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Г.М.АСАТРЯН, А.Н.ЗАСЛАВСКИЙ

ОБ АЛГЕБРАИЧЕСКОЙ РЕАЛИЗАЦИИ СШШВХШЙ

Обсуждается возможность нелинейной реализации симметрии
(^) с линеаризацией на группе SU(2jxyxC • Алгебра!".-

ческие свойства SU (4) восстанавливаются из условия Вайнбер-
га: амплитуды рассеяния голдстоунов на частицах должны иметь
разумное (как в теории Редже) асимптотическое поведение. При
этом нарушение оказываеюя минимальным m** mlnv+m.|<- тг,5 .
Большие значения масс ^ -мезонов приводят в алгебраической
реализации SU. (4) к высоко лежащий очарованным траекториям

Л * и S* 0 < < A g i S x < f .

Ереванский физический институт
Ереван 1976
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G.M.ASATRYAH, A.N.ZASIAVSKY

ON THE AbCBSBRAIC REALIZATION OP SU(4) SYMMETRY *>

The possibility of non-linear realization of SU(4)

symmetry with it* linearization over the SU(2)x УХС group

is diaoussed* The algebraic properties of the SU(4) group

яге restored frem Weinberg'a condition-the amplitudes of the

scattering of goldstones on particles mast have reasonable

asymptotic behaviour (as in Regge theory), the violation bs-
г г г г

ing proved to be minimal 7П = 'W.tWv"1"^ "** rriis • T h e

large values of V-mesons mass lead in the algebraic reali-

zation of the SU(4) symmetry to high lying >D and

charmed trajectories 0<o<J?)trajectories 0<o<J?) .* <

Yerevan Physics Institute

Yerevan, 1976

*) Paper submitted to the XVIII International Conference on

High Energy Physios, Tbil is i, 1 9 - 2 1 July, 1976
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' 1, The SU(4) group discussed in connection wrth the

\ interpretation of '/'-mesons is e strongly violated sym-

l metry. The pp^ticle mass differences in the vector 16-plet

v< of the Slf(4) is of the order of particle masses and the small

violation parameter doesn't occur. The assumption of the mi-

nimality of SU(4) violation in the mass operator
2 - 2 2. 2.

M> - ^Uv + rn6+ пь
15
. (1)

is considerably worse substantiated here than in the 3U(3)

case.

In the present work the S0(4) group is considered as

a dynamical non-linear symmetry with the linearization over
2

its subgroup SU(2)X KxC , The Weinberg's condition about

*j " the correct asymptotic behaviour of tree graphs allows one
j

to obtain the relation (1) in the framework of esact dynami-

cal symmetry without the assumption of violation smallness.

Large values of у -meson masses are compatible with Wein-

berg's condition on the amplitude asymptotics if charm C~t\

trajectories have the 0 < ctL**- *(o) < j » i.e« they

are gently slanting with oC ^ 0 . 2 - 0.25 (GeV) alope,

2, Let us consider the non-linear realization of

. ^"^^
 n
— , According so the general theory of non-line-

ar realizations , it is necessary to introduce the scalar

v goldstone fields £<x with the quantum numbers of non-conser~

^ ving group generators. Since only the subgroup DU(?)x 7X.-

и
 has algebraic inferences of conservation law type, ths % n i -

"* cles are classified by the representations of this subgrour^.

The 3U(4) being on the whole a dynamical symmetry, ifcg other

'
л
 conclusions have no algebraic character and ion t l-aad lo .;-.e
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/ coupling type relations between the processes with definite

'• number of particles. The invariant Lagrangian is constructed

^ from the ^
 f i e l <

ia transforming according to the SU(2) X Y X

-* representations, their oovariant derivatives, as well as the

-,, с о variant derivatives o.f £<* fields, which with an accuracy

), to the third order terms in £«, are:

г-1,2,3,8,15, C2)

^ ^ *Л»4,...7,9,...14/3)

where 77 ar« the generators of SU(2)x Y xC subgroup. •$• „. ,

3Q,£C
 are *he structure constants of S0(4) group • The hyper-

charge and charm operators are expressed via Tg and \iS as

vf
ffeinberg assumed that the algebraic aspects of a dynamical *ya-

metry restore providing the amplitudes of goldstone scattering

from particles in tha tree approximation have reasonable asym-
n

ptotie behaviour (as in the Regge pole theory); Though each

tres graph (Pige 1,2) contributing to this process lead to the

inappropriate growth of amplitudes with energy, the contributi-

ons 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 classification accor-

ding to their representations ' , вв well as to the limitations

on the mass operator form «

3* We shall show in what follows that the analogous

procedure may be carried out for the no*-linea? realization of

SU(4) synmetry . Let us oonsider the process of forward scatter-

ing ef massless goldstone ^ ons particle ^^-f* oC—^%g + Я

I
I



^̂^̂

I »nd define the momenta and he l ic i t ies of oC and ft parti-
s' t / t

§ cles &m fr , X and ft , jL respectively; and let 9, % 9,

? be tht ao«t#ute of the in i t i a l and final goldetones. According

to Ref. 2 , we have chosen the reference frame where a l l the

momenta are parallel. In this frame following relations take

place

(5)

where \n.\= fnj- -j $ U) and to' are the initial and

final energies of the goldstone in this frame, £.-=. / p / + P =

= JP'I + P10 .It follows from the crossing symmetry that

the amplitude Мр&
у
ы.а. C^,X) satisfies the relation

To analyze the asymptotical behaviour of tree graphs, it is

convenient to introduce symmetrical and antisymmetfical (in

a. , Ь ) amplitudes

[ M < ) M J < * $ (7)
(8)

The scattering amplitude in the tree approximation could be

written as

where /^g ̂ ^ С«^,Я) corresponds to 1a,b graphs, while the

rest of the amplitude corresponds to 2a,b graphs where the у

particle exchange in S and U,-channels takes place. The

Lagrangian contains the minimal interaction of the type

- 5 -
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 •

v/herc l£ is a conserving current ( /t- = J \A° U-3JC ), and

Vet i9 a phenomenological current changing the charm and (or)

the strangeness. Then the amplitude reduces to the form:

tow'

where the ^fi r fe(^A) polinomial corresponds to non-minimal

ir.terections and /\jCyinatrices are defined as follows :

Let us decompose the amplitude into Laurent series in у<У

The decomposition coefficients are independent of non-minimal

interactions at *t^0 and are determined unambiguously as:

<„,
where УУЬ is the operator of mass square* Let us discuss the

asymptotics of ''&& UQ. (^/A) ampJitude in the tree approxi

mation. The system of two goldstones antisymmetrical in the Q.

and о indeces could have the following quantum numbers:

-6-
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3
 О Л = О P-trajectory

' -̂  " ̂
 y
 С " 0 cO -trajectory

;
 -/- , L -" О exotio exohangea

л
 ~̂  ' ^ -' £̂> -trajectory

__ • -> -trajectory

; ' > I exotic exchangee
"~ i- W — 4-9 r > _ - f /

-=o , i/= о
 t
 c=±2

Since o^{0)< -̂  for all tiie siven trajectcrie3,the rL

amplitude reduces and hence tiio constant term in (15) fa zero

The condition (1a) together with the relations;

following from the SU(2)X У ХС symmetry, imply that T^ and

Ха.(Я) ( L=1,2,3t8,15, CL=4,..,7,9,...14) constitute the

SU(4) algebra. The classification of particles with the given

helicities also restore according to the representations of

SU(4) group, as the £/\a. ̂S-Jjeu. matrices have non-zero matrix

f elements between different SU(2)x Y xC multiplets .
f

To obtain the limitations on the form of mass operator
^ consider the Мр&

/С
са,(ь>,Л) amplitude to which contribute in

the "£-channel of t*ie Д
а

+
< ^ - » ^ ^

 +
Э process the following

trajectories:

Ш



'- г > э=и, с =±-7 1С**

'л

Т«(Ъ ^ 0 , 0 0
 thepomeron

тч ,y.o,oo 4 _
tra;fectory

'-I ; J=±/, C-Q e x o t i c exchanges

I ' У=0, C=±J ¥>** -trajectory
= ± ^ С - ± -/ S"*-trajectory

±1CO K ^
••*•-/ С-+А

1> v_-~ / exotic exchanges

T=1 ,У=0, C=±2
7=0 ,i/=±2, C=i2

In asymptotice the ayiametrical amplitude has the form

' ' ^ а (
{
^ Л ) ~ ^ • Aesmning that for exotic exchanges

we find that the part of the ̂ ^^^(0,y^> amplitu-

de corresponding to these exchanges turns to zero

'^ = ± 2
=
^
 a

» & -4,...7 , (19)

N
a
° a-4,...7,^-9,.'i..12

^^"""J^nc^J^
0
 a»9,...12,^-4,...7/

i-2 ̂  fl., 6 =9,о..14, (21)

±z fi. =4,...7, £ =13,14.

The conditions (19) - (22) lead to following relations;

$ =4,...7.

(23)



яуж^

(24)

,..,7, £=9,...12,

a»9,...12, £ =4,...7.

a.» 6 =9,...и.

в-»13,Н, ^*4,...7,

^=13,14, a.=4,...7.

using which we can ehow that

ff*-f«;f * f - Ф
 (27)

1
where K- =• / for /4 =1,2,3,8,15;

& = X (Д-j for A »4,...7,9,...14 , and K*' ie the

quadratic Kasimir operator for the SU(4) group. This implies

that К has only the eigenvalues 0 and 4, i.e. the mass opera-

tor coataine* only the SU(4) singlet and the 15-plet:

•i

i г t z

Thus, the minioality of the violation is obtained in the algebra-

ic realization of SU(4) without the assumption of its amallness.

4* The violation озГ the symmetry is connected in the

algebraic realization of SU(4) with the existence of Л£> , *2> ,

д » S -trajectories* If they are absent or have the oi(o)<Q

intercept, then the requirement of correct asymptotica of tree

graphs will lead to a partial or the complete restoration of SU(4)



•yarnetry. In pfirMcula-.', the condition aL
a
(o)<Q leads to the

exnct i>U(3) symmetry
 ч

 f
 while the relations cL^Jf^O and

»Cr

2/2"

, for

0 to the relations?

?Wy - -C= , for ^ „ f O ) ^ C? (28)

ыг я f o r °^c*

1 5 - ...,«, ^ - ^ ^ ( 3 0 )

which don't allow to obtain large masses of charmed mesons. Hence,

the intercepts of these trajectories must be positive

Under the assumption of exchange degeneracy the same conditions

are valid for vector trajectories 0<oL¥(o)<. -/ and

Q <CeCe,1(o)< 'I • Taking into account the П = -2 terms in the

Laurent series decomposition of the amplitudes, one can also ob-

tain the conditions for exotic exchanges ~ 7 <«=с
е л
^< О * So,

large mass values of charmed mesons lead in the algebraic realiza-

tion of SU(4) to high lying C=±/trajectories. The condition (3D

for linear trajectories gives the slope x^> ~* -^ 0.2 - 0.25 GeV .

The authors are grateful to S.G.Matinyan, V.I.Ogievetsky

and A.G.Sedrakyan for useful discussions.

* >

In which сазе the Regge recurrence with J=3~ on the ^ -par-

ticle trajectory nay have Ш^>(5.0 - 5.5) GeV mass
5
.
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