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ON THE ALGEBRAIC REALIZATION OF SU(4) SYMMETRY *)

The possibility of non=linear realization of _SU(4) ,
syumetry with its linearizatien over the SU(2)X ¥XC group
is discussed, The algebraic proparties of the SU(4) group
are restored frem Weinberg's condition-the amplitudes of the
scattering of goldetones on particles muet have reasonable
asymptotic behaviour (as in Regge theory), the violation be-
ing proved ‘to be minimal mz= Irl.l;,,,\,'ﬂn,la + mﬁ_f « The
large values of w-muon- mags lead in the algebraic reali=-
zation of the SU(4) symetry to high lying D amd S~

charmed trajectories Q< ngf,?)S, <4 .
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1, The SU(4) group discussed in connection wiih the

interpretation of l}’-mesona 1 is 8 strongly vioclated syn-
metry. The prrticle mass differences in the vector 16-plet
of the SU(4) is of the order of particle masses and the amall
violation parameter doesn't occur, The amsumption of the mi-
nimality of SU(4) violation in the mass operator
m = nLZt'M + lni + mj_‘; (1)
is considerably worse substantiated here than in the 5U(3)
case,

In the present work the SU(4) group is considersd as
a dynamical non=linear symmetry with the linearizetion over
its subgroup SU(2)X Y xC . The Weinberg's conditionzabout
the correct asymptotic behaviour of tree graphs allows one
to obtain the relation (1) in the framewcrk of exact dynami-
cel symmetry without the aassumption of violation smallness,
Large values of l// -meson magsges are compatible with Wein-
berg's condition on the amplitude asymptotics if charm C=t1
traj;ctoriea have the O<¢ "42'; o (<41 , i.e. they
are gently slanting with ol’; xS 0.2 - 0,25 (Gev)™? alope,

2 Let us consider fﬁe non-linear realization of

Su(4) + According (o the general theory of non-line-

SU(2)X Y xC ,
ar realizations 3 s 1t is necessary to introd_uce the scalar

goldstone fields Ea with the quenfum numbers of non-conser-
ving group generators, 3ince oniy the subgroup LuU{2)x 7x.

has algebraic inferences of conservation iaw type, the arti-

cles are classified by the representations of this subgrour.,
The 3U(4) being on the whole a dynamical symmetry, its other

- = . ! 1 . L3 .
conclusions have no algebraic characier and don ¢ iz2ad Lo :ihe

-




coupling type relatj.ons between the processes with definite
number of particles, The invariant Lagrangian is constructed
from the \Y fields transforming according to the SU(2) X Y XC
representations, their covariant derivatives, as well as the
covariant derivatives of Ea fields, which with an accuracy
to the third order terms in £, are: )
tZ)/t a= /ugo. + ¢34 ;f, 3,¢;.—_ +O(§') {=1,2,3,8,15, (2)
‘D/,H’ %W" 2L}ag 1 3% ,,;;r;ﬂr,aot,e? wh=4,.0.7,9,00.14 (3)
where T are the genmerators of SU(2)x Y xC subgroup, + o
fagc are the structure constants of SU(4) group . The hyper-

charge and charm operators are expressed via Té and 7;5 as

Y= 3 T + 1- 3?\-/"7'15’ C = 4-2;/‘7} (4)
Weinberg asaumed that the algebraic aspects of a dynamical sym-
metry restore providing the anplitudes of goldstone scattering
from particles in tha tree approximation have reasonable asym=
ptotic behaviour < (as in the Regge pole theory); Though each
tres graph (Piges 1,2) contributing to this process lead to the
inappropriate growth of amplitudes with emergy, the contributi-
ong from different graphs ought to cancel each other. Specifi-
cally, in the SU(2)XSU(2) and SU(3) symmetries this require-
ment leads to the restoring of particle clageification accor=
ding to their representations 4 s a8 well as to the limitations
on the mass operator form .

3, Ve shall show in whet follows that the amalogous

procedure may be carried out for the non;linoar realization of

5U(4) symmetry . Let us comsider the process of forward scabter-
ing of massless goldstone £~ on a particle Eq-k eC—vEB + /B
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and define the momenta and helicities of o/ and ﬁ parti-
cles as F., A and /.L , A' respectivaly; and let 2 2
be the momenta of the imnitisl and final goldastones, According
to Ref, 2 , we have chosen the reference frame where all the

momenta are paraliel, In this frame following relations take

place , ; 2 2
CL/“—: r‘%w , Qﬂ:fl/‘w ; =~ ( P+ ):—_m +2£w
=-"|Bl, P"-H—IPI —kP-—‘l) mﬂ-ZEw (5)
. w’ W+ ﬂ‘-{é—“—'-‘é , A= Jl
where In]=[r (= 4/ s w end w’ are the initial and

final energies of the goldstone im this frame, &£=[P[+ P
= [P + P° . It follows from the crossing eymmetry that
the amplitude Mpb xa (9, 2) gatisfies the relation

Meg wa(WA) = Maa, e (-« 7). (6)
To analyze the asymptotical behaviour of tree graphs, it is
convenient to introduce symmetrical and antisymmetrical (in

a, by amplitudes

M;B,oca(w,ﬂ): %[Mﬂ5,xa(w:ﬁ)+ Mpﬂ,oca.("“’: /7-)7 (7)

g8 ota (0,2)= (@+6f [ Mpt ca(@t)+ Myt ca (-4 2)]

The scattering amplitude in the tree approximation could be
written as
M }96 ol (@ A) = P /Bg Ao (“ l)+Z &n,{-m +2‘°E) Qf@ 10.((-0,})

+ (M- m Zw'E)JQ gaca_( W, A
where BSS QLQ(U,,’L) corresponds to 1a,b graphs, while the
reat of the amplitude corrssponds to 2s,b graphs where the Y -
particle exchange in S and W -channels takes place, The
Lagrangian contains the minimal interaction of the type
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. 2Vi g o Nde + v Dka, , (10
vhers V. is & coms:rving current ( /,_~ = V o’x ), and
M
Vq is a phenomenological current changing the charm and (or)

the strangeness, 'l‘hen the amplitude reduces to the form:

Mpb,wa (0,2)= 00’ Bl a(0,2)+ 4 &(“’ ““)(fa"'*fecxcw)ﬂ-c*
+ wuw Z[(md +2OE) Qp.g c(G.("’ A+ (11)
+ (e -m,-2w 5) Q/;B aa (- ,l)]

where the Pé dd.(w A) polinomial ¢orresponds to non-minimal
1rter-actione and Xa(i)matrices are defined as follows 2 :
[V }P > 48 /Xa. /-)Lcc g (12)
P ﬂ" ( )3(4 /3“’ %

AL
/La =4,0007,9,0--14 .

/
Let us decompoae the amplitude into Laurent series in ’/w H

M5 xa(@,2) = 5-:..;,“’ A3 ua (A, 13

Jqp@,da_("ul) = ;JT-‘A_/MP-E,M(“’J)J" T dw

The decomposition coefficients are independent of non-minimal

interactions at N <0 and are determined unambiguously as:

2
ﬁ;fe%é)'-"/{fxe“),f"éx-ﬂﬂ] + [Xala) [ Xy ] § 0 D (14)

Ao P =86 {i g X W+ g T-[Xe@® X W], 15

where 'm ig the operator of mass square., Let us discuss the
asymptotics of Mﬁg _ (o, ﬂ-) amplitude in the tree approxi=-
mation, The system of two goldstones entisymmetrical in the a
and @ indeces could have the féllowing quantum numbers:
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f' -teajectory

C=0
J -0 W -vrajectory
C=0

exotinc exchangeas
=+ ot .
- / "2) -traienstory
1 g
S ~irajectory

=U K ~-trajectory

exotic exchanges

’

l'b

Z -

= e ) o

n tragectcries,the /,g cal® }.)

.,~Z
1;

Since «£(0)< -] for all
amplitude reducss end hence tho constant term in (15) is zero

[Xal, XeW] = < f g X D+ if,. T; (16)
The condition (15) together with the relations:
[T Xal&)= < Frg, xg(,a), (17)
[ T]—- < 7 x (18)
following from the SU(2)x Y XC symmetry, imply that 7; and
Xa () (121,2,3,8,15, @ =4,00.7,9,...14) constitute the
SU(4) algebra. T.he classification of ;;articleg with the given

=:4
‘t'

helicities also restore according to the representations of
SU(4) group, as the [Xa. (}')]P"‘ matrices have non-zero matrix
elements betwsen different SU{2)x Y xC multipiets .

" To obtein the limitations on the form of mass operator
coneider the M 26, «<a.(®,A) amplitude to which contribute in
the t-charmel of the }a_*',;{ -)}s +/9 process the following

tréjectories:
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T=0. Y=0,C=0 the pomeron
=1, 9=0, C=0 Ay ~trajectory
7=1 / 3-'—'12, C=0 exotic exchanges
7= }_1' ;Y= 0, C=+4 D ~-trajectory
T=0 , Y=2 1,C=t4 S” ~trajectory
T=7,9244,C=20 K" _trajectory
T=A1 . }j =3 ’f; C=¢ // exotic exchanges
TE%/ Y=22 C=+4 -t
T:7 y .‘/='0/ C=—Z atla
T=0, .9’—"2, C=+7 - i
T=% Y=24,C=22 “ne
T=01, Y=%1, C=%1 —— L
In asymptotics the symmetrical amplitude has the form
M se, wa (o)~ w® « Assuming that for exotic exchenges

oL (o)< 0» We £ind that the part of the afgg wa (O ) amplitu-

de corresponding to these exchanges turns to zero

{ A, .m(”)jtt +z=0 &b =7, 9 4
{ﬂf;&da(ul)} a=4’0067’ g=99?f0¢'12) N
{ \ﬂ-ffud-a-("l‘)jj-p,c 1"0 a=9,.0012,g =4,.-07, (20) \-;
{ﬂﬁeda(o.]')‘}c a;e =99a0-14) (21) ‘;
+- Q_=13,14, g=4,ooo7 .
{ﬁfsl“'a'{q])'}y=f2 R=450.07, é =13,14, 22)

The conditioms {19) -~ (22) lead to follewing relations:

[y X o,m ]+ [X'), [, ] = |

(23)
g -4. eecl.
=4 m,L[X w,[x§ 2 wff+[ x"a) [xa ]}

&
kX

o
!
’
§
!




T T

[X°Q), [y md] + (X8, (%), m]] =
=4 o gar Fog ot { X% 0, L Xy mE]J [y [XCO 2] |

(24)
Q’4,ooo7, 8‘39’--.12,

a=9yeee12, 6 =4,000T.
LX), X, ] +[ X), [xn), m]]=
= 7.3%154'3%,,-3 {Cx*o, [ Xz, m]]*[x Xl o)
@, & =9,...14.
X, Ok, ] + LX), X @), mi] =
-2 agm,yg o A LXK T+ [X6R, [X ), ]} (26)
@=13,14, €=4,...7,
8 =13,14, a.=4,...7.
using which we can show that
(K= Z L0 [0 L5 e ) o)
L Puias gz
where R'=T" for A =1,2,3,8,15;

RA= XA(Z-) for A =44440739 04714 , 2nd K* is the
quadratic Kasimir opera'tor for the SU(4) group, This implies
that K2 nae only the eigenvaluees O and 4, i.e, the mass opera-
tor comtaines only the SU(4) singlet and the 15-plet:

NES
Thus, the ninimality of the violation is obtained in the algebra=
ic realization of SU(4) without the assumption of its smallness,
4, The violation orX the symmetry is connected in the
algebraic realization of SU(4) with the exiatence of ﬂ CD
K’ *. S trajectories, If they are absent or have the ag(oka
internept, then the requirement of correct asaymptotics of tree

graphs will lead to a partial or ths complete restoration of SU(4)
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syumetry. In partlcouler, the condition < {(0)< 0 1leads to the
: 2
exnct SU(3) symmetry * , while the relations of (0)<o and

sn
oéqw(O)< 0 to the relations?

e R
)1'115: = 2'5-2- ; for Oézn[o)< O, (28)
Mg
hcfr_=_"z¢ ) -for Oésfl(0)<’c), (29)
% fzml so, [T () <o (30)
15~ 8 ’ d—_s“ ‘0)< 0 ,

wnich don't allow to obtain large masaes of charmed mesons, Hence,

the intexrcepts of these trajectoriss must be positive
O(oé%”(o,)< ’ > 0(045¥v{o) < 4 . : (31)

Under the s2ssumption of exchange degeneracy the same comnditions

are valid for vector trajectories O<°4b” (o)< 4 =and

O(o(s, (0)< 1 . Teking into account the R = =2 terms in the
Laurent series decomposition of the amplitudes, one cen also ob-
tain the conditions for exotic exchanges — <’Zex (d<0 . so,

large mess values of charmed mesons lead in the slgebraic realiza-~

tion of SU(4) to high lying C=t{tra;]ectories. The condition (31)
/ a
for linear trajectories gives the slope "(%f g K 0.2 = 0,25 Gev™ < *
/
The authors are grateful to SeG.lMatinyan, V.I.Ogievetsky

and A.G.Sedrakyan for useful discussions.
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* 4

In which case the Regge recurrence with J=3" on the ll'/ -par-

ticle trajectory may have M 2(5,0 ~ 5.5) GeV mass’,

-il-
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