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Summary 

In paper I of this series the physical particles and res ona nces 

were described as bound states ( by the help of the quasiparticle appro­

ximation applied to a 4- fermion interaction). In the present paper II we 

s tudy the r eson ance scattering of the p hysica l particles of I one a nother. 

The first chapter defines field operators in the x- space describing tl 

free motion o f the physical particles a nd the interior motion within them. 

Simple interactions beh\een the physical particles are written dow n, and 

a simple finite n o nperturbational renormalisation of certain 4- fermion in­

tera ctions r esults. 

The second cha pter gives the calculation of the K( reactance) 

ma trix a nd the S- matrix for resonance scattering, using either a Lippma nn­

S c h w inger or WeidenmUuers recent formulation. This lea ds to a Breit-

- Wigner formula with resonances just a t 1he ma sses of tha t physical p a r­

ticles (resonances) w hich a re possible intermediate states of the scatter­

ing process. The corresponding graph scheme describes the res onance 

scattering of physical (compound) particles, with formfactor a t the verti­

ces, as in dispersion rela tion frames. 

In the approxima tion performed our field theory of compou nd s ystems 

contains no divergences and so disentangles the problem of resonances 

from the divergency problem. It s hows interesting connections w ith the 

Newton- Wigner localisation problem. 
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1. Introduction 

In the present situation of particle physics there is a strong .need 

for a simple quantum field theory of the interior region ( core) of the phy­

sical particles, where the main mass is concentrated - even if it would be 

oversimplified in many respects. The present author made such an attempt 

in I x), using the q ausiparticle method, in considering the interior region 

with its high mass concentration as a system of many (virtual) particles. 

This leads to an independent particle model plus additional pairing inte­

ractions of all physical particles and resonances. Paper I contains the 

first half of the full problem , the calculation of the masses of the phy­

sical particles in a bound state approximation. It resulted in the deter-

mination of the field operation !l , M etc. of each physical particle 

or resonance in its rest system. Further it gave the right type of sym­

metry breaking in the strong coupling limit. 

Now we attack the second half, the scattering of these physical 

particles one anothE.-r, with creation of a resonahce during the process. 

In this way the (idealized) stable resonance states of paper I are now 

embedded into the continuum of scattering states. We proceed in two 

steps: Chapter II treats in the main the free motion of the physical paf'­

ticles, chapter III the calculation of the K- and S- matrix. 

It is important to remark already now, that a large part of the pre­

sent paper is not bound to the simple quasiparticle approximation of I, 

because often we shall not use, how the field operator of a physical 

particle was constructed in paper I, but only that he was constructed. 

So far the methods of the present paper II meet essentially all field theore­

tical compoind system treatments of particles. Especially both our de­

rivation~ of the resonance formula are completely independent of the 

quasiparticle approximation. 

x} 
Dubna preprint E- 2714, Nuclear Physics to be published. 
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II.x- Space Properties 

a) Fields 

We shall work a lways in the Schrodinger picture, and write 
... ... 

X•X, pep. 

From paper I we have destruction operators N , N of independent 
J,l y 

( "bare" ) barions and a ntibarions or quarks and antiquarks of mass 

m on the orbits of a central potential, 

From them we get destruction operators of free (first order) quasiparticles 

at rest 

!' v a u v N v + v v N~ 11 2 
U +V •1, 

y y 

the corresponding vacuum being defined by 

OviD>·OviO>aO 

The states of one quasiparticle at rest are 

I 1 > a o • 1 o > 11 ) - n• I o ) 
y y y y 

with mass cu 
J,l 

• We consider them as our approximation of the phys~ 

cal states. Similar but somewhat more complicated formulas we have 

written dow n for second order quasiparticles ( measons) etc. 

Free Motion of Physical Particles 

According to our program we consider now the operators 0 Y 

fl v ( M a etc.), destroying one physical particle in its rest system, 

as given. How ~ to construct from ther11 the field operators in the x- space? 

Certainly we can write down 
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Here for i 
11 

= - 1- the X , )( a re free Dirac spinors, fo r j ~ !/2 free 
2 v v v 

R a rita- Schw ing er s pinors e tc. '!he problem i s only , how to c a lcula te t h e 

des tructio n operators {'lllp of a phys ica l p a r ticle w ith mo mentum p 

from tha t of the same p a rticle a t rest: 0 
11 

, • For this we h a ve to 

apply a Lorentz tra n s formation A f3 corres ponding to p 

i.e. f3 E f3 Vp • 
p 

E 
Vp 

A(f3 )-A 
lip lip 

U(A )-U 
lip lip 

0 a U (A ) P u-1 
( A ) • 

lip lip v vp 
( 2a ) 

In this paper we always confine to special Lorentz transformations along 

l+le x -axis and therefore 

~ve Dira c s olutio ns k, r • . 

numbers a s v 

also to 
( (7 k) -,k-, . 

such momenta p, k ) • U sing plane 

r( k) (with the same s u 3 qua ntum 

a nd 

U (A ) N U (A ) -I • N A ( r (A k) • r ( k ) : Ak ·11 k ) 
k r k , r 

0 

N
11

- I¢ (k,r) Ntr N 
tr 

0 

• I 
v 

¢*(k,r)N 
v v 

0 a u N + v N* 
v v v v -v 

, one g ets easily 

0 ou N +V N* N a U N U 
-I 

lip v vp v -vp Vp Vp V V p 

0 

.. I 
A 

v v 
u (p) N + v (p) N* ) 

A A A A 

~ v v -
• I (x, (p)O + y (p)P* 

A " A .\ A 

v v 
u \ (p) - u y (p) 

v v 
v A (p) .. v y ( P ) 

" v A v A 

x) . 

( 2b ) 

x: ( P ) = u v u (.. y~ ( P) + v v v A r:vA • ( P) 
v 11 -v y (p) - -u v y (p)+v u y *(p) 
A v A -A v A A 

x ) '!he point a bove the s um mea n s , tha t it runs o nly a bout the e n e r g ies 
a n d a ng ula r mo me nta in v • Eii l 

11
m 

11 
i 

11 
i 

311 
y l' rr 

11 
• W e n egl e ct 

the fact, th a t s trictly the set o f states v 1s not compl e te . 
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correspon d ing l y 

0) .. u jO) 
Vp Vp 

( 2c) 

11 > - u I 1 > a n• I o > 
Vp Vp V Vp Vp 

.. z N• ( 1 + I y ' N• ' N. ' + . . . . ) I 0> . 
v Vp v' vv v P -v p 

0 

The I 
A 

in ( 2 b) mea n, tha t our L o rentz transformation mixes into 

the state o r p a rticle other states with the same s u
3 

pre>-

perties, but w ith o ther masses and "spins". The degree of a dmixture is 

g iven ( comp. ( 2b)) essentia lly by 

(2d) 

This remar cab le for mula shows, that our Lorentz transformation causes a 

momentum tr a n sfer (!1 k) 
2 

.. ( A Vp k - k ) 2 from state v to A a c­

c ompany ing the a d mixtu r e , w hic h determines the deviation from the c ase 
,., 

of no a dmixture: y A ( P ) • 8 VA 

On e g ets 

( t1 k ) 
2 

.. _ , 2 

pointing out the different factors determining the admixture. According 

to ( 2d ) the y "' ( p ) c a n be cons idered as known and indeed can be 
A 

calcu lated numer ically (though not e asily ), because the Fourier coeffi-

cients ¢ 
11 

( k ) a r e know n. 

Intri nsic Motio n W ithin Physical Particles 

B e s ides the exte r i or motion of the physicBI particles as a w hole w e 

consider the x - space p r opertie? o f the intrins ic motion of our states 

( p a rticl es) .. F'rom I, ch.lll d: 
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11 ) = o• 1 o) = z N* < 1 + I y , N* , N* , + . ... )I o > 
y y y y y' yy y -Y 

one gets the x- spa ce representation of this state: 

w ( X X, X , .. . ) c z A w (X)( 11 > + I y ,w , (X' ) w ,(X") 13 ,">+ .. - ) I 
Y II II Y y ' YY Y -V VII 

mere w ( x ) ( w ( x ) ) is a solutio n of the central field Dirac equation 
y II 

corresponding to the a ntisymmetrizer. and A N ( N 
y II 

w 
II 

_are normalized. So we have first a poly local field 

w 
y 

and 

fl(xx' .. . ) ~ i (W (xx' ... )O + W (xx' ... )O* ),.{)+(xx ' .. . )+O-(xx' ... ) . 
y II II V II 

Sometimes it is u seful to d e rive from this a local field by averaging about 

the pairs, where W (X) 
II 

is not included into the antisymmetrization 

in ( 3): 

W (xx' ... ) m Z w (x)IP > 
II Y V Y 

IP > aP (x'x" .. . )aA(I1 >+I y ,w,(x')w ,(x")l3 ;>+ 
Y Y Y 1J, V ll V -tl Y 11 

0 (X) 

+ .. . ) 
* II=' - - - + 

O(x) = I (Z w (x)O + Z w (x)O*) .d:' (x)+ 0 (x) ( 4 ) 
II V II II Y II 

i = z < P I p >-"' z f P* p dx'dx" ... "' z a = z-l 
V Y II II Y II II II II II 

a 
y 

= z-2 = ! 
v y 

< 1 + I Y , 1
2 

+ ... ) . 
YV 

can be called average guasiparticle field, b ecause it describes 

(in the c ,m;s ,) the intrisic motion as that of one bare p a rticle w ithin the 

average "pa ir medium" (whereby it is neglected that the P auli principle 

acts between the one particle and identical ones in the medium) . 

It is interes ting to ask for the c onnection b erneen 0 ( x) a nd 

the ' bare field 
(5) 

0 -
"' (X ) = I ( w ( X) N + w (X ) N. ) !I! "'- ( X ) + "' + ( X) ). 

V II II II 
y 

Using 
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(pair medium approximation) 

( 6) 
N e f ( ; ( X) r/J- ( X) ) d X, 

II II 
(exact), 

one finds easily the x- form of the Bogolubov transformation connecting 

a nd 

+ + -P(x)a f F (x,x')r/J (x')dx'+fF (x,x'),p-(x')dx', 
( 7) 

mere the 4 x 4 matrices F consist out of expressions like 

U (x, x') a I u 
11 

w
11 

(x ') w
11 

( x) This shows, that the Bogolubov 
II 

transformation is a non-local (unitary, canonical) transformeti on between 

the bare a nd the average quasiparticle field. The extension of the non­

locatily is g iven by the extension of the correlated barion- antibarion 

pairs (correlation length! ), which decisively determine the intrinsie: mo­

tion within our quasipa rticles . 

Rejecting the (pa rtial) average about the pairs, the full x- space 

form of the Bogolubov· transformation can be written down in a similar 

way, connecting now P(xx' ... ) with r/J(x) in a nonlocal way. 

Combined Free and Intrinsic Motio n 

If we introduce ( 6) into ( 1), ( 2) we get the field opera tor 

0 (Xx)• I 
II p 

W lpX • -y--lL(x (p)e . :( w (x)O (x))+ .. .. ) 
E II II lip 

lip 

containing the combined exterior and intrinsic motion. That we were led 

in this way to a bilocal field operator 0 11 ( X x ) , is only for the 

first moment a n astronishing fa ct. For s uch field opera tors are clearly 

typical and · unavoidable in a field theory of compound i.e. extended, 

systems: Already in standard quantum electrodynamics one gets them·, if 
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one considers the scattering of two H- a toms ,both treated in Furry p icture. 

Kinematically our problem is completely analogou s to this , 

Comparing out bilocal fields w ith tha t of Yul<awa x,l besid e s s ome 

minor devia tio ns in the d etailed form the r e i s o n e main differe n ce : Our bi­

loca l fie l ds a_re derived from the origina l ( bare) loca l fie ld ( 5 ) a nd n o t 

p dstulated from the b eginning . 

Another impor tant property o r r ( X X) i s , that it i s s tric tly sep u-

rated in X a nd X 1 so tha t exted or a nd aver age intrinsic motion 

a re independent (up to kinematical e ffe cts like Lorentz contraction e tc . ). 

This is the direct cons e quence of our b ound s ta te r epr esentatio n a nd 

rreans, th a t "Einschwingvorgange" o r tra nsient p rocesses in the crea tion 

and d es tr uctio n of our particle s (resonances ) c o nne cting both variables 

d y n a mically a r e n egl e cted. 

In g e neral- w ithout the pair aver age - V\e have not only a b iloc a l, 

but a poly l o cal fie ld ('- (xx' ... )=U P.-(xx' ... )u-1 
lip lip II p 

P. (Xxx' .. . )=Z-II I y~(X (p)e1
PX, ' (W (xx' ... )P.- (xx' .. . )) ~ ... ). 

ll y E II II Vp 
rnllp Ill' 

Fina lly w e remark, tha t similar con s idera tions c an be made for higher 

order quasiparticles, So for a (ps eudo) s cala r meson field we h ave 

M(X) • I v-1- ( e 1
PX M 

P 2 E P 

+e-tpXM'• 
p 

p 

I! B I I 
p k .,., .. 

< " • o f'i • + 11 • o• 
1111 Ilk llp-k 1111 Ilk 

n •. >. 
II p- k 

b) Commutation Relations 

Let us consider first the intrinsic motion. We based our formula tion 

x) Yukawa, Phys,Rev., 77, 219, 8 49 ( 50 ). 
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upon o n e dis ting uished system o f coordina tes , the res t system of each 

particle, b y s tarting w ith the l evel s of some central potential V ( r ) • So 

we wor k in a bound state r epresentation ( Furry) and have necessary no 

transl a tion invario.nce: 

f 1/1 ( x), 1/1 • (x' ) l = S (x, x') f n (X)' D*(x ' ) l = s (X' x'). 
II II 

F o r the motion o f the parti cles as a w h ole, one gets e asily from ( 2b) 

n . n•, , 1 ~ o, 
Vp 1J P 

so tha t and the r efore our particles behave like . ordina ry Fer-
2 n• I O> ~o . 

li p lip 
mio ns occupying each s tate o nly once: 

O n the other hand 

!P D* l=lB (q-q') ., 
v' p' VII' lip 

"' 1 ( u u , A ,( q -q ') + v v , A* ,( q - q ') ) 
II II VII II II -11-11 

q = _P_ 

fl. 

q'= 
p' 

"' +"' II II 

"'II 

This a nti commutator is a num·ber, but not the u s u a l 8 , 8 ( p - p ' ) 
1111 

Instead we have the non - - functions 

difference o f the "reduced" momenta q - q' 

A 
1111

,{p, p') =I 
k,r 

k, r 

( 
.-1 -1 

</> 
11 

a lip k, r ) ¢ * , ( A , ,k, r ) = I 
Y Y P K,r 

11 

A 
1111

, depending on the 

¢(k,r)¢*,(A-~,A k,r)= 
II II II p lip 

p' ~p~ 
II W 

II 



Her e we used, tha t II depends o nly on {3 , so tha t 

p 
II ~II I {3 ) =II ( {3 , ,) ~II , , ( {3 = -- = {3 , , 

V p Vp v p v p Vp E v " 
V V Vp V 

p: ) ' 

E , 
II p 

d nd the g r oup properties of the 

produces a n o n orthog o n a lity 

II 's 
v 

The deviation from S ,S (p-p' ) 
1111 

( 1 I 1 ' ') .~ ( 1 I U -I U , , I I , ,) 8 ( 1 I U I 1 , ) m 
lip 11 p V Yp V J; V p Y Jlp -P V 

v 

= f VII ,( q - q, ) f, S VII, S ( p - p , ) • 

With the help of Schmid t' s o rthogonalio;atio n procedure one-- easily get s 

orthogon al states, but they mix diffe r e n t momenta, i,e, they a re wave pakets , 

Wha t a re the commutu tio n relations in the X- space? F or the moment let u s 

s uppress the spinor p r operties and work with 

This l eads to 

OV( X) e! 
p 

1 lp X -! y-- '(e fl +e-lpX{)* ) . 
m E Vp lip 

V II~. 

y -Y' 
I f' (X),O*,(X' )I .. 1W ,(--)· 

II II 1111 2 

R R 
•\u u ,A ,(- )+ V v,A* , ( -) + .... . ) 

V II 1111 2 II II -11-11 2 

' I 
TOY 

y 
w ,(- )= J 

vv 2 ! I R ) = J --=====-.:.mil A ,..- ~ 2 

e 
dO 

1111 2 1/ M 2 , + Q m , 

1111 II 

~M2 , + Q2 
IIV 

w X+ r.> , X' 
II II 

A ~Q )dQ 
1111 

Ye1J.X,Y'e1J.'X ', R=Y+Y 'e , M , • c;o + CIJ , ' 
1111 V II 

(&) + cu , 
V II 
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if we approximate ( M • co + "' ') v v 

y E E , , 
Vp y p 

in order to get separability in q + q' and q - q' .+) With these 

simplifications we get a simlpe interpretable result. The first factor is the 

Newton- Wigner function ++), expressing the fact that relativistic particles 

have localized states of a certain spread. Clearly this produces a spread 
y -Y' 

in the localization of X and X!, expressed by W ( --- ) • Remarkably 
2 . 

the difference of the "reduced" coordinates Y appears. Further we have 

the functions A (-+) giving a similar spread in the total center of mass 

coordinate R, That means, that we are not exactly in the total c.m.s. with 

8 ( R) , but instead the total c.m. itself has a Newton- Wigner spread: 

Indeed the behaviour of A for large R is determined by A _,(0) • 8 , 
Jly liJI' 

so that A .. W for R .... , In this connection two remarks are ne-

cessary. First it is well known from nuclear physics, that in a shell mo­

del approach the center of mass cannot be fixed completely, because shell 

model states are not exact eigenstates of the total momentum,. The same 

is true for our "shell model of elementary particles". Secondly in the 

resonance scattering of particles and v' the total center of mass 

is identical with the center of mass of the intermediate resonance state, So 

considering the resonance state as a particle too - as we 9-id - again a 

Newton- Wigner spread of the localized state has to appear for this particle, 

i.e. in R. In this sense the present formulation is most convenient for our 

purpose. Without both simplifications one g _ets 

+) 
is 

The difference between the exact and the approximate denominator 
• q 2 and q' 2 • So it vanishes for q, q' .. 0 , i.e. X, X' .... 

++) Newton, Wigner, Rev.Mod.Ph.J 21, 400 ( 49 ). 
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ID (X),fl*,(X')j c1 F ,(X,X ') 
~ ~ v~ 

F , (X,X') c ~ ~ v 
~~ 

p p tn In , 
~ ~ 

w w , ,. tCpX..p'x'ls Jp,p'l + x ~ ( )( )( ' ' e w ~P 
~ ~ p E E , , 

~p ~ p 

x•, , 
~ p 

- t(pX-p'X') 1(pX+p'X'l -1( X+ x• 
•e B , (p,p')+)( x*, ,e D ,(p,p')+x x* e P P D,(p',p)) 

Yll Jlp y p J.IJI J.lp 11'p' V Y 

D , ( p, p ') c - u v , C , ( p, p') + v u , C ,( p, p ') 
~~ ~ ~ ~-~ v ~ -~~ 

9 ~ ' 
C ..(p,p') c~ y,(p)y*:"~ (p'} 
~...., >. 1\ 1\ 

Now the spreads in y -y' and y + y' are not separ a ted, beca use 

they are not independent. The result i s a dependency on X and X' 

W.ich n ontheless i s ma inly a dependency on y - y' , because R is 

"nearly" fixed in the a bove sence. Finally we note 

So, n~p 

N 

N ~ 0* 0 
~p ~p ~p 

~p 
n , , 
~ p 

]c-B ,(q-q')O 
~~ ~p 

N ,{) ]c-0 
~p ~p ~p 

(B (0)=1). 
v~ 

is a n ordinary destruction opera tor in each subspace 

Only the different mades 11, p ; v,'p', . are not independent, 

~. p 

But 

this is just what we need, because physical particles are never indepen-

dent (except in the one 

o rthogonality of states 

p a rticle state), 

< 1 I 1 , , > 
~p ~ p 

14 
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c) Interactions 

The trea tment of interactions is possible along two different ways, 

'Ihe first "orthodox" way, writes down one s ingle H 1,.1 

bare free particles, s omething like 

between the 

H lnt a g f ( ;t (X) r t/f ( X) ( ;t (X) r t/f (X) ) d X, 

wth t/1 ( x) like ( 5), but with free spherical ( or >plane) Dira c solutions 

, E continuous, One then h as to re-

la te the corres ponding operators N y with our No and by this with 

the opera tors of the phy sical particles fly , M a etc, 

In our c a se- aiready having field oper a tors describing a pproxima tely 

the P-hysical particles -it is more n a tural to go a n other "pragmatic" way, 

We shall write down effective interactions expressing directly, that phy­

s ica l particles a re s cattered one another, In order to be concrete, 

consider the octet barion case of p a per I , ii - 8 , where the fl 
)J )J )J 

describe &-bar ions, and the special case of nucleon- antinucleon scat-

tering, Then we have 

H lnt a g 
C I 

H 

'Ihe sums and C' s means the proper coupling o f isosp ins, Taking 

from ( 1), ( 2) gives over all momentum conservation, 

0 
According to ( 2b) the incoming plane waves ON '(0 ) 

p Np 
contain 

( I ) admixtures of p a rticles ( r esonances) >. 
>. 

with the SU 
3 

quantum 

numbers of the nucleon ( antinucleon), but w ith other masses and spins, 

Examples are N*( 1490) and N*(l520) , but not the decuplet resonan-

ces, 'I'he same is true clearly for th e outgoing waves too, Such effects 

are typical for the scattering of compound systems, 

In N~ scattering meson resonances can a ppear as intermedia te sta-

tes . Conside r for this e .g . the ope r a tor fl_ 0 
N N 

contained in ( 9) 

a fter u se of ( 1) a nd ( 2b) , The same opera tor is contained in the meson 

operators ( 1,24) . So with I we can write 
a 
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From this we get for 

ON 0 N 

ii 
lilt 

I 
a 

a - M NN a 

the "resonance" form 

,. 0! 0"' M +h. c., 
N N a 

leading indeed to resona nce denomina tors a t the meson masses 

(10) 

cu 
a 

as 

we shall see, It is not difficult to repeat this for ITN -scattering, where 

ii .. o• n M 
lilt N N IT 

is easily shown to contain e.g. 0 0 0 
N II II 

But just this is a part of a decuplet- barioh, so tha t r esonances like !1 s/2 s/2 
now appear in IT N -scattering. Obviously this method of producing reso­

nances is ess entially common to all theories building all particles out of a 

common material, as barions, or quarks, or Urmaterie. 

d) Renormalization 

Concerning coupling constants, there are really three: the depth of 

the potential V ( r) , the G of H lilt (paper I) and the II of .. 
the effective scattering interaction H 

lilt 
( 9). The first two need no re-

normalization at all, because there is no experiment to measure them directly, 

For they determine together with the range of the potential a nd m bare 

all properties of the bound states, like masses, magnetic moments etc., but 

do not appear singly. Only g can be measured directly by scattering 

and so allowes (and requires) a renorma lization, We perform 

it analogous to the Chew- Low- model, taking the ratio of the quasiparticle .. 
and the b a re particle nmatrix element of H lilt • Suppressing already 

c -number factors equal in numerator and denominator, we define 

( 1 1 • 1 o• o• . 0 0 ,,, I 1 " 1 
Np Np NP' Np N~, Np Np Np 

II ~ . g. 
r 

< 1 1 . I P.* ··- ~-· ~ -
!'!* 

' 
~ , n ,, r 1 , 1 ,, > 

Np Np Np Np Np N!t Np Np 
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This i s a r easonable definition, beca u se one get s easily for the r a tio 

a nurn ber independe nt of the states P; p' , ... 

z 4 
N 

g > g • ( NN - sca~tering ) . 

So we h ave a f inite reno rmalization w ith the numerica l v a lue z~~ 1. 68 

taken fr om table 1. 

Table 1 

Numerical values of 
2 

for paper I, case B u 
II 

u~ 2 
u 

II 

N 0,77 { 0,81 HO N* 
N* 0, 23 1520 0,19 

l.ft O 

A IllS 0, 74 {"'I A* 
A• 0, 26 

I S20 
0,19 

IUS 

I litO 0, 72 ['·" !• 
!• 0,28 

1110 
0, 22 

1740 

~ 
1315 

0, 70 f·" :;• 

~· 0, 30 IllS 0, 24 
ISIS 

This s h ows, tha t tha pr-oblem of r esona nces c a n be disentangled from 

tha t C1f the divergencies along our way of a field theory of compound 

systems. It seems, tha t the divergencies a re connected only w ith the 

non-resona n ce p art of the s c a ttering. Our coupling constant renormali-

satio n zN i s s i mply rela ted to the wave function renormalization z
11 

of paper I, c h ap t. Illd: 
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z 
J,l 

=< 1 ! 1 )aZ =<1 \1) 
J,l J,l J.lp J.lp J.lp 

l ) = 0* 
J.lp J,lp 

I 0 ) - z N* ( 1 + I 
J,lp J,l J.lp 

z ~ 
J,l 

z u 
J.l I 

J,l 

U
1

=<0\0) ~ u 

y ,N*' 
1111 v p 

u 
I e---

u 

u 
J,l 

N* ' + ... ) I 0 > 
-J.Ip 

-I 
z = u 

J,l J,l 

rable 1 g ives 
-19 

U 
1 

= 8, 2 • · 10 , therefore Z N e 9, 3 • 10-U X) The 

ratio of both renormalization constants is U • < 0 I 0 ) , i.e, the decisive 
I 

matrix dement measuring the "overla pping" of both Hilbert spa ces . We 

have considered the mass and coupling constant renormaliza tions resultill'lg 

from the intrinsic interaction H 
lnt , i.e. from the transition from bare .. 

to quasiparticle states. The scattering interaction H lnt again causes s uch 

renormalizations . B ut our two- step proceeding ( bound problem- scattering 

problem) requires , tha t already the first step gives about the right masses 

and the ma in structure of the p a rticles. So it is a necessary, condition .. 
for our theo£6. tha t the renormalization effects of H lnt a re small. 

This has to be studied in more detailed calcula tions. The very small nu­
-18 

merica l v a lue of Z v ( .. 10 .) by the way a llowes a r emark about boot-

strap. ln the la tter, the limit Z v ... 0 ("no e lementary particle" ) is es-

sential. From our quasiparticle standpoint indeed Zv 

small, but not zero, because according to paper I, ch,Ill 

can be very 
u, .... u 

d, Z ~ I n 
J,l u 

is a finite product (number n of resonances finite) a nd all u a~e 
------ J,l 

nonvanishing ( table1). It seems therefore interesting not to omit the case 

Zv « 1 , but zv finite, in bootstrap ("nearly no elementary particle" ) • 

B..tt this question h as to be studied cautiously, because our Zv refers to 

bare particles , which a lready "feel" a large part of the total interaction: 

the potentia l V ( r) defining the orbits v e Eli , j J.l m v , i v is J.l y v , rr v 

x} This very small v a lue is due to the fact, that U 
1 

consists out of 
48 factors u v < 1 : 2 ( 2 w ) + 1 ( A ) + 3 ( I ) + 2 ( ~ ) ) + 4 ( 2 + 1 + 3 + 2 ) = 48. 

18 



III. K- and S- matrix 

We a r e n ow pre p a red to solve the main task of this paper, the 

embedding o f the discr e te s ta tes of paper I into the continuum of free 

pa rtic le s c a tte ring s tate s of the pre ceding chapter, From nuclear reactions 

it is v.ell k n own h ow to s olve this task:The scattering waves filling out 

the fu ll s p a ce a nd the s table state of a resonance within its small volume 

V ( c .m.s .) h a v e to be linked tog ether a t the surface of this small volu 

me, so making this s ta te quasis tabie (point 7 of our list in paper I). The 

ma thematical ins trument for this is the reactance matrix K ( Rr- matric, 

d e riva tio n matrix), a s well known. Recently Weidenm;,iller ~) gave a new 

treatme nt of the same problem, a voiding the intermediate step of a K- mat­

rix. We g ive a s hort account of this method too, because it avoides the 

nonco v a ria nt device of a small radius or volume. xx) Both derivations 

of resona nce formula s are completely independent of the quasiparticle 

a ppro xima tio n. 

a) Resonance formula I 

.. 
Weidenmuller directly diagonalizes the Hamiltonian H with the 

+ help of the states 1/J a , E a and • w a • For simplicity v.e confine 

to the case of one state cp a only, 1• 0 and elastic scattering, Weiden-
.. 

mullers chapter 3. One starts from 

x) Weidenm~er, Nuci.Phys., ~ 189 ( 1966) 

xx) The author is indebted to Prof.Rosenfeld 
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<¢ ,¢ )~1 
a a 

( <P a ' H ¢a)= t a 

(1/J +, c/> 
a a 

(1/1 ,H ¢)~/ 
a · a a a ) ~ g aa 

One determines the asymptotic form o f 

ljl ·fC (E ) 1/J +dE 
a u b b b 

+ c <P 
a a 

H 1\!'J<l' ~ E IV 
a " " 

+ 1 . 
w hich is found to b e ( 1/1 ( .. ) .. -- stn 

r 
( k r + 8 )) 

a " " 

IJI ( .. ) 
1 ~ ~ .. a ·=- - e ( z ( E ) + i rr ) sin ( k r + 8 + ~ 

aa a: a a aa 

From this o n e gets dire ctiy the S- ma trix 

S =e21t8.,+~ .. al 
"a 

2rr i I ·y .,.,a 
21 ~ .. a-1-e 

2 
Ea-wa-Gaa(E., ) +irr i Y . .,aa I 

y = Y -E g 
abC ba a ba 

G (E ) •F ( E )+t -w aa a: aa a a a 

F (E ) .. P f 

2 

I y sb(ll 2 
dE !!! f-E-z (E ) J y I · 

ab a • aa cr aaa ca c E - E 
" b 

2 0 



This differs from our later formula II mainly by the appearance of · a le-

vel shift G ( E ) 
ca " 

ra tor and in r 
«ll 

, and by the lack of the .extra y .a in the nume­

• Such y ca -containing the amplitudes at radius 

R- cannot appear here, because the present formulation avoides the intro­

duction of a radius. This removes the decisive difficulty for a fully cova­

ria nt formulation ( I ) a nd avoides the intermediate s tep of calculating a 

K-matrix. 

Altog ether we have 

218 
1 r 

«ll 

S (E)= e "(1 
". E- w + -

1
- r 

ca 2 «a 

w cW + G (E ) 
a a a ca .. 

2 

r a2rr\ y I 
•a •«a 

b) Resonance formula II 

Let us call ¢ a 
the stable states within the small volume, i.e. 

our quasipa rticle states P"' I 0 ) , M• II 0», etc.: 
II k 

H<ll 
a 

w <ll a a 
In V, 

where H is the approximated Hamiltonia n of paper I. Besides we have .. 
the full space scattering states w ith Hamiltonian H I e.g. ( q ) 

H<ll •E <I> Ha H +H 
" " .. 0 tnt full space 

We <I> in the Lippman- Schwinger form 
X for standing waves, in 

use 
" 

o rder to bring in the K-matrix: 

x) Schweber, Relativistic 9uantum Field Theory, Chapter 11e. 
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<I> "'lo/1
1
>•1¢. >+P---

" .. Cl 
! 

E -if b 
0 0 

I 

Kba • < ,Pb I H tal I 1/1 a> ' 

K I .p > ba b 

Besides ~ need incoming and outgoing waves 

Here 

Define 

+ 1 - + 
li/1->~I.P >+ H I"' - > = a a .. 

til Cl E - H0 ~ if 

• + ~ I ( 8 + R- ) I.P > e CIC 
F - E +if CCI e 

Cl c-

I + <ll., c I ob.,> ~ .I ( 8 - i" B ( E.,- Eb) Kba) I ob";, > b ab+ 

H I.P >-E I.P >. 
0 • a a 

b 

I" I <ll .. 
b 

(11) 

( 12) 

full space. 

y =(¢> ,H<I> )-(H<I>, <ll )=(E -w )(<!>,<I> ). 
aa a a a a a a a a 

Developing <1>., within V in terms of the <ll., , we get therefore 

<1>. a I N aa <T>a 
d 

N aa • ( <I> a ' <I> a ) = 

~I y "" <I> in V. ( 13) 
E a a - w a a 

The both expressions of <I> 
" 

( 12 ), and ( 13 ), have to be equal at 

the surface of the small volume for each channel. More precisely this 

surface is really a hypersurface in the configuration space of I .p :!: > 
b 

because according to ( 11) the latter contains a ll channels e , each 

with its own variables. So we choose the cha nnel radius for c• b 
iJ 

so that -- I ¢. > = 0 , for c~ b so tha t I ¢. > = 0 
iJr b b e 

x) 

x J Really these conditions can be fulfilled only fo r either the "large" or 
the "small" Dirac components. So in the following some "leakage" terms 
are neglected. 
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and call this set of channel radii I R I b , defining our hypersurface. 

We require for each channel b 

b 
«<> (In V ) .. <fl (outside V ) 

a Rb Cl fRJb 

I 
y <I> ( R ) 

fiG Q b 

a E - w .. a 

+ 
where I r/1 ~ > 1 R 1 b -according to ( 11) and the above conditions for the 

14> > e 
- contains only 1 .<1> b > 

the left, we get 

8 -I 
ab a 

E - w .. a 

• Multiplying now with 

+ 
c+lw8(E -E )K- •+ 

- • b btl 

< <P I 
R b b 

from 

So the necessity to use either the + or the - system of orthogonal 

states I ·r/1 ~ > leads primarily to two K- matrices, But K is connected 

w ith standing waves and therefore has to be symmetrical in outgoing and 

ingoing waves: The right K- matrix is 

1 + -Kb (E)•-(K +K )•I I 
a 2 btl be a ( 14) 

E - "a 

.. 
y • ( <fl , H <fl ) - ( H 41 , 41 ) • ( 41 , (H- H) 41 ) 
CZ.b a a: 4 a a • 
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1 ( + - ) 
Yab•2 yab-yab 

Firs t we observe the resonance denominator a t w a , appear ing in K as 

a rea l pole, as it must be (nuclear reactio ns: real pole of first order). 

Let us assume, that the resonances a re well separ a te d ,. Then it is easy to 

show acco rding to the appendix, that the c o rres ponding S- matrix has a 

Breit- Wig ner form, so getting a formula for the width r a of resonance a 

21 r 
s (E) D 8 - I 

be ba: a 
(lab 

E- wa+tra 

r 
a 

I 
a 

r 
aa11 racb ·Y .. a yab 

A s well known, for definitely overlapping resonances K does not 

change its simple form ( 1), while S gets a mor e complicated non BW-form.x) 

Secondly a resonance term in K appears only if the numerator does 

n o t vanish. y coa ,containing essentially the q uotients of amplitud es ¢a I t/1 b' 

at the surface of V, is finite in general. For a non- vanishing Y coa the .. 
differe nce H- H -i.e. that "res t" part of the full space Hamiltonian .. 

H , not respected in our bound state calculation in paper I - has to 

make transitio n s between til a and til " • We have seen in ( 10) , 

tha t indeed H lnt of e.g. NN- scattering can be brought into the form 

creating and destroying a meson resonance, so giving definitely a nonva­

nishing numerator in ( 14). Analogous considerations can be have for 

other examples, so our "pragmatic" choice of effective interac:;tions plus 

our K re ptroduces the usual ( lowerst order) g raph scheme, but for 

(approximately) physical particles, quite independently of the quasiparticle 

approximation of paper I. Concrete applications w ill be made in the next paper 

o f this series. 

x} 'I'wo strongly overlapping resonances: Wigner, Phys.Rev., 7 0,606 ( 46). 
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We have written down only the resonance scattering. Besides there 

exists a nonresonance contribution, which can be calculated without the 

intermediate stage of K- matrix. Another neglected effect are cloud contribu­

tions. For we treated only the core, though we know that- in our picture­

this dense many particle cloud of order 10-
14 

em is surrounded by a di­

lute "corona", in which presumably the fermions ( barions, quarks etc.) 

condensate to mesons. 'Ihe scattering contributions fro'n this cloud are 

intimately connected with that transient effects ( Einschwingvorg;nge) and 

leakag e effects already mentioned. 

c) Orientative calcUlation of matrix elements Y ,a 

As am example let us consider y of formula n. .• a 

It is useful to divide Y.,a 

ex ... In 
y - ( <ll . H <1J y .. ( <ll , ( H .., .H ) <ll ). 

.. a " In! a a a • o a 

!-Ere H 0 is the free energy of the physical particles: example NN- scatte­

ring: 

H • H 
ON 

E c o• 
Np Np 

r + n• o >. 
Np Np Np 

And H is the free energy of the (stable) states a at trest: example 

NN- scattering: H .. I "" M~ M a • So besides the ''exterior" re-
a • a 

sonance ~cattering b~ H 
1
,

1 
we . have an " intrinsic" resonance contribution 

by H 
0 

or H H 
0 

H -though formally energies of free pal'-• For 

ticles contain the intrinsic interactions H p.tr or H real already 

respected in paper I, which begin to act in scattering too, as soon as the .. 
particles begin to peinetrate. Indeed the diagonal operator H 

0 
H 

theless connect a and a , namely the common part P N 0 N 

contained in a and a 

non-

We calculate now in quasiparticle approximation orientatively. 
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Firs t the pure exterior contribution to K is 

ex N N N. N. 
y ., g r I x, (p) x ).,(-p) x).,(p') x, , , (-p ') 

a a AA 'A "A'" 1\ 1\ 

a 
a A"A"' t 

where p and p' are the center of mass momenta before a nd after 

the scattering, On the other hand with the a pproximation ( M II o )) • o ) 
a 

II o >> - u I o > + ...... u I o > • 
2 2 

( orientatively ), 

we g et 

1 a• 
Yn•(2cu-cu )jl-

a a N a N N 

, .. 
Oa 

u 
2 

" ~s +P-----
o• c cr E - E 

K 
ca 

a · C 

c- 0 : p c ~ p' - 0 

So both parts of the vertex function y a a in our (quasiparticle) res ona nce 

approxima tion separate in the form f 
1 

( 11 ) fa ( 0) f 
1 

( p ' ) , This is the 

direct expression for the three step character of our approximatio n: 

00-Ma-00 

Fig . 1 

Therefore we c a n s tate that not only the lines in 

Fig. 1 

but the vertices too are the physical ones, Altogether we were led to 

a scheme of compound s ystem resonance scattering, Vlhich can be des­

cribed by a graph scheme resembling that of dispers ion rela tions. Based 

on this , one can develop a bootstrap scheme, e.g. for the graph of 

Fig.1 a nd its crossing transform, 
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IV. Conclusion 

Using some simplifying assumptions, we were lead to a simple qua n­

tum field theory of compound systems , based on the quasiparticle appr~ 

xima tion, For the resonance part of the scattering process this theory 

avoides divergencies and allowes a finite renormalization, The most im­

pora ta nt methodical fact of our attempt is the two-step proceeding, performing 

firs t a bound state approximation ( 1) and only after that trea ting the 

scattering (II). Corre .. spondingly we worked with two different Hamiltonians 

H lnt (I) and Hint (II). W"lich were found to lead to interior and 

exterier resonance contributions respectively. 

We s ucce eded in deriving a resonance formula for the ( K ma trix a nd) 

5-- matrix. By this we got a graph scheme resembling that of dispersicn 

relations, with physical lines and vertices. Another interesting aspect in 

the connection of our formulation with bilocal ( polylocal) fields, 

The most important drawback up to now is the ·not full covariance 

of the formulation. There are different sources of this ( Schrodinger pic­

ture .1 .use of angular mome ntum states, of a static potential V ( r) etc. ) • 

In a following paper of this series we shall try to remove this. In the 

present paper we already prepared it by using Dirac spinors, Lorentz 

contraction etc. 
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Appendix 

In matrix form we have for one single resonance 
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FUrther:r· 

a y X y 
K 

(E -i.l) 

N 

t.E 
y ~y y ~y 

cr a a a a a 

S - ( 1- i K) ( 1 + i K ) -
1 

= 1 - 2 i K ( 1 + i K ) - 1 

- 1 - 2 N ( a + N )- 1 a=-ii'.E . 

It is easily shown, that the Kronecker p roduct N has the p roperty 

Therefore 

N. ' N caN a- Tr N • L y y · 
a a a 

N--~­
a + N 

N ( a + a ) -----,.----

cN(a+N) 

a 
s c 1 -2 

(a+N)(a+a) 

l N 
= --- . 

(a+ N)(a + 0' ) a + a 

a 
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q. e. d. 
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a a 
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