excha..ge currents. so neither euree

annroaches the experimental reants o the regien of the second maxinmmm.
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Faoure 3 Charge (orm factor of the alplia particle, AVR madel

e loneitadimal response of hght nucler has been the subject of a great deal of current
evpwrmental interest. '™ We have caleulated the conlomb sum rule with the Argonne VX
rerac tion model, the results are shown n figure 5. The longitudinal structure function can

v caciiated as a ground state expectation value, 1t can be written approximately as:
Spogrz o= pig) « 2 Fagt? 7

[V ere are <quall additional contributions from the neatrons, which have been incliuded i the
Caecdations, but are not pmportant for the purposes of this discussion.  T'he experimental
data are stown as apen ssmbols an the figure, the experiments involve a ent off in o and
terefore o ot exkanst the sim oide RO Schavilla ot al 0 3 have caleulated the ooand of
it opades o vanational wase funetions, and used  ese values to estimate the respaonse
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in the figure. It will be interesting to see if GFFMC calculations of the energy-weighted sum

rule lead to any differences in the extrapolation

)
=4 i © g
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= = ’ -
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Figure 5 Alpha Puarticle Conlomb Sum, AVR model

[he vipper Sdorteds fine s the “aneorrelated” structure function, given by
Ne=1- ['_‘I(.,), (N}

Lirs represents the expected conlomb sum if there were no correlations between the two
pratons, Here it s caleulated from the variational charge form fa-tor.

I he mnidle - dashed s curve shows the full eomlomb sum obtained with the variational
wave finetion. There i a sigmbicant depression associated with the repulsive core of the
NN nteraction, The solid curve gives the GEMC results which show a somewhat larger
depresston L he expernimental hnirations at this point are too great to distinguish between
shese two cgrves, they mnst be done more accurately and extended to higher energy in order
*u sort out such detail. Even this difference, though, appears to largely be a result of the
itlerent charge radii obtained 1 the two calenlations, as opposed to any iarge differences in

*he correjations between the protons  Indeed, the pair distribution of protons in the nuelens

are almost denriecal in the two sets of calenlations.

I CONCLUSION

Gireen's Funetin Monte Carlo can provide exact results for the ground state of A =1 nudle
[he e lusion of more realistic models of the nuclear interaction remains an outstanding
problem o these caloulations, however Sigmficant improvements to the current algonithm
wiil be pecessary to treat momentum dependent terms Nevertheless, a variety of inreresting

phascal questions remam which can beoaddressed with somewhat sunpler models



In particular. it will be interesting to study the non-perturbative effects of the three
nucleon-interaction. They may be more important here than in the A=3 system. because
the density of rhe nucleus is larger and there are four triplers instead of one. Tr will adso L
importan® o ook more closely at the electromagnetic response of these nueleis i partealon
the inclusion of exchange current effect s,

Over a somewhat longer term, two important problems shonuld be addressed. First, larger
svstems (light p-shell nuclei) are important because they will provide more stringent tesrs
of the interaction models in negative-parity channels. In addition. by studying nuclei such
as “He. ®Li and PLi. it may be possible to obtain much greater insight into the isospin
dependence of the three nucleon interaction, which is important for neutron stars.

It is also important to see how well the interaction models do in predicting low energy
scattering properties of few-nucleon systems. Properties of these states can be determined
by converting the problem of determining the boundary condition at a specific energy tu an
vigenvalue problem with a given boundary condition.**** Variational Monte Carlo calcula-
tions have shown that such calculations are feasible. but they generally miss the positions
of the resonances by 1-2 MeV, These calculations suffer from the fact that it is uncertain
whether the variational ansatz made for the scattering wave function is adequate, but GFMC
may be able to overcome this problem.

This work was supported by the U, S, Department of Energy.

References

1. ). Carlson, Phys. Rev. C386. 2026 (1987).

2. 1. Carlson. Phys, Rev. C38, 1879 (198R),

3. M. I. Kalos. Phys. Rev. 128, 1791 (1962).

i. M. H. Kalos. D. Levesque. and L. Verlet, Phys. Rev. A9, 2178 (1974).

K. E. Schmidt. in Models and Methods in Few-Body Physics, Lecture Notes in Physics
273 (Springer-Verlag, Berlin, 1987).

. . M. Ceperley and B. J. Alder. J. Chem. Phys. 81, 5833 (1984).
7. K. L. Schmidt and J. W. Moskowitz. J. Stat. Phys. 43, 1027 (1936).

. J. W, Moskowitz, K. E. Schmidt. M. A. Lee, and M. H. Kalos, J. Chem. Phys. 77, 349
(1J82).

9. M. H. Kalos. M. A. Lee, P. A. Whitlock and (5. V. Chester, Phys. Rev B24, 115 (1981).
(0. R. M. Panofl and J. Carlson, Phys. Rev Lett. 62, 1130 (1989).

11, 1. M. Ceperley and E. L. Pollock, Phys. Rev. Lett, 56, 351 (1936).

12, €. R. Chen. Gi. L. Payne. J. L. Friar, and B. F. Gibson, Phys. Rev. C33. 1740 (19%86).

13. .J. L. Friar. in New Vistas in Electro-Nuelear Physies , ed. E. L. Tomusiak, H. 5. Caplan
and F. T. Dressler. Plenum, 1956.



14. B. F. Gibson and Bruce H. J. McKellar, Few-Body Systems 3. 11} (1938).

15. B. F. Gibson private communication.

16, J. Carlson. V. R, Pandharipande, and R. B. Wiringa. Nucl. 'hy< A401, 3 1 1asgy,
17. R. B. Wirga. private conmmmmnication

IR, K. Dew, et al.. Phys. Rev. Lett 61, 1706 1 1OSR),

19 8. Dytman, et al.. Phys. Rev. ('38, 800 1 1988),

20. R. Schiavilla. ev al.. Nucl. Piys. A 173 . 267 (1987,

21. R. Schiavilla. et al.. U, of lll. proprine TLL-(NU)-89-#16,

2 J. Carlson. K. E. Schmidt. and M. II. Kalos. Phys. Rev. C386. 27 (1987).

23. H. R. Weller. P. Colby, J. Langenbrunner, and Z. . Huang. Phys. Rev, C34. 32, 1956,
21. J. L. Langenbrunner., et al.. Phys. Rev. C38. 565 (1988).

25. A. Arriaga. A. M. Eir6. F. D. Santos. and J. E. Ribeiro, Phys. Rev. C37. 2312 (1988).
26. J. Piekarewicz and S. E. Koonin. Phys. Rev. C36, 875 (1987).

. J. Carlson, V. R. Pandharipande, and R. B. Wiringa. Nucl. Plys. A424, 427 (1984).



