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1. - SUMMARY AND CONCLUSIONS -

We study the Veneziano representation for charged pion photo-

production near the forward direction. The simplest (i. e, without sa-
~ tellites) representation that contains the gauge invariant Born term re
quires the existence of an M = 1 pion trajectory. The model predicts
correctly some of the peculiar features of the parity doublet which a-
re necessary to fit the data.

Due to the difficulties associated with the M = 1 assignment,
we studied the possibility of constructing solutions with an M = 0 pion
trajectory. In the framework of the model this can be done in an es-
sentially arbitrary way, by adding suitably chosen satellites,

(x) - Address after October 7, 1969: Rutherford High Energy Labora-
tory, Chilton, Didcot, Berkshire, U, K.

(+) - Work supported in part by the Air Force Office of Scientific Re-
search through the European Office of Aerospace Research, OCAR,
U.S. Air Force, under contract 61052 67 C 0084,



2. - INTRODUCTION AND NOTATIONS -

The mechanism of the reaction vy + p —» =« + n near the for-
ward direction is still unelear. The most economical interpretation
of the now well known narrow forward peak is in terms of a parity
doublet conspiracy of the pion (that means that the pion trajectory
belongs to a Toller family with M = 1), However the M = 1 assign-
ment for the pion leads to both theoretical and phenomenological dif-
ficulties. If on the other hand the pion trajectory has M = 0 its con-
tribution to the photoproduction cross section vanishes at t = 0 and
models with poles and cuts are necessary to fit the data(l),

We will discuss here an application of the Veneziano model(z)
to the photoproduction of n¥ near the forward direction. Only two am
plitudes (for each isospin state) are important near the forward di-
rection. We will mainly use t~channel helicity amplitudes free from
kinematical singularities: Fo(s, t) and Fg(s, t) are defined in Ref. 3(x),
The amplitude Fg“)(s, t) receives asymptotic contributions from t-chan
nel exchanges with the quantum numbers of the pion and F('>(s, t) from
the exchange of trajectories with all the same quantum numbers of
the pion, but with opposite natural parity (natural parity=parityxsigna-
ture),

3) At t = 0 the two amplitudes are related by the constraint equa-
tion(3

(1) F

3. - THE MODEL -

Let us start with the amplitude F{(-)(s,t). We assume that it
receives contibution from the nucleon ang 4 trajectories in the s and
u channel and from the pion trajectory in the t-channel. The simplest
Veneziano amplitude that contains the gauge invariant Born term is

(x) - These amplitudes are related to the CGLN invariant amplitudes(4)

in the following way:
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We do not discuss here the problem of the baryon parity doublets. We
only note that for the parity doublet of the nucleon there is no trouble,
since ot does not contribute to this amplitude; moreover since no pari
ty doublet of the A has been observed, we have put s residue equal

to zero in (2). The parameters /3 and p are obtained by comparing the
residues at ™ ,(t = m%) = 0and ¥_ (s = Mz) = 1/2 in (2) with those ob-
tained from pion and nucleon poleslm the Born approximation, We get

(3) | /3= eg &fff‘zmi
and
1
(4) p = -
2 o(!

2 2
where e” /4w = 1/137, g" /4w = 14. 7 and (' is the common slope of the
linear Regge trajectories involved,

The representation (2) has also been discussed in a recent Let-
ter(5) by Ahmad, Fayyazuddin and Riazuddin. However the interpre-
tation that they gave to (2) is completely different fro the one presented
below.

We will now show that the leading singularity in the t-channel an
gular momentum plane is a Regge pole corresponding to a pion with
M = 1, Moreover the model naturally embodies some of the peculiar
properties of the residue functions that are needed to fit the data.

From Eqg. (2) we get, for large s and small t
rol (1) 1reime (B)
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This amplitude is Regge-behaved and non zero at t=0, Due to Eq, (1)
this means that another trajectory o{.(t), with the same quantum num
bers of the pion, but with opposite parity, such that < .(0) = CATT(O),



must be present in the model: .due to the universality of the slope o'
the two trajectories will actually be degenerate in the present mo-
del,

We stress once again that Eq. (1) is not at all trivial, even if,
expressed in terms of invariant amplitudes it reads Al(s, ’c=0)=A1(s, t=0).
This only meansin the framework of pure Regge pole models, that if
Aq(s,t = 0) is Regge behaved and non zero at t = 0, then we have a pa-
rity doublet exchange in the t-channel,

(-)

We can now easily construct a representation for F3 (s, t)(X)
that satisfies Eq. (1):
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+ non leading terms for large s and small t

with vy = 2Meg®' and q = ~1/2.
From Eq. (6) we obtain for large s and small t
~imed (1)
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We will now briefly discuss some very interesting results which
are automatically contained in the model:

1) as also remarked by Ahmad, Fayyazuddin and Riazuddin, in
the limit s ~*» oo, @«iw(t) = 0 the model reduces to the electric Born
term, which is known to give a:resonable fit to the forward cross sec-

tion,

2) the pion residue function is proportional to (1+1/2(t- m2 /m2
and therefore varies very rapidly in the interval -mJ st ¢ mfr A rapld
variation of this kind is known to be necessary to fit both the magnitude
of the differential cross section and the data with polarized photons with

(x) - Note that F%’")(s,t) being a nonsense-nonsense amplitude at ® (t)=0
cannot contain a pole at ¥ (t) = 0,



an M = 1 pion, This behavior has to be compared with the one obtained
from high energy(?’) and continuous moment sum rules(6) fits:
(1 + A(t-m )/m , typical values of X being A= 0,42,

In other words the model predict a very rapid variation of the
unnatural parity contribution and its vanishing at t = m2 This zero
is extremely important to explain the behavior of the polarlzed photon
data: the predictions are compared to the datal?) in Fig. 1 and the a-
greement is very good in the extremely forward direction. Of course
for -t = mZ other trajectories like the p, Ag and B, which are not im
portant near t=0, will come into the game will change considerably the
predictions shown in the figure,
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FIG. 1 --The quantity R = (d&, - d&, )/(d&y +d6yy) is compared with
the prediction of the model with a conspiring pion. The data are from
Ref. 7,



3) from the behavior of the residue of the "conspirator'' pole
at AL (t) 0 1n the nonsense-nonsense amplitude Fy” =) we see that the
conSplrator trajectory chooses nonsense at (’c = 0, That means
that no new 0% particle is expected, This result is also in agreement with
the study of finite energy sum rules(8), once that the M = 1 assignement
has been assumed,

We have thus shown that the simplest (i, e, without satellites)
Veneziano representation requires an M = 1 pion trajectory and cor-
rectly © predicts some of the peculiar properties required to fit the
data.

However it has all the troubles of the M = 1 models{1) and it is
therefore interesting to try to construct an amplitude that contains an
M = 0 pion trajectory. In this case of course abSOrpilve corrections
are crucial to fit the data.

It is obviously impossible to construct a Veneziano amplitude
without satellites and with an M = 0 pion trajectory, since we want it
to contain the Born term which has a non zero residue at t = 0.

For simplicity of writing let us just consider the first term in Eq.
(2): the discussion of the second term is very similar, We consider the
amplitude

r[-o, @?’P @)
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and we expand it in power series using the method of Ref, 9, We can

now choose the coefficients v,. in such a way that at t = 0 the amplitu-

. i @{ -
de (8) behaves as (o{’s) n(0) N: that means that we have removed the

first (N-1) Toller poles with M = 1 present in the original amplitude,

It can be easily seen that to do their job the v, must satisfy
the system
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PL«
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for 1 £ n £ N, where the coefficients An(k, u) are defined and discus
sed in Ref, 9. The system (9) is equivalent to a recurrence formula
that gives vg if vy, if vy, vo .... Yg.1 &re known., However it should
be remarked that the cancellation mechanism introduced in (8) is highly
arbitrary and it is presumably possible to find many other satellite
contributions that work equally well, Moreover it is not very clear what
happens if we let N —» co: in this case in fact the series in (8) must
develop. a pole at ® 1y = 1/2 which is not present in the single termsand
therefore will change the Born term,

By modifing in a similar way the second term in (2) we obtain
the asymptotic expansion

() o (t+m2) + 2 ol (1)
2_ (s,t) = -egot't e 2“ T x
2(:,4'111“ + 1) I (Q,(Tr'(t)+1

F
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that obviously corresponds to the exchange of an M = 0 pion trajectory.

In conclusion we have shown that the simplest Veneziano repre
sentation for charged pion phtoproduction requires pion conspiracy,
with all its defects, Moreover there is an essentially infinite freedom
in the construction of evasive solutions.

Iam grateful to Prof, Marzio Cassandro and Dr, Paolo Di'VeE
chia for useful discussions and critical reading of the manuscript,
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