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Study of A decay parameter in J/1{p — AA decay’
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Abstract The helicity amplitudes for J/Ap — AA and the relevant background decays are presented for
measuring the A decay parameter ai (A — prt) in J/p — AA. The Monte Carlo (MC) simulations based
on the helicity amplitudes information are carried out. The likelihood fit method to determine the A decay
parameter is presented. Based on the MC generated sample, the sensitivity of the measurement for a4 has
been estimated, which shows that the J/\» — AA channel can be used to measure the A decay parameter

ar(A—prt) well.
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1 Introduction

The nonleptonic decay of hyperon has long been
known as an ideal laboratory to study the parity
violation™. To consider a nonleptonic decay of the
hyperon Y, the angular distribution of the decayed

particle takes the form of x 1+ aP-p, where

dN

dcosf
P is the polarization vector of the hyperon, and p is
the unit vector of the out-going momentum for the
decayed particle, and « is one of the hyperon decay
parameters, which characterizes the parity violation
in the decays. Till now much evidence for the par-
ity violation in the hyperon decays has been estab-
lished in experiment. For example, the hyperon decay
parameters for A, ¥, Q= and =~ have been mea-
sured with high precision. The particle data group
(PDG) respectively quotes their values as a(A —
prt) = 0.64240.013, a(S+ — pn®) = —0.9807351%
and a(E~ — An) = —0.458 +£0.012"%. However, for
the anti-hyperon nonleptonic decays, the decay pa-
rameters for ¥~ and =t are not measured; though
the A decay parameter has been measured by DM2
collaboration to be a(A —prt) = —0.63+0.13%, the
uncertainty (~21%) is still large.

The precise measurement of the A decay pa-
rameter plays an important role in C'P test in A
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decays!® °!. Under C'P transformation, the decay pa-
rameter satisfies ay = —aj if CP is conserved. If

C P-odd observable is defined by A, = M, then
Qp — O

any non-zero value of A, observed implies the evi-
dence for C'P asymmetry in A decays. Experimen-
tally, searches for C'P asymmetry in A nonleptonic
decays have been previously performed at pp collid-
ers by the R608!® and PS185!" collaborations, and
at an ete~ collider by DM2 Collaboration®, but the
precision of the measurements is limited by statistics.

The precise measurement of the A decay parame-
ter also plays an important role in the determination
of QF and =* decay parameters. To note that the
non-polarized Qt or =t decays can produce polar-
ized A particles. So in the A rest frame, the angular
distribution of the decayed particle, e.g. antiproton,

takes the form of x 1+ agE)az cost. Exper-

dN

os 6
imentally, the extraction of agz) from the product
agE)ox is dependent on the value of az. Namely,
the accuracy of ag or az measurement is dependent
on the uncertainty of aj.

The decay of J /i — AA is a special place to study
the A decay parameters. Though the produced A par-
ticles are non-polarized, the A decay parameters can
be determined by observation of the helicity correla-
tion between the A and A. Experimentally, this de-
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cay is very clean and easily reconstructed with high
efficiency by selecting four charged tracks, and the
A/A decay length can be used to control the back-
ground. Furthermore, this decay allows us to mea-
sure (A — An®) by reconstructing A with A — An®.
For 58 million J/1 events collected by BESII de-
tector, we estimate the measurement sensitivity for
a(A — prtt) to be about 9%. If 10'° J/1 decays are
accumulated by BESIII detector, about a few mil-
lion A decays will be available, and high accuracy of
a(A — prtt) achieved.

In Section 2, we present the helicity amplitude
formulae for J/{ — AA — pm prt and the main
backgrounds, including J/{p — ¥°%° — 2yAA —
2yprt prt, J/ b — AY® — yAA — ypr pnt and
J/p — AX® — yAA — yprtprt. In Section 3, we
introduce the unbinned maximum likelihood method
to determine a(A —p7t), do the input output check-
ing, and estimate the sensitivity of the measurement
for the parameter a(A — prt).

2 Helicity amplitude analysis

2.1 Amplitude for J/{ — AA

The construction of the helicity amplitude is car-
ried out in the helicity frame as shown in Fig. 1. For
J/P — AA, the z-axis of the J/1 rest frame is along

the A(A) out-going direction, the solid angle (6,¢)
is between the et direction and the A out-going di-

rection; in A(A) — prt (prtT), the solid angle of the

daughter particle 2;(6;, ;) is referred to the A(A) rest

frame, the z-axis is also the A(A) out-going direction.

Fig. 1. Definition of the helicity frame for
J/b— AA —prprt.

For J/i — AA — prt_prtt the joint helicity am-

plitude can be expressed by A, 5 and By (By,) as!™:

p(A1*5\17>\2*X2) (97 ¢) X

MPox 3

A1,A1,22,22,2p, A
_ * * D %
A)\17>\1AA2,)\2B>\pBApB>\pBAE,X

Diii: (Ql)Dipr (£21) x

Dy () D57 (), (1)
where A\, A and A (\,) are the helicity
values for A,A and proton (antiproton).

Dil,Ag(Qi) = Dil,Ag((biuein)ﬂ and p“’”(97¢) =

Yi—rt1 D] (2)D}5.(£2) is the density matrix for the
J/¥ produced in ete™ annihilation. From parity in-
variance, one has A_y, _, = Ay, »,. The asymmetry

parameters in A(A) decays are defined as:

By =Byl |B1/2|? = |B_12|?

BB T Bl Bl
(2)
If C'P invariance is conserved, one has By = —B_,.
This leads to an = —az. After integrating over ¢,

Eq. (1) is simplified as:

dM[?

——————x4[A 24in2p
d(cosH)dledQlO( | A1 /2,1 /2] sin” 6 x

[1 +apaz(cosb; cosf; +sin b sinb; cos(¢, —i—q%))] —
2| A5, 12]*(1+cos®0) (apaz coshycosh —1).  (3)

After further integrating over the solid angles (2,
and 2,, as expected, the above equation is reduced
to the well known formula:

dM|?

dcos6
o |A1/2,71/2|2 - 2|Al/2,1/2|2
N |A1/2,71/2|2 +2|A1/2,1/2|2 7

x (14+acos*f), with

(4)

where « is the angular distribution parameter for
J/P — AA, which is recently measured by BESII to
be a =0.65+0.11"". From Eq. (4), if the normaliza-
tion condition is selected as |A; /o, 12| +2| A1 /21 /2|* =
1, one has:

1+a l-«

and |A1/2,1/2|2: T (5)

|Al/2,*1/2 |2 =

Combining Eq. (3) and Eq. (5), one gets:

dIM|? . 2
——— x(1— 0
Acost)drdn, x (L-a)sinfx
[1+4 apaz (cos By cosfy +sin b, sin by cos(py +¢1))] —
(14 a)(1+cos?6)(apaz cost, cosfy —1). (6)

Eq. (6) is our master equation to fit to the data
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to determine aj by fixing ay =0.642. It is also used
for the Monte Carlo generation of J /i — AA.

2.2 Amplitudes for background channels

Although the signal of J/{ — AA — pr prt is
very clean (the contamination of background events
is less than 5%), it still needs to receive a proper
treatment for determining the A decay parameter.
Especially for the backgrounds including the A de-
cays, their effects on the extraction of the A decay
parameter should be under full study with MC sim-
ulations. By running the inclusive J/{ MC sam-
ple, it is found that there are two dominant back-
ground channels including A decays: J/{ — 3030 —
2yAA — 2ypr prt, and J/p — AX% +c.c. — yAA —
yprtpret. Although the second decay is the isospin
violation process, the branching fraction is not neg-
ligible. The PDG quotes Br(J/Y — AY +c.c.) <
1.5x107* at 90% confidence level. We simulate these
channels using helicity amplitude information. Sim-
ilar to the previous case, the helicity amplitudes are
constructed as follows.

2.2.1 J/Ap— X% —2yAA — 2ypr prt
Under the similar definition for the helicity frame,
the helicity amplitude reads!®:

M=

01,02,01,02,
A15A25A1,A2,
rl,Tg,kp)\f)

p(01*51,02*52)(97¢)A A*

02,02

B, x By 3,06 05, B,.,x,B CApO;p x
D},{iﬂfﬂl (QI)D;Qm—Ag(Ql) X
Dy s (0D, 5, () %

Dy (92:) D32, (£22)

1/2 *(92) 1/2 (92) (7)

where A, ;, B, and C’Ap denote the helicity ampli-
tude for J/ — X°(0)2°(7), X%(0) — y(r1)A(\) and
A(X) — p(\,)m™ separately. To consider the parity
invariance in J/1 — X°%° and X° — yA, one has
A, oy=As 0y, B x=DB,\and B_, _, =DB,,.
By integrating the azimuthal angles ¢, ¢; and ¢;, one
gets:

dlm|?
dcos0d2,d2,d cosfh.d cos b,

| B11/2)? | Bi1 2| * {4sin® 0[cos 0, cos 0, (cos 0, x
cos 0, cos(¢py + ¢y ) sin by sinf; Yoy oz 4 1] x
| A1 2,1 /2] — (cos 20 + 3)(cos b, cos by cos; x

COSégO[AO[]\—1)|A1/27,1/2|2}. (8)

Combining Eq. (5), one gets:
dIM[?
dcos0d2,d2,d coshyd cos b,

|By1/2)?| By o) {(1—a)sin® O[cos ), cos Oy (cos b x

cos 0y +cos(¢y + ¢y )sinb; sin b )ayaz +1]—
1
(%) (cos20+3)(cos, cosby x

cosf; cosfrapaz —1)}. (9)

222 J/Ap—AX+c.c.—yAA—ypr prt

These two decays are conjugated channels; their
helicity amplitudes have the similar structure. The
helicity amplitude reads:

MP= X i)
N §Y

A)\yo.A;/ BAPB;})C,,« AC*A’DAP;D* X

’
,O

Dy} (@)D (1)

D1/2 *_(02)D1{2 - (92)X

o,r—X\ ol r—X\
D5/} (23D (£2s), (10)

where A,,, B,,, C.x and D), denote the helic-
ity amplitude for J/p — AX°(£2y), A — pr(§2,),
¥0 — yA(£2,) and A — prrt, respectively. By inte-
grating the azimuthal angle ¢, one has:
aME
dcos Oyd 2, dS2,d 2,
4sin® Oy [cosf3(cos 0, cos Oy +cos(py + pa) X

sinf, sinby )y oz + 1| Av 2,1 /2]° —

(cos20y+ 3)(cosb; cosby cosbs x

arax —1)[Avj 12l (11)
Combining Eq. (5), one gets:

aMP
dcos eodﬂldgzdgg
(1—a)sin® By[cosbs(cos O, cos Oy +cos(py + Pg) X

sin6, sinfs)apaz +1] —

(1; )(005290+3)

(cosf, cosBycosbzapaz —1). (12)
3 Monte-Carlo simulation

3.1 Event generation and selection

The decay events are generated with the full he-
licity amplitude information as obtained above. The
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parameters in the amplitudes are fixed at the exist-
ing measured values. For example, the signal event
J/» — AA — prtprtt is dynamically generated by
making use of Eq. (6), and the angular distribution
parameter « is fixed at 0.62, the asymmetry param-
eter apaz is fixed at —0.412, which quotes PDG
value ay = —az = 0.642; For background decays,
J/P — X% — 2yAA — 2ypmtprt, is generated ac-
cording to Eq. (9), in which the angular distribution
parameter « is fixed at —0.24!, and the asymme-
try parameter aaj is fixed at —0.412; The decays
J/P — AX® — yAA — yprt prtt and its conjugate
decays J/{p — AX? — yAA — ypm prtt are gener-
ated with Eq. (12), where the angular distribution «
is fixed at 0.251"%, the asymmetry parameter a oz is
fixed at —0.412.

The number of the generated background sam-
ples is listed in Table 1. The event construction is
carried out by using strict event selection rules. The
signal events are required to have exact four recon-
structed charged tracks in the drift chamber with to-

tal zero net charge, the detector reception coverage is
|cosf| < 0.8 (where @ is the polar angle for tracks), the
transverse momentum p,,, is greater than 0.07 GeV/c,
the kinematic fit x? is less than 16, the A and A in-
variant mass satisfy |M,.- —1.1156] < 0.0255 and
| M+ —1.1156| < 0.0255, respectively. Under these
cuts, the efficiency of the signal channel J /1 — AA is
about 20%, the survived events are about 10000.

The contamination from the background decays
estimated with the generated background samples is
also listed in Table 1. The background decays are
also required to pass through the cuts used for sig-
nal event selection. The survived background events
for the three channels are normalized according to
the 58 x 10 J/1 data sample and each branching
fractions, respectively. These total normalized back-
ground events are less than 100. Compared with the
survived signal events, the background events are few,
which indicates the selection of the signal J/{ — AA
is very clean.

Table 1. The background samples.
channel generated events survived events branching ratio normalization™
J/p— %00 1x10° 25 1.31x 1073 19
J/p —AZ0 1x10° 669 <0.75x 1074 <29
J/p— AX0 1x10° 656 <0.75x107% <29

* The numbers in last column are normalized to 58 M J /1 events collected by BESII detector.

3.2 Input output checking

We use the unbinned maximum likelihood method
to determine the A asymmetric parameter, and then
do the input output checking and the sensitivity es-
timation. The joint likelihood is defined by:

N

L= lN_[Prob(pi) = H [Mp:)[*e(p:)
S an M@ petr)

o (13)

where Prob(p;) is the probability to produce event
i characterized by the measurements p,, M, is the
amplitude of event i. To determine the parameters in
question, we have to minimize the objective function

defined by

N

(M(pi)[*

S=—-InL=-) In [
i=1 Jdpi|M(Pi)|26(pi)

(14)

In the above equation, the term Ine(p;) is ne-
glected because the detection efficiency €(p;) is in-
dependent on the determination of A decay parame-
ters. If the generated events are not required to pass
through the detector simulation, then e(p;) =1.

The input output checking is used to test the fit-

| ting procedure. The generated Monte Carlo sample

of J/\ — AA is to do the work. The fitting results are
given in Fig. 2. It can be seen that the output values
determined by the likelihood fit method vary little
with the event number N. All the output values are
in good agreement with the input values. The preci-
sion of about 95% is achieved , indicating the validity
of the fitting procedure.

0.80
0.75
— 070 -
B 065 =
L ooe0
\g 0.55 -
— 0.50 -
045 -

0.40 C 1 1 1 1 1

20 60 100 140 180

N (X10%)
Fig. 2. The input output checking varies with

the event number N for determining a4 (A —
prct) in J/Ap — AA. The dots with error
bar are the output values determined with the
likelihood fit method, and the solid line is the
input value.
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3.3 Sensitivity estimation

Experimentally, the sensitivity of the measure-
ment for a parameter « is defined by

where V(«) is the variance of parameter a. With the
joint angular distribution, the evaluation of sensitiv-
ity is straightforward by using the maximum likeli-
hood method as shown in Ref. [11]. For the measure-

Vo) ment of az in J/1 — AA — prtprrt, the sensitivity
6(a) = ; (15) reads!®:

o |
1 9(d—2)%(d+1)vd*—4

d(az)~—

2+4+d

Table 2.

" N{48d2itanhl< 2;d>+(d+2)[(d—9)d+2] d2—4}

Evaluation of sensitivity by numerical calculation. The efficiency quotes the result of Monte Carlo

simulation. The measured a(A —pn") quotes —0.642+0.013.

channel efficiency parameter sensitivity d(a)
J/b — AA(BESII) €=20% at(A—prt) ~9x1072
J/P — AA(BESII) e=20% at least at (A —prt) ~3x1073
where N is the number of observed events, and « is | J /W — AA events are about 1x10* if the detection ef-

the angular distribution parameter defined in Eq. (4).

0.09
0.08 -
0.07 -
0.06 [~
0.05
0.04
0.03 - X % =

002 . ., *rx

0 20 40 60 80 100 120 140 160
N (X10%

sensitivity | 8(c) |

Fig. 3. The measurement sensitivity varies
with the event number N for determining
ay(A — pnt) in J/p — AA. The circles
are the sensitivities determined with the like-
lihood fit method, and the stars are the nu-
merical results calculated with Eq. (15).

The same sample which is used to do the input
output checking is also used to carry out the sensi-
tivity estimation. The results and the comparison
with the theoretical evaluation are given in Fig. 3. It
can be seen that the sensitivity values are in good
agreement with those obtained from the numerical
calculation by Eq. (15). For the sample of 58 x 10°
J /¥ events collected by BESII detector, the selected

ficiency is taken as 20%, then the sensitivity to mea-
sure o, (A — prtt) is about 9%, which is improved
as twice as the existing result (21%). If the BESIII
detector collects a sample of 10'° J /1 events, the sen-
sitivity of about 3 x 1072 will be achieved in the near
future. The results are listed in Table 2. It is clear as
listed that the decay J/{ — AA is the most potential
channel used to measure the A decay parameter.

4 Summary

The helicity amplitudes for J/\p — AA — pt—pn,
J/p — X080 — 2yAA — 2ypr prt, J/Pp — AX0 —
YAA — yprprt and J/p — AX® — yAA —
vprt—prt are presented for studying the A decay pa-
rameter o, (A — pr*) in J/ — AA. The Monte
Carlo simulations based on the helicity amplitudes in-
formation are carried out. The results show that the
background contamination in the signal event selec-
tion of J/i — AA is low. The likelihood fit method to
determine the A decay parameter is presented. Based
on the MC generated sample, the estimations of the
sensitivity would be 9% and 3 x 10~3 for BESII and
BESIII measurements, respectively. This indicates
that the decay J/i — AA is the potential channel
used to measure the A decay parameter oy (A — prrt).
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