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ABSTRACT 

He have measured for the f i r s t time i n one detector the complete 
decay angular d i s tr ibut ion on Y* * An, A -*• pn~ in the two l ine-reversed 
react ions; n + p * K Y*(13B5) and K~p -* ir~Y*(1385). Our experiment was 
conducted in the SLAC 1 m rapid cycling bubble chamber (15 Herts) t r i g 
gered by e l ec t ron ic detectors and an onl ine algorithm. The Extended 
Maximum Likelihood method was used to obtain the transvers i ty amplitudes 
oC the Y*(1385). Our r e s u l t s are in good agreement with both the quark 
modal and Stodoleky-Sakurai model pred ic t ions . F in i te h e l i c i t y non-fi ip 
contributions a t the Y* vertex observed i n our data can be associated 
with double quark scat ter ing in the forward d i rec t ion . 
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1. INTRODUCTION 

We p r e sen t In t h i s paper r e s u l t s from a model independent ana ly s i s 

of Y*(1385) production in the l i ne - r eve r sed r e a c t i o n s : 

H + P t- K*V*(1385) (1) 

K~p * w~Y*<1385) (2) 

at two energies, 7 and 11.5 GeV/c. 

The present experiment is the first one to measure in a single detec

tor the complete decay angular distribution of the Y*(1385) for both 

reactions (I) and (2). some of the results relevant to Exchange Degener

acy (EXD) predictions have been published elsewhere. * 2 In the following 

we present detail* of the amplitude structure of the Y*(1385). 

In the next section we give a short 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 the additive quark model and Rcggc phenomenology in Section 4. Our 

conclusions arc summarized in Section 5. 

2 . EXPERIMENTAL TECHNIQUE 

2 The experiment was conducted at the SLAC Hybrid Facility* which 

consists of the SLAC I m rapid cycling bubble chamber (15 Hertz) trig

gered by data from a downstream spectrometer. The electronic data was 

processed online by a DCC-840 computer. The electronic fast trigger was 

given by an Incoming ir (K~) and a fast forward K (***) as defined by 

pulse height analysis of the upstream and downstream Ccrcnkov counters. 

The triggering tracks were reconstructed online using thirteen planes of 

Proportlon.-il wire Chambers (PWC), The online algorithm triggered the 

.*!..- r 1=--1-: ; :-IITLD ** 
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bubble charter camera l i g h t s a f ter e l iminating low momentum tracks , i n 

terac t ions outside the f i d u c i a l volume and noninteracting beam tracks. 

For the K run, a u-hodoscope behind 1 m o f Iron was used to reduce the 

tr igger ing rate from K" decays* the experimental setup and the tr igger 

a t e discussed i n more d e t a i l elsewhere. * 

The fi lm was scanned for a l l events with a v i s i b l e strange par t i c l e 

decay. These events were measured in three views on prec is ion measuring 

tables and reconstructed by our geometry program. Tracks passing through 

the downstream systea were constrained to f i t the IV'C data, g iv ing a 

momentum resolut ion of 'vl.SX, Events belonging to react ions ( l ) and (2) 

were ident i f i ed by seven constraint kinematic f i t s at the primary and 

strange par t i c l e decay v e r t i c e s . The mass reso lut ion of constrained 

events i s ±8 HeV In the Y*(1385) region. 

The detector has -\>100X acceptance i n the Interval .02 < t . - t < .4 

Cev 2 at 7 GeV/c and in the Interval .01 < t ^ - t < 1.0 GeV2 a t 11.5 C*V/c, 

The small angle lo se I s due to the triggering algorithm which e l iminates 

aoninteracting beam tracks. The large angle l imi ta t ion i s due to the 

geometry of the detector. In addit ion, we find snai l l o s s e s in the A 

sample, which bias some of the angular d i s t r i b u t i o n s : asymmetric vees in 

which one of the tracks (mostly ir~) Is too short to be measured properly 

and vees with a small opening angle which are mis 1 dentil!i»d as T conver

s ions . These l o s s e s amount to i'iX and hove been taken into account when 

f i t t i n g the transveraity amplitudes. 

The sample of events used in the present ana lys i s i a described in 

Table 1. The d is tr ibut ions of A* invariant masses are shown i n Fig . t . 

The data shows a strong Y.M1385) peak over a background l e v e l l e s s than 

10X of the s igna l . 



3. METHOD OF ANALYSIS 

We have utade a nodel independent analysis of Y*(138S) production In 

reactions i?) and (2). Tho six independent variables which wa choose to 

describe the four-particle final state i n ; t , the satiate of the fow-

nDsetitum transfer froa the beaai to the fost forward particle <K+ o t i " ) , 

« A l f + , the invariant •*•» of the AT* systen, and Q» a set of four polar 

angles describing the cascade decay: Y* •* As , A •*• p»*\ as defined below. 

For a fixed ineoning energy and fixed region of aonentoa) transfur, 

we write the probability density function aa an incoherent sua of two 

tenu: 

u " C l ' W l M 3 < V + ) , U ( q > * C 2 < 3 > 

where Cj and C2 are constants. Btf(«^+) in a Srelt-tfigner propagator and 

W((l) is the complete decay angular distribution of the T*(1385). For the 
A 

Bralt-Wigncr function we use : 

nw<«> • 

(«) 

°(PO) . V 
where su and r* are the aaaa and width of tho Y*(1385), p is the amentum, 

of the A In the Y* rest frame* t la the orbital angular taomentum of the 

Ai* system <t*l for the Y*<138Sft and a la constant \jdr avo used s-,1 CaV). 

*he decay angular distribution of the Y* iu Matured in the transverslty 

frame defined with the a axis along the normal to the production planet 

z«B"M where D It the direction of the bean and M ia tho direction of the 

systen recoiling against the An . The y axis i s taken along the direc

tion of the A** cyntcn In the over-nil cencer-oNmass frame. The A decay 



le Measured In the frame with 2*=A In the Y* rest fraae and y'-zxc*. 

With this choice of axes* the decay angular distribution of the Y*(i385) 

can be written as * ; 

where X i s the traasversity of the Y*(1385) and u is the helicity of the 

K and a is the A decay asynaetry parameter (o-.647). The spin density 

matrix pj- can be written in terms of transverslty amplitudes T.. ait 

"«- £ VJk <6> 
where It i s the transverslty of the incoming proton. This shows that the 

aaxiaua rank of p is two. 

Parity conservation in the production process require! fur the 

T*(13BS): 

hi » <-«^ J T « <7> 
This leaves four non-zero transversity amplitudes: 

T 3/2 - i /Z' T - I /2 -1/Z» T l / 2 1/2' T -3/2 1/2 *8* 

The real and imaginary parts of the transversity amplitudes are paraneters 

In the f i t . This parauetrization insures the posltlvfty and proper rank 

of o. 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 noaentua transfer. 
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From the ducay angular distrLtaitians* we can detemino 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. The unknown phases were fixed by imposing 

l B T l / 2 1/2 " I o T - l / 2 -1/2 " °* 

We use the extended maximum likelihood method to estimate froa the 

data the total mount of **(13K) production and the contribution of the 

four transversity amplitudes as functions of momentm transfer. He 

write the log-likelihood function as: 

N -
log L • y\ log a. - f u dx (9) 

1-1 * J 

where N is the total nunber of events In the sasple and the integral Is 

perforced over the some region of phase-apace as the one used to select 

the experimental sample. This method insures the normalization of each 

amplitude over the phase-space region selected for the fit. All cuts im

posed 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 OPTIHE. After each fit we have plotted the result of the fit on 

top of different experimental distributions and found good agreement with 

the data (see Pig. 2). 

After each fit we also calculated the spin polarization of the 

Tf*(1385) In the transverslty frame and spin density matrix elements in 

the s-chaonel heliclty frame. Ve define the polarization of a state with 

total angular momentum J as: 
' J - J ^ ' " - C l 0 > 
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where a I s the project ion of J s lang the quantization a x l e . The he l i c i cy 

density s n t r i x elements were calculated from the transversity density 

matrix according to tho rotat ion: 

p » £J D ° i ( _ R ) * D i n ( M p » J 
where K • (* /2 . * / 2 , * / 2 ) . A l l errors were calculated by propagation of 

the complete eovaxianee matrix. 

4 . RESULTS OF THE AMPLITUDE ANALYSIS 

The f i t s described i n the previous flection are compared t o the An 

invariant mass d i s tr ibut ions i n Fig. I . To obtain a good descr ipt ion of 

the BOSS spectrin up to 2 GeV» we tr ied severa l paramatrizatlons for the 

background. The one shown i n Fig. 1 includes two simple Breit-tfigner 

functions in the m.^, -v 1.7 GoV region. The resu l t s for the Y*(1385) do 

not depend on the paramatrization used for the background. 

For the amplitude a n a l y s i s , we have s e l e c t e d the mass range 

• ^ < 1.5S GeV. in t h i s region an i so tropic ^hase-apace a s given i n 

Eq. (3) i s an adequate background. 

The absolute values of the four transvers i ty amplitudes are shown 

for react ions (1) and (2) a t 7 CeV/c i n F ig . 3(a) and at 11.5 CeV/c in 

Fig. 3 ( b ) . 

The Stodolsky-Sakurai and addit ive quark models predict for each 

of reactions (1) and (2) independently that double- f l ip transvers i ty 

amplitudes T«y 2 _ i / 2 " T - 3 / 2 1/2 " ° a n < * t h a t t R e * e m a l n * n 8 tv» amplitudes 

should be equal <?m m - T - ! / 2 _ 1 / 2 ) . 

These predictions are indicated as dashed l i n e s i n Fig. 3 . The data 

for both reactions and at both energies are In agreement </ith quark model 
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predictions. The approximate symmetry of the Y*(1385) spin density 

matrix about the second diagonal, is also in agreement with strong EXD 

predictions. 

The only significant non-zero double-flip values are at small t in 

the 11.5 CeV/c data similar to what has been observed at 4.2 GeV/c In 

K~p interactions. This effect may be associated with a finite heliclty 

non-flip contribution to the Y*U385) vertex. At C«t_.n a l l helicity 

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

tion forces the trensversity amplitudes to the values: 

' T -3 /2 1/2' " 1*3/2 -1/2 ' e ^ : ' T l / 2 1/2* " ' T - I / 2 -1/2* " *8 

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

ment with thuse values. In quark model language the non-sero values of 

T3/2 , f, and T »._ 1/2 i ^ i y double quark scattering which Is expected 

to contribute at small angles. The 7 CcV/c data, however, show no 

departure from simple quark model predictions in the forward direction 

but do not rule out the behavior seen at 11.5 GeV/c and 4.2 GeV/c. 

Additional confirmation of helicity non-flip contribution to the 

T*(1385) vertex cones fron the study of the differential cross section 

and the spin density matrix elements in the hullclty fromu. Fits to the 

Y*(138S) differential cross sections indicate a 16-2OT holicity non-flip 

contribution. * The d-chamwl hellcity frame matrix elements shown in 

Fig. 4 arc also consistent with nn increased nan-flip contribution in the 

forward direction as aeon in the larger value of pjj at low t values. 

We have verified that the effects observed In the forward direction in 

the transversity amplitudes and In the hclicity density matrix elements 
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agree in Magnitude and t-dependence with the helicity non-£lip contribu

tion estimated from the differential cross sections. 

The double-flip amplitudes which show the strongest deviation Iron 

aero are the T . . . _-^2 in. reaction (I) and T , . . . . . l n reaction (2). 

This reflection symmetry for the line-reversed reactions i s in agreement 

with weak EXD predictions. 

5. CONCLUSION 

He have performed a modal independent amplitude analysis of T*(1385) 

production in two line-reversed reactions (1) and (2) at 7 and 11.6 GeV/c. 

Our results indicate that th« quark model and exchange degeneracy pre

dictions are in agreement with the main features of the data. However, 

small violations ate observed at low momentum transfer. While the Y*(L385) 

vertex la hellclty flip dominated, Che nonvanishing of TJ.J _ j , , and 

T . . . i/2 >uSgestB some finite helicity non-flip contribution in tha for

ward direction. 
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TABLE I 
The number of events assigned to react ion (1) and 
(2) a t 7 and 11.5 CeV/c. 

Reaction 7 GaV/c 11.5 CeV/c 

w + p •* K+Y*(1385) 509 936 

K~p -* ff"Y*(l385) 656 911 

FICURE CAPTIONS 

1. Invariant mass d i s t r ibut ion of the An system: (a) a t P b c a a " 7 GeV/c 

and (b) a t p. m * 1 1 . 5 GeV/c. The so l id l i n e s are the r e s u l t s of 

maximum l ikel ihood f i t 6 described in the text* 

2. Angular d is tr ibut ion* of the cascade decay; f* •+• An ,11 + pn~. 

In the region o . < 1.55 CeV, - t < 1 CatT. The data cone from reac

t ion (1) a t 11,5 GeV/c. The s o l i d l i n e s are the r e s u l t s ot f i t s . 

S in i lar d is tr ibut ions aro obtained from the other react lane, 

3 . Absolute valuta of the Y*(1385) transvers i ty amplitudes as function 

of momentum transEcri (a) a t p. - 7 GeV/c and (b) a t p, « l l . S 
"pcam * Fbeam 

GcV/c. The dashed lines are quark model prediction. 

4. Density matrix elements of the Y*(13B5) in the s-channel belicity 

frane as functions of momentum transfer! (a) at p -7 GeV/c and 

(b) at Pt, e s o
3ll*5 GeV/c. The dashed lines are quark model predic

tions. 
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