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Continuous emission versus freeze-out via Hanbury BrowATwiss
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The effect of the continuous emission hypothesis on the two-pion Bose-Einstein correlation function is
discussed and compared with the corresponding results based on the usual freeze-out. Sizable differences in the
correlation function appear in these different descriptions of the decoupling process. This means that, when
extracting properties of the hot matter formed in high-energy heavy-ion collisions from the data, completely
different conclusions may be reached according to the description of the particle emission process adopted.

PACS numbes): 25.75—q, 24.10.Nz, 24.10.Pa, 24.60.Lz

[. INTRODUCTION transverse source dimensions were remarkably strong. It was
also shown in Refd.8,9] that a prolonged freeze-out would
When describing ultrarelativistic heavy-ion collisions considerably distort the two-particle correlation function.
with hydrodynamic models, a simple picture has been exter@ur main object in the present work is to show the differ-
sively adopted. It is usually considered that, as the thermalences in two-pion correlation predicted by CEM, as com-
ized matter expands, the system gradually cools down andpared with the results obtained under the usual assumption of
when the temperature reaches a certain freeze-out Walue sharp freeze-out. For this purpose, we will adopt the same
it decouples. Every observed quantity is then computed o@Pproximations used in Ref2], namely, one-dimensional
the hypersurfac& =T, . For instance, the momentum distri- Bjorken model[10] for massless-pion gas. It turns out that,
bution of the produced hadrons is obtained by using thavithin these approximations, the Hanbury Brown—Twiss
Cooper-Frye integral1] extended over this hypersurface. (HBT) effect suffers a large deformation when the usual
Though operationally simple, such a zero-thickness freezelfeeze-out scenario is replaced by CEM, affecting substan-
out hypersurface is clearly a highly idealized concept wherially the conclusions achieved on the properties of the mat-
applied to finite-volume and finite-lifetime systems as thosd€r formed in high-energy collisions.
formed in high-energy heavy-ion collisions.
More recently, Grassi, Hama, and Kodaf2d proposed [I. CONTINUOUS EMISSION OF PARTICLES
an alternative picture to the particle emission: instead of be- L .
ing emitted only when crossing the sharply defined freeze- N CEM, itis assumed that, at each space-time print
out surface, they considered that the process could occ@?ch particle has a certain probability of not colliding any
continuously. Being so, in this picture, particles could pemore, due to the finite dimensions and lifetime of the ther-

emitted from the whole expanding volume of the system, afn@lized matter. Then, the distribution functiéfx, p) of the
different temperatures, and not only from the surface witH®*Panding system has two components, one representing the
constantT=T,. As a consequence, in the continuous emisportion of the fluid already free and another corresponding to
sion model(CEM), the observed quantities depend on theth® Part still interacting, i.e.,

whole history of the expanding system and not only on the _ .

instant of the freeze-out. Concretely, it has been shi@8i F(X,P) = Tired X, P) + Fint(X, P) -

that(i) CEM enhances the large; component of the heavy-
particle (p,A,=,Q, ...) my spectrafii) it gives a concave
shape for the piorm; spectrum even without considering
transverse expansion of the fluidj) it can lead to the cor- )
rect hyperon production ratios and spectrum shapes with ff,ee(x,p)=73f(x,p)=mfim(x,p). D
conceptually reasonable choice of paraméirsd], and(iv)

it reproduces the observed mass dependence of the slo

We may write the portion of free particles as a fraction of the
total distribution function, as follows:

P&t us assume, as in the previous papers, that the fraction

parametei [5]. . S R )
Naturally, we would like to further explore if the above ;glrzmteractlng is represented by a thermal distribution func

model would present striking differences when compared to
the usual sudden freeze-out picture. One expectation would
be that the space-time region from which the particles were . ~ __9 1

|nt(xap) fth(xlp) ’ (2)
emitted would be quite different in both scenarios. In the (27)% exXpu(x)/T(x)]=1
continuous emission picture the duration of the emission pro-
cesses is expected to be longer than in the freeze-out scethereu” is the fluid velocity atx* andT is its temperature
nario, which should considerably affect the behavior of theat that point. The factdP can be alternatively understood as
correlation function. Previous studies have indeed showithe probability that a particle with momentupt* escapes
that the influence of the emission tirf@-9] on the apparent from x* without further collisions.
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If we assume that the fluid is confined to a cylinder of e i . _
radiusRy, the fractionP of free particles at each space-time G(kl,kz)ZJ d*xd*p€9 D (x,p)jg (Ufky,)jo(ufks,),

point x* may be computed by using the Glauber formula (8)
o, where D(x,p) is the breakup phase-space distribution
P=expg — X")ovedt (3 [8,9,17 and the currentg,(u;k;) contain information about
the production dynamics. If one takks=k, in Eq. (8), one
where obtains
tou="t+(—p CoS¢+ JRF—p?si? )/ (v sinf)  (4) G(ki ,k)—f d*xd*pD(x,p)|jo(ufki,)|%, 9

is the time when the particle with velocityv  which coincides with the one-particle spectrum.

= (v sinfcosde, v sindsing, v cosk) reaches the surface of As discussed in Ref.12], the currentsjy(usk;) in Egs.

the fluid atp=R7. (8),(9) can be associated to thermal models and written co-
If we further consider that, initially, the energy density is variantly as jo(k) yu*k, exp{—u“k,/(2T)}. However, to

approximately constar{f.e., e= (7r2/10)T4 for all the points make the computation eaS|er we shaII adopt throughout the

with p<R; and zero forp>R;), we can calculate the prob- paper a more convenient parametrization

ability P analytically, resulting in

) B utk,,
1202, jo(uk)=exp — 2T, (10
5)

P=(1l1o0? a~

where, in the case of pions, the so-called pseudotemperature
T,s was related with the true temperatuFéoy the equation
wherev ~1. The previous results can be found in Refs.[12]
[2-5].
Tps(X)=1.42T(x)—12.7 MeV . 11

lll. HBT INTERFEROMETRY This mapping betweefli(x) and T4(x) was later shown to

The second-order interferometry of identical particles,be @ good approximation also in the case of kaon interferom-
also known as the HBT effedtl1] is a powerful tool for  etry [13].
probing geometrical sizes of the space-time zone from which
they were emitted, as well as for testing dynamical correla- A. Bjorken model with sudden freeze-out
tions built in during the system evolution.

In its idealized version, the two-pion interferometry could
be studied through the so-called two-particle correlatio
function

In the ideal one dimensional Bjorken picture, using the
above pseudothermal parametrization for the currents, an
Manalytical form for the amplitudes can be deridd]

dN 2
P,o(Kq,K>) G(ky ko) = 2< dy>[ﬁ31(QTRT)]Ko(§)7 (12

Ca(ky,kp)= mzlﬂp(kl—kzﬂz, (6)

where
where P,(k;) and P,(k;,k,) are, respectively, the single-
particle inclusive distribution and the joint probability for £2= {
detecting two pionsp(k;—k,) is the Fourier transform of
the source space-time distribution.

In realistic cases, however, it is mandatory to employ
more general formalismi$-9,13, as is the case of the co-
variant current ensemble, flexible enough to include phase-
space correlations resulting from the underlying dynamicsAy=y,—y, and( ) indicates average over particles 1 and 2.
As a consequence, the HBT correlation functions would reThe single-inclusive distribution is then written as
flect a model dependent analysis. In the covariant current

1 2
ZT(m1T+m2T)_|7'(m1T sz)}

+2

1
P"‘Tz) mlT sz[COShAy)_l]’ (13)

ensemble formalism, the correlation function can be ex- d3N dN mir
pressed af9,12] G(ki.ki)—Ed—kig,—2d—yi ol 7/ (14
B B 1G(q,K)|?
Ca(ky k) =Cy(q,K)=1+ G(Ky,K1)G(Ky,Ky) ' () B. Bjorken model with continuous emission

The initial expectation concerning the differences be-
where g#=k{—k4 and K#=3(kf+k4) and the complex tween the continuous emission versus the freeze-out sce-
amplitudeG(k; ,k,) can be written as narios were mainly focused on the different emission peri-
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ods. Naturally, in the continuous emission picture the duraseparated the space-time in two regions, one wiiesP -

tion of the emission processes is longer than in the freeze-oind the other withP<Pj, with some reasonable value of
scenario, which should considerably affect the behavior ofp,.. Upon partial integration, the latter is reduced to the
the correlation function.The reason for this comes from Présurface contribution and the former may be estimated by
vious studies which have shown that the influence of thQJS"]g the Cooper-Frye formu|E1] on the Surfacé):’P}.,
emission time[6-9] on the transverse source dimensionsapplied to the interacting component. We emphasize, how-
were remarkably strong. ever, that? is a momentum-dependent quantity, so this is not

For treating pion interferometry in the case that interestshe usual Cooper-Frye integral. After some manipulation, we
us, we consider a different but equivalent form for expressyet for the single-inclusive distribution

ing the amplitudes in Eq.7). The single-inclusive distribu-
tion is written as in Ref[2]

1 27 +o
Gk k)= | 4D, [k Tyed e re AL B
R
whereD,, is the generalized divergence operator, which, due x[ J Tp dp 7m;r cosily;— 7)
to the symmetry of the problem, is written in Bjorken 0
+transverse polar coordinates. In Ref], it was shown that, o
in the usual freeze-out limit, Eq(15) is reduced to the +f Td7p Kt cos¢)e‘miTCOShVi‘”)/Tps(X).
Cooper-Frye integral. Being so, it coincides with Eg) in 70

the limit of zero-width correlation betweegn(or u) andx, as (18
in Bjorken model we are using.
Analogously, the two-particle complex amplitude is writ-
ten, instead of Eq(8), as Analogously, instead of Eq.12), the two-particle com-
plex amplitude is now written as

G( kl ) kz) = f d4xeiqx{pﬂ[ kfffree]}llz{p,u[klzj'ffree]}llz-

T NCTI L
_ o . . o @m¥a-Pplo )

Again G(k4,k,) coincides with the amplitude given by Eq.
(8) in the same limit, except for a phase factor associated to Ry
the complex currenf,(u.k), which we have not included X J; pdp 7Mycost(Y—7)
here. However, when parametrizing it by E#j0), this phase
factor is also neglected in the usual freeze-out case. X el[7H(do coshn=ay sinh») =par oS~ ¢q)]

In order to proceed further, let us recall that usually we e
are interested in small momentum differencgs=ky — k5, +j rd7p Ky cose
as compared with thaverage momentum of the pair“K 70
=3(k{+k%). If we then approximaté&?~K* in Eq. (16), a
substantial simplification is achieved and it could then be % @l [7(do coshy—aqysinh 7) —p zqy cos(p— dg)]

written as
X e*MT cosh(y — n)/TpS(x), (19)
G(0.K)=6(ks ko) = | dX €95 D,[KFfyed. (17

where  M;=KZ2+M?2, Ky=3(Ki+Ko)p, M2=K K*
We should note that such a dependenc&énreplacing the ! ! T T "

_ 2 1 . « g . - .
individual momenta}" andk¥ in the complex amplitude of _r_n #0,9" Y|s.the rapidity correspondllngelo, ¢ 1 the
Eq. (16), is also present in general derivations based on thgzmuthal angle with respect to th? dwec:;uonl@f anddég is
Wigner formalism. In particular, in Ref9] it was shown the angle between the directions@@andK.
that with the currents written as in E€L0), Eq. (8) is recov- In Egs.(18) and(19), 7 and p+ are the limiting values
ered from a covariant generalization of the Wigner formal-corresponding to a certain value of the escape probability
ism for minimal packets, with momentum spreakip Pr, ie.,
=VmT,s Explicitly, if we insert Eq.(10) for jo(uf’k;,) into

Eqg. (8), we automatically get the correspondi@ky,k,) \/ﬁ
for the usual freeze-out, witk;, replaced byK , . —pcosp+ YRy —psinf¢

In principle, the integral in Eq(17) should be extended Tf_(k JE)coshy [ \/sin(7—y) + P22 —cost{ n—y)]
over the whole space-time with> . However, due to the T d (20)
finite size and lifetime of our system, the integrand is ex-
pected to quickly vanish where the assumption embodied by
Eq. (2) also breaks down. So, in computing this integral, weand
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Kt . - 201 — T
pr=— 7 coshy cosg[ ysint?(y—y) + P i esoomey (051 ]
5 1.8 ---- K;=800MeV (C.E)
—cosf(n—y)]t[R$— Tg(ﬁ) L ——— K=500MeV (F.O) |
E - 1.6F \ -
il
x N\
X cosi y sirf ¢ [ \/sintf(n—y)+ P, N 1
12 (@] 1.4 N -
— cosHi n—y)]z] . (20 L )
For choosing the value &, in principle, we would like tob——Lt L L .

0 40 80 120 160 200-

to takeP- =1, corresponding to the complete integration of a.(MeV)
S

Egs. (15 and(17). However, we should notice that the ex-
prgSS|ons(18) and (19) .above become indeterminate in the FIG. 1. & correlation functionx gy in kinematical zone (side
limit Pr—1. As ment'on?d above, the_ thermal a_ssumpt'ondirectiori, showing the curves corresponding to the continuous
for fin(x,p) breaks down in the same limit. For this reason, gmissjon with that corresponding to the sudden freeze-out. This last
already in Ref[2], it was choserPz=0.5 and the effect of case is not sensitive t&; in this kinematical zone but a slight
Ch;’:\ngirll’lg this value was discussed. We shall adopt the san@pendence ol can be seen for continuous emission.

value here.

narios is small. Slightly broader correlation function for the

IV. COMPARISON OF RESULTS CEM case, and the decreasing width with, was also ex-
i _ pected.
A. Ideal configurations Case Il (or zone I) corresponds to considering,=0,

The complexity of the expressions for the amplitudes ap{k,|>|k,| , with bothk; along thex axis, i.e.k; | K1 | dr; in
pearing in Eq(7) in the continuous-emission scenario is evi- this case, we can write the individual momenta kfs
dent from Eqgs.(18) and (19) above. In order to get some :(\/m727+[KTiqT/2]21KTiQT/21010)1 where again the:

insight regarding the differences of the correlation functionsﬁigns correspond to pion 1 and 2, respectively. The momen-
in the two scenarios under investigation, let us select som . - s N
um differenceqr=0qo in this situation corresponds to the

special kinematical zones, corresponding to an idealized sit ) .
ation in which high precision data withnlimited statistics zﬁiéagiﬂfggggggfﬁgTongigt :?t;%%l\ﬁegr'g er?Eﬁﬂi.nRFe{g 5
would be available. For instance, let us fix=0 (K =qv This is the case, mentioned in the Introduction, where the

=0), so thatd= =/2 with respect to the collision axis. Due : o .
. uration of the emission process becomes essefiad).
to the symmetry of the problem we can, without any loss of_; o
Since the emission time in the usual freeze-out does not de-

generality, choos& along thex axis. We then explore the peng crucially on the particle momentum, the correlation
behavior of C(qr,Ky) for fixed K. For restricting even  nction is almost independent &f;. On the contrary, the
more our kinematical window, let us consider two caseSgmission time is strongly momentum dependent in CEM, for
Case I(or zone ) corresponds to considering, =—@,,  |arge-momentum particies are emitted mainly at early times,
= ¢, (the two pions are symmetrically emitted aroulﬁal,

implying that ¢,= 7/2; in this case, we can write the indi- 20

T T T T T '
vidual momenta ak{‘z(\/mfpL KT2+qT2/4, K, £07/2, 0), LN\ e Kp= 800 MeV (F.0) ]
where the+ signs correspond to pion 1 and 2, respectively. 18l K= 500 MeV (F.0.)_|
The momentum differencéT=ﬁ5 in this situation corre- | = = Ky=800MeV(CE) |
sponds to the so-callesidewardscomponent introduced in N Ky=500 MeV (C.E.)
Refs.[6,7]. For comparison, we consider that in the usual Ny 161 ]
freeze-out scenario, the decoupling occur$ gt 170 MeV. L i
The other constant values assumed in the calculation that o 14
follows were -

To 70 (ovre) Ry mz; ter
(MeV) (fm/c) (fm?) (fm) (MeV) sl 1
200 1 2 3.7 €S) 140 0 40 80 120 160 200

qO(M eV)
Results corresponding to zone | above are shown in Fig. FIG. 2. 7 correlation functionxg; in Kinematical zone I

1. As expected, since we are neglecting the transverse expaut directior), showing the curves corresponding to the continuous
sion, the difference between the predictions of the two sceemission with the ones corresponding to the sudden freeze-out.
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whereas small-momentum particles may be emitted also at 2.0 L B
later stage of expansion when the fluid is cooler and the - CE
system larger. So, we see in Fig a significant; depen- 1.8 _
dence, the correlation being narrower for smaler. Also, |
we can see that both the CEM curves are narrower than the .
corresponding freeze-out curves, indicating that the emission & 18 Tp=170MeV 7}
time in CEM is longer in general. Looking more carefully at o° r
the curves, we can also perceive that the tailCéfi+,K¢) in S 14 -
CEM is much flatter than in sharp freeze-out. Probably this L Tio= 140 MeV ]
flat tail is due to the small source depth in CEM at early 1ok
times. It is clear that in Bjorken model without transverse | Kp=500Mev
expansion, which we used in the present work, the source >y
depth is constant and Ry in sharp freeze-out scenario. 1.0, 20 80 120 180 200
Figure 3 represents the same situation as in zone Il but q,(MeV)
with a different freeze-out temperatuiig,=140 MeV, in
order to show the sensitivity of the results for a lowgy in FIG. 3. Study of the sensitivity t@;, in the abrupt freeze-out
the case of the usual freeze-out. As seenTtgelependence model in the kinematical zone Ilout direction. Together with
is very weak, as expected. previous results shown in Fig. 2, the curve corresponding to a lower

freeze-out temperatur@;,= 140 MeV, is also included.

B. Averaged correlations =(K7,0K.). Then, averaging over different kinematical

Although the selective kinematical zones could teach U$ones or windows would Correspond to integrating o}&er
interesting points concerning the differences of the behaviogmdd (except over the plotting component(ﬁ))‘ In order to
of the correlation functions corresponding to both scenarios, e the analysis roughly compatible with the range covered

as ShOW.” in_Figs. 1._3’ such cond_mons_ correspond t.o .aBy NA35 S+ A collisions[14], we considered the kinemati-
idealization. For putting the calculations into more reaI'St'Ci)al variables in the following intervals= 0.5<y=<0.5 (or

grounds, a_vergges over the angles, m_omentrz\, and the ung Juivalently, — 180<K, <180 MeV); 50=K <600 MeV:
served projections of thg momentum differengeshould be 0=<(0,,0s.0ou) <30 MeV (corresponding to the first ex-
performed. Using the azimuthal symmetry of the problem Weperimental bin. As an illustration, we show below an ex-
can still select K; along the x axis, such thatK ample how to compute the average:

180 600 30 30 2
|7 a [ dke [ “aas [ Cdackalek.al

—180 50 0

(Clau)=1+ -5 600 30 30 :
f dK dKTf qufo dgoC(K,q)G(ky,k1)G(ky,ky)

—180 50 0

The results are presented in the following way. First, ashistory of the matter in expansion, because particles are emit-
done in the preceding subsection, in order to stress the dited during the whole evolution in CEM. Namely, the tail of
ferences of results predicted by the two scenarios undgC) depends essentially on early times, when the size of the
study, we start from the same initial temperatdig=200 fluid is small and its temperature high, whereas the peak
MeV for both the usual freeze-out and CEM. The results areeflects later times, when the fluid has fully expanded and
shown in Figs. 4-6, respectively, as functionsgef, qo, cooled down.
andgs. One sees in Fig. 4 that, as is well known, e We have already seen in the preceding subsection that,
dependence is very sensitive to the freeze-out temperatumhen plotted as function afg, the correlation function in
T:, and if the same initial temperature is attained in bothCEM is significantly narrower than the one in the sharp
scenarios, the correlation function corresponding to the confreeze-out and has a flatter tail. These features are again seen
tinuous emission picture is closer to the one referring to then Fig. 5, where(C) .. with lower freeze-out temperature
thermal freeze-out at lowédr;,. However, the shapes are not Ty, is closer to the curve for CEM, as in Fig. 4. However, if
the same. The one related to CEM is more peaked at théhe same initial temperature is attained in both scenarios,
small-q, values, becoming flatter in the tail region. This is in very low Ty, is necessary, in this case, in order to approxi-
clear contrast to those corresponding to sharp freeze-out sceyately reproduce the same correlation predicted by CEM.
nario which are more similar to Gaussians. Physically, thisNVe can also notice that the depletion of the correlation func-
behavior of CEM curve could be interpreted as exhibiting thetion at smallgg values is more dramatic in CEM. In any
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Continuous Emission (T0= 200 MeV) Continuous Emission (T0= 200 MeV)
Freeze-Out (T0= 200 MeV) Freeze-Out (T0= 200 MeV)
20— T—T—T7—— 77— 20— —T7—T—T7—
N T, =170 MeV - Eo .
YO fo a0 e Tio= 170 Mev
1.8\ N, T Tio= 140 MeV 1.8 F >N L. T - 140 Mev ]
L * \\ CE. ] | \\\\ fo i
NN N C.E.
A 161 ' - A 1.6 3 n
= 54 N
< 7 1 < 1
S 14 . S 14} .
121 A 121 .
- . Y - \\\\ -
1.0 ) | ) | ) | I 1T -T== 1.0 L | L | L | L |
0 40 80 120 160 200 0 40 80 120 160 200
qL(MeV) qS(MeV)
FIG. 4. (C),..Xq,_ averaged oveqs and g,, showing the FIG. 6. (C ),.Xqs averaged oven, and o, showing the

curve corresponding to the continuous emission hypothesis with theurve corresponding to the continuous emission hypothesis as com-
ones corresponding to the usual freeze-outTige=170 MeV and  pared to the ones corresponding to usual freeze-out;at170
Tio=140 MeV. MeV and T;,= 140 MeV, but identical initial temperaturds,.

case, it is important to emphasize that our source is totallysual abrupt freeze-out one, when the fluid started from the
chaotic in both scenarios and, as is well knof@}, (C)  same initial conditions. Now, when analyzing the experimen-
<2 at q,=0 is originated only from the averaging pro- tal data, the parameters are usually adjusted by fitting the
cesses, since Coulomb final state interactions, as well as tltata points as close as possible, and the conclusions are ex-
effect of resonances decaying intgs [8,9] were not con- tracted from the adjusted parameters. In the present model
sidered here. calculations, the only parameter, in addition to the freeze-out

We can again notice in Fig. 6 that, also as functiomjgf  temperaturdy,, is the initial temperatur&,. For computing
the depletion of C ) ... is more pronounced in CEM as com- the results presented in Figs. 7-9, we have fixed the initial
pared to the curves corresponding to the sharp freeze-otemperature for CEM as 200 MeV, and varied the initial
case. As happened in the previous cases, for the same initisdmperaturd o for the usual freeze-out scenario, trying to get
temperaturg C) ... with lower Ty, is closer to the curve for the samdor similar result. To doing so, we have chosen the
CEM, but the shape is somewhat different. freeze-out temperature as,=140 MeV, as often done in

In the previous figures, we have shown and discussed thieydrodynamic calculations and following the indications of
differences of CEM correlation function, confronted with the the previous discussions.

Continuous Emission (T0= 200 MeV) Continuous Emission (T0= 200 MeV)
Freeze-Out (T0= 200 MeV) Freeze-Out (Tf =140 MeV)
0
20— T T T 20— 77—
“i‘*\\\ -------- Tip= 170Mev ] N - Ty 200 MeV
1. — \‘\ _____ _ — 8+ “\\\ - _ —
8 Tj,= 140 MeV 1.8 W T o= 220 MeV
F Y C.E. 1 - AN e To=230 MeV 1
A 161 . A 16F
o E3
3 i T 3 i
S 14 . S 14
1.2 — 1.2
1.0 L 1.0 L
0 40 80 120 160 200 0 40 80 120 160 200
qo(MeV) qL(MeV)
FIG. 5. (C ),..X0o averaged oveq_ and qs, showing the FIG. 7. (C ),..Xq, averaged oveqs and qo, showing the

curve corresponding to the continuous emission hypothesis as consurve corresponding to the continuous emission hypothesis with the
pared to the ones corresponding to usual freeze-olfat 170 ones corresponding to the usual freeze-ouTgt 140 MeV, but
MeV and T;,= 140 MeV, but identical initial temperaturés,. different initial temperatures,,.
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Continuous Emission (T ;= 200 MeV) In Fig. 8, where theygy dependence ofC) .. is shown,
Freeze-Out (T, = 140 MeV) we can again observe a distortion introduced by CEM into

20T 71 T T T 1 the shape of the correlation function. We see #¢@} for
Fxe. oo Ty=200MeV ] CEM is closer to the curve witfi,=230 MeV at smallgp,
181\ — - T,e230Mev ] but at highgg, it turns to be clqser to the one correspondlng

N T -osoMev A to To=260 MeV. However, differently from the previous

0 case, Fig. 7, the shape of the freeze-out correlation curves is
only slightly dependent oy and it becomes narrower as the
] temperature increases. What is clearlydependent here is
. the intercept at the origin, which reflects the large expansion
dependence ofC) .. X g, as shown in Figs. 4 and 7.

Finally, Fig. 9 shows that in this case it is possible to find
an appropriatd , for sharp freeze-out to reproduce the CEM
curve. We see thatC) for CEM is closer to the curve with
To=230 MeV and the agreement is good for most of dgae
region where the interferometric signal is present. This was
expected because in the present study we have neglected the

FIG. 8. (C),.Xdo, averaged over, andqs, showing the (ranSverse expansion, so the transverse size is the same in
curve corresponding to CEM as compared to the ones correspon@9th the scenarios. The initial temperatiigein freeze-out is
ing to the sharp freeze-out @k, =140 MeV, but different initial ~ higher than the one for CEM, because this is required to
temperaturedo. make the size of the fluid large enough and the correlation in

the longitudinal direction sharp enough to decrease the inter-

As seen, especially in Fig. 7, the correlation functionscept on averaging.
predicted by the two different scenarios were so different in From the above results, mainly from the correlation
shape that it was not always possible to obtain similarcurves as function of, , we clearly see deviations from the
curves. For example, in the case qf dependence, Fig. 7, pure Gaussian behavior in cases where the continuous emis-
(C) for CEM is closer to the curve with highé, at small  sion ansatz was assumed. This could actually reflect a signa-
g, , but at highq, , it turns to be closer to the one with the ture of a continuous process in the particle emission.
lowest value ofT,. As discussed above in connection with
Fig. 4, the correlation curve in CEM could be interpreted as
showing the history of the hot matter in expansion, i.e., the
tail of (C) reflects essentially the early times, when the size As mentioned in the Introduction, treating the decoupling
of the fluid is small and its temperature high, and the pealprocess in heavy-ion collisions as occurring on a sharply
the later times, when the fluid has fully expanded and cooledefined surface is an operationally simple but highly ideal-
down. In the usual freeze-out picture with a fixég, small  ized description. If the consideration of a finite thickness of
T, is enough to produce a large tail, whereas a larger exparsuch a decoupling region does not bring any noticeable dif-
sion, so higheiT,, is required to produce a narrowg). ference in the observable quantities, such an approximation

would be unquestionable. However, previous studizss]

<G(K,q)>

0 40 80 120 160 200
qo(MeV)

V. DISCUSSIONS AND CONCLUDING REMARKS

Continuous Emission (T =200 MeV) have shown that several quantities, such as transverse spectra
20 Freeze-Out (T =140 MeV) of produced particles and heavy-particle production ratios
' T T are sensitive to more involved description of the process,
T Ty-200MeV | called continuous emission modé].
L1 =N T.-230Mev 1 In this paper, we concentrated on the two-pion interfer-
NN T°= 250 MoV A ometry, which has extensively been used as a powerful tool
A 16l \\\\ C‘.’E. i for extractlr}g the spage—ume geometry,. as well as probujg
= N the underlying dynamics of the hadronic matter formed in
f‘; i \\‘\1\ ] heavy-ion collisions, and studied the differences introduced
v 1.4 \\ - by CEM in confront with the usual sudden freeze-out. As
L \\ - shown in Sec. IV, also the HBT effect suffers a large defor-
1oL N a mation when the usual freeze-out is replaced by CEM. This
AN means that conclusions achieved on the properties of the
I \\\ | matter formed in high-energy collisions may differ substan-
1-00 ' 4'0 ' 8'0 ' 1;0 ' 1é0 200 tially if we adopt one or the other scenario studied here.
q (MeV) For the sake of conceptual clarity and, evidently, also to

simplify the computation, we have adopted in this work a
FIG. 9. (C),.Xqs averaged over, and go, showing the simplified one-dimensional Bjorken model for massless pion
curve corresponding to CEM as compared to the ones corresponfiuid (the pion mass has been included only to computing
ing to usual freeze-out af;,=140 MeV, but with different initial ~ observable quantiti¢s without phase transition. Neverthe-
temperatureT,. less, one general result emerges, which seems to be evident
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especially by looking at Figs. 7—9. Namely, if we describeextension of the fluid should be considered; transverse ex-
the same data by using CEM or sharp freeze{auth Ty, pansion should be included; resonance formation should be
=140 MeV), the initial temperatur@, required in CEM is  taken into account. All these modifications require some hy-

lower than in the usual freeze-out. T, is higher, the dif-  drodynamic numerical code with CEM incorporated. We are

ference inT, becomes even larger, which is clear from Figs.now working in this direction.

4—6. This result means that if CEM is the correct description

of the decoupling process, then it is harder to reach the
guark-gluon plasma phase than it appears in the usually
adopted sharp freeze-out scenario.

Since we have worked with a simplified model, we did  This work was partially supported by FAPE$®ontract
not attempt to make any comparison with data. For doingNos. 1998/02249-4 and 1998/1499D&hd by CNPqCon-
this, evidently we have to do sonter all) of the following  tract No. 300054/9290 We express our gratitude to T.
improvements. More realistic equation of stgpeobably in- Kodama and T. Csgo for stimulating discussions on the
cluding phase transitiorshould be used; finite longitudinal results.
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