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Nonr e l a t iv is t i c Hamiltonian approximat i on of t he many-bod y 
pr ob l em e qua t ion s ha s be en us ed f or t he de sc r i pti on of f ew 
qua r k- l epton sys t ems . As a further ap prox i ma t ion t he o r b i t a l 
wave f unc t i on s we r e cons t r ucted f r om Gauss i ans . A t e s t of t he 
model ha s been pe r f or med f or qua r ks bounded i n nuc l ear and s e
para t el y f or l ep t ons bounded i n mol ecul ar systems . 

DESCRIPTI ON OF A SI X- QUARK CLUSTER 

This time Quan t um Chr omodyna mi cs (QCD) i s th e wid el y a cce p
t ed cand i da t e as a t heor y of s t r ong i nt e rac t ions . I n t llis the o
r y co l our ed qua r ks i n tera c t with each o t her t br our,h a gl uon
e xc hange po t en t i a l t ha t ob eys t he r u l e s o f i nf r ared con f i nemen t 
a nd ult rav io l e t fr eedom. 

Nuc l e i cons i s t of nuc leo ns and nuc l eons a r e suppo sed t o c on
s i s t of t hr ee va lence qu a rks. I n nuc l ear t heo r y the NN inte r
ac t i on plays a cen t ra l r o l e a nd in QeD t he NN (two nuc leon) 
s ys tem is a six-q ua r k cl us t e r . By means of de s cr i pti on o f the 
s i x- qua r k c l uste r one can s t udy the nuc l ear for ces t oo . 

' i b / 1/ h k k' .Fa 11oW ing L 1 erman t e quar -qua r l nte r ac t l on a s a sum 
o f th e col or conf i nemen t an d gl uon- exchange t e rms wer e t a ken : 
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I n t his formu l a A and A a r e t he SU(3) co l o r -mat r i ces , M 
is the qua r k ma ss and K i s ! th e co upl i ng cons tant. He a r e r e st
r i c t ed t o up a nd down quark fl avour s . 

Th e an t i symme t r i c wave f un c t i on i s a produc t o f t hr e e part s 
x S F c

'I' ,. 'V . 'V . 'l' . (2) 

c SF 
where 'V i s t he ant i s ymme t ri c c ol o r, 'l' is t he s ymmetr ic sp i n
fl avour and 'V x is t he symme t ri c s pa c e wave f unct i on . The s pa c e 
pa rt i s cons truc t ed f rom olle- pa L" tic l e Ga us s ians: 

2 3 / 4 2 
'V = ( :J!..) exp L- p r I . (3 ) 
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The en e.rgy of t he f ew qua r k c l us t er is g i ven by t he expe c t at i on 
va l ue o f t he nonr e l a t i v i.s t i c Hami l t on i a n wit h the qua r k- quar k 
i n terac tion pot ent i a l gi ven i n (1) . Va r y i ng t he p nuc leon r a 
d i us pa r amete r a nd f i t t ing the nucl eon and 1\ pa rti c l e mas s e s 
one ca n de t e r mi ne t he M a nd K pa r ame t er s . 

In t he case of a s i x- quark c l us t e r o ne can s epa r a t e the ex
t e rnal par t o f t he who le NN i n t e rac t ion : i- 1 3 6 
U	 - "1\'1'1'/ <\II I ~ 1 V 111' _. (4 ) I1 J1 4	 I 

At	 t he va l ues S = I , F' = I (S - s pi n , F - flavour ) and wi t h t he 
2	 - 2 ') l / i) pa rame t e r s Me = 15 1 tle V, K = 2 I . 8 ~lc V fm and <1"- . 

= 0 .9 fm we ha ve compu t ed t he U 1 pa r t of the NN fo r ce whi c h i s 
s hown i n due Fi gur e . The ma i n fea t ures o f t he nuc l ea r f o r ce s 
t he s ho r t r an ge repu l s i ve co r e an d the l ong r ange s a t ura t i on 
we r e re produ ced . 
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The U 1 componen t: o f t he NN potentia 
S Q f unction of t he i ntier nuc l.eon se
a l'Qtrion dis tance L . 

GROUND STATE PROPERTIES OF SHALL HOLECULES 

As an example fo r l ep t on sys t ems we have i nve s t i ga t ed t he 
2n- e l ec t r on smal l molecu les. For t he descri ption of mo lecula 
lectrons we applied the ab i nit i o FSGO (Floating Spherica l 

Gaussia n Orbital) mol e c ul a r orb ital me t hod . I n t hi s mode l an 
anti para ll e l spi n e l ect r on pa i r i s represented wi t h a spheri 

a l Gau ss i a n and t he or bital r ad ii a nd coordina te s of the or
bi tal cen tres are cons i dered as variational pa r ame t e r s /2 . Tlte . 
an t i s ynune t r l c wave funct ion o f t he 2n- e l ec t r on system i s ta ken 
as a de t e rmi na nt. The t ota l energy of the mol ecula is given 
i n t he ne x t form: 

Zp Z / ' ,E 2 ~ ( j I k ) 'I' Jk ' ( kl' 1M )1 2 T kl, T - 'I'k '1'1' ] t ~ - -. ( S ) 
pq 'I !'J.k k, " ,r ,q /1 < V r IlJ' 

where 
m Z1(i lk) = I • (-- - \7 ) ¢ d v - ~ cP.· --~ kdv.\;	 (6).I 2	 J I 
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B I a y c COllCKO~l nplll'5mlJl(elllHi 
1	 2p 3 /4 .., '" 2 

Tky = ~ r ' SkP J cPkcPr d v , = ( - - ) exp l - y ( l' - R ) I. (8 ) Il p o u c n e usr paClICTbl 3HeprUII urec ruxaapxcncn CIICTe~1L1 Ii II s y 

\h~ lIhl CIHJllCTUa OCHOUHblX COCTOHIlIli\ MOJlcKynHpllblX CIlCTeM ~l aJlO I' O 

k Ii' 

For cal cula t i on of i ntegr a l s we us ed t he Gaus sian inte gr al t r an s 
f or med e xpr e s s ion of the Cou l omb po t en t ial : I2"" - 1/ 2 _ s r 

( s e - d s , ( r > 0 ). ( 9 )
 
o
 

As an a ppl i c a t i on o f the model we have compu t ed some gr ound 
state pr opertie s o f the HeH +, Li B and LiB ; mol ecul e s and /o r 
mo l ecu la ions . The resu l ts and compar isons wi t h other theore 
tica l an d e xperiment a l da t a are sur.m a r i zed i n t he Table . 

The author i s i ndebted fo r t he he l pful di s cus sions wi t h
 
Pr of. I. Tam~ s s y- Le n t c i and Dr. F.N i ederma yer .
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p.1:JNCpa. .'J,.nH onuca nua HIi 3K0 311 ep re 1'IllleCI\IlX xuapx-nenrouuux 
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De scri p t ion o f Few Quar krL ep t on Syst ems
 
in a Gau ssian Approximation
 

Computation s o f the en ergy of a si x-quark c luste r a nd 
stud ies o f the ground s ta te proper ti es o[ sma l l mo lecu les 
hav e been per formed. A unique nonre l ativi sti c Hamil t oni an 
model was us ed [ or de sc r i p t ion of the l ow ene rgy qua r k-l epton 
sys tem . The space part o f the wave funct ion wa s const r ucted 
from one- pa r t ic le Gauss ians . Sa t isfac tory agreement with 
ex pe ri menta l dat a and othe r t heoretical r~su l tR ha s hee n 
obtained . 

Till! i uve s t i gn t i on has bee n per f ormed at the the Lab o

ra tory II I Nuc l ea r Pr obl ems, .IfNR.
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