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It has been suggested that the p meson is associated with a hidden SU(2) 

local symmetry of the non-linear sigma model, which describes the dynamics of 

pions. In fact the local symmetry is U(2) and the p is accompanied by an 

extra vector meson of equal mass, which we identify with the w. Also we 

comment on the similarity with the Weinberg-Salam theory. 
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Consider a world with two flavors (up and down) of massless quarks. The 

spontaneous breaking of the chiral SU(2)L x SU(2)R symmetry to diagonal SU(2) 

gives three massless Nambu-Goldstone bosons, the pions. The low energy 

dynamics of the pions can be described1 by the Lagrangian of the non-linear 

o.i sigma model. One could enlarge this Lagrangian to include other (massive) 

I. c/ 

mesons such as the p and w, but in principle there would be no reason for 

their masses to be related to each other. Of course, at the quark level it is 

clear2 why m ~ m. Recently it has been argued 3 that the p meson may be 
p w 

associated with a hidden SU(2) symmetry of the non-linear sigma model, 

provided a kinetic term for it is generated by the underlying theory (QCD). 

As is well known the two dimensional cpn model exhibits4 this phenomenon on 

its own. In this Letter we show that the hidden symmetry is in fact U(2) and 

that an extra vector meson of equal mass as the p arises. This extra meson 

is identified with the w. We find this "prediction" of equal masses rather 

remarkable, thus strengthening the hidden symmetry point of view advocated in 

Ref. 3. 

The Lagrangian of the non-linear sigma model is1 

where U E SU(2) and f z 93 MeV is the pion decay constant. There is 
11' 

t invariance under the SU(2)L x SU(2)R symmetry U ~ gLU gR. We neglect in (1) 

higher derivative terms, such as the one introduced by skyrme,5 and appeal to 

1arge-Ncolor arguments1 to omit another possible term containing (Tr a~u 

ut)2. We now write6 
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(2a) 

(2b) 

where L, R E SU(2). Since there are now more variables the symmetry group is 

larger, namely {SU(2)L x SU(2)R)global x U(2)local acting as follows 

L{x) ~ H{x)L{x) gt 

( 3) 

R{x) ~ H{x)R{x) g~ 

If we define a vector quantity 

(4a) 

where g is a coupling constant, it transforms under (3) just as a gauge boson 

would do 

W ~ H{x){W + g-'i a )H{X)+ 
~ ~ 

(4b) 

Introducing the covariant derivative 0 • = (a - giW ). we can write, just as 
~ ~ ~ 

in Ref. 3, two possible Lagrangian terms, which are invariant under (3) and 

parity, 

(5 ) 
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where the square involves Hermitian conjugation. Since up to now we have only 

changed variables no new physics appears and any Lagrangian LI = L + aL , for 
- + 

arbitrary a, is equivalent to (1). QCD probably generates in the effective 

Lagrangian many other terms in addition to (1) and we assume that a kinetic 

term for W arises also, so that7 
1.I 

+ aL + 

where W = a W - a W + ig[W ,W ] is the standard non-Abelian field 
l.Iv 1.I v v 1.I 3 

strength. Let us introduce the notation W = L WO;TO;, where the U(2) 
1.I 0;=0 1.I 

generators 2iTO; are normalised as To; = l(l,3) with 3 the Pauli matrices. 

( 6) 

Choosing the physical gauge Lt = R, which implies L,R E SU(2), cf. (2b), we 

can follow the calculation of Ref. 1 verbatim to establish the mass term in 

In Ref. 3 it was argued that a value a = 2 in (6) Leff : l a g2f! w:WO;l.I. 

allows the Wl ,2,3(=Va 
1.I p. 

in their notation) to be identified successfully with 

the. p vector mesons. We now have in addition another meson WO with equal 1.I . 

mass, which arose from eating the. degree of freedom displayed in (2b). We 

identify this vector meson with the w. This analysis can be extended to 

three or more (massless) flavors. 

Finally we turn to a comparison with the Weinberg-Salam theory, which for 

infinite Higgs coupling x can be written as a gauged non-linear sigma mode1 8 

) (7) 

where B and V are the U(l) and SU(2) field strengths, v ~ 250 GeV is the l.IV l.IV 
vacuum expectation value of the Higgs field. The 2 x 2 matrix M contains 
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the scalar fields and is forced by the condition ~ = m to take values in 

SUeZ). Fbr the moment let us neglect the B field. Our effective Lagrangian 
lJ 

(6) becomes in the gauge R = 1, which implies L = Ut E SU(2), 

2a(gi a utu wlJ + h.c.)] 
lJ 

Presently we will neglect the WO component, so that only the SU(2) vector 
lJ 

(8) 

fields wa = Va remain in (8). Clearly (8) has the same structure as (7) if 
lJ lJ 

we write out the third term of the right hand side of (7), except that there 

the coefficients are equal, whereas in (8) they are not (a + 1, 4a, 2a). Of 

course, the difference is that (7) still has a local SU(2) symmetry, whereas 

in (8) only a global symmetry remains, namely (3) with the parameters (gL' gR' 

H = gR). Obviously we can introduce electromagnetism into (6) in precisely 

the same way8 as in the Weinberg-Salam model (7) using 

o u _ (a - ig W )U + i e l B U T3 
lJ lJ lJ lJ 

(9) 

and adding the kinetic term for B. To get the physical states one needs to 
. lJ 

diagonalize the mass matrix. This parallels the procedure followed in Ref. 3. 
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A more interesting consequence of the similarity with the Weinberg-Salam 

theory is the following. It has been shown that the latter theory has a 

non-trivial configuration space; notably there are unstable saddle-point 

solutions9 (sphalerons) in the vacuum sector. Hence, in the nuclear context 

of (8) one expect similar states, which might even be stabilized by the 

additional ~ and w fields.'O 

The author thanks J. Boguta for interesting him in the mundane world of 

the ~pWIS. 

This work was supported by the Director, Office of Energy Research, 

Division ~f Nuclear Physics of the Office of High Energy and Nuclear Physics 

of 1h~ U~~: Department of Energy under Contract DE-AC03-76SF00098. 
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