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- ABSTRACT

Su(3,1) AS A DYNAMICAL GROUP
FOR MESON-BARYON

) .. . °  STRONG INTERACTIONS <

L]
.
¢

' . +

SHERIF A.S. BARBARI
CONCORDIA UNIVERSITY

The ‘dynamical group SU({3,1) is used to’obtain an

equation for two body meson*baryon strong interaction

’

cross-sections., Experimental data is fitted to the

equation. The results indicate that SU(3,1) can be

: . S’
used to describe the dynamics of the hadronic interaction.
~ \
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: C ¢ CHAPTER' 1 /.

S UL . - INTRODUCTION ' Co
v .
y " _ . At the present time, Quantum chromodynamlcs (QCD) is
o L . assumed,to prov1de the framewqu for a theoretlcal descflp-
l tion. of strong interactions physics on ‘the basis of conflned
ucolored quarks and gluons. Colfr gauge }nvarlence u51ng the,
gauge group su(3)€ is exactly conserved, impiyihg that the 7
associate? gauge bosons (gluone) are masslesg.. Wﬁiie not as
wellﬁaefined a quantum field éheory as Quanfum eletctrodyna-
mics, thus far no area has been found where tpe theory has
failed experimental verification (1).‘ \\T< \
In addition £o QCD, we have a well-developed pheﬁbmen-

elogy which helps to classify particles and correlate. obser=- :
vations. . It consists mainly of ﬂﬁree areas, - Ghitary symm- ‘
etry,'The ana}yticity of the scattefing amplitude and The

ﬁegge pole theory. 2
QCD does not give the exact form of the potential for
strong interactions. THus, explicitly writing down a dyna-
mical equation can onl;‘be attempted on a phenomenological
basis : 5 /p
The Unitary symmetry scheme based on SU(3), proposed
independently by Gell-Mann (2) and Ne'eman (3), together

< with its subsequent development provides such a basis.

Using dynamical group methods, Kalman and Jakimow (4
\ . B “
to 8 ) have successfully applied discrete representations
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' of ‘the gfoup SU(3 l) , SU(4) (non charm) and SU(4,1), SU(S)
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‘(charm 1ncluded) to the calculatlon of the mass spectrum of

the hadrons .

R ::.‘““* 0T BT A i Sa,

%

- JIn the work presented here, a continuous representatlon

-

'\_equatlon for h;Lgh energy, two body meéon—baryon cross- .

“"Continuous series r:el:;resentai:ions of the groué su(3,1) in

'

. the Gel'fand-Cetlin basis are introduced in Chapter 3.

of the dynamlcal group SU(3, l) (non charm) is used .to derive

4

sect:.ons The resultlng theoretical model sugg sts that a -

flt to the cross-sectlons can) be made to the form,
) /
‘71,\)

2] 0“&%. “u, CMZ[A"*'E (PLan/Pg)  + C(PLAB/PO)—zn]' -

v M . ° ) . 4
where (O is the cross-section. \\

ch CMZ‘ are constants associated w;’.thi the mesons
- ' : Ml and M2 of the initial end final states :
>b respectiyely. -

A, B, C are constant functions ef’ the parameters

of t;;e representation.
- PLAB“ ~ is the labbratory‘mon:entum. > , r
PO o ) is a constant required. to preserve dimen- . :
' sional consistency. | ’

n - . is a positive constant. ) 4

'Experimentally observed cross-sections are found to fit the

~N

model reasonably well. 5

The S{(3) symmetry scheme is revjewed in Chapter 2.

. ! \ . 7
.
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' The dynamical model is developed in Chapter 4. .The fit to N 4
- . ' ’ - ., SR
- experiment, our analysis and conclusions are presented in . 2
‘Chapter 5.
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K © © ., CHAPTER 2 .
SU(3)* UNITARY SYMMETRY OF THE HADRONS
*\/\ d

. M 4

‘ |

The classification séa\eme of the hadrons (strongly
intera::ting particles) based on SU(3) synﬁﬁ‘etry (the eight-
fold way) ] flrst proposed by Gell—Mann (2) and Ne' eman (3),
has had great success in cla551fy1ng the‘ observed hadrons,
predicting some of their properties and in some instances
prédicting their existence,  notably the cgse of the Q.
The ‘'group SU(3) is characterized by two additivq\quantum num-
bers, which, for hadrqns are identified with the third com- o~
ponent of isospiﬁ I3 and th‘e hypercharge Y . In 1974, \
Aubert et al(9 ) and Augustin3 et al(10) discovered a‘17 heavy
vector meson named the J/V particle with an unusually narrow
wid;;h\(less that 1% of the width of a typical heavy meson) .
Within eighteen moniljl, it was generally agréed that to acc-
omoaate thiQartic , an enlargement of the SU(3) scheme, N
was necessary, by the inclusion of a new additive quantum )
number "charm"”. This was confirmed in 1976 with the dis-
;:overy of charmed mésons and baryons by Goldhaber et al(ll)
and Knapp et al(l2) r@spectively. With the inclusion ~ofl
charm, thé symmetry scheme was enlarged to the 'group su(4),
an earlier version of which had been proposid be Bjorken

and Glashow(13).

With increasing energies being used in experiments,

it is possible that hadrons will be discovered which require

N




s

.mgﬁe additive quantum numbers and further enlargement of - the .

f{3] 8 =Y - B (non charm) '

1 -~
N\

\

\l

’ - 5 - l , 'R

’

-~

q

symmetry - group.

There is very-little data on the productiéﬁ{crOSSr
section of/khe J/¢ and charmed particles and therefore, we
ﬁave restricted our discussion to SU(3).

The electric charge Q of a hadron in units of the ‘ele-

ctron charge is given by the Gell-Mann-Nishijima relation

“[21 Q=1I3 +Y/2

-

The strangeness S is defined as
) ?

¥
Y

]

. wﬁere B is the baryon number B
A hadron with B = 1 is called a baryon and a hadron with
B = 0 is called a meson. A baryon with ¥ # 1 %F called a

hyperon, A hadron with S # 0 is called a’strahge particle.

4 s W ~cmpdorn <l
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2.1. 'BARYONS \\

Baryons arg fermions with half-integral spin, and all T
exéept the proton are unstable. We denote a baryon by a :k
symbol which depends on the value of its isospin I and hyper- N

-

‘charge Y according to Table 2.1. The electric charge is in-
dicated by a superscript except foé the cése of ﬁ where we
use p for proton and n for neutron. The’symbo} appearing
in Table 2.1. denotes-the state of lowestamass. To denote
' excited stateg, we use an asterisk supérscript or we ind}c—
© ate the mass in parentheses (e.g. 2 (1385)). An antiparﬁicle
: is indicated by a bar over the symbol. If a partiﬁle has Y 4
_quantum numbers J, B, ;, I3, Y, EE;L the antiparticie has

« gquantum numbers J, -B, I, -I -Y.

3’ .
- ' Therlowest mass baryon is the proton p, which together | !
with the neutron n constitute the nucleon doublet N. The N
béloﬁgs in~a baryon octet together with the EE hyperon doub-
le;, the A hyperon s%Fglet and the 2. hyperon triplet.
The octet is shown on a’weight diagram in Fig. 2.1. Some ﬂ
properties of the baryon octet adapted from a compilation of
the Particle Data Group (14) are given in Table 2.2.

Another well established baryon multiplet is the baryon
deﬁuplet, the weight diagram of which is shown in Fig..2.2l
In Taple 2.3., some properties of the baryén decuplet, alsp.

adapted from a compilation of the Particlé Data Group are ;e

1] C ‘
given.. ' o

r
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' S 'TABLE 2.1. ' . s :

* : NOMENCLATURE FOR BARYONS ' .

’e > ‘ ) k- ' v Voo
. P B
! / w N o - 1

¢ ~ Symbol ¢ Isopin Hypercharge °
’ ) 1 - Y I

. v \ —~ N .
. f 3 . .
1 . o
\ ~ ‘ ] -0 \
N i . X L
2 A 0 0 R ’ ‘.
. , . Z -I N 8 0 b \ a )
o E - - i‘ R -] .
N .
- 3 ‘e’ R
A > 1
. ) Q 0 s ' 2 _2 a .
I L4
i ' ¢ .
’ " 2 )
\ Y ~
P | ~ .
- . .‘
\ b1k . . 3—'_..-.__.._.._ oo N(939)
\ *
f V4 \ 2 ¢
/ \: )
[I ] \\ ‘ N
. - ! . SN ; } -
' o/ N e, o T
' L AGI o I+ :
or \ O AT rauedy-
\ .
2 \ LU ¥ d
\ /.,
[} \\ Py ,’ ° -
— | . \ Y AR N ¥
< \ / o
. ca . \\ / ‘
-1 - . _-__..-—_.‘_-'._u . PR .
‘ . g E £(1318) .
T, L . Db M
| ': e . . B 1‘p » N A , . R - I , L . ‘ .
. . = : T 8. ;
P Fig.2.1. "Vaight diagram of the baryom octet with spim, e
. ' . and parircy 7 =3+, The aversge mass in MeV ) ‘.
. ' of each fsospin multiplet i{s also givam.
. , &
/
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TABLE 2.2.

SOME PRO#ERTIES OF THE BARYON/OCTET

Symbo]l Mass. (MeV) Mean life {sec) Principal .
» decay modes -
p 938.28 Stable L
n 939.57 | 918 + 14 . pey .
A _1M5.6 £ 0.) (2.58 + 0.02) x 10:~°°  PH; 64
- nll. 36%
" . ’ ‘10 '
£ 1189.4 + 0.1 (0.80 + 0.01) x 10 ~ ol 52%
' o it 48% ‘
g’ 1192.5 £ 0.1 2o - Y -
N 197.3 £ 0.1 (1.48£0.03) x 10 =" L ‘
. ) .
5 1314.9 = 0.7 (3.0:0.1) x10"" am’
- _10 - oL
= 13%1.3 + 0.2 - (1.65 £ 0.02) x 10 All .
(ra : '
g, ;
o ’ ‘ Q
! A" A° A+ A++ A(123%)
1 - ‘\———' [ ] ® = ,.
\ /
\ \ - /
\ . /.
\ . /
ol - % o L0 S Z(1385)
4 \\ . ! ,’
\ / .
? \ / .
\ ,’ 6
-\ — —f -
-1l B% N I.’ g 5(1531)
\ / .
\ i/
\ \ - ]
. \/
\ .
-2 NoT . Q(1671)
1 —i 1 (1) 1L ]l_ I g I3 ‘
Fig.2.2. WHeight diagram of the baryon decuplet vi:fnl
s - %‘. The I* is oftén called Y». Y" i
. l ?
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' o ' TABLE 2.3. , :
- ' " SOME PROPERTIES OF THE BARYON DECUPLET
_ Full width(MeV) Principal '
Symbo] - Mass (MeV) or mean life (sec) decay modes
p*+ 1831 + 1 ’
Cat 1231 £ 1 120 + 10 MeV NI - N
a0 1232 £ 2
A 1239 + 8 .
TR 1382 %1 '35+ 2 MeV
s %0 738] £ 2 39+ 6 MeV Al (88 :2)%
n (12 £ 2)%
. §
g *- 1386 + 2 42 + 4 MeV .
g %0 o] 9+ 1My -7 BT
g *- 535 ¢ 1 © 10+ 2 Mev ECE o
) -10 Ceoa
Q- 1672 + 1 (1.3 £ 0.3) x 10 . 'sec a?n‘n .
|
AK™ '
\,.IJ/N‘" '
. ‘ ‘ N
4‘"
-3 ///
3
Aﬁ-ﬁ
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In general, 'for every SU(3) baryon multiplet, there v P

will exist an SU(3) antibaryon multipletjelonging to the

. conjugate weigh¥ diagram. In the caﬁg,.@ the octet, the ’ﬁ

3

weight diagram is self-conjugate, The baryon octet is dis-

t’:’?}lguished from the \antibaryon octet by opposite baryon

&
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2.2. MESONS "

"

- r . , o ’ i
Mesons are bosons with integral spin and are unstable. 8

The meson multiplets of SU(3) differ from the baryon multi-
plets in the following manner.

(i) All observed mesons beloﬁg‘only to either a
singlet or an octet.
(ii{ Mesonsjind their antiparticles are‘containéd
in tge same SU(3) multiplet.' i.e. there are
no distinct conjugate multiplets. In addiﬁf

ion, the particle and antiparticlg have the °

=y

same values for quantum numbers outside the

group. i.e. spin, parity and baryon numbers.

A e e g o At

(iii) ; SU(3) mixing occurs to a greater degree in the’

meson states than in the baryon states.

In Table 2.4., the nomenclature for the mesons is shown.
Theiweight diagram of the pseydoscalar meson octet with JP = 0,
which is the meson mgltiplgt of lowest average mass is shown
;in Fig. 2.3.
| éome properties of thé pseudoscalar heson octet are.

given in Table 2.5.

£y - \ .
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c e

&
n S )
: TABLE 2.4. 1
- -
: NOMENCLATURE FOR THE MESONS
. ' I l ’
SymBoT I Y SU(3) multiplicity
_Sa - !!
I 1 0 ' 8
K 3 T ~ o 8- 1
n 0 0 " Miged,8 and 1, ‘mostly 8
n* o ' 0 ’ ~ Mixed 8 and 1, mostly 1
J
Iq) _ —— "__ . - - _
[ ’ P
K+ KO X(496)
1 @ e e o e e e e i e @ ‘ H
/ \ o 1
/ N\ i
* / \ 3
7/ \ 4
F 4 \ 4 3
/ \
/ ' \
! / . \ n(549) ,
' 0 ° © ST (138)
Wt T \\ . ‘"‘o I’I .
\ /
\ /
\ /
. \ N /
-1 \'._.:_ _______ .', ¢
K- . K-° K (496)
{ »
11 ] 1 * Ia .

u,.z.—:'.' Weight disgram 91’ pseudoscalar ;meson octet.

- waltiplet {s also given.

The average mass, in MeV of each isospin
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. TABLE 2.5. . L : §
SOME PROPLRTIES OF THE PSEUDOSCALAR MESON OCTET
R Sl_l(3) Symbo]  * Mass " Mean Tife (sec); Principal
ssignment (Mev) or width decay modes
8 - 7 139.57:0.01  (2.603 + 0.003) x 10"
' ' 132.9% :0.00  (0.83 + 0.06) x 10-'°
= - k! Q93.71 :0.04 (1.237 # 0.003) x 10-° Ly(63.6 £ 0.2)%
' 2 \n*n°(2\.o + 0.2)%
nin'n (5.6 £ 0.1)%
" nn'n’ (.7 « 0.1
. (3.2 & 0.1)8
' ' en v(4.8 ¢ 0.1)%
KK a97.7:0.2 0% Ky, 305K ' - , )
{Ks) (0893 0.003) x 10" W67 £ 0.3)5 - '3’
) . 2°n°(31.3 £ 0.3)% '
(%) (518 £ 0.08) x 107 A (42073 - ;
\ ' . n+n'r'rb(12.2 + 0.8 E
- . muv(27.1 ¢ D.5)%
nev(39.0 & 0.5)% ) :
m 548.8£ 0.6 (0.8% 0.7) x 107 eV (38 & 1)%
. nyr(3 £ )3 .
* | 3n°(30 + 1)
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CHAPTER 3 .

CONTINUOUS PARAMETER IRREDUCIBLE UNITARY REPRESENTATIONS

OF THE GROUPlsU(3,l)‘IN THE GEL'FAND-CETLIN BASIS (15)

Let LP 17lpe the real lie algebra of the group SU(n-1,1).

n-1,1

Giving the representation of the algebra L is equivalent

to giving_the operator E, ., k,1 l,e000n

k1l
in a Hilbert spgéé H, satisfying the commutation relations
> . . )
4] [%ik' Eké}\ = Eil for i # 1 ;
Fik' Bei] = Bii T Bk s

EEilkl' Eizk.z:l= 0 for k‘ i‘ iz‘ld i1 7‘ ]Sz)

-

X

The operators Ekl act in' the infinite diﬁensional vector
space in which asAan‘orthonormal basis we have all possible

triangular arrays.

Wy - . . co.o.m .
ly,n-1 ° * “n-1,n-1
m = L] L[] L] L] L “
, | M1 |

~ \

! ‘ ,‘\’—\D
where the mij parameters satisfy thé conditions

(1) my = <{n-1)/2 + v, m /= (n-1)/2 + Y

where Y is a complex number.




- L [
L%
/ , f :
~ - s B
3
- 15 - g
& |
\ o ‘
- - (ii) All elements m; 4+ Other than my -and m, . U A |
are 1ntegers_. 5
N ] E

(iii) All elements'm.. other than m., and m \
ij l1n nn

e v -
j - L

I ) tisfy th lit > >, ' :
~ satisfy the 1nequa ities m, i,9+1 mij i 341 .
4 ;

The re&esentatien is determined by specifying the top row of

the array m, i.e., by the complex number Y and the n-\-2 integers

Q My p>e « + o >2M g

The operators Ekk’ Ek,'k—l’ Ek-—l,k are given by

181 Egm o= (ry - im, )
\\ . / N
\ \ where rk = mlk IR .mkk for k =1,. . . s N; ro= 0
: 1 X ‘
k-1 k-1
(8] By jq™ = 3y Mpop+o- e e e e e b Ay T o
> 4 .
3 ~
where rn.]:'{_l is the arr{a’y obtained from m on replacing mj,k-l
L
by m],k IR : ’
\ ) E
S , : ' /2 ;
\ ' — !
k-2 3
. J\ ) |'—] (my, ‘] kol ~ 1#3+1) I'T] (mi,k-z—mj,k-l—“].) o
a = 1 i=1 \
o kxl
.- - [—l (m. i k-1, k-1" i+§41) (mi'k_l-mj’k_l—u—])

‘ o , 1] .

| \ - T k-1 k-1 -
R W 'S B R S T

where -1 is the array obtained from m on replacing mj'k-l
R '

s
e

>

- . 1;
by m],k__ + “
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- 16 -

' ‘ :’."T-\‘r’ i
r— (AN ‘ —_ i/ﬂ'
k : k-2 .
bj _ _ 1[,__——_]l_ (mik-:mj ,k_1-1+j) JI;—]]. (mi , l—Z-mj ,k-l-f'-h;?{l')
k-1 = k=1 - ol
. . . . * \_\
P {;g(mi,k_l-mj,k—l 1+3)(my gopmi4d-l) \\
T T | - -\

Here the co-efficients a

~

J J -
k=1’ bk—l are, for k < n-1, real

”éositive numbers while ag_l, bg—l are purely imaginary numbers.

The condition for the representation Ln_l’l to be unitary is

given by ’

* = . = .
[8] Ekk - Ekk 2 k - l, ] . » . r n ']

PR
N N ~E
, i VALY

* = £ ne o
Ek,k-l Ek—l,k‘for k # n-1 o

-,

* = - Jﬂ
En—l,n En,n-l E

T

In the case of the algebra L3’l'we consider triangula; arrays

of the form

o

RPTISNE  FA

o -3/2 + v Moy May 3/24+Y ]
M3 M3 m33\\
m = ' 3
B2 M2 ;
v ’ :?
m g
11 " i
L " — 2
' 8
Zﬁ -
) {E '




I
|
l : .
E ‘ 5
l , 3;41
| g -
i ’ T
! - 17 - S
" In these arrays, the top row is fixed; it specifies the - ¢
' ~ representation itself. .The elements of the remaining rows :
. -t e i
can assume arbitrary admissible values. I
. ~ , . i
. -, . 4
The operators Ekl where k,1 =1, 2, 3, 4 give,_ in the - Ry
space H, an irreducible unitary representation of the algebra . '
3.1 ' | “
Xd . L I)\ . . « - N
4 R ‘ .
. ' [ad 1 ‘ '
. L )
.o A~
A3 - 3
o ,
. \ .
1 . .
. ’
. .
bl
L -
° e -
~ .
- . 7
o o
t 7 -
- ) // ‘ -
. N to.
. “~ ’
' ) '

-
I
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CHAPTER 4 ’

‘CROSé—SECTIONS FOR_TWO BODY MESON-BARYON STRONG INTERACTIONS .

. In strong interaction physics, where the Hamiltonian is

[

hot exblicitly known, dynamical group methods cap be used to

¥

describe the interacting systems.,

The use of such methods’ is illustrated by.the case of the

hydrogen‘atom\jin the non relativistic iimit) whose so called

)

aécideqtal degeneFacy of the levels of the principal quantum
humber is due to thé-symmetry of the Hamiltoﬁian H unépr the
"four dimensional rotation group O(4). It is possible to find
a larger group, contain}ng 0(4) as a subgroup, that has an

irreducible representation that is the direct sum of the irr-

educible representations of O (4) belonging to the eigenvalues

of H, each representation being contained only once. This

_group SO(4,2) then describes simultaneously within one irr- *

educible representation all the energy levels with.their de-
generacies (1l6). .Sincewdifferent eigenvalues of H appear in
the representation, the g;;;p is not a symmetry group of the
hydrogen atom. The Casimir operator of SO(4,2) pyrovides the)
dynamical solution by giving a functioﬁal dependéﬁce of H on
the Casimir operator of 0(4).

Another example of the use of these methods is giyen by
the three dimensional harmonic oscillator (17); In this case,

the symmetry group is SU(3) and at least £wo dyn;mical groups,

the non compact Lie groups.Sp(3,;R) and SU(3,1l)are known to exist.

¢
34
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. E . Bander and It:zﬁrkson (18, 19) have ﬁséd_discrete and
continuous parameter rep\gesentations of a single ‘d‘ynamic:al‘ , . :
group to describe the bound'ar}d sc:éttering thate; of the
hydrogen atom. Kalman ( 5) has demonstflated thaE a dis-
crete parameter repre.sent‘atiox\i' of hthe group SU(3,1) can
be used to describe hadron boul;xd st&ates. In our mgdel,
we use a continuous parameter representa;:i,on of the group \
SU(3,15 to describe hédroﬁ scattering states.r

A process Bl —_— MBZ’ where Bl and 52 are baryons and

.
M a meson can be characterlzed by the matrix element <B \32@
where M, is .a operator correspondin
o '<Bll Mop B> op perat: p g
to a meson (23). »
- ’ - ’ 'i \
We write : ' P

[9] M‘:‘p Cmq a5 . where 4, qy

are antiquark, quark oper- §
ators and Cm is a constant associated with the meson M.

1]

Now if A,. ; i,3 = 1,2,3 are the generators of SU(3), o 3
[10] [Aij'-"‘n] =8 By - S Ay Lidikl = 1,23

5 . ' | ' .
[11] Z:tii =0 ., ' oo ;

[12] [Aij. qk].—.- Six a5 C o i,dk=1,2,8
-4 ' " : .
L] . E‘ij' T |==-85x.9§ i,9,k=1Y2,3

\ -

The algebra of q s.and A s is closed if

EUI] [q{r Ej ] =9(Sij A44 - Aji)' ir‘j ’ 1,2,3




" , "~ 20 -

L
where B = +1 corresponds to the Lie algebra of.SU(4);
) 6 = -1 cori-‘esponds to the Lie algebra of SU(3,1);
' P =0 corresponds to the Lie algebra QfT:,@ SU(3);
b .
. . N ”n L] - " 1] . . - . —
and A44 is a "diagonal" generator in addition ’tQ\Aii"' i=1,2,3

§ .
needed to complete the above Lie algebra.

The group T7®SU(3) cannot bg used t;o predict \transiti‘onso
* o between elementary particles and the group SU(4) does not
contain continuous parameter representations.
’ . . We identify the Gel‘fa’nd-Cetli.nqbasis vectori of ‘am‘ con-

tinuous parameter SU(3,l) .representation with the elements of

a baryon octet as in Table 4.1. The parameters of the arrays

are related to the physical quantum numbers aso follows (7 )

L}
-

hypercharge, ¥ = Mmoo+ My, = 2(m13+ Myg m33)/3

v 3 :
N gl .

\ A | isospin ' I= (ml2 - m22)/2

s

NS

charge ' Q = mg+ My, = (m13+ 1‘1123 + m33)/3

A representatién of a baryon decuplet is obtained by re-
plaqing the Mmyqs Myg and My elements of the basis vector

. r“‘.
arrays by my;+ 1, my5 - 2 and ml”3 - 2 respectively., Table
4.2. identifies the baryon states. & - ’

A 27 - plet representation is also obtained by replacing

the My3s Myq and mj3 elements of the basis vector arrays by

i

ms+ 1, my - 1andm, -3 respectively. The @dentif%cation

,,
i,
1
!
{
i
3

o

‘
:’},;
!’

~
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)

ﬁith baryon states is made in Table 4.3. A?hltlonal symbels

: N

have been deflned to describe baryon states that are not

s " found in octet and‘decuplet representationsy This npmen—

clature appeafs in Table 4.4, ’
~ Th2 representation operators are 1dent1f1ed with the
,éuark, antiquark operators of equation [§]~. The meson op- ‘
_erators corresponding tolfhe elements of a meson octet are
then constructed as in Table 4.5,
The scattering cross-section fon;e reaction of the type

: s M+ By —> My +.B,

where Ml: M2 aFe octet meh@&g and Bl,aB2 are octet baryons

« a is, from first order time dependent ﬁerturbation tﬁeory,
given by
(] .- T & lMaP|e><a |Mo.»le> |
TotAL r. FinAL WTeR WTeR phTiAL

STAT’!S

-

)

We note here that the 1ntqg‘%d1ate states '%>' cen be octet,
decuplet or 27 - plet baryon states. For example} we congidef
v ‘ the reaction K~ P——a-K N. First we construct the expressions
l:>‘ and‘KPl:>> , Where K”F and K op are meson operators .
acting on baryon octet states |:> and I:> respectlvely.
‘Table 4.5. glves the 1dent1f1catlon of. the meson operators

with thé operators of a gontinuous representation of SU(3,1) /

‘ in-:the Gel'fand-Cetlin’basis.

P> —>C Ty 1y \>
Ko rN> -ﬁcw Ty Lug i > ‘ ;

Kop
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* From the commutation relations [4] .

T4 = [143' {31] = [143' [132', Iu]] )

and I, = [143 r 132

i

The commutator E32, 1‘21] acting'on the basis vector m gives,

AY .
. [132' 121:] no= (T3 (Tam) - Ty (132m),\)

Using the’operat'or defining relation {6__] this becomes

[Iaé' Iz;l‘“‘ = I32<a:11m11> Ta1 (a my + gyt ,
a, «((a“)i (mj} + (0‘11“)1 ("‘t)j_)
(a:t(au) Qm ) +&< 9.) (m ))

where the a; ¢ are the ca efficients z&ultlng from the
-1

+

action of the repfeSentatlon operators on the basis vector
érrpys obtained from m on replacing the element Ly by my e_: 1.
- N L4 ’

We note from thé dlefinition in [6] that(rt;lZ > ]J( = (m}{) é

i.e. The array obtained from m.or”x replacing m, eby m;op -1
’ ’

'and mj,k by mj,k - 1. .
- 7

Grouping together identical basis vectors we get

[132' 'Izl _ ( (al 1)1"3 ( ))( )2
o (@ () b - B ( “) )(ml)

The co-efficient of the ml' 2 term can be written out expl-

Al

icitly as follpws, & 3 o s
(—— (M -+ \)(w\zz—mn)) 2 ‘(""‘l}'w‘ ‘)(w‘za'mlz)(‘”\ﬂ Mz i)(m -w 1) {

Q‘"zz oz)("‘ﬂ‘mﬁ: i‘) ) ‘




g

‘ “-
~ o s
' (Mn'mll_l)‘:’ é_ (w2 =)
, ' <w\“ - W”_) CM”_-W\"‘H
- Y
& O~lZ ((M . ﬂ)/l ('“ - *") - (- ")/l(‘”‘u '7-) :
o (M“—M'Z) (‘Mn,"”u”")/l Y
Nt
e Comm ) ) = (o '”n))
(M,,_M,Q‘/z(m -M,,ﬂ)/z
= alcvz ' ("'}n"”lz";w‘“*' M”—)'."'
. (“"\\"““lz.)'/l(""n"“‘u"’o 7
J- ( PY /2 ‘Zl
=t a"lal ‘<(MH—MIZ) (‘Maz"“‘u"' )
: | |:\ . ’ m:: ‘
= =‘C><',2 )
\ .
. N }
v ¥ |
T ‘ \ ————————— !

L

- %2 = (= g1 )(m, - m, ™ ~ N;M
;(;(M-z'““u*ocmzi'mn)) L( ik )( u)( 23 ’n.‘)( . "')

see

- 23',..

_ '];‘Q”‘ 3™ +1X”13‘Mcz)(m33-mn 1>QM“ \Mn—) ]((M;M"Xm M"))

L e M2 ) (Mg = Wip- 1)

. -
T e

(Mtl—MII)LMu “Mg -t )

]‘/z
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This is the product ai ag multiplied ‘by (-1u>15 qnd-divided

by the terms containing m; 5 in ai and the terms containing -

l : v ' "" "1 "
2° ' .

v

my; in a
Similarily the co efficieﬁt of the (n%:) ; term can be

written as - C><|’z with the equivalent interpretation.

' ,

Therefore,

' Vo
== 4
'[-[32’ Izn_]m _ o( E m

R
z+°<|z

In the same manner it can be shown that

- e

i T i & oA T s LY

This result .can be generalized to apply to any number of

nested commutators of "lowering" operators (The term lowering

operator is used heré in the sense of an operator ngch lowers

the magnitude’of the array elements e.g. mj'k:__ﬁ, (mj,k- l)
vu ' !
A similar result can be obtained for commutators of

"raising" operators. In this case we make the substitutions

°

oo —> b

= —> B




o 4
¢
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- s ’
Loy, 'il)le'u .. ) )
m m - where writing the superscripts and subscripts
Ry RyRyy :
to the left are to be interpreted as raising
the respective array elements by 1 e.qg.
m, —_——— o m. ,+ 1
]i-,kl'-’ , J-'k -
The generalized co efficients =>< and ‘% " for 'SU(3,1)
. : are listed in Tables A.l & A.2. '

We then construct the expressions for the meson operators

. acting on the octet baryon stai:es , ’
Koap P> = CK‘ (3; g ;(IM\P'» i F:; . :(I‘" \P>) |
o ' F‘s 3(14,\P))) ' '
(b )
AR c—o(m L(Elh0) oSl o )
=C_°(F>3 52.,3>+ S >~<

It should be noted that in this particular case since 134

3,

Papr—

N

. iyt g
SPTERE RCRRUE S e
\

: ~ t _ L
is a single level raising operator (3 = b

}

-

The expressions for meson Operators acting on baryon octet

" states are listed in Appendix B. The notation used to describe

the basis vectors and their associated co efficients is explained
., in Appendix A. N

If we consider any baryon state as represented in Tables

4.1., 4.2, and 4.3. we note that the array elements m K’ other




-

-

) - 26 = . A

. . - -
than My 4 and m, s are written in terms of m

13° ‘ Upon substituting

in the expressions for the <—< and . ]g co efficients of

' Tables A.l1 and A.2 we find that all factors other than those

containing My 4 and m44 terms become integers. Factors which

+
1ncltude m14 and md‘4 terms can be written as ( (ml3 T C).. LX)

where C is a half 1nteger constant. The co-efficients ar]w.—l

and ng-l are purely imaginary numbers (see after eguation [7]

hence the products of the factors which include ™4 and M4

these factors are complex

conjugates and their product is of the form ((MIB—C) +% )

terms are real numbeérs. Therefore,

The o< and (ﬂ\ co efficients in Appendix B all in-
clude my 4 and m44 terms as indicated by the subscx:'ipt 3, and
are thus of the general form K (-—((M,ai’C)z+ Xz)l/?'
where [ is a constant. The (M, t C) components of the o
afxd F co efficients depend on the third row of the basis
veétor arrays (since the top row is fixed for the ‘-representat-

ion), and are thus uniquely defined for a particular multiplet.

Since each term of an M | > express1on includes a pro-,

duct o< the inner products in [15] are of*the form

K (‘((MIS-!' < )+ Xz))(“@“\a = ,_):- ¥ ))
We substitute_idin [15] to get

— i

TOTAL

B orp - cntl, [Ae < BCa) Y x Y ]1

),

et a3 s AT e ’

ey S S SR

¢
-
¥




i - 27 - 3

( :
where le, Cme ~are the constants associated with the meson o
S operators.
A,B,C are constants. A and B being functions’of
| the discrete parameter§’ml3_of the represen-
tation. M
X' is the continuous parametex of the.r7presen—
| . tation.
Weridentify the parameter % with the laboratory momen~
tum P, . as fg;lows | ' | '
-hn

[27] Xz= ('Pmﬁ/Po)

L4

where Pb is some constant having the dimensions of momentum
and n is a positive constant.

. 2 ‘
Substituting for 'X in equation [}6] , we get for the .

cross—section

‘ -n . -2n 2
2 Raa/ % e
G;OTAL = C:‘\%z A+ ® ( ms/ o) +C ( :AG/E:)

b .
2 - | ]
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TABLE 4.1.
=
1372
-1 _
[~ .
T2t Y My By
may myt
A=
mghomy,
L nn-l
= r 3
Y Tty s Uy
ma st
£0w
IlIl‘3 m
_J mlJ-l
v
o
m13—2
-2
—

tn

iDENTIFICATION OF THE BLEHEVTS OF BARYON OCTET
WITH A CONTINUQUS REPRESENTATION OF SU(3,1)

S

[SFI%)
+
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TABLE 4.2.

[

Identification of the elements of 2 baryon decuplet -
' “with a continuous representation of SU(3,1)

) “3/2 4y M3t M3t 30 4y
L myml mygm2 myge2
) M2 T2
B ™1
Baryon ) ) M1
R m13+1 m13-2 Lyt
A+ ' ﬁl3+l m13—2 . By
. A m13+1 - ml3 2 ml3-1
N mp g+l m 52 ™32
A & g2 T3
>~ LT m 572 m13-]:
\ . - M3 . m372 m, 372
A £*° m 3l m 5-2 m 371
: g m 371 ‘w32 m, 32
) ’ w572 =372

Q m 32

-t
M;a‘g Yy
\»‘#“ ‘o,
o D
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TABLE 4.3.

\

Tdentification of the elements of a baryon 27-plet
with a continuous representation of SU(3,1)

(4 ~

[~ ] »
. -3/2 4y ~ ""13'1 ™32 324y \ \j“
. n13+1 m13-1 m13-3 ~ /
: ] m12 . mZZ
' B By i
Baryon M2 P22 ' Coomy
A-H- m13+1 m13-1 ‘ m13+1
LAt mitl  myl 13
A s+l 57t ma7t
A*‘H n13+1 m13—2 ’ h13+1
¥ gt e )32 ™3
A*o u13+1 m13—2 m43-'l
At g+l 372 ™y 472
~ my o+ =3 mygtl
T+ =3t ‘“‘1'3'3. m13
T my4tl m33 my37l
T m13+1 , m13-3 ) m13-2
" m13+1 m13-3 m13-3
xh ™3 oyl "3
N B4 m3-1 mpy-1
s B, myo2 ™3
B )3 m 32 my 373
B =3 m3~2 my 42
{ £ ™3 my373 m)3
£ ST N E 3Tt
B L) myy73 372
M-- m o, =3 n, .—3
E 13 17 13
A* my5-t “13‘1 =371
bowy
2’ ™57l “1;2 ™3l
g R ER a2 R mpg2
g n37t e 3 =37l
o ety 53 B 52
-1 n13-3 113-3
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TABLE 4.4

ADBITIONAL NOMENCLATURE FOR 27-PLET BARYONS .

Symbolf Isospin . I‘Iypercharge.
L . : I ‘ Y
¥
- A 1 .2
T 2 - \0
B 3/2 0
a E ; (1 2 ’ -1
H 1. ) -2
N '
. .
: /' | -
) ,
f," . )
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- TABLE 4.5.

e

Identification of the elements of a meson octet with the operators of

a continuous representation of SU(3,1).

. 2% 41
s c,I I )
14 42
o

T - CoT 1 I 1)/V2

I 14 417 24 42

- Al

o

4

0
K -> C I i
K 24 43
0
K > C_| I I
o u K .3 A2
““:w«‘:,?a .
K+ -+ C.+ I I
K 14 43

n > ¢ (T 1 ,1 1 21 1

w14 417 24 42 34 43

)76

)

s

et

2 PRt

o

BARS. Shr



CHAPTER 5 - .

RESULTS -AND CONCLUSIONS

~
<&

‘ - ' .
The equation for the cross~section CT'(PLAB) obtained }n
the previous chapter is a quartic equation in P£§B . The co eff-

. ~ )
icients contain two unknown parameters, the array integer my 3 and
i

the dimensional.cénstant P;n, in addition to the eight constants
associated with the octet of pseudoscalar mesons. A fit of exp-
grimental data from eight selected reaction§ %nvolving the eight \\
meson constants allows us to determine the unknowns in the co eff-
icients, once the "right" n is known.

'

< +___ -
To illustrate the method, we consider vthe reaction K P—-aK —_—
2
g = <E‘\ K+\ |NT><:MTI K™ , P> }
WwWT ' .

We define the terms , ' :

- z 2 %% é
e (DY) ] |
'/ o “ %

' 2 2. 4/ - —_ _ ;
St [~ (et 1)+ YY) “
. i ' %:':

. ,..) %

+ - s < l"% N . .
T [—(entd) +¥) - -

~

Then we write out, as in the previous chapter, the expressions
\

for the meson operators acting on the baryon states ;;)
. _ 3 )

4 i y

o
0 N
Ve he
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\ .

'-34-

S (Y= AT

]
E 3

+-;1_ = .18 lA>@ﬁT*ﬂ ]
=D [B (c_)+(_) &)1y + [ (36940
+ED)% + T IZ>+"‘“"~* XY 4 ﬁ”sf»].

- Substituting in the equation. for the cross-section we get

et [(c_) c;‘r_-)fs(a))((sﬂ @) )
\ +_'-(3L_>+c1;_>+<&‘2)(<-r)+< ), wc-rz /
¢ e e’ ]

150 22‘5

Which simplifies to

o= Lﬁ_ﬁi‘i) -3 cs*x -n,m (e)

3920

(T)(R) +£_) +___.(S+)(-r)
N, o (T'} + T(T’OL) ]

450

Wf:itntng out R- ' s and T* expllpltly in -terms of.m:L3 and

we get -

. 2 z : ' “ .
0= St TkT | (348wt - 2992 > 4 17858 mé 12882 m
(;Lrl-foo)

+ 30336 75) ((,z% M - ‘Mq& w3 + 22166) ' 3|L+8 K*J
/

pa
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S

\We make the substitution ‘{ (. ) .and write out ‘

)

)

Y

X ! -n '
o, . T = G CKn A+ Bnﬁa_!s +C PLAB ‘ .
. ’ o )
& o .
where 2= (3148 rg - 9992 g, + 1T858 e, 12882 wy, & 30336.35)
S

l%%oo

( €296 w4992 m,, + 22160)
14400 g""

[

C= 3|48
tttoo £

"

o

We fit data for this reaction to the parameterization -

I 1} " -n [} -in
B8] o= A +8F, +C

Y

2 :

(5) (e") ]

The value of m,, can then be obtained from the equallty ) !

by solving the resultlnq.quartic equation and selecting m 3. A

IS L. © o 7 :'}

) . This value can ‘then be substituted in the ratio g,and equated §
” - .

to%,, to give P;n. The product CK* C;K_ can be obtained from ,:

AII ! E

qk+qk_= = by substituting m; 3 in Ai. In the same manner, we ‘
A ' ) .
can obtain other combinations of meson constagés in product form.

We require a minimim of thrée related combinations ofgthe form,

o o
C,C., = K .
MM, 1 . .

. :,‘:‘\ : o

C C = K ’ o, ’
M, M, 2 q IS
c. C, K “
M, M, 3

¢
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to enable us to solve for ‘'specific meson constants. Here

and K3 are known values. S

We divide the first product by the second

C K, - , .

Mmoot - :

C K, ' ,
My 2 _ )

We then multiply by the third product to obtain

’ , CM]_ = 'K1K3 ‘ s
l K— M ‘ v -
P . 2 -8
» __(,‘)‘h " N N P . . .t
iTherefore, C ‘ \\\:?'
- H , ; — 7% /
“u, == (*153 ) . .
¢ Kz ’ .‘: ‘
. W . .
We then substitute in ‘the first and second products to get Cy
J ' 2
and C, respectively. T ' ‘ ) .

3 , . ’ ‘ ' e
While. attempting to determine a value for m; 5 as previously’ e

outlined, we discovered that d}fficulties arose as a result of

(2 ,
the sensitivity of ratio gﬁ;% to. experimental error. as well
o A"CY:
as to the choice of the "right" n. Consequently, we were unable

to obtain a value for m 3 and our efforts were concentrated at -

3 -

1

determining the exponent n. . . o

A least squares fit to the parameterization [18:] using n=

N
P
. i
i
oy
:

1716, 1/8, 1/4, 1/2, 1, 2, was made separately for each of the

meson-baryon reactions where data was available. The results
are summarized in Tables 5.1. and 5.2.
The fit is good over the entire range of selected values

of n. An example is shown in Fig. 5.1. While this suggests

that the expression for the cross-section derived from the

El
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dynamica; model does satisfy the experimental observations, it
also indicates that goodness of ;it criteria are not restrictive

\ encugh to allow us to select the "right" n. However, certain
'regularities are apparent in Tables 5.1. and 5.2., which could
be intefpreted as pointing out further restrictions on the per-
missible values of n.

2 for the' f

The model predicts some asymptotic value (a")
cross-section at-high laboratory ﬁzmentum. Since with increasing -
energy, the number of available inelastic channels indreases,
it is expected that this value be small. A comparison of a’ -~

for different n shows rapid decrease of magnitude with incr-

easing n in the range 1/16 Sg n é; 1 followed by an increase

in the magnitude of Aﬂ for n ;> 1. Furthermore, it is observed
that the )(:2 statistic decreases slowly in the same range,
then increases rapidly for n ;} 1. The above would indicate

; tha? n lies in the range n 4<; 1.

It is also observed that for n <; 1/4, the parameters of

the fit are related by (B"2 /4K%C”) > 1, This would mean that

- ¢ ’
equapion [18] has a double root at PLAB n o= ,—B’/ZC and that
0"i is otherwise:always positive. If this relation did not
’ - - " 4
exist, then equation [}Q] -would have roots at PLAB n_. -8B /2C

] : .- e
:t/% 2 . 4AﬁC”and 0‘5 would acquire negative values within a

2C7 .
certain range of PLAB—n‘
it von, .
Substituting }3'2 = 4A.Cﬂ1n eguation Dﬁ] we get

t -
[19] o= <" a4 B/xM

The cross-section is then written as
Y
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o )
[20] o= c' Zp TP 4 BY/ac")?

LAB . :
‘which foar Pran >> B /2C further reduceg to" )
| [21] « ow "%, 7"
_ We choose n= 1/4. This gives |
‘ 2 o= et | - :
” We note that Regge Pole exchange models (21) predict for

total cross-sectlons an energy dependence of the form PLA 2<°<> =2

where <<><> is the average value of the trajectory of ghe exchange.

‘The condition o<<p<>Q gives n < 1/2 which lends support to
our choice of n.

N We therefore make the following conclusions:
(1) The expression for meson-baryon cross-sections derived
. v .

using SU(3,1) as the dynamical group for strong inter-

. \
actions, satisfies the experimental observations.

o i

* (ii) The choice of n = 1/4 compares favorably with the

predictions of other theoretical models. . T

B ey A S o il St
.

5 A Mom R
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. TABLE 5:1.

PARAMETERS OF LEAST SQUARES FIT

SUMMARY I
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APPENDIX "A" T _ \
- ' o NOTATION

- .

BASIS VECTORS

’

S

A baryon state basis vector array is denoted by m. The
”

vector resulting from the action of a meson operator Mop on
‘ L}

a basis vector m is represented by “basis vectors
» N ’ u
dir 93 95 b ocpre3e g

d?.’ d4, d6 a Cys Cur Cg

This is read as the b-plet basis vector generated by Mop
acting on an a-plet basis vector m, the m, C’ m and
‘ 12

— . ¥ ‘ ¥
m ' parameters of m being replaced by m_. -1, m -1,
€% . . - €1°2 €3%

-

m, - -1 respectively, and the m , My., , M parameters
C5Cq , d'1d2 dyd, dcd,

d.+ 1 respec\{:-

of m ‘being placed by m + 1, m 4 l, m
dydy d3dg™ 7" Tdgdg

1
ively. fFor pxample a basis vector
2,1 10 1,1, 2
m .
2, 3 8 1, 2, 3
is the decuplet basis vector resulting from the octet basis

vector m with the Myqr Myse Moy elements replaced f)y myp T 1,

‘mpy = 1. My~ 1 and the my,, m;; elements replaced by my,+ 1,

«

LMy 5 4.1 re,specﬁlvely.

&

h2y




- A2 -

Al

VECTOR COEFFICIENTS o

—

Cys Cqyr Cc
A coefficient /9< c3r ¢;» ¢g is the product of the

€1 ©3 %5

coefficients acz, ac4, ac6 defingd in [6] , divided by
Cy Cg
the terms in a and a which include the parameter m .
c c c,C
4 6 172
€1 . %3
the terms a and a_~ which include the parameter m and
¢y Cy , C5Cy
' 1 .cs
the terms in a and a which include the parameter m
c c ¢3¢,
. , ‘
. . . S+ 1 .
The product being multipliéd by \/(‘-l) where S in the
number of coefficients a in the produét. [‘
o Ay dy A . il Lt
A coefficients B dl’ d3’ d5 is similarily defined with
2, "4, 76 '

the b coefficients defined in [7] replacing the a coefficients.
However, while the CX coefficients are computed using
the values of the initial array parameters, the 5 cceffic-

ients are computed using these values modified by, replacing

H

the m , m and m parameters by m -1, m -1
€%, €3¢, CgCe . ¢;6, €3¢,

i

and m - 1 respectively.
€5%

The o< and Eg coefficients are listed in Tables.A.l.

and A.2. respectively. . ) . .

. ‘ . - @
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- A3 -/

- . TABLE A.l.

3+.1.) (m24-m13) (m34-m13-1) (n.\4

4 "1

~2) (n\l2

m“) (m22

21
31.

(m ) (m

] 237y ) (myymmy 5=l (g

+2)(m24 m23+l)(m34 m,.) (m

23’ Maq ™"

m 3-1)

23

(myym
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