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ABSTRACT

We have mepsured for the first time in one detector the couplete

decay angular dfetribution on Y* + Av, A > pa~ in the two line-reversed
reactions: \l+p + K'Y (1385) and K'p » W YN(1385). Our experiment was
eonducted in the SLAC 1 m rapid cyeling bubble chamber (15 Hertz) trig-
gered by electronic detectors and an online algorithw. The Extended
Haxizum Likelihood method was used to obtain the transversity amplitudea
of the Y*(1385). Our results are in good agreement with both the quark
wodel and Stodoleky=-Sakurai wodel predictions. Finite helicity non-fiip
econtributions at the ¥Y* vertex cbserved in our dota cap be mssociated
with double quark scottering in the forward direction.
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1. INTRODUCTION
We present in this paper results from 2 model independent analysis
of Y#{1385) production in the lime-reversed reactions:
»*p + K're2385) w
K p ~ v ¥4(1385) @
at two energles, 7 and 11.5 GeV/e.
The present experiment is the first one to meagure in a single detec~

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

reactions (I) snd (2). Some of the results rel to g

b2 10 the followtng

acy (EXD) predictions have been published elsevhere.
we present details of the amplitude structure of the YN(1185).

In the next section we give a short deseription of the experimental
technique and in Section 3 we desecribe the method used in extracting
production amplitudes. Tho results are presentod and discussed in terms
of the additive quark model and Regge pheaotenology in Section 4. Our

are d in 5.

1. EXPERIMENTAL TECHNIQUE

The experiment was conducted at the SLAC Hybrid Fuculty.z which
consiats of the SLAC | o rapid cycling bubble chamber (15 Hercz) crig-
gered by data from a downstrcam spectrometer. The electronic data was
processed online by a DGC-840 computer. The clectronic fast trigger was

given by an incoming n’ (k™) ond a fast forward K’ (s} as defined by

pulse height analysis of tho wpstream and
The triggering tvacks were roconstrueted anline using thirtcen planes of

Proportional Wire Chambers (PWC). The online algorithm triggered the
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bubble chasber camera lights ofter eliminating low momentum tracks, im
teractions outside the fiduciel volume and nonintcracting beam tracks.
For the K run, a u-hodoscope behind 1 m of iron was used o Teduce the
triggering rate from K decays., The experimental setup and the trigger
are discussed 1in more detail elscwhere.2s3

The film was scanmed for all events with a visible strange particle
decay. These events were measured in three views on precision measuring

tables and reconstructed by our geometry Tracks h

the dosmstream system were constrained to £it the PUC deta, giving a
momentim resolution of ~1.5%, Eventa belarging to resctions (1) and (2)
were identified by seven constraint kinematic fits at the primary and
@atrange particle decay vertices. The mass resolution of constrained
events 13 *8 MeV in the YA(1385) region.

The detector has +100% acceptance in the interval .02 < tain”t < N}
6ev% at 7 GeV/e and in the dncerval .01 < ¢ ~t < 1.0 eV’ at 11.5 CeV/e,
The amall angle loss is duc to the triggering algorithm which elimfnages
noninteracting beam tracks. The large angle limitstion is due to the

geometry of the detector. In addition, we find small losses in the A

esample, which bias gome of the angular distributions: asymoetric vees in
which one of the tracke (mostly n ) ie too short to be measured properly
and vees with a small opening angle which are misldentiffed as Y convere
sions. These losses amount to $3% and have been taken into account when
fitting the transversity amplitudes.
The sample of events used in the presemt analysis is duscribed in

Table I. The distributions of Av* invariant masses are shown In Fig. 1.
The data shows a strong Y#{1385) peak over a background level less than

10Z of the signal. -



3. METHOD OF ANALYSIS

We have wade a model indopendent snalysis of Y®(1385) production in
reaccions (') and (2). The six independent varisbles which wve chooge to
describe the four-particla final state are: t, the square of the four=
nomentum tranafer £rom the beam to the fast forvard particle (& or ),
Byt the invarisnt mass of the Ilr" system, and 2, a set of four podar
angles describing the cascade decay: Y* » h"', A+ pr7y as defioed below.

For a flxed incoming energy and fixed vegion of momentom transfur,

we urite the hability a» an sum of tvo
torns:

=GBy gle D) 4 C, (<)
where. Cy and C, ave constants, IH(-.“.,) 1z a Brelt-Wignar propagator and
W(Q) is the 1 decay 1 of the T*(1385). For the

Brait=Wigner function we un":

) o B L
= (-2_-20)1 + |;‘;"2

2,2 @
rer, (E%)zul . az_*pg
a%4p’
whare my and T, ate the mams and width of tho Y*(1385), p is the mosentum
of tha A in the Y* rest frame, & is the orbital angular womantumw of the
M* aystem (eel for tho Y#(1385) and a 1s constant \wb ave umed aw,) Ga¥).
The decay angular distribution of the T* iu in the

frame defined with the 2 axip along the novmal to the production plans
Bl whore B 1s the diraction of tho beam and M {s the directaon of the
system rccofling against the Au"'. The y axis ie taken along the direce
tion of the Az cystem in tho overall cencer-of-mass frame. The A decay
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16 measured 1n the frame with 2'<h in the YW rest frame and y'epsz’.
¥ith this choice of axes, the decay angular distribution of the Y®(1385)

can be written as>*;

v = £ o2 2a4.000302, 0,000, 00900,
A
¥y, © 258 * acos 87) 6
3 o +1¢*?
u:lﬁl; bl = siné &
whera A i3 che traasversity of the Y*(1385) and u ie the helicity of the
A snd a 18 the A decay asymvetry parameter (u=.647). The spin density

matrix p“ can be written in terms of transversity amplitudes Tu ass

Pyg " % T (6)

where k ia the ty of the proton. This shows that the

aaxisun rank of p is two.

Parity conservation in the production process requirea fur the

T*(1385):
1-j
T“ = (-1) 'l'u )

This leaves four son-zero transversity amplitudes:

Tz -vz feyz -vz Tz oy Tanan @
The real 2nd imagiuary parts of the transversity asplitudes are parameters
4o the fit. Thie zation the 1ty and proper rank
of 0. By the rank ve have verified that the data

does not vequire @ rank greater than two even when iategrated over large
of
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From the ducay angular distributiond, we can detemino the absolute
values of the four amplitudes and two of the volative phases. The aver-

all phase and the phase between protom spin “up” and "down™ canmot be

1a this The unk phases vece fixed by lwposing
LV RV I A RV NV SR
We use the extended maxioum likelihood method’ to catimate Erom the

data the total smount of Y&(1385) and the of the

four sity litudes ag £ ol fexr, We

write the log-likellhood function as:
N

lnsl-’gllﬂsul-futh )
vhere N is the total numbher of events {n tho sample and tho integral is
porforzed over the same ragion of phase-space as the one used to select
the experimental sample. This method insurcs the normalization of each
gmplitude over the phase-space region selceted frr the fit. All cuts im~
posed on the experimental sample in order to eliminate the biased regions
are taken inte gecount in calculating the integral.

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

progran ormm.’ After each {3t we have plotted the vesult of the fit on

top of diff 1 and found good agreewent with

the data (aes Fig. 2).

After each £it ve also ealculated the spin polarization of the
Y#(1385) in the transveraity frame and spin density matrix elements in
the s-channel helicity frame. We define the polarization of 8 stata with

toptal angular momentum J as:

1
By=3 r L (10}
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whora @ 16 the projeccion of J along the quantization axis. The helicity

o7 matrix were calcul from the transversity dengity

matrix according to the rotation:
L - 3/2 3/2,0y, T
by ™ L Doy CRIDyERYGT,
1,3 .
where R = (n/2, 3/2, %/2). All errors were calculated by propagation of
the complate covariance matrix.

4. RESULTS OF THE AMPLITUDE ARALYSIS

The fite d bed in the 1 ion are

pasred to the ko

mass di in Fig. 1. To obtain a good description of

the mags epectrum up £o 2 GeV, wc tried several pavametrizations for the
background. The one shawm in Fig. ! includes two simple Breit-Wigner
functions i the m, . ~ 1.7 GeV rcgion. The results for the Y%(1385) do
not depend on the parsmatrization used for the background.

For the amplitude anulysis, we have selected the mass range
IA o < 1.55 GevV, In this regian an isotrapic shase-space as glven in
Bq. (3) is an adequate background.

The absolute values of the four tranaveraity amplitudes are shown
for reactions (1) and (2) at 7 GeV/c in Pig. 3(a) and at 11.5 GeV/c in
Pig. 3(b).

The Stedol 9 and addi quark mdelsm predict for each

of reactions (1) and (2) independently that double=flip

amplitudes T:/z an 1'_3’2 W= 0 and that the remaining two asplitudes
should be equal (Ty;, 179 = Tysp 12
Theae predictions are indicated as dashed lines in Fiz. 3. The data

for both reactions and at both cnergies are in agrasemen: with quark model
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predicti The symmetxy of the ¥%({1385) spin density
matrix about the gecond diagonal, s also In agreemeat with strong EXD
predictions.

The only significant non-zero double-€lip values arc at small t in
the 11,5 GeV/c data similar to vhat has been observed at 4.2 GeV/c in

6

K'p interactions.” This effect may be assoclated with a finfte helicity

non-flip contributjon to the Y#(1385) verrex. At t= all helicity

*nin
flip amplitudes go rigorously o zero. Any remaining non-flip contribu-

tion forces the transversity amplitudes to the values:

e f3; - 1
ooz 1yl = (B szl =35 Tz yyal = 1z cyggl =

in the forward directlon. The trend in our data 18 in qualitative agree-
ment with thase values, In quark model languoge the non=gern values of
TJ/Z _12 and t-JIZ 12 imply double quark scattering which is expected
to contribute at small nngles-” The 7 GeV/e data, Lowever, show no

departure from simple quark model d: in the fi [}t

but do not rule out the behavior scem at 11.5 GeV/c and 4.2 GeV/c.
Additionni comfirmation of helicity non-fl1ip contribution to the
T*(1385) vertex cowes From the atudy of the diffarential crose section
and the spin density matvix elementd In the heiicity [rame. Fits to the
Y*(1385) differeantiol croes scctions Indicate a 16-20% holicity non-flip

contribution, ' 12

The s-channel helicity frame matrix clements shown in
Fig. 4 are also congistent with an increased non-flip contribution in the
forvard direcrion ag #eon in the larger value of py, at low t valuea.

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

the transversity amplitudes 3nd In the helicity denmity motrix clements
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agree in magnitude and t-dependence with the helicity non-flip contribu-
1 1

tion estimated from the di 1al cross
The dovble-flip amplitudes which show the strongest deviation irom

sero are the T, -11!' in reac:ion [43] aM T_377 172 1@ Teaction (2).

This reflection symmetry for the lifie-re ins 13 in

with weak EXD predictions.

5.  COHCLUSION
Ve have & =odsl awmplitude analysis of Y#{1385)
in two 1i ] (1) and (2) at 7 and 11.6 GeV/c.

Qur vesults indicate chat the quark model and exchange degeneracy pre-
dictions are in agreement with the main features of the data. Rowever,
small viclations are observed at low momentum transfer. While the ¥*(1385)
vertex is helicity flip dominated, the nonvanishing of ’:/z -1/2 and

T-SIZ 172 suggests soma finite henc’!.r.y non-flip contribution in the for-

ward direction.
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TABLE 1

The number of events assigoed to reaction (1) and
€2) at 7 and 11.5 CeV/e.

Reaction 7 GeV/c 11.5 GaV/c
*p + hee(1365) 509 93
Kp + % Y#(1365) 656 911

PIGURE CAPTIONS

1.

2.

3.

mass d: ibucion of the pnt system: {a) at pbenn'.’ CeV/e
and (b) at pbm-ll..'t GeV/c. The solid lines are the results of

maximum 1ikelihood fits deseribed in the text.

Angular distributions of the cascade decay: Y + An+, Awopn,

4o the region L 1.55 GeV, =t < 1 a-v’. The data come from reac-
tion (1) at (1.5 GeV/c. The solid lines are the results of fits.
Sinilar distributions arc obtained from the other reactions.

Abeolute values of the Y#(1385) transversity amplitudes as function

of momentum transfer: (a) at "benm'7 GeV/c and (b) at [ m-ll.s
GcV/c. The daghed lines are quark model prediction.

Density matrix elements of the Y#(1385) in the s-channel helicity

frame as

of fer: (a) ac pb“ﬂ-7 GeV/c and
(b} at Ppenn-il:5 GeV/c. The dnshed lines are quark model predic-

tions,
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