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ABSTRACT

The form factors of the N3*3N weak-axial vectors are
expressed in terms of the vector and axial vector form factors
of the nucleon. A relation between the Ng3Nz and NNr
coupling constants and an estimate of the mass of a hypothetical

+ .
1 meson are also obtained.
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EVALUATION OF THE N§3N WEAK COUPLING CONSTANTS BY MEANS OF CURRENT ALCEBRA

Recently many outstanding resulis have been obtained from
the use of the equal time commutation relationa which generate
the algebra of a symmeiry group, but without assuming invariance
under it1). In particular the SU(2) @ SU(2) algebra has ghown itself
very promising, when supplemented by the PCAC assumption, which
represents the bridge between sirong interactiong and weak
phenomens. .

In this note we investigate the form factors Hi(ﬁf) of the

N§3N weak axial vertex, which we define through

- . - Ly | LR B - #
ANy = W[-Hsé,w,:- bl o Hab (4P R (P P}Jwv |
. L ) L]
' (1)
The form factors of the corresponding vecior vertex <n|V;)|N::>
can be derived by CVC from the eleciromagnetic ones occurring in

electroproduction. From the knowledge of the two vertices it is

posaible to caloculate the amplitude for the process

V+N = o+ N
b N+T

Our aim is to express the Hi(A") in terms of the vector and
axial form factors of the nucleon. As byproducts we obtain a relat-
ion between the N;BNTI and NN W coupling constants, which is well

satisfied experimentally, and an estimate of the mass of an hypo-

thetical 1” meson, provided the weak axial form factors are domi-

nated by its pole.,
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We start by considering the following commutators of the

Su(2) x Su(2) algebra

(T AT = 232 (3)

where V},_, A o are the vector and axial vector currents,
- . _ i - 2 :
_—L\ -_(f\.', dx , AP = A)—‘ -1 I“"\",_,L etc, and we use isotopic spin
to relate, for instance, A to A, .
’ 1 Npte N
We take the matrix elements of Egs.2),3) between nucleon

states |N4>, IN1>, of momenta \34 ’ }:2 o According to the cova-

riant method of ref. 2), we introduce

. ;I‘ | ~igx = (i ] N
B (a8 Va3, ALl Beaua,

s0 that from Eq.s 2}, 3) we get the "low energy theorems"

f-?o BSY =0 (4)
'Q‘-'-'-:) B)u(_hn)= 2 <N:.|\IP.3 N> _ : (5)
q->

For a further analysis of the sum rules 4), 5) we treat any B:‘")

according to dispersion relation techniques, To this purposs we
introduce the scalar variables

Al ‘(Pl‘k?l)zéo ’ \74‘3} =pbyrgq =~mYV
where we i;lxpose q’“- O, qA=0 .

(y) . . . .
Then we decompose B ®) jrto invariant functions and, We assume

}A
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for each of them an unsubtracted dispersion relation in V , et
fixed Az ¢ i, .

S =S
Bu= 2, M2 BT (v0Y)

S 2 (s) T s)
B v, A ): %_ ‘{ Ry f,v\ub )d‘\l‘, _ "-%' 'n-Igi(V\‘bl) dV)
ALY Vi=-w

)
where the ‘5‘1.1 can be deduced from the general guantities

Ar =L 2.GW 8 (bt g-Pa) <Nl Dl >La | At

i

A

Ag = %Zd VS (br-q-bu ) KN Aplx> <1 D IN>

Owing to the limit q#»0 ( V> Q) involved in our Eq.s 4), 5)

only some M)‘S gurvive and they are chosen to be (}:‘—&»\n}‘, (bl-\«,,’))”‘cﬁ.
For & practical evaluation we keep as intermediate states

the nucleon and the N3§(1236) resonance. Such an approximation

3,4)
’

has . showm itself rather satisfactory in previous works to

vwhich we refer a discussion of its validity. To express the mairix

elements of D in terms of the physical wvertices we use the

relation

_— 2 A gl
D p> - - MWW R Zalda”ip>  (6)
_ (Pa-tp) +alty @ :

2
derived assuming the dominance of the pion pole in (l’ﬂ"\’i’b) .

The vertices we need are
NEY) -
Babjp lpe? = L%W:,Xfr Uy

<l X: INGTY = 2 2 G, U (P Pady ‘
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<pzl V)E’ .lbt> = :‘iaz[-ﬁv\',,."Z.’:-Lsz(fpf*”%'VEM)(b2”¥‘3ﬁ] 4

<l ALl = T G e + BYs Chambi)e | s

v v ' 2
where F,(0) = 1, F(0) = 3.71, (0) = 1, r, -1.18, ﬁ(o)z ~2uzr, /u’ .
With these definitions, we obtain ono" relation from the sum .

Tule 4)

MA H‘VU*[J M Nl -4 .
Tung m L3 g Her g sebaf= g @)

and two relations from the sum rule 5), by comparing the terms in

H#and (\744-\),_))‘ of its l.h.8, and reh.s.

alad  Mewmfa2,  2M o H,lo 1%, G -FV-FV
Vo wigq "M [a“‘ e S ‘J Ta v (8)

(9)

L ORI T, S o 1V R IS VRSN u I TR VL RTRR I LT
Aﬁwn%— ™~ [ 3H‘ 3W1HZ+GT1IS‘+H3 ’“‘*FL

R Gl A
where Sy = 44 W& _ MW AT
- 3aM 3H3 3™
Choosing in Eq. 6) ja> and 1P> t0 be a nuoleon and an

*
N_, state, we can add another relation

33

~H My _.___“z-“fﬂ?, AL Ry =ana VT A wh (10)
W 3 gug Al

Thus we have st our disposal four equations from whioch, in

principle, we can evaluate the four form faotors Hi( A) in terms

of Fy B, ¢ and @ .
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It is known that the pion pole is present in (>(&)and My (AY)
2
only. Our equations should in principle hold for spacelike [\,
but we can extrapolate them until the pion pole Al'--—uf;, owing

to the smallness of ULy« By comparing the residua of H4(A?) as given

by Eq.s T), 10) we get

L
X = M“ M (11)
8" T (Maoa ) ZR-)
This gives A = 1,90 , while the experimental value5) turns out

10 be 2.12., The agreement can be considered satisfactory, and the
corrections due to the higher states are seen to give a 10% contri-
bution, as expected on the basis of the discussion given in ref.
3), 4). To get a better appreciation of this result, we recall

that in a treatment of j N scattering where the N__ is considered

33

a true particlo’unitarity considerations givo; in the static
limits),

¢ o k3 N )

= 3 %

@ .

with W¥ = M - n . We note that, in the "static limit"
h1 — 4 ‘ . .
Ry Zh-us) Zior ! the Eq.s 11) and 12) coincide.

Using Eqe 11), the Eq.s 7) = 10) give, at Ai- 0
", (0) = = 0u41
:»12(0) - = 1,13 (13)
HB(O) = - 0,088

' 0.86 . )

=]
~—
(=
S
[ |
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We can remark that our H, (0) is much smaller than the one estimated

by Berman and Veltman”

by means of Eq. 10) by neglecting terus
in 32(0) and HS(O).

Z
Standard dispersive treatment in the A chaunnel suggests

o+
that a 1 meson (if it exists) might dominate the weak form factors

a(a®), Hi(a‘) i=1,2,3 , so that

G(ﬁt) z 'H; LB‘L) = __A_ub__ N i= 1!2!3’
Hite) A% ety

where mA is the meson mass., We can try to estimate it by looking
at the form factors slope at A~ = O. In Eg.s 7),10) the terms with
the pion pole are enhanced in taking derivatives, masking the
smoother behaviour of the other terms. From Eq.s 8),9) assuming
F:( AY) = FZ(A")/S.H a mi/( A2+ mi) , we obtain respectively

m, = 1,07 Gev and m, = 118 Gev,

A
In a previous work4), from the commutators

= » = =) () )
LI™, Vs ]‘O‘ L3 . NR 1= A,
and in the same gpproximation as above, we derivod
2\ N ;_) A?‘ ¥ N &1)
G(,A ) = -‘F‘ (A5 + z ¢
aum’®
2 _
From the slope at A = 0 , we obtained m, = 1.24 Gev (in a more

refinad - celoulation of G(A') the result was 1,1 Gev). The agree-

ment anéng the various estimates seems to be rather encouraging.
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