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Summary 

The quasiparticle method - an essentially nonperturbational appr oximation 

of quantum field theory - is applied to an SU 8 - symmetric four fermion interac

tion between octet- bar ions N a nd a ntibarions N ( or between quarks and a n

tiquarks), The method is developed in such a way, tha t the physical particles a nd 

resonances themselves appear as quasipa rticles in a bound state approximation, 

The main weight is attached to the understanding of the principles of the method, 

The individual quasiparticle operators obtained a re of the form 0 a uN + vN •. 
Their eigenvalue spectrum is compared with the observed barion resonances. A 

spontaneous dynamica l breaking of SU8 - symmetry appears a nd leads primarily 

to a GMO- formula fo r the gap constants, independently of the coupling strength, 

(Similar results come out for quarks) . The G MO-formula for the barion masses 

results in the s trong coupling limit, ( Besides mass formulas for qua rks are de 

rived), Further it i s shown in detail, that the origin of the symmetry breaking 

is the fact, tha t the quasipa rticle method is a n a veraging approximation, 

Quasipa rticles o f higher o rder are considered in a n orientating manner, 

Especially the meson spectra are treated in the lo-JVest approxima.tion. 

It is shown, tha t the firs t two of the three typical difficulties of the quasi -
• 

particle approxima tio n ( 1. inequivalent repres enta tfons a nd degenerate v a cua , 

2, p a rity mixed v ncuum, 3. spuriou s s t a tes = Goldstone mesons ) are avoided by 

our bound state appr oxima tio n, The method is a pplicable to all compact symmetry 

groups , 

!, lntr od uct on 

The large number of particles we a re confronted with in particle physics sets the 

vital ques tion for qua ntum field theory how to derive the necessary l a rge number of 

fields from a small number of fundame ntal fields. Moreover we nee d a field theo

ry which is consequently nonperturbational, The main a im of this p a per is to 

show tha t there exi s ts a method which meets both demands - the quasi- p a rticle 

method, It p rovides us with a complete d ynamical approximcttion scheme, treat-
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ing the dense cloud of virtual particles in the interior of the physical particles 

(core reg ion) as a many particle system. 
There exist different directions of application of this method in hig~ energy 

p hysics. Nambux/ was the first to use the quasipa rticle method, mainly because 

o f its n o nperturba tional character. Many authors used its c a p a bility to produce 

spontaneous symmetry breaking in a dynamical way, often in connection with the 

Golds tone modelxx/ • F'inally the fact, that the tra nsition from particles to quasi

particles has the p urpose to tra nsform away the strongest part of the intera ction 

b y respecting it in the structure of the (quasi) particles themselves, was the 

starting point of We inberg xxx/ . ( The resulting weakening of the intera ction bet

ween the quasiparticles is likely to manifest itself in the s uccess of a simple 

first order breaking of SU3 a nd o f the ~particle- exchange model in hig~ 

e nergy scattering exper imentsxxxx/ ) . 

In the present paper we set a high value especially on (I) the consequ

e nt n o n perturba tio nal character of the method, ( 2) its a bility to construct families 

of particles (reson a n ces) o r fi e lds out of a small number of fundamehtal fields, 

symmetry. F'inally, ( 4) a a nd ( 3) the spontaneous dynamical breaking o f SU8 

specific po int of o ur fo rmula tion starts from the following consideration: Quasi

partic les are always a n a pproxima te descriptio n of metastable systems of states. 

Now in particle physics the scattering reso n a nces a re metastable systems, while 

in the e n ergy region between the resonanc es there exist no metastable systems. 

S o the applicatio n o f the quasi- particle method s h o uld be limited to the reso nan

~ a nd the r eson a nces themselves should appear a s quasiparticles. Consequ

ently , the fi e ld oper a to r o f the r esonance will b e constructed out of the fundamen

tal field ( s) . S o w e a re l e d quite n a tura lly to a nonperturbational a nd cons truc

tive fie ld theory of compound system s . 

Pro b a bly the mos t important featut·e of such a quasi- p a rticle scheme is the 

ch.:m ge in the qualitative pictur e . F'or s trong intera ctions the extension of the par

li ·.::les and U"e r a n ge o f the forces a re compar able. Therefore two scattering par

ticles - e n ergetically within a reson-:1n ce - appear n ow as penetra ting clouds 

l o sing their individua lity b y uniting themselves to a common " medium". The vir

tu :.ll or b<.Lr e p3rti c les a r e moving w ithin that medium a nd transform therefore into 

qu ·,si- purtic l e s . F'orrna lly the express io n for this cha nge o f the picture is tha t 

t.'> e r e i s n o Uethe- S a l pete r equcttion or something simila r. Ins tea d the s tructure of 

L'•e quasi- particles i s g iven b y certain s truc ture functio n s u , v o r I' • v as 

xf N:.tmbu, Jona L<.tsinio
1 

Phys. Rev. ~ 340> ( 1961). 

xx/ Golds tone, N .C . 19 , 15 4 ( 1961) 
xxx/ W e inberg , Phys.h'ev. 130, 776 ( 1963) . 
xxxx/ M o •·<.wcik, Ann. o f Phys. 30, 10 ( 1964). 
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w e shall see. We get in this way a very simple dynamical model incorporating 

the breaking of internal symmetry from the· beginning. I ts symmetry p r operties a re 

those of a jj- coupling variant of "kinematical supermultiplets". 

As a n exampl e of detailed presentation of the method we choos e a 4- fe l'

mion interaction between octet barions and a ntibario n s (where easily poss ible, 

besides we consider the analogous case o f trip let barions, i.e. quarks a nd a nti

quarks). In chapter II after presenting in outline the standard procedure of the 

quasiparticle method, the specific p roperties are studied, which a re necessary for 

SU 8 symmetry and for the descriptio n of clos ed systems . Cha pter III gives the 

main application, the determina tion of the individual qua si- particles a s a n appro

ximation for the physical bar ions (quarks). In detail we consider the concrete 

application to the baryon spectra . After that the spontaneous dynamical breaking 

of SU 8 - symmetry is s tudied and shown, that the method leads to this breaking 

essentially because it is an aver aging method. Different mass formula are derived 

for the barions (and quarks). Expecially the GeU- M a nn- Okubo formula comes out 

in the stron g coupling l imit. Chapter IV finally contains a preliminary orientatio n 

a bout higher order quasi- particles, especially about the me s on spectra . 

II. Fo undatio ns 

The standard procedure o f the qua siparticle metho d can be char a cterized 

by the following stepsx/ : 

1. Cho ice of a funda mental field ( or some of them ) . 

2 . Choice of a n o rthog ona l s et of states of indepe ndent particle s o f tha t 

field. Definition of creation and destruction operators o f the partic les in these 

states. • 

3 . C h oice o f the Hamiltonian H a nd deriva tio n o f the equ:'l.ti o n s o f motion. 

4 . Division o f H into the r e duced a n d r est p.:u· ts: H = H,.., + H R ut · 

5. Quasiparticl e appr oximatio n for H red • lead i n g to '· .clividual quasiparticles 

in the " stable " appr o x imation. 

6 . Quasipa rtic l e a p p roxima tion f o r H ••• + HR .. , 7 leading to qu t sipartic l es of 

higher o r d er ( " excitons ", c ollective states " ) i n the stable af.Jproximcttio n. 

x e .g . Bogolubov, Shirko v, 'I'olmatchov, New Method in the Theory o f 
S u per conduc tivity, Moskwa 1958 a nd Fortsch.Phys . §_, 605 ( 1958) , for the con
tinu ous case; Lane, N uclea r theory, New York, 1964, for the discre te cdse. 



7. Decay of the quasiparticles. 

We choose one fundamental field of bare mass m, an octet barion- antiba

rion field N- N with usual anticommutator relations: 

I N II ' N ~- I - 8w' !N .ti• ,J - a , 
II y , W 

etc ... ( 1) 

We use these "bare" bar ions as building>- blocks for the construction of all pB.l'

ticles. ( By the way, we shall make some preliminary remarks about the most in

teresting building- blocks, the quarks). 

Point 2 o f our list requires s ome more discussion: Should we put our ba

rions into the states of a continuous set (e.g. superconductor: plane waves), or 

of a discrete set ( e.g. nucleus: shell model states)? At firs t sight it seems to be 

no doubt, that a cor'ltinuous set is to be chosen according to the continuous cha

r a cter of the scattering states. But quasiparticles are a lways a description of me

tastable s ta tes . In scattering of particles we have metastable states, the resonan

ces, which fonn a discrete set within the continuum of scattering states. There

fore we define our model in such a way, that we approach things "from the bound 

state side" : First we forget the continuum of scattering states between the reso

nances and idealize the latter to discrete stable ( bound) states, Obviously this 

proceeding is absolutely necessary for a theory, which intends to construct 

(approximately) the field operator of a resonance. Later the model is to be imbed

ded again into the continuum, in order to get the decay- the width- of the reso

nances, point 7 . 

So we consider not o nly the nucleon, pion etc., but also each resonance 

as a stable closed system. It occupies therefore only a small finite volume of Ol'-

der 10-!3 to I0- 14
cm. For the start of our method we need - as in each quantum 

field theory - an orthonormalized set of states of independent particles as build

ing - blocks. But independent particles within a small finite volume have according 

to the rules of qua ntum mecha nics always a discrete spectrum. So we are compel

led to s tart from a discrete set of states, a nd we u se the energy differences of 

this set as fundamental parameters of the theory. For the formulation it is not 

necessary to ask for the detailed origin of the set. 

Nontheless some words are to be said about this origin, The underlying 

picture is etnalo~ous to the shell model of nuclear physics: We assume, that the 

complica ted forces betwee n the original free bar ions and a ntibarions (or qua rks) 

<:tverage out within the small volwne of our idealized bound system to a simple 

average potential V(r) (in the c.m.s.). Our independent particles then move on 

the discrete levels of this central potential. Speaking more gener ally: The essen-
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l y strong "averag e" forces, which keep the syste m tog ether. If this i s r ight, one 

always will be able to find a potential, w h ich describe s that part o f the inte r ac

tion in a sufficient way . 

In order to be concrete , we shall u se the simple l evel system of Fig. I, 

which will be completely sufficient to g et all families of reson ances. ( Cut harmo--

nical oscillator a • ! / 2 , fJ • 1 , square well a .. 0,96, fJ .. 0 ,66). 

___ cut off 01'/N/Q/ - - - Ptlt'ily,.. 
a',..& - + 

t.'• Z"t. 
A&~ 

e 
sfk. t-

<.•«t 

Fig . 1 

The opera tors of ( 1) are th e creation a nd destruction upe ra to r s o f the p a r -

t icl es o n their l evels. The inde x v means ther efore the quantum numbers 

( 2a) 

Ej;' • level energy, iv .. total a n gular momentum, m v • 3 compone nt, 

a., .. "oc te t" quantum number, I v • isospin, i 8 " 3 component, Yy 

hyper char ge, "Y = o r b i tal par ity). Bes i d es we use often t~e symbols 

- v -E j - m 8 v 1v - 1 av - rv , - rrv - Y v v 

v - E -v j y a., "v 
( 2b ) 

- v - E- i., B y -1T v . v 

The necessity to include the orbital parity "v will s o o n c ome o ut. For the n on
f 

rela tivistic s itua tion i t i s clearly " • (-1) . In our rela tivis tic situation 
f 

( t " 5 00 MeV ) we define it by ( -1) up , w here f up i s the orbital a n g ular 

momentum of the upper compo n e n ts of the D i rac spinor of th e central pote n tial 

solu tion s . This d e finition is rotational i nvariant. 
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The u se of the discrete terms of a potential means physically , that we h ave 

a closed system within a finite volume. So our model has a characteristic length. 

given by the extension of the potential ( harm, osc. R • ( h 
2 

/ mt ) l> ) • By this ~ 
avoid all peculiarities o f the quasiparticle method arising from the inequivalent repre

sentations in the c ase of infinite volume. The cut off of our discrete spectrum 

(fig . 1) limits our problem to a finite Hilbert space, Its sense is, to limit the dis

c rete starting term system, corresponding to the upper end of the resonance re

gion. 

Finally we note, that the replacement of ba.rions by quarks means up to 

now only the replacement of 8- bar ions by 3- bar ions; 8 ., 3., in ( 2 ) . 

For the Hamiltonian H • H0 + H tnt we take H0 

dependent particles on their levels: 

as the energy of the in-

• H0 = ; E ii' ( N ~ N., + N: N v ) . ( 3) 

Remark, that the level energies E ii' do not depend on the third components, 

compare ( 2b) , but depend on IT v ( E· ii' 1- E -v ) , and are equal fo r bar ions and an-

tibarions. For H tnt we take a bar ion- a nti bar ion - scattering 

H 1.,· ~v Gk¥vN":cNANI" Nv ; 

later we add similarly bar ion- bar ion scattering etc.: 

H, 
lnt -.~v F•¥v N= N:A_ Nl' N.., + ~ Fkhl'vN: NA ~I"\ 

( 4) 

( 5 ) 

The coefficients 

hermiticity 

G ( s imilarly F , F ) have the following properties, From 

Gt¥v· Gv""k ( 6) 

For our c1osed system we have to require total angular momentum cons"?rv-1tion in-

s tead of the usual momentum conservation, This a nd 

filled by 

Kp Kp Kp 

G ~v • 2 G k'Aiiv c •ft. C I"" 
Kp 

K a JMSIJ 8 Y , 

where the C are CJebsh- GDrdan- coefficien ts: 

Kp ( i. J i). ) 
CkA • C m.-M-m,\ 

8 

• C ( 8 k 8Kp 8 ,\ ) 

4> k -<~>. -4>,~. 

SU 8 - invariance are ful-

( 7a) 

"'- ii8y. ( 7b) 
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p • 1,2 distinguishes both sets of su
8 

- CG -coefficients for the octet repre-

sentations 8 and 8 ' out of 8 x 8 : C p ( 8 k 8 K 8 .\.)couples both octet particles 

I( • .\. again to an octet, so that we have written down an "octet- interaction " • 

C( 8k I It 8 .\. )on the other hand would have given a " singlet- interaction" • Formulas 

analogous to ( 6), ( 7a) and ( 7b) have t<il be written down for the F- and F-

interactions. ( Up to now, the formulation is the same for quarks, only 

cP(81'8K8.,l .. c<a,.8Katll . 

III. Barion Quasiparticles 

a) General considerations 

According to point 4 we separate off from H tot the pairing interaction 

( 8) 

Comparing this with ( 7) one reads off from the CG - coefficients, that 

transfers no angular momentum from the destructed to the created N N -pair, 

because the upper index Ko in ( 8) means, that each pair separately is coupled to angu

lar. momentum J- 0 (I = 0 l. On the other hand, H
0 

x a nsfers SU8 -spin, because accord

ing to ( 7) or ( 8) both octet particles ( or triplet particles) of each p a ir a re coupled together 

to" 8" by out "oc tet- interaction", (Only a singlet- interaction makes no tra nsfer). This 

difference in the transfer- properties of angular momentum and SU8- spin determines de~ 

decisively the type of symmetry breaking, as we shall see, 

The lowest order quasiparticle approximation leading to "individual" quas>-

particles ( point 5) may be called an approxima te diagonalization of H 0 + H 0 by 

partly averaging of U 0 in the following way: B 0 is replaced by 

(9) 

where the brackets ( )0 mean the expectation value with a vacuum state 10) 

which is to be determined, By this averaging H 0 + H 0 g ets obviously a quad-

ratic fottll ln the up era tors which can be transformed to 

princ ipal axis by a Bogolubo-.... tra nsforma tion which lea d s to new oper ators 

0 II .. 0 v N I/ + y ~· N~ n 
1
, .z u ,, ~~~ - v ~· N:, (lOa) 



[H,.d .n.,J.£ii,.d .n.,J-~.,n., (lOb) 

H,.d • H0 + H0 • Bred •H 0 +H 0 •tcu.,<O"vOv +0".,0.,). (!Oc) 

The new (approximate) destruction operators 0., define a new vacuum state, 

the vacuum of free quasiparticles, by 

0.,10)•0.,10)•0 

10) • ~(u., -v., N~N!.,l10> 
( ll) 

( 10> • bare vacuum, N., 10 >-N., 10 > • 0 ) . 

It contains correlated bare bar ion- antibarion pairs v -v ( nii, pp , AA etc. ) 

analogously e.g. to the corresponding electron pairs pa, -p- a 

conductor, The quasiparticle states themselves are then given by .. 
11., >. npo> . Jt., l -Ot,10). 

in the super-

( 12) 

Correlated pairs with oppc 

re total parity-1. So their 1 

parity mixed vacuum. Our 1 

p la cing both particles of 

compare the definition c 

From our requirer 

genvalues "'" of the 

~ 
U II - ~ ( 

~ y" 

u v vv 

Requiring to. E 

u~ + v~ • 1 , Uy • a~ YY • v_11 , uv , v.., real. 

the transformation (lOa) gets canonical 

and unitary: 

10 11 , nt,. l • liw' , 1 n., . 0 11 • 1- o 

-I 
0 11 • U N.,U 10) • u- 1 10> , 

U • exp[I8 11 (N11 N -Nt,N~11 )] , 
v -11 ,. 

etc. 

uv • cos811 

v
11 

• sin 8v . 

( 13) 

( 14) 

( 15) 

It conserves barion number, beca use it mixe~ destruction of a barion with crea-

tion of an ~barion, So here the mixing of destruction and creation maintains 

a conservation law, quite opposite to the superconductor and nucleus case, 

where it destroys the conservation of particle number, because no antiparticles 

come into play, From thls we get an interesting remark concerning the applica

bility of the quasiparticle method in the relativistic domain, The method is usu-

ally applied to problems with conservation of particle number (superconductor, nucleus), 

though it violates thls conservation law, In our case the situation is reversed: There is 

n o such violation, and instead we have a conservation la w which U;; absolutely needed, 

Qua siparticle operators of the type nucleon+(antinucleon) * were first considered 

extensively by Bacry and Mandelbrojtxf , though these authors run into parity difficulties 

Namely fermion and a ntifermion always have opposite relative (intrinsic) parity. 

'X/ Bacry, Mandelbrojt, N,C, 23 , 564 ( 1962). See also Nambu I.e. 
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Correlated pairs with opposite momenta , N~ N.'; 10 > , a re in an s- state and have therefo

re total parlty-1. So their presence in the vacuum state a nalogous to ( 11) leads to a 

parity mixed vacuum. Our formulation in terms of angular momenta is able to avoid this by 

placing both particles of a pair into orb'its with opposite orbital parity: 11 , - 11 , 

compare the definition of -11 in ( 2b). 

From our requirement that H0 + H0 takes the form ( !Oc), one gets the ei

genvalues cu 11 of the states 11 11 ) and the coefficients 

~ 
ull 

-~(1 
E -ii + E +ii 

± 2 "'II + 6. E ii 

6.EJ7 
"'II • - -2- + y l4 ( E ii + E:.;:; ) ~ + 6. 11 

6.E-
__ 2_v± R II 

F. 0 - ; [ ( E ii + F._ii ) v ~ - 2 6. II u II vII l D ~ ( E ;:; - "' II ) 

( 16a) 

( 16b) 

( !6c) 

( 16d) 

Exactly the same results come out, if one uses the equation of motion method: 

One requires (lOb) 

[H,.d , fl 11 I =-cu 11 fl
11 

inserts (lOa) and uses the equations of motion for N 
11 and N ~ , in which 

exactly as in ( 9) pairs of particles are replaced by treir vacuum expecta-

lion values. So one gets the linear homogeneous equations for u
11 

, v
11 

' 17 ) 

which again lead to ( 16). 

All for mulas in ( 16) are very similar in form to the analogous expressions 

in the superconductor o r nucleus. Indeed, they would be identical with them, if 

"ve had not F: ;:; ./ E..;:; according to our terrnsystern Fig. l. 

The ener·gy spectrum ( 16c) gives for each 11 

g rows with growing f: ;:; : ( Fig. 2) . So the lowes t. 

11 

a dublet, whose splitting 



•+1 < ~ 

J'• i't 
Fig. 2 , 

-
R' 

~t 
2 

-
>• ~1,.2p 

state is completely cutoff dependent ( {3 < o quantum mechanically forbidden): Ad

dition e.g. of a fourth higher level in Fig, 1 would produce a new lowest state. 

This is unphysical, but fortunately can be brought in order by a hole theory in 

the well known Dirac manner. Namely the second commutation relation ( 14) means 
~ 

Ov • o , so that eacl'l of our states "'v can be occupied only once, Defining the 

~tate in which all levels "'v below - !J.~jj are occupied, above empty, as the new 

10) • O*v ... . . 0*• 10) 
!J.E. 

liEn •• , • , , ClJ n < -~· "'v <--2-
vacuum state 

changes the eigenvalue spectrum into 

.:t !J.E;:; a ~ 
:!:. ,--- +y"(Eii + E.;:;r + liv,. 

!J.Eji 
± -2- + Rv. ( 18) 

"'v • 

So 0 -holes appear now as 0 - and 0 -holes as 0 -states. The neces-

sity of a hole theory is c::learly characteristic of a theory tireating barions and 

antibarions ( or quarks and anti quarks), 

It is important to note, that all steps done up to now can be repeated for 

the continuous case too, i.e. for free spherical waves instead of bound ones, 

The formulas are not changed by this. 

b) Eigenvalues 

We begin the concrete application to the barion spectra with some general 

remarks, The form of 0 • nN +,. N • shows, that 0 automatically has the same 

quantum numbers as N , the bo-re 8 - b<'>rion. Therefore we get as indivi-

dual quasiparticles 0 only octet barions, n as octet antil;>arionsx/ . ( Ano-

log ously with N • triplet barion = bare quark, the 0 are quarks). No other 

individual qua siparticles are possible. 

S e c o ndly, w h a t means the vacuum state 10) physically? Having barion 

number 0, he could be a meson in principle. But we consider our individual 

xl This statement is to be corrected a little, as we shall see later. 

1 2 

,, 

I I 

quasiparticles as an app: 

states, Therefore 10) 

our approximation for the 

its energy (OIHIO) • Eo 
instead of < 0 1 H 10 > • as 

N 

l4> 

/D) 0 

lo> 

-
R'-

~-o , 
J • 

1!!!!, JI!L 

.!!!. 
.:!JIL 

(I 

tl' fi- 41• .fi-
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shall see later. 
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qua.siparticles as an approximation for the physical barion and bar ion- resonance 

states. Therefore 10) , the state with no quasiparticle present, is necessarily 

our approximation for the physical vacuum (within our small volume). Ther efore 

its energy (Or H Iii) • Eo is to be taken as the zero point of the energy scale, 

instead of < 01 H 10 > , as up to now. The energy relations are then that of Fig. 3: 

!'!!!. 

~ 

1!1 fi-

' /0) 0 

lo> --------

Fig. 3. 

I I 

, ,.,.( 

~-0~--------------------------~~--
J~. ~+ ~- .fi.. ,- . 

Fig. 4. 

N 1\. I. =-

.a. 

.:!IlL 

(/ 

.Ji• -41-

Fig. 5. 
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Fig. 4 shows the eigenvalues predicted by ( 18) for the ter m system of Fig. 1. 

Let us confirm this first with the observed nucleon resonances of Fig. 5ax/ . 

The most remarkable fact is the absence of ~- , 3/ 2 + states. The usual inter-

pretationxx/ is, that states ~ - , 3/2 +, 5/2 - , ••• do not appear as a consequence o f 

a definite exchange character of the interaction. mdeect let us assume for H tnt 

the exchange character 

Gk.\l'v - .± G -.\-kl"' 

1 
~ + 

1 
!-

3 
~-

3 
2+ 

for k ,.\ . 
( 19) 

Then it is easily seen, that 

at all. 

H
0 

( 8 ) d ta o ' b ti I 3 oes not con 1n contn u ons from ! - . 2 + 

Next we read off directly that 

• c = 1490 - 940 • 550 MeV . 

This corresponds to a n extension of our system of 

h 2 ~ -·· R • (--) • 2,5 • 10 em 
me 

( m • m bare • m N ) . 

The system we describe is therefore essentially the dense " core" of the nucle-

on, while the meson cloud is not included. On the other hand • cannot be 

determined, because the higher parfner of the T - dublet l acks. Either this 

means, that it exists, but was not observed up to now, This is well possible, for 
3 

with •' ~ t we !-Jredict a 2- state a round 15 20 + 550 • 2100 MeV, which could 
7 

be masked by the 2 + -resonance a t 2 190 Mev. Or the dublet partner lacks, 

because the splitting vanishes: • ' • 0 . Therefore we discuss always two cases: 

case A : •'=d,/3-~). case B: <' • 0 ( ,13 a 0) • 

Besides t • • our model contains the energy parameter a, the bare mass 

m • a nd the eight interaction par ameter xxxx/ 
~p - - 1 3 

G;; -1/jl-1i v,l' = '1 +, 2- ; p • 1,2; K0 = 008000 . 

It is useful to take instead of the G' S the eight par ameters 

~v v~i+N AIE }-NAI2 

Namely as in other applications of the quasiparticle method the gap consta;.,ts:rnc/ 

~ v - 8v • f a re the dynamically decisive parameters determining the energy 

x/ Fig: 5 was drawn according t o Rosenfeld et a l, UCRL 8030, Aug, 65 . 
Only s tates with J ~ 3/ 2 are g iven. Notes of interrogation mean non- established 
quantum numbers, 

xx/ E.g. Frautschi, Regge P oles a nd 

xxx/ • 
We call <> gap constant, though 

by o ur tra nsitio n to hole theory • 

S -Matrix Theory, New, York, 1963, 
p ,.\48 . 

in our theory it has lost this sense 

xxxxj This high number o f parameters can be reduced 
constant, 2 potential parameters, m) using the local special 
'Ihis requires computer work ( fo r the G ' s). 

to four ( coupling 
case of our ( 4). 

14 

!?pectrum. Equating our e 

we get the relations: 

J- i+ 

J- i-

e B • 1,71 

e
8

• • 2,76 

c • e 0 + 

compare Fig, 5. Remarka 

l'o • I' -e 0 (m•l' •f, E 0 • 

A: 2,67 ~· 

Now e 0 ~ I according to 

A :m • 3t • 1 ~ 

Table I gives the numeri 

CASE' 

80~+) 

--
N 2,15 

A 2,46 

I 2,61 

E 2,88 

If necessary, the corresi 

equation (.16e), which is 

unknown G 'o • Inspectio. 

der of ( . So certainly 

R eturning to the cc 

~- state at 1405 Mev. 

he does not fit into ou 

x / C • C•f • m- E0 (~ 
Therefore in table 1: case 

xx/ Usual interpr• 
the Oxford conference fr 
If it exists, one has to c 
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lnr k ,A . 
( 19) 

1 3 
contributions from ! - . 2 + 

) 0 
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her hand •' cannot be 

iublet lacks. Either this 

w. This is well possible, for 

50 • 2 100 MeV, which could 

the dublet partner lacks, 

liscuss always two cases: 

0 <{3~0). 

ll'ameter a, the bare mass 

= 008000 0 

tmeters 

1ethod the gap consta~tsJOO</ 
determining the energy 

I. UCl~ 8030, Aug. 65 . 
. tion mean non- established 

x Theory, New, York, 1963, 
p .l48. 

'leory it has lost this sense 

luced to four ( coupling 
ecial case of our ( 4) • 

!?pectn.un. Equating our eigenvalues cu v ( 18) w ith the o b s erved ma s s es E0 ""- e. t , 

we get the relations: 

J • i+ I 

J- ~- ; 

8 
2 

• (e 
B 

2 2 
+ li) - (a + li + c(a{3p. 0 )) 

2 2 2 
8 ' • <•s• + lil -(a +/3+1 +c) 

e 
8 

• 1,71(N) 2,02(Al; 2,16(Il; 2,42(2! 

c • c 0 + c 1 a + c 2 {3 c 0 • 321 -191 p. 0 

( 2 0a) 

( 20b) 

compare Fig. 5. Remarkably the requirement a 2 ~ 0 determines the p a rameter 

within very narrow limits: 

A: 2,67 ~0 ~ 2,70 B: 1,67 ~ p.. ~ 1,70 0 

Now • 0 :ii 1 according to Fig. 3. So the bare ma s s will b e around 

A:m • 3t • 1500MeV B : m • 2t • 1000 MeV . 

'I'able 1 gives the numerical a -values for p.
0 

• 2 ,68(A) . 1,69(8). 

Table 1 : ll- a .• 

CASE A: /3-li CAS E B : {J-o 

8(li+) 8 '<!-> a<i+> a·<}-> 
N 2 ,15 2 ,89 1,64 3 ,1 

A 2 ,46 2,89 2 , 02 3 ,1 

I 2,61 3,19 2 , 2 0 3 ,4 

E! 2,88 3 , 4 0 2 ,5 0 3,6 

If necessary, the corresponding G value can be d e termined with the help bf 

equation (16e), whlch is an inho mogeneo us linear system o f e qua tions for the 

IMlknown G'o . Inspection of ta ble 1 show s tha t the a·. a re alway s o f the o~ 

der of f · So certainly we are not in a weak c o upling situation. 

Returning to the comparison of Fig. 4 a nd 5 , we find in the A family a n 

li- state at 1405 MeV. Lacking its lower dublet p artrler nea r the A - ma ss, 

he does not fit into our scheme and must h a ve a nother dynamical orig in xx/;. 

x / C • c•t- m- E0 ('~u 0 )-V0 (-R) , ,.,,.. "'t' compare Fig . 3 . a 
Therefore in table 1: case A • harm. Os cilla to r (a-}>. 

dro p s o ut in a2 
• a · ~ 

xx/ Usual interpretation: singlet barion, i.e.quasipa rticle of 3. order. At 
th e Oxford conference there appeared a new r e s ona nce N'\ (li-l a t 1700 M eV. 
If it exists, one has to apply a n analogous a rg ume n tation to it. 

1 5 



Thi s interpretatio n i s c o nfirme d by the l a c k o f any ~ - in I- a nd 2- fa-

rnlly . Finally I* ( 138 5) a nd 2* ( 1 5 30) a r e members of the decup l e t, s o tha t 

now the r e is n o ter m agains t our· assump tion of exchang e chara cter ( 19). The ~ + 

d ublet splitting o f ' • 550 M eV d early has to a p pear in all members o f the 

dubJet (fo r A a nd B) . S o N * ( 148 0 ) gets predicted octet partne r s 

~+ A• ( 1665) , I* ( 174 0 ) , 2* ( 1 865 ) (pr edicted) , 

appear i n g in 1-~ig, 5 as broken lines. An analog ous prediction o f a hig h e r i 
octe t res ults in cas e A . 

c) Dyn.:unica l B reaking o f SU8 - S yJ nmetry 

W e tur n now to s ome ques tions o f p rincipl e , g iving ins ig ht into the problem, . 
how the quasip a rticle app r oximc:t tion b r eaks symmetry, a nd from this, w h a t this 

app r oxlma.tion essen tially means . 

A !r·e.1dy the mass fo ~mula ( l El ) showed the p r e s ence o f symmetry breaking , 

b ecC\u se wv c o n tuins 
A v · a tJ, J

11 
m v &vi v ia vY v 

a nd so d epen d s o n the " third compo nents " mv a nd if>v a lv18,.>t, .Writing ~v expli-

citiy 

"c P iv 0 j j fl 0 jl' p 8v 8 11v p 81' 88il _ 
~v - ~ I G---- C ( 

0 
v) C ( 

0 
) C (_, 0 ,;.l C ( :< nA) • (N,N_ ,l

0 PP v_.,l'_il IDv mv mil mil 'i"v 'i"V '~"il""'il .- .-
( 21) 

we f ind, tha t th e d epend e n cy u n the third v - com ponents is c o n tain ed exclus i-

vely in the C G - coe ffic i e nts , Mor e over beca u s e of 

j 0 j 
r. ( m 0 m) = 

th er·e js reully no df".!pc-n~h:..nc.y o n m1_. , s o thdt r·ot•l. tionul sy1n metry or a ngular 

momentum con serva tio n is <>u lo.H•.ltically .!2£!_ bro.ken, as it mus t b e for a clos e d 

s y s te rn . O n tho oU1c 1 l•dnd 
p 8 v k 8v l .;, 

C: ( ¢v 0 rf>v 

d epends redlly on if> v s lv i! vYv . T h e rc• s ulting o l13 

te l y PXpl c=-- s sed by , ... .~rj ti n! 

p 8 v 8 Bv t' 
!l.v E tJ. J. 8 1 1 Y • I C ( "' 0 "· ) C.-v v v sv 1.-· p 'f" v Yv u 

bced.klng i s therefore C011lplc-

( 22a) 

lJut ( :.:!2a ) is exactly the (WignC:"r- T~~c:k<.J.lt ) fv::.u1 of d. t.{ IA.•t n lityt vv~dc.l1 oUPys 

Gell-Mann- Okubo fu•'tllulo., n''m e l y o f a te n sor c o •npo nent T0~~ . s., we have"· 

~ Comp . e .~.~-;adyshevsky, IVlu r .s.d yt n , l)ubnn Jil t-pr i n t }..J_ ·'1.:! 4 , forrfiU !.-\. ( 60,i 

lt 
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in I- and 2- fa-
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:~.nge character ( 19). The ~ + 

.ar in all members of the 

ed octet partners 

( predicted), 

3 ·ediction of a higher ! 

-> nmetry 

:ng insig ht into the problem, 

=> nd from this, what this 

•nee of symmetry breaking, 

tents is contained exclusi-

1.11 sy:nrnetry or angular 

it :nust b e for a clos.,.d 

tl.;.ing is therefore cotnplc-

( 22n) 

> u 1l i.iy, whl cJ 1 oUc--ys 

·nt T0~A~ • S.; we hct"'V(?Jl· 

)J int } J_ 'l.::!.cj. , forntUifl. ( (J Q .' 

a GMQ.. formula for the gap constants: 

Analogously for quarks 

so that 

we have a., .. 3., : 

s., a st 
~~~- c <ct>., o ct>.,leii 

1 3 
for !+ ! - (22b) 

( 23a) 

( 23b) 

It is important to note, tha t both relations ( 22) and ( 23) are completely mde

pendent of the coupling strength. Let us see, whether our "experimental" B., . 8~ 

of table 1 fulfil the rela tion ( 22B) . One finds: 

Case A: 

Case B: 

8 (~ +) 

n}-> 
.s<}+l 
B'<t-l 

Tuble 2 

left--hand 
side 

5,03 

6,29 

4,14 

6,7 

right-hand 
side of ( 22b) 

error 

4,99 1% 

5,94 5% 

4,13 0 ,3% 

6,35 6% 

Having a GMO..formula for the g ap constants ~ , what about the masses? 

According to ( 18), ~ appears squ.O<red under a root in th~ mass • So o bvious-

ly only in the strong coupling limit ~ 11 » E ±ii we get the right GMO.. formula for the 

barion masses: ~ 

± ~Eji (Eii +E_pl 
COy • ± -2- + 6,. II ( 1 + 8 6,.y , strong coupling 

because now the ma in dependency on the third components is - ~~~ . (The small 
1 

term-~~~ leads to small deviations from the GMQ.. formula, An a dditiona l sing-

let interaction would not contribute to 
(!) (S) 

the breaking: A., • ~ 17 + ~ 11 ) The rela -

tive small errors in table ,2 are now easily understandable: '!"he 8 of table 1 

were calculated from the experimental masses e 
8 

( e 
8 

*) , which fulfil the G M().. 

formula within 1o/o ( 8%), , and in this caiculation we assumed values of IL 
0 

ve-

ry near the strong coupling value /L 0 otr • 2,683(A) ; 1,683 {B ) , 
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defined by 8 ~ • max or c(a,91' 0 l•-a-~ , compare (20a). 

In the weak couplin g limit, on the other hand, the breaking term is propol'
~ 

tiona! to !:J. v , giving a "rooted" GMO... formula ( a • canst ): 

~ 
(m N -a) + (m;::: -a) 

V2 3 ~ ~ 
r<mA-al + ~(mi -al 

mA • mi . 

weak coup!. 

S o we can note the important fact, tha t the appearance of a G MO... formula for the 

masses is n o t n ecessarily a proof for a weaker firs t order breaking interaction, 

as is usud.lly believed, the stand ard method of derivation using a first order 

breaking, Further we n o te , that our r esults concerning symmetry breaking a re in

dependent of the choice o f the (discrete) states of the bare particles, For the 

form ( 2 1) of !:J., a n d the mass formula ( 18) do not depend on this choice. 

So these res ults are characteristic of the quasiparticle approximation with bare 

barions in gener~l. 

For qua rks the s trong coupling limit gives according to ( 23b) : 

ml-b 

ct 
m2 - b 

c~ 

m8 - b 

Ca 
strong coupi., 

m 1 • m ~ 
xx/ 

-~(3b-m 8 ), 

~ 

the weak coupling the same with C 1 replaced by C 1 • Here we have n o 

compelling r eason to prefer the strong coupling , b ecause nothing is k nown about 

the masses of the quarks !1* lOl. 

After we h a ve see n the consequences o f the fa ct, tha t our approxima tio n 

lea d s to a GMO symmetry breaking fo r the gap constants t. ., , we wish to 

unders tand in deta il, how the quasiparticle approximation lea d s to this breaking . 

The partly aver aging of II 
0 

to H
0 ( 9) replaces o ne of the two N N pairs 

interacting in H0 by a v a cuum expectation v a l ue, i.e. b y a classical function, 

l eading to a "potentia l" in ii • in a generalized sense, Fig . 6 , ( 9) shows , 

tha t !:J., is jus t this potential, Between both pairs there w a s no tra nsfer of an-

gular momentum, as already stated, So the potential now exchanges no angular 

momentum with the remaining pair, a nd we have a n g ula r momentum conservation. 

On the other h a nd the p a irs exchanged unitary spin because of the octet cha

racter of the chosen inte r a ction. So there is no·N transfer of unitary spin between 

the potential and the remaining p a ir, Cons equently th ere is breaking of unitary 

spin conservation in a n analogous way, a s we would have breaking of angtr 

lar- momentum conservation, if we had a potentia l exchanging angular momentumx/ 

x/ Example Z eema n effect: V - L •• 
xx/ 3 

So 3b:::_m8 -m 1 ~-..,... b , b>O . 

)I 

H, 

> 

with the remaining pair. ' 

ticles b y the " s tiif" vacL 

breakin g . 

So we have found 

its symmetries w ill be br 

transferred "within" H 0 • 
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properties. It may w ell 
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.g symmetry breaking are in-

he bare particles. For the Fig. 6. 

:::>t depend on this choice. with the rema1n1ng pair. The replacement of a dynamically interacting pair of par-

te approximation with bare ticles by the "stiff" vacuum expectation value is the origu~ of the dyna mica l 

breaking. 

·rding to (23b): 

strong coup!., 

- ~ · Here we have no 

use nothing is k n own about 

ct, tha t our approximation 

a nts A., • we wish to 

tion leads to this breaking . 

ne of the two N N pair s 

.e . by a classical function, 

mse, Fig. 6 . ( 9) shows, 

1ere was no transfer of an

o w exchanges no angular 

u- momentum conservation. 

ecause of the octet cha

;;fer of unitary spin between 

e is breaking of unitary 

have breaking of angu

:~.nging angular momentumx/ 

So we have found a s imple method to rea d o ff directly fro m H • which of 

its symmetries will be broken by the quas ipa rticle metho d: only the s ymmetries 

tra nsferred " w ithin" Hp . R eversing the arg ument, the appea r a nce of a G MO- break-

ing g ives info rma tio n a b o ut the "internal" s tructure of B• , a b o ut its tra nsfer 

p r o perties . It may well be, that this s ta tement i s more g enera l tha n our quas i

particle appro xima tio n . 

S u :nma rj zing we can state : lf w e u se ( bare) bar i o n s a s building - blo cks , 

and assu me tha t the aver aging o f the quasiparticle approxima tion i s allo w e d, w e 

are l e d to s tro ng coupling w i thin the d ense matte r of the co r e . It i s quite n a tu

r a l , tha t in such a d ense packe d s tro n g ly inte racting medium a v e r aging m ethods 

are use ful. B ut l e t u s n o t fo r get, tha t we asswne d tacitly , tha t the ( s u pp r essed) 

meson clo ud does not c o ntribute cons ide r a bly to the masse s.; For quarks as buil

.ding-. bloc k s o n the o the r h a nd o ur c o n sider a tio n s g ive n o l imit to p r e fe r the 

strong ( or a ny other) coupling . 

Fina lly w e h a ve to remove a n impo r tant incompl eten ess of o ur treatment. 

H a ving s tates with broken symmetries , o ne awaits tha t the quasip a rticle v acuum 

I 0) its elf is not inva ria nt. An inva ria nt pairing o f two particles NN 

sarily the form: 

a., -
.1. ) N * N * 10 > 'f'v v -v 

I N* N* 10 > = ~ p. 10 > . 
¢v v -v mv cl>v v 

:19 
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in which both C G -coefficients are equal to unity. Instead we have in 10) 

">. ">. ">.' 10) • ll u
11 

.[1- I- P';. +I I --- P~P';.,-+ .... ]10> 
... >. • >. " >.~>.' .>. .>.' " " 

So, as far as • >. , v>. depend on the third components m., , </>
11 

- i.e. breaking 

really occur&- we have ~ the invariant expressions I Pji > in 10). The conse

quences of thls noninvariance have to be settled. 

First we can state, that this makes no essential change in t.., , because 

according to ( 21) the v -dependency depends not on the vacuum expectation 

vruue in t.., at all. So our considerations about L'1 11 and w., are unchanged. 

Secondly the noninvariant vacuum leads in a well known manner to superflous 

states with energy - 0, called "spurious states" (nuclear physlcsx/ ) or Gold-

stone mesons (particle physiGsxx/ ) • 

Third let us study a first order breaking 

">. 
g>.•~=gx+r>. r>.«gx 

This leads to 

tO) • 10) lnT - I Y ,\ P ~ tO > , 

therefore to 

l l.,l • U*.,tO) • n*.,l0)
1 

+y " N* IO>- u., I y, Nt,N;N•, tO> 
nY v V V A 1\ 1\ -1\ 

The first two terms tra nsform clearly as an octet, but the last term represents a 

small admixture of type 8x8x8, i.e. of 1 + ... + 64. The breaking therefore shifts 

not only the eigenvalues, but also mixes the representations. This will have con

sequences in the calculation of matrix elements in general. All our statements 

concerning SU 8 multiplets therefore have to be understood in this sense. 

d) Supplementary Remarks 

If one includes the pure barion- bar ion and antlbarion- antibarion interactions 

F and F one awaits no essential changes, For our quasiparticles, pairing N 

and N depend mainly on the barion- antibarion interaction. indeed, t he mass 

formula ( 18) retains its form, only the replacement 

E V _. Ey +tv 'v c 2 I F "Ill'" (N~ N I' )0 
I' 

is to be performed. I<estricting analogously to our choice of H P to the terms 
Ko -ICo 

F F JC0 - 008000, one gets L'1l 11 c •-v - '+v • 0 . The only change in 

( 18) is the appeara nce of l 11 -co ntaining terms under the root. They contribu-
-
X/ Baranger, I.e. 
xx/ Kibble, Proc. Oxford conf. ( 1965 ), Goldstone I.e. 
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te to deviations from GMO 

p (811 8 8v 
C cf>vO cf>v) squared. So th 
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:f < o I' 
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5tea d we have in 1 0 ) 

..... ] 10 > . 

m 
II 

P- > 
II 

• ¢ 11 - i.e. b r eaking 

in 10). The con s e-

char<ge in 6.., , because 

on t h e vac uum expectation 

and w 11 are u n chang ed. 

1n manner to sup erflou s 

lear physlcsx/) o r Gold-

1e last term repres ents a 

breaking therefore shifts 

tions. Thi s will have con

raJ. All our statements 

.tood in this sense. 

io n- antibario n interactions 

· quasipa rticles, p a iring N 

:tion. indeed, the mass 

to the terms 

0 · The o nly change in 

the r oot. The y contribu-

te to deviations from GMO in the strong coupling limit, becaus e t 11 
p a..,aa.., 

C (¢
11
o cp..,l squared. So these devia tions give s o me info rma tion abo ut 

c ontains 

r , i'. 

Some preliminary remarks a bout renorma llsation can be ma de. The mass re

n o rmalization we perfo rmed automa tica lly in c a lcula ting the physical m a s s cu.., • S o 

fo r e a ch level extra w e c a n define a mass renorma lizatio n 

either (m•mbare) 

o r 
liw 11 ~ w 11 - E;; 

The w ave function reno r maliza tion c o n s tant z 
11 

o f a l evel i s the 

p r o bability to find a bare p artic le N 11 in the state \ 111 l • n';:, 10) . It can b e r ead 

o ff, if one expresse s n~ a nd 1 0 ) by bar e partic les (abbrevia te d ) 

One get s 

The full r e n o r malizatio n p r o bleM a rises o nly , if w e go b eyond the b ound 

s ta te a p p roxima tio n a nd inc lude the scattering states. Because we d o n ot u s e 

perturba tio n theory (according to w hic h our 4 - f e r mion i nte r actio n would b e non

r e n o r mali zable ) , we a r e confro nte d w ith a co mple tely new s itua tion: Our bound 

state a"pr o x imatio n separates o ff the mass ( s e lf e n e r gy) probl e m from the 

scatte ring p r o blem. 

It i s easy to w rite d own prop agato r s along the standa rd way, using 

d{ot -d{0 t 
- e nll e 

The Fourier tra n s f o rm j', _, ' o f the pro p agato r g ets 

the usua l fo r m fo r a p a rtic l e o f mass w
11 

in i ts r est system. Besides o fte n 

anothe r " p r opagato r w ith r egard to the b a r e vacu u :-n" i s defined: 

2 

j= < O \ T( n..,(tln..,Ct ' J 1 ro >= __ "JL._ 
w11 + E -ill w

11
+ E+ili 

IY . Meson Quasiparticles 

a) Gen e r a l con s idera tio ns 

The next s tep o f p r oceed i n g ( point 6) i s the construc tio n o f higher o rde r 

quas iparticles (supe r conduc to r: e x c ito n s , n ucleus: collec tive s tates) taking i ndivi-

d u a l quasipa rtic l es n as building- blocks , w hich a re b o und b y th e inte r a ctions 
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of H Root • For insta nce the destruction operator of a meson for 0 • 

the form ( K • J M !!.II 3 Y l 

!:>arion has 

I( I( -

M = ~ (p.w·n.,n., · +vK, o~. n• . ) . 
VJ.I Jill "' II (24) 

The coeffic ients p. , 11 contain convenient Clebsh- Gordan coefficients, e.g. 

c(j., i .,.J l • cP (8., 811• 8l . 

if M is a n o ctet meson, The res t of the coefficients is determited from the 

requirement, tha t M 

Hamiltonia n: 

beha ves as destruction operator wlth regard to the full 

[ H rod + H Reot • M K l ~ - ru ~ ~ 

'l'h!s l eads to equatio n s for p. • 11 of a similar type, as we had for u , ,. ( 17): 

[(cu 1 +ru 2 - G 1~l~-.,~lp.u·~ (intera ction terms). (25) 

r<emar k, th=tt a utomatically the meson mass a ppears squared, 

'!'he dec uplet- barions require clearly quasipartlcles o f 3. order: 

K )( - It -
D ·w~ " (/lw 'v " 0 11 0 11 • 0 11 .. Hw 'v"0~{}*11 , 0~ .,). 

For 0 = qua rks o n the o the r hand the barions thems elves are of third order 

K K K 
B a ~ .. (,81111;,·.011 0 11 ·0.,"+Yw'v"Ot,Ot·Ot, .. l . 

wv 

while the meson s reta in the form ( 2 4). 

b) Prelimina ry Trea tment of Meson Spectra 

Let u s s tudy in a n o rientating manner the o ctet mesons. Clearly equations 

like ( 25 ) co.n be solved only a pproxima tely . Here we res trict ourselves to the 

simples t possible treatment, w hich g ives the qua ntum numbers and the succes

sion o f l evels rig ht, but the e nerg ies of the levels bad in g eneral. It a pproxima-

tes w ~ by 

w M «:. w, + w 2 - G ·~ ' 
( 26 ) 

compar e ( 25) . In the simpler case ( 17 ) the c o rresponding a pproxima tion i s 

ru 11 • E;:; = ener gy o f the indepe ndent p a rticle. That means, tha t in this case all 

inte r a ction i s neg lected ( exept that c rea ting the levels) . In our p res ent case 

n o t a ll interaction between the individua l quasiparticles is neglected, as is s h own 
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. meson for 0. barion has 

' 0~ , ). 
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;elves are o f third order 

Spectra 

mesons. Clearly equations 

res trict o urselves to the 

numbers and the succes-

1 in general. It approxima-

( 26 ) 

ling a pproxima tion is 

=>.ns, that in this case all 

; ) • in our present case 

is neglected, as is shown 

by the appearance of G u , a matrix element of the rest interaction, in ( 26) , 

which means a crude "binding energy" between the quasiparticles in M. Know-

ing nothing about 

Then the mass "' M 

G 1 ~ • we approximate it by an overall binding energy 

G 12 • G • con at • 

is essentially the sum of the masses of both bound indivi-

dual quasiparticles, shifted down by o For case A we give the resulting 

tenn system in Fig. 7. For case B the upper two lines of terms are absent. 

The corresponding observed established mesons are indicated. 

I • 0,1, i 

1.,. 2.-

Fig. 7. 

Besides this overal orientation we mention two specific predictions. From 

parity considerations and the exclusion of t -. -%- + ( 19) it follows that there 

should be no 0+ and 3+ mesons , at least as long as only the ii -coupling 

of 0 and 0 

like •o and tc:,tc:, 

in M e.g. L- S 

intimately related to 

momentum. 

in ( 24) is admitted. The observation of scalar meson s 0+, 

therefore points to the necessity of ot{ler coupling types 

-coupling. This remark is important, for L - S -coupling is 

SU8 -symmetry, because it decouples spin from a ngular 

The second remark proves right for a ll quasiparticles of order 2 o r higher. 

All field operators M,D,B etc. have no "elementa ry" commutation rela tions , for 

instance 

K K' 
[M M l • 8 1 + operator;;.. 

KK' 

From this one derives eas ily, that the states created by them are not strictly 

orthogonal one to another. This leads to mixture of s tates within each column in 

Fig. 7, so between cu and rP , or '7 a nd , even if rP a nd x 

23 



=------

are assumed to belong to an octet, as we did ln Fig. 7. 

V.Conclusion 

As we have seen, the quasiparticle approxima.tion provides us with a simple 

complete dynamics, applica ble to either barions or quarks, and leading spontane

ously to the rig ht symmetry breaking. It is "constructive", calculating the field 

operators and states of all physical particles ln terms of the fundamental field. 

Further it can be e asily used for other s ymmetries than SUa For all symmet-

ry properties are contained in the CG- coefficients. So the method is applicable 

to all compact g roups. Further it can be generalized to Yukawa Interactions ins

tead of four fermio n interactions • . 
We considered the resonances only in the "stable" approximation. The s tu-

d y of the scatte ring problem is therefore one of the next steps, embedding our 

discrete solutions into the continuum scattering states . This leads to a reactance-

ma trix ins tead o f an S -ma trix scheme. Further this problem is intima tely con-

nected w ith the questio n of the deeper sense of our approxima tion "by partly 

averaging ". 
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