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This may be translated in terms of the partial
wave analysis by the following equations:

Formy=-1: p= /¥T1+./5T3 (10)
2 2

f=- %T%+J%T% (11)

Forny =+1: d=-/%T, - JETy (12)
2 2

g= /1Ty -4/7Ty, (13)

(SIS

where p, f, d and g are the amplitudes of the par-
tial waves. In this way we obtain for the ratio's:

- 0.9
Forny =-1: [p/f| =1.8 T % (14)
For ny = +1: |d/g| = 0.65+0.17 (15)

So the data of table 1 imply that f and g can
not be neglected compared with p and d respective-
ly. This is not surprising although in the partial
wave analysis for (spin O + spin 3) systems higher
waves are usually suppressed. This effect need
not necessarily be expected here, since one deals
with a (spin £ + spin 0) system. In the (0, z) sys-
tem only one partial wave is defined for total an-
gular momentum $ and given parity, in the (0, )
system these quantum numbers allow for two par-
tial waves.

In this analysis it has been assumed, following
Armenteros et al., that interference effects with
the background can be neglected. The smallness
of the odd momenta in table 1 supports this ap-
proach. Then one can use thes;.ke data to say some-
thing about the parity of the Y1(1765). For this
purpose one needs some model of the interaction.

If the matrix element is assumed to be the same
for decay into a wave ! or /+2, the last one will
still be suppressed by the centrifugal barrier,
certainly for low values of the momenta of the
outgoing particles. In reaction (1) the value of the
momentum is 1.3, expressed in the pion rest-
mass, which is already a relativistic value for
the outgoing pion. So a potential model for the in-
teraction is not expected to be good. If we adopt
an empirical formula as given by Lichtenberg [3]
and many others:

o | (kR)Z |1
'~ p{ -+~ _ 1
{1+(kR)2] ’ e

in which R is of the order of an inverse pion mass,
we get for the ratios (14) and (15) a value 2 if

ER =1 and a value 1.25 if 2R = 2. This favours

the minus sign of 717.
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For two-pion photoproduction, the interference between PP production and the "Drell mechanism" is
shown to shift the apparent rho meson mass by about 25 MeV. This can explain the mass shift experi-

mentally observed for p© production.

Recently several experiments have been done
on photoproduction
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of the neutral rho meson [1-4] at photon energies
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of a few GeV. In all of these, the mass value

at which the rho meson peak appeared was found
to be 25 to 35 MeV lower than the usually ac-
cepted value [5] of 765 MeV. It is the purpose of
this note to show that there exists a natural ex-
planation for this mass shift, as being due to an
interference effect.

Our basic assumption is that the amplitude of
reaction (1) is maihly absorptive. This may be
justified by the observation that the characteristic
features of reaction (1) resemble those of elastic
diffraction scattering, namely a nearly energy-
independent total and forward differential cross
section do/df, and a momentum transfer distri-
bution similar to that of diffraction scattering
[1-3]. We do not have to specify the detailed
mechanism of the reaction * but, in addition to
the rho production proper (fig. 1a), we consider
"Drell-type' processes [6, 7] in which a virtual
pion is diffraction-scattered on the proton
(tig. 1b, c), and which give a non-resonant back-
ground. The interference between these contri-
butions will be shown to produce an apparent
shift in the mass of the rho meson of about 25
MeV. The sign of the shift cannot be predicted;
it depends, in particular, on the sign of the prmw
coupling constant.

According to our assumption, we make the
following phenomenological Ansatz for the rho
production amplitude:

Tpy(s, £) = & icF(s) exp(zat) ,

where s = (B+p)2, t = (' - p)2 (see fig. 1 for nota-
tion), and F(s) = 3(s- mlzq) is the flux factor. The
exponential dependence on the four-momentum
transfer is, according to the experiments [1-3],
gsimilar to that found in pion-nucleon diffraction
scattering, with @ ~8 GeV-2. The normalization
factor c¢ is related to the total rho production
cross section by

1

2

c ™ [;1% () exp (aMin |¢ D]

and is approximately independent of s.

One can now write down a matrix element for
production of a (r*r”) pair via an intermediate p°
meson state:

-3

5
M]_ = -,‘/2(211') 2 (kopoqloqzop(')) gp‘m'[ Tp(syt) X

q,k
xn2-0-m)1 D@6, - L0, -0

where w = q2 = (g +¢12)2 and y = mpI‘(w). The
prn coupling consg'a.nt &pwr 18 related to the width
I‘(m%) of the rho meson. We also take [e.g.8]

2 3
morxw - 2
r() 4= T
w2l img- my
For the Drell diagrams (figs. 1b, ¢), the matrix
element is

- _23_ '% 1 "% (Y)
My+ Mg = -2°(2m) * e(koyg10920 ) ° €, (R x

X[T_(Sz, 5] T+(81, 2
A - q9 ]
2 M 2 i
my - Y my - ty

with s = (¢ +q1)%, sg = (¢ +a9)%, t1 = (q1- B2
and ¢g = (ga- B2. Here, the amplitudes T (s, #)
for elastic #*p diffraction scattering enter. Using
the optical theorem, they may be written

T,(s,0) = i_o_é_s_) F () exp(zat)

where 0, (s) are the total 7%p cross sections, and
1 1
Fon(s) = 3[s - (myg+ m,”)z]2 [s - (mN- mﬂ)z]a .

If now the value of the total rho production cross
section o0,(s) is taken from experiment, then the
matrix eft)ement My + Mg + Mg corresponding to
fig. 1 is completely known, apart from the sign
of gpyq and the sign of Im Tp(s, ). After squaring
and performing the polarization average, one ar-
rives at a differential cross section which is a
sum of six terms, namely the three quadratic
terms and three interference terms. By integrat-
ing over the appropriate variables one gets the
cross section as a function of wz, the mass of
the (r*7~) system.

Fig. 2 shows the result for a photon energy of
ELAB = 4 GeV. In this example, the parameters
used are mp = 765 MeV, T'(md) = 124 MeV, o, =
13 ub and 0,0, = 35 mb. The Drell graphs were
calculated in the Coulomb gauge in the center-of-
momentum system.

The first diagram, My, alone gives an approxi-
mate Breit-Wigner cross section with a maximum
at 765 MeV. The Drell diagrams My and Mg pro-
duce a smooth background, representing a total
cross section of about 6 ub. They also interfere
with the imaginary part of My, yielding a rapidly
varying contribution in the vicinity of the rho
mass. This results in a skewing and shifting of
the peak. The sign of the interference terms is

* The features mentioned suggest a diffraction pro-
duction mechanism. A model along these lines has
been discussed by Berman and Drell {10]. It is at
least in qualitative agreement with the experimen-
tal observations on reaction (1).
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(a)

Fig. 1. Diagrams corresponding to the three matrix ele-
ments My, My and Mj for the processy +p — 7 +7~+p.

such that a downward shift results if Im T)(s, ?)
> 0 and if gpgy has the same sign as the charge
of the pion. The maximum is then shifted to
750 MeV, and the mean value of the points at
half maximum becomes 740 MeV, so that an ef-

,ubarns/ Gev

My qr (GeV)

fective shift of the peak of about 25 MeV will be Fig. 2. Cross section as a function of the (17+ T) mass.
observed. Curve (a) gives the contribution of My, while (b) shows

These reaults do not depend critically on the

the contribution of M, and M3 and their mutual inter-
ference term, and (c) that of the interference term be-

photon energy, since the three amplitudes con- tween My and Mg, and between M; and My. The full

sidered here have a similar s dependence. We
do not worry about possible modifications to

curve is the sum of all six terms.

make the amplitude gauge-invariant [9] because References

the essential result will remain unchanged. 1.

An obvious further contribution to reaction (1)
is given by the one-pion-exchange matrix ele-
ment [10, 11] *. Its size cannot be calculated be-
cause the pry coupling constant is unknown. The
experiments [1-3] indicate, however, that its
contribution is comparatively small. Further-

more, after summing over polarizations there 3.

are no interference terms between the amplitudes
considered here, and the one-pion-exchange am-
plitude. It is therefore not likely to affect our
conclusions.
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ful discussions.
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* According to Soloviev [12] also in photoproduction g

v +7 — 7 + 7 on pions the rho meson peak should 9
appear shifted towards lower mass values. Extend-

ing the argument to virtual pions, one expects a 10
similar shift in case of a one-pion-exchange mecha-

nism for reaction (1). 11

12

704

L.J.Lanzerotti, R. B. Blumenthal, D.C.Ehn, W.L.
Faissler, P.M.Joseph, F.M. Pipkin, J.K.Ran-
dolph, J.J.Russell, D.G.Stairs and J. Tenenbaum,
Phys. Rev. Letters 15 (1965) 210.

. Cambridge Bubble Chamber Group, Proc.Intern.

Symp. on Electron and photon interactions at high
energies, Hamburg (1965); and B. T.Feld, private
communication.
Aachen-Berlin-Bonn-Hamburg-Heidelberg-Miinchen
Bubble Chamber Collaboration, Nuovo Cimento, to
be published.

. B.Elsner, H.Blechschmidt, K.Heinloth, A, Ladage,

J.Rathje and D.Schmidt, Proc. Intern.Symp.on
Electron and photon interactions at high energies,
Hamburg (1965).

A.H.Rosenfeld, A.Barbaro-Galtieri, W.H. Barkas,
P.L.Bastien, J.Kirz and M, Roos, UCRL~8030 -
Part I, August 1965.

. 8.D.Drell, Phys. Rev. Letters 5 (1960) 278,

. S.D.Drell, Rev.Mod. Phys. 33 (1961) 458.

. J.D.Jackson, Nuovo Cimento 34 (1964) 1644.

. P.Stichel and M. Scholz, Nuovo Cimento 34 (1964)

1381.

. S.M.Berman and S.D.Drell, Phys.Rev. 133 (1964)

B791.

. H.Joos and G.Kramer, Z.Physik 178 (1964) 542.
. L.D.Soloviev, Physics Letters, to be published.



