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It is pointed out that a very direct way of testing current ideas of the QCD renormalization of the weak neutral interac- 
tion between hadrons is to measure the asymmetry in yield induced by left- and right-polarized photons in the reactions 
q'pol + N ~ ~r -+ + N. Recent calculations predict the asymmetry to be in the range of 1;5 to 8.0 X 10 -7. 

Essentially all experiments that have provided us 
with definite information on hadron weak neutral cur- 
rents involve semi-leptonic reactions. Recent model- 
independent analyses [1 ] of neutrino and antineutrino 
scattering data have shown that as far as u and d 
quarks are concerned, the SU(2) ® U(1) model of 
Weinberg and Salam (WS) [2] is consistent with all 
such data provided the mixing angle 0ws satisfies 
sin20ws -~ 0.30. Moreover, earlier fears that the atom- 
ic bismuth experiments [3] may refute the WS de- 
scription of the weak, neutral electron-nucleon inter- 
action have been mostly allayed by the recent mea- 
surements [4] by the SLAC-Yale group of parity vio- 
lation in e + d ~ e + d and e + p ~ e + p, the result of 
which is explained by the WS model with sin20ws = 
0.20 -+ 0,03. 

In contrast, other than the AS = AQ selection rule 
leading to the Glashow-Iliopoulos-Maiani (GIM) [5] 
scheme for strangeness-conserving currents, there is 
no experimental data which can be used to determine 
directly the s, c, ... quark contents of the hadron neu- 
tral current. One class of reactions which could tell us 
something about these contents involves the sthdy of 
parity-nonconserving effects induced by weak interac- 
tion in the nucleus. There has been a vigorous program 
of such studies experimentally [6] and theoretically 
[7] in the past several years. 

A very important difference between leptonic or 
semileptonic weak interactions and the nonleptonic 
weak interaction is that the latter suffers short-distance 

renormalizations by the strong interaction. Thus it is 
believed that these effects are responsible for the en- 
hancement of the (strangeness changing) A/=  -~ term 
and the suppression of the A/=  ~ term in the hyperon 
decays [8]. Recent QCD calculations [9] of the gluon 
correction to strangeness-conserving but parity- 
violating hadronic weak interaction have predicted a 
very large increase in the weak NNrr*- amplitudes as 
compared to those expected from the unrenormalized 
Cabibbo weak interaction [10]. Here we point out 
that the parity-violating NNTr coupling constant f w  
can be directly measured from the asymmetry in 
~'pot + N ~ 7r-* + N near thresho ld  with circularly polar- 
ized photons. 

The most important aspect of the asymmetry near 
threshold (up to ~20 MeV above threshold) is that it 
is sensitive only to the parity violating NNTr amplitude. 
At energies significantly above threshold, the parity- 
violating vertices NAn, NNp and NN6o also come into 
play, and the physics becomes more entangled. The 
major disadvantage of studying the asymmetry near 
threshold is experimental: low count rates and possi- 
bly the difficulty in detecting low-energy charged 
pions. 

To calculate the parity-violation effect in 7pol + 
N ~ 7r ± + N we use the chiral lagrangian of Peccei [11] 
to describe the normal ~r photoproduction. For the 
weak production we use an effective lagrangian [12] 
with the scalar NN1r coupling (we ignore the weak, 
parity-conserving pseudoscalar term): 
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2WN~r = 2-1/2fW/v( '~ X "~)3 N , (1) 

fW = Gwm2a(nO ) , (2) 

where G w = 1.0 X 10 -5  M -2  is the universal weak 
coupling constant, M is the nucleon mass, m is the 
pion mass and a(n 0 ) is the dimensionless [12], weak, 
s-wave n ~ p + lr-  amplitude. The twelve amplitudes 
for the normal rr production are calculated from the 
Feynman diagrams in fig. 1 and are given in ref. [11 ]. 
We calculate the corresponding amplitudes for parity 
violating 7r production from the diagrams in fig. 2. In 
this case the gauge term corresponding to fig. 1 d does 
not appear because ~?NWNn has a scalar coupling as op- 
posed to the pseudovector coupling used by Peccei 
[11] for the strong lagrangian. We obtain ,1 

a~("/N -+ it-+ N) = ~ ~E~ N1F*MFO?(r)N2, 
F=A,B,C,D ~=+,- ,0 

(3) 

where i is the isospin index of  the pion; M F are the 
dimensionless scalar counterparts of  the four pseudo- 
scalar operators, Mi~- = MF~,5, of  Chew-Goldbe rge r -  
L o w - N a m b u  [ 13 ] ; 

,1  The four-momenta  P, q, k and the invariant masses s, t, u 
are those defined in refs. [11] and [13].  Specifically k = 
(k, to) is the four-momentum of  the photon  and e its polar- 
ization. We use the convent ion P • k =- P • k - P o k o  and 
/( = 3' • k, where 3"it are the Dirac matrices. 

(o) (b) 
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I 
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Fig. 1. The four lowest-order Feynman diagrams used by 
Peccei [ 11 ] to compute the 7N -- ~rN amplitudes near thresh- 
old. Diagram (d) represents the gauge term coming from the 
pse/adovector NN1r strong coupling used in ref. [ 11 ]. Solid 
lines represent nucleons, wavy lines represent photons, and 
dashed lines represent glu0ns. 

Fig. 2. The three diagrams used in this paper to compute  the 
parity violating NN~r amplitude, eq. (3). 

M A = ¢l~/m, 

M B = 2(P" k q  . e -  P .  eq  • k ) / (M2m) ,  

M C = (q"  e I¢ - q .  k ¢)/(Mm) ; 

M D = 2(P"  e 1~ - e .  k ¢ + M¢t~)/(Mm) ; 

0 + = 6 i 3 ,  O" i -=½[r  i ,r3] , O 0 = ( 1 - 6 i 3 ) r  i .  

These operators are manifestly gauge invariant. The 
twelve invariant functions F ® are 

A + = B  + = 6 '+ = D  + = 0 ,  ( 4 a )  

A - -  t - m 2 B _ =  2 _ C 0 = 2 D _  
M 2 rV KS 

_ ~ ~v 1 
- -~e f~r  m ( s - M 2 + u  1_-~) , (4b) 

AO _ t - m2BO = 2 C-  = 2---DO 
4M 2 r S r v 

(1 1 ) 
= - ½ efW~ m (4c) 

s - M 2 u - - M  2 ' 

where s, t and u are the invariant masses squared in 
the ~N2, N1N 2 and N21r channels, respectively. Eq. 
(4a) means there is no n o production; it is a direct con- 
sequence of  the structure of  the CP-conserving 22WNTr 
given in eq. (1). 

Near threshold in the laboratory frame with the z- 
axis along the incident photon direction, the total 
production-amplitude squared, for circular photon 
polarization/a = ---1, is 

la('yN ~ 7r±N)l 2 = e2f2(1 - 2p) 2 

X { [(1 -+ p ) 2 ( o _ # ) 2  + ~ ( q  s in  0 / 6 o ) 2 ( o 3 ) 2 ] a  

+ 2mfW/(~f~r) (~p(1  + p)(1 + rv) (O_u)2]b  

- -  [(q sin 0/w)2(o3) ] c)} ,  (5) 
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where 0 is the pion scattering angle, q is the pion mo- 
mentum, co is the photon energy, p = co/2M, and (oa) 
is the spin matrix element for the nucleon states. 

We have ignored the contributions from the 
A(1232 MeV) resonance which is known to be ~10% 
up to 20 MeV above threshold (in the laboratory 
frame). Also ignored in the calculations are the/9- and 
co-pole terms represented by fig. 3a. Near threshold 
these terms are of the order (m2/m2,w). The contribu- 
tion from fig. 3b, also ignored, could be large due to 
the strong P - 7  coupling and the possibly large, parity- 
violating NNp amplitude, only if we assumed the 0 - 7  

2 amplitude to be proportional to m o even for the light- 
like (k 2 = 0) virtual p meson. Although the continua- 
tion of the P - 7  conversion from the time-like to 
light-like region is not well known, we shall assume 
that for Ik[ 2 = ko 2 ,~ m 2, the coupling is weak, and fig. 
3b is also of order k2/m 2 "~ m2/m 2 and can be ignored. 

In eq. (5) the term designated [ ] a is from the reg- 
ular NNrr amplitude. Terms [ ] b and [ ] c arise from 
the interference between the strong and weak interac- 
tions with opposite parities. Note that [ ]b changes 
sign with the circular polarization of the photon and is 
isotropic and q-independent. In contrast, [ ] c changes 

/ 

/ / 
/ 

+p, ~ ~O / 
- -  ® / 

( o )  (b )  

Fig. 3. (a) The p- and w-pole terms involving the weak NNp 
and NNw vertices and (electromagnetic) 3'~rp and "r~rw cou- 
plings. (b) the o-pole term involving the direct "to conversion. 
These diagrams are ignored in our calculation of  weak n pro- 
duction near threshold. 

sign with the longitudinal polarization of the target 
nucleon and is proportional to q2 sin20. Thus near 
threshold I[ ]bl >> I[ ]el. 

From eq. (5), the asymmetry in the cross section 
for circularly polarized photon is, to leading order 

Am=°~ t _ o . t ;  fw m + 
- ~ (1 rv) -  (6) 

The strong coupling constant is f~r = 1.0 (i.e. f2/41r = 
0.08) and l + K v = 4.7. Therefore from eqs. (2) and 
(6) 

A,/= 1.6 a(n O) × 10 -7 . (7) 

Following the prevalent convention we write 

a(n 0) = Ra(nO )c , (8) 

where 

a(n0 )c = x / ~  tan 0 c [2a(O O) - a(A-)]  = 0.17 

is the amplitude [12] obtained from the SU(3) sum 
rule [14-16] in the Cabibbo model and R is the "en- 
hancement factor" due to contributions from neutral 
currents and renormalization effects; 0 c is the Cabibbo 
angle with sin20 c = 0.053. The evaluation of R de- 
pends on the structure of the neutral currents, the re- 
normalization procedure and the quark structure of 
the hadrons. Recent calculations [9] of R, based on 
the Weinberg-Salam model for the neutral current, 
have yielded the results shown in table 1. One of the 
conclusions reached in these studies is that the domi- 
nant contribution to a(n 0) yields a sign for fw  which 
is the same as that for f~r. From eq. (6), this implies 
that the asymmetry under study has a positive sign. 
Based on the results shown in table 1, the asymmetry 

Table 1 
Result for R = a(nO)[a(n°_)c, fW and A.  r from recent QCD calculations. 

R f W X 107 A~/X 107 Authors 

~25 ~9.3 a) N6. 8 K/~rner et al. [8] 
16~29 6.0~11 4 . 4 - 7 . 9  BucceUa et al. [8] 

5~13 1.9~4.8 b) 1.4~3.5 Guberina et al. [8] 
~12  ~4.4 ~3.3 Desplanques et al. [8] 

a) K~rner et al. used a phase convention such that both  a(n°_)c and fn  w are negative. We have adapted their result to our phase con- 
vention. 

b) Guberina et al. used the approximation Gwm2a(n°__)c ~. 5 X 10 -8.  We use Gwm2a(n°_)c = 3.8 X 10 -a and have scaled their re- 
sults for f W downward accordingly. 
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is expected to be in the range of  1.5 to 8.0 X 10 - 7 .  
It is not  clear how feasible it would be to measure 

the asymmetry under discussion. There does not  seem 
to be any technical barrier in the generation of  an in- 
tense, circularly polarized photon beam, such as from 
the bremsstrahlung of  linearly polarized electrons [17]. 
The detection of  fairly low-energy pions (~20 MeV) 
to a sensitivity of  < 10 - 6  would be extremely diffi- 
cult, however. Earlier we have already mentioned that 
7pol + N -+ rr -+ + N is of  special interest near threshold 
because it is a direct measure of  the parity-violating 
NNrr coupling alone. At higher energies it might be 
easier to detect the pions but  the physics also would 
become more entangled due to the growth in impor- 
tance of  the A and heavier meson-pole terms (see fig. 
3). Nevertheless, asymmetry in this energy region will 
eventually be useful in providing constraints on the 
weak N N - m e s o n  and N A - m e s o n  coupling which at 
the moment have large theoretical uncertainties. 

The author wishes to thank Brookhaven National 
Laboratory for a Summer Visit where this work was 
started. 

Note added in proof: Recently a paper concerning 
weak interaction and pion photoproduct ion by R.M. 
Woloshyn has appeared in Can. J. Phys. 57 (1979) 809. 
In this paper experimental aspects of  low energy pion 
photoproduct ion are discussed in detail. 
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