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INTRODUCTION 

We present resulte on the reactions! 
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- ABSTRACT 

•Wr hflvr atiidinf^hr two pairs of line-reversed reactions: it p -*• K E ; 
K"p + n"s + and ir+p + K+Y*(1385); K-p + TTY*(1385) at two energies! 7 and 
11.5 CeV/cV The experiment was conducted in the SLAC 1 a rapid cycling 
bubble chamber triggered by electronic detectors and an online algorithm. 
The cross action excess for the R~ reactions which has shown exchange 
degeneracy violations at lower Energy is still significant but smaller at 
7 CeV/c, At 11.5 GeV/c4i&M«<tnar^oth the helicity-flip and non-flip 
dominated processes are cons&tent with exchange degeneracy predictions. 
Polarization measurements of the £ and Y* at both energies support domi­
nance In the production process of exchange degenerate K*(o90) vector and 
K*(1490) tensor trajectories. 

(Contributed paper t? the XIX international Conference on High Energy 
Physics. Tokyo. Japan, 23-31 August 1978.) 
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at 7 and 11,5 GeV/c. In addition to the differential crass sections, 

measurement of the parity violating hyperon decays enables the polariza­

tion of the Z or Y* to be measured. The reactions are expected to tie 

dominated by vector and tensor K* exchange. If these Regge-trajcctorles 

are exchange degenerate, equal cross sections for tho 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 aa the cross 

section for the K* Induced reactions has exceeded that from the w reac­

tion by a factor of Z to 4. The results presented at 11,5 GeV/c are also 

discussed elsewhere and are included here for comparison. 

2. EXPERIMENTAL DETAILS 

The experiments were performed in th? SLAC 40" rapid cycling bubble 

chamber with the flash triggered by an online signature of a fast out­

going K from the n induced reactions (la) and (2a); for reactions (lb) 

and (2b) the signature was for a fast outgoing it". A description of the 
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logic was essentially identical at the two energies and very similar fox 

the n and K~ induced reactions. Biaaaes from the trigger affected only 

the fast outgoing particles and* therefore* required only an acceptance 

correction. Below |t - t-J » 0.02 (GeV/c) a correction was required 

for bean veto logic in the trigger. In the 7 GeV/e data a correction 

waa required above |t - t a 1 n \ • 0.4 (GaV/c) due to the geometrical 

acceptance of the downstream system. At 11.5 GeV/c geometrical correc­

tions ate not required below |t - t o l n| of 1 (GeV/e) . 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 daad tines, counter Inef­

ficiencies and interactions and decays of the bean and trigger particles 

are essentially the same In both r and K" exposures. Corrections pecu­

liar to the * exposure result from v contamination in the « 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 u veto was included to eliminate triggers from K*~ decays end a correc­

tion for ir punch through was applied. We estimate an overall systematic 

uncertainty of 10Z in the cross section, but the relative uncertainty 

between the » and K exposures and between the two energies is leas than 

SX. Standard bubble chamber corrections to allow for A's or E*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-coustraint fit simultaneously at the production and decay 
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vertices. For the Y*(t3S5) reactions* (2s) and (2b), the tlis vaa scanned 

for events with two prongs and a neutral vee (A •*• pit') Which than gave a 

7-constralnt fit at production and decay vertices. The proportion of 

V>(1385) decaying to Aw was determined by fitting the At* mass spectrin 

below 1.55 GeV/c to a Breit-Wigner -ind Incoherent phase space background. 

For nonentum transfers less than I (GaV/c) the background laval la slOX 

«f the T*(1395) peek (see Fig. 2). 

3. THE REACTIONS * +p •*• K +S + and K*p -*• »~Z + 

Differential cross sections fox these reactions to |t| " 1 (GeV/c) 

are shown in Figs. 3(a) and 3(b). They confirm) earlier results in showing 

a simple exponential behavior for |t| < 0.4 (GeV/c) . There la no evi­

dence for a turnover in the forward direction. Indicating dominance of 

the non-flip holicity aapiitude at least at low aomentum transfer. Fits 

to the crosB section of the form 

— - Ae b t 

dt M 

have been made in the low t region and the values of A and b axe given 

In Table I. At both energies the w induced reaction slopaa are steeper 

than for the K" reactions, although the difference la less at the higher 

oo&antua. 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 CeV/c R - (Ag. - A^/CAg. + A^+) Is 

0.063 ± 0.067 whereas It Is -0.021 ± 0.059 at 11.5 GaV/c. Exchange 

degeneracy predicts R»0 and within errors this is satisfied at both ener­

gies. The integrated cross sections up to Jt] * 1 (GeV/c) are also given 

in Table I- They show a marked difference in energy dependence over this 



range with the K bean cross section falling touch nore rapidly than for 

the v bean. To quantify t*vU behavior the conventional paranetrisation 

a • pT̂ v has been used. Using our Integrated cross aectlons at 7 and 

11.5 ye find n - 1.18 ± 0.20 for n+

P -»• K V " and a - 1.61 ± 0.20 for 

*"p + «"E+. 

Part of the energy dependence arises fam the difference in t . at 

the two energies* in both eases t̂ . approaches tero aa the energy in­

creases, but this increaaea the low t phase apace available for the ir 

reaction and decreasea it for the K*. Xn an attempt to account for thia 

kinematic effect the exponential fit has been used to correct the Meas­

ured croaa sections by 

r° 
1 Ae b tdt . 
'•in 

This correction Increases the w cross section! by 3.8 and 1.4 ub at the 

two energies and decreases the K~ ones by 4.1 and 1,3 lib. Using the 

corrected cross sections the values of n are 1.24 1 0.20 and 1.57 i 0.20 

shoving the K~ onus section may have a slightly larger energy dependence 

than the n* even after corrections for the different kineaatlc regions. 

The only other group to •ensure this line reversed pair of reactions 

at two energies with the ease experisental technique Is a Kissing Baas 

experiment of Bergluni 

those presented here. 

Using our data at both energies for the I production reactions and 

parametrizing the cross sections in the iormi 
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an effective trajectory may be determined by each of the two reactions. 

They are shown in Pig. 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 xr's* 

The E polarization results, determined by measurement 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. Our 

increased statistics confirm the results of our earlier publication show­

ing non-zero 2 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 REACTIOKS t*P -*• K+Y*(138S) and K~p -• w~Y*(1385) 

The differential cross sections avc shown in Figs. 5(a) and 5(b). 

All have a turnover at low momentum transfer showing dominance of the 

helieity flip amplitude unlike £ production. The points have been fitted 

to the parametxlzatlont 

The fit Is shown in Fig. 5 and the values of Aj, Aj and b are given 

In Table II, The broad features of the energy dependence are very similar 

to those for Z production. At 7 Gev/c the value of b for the v 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 CeV/c, but a much smaller one at ll.S GeV/c-

Most of the eross section difference at ll.S GeV/c results solely from 



sections as before* a • pj_b» the values of n obtained are 1.12 ± 0.Z0 

for the ¥ reaction and 1*51 ± 0.20 for the K~ reaction. Corrections 

over at low t; they are also harder to correct for. However usin«i the 

parameters froa the above f i t o correction 

fcZ <A« • v - ^ -"di - £.0*'-**° 'b; 

aay be made. This auggests an Increase of 1*3 and 1.0 fib to the * cross 

sections at the two energies and a decrease of 2.1 and 0.6 lib to the K~ 

cross sections* The corrected cross sections yield a values of 1.13 i 0.20 

for the ir+ reaction and 1.43 * 0.20 for the K~ one. The results arc very 

similar to those obtained for the non-flip doalnated Z production. 

The polarization of the Y*(1385) i s obtained by a combined maximum 

likelihood f it to the V* and A decay distributions in terns of the trans-

vexaity density matrix elements. The method la described in another 

paper submitted to this conference. The results are shown in Fig*. 5(c) 

and 5(d). In neither reaction la there any significant evidence for non­

zero polarisation at either energy. While this agrees with strong 

exchange degeneracy predictions i t is also predicted an the basis of the 

additive quark at 

5. CONCLUSIONS 

He have measured the differential cross sections and polarizations 

for t and Y*(1385) production in line reversed reactions at 7 and 11.5 

GeV/c. The energy dependence la found to depend on the init ial state, 

and not on which hyperon la produced, or whether the production i s 
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non-flip or flip dominated. Our data show a much mora severe fall In 

cross section for the K~ induced processes with increasing bean •omentuft 

than for the ir ones. As a result, the cross section excess for the K~ 

reactions uhich has shown exchange degeneracy violations at lover energy 

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

Polarization measurements of the £ , which show reflection symmetry be­

tween the it and K" reactions at both energies* end of the i*» which show 

zero polarization for both energies* also support dominance in the pro­

duction process of exchange degenerate K*(690) vector and K*(1420) tensor 

trajectories for both the non-flip dominated £ and flip dominate T* 

production processes. 
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Reaction 
Momentum 
GeV/c 

4 2 ub/(GeV/cr b _, (Gev/c) 2 

0 » tot ub 

, +p . K + £ + 

7.0 397 ± 26 9.2 ± 0.5 41.5 ±4.7 

, +p . K + £ + 

11.5 246 ± 12 10.5 ±0.4 23.1 ±2.4 

K"p -• r~Z+ 

7.6 450 ± 40 8.2 4 0.7 60.0 ± 7.1 
K"p -• r~Z+ 

11.5 236 113 ").8 ± 0.4 27.0 ± 2.9 

Cross section integrated fron t - -1.0 to t . . Includes 10Z systematic uncertainlty. 



Integrated Cross Sections and Fit Parameters for » p •+ K V*(1365J 

and K"p * ir"Y*{1385). 

Reaction 
Hoaentun 

OeV/c ub/CCteV/cr 
*2 4 

ub/(GeV/c> 
b - 2 (GeV/e) 

t o e 
ub 

I + p * K+Y*(1385) 

7.0 14 t 5 596 1 104 7 . 1 t 0 .4 17..2 1 1.4 

I + p * K+Y*(1385) 

11 .5 10 t 3 326 ± 25 7 .0 t 0 . 4 7 .0 i 0 . 8 

K"p -v T~l!*<1385> 

7.0 25 t 6 554 ± 96 6.0 i 0 .4 21 .4 t 2 .4 

K"p -v T~l!*<1385> 

11.5 13 ± 3 362 ± 28 7.0 ± 0 .4 10 .1 ± 1.1 

Cross section integrated fro* t • -1.0 to t - . Includes 10% systematic uncertainty. 
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FIGURE CAPTIONS 

1. Acceptance a* a fimetlun of -t* for the reaction t p •*• K I at 

7 CaV/c. 

Z. Invariant M M distribution of the A» + system at It.5 GaV/c. The 

solid line la the result of the aaxlMtai llkelfhood fit. 

3. Differential cross tactions and Z polarisations for the reactions 

ir+p f K +E + and K~p * ir'l* at 7 and 11.5 GeV/c, 

4. Effective trajectories for the * +p + K I and K"p •+ *~E + reactions 

between 7 and 11.5 GaV/c. 

5. Differential cross P - « H O M and Y* polarisations for the reactions 

«*• * K+Y*<l3flS) « « K > + Or*U385) at 7 and 11.5 CeV/c. 
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