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Abstract: The interplay between spectator and participant matter in heavy-ion collisions is investigated within the
isospin-dependent quantum molecular dynamics (IQMD) model in terms of the rapidity distribution of light
charged particles. The effect of different types and sizes of rapidity distributions is studied in elliptical flow.
The elliptical-flow patterns show the important role of nearby spectator matter on the participant zone. This
role is further explained on the basis of the passing time of the spectator and the expansion time of the
participant zone. The transition from in-plane to out-of-plane emission is observed only when the mid-
rapidity region is included into the rapidity bin. Otherwise no transition occurs. The transition energy is
found to be highly sensitive to the size of the rapidity bin, while it is only weakly dependent on the type of
the rapidity distribution. These theoretical findings are found to be in agreement with experimental results.
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1. Introduction

In recent years, investigations of the nuclear equation ofstate (NEOS) at extreme conditions of density and tem-perature has been one of the primary driving forces inheavy-ion studies at intermediate energies. The interestin low energies, however, is for isospin effects in fusionprocesses [1–10]. These investigations have been per-formed with the help of rare phenomena, such as multi-fragmentation, collective flow, particle production as wellas nuclear stopping [3–31, 33–41]. The relation between
∗E-mail: suneel.kumar@thapar.edu (Corresponding author)

the NEOS and flow phenomena has been explored exten-sively in simulations.Recently, the analysis of the transverse-momentum de-pendence of elliptical flow has also been put forwarded[20–22, 42, 43]. The elliptical flow is shaped by the inter-play between the geometry and the mean field and, whengated by the transverse momentum, reveals the momentumdependence of the mean field at supra-normal densities.The parameter of the elliptical flow is quantified by thesecond-order Fourier coefficient [44]
v2 = 〈cos 2φ〉 = 〈p2

x − p2
y

p2
x + p2

y

〉
, (1)

from the azimuthal distribution of detected particles at mid
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rapidity as
dN
dφ = p0(1 + 2v1 cosφ+ 2v2 cos 2φ+ . . .), (2)

where px and py are the x and y components of the mo-mentum. The px is in the reaction plane, while py is per-pendicular to the reaction plane, and φ is the azimuthalangle of the emitted particle’s momentum relative to the
x-axis. Positive values of 〈cos 2φ〉 reflect preferential in-plane emission, while negative values reflect preferentialout-of-plane emission. The pulsating sign observed re-cently at intermediate energies has received particularattention, as it reflects the increased pressure build-upin the non-isotropic collision zone [45].After the pioneering measurements at Saturne [46] andBevalac [47], a wealth of experimental results have beenobtained at Bevalac and SIS [15, 20–23, 48–52] as wellas at AGS [53, 54], SPS [45], and RHIC [55]. In recentyears, the FOPI, INDRA, and PLASTIC BALL Collab-orations [20–23] have been actively involved in measur-ing the excitation function of elliptical flow from Fermienergies to relativistic ones. In most of these stud-ies, collisions of 79Au197+79Au197 are analyzed. Interest-ingly, elliptical flow was reported to change from posi-tive (in-plane) to negative (out-of-plane) values around100 MeV/nucleon, and maximum squeeze-out was ob-served at around 400 MeV/nucleon. These observa-tions were analyzed recently by us and others [20–22, 38, 42, 43]. A careful analysis reveals that ellipticalflow is very sensitive to the choice of the rapidity cut,which determines the difference between spectator andparticipant matter.The elliptical-flow pattern of the participant matter is af-fected by the presence of cold spectators [42, 43]. Whennucleons are de-accelerated in the participant region, thelongitudinal kinetic energy associated with the initial col-liding nuclei is converted into thermal and potential com-pression energy. In a subsequent rapid expansion (orexplosion), collective transverse energy develops [42, 43],and many particles from the participant region get emittedinto transverse directions. The particles emitted towardsthe reaction plane can encounter cold spectator pieces,and hence they get redirected. In contrast, the particlesemitted essentially perpendicular to the reaction planeare largely unhindered by the spectators. Thus, for beamenergies leading to a rapid expansion in the vicinity of thespectators, elliptical flow directed out of the reaction plane(squeeze-out) is expected. This squeeze-out is related tothe pace at which the expansion develops and is, therefore,related to the NEOS. This contribution of the participantand spectator matter [42, 43] in the intermediate-energy

heavy-ion collisions has motivated us to perform a de-tailed analysis of the excitation function of elliptical flowover different regions of the participant and the spectatormatter. If the excitation function is found to be affectedby the different contributions, it will definitely also affectthe in-plane to out-of-plane emission, i.e., the transitionenergy.The rapidity distribution is an important parameter forthe study of the participant–spectator contribution inintermediate-energy heavy-ion collisions [56]. In this pa-per, we will investigate the effects of the participant andspectator matter on the excitation function of ellipticalflow in terms of different rapidity distributions. Attemptsshall also be made to parameterize the transition energyin terms of different rapidity bins.The entire work is carried out in the framework of isospin-dependent quantum molecular dynamics (IQMD) [57]. TheIQMD model is discussed in more detail in the followingsection.
2. The IQMD model
The IQMD model [37, 57], which is an improved version ofQMD model [1, 2] developed by J. Aichelin and coworkers,provides a successful description of various phenomena,such as collective flow, disappearance of flow, fragmenta-tion, and elliptical flow [11–13, 24–32, 55, 56]. The isospindegree of freedom enters into the calculations via a sym-metry potential, cross-sections, and the Coulomb interac-tion [37, 57]. The details of the elastic and inelastic cross-sections for proton–proton and neutron–neutron collisionscan be found in Ref. [57].In the IQMD model, the nucleons of the target and theprojectile interact via two- and three-body Skyrme forces,the Yukawa potential, and Coulomb interactions. In addi-tion to the use of explicit charge states of all baryons andmesons, a symmetry potential between protons and neu-trons corresponding to the Bethe-Weizsäcker mass for-mula has been included. The hadrons propagate usingclassical Hamilton equations of motion:

d~ri
dt = d〈H〉

d~pi
, d~pi

dt = −d〈H〉d~ri
, (3)

with
〈H〉 = 〈T 〉+ 〈V 〉

= ∑
i

p2
i2mi

+∑
i

∑
j>i

∫
fi(~r, ~p, t)V ij (~r ′, ~r)

×fj (~r ′, ~p ′, t)d~r d~r ′d~pd~p ′. (4)
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The baryon-baryon potential V ij in the above relation isgiven by:
V ij (~r ′ − ~r) = V ijSkyrme + V ijYukawa + V ijCoul + V ijsym

= t1δ(~r ′ − ~r) + t2δ(~r ′ − ~r)ργ−1 (~r ′ + ~r2
)

+t3 exp( |~r ′−~r|µ

)
|~r ′−~r|
µ

+ ZiZje2
|~r ′ − ~r|

+t6 1
ρ0 T i3 T j3 δ(~ri ′ − ~rj ). (5)

Here, Zi and Zj denote the charges of ith and jth baryon,and T i3 and T j3 are their respective T3 components (i.e., 12for protons and − 12 for neutrons). The parameters µ and
t1, . . . , t6 are adjusted to the real part of the nucleonic op-tical potential. For the density dependence of the nucleonoptical potential, the standard Skyrme-type parameteri-zation is employed. The potential part resulting from theconvolution of the distribution function with the Skyrmeinteractions VSkyrme reads as :

VSkyrme = α
(
ρint
ρ0
)+ β

(
ρint
ρ0
)γ

. (6)
Two of the three parameters of the equation of state aredetermined by demanding that at normal nuclear-matterdensities, the binding energy should be equal to 16 MeV.The third quantity γ is usually treated as a free parameter.Its value is given in terms of the compressibility:

κ = 9ρ2 ∂2
∂ρ2

(
E
A

)
. (7)

The different values of compressibility give rise to softand hard equations of state. It is worth mentioningthat Skyrme forces are very successful in the analysis oflow-energy phenomena like fusion, fission, and cluster-radioactivity.As noted in Ref. [58], elliptical flow is weakly affectedby the choice of equation of state. On the other hand,in Refs. [24–32, 56, 59–61] the hard equation of state isused to study the directed as well as the elliptical flow.For the present analysis, a hard (H) equation of state hasbeen employed along with the standard energy-dependentcross-section.
3. Results and discussion
For the present analysis, simulations are carried out forthousands of events for the reaction of 79Au197 + 79Au197 at

a semi-central geometry using a hard equation of state.The entire analysis is performed for light charged parti-cles (LCP’s) [1 6 A 6 4]. The reaction conditions andfragments are chosen on the basis of the availability ofexperimental data [20–23]. As noted in Ref. [62, 63], therelativistic effects do not play a significant role at theseincident energies, and the intensity of sub-threshold par-ticle production is very small. The phase space generatedby the IQMD model has been analyzed using the minimumspanning-tree (MST) [24–32] method. The MST methodbinds two nucleons in a fragment if their distance is lessthan 4 fm. This is one of the widely used methods inintermediate-energy heavy-ion collisions. However, someimprovements, such as momentum and binding energy, arealso discussed in the literature [24–32]. In recent years,more sophisticated and complicated algorithms have alsobecome available in the literature [64–66]. All calcula-tions are performed at t = 200 fm/c. This time is chosenbecause of the saturation of the collective flow [24–32].As our purpose in the present study is to understand theeffects of participant–spectator matter on the excitationfunction of elliptical flow, we will concentrate on the rapid-ity distribution only [56]. The important concept of specta-tors and participants in collisions was first introduced byBowman et al.1 and later employed for the description ofwide-angle energetic particle emission by Westfall et al.[67]. The two nuclei slamming against each other can beviewed as producing cylindrical cuts through each other.The swept-out nucleons or participants (from the projec-tile and the target) undergo a violent collision process. Inthe meantime, the remnants of the projectile and the tar-get continue with largely undisturbed velocities and aremuch less affected by the collision process than the par-ticipant nucleons. On one hand, this picture is supportedby features of the data [21, 22] and on the other hand bydynamic simulations [68, 69]. During the violent stage ofa reaction, the spectators can influence the behavior ofthe participant matter. Following the same reasoning, weare dividing the rapidity distribution into different cuts interms of the parameter
Yc.m.
Ybeam

,

which is given as:
Y (i) = 12 ln E(i) + Pz(i)

E(i)− Pz(i) , (8)
1 J.D. Bowman, W.J. Swiatecki, C.F. Tsang, LawrenceBerkeley Laboratory Report No. LBL-2908, 1973
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where E(i) and Pz(i) are, respectively, the total energyand the longitudinal momentum of ith particle.As we are interested in studying the effect of the rapiditydistribution on the incident-energy dependence of ellipti-cal flow, one has to understand dN
dY as a function of

Yc.m.
Ybeam

= Y red

at different energies. To this end, we display in Fig. 1 therapidity distribution for LCP’s at different incident ener-gies. The rapidity distribution is found to vary drasticallythroughout the range of |Y red| 6 1.75.

Figure 1. Rapidity distribution dN/dY as a function of Yc.m./Ybeam
at different incident energies ranging from 50 to
1000 MeV/nucleon for LCP’s. The inset shows only one
side of the rapidity distribution.

This indicates a compressed or participant zone aroundzero value and the decay into the spectator zone towardsboth sides of the zero value. However around the zerovalue, the region between −0.1 and 0.1 is specified asthe mid-rapidity region in the literature [21, 22, 38]. Thedecay from −0.1 towards the negative side approachesa target-like spectator, while the other side is knownas a projectile-like spectator. Interestingly, these re-gions are found to be affected drastically by the inci-dent energy. With increasing incident energy, the num-ber of particles is increasing in the region from −1.25

to 1.25, while it is decreasing away from this region onboth sides. The inset in the figure clearly shows thechange in behavior around −1.25, which is also true forthe other side. The rapidity distribution is also oftenused as the thermalization source in the literature [3–10]. On this basis, we have divided the rapidity distri-bution into five different zones, of which three include
|Y red| < 0.1 (participant zone), while other two excludethis region (target and projectile spectator). These zonesare as follows: (i) From −0.1 6 Y red 6 0.1 with incre-ments of 0.2 on both sides up to −1.5 6 Y red 6 1.5.(ii) From 0 6 Y red 6 0.1 with increments of 0.2 on the lat-ter side up to 0 6 Y red 6 1.5. (iii) From −0.1 6 Y red 6 0with decrements of 0.2 the on the former side up to
−1.5 6 Y red 6 0. (iv) From Y red > 0.1 with incrementsof 0.2 up to Y red > 1.5, and (v) from Y red < −0.1 withdecrements of 0.2 up to Y red < −1.5.Let us now understand the effect of these rapidity cutson the excitation function of elliptical flow. In Fig. 2, wepresent the excitation function of elliptical flow for the firstcondition. This condition is a mixture of the participantand the spectator zone from projectile as well as targetmatter. There are two points to discuss here. One is thechange in the elliptical flow with the incident energy, andthe other is the effect of the bin size on the elliptical flow.The elliptical flow evolves from a positive value, rotational-like emission to a negative value, collective expansion withincreasing incident energy. In other words, a transitionfrom in-plane to out-of-plane behavior takes place. Theenergy at which this transition takes place is known as thetransition energy. This transition is due to the competi-tion between the mean field at low incident energies andNN collisions at high incident energies. The incident-energy dependence of the directed flow also shows a typeof transitions from negative to positive values, which isknow as the balance energy [24–32]. After this transi-tion, the strength of the collective expansion overcomesthe rotational-like motion [15, 48–52]. This leads to anincrease in out-of-plane emission to a maximum around400 MeV/nucleon. This maximum is further supported bythe nuclear stopping at 400 MeV/nucleon [70].Beyond this energy, the elliptical flow decreases indicat-ing a transition to preferentially in-plane emission [53, 54].This rise-and-fall behavior of the elliptical flow in the ex-pansion region is due to the variation in the passing time
tpass of the spectator and the expansion time of the par-ticipant zone [21, 22]. In a simple participant–spectatormodel,

tpass = 2R(γsvs) ,
where R is the radius of the nucleus at rest, vs is thespectator velocity in the center-of-mass frame, and γs the
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Figure 2. Incident-energy dependence of elliptical flow for LCP’s for
projectile as well as target matter in the mid-rapidity re-
gion. The different lines correspond to different sizes of
the rapidity bin, which includes participant as well as spec-
tator matter.

corresponding Lorentz factor. Due to the comparable val-ues of the passing time and the expansion time in thecollective expansion region up to 400 MeV/nucleon, theelliptical flow results in an interplay between fireball ex-pansion and spectator shadowing. In other words, dueto the comparable duration of the two times (the fireballexpansion and spectator shadowing), the participant par-ticles that are responsible for spectator shadowing aredeflected out of the plane and are thus more squeezedout.However, in the energy range from 400 MeV/nucleon to1.49 GeV/nucleon, tpass decreases from 30 to 16 fm/c (notshown here), implying that overall the expansion getsabout two times faster in this energy region [21, 22]. Thisis supported by the average expansion velocities extractedfrom particle spectra [15, 48–52]. In this case, which cor-responds to a passing time much shorter than the expan-sion time, the participant zone is affected by the shad-owing of the spectator at very early times. However, noshadowing effect is observed at later times when the ex-

pansion of the participant matter is still in progress. Inother words, the participant particles at later times arenot blocked by the shadowing of the spectator and hencea decrease is observed in the out-of-plane emission above400 MeV/nucleon.On the other hand, with the increase in the rapidity re-gion, the transition energy is found to be affected sig-nificantly. Using directed flow, the balance energy hasalso been calculated in the literature (but over the entirerapidity distribution) [24–32]. The rapidity distribution af-fects many phenomena in the intermediate-energy region,such as particle production, nuclear stopping [3–10], andnow the elliptical flow. The transition energy increases inthe rapidity region between |Y red| 6 0.1 and |Y red| 6 1.5.With this increase in the rapidity region, the projectile-and the target-spectator matter dominates, which will fur-ther result in the dominance of the mean field up to higherenergies. After the transition energy, the collective ex-pansion is found to have less squeeze-out with increasingrapidity region. In this region, the spectator-zone contri-bution along with the participant zone starts to come intoplay. As we know, the passing time for the spectator issignificantly less than the expansion time of the partici-pant zone, leading to a decreasing effect of the spectatorshadowing on the participant zone. The chances of theparticipant to move in the plane increases with an in-crease in the rapidity bin, and hence less squeeze-out isobserved with increasing sizes of the rapidity bin. A care-ful inspection reveals that no transition is observed after
|Y red| 6 1.1. This is due to negligible effects of the par-ticipant zone when compared to the spectator zone. Theinset in the figure shows interesting results: the inter-section of all rapidity bins occurs at a particular incidentenergy. Below and above this energy, the incident-energydependence of elliptical flow is changing its behavior withthe rapidity distribution. It is possible to study the ellip-tical flow below and above this particular incident energywith a variation in the rapidity distribution.In Fig. 2, we had displayed the effect on the partici-pant as well as the spectator matter from the projectileand the target collectively including the distribution at
|Y red| < 0.1. It becomes also quite interesting to studythe participant- and spectator-matter contribution to theincident-energy dependence of elliptical flow for projectileas well as target matter separately. To this end, we havedisplayed in Figs. 3 and 4 the incident-energy dependenceof the elliptical flow from the mid-rapidity to the spectatorzone for projectile and target matter. Both of these plotsfollow the universal behavior of the in-plane to the out-of-plane emission with increasing incident energy, as wasapparent in Fig. 2. On the other hand, the effect of therapidity bins is also quite similar to that shown in Fig. 2.
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Figure 3. Same as Fig. 2, but the contribution for fragments arises
from the projectile-like matter only. All bins include the
mid-rapidity region.

If one inspects the maximum squeeze-out values in Figs. 2-4 around 400 MeV/nucleon, one finds that less squeeze-out is observed for projectile matter and spectator matterseparately, as compared to projectile and target mattercollectively. However, it is almost same for the projectileor target matter separately. This is obvious because whena rapidity bin extends from 0 to 0.1 or −0.1 to 0, then theparticipant zone is less in comparison to the region from
−0.1 to 0.1. This is further supported by Fig. 1, in whichthe rapidity distribution for different bins is displayed.This is true for all the bins under investigation. The effectof the rapidity distribution on the transition energy willbe discussed later under different conditions.One notices from the above figures that major contribu-tions to the elliptical flow come from the mid-rapidity re-gion. One can further infer a fall of the elliptical flow ifthe mid-rapidity region is excluded. For see this, we haveexcluded the |Y red| < 0.1 region and plotted the incident-energy dependence for projectile and target matter fromthe participant to the purely projectile- or target-spectatormatter in Fig. 5 and Fig. 6, respectively. The noted be-

Figure 4. Same as Fig. 2, but the contribution for fragments arises
from the target-like matter only. All bins include the mid-
rapidity region.

havior is entirely different from that shown in the previousthree figures. We now proceed to discuss these differ-ences.
(a) The behavior of rise and fall in the elliptical flow at aparticular incident energy is present as in the previousfigures, but no transition from in-plane to out-of-planeemission is observed. For all incident energies, thevalue of the elliptical flow remains positive. However,some competition is observed at low incident energiesaround 150 MeV/nucleon. This is due to the domi-nance of the attractive mean field over the spectatormatter, which restricts the effects of the participantzone.
(b) A higher value of the in-plane flow is observed at inci-dent energies high compared to the low incident ener-gies up to Y red > 0.7 in Fig. 5 for the projectile matterand Y red 6 −0.7 for the target matter, which is in con-trast to the previous figures. This is due to the effectthat at low incident energies, the passing time of thespectator and the expansion time of the participant
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Figure 5. Same as Fig. 2, but the contribution for the fragments is
from the projectile-like matter only. All the bins exclude
the mid-rapidity region. In this case, we move from the
participant and spectator contribution towards the specta-
tor contribution.

are comparable, while with increasing incident ener-gies, the passing time is found to decrease relativeto the expansion time. This will reduce the shadow-ing effect at higher incident energies on the particlesof the participant zone, and it results in an enhancedplane flow. Moreover, higher values of the in-planeflow at higher incident energies are due to the ab-sence of the most compressible region from the region
|Y red| 6 −0.1, which competes with the mean field ofthe spectator to a great extent.

(c) With an increase in the rapidity region from the par-ticipant and the spectator (Y red > 0.1) to the purelyspectator matter (Y red > 1.5), the dominance of the in-plane flow occurs up to Y red > 0.7. After this region, asudden decrease of the in-plane flow up to Y red > 1.5is apparent in Fig. 5, which is also true for Fig. 6.The decrease of the in-plane flow at Y red > 0.7 canbe explained with the help of Fig. 1. After this region,the contribution of the participant is almost negligi-ble, and the size of the spectator also decreases. Dueto the decreasing size of the spectator matter, the vi-olence of the incident energy, and the short passing

Figure 6. Same as Fig. 2, but the contribution for fragments is from
the target-like matter only. All the bins exclude the mid-
rapidity region. In this case, we move from the participant
and spectator contribution towards the spectator contribu-
tion.

time of the spectator, particles (which were previouslystaying in the plane due to their heavier size) nowstart to leave the plane. Hence, minimum in-plane flowis observed for Y red > 1.5 where only 5 − 7 particlesexist, as is apparent from Fig. 1. The same behavioris observed in Fig. 6.
Going through all the aspects of the rapidity distribu-tion, it is important to include the mid-rapidity region
|Y red| < 0.1 in the study of elliptical flow in heavy-ion col-lisions. In order to compare the findings with experimentalresults, one must have the transition from in-plane to out-of-plane emission, which is shown in Figs. 2-4. Moreover,more negative values are observed in Fig. 2 than in theother two figures. This discussion suggests to comparethe findings of Fig. 2 with the experimental results ob-tained by different collaborations. Such a comparison isdisplayed in Fig. 7 for LCP’s (Z 6 2) and for protons. Thecurves have a trend similar to that displayed in Fig. 2.Interestingly, it is apparent that there is a competitionin the rapidity bins |Y red| 6 0.1 and |Y red| 6 0.3. Afterthis competition, a systematic deviation is observed in theelliptical-flow values from the data values with an increase
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in the rapidity bin. There are some deviations in the mid-dle region for LCP’s between theory and data, while thedata is well explained for the protons. From this, it isconcluded that one can vary the mid-rapidity region from
|Y red| 6 0.1 to |Y red| 6 0.3 to get a better agreement withthe experimental data. However, the discrepancy with thedata for LCP’s can be reduced by varying the isospin-dependent cross-sections.

Figure 7. (Color online) Comparison of the results for the incident-energy dependence of the elliptical flow including different rapidity bins with
experimental results from different collaborations [20–22]. The left-hand side is for Z 6 2 particles, while the right-hand side pertains
to protons.

Last, but not least, the rapidity-distribution dependenceof the transition energy is displayed in Fig. 8. The top,middle, and bottom panels represent the transition ener-gies extracted from Figs. 2-4, respectively. The number-ing from 1 to 7 in the figure refers to the bin size in therespective figure. All curves are fitted to a straight-lineequation Y = mX + C , where m is the slope of the line,and C is a constant. The transition energy is found tobe sensitive to the different bins of rapidity distributions.It is observed that the transition energy increases withthe size of the rapidity bin for LCP’s. The necessary con-dition for the transition energy is that the mid-rapidityregion must be included in the rapidity-distribution bin.It is also observed that no transition energy is obtainedwhen the rapidity-distribution region extends away from
|Yred| 6 1.1. This is due to the dominance of the spectatormatter, which lies in the plane instead of out of the plane.The transition energy is found to be weakly sensitive tothe choice of the different types of rapidity distributions(projectile-target, or projectile, or target), where we have

included the mid-rapidity region. However, the transitionenergy is found to disappear when the mid-rapidity regionis excluded. The system-size dependence of the transitionenergy is also studied in the present work and by otherauthors for different kinds of fragments [38]. Recently,we have investigated the fragment-size dependence of thetransition energy under the influence of different equa-tions of state, nucleon-nucleon cross-sections, etc. [24–32].These studies were made at a fixed rapidity bin. A de-tailed analysis of the transition energy with rapidity dis-tributions has revealed many interesting aspects for thefirst time.In the near future, we will be performing a compar-ative study of different QMD and IQMD simulations.From our preliminary results, we can conclude that theisospin content of the colliding partners (NZ = 1.49) playsan appreciable role in the analysis of elliptical flowin intermediate-energy heavy-ion collisions in terms of(i) the agreement of the results with experimental find-ings of different collaborations, and (ii) the effect on the
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Figure 8. Dependence of the rapidity distributions on the transition
energy. The transition energies are extracted from Figs. 2,
3, and 4 for the top, middle, and bottom panels, respec-
tively. The numbering from 1 to 7 represents the different
rapidity bins from the respective figures mentioned above.
All panels are parameterized with the straight-line interpo-
lation Y = mX + C , where m is the slope displayed in the
respective panels.

elliptical flow by changes in the rapidity bins. A detailedanalysis of these findings will be available soon.
4. Conclusion
Within the semi-classical transport simulations of ener-getic semi-central collisions of the 79Au197+79Au197 reac-tion, we have carried out a new investigation of the in-terplay between the participant and spectator regions interms of rapidity distributions. The maxima and minimain the incident energy dependence of elliptical flow areproduced by different contributions of the passing time

of the spectator and the expansion time of the partici-pant. The shadowing of the spectator matter plays animportant role up to later times due to the comparablemagnitude of the passing and expansion times up to ener-gies of 400 MeV/nucleon. However, at high energies theshadowing effect is dominant only at earlier times due tothe fact that the passing time is shorter than the expan-sion time. The transition from in-plane to out-of-planeemmision is observed only when the mid-rapidity regionis included into the rapidity bin. Otherwise, no transi-tion is observed. The transition energy is found to bestrongly dependent on the size of the rapidity bin, whileonly weakly dependent on the type of the rapidity dis-tributions. The transition energy is parameterized by astraight-line interpolation. A comparison with experimen-tal bins reveals that a competition is observed between therapidity bins of |Y red| 6 0.1 and |Y red| 6 0.3. To removethis discrepancy in the middle region for LCP’s, one hasto reduce the strength of nucleon-nucleon cross-section.
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