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FLUCTUATIONS IN INITIAL ENERGY DENSITY DISTRIBUTIONS IN A + A COLLISIONS
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The analysis of particle correlations as a function of relative pseudo-rapidity and azimuthal angle exhibit novel
ridge-like structures that were discovered at RHIC in A + A collisions. Such an analysis is of great interest for forth-
coming ALICE LHC experiment. This structure which is unusually wide in the longitudinal direction remains after
removal of the known correlation-inducing effects such as elliptic flow and ordinary jet correlations. It could be proba-
bly explained only if one supposes that the ridge phenomenon in relativistic A + A collisions is rooted in the initial
conditions of the thermal evolution of the system. The aim of this study is to check this hypothesis by an analysis of the
evolution of the energy density in the system which at very initial stage of collisions has high density tube-like fluctua-
tions with boost-invariant longitudinally homogeneous structure within some space-rapidity region. The transverse-
velocity and energy density profiles, which develop in the system when it reaches the chemical freeze-out

(T =165 MeV) for different initial configurations at 7, =0.2 fm/c, are considered.
Keywords: nucleus-nucleus collisions, hydrodynamics, ridge, fluctuations.

Introduction

An analysis of the two- or the many-particle cor-
relations in ultrarelativistic nuclear collisions is a
powerful tool to study the dynamics of heavy ion
collisions. In particular, signatures in measured two-
particle hadron correlations indicate interesting
structures near the trigger particle in azimuth and
over a broad pseudo-rapidity range in the nucleus-
nucleus collisions that were not observed in p + p
and d+Au collisions. Studies of near-side correla-
tions reveal besides jet-like peak with properties
similar to correlations in p+p collisions, elongated
contribution with properties analogous to bulk par-
ticle production — the ridge. It is termed the ridge
because of its elongated shape in the pseudo-rapidity
difference An = 1; - n, (where n; and n, are the
pseudo-rapidities of the two particles in the pair
analysis) and strongly collimated peak for azimuthal
angles Ap = ¢; — ¢, = 0 with width of about 1 ra-
dian. The first measurements of the ridge structure
were reported by the STAR Collaboration on the
basis of inclusive charged-particle correlations [1].

More recently, measurements were extended to
include identified charged and neutral particles, stu-
dies of correlations in various momentum ranges,
and system size dependencies [2].

Fig. 1 shows distributions of the associated par-
ticle yield measured by the STAR Collaboration for
central Au + Au events (upper panel) and d + Au
(bottom panel) in events containing a ,,trigger par-
ticle* with trigger 3 < p,"¢ <4 GeV/c [3] defined as

1 1 d’N,
): raw

Ntrig 5(¢’ 775 A¢’ AU) dA¢dAT7
(1)

where A¢ and An are the azimuthal and pseudo-
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rapidity separation of the pair, Ny, is the number of
2

trigger particles, and ANy
dAgdAn

is the measured di-
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accounts for the reconstruction efficiency of asso-
ciated tracks.
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Fig. 1. Charged di-hadron distribution (Eq. (1)) for
2 GeV/e < p*™ < p"¢, 3 < p"8< 4 GeV/c. Upper panel:
central Au + Au, Bottom panel: minimum bias d + Au [3].
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A peak centered on (An, Ag) = (0; 0) is evident
for two panels and consistent with jet fragmentation.
A significant enhancement of near-side correlated
yield is seen at large An for central Au + Au events,
but not for d + Au events. It is the ridge.

An analysis of the measurements by the PHENIX
[4] and PHOBOS [5] collaborations corroborates the
STAR results. In the latter case, with a high momen-
tum trigger, the ridge is observed to span the even
wider PHOBOS acceptance in pseudo-rapidity of An
~ 6 units.

The discovery of the ridge has proven to be stub-
bornly resistant to a quantitative theoretical analysis.
Currently available models of ridge formation [2, 6 -
14] provide only qualitative guidance about the un-
derlying physics of the ridge, but not quantitative
predictions. At times these models use strikingly
different explanations. Some of them explore a final-
state effect as the origin of the ridge [13]. In con-
trast, the authors of Ref. [14] argue that the correla-
tions over several rapidity units can only originate at
the earliest stages of heavy ion collisions when pre-
thermal matter is produced. Then due to fluctuations
of color charges in colliding nuclei the longitudinal-
ly boost-invariant and transversely inhomogeneous
structure of the matter can be formed. The induced
effects in space-time are limited to a horizon of ~1-2
rapidity units. Similarly to super-horizon fluctua-
tions in the cosmos [15], these long range correla-
tions can therefore reveal a bumping structure of the
“little bang” in each nuclear collision at its birth.
The evolution of the system and other later-stage
effects can modify these correlations, which, in fact,
are associated with fluctuations in the energy densi-
ties at the final stage.

To test the hypothesis that the ridge phenomenon
in ultrarelativistic A + A collisions is rooted in lon-
gitudinally homogeneous and a transversally bump-
ing distribution of the creating matter and such a
structure is not washed out completely during the
subsequent thermal evolution of the system, we shall
study how the energy density profiles with different
initial configurations evolve in time.

Results and discussion

The numerical results presented in this section
were obtained on the basis of original 3D ideal hy-
dro-code, described in details in [16]. The analysis is
based on hydrodynamic approach to A+ A colli-
sions and considered within the Boltzmann equa-
tions. It is consistent with conservations laws and
accounts for the opacity effects. The hydrodynamic
evolution starts at the time z,. We use Bjorken-type

initial conditions at 7, : boost-invariance of the sys-
tem in longitudinal direction, initial longitudinal
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flow v, =0 without transverse collective expansion.

In present calculation we compare the transverse-
velocity profile of hydrodynamic flow and energy
density profile which evolve in time till the chemical
freeze-out (T = 165 MeV) in different initial scena-
rios. The one of them corresponds to the smooth
Gaussian profile with radius R and energy density as
it was considered in [17] at 7, =0.2 fm/c. The other
scenarios are based on transversally bumping tube-
like initial conditions at z,. These tubes are rather
thin transversally and relatively long in the direction
of beam axis; with radii a; = 1 fm. The general ener-
gy density distribution at 7, could be written as:

N (x—x, )2 +(y—y1 )2

—_ L - 2
E=Ee * +Y Ee “ |

i=0

2
x2+y“

_ 42 2
R =xi+y;,

where £ is the maximum of average energy density
distribution, E; are the maxima of tube-like fluctua-
tions, R; are the positions of the fluctuation loca-
tions.

Instead of a study of the result over very many
fluctuations, that should be finally averaged over
azimuthal angular (it brings symmetry), we will be
based here on the possible typical, or “representa-
tive”, initial fluctuation which are already maximally
symmetric in azimuthal plane. The following initial
configurations are considered:

the configuration without fluctuation: distribution
of initial energy density corresponds to the Gauss
distribution with R = 5,4 fm and maximum energy
density atr=01s £, =90 GeV/fm3;

the configuration with one tube (fluctuation) in
the center: energy density profile is the Gauss distri-
bution with a=1.0fm and the maxima value
270 GeV/fm®;

the configuration with one tube (fluctuation)
shifted from the center: E, = 90 Gev/fm3; R=
=54 fm; E, = 270 GeV/fm’; Ry = 3 fm; ap = 1 fm;
The results of calculations are presented for initial
time and for t= 1, 2, 10 fm/c (Fig. 2);

the configuration with four tubes (fluctuations):
E, = 85 GeV/fm’; R = 5,4 fm; E; = 250 GeV/fim’;
R;=5,6 fm; a; = 1 fm; The evolution of energy den-
sity profiles is presented in the Fig. 3;

the configuration with ten tubes (fluctuations):
Ey=25 GeV/fm’; R = 54 fm; Ry = 0 fim; R;,; =
=28fm; R;j-3 4,7 fm; a = 1 fm; E =

=4E, exp(—Rf/Rz) . See the Fig. 4.
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Fig. 2. 3D plots of energy density profiles with one tube-like initial conditions for initial time and for t =1, 2, 10 fm/c.
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Fig. 3. 3D plots of energy density profiles with 4 tube-like initial conditions for t=0.2, 1,2 3, 6 and 10 fm/c.

SAJEPHA ®I3MKA TA EHEPIETHUKA T. 11, Ne 3 2010

271



M.S. BORYSOVA, YU.O. KARPENKO, YU.M. SINYUKOV

["e(t), t[0] = 0.200000 fmic |
e, GeVifm®

mfl(
120"

["e(t), t[30] = 2.300000 fmic |

e, GeV/fm’

R ' 2 . S

25’_1{*\\ . i . i ‘n\\

[_e(t), {[68] = 4.960000 fmic |

e, GeVift® ___ cooupl

e

06
05T
0.4 ! P
0.3

k)
0.2

3
0.t

x, fm

[ e(t), t[12] = 1.040000 fm/c |

. e(t), t{40] = 3.000000 fm/c_|
e, GeV/fm’ T

x, fm

Fig. 4. 3D plots of energy density profiles with 10 tube-like initial conditions
fort=0.2,1.04,2.3, 3, 4.96 and 5.94 fm/c.
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Fig. 5. The azimuthally averaged velocity in the system for different configurations and times.
Left panel: 1fm/c. Right panel: 3 fm/c.

For all the considered cases the traces of the ini-
tial fluctuations - bumping final energy distributions
— remain after the system evolution that should lead
to a non-trivial structure in observed correlations.

Besides the energy density profiles the evolution

272

of transverse-velocity profiles f hydrodynamic flow
in different scenarios also was considered. In Fig. 5
the transverse velocity radial profiles, integrated
over angular, are presented for the cases: without
fluctuations (Vr_no_tbs), with one tube in the center
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(Vr_1tb_c), with one tube shifted (Vr_1tb) and with
10 tubes (Vr_10 tbs) for different slices of time:
1 fm/c (left panel) and 3 fm/c (right panel)
respectively.

The totally averaged transverse velocities for the cases
- one tube in the center and one shifted tube

7, fm/c (V,) centered (V,) shifted
1 0.11 0.08
2 0.24 0.19
3 0.35 0.29
10 0.70 0.72

The fluctuations of the initial conditions also re-
sult in the fluctuation of the transverse velocity in
the system. At early time (t = 1 fm/c) the corres-
ponding fluctuations in the transverse velocity aver-
aged over azimuthal angular and radius are approx-
imately 30 % between the cases when the fluctuation
is in the center and when it is shifted while at the
later times (t = 10 fm/c) it is only 2 % (see the
Table). This may lead to the important conclusions
as for small fluctuations of the mean transverse mo-
menta of observed particles, despite big initial fluc-
tuations of transverse velocities.

Conclusions

The basic hydrokinetic code, proposed in [16], is
modified now to include the transversally bumping
tube-like initial conditions with the aim to study how
the initial fluctuations in the energy density evolve

with time. We found that the effect of fluctuations of
the initial conditions was not washed out during the
system expansion that, probably, leads to the ridges
structures of the correlations, which are caused by
these fluctuations. The evolution of the energy den-
sity distributions and velocity profiles are calculated
in the framework of the 3D hydrodynamics. Possible
physically grounded configurations of initial density
profiles are proposed. The further studies of this
issue and description of observed spectra and corre-
lations could be done in the frameworks of the hy-
drokinetic model (HKM) [16, 18] which will allow
one to describe all the stages of the system evolution
as well as a formation of the particle momentum at
the decoupling stage.
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®JIYKTYAILIL B INOYATKOBHX PO3IIOALIAX
I'VCTUHHA EHEPTII B A + A 3ITKHEHHAX

M. C. bopucona, 0. O. Kapnenko, 0. M. CuniokoBn

AHai3 Kopensii 4acTHHOK B A + A 3iTKHEHHSX sSIK (DYHKIIT BITHOCHOI IICEBAOOMCTPOTH Ta a3MMYTAIBLHOTO KyTa
JIEMOHCTPYIOTh HOBY CTPYKTYPY - piuk. Takuii aHaini3 mpeacrasiisie BENUKUI iHTepec Uit MalOYTHBOTO €KCIIEPUMEHTY
ALICE na LHC. Ls cTpyKTypa, sSika HaJ3BHYAHHO IIHPOKA B MO30BKXKHHOMY HATIPSAMKY, 3aJIUIIAETHCS TICIs BUAIICHHS
SNINTHYHUX TOTOKIB 1 KOPETSAIii CTPyMEHIB, SKi, SIK BiZIOMO, CIIPHYMHIOIOTH MOSBY Kopelsiil. lle MokHa MOsSCHUTH,
BBa)KAIOUH, 10 SBHUIIE MOSIBH PIIKEH Y PENATHBICTCHKUX SAPO-SAEPHHUX 3ITKHEHHSIX, MOYIIMBO, KOPEHUTHCS B ITOYAT-
KOBHX YMOBax TepMallbHOi eBoumonii cucteMu. OCHOBHOIO METOIO IThOTO IOCHIHKEHHS € TepeBipKa Ii€i rimoTe3u 3a
JIOTIOMOTOI0 aHAJIi3y €BOJIOINII TyCTHHH €HEprii B CHCTEeMi, Ka Ha CaMOMY II0YaTKOBOMY CTaHi 3iTKHEHHS Ma€ OycCT-
iHBapiaHTHY OJHOPINHY IMOB3IOBXKHIO CTPYKTYPY 3 TPYOKOMOMIOHMMHU (UIYKTYaIlisIMH BHCOKOi TYCTHHH. Y IIEPIINX
poO3paxyHKax MM MOPIBHIOEMO MPO(diii MOMEePEYHOl IBUAKOCTI Ta TYCTUHHU €HEpril, IKi PO3BUBAIOTHCSA B CUCTEMI IPU
JocsirHeHH1 xiMiuHoro ¢piz-ayty (T = 165 MeB), anst pi3Hux noyatkoBux KoHGirypauii npu 1o = 0,2 dm/c.

Kniouosi crosa: sinpo-saepHi 3iTKHEHHsI, TIAPOJUHAMIKA, PiIK, (IIyKTyaii.

OJIYKTYAIMU B HAYAJIBHBIX PACIIPEJEJIEHUAX
IHJIOTHOCTHU HEPI'MU B A + A CTOJIKHOBEHUAX

M. C. BopucoBa, 0. A. Kapnenko, }0. M. Cuniokon

AHanu3 xoppessiiuid yactuil B A + A CTOJKHOBEHHUSAX KaK (PYHKI[MM OTHOCHUTEIHHOMN ICEBAOOBICTPOTHI M a3UMY-
TaJILHOTO YTJIa JEMOHCTPHPYIOT HOBYIO CTPYKTYPY - PUDK. Takoi aHanu3 MpeAcTaBisieT OOJBIION HHTEPEC IS MPE/-
crosiiero 3kcnepumenta ALICE na LHC. Dta cTpykTypa, KoTOpasi HEOObIUAHO MIUPOKas B MPOIOJIBHOM HampasJie-
HUH, OCTAaETCs MOCJE BBIICICHUS JIUIMITUYCCKUX ITOTOKOB U KOPPEISAIHMA CTPYH, KOTOPBIE, KaK W3BECTHO, SBIISIOTCS
MIPUYUHON MOSBJICHUS KOPPEIAIUH. DTO MOKHO OOBSICHUTH, CUMTAs, YTO TOSBICHUE PUIKA B PEISTHBUCTCKUX SAPO-
SITEPHBIX CTOJKHOBEHUSX, BO3MOXKHO, KOPSHHUTCS B TIEPBOHAYATBHBIX YCIOBUSIX TEPMAIBHOHN 3BOIOIMH crcTeMbl. Oc-
HOBHOH IIETBIO ATOTO HMCCIEIOBAHUS SBISIETCS MPOBEPKA ATOM TMIOTE3BI ¢ IOMOIIBIO aHAM3a IBOIONHN IUIOTHOCTH
SHEpPruH B CHUCTEME, KOTOpasi B CAMOM Ha4allbHOM COCTOSIHHH CTOJIKHOBEHHS MMeEET OYCT-WHBApHUAHTHYIO IPOIOIBHO
OTHOPOIHYIO CTPYKTYPY C TPYOKOOOpa3HBIMH (PIYKTyaIlMsIMUA BEICOKOH TUIOTHOCTH. B TIepBBIX pacdeTrax MBI CDaBHHBA-
€M ITPO(QHIIH MONEePEUHOI CKOPOCTH U IJIOTHOCTH SHEPTUH, PA3BUBAIOIIMECS B CUCTEME MPH JIOCTHIKEHUH XUMHUYECKOTO
¢dpuz-ayra (T = 165 M»sB), s pa3HbIX HadaIbHBIX KOHGUTyparwii mpu To = 0,2 ¢m / c.

Kniouesvie cnosa: sppo-saepHble CTOIKHOBEHUS, THAPOANHAMIKA, PHIUK, (QITyKTyaIliH.
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