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Particle production from disoriented chiral condensates described by a coherent state
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Department of Physics, Tohoku University, Aoba-ku, Sendai 980-77, Japan
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The production of pions and sigma mesons from disoriented chiral conderiB&€ss) of finite size is
studied using the linear sigma model and a continuous mode coherent state. Two models are used to describe
the decay of DCC’s. One assumes instantaneous decay and the other assumes radiation from the surface. It is
found that, for a spherical DCC of radius of several fm, possible signals related to the momentum spectrum,
multiplicity, and the neutral-to-charged pion ratio will be completely masked by the background which domi-
nates multiparticle production in nucleus-nucleus collisions at high energies unless an appropriate cut or
binning in the phase space is made on an event-by-event basis. We propose that a signal of DCC’s may
manifest itself as an abnormal peak in the rapidity distribution if pions with medium and large transverse
momenta are cut off. The smearing effect due to sigma meson decay on the characteristic distribution of
neutral-to-charged pion ratio is also studigf0556-28188)04203-4

PACS numbgs): 25.75.Dw, 11.30.Rd, 12.38.Mh

I. INTRODUCTION to be estimated before claiming that the large fluctuations of
p in DCC events may explain the Centauro events and may
Nucleus-nucleus collisions at high energies have been inprovide a signal of a chiral phase transition.

vestigated enthusiastically, expecting the possible formation The purpose of this paper is to present useful quantitative
of hot quark-gluon plasméQGP), the state of matter where results of DCC signal analysis which has been only qualita-
quarks and gluons are deconfined and chiral symmetry igve in most previous works. We study pion production from
restored. However, even if QGP is formed in such a procescC's of finite size by using the linear sigma model and
it will decay eventually because the system expands and igontinuous mode coherent states which are not isospin eigen-
cooled. As has been discussed by many autfiord 3}, there  ¢i5tes. The momentum spectryi6-18, the mean pion

is a possibility that a disoriented chiral condens@€C) of = siplicity, and the p distributions are calculated for a

finite size may be formed in such a process. It is a ﬁnitespherical DCC or DCC'’s with various sizes. The contribu-

domain of a vacuum which is misaligned in the chiral space;o 1 the energy density or the total energy from the DCC
relative to the physical vacuum. The physical vacuum has f also evaluated. As there is no established method to de-
finite scalar condensate. In DCC’s, however, the pse”doécribe the decay of DCC's, we consider two models; one is
scalar condensate may also have nonzero value. the instantaneous decay model and the other is the radiation
Rajagopal and Wilczek suggested the possibility of they e 1t s found that the mean multiplicity and the energy
formation of large DCC's in a nonequilibrium quenching yensity are much smaller than the values expected for “nor-
process[4]. They studied the pionic content of the DCC's mal” events at, say, the RHIC energy region. This implies
and obtained a characteristic distribution of the ratiof the possible si(:qnals’ due to a soft momentum spectrum or the
neutral pion mUltlpllClty to all pion mU|t|pl|C|t|eS defined as peculiarp distribution will be Completely masked by the
overwhelming backgrounds unless an appropriate cut or bin-
def n(7°) ning in the phase space is made on an event-by-event basis.
:n(w+)+n(7r°)+n(7r‘) . oY) In Sec. I, a general formalism based on a coherent state
representation is given. In Sec. lll, two decay models are
o ) introduced and the physical quantities are calculated. In Sec.
The same distribution was also derived by Anselm andy charge fluctuations which includes the effect of sigma
Ryskin [2] within a similar context. This distribution pro- mesons are calculated. In Sec. V. numerical results are
vides_a possible e_xplanation of the Cen_tauro events found i8,own for some cases. They are compared with the expected
cosmic ray experimentsl4,15. Kowalski and Taylor used packground if relevant. The lifetime of DCC's is estimated
the “coherent isospin singlet states” to study DCQS|.  py ysing the radiation model. It is shown in Sec. V that an
They estimated the number of pions produced in DCC decaypnropriate cutoff in the transverse momentum may enhance

assuming that the momenta of pions are vanishing. There igne signal-to-background ratio in the rapidity space. Conclu-
however, no strong reason to believe that the DCC is aRjons and discussions are given in Sec. VI.

isospin singlet(isospin eigenstate in generaven if it is
neutral. Pions produced from finite DCC’s should have non-
zero momenta in general. The signal-to-background ratio has

Il. COHERENT STATE REPRESENTATION

Consider the linear sigma model. The Lagrangian is given
*Electronic address: m_isihar@nucl.phys.tohoku.ac.jp by
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where¢=(cr,;r) and the last term on right-hand side is the
explicit symmetry-breaking term. Since the distortion of the
chiral circle due to théd o term is small, the condensates of

the fields at time=0 may be parametrized as
(DCCo(X)|DCC)=v cosh(X), (3a)
(DCCm(x)|DCC)=v sind(x)n(x), (3b)

where|DCC) represents the vacuum with DCC'8,is the

angle from the sigma direction, amdis the unit vector rep-

resenting the direction in the space. Here, the field(x)

does not correspond to a physical particle. Therefore, we
make a field translation’ = o—wv, which corresponds to a

physical sigma meson. Equati¢8a) is rewritten as

(DCClo’ (X)|DCC)=v[cosh(x)—1]. (4)

1441

termined by the spatial configuration of the chiral angle

6(x). As we are considering a finite DCC, we have the fol-
lowing asymptotic condition:

(DCCl¢’ (x)|DCC) (DCCm(x)|DCCYy—0 (11
as |x|—.
More conditions are needed to determine the functilg(rﬁ).

As an example, we consider a simple case where the ex-
pectation values of the conjugate momenta are vanishing:

(o'Y=(m)=0. Then, we have
) — Voo 3galk X s
fo(k)— m[ d°xe <DCC|0‘ (X)|DCC>,
(123
) — \/_ 32K X
(12b

We use a continuous mode coherent state to represent the

DCC state:

0), B

3
|Dcc>:NDexp< > | d3kf(k)al (k)
4=0

where|0) is the normal vacuum statdly is the normaliza-

tion constant given by
3
Ng:exp( — 20 d3k|f#(k)|2), (6)
=

and the annihilatioficreatiorj operatora,, (k) [a/,(k)] for o’
and = fields satisfies

a,(k)|0y=0, (7)
a,(k)[DCC)=f,(k)|DCC), ®
[a,(k),al(k)]=6, ,8k—K'). (9)

Furthermore, we assume that the configuration is spherically
symmetric, the pionic part is Gaussian, eﬁ(&) is indepen-
dent ofx:

2
(DCC %(§)|Dcc>=vsina(r)ﬁ=erxp< — ﬁ) n,
(139

r2/R%)].
(13b

(DCClo’ (X)|DCC)=—v[1— V1 - Q%exp —

The origin ofr is taken at the center of the DCC. The
parameterQ is the sine of the chiral anglé at the center
which has to be between 0 and2 in order to satisfy Eq.
(133.

The average value d is nearly 0.8 because of chiral
symmetry. Namely,

J5d(cosh)sing

sinf(x) = fd(cosﬂ

(14)

By a Fourier transformation, we have another representa-

tion of the left-hand sides of Eq§4) and (3b):
f d3xe X DCCl o' (x)|DCC)

ALy
2wo(K) [

k) +f8(k)], (109

f d3xe’ X(DCC m(x)|DCC)

@m3
Sth-R+f@I, o

wherew , = VK2 + mi, my is theo’ mass andny; is the pion
mass. The function$, (k) and the unit vecton(x) are de-

Therefore we tak€)=0.8 as a typical choice. The radius
parameteRR is related to the correlation lengthwhich ap-
pears in the normal ordered correlation functions:

(:mi(x)m;(0):)=(:m(0) m;(0): yexp —r2/2R?)
= (:m(0)m(0):)exp( —r?£?),

where the first line is obtained from Eqg&), (12b), and
(139 while the second line gives the definition &f

Therefore, we havg = \2R. The value of¢ has been
estimated to be 1-3 fm in a quench scendri@] and from
3 fm to 7 fm in an annealing scenar{®]. We thus take
(Q,R) = (0.8,5.0 fm) as a typical choice for numerical cal-
culations and consider also another choi8,0.5 fm
and/or(0.8,1.0 fm) for comparison.

Finally, we have the following results f¢fﬂ(l2)|2:

(15
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.1 = o (2n—3)N -
|f0(k)|2:1—602Q4R6\/k2+ mir{ > ﬁan_z Etot(R):f d*x(DCC|H|DCC)
n=1 2"nln
2 . f2| [ Q?r2 r2
><exp(—R2k2/4n)} , (16a _fd 12 R4 ex R?
. Q%?| exp(—2r?/R?)
R* | 1—Q%exp(—r?/R?)

L, 1 = .
[£i(K)|2= 5 nfu?Q?ROVK?+ mZexp( —k?R?),  (16b)

+Hf [1- \/1—Q2exq—r2/R2)]} . (20

where (—1)!'=1 andn; is the component of.
DCC (Q=0) andv has been replaced with the pion decay
constantf .. On the other hand, the energy density in the

instantaneous decay model is obtained by substituﬁng
In this section, two DCC decay models are described ané-f_sing(x)n ando’ = f [ 1—cosf(x)] into the free part of

Ill. ENERGY DENSITY AND DECAY OF DCC's

an expression for the energy density is given. the Hamiltonian:
Hfree: Hﬂ' + H(r' ’ (2 1@
A. Instantaneous decay model and energy density
3
One needs to specify the mechanism of DCC decay in - -1 5.
. == dimoym+ = m , 21b
order to estimate the observable effects. However, we are not Hor 2i=0 e o e (210

aware of any established theory to describe DCC decay. So
we consider here a simple model which may be called the 1,
instantaneous decay model. It is assumed that a particle char- Her=3, . dio'dio’ + Emgrff'z, (219
N =

acterized byaL(k) in a DCC state becomes a free particle
with momentumk and energy\/IZ2+ mi instantaneously. It ~ 3=
is then straightforward to calculate physical quantities such Efed R)= | d°X(DCC|Hf;ed DCC), (219
as momentum distributions, multiplicity, the total energy of
pions, and energy density. where

The momentum distribution is given by

3

212
™

2R*

&N, o . (DCCH,|DCC)=
e =(DCCla, (k)ja,(k)[DCO=]f, (K)[%. (17

r2exp(—r?/R?)

1
+5mof2Q%exp(—r?/R?), (218

The mean multiplicity is obtained by integratirjg[;M(IZ)|2

. o A f2Q* exp( —2r?/R?
overk. The total energy in this approximation is (DCCH,|DCC)= . 2 o )

r
R*  1-Q%exp—r?/R?)

Ened R)=2 E, =, fd3k\/|22+mi|f#(|2)|2. (18) +%mfr,fi[l—\/1—Q2exp(—r2/R2)]2.
m m
(21)

More precise values of the energ@gnsn}can be esti- . The energyEq.{R) coincides withE;.(R) given by Eq.
mated as follows. The energy density is estimated by takmng)_ It will be shown in Sec. V thaE.{R) gives a consid-
the expectation value of the Hamiltonian density given bygaple overestimate compared to the precise VEER).
s_l:bstituting the DCC configuration into the Hamiltonian den-Tp5 is because the contribution from the “potential” energy
sity:

instantaneous decay model. The multiplicity of particles is

where the energy density is taken to be zero when there is no

is neglected in the free particle approximation used in the

3 also overestimated in this model. However, the approxima-

tion used in the model may be valid if there is an energy

H= 1&/2+1;;2+ E(Va')2+ 32 (Va)2+V(o,m)
2 2(=1 ! T reservoir and the energy that amounts to the “potential”

2 2

(19 energy is provided by the reservoir. Fortunately, there are

many background particles as a reservoidii\ collisions.

One possibility of DCC decay in the absence of an energy

Using Egs.(139 and(13b), we have reservoir is discussed in the next subsection.
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B. Radiation model

Energy conservation is apparently violated in the instan- ] |Z>ocf da Y"'z| DCO. (25)

taneous decay model discussed above. The simplest model ) ) _ ) _
which includes energy conservation is the radiative coolingvhereY . is a spherical harmonic function. The\}/ dis-
model. So we consider another simple model where energyibution was derived by using tHé=0, 1,=0) state. How-
conservation holds exactly, treating the DCC system as aaver, it is not clear if the choice of an isospin coherent state
isolated system. Although the DCC has a smooth tail, wevith 1=1,=0 is essential. In fact, this distribution was de-
treat it as if it has a spherical surface of definite radius forrived even in the classical picture where isospin projection is
simplicity and consider the radiation of particles from thenot used. The classical picture corresponds to the coherent
surface. state, but not to the isospin coherent state. In realistic pro-
At first, we give the variables which are used in this cesses of nucleus-nucleus collisions, there is no reason to fix
model. E;x(R(t)) is the energy of a DCC of a time- the state to isosinglet spafE9—-23. It is natural to consider
dependent radiufk(t) and is given by Eq.20) with R  that isospin distributes in general. The isospin of a DCC in
=R(t). The surface of a large DCC can be regarded locallyour case distributes such that
as a plane. Particles pass through the surface toward various

directions. Then, the flow due to a particle with momentum (DCCl1?bcC)=2n, (DCClI|DCC)=0,  (26)

contains a factor caswhich is the cosine of the angle be- ~ )
- wheren is the number of pions. The=0 component does
tweenk and the normal to the surface. The angular average -+ ominate in a DCC which contains many pions. Thus we

?f cos?tglt:/es a factor of 1/4. In th'st.SUbfseftfﬁ"s. ?func- f:onsider a coherent state without isospin projection.
lon o ecause energy conservation Is taken Into account. e conerent state is expanded in terms of the number

The velocity iSU'u(lZ): ||Z|/\/m,2L+lZ2- state|n,p,q,r,s) as follows:
As the volume and the surface area of the DCC are given
by V(t)=47R3(t)/3 and S(t) =47R(t), respectively, the DCO-NS S
rate of energy flow through the surface of a DCC of radius | »=No o par.s
R(t) becomes pravrrsTn
P q r S
SR 1S [ y \/(To) TN o
a - AV p'qglr!s!
(27)
> >\ 2
x; |f . (K, R(t)]%v (k) VK> +m3 where
. 3 (bg)P(b1)%(bT)" (b})°
=_ K 2R ! n,p,q.r,s)= 0),
(22) n=p+q+r+s. (28

o ] ] Furthermorep is the number of sigma mesons, agd,s
The net momentum distributions of emitted particles are theyye the numbers of*, 7=, #°, respectively. The quantities

given by T, andb,, are defined as followsy(=0,+,—,3):
_ 3 n’K= | d3k|f]|?> for i=1,23, (29)
Ny _ 5, X fd f.(K,R(1))|2R " 23 |
dk Tr\/szQ_mw t| j(: (t))| (v, (23
To= f dK|fo(K)[?, (309
dNo./ _ k3 o 25—1 K
TSN o f dt|foK, RIIZR7L(L). (24 T.=5sitg, (30b)
T;=K cog¢, (300
IV. CHARGE FLUCTUATIONS
3Rt (vat(l
One of the characteristic properties of DCC's is the £ fd kf.(k)a,(k)
charge fluctuations represented by the peculigip 1distri- b,= JT. ' (32)
o

bution [3-5]. [See Eq(1) for the definition ofp.] This dis-

tribution was derived either classicall$,4] or quantum field T

theoretically[5]. The derivation in quantum field theory was fa()=[Ff1(k)+if () 1/V2, (32)
done by using an isospin coherent state withl ,=0. The P N

isospin coherent state is constructed by isospin projection: al(k)=[Faj(k)—ial(k))/V2, (33
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TABLE |. Numerical values of physical quantities associated
with either large DCC's or closely packed small DCC's with typical
angle paramete® and radiusR: N, is the total number of pions,
{p) is the averaged momentum of produced pidfys,andEq.. are
the energies of the DCCsystem given by Eqgs.(20) and (18),
respectively emay is the maximum value of the energy density, and
(d NS;,'EC“T/dy)y _ o is the central height of the rapidity distribution
of direct charged pions. Typical backgrounds fok, and
(dNdirect Idy), - o estimated from the parton cascade mdds|
for Au-Au collisions at a total c.m. energy of 280GeV are also
shown for comparison.

Large Small Parton cascade
DCC's DCC’s model(Au-Au)

Q 0.8 0.8 -

R(fm) 5.0 0.5 -

Niot 58 150 11480

(p) (GeVk) 1.3x10°! 50x10°? -

Eiot (GeV) 5.7 71.7 (208

Efree (GEV) 12 79 -

€max (MeV/fm?) 9 325 -

(dNGe7dy), o 51 42 1200 ¢y~ 0)

and b,,b! satisfy the commutation relatiorib,, b}]
=5, .
'IéLhe probability distribution is

P(n,p.,q.,r,s)=1|{n,p,q,r,s|DCC)|?

_ ) (TO)qu+r+S

P piglr!s!

(sirf$)9*"(cod ¢)*,

2q+l’

(34

where ¢ is the polar angle ofi in 7 space.

We consider first the case where there is no sigma meson

at all. The unit vecton in 7 space is chosen at random for
each DCC to evaluate the distribution for many DCC

samples. This means an angular averagerispace. The
result is given as

_ 1
P(n,O,q,r,s)=Ef dQP(n,04q,r,s)

(q+r)! (2s)!
=C(n)q!7m. (39
C(n)= N%(ZFH-—].)” (36)

We evaluate tha,s distribution by summing up fog andr:

(2s)!

P(n,s)= 25512

2

q,
g+r+s=n

5(n,0,q,r,s)=2“C(n)

o« — for 1<s (<n).
Nz (

(37
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FIG. 1. Energy density distribution of DCC'’s.

The average value of the neutral pion number given by Eq.
(37) is one-third of the total pion number.

Now we check the effect of sigma mesons. We start from
Eq. (34). The decay mode of a sigma mesondié— 7"
+~ or 27°. We fix the total numbeN=n_+2n, of the
final state pions including those from sigma decay and the
number of neutral pionsn. The distribution after averaging
in 7 space is

N
P(N,m)=N3 '
j=modN,2)
and j=mod m,2)
" (2K) (2T,
(2j+1n| 3

min((N—j)/2[m/2])

)(N—J)/Z

8t
t=ma>(<<%f 2.0 ULIN=])2—t]!
[2(m—2t)]!
X—y
4M (m—2t)!]2

X

(38

where[ x] is the maximum integer which is not larger than
For example[4.56]=4. Here(x) is equal to—[ —x]. The
primed sum is

E!

< an:ano+an0+2+an0+4+'
nN=ng

Examples of the primed sum in E(8) are

2
P2,0—-> ",
j=0

2

P2,)— >,

j=2

4
P4,D)— > .
i=2

V. NUMERICAL RESULTS

We made numerical calculations of various quantities re-
lated to the DCC and its decay using the formula presented
in the preceding sections. We consider the following two
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FIG. 2. (a) Momentum distributions of neutral pions and sigma
mesons coming from a large DCQR (= 5 fm). (b) Momentum

distributions of neutral pions and sigma mesons coming from a

single small DCC R = 0.5 fm).

case$ as typical examples: a single large DCCR£5 fm
and many small DCC’s oR=0.5 fm closely packed in the
same volume. The three parameters, andH of the linear
sigma model are determined by requiring tmaj = 140
MeV, m,, = 600 MeV, andf ., = 93 MeV. The result is\
=19.7,v= 87.5 MeV, andH= (122 MeV)*. Some numeri-

DISORIENTED CHIRAL ... 1445

R() (fm)

t (fm)

FIG. 3. Time dependence of the radius of a DCC in the radiation
model. The curve terminates at the point where the energy of the
DCC becomes smaller than the pion mé&s40 MeV).

approximately proportional tB? for smallR (surface effeot
while proportional toR® for largeR (volume effect and also
to Q? for pions andQ* for ¢’ mesons as can be seen in Egs.
(169 and(16b). In any case, the mean total multiplicity of
pions from DCC's is much smaller than that of piofad-
rons which will be produced by a normal mechanism in
nucleus-nucleus collisions at high energies. As an example,
we have shown in Table | the result of a parton cascade
model for central Au-Au collisions at RHIC energ®3]. It is
obvious that the multiplicity alone cannot be a good signal of
DCC formation.

The total particle energ¥.. in two cases is shown in
Table I. It should be noted here tha. for small DCC’s is

140 T T T T T

100 -

80

dN/dP

60

40

cal characteristics of pions stemming from DCC'’s in the in-
stantaneous decay model are shown in Table I. The mear
total pion multiplicity from closely packed small DCC's is
some 2.5 times larger than that from a large DCC. This is
because the particlgpion and sigma mesgmultiplicity is

We consider here ideal cases for clarity. Several DCC's of dif-

20

0.05

0.1

0.15
P (GeV)

ferent sizes may be produced in different locations of phase space FIG. 4. Momentum distributions af’ and«° from a DCC ofR

in general.

= 5 fm in the radiation model.
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14000 T T T T 80 T T T T T T T

12000 ST, . 70 |

10000 [/ . / Background b 60 [ : / DCC 7

8000 |« :
Background -
/ (QGP)

dNch /dPr

6000 . T T
: : 40

dNch/dy

4000 |+ . E
. ) 30 -

: Direct Pions .. - X N
2000 4 el ) i ; : ‘\\
/ Pions from Sigma Tl or ,’/ : \\ |
o] e L L L ,II : ‘\\
4} 0.2 0.4 0.6 0.8 1 10 F Y ! | i
Pr (GeVic) ! N
0 L 1 1 1 1 1 Se
FIG. 5. Transverse momentum distributions of charged pions. s N 2 Hapi?]ityy 2 ¢ °
The background is estimated by using the result of G€ig8y for
the multiplicity with the assumption that dNg,/dPre FIG. 6. Rapidity distribution of charged pions frof = 5 fm
Prexf —Pr/(2(Pp)] with (P1)=400 MeV. DCC'’s with a transverse momentum cutofP{ ,,=0.055 GeV.

8 1 B The background is estimated by assuming that the rapidityPand
equal to 10 timesEee (R=0.5) calculated from EQ18).  gisyribution are factorized. For the distribution of rapidity it is as-

The energy density of a single DCC as a function of radius iSumed thatiN,,/dy=exp(—constx costy).
calculated using Eqg219, (21d), (216, and(21f) and the
result is shown in Fig. 1. The maximum energy density is The energy-weighted integration of the distribution gives
given in Table I. In any case, both the energies and energihe total energyE,,;, of which the numerical result is also
densities associated with DCC's are so small in comparisoshown in Table I. It is remarkable that the differer€g,.
with the total collision energy and the expected energy den—- E, is almost independent d®. This means that the “po-
sity in central collisions of heavy nuclei at RHIC and higher tential energy” of DCC’s per unit volume is almost indepen-
energy regions. This means that there is no difficulty indent ofR.
forming DCC's from the point of view of energy conserva-  The soft momentum spectrum of piof5,17] produced
tion. by decay of large DCC'’s provides the possibility to use it as
The momentum distributionsf. Eq. (17)] of direct 7%’s a signal of DCC formation. We show the transverse momen-
and that ofc’’s for two cases are shown in Figs(@2and tum distribution of charged pion&irect and indiregt[18]
2(b). The average momenta of pions in the two cases arestemming from a DCC oR=5 fm in the instantaneous de-
shown in Table I. It is remarkable that the averaged momeneay model together with the huge background expected for
tum in the case of large DCC's is much smaller than thecentral Au-Au collisions atys = 200 GeV in Fig. 5. It
normal value(say, 0.4—-0.5 Ge\¢) of the mean transverse should be noted here that one can enhance considerably the
momentum observed in general high energy nuclear collisignal-to-noise ratio by cutting off the high transverse mo-
sions. Furthermore, the momentum of a pion coming from anentum component. The expected rapidity distribution of
o' meson is much larger than that of a directwhenR is  charged piongor charged hadronsfter apr cut with cutoff
large. As seen in Table I, the mean momentum of pions fronmomentum= 0.055 GeV¢ is shown in Fig. 6. A sharp peak
small DCC’s is much larger than that from large DCC's.  emerges ay=0 on top of a broad background. In general, a
As already discussed in Sec. IIl, the enefiyedR) cal-  sharp peak will appear at such a rapidity which is equal to
culated from Eqgs(21a, (21d), (216, and (21f) overesti- the rapidity of the DCC. Such a pe&tr peaks as shown in
mates the total energy of the DCC system. A more precis&ig. 6 may be observed as a clear signal of DCC formation if
value can be estimated by using the radiation model. First othe rapidity bin size is chosen most appropriately and the
all, one can evaluate the lifetime of DCC’s by solving Eq. effects of statistical fluctuations are correctly evalud@s.
(22) with Eq. (20) for R(t). The numerical result foR(t) is One of the most characteristic properties of DCC's is
shown in Fig. 3, from which one sees that the lifetime is, forcharge fluctuations, i.e., fluctuations @iefined by Eq(1).
example, 25 fm foR=5 fm and some 10 fm foR=3 fm.  We have already shown in Sec. IV that a coherent pion state
Equations(23) and(24) allow us to evaluate momentum dis- without isospin projection and without a sigma component
tributions of #”s and ¢’s and the result foR=5 fm is  yields a 14/p distribution when the total multiplicity is not
shown in Fig. 4. The direct° distribution is considerably so small[cf. Eq. (37)]. The distributions foN=10 and 80
reduced in comparison with that in the instantaneous modehre shown in Fig. 7 in comparison with the asymptoticyi/2
while the ¢’ distribution is much more reduced. The meandistribution. The distribution foN=380 is already very close
total pion multiplicity in this case is about 29. to the asymptotic distribution and even the distribution for
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function of N for variousR. The result is shown in Fig. 10.
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FIG. 7. The probability distribution of neutral-to-total ratio
when there is no sigma meson.

VI. CONCLUSION
N=10 is not much different from the asymptotic one.

However, there is a smearing effect due to the contribu- We investigated the properties of the DCC.: wh|ch is de-
tion from o mesons. We have calculated the distribution us—Scrlbed by a coherent state. The particle dlsmbutlons are
ina Eq.(38). Th ' its f inale DCC Gi—5 f q1 evaluated using two models of DCC decay: the instantaneous
Ing .q.( ). The results or a singie —>Imand. decay model and radiation model. The results are compared
fm with N=50 are shown in Fig. 8. The smearing effect is so

U ; o with possible backgrounds in order to find possible signals of
strong that the distributions deviate significantly from the

et T : DCC'’s. The radiation model gives us a rough estimate of the
1/2p distribution. However, an appreciable enhancemenfifetime of DCC's. It is found that the multiplicity of par-

still remains at the smalp region in comparison with the ticles from DCC'’s is so small that it cannot be a signal of
binomial distribution which corresponds to the case whereDCC's. In order to attain a sufficiently large signal-to-noise
all the pions come from 26- mesons. One can see also thatratio, we note the fact that the momentum distribution com-
the distribution is insensitive tR. ing from a large DCC is much softer than that of pions pro-
Finally, we have examined the dependence ofgdhgis-  duced by an ordinary mechanism. This gives us the possibil-
tribution on the total pion numbeX. The distributions for ity to find a clear signal of DCC's in a rapidity distribution
N=20 and 50 witrR="5 fm are shown in Fig. 9. It is found by cutting off the largePy component. An event-by-event
that the enhancement at smalls larger for smalleN. This ~ @nalysis with an adequate trigger and a varying rapidity bin
suggests that the relative contribution frammesons de- WI|| be most u;gful. A cor(elatlor? analysis of charge fluctua-
pends onN. In order to confirm this point, we have calcu- tions and rapidity fluctuations will also be useful.
lated the fraction of indirect pions, i.e., the mean multiplicity . ©On the other hand, the 1/() distribution will be con-
of indirect pions divided by the total pion multiplicity as a siderably smeared if there are sigma mesons. However, the
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FIG. 8. p distribution when there are sigma mesons. FIG. 10. N dependence of the average fraction of indirect pions.
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distribution at smalp may still show an observable enhance- duced by nucleus-nucleus collisions or hadron-hadron colli-

ment in comparison with the binomial distribution provided Sions. _

that effects from other backgrounds are not so large. There are many problems about the formation and decay
We have considered that DCC's may be produced i f DCC's. In the present paper, we have simply assumed the

- . . ormation of a DCC and have studied its decay by using
nuclgus-nucleus collisions at h'gh energies. It may a',s‘? b'§imple models. In a more complete theory, formation and
possible that they are produced in hadron-hadron coIhsmnaecay of DCC’s should be studied in a unified manner as a

[25]. However, the formation of large DCC's is unlikely in sequence of a dynamical process or a nonequilibrium statis-
this case. It is then obvious that it is difficult to explain the tical proces$8,12,13,16. These problems are under investi-
Centauro events in terms of DCC’s, whether they are ingation.
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