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ABSTRACT

The ratio R = %g(yd—’W-pp)/%(yd~*7r+rm) has been studied
at 8 and 16 GeV for momentum transfers |t} from about 0.001 to
1.3 GeV2. R is close to unity for |t| < m‘:‘r,. but falls very rapidly
with increasing [t|, passing through 1/2 near |t| = 0.1 GeV2 and
having a minimum value of about 1/3 near [t| = 0.>4 GeVZ; it slowly
increases at larger momentum transfers. These results are similar
to those obtained in other laboratories at 3.4 and 5 GeV., This
implies considerable interference between the isoscalar and iso-
vector photon amplitudes, giving R a strong t dependence but a very

weak s dependence.

(submitted to Phys. Rev. Letters.)
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If the photon possessed definite isotopic spin, the two reactions

yn—7 p (1)

yp——>1r+n (2).
would be related to one another by a simple isotopic-spin rotation and the cross
sections would be equal. However, interference terms between the isoscalar
and isovector photon amplitudes have opposite §igns for processes (1) and (2),
and these interference terms can lead to a difference in the two cross sections.
G-parity conservation restricts the t-channel exchanges to G = +1 and -1 for the
isoscalar and isovector photon amplitudes, respectively. In terms of t-channel
exchanges, a difference in the cross sections for reactions (1) and (2) thus
requires a minimum of two exchanges, one of each G parity.

The method used to study the 7 fluxes was basically the same as that used
previously in the study of yp —1'n. 1 A high-power bremsstrahlung beam was
used to photoproduce the pions in a liquid deuterium target and these pions were
momentum analyzed by the SLAC 20-GeV/c spectrometer, separated from elec-
tron and muon contamination by their interaction properties and from K's and
protons with a threshold Cerenkov counter. The pion momentum distributions
resulting from photons near the bremsstrahlung tip were fit with a step (suitably
smeared) for single-pion production. The spectator nucleon carries off some
momentum fi'om the process, degrading the sharpness of the step; this deuterivm
smearing of the step is negligible at small t, but makes it impractical to use a
bremsstrahlung beam to study pion production from deuterium for |t| 2 2 GGVZ
unless the other final-state particles are also detected. 2

The cross sections for charged pion production from deuterium can differ

from that of free nucleons because of three effects: (1) TPauli exclusion principle,

-9 -



(2) Glauber corrections for interactions of the pion with the spectator nucleon,
and (3) final-state interactions of the fwo nucleons. Since the momentum transfer
is very small (~ 1 MeV/c) at OO, final states with the two (identical) nucleons

in the same spin state will be suppressed by the exclusion principle. Angular
momentum conservation allows only spin-flip amplitudes for 0° pion photopro-
duction, and the two nucleons in the initial state musf have parallel spins if the
final-state nucleons are to be in different spin states. This is the case for the

JZ =+ 1 states of the deuteron, but not for JZ =0, and for an unpolarized target
the cross section should be reduced by 1/3 at 0°. The general form of this

. . . . . 3
suppression has been obtained under the impulse and closure approximations

as
d 1 d . . :
Eg(d) = (1 -3 H(q)) Eﬁq(p) pure spin flip (3)
’gtg(d) = (1 - H((I)) S—;T(p) pure non-spin flip (4)

where H is simpl;} the deuteron form factor. Hence the exclusion-principle
suppression dies away very rapidly with increasing momentum transfer.

In Fig. 1, we show our deuterium/hydrogen r ratio4 together with those
obtained from other experiments above 3 GeV. 5 Also shown is the exclusion
principle factor 1 ~ 1/3 H(q) for pure spin flip, calculated using the Hulthén wave
function. The data do indeed show a suppression in the forward direction. Recent
calculations6 have been made which incorporate not only the exclusion effects,
but also the Glauber correction. Although the lattéar correction cannot be cal-
culated unambiguously, it appears to be about 5 or 10%.

The exclusion effects, Glauber corrections ,f etc., are expected to be the

+ - . ' . .
same for m and 7 production so that the cross section ratio from free nucleons



should be given to a good approximation by

yn—mp _yd—mpp _
+ + =R
Yp—7Tn yd—7 nn

. (5)

At 16 GeV the pion mémentum spectrum waé measured down into the multipion
region to where the background was comparable to the single-pion contribution.
Although the fits were made only to data cut off well before this point, it is
interesting to note that the ratio of T/ 7r+ observed from multipion processes is
roughly the same as the ratio of 7 / T from single-pion production; this reduces
any possible distortion of the single-pion ratio by background. Only data with
missing mass squared (calculated with k = EO’ the end point energy) < 1.18 GGV2
were uscd and we estimate the systematic error in the ratio due to multipion
processes to be < 2%. Other systematic errors in the experiment should' also
largely cancel when taking the ratio of T and 1 yields.

The dataare shown in Fig. 2 together with the data from the 3.4 and 5 GeV
experiments., ’i‘he 7r—/7r+ ratio is close to unity in the forward direction, but
drops precipi.tously as |t| increases, becoming 1/2 at |t] = 0.1 GeV2 and 1/3 in
the region |t} = 0.4 GeVz. In contrast to those theories which predict one dominant
term at high encrgies, the ratio indicates an interference of terms which is rela-
tively independent of energy. Some small energy trend can be seen. The low-
energy ratio seems systematically higher than the high-energy ratio around
[t] = 0.1 GeVz; this trend is reversed at larger momentum transfers.

In the vector dominance model the contributi{)ns of the isovector-photon terms
to the cross section are expected to dominate the isoscalar contributions. The
interference terms are important, however, as evidenced by the large difference

) + - . . :
inthe 7 and 7 cross sections. Taking the sum of these cross sections causes
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the interference terms to drop out, and ignoring the few per cent isoscalar

contribution, the model predicts7’ 8

1+R(da') 2 (helgg)
o

2 \dt =8, \P11 @

. 6
dt yp———w+n oy o) (6)

p—pn
Generally good agreement is obtained, as shown in Fig. 3. It should be noted
that the agreement may be fortuitous considering the recent discrepancy between
" the polarized-photon cross sections for reactions (1) and (2) and the vector
dominance prédiction.9 The data on w production by pions are rather sketchy, -
but there may be some difficulty in explaining the large difference between T
and T photoproduction cross sections. 10

Several thec;retivcal models have been used to fit the 'yp-—-»7r+n data, many of
the models concentrating on the sharp-forward-peak region. With the rapid fall-
off of R in the forward direction, any model purporting to fit the data beyond

It] = mf‘r must include isoscalar photon amplitudes in order to reproduce the

2

experimental value of R, Models giving good fits to the r data at [t] >m T

without such terms cannot possibly fit the = data.

Amati et é. 11 it the 7 differential cross section over a wide range of t and
s with a model which included a "background' term to account for the nonzero
forward cross section. Unfortunately, tiliS model predicts R > 1 (B exchange
interfering with m exchange and the background term) instead of less than one as
observed. 12 Brower and Dash13 have made the most extensive attempt to fit the
pion photoproduction data using only evasive and cénspiring Regge trajectories —
T, m, P, Ay, B. While this model fits the 7 data well, it gives a 7 /7 ratio
considerably larger than experiment in the i‘egion around |t| = 0.5 GeV2 where

the predicted ratio goes through one.



Frgyland and Gordorll14 use evading 7 and p trajectories plus an evading pP
éut and a conspiring 7P cut to fit the 7" differential cross section from 2 to 16
GeV (Refs. 1, 15) and the 7 /7" ratio at 3.4 and 5 GeV (Ref. 5). Their fit
reproduced the data quite well and correctly predicted the asymmetry of o
produced by linearly polarized photons. 16 As shown in Fig. 2, their prediction
for the 7 / T ratio at high energies is also qualitatively correct. However, the
model predicts, according to our calculations, a large asymmetry of © produced

by linearly polarized photons which is contradicted by experiment. 17
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FIGURE CAPTIONS

The ratio of T production from deuterivm and hydrogen. Lower energy

data from CEA and DESY (Ref. 5)are also shown. The curve 1 - 1/3 H(q)
represents the exclusion principle effects expected for the spin~flip
amplitudes. The data are plotted versus \/l—a to better display the points

at small t.

The ratio 7 / 7 from deuterium. Lower energy data fromvCEA and DESY
(Ref. 5)are also shown. The data are plotted versus \/I—t_l to better display
the points at small t, The curves were calculated from the model of Frgdyland

and Gordon (Ref. 14).

, ; . - o .
Vector dominance comparison of the reaction 7 p—f n with

1_1“2_}5_ %—% (yp ——7r+n). The points are the values obtained in Ref. 8 for
2 [ hel do A ; -3
gpy (pll a—t—) T p—pOn with gpy = 4 X10 . The curves show the

experimental results for -]:—g——& C—lc% (yp—*ﬂ+n). The 5 GeV photoproduction .

cross sections were extrapolated from 5 to 4 GeV assuming a 1/k2

dependence,
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