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Sorne results of high energy nuclear collision experirnents 
and rnore recently the so-called ЕМС effect have led rnany authors, 
see, e.g., / 1,2 / , to the conclusion of а significant adrnixture 
of rnultiquark, rnainly six-quark, states in nuclei. 

The airn of this paper is to study such adrnixtures in the 
frarne of а sirnple statistical rnodel of the nucleus. The gas of 
baryons and dibaryons in chemical and therrnodynarnical equi
libriurn at zero ternperature is considered. The concentration of 
dibaryons in ideal and nonideal gas approxirnations as а func
tion of dibaryon rnass is found. 

The nuclear rnatter with rnultibaryon adrnixtures at zero t ern
perature has been earlier studied in Ref.З, where the inter
action has been taken into account through the Van der Uaals 
correction to the volurne. In this paper we try to rnake а step 
towards а rnore realistic des cription of th e proЬlern. Narnely, 
we introduce, in an explicit forrn, the two-parti cle interac
tion using delta-like pseudopotential, see, e.g., Ref/41. 
On the other hand in contrast to Ref.З nurnerical ~ethods are 
not used. 

Let us consider an ideal gas of nucleons (ferrnions) and 
dibaryons (bosons) at zero ternperature. Dibaryons occur in the 
systern as а Bose-Einstein condensate. Baryon nurnber conse rvati on 
and the assumption of chernical equi1ibriurn lead to th e followinr, 
relation 11D ~211,where flD and fl are the chernical potentials of 
dibaryons and nucleons, r espectively. At zero ternperature one 
finds (in а nonrelativistic approxirnation) the following equa
tion for 11 

2 v 3 /2 -1 
B ~ --[2m(}.t-m)] +2glim\[exp/3(M-2f.l)-l] 1, (1) 

3 ~ 13~~ 
v1here В is th e total baryon nurnber of the systern; V, the volurne 
of the sys tem; m, the nucleon rnass; М, the dibaryon ma s s; g, 
the nurnber of internal degrees of freedorn of dibarY.on; /3, the 
inverse ternperature. \-1е use the uni ts where с ~ k = t ~ 1. The 
above equation expresses the baryon nurnber conservation. The 
first term comes from the nucleons while the second one frorn 
the dibaryons. It is seen that there are two kinds of soluti
ons of Eq. ( 1) 
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where EF 15 the Ferm1 energy of pure nuc1eon ga5 Е = - , pF = 
F 2m 

3 2 в 1/ 3 . =(217 V ) . From Eq5 . (1) and (2) 1t fo11ow5 that the num-

ber of dibaryon5, D, in the ga5 15 

о for М > 2(m + Е F) , 

3/ 2 
D = J 1!.[1 - (~) ] for 2(m + EF) > М > 2m , 

2 2Е F 

в 
for 2m > М . 
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At а fixed dibaryon ma55 the above re1ation5hip de5cribe s the 
dibaryon concentration а5 а function of den5ity expre55ed 
through the Fermi energy .· The ratio 2D/B а5 а function of М i5 
i11u5trated in the Figure. 

Let u5 now di5CU55 how the re5u1t5 are modified due to the 
interaction pre5ent in nuc1ei. The 5hort- range repu15ive force5 
are crucia1 for propertie5 of nuc1ear matter. In particu1ar, 
the 5e force5, in contra5t to 1ong-range attractive one5, make 
hi gher the Fermi 1eve1, and con5equent1y they can 1ead to an 
increa5e of dibaryon admixture. The 5hort-range force5 for den-
5itie5 с1о5е to norma1 nuc1ear one can Ье repre5ented Ьу the 
de1ta-1ike p5eudopotentia1 . 

I.n 5uch а са5е the Hami1tonian of the 5y5tem 1ook5 а5 follow5 
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where а, а, а 0 are 5cattering 
1ength5 (diameters of а 
hard core potent'ia1) in 
nuc1eon-nuc1eon, nuc1eon
dibaryon and dibaryon-diba-
ryon interaction5, 
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mR= m·MM_ i5 the reduced ma55 of а nuc1eon-dibarvon 5y5tem. А5-m+ -
5uming that the number5 of nuc1eon5 with oppo5ite 5pin are 
equa1, one find5 the energy of the 5y5tem 
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where NP and DP are the n~mber5 of 
pective1y , with momentum р . U5ing 
wing ana1ogue of th e equation (I) 

nuc1eon5 and dibaryon5 , re 5-
Eq . (З), one ge t5 the fo 11 o-
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То dimini5h the numbe r of parameter5, we make an a 55 umpti on, 
ju5tifi e d in the bag mode1 151 ,that the radiu5 o f а ha rd co r e 
i n the third powe r i5 proporti ona1 to partic1 e ma 55 . Thu 5 , 

м 1/ 3 а м 1 / 3 
а0 = а(-) , а =-[1 +(-) ]. Now we wi11 de t e rmine critica1 

m 2 m 

va lue5 o f dib a r yon ma5 5 denot ed in the Fi gure а 5 М 1 and М2. For 
М l e55 than М1 th e r e are no nuc1eon5 in the 5y5tem whi1e f or 
М > М2 the r e a r e no dibaryon5. For а fixed va 1ue of dibaryon 

ma5 5 М 1 and М 2 are relat ed to critica1 va1ue5 of den5ity . The 
va lue5 o f М 1 and М2 can Ье found а5 fol1ow5. For М = М 1 (М = М 2 ) 

th e nuc 1eon (diba r yo n) contribution to th e t o t a 1 bar yon number 
(4) ha5 to va ni5h. On the othe r hand, the va1ue 5 of JL ha5 to Ь е 
c ompatiЬle with the exi5t ence of the dibaryon cond en5ati on. Both 
condi ti on5 provide equation5 f or М 1 and М 2 : 

М1 aoD aD 
11 = 2 + 17 М 1V = m + 217 mR V ' 

М 2 аВ а В 
11 = -- + 11-- = m + EF + З11 --
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The above equatioпs сап Ье solved approximately Ьу substitutiпg 
the values of М1 апd М2 fouпd iп the ideal gas approximatioп 
iп the terms coпtaiпiпg the small parameter "а". It occurs to 
Ье eпough to put М 1,2 =2m. Iп this way опе fiпds 

М 1 ;:;; 2m + 3~7 EFpFa, М 2 ;; 2m + 2Е F(l + 
1
;

7 
pFa) • 

The values of critical masses М 1 апd м2 сап Ье also fouпd iп 
aпother way. The state of а system is determiпed Ьу а miпimum 
of free eпergy, which coiпcides with the eпergy of the system 
for zero temperature. Thus, the dibaryoп admixture occurs wheп 
the total eпergy (iпcludiпg the mass апd iпteractioп with sur
rouпdiпg пucleoпs) of two пucleoпs at the Fermi level is equal 
to the total eпergy of dibaryoп at rest. Оп the other haпd, 
the пucleoпs disappear wheп the total eпergy of two nucleoпs 
at rest is equal to the dibaryoп energy. 

For ideal gas the val~e of chemical poteпtial for поп-zеrо 
dibaryoп admixture does поt depeпd оп the coпceпtratioп of di
baryoпs. It is поt the case for пoпideal gas. Iп two limits 
D = О апd D = В/2, опе fiпds respectively 

- М 2.3 Е J.L=-+-- Р а 2 · 17 FF' 
-М 0.4 Е 

J.L = 2 + -17- FpFa ' 

Our fiпal results are the formulae for dibaryoп coпceпtratioп 
as а fuпctioп of dibaryoп mass for two limitiпg cases 
1) D ... О 
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for м > М2 

for м < М2 

for м > м 1 

for М < М 1 . 

It i s s ееп tha t iп both limits the values of fuпctioп D(M) for 
М 1 < М < М2 a re ve ry close. For а fi xed dibaryoп mass the above 
f ormulae сап Ье uпderstood as а dерепdепсе of dibaryoп coпceпtra
tioп оп пuclear deпsity. However, our r e sults cannot Ье extrapo
l a ted t o the deпsities s igпificaпtly higher thaп the пormal опе. 

For пormal пuclear deпsity EF= 4 2 MeV while pFa = 0.57 16 1 • 
The cri tical masses a re М 1 ~2m+ 30 HeV, М2 ;;2m+ 110 HeV. The r e 
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are two experimeпtal caпdidates for dibaryoп states with mass 
less thaп М 2 , пamely М = 1936 MeV апd 1962 HeV 171 • The decay 
widths of both states reported iп Ref.171 are 2 HeV. The ratio 
20/ Bis about 0.8 for М= 1936 MeV апd about 0.4 for М= 
= 196 2 MeV. We have takeп the mass of free пuсlеоп for these 
e stimatioпs. If the mass defect of пuсlеоп was takeп iпto ac
couпt апd coпsequeпtly the dibaryoп mass was decreased Ьу а 

value of two times greater thaп the пuсlеоп опе, the above 
e stimatioпs would remaiп uпchaпged. Such bi g admixtures seem 
to Ье uпreasoпaЬle. Thus, our coпsideratioпs do поt favour the 
existeпce of such li ght dibaryoпs like those reported iп Ref.7. 
There are heavi e r dibaryoп caпdidates with masses of 2020 HeV 181 

2024 MeV / 9/, 2025 MeV / 10 / ,2035 HeV 1111 апd decay widths betweeп 
3 апd 15 MeV. The value of critical mass М2 is about 2060 MeV 
for twice пormal deпsity . Thus, if опе assumes the fluctuatioпs 
of пuc lear deпsity, the above states сап coпtribute to the 
dibaryoп admixture iп пuclei. 

Iп spite of the uпcertaiпties of the dibaryoп masses опе 
has to remember that our calculatioпs do поt provide а quite 
r ealistic basis for dibaryoп admixture estimatioпs iп пuclei. 

The reasons are the followiпg: 
1. Our calculatioпs are valid in the lowest order of the pFa 
parameter which is поt much less than uпity. 

2. The nucleus is assumed to Ье an infinite system. 
3. Dibaryons are treated as staЬle particles. Hore precisely , 

for validity of our calculations the d i baryon decay width has 
to Ье much less thaп the Fermi eпergy. However, dibaryons in 
the nucleus сап Ье very short-lived particles with а decay 
width of some huпdreds of HeV. 

At the end let us stress the importaпce of the proЬlem beiпg 
coпsidered for neutron star physics. The poiпt is that the ad
mixture of dibaryoпs in пucl ear matter or finally the traпsi
tion to pure dibaryoп matter make the equation of state sigпi
ficantly softer. On the other haпd, there are argumeпts/12/ 
that th e equatioп of state canпot Ье softer than the so-called 
Hoszkowski one / 13/ where dibaryons are not taken iпto accouпt. 
Both facts сап give constraint оп the deпsity of the nucleus 
of neutron star or the mass of dibaryon. The proЬlem, however, 
пeeds further investigations*. 

* тhе impor tance of boson multi- quark admixtures in neutr on 
star s has Ъееп earlier observed in : B. A. Shahbazian . Froc . of 2nd 
Workshop "Gravitation and Unification of Fundamental Fields " 
October 1982~ Kiev~ in: "Cosmic Resear·ch in Ukrgine " Vol . l?п 
р . 101 ~ ed. Ьу G . S . Pisarenko~ Naukova DL@ka~ Kiev~ 1983. 
B . A . Shahbaziaп~ Froc . of Conf. оп Theory of Systems of Fеы 
Particle Systems ыith Str ong Interactions "~ р . 90~ ed. Ъу 
L . D . Fadeev~ Leningrad University Press~ Leningrad~ 1983 . 
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В Объединенном институте ядерных исследований начал 
выходить сборник "Краткие сообщения ОИЯИ 11 • В нем 
будут помещаться статьи, содержащие оригинальные научные, 
научно-технические, методические и прикладные результаты, 

требующие срочной публикации. Будучи частью 11Сообщений 
ОИЯИ11 , статьи, вошедшие в сборник, имеют, как и другие 
издания ОИЯИ, статус официальных публикаций. 

Сборник 11Краткие сообщения ОИЯИ11 будет выходить 
регулярно. 

The Joint Institute for Nuclear Research begins puЬli
shing а collection ·of papers entitled JINR Rapid Communi
aations which is а section of the JINR Communications 
and is intended for the accelerated puЬlication of impor
tant results оп the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods . 
Accelerators. 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics . Liquids. 
Theory of condenced matter. 
Applied researches. 

Being а part of the JINR Communications, the articles 
of new collection like all other puЬlications of 
the Joint Institute for Nuclear Research have the status 
of official puЬlications. 

JINR Rapid Communications will Ье issued regularly. 

Мрувчинский С. 

Дибарионы в ядрах 

Е2-84-732 

Рассматривается ядерная материя с примесью дибарионных 

состояний в термодинамическом и химическом равновесии при 

нулевой температуре. Обсуждается приближение идеального газа, 

а затем роль ядерных сил. С помощью метода псевдопотенциала 

включено взаимодействие. Получена зависимость концентрации 

дибарионов от их массы. Обсуждается возможность существования 

примеси дибарионов в ядрах и оценивается величина таких при

месей. Обращается внимание на связь рассмотренной проблемы 

с физикой нейтронных звезд. 

Работа выполнена в Лаборатории высоких энергий ОИЯИ. 

Сообщение Объединенного института ядерных исследований. Дубна 1984 

Mrhwczynski St. 
Dibaryons in Nuclei 

Е2-84-732 

The nuclear matter with an admixture of dibaryons in 
thermodynamical and chemical equilibrium at zero temperature 
is studied, The ideal gas approximation is considered. Then 
the role of nuclear fo~ces is discussed, With the help of the 
pseudopotential method the interaction is included and the di
baryon concentration versus its mass is obtained. Тhе 
possibility of dibaryon admixtures in nuclei is discussed. 
The values of such admixtures are estimated,The connection 
of the proЬlem being considered with the neutron star physics 
is pointed out. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Communication of the Joint lnstitute for Nuclear Research. Dubna 1984 


