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SUBTHRESHOLD p AND J/y PRODUCTION ON NUCLEI
(MONTE — CARLO SIMULATION)

M.Pentia!, D.Pop!, N.Ghiordinescu2, A.G.Litvinenko,
A.l.Malakhov, G.L.Melkumov, P.I. Zarubm V.K.Bondarev3

The vector meson production, below the nucleon-nucleon kinematical limit,
was studied by extending the general cross section description for stable particle
subthreshold production. The final state particle distributions due to p and J/y
meson production and subsequent decay were investigated by Monte — Carlo
simulation and phase space integration.

The investigation has been performed at the Laboratory of High Energies,

- JINR.

IMoanoporosoe o6pasoBanne pe3oHaHcoB p H J/y Ha sapax
(Moneauposanne merogoM Moute — Kapno)

M.Ilenuns n ap.

IpoanannanpoBaH NPOLECC POXKAEHNS BEKTOPHBX MEIOHOB 33 KMHEMATH-
YECKHMM NIPERENOM HYIJIOH-HYKJOHHBIX COyAAPEHMIA € NOMOIWbIO 06061eHHS
CeueHns poxaeHMs CTABMbHBIX KyMynSTHBHBIX YacTHi. PacnpenencHns yac-
THILL OT PACNIANA PE3OHANCOB p u J/y uccaenosanuce metopom Monte — Kapsio

M HHTErPUPOBAHHEM NI0 (PA30OBOMY NPOCTPRHCTBY .
Pa6ora spinonvesa s JlaGopatopuu suicokmx anepruit OUSIN.

1. Subthreshold Particle Production

A lot of experimental and theoretical works [1—6] on high momen-
tum transfer relativistic nuclear reactions are studying the particle pro-
duction below the kinematical limit of the nucleon-nucleon interaction.
Generally, in an inclusive nucleus-nucleus interaction:

A+B-0+..+X H

the threshold for the 0 denoted particle production can be related to
the x, and x, scale variable [4]. It represents the fraction of the p,

and p, 4-momentum of the target and beam particle that could produce
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the 0 particle with a given Py, for the minimum of the squared total
CM energy of the interacting constituents:

It means the experimental particle spectra can be described [6] by the
minimum value Snine It iS expressed by the 4-momentum conservation

law and condmon of minimum:

2 2
(xg'Py+ xp Py — pp)’ = M2 (€))
ds
dx =0,

which give the x 4 and x, values along with the Smin ONE.
If x 4and x, are expressed in nucleon mass fraction:

L Xgrmy 1))
A= Tmy o Xe= T
N N

the new variables, when they are X 4> lorx > 1, formally define the

subthreshold production processes.
The differential cross section for the general process (1) is expressed

by the square of the matrix element 112, by the primary particles flux
density ® and the Lorentz invariant phase space element dLips [7]:

mZ

do = ——dLips =
I Nl (&)
m 7 (2¢)204[pA +pg— (py+...+ px)] X
4\/(pApB) —mymp
3 3
8 d Py I_[ d Py
@n)2E, x (@mR2E,

But, for given m 4, Mp Py and p, we can write:
d°p ©6)
0
d0'0= 2E0 f(mov 30)’

and the f(m,, 13'0) could be taken from the experimental data on stable
particle subthreshold production [6]:

32



‘,S .
f(my, By) = K exp| - /2| 10.9 exp(—2.7|13:)|2 sinzeo) +01]. @
s %)
min

We extended this general behaviour of the cross section (6) to un-
stable (resonance) particle production.

2. Particle Production and Decay Rate

Production rate of an unstable 0 particle in inclusive reaction (1)
depends, besides the cross section, also on the overall decay rate term.
As the process looks like:

X -mA+xB~mB->m0+MX,

A
——=—->m +m, ®)
then the production rate is:
dNO )
W = (l)BO’ON - FNO’

where: @, is the flux density of the beam particles; 'ao, the inclusive
cross section for the 0 particle production; N,, the number of the A

target particles; I, the decay probability in time unit, for the 0 particle.
After a proper integration, the time asymptotically differential distri-
bution of the 0 particle will be:

b 10)
B'A
dN0 =T doo .

The decay rate of the 0 particles into the final state element
dp,-dp, can be written by multiplying this dN, particle number with

the transition probability [7]:
dp, dp, (1)

1
dN,,
@n)°2E, 2n)2E, °

_ 2 44
dez_zgo'm()»Hz' (27)° 0" (Py=pP,—P,)

doy in (10) is the differential cross section (6) and T is the decay
probability in time unit to all possible momenta 13’1 and 13’2:

dp, dp, (2
2n)2E, 2m)2E,

1 2
I‘=2—Eo Mo 42! (2”)4f"4(1’0_p1 ~ Py
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. . . 2
For unpolarized particle production, the Imo_’1 +2| are constant,

and the integral in (12) is the two-particle phase space one [8]:
dp, dp, ﬁ,;m (13)
@2E, @RE, Mo

*I =VE 2—mzl; E| =(m(2)+mf—m§)/(2mo).

1 1
If the m, mass distribution is taken as a Breit—Winger one:

Sy -, - Py

-
where: Ip

1 dNO _ r/(2x) 14)
Ny dmy — (mg — mp)? + T/2)¥

then the complete differential distribution of the decay rate into the
final state element dp, -dp, is given by (11), accounting also the (10),

©6), (12), (13) and (14):

dR..=® o 4 —_—p - L%d x
12= PN, ,=‘p;|n° Py — Py pZ)Nodmo my
L. db, dp, dp, (15

X fimy, Py) 3¢ 2, IE, -

3. The Final State Particle Distributions
Due to p and J/y Subthreshold Production
and Decay

The final state particle distribution, due to unstable particle produc-
tion and decay, gives the necessary elements to design and arrange the
experimental work. They show the spectral characteristics due to both
kinematics of the process and its dynamics. So, it is possible to correlate
the action of different detection elements, to organize an efficient trigger
system and to optimize the detector configuration for a given physical
process study.

Any one of the possible distributions is done' by integrating the
de2 element (15) over all the variables, except the one specifying the
distribution itself, which is taken in constant steps on every surface,
corresponding to constant values of this variable. The multiple integ-
ration, in this work, was carried out by Monte — Carlo method {9).

The simulated physical processes are an 8.9 GeV/c proton-nucleus
interaction, followed by a 0 (0 and J/y) particle production and decay.
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The cross section is taken from the stable meson subthreshold produc-
tion [6] and is extended to this vector meson production. We considered
the two particle final states (pions from p meson decay and electrons
from J/y meson decay) for integration over their phase space and
sought the characteristic distributions.

The 1'):) momentum is taken as a constant vector, as long as m, takes

Breit — Wigner distributed values. The final particle momentum vectors

P, and J,, are generated as two constant module opposite vectors

I-;)"| , isotropically distributed in the CM system of the decaying particle,
followed by a general Lorentz transformation to the laboratory system.

The most interesting distributions are presented in the Figures 1—11,
Every one is based on 100,000 generated events. The lines on all the
graphics are drawn by a spline fit procedure. In the next, we will ana-
lyze the p and J/y distributions. The main differences are due to the
fact that the resonance width is large for p meson (I'= 153 MeV)
and small for J/y meson (I'= 0.00472 MeV).

— The cross section changes strongly on the p mass interval, but
on the J/y mass interval it is practically constant. Consequently, the
two-pion effective mass
distribution, from the p
meson decay, (the same
with its mass distributi-
on), shows a strong cross
section dependence espe-
cially in the low mass
part (Fig.l1), while the
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high mass part shows a 93 \\ ! L @&
Breit - Wigner § ;
behaviour. 0

By contrary, the two-
electron effective mass
distribution from the
J/y decay has not any
cross section influence,
neither on the J/y mass

Aligaatl

0
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nor on its momentum and Eff mass (MeV)
angle values. It is the
same with the Breit — Fig.1. The two-pion effective mass distribution from

. e e a L. the p meson decay for p, = 500 MeV/c. The p meson
Wigner distribution. pm v oor by d

. production cross section mass dependence and

— The one-particle Breit — Wigner mass distribution influence are plotted

energy distributions for  ScParately:
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Fig.3. The one-electron energy distribution from the
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decay for p,,, =500, 1000,

1500,

the p and J/y meson
decay  products are
shown in Figs.2, 3. The
dynamics (cross section)
and Breit — Wigner
affect the one-pion dist-
ribution from the p me-
son decay (Fig.2), modi-
fying the pure kinematic
to rectangular one. For
the J/y decay, because

the electron CM cos 0’;

has uniform distribution
and the FJ/*/J:O’ the

one-electron energy
distribution in the labo-
ratory system has also a
uniform distribution,
mainly a kinematic rec-
tangular behaviour
(Fig.3), between the
limits:

>y
E = (E|"Ey= Ipy 1 x
-
leol/mo.

— The one-particle
angular distributions for
some meson momentum
values are shown in
Figs.4, 5. There can be
seen a net particle
flight, on the initial
meson direction, espe-
cially evident for high
momentum p meson.
The J/y meson has a
more flat angular dis-
tribution.

— The opening angle
distributions of the two



p(0) ——= n*(1) + n7(2)

particles from the p and 8
J/y decay are presen- o A
ted in Figs.6, 7. For the g
two pions of the p me- g

son decay, the opening
angle distribution has a
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clear maximum for o 3
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— The last analyzed
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mentum distribution for
the decay products of
the p and J/y shown in
Figs.8—11. Obviously,
the distributions are
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a strong momentum de-
pendence (Figs_.9,10). In Fig.5. The one-pion angular distribution from the p
the same time, the meson decay, under 6, = 90, for p, = 100, 250, 500,
electron p, distribution 1000, 1500, 2500 MeV/c
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Fig.6. The relative flight angle
distribution of the two pions
from the p meson decay for
p, = 100, 250, 500, 1000,
1500, 2500 MeV/c
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distribution of the two elect-
rons from the J/y meson de-
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Fig.8. The one-pion transverse
momentum distribution from
the p meson decay, under
Bp =0°, for p, =500, 1000,
1500 MeV/c

Fig.9. The one-pion transverse
momentum distribution from
the p meson decay, under
6, = 90°, for p, = 500, 1000,
1500, 2500 MeV/c
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from the J/y decay for 6, =0°, shows a clear p;‘i“" limit (Fig.10). If

the cross section influence can be neglected, then the p;';ax can be ex-

pressed, in the same m, =m,<<m, approximation, as (10}

p;';a" = m0/ 2, and is independent of the J/y momentum (energy).

4. Conclusions

Phenomenological approach of the subthreshold production [6] was
extended from the stable particle (pseudoscalar mesons, protons and
antiprotons) to p and J/y vector meson production. Using the Monte —
Carlo simulation and the final state phase space integration, we propose
some particular distributions. Analyzing the characters, peculiarities and
kinematical aspects of this distributions it is possible to prepare a proper
experiment for the study of the p and J/y meson production in nuclear
subthreshold interactions.
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