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Proceeding from the speculation that the real world is approximately SU; ® SU,~ and scale-
invariant, we study the mechanism of spontaneous breakdown by considering a o-type model
that embodies both operator partial conservation of axial-vector current and operator partial
conservation of dilatation current. Solutions exhibiting spontaneous breakdown are analyzed
in relation to the behavior of transition when explicit symmetry breaking is turned on. Al-
lowed domains for the symmetry-breaking parameters are also derived.

I. INTRODUCTION

The group SU, made its debut in nuclear physics
when Wigner' attempted to give a unified treatment
of nucleon spin and isospin. The appearance of
SU, (Refs. 2-17) in particle physics was an out-
growth of the success of SU;. Of the many features
that motivated the study of SU, the most attractive
is the transparent symmetry between hadrons and
leptons®-%-2:9, However, the lack of experimental
evidence for the existence of many new particles
invariably tended to preclude SU, from being se-
riously considered as a symmetry group of the
real world. SU, was soon swept into limbo after a
brief appearance in the waves of SU;. Nonetheless,
the recent emergence of non-Abelian gauge theo-
ries seemed to have revived interests in SU,,'°-*
for instance, as a viable way to avert the strange-
ness-changing neutral currents. Other experi-
mental indications, such as the rise of the total
cross section of pp scattering,’®~*" and the various
claims of the discovery of heavy particles,'® may
also point to the charmed particles as embodied
in the SU, scheme.

The present work is concerned with another fac-
et of the possible relevance of SU, to high-energy
physics, viz., chiral SU,® SU, (Refs. 8-14, 19,
20) and scale invariance. Instead of the commonly
hypothesized relation between scale invariance and
SU,® SU,,%' %% we propose that scale invariance is
broken together with SU,® SU,. In Sec. II a ¢ mod-
el** comprising fields that constitute the (4, %)

@ (4,4) representation of SU,® SU, is studied in
the “tree approximation.” SU,®SU, and scale in-
variance are broken simultaneously by terms lin-
ear in the fields, thence ensue operator partial
conservation of axial-vector current (PCAC) and
partial conservation of dilatation current (PCDC).
In Sec. III the allowed domains for the symmetry-
breaking parameters are derived. In Sec. IV so-
lutions in the symmetry limit, and their behavior
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under conditions of smooth transition, are ana-
lyzed.
II. LAGRANGJIAN MODEL

The model we shall study is described by the
phenomenological Lagrangian

£=E+8¢5,

where

£=£,+2,,

£o=39,M"a*9m,

£, = f(TrIn'my + £, TrOn m)?
+g(detim+det3n*),

Lgp =—€00— €03 — €505,

2.1)

Here

(0; +ips g

15
M=o+igp= —_—, (2.2)

and the A matrices are given in the Appendix. The
fields (o, ¢) constitute the (4,4)® (4, 4) representa-
tion of SU,® SU,; they transform under the chiral

generators F; and F; as

[Fi,0,]=if, 104

[Fn ¢j]=ifijk ¢k ’
(2.3)

[F3, UJJ=‘idm¢k ’

[F3, ¢;]=id;;0,,
where

i=1,...,15,

j,k=0,...,15.

The generators F;, and F; define the Lie algebra
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TABLE I. Nonvanishing values of f;;, and d;,.

i J k S i i j k dijn i J k disn
i j 0 0 i j 0 ANZ)6;; 5 5 8 -1/2V38
1 2 3 1 1 1 8 1N3 5 5 15 1N6
1 4 7 $ 1 1 15 1IN 5 9 14 -4
1 5 6 -3 1 4 6 1 5 10 13 %
1 9 12 + 1 5 7 + 6 6 8 -1/2V3
1 w0 1 - 1 9 11 + 6 6 15 1N6
2 4 6 : 1 10 12 ¥ 6 11 13 &
2 5 7 3 2 2 8 1A3 6 12 14 1
2 9 11 i 2 2 15 1NE 7 7 8 =-1/2V3
2 10 12 : 2 4 T -3 7 7 15 1NB
3 4 5 : 2 5 6 ¥ 7 11 14 %
3 6 T -4 2 9 12 -$ 7 12 13 L
3 9 10 } 2 10 11 1 8 8 8 -1AN3
3 11 12 -4 3 3 8 IN3 8 8 15 1N®
4 5 8 w3 3 3 15 1NE 8 9 9 1/2V38
4 9 14 i 3 4 4 1 g8 10 10 1/2V8
4 10 13 -4 3 5 5 t g 11 11 1/2V3
5 9 13 + 3 6 6 -3 8 12 12 1/2V3
5 10 14 1 3 7 7 -% 8 13 13 -IN3
6 7 8 w3 3 9 9 3 8 14 14 -IA3
6 11 14 i 3 10 10 1 9 9 15 -1A6
6 12 13 -f 3 u u -4 10 10 15 -1A6
7 11 13 $ 3 12 12 -} 1 11 15 -1AB
T 12 14 3 4 4 8 -1/2V3 12 12 15 -1A6
8 9 10 1/2V3 4 4 15 ING 13 13 15 -1A®
8 11 12 1/2V3 4 9 13 3 4 14 15 -1A6
8 13 14 -IN3 4 10 14 T 15 15 15 -}
9 10 15 (%)
1 12 15 G
13 14 15 &
[F, F, 1=if; wF s The form of the Lagrangian is the same as the
usual SU; o model, yet the underlying group con-
[Fi, Fil=ifiu Fy, 2.4) tent is now_SU4®SU 2% In contradistinction to the
[F3, F§]=ifka , .SUS case, £ isz:)oth chiral- a.ndJr scale-invariant,
i.e., the term?® g(detIn +detIn") that breaks scale
where invariance in the SU, case is now scale-invariant.
i,j,k=1,...,15. The breaking of SU,® SU, and scale invariance is
due entirely to the same linear terms in £45,,
Nonvanishing values of f,, and d,;,, are tabulated and hence we have both operator PCAC and PCDC.

in Table 1. If we introduce the notations
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a_‘/—€ bg—eh'l_ ,
V3¢’ V3¢,

we see that when a=0 the Lagrangian is SU,-sym-

metric; when 1+a+56=0 it is SU, ® SU,-symmetric;

when a=0 and b=-1 it is SU; ® SU,-symmetric.
The physical fields are defined as

(2.5)

05=05= &,
0} =05 = &g, (2.6)
015 = 015 = £15,

where £§,=(0,), £{4=(0g), and £,,=(0,5). Using
the “tree approximation,” we obtain the consisten-
cy equations

€o ___450(,302 + gez + 5152)f1
+%(‘/§ 503 -V2 gsa - 2§15é +3‘/§ E0582
+3\/_3— §0§152 '*'3515532)]:2

(3‘/_3- 503 -V2 gas = 2&153 -3/3 £o§82

=3B ot + st )
€5 =45,(87 +E5 + £ [,
+E5(BE7 +28, +£,7 =V B ok,
+2VB &0k, = V2 &L f, 2.7

_%(‘/—3‘ 502_ﬁ£152+f§§°§5

=268, VB EEL)g,
€5=4E, (87 + £+ £,0) 1,
—3(V2 5= TE,° = 9878, + 6V £,.7°E,
-3V3 28— 8E7E1) N
+ 52 £ = £, =387, - 2V 3 £,7E
+VB 2L +8EE1s)g

J

(5@, 8.060)) = [ oy on) g+ 250 ) - S48 0,0, | ate= 273 ),

]

([35(), F5("]) = zfomd z[pum)<g#u slop

where p,; and o, are the transverse and longitu-

dinal spectral weight functions. Taking the diver-
gence of (3.1) and integrating over space gives

i([9"8,,F; ]) =f dm®o; (m*) =K, ,

° (3.2)

i([o" Ty, F =£ dm*af(m®) =1, .

Reexpressed in terms of

1]

——28
73e,’ (2.8)

V3,
the equations become
3€,=8(2 +3¢? +6d%)(f,\%)
+2(2+9¢?+18d% +9c%d - 3¢® - 12d%)(£,2°)
+(2=3c?=6d%+3c?d—-c*-4d%) (g%,

=8c(2+3c?+6d%)(f,\%)

b

+12¢(1 = c+2d - cd +c? +d?)(f,\%) 2.9)

-2c¢c(l1+c=2d-3cd-3d*)(gr\?),

€15 _ 2 2 3
VK 8d(2 +3c? +6d%)(f,2°)

+2(6d +3c? = 12d% +3c%d - ¢® + 14d ) (/1%
~(2d=c®+4d®-3c%d - c*+2d°%)(g\°%).

The masses of the particles are identified as the
coefficients of the quadratic terms in the displaced
Lagrangian. They are listed in Table II.

IIl. ALLOWED DOMAINS FOR THE SYMMETRY-
BREAKING PARAMETERS

The spectral representations for the current
commutators are?*’-?®

(3.1)

5 2
)- 50,0, ]at- w0,

-

If we use Gell-Mann’s divergence equations®®
iok gm’ = [E ’ SCS.B.] )

ia“ﬁi‘u. = [F?,JCS.B.] ’

we can relate (3.2) to the symmetry-breaking pa-
rameters €, €5, €, and the field vacuum expecta-
tion values £, &, £,5. The divergence of the vec-
tor and the axial-vector current densities are

(3.3)
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TABLE II. Mass terms occur in the Lagrangian as —3p;8,2 —3u,8,> —;,’®,;8,. They are
related to the A; by the expression p?=Ax,+Ayx, + Ayx,, where x, =\, x,=f,), and

x3= gAz.

e Ay 4, Ag
myl -8(3c? +6d% +2) —4(c+d+1)? 2(3d% — 6¢cd +2¢ +2d — 1)
my’ -8(3c? +6d%+2)  —4(7c*+d?—cd —c+2d +1) 2(3d? +3cd —c +2d — 1)
my? —-8(3¢? +6d? +2) —4(c? +13d% +5¢d +c —2d +1) 2 —d®+cd +c —2d ~ 1)
my® —-8(3¢% +6d% +2) —4(4c? +13d% —10cd - 2c —2d +1)  —2(c +d +1)
mo? —8(3c? +6d% +2) ~2(3¢? +6d% +2) —3(c? +2d% - 2)
mg -8(3c? +6d% +2) —4(3c% +d? - 2cd —2c+2d +1) 2(3d® +6cd —2c +2d — 1)
mys —8(3c2 +6d2+2) —2(c? +144% — 8d +2) 3c? —6d? - 8d —2)
mog 2V6e(c —2d —2) —6c@2+c—2d)
my 15° —2V3 (c? - 4d® +4d) V3 (c? —4d? - 4d)
mg 15 2V2c(c —2d —2) Ve (3c+6d +2)
0,0 —8(3¢% +6d% +2) -12(c +d +1)? —2(3d% — 6cd +2c +2d ~ 1)
oxl —8(3¢% +6d% +2) —12(c* +d? - cd —c +2d +1) -2(3d% +3cd —c+2d — 1)
oy —8(3c? +6d? +2) —4(c? +17d% - cd +3c - 6d +3) -2@2c? -d*+cd+c —2d - 1)
oy —8(3c? +6d% +2) —4(4c? +1d% +2cd — 6¢c — 6d +3) 2(c+d +1)
0ol —24(c? +2d% +2) —6(3¢% +6d% +2) 3(c® +2d* - 2)
04 —8(9¢? +6d% +2) -12(3c% +d? —2cd — 2¢ +2d +1) —2(3d% +6¢cd —2c+2d — 1)
05 —8(3c*+18d% +2)  —6(c?+14d%—8d +2) —(3¢? —6d* - 8d —2)
008 -16V6¢ 6vV6e(c —2d —2) VBe(2+c — 2d)
o015 —32V/3d —6v3 (c* — 4d® +4d) —V3(c* —4d® —4d)
og1s.  —48/2cd 6V2c(c —2d —2) —V2¢(3c +6d +2)

listed in Table III; the nonvanishing K,; and I,

are given in Table IV,

=0, ¢=0 (SU, ® SU,-symmetric Lagrangian and

SU,-symmetric vacuum) are given in Table V;

We notice that K,;; and I;;, are symmetric under
the simultaneous interchange of a— ¢ and b+ d.
The positivity conditions require that?”:2®

1

o

*
ctK;;c;20,
1

it

(3.4)

o
o

%
cfl;c;20
=1

L od
~

for any choice of the constants c¢;. These condi-
tions are satisfied provided?®
K; =20,

i1

1,20, (3.5)

2
>
188115,15 = Ia,xs .

Allow domains for the cases a=0, b=~1
(SU; ® SU,-symmetric Lagrangian), a=c=0 (SU,-
symmetric Lagrangian and vacuum), and 1+a+b

their graphical representations are shown in Figs.
1-3.

IV. ANALYSIS OF THE MECHANISM OF
SPONTANEOUS BREAKDOWN

A. Spontaneous-breakdown solutions

In this section we first study the possible solu-
tions of (£, &g, £,5) in the symmetry limit €,=¢,
=€,,=0, and then we turn on symmetry breaking
and examine their behavior in the course of tran-
sition,?3:3°

We consider the following cases.

Case 1. £,=0, £,=0, £,,#0. In this case Egs.
(2.7) simplify to

6f,+g=0,
24f, +14f, - g=0.

(4.1)

The ratios between the coupling constants are
thus fixed:
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TABLE III. Divergences of the SU; ® SU; current densities.

i OFF = (€gfige *+ €15 1150)0% ORG) ;= —[(eg/N2)byy +€xd gy +€15d 15410
1 0 —% (V3ey+V2 €5 +€45)
2 0 _JLE /3y H2 g +€45)P,
3 0 —% (V3 €y +V2 €5+ €45)¢5
1
4 —g €505 ~o7E (2V3 €y — V2 €5 +2€45)P,
1
5 ‘/75 €504 arv (2V3 €y —V2 €g+2€45)0 5
1
6 _\/’2_5 €507 o7 (2V3 €y —V2 €5 +2€45)Pg
7 \/—23; €30¢ —-2\/1—€ (2V3 €y —VZ €5 +2€45)p4
8 0 —‘/—%‘[\/§€8¢0+(\/§€0—ﬁ€8+€15)¢8+€8¢15]
1
9 —%(e8 +2V2 €45)01g o (2V3 e +V2 65— 2¢€5)0
1
10 ';ﬁ (€5 +2VZ €45)05 - = 0T q TG - 260by
1
11 ‘Q%/g— (€5 +2V2 €g5)0yy o5 (2V3 €y +V2 €5 —2€45)¢ 14
1
12 —zj,; (€5 +2V2 €45)0q4 G (2V3 €y +V2 €5 —2€45)d gy
1 1
13 5 (€5 —VZ €45)04 % V3€g—V2e€5—€5)0 43
1 1
14 ~735 V2 e)o g 7 V3€—V2eg—€i5)y
1
15 ] 5 [V3 €150, + €05 + (V3 € — 2€45)¢ 5]
TABLE IV. Expressions defining the allowed domains; y= -1 ¢,¢,.
B C0s0
Ky -} e 9yac
Ky — 35 [€ats +2V2 (€5t 15 +€15g) +8€y56 5 Y @ +4b)(c +4d)
Ky —ylegds —V2 (ks +€15ég) +26€558 5] 4y@—2b)(c —2d)
Iy °'(1;_(‘/§€0 +2eg+en) /3 & +V2 b+ &p5) 4y(1+a+b)(1+c+d)
Iy -1 @B € —V2 € +2¢45) (V3 £y —V2 £ +2415) Y@-a+2)@-c+2d)
g g @V €y +V2 €5 — 2€45) (23 £y +V2 £y — 2£55) v @+a —2b)(2 +c — 2d)
I3 —36/Be)—V2eg—€5) W £ —V2 &g — £y5) 4y(l—-a-b)(1-c—d)
Tgg —flaegs+ 3 g —V2 g +ep) WBE —V2 &g+ Ey5)l  4Y[(L—a+b)(1 —c+d) +2ac]
Iys5 —Hegtg +3ei5t s+ (/3 € — 2€45) W3 £y — 2£45)] 2v[2(1—2b)(1 —2d) +ac +6bd |

Igys —legt/B &g+ £15) + (VB € —V2 €5 + €45) &) 22y[c(l —a +b) +a(l +d)]
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TABLE V. K,; and I;; for the three cases considered in Sec. III.
L STIR ST a=0, b=-1 a=c=0 1+a+b =0, c=0
Koy —47 (c+4d) 16ybd —4yd(1-3b)
K313 87y (c —2d) 8yd(1+3b)
Iy 4y (1 +b)(1+d)
Iy 6y (1+b)(1+d)
Iy 47y (2 +c—2d) 4y (1-b)(1-d) 27(1-3b)(1-d)
Iy3,13 8y(l-c~d) 8y (1—d)
Tgg 8y (1+b)(1 +d)
I 5,15 12y (1 -3d) 4v(1—-2b—2d+Td) 4y (1 -2b —2d +7bd)
Igys —2V2y (1+b)(1 +d)
=-%, G=%, (4.2) For d #+1,
where _ —2(1+3d2)
T 1-2d+5d%°
F=lz, ¢=£. (4.3) (4.6)
fi f -4(1-3d)(1+34?) |

Case 2. £,#0, £,=0, £,,=0.
8f, +2f, +g=0. (4.4)

Hence, 2F +G=-8.
Case 3. £,#0, £,=0, ¢,,#0. Equations (2.9)
become

8(1+3d?)x, +2(3 - 6d +T7d?)x, — (1+dfx,=0,
(4.5)
8(1+3d?)x, +2(1+9d? = 6d%)x,+ (1 +dP(1 - 2d)x,=0.

\

-2 -l 143 2

FIG. 1. An SU;® SUs-symmetric Lagrangian (a =0,
b =-1). Allowed domains are indicated by the shaded
regions.

o)

C=T+d)1-2d+5d7)°

when d=1, 2F-G=-8; whend=-1, F=-1, and
G is undetermined.

Case 4. £,=0, £,#0, £,,=0. Equations (2.7) are
reduced to

6, +£=0,
2f,+£,=0, (4.7)
2f,-£=0.

Hence the only possible solution is f, =f, =g =0,
i.e., we are left with a free-field theory—or else

9

\

0.5

i 0.2 \

0.205 |

v

FIG. 2. Allowed domains for an SU;-symmetric La-
grangian and vacuum (a =c¢ =0).



£0=£3=£,5=0, which is the normal solution.
Case 5. £,#0, £,#0, £,,=0.

8(2+3¢c2)x, +2(2+9¢%=3c%)x, +(2=3c% = c%)x, =0,
4(2+3c?)x; +6(1 = c+c®)x, = (1+c)x, =0, 4.8)
2B =c)x,+(1+¢)x,=0.
For £, #0, c can only take on the values
c=1,2,=-2; (4.9)
the corresponding values of F and G are

= 14 14
F=-2,- s 713

’ 5
(4.10)
G=4,%,-%;
for f,=0, c=-1, and f,=f, =g =0.
Case 6. £0=0’ ga#oi £15¢0'

6(1+8)(1-26)f, +(1-06+456%g=0,

4(1+26%)f, +2(1 -0 +82)f, +6(1+6)g =0,
(4.11)

245(1 +262) £, - 2(1 - 36 — 146%),
+(1+6)(1+26 - 262)g =0,

where
6=d/c. (4.12)
For g #2f,,

dd

2 |

173 |

N

FIG. 3. Allowed domains for an SU,® SU,-symmetric
Lagrangian and an SUz-symmetric vacuum (1 +a +b =0,
c=0).
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6==-1,3, -3 ’
F=—2: _4y _% ’ (4-13)

G=0,0,%'g7';

when g=2f,, fi=f,=g=0.

From the foregoing analysis we see that, in
order for the spontaneous-breakdown mode to be
possible, the field vacuum expectation values, and
subsequently the ratios of the coupling constants,
can only assume certain definite values. This
situation is similar to that of the U,® U, case
studied in Ref. 30.

B. Turning on symmetry breaking; fixed couplings

We proceed to examine the solutions when the
explicit symmetry-breaking interaction is turned
on, First we assume fixed couplings.

Case 1. Equations (2.9) now become

3
eo=——§-*\/5§ (6f, +2),
€5=0, (4.14)

€15 =é§153(24f1 +14f, - 2).

Since £;,=0 necessarily entails €;=0, it is not
possible for the spontaneous-breakdown solution
to undergo a smooth transition for €;#0. More-
over, even if we let €;=0, there is still no solu-
tion?3 in the presence of nonvanishing €, and €,
inasmuch as 6f, +g =0, and 24f, + 14f, - g =0, for
which spontaneous breakdown was possible.
Case 2.

eo=%§oz(8f1 +2f,+g),
€,=0, (4.15)

Again, there is no solution for €,#0, since
8f, +2f, +g=0, even if we allow for €;=¢,,=0.
Case 3.
2€0,=8(1+3d?)(f,2%)
+2(1+9d? = 6a%)(f,1°) + (1 +d)P(1 - 2d)(gr?),
€,=0, (4.16)

26—“/5_3=d[8(1 +3d2)(f,1%)

+2(83 = 6d+7d%)(f2%) = (1 +dP(gr¥)] .

£,=0 precludes €,+0, whereas b =¢,,/V3 ¢, is in-
determinable, as expected.
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Case 5.

_ 2c[4(2+83c®)+B8(1=c+cB)F - (1+c)G]
a_8(2 +3¢2)+2(2+9¢c%2-3c%)+(2-3c%2=c3G’

(4.17)

. HU 9

We know that in the symmetry limit they will take
on the form of 0/0. To obtain the limiting values
for a and b we apply 1’Hospital’s rule and find *°

Ne 1 2 -2

-2 =L L
b= c?[2(3=c)F+(1+c)G] a 3 3 3 (4.18)
T8(2+3c?)+2(2+9c2 -3¢ )F+(2=-3c%=-¢%G ° b - zE -3
Case 6.
_=6[4(1+25%)+2(1 =06 +6%)F +56(1+6)G]
= — 952 _ 3 ’
6(1+6)(1=262)F+(1-5+45°%G 4.19)
b _—245(1+26%)+2(1 =35 - 146%)F = (1 +5)(1 +26 - 262)G
- 6(1+5)(1-26FPF +(1 -5 +45°G ’
I
Similarly, we obtain the following limiting values: find that they lie outside the allowed domains. To
N 1 remedy this situation, we have to allow for vari-
\6 -1 z w1 able couplings, and consequently extra param-
2 50 eters have to be introduced. For instance, we can
a il * 2T (4.20) follow Carruthers and Haymaker3® by assuming a
b _é 0 _1-2%‘1 linear variation of F and G with respect to the
1 9 vacuum expectation values as symmetry breaking
B z -1 is turned on®:
where
B=b/a. (4.21) ar(§;) _dG(Ey) _
de, ~ ar, P (4.22)
C. Variable couplings
However, if we substitute the symmetry-limit where &; denote the symmetry-limit values.
values obtained in Sec. IV B into Table III, we This device enables us to get
J
‘: c 1 2 -2
“ 4< 2+p > 2<—G4+225p> <64—559p>
- - 75 3 93
12-Tp 384 +5p 84 +793p (4.23)
b <4+3p> 2(112+75p> 2(112-117,0)
“\12-7p 384 +75p 384+1793p
for case 5; and
No -1 : -3
a 6(2—3p> _§<32+9p> —6< 6400 +4173p )
54 +p 2 p 20736 +19367p
1 +3p> 3<64—9p> 1(153600- 12519,;)
b '6<54 o) A\ ~32\20736 + 19367, (4.24)
1+3p _l<64—9p> _1_(153600—12519;))
A 2-3p 2\32+9p 12\ 6400 +4173p

for case 6.

As p—0 the previous limiting values are re-
gained. By adjusting p, we can now restore them
to the allowed regions. The goal of a smooth
transition is thus attained.

r

V. SUMMARY

We have studied an SU, 0 model that incorporates
both operator PCAC and PCDC. The mechanism
of spontaneous breakdown is investigated in the



“tree approximation.” In the symmetry limit, the
ratios of the coupling constants are found to as-
sume only certain definite values in order for the
spontaneous breakdown solutions to be possible.
However, these solutions, when explicit symme-
try-breaking interaction is turned on, lie outside
the allowed domains dictated by positivity, and
hence are unstable. To remedy this situation, we
allow for variable couplings, and an extra param-
eter is introduced. By adjusting this parameter,
the solutions can be restored to the allowed regions
to ensure a smooth transition in the wake of sym-
metry breaking.
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APPENDIX

The X matrices are defined as follows:

1000 0100
1 0100 \ - 1000
°=VZ 0010 |’ 0000 |
0001 0000
[(0-i00 10 00
i 000 0-100
%=1o 0 00|’ » |00 00|
0000 00 00
(0010 00-40
0000 000 0
%= 11000]” ™ |i0 o0 o
0000 000 0
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0000 000 0
0010 00-70
%=1o100| ™ |oio of ’
0000 000 0

100 0 0001
L o100 0000
=73 [oo-20]’ * {0000
000 0 1000
000 —:) 0000
000 0 0001
)‘10_ ) )‘11 ’
000 0 0000
i000 | 0100
(000 0 0000
000 -3 0000
M2= 1900 0| M Jooo1 |
[0i0 0] 0010
(000 0] 100 0
000 0 010 0
M =T
4 000-:|’ V6 (001 O
(004 0] 000-3

They satisfy the relations
Tr A A;=20;, ,
[, A= 2ifige N »
{Mo gt =2d 0,
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