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1. INTRODUCTION 

_Tde present results in this paper from a model independent analysis 

of Y*(1385) production in the line-reversed reactions: 

"+p -f K+Y*+(l385) (1) 

K-p -t a-Y*+(l385) (2) 

at 11.5 GeV/c incoming momentum. In a Regge picture, the two reactions 

are expected to be dominated asymptotically by the exchange of the same 

two Reggeons: the vector K*(890) and tensor K**(1420). Exchange 

Degeneracy (EXD) of these trajectories implies equal cross sections for 

reactions (1) and (2) at the same value of the four-momentum transfer, 

t 111. The spin structure of the Y*(1385) is predicted by both exchange 

degenerate Regge poles andthe additive quark model. Our experiment was 

designed to test these predictions. 

Previous measurements of reactions (1) and (2) have mostly resulted 

from experiments done by different groups using different techniques [2-41, 

thus making comparisons difficult to interpret. The present experiment 

is the first one to measure, in a single detector, the complete decay 

angular distribution of the Y*(1385) for both reactions (1) and (2). We 

also measure the differential cross sections of the two reactions with a 

minimum of systematic differences between them. This paper is part of a 

continuing study of line-reversed hypercharge exchange reactions [5]. 

In the next section we give a description of the experimental 

technique, and in section 3 we describe the method used in extracting 

production amplitudes. The results are presented and discussed in terms 

of Regge phenomenology and the additive quark model in sections 4, 5, 

and 6. Our conclusions are summarized in section 7. 



2. EXPERIMENTAL TECHNIQUE 

Jhe experiment was conducted at the SLAC Hybrid Facility (SHF) [6], 

exposed to 11.5 GeV/c IT+ and rf-separated K- beams. The detector consists 

of the SLAC 1 m rapid cycling bubble chamber triggered by data from up- 

stream and downstream electronic counters. The electronic data was pro- 

cessed online by a Data General NOVA 840 mini-computer. The bubble chamber 

was operated during the experiment at rates of up to 15 Hertz. 

The facility combines the bubble chamber features of 4~r detection, 

excellent tracking efficiency and mass identification of slow particles, 

with the advantages of a large acceptance electronic system giving good 

momentum resolution and mass identification for fast forward particles. 

The setup is shown in fig. 1. 

The incident beam is measured in two Proportional Wire Chamber (PWC) 

stations,Pl and P2, two scintillation counters, Sl and S2, and an atmos- 

pheric pressure zerenkov counter. Each beam PWC consists of two orthogonal 

wire planes. 

The downstream system comprises three PWC stations, P3, P4, and P5, 

located in the fringe field of the bubble chamber magnet, a large aperture 

zerenkov counter , C2, and a scintillation hodoscope, 

station consists of three wire planes with angles of 

s3. Each downstream PWC 

o", 36' and 90° to 
V 

the horizontal. At the time this experiment was run, the Cerenkov counter 

contained ten mirrors and phototubes, which allowed a 3 m path-length of 

radiator gas, and was operated with Freon 12 and Nitrogen fillings at 

various pressures. The elements of the hodoscope were mounted just out- 

side the Eerenkov counter matching the ten mirrors inside. For the K- 

run, a pair of hodoscopes, S4 and S5, mounted behind 1 m of iron and with 
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another 10 cm of iron between them, was used to veto muons from K- decays 

in ftight. 

The electronic fast trigger for reactions 1 (2) was given by an 

incoming IT + (K-1 and a fast forward K+ (n-) as defined by pulse height 

analysis of the upstream and downstream zerenkov counters. Referring to 

fig. 1, the fast trigger was Sl*Cl*S2*c2*S3 for reaction (l), and sl*c1-~2*~2 

for reaction (2). For the T+ run, the trigger included protons as well as kaons. 

The fast trigger initiates the transfer of the data to the online 

computer. Since it takes three milliseconds for the bubbles in the 

hydrogen to grow large enough to be photographed, the triggering algorithm 

has time to examine up to two fast triggers from the same pulse before 

deciding whether or not to flash the lights and take the picture. 

The software decision was based on the following logic: 

The position of the incoming beam was defined by the upstream PWC 

stations. 

Downstream hits caused by non-interacting beam tracks were eliminated 

by projecting the incoming track into the downstream system using 

nominal values for the angles and momentum of the beam. 

The vertex coordinate along the beam direction was determined by 

intersecting the beam track with the downstream track in the non- 

bending plane. Combinations of hits giving vertices outside the 

fiducial volume were rejected. 

The momentum of the outgoing track was determined using the bending 

plane projections of those hits used to determine the vertex. The 

online momentum resolution was = 10% at 10 GeV/c. Tracks with 

momentum below the cutoff value were rejected. 
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The pulse height from the downstream zerenkov counter was required 

tz be consistent with the mass assumed for the triggering particle 

and the measured momentum. Because of the long radiator path-length 

signals from kaons and pions could be separated even when both were 

above threshold. 

For the K- run, the muon hodoscope was examined for corresponding hits 

in S4 and S5 to eliminate triggers from K- decays. 

This procedure allowed a substantial reduction in the number of 

pictures taken over an untriggered bubble chamber experiment (see table I). 

The experimental setup and the operating characteristics of the facility 

are discussed in detail in ref. [6]. 

The film was scanned for all events with a visible strange particle 

decay and the vertex was digitized. The events were measured in three 

views on precision measuring tables and reconstructed by our geometry 

program [7]. Tracks passing through the downstream system were constrained 

to fit the PWC data. The effect of this hybridization of fast forward 

tracks is illustrated in fig. 2 where the momentum resolution of tracks 

measured in the bubble chamber can be compared to the momentum resolution 

of the same tracks after requiring a complete fit to the bubble chamber 

measurements and the PWC data. The momentum resolution of hybrid tracks 

is = 1.5% at 10 GeV/c. 

Events belonging to processes (1) and (2) were selected from the 

fully constrained reactions: 

+ ++ np+Knh (3) 

-+ K-p -f n IT A (4) 
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The selected events were required to have the fast forward track recon- 

strutied in the downstream system and to give a seven constraint, two 

vertex, kinematic fit to reactions (3) or (4) with xfc< 35. The distri- 

bution of missing mass squared for events satisfying these criteria is 

shown in fig. 3. 

Less than 3% of the events have a missing mass above the 1~' thresh- 

old, indicating that we have selected a clean sample of fully constrained 

events. We have also examined the missing mass distributions of events 

associated with a visibleh decay in the chamber which fail the fits to 

reactions (3) or (4). From these distributions we estimate that the 

fraction of events lost from reactions (3) or (4), because they failed 

the kinematic fits, is less than 2.5%. 

We have determined the sensitivities of the T+ and K- exposures from 

measurements of the incoming flux corrected for various inefficiencies. 

The most important losses and their errors are given in table II. 

The fast electronics loss was estimated from the intensity of the 

incoming beam. For the nr+ exposure it also includes the loss of triggers 
V 

caused by pion pile-up in the downstream Cerenkov counter. 

The inefficiency of the downstream system comes from the proportional 

V 
chambers and the Cerenkov counter. PWC inefficiencies affecting the 

triggering algorithm were calculated by an offline track reconstruction 

program. This used raw PWC data which was recorded whether or not a 

picture was taken. Because of the dead time effect, the PWCs are less 

efficient in the beam region as illustrated in fig. 4. zerenkov 

inefficiencies were estimated from pulse-height distributions and the 

values of the trigger cuts. 
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The interaction probabilities of the incident and outgoing particles 

were Aalculated using the pion and kaon cross sections for the various 

materials in the beam. 

The decay probability of the outgoing kaon depends on its momentum. 

Therefore, + the events in the r sample were weighted to correct for this 

loss. The t-dependence of the K+ decay probability is shown in fig. 4. 

In the K- exposure, the flux was corrected for the incoming K- and out- 

going rTT- decay probabilities. 

The muon content of the X+ beam was known from an independent 

measurement. The hadron punch-through was estimated by running the IT+ 

beam into the muon filter, counting the number of hits in the hodoscope 

and correcting for the known muon contamination. 

The algorithm losses were estimated with a Monte Carlo method. A 

weight was applied to each event to correct for the loss of events 

at small momentum transfer caused by the "beam veto" feature of 

the algorithm (see fig. 4). 

Typical bubble chamber data handling losses, and losses caused byA 

decays outside the fiducial volume wereestimated by standard procedures. 

Losses caused by the finite efficiency of the hybridization program to 

match bubble chamber tracks to PWC data, were estimated by running the 

entire sample of events through two independent hybridization programs 

and comparing the results. 

In fig. 4, we show the momentum transfer dependence of the detection 

efficiency of the facility averaged over the mass of the Y*(1385). 

The geometricacceptance of the downstream system is 100% for Y*(1385) 

below 1 GeV2 momentum transfer. 
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All cross sections were corrected for the losses described above. 

The uncertainties inherent in these corrections yield a systematic error 

of f 10% in the normalization. However, the maximum relative uncertainty 

between the IT' and K- exposures is only 9%. 

In addition, we find small losses in theh sample, which affect some 

of the angular distributions. Such losses come from asymmetric vees in 

which one of the tracks (mostly r-) is too short to be measured properly 

and vees with a small opening angle which are misidentified as y conversions. 

These losses amount to ~3% and have been taken into account when fitting 

the angular distributions. 

The sample of events used in the present analysis is described in 

table I. The Dalitz and Chew-Low plots for the three particle final 

states are shown in figs. 5 and 6. It is apparent from fig. 5 that 

although there is abundant pChproduction in reaction (4), this process 

has negligible overlap with the Y*(1385). The distributions of AIT+ 

invariant masses are shown in fig. 7. The data show a strong Y*(1385) 

peak over a background level less than 10% of the signal. The mass 

resolution in the Y*(1385) region is 8 MeV/c2 @Wm. 

3. METHOD OF ANALYSIS 

We have made a model independent analysis of Y*(1385) production in 

reactions (3) and (4). The six independent variables which we choose to 

describe the four-particle final state are: t, the square of the four- 

momentum transfer from the beam to the fast forward particle (K' or 7~-), 

%Tx+, the invariant mass of the An+ system and 52, a set of four polar 

angles describing the cascade decay: Y* -+AIT+, A + pr'-, as defined below. 

For a fixed incoming energy and fixed region of momentum transfer, 
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we write the probability density function as an incoherent sum: 

@ = c 1 ‘BW1385(‘X a +)=W(s2) + C2*BW2 + C3*BW3 + C4 (5) 

where C i are constants, BWi are Breit-Wigner propagators and W(Q) is 

the complete decay angular distribution of the Y*(1385). The terms in 

C2 and C3 were included to describe the ~~=1700 GeV/c2 region. For the 

Y*(1385), weused a p-wave Breit-Wigner [8]: 

BW(m) = ;m 

2!L+1 

c > 
a2+p; 

r=r P .- 
O PO a2+p2 

(6) 

where m 0 and r 0 are the mass and width of the Y*(1385), p is the momentum 

of theA in the AIT+ rest frame, R is the orbital angular momentum of the 

AT+ system (!L = 1 for the Y*(1385)) and a is constant (we used a = .l GeV/c).* 

The decay angular distribution of the Y*was measured in the transversity 

frame defined with the z-axis along the normal to the production plane: 
h h h h h 
z = B x M where B is the direction of the beam and M is the direction of 

the system recoiling against + theAn . The y axiswas taken along the 

direction of the AT+ system in the overall center-of-mass frame. The A 

decaywas measured in the frame with i1 =i in the Y* rest frame and 

* Jackson [8] suggests a +t %rn for the A resonance. We found the fit ~ 

insensitive to the exact value of a, for a < .2 GeV. We used the value 

a = .l GeV, the same as in ref. [3]. 
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h h h 

Y’ = z x z’. With this choice of axes, the decay angular distribution of 

the Yh(1385) can be written as [3,9]: 

(7) 
M +?--+s- -2-2 

= +-(1 lb a cos e'> 

M ?i+' 
+1/-L- = -55 sin e'ee 
- 2+ 2 4?T 

where A is the transversity of the Y*(1385), u is the helicity of the 

A and a is the A decay asymmetry parameter (a = .647). The spin density 

matrix oAA,can be written in terms of transversity amplitudes T 
W as: 

pxx’ v = c TAV& (8) 

where v is the transversity of the incoming proton. This shows that the 

maximum rank of p is two. 

Parity conservation in the production process requires for the Y*(1385): 

T 
?JV 

= (-1) '-' Tuv 

This leaves four non-zero transversity amplitudes: 

T3/2 -l/2' T-1/2 -l/2' T1/2 l/2' *-312 l/2 

(9) 

(10) 
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The real and imaginary parts of the transversity amplitudes are parameters 

in the fit. This parametrization insures the positivity and proper rank 

of p. By relaxing the rank condition, we have verified that the data does 

not require a rank greater than two even when integrated over large 

intervals of momentum transfer. 

Measurement of the weak, parity violating decay of the A allows the 

determination of the complete Y*(1385) spin density matrix. In the trans- 

versity frame, because of relation (9), we can determine the absolute 

values of the four amplitudes and two of the relative phases. The over- 

all phase and the phase between proton spin "up" and "down" cannot be 

measured in this experiment. For convenience, the unknown phases were 

arbitrarily fixed by imposing Im T l/2 l/2 = Irn T-1/2 -l/2 = O. 

The one dimensional distributions of the four angles describing the 

full decay of the Y*(1385) in the transversity frame are obtained by 

integrating the decay angular distribution [7] over three of the four 

angles: 

W(cos e> = ; sin20 (T; 1 + Tf3 1) + -$ (1 + 3 c0s2e) (T: 1 + T2 -1 -1) 

w(4) = 5 - A- 
?T3 J I 

T3 -1*T-1 -. cos(2+ + +, -1) + TB3 yT1 1 c-(2+ + d’, -3) 

W(COS et)= + (11) 

WC@') = & - z ;(T; -1 - Tf3 1> + ;(T; 1 - Tfl -1) 
I I 

cos I$' 
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where T ij are the absolute values of the amplitudes and $.. are phase 
1J 

diffezences between the corresponding amplitudes. Here and below, the 

integer indices in T ik represent the corresponding transversities multiplied 

by two. These distributions were not used in the analysis, but are useful 

in interpreting the data (see fig. 8). 

The transversity frame is related to the s-channel helicity frame 

(i.e., z-axis along Y*) by a rotation R = (n/2, n/2, n/2). There are 

eight helicity amplitudes constrained by four linear relations: 

H = rl(-1) 
J1 -J2 -A1 + x2 

V2 
l H -x1 -x2 (12) 

where T-I is the product of intrinsic parities of all particles in the 

interaction. This leaves four independent helicity amplitudes: 

= c TTlT2* (i)rl -r2 + Al -~z*d:::l(ni2)*d:::2(r/2) 

r1r2 

(13) 

where 'c are transversities and X are helicities. 

To facilitate the discussion of results in section 5, we give here 

the explicit relations: 

H3 1 = H-3 -1 = + C-T3 -1 +fi T1 1 +6 Twl ml - T-3 1) 

H1 1 =-H-1 -1 = $ (+T3 -1 - T1 1 + Twl v1 -fiT-3 1) 

04) 

H-1 1 = H1 -1 = $ (fiT3 -1 + Tl 1 + T-1 -1 +fiT-3 1) 

H-3 1 =-H3 -1 = + (-T3 -1 -fiTI 1 MT-1 -1 + T-3 1) 
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The inverse transformation is: 

e 
*3 -1 = y 1, { (fi H1 - 1 HB3 1) - i(&Hml - 1 H3 1) 1 

T1 1 =$ I-$ 1 +flHF3 1> - i(H-1 1 +@H3 1) } 

(15) 

T -1 -1= 3 { (H1 1 +fiJJe3 1) - i(Hml 1 +fiH3 1) 1 

T -31=z ' C-(fiH1 1 - Hm3 1> - i(fiHwl 1 - H3 1> 1 

One can see from relation (14), that in the absence of the relative 

phase between transversity amplitudes, one cannot obtain individual 

helicity amplitudes. However, one can measure certain linear combinations 

of helicity amplitudes (so-called "mixed amplitudes") or the density 

matrix elements. We calculated the density matrix in the helicity frame, 

using fitted transversity amplitudes according to the rotation: 

(16) 

Where R = (IT/~, ~r/2, IT/~). The parity relations (12) insure that oH is 

symmetric about the second diagonal. 

We used the extended maximum likelihood method [lo] to estimate from 

the data the total amount of Y*(1385) production and the contribution of 

the four transversity amplitudes as functions of momentum transfer. We 

write the log-likelihood function as: 

N 
log L = c log wi -/; dr 

i=l 
(17) 

where N is the total number of events in the sample, and the integral is 

performed over the same region of phase-space as the one used to select 

the experimental sample. This method insures the normalization of each 
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amplitude over the phase-space region selected for the fit. All cuts 

imposed on the experimental sample,in order to eliminate the biased regions, 

are taken into account in calculating the integral. 

The maximization of the log-likelihood function was done using the 

program OPTIME [ll]. After each fit we have plotted the result of the 

fit on top of different experimental distributions and found good agree- 

ment with the data (see fig. 8). We have also verified that the results 

of the fits were not dependent on exact values chosen for the cuts on the 

data or the t intervals. The differential cross sections were alterna- 

tively estimated by a simple background subtraction, and the transversity 

amplitudes were also extracted by the method of moments. The different 

methods agreed within one standard deviation with the maximum likelihood 

analysis. 

4. DIFFERENTIAL, 

We measured 
7 

CROSS SECTIONS 

total and differential cross sections from fits in the region 

"xT+ < 2 GeV/c'. To obtain a good description of the mass spectrum up 

to 2 GeV/c2, we tried several parametrizations for the background. We 

obtained the best fit with a p-wave Breit-Wigner [8] for the Y*(1385), 

and two simple Breit-Wigner functions in the nap+ Q 1.7 GeV/c2 region, 

plus a constant phase-space term. 

The results for the Y*(1385) did not depend on the parametrization 

used for the background. The parameters of the Y*(1385) and the high- 

mass enhancements were determined from fits in the region I~+ < 2 GeV/c2 

and -t <1 GeV2. We found the mass and width of the Y*(1385) to be 

+ consistent within errors in the IT and K- reactions. In the final fits 

we used the average values: 

mO = (1.381 + .002) GeV/c2 and P = (.030 f .004) GeV/c2. (See fig. 7.) 
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With the mass and width of the Y*(1385) fixed, we have measured the 

diffe.r,ential cross sections by fitting the amount of resonance production 

in several t-intervals up to -t = 1 GeV2. The cross sections for reactions 

(1) and (2) have been corrected for the Y*(1385) +-An and A + p"- decay 

branching ratios (0.88 and 0.642, respectively). The results are shown 

in fig. 9 and the corresponding cross sections are given in table III. 

The two differential cross sections show a turnover in the forward 

direction suggesting that the Y* vertex is helicity flip dominated. The 

slopes of the two distributions are similar, but there are significant 

differences between cross sections at small It [. Most of the differ- 

ence between the T + - 
and K induced cross sections is of kinematic 

origin: Angular momentum conservation forces the helicity flip dominated 

cross section to go to zero at <tmin>= -.012 GeV2 in reaction (1) and at 

<tmin > = +.Oll GeVL in reaction (2), thus yielding different cross sections 

at small jtj. 

To describe this effect quantitatively, we did minimum x2 fits to the 

differential cross sections using the function: 

do dt = Ale bit b2t - A2(t-tmin)e (18) 

where A 1 and A 2 approximate the helicity non-flip and flip contritutions, 

respectively. After finding the best fit to the shape of the distribution, 

we normalized A 1 and A 2 so that the fit and the data would cover the same 

area. This renormalization changed the results of the fits by = 2.5%. 

The slopes bl and b2 were determined by the fit to be equal to each 

other within errors, and equal between the TT + 
and K- cross sections. For 

the final fits we fixed all slopes to the mean value b = (7.0 + .4) GeV -2 . 
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The fits give a good description of the data as shown in fig. 9. In 

partkular, the turnover in the forward direction is well described by 

eq. (18) supporting thus the kinematic origin of the difference in cross 

sections at low ItI between reactions (1) and (2). 

The values obtained for the parameters Al and A2, were as follows: 

Al = (9 f 4) pb/GeV2, A2 = (297 f 40) ub/GeV3 for reaction (1) and 

Al = (11 f 4) yb/GeV2, A2 = (350 t 46) ub/GeV3 for reaction (2). (The 

errors include the systematic uncertainty.) These values are consistent 

within errors with earlier estimates [5] which did not explicitly normalize 

the fit to the experimental distribution. 

One can approximate, in general, the phase difference 

vector and tensor amplitudes in line-reversed reactions as 

in the form [12]: 

<'OS @VT> = 
($gK- - (Q+ . 

(ggK- + (qr+ 

between the 

(1) and (2) 

(19) 

For the helicity flip dominated processes (1) and (2), this calculation 

is distorted by kinematic effects. 

To eliminate kinematic factors, we have calculated eq. (19) using 

the fitted values of A2 instead of cross sections. If the only difference 

between the rr+ and K- cross sections were due to the difference in t min' 

exchange degeneracy would predict this value to be zero. We obtained 

<cos $I~*> = .08 t .08 in good agreement with EXD predictions. 

The integrated cross section for reaction (1) is = 30% smaller than 

that for reaction (2), but our analysis indicates that half of the 

difference is due to the tmin effect. The remaining discrepancy is 

within the limits of systematic uncertainties in this experiment. We 



17 

conclude, therefore, that the equal cross section criterion is not a good 

test of exchange degeneracy in helicity-flip dominated processes. This 

conclusion is based on the shapes of the differential cross sections, 

reinforced by the results of fits with the function (18). The physics 

content of the parametrization (18) was independently confirmed by the 

results of the transversity amplitude analysis as described in the next 

section. 

5. AKPLITUDE ANALYSIS 

For the amplitude analysis,we made fits in the mass range ~7;t < 

1.55 GeV/c2. In this region an isotropic phase-space is adequate as 

background (C2 = C3 = 0 in eq.(5)). 

The absolute values of the four transversity amplitudes are shown as 

functions of t in fig. 10, and the real and imaginary parts of all 

amplitudes are listed in tables IV and V. Density matrix elements in the 

helicity frame are shown in fig. 11 and in tables VI and VII. 

If the two reactions (1) and (2) are produced by the exchange of two 

degenerate Regge poles, all helicity amplitudes would have the same phase. 

One would expect then, from eq. (15), that the transversity matrices for 

each of reactions (1) and (2) separately would be symmetric about the 

second diagonal. 

The additive quark model reinforces the up/down symmetry prediction. 

Assuming that the interaction occurs only through a single quark-quark 

scattering, amplitudes corresponding to changes of more than one unit of 

angular momentum along any axis are forbidden. For reactions (1) and (2), this 

implies (class A predictions [13]): T+3,2 Tl,2 = 0, Tl,2 l,2 = T -l/2 -l/2' 

These predictions can be inferred from eq. (15). The resulting decay 
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angular distribution is the same as that expected for a Ml -+ p 
312 

transition 

basetin vector-meson photon analogy [14]. 

These predictions are indicated as dashed lines in figs. 10 and 11. 

They are in agreement with the main features of the data for both reactions 

(1) and (2). 

The absolute 

T+3,2 ;l,2' which 

values of the quark model forbidden amplitudes 

are positive definite, are within one standard 

3 

deviation 

from zero for -t > .l GeVL. The only significant non-zero double-flip 

values are at small t, and are similar to those observed at 4.2 GeV/c in 

K-p interactions [31. This effect may be associated with a finite helicity 

non-flip contribution to the Y*(1385) vertex. At t=t min' all helicity 

flip amplitudes go rigorously to zero. Any remaining non-flip contribu- 

tion forces the transversity amplitudes to the values (see eq. (15)): 

I T I 1 
IQ- 

+3,2 ill2 = 8 ; I I 1 
/1 

T+1/2 f1,2 = 8 (20) 

in the forward direction. The trend in our data is in qualitative agreement 

with these values. In quark model language the non-zero values of T 312 -l/2 

and T-3,2 l/2 imply double quark scattering which is expected to contribute 

at small angles [15]. 

Additional confirmation of helicity non-flip contribution to the 

Y*(1385) vertex comes from the study of the differential cross section 

and the spin density matrix elements in the helicity frame. Fits to the 

Y*(1385) differential cross sections indicate a 16-20% helicity non-flip 

contribution. The s-channel helicity frame matrix elements shown in fig. 11 

(and in tables VI and VII) are also consistent with an increased non-flip 

contribution in the forward direction as seen in the larger value of pll 
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at low t values. We have verified that the effects observed in the 

forward direction in the transversity amplitudes and in the helicity 

density matrix elements agree in magnitude and t-dependence with the 

helicity non-flip contribution estimated from the differential cross 

sections. 

The double-flip amplitudes which show the strongest deviation from 

zero are the T3,2 -112 in reaction (1) and T-3,2 112 in reaction (2). 

This reflection symmetry for the line-reversed reactions is in agreement 

with weak EXD predictions. 

6. DISCUSSION OF RESULTS 

Previous measurements of reactions (1) and (2) have found a large 

difference between the ~~ and K- cross sections [2, 3, 4 1 (OK- 2 2 an+) 

implying strong violations of exchange degeneracy. In contrast, C+ 

production in the helicity non-flip dominated processes: 

+ ++ IT~+KC (21) 

K-p + r-C+ (22) 

has been shown to be in approximate agreement with EXD predictions [5, 161 

in our energy range. The cross sections are nearly equal for -t < .4 GeV2 

and the C polarization has the same magnitude, but opposite sign, in the 

two line-reversed reactions suggesting interference between two Regge 

amplitudes with degenerate trajectories but opposite signatures. Reactions 

(21) and (22) are expected to be dominated by vector and tensor exchange 

similar to Y*(1385) production in reactions (1) and (2). 

From our data we find that the helicity flip dominated processes (1) 

and (2) are in agreement with the predictions of degenerate Regge poles 

exchange, contrary to conclusions of previous experiments. To understand 
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this difference we will review some of the characteristic features of 

this experiment. 

Our experiment was done at a higher energy than most previous experi- 

ments, and we would expect the difference in cross sections between 

reactions (1) and (2) to decrease with energy. We also measured both 

reactions in a single experimental setup, thus minimizing systematic 

differences between the two exposures. 

In the hybrid facility, we measure the vertex, the incoming beam track, 

and all outgoing particles for reactions (3) and (4). The events are fully 
n 

constrained kinematically, giving good mass resolution (e.g., 8 MeV/cZ at 

= 1.4 GeV/c'), and very smallbackground under the Y*(1385) (see fig. 7). 

The largest systematic error in this experiment comes from the 

uncertainty in the overall normalization, i.e., + 10%. We have done an 

absolute determination of the sensitivity, rather than normalize to a 

previously measured cross section. 

In figs. 12, 13, and 14, we compare our cross sections for reactions 

Cl), (21, (20, and (22) to those of other experiments. We have included 

in these plots preliminary results from the same apparatus obtained by 

the Imperial College group [17] as well as preliminary results at 70 GeV/c 

[18] obtained at FNAL. It is apparent from all three figures that 

our cross sections are in agreement with most other experiments in the 

same 

cm 

energy range. 

We would like to point out that the energy dependence of reactions 

and (22) is consistent with degenerate vector and tensor K* exchange, 
7 

while reaction (1) has a shallower energy dependence at t = -.lO GeV-, 
n 

but not at t = -.25 GeVL. This suggests that the contribution of the 

helicity non-flip amplitude at the Y*(1385) vertex, which is quark model 
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forbidden, has a weaker energy dependence than the dominant helicity flip 

term Qo that the cross section drops off with energy slower at small ItI 

than at larger ItI values. However, this observation depends critically 

on the results at 70 GeV/c which are still preliminary [18]. The cross 

sections for reaction (2) are not inconsistent with the same energy 

dependence as reaction (1) if the variation of tmin with energy is taken 

into account. 

7. CONCLUSIONS 

We have measured the differential cross sections and full decay 

angular distributions of the Y*(1385) in the line-reversed reactions (1) 

and (2). In contrast to previous experiments, we find the predictions of 

degenerate vector and tensor K* exchange in agreement with the data, 

within the limits of systematic uncertainties. We would expect the 

agreement to be even better at Fermilab energies where kinematic effects 

would also become less important. 

The results of the Y*(1385) amplitude analysis are consistent with 

the results of similar studies at much lower energies [3, 91. The 

contribution of the quark model forbidden helicity non-flip amplitude in 

the forward direction as estimated from the differential cross section, 

can be associated with the double-quark scattering effects observed in 

the amplitude analysis. 
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Table I - Statistics of the experiment and cross sections. The error on 

the cross section includes 10% systematic uncertainty. 

Reaction Pictures Sensitivity 3- Events Cross Section 

(x106) (ev/ub) (I.lb) 

?~+p -+ K+Y*(1385) 1.2 279 936 6.5 + .7 

K-p + n-Y*(1385) .8 190 911 _ 9.6 _+ 1.0 

+ The difference from an earlier estimate [5] of the sensitivity comes 
from a more detailed evaluation of IT and K interaction probabilities in 
the material of the detector. 
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Table II - Values of typical losses used to correct the sensitivities of 

the two exposures. 

Losses 

Fast electronics 

co (%> 
11.5 + 2.0 8.0 I!Z 2.0 

Beam PWC 

Downstream PWC 

C2 inefficiency 

Interactions of incident 
or outgoing particle 

Kaon decay 

Muon contamination 
in the beam 

Hadron punchthrough 

Scanning* 

Measuring* 

Hybridization 

A decay 

5.2 k 2.0 7.2 f 2.2 

6.5 + 2.0 6.8 2 1.5 

2.0 It 1.0 1.5 Ii 1.0 

15.5 + 5.0 

6.0 f 1.0 

8.0 t 2.5 

--w----N__ 

3.4 I! 1.5 

2.8 

2.4 f 1.5 

6.7 t 1.9 

17.8 k 5.0 

5.2 k1.0 

--------__ 

8.5 I!Z 2.5 

3.0 XL 1.5 

2.5 

2.8 k 1.5 

7.2 t 1.9 

* Losses refer to the topology: 2 prongs, 1 V". 
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Table III - Differential cross sections at 11.5 GeV/c incoming momentum. 

Only statistical errors are given. 

-t 

(GeV2) 

-f K+Y*(l385) 

(vb/GeV2) 

-t IT-Y*(1385) 

(ub/GeV2> 

-.Ol, .02 

.02, .06 

.06, .lO 

.lO, .14 

.14, .18 

.18, .24 

.24, .30 

.3 , .4 

.4 , .5 

.5 , .7 

.7 , 1. 

11.7 + 1.8 

16.9 + 2.1 

23.2 t: 1.9 

16.9 + 2.1 

13.9 + 1.5 

12.1 +_ 1.4 

9.8 + 1.4 

4.4 + .7 

3.1 It .4 

.77_+ .16 

14.5 + 3.5 

21.3 f 3.0 

26.3 + 3.0 

23.8 + 3.1 

21.6 2 2.9 

18.3 I.? 2.1 

16.6 f 2.0 

11.9 z!z 1.3 

9.5 2 1.2 

3.5 It .5 

.91-+ .22 



Ta
bl

e 
IV

 
- 

Tr
an

sv
er

si
ty

 
am

pl
itu

de
s 

of
 

th
e 

Y
*(

13
85

) 
pr

od
uc

ed
 

in
 

th
e 

re
ac

tio
n 

"'p
 

-+
 K

 Y
 

+ 
*+

(1
38

5)
. 

3 
Th

e 
im

ag
in

ar
y 

pa
rts

 
of

 
Tl

l 
an

d 
T-

1 
-1

 
w

er
e 

ar
bi

tra
ril

y 
fix

ed
 

at
 

ze
ro

. 

-t 

(G
eV

2)
 

R
e 

T-
3 

1 
Irn

 T
-3

 
1 

R
e 

T-
1 

-1
 

R
e 

Tl
 

1 
R

e 
T3

 
-1

 
Irn

 T
3 

-1
 

-t 
m

in
' 

.0
6 

.2
1 

+ 
.1

9 
.3

9 
+ 

.2
0 

.0
6,

 
.1

2 
.2

6 
+ 

.1
2 

.1
9 

Ik
 .

13
 

.1
2,

 
.1

8 
-.1

5 
t 

.1
3 

-.o
o 

f 
.1

2 

.1
8,

 
.2

4 
.ll

 
t 

.1
3 

.0
3 

2 
.1

4 

.2
4,

 
.3

0 
.o

o 
!!I

 .
15

 
.1

2 
f 

.1
7 

.3
 

.4
 

, 
-.2

1 
f 

.1
7 

-.0
3 

+ 
.1

6 

.4
 

.6
 

, 
.0

9 
rt:

 .
18

 
.2

9 
r!r

 .
17

 

.6
 

,l.
 

-.O
l 

+ 
.2

7 
.2

8 
t 

.1
8 

.3
8 

+ 
.2

6 

.7
4 

+ 
.lO

 

.6
8 

t 
.lO

 

.5
3 

f 
.1

4 

.7
6 

+ 
.lO

 

.7
7 

f 
.1

2 

.8
3 

+ 
.0

9 

-7
6 

+ 
.1

4 

.8
1 

f 
.1

4 

.5
7 

2 
.1

2 

.7
0 

k 
-1

0 

.8
1 

f 
.lO

 

.6
3 

k 
.1

2 

.5
5 

f 
.1

2 

.4
6 

it 
.1

8 

.5
5 

+ 
.1

8 

-.0
5 

rf:
 .

48
 

.0
2 

k 
.5

1 

-.0
6 

+ 
-1

1 
.1

2 
k 

.1
3 

.0
9 

z!
z .

13
 

.1
4 

I?
 -

12
 

.2
0 

+ 
.1

6 
-.0

8 
+ 

.1
7 

E 
.O

l 
It:

 .
13

 
.0

8 
k 

.1
2 

-.2
2 

rt 
.1

6 
.o

o 
IL

- .
14

 

-.0
4 

f 
.1

4 
.0

6 
+ 

.1
2 

.0
2 

f 
.1

8 
-.1

7 
+ 

.1
6 



I 

29 

u l-l . 
+I 

: . 

2 . 
+I 
m d . 

u rl . 
+I 

5: . 

2 . 
+I 
\D b . 

2 . 
+I 
U 
t-l 

I 

: 
. 

+I 

u 
0 

I 

LD 
0 

. 

:s 

YE 

m 
I+ . 
+I 

2 . 

\D 
d . 
+I 

g . 

2 . 
+I 

% . 

z . 
+I 

z 
. 

$f 
. 

+I 

UT 
0 

. 
I 

2’ 
. 

+I 

41 

I 

ml 
rl 

. 

d 
0 

. 

cf . 
+I 

2 
I 

rl 
rl 

. 

+I 

2 
. 

m 
t-l 

. 

+I 

51 
. 

=I 
. 

+I 

E 
. 

2 
. 

+I 

2 
. 

b 
d 

. 

+I 

u-l 
rl 

I 

a3 
l-l 

. 

a 

: 
. 

2 . 
+I 

0 
m 

. 

2 
. 

+I 

;3 
. 

2 
. 

+I 

s 
. 

2 
. 

+I 

z 
. 

2 
. 

+I 

m 
d 

I 

\I) 
l-4 

. 

+I 

u 
CJ 

I 

u 
c\l 

. 

n 

2 
. 

m 
r-l 

. 

+I 

2 
. 

2 
. 

+I 

2 
. 

I- 
I-l 

. 

+I 

: 
. 

2 
. 

+I 

2 
. 

: 
. 

+I 

d 
. 

u 
N 

. 

fl 

s 
. 

I 

z 
. 

n 

s 
. 

b 
l-l 

. 

+I 

0 
m 

. 

Q 
I-l 

. 

+I 

2 
. 

41 
. 

+I 

m 
r- 

. 

2 
. 

fl 

s: 
. 

2 
. 

+I 

2 
. 

=1 
. 

+I 

\D 
0 

. 

u 
. 

n 

m 
. 

=f . 
+I 

z 

I 

2 
. 

+I 

E: 

I 

2 
. 

fl 

s 
. 

E 
. 

+I 

u 
b 

. 

2 
. 

+I 

;: 

I 

2 
. 

+I 

co 
0 

. 

0 
. 

n 

u 
. 



Ta
bl

e 
VI

 
- 

H
el

ic
ity

 
de

ns
ity

 
m

at
rix

 
el

em
en

ts
 

of
 

th
e 

Y
*(

13
85

) 
pr

od
uc

ed
 

in
 

th
e 

re
ac

tio
n:

 

"+
p 

+ 
~+

~*
+(

13
85

). 

-t 

(G
eV

2)
 

o3
 

3 
%

 
1 

R
e 

p3
 

1 
Irn

 p
3 

1 
R

e 
o3

 -
1 

Irn
 o

3 
-1

 
Irn

 p
1 

-1
 

Irn
 o

3 
-3

 

-t 
m

in
' 

.0
6 

.0
6,

 
.1

2 

.1
2,

 
.1

8 

.1
8,

 
-2

4 

.2
4,

 
.3

0 

.3
 

, 
.4

 

.4
 

, 
.6

 

.6
 

,l.
 

.2
6 

f 
.0

7 
.2

4 
f 

.0
6 

.1
6 

f 
.0

8 
.1

2 
f 

.0
8 

.1
8 

f 
.0

8 

.3
0 

t 
.0

7 
.2

0 
I! 

.0
5 

.O
l 

+ 
.0

6 
-.0

2 
f 

.0
6 

.2
1 

f 
.0

6 

.3
8 

?I
 .

08
 

.1
2 

I!z
 .0

5 
.0

5 
t 

.0
5 

-.0
4 

!I 
.0

5 
.1

5 
+ 

.0
6 

.2
8 

t 
.0

8 
.2

3 
2 

.0
8 

-.O
l 

* 
.0

9 
.0

9 
t 

.lO
 

.1
9 

?I
 .

08
 

.3
7 

+ 
.0

7 
.1

4 
f 

.0
6 

.0
7 

in
 .

08
 

-.0
4 

+ 
.0

6 
.2

1 
?I

 .
06

 

.4
8 

f 
.0

8 
.0

2 
f 

.0
7 

-.O
l 

+ 
.0

5 
-.0

5 
f. 

.0
6 

.1
9 

f 
.0

5 

.3
5 

f 
.0

9 
.1

5 
_+

 .0
7 

.0
9 

+ 
.0

6 
-.l

O
 

f 
.0

8 
.1

9 
f 

.0
6 

.3
4 

2 
.lO

 
.1

6 
t 

.0
8 

.O
l 

& 
.0

7 
-.0

8 
L 

.lO
 

.1
6 

& 
.lO

 

-.1
5 

f 
.0

8 
-.2

2 
f 

.lO
 

.ll
 

f 
.lO

 

-.O
l 

f 
.0

6 
-.0

9 
f 

.0
5 

-.1
5 

t 
.0

8 

.0
5 

IL
 .

05
 

.0
7 

t 
.0

6 
.0

8 
f 

.0
7 

-.0
3 

f 
.0

6 
-.0

3 
f 

.0
8 

.1
2 

f 
.0

8 
w

 
0 

-.O
l 

f 
.0

5 
.0

2 
z!

I .
07

 
-.0

5 
rt 

.0
6 

.O
l 

+ 
.0

8 
.O

l 
& 

.0
6 

-.1
2 

& 
.0

8 

-.0
4 

t 
-0

6 
-.O

l 
* 

.0
7 

-.1
8 

t 
.lO

 

-.1
4 

f 
.lO

 
.0

3 
t 

.0
8 

-.0
7 

+ 
.0

8 



Ta
bl

e 
VI

I 
- 

H
el

ic
ity

 
de

ns
ity

 
m

at
rix

 
el

em
en

ts
 

of
 

th
e 

Y
*(

13
85

) 
pr

od
uc

ed
 

in
 

th
e 

re
ac

tio
n:

 
f 

K
-p

 
-f 

IT
-Y

*+
(1

38
5)

. 

-t 

(G
eV

2)
 

p3
 

3 
pl

 
1 

R
e 

p3
 

1 
Irn

 p
3 

1 
R

e 
o3

 
-1

 
Im

 
o3

 
-1

 
Irn

 p
1 

-1
 

Irn
 o

3 
-3

 

-t 
m

in
' 

.0
6 

.2
9 

f 
.0

8 
.2

0 
+ 

.0
6 

.0
6,

 
.1

2 
.3

8 
k 

.0
7 

.1
2 

iz
 .

06
 

.1
2,

 
.1

8 
.3

7 
f 

.0
7 

.1
3 

I! 
.0

6 

.1
8,

 
.2

4 
.3

9 
2 

.0
9 

.ll
 

of
: -

06
 

.2
4,

 
.3

0 
-3

8 
f 

.0
6 

.1
3 

t 
.0

7 

.3
 

.4
 

, 
.3

4 
f 

.0
8 

.1
6 

f 
.0

8 

.4
 

.6
 

, 
.3

5 
t 

.0
8 

.1
5 

t 
-0

7 

.6
 

,l.
 

.3
4 

k 
.lO

 
.1

6 
k 

.0
9 

-1
1 

f 
.0

6 
-.0

7 
f 

.0
7 

.ll
 

t 
.0

6 
.1

8 
?;

 .
lO

 

.0
6 

f 
.0

7 
-.O

l 
+ 

.0
8 

.1
7 

* 
.0

5 
.lO

 
i7

 .
09

 

.O
l 

+ 
.0

6 
-.0

9 
+ 

.0
8 

.1
6 

t 
.0

5 
-.0

5 
I! 

.0
7 

.0
6 

+ 
.0

8 
-.0

6 
f 

-0
9 

.lO
 

f 
.0

8 
.1

4 
+ 

.lO
 

.O
l 

t 
.0

6 
-.1

2 
rf:

 .
08

 
.2

1 
+ 

.0
6 

-.O
l 

t 
.0

8 

.0
7 

* 
-0

7 
.0

5 
+ 

.0
6 

.2
1 

+ 
.0

5 
.0

5 
a 

.0
7 

-.0
5 

I! 
.0

6 
-.O

l 
f 

.0
6 

.2
2 

+ 
.0

6 
-.0

4 
-f.

 .
09

 

.lO
 

+ 
.0

8 
-.0

8 
f 

.lO
 

.1
5 

f 
.0

8 
.0

4 
r!Y

 .1
2 

.1
4 

f 
.ll

 
-.0

7 
rt 

.lO
 

.0
5 

k 
.0

8 
.0

3 
of

: .
08

 

.0
9 

f 
.0

9 
.O

l 
f 

.0
9 

.0
9 

5 
.1

2 
.0

4 
t 

.1
2 

E 
.0

7 
Y!

z .
09

 
-.1

6 
t 

.1
4 

-.0
2 

k 
.0

8 
.0

3 
rf:

 .
08

 

-.O
l 

k 
.0

9 
-.0

6 
? 

.0
9 

.lO
 

k 
.lO

 
-.0

2 
5 

.1
2 



32 

Figure Captions 

Fig. I? Layout of the SLAC hybrid facility. The rapid cycling bubble 
chamber is the cylinder shown in a cut-away drawing of its magnet body. 
Steel hadron filters used in the K- exposure are shown in front of S4 
and S5. The beam is incident from the left foreground. 

Fig. 2. Momentum resolution versus momentum of the fast forward track 
a) as measured using the bubble chamber only and b) after requiring 
a hybrid fit to the bubble chamber measurements and the PWC data. 

Fig. 3. Distribution of missing mass squared (MM2) calculated with 
unfitted quantities for events giving fully constrained kinematic fits 
to reactions 3 and 4. 

Fig. 4. Detection efficiency for reaction 3. Note the change of scale 
at t = -.20 GeV2. 

Fig. 5. Dalitz plots of K+T+ -+ or r 7~ versus /IT+ for reactions 3 and 4. 

Fig. 6. Momentum transfer squared versus the square of the I\r+ mass for 
reactions 3 and 4. 

Fig. 7. Distribution of the AIT+ invariant mass. The solid line represents 
the result of the maximum likelihood fit. 

Fig. 8. Decay angular distributions of the Y*(1385) produced in reaction 

*+p -f K+x+f with 0 and 4 are polar angles of thefl 

in the AIT + 
qT+ cl.55 GeV/c': 

rest frame and 8' and 41' are polar angles of the decay proton 

in the A rest frame. The solid lines are results of the maximum liklihood 

fit. 

Fig. 9. Differential cross sections of the Y*(1385). The lines are results 
of fits to reaction 1 (solid line) and to reaction 2 (dashed line). 

Fig. 10. Absolute values of the Y*(1385) transversity amplitudes. The 
dashed lines are prediction of the Stodolsky-Sakurai and the additive 
quark models. 

Fig. 11. Helicity density matrix elements of the Y*(1385). -The dashed lines 
are predictions of the Stodolsky-Sakurai and the additive quark models. 

Fig. 12. Momentum dependence of C+ production cross section at two fixed 
values of momentum transfer. Data points come from ref. [2, 5, 16-191. 

Fig. 13. Momentum dependence of the integrated cross section for Y*(1385) 
production. Data points come from ref. [2-4, 171. 

Fig. 14. Momentum dependence of Y*(1385) production cross section at two 
fixed values of momentum transfer. Data points come from ref. [2-4, 17, 181. 
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