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ABSTRACT

An explicit calculation of the probability distributions of the
particles Zmm from Z(1660) decay has been performed. The model for

the decay process is described and the result of the computation is given.
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INTRODUCTION

A model for the decay of the Z(1660) into a X and two T's is
described here. It has been constructed for use in an experimental study1
of the decays |

(1660)T - =tntn” (1)
£(1660)" » =7t a ", 2)

The computation of the relevant distributions is an application of
the Jacob and Wick formalism2 and of Jackson's3 expression for the
shape of the resonances.

Only the relative distributions of the Zi, n*, and nt particles
from the 2‘4(1660)+ decay are of interest here. The distributions of the
(Z)Tm)+ configuration with respect to the other particles involved in the
2(1660) production reaction depend on the production process; vtherefore,
their prediction would require further assumptions concerning the pro-
duction process. Moreover, once a production process is assumed, the
density matrix for the Z£(1660) would most likely vary with production
angle and beam momentum, and the analysis of our sample of events,
obtained at different beam momenta and different production angles,
would be complicated considerably. We limit ourselves to the distribu-
tions of the decay quantities, i.e., the decay particles with respect to
each other; these distributions are independent of the Z£(1660) density
matrix and therefore independent of the production process, beam mo-

. » 4 . . .
mentum, and production angle. Our computation is made using a

density matrix equal to unity.
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BASIC HYPOTHESES

a) The Z(1660) spin is suppbsedz to be 3/2 as determined from an
Adair 'analysvi‘SS of our Z(1660) events produced in the most backward
direction in the c.m. system.1 Thé two cases of ﬁarity (positive and
negative) are considered so that we could compai‘e both predictions to
the distribution of real eveﬁfs and détermine the Z(1660) parity.

b) The decays (1) and (2) are assumed to occur via processes in-
volving (EW)O states of spin—lparity 1/2— and 3/2+ only, namely,
I. The A(1405), Withé spin—parity 1/27, has been shown'7 to play a
dominant role in decay (1) and therefore in dc—;cay (2) by isospin arguments.
11. A non-resonant (Z7) state of isospin 1, spin-parity 1/27, as seen
by ¢I—E[Utrn.phrey and Ross, 8 can be expected to contaminate the A(1405)
resonance, |
1II. Finally, the 3':/2+ 2(1385) is an established (Zm) state’ and cannot
be ignored. ‘

More elaborate models can be considered but we limit ourselves

only to well—establishéd (=m) systems for simplicity. It is found1 that
this model fits the data if the Z(1660) parity is negative; it does not fit

if positive parity is assumed.

COMPUTATION OF THE TRANSITION MATRIX
Let my e and ms, be the z component of the spin and the Z(1660)
and of the Z particle, respectively. The matrix elements T s
- o S Mr 1660
form a 2X4 transition matrix T that is a function of the configuration of the

particles. The probability per unit of phase space for a given configura-

tion is proportional to
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1 +
F = 7 Trace of {rT"} , (3)
because we used a Z(1660) density matrix equal to unity.

Each process k corresponding to a given (Z7)° state leads to

the computation of a transition matrix Tk and

T:Z T, . (4)

k

Because there are two (Em)° states in decay (2) and only one in
decay (1), there are twice as many states k to bAer considered in decay
(2) as in decay (1). Also, a factor 1/& must be introduced for Bose
sy.mmetry in decay (2).

Each matrix Tk can be computed by multiplying a function Gk’
which includes the Breit-Wigner form and the momentum barrier terms,
by a.n angular correlation term derived from a direct application of the
Jacob and Wick formalisrn.Z For the process involving the decay
Z(1660)—> Z(1385) + m, only the lowest allowed partial wave is considered,
i.e., s-wave (p-wave) when negative (positive) parity is assumed for

the Z(1660).

RESULT OF THE COMPUTATION FOR DECAY (1)
We first define the 2(1660) Breit-Wigner function

1

W = )
1660 Y
M - MO -1 -—Z-

(5)

where M refers to the mass of the (23’1T1T)+ system, M0 the central mass
value, and IT" the width of the 2(1660) resonance. Similarly we define

w and W by the same formula (5), where M is now the =)o

1405 1385
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mass, MO the central mass value, and I' the width of the A(1405) and
the X(1385), respectively.

Then we define the momentum barrier terms, {

=
e o+ . :

| fI = fII = Py for parity minus (6)
=1 = +)2 for parity plus
1~ Po parity p

and

fIII =p_ for parity minus (7)
fo.7 = tpT - for parity plus
111 = Po P P y plu

where po+ is the momentum of the m' in the (ZTTTT)+ system, and p_ the
n” momentum in the T' 7" system.

We then construct the functions

Gr = Wieeo Wiaos f1 4 | (8)
Sn T Wieeo fm S | _ (9
S * Wieeo Wi3ss T Amr | (10
G = GI + GII . | (11)

A,[’ AIl and AHI are complex parameters representing the decay ampli-
tudes for processes I to IIl. Thei.r relative values have to be fitted to

the data.

The probability per unit of phase space for a given configuration

<

is proportional to the function

Ft = |G|2 + ;GH’IIZ + 2Re {G*GHI} cos a_ ‘ (12a)

in the case of parity minus, and

2 7-6 éosza_ cos a-

F* = |G]%+ Jap P IR 2ot 2Re 67 Gy L2z
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in the case of parity plus. . In these equations «_ is the angle between

both pions in the LI system.

RESULT FOR DECAY (2)

For decay (2), there are two nt particles able to form a (ZT)°

system with the £ . We label them 1T3jr and ™

+
b .

We compute, with the

help of formulas (5) through (12), the functions Ga, G;[I’ and F? as we

would compute G, GIII’ and F where now TT;: replaces the ™ and =~

the E+. Also the coefficients A/Hl and AIII are changed in sign to take

into account the isospin one attributed to the (Z7)° system considered.

The functions Gb, Gb , and Fb are computed in the same way, inter-

III

b

changing now the role of Tr; and nt in the definition of Ga, GIaII’ and F2.

The probability per unit of phase space for a given configuration

is then proportional-to the function

a b %
Fo= E——-;—E:—+ Re {Ga’ Gb} cos a
a:k b
+ Re {G GIII} cos (oz0 - )

a:{: b
+ Re {GIII G} cos (ao - a/a)

T 3K b :
a
+ Re {GHI GIII } cos (aa-l- ay - ag)

in the case of parity minus, and

2
a b s -3 cos“an ~1
F = I 1F L Re 67 GP) 0
2 2
% cosa, +3 cos(2a, -a,)
+Re {G* GD} b 0 ©b
NI

+ Re G2 GP)

cos a_ + 3 cos (2«

0

_a)

a

m W

+ Re {G2.G

* 4 13 cos(aé+ ozb) -12 cos(aa-ab)+3 cos(oza+oz

(13a)

(13b)

b

-2u

o)

III "I }

20
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in the case of parity plus. In both equations @g, @, @ are the angles

+ + . - gt -+ -+ .
between TTa and ™, in the Z Ty 2 a z T, Systems, respectively.

BACKGROUND
Processes other than the Z(1660) decayare in general also present
in a sample of events carefully selected to be rich in Z(1660) decay. We
consider three additional processes, not interfering10 with processés I,
I, and IIL
IV. A process that gives a phase-space distribution in statr” events

V. A process that gives a phase-space distribution in = ntat

eventé
VI. | A N(1520) + ot background distributed like phase space but then
followed by a decay A(1520) —~ =* n¥ with a branching ratio equal to the
one expected from the available phase space.

We define three more parameters AIV’ AV’ and A I’ exXpressing

v
the amounts of process IV, V, and VI, respectively. These parameters
are real and are to be fitted to the data. .We define also a A(1520)
Breit-Wigner function by formula (5), where now MO and I refer to the
A(1520) mass and width, and M to the mass of a given (Z7)° combination.

Therefore, there is one value of W for the Z+1T+Tr_ events and two,

1520
W2, , and w?520, for the 27! m! events. ‘We define the distribution
functions
ot +_+_- .
F=F + AIV + AVl W152'0 (for Z m ™ events),
a b
W + W ,
F=F +A_,+A 1520 4520 (for 71 1" events). (14)

v Vi 2
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- PROBABILITY
We can finally express the probability of a configuration, 7, of
an event in a data sample. Given the selection criteria for the sample,

one considers the domain R included in the boundaries. The probability

_ is then

‘P(T) - F 4 ' | (15)

[ F
where d¢ stands for an element of phase space.

Here P(r) is a function of the configux:ation T and of the selection
criteria on one hand, and of the parameters A and the parity assumed for
the £(1660) on the other. For each case of parity, one has to fit the .
parameters A from which we obtain two expressions, P (1) aﬁd P+('r),

for each configuration, corresponding to parity minus and plus, re-

spectively.

REMARKS ABOUT THE BREIT-WIGNER FUNCTIONS

The -T" appearing in the bottom of formula (5) is a variable T"
comput_ed_acch:@i.ng to the rules given by Jaickson.3 The radius of
interaction ro_,' unknown in our case, is set to zero. The variation of
the A(1405) width is computed as if the deca? produced a pion and a
particle with a mass equal to the average between the Z' and T~ mass.,
The variation of the 2(1385) width is approximated by assuming that all
2(1385) decay into A + ., | |

The 2(1660) width is appl;oximated as being the sum of two partial
widths. The first one is the decay of Z(1660) into a pion and a particle of
mass equal to the central value MO of the resonance A(1405) to approxi-

mate the (27T) decay mode; the second one is a decay into a pion and a
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particle of mass in the vicinity of the Z mass, to approximate all other
decay modes. One expects the second partial width to be important for

the events withé (Z7m) mass close to the threshold of A(1405) + ™ decay,
where the correction for variable I‘ makes the first partial width equal

to zZzero,

ALTERNATE MODES

Whenever the process II and/or III is considered to be not a decay
ﬁode of the Z(1660) but rather the result of a non-resonant (Z7m) state
with the same spin-parity as that of the Z(1660), one can modify the
definition of GII and/or GIII accordingly in (9) and/or (10), replacing the
term W1660 by 1.

When data is combined from different beam momenta and pro-
ductioh angles, the résulting distribution is of the form defined above,

provided the importance of terms in ‘GII ‘2 and/or | GIII |2 is small. 4

This work was done under the auspices of the U, S, Atomic Energy

Commission.
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