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Abstract
to study the detection efficiency correction to the pure phase space(HOWL) generator. Monte-Carlo(MC)

A kind of Monte-Carlo generator based on the transition amplitude information is developed

simulations for the J/\ — pp, AA, pX decays are carried out, and the results show that angular distributions
for the decayed particles can well be reproduced. Compared with the HOWL generator, we find that the
generator based on amplitude information will make a large correction to the detection efficiency. Therefore we

recommend that a generator with a full transition information be used to simulate the long sequential decays.
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1 Introduction

Monte-Carlo simulation technique (MCST) is
widely employed in experimental data analyses in
high energy physics. For example, for determining
the detection efficiency or handling systematic errors,
MCST is used to generate raw data combined with
the detector information. For simplicity, the pure
phase space (HOWL) generators are commonly used
to generate events. However, in eTe™ collider, the
produced particles, say, J/{ or P(2S) are polarized
along the beam, and they decay into final particles
On the other

hand, the detector acceptance dose not cover the full

with a specific angular distribution.

space. This implies that the angular distribution of
the final particle states should be taken into consid-
eration for obtaining an accurate detection efficiency.
From the viewpoint of experiments, if the detection
efficiency is determined by the HOWL generator, the

corrections from the angular distributions of the final
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particles should be included in the systematic error
analysis. In principle, to generate an event with an-
gular distribution can be realized by user adding an-
gular sampling code in the HOWL generator based on
the transition amplitude information as we developed
in Ref. [1].

distribution correction to the J/{ sequential decays

In this work, we investigate the angular

via BB(B : baryon) using amplitude information.
This generator is based on the acceptance-
rejection method of Monte-Carlo sampling (for de-
tails, see Ref. [1]) as illustrated in Fig. 1. We
use HOWL to generate the pure phase space of an
event, then we calculate the amplitude square AM P2
of a decay and then generate a random number
XFLAG € (0,1).
add arule X FLAG < [AM P2/MAX(AM P2)] to sin-

gle out a favorable event. In principle, events with a

Before an event is accepted, we

specific angular distribution can be successfully gen-
erated if the amplitude information is correctly pro-

vided by user.
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amplitude of this decay can be expressed as:
to generate a
random #(0.1) Zé’ +M
XFLAG M = eMnrg(p,y, s,) (A= Bys) ———— 2
(p2 2)( 7)pg—M§+16
N — M,
7,4+ o, imy P Mn
HOWL SO )PE—M/QH'IG
(A—Bvs)v(ps; s3), (4)
to calculate amplitude _ .
square where Z,, = yu—w, and ¢t is the covariant
AMP2 My, +2my,
) ) . tensor wave function for the orbital angular momen-
Fig. 1. An illustration of the scheme to gener-

ate events with specified angular distributions
combined with transition amplitude informa-
tion.

2 Construction of amplitude

For J/{ — pp, we use the helicity amplitude
method, while for sequential decays, it is cumbersome
to boost decayed particles into the center mass(CM)
system of mother particles, so we present the tensor

formalisms for J/1{ sequential decays.
2.1 J/{ — pp decay

For consideration of parity conservation in this de-

cay, the helicity amplitudes satisfy:

Fy

2

=F 1_1, F 11=Fi_1. (1)
2 2 2 2

[N
[N
[N

The amplitude square reads:
1 *
|A|2:§ Z N3|F>\1A2D11\1,>\1—A2(97¢)|27 (2)
M,X\1,2o
where N; is a coupling constant. It is easy to get

the angular distribution of proton (or antiproton) as

follows:
dN |Fo_1]?=2|Fy 1|?
~14acos’d with a= 22 Ei
d(cosf) acosTfwith o [Fy 1P +2[Fy 1 ?

(3)
Where the angular distribution parameter o takes the
value a = 0.676+0.036+0.042".

2.2 J/ip— AA,A— prt decay

For the sequential decay J/1{ — A(ps)A(ps), and

then A(ps) — 7 (p1)p(p2), A(ps) — P(ps)7r* (pa). The
amplitude is constructed by the covariant tensor for-
malism. Since in the weak decay A — prr, the parity
violation takes place. In this situation, the coupling
of Apr is described by w(p', ') (A—B~s)u(p,s)*.. The

tum L =2, and its full form can be found in Ref. [4].
A= £1) is the J/1 helicity. A and B are complex
parameters which can be related to the A decay pa-
rameters a_ and ¢ by the relation!”

A |p,| cos¢+./cos?p—a’ it
a_

B E,4+m,

()

The coupling constant g, is determined by fitting the
angular distribution of J/{ — AA with a = 0.65
by BESII collaboration®. Since intermediate reso-
nances A and A are long life particles, we use on-
shell approximation for their propagator, i.e., 1/(p?—
MR) — —ind(p} — M3).

2.3 J/P—pX,X—KA A —pr decay

Recently, a threshold enhancement of pA invariant
mass has been observed in J/1 decay'™. We assume

this sequential decay J/\b — p(p:1)X(ps), X(ps) —

K(pa)A(ps), Alps) — D(ps)m(p2), and the X resonance

1
is assumed with the quantum number J* = = , then

the amplitude can be expressed by:

(pl _p5)p,
myy + Mx +mx

M = coet(po)u(ps,s1) [%_

(pl _P5)u ) 7(2) :|
L — tE | x
9 <’Y mJ/w-i-Mx-i-mK

Ps — Mx
P MZAiMxI )

5}

Yo — Ma

ps—mj +ie

S 7 x

(A= Bys)v(ps; ss), (6)

where t(M7 and t®*# are the covariant tensor wave
functions for L=1 and 2, respectively. The cou-
pling constant g; can be determined by the infor-
mation of proton angular distribution. The X res-
onance parameters are assumed as My = 1.621GeV
and I'=43MeV.
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ar < PA .o )
=, X2 1——5sin”6 (1—aja.b,)+
3 Generator and efficiency correction deosf o2 829 Ex
%sinzﬂl—ai(aob—2azbz)], (8)
A

For performance of MC simulation, we use the fol-
lowing generators:

1) HOWL: All particles are generated by the pure
phase space;

2) Generator A: only the first chain of the decay
J/1 — BB is generated by angular sampling, and the
rest by HOWL generator;

3) Generator B: Events are generated based on
transition amplitude information.

With the help of the tool GENBES on BEPC 11 ¥,
we carried out the MC simulation based on the above
generators for J/\ — pp, AA, pX decays. We find
that the angular distribution of the particles is well
generated according to the input values.

Fig. 2 shows the angular distribution of the final

particle states ppmtt7tT in sequential decay J/1p —

AA, A — prtbefore tracking through the detector com-

ponent. The A(A) angular distribution parameter
apy = 0.66 £0.02 is well reproduced. It is interest-
ing to note that in laboratory system, the direction
of the outgoing proton(p) is almost along the A(A)
direction since they angular distribution parameters
are almost the same. This result can be easily un-
derstandable since the mass of proton is heavier than
pion’s. Fig. 2(g),(h) shows that the angular distribu-
tion of proton and antiproton in A and A CM system.
It is worthy to note that their angular distribution
becomes so flat that it can be simulated by HOWL
generator. This implies that the generated baryons
A and A are averagely unpolarized. Since in the A
rest frame, the angular distribution of proton takes
the form'”
dN

e | P,-d, 7
d(cosfa,) Fantig @

where P; is the A polarization, and ¢ is the direction
of the out-going proton.

The sequential decay of J/{p — AA, A — pm can
also be used to study the A(A) decay constants by
measuring the distribution of the cos(p,p;) in A and
A CM system. N.A.Torquist formulates the differen-

. . 10
tial cross-section as''”:

where a and b are the proton and antiproton mo-
mentum, respectively in the A(A) rest frame, x is the
direction orthogonal to the A(A) direction and to the
ete™ beam axis and m is an axis defined to take into
account the suppression of spin-0 projection in the
J/P decay. As measured by DM2 (301123Lb01"atior1[11]7
the distribution of the cos(p,p;) can be fitted with a
linear form. In Fig. 2(i), it is obvious to see that this

distribution is well reproduced.
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Fig. 2. Generator B: The angular distribution

for the particles involved in J/1 — AA decay
are given in laboratory system as shown from
(a) to (f), where the polar angle of the out-
going particle is defined as the angle between
the outgoing particle direction and the ete™
beam direction, while (g) and (h) correspond
to the p and p angular distribution in A and
A rest system, respectively, where the z-axis

is along the outgoing direction of A(A). (i)

)

The distribution of cos(pppp), where py(ps
is the proton(antiproton) momentum in A(A)

rest system.

Figure 3 shows the angular distributions for p,p,
K, 7, A and X resonance in the sequential decay
J/P — pX, X - K~A,A — pr. In the simulation the
angular distribution of proton can be set by adjusting
the parameter g; in the amplitude. We find that the
angular distribution parameter « is well reproduced

compared with the input value. Fig. 3(b) shows that
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the angular distribution of the pion becomes very flat
since its mass is much more less than proton’s, and
the direction of the outgoing A and proton almost
fly along the mother particles particles. Similarly, we
also find that in the A CM system, the p angular

distribution is of isotropic shape.
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Fig. 3. Generator B: The angular distribution

for the particles involved in J/{ — pX, X —
KA, A — pr decay is given in laboratory sys-
tem as shown from (a) to (f), where the polar
angle is defined as the angle between the di-
rection of the outgoing particle and the eTe™
beam, while (g) corresponds to the antiproton
angular distribution in A rest system, where
the z-axis is taken along the outgoing A direc-
tion .

The detection efficiency depends on the event se-
lection criteria. As for the J/{ — pp decay, the se-
lection criteria are chosen as those in Ref. [2]. For
the J/\ — AA,pX decays, the pp tracks are selected
with combined TOF and dE/dz information, and for
each event, the 4-C fit is performed and it is required
that the probability of x3q_g, should be greater than
1%. For selecting A candidates, it is required that
|mMpr —ma| <0.01GeV.

For sequential decays, we find that the detector ef-

ficiency corrections to the HOWL generator are quite

larger as shown in Table 1. For example, the effi-
ciencies by generator A and B are lower by a factor
of (6.0 ~ 8.5)% than that by HOWL. Especially for
the long chain decay J /i — pX, the generator B with
full angular distribution information will contribute a
large correction to the HOWL generator. Therefore
we should recommend the generator with a full tran-
sitional information for simulating a long sequential

decay.

Table 1. The detection efficiency correction to
the HOWL generator for J/1 — BB decays
based on the generator A, B using the transi-
tion amplitude information. In the table, the
value Aea /e (Aes/e) corresponds to the gen-
erator A (B).

decay mode J/» —pp J/b— AA J/b —Xp
HOWL(ep) (54.9+0.5)% (23.5+0.3)%  (9.74£0.1)%
gemerator 51 510.5)%  (2L.5+0.3)%  (9.5£0.1)%
Alea)

generator 51 510.5)%  (22.1+0.3)%  (8.620.1)%
B(es)

Aeafeo  (—62400)% (—85+04)% (—2.1+0.1)%
Aep/eo (—6.2£0.7)% (—6.0£0.4)% (—11.340.1)%

4 Summary and conclusion

A kind of generator based on the transition ampli-
tude information is developed to study the detection
efficiency correction to the HOWL generator. The
MC simulation for the J/1 — pp,AA,pX decays is
carried out, and the results show that the angular
distributions for the decayed particles can well be
reproduced. Compared with the HOWL generator,
we find that the generator based on amplitude infor-
mation will make a large correction to the detection
efficiency. Therefore we should recommend using a
generator with a full transition information to simu-

late the long sequential decays.
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