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EXPERIMENTAL TESTS OF BROKEN U(l2) AM) APPROXIMATE U(6) x U(6)

Symmetry breaking has recently been introduced into calcula-

tions "based on the U(l2) theory in order to treat disagreements

with experiment and difficulties in principle -which follow from

the assumption of strict U(l2) invariance, Although the use of

momentum spurions (kinetons) and simple derivative couplings

lead to some useful results, the number of independent amplitudes

and free parameters appearing in these treatments greatly reduces

the predictive power of the symmetry scheme. We should like to

point out that predictions from certain subgroups of 0(12) remain

valid for appropriately chosen sets of processes to any order

in such symmetry-breaking terms. The chain of subgroups obtained

in this way is just the chain proposed by DASHEN and GELL-MAHST ,

in their non-chiral tf(6) x U(6) approximate symmetry. Predict-

ions based on these subgroups are therefore valid both in broken

11(12) to all orders in kinetons and simple derivative couplings

and in the DGM theory. We also #ive some examples of new predictions

•which follow from the W-spin collinear subgroup .

The kinetic spurion has the form Jr^u. , where the ̂ eruaa-

matrices can be considered as acting individually on each "quark

component" in a meson or baryon. If all four Jf-matrices are

present and break the symmetry, U(12) is reduced to ordinary SU(3)

and no new predictions are obtained. However, if any component

of the momentum is zero for all particles in the process considered

in a particular Lorenta frame, the corresponding jf-matrix does

not appear in .any symmetry-breaking term, and a non-trivial sub-

group of U(l2) remains unperturbed to all orders in the symmetry

breaking. Consider the following cases:

1. "Zero-dimensional processes." If all particles in a part-

icular state are at rest, •fl-x "i1^ "fit " 0 and the U(12) symmetry

is broken only by jf°|le spurions. The subgroup of Cf(l2) which

commutes with #"° remains a good symmetry for these states and

can be used to classify particles at rest. This subgroup is just

the non-chiral U(6) x U(6) of BGM, defined by the operators



(i± X0)cxi 3: • i*^,2-,^} j-̂ lj-.j* > where <^ a >« »± , and 7>\ are the

generators of a U(3) algebra. The multiplets of particles obtained

from broken U(l2) are thus identical to those of U(6) x U(6), i.e.

56 baryons, 36 (not 3|?) mesons, etc.

2, "One-dimensional processes". If all particles in a given

set of processes are moving in the z-direction in a particular

Lorentz frame, f~*'f"?i = 0 f o r a 1 1 particles and U(l2) symmetry is

broken only by VfK an<^ ^ /*"* spur ions. The subgroup of U(l2)

which commutes with X"1 and fl"*" remains a good symmetry for these

processes. This is the SU(6)y group defined by the operators M,

Ĝ /V, Ĵ Cx ?) •. and $a (f JV. , which commutes with Lorentz transform-J J J 0 J

ations in the z-direction and therefore gives a momentum-independent

classification of all particle states with momenta only in the z-

direction. This group has been used to obtain many predictions for

collinear processes such as vertex functions, form factors, forward

and backward scattering, and two-body decays, including electro-

a.nd weak decays.

3. "Two-dimensional processes". If -fl*** for all particles,

the symmetry breaking terms transform like S*, 6 and & . The

subgroup which commutes with these as well as with all Lorentz

tra.ns format ions in the y-z plane is the U(3) x U(3) defined by

In this discussion we have defined subgroups of IT(12) which

are unperturbed by the commonly-used symmetry-breaking mecha.nisms-..

There is no proof that these are the dominant symmetry breakers,

--:i:i a complete justification of these procedures probably awaits

" : ore detailed dynamical description. The subgroups defined above

are those under which the equations of motion for free particles

are invariant in the subspace of free-particle states defined by

the vanishing of certain momentum components. The predictions

obtained from these subgroups assume the following properties of

the dynamics: (a). The interaction or vertex function is invariant

under the appropriate subgroup, (b). In a dynamical theory in

which a given transition amplitude is expressed as a sum over

intermediate states, the contribution can be neglected from inter-

-2-



states outside the appropriate subspace, (e.g. from those

•>:ith non-vanishing values of A* for colliuear processes). Note

• h:Lt, condition (a) allows the use of derivative couplings which

-.:;••' expressible as functions ofjfĉ as well as those invariant under

'.•he full U(l2). More complicated derivative couplings, involving

components of <JT -matrices which are not parallel to the momenta

are neglected. Note also that for en]linear processes, the

contributions from intermediate states arising in simple pole

diagrams are in the subspace and are included. This includes all
7

one-particle exchange graphs and resonances in the direct channel .

We now consider several oollinear processes which can be treat-

-c; by SU(6)ff.

1. Decays of 2 Mesons. Consider mesons classified in the'

representations that can be constructed from two quarks and two

n v L o u a r k s 5 , s u c h a s t h e 4212 of U ( 1 2 ) or t h e (21,"2T) o f U(6 ) x U ( 6 ) .
:"'he V-spin classification of the various polarization states are as

Cllows5. The state St*Wt - 2. has W-2, , the state S*-Vi4 <*± has

Ve j , and the Sfc*Vn/̂ »O s t a t e i s a mixture of \A/=O and W*e2, .

.••:. Tonr i tud ina l ly polarized vector meson s tate Vo has w"O and

:>;(••• r.''0udoscalar meson ha.s W"i . The following decay i s therefore

, or [..id''! en in both the broken U( 12 ) abd DGM t h e o r i e s .

3? -—> P +• V« ( ror"bidden) (1 ;

-r:i:: selection rule does not provide an experimental test for the

. orv, as it alao follows from conservation of angular momentum and

• _..-• .i. ty .> This ie similar to the case of the three meson couplings (PPP)

(?V V ) which are forbidden by angular momen+un and parity conseri- ~
O O ' • R

-••A and also independently by Ŵ -spin conservation . In other internal

;;etries, parity and angular momentum are external and give selection

.".-../-OS in addition to those imposed by the symmetry. It is remarkable

that Vf-cpin, which does not explicitly include orbital angular momentum,

independently gives the same selection rules in these cases.

2. Proton-Antiprobon Annihilation at Rest into Two Mesons.

This process is forbidden"by U(l2), and results from a P°selection

r«:.eJ* . This selection rule is broken by a kinetic spurion which

dof:3 not commute with P* , and the process ia not forbidden in S
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The resxiit obtained is

' ~J-±i-"L ( 2 )

3. Vector Meson Exchange in B* Production. The vanishing

of the (EB*V ) vertex follows from W-spin conservation . This is

just the vertex neglected in the Stodolsky-Sakurai vector-meson-
12photon analogy used in treating peripheral reactions , It would

be of interest to check the validity of this model in more detail.

In addition to these results, we note that all predictions for
nf

collinoar processes which have been obtained from U{12) calculations

-ro unaffected by simple symmetry breaking of the types considered

hereL-, if they follow from invariance under SU(6)W. Such predict-

ions follow from both broken U(12) and U(6) x ll(6), and therefore

cannot distinguish between the two theories.
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