HBT radii from the UrQMD transport approach at different energies
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Abstract. We present results on Hanbury Brown-Twiss (HBT) radii estied from the Ultra-relativistic Molec-
ular Dynamics (UrQMD) approach to relativistic heavy ioflisins. The present investigation provides a com-
parison of results from pure hadronic transport calcufetito a Boltzmann Hydrodynamic hybrid approach
with an intermediate hydrodynamic phase. For the hydroayo@hase dferent Equations of State (EoS) have
been employed, i.e. bag model, hadron resonance gas andbEdS. The influence of various freeze-out sce-
narios has been investigated and shown to be negligibleibiméc rescatterings after the hydrodynamic evolution
are included. Furthermore, first results of the sourcertinf azimuthal sensitive HBT and the direct extraction
from the transport model are presented and exhibit a verg ggoeement with E895 data at AGS.

1 Introduction While transport approaches with only hadronic or par-
tonic degrees of freedom allow for a very detailed explo-

To explore the properties of nuclear matter under extreme'ation of the collision dynamics they usually remain either
conditions one collides heavy ions at relativistic enesgie N the hadronic or partonic phase and do not allow for a
The needed collision energies are achieved by using heawp_hase transition. Therefore, it is mhe_r_entl_y impossible t
ion colliders such as the Super Proton Synchrotron (SPs) directly see signals of a phase transition in such models.
the Relativistic Heavy lon Collider (RHIC) and the Large 1€ Only option within these models is to compare com-
Hadron Collider (LHC) or the soon to be built Facility for Putation results from hadronic calculations with partonic
Antiproton and lon Research (FAIR). During the coliision results and watch out for qualitative changes in the be-
of these nuclei it is expected that a hot and dense zone oftaviour.

free quarks and gluons, known as the quark gluon plasma___In contrastto thatitis easily possible to change the de-
(QGP) is created. grees of freedom within hydrodynamic descriptions. Here,

one has to change the equation of state to model either
partonic or hadronic degrees of freedom. It is even pos-

observe the creation and behaviour of the QGP directly. It SIPI® t0 use an EoS that features a phase transition, e.g.
a bag model EoS. However, before the kinetic freeze-out

is only possible to observe the momentum-space distribu- . . .
yp b the medium becomes so dilute, that a hydrodynamic de-

tions of the particles produced in the reaction long after ~ = " . . )
P b g scription becomes questionable. To tackle this challenge,

they have hadronized and the unstable hadrons have deh brid hes th bi icl ith h
cayed. Because of this theoretical modelling is needed to ybrid approaches that combine particle transport with hy-

reconstruct the phasespace evolution of the medium and tdirodynamic calculations have been developed during the

investigate if a phase transition to the QGP state has hapPast few years.
g‘gﬁ:&?ae' a phase transition to the QGP state has hap In this paper the féects of dfferent EoS and tfierent

e he name o HET teferometry comes a po- {27100 scenaros fom e hydrodynamic descripton 1o
erful theoretical tool, that allows to connect the final par- P P

ticle momentum distribution to the freeze-out geometry. plored.

It is however not possible to deduce the full space-time

dynamic with this approach. Thus, one uses transport ap- )

proaches to generate freeze-out distributions that alow t 2 Hybrid approaches

calculate theoretical HBT parameters while at the same

time knowing the whole space-time evolution of the par- Hybrid approaches that combine hydrodynamics and trans-
ticle emitting system. port equations were proposed 10 years ago [1,2]. Since
then they have been employed for a wide range of inves-
3 e-mail:graef@th.physik.uni-frankfurt.de tigations [3—6]. The hybrid approach that is used here is

Due to the ultra-short duration of a relativistic heavy
ion collision on the order of 10 ffo it is impossible to
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based on the well known UrQMD model [7-9] with an

additional intermediate hydrodynamic evolution. This ap- o (ZASE)  (ORSe) (RACH) RS e
pro?c.hhstarts with zé pﬁrely T]adrorr:ic cr?scak(]je.hAgter (;he two ¢ ;‘m\@ ,\*@@:m ,\%\lg . ’;‘\a * *'*;\&
nuclei have passed through each other the hydrodynamic = ° * %y, | " [e, e + B B
evolution starts at the timiet = 2R/ +/y2 - 1, with R A i e el B e
being the radius of the nucleus apdbeing the Lorentz [ NAdodata: X i wioHR: defaut: ‘
factor. At this time the spectators and the other particles — ¢ N . 5 .
are treated dierently. The spectators are still propagated 3 Frtee (T ey "_i‘fj @i”ij* e, T,
via the cascade, while the other particles are mapped onto ° * : . i

‘ with HR: default: {3 IF: ~O - e -\ ‘

the hydrodynamic grid. By doing so one explicitly assumes
a local thermodynamic equilibrium for each cell. For the
following hydrodynamic evolution the SHASTA [10] al-
gorithm is used. For the analysis in this paper a hadron ¢
gas EoS (HG), a bag model EoS (BM) and an EoS with

a chiral phase transition (CH) are used. The HG EoS is 200 400 200 400 200 400 200 400 200 400 600
modeled with the same degrees of freedom as the UrQMD k; (MeVic)

model [11,12]. At the end of the hydrodynamic expansion

the hydrodynamic quantities are translated to hadronic de-Fig. 1. kr dependence of~ HBT radii at beam energies from
grees of freedom via the Cooper-Frye formalism. For this, 20 AGeV to 160 AGeV for dierent freeze-out scenarios [14].
two different freeze-out scenarios were employed. The first The red stars are NA49 data [17]. All other results in thi¢ pie
one is the isochronous freeze-out (IF). In the IF the hydro- from hybrid calculations. The black squares depict the gahd
dynamic evolution stops in all cells at the same time, once freeze-out (GF) at 5 times (default scenario). The black line is
the energy density in every cell drops below five times the the same scenario, but without hadron rescattering (HR) tfe
ground state densits (default value). The second one is hydrodynamic evolution. The r_ed circles are for thg isonbres
the gradual freeze-out (GF) scenario. In this scenario theffeeze-out (IF). And the blue triangles for GF at 5 tinags
mapping from the hydrodynamic grid to the cascade hap-

pens in transverse slices of thickness 0.2 fm. All cells of a

transverse slice freeze-out, once every cell inthis sla® h 5| the diferences in the freeze-out treatments vanish and

reached an energy density lower than five times the groundihe diferent methods become indistinguishable.
state density. This mimics an iso-eigentime freeze-oat, th

accounts for time dilationfects seen in the freeze-out
temperature in cells with a high rapidity. After this the fina

i i h ithin th MD . . X
state interactions and decays happen within the UrQ with the pure hadronic cascade and with the HG, BM and

framework. For some of the calculations depicted here, ; .
these final state interactions have been omitted to gaugeCH EoS. The cascade provides fairly good resultsRor

the efect of the final rescattering on the examined quan- 2ndRL while it slightly over predicts the data féo. The
tities. For a more detailed portrait of the used model the results from the hybrid model calculations have for all EoS
readér is referred to [13, 14] in common, that they overpredict the data especially for
T Ro andR.. While the CH and the HG EoS lead to very
similar results, the values of the BM increase even more.
We attribute this additional increase to the large lateat he
3 HBT radii present in the bag model that drives the interactions in the

late stage of the collision.

(fm)
S
o M b O D O M A ® O N E B @

%%%%%

An analysis of the dferent equations of state is shown
in Fig. 2. Here the same experimental data as in Fig. 1
p is shown. The theoretical results are for+#Hb collisions

To explore the fiect of diferent freeze-out scenarios on In Fig. 3 theRy,; overRgge ratio is shown for all EoS

the HBT radii we have compared the results for a hydro- (HG,BM,CH) and freeze-out scenarios (IF,GF,no HR) and
dynamic evolution using the gradual freeze-out & fle- for UrQMD 2.3 in cascade mode. This ratio is dependent
fault) and 4¢ with an isochronous freeze-out and a grad- on the lifetime of the observed system and should increase
ual freeze-out without hadronic rescattering (HR) as ex- with increasing lifetime. It has been predicted [18], that a
plained in Section 2. Without HR means, that the evolu- strong first order phase transition leads to a significant in-
tion stops immediately after the freeze-out of the hydro- crease in th&,; overRgqe ratio due to the existence of an
dynamic phase and all created resonances decay instantantermediate mixed phase with hadronic and partonic de-
neously. The transverse momentkm(k; = (p17 + p2t)/2 grees of freedom that delays the expansion of the system.
) dependence of the HBT radii for these calculations are Contrary to the prediction [18] no prominent peak emerges
plotted in Fig. 1. All the radii were calculated using the in the Ry overRgge ratio in Fig. 3 although the BM EoS
correlation afterburner (CRAB) [15, 16] by Scott Pratt. As includes a first order phase transition. However the hybrid
one can see, the results without HR are significantiiedi results show dferences for the flierent EoS and the BM
ent from the ones with rescattering. If one includes HR the EoS exhibits an increase in th over Rgge ratio with

radii increase and the data is slightly, but consistentgrov ~ a maximum in the mid-SPS energy regime. On the other
predicted by all freeze-out scenarios. The HR has a majorhand the results are insensitive to the studied freeze-out
effect on the HBT results. Once the HR has been included,scenarios if hadronic rescattering is included.
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Fig. 2. kr dependence of~ HBT radii at beam energies from 20
AGeV to 160 AGeYV for diferent Equations of state [14]. The red
stars are NA49 data [17]. Black lines correspond to the stahd
UrQMD calculation without hydrodynamic phase. All other re
sults in this plot are from hybrid calculations. The blackacs
depict the Hadron Gas EoS (HG), the red circles stand fordahge b
model (BM) EoS and the blue triangles show the results for the
EoS with chiral phase transition (CH).
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Fig. 3. Excitation function of ther™ Ry/Rs ratio for a transverse
momentum ofky = 250MeV/c. The red stars depict NA49 data
[17]. The full symbols stand for the hybrid calculationsiwiG,
BM and CH EoS, while the empty symbols describe tHEedént
freeze-out scenarios for the HG EoS. The dotted line reptese
the cascade results.

4 Source Tilt

For non-central heavy ion collisions only a part of the col-
liding nuclei is stopped. For geometrical reasons the-colli

Fig. 4. Schematic picture of a non-central heavy ion collision de-
picting the source tilt with respect to the beam axis.
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Fig. 5. Energy dependence of the tilt angle in non cen-
tral heavy ion collisions [19]. The fierent lines correspond to
results gained directly from the freeze-out coordinatéthee
from UrQMD in Hydro (HG & BM Eo0S) and cascade mode
or from RQMD. The triangles depict UrQMD cascade mode re-
sults achieved using azimuthal sensitive HBT. The ciraleslata
from E895 [20].

rectly from the freeze-out coordinates if one is in a theoret
ical framework or from an azimuthal sensitive HBT anal-
ysis [20,21]. A theoretical model gives the opportunity to
compare the results of both methods, which has been done
for Fig. 5. The figure shows the tilt angle in dependence
of the center of mass energy. There are several noteworthy
points in Fig. 5. The first one is that one observes good
agreement between the RQMD and the UrQMD model. At
the same time both models describe the E895 data, which
gives confidence for the calculation of the tilt angle. The
second one is that there is a very good agreement between
the tilt angle extracted via fits to the freeze-out coordinat
(lines) and the tilt angle calculated via the azimuthal sen-
sitive HBT radii (triangles). The third one is that the tilt
decreases with increasing collision energies. This tel|s u
that it is very important to take the tilt into account if one
computes tilt dependent quantities like the elliptic flow or

sion zone is of almond shape if one looks along the beamthe source eccentricity at AGS and SPS energies. At RHIC
axis. An often neglected fact is that the zone of stoppedand LHC energies however it is no problem to neglect the

matter is tilted with respect to the collision axis, due te th
different movement directions of the colliding nuclei (See
Fig. 4). It is possible to extract the tilt angle either di-

tilt because it vanishes due to the trivial geometricBd &
of the elongation of the collision zone along the beam axis
at these high energies.
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In summary we have shortly presented a hybrid hydro- 10.

dynamic model within the UrQMD framework. Our em-
phasis was on the study of th&ext of diferent equations

of state and freeze-out scenarios on the Hanburry Brown-
Twiss correlations. We showed thBb: and R, were
generally overpredicted if the intermediate hydrodynamic

11

evolution was activated especially with the bag model EoS. 13.

Furthermore it was observed that in all investigated freeze
out prescriptions the fferences in the final state are washed

out if hadron rescattering is taken into account. Within the 14.

studies of theR,: overRgqe ratio no prominent sign of a
phase transition is present even for EoS with phase transi-

tions. The last point was, that the source tilt is significant 15.

and not to be neglected in non-central heavy-ion collisions
at AGS and low SPS energies.
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