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Cross sections of baryarbaryon— (Q0)) ;=_y+ + X are studied using an effective Hamiltonian method. For
low energy region, they production process dominates; its cross sections are of order of 0.3+d fr
po=100-400 MeV. There are also some strong interaction processes for formidgsdch as(+()
—(QQ)g++7(7',¢) and Q+E—(QQ)y++K(K*). But these processes only make contributions in the
high momentum region, because their threshold energies are amugtater thanl GeV. The cross sections
for the pseudoscalar meson production processes are about 2.0644nd for the vector meson production
processes the cross sections are one order larger than those of the pseudoscalar meson production cases.
Besides the above processes, a two-step process is also discussed, in which the first (3tepl is
—(NQ) j7=—,++ (or v) and the second step &+ (NQ),+— (Q2Q)q++N. The result shows that the cross
sections are quite large for both steps. It seems that some two-step processes might also be important.
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[. INTRODUCTION same time, a natural and important question one has to an-
swer is how to produce the @) system experimentally in
For more than two decades, the search for dibaryons hasufficient quantity.

remained one of the most exciting topics in hadron physics, For formation of a system with baryon number equal to 2
and many works, both theoretical and experimental, havand strangeness equal t06, a straightforward way is to
been devoted to this fielfil—4]. It seems now that most have Q) beams colliding with each other. Since that is not
physicists hold the opinion that probably such objects, if theyfeasible in the near future, our attention is focused on heavy-
exist, will be seen in the strange sector because of the conjon collisions. The reasons for that are the following: First, a
paratively long lifetime, which is due to the stability with recent experiment at the SPS obserjéd] a strong en-
respect to strong decay. This means the strange quarks Mygincement in the production of multistrange hadrons in
be included in addition to the andd quarks. Therefore, one cleus-nucleus collisions. Such an enhancement increases
needs a method to calculate a six-quark system contaiging it the strangeness content of the particle, up to a factor 20

d, ands. Recently we have analyzed the symmetry propertie — . .
of the two-baryon systems by projecting them onto a six-?or QO+ Q. Although the mechanism of the enhancement is

quark system and found that among all 280 two-baryor{wt quite clgar, _the very fact encourages us to _cc_msider the
physical states, only six states have the highest orbital syn€arch for di€) dibaryon (1€1),- in heavy-ion collision ex-
metry. They are £A)st—o3, (AA)st—30, (AZ*)s1=0(5/2), periments. Second, in heavy-ion collisions a sgbs?anual f_rqc-
(A3 sros2), (E*Q)stmoz, and QQ)gr—go. It is tion of nucleons from both the target and projectile partici-
more remarkable thaaQ)OO is the 0n|y one which is stable pate in the reaction. As a reSUlt, a “fireball” with hlgh baryon
with respect to strong decay. This has stimulated us to try tumber could be formed. The fireball could be a hadronic
carry out a dynamical calculation for a sbquark system gas in thermodynamic equilibrium or the long-sought quark-
based on the chiral S8) quark model, which was extended gluon plasma. In the former case, the density effect favors a
by us in Refs[5,6] from the well-known chiral quark model subsequent collision between the already fornté¥d, the
[7,8]. This approach enables us to treat thguarks on the production of which has already been observed experimen-
same footing as the andd quarks. In the calculation, the tally. As for the quark-gluon plasma, the hadronization is
system is described as two clusters, each of them consistingery complicated and not understood; we therefore do not
of three s quarks. Then by employing a resonating groupthink any reliable estimates for the @i-production cross-
method(RGM) calculation, the binding energy fofX()+ section can be made. However, if the formation of th&di-

is found to be from several tens to 100 MeV, which is muchoccurs in a baryon-rich hadronic gas, then some simple
larger than the binding energy of the deuteron; the meanbaryon-baryon fusion processes should lead to the produc-
squared distance between the t¥ds is about 0.84 fm, tion of (QQ)q+. In this paper, as a first approach, we have
which is much smaller than the distance between the nuclezalculated the cross sections of these fusion reactions. They
ons in deuterium[9-11]. These peculiar features have areQ+Q—(QQ)y++ v, Q+Q—(QQ)o++ (%', ¢), and
aroused enormous interest among experimentalists. At th@ +E— (QQ),++K(K*). Moreover, there is a very inter-
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esting two-step process)+N—(NQ)jr_p++m (Or ¥),  wheree, (k) is the polarization vector of the photon with

momentunk anda, the spin operator o= 2. For the sake

) 4 . . b convenience we have transformed [E8). into coordinate

Fhe possible denglty effect, this process might become anace, and included the contribution arisen from the anoma-
important mechanism for d production. lous magnetic moment d by adjusting by hand the coef-

, The paper is organized as follows: In Sec. ITA we first ficient of the third term on the right-hand side of the follow-
discuss the electromagnetic proceé3s-Q—(QQ) g5+ . ing equation:

The calculation of strong interaction fusion processes with

the emission ofy, 7', K, ¢, and K* respectively is pre-

sented in Sec. Il B. Section Il C is Qevoted tc_) the calpulatio_n Hgm=i(2w)45(E— E'— )
of the two-step process we have just mentioned. Finally in

Sec. Il our calculations are summarized and discussed.

e 1

ZMQ 2wk

1
(2,”_)3/2

X[ =iV, 8(r—re k' +iv.s(r—r e ikr
Il. CALCULATION METHOD

i i i 1. . I P
As we have already mentioned in the Introduction, the +i§(k><og)5(r—r’)e*'k'r o, (K. @)

most direct and simple process for theliformation is
through the fusion of twd)’s. This may happen in colliding
beams of() or, more realistically, in heavy-ion collisions, For the proces$)+Q—(QQ),ss+ v, the initial state is a
where a baryon-rich fireball might be formed. In this sectionplane wave of two fre€)’s and the wave function is denoted
we are going to calculate these fusion processes. In whaty D 0u,u, Whereu, andu, are the spin components of
follows the()'s and all other baryons and mesons are treateghe two ()'s respectively. The final state consists of aHi-
as hadrons, but the wave function of the internal relative(QQ)LSJ and a photon. The wave function of the @i-
motion between twd)’s as well as the binding energy of () . is taken to be

(QQ)y+ is taken from the results of the chiral 8) quark

model calculations.

D gyl1,Fp)= eP Ro (Nxs(1L,2)aw. (5

Lo . (277)3/2
A. Electromagnetlc interaction process

Q+0-(Q0) 55+ y is a electromagnetic interaction g eynonential on the right-hand side of E8) is a plane
process; heré denotes the relative motion angular momen- for th ter of i Bdis th ter of
tum between the twdl’s, Sis the spin and] is the total wave for ? cen erao. mass. motion ardis the c';en ero
angular momentum of the d¥ system. As is well known, Mass coordinatep| (r) is the internal wave function of the
the electromagnetic vertex of particle with spin 3/2, afterdi-{} system, which is obtained from the RGM calculation

neglecting terms of higher order in momentum transfer, ca®n the quark leve(10], and x5(1,2) represents the corre-
be written down as sponding spin wave function. Taking into account the anti-

symmetrization between the tw@’s, the scattering matrix

[ = element ofQ +Q—(QQ + v process has the followin
Honmi8 [ Ta007,Wa0A00dx (1) garer o9 (st yp 9
where WV, is the wave function of) with spin S=2, satis- <E)\,(QQ)LSJ|Hem|QQM1M2>=<q)LSJ||:|;”|q)QQM1#2>,
fying the Rarita-Schwinger equation aAg(x) is the photon (6)

field. TheSmatrix element from the initial state to the final

state can be simplified by nonrelativistic decomposition: whereI:i;ff is an effective Hamiltonian operator defined as

(k\, "M [Hernd Pm) =g [HE e i) ¥l L P 1
N ; AL =i(2m)*8(E—E' — w))
wherep, m, andp’, m’ represent, respectively, the momenta ) (2m)3?] 2Mq 2w,

and the spin components of tle in the initial and final 2
states and is the y's momentum.y,, is the Pauli spinor of x> {—iﬁr,5(Fj—Fj’)eik'fj'+i€r_5(Fj—Fj’)e“"fj
spinS=3 particle with momentunﬁ=0. I:|2m is the opera- =1 : :

tor in momentum space: 1. . .. I .
+i§(k><ag)5(rj—rj’)e*'k'fj -£,(Kk), (7)
HE=i(2m)*8(p—p' —k) e 1
= — —

em T PP (2m)%2| 2Mq 2w, whereE andE’ are the energies of the initial state and of the
. (Q9Q) g5in the final state respectively. After integrating over
« 5+5’+i kX (;Q -EA(IZ), 3) the coordln.ate of the center of mass, we get the following

3 expression:
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(KN,(QQ) s Hem QQuqp,)
=2m)*s(p—p' —K) Ty,
with

1
Tii=

X2 Oi1EP M, (DX (2),
O1(1)=Ve K2 O,(1)=-e
63(1):| %)\kaﬂ}\eiig.ﬂz,
él(z)z_v*)\eii-ﬂz, éz(z)zeili-(/zv*)“

O5(2)=i 11k e

(277 6 2|\/| \/—<(€DL(r)X5(1 2))JM|

—ik'.r'/zv*x
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A( (_ )l 1+1 C|20 C|21 P
) i~ \/— \/2|—+ 101,011 1,0
11
<[ eotnin | 3xrfinorran,
A== AR, (17)
©) A®= 11l
I, —E(— )yrgv2lit

(1) )
Xf eo(Niiy| ZKr iy, (pryredr, (18

whereE,+ is the energy of the(@ Q)+ system,pq(r) is the

radial wave function of the twd}’s relative motion, and

eo(r)=deo(r)/dr. BothEy+ and g+ (r) are obtained from

the RGM calculation using the chiral $8) quark model
(100 [10]. For a given initial momentunp, the valuek is fixed

based on energy-momentum conservation; the total cross

With the formulas thus derived, the the cross section can bgection then can be calculated.

calculated using the standard procedure:
2mP°1 1
Urel l_GE

)\:tl E 2

M1M2

0=

vyel in EQ. (1) is the relative veIocity between the twd’s

o(p—p’ —k)|Tfi|2d3kd3p’de.

Similar calculations can also be carried out if the(His
in the p or d state.

B. Strong interaction process

The di{) system can also be formed through strong inter-
action with the emission of mesons. There are five possible
processes: namely, the three pseudoscalar meson production
(1) processes: Q+Q—(QQ) <+ 7, Q+0—(QQ) g+ 7',
andQ+E—(QQ)y++K and the two vector meson produc-
tion processe€)+OQ—(Q0)y++ ¢ and Q+E—(QQ) g+

in the initial statek, p, andp’ are the momentum of the 1 K*. |t should be noted that the emission of pions is
photon that of the relative motion of initial State, and that Ofstrong|y Suppressed becauleis a three- strange quark sys-
the di) system in the final state, respectively. Of particulartem. The vertex functions of the baryon-pseudoscalar meson

interest is the process which leads to the formation dddir

interactions can be expressed as

its ground stateQ) +Q—(QQ)q++y. The result for this

particular process is given explicitly in the following:

m e 1 kEg+
Ofi=—7 =7 — :
"4 Mg pEg+k
where
D=2 ALLAL, 5 ALAL
|1,|2,|3 l]_
and

A= (1 (= DAL + AR

FIPSY

I(ll): 1 i|1+|2+1 2|1+1 C'z(;) C'z]j-
vz \ax V2l +1 10O

1
Xf ¢6(r)j|1<§kr)i|1(pr)r2dr,

Hnnn(n'):igmm(n')f ‘FQ(X)75‘I’sz(x)¢q(n')(x)dx

(19
(12
and
O=zo0k [ = N
HEQK:|M_PJ ‘PQM(X)<_|WM¢K(X))
(13 )
-ToV=(X)dx+H.c. (20
The corresponding vertex functions for the vector meson
(14 production are
Hmm:igsm(ﬁf a&z(@hd’w(x)‘l’n(x)dx
foa
¢f \I,Q(X)O-,uv&vd)d),u(x)qiﬂ(x)dx
(15

(21)
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and

Hzok-=19=ak f W 0, (X) Ys i u(X) - TazW=(X)dx

fEQK* = d
M b f \I,Q/,L/(X) 7/1,75( K

w'

+i

Prru(X)- ¥Qa>

XW¥=(x)dx+H.c. (22
In Egs. (19—-(22), ¥z is the wave function off with
spin S=3 and ¥, the wave function of) with spin S=3.
Here ¢ is the wave function of meson and; is a scale
mass which usually can be taken as the proton’s nﬁgsjs
a transition operator in the flavor spa@q ,(,),» 9=k
dooer fang, 9=ak+ andfzok,. are the corresponding cou-
pling constants. Now taking the process#fproduction as

PHYSICAL REVIEW C66, 015205 (2002

B, \/ (1 (—D)'yy21,+1 C|010

1
Xf (po(r)j|l(§kr)j|l(pr)r2dr. (27)

The corresponding total cross section is obtained as

2 577 1 kEo+
12950773 My p(Egs + o |

EBZ

~ Bijy (28)
1'2

In Egs.(25—(28), [QQuiu,) is the antisymmetrized wave
function of the two()’s in the initial state andjqq, is the
coupling constant between th& and », which is fixed by
using the experimental value of tiNN7 coupling constant

Onng/VA7T=3.70 and the S(B) quark modelp denotes the
relative momentum between the tWb's of the initial state

an example, a brief explanation for the calculation formulasandk the relative momentum between th@ Q)+ and the
is given as follows: When terms of high order in momentummeson of the final stateq,(r) is the internal wave function

transfer are neglected, the vertex function(bf- () + » can
be expressed as

<5'm'1|2|H097;|5m>:<¢m'||:|9m;|l/’m) (23
and
i )
Hoo,=1900, Z) 6MQ(27T)4
1
X o(p—p _k)J_U” (p'—p), (24

andEy+ the energy of the @Q),+, both obtained from the
chiral SU3) quark model calculatioh10].

The formula for ther’ production cross section is similar
to that for the#n production with only the coupling constant
doa, replaced bygqq, . For another three processes, the
formulas of their cross sections are given as follows:

faong 2
Mp

T kE0+

My Joas
2 P(Eg++ )

Mg

18

: (29

X; (By,i,)*+ gszmquI Bf
1'2

for the processQ)+Q—(QQO)7_¢++ ¢, Where Bi.i, is

wherep m and p’,m’ are, respectively, the momenta and taken from Eq(27), and

spin components of th in the initial and final states arid
is the momentum of the mesap . Using the same method

described in Sec. Il A, the operatdﬁ‘m,7 in momentum

space can be easily transformed into coordinate space. The

scattering amplitudd{; for the reactionQ} +Q—(QQ)q+
+ 7 can be written down as follows:

(K,(QQ)0+[Haa,(1) +Han,(2)|QQuqus)

=(2m)*8(P;—P;—K)T{, (25)
whereP; is the four-momentum of the initial statB; andk
are the corresponding momenta éiQ)q+ and » meson in
the final state, respectively, and

Tf=i900, 5=
D 1 - 0
X 2 B1,1,C1u, 312, (Y1,(P) Y1, (K)1y, (26)
1'2

with

1 1
B/= \/E(l+(—1)')MJ ‘Po(”jl(ikr)jl(pr)rzdr’

(30)
277 ,(L"’ kE0+ K
oy B2 (31
f=0%ak 3 M2 p(EO++wk)%( i) (8D
and
16u2
K* ™ 2 M =0
of = 9=k T f:QK*
' Buza 2
| 32uzq KEq+ .
Joopr | —————— B 2,
M, o 9=zok*T=zok )p(E0++wk) %( I,
(32
for the processesQ+ 2~ %= (QQ)r_g+ +KOT(K*O)
with
__MaMz 33
HEQ™ (M +Mz) 33
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and +(Q4193)000, @and Q3+ (N5 1)gr. The wave functions of

these three different channels are denotedbyy, with «
[1 =1,2,3, respectively:
K _ [ 1,0
B|l|2_ _477_ 2|1+1C|i0’10kf (,Do(r)

®y=W5(r;—Rpg) eNa), F23)XQ/.L1(1)XNQ,2,LL23(213)!

) Mg ) 40

Xji, mkr)hl(pr)rzdr. (34) (40)
<D2=‘I’5(F2— R1s) @(QQ)L:O(Fls)XN,uz(Z)XQQ,O(1’3)1

C. Two-step process (41)

When considering the production of){2),+ in heavy- ;.4
ion collisions, a two-step process is of particular interest. As
is known in heavy-ion collisions, a fireball will be formed
immediately after the collision of two heavy-ions. The radius
of the fireball is around 10 fm. If the mean free path of the
produced particle inside the fireball is smaller than the radius

of the fireball, a secondary collision is possible. In particular,Where Xnu (Xo,) is the spin wave fu_nction of sin_gle
if the fireball is baryon rich, the is first captured by a 1uCcleonN () andxno z.(xa0.0) is the spin wave function

nucleon, which is abundant in the fireball. The newly formed(zf the two-baryon systerN( (€42) with spin 2 SO);Here
system (NQ), s 022 is @ weakly bound state with binding I represents the coordinate of tite baryon,r;;=r;—r; and
energy of about 5 Me\[11]. The di{) (Q2Q)q+ could be ﬁij is the center of mass coordinate of the two- baryon sys-
produced through a subsequent three-body exchange reagm (ij). W;(r,—R;) is the wave function of the relative
tion: O +(NQ) oo~ (202)o++N. To be more precise, there motion between théth baryon and the two-baryon system
are two channels in the first stefl:+ Q— (N€) g+ v and (ij). Here ‘P(NQ)L:O(F) and (P(QQ)L:O(F) are the internal

Ee;g;(NQ)OZZJF m. The corresponding interaction Verti- = inctions of thai and Q.0 systems, respectively.
According to the AGS equation derived from the multi-

0 o~ [ = channel theory of a three-body collisig3], the reaction
Hemzlef Yo (X) 7, Y a(X)A,L(X)dX, (35 amplitude for the channet to 3 is

3=V 5(r3—Rod) enay, o (M20 X0, (3) XN .20, (22D,
(42

N o _ Fﬁa: _(ZW)ZIU’B<(I)ﬁ|UBa|(Da>’ (43)

Hem=|ef Wn(X) 7, TNOA,L (X)X, (36) _
where ug is the reduced mass of channgland Ug, the

q transition operator for channel to 3:

an

UBQZVQB-F VB,),Govay"_ st (44)
HNN":'gNN’J Y)Y ysWn(x) ¢-00dx. (37) V,z in Eq. (44) is the interaction between the two baryans
and B, andG, the Green function651=E+ie— Ho. Since
Using the same method outlined in the previous section, theye only need some qualitative information concerning the
corresponding reaction amplitudes for these two processesross sections of the reaction, therefore as the lowest order

namely, Tf" andT{}, can be obtained: approximation, one may take simply,
<|Z7\1(NQ)022,¢L|Hgm+H§m|NQM1M2> Upa=Vap- (49
=(27)*8(P;—P;—k)T§" (38 For the case interesting to us, we haVgz=V,=Vyq .
After antisymmetrizing the twd)’s in the three-baryon sys-
and tem, the wave functions of the initial and final statesand
®; can be expressed as
<IZ'(NQ)022M|HNN7T|NQIU’]JU’2> 1
=(2m)*8(P;— Pi—K)TF.. (39) ;= \[E[fbl—@a] (46)

For calculating the production cross section of theand

(NQ) | s3=022, the binding energy and the internal wave

function of (NQ), 3= g2 are also taken from the result of the Oi=d,. 47
chiral SU3) quark model calculatiopl1]. As for the second

step reaction, one should note that there are three differefithen the reaction amplitude;; and the corresponding cross
channels for a three-body reactiof;+ (N,Q3)g2, N> sectiono are given as
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FIG. 1. The cross sections 6f+Q— (QQ)q++ . 0+0 = (O0)o+
ot7]

1 FIG. 2. The cross sections 6f+Q— (QQ)q++ 7.
Fri=— \[5(277)2Mf[<q’2|V12|‘1’1>—<‘1’2|V32|@3>] °

_ 2 reaches the maximum a@ = 500 MeV in the center of
= —\2(2m2u(@o|Vidby), 8 ass system. It then goes down with energy. As indicated in
where®,, ®,, and®; are taken from Eqg40)—(42) and Fig. 1, the cross section rises from=0.3 to 1.6 ub for p
=100-400 MeV. Roughly speaking, the cross section of
v, 1 ) this reaction is of ordepb and, if compared with the corre-
o= v—l %5 M1M§2:M23 |F il dQp, (49 sponding deuteron production cross section, is about 100—-12
times smaller for the incoming particle momentymin the
whereuv is the relative velocity betweef) and (NQ)g,, region from 100 to about 200 MeV; this is because the bind-
v, the relative velocity betweeN and (A1) in the final  ing energy of Q)+ is about 50 times larger than that of
state, and factors 4 and 5 are the statistical weights of ththe deuteron’s. The dit can also be produced in one of its
initial system. To carry out the cross section calculation, weexcited states and then disintegrates to the ground state via
need to know the interactiovly, between theN and() as  cascade radiation. For estimating the contributions from the
well as the internal wave functions for botiQ and QQ excited state of df2, we have also calculated the cross sec-
SyStemS,(P(NQ)L:O(F) and (P(QQ)L:O(F)' All of these are tions for the processe€l+Q0—(QQ) g)-110ty and Q
taken from Refs|10.11] +Q—>(QQ)LSJ:202+ v. The results have shown that the
. - . . cross sections of these two processes are even smaller than
Now it is appropriate to note that in parallel with the

formation of (NQ), s, gz, the scattering betweed and Q2 that of the direct 20))y+ production process. For instance,

can also lead to the formation oNQ), 5;—011, Which de- the cross section O&QJrQ"(QQ)L.SJ:ZOZJrV is about .50_.10
cays rapidly via strong interaction to\E), s, o11. There- times smaller than that of the direcf2()),+ production in
fore, whenever a simulation of the whole process is considthe region fromp=250 to 300 MeV. That means that the

ered, this effect should be taken into consideration. contribution of the excited states in forming tH@ Q)+ can
be neglected.

(Q2Q)y+ can also be produced through strong interaction
with the emission of meson. The calculated cross sections of
We are now going to summarize the numerical calcula) +Q—(QQ)q++ 7(7'), Q+E—(QQ)q++K (including
tions for all fusion reactions discussed in the preceding sed® andK™ productiong, Q+Q—(QQ)y++ ¢, andQ+ =
tions, which can occur in the baryon-rich hot matter formed— (Q2Q)q++K* (including K*® and K** production$ are
in heavy-ion collisions. In the calculations the nonrelativistic plotted in Figs. 2—6. For these reactions, the threshold ener-
approximation was adopted. gies are all close to or greater than 1 GeV in the center of
First, let us turn to the electromagnetic processes. Figurmass system, namely, 877 MeV fgrproduction, 1259 MeV
1 shows the cross sections of the reactiéh+(Q  for %', 1103 MeV forK, 1310 MeV for ¢, and 1412 MeV
—(QQ)y++7. The general trend is the following: The cross for K*. Therefore, only thos€’s produced in the heavy-ion
section increases with energy in the low energy region andollisions with very high energies can contribute to the

IlI. RESULTS AND DISCUSSIONS
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FIG. 3. The cross sections 6f+Q—(QQ)q++7'. ]
FIG. 5. The cross sections 6f+Q— (QQ) g+ + ¢.

(QQ)o+ production. Furthermore, from the plots one seeshan those for the pseudoscalar meson productions. This con-
that the cross sections of pseudoscalar meson productions &gsjon is obtained for the coupling constagisns, f
. ¢ TQQg,

of the order of 2.0—4.5ub or about several times larger than 54 goz=x+ to be fixed according to thhl-N scattering ex-
that of the corresponding electromagnetic process. This iSarimental values ofgnn,/VAT=0.59 and fyy,/ V4T
because the large momentum transfer associated with the , g5 (from Nijmegen mo’(]tlel 014]) and the Sl(Bf quark
huge Meson mass reduces the \./alu.e ?f th? overlailpplng INodel. Since the calculations are based on the nonrelativistic
gral containing two Bessel functiong;(;kr)j(pr)] in Eq.  approximation and there are still uncertainties as to how to
(27). As can be seen from the plots, the cross sections fodetermine the values of the coupling constants, so that what
vector meson production generally are about an order largesne can say is that possibly reactions with vector meson

emission are important in the high energy region. As it is

3 T I T I T I T
| i 30 I T I L} I L}
25 | -
25 | -
2 |—
2 3
3 1.5 - 3
b | b
1 —
0.5
0 1 I 1 I 1 I 1 0
1000 1500 2000 2500 3000 1500 2000 2500 3000
p(Mev) p ( MeV)
Q42 = (Q0)e+K 24z — (A0)+k ¥
FIG. 4. The cross sections 6+ = — (QQ)y++K. FIG. 6. The cross sections 6f+ 5 — (QQ)y++K*.
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i | 250 |- -
60 |- - - -
iy 200
50 —
-o - ~~
3 _ ERT
o - °
30 —
| 100
20 —
7 50
10 -
0 . L . | : ; 0 L L L L L
0 250 500 750 1000 400 600 800 1000
b (MeV ) p ( MeV )
O+N = (ON)+y Q+N = (ON)+7
FIG. 7. The cross sections 6f+N— (NQ)got . FIG. 8. The cross sections 6§+ N— (N€Q) o+ .

known that the production rate & is 45 times higher than
the rate of() in the heavy-ion collision processg2], the

production processes with emission Kfand K* from () f ; . . . .

= % . ormation of (NQ)q,, is predominant, provided the density
:“ﬁ(QdQ(){’*Bg(K )Nshouig Ibe mcl)lr?h |mport?nt for of fireball is sufficiently high. Moreover, the high density
orming diL} ({24})o+. Nevertheless, all the reactions we zlso favors the second step reaction to take place subse-

practibaly the contrbutions from these reactions 1o the prdUemty: 0+ (N)azz—(A0)oggt N. The remarkabe fea:
practically A : P"%ure of this reaction is the very large cross section. As shown
duction of ((2Q)),+ may be not so significant in the present

experiments. in Fig. 9, when the momentum of .the initial systemgs
Combining the photon emission and the strong interactiorI1_ 50-100 MeV, the Cross section i, 50-20 mb, the
processes discussed above, we can see that in the low mg_rgest among all reactions we have calculated so far. There-
mentum region the production cross sections@f)),+ are
quite small through these simple one-step processes. As
matter of fact, the dRR production rate in relativistic heavy-
ion collisions was estimated by Pat al. in Ref. [15] with
only the y and % productions taken into account. The nu- 120
merical result for the QQ),+ rate is about X10 ’ per
event at the RIHC energy afs=130A GeV. But when the 100
momentum of() in the heavy-ion collision processes in-
creases to about 2 GeV, the production rate(®fX),+ could = 80
be enhanced by two to three orders. €
Among all processes calculated in this paper, the two-stery
reaction is of particular interest not only because of the low
energy needed for this reaction but also the comparatively
large cross sections . The calculated results are depicted i 40
Figs. 7, 8, and 9. It is noted that in the first step the produc-
tion cross section ofN()q,, with radiation increases rapidly 20
with  momentum and reaches the maximum at
=200 MeV in the center of mass system. The value of the
cross section is of the order 5ab. If compared with the 20 40 60 80 100 120 140 160
Q-Q to (QQ)gee production cross section, the former is p (MeV)
about several tens times larger than the latter pat
=200 MeV. If the initial momentunp increases further to Q+(ON), = (20)e+N
about 420 MeV, ther emission process prevails. The cross
section OfUN+£)—>(NQ)022+7T can increase to 17Qb for p FIG. 9. The cross sections 6f+ (NQ) g~ (QQ)g++N

=500 MeV. Taking into account that in the baryon-rich fire-
ball the nucleons are much more abundant thar(tlse the

T I T I T I T I T I T I T
140 -

60
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fore, it is expected that the two-step reaction might be theross sections are of the order 100—4®. That means the

dominant mechanism for({(2)o+ production in heavy-ion search for Q)4+ in heavy-ion collisions is not an easy, but
collisions. This speculation, however, depends critically onfar from being an impossible experiment.
the behavior and evolution of the fireball formed in the

heavy-ion collisions. Therefore, the cross section estimates

24\63; here are an attempt towards a more detailed simulation ACKNOWLEDGMENTS
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