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ABSTRACT

We have studied the two pairs of line-reversed reactions: ﬂ+p - K+Z+
Kp~> ﬂ_2+ and ﬂ+p > K+Y*(1385); Kp~ 1 Y%(1385) at two energies: 7 and
11.5 GeV/c. The experiment was conducted in the SLAC 1 m rapid cycling
bubble chamber triggered by electronic detectors and an online algorithm.
The cross section excess for the K reactions which has shown exchange
degeneracy violations at lower energy is still significant but smaller at
7 GeV/c. At 11.5 GeV/c we find that both the helicity-flip and non-flip
dominated processes are consistent with exchange degeneracy predictions.
Polarization measurements of the Z+ and Y* at both energies support domi-
nance in the production process of exchange degenerate K*(890) vector and

K*(1490) tensor trajectories.
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1. INTRODUCTION

We present results on the reactions:

-

w+p - K+Z+ (1a)
Kpon . | _ (1b)
w+p - K*Y*(1385)
AT (2a)
Kp 7 Y*(1385)
AT (2b)

at 7 and 11.5 GeV/c. In addition to the differential cross sections,
measurement of the parity violating hyperon‘decays enables the polariza-
tion of the I or Y* to be measured. The reactions are expected to be
dominated by vector and tensor K* exchange. If these Regge-trajectories
are exchange degenerate, equal cross sections for the line~reversed pairs
(la,b) and (2a,b) are predicted as well as equal and opposite hyperon
polarization. If the vector and tensor K* also have the same residues
(strong exchange degeneracy), the polarizations are predicted to be zero.
Lower energy data has shown violations of these predictions as the cross
section for the K induced reactions has exceeded that from the ﬂ+ reac-
tion by a factor of 2 to 4. The results presented at 11.5 GeV/c are also

. 1
discussed elsewhere and are included here for comparison.

2. EXPERIMENTAL DETATIILS

The experiments were performed in the SLAC 40" rapid cycling bubble
chamber with the flash triggered by an online signature of a fast out-
going K+ from the ﬂ+ induced reactions (la) and (2a); for reactions (1b)

and (2b) the signature was for a fast outgoing m . A description of the
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experimental setup and trigger has been given elsewhere.2 The trigger
logic was essentially identical at the two energies and very similar for
‘the ﬁ$ and K induced reactions. Biasses from the trigger affected only
the fast outgoing particles and, therefore, required only an acceptance
correction. Beiow |t - tminl = 0.02 (GeV/c—)2 a correction was required
for beam veto logic in the trigger. In the 7 GeV/c data a correction
was required above It - tminl = 0.4 (GeV/c)2 due to the geometrical
acceptance of the downstream system. At 11.5 GeV/c geometrical correc-—
tions are not required below |t - tmin! of 1 (GeV/c)z. The acceptance
at 7 GeV/c for reaction (la) is given in Fig. 1. It is very similar for
the other reactions at that energy. )

Normalization corrections due to trigger dead times, counter inef-
ficiencies and interactions and decays of the beam and trigger particles
are essentially the same in both ﬂ+ and X exposures. Corrections pecu-
liar to the w+ exposure result from y contamination in the n+ beam and
lost triggers caused by pileup in the large downstream Cerenkov counter
used for identification of the outgoing particles. For the K exposure
a y veto was included to eliminate triggers from K decays and a correc-
tion for w punch through was applied. We estimate an overall systematic
uncertainty of 10% in the cross section, but the relative uncertainty
between the ﬂ+ and K exposures and between the two energies is less than
8%. Standard bubble chamber corrections to allow for A's or I's decaying
too close or too far from the primary vertex were also made.

Events corresponding to the I production reactions (la) and (lb)

were found by scanning for 2-prong events with a charged decay and iden-

tified by a 4-constraint fit simultaneously at the production and decay
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vertices. For the Y*#(1385) reactions, (2a) and (2b), the film was scanned
for events with two prongs and a neutral vee (A - pm ) which then gave a
7-con§fraint fit at production and decay vertices. The proportion of
Y*(1385) decaying to Aﬂ+ was determined by fitting the Aﬂ+ mass spectrum
below 1.55 GeV/é2 to a Breit-Wigner and incéherent phase space “background.
For momentum transfers less than 1 (GeV/c)2 the background level is <107

of the Y#*(1385) peak (see Fig. 2).

3. THE REACTIONS 71p + K'&' and Kp > n 2"

Differential cross sections for these reactions to Itl = 1 (GeV/c)2
are shown in Figs. 3(a) and 3(b). They confirm earlier results in showing
a simple exponential behavior for It] < 0.4 (GeV/c)z. There is no evi-
dence for a turnover in the forward direction, indicating dominance of
the non-flip helicity amplitude at least at low momentum transfer. Fits
to the cross section of the form

do _ , bt
dc Ae

have been made in the low t region and the values of A and b are given
in Table I. At both energies the ﬂ+ induced reaction slopes are steeper
than for the K reactions, although the difference is less at the higher
momentum. Slopes for both reactions increase with energy while the inter-
cepts decrease. The difference of intercepts, however, show a barely
significant energy variation. At 7 GeV/c R = (AK_ - An+)/(AKT + Aﬂ+) is
0.063 + 0.067 whereas it is -0.021 + 0.059 at 11.5 GeV/c. Exchange
degeneracy predicts R=0 and within errors this is satisfied at both ener-
gies. The integrated cross sections up to [t[ =1 (GeV/c)2 are also given

in Table I. They show a marked difference in energy dependence over this
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range with the K beam cross section falling much more rapidly than for

+ . . . .
the 7 beam. To quantify this behavior the conventional parametrization
O = Piap has been used. Using our integrated cross sections at 7 and

. + +
11.5 we find n = 1.18 + 0.20 for r p > K and n = 1.61 + 0.20 for
Kp~ nrt. ‘ ' ‘ ;

Part of the energy dependence arises from the difference in tmin at
the two energies. In both cases tmin approaches zero as the energy in-
creases, but this increases the low t phase space available for the ﬂ+
reaction and decreases it for the K . In an attempt to account for this
kinematic effect the exponential fit has been used to correct the meas-

ured cross sections by

0

,/; Aebt dt .

min

This correction increases the ﬂ+ cross sections by 3.8 and 1.4 ub at the
two energies and decreases the K ones by 4.1 and 1.3 ub. Using the
corrected cross sections the values of n are 1.24 £ 0.20 and 1.57 £ 0.20
showing the K cross section may have a slightly larger energy dependence
than the ﬂ+ even after corrections for the different kinematic regions.

The only other group to measure this line reversed pair of reactions
at two energies with the same experimental technique is a missing mass
experiment of Berglund et al.4 Their results are not inconsistent with
those presented here.

Using our data at both energies for the Z production reactions and
parametrizing the cross sections in the form:

o (t)-2
g—(;'=f(t)seff
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an effective trajectory may be determined by each of the two reactions.
They are shown in Fig. 4. Both are consistent with a trajectory passing
“through the K*(890) and K*(1420) poles as expected assuming the reactions
are dominated by exchange of the vector and tensor K*%'s.

The Z+ polarization resulfs, determined by measufement of'the
decay asymmetry, are shown in Figs. 3(c) and 3(d). The method of analysis
and scanning corrections are discussed in an earlier publication.5 Our
increased statistics confirm the results of our earlier publication show-
ing non-zero I polarization for both reactions, but polarizations which,
within our experimental precision, are equal in magnitude and opposite
in sign. The results show no significant difference at the- two energies.

This reflection symmetry of the polarization is expected in the weak

exchange degeneracy hypothesis.

4. THE REACTIONS 7 p » K Y% (1385) and Kp -~ W'Y*(13855

The differential cross sections are shown in Figs. 5(a) and 5(b).
All have a turnover at low momentum transfer showing dominance of the
helicity flip amplitude unlike ¥ production. The points have been fitted
to the parametrization:

bt

Qg‘= (A e

dt - AZ(t_tmin))

1

The fit is shown in Fig. 5 and the values of A A2 and b are given

1’
in Table II. The broad features of the energy dependence are very similar
to those for 5 production. At 7 GeV/c the value of b for the w+ reaction
is greater than for the K while at 11.5 GeV/c they are the same within
errors. The integrated cross sections, also given in Table II, show a

substantial difference at 7 GeV/c, but a much smaller one at 11.5 GeV/c.

Most of the cross section difference at 11.5 GeV/c results solely from
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different kinematics for the two reactions.1 Parametrizing these cross
Vsections as before, 0 « pIZb’ the values of n obtained are 1.12 = 0.20
for the w+ reaction and 1.51 + 0.20 for the K reaction. Corrections
for the variation of tmin are less severe in this case due to the turn-
over at low t; ﬁhey are also harder to correct for. However using the
parameters from the above fit a correction
tmin 0
f (Al - Az(t—tmin)> ebt dt —f (Al—Azt) ebt dt
-0.01 ~1.0

may be made. This suggests an increase of 1.8 and 1.0 ub to the ﬂ+ cross
sections at the two energies and a decrease of 2.1 and 0.6 ub to the K~
cross sections. The corrected cross sections yield n values of 1.13 + 0.20
for the ﬂ+ reaction and 1.43 + 0.20 for the K one. The results are very
gsimilar to those obtained for the non-flip dominated I production.

The polarization of the Y*#(1385) is obtained by a combined maximum
likelihood fit to the Y* and A decay distributions in terms of the trans-
versity density matrix elemenfs. The method is described in another
paper submitted to this conference.3 The results are shown in Figs. 5(c¢)
and 5(d). In neither reaction is there any significant evidence for non-
zero polarization at either energy. While this agrees with strong
exchange degeneracy predictions it is also predicted on the basis of the

additive quark6 and Stodolsky—Sakurai7 models.

5. CONCLUSIONS i

We have measured the differential cross sections and polarizations
for » and Y*(1385) production in line reversed reactions at 7 and 11.5
GeV/c. The energy dependence is found to depend on the initial state,

and not on which hyperon is produced, or whether the production is
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non-flip or flip dominated. Our data show a much more severe fall in

cross section for the K induced processes with increasing beam momentum

. + . -
than for the m ones. As a result, the cross section excess for the K

reactions which has shown exchange degeneracy violations at lower energy

and is still significant at 7 GeV/c has virtually died away by 11.5 GeV/c.

, , + . .
Polarization measurements of the I , which show reflection symmetry be-

+ - . . .
tween the 7 and K reactions at both energies, and of the Y*, which show

zero polarization for both energies, also support dominance in the pro-

duction process of exchange degenerate K*(890) vector and K*(l420) tensor

trajectories for both the non~flip dominated ¥ and £lip dominate Y*

production processes.
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FIGURE CAPTIONS
. ' . + + .+
Acceptance as a function of -t' for the reaction 7 p - K I at
7 GeV/e.
+

Invariant mass distribution of the Am system at 11.5 GeV/c. The
solid line is the result of the maximum likelihobd fit.
Differential cross sections and I polarizations for the reactions
+ -_— -
Tp > kst and ¥ P :¥ at 7 and 11.5 GeV/c.

. . , + + + - -+ .
Effective trajectories for the m p - K % and K p > 7 I reactions
between 7 and 11.5 GeV/c.

Differential cross sections and Y* polarizations for the reactions

ﬂ+p - K+Y*(1385) and K p » 7 Y#(1385) at 7 and 11.5 GeV/c.
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