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1. - INTRODUCTION.

Aim of the present work is to give an estimate of theeltotttic (a) and magnetic (ﬂ-) polarizabili-
ties of hadrons, namely nucleons and s (K) mesons, in the framework of the most widespread
accepted quark models.

The proton polarizabilities can be obtained by Compton scattering experiments at low energy
where the differential cross section can be expressed in terms of the following expansion (1,2),
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@ and M _being the photon energy and the proton mass respectively . Moreover (do/df)p is the cross

section for the proton thought as structureless and the second term is a structure correction depen -

ding on the above mentioned polarizabilities, Several experimental data are now available (3,4,

In a similar way, C?wpton scattering experiments on deuterium can give information on the polari
zabilities of the neutron'™’.

For the electric polarizabilities of "t and K* mesons, experimental information can be obtained
by precise energy measurements of the x-rays emitted by the corresponding exotic ntoms”' 8, 9). At
present only upper limits for 3,,; and ul(t can be extracted from the available experimental data

A detajled comparison between theoretical estimates and exyerimental determinations of the pola-
rizabilities will be presented in the last section of the present paper.

(9),




2. - THEORETICAL EXPRESSIONS FOR THE POLARIZABILITIES.

Expressions for the electric and magnetic polarizabilities of bound systems (elementary par-

ticles, nuclei...) have been given by many authors{10.11) in the following form(h = ¢ = 1) :
2
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where c'i‘ and m are the usual electric and magnetic dipole moments, | n>is the complete set of
excited states of energy Y,, E, and M are the ground state energy of the system and its mass
respectively. Moreover(rér?ls the charge mean square radius and (Ze/ M)2 r2 > /3 is the re-
tardation term due to the finite size of the system,

F‘inally,pDis the diamagnetic polarizability whose explicit expression cannot be obtained in a mo
del independent way, due to thelack of a gatisfactory expression for the seagull term appearing in the
scattering amplitude. A preliminary estimate of ﬁD for nucleons has been recently given by Rag-
sa(12,13) who reduced it to a sum of contributions due to different nucleon states, retaining only the
lowest ones (N (938), 4(1236) ).

An alternative approach may be obtained in the framework of a non-relativistic quark model whe
re the quark-quark interaction is supposed to be nice, i. e, free of velocity dependent contributions,
and exchange current effects 14,15) are neglected. Thus in strict analogy with the "nuclear approach"”,
the expression of B for a generic hadron H can be reduced to
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where Mgq is the effective quark mass, 2. is the charge operator for the quark - i  and ri is its
distance from the center of mass of the bound system, Forthermore| H> stands for the hadron ground
state,

By introducing an average value {or the denominators (Ey, - Eo) and by ueing the completeness re

lation X )n>» <nl =1, eq. (2) can be rewritten in the form
n
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where JE and ‘M label, respectively, the average electric and magnetic denominators.
For $andm we will adopt the -.sual following forms:
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where uy, i8 the proton magnetic moment and 711 are model dependent operators.

By neglecting orbital contributions to i we implicitely assume all quark to have 1 = C, that is
an (8)A quark configurations,where¢ A is the number of quarks in the hadron,

Furthermore, since in all examined models (Hl ifj ei ej JH> = 0,we can write

2

cH[@uo = x> cufzi o> = ePer?> o2 (6)

where OZH = H Zi 'éiz |H> is the mean square charge of the guarks.

In the same way, let us define

<H| @2 i) - 2 , (7




where:
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By neglecting terms of the order of (I/MH)a, from eqs. (4) and (6) one has:
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Finally, by assuming all quarks to have Mq=MH/A, from eqs. (4}{7)and(8) one obtains:
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3. MODEL PREDICTIONS.

To analize how @&y and ﬁ" depend on different assumptionsion the hadron structure, let us fix our
attention on different quark models.For models (3. I)}to(3. 3)we ~ssume the ordinary magnetic dipole o-
perator@idz Ei) ; on the contrary, models(3. 4)are characterized by anomalous magnetic moments.

2 .
Results obtained for the physical quantities O}?l and Ty defined in the previos section are re -
ported in Table I, Finally, the details of the discussed models and the assumed wave functions are

reported in Appcdix,

3.1.-SU(3), SU(4) AND HAN-NAMBU MODELS (16,17, 18).

f

In the usual SU (3) modlel’ 16)’ baryons are composed cf three ordinary Gell-Mann quarks with frac
tional charges. Nucleons are assumed to belong to the representation (8 }. (n1he same model me-
sons are composed of a quark and an antiquark; 7 and K mesons are assumed to belong to the repre
sentation (8).

e

As far as SU (4) is concer:’ .~ .-dition to the usual Gell-Mann quarks, we have a charmed
quark. Baryons are again composed of three ordinary quarland mesons of a quark-antiquark pair.
The wave functions of nucleons, & and K mesons are identical to those of SU (6) and, therefore, they
give the same g%l and 112l values,

The Han-Nambu model (18), introduced to avoid the need for f{ractional charges, is a scheme

with nine quarks. It reqnires asymmetry enlarged to SU (3)’ ® SU (3)", Nucleons, s and K mesons
belong to a singlet of SU(3)'’,

3.2, - GELL-MAN COLOURED MODEL._AND OTHER NINE QUARK MODELS
(19)

The Gell-Mann coloured model is a model whose components are a set of three undistingui-
shable triplets of quarks, They are the blue,red and dark repetition of the ugsual SU (3) quarks.
(%)

From a groupal point of view, this model can be associated with either J(3) © SU(3)'", or
with SU (2) ® SO(3){0) ;; 1he gense that such anidentification may be irrelevan. The proof of this last

(%) In this case it is completely isomorphic to the Han-Nambu model.

(o) In this case it is isomorphic t0 amodel by Tati (20). Let us note, from now on,
that this last model gives fo~ o5 o and 1:]2, n Vvalues too large for a satisfac

tory reprorlution of experimental data on ijp N and ﬁp N’
s ’ -

.




(
statemnent was given in ref. {21) on the basis of the Ohnuki-Kamefuchi ‘.heorem‘zz).

it can be shown that the values of 92 and ¢2 given from this last model are identical to those
of SU(6). This not surprising fact can be explained noting that the electromagnetic current is a co-
leur singlet.

(23)

The Greenberg model is strictly related to the previous one and was introduced to account
for the Pauli principle. The quarks of the model, called paraquarks, consist of a single SU(3) tri-
plet of parafermions of order 3; if the Green component fields are to be taken as independent fields,
then the model contains nine quarks(zn. Again in ref, (21) it has been shown that Gell-Mann colou-
red quarks and the Greenberg paraquarks of order 3 are ful” - equivalent, this ensuring that the
resulis which could be obtained from the Greenberg model for Q%{ and ”21 are identical to those
of SU(86).

Let us now discuss in this connection, other two model related to the Han-Nambu one: the
SUB(24) and Myamoto (25) models. The first of these two last models is composed by three sets
of fundamental triplets of fermions, denoted by U;, 5;. B;. They have integer charges and posses
an additive quantum number called again charm as in SU(4); for the other quantum numbers of the-
se rarticles see ref. (26). This model gives for 92 and r2 results identical to those of Han-Nam
bu one, being possible to establish a biunivocal correspongence between the §;, U;, Bj quarks
and those (p,, ni, A. ) of the Han-Nambu scheme, furthermore the charge matrix of the SUB mo-
de! is the trnnsposeé of the Han-Nambu one.

As to the Myamoto model, we have again a model composed by nine particles with integer char-
ges. The group symmetry is now SU(9), but it can be shown that SU(3)' @ SU(3)"(which is subgroup
of SU(9))is sufficient to evaluate the electromagnetic effects, Furthermore, being the charges ofthe Mya
moto model identical to those of the Han-Nambu one, we can find a complete equivalence hetween -
the e, m, effects calculated by the Han-Nambu and Myamoto models. This ensures that g%{ and 1}21
are identical in the two schemes.

2 . )
To summarize: The Han-Nambu, SUUB and Myamoto models lead for o and tfl to identical
values, as well as SU(6), 317(8), Gell-Mann coloured and Greenberg models,

3. 3. - THE QUARK-DIQ!UARK MODEL

We have discussed so (.1 -7« ~here a baryon is composed of three quarks. Let us now con-
sider the so called "quark.a:., . 1wt where a baryon is composed by two particles: a bo-
son and a fermion. It can be described as follows:

a) It contains invariance under SU(3) to which quarks belong;
b) Furthermore it has objects called diquarks which are contained in a 21-dimensional represen
tation.

In this framework the nucleons belong to a 56-dimensional representation. As far as mesons are con
cerned, their wave functions are identical to those of SU(6) and therefore 9?:1* and 012{+ are identical to
those calculated by SU(3),

3.4, - QUARKS WITH ANOMALOUS MAGNETIC MOMENTS: THE SINGLET- TRIPLET (26) AND
FRANKLIN (23) MODELS,

Let us now consider the singlet-triplet model of ref, {(26). This model is a scheme with four com
ponents, three belonging to a triplet of SU(3) with spin 1/2 and one belonging to a singlet of SUJ(3) with
spin 0.

In this model a baryon is composed of four particles: three (u,, u_, u_) belong to a triplet with

7zero baryonic rnumber, and the fourth (uo) i8 a singlet, With the triplet"one constructs octets and declupets

as in SU(3), while the singlet gives to the baryons the correct baryonic number, Nucleons and x (K)
mesons belong to 8| @ (1) and 8 representations respectively,

As far as t?f is concerned, we must note that the magnetic moments of the constituent gnarks are
compleiely anomatous.




.

N

It i5 possible to evaluate the a; and @, coefficients of the magnetic dipole operator of the quarks
# and , by using the experimental results for neutron and proton magnetic moments. The nu
merical “results are(26).

a]= 0.66 . a, 0.35 .

2
F . ins:
or t P, N one obtains:

r

2 1 2 2 2|
= - + -
'p L4(4al a, -laza] )+3a2J R
(11)

2 1 l’
[ 2 2 2
N 6 |d4(4a +a” - 4a_a )+3a.I

-~ 2 1 21 1-

Another model of quarks with anomalous magnetic moments is that of ref. (28). The consti-
tuent quarks of this model are the usual quarks (p, n, A) of SU(6), bul in addition they possess a
further degree of freedom: a "hidden' H-spin of magnitude 1, All known baryon states are assu-
med to be a singlet of the H-spin, and this account for the Pauli principle. Forg2 _ we obtain

the usual SU(6) values, while for 1,';', N We have; PN
2 1 l 2 2. 2
= - a® - +a +
p= 3248 -da, e ) “2! ’
(12)
2 1 2 2 2
r = - - + a a
N 3':2(4"2 4 aya +a ) 1]
The a1 , ap coefficients are identical to the previous ones (see ref, 26 ) .
i )
TARLE I - Values of 9}2, wect 5gp for nucleons and A(K) meson calculated by means
of various quark models (see text for details),
o —
SU (6) SU (3) @ SU (3)" Quark-Diquark | Singlet Triplet Franklin
model model model model model
(16) (18) (27) (26) (28)
2 3
OP 1 3 1 3 1
2
02 2 4 pRy 2 3 !
N 3 3 25 |
: a
2 5 2 3 t
Ot g 1 5 1 5 |
2 3 5 5
2 17 25 13
- = — 1.9 .62
rp 5 3 ] 3 1
2 4 20 35
rN 3 9 34 1,28 1. 38
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4. - NUMERICAL RESULTS

The main problem to be solved before arrivingtoareliable estimate of eqs (2) is the choice of
the denominators ‘E and J‘M .

As far as &g for nucleons is concerned,, jt seems natural to assume that many relevant O— n
transitions lead to excitation states belongingjthe multiplet (8, 7= -), Moreover, the M1 sum rules
are dominated by the O — 4 (1236) transition. Other relevant M1 transitions could lead to levels
whose excitation energy ranges from 500 to 1000 MeV,

Then we cnhoose:

S, = 700 MeV ,

E = 400 MeV.

‘M
- +
For 7 and K mesons we expect the mean O — 1 transitions, to lie at energies JE“'IO3 MeV,

Table 1I shows the results for electric polarizabilities, Tauable III a) the results for magnetic
polarizabilities assuming the "nuclear approach" for D (11), Table II b) the results with the Ra-
gusa's estimates for the diamagnetic contributions (12,13);

p‘; 4 1x10 Hr; - 2.6 x 10 4m?,

5. - COMPARISON WITH EXPERIMENTAL RESULTS

By fitting with eq. (i) the available experimmental cross section for ( Y- P) elastic  scatter-
ing (3,4,5), one obtains(29) the following results:

- + . -4 3
aP=(12.4 -2.5)x10 fm ,

(13) ‘
- + -4 3
fp=(1.8~-28)x10 fm", '
In the fitting procedure the following constraint was imposed: %
- - + -4 3
ap * d -0 MNx 10 fm (14)

(30)

It was obtained by Damashck and Gilmann

le &+ = '2n2,
sum rule P BP ﬂ-zl

who numerically estimated the well known forward

(31)

On the other hand, as suggested in a recent paper by Baranov , at energies higher than
50 - 60 MeV eq. (1) cannot be considered as fully satisfactory. In principle in this energy range
the interference of the 1% - meson pole with the Born term must be also taken into account, After

the introduction of pole-térm in the fit, both values (13) remain practically unchanged.
Moreover from deuteron photoproduction data one obtains for the neutron{29);

ant By oapt B (15)

On the other hand no precise measurements of @y and EN are now available,

Finally, the study of the x -ray transitions in mesic atoms allows only to obtain upper limits
for pion and Kaon electric polarizabilities. In an experiment aiming to obtain an accurate measure-
ment of the Kaon mass, Backenstogs et al{19) obtained:

3

aK_s 200 x 10°4 tm°. (16)
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+
TARLE Il - Electric polarizabilities for nucleons, :!2 and K™ mesons according to
eqs. (2. 3) and (2. 5).

SuU(3) SU(3)'@ SU(3)" | Quark-Diquark | Singlet-Triplet | Franklin
model model ‘ model model model
(16) (18) Co2n (26) (28)
T
- 4 3 |
apxlo fm, 12.2 18.2 ‘i 12. 2 30.5 12. 2
!
-
- .4 3 !
aNxIO fm. 5.9 11.9 ‘ 4.0 17. 8 5.9
|
- 4 3 , ,
t:'::(lo fm, 25.8 28.6 : 25. 8 28.6 25. 8
- 4 3 " ?
aKxIO fm. 9.8 12.6 9.8 12.6 9.8 ‘
i
i
TABLE III - Magnetic polarizabilities for nucleons. In Table III(a} the '"nuclear
estimate' for g0 _ has been adopted (eq. 2, 9). Table I11(b) showes
results obtained’ "by inserting in eq. (2. 1) the Ragusa's estimate for
12,13).
ﬁp' N( )
SU(6) |SU{(6)'@ SU(3)"' | Quark-Diquark | Singlet-Triplet |Franklin
pnodel model model model model
(16) (18) (27) (19) (28)
El:,xlo"fm.3 1.8 0.6 0.7
a) 4 3
B\x107tm” | 1.6 0.5 0.3
- 4 3
prIO fm. 7.3 12. 6 4,3 7. 26 5. 34
b)
- 4 3
3Nx10 fm, 5.7 11. 2 1.4 5. 33 5. 95

Let us now conclude with some remarks, By comparing Table II with the experimental data we
are lead to conclude that:

a) Due to the uncertenties in the choice of £, we cannot clearly select any model with respect
to the other ones, on the basis of its pre’%ictions for ap. Only the singlet-triplet model, cha-
racterized by a particularly high value of 02 scan be ruled out (only fo;r 8,~2 + 2, 5 GeV this
mode)l reproduces experimetal values fora_)). In addition, it should be noted that all sets of

models equivalent in the sense explained at the end of sect.(3, 2) cannot in any- way be dis-
tinguished in this context.

b) In all the examined models we obtain@y = (1/3 + 2/3)& p,whiledatanow available seem to sug-
gest al\?&P (6,29),




c) The experimental upper limits for n“fandn .}are too high by one order of magnitude with
respect to present extimates, and therefore!\)etter experimental determinations of x-ray
energies are seriously needed.

Comments on Table III can be summarized as follows :

a) In part a) the "singlet-triplet'” and Franklyn model results have not been reported. The ori-
ginal assumption of no exchange current effects among quarks (.nuclear approach) is in fact
inconsistent with the agr?ng anomalous magnetic moments of the quarks.

b) Values of a) are lowerib), and seem to be in better agreement with experimental resul!s in
the proton case. This suggests that Ragusa's extimate of ﬂD is probably underestimated,

- - -4 3.
c) In the SU(6) - Ué!l) and in the colour model we have: ¢, +BP =14 x 10 fm in remarkable
agreement withy Damashek and Gilman sum-rule. But,on the other hand,we obtain:

@ ptBp/antBy~ 1.5+ 2




APPENDIX

St (R) - SU (8)

If one takes into account the spin for the SU (3) quarks of section (3. 1) baryons belong to the
following KrBnecker product of SU (6):

(2.3)()(2, H®(2,3) = (2, 10D (2, 81)@(2, 8,2, 100(H(4, N4, 81)®

(A. 1)
D4, 8,214, 1.
Proton and neutron belong to the multiplet (2, 8,; and their wave functions are given by:
P> \71‘1-@1 2lpfnlpl> + 2 [ptot)> + 2lnlptels -|otells -ptnteh- plalel> -
-1 nfejply |nfole)s-|pl anb] )
. 1 P . (A, 2)
[NI)= -\7’——8— [- 2[ n“plnf) - 2[ nTnl p",)- 2] pln'ln ” +|p1r¢n’) +lnTp1nl) +\nfnlp1)+
+ Epfnl‘nl) +lnlan‘[) +‘nlnTp}>_j -
Moreover both and K mesons belong to the multipiet (1, 8) of the Krbnecker product:
(2,3)(x (2,3%) = (1, DEE, DE(, 743, 8) (A.3)
Their wave functions are:
o Gplid > cipddl> gy ntndd clpbal>
vz V2
- N _ (A, 4)
et TRy ptad Y - Vegeab
t VE ' N

Including the spin,the SU(4) quarks of the GIM model (17), are described by SU (8); it furnishes
wave functions for nucleons and s{K) mesons identical to those of SU (6).

HAN-NAMBII MODFL

(18)

In the Han-Nambu model the usual SU (3) triplet of quarks is substituted by nine quarks

\

Py Py Py [t 1 0]
‘1‘”1 n, Ng " , with integer charges ‘ 0 0 -1 .
i Y -

\\ll }'2 q: \O 0 l

The model symmetry is larger tirn SU (3) and is given by S/ (3)' x SU(3)"; where S!/(3)' acts
on p,n,4 labeis, while SU (3)" acts on indices (1, 2, 3). The quarks are assumed to beiong to the
fundamental multiplet (3, .'?*', 80 that baryons belong tothe multiplet (8, , 1) of the krbonecker product:
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3, Mi@e, @G 3N - 0, D@8, DA, LA, 1)@(1,3‘1')@(31,3‘1')@
b 4 b 3 b 4 x x b ¢ b 4
®18,.8)®(10,8)D(1,8,)D8,.8,)D(8,.8)D(10,8)D(1,10) O (A.5)
®18,.1690)(8,. 10 D(10, 10%).

By taking into account that the nucleon wave functions must be completely antisymmetric
into the SU (3)" components and with mixed symmetry in the SU (3)', we have:

1
IP)-3 [2[plp2n3) -2Jp,pyn 2] pypgn > - 2lp pyny + Zfpop n,>- 2"’3"2"1}'
-lpyn g +'p2"1pa"'pz"spl)ﬂ"l"3p2>']"3"1pz)’lp a"oP? <In Popy) +

*lnzplp:s) } '"2p3px> s[npyp > 'l"splp? "’"3"2"’1{’ ’
(A.6)
1
INY= 5 [ - 2fn np,)+ 2'"2"1"3> - 2]"2"3"1) * 2'"1"3"9 - 2‘"3;"1"2)+ 2'"3"2"1)+
+jp pyng> - [nyp 02 +|“2p3"1) “lypgnp+inge nd I ngpny +]pynn D -

-[pynyngd +‘P2"3"1> Apyngn,) +lp3"1"2) "Ps"z")} :

nand K mesons belong to the 8. 1) multiplet of the Kr8necker product

(3*,33®(3,35) - (1, @1, B8, 1) (8, 8) (A.7)

and their wave fui:~tions are:

) tpyny7 *lpyny> +lpafy k¢ [

- [pnp+lp,n,> gy

= | ,
V3 N3
- . - . . (A. 8)
|- [Pyhy2 P2 24Py 157 - [Pi2,> #1p,2. 4[R5
Y3 ' Vi '

2
Finally,to calculate T~ we are forced to enlarge the symmetry using SU (6)' x SU (3)", so that
the nucleons belong to the multiplet (2, 8], 1) of the Krl8necker product

(2,3,3%3(2,3,30®(2,3,7" - 2@2®2.30303, 3*®3®3 -
= (2,1, @12, 1,8’;)@(2,1,8’2')@(2, 1,1o*)<f+’)(2,sl, 1)@(2,31,3’;)@
®(2,8,,85)@2,8,,10) (2.8, NO(2,8,.5)D(2,8,, 8, D(2.,8,.101® (A. 9)
®(2,10, 12, 10, s’;)@(z,lo,s;@(z, 10,10 @4, 1, 1)0(4,1,8:)@
@4, 1, 8’2')6(4, 1,10M® 4, sl,s’;)@m, 8. 8;)@(4, 8. 109)®4, 8,, D@
®(4,8,.8)@(4,8,, 8) D4, 8, 16H®4,10,1) D4, 10,87 D4, 10,8,)

®14, 10, 10%)

| -
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The nucleons wave functions are given hv:

IF>- "’m[?lr*ﬁ“glp? SRS CRER PR !‘ T At - IplT AP T>

* 2|":*T"zl'”2p 'gl"f=|"zlplp+zlpxI"'J”:J)’zipz"': ":'ly'“lpzipzxtnxb'

e e > 2lfo a2l dedn 2ol -2l >
*2[-‘-31[‘.‘1}‘!1)-3"1N"P)T'PJ)*"I“ ll’ITP T) 2!“ JP TP]T/ IX',I:‘,I‘.J).*
LSO RN DR LN CH PR U o2 [Pa{P i Y ¥ [aleofn 1> fr o AP
“Ip,tn Jn.;) pLB U NP A LN ENCRT L N P R BN DR b S nfeg
AT DALYt DA TR L DA EoM R LY LN (D L N L
*lr‘.,,fl',!F‘,,T)' o 10, l”"f>+"" PP T)- |n,.1p.‘n..ﬂ +|n:Jp21p!p il AN
gUMLREN PRSI N (PRGN U bR LB L) e L % PR LN LB L

RN PR z*"7)*3";6":’("2‘[)"i"'-‘.lo"lT”z?)’I”:J"ﬂ"zp] '

(A 10)
lf\')z 1'vroe [- ?.(n"y',,fn:J)‘Q!n,,‘lp’lnjr> -Zianp,{gn:T) ‘2'n,ip,:(n4)-2!n_1p nzT)‘
s ’ln Tn‘lx .1 "“!” 'T\ Tnﬂ) n 1 l'” 1§ ’ln ‘E 'l f')*";nl' n, pzl/ n n szl)+
r)l In 'f; v . "') Ir n rnT> ._,)l ;‘n'?‘> I'\nn ’n") "|»|v 11‘)‘
+2|p ‘1”’35”'» . "‘ ,v‘g': 15,--;:!::‘ |p T)&ln, dx ’n vp A »!n !1”1" - 'HTJHZ"PJ> *
-[n,?p,,?n({]_\, - S _fp,an;) £ f;v,_‘n ._p)‘{n,,qul n l}oln :p,,'.'n,,‘}) -
H 2 v : :

-}n'vlpy?n“"‘) ~;x\_’ig~,:I:"f'/d:'.!ip.t'i: » "‘n_,::';-“n ’i> in lp ,ul‘r) +“) In in, T\ ‘p Tnllr‘,zT)*'

[ R R R I N SR E LR A BTN AL R Lh N o
'iPTTLf;ni’.-!r‘).!p 1, ‘L)-;p’i )1 l) ?n Knz’i'pf“?)—!n:inITP“T) *'lnzln:‘?h’p'|hlln;JpzT>+
e!n é“;l?'g?>-!‘.lequ” J

QUARK-DIQUARE M1oDITL

In the "quark-digquark” modet mentioned in Sec, (3. 3), in addition ta the ordinary Gell -Mann
quarks, there are objects called dignarks which belong to the Krénecker product

. <
(2,3((2,7) = (2002, 3503 = (1 7+ 3,3 /D 6) =

i (A, 11)
= (1,374 (1,8) (0 (3,450 (3, 6),

fnie to the Pauli principle, the possible multiplets of (A, 11) compose the 21 - dimensional repre

sentation given by:

21 - (1,7«*)@(?4,6). (A 12)

—— e et s
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Then baryons belong to

21(® 6 =56 () 70 (A.13)

and the wave functions of nucleons which belong to 56 - multiplet are given by:

ipf): sen Pl[ﬁ‘i[_g—_ IslTnl>_’¥’—-_§_ lsz‘fpl )]+cos T1’t1 PT>

5 (A.14)

v T ledebsE.febo] e 11

where n,p are the ¢ ~dinary Gell-Mann quarks, and sl, s, t.are the diquarks with charges:
4/3 e, 1/3 e,4/3 e and spin 1,1,0,, Finally I‘1 is a normalization parameter whose value is 7&/4
in absence of symmetry breaking.

It must be noted that in this model mesons ar @ described only in terms of ordinary quarks.

SINGLET-TRIPLET MODEL

Before constructing the wave functions of nucleons, & znd K mesons in the singlet-triplet model,
we must note that this group symmetry is U(1) @ SU/3)and then the nucleons belong to the multiplet
m 8, of the Krlnecker product

MEPBE3IEN-OEEMLHE,OME S8, GOME I (A.15)

The nucleon wave functions are given by:

P> W%- [2 '%"1“1”2 -|u0u1u2u1> -‘u0 u, U, ul}! '

(A. 16)
>-_1. - \
!N -V,g [ 2 ' uouzuzu] }+|u0u2u1u2) +'uou1u2u2)] .

Since the mesons are constructed with a triplet and a antitriplet as in SU (3), the wave functions
of & and K mesons are given by:

fate L, > A dui ,
(A 17)
| K= [ ui> KT i,

The charges of theu , u_, u_, u, quarks are respectively: - e , +e , 0,0,

0" 1 2
By including the spin the wave functions of nucleons are expressed in term of the U (1, @ SU (6)
group symmetry we have:

| p1)- *V_IJ'E [2| “0“1’1\"2}‘1/[” 2 foguyd ”1/]“zl> * 2|“o“zl“1T“11)'
- |"0”1T”1l”21“"l”o“lti”z'["ll> “Jegu g e, P '|"o“2T“1i"1T> -
- |u0u2'fu1'!ul‘l’) -|u0u]1u2’|u2-p] ,

INt Vi‘ﬁ ['2 '“o"zT ”1~|, ) f >"2|"0"2]”él"1-1\"2 |uguy “:zT“zTy+
+lu0"1T"2"”1 ?)+'uou2‘iu11uz t Y +’u01121u]/l‘u2'] > +|u01121'u2LulT)+

+|unu Ju zru 2,]) + lunuz,},u ztl‘"] ?)]

A, 18)
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THE FRANK._YN-MODEL

As far as Franklyn model is concerned, we can write the following wave functions for nucleons:

,PT)=-—1- \2|pfpinys- :l— (|pTpynl>+pyptn} >) | .
31 [‘ ! [piPTo] J (A. 19)
EN"')“E |\2lnlnlpt>-‘-— (nTnlp]”+n|ntp] >) |

More>ver, the wave functions of s and K mesons are identical to those of SU (6).
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