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In this note we would like to consider photoproduction of pseu-
doscalar mesons from the viewpoint of Unitary Symmetry. The underlying
basis of these considerations is the assignment of the known (or conjectu-
red) particles and resonances to irreducible representations of a group
which satisfies the Lie Algebra Once this assignment has been made the
problem is reduced, as for as the group theoretical part is concerned, to
finding the irreducible representations which are contained in the direct
-product space of two representations. Results are then obtained in the form
" of relations between the amplitudes for various photoproductlon processes,

o Once those relations have been' obtained however, one has to
consider how realistic they are from the standpoint of physmal reality, In
other words, it is clear that the mesons and baryons do not correspond ex
~actly to a representation of a Lie Group due to their mass differences. So
. the problem arises of to what extent and in what energy regions are the pre
dictions of the unitary symmetry models useful, Perhaps at very high ener
gies, when the mass differences can be neglected, the relations become e
xact. It is certainly true that at low energies these are grave difficulties.
For example as we will show later, an attractive (from the viewpoint of u
nitary symmetry} model for photoproductlon con31sts of considering the two
step process y +N—N*—> B + m, where the N belongs to a ten-fdld
representatlon and the final state, B + m, can be either Nw or Z K. This
model contains the T = 3/2 resonance in w photoproduction but also predicts
.a T = 3/2 resonance in the £ K production crosssectionatthe N mass.
However, this resonance is 500 MeV below threshold. In this particular ca-



se an attempt to patch up the unitary symmetry prediction by phase space

correctlons is futile,

We begin our discussion by reviewing some of the properties of
Lie Groups. Of the four simple compact Lie Groups of rank two, the one
‘called SU3 lends itself to simple correspondences with the known particles,
.namely the Sakata Model and the eight-fold way of Gell-Mann(!) and Ne'e-
man(zgf, The Sakata Model is based on the following assignment:

D3(1,0) > (p nA)
D8(1,1) «=> (rK"),

and the eight-fold way is based on the following assignment: .

D3(1,1) > (NAZES)
p8(1, 1) <> (v K7).

DY 7\1, )\2) denotes an irreducible representation of SUg
where n is the dimensionality of the representation and the highest weight
is /\1 mq + )\2 .mg where my and mgy are the two fundamental dominant
weights of the groups(3), ,

The weight diagrams for D 3(1 0) and D8‘(1 1) are given in figu-
res 1 and 2. The two axes of the weight diagrams correspond to the eigen-
values of the two mutually comimuting operators of the group and can be i-
dentlfled with hypercharge Y and the third component of isotopic spin Tg,
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Fromthe theory of Lie Algebras it is known that one can write
~ the commutation relations of the group generators in the form:

[P Fn] =ifmne Fe



where the f's are real and completely antisymmetric.
v We observe that the charge Q can be written as:

Q=Tg+ Y/2
For the eipht-fold way, where one makes the following correspondences;

V8 Hy = F3 = T3

H, =2/ 3Fg = Y;

the electromagnetic current will be giVen by

iem = i3 + 1/ V3ig

and

The currents j,, satisfy

[Fm’ in] =i fmm &
i. e, they belong to the regular eight-dimensional representation,
S - The transformation properties of the initial state can now be
written as '
<Nlj ~<nwe) +1/V3 <n" )
" . 1"

where "~ ' reads "transforms like'. From now on, as far as the eight-

_foid way is concerned, we consider the photon as (v° + 1/ V3 M),

We now proceed to construct the irreducible representations of
the 8 @ 8 product space of abaryonand a meson. We use the rules of BDFL
in constructing the state vectors:

‘a) Selectthe unique state with the highest weight (The highest weight is the
sum of the highest weights of the product representations).

b) Use the raising and lowering operators Eq. to generate the remaining
state vectors inthe representation (A schmidt orthogonalization procedu
re maybe necessary). The weights of the generated states can be deter-
mined.with the use of the operators Hj and Hy.

c).After the repeated application of the E's exhaust the highest weight re-
presentation, select the state with the highest weight from the remai-
ning possibilities and continue step b) untill all of the irreducible re-
prese‘ntatlons are constructed,

The following of the above rules for baryon & meson yields
Table I for the basis vectors. In the state vector LN; Y T}, N corres-
ponds to the dimensionality of the representation and Y and T are the hy-
percharge and I-spin, '

We are now in a position to form the relation between the va-
rious photoproduction processes, We are interested in amplitudes of the
form <N |j 1 BM).If we write :

]BM) Z ap | NG Y, T



we can find the a's from Table I, Furthermore we need the combinations
Lpm\+1/V3<pm|and <{nx°) + 1/¥3 <nm| which correspondto
the transformation properties of <p|jand <n}lj respectively:

The a and b coefficients are shown in Table II. Then

<le\B1V[>= Z. A, b

7 AT AT

and Table III results, The a's are the group amplitudes and are eight in
number; Al’ AS’ A8" A8'8’ Ag grs A1os AT—, and A . The amplitudes
Aggrand Agrg exist because of the equivalence between the 8 and 8' repre
sentations in the direct product 8@ 8 =1+ 8 + 8' + 10 + 10 + 27. The 10
and 10 representations are inequivalent,

The following relations can be written for the photoproduction
amplitudes (The symbol A(nn?) denotes A(y + p~>n + nt) ete.)

1) V2 A(n ot +A(z K') = \[§A‘(/\K+)
2) V2 A(Z KO +A(p ) = V3Apm)
3) A(nw°) - V3 A(nv"] ) = V3 A(AK®) - A(Z°K°)
4) A(Z°K°) + 1/\1’2‘A(z‘ kKt = A (=°kh + 1/ V2A(=TKY)
5) A(n w°) + 1/\/_—A(p m) = A(p °) + l/ﬁA(n ah)
The relations 1) and 2) vield the following triangle 1nequa11t1es

for the Cross sections:

26‘nﬂ+§_ ++3 6

oK AK®
+
Spno < 285 +go ¥ 36 m

One can, however, obtain stronger predictions if one of the
group amplitudes becomes dominant, e. g. through a resonance, For in-
stance the 3/2, 3/2 resonance in the pion-nucleon system can be conside
red as a member of Dlo. Then with A10 dominant the cross sections a?
resonance become:

= 6~ - ‘
Opr ™ 2Tt T 26510 ™ o

- Spm” At 70
This model fails, -at least for theZK part because the 3/2, 3/2 resonance
is below the physical threshold. »

: If the Ag amplitude becomes dominant, for instance at one of
the higher nucleonresonances, thenthe following relations can be written:



TABLE I

l21;2,13" = pxt

l27:1, 3/2) ooyvr etk + peh

l27:1, 1/z> = - VITES [1/3(EvC-nnt)+1/3(£°k - VE £¥ 1O+ VE(PA+AK Y]
70,25 = stet | o |
70, 1> - 1/\/"[\/'2"('"%* PKO)+ vi(a“”"lw\ﬂ-*)]

[27;0,05° = 1/VIZD (£%00- 2%y - 27 n )+ 3(nKO+PK )+ 3(27K T -EOKV)+9A7 )

it

l27:-1,1/2>° = - V3720 [VE(EO7 -AROW 1/3(-2000+ VIS w*)+ 13 (a°1<°+sz K”)
+- _

f27;-1,3/2% 1/VZ ! -s*Ko + 304 ]

'|27;-2, 1>0 = . 3,0K°

i

o1, 3/2>"" = . VT (Bat - 21ch .

030, DY = - 12VF (a0 £ 10+ V(AR £ 1) VE (PRO+TOK ™))
[16;-1,1/2° = 1/VE [(£9R2+ VE £ K" }+(20n0- VEZ w1 VE(ARO+EOM) |
j10;-2,0>" = 1/\/2'[1‘-:’17;'0 + 50K} '

1552, 631 = 1/VE(PKO - nk*)
l1t;1,1/2>% = -1yviz [(PnO- VZ ) H-¢ Ok VE £ KO VE (AR ) ]
[iT;0, DY = o VEE [(- £ Ont g HrO)+ VI (SO HPRO)+ VE (Ant e ) )

Tio;-1,3/2>" = c1/VE(E0F + 2+K°)

it

la;1, 172> V's/;o[(\/z : *<° 5 Ok ) HVE nnt - PrO)+ VT (AR 4Py )]
I8;0, 1>* = V3O V3R (217 +Ax ) H(FRO- ZPKH) | |
18;0,05° . = IVF (2w +atnmo 2070447) - 12 (PK-+nRO+2 K - 20K )]
I8;-1, 1725 = V338 [1/ VB (ARO-509 J4(-20w0+ VB« )4(VE £ K+ £°RO)]

81, 125" = WE [(PrO- V3 nnh)H(VE £ KO- 52k H)+ V3 (P7-AKH) ]
oo, >t = 1/VE[V3 (£°nt- £¥a0) + (PRO+ ':'ok‘f)]
|80, 0>° = 1/2 [PK" +nRO + BOKO .= k]

]

l8*;-1, 1/2>+ ll\f— (V?“ “at-E010)+ V3 (204 +4KO0)- (Vz ¢ k- +&.°K°)]



TABLE 2

l27; 1,1/2> | 127 1,8/2>| [ T0; 1,1/2’\/7 | 10; 1,3/2> |8; 1,3/2> | |8y 1,1/2>
Ipr©> -1/ |60 1/V8 -1/V12 -1l ~¥3]20 e
Ipn> -3/{20 1/2 1/Y20 1/2
(ot 1/V30 1/V6 1/V6 -1/V6 V3710 -1/8
st ko> 1/V30 1/V6 -1/V6 1/\e V3710 Ve
lzox*™> -1/{80 1/V3 1/V12 1/V3 -¥3/20 -1/V12
IAK™ -3/Y20 -1/2 1/V20 -1/2
B _2/\I5 - 1/V3 S1)V3 -1/J15 1/V3~
In °> 2/V15 WES 1/¥12 103 V3/20 “1/\12
lp = > -1/\30 1/Ve. -1/l -1V -V3/10 /06"
jnm> -3/V20 ' - 1)2 1//z0 1/2
\=0 KO 1/2V15 K] -1/Viz2 1/V3 3/20 1/Viz
- k*> ~1/\30 - 1VE 1N 1/V6 -V3jz0 “1/06
| A K> -3/\20 -1/2 1/V20 -1/2
&l -1/V15 /(3 B I3 2 /{15
TABLE 3

A1 | Ao | Aro Ag Agt Ag g Agrg
o | il pmo 2/5 1/3 1/10 1/6‘ -1/8V5 -1/2V5
e lilar™ |12/10 2/6 -y2/10 -V2/6 1/2V10 1/V10
elilpm> /s -1/10|3 V3/6 -1/2V15 1/2V15
b |3 | ko> | [2/10 V276 | -l2/10 V3/6 -1/3V10 /{10
@i 12kt | 2/5 -1/3 1/10 -1/ 1/6V5 _1/2\5
®lil A | 1B/ | -1/10y3 \3/6 1/2\15 1/2Vi5
)i fn w9 3/10 1/6 1/3 1/5
ailitpr> | V2/5 | -f276) V2/6 | -I2/5
@ ljfnm> | ¥3/10 | I3/6 V3/15
& )j|S°k>| 3/i0 | -1/6| -1/3 1/5
G )i\ =K V2)s 2ye | -V2/e| -V2/5
G il AR | Y3/10| -U3/6 V3715




- =1/2 =36~ =1/2 62 = 6=, .36
pm© / b\nn+. pM / s tKO S oK+ AKT

, One can make an attempt to correct for phase space differen
ces in the cross sections. As an example let us consider M photoproduc-
tion cross section relative to that of the w0, If the Ag amplitude is domi-
nant Table 4 gives the expected ratio of S\bfq /6 pro corrected for phase

space.

TABLE 4

E,Y(MeV) s P D F
950 - -22 09 ~04 017
1000 -23 11 -05 ~025
1050 - _25 13 ~07 _041

‘ Letus now find the corresponding relations for the Sakata Mo
del. If we note that the phenomenological interaction Lagrangian must be
invariant under rotation in the unitary space then it must be of the form:

I ~ag tr [ﬁ—MQ B] +ay tr [EQM B] + agtr [ﬁBltr[_ﬁQ_\_

where B = [ p
: n

M =" 1/{6m+ 1/\/—2—11'0 wt Kkt
" V- INE® KO
K™ K° - -2/Vem
Q=[100
000
000

The a's in the above equation are linearly realted to the irre-
ducible group amplitudes., Performing the indicated traces enables us to
construct Table 5, from which we obtain the following relations for the

photoprvodu(:tion amplitudes:
{3 A(™M) = A(p 1)
A(n vt) = A(AKY)
Aln w*) + Alp ©7) = V2 Alp©) - V2 A(nwO)
V3 A(n ™) = A(n v°)
A(AKO) = 0



TABLE S
aj ag - | a3
<plil p > | 1/ V2 1/ V2 1/ V2
<Ip\j\lnn+> 1 |
Glilen> | UVE | yve | yve
(P\j‘lAK+> o 1 B |
o lilnmoy | 1/\!‘2“
<n_lilpv‘> } 1
<n (i l.nm S ) | 1/ Ve
<o 13 | AKOD
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