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Test of s-channel Heljcity Conservation in Inelastic p° Diffraction
in 20 GeV Photoproduction

The SLAC Hybrid Facility Photon Collaboration

Abstract

The reaction yp » °;ast p n*x~ has been studied with the linearly polar-
ized 20 GeV monochromatic photon beam at the SLAC Hybrid Facility to test the
prediction of s-channel helicity conservation in inelastic diffraction for
t' < 0.4(Gev/c)2. 1In a sample of 1934 events from this reaction, the p° decay
Vangu]ar distributions and spin density matrix elements are consistent with s-
channel helicity conservation, the n*r- mass shape displays the same skewing
seen in the reaction yp + p ntr-, and the p n*n- mass distribution compares
-well and scales according to the vector dominance model with that produced in

*
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INTRODUCTION

Conservation of s-channel helicity (SCHC) in hadronic diffraction has been
-of exper"imentall'R and theoretical9-11 interest for over a decade. SCHC
follows naturally from OCD-based mode]s of the Pomeron such as two gluon
éxchange.12 Evidence for SCHC has been reported in the elastic diffraction
processes yp + op1 and «N > wN2, It has been speculated that it might also be
valid in inelastic diffraction,? but this is not found to be true in wp,3 kp,4
and pp5-10 experiments. Thus, SCHC is no longer viewed as a general rule for
inelastic diffraction, although evidence suggests that in some cases the
inelastic diffraction which displays nonconservation of s-channel helicity may
result from two production mechanisms, one of which exhibits SCHC6»7.
Furthermore, analysis based on the Deck model has explained the patterns of s-
and t-channel helicity conservation in meson diffraction dissociation.ll

" Polarized p-mesons produced by linearly polarized photons on hydrogen

provide a good test of SCHC. Previous work has shown evidence for SCHC in
inclusive inelastic p° photoproductionB>13, If SCHC holds in the inelastic
diffractive reaction yp » oN*, the polar and azimuthal angular distributions of
the p° decay in the helicity system will follow the well-known prediction14
W(cos 0, ¥) = (3sin26/87)(1 + Pycos ? ¥) independent of t. In what follows we
report evidence of SCHC in yp » oN* from an analysis of a clean sample of 1934
such events produced in the SLAC Hybrid Facility exposed to a linearly

polarized 20 GeV photon beam,



EXPERIMENTAL DETAILS

The experiment has been described in previous publicationsl5-18_ The
linearly polarized monochromatic photén beam is formed by backscattering an
ultraviolet laser beam from the SLAC 30 GeV primary electron beam. The
backscattered photons have a 52 percent linear polarization. The SLAC Hybrid
Facility consists of a 40-inch hydrogen bubble chamber, with its flashlamps
triggered by signals from downstream detectors: proportional wire chambers,l®
Cherenkov counters,17 and a lead glass walll8, The trigger accepts 88%3 per
cent of the total cross section. The data presented here has been corrected on
an event by event basis for the relatively small losses in the trigger effi-
c{ency. The average weight is 1.11 for the inelastic p° production events and
‘the acceptance varies less than 20 percent over the t', mass, and angle ranges
of the events used in the reaction yp + 0%, P LR Sl

EVIDENCE FOR DIFFRACTIVE INELASTIC p° PHOTOPRODUCTION

A sample of 6468 events having a 3-constraint fit to the reaction

Yp » p wtrtn-n- with total energy between 15 and 20 GeV has been selected from
the 300,000 hadronic events measured in this experiment., Figure la shows the
two-pion effective masses for this final state; histogram A is the spectrum
for all w»tw- combinations (4 per event) while curve B is the sum of spectra
for the two same-sign cbmbinations. The 4-pion effective mass distribution,
shown in figure 1b, is dominated by p'(1600) production. Figure 2 gives the two
pion momentum spectra for selections described below. From Figures 1 and 2 the
- following qua]ftative conclusions can be drawn:

-—;: The ntn- mass-spectrum (histogram A figure la) shows a prominent p°

signal which rises above the combinatorial background represented

by histogram B.




The o'(1600) signal is enhanced if only those n*y~ masses in the p°
region (Mgp+y- < 1000 MeV/c2) are selected from histogram A in
figure la; this effect is demonstrated by histogram B in figure 1b
and indicates that there is a substantial p° signa1'coming from

the decay of p'(1600).

If the n"n~ system is further restricted to have momentum > 16

GeV/c and | t'| =]t | < 0.5 (GeV/c)? the histogram C of figure

“Lhin
1b is obtained; the p'(1600) signal is completely suppressed. This
indicates that the o° s coming from p'(1600) decay have a much

softer momentum spectrum than those produced diffractively.

Curve A in figure 2 shows the momentum spectrum for n*s= com-
binations having masses in the p° region (Mg+y- < 1000 MeV/c2) with
[t'| < 1.0 GeV/c2. Only the largest momentum m+m= pair in each
event is included. There is a broad contribution centered at 10
GeV/c with a hard component beyond 16 GeV/c; this supports the
conclusion, in ¢ above, that the p° are produced both diffractively
and in p'(1600) decay. Those arising from p'(1600) decay are shown
by curve B where the mass of the four pions is less than 2400 MeV/c.
An estimate from this distribution of the non-diffractive background

above 16 GeV/c yields 20 * 5 percent.

The momentum spectrum shape for p°s produced elastically at the

same incident gamma energy in the reaction yp + p wtn- is shown in
histogram C of figure 2 where there is a striking similarity with the
hard component of histogram A, although histogram A is shifted to
lower momenta by the more restrictive phase space resulting from the

massive recoiling baryon system.



f: Finally, selecting only those events containing ="»~ pairs having
momentum greater than 16 GeV/c? gives the mass spectrum shown in
figure 3a which is clearly dominated by p® production and displays
the mass-skewing exhibited in the quasi-elastic reaction yp + o°p

shown in figure 3b.

Using the selections described above, a sample of diffractively produced p°s
has been isolated in the reaction yp + p ntr=n*n-, which is free from o'(1600)
feedthrough. The =n*n- mass distribution has been fitted by a curve repre-
senting the Soding modell9 of the form:

49 = (00 + ToND) op (m) + F I(m) + foN(m) + fgB(m)

The four terms which contribute to this expression have the following
origin:
a: The Breit-Wigner term representing p production, both diffractive

and non-diffractive.

Tp(m)

Jop(m) =7
" b: The Drell amplitude which represents the non-resonant =*r- produc-

tion from the photon.

(m 2-m ,2)2

D(m) =
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¢: A term representing the interference of the diffractive p amplitude with

the Drell amplitude.

m 2-m .2
I(m) = e

2 212 2 )
(m ;2 -m2)2 +m ;2r 2(m)
d: A polynomial non-resonant background.

B(m) = (m-2my) + b(m-2m )2 + c(m-2m )3,

where b and ¢ are parameters of the fit,

The parameters f,p, foND, f1, fp, and fg represent the strengths of the
following terms: the diffractive p°, the non-diffractive p°, the Drell
mechanism, the Drell-rho interference, and the non-resonant background.
A fit to the quasielastic distribution shown in Figure 3b was done with
foND and fg set to zero. The relative strengths of fp, fy  and fop
were then fixed in the inelastic fit., The integrated contribution from
foNp and fp below 1000 MeV/c2 was constrained to 20% as suggested

earlier from Figure 2. In the above

Tp(m) = Tolq(m)/q(m )13 ggg)p)
p(m) = [qZ(m) + q?(m 5)7-!

where q is the pion momentum in the center of mass of the dipion system

and m , and To aré the p° mass and width (769 * 3 MeV/c2? and 154

+ 5 MeV/c2, respectively). The p° mass and width were allowed to vary

in the final fit, the effects of which were incliuded in the x2 with the
- — above cited errors.

The Breit-Wigner term is symmetric around the position of the p mass; asym-

metry about the p pole is produced by the interference term. Skewness in the



mass-spectrum is therefore evidence for a departure from pure p production.
Fractions of each process present have been fitted to the mass spectrum using a
minimum y2 method; the full form shown above gives a x2 of 75 for 42 degrees of
“freedom compared to a value of 1088 if only the Breit-Wigner term is allowed to
contribute. |

- In order to isolate the reaction yp +p°(p n*n~) we select only those events
from Figure 3 with M .. < 1000 MeV/c2, Figure 4a shows the p n*n- mass distribu-
tion for the pions opposite the selected nm systems and compares this distribution
with that of the diffractive reaction20 n*p +n*(p n*r~) at 14 GeV/c. If we are
indeed observing a diffractive reaction we would expect to be able to relate

it to the pion-induced diffraction through the equation:

f 2\ -1
~af_p
oYp + oN* = 7 (7’(_'") roﬂ"‘p > ntNx t U'lr'p > ﬂ'N*]

£ 2
where —£_ = 2,18, determined by comparing quasi-elastic vyp + p°p to elastic n¥p

4
sgatterin921. Figure 4a shows a comparison of our data with such a renormal-
ization of the m-induced diffraction. The agreement is very good in the relevant
region (Mp“+"- <2000 MeV/c2), Both distributions show similar features, with the
photobroduction being about 10 percent less. The diffractive nature is further

supported by observing the near equality of our measured cross section of

0.9%0,1ub with the value reported?2 for yp + p°At+s- at 9.3 GeV of 1.0 * 0.3ub.

Figure 4b shows the p =% mass distribution from the p n*r- system. The low mass
p ntx- system is clearly dominated by A**m-, We have also observed a small com-
ponent of A°r*, consistent with the expected 1/9 contribution for the decay of
an N* with isotopic spin 1/2. The t' distribution for the reaction has a slope
which depends on the mass of the p n*tn~ system as shown in Table I, with the

largest—slopes occurring for the smaller masses. This is the same dependence
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To assess quantitatively the degree of s-channel helicity conservation for
inelastic p° production, the density matrix elements of .the p° decay in the
helicity rest frame have been determined. '

The decay angular distribution can be expressed in terms of nine independent

measurable spin density matrix elements p? :
i

W(cos8,4,8)= %?-r%(l - pgo) + %{3080- 1)cos?8 - vZRe o?osinzecos¢ - p?_lsin29c052¢
-Pycos26(pl sin28 + pl cos26- vZRe pl sin26cosé - o} _,sinZ6cos2¢)
-Pysin26(vZIm p?gsin20sing + Im p3_, sinZesin2¢)].

For transverse and linearly polarized photons, one expects, in the case of
SCHC, that only two spin density matrix elements are non zero:

- 1 = 2 =-1
P\ T and Im °1.1 5 -

The values for two t' bins are shown in Table II; these are from the angular
distributions after removal of the 20 percent isotropic background. In general
the helicity flip density matrices remain small as t' increases, eg. p8e ~ 0 for

all t', and the non-flip terms are consistent with their expected values.

CONCLUSION
In conclusion, we find that the features of p° decay in inelastic diffrac-
tion yp+pN* are consiétent with s-channel helicity conservation as determined
from the decay angular distributions and the spin density matrix.e1ements.
Furthermore, the inelastically produced p° displays the same mass skewing as the
elastically produced p°. The nucleon dissociation mass spectrum is similar to.

that found in pion-induced nucleon diffraction dissociation and its cross sec-

tion is similar to that calculated from the vector dominance model.



as in wn-induced diffraction and similar to the variation observed with == mass
in elastic =n photoproduction.

To summarize, we have observed diffractive inelastic p® production as evi-
denced by the peripheral nature, the p-mass skewing, the similarity and scaling
of the p n*x~ mass distribution to n-induced diffraction, and the isotopic spin

1/? behavior of the An branching ratios.
THE TEST OF s-CHANNEL HELICITY CONSERVATION

To test SCHC of the p° we have examined the distributions of conventional heli-
city ang]es.23 The polar angle of the n* in the p-rest frame relative to the o
direction of flight is denoted by 8. The difference between the azimuthal
angles (&, the angle between the photon polarization vector and the production
plane in the center of mass system, and ¢, the azimuthal angle of the p decay in
the p rest frame measured as the angle between the decay plane and the produc-
tion plane) is denoted by ¥(¥=4-8). If s-channel helicity is conserved the »

3

will have helicity *+1 and W(cos 6, ¥) = Lg—ﬁsinze)(l + PY cos? ¥). P = 0.52 is

¥
the calculated degree of photon polarization, verified by the elastic p
measurements?24,

Figure 5 presents the distributions for cos 8 and ¥ for this reaction?® with
the further restriction, 720 MeV/c2 < M 5y < B20 MeV/c2 (along with the previous

cuts P“+ﬂ_> 16 GeV/c, M < 2200 MeV/c2). The solid curves give the predic-

p ntn-
tion of SCHC and include a.contribution from 20 percent background which is
assumed to be. isotropic, W(cos 6, ¥) = %;u This angular distribution for the
background was found to be consistent with that of the n*n~ pairs in the

Eegion Prtn- ~ 10 GeV/c. There is good agreement with the expected SCHC behavior

indicating that this reaction is dominated by SCHC.
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Table 1

Table II
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Table Captions
The slope b of the differential cross section (g%“= Rebt') as a
function of the (p »*n~) mass [for the four momentum transfer squared

from the photon to the p°(t'st-tpin)] for | t'| < 0.4 (Gev/c)2.

The spin density matrix elements for the diffractive p° meson in the
helicity reference frame. These matrix elements have been corrected
for the 20 * 5% non-diffractive background in the final data sample.

This background is assumed to have an isotropic angular distribtution.



Table 1

Mp ntn- (MeV/c2)

<1500

1500 - 1600
1600 - 1800
1800 - 2100

>2100

b(Gev/c)-2
8.75 ¢ 0.49
10,66 * (0,60
5.08 £ 0,30
5,53 + 0.31
3.21 £ 0,23

15



Table I1

0.0 <| t']<0.4 0.4 <| t'|< 1.0

Re p9

Re o},

-0.01 + 0,02 -0.01 + 0,03
0.03 * 0,02 -0.01 * 0.05
-0.02 + 0.03 -0.02 * 0,06
0.05 * 0.08 0.14 * 0.19
0.04 * 0.11 0.38 + 0.18
10.10 * 0.08 ~0.10 * 0.15
0.28 + 0,11 0.61 + 0,24
-0.05 + 0,07 0.37 + 0.17
-0.39 * 0,12 0,69 + .24
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Figure Captions

(a) The wn mass distributions for 6468 events of the reaction

yp + p wtateen-. A dis n w; and B is #tnt |

(b)Y The 4 = mass distribution for the reaction. A is all 6468 events, B

is the 4528 events with M +,-<1000MeV/c2 for at least one combination,
and C is the 1614 events having one n*r~ combination with mass <1000
MeV/c2, momentum >16 GeV/c, and | t'ysn+n- | <0.5 (GeV/c)2.

The n*x~ momentum spectrum for My+;- <1000 MeV/c2. A is for the largest

momentum w*x- with' t'| <1.0 GeV/c2? (5102 events), B is for those which

also have Myy<2400 MeV/c2 (2643 events), and C is the n*n- momentum spectrum
from the reaction yp + p p°(p° + n*n=) plotted to an arbitrary scale.

(a) The w*n- mass distribution for the fast pairs selected as described in
the text (2580 events, 2890 after weights). The fit is to the S&ding
model (see text).

(b) S8ding model fit to the n*w- distribution for the reaction yp+pp° at
20 Gev/c.

(a) The p n*n= mass distribution for the 1934 events (2144 after weights)
with fast n*n= pairs of mass <1000 MeV/c2. The data points are from
the reaction20 n¥p -+ wfgst(pw+w-) where the total number of events with
Mprtn= < 2200 MeV/c? has been renormalized by a VDM factor (see text).

(b)Y The p »* mass distribution for the events in figure 4a.

The decay angular distributions of the wn*n= system in the helicity frame

for the mass range 720 MeV/c2 < M p+5-< 820 MeV/c2, The data represent 532

events (588 after weights) and the superimposed curves are the expected

gisE:jbution for SCHC including a 20 per cent background (with an isotropic

angular distribution) and a photon polarization of 52 per cent.
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