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Pion-Gauge Conditions for Np—~ N*r Reaction

BURHAN C. UNAL

Department of Theoretical Physics, University of Ankara,
‘ Ankara, Turkey*.
(Received November 18, 1969)

General self-consisteney conditions are derived for N* j = 1/2 production amplitu-
des and coupling constants by the methods of pure S-matrix theory. The similarity to
electroproduction is discussed.

We consider
N(k:) + o(k,) - N*(ks) + n(k.) (1)

reaction (s-channel) with masses k*> = mp?, k> = 2, k> =m},
and k> = y’. N and N* are both spin 1/2, isospin 1/2 nucleon
resonances. The spin basis for the reaction (1) is well known from
electroproduction, only a slight modification is needed to take
care of the unequal masses of the nucleons:

Vi = u(k3) Vs viy‘ u(kl) e (kz)

where vy = yuk, v = — yu
v = 2 Py vee = Py k,
v = 2k v = ky K
v = 2k, v = ky K

with P = (k, 4 k,) /2. The isospin basis is same as with isovector
electroproduction basis. The number of independent spin am-
plitudes is reduced to six by the condition k. . ¢(k,) = 0.

In the limit k, - 0, the undetermined part of the scattering
amplitude will come from the contribution of the IV an(l N* in-

* Mailing address: Ankara Universitesi, Fen Fakiiltesi, Ankara, Turkey.
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termediate states to Born terms. We give in Table I these terms,
where we introduced the following form factors.

g (/1'2) = BNNm (m127 m127 ©w)s fl:z(ﬂ'z) = fv1 »2NN (mxz’ mlz, ’12)
g (1)=g'm*n (M7 m2 @) £, (B) = [ omn®e (m2m.22) (2)

8'(W) = 8"*N'x (mPml i) [, (F) = s
(m, mp, 2)

All form. factors have heen assumed to be real and symmetric
in the first two variables, m,? and m,?, The N* Ngvertex is written as

(k) yu () +iowky f, (¥)]u(k,) e* (k,)

. TABLE 1
sp fAmf, 4wy ,
B, =g ¢ + )+[f1 —{—(m3—|—m1)f2]
s—m? u—m,?
8" g
+ ( + )
s—m.? u—m}?
iVB , f'l j'lll , gll g
Bz =8 ( + ) _fl ( N + 2)
s—m,’ u—m,’ s—m, u—m,
+B . 1 f1 1" 1 " g
B, = ——g F ) ——f ¥ )
2 s—m* u—m,’ 2 s—m? u—m]
+B s—m,? u—m,’
B, =g (LFf)+L( g'F g)
s—m}’ u—m>
- 4
+ (m3“m1) f1 ( N + )
s—m,> u—m}?
+B , Ly fzu , g’ g
B, = 2g ( + ) +2f2 ( + 2)
s—m,? u—m’ s—m,’ u—m,
“_"B ’ f2 fzu ’ g/r g
B, =g ( ¥ )+ I ( ¥ -)-
s—m, u—m/} s—m,}? u—m,
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The normalization is same as in the references.[' ™

We shall continue the total amplitude M = B.V; to the
unphysical point:-
u=mp? t=x¥ (k—-0) ’ 3)

1

For this purpose we separate the scalar B; amplitudes into Born
terms coming from N and N* intermediate states and the remain-
der part which is regular at the point (3).

M= (BX +B®)V; 4 ()

We also separate the basis functions V; into their finite and vanish-
ing parts when k, - 0, by the following identities:

Vi=y, +i(k)yvu kb )u (k) (k)

V,= y,— (m;—m,)y,

V,= 2i(k,) ys ky u(k) e (k)

Vi=—v, ' (5)

m3 +m1

V,= — 5 [yz—(m3‘m1)y1] +i(k,) yPu ku(k, et (k)

V)= i(k,) s ko k,u(k,) e (k,)

Where
Y, = ﬂ’(kz,) VsV u(kl) et (kg)
Yy, &= — i a(ks) Vs Ouy u(kl) et (kz) (k3 - kl)v ‘ (6)

are the two spin amplitudes of the NN*p vertex with a pion spurion.

We evaluate the limit of Eq. (4) as k, - 0, using (5). From
the regular parts, only BX, B,®, BR and B} survive. In the
Born-terms we use the method developped in references -2k,
For the terms of the type 1 /s—m.,> we put first k, = ak, and then
a — 0; for the terms of the type 1/u—m?, we put k, = — fk,
with 8 - 0. We obtain by this method



+ +R +R my+m;  +R g'(o)
Mk4:0:{B1 +B2 - —BG - (fzifz”)
, 2 m,+m,
1 g'(e)  gfo)
- —fz, ( + )} Y,
2 m, m,
+R +R  my+m; +R g'(o)
'— {Bs + (ma—ml) (Bz - B6 -
: 2 m,4-m,
1 g'(e)  g(o)
X (iF£,") —7f1' ( F ) —f(8" (o) F g(e))}y, (7)
n; m,

The pion gauge condition3! im M = 0 gives the following
consistency conditions at the point (3):

+R +R m,+m, LR g'(0)
Bl + Bz - Bs = T - (f1 = fz,l)
2 m,--m,
1 g'(0)  g(o)
+ —f'( + )
2 m, m,
+R tR  my+m; +R g'(o)
Bs + (m3_ml) (Bz - B6 ) = (.ﬁ:Ff;”)
2 m,-+m,
1 g"(e) g(o) ‘
+ —2~f1' ( F ) + f,/(8" (o) F 8(0)). (8)

3 1

As B7, B,7, B,* and B,” amplitudes are antisymmetric un-
der the interchange '

seu, m, < m, 9)
they must be odd functions of the equally antisymmetric variable

2 1
v = k,. P=———(s—u—m>4+m?) (10)
m,+m, 2(m,+m,)

Hence in the limit k, — 0, the constant terms in (8) must
vanish, This implies the conditions:
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1 g'(e)  g(o)
(L") +—1( ——) =0 11

i o2 m, m

g'(o)

m, -+

m 1

8'(0) 1 g'(0)  g(o)
(") +—F' (¢ — —) +£(8"(0)
m,-+m, 2 m; m, —gfo)) =10 (12)

From Eq (11) we obtain

, 2 2 g”(m327 m32’ 0) g(mlz’ mlz’ 0)
g (ml,m’ o) = 0; — = (13)

m, ) m,

and with these conditions the Eq. (12) gives:
_lev (m32’ m12, 12) — 0 - (14)

The conditions (13) are common to all reactions of the type
NX - N*r with X = 7, , ¢ . 2., But the last condition on the
magnetic isovector form factor of the vertex NIN*p is new.

The self consistency conditions (8) become, using (13) and (14)

+R tR  myfm 4R
B, + B, — B, =0
2 k,=o0
(15)
+R +R m,+m, 4R
Bs + (m3_m1) (Bz T Bs )
2 E,=o0

L g'()  glo)
( — )

1

m m

3 1

In the equal mass case, we cannot directly take m, —»m,
limit of Eq. (15) because f," (m.2, m?, A?) is discontinuous. Since,
f¥ (m?, m?, 2?) 0 in opposition to the condition (14) obtained
as a consequence of the pion gauge condition and of the symmetry
properties of the scattering amplitude under (9). We have to go
back to the expressions of Born terms before k, — o limiting pro-
cess. We have to take first m; = m, and then to go to k, — o limit.
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The procedure is same, we give in Table II the Born terms due
to IV and N* intermediate states.

TABLE 11
+B 1 1
B, =g(fi+2mf,)( + —)
s—m? u—m?
+B 1 1
Bz = — & fl ( + )
s—m? u—m?
+B 1 1 1
B, =— —gfi( ¥ )
2 s—m? u—m?
+B
Bs = 8 fz (1 F 1)
+B 1 1
B, = 2f,( =+ )
s—m? u—m?
+B 1 1
B1 = 8 fz ( T )
s—m? u—m?

The pion gauge condition gives in this equal mass case the
following consistency conditions:

+R +R +R 1
B, 4+ B, — m B, = —gf,(1£1)
‘ k,—o 2m
(16)
+R 1 ,
Bs = __gf; (1:':1)
k.=o 2m

' +tR  +R  mytm,
We observe that when m, %m, , B, -+ B, —
+R 2
B, = o at the limit k, = 0. But when m,=m_, the same
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+R +R i
amplitude is not zero: B, + B, = —— gf,. This is similar
m

to 4.~ amplitude in electroproduction!?! where the discontinuity
of f' (m}?, m?, 1*) plays a similar role.

CONCUSION

We obtained, starting from the physical amplitude two sets
of Adler type consistency conditions (15) and (16). We notice
once more that, k, - 6 and m; - m, limits do not commute, due
to the discontinuities of form factors.
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OZET

Yalmz S-Matrisi teorisinin metotlar: kullamlarak N*j = 1/2 prodiiksiyon genlik-
lerinin ve kuplaj sabitlerinin genel uygunluk (self-consistency) sartlar: elde edilmistir.
Elekiroprodiiksiyon ile olan benzerlik tartigilmgtr.
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