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Azimuthal di-hadron correlations play important role i ttharacterization of the medium cre-
ated in heavy-ion collisions at RHIC. Moreover, as a novamimenon, strong modification of
the away-side correlation is observed in Au+Au with resgeqgt+p collisions. Below the ex-
clusive jet reconstruction threshold at LHC, leading mdeticorrelations will provide access to
the regime where hard scatterings and bulk medium progectie be simultaneously studied.
Leading particle correlations can be extended to very lamgverse momenta via the tracking
and particle identification capabilities of ALICE, to theatescence and hydrodynamic domains.
In preparation for the first p+p and Pb+Pb collisions of LH& present prospects on leading
particle correlations with identified particles in ALICE.
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1. Introduction

Awaiting for the startup of the next generation particle and heavy-ionighyxperiments
at the Large Hadron Collider (LHC), we review few selected results filuenRelativistic Heavy
lon Collider (RHIC), where heavy-ion collisions at 200 GeV c.m.s. engrgyide the most suit-
able environment, up to now, to study the strongly interacting matter undemextemperature
and energy density. At RHIC, in central Au+Au collisions strong supgioe of large transverse
momentum (un)identified charged hadrons is observed with respectiph@ed Au+Au, p+p or
d+Au collisions [1, 2]. This suppression is referred as jet quenchidgeatends to large transverse
momenta pr ~ 15-20 GeV/c). Furthermore, in azimuthal di-hadron correlations strorajfiva-
tion of the away-side correlation is seen in Au+Au with respect to p+p colksjdn4], followed
by similar observations even at SPS energies [5]. Extending the azimutiedibn correlations to
pseudo-rapidity as well, on the near-side, long range pseudo-rapidiglation appears as shown
in Fig. 4. In the so called intermediate transverse momentum regiomp{2< 6 GeV/c) enhance-
ment of baryon production is observed in mid-central, central Au+Au cafisswith respect to
p+p collisions [7, 8]. These measurements highlight the importance of thenietiiatepr region
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Figure 1. p(p)/rt" ratios measured by PHENIX [7] and STAR [8].

where one can investigate to the interaction between the hard probes dndkthsatter created in
heavy-ion collisions.

2. Review of RHIC results

2.1 Particle spectraand ratios

Majority of the particles emitted in heavy-ion collisions appear in the low trassuweomen-
tum region: pr < 2 GeV/c. This region was extensively studied in AGS and SPS experiments,
measurements at higher transverse momenta were limited by beam energilCAtlie transverse
momentum range of identified particles is extended to ligh- 5 GeV/c [7] and later up t@y ~
12 - 15 GeV/c [8]. Experimental results and theoretical calculations stigligtinction of three
pr regions: bulk, intermediate and higly. The bulk region pr < 2 GeV/c) seems to be driven
by the thermal properties of the matter created in heavy-ion collisions. Inighe pr (6 GeV/c
< pr) region particle measured particle spectra are well described by pQIClat®ons. Baryon
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Figure2: /\/Kg ratios measured in p+p and Au+Au collisions [9].

production is significantly enhanced and the baryon/meson ratio reachesdst central Au+Au
collisions at 200 GeV as shown in Fig. 1. Expectations of particle produétion elementary
collisions, quark and gluon jets and recombination/coalescence mechanisatscashown [7, 8].
Similar enhancement is observed in strange particle production as shovwgn &) Rowever results
from p+p collisions show clear collision energy dependence. Coalesagecombination models
quantitatively agree with results on particle spectRaaj, particle ratios (eg.p/m, /\/Kg) and
elliptic flow in the intermediatey region.

2.2 Azimuthal di-hadron correlations at mid- and forwar d-rapidities

While full jet reconstruction only became available recently at RHIC, havdgsses are stud-
ied via highpr particle production and their (azimuthal) correlation with lower momentum parti-
cles. These measurements revealed significant suppression gihlggdrons and the disappear-
ance of the away-side jetin central Au+Au collisions [1, 2]. Fig. 3 shawgstematic measurement
of azimuthal di-hadron correlations by STAR, where the away-side isfisigntly broadened with
respect to proton-proton collisions and the near-side remains unchf@je The broadening and
the modification of the away-side correlation and the presence of long famgorrelation on
the near-side lead to various theoretical explanations. Models base@ @sghmption of flow
deflected jets, large angle gluon radiation [11, 12], conical flow indungeghock waves in the
medium (Mach cones) [13, 14] and Cerenkov radiation [15, 16] peoglternative descriptions of
azimuthal di-hadron correlations.

Extended measurements of the near-side peak in Anidesveal enhancement in the near-side
correlated yield extending up t&n| ~ 1.5 in Au+Au collisions, as shown in Fig. 4, which is
commonly referred as the ridge [6, 17]. Two particle correlation measuntsna¢ low transverse
momenta pr < 2 GeV/c) without trigger particle also show long range correlatiofrjn above
the flow modulated background [18]. There are many competing theoriesstible the long
rangeAn correlations: coupling of induced radiation to the longitudinal flow [19]htlent color
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Figure 4. RawAn x Ag correlation function in Au+Au collisions [6] and strangeylhtitstrange - charged
hadron correlations in central (0-10%) Au+Au collision§]2

fields [20], anisotropic plasma [21] and the interplay of jet-quenchingsamahg radial flow [22].
Recombination of locally thermal enhanced partons due to partonic enssyglsm provide a ridge
like signal [23]. Up to now, STAR has the unique opportunity to fully cheedze the properties
of the long rangé\n correlations. Figure 4 also shows strange and multi-strange hadrorrétgge
azimuthal di-hadron correlations measured by STAR above the flow bagkg. Clear near-side
correlation is shown in contrast to coalescence/recombination expectatidhshowever recently

a new solution is suggested [24]. The jet (peak) and the bulk (shouldetige) is separated and
the extracted correlated yields are shown in Fig. 5. The correlated jetiyigldreasing, while the
ridge yield seems to level off with increasing trigger [25]. The ridge is considered the response
of the medium to the traversing hard partons/jets. The properties of thespreakure are jet like
while the shoulder like structure is similar to the bulk.

STAR has reported measurements in p+p, d+Au and Au+Au collisions frerfotivard ra-
pidity region utilizing its Forward Time Projection Chambers [26] (FTPCs). isitsn of the
azimuthal di-hadron correlation measurements to large rapidities have thibiiysto explore
modifications of away-side correlations and the possible existence of &g rcorrelations on
the near side by the bulk response. In these measurements, thprhigbger particles are se-
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Figure 5: Jet and ridge yields as a function of triggar in central (0-10%) Au+Au collisions [25].
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Figure 6: Correlation functions for pseudo-rapidity averaged p+ pseudo-rapidity selected d+Au colli-
sion [29].

lected in the STAR Time Projection Chamber (TP@)| < 1, while the associated patrticles are
selected in the FTPCs: 2.7/&n| < 3.9. These selections introduce a minimum 1.7 pseudo-rapidity
gap and are possibly sensitive to small-x gluon and large-x quark hateiseg [27], while az-
imuthal di-hadron correlations with the selection of the trigger particle andsgwcated particles
at mid-rapidity address gluon-gluon hard scatterings at RHIC enefi§sHigure 6 shows the two
particle distributions in p+p and d+Au collisions [27, 29] at forward rapiditi® d+Au collisions
the outgoingd andAu sides are shown separately, while the p+p results are averaged siteregpo
and negative pseudo-rapidities. The near-side correlation is consigterzero both for p+p and
d+Au collisions. On the away-side a factor of 2 suppression of the dysadie is observed with
respect to the Au-side. The p+p results are situated between the d- asidédurhe suppression
of the d-side yield is in qualitative agreement with the Color Glass Conder3&€)(picture [30],
which predicts suppression of small-x gluons in the Au nucleus. Howéwvemreduction of the
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Figure 7: CorrectedA@ correlation functions in Au+Au collisions compared to piglisions [29].
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Figure 8: Comparison of azimuthal di-hadron correlation functiormsyf mid- and mid-forward rapidities
peripheral and central Au+Au collisions [29].

d-side yield may arise from the energy degradation of the d-side quasksodmultiple scatter-
ing in the Au nucleus. Gluon anti-shadowing [31] and the EMC effect {8@JIld enhance the
d-side yield relative to the Au-side [27, 29]. Figure 7 shows the mid- faavwapidity azimuthal
correlations for different centralities and associgbedanges in Au+Au collisions a/syn = 200
GeV, which can be regarded as the extension of Fig. 4 to large psapibties. In peripheral and
mid-peripheral Au+Au collisions the near-side correlations for9.g8°¢ < 2 GeV/c are consis-
tent with zero within the systematic uncertainties. For the most central (0-A0%A)u dataset
two associategr ranges are selected. The near-side correlations forx @ < 2 GeV/c are
consistent with zero within the systematic uncertainties. However, the ceatakt high asso-
ciatedpr, with the reduced systematic uncertainty, are suggestive of non-zeelatmn on the
near-side. This result indicates that long rafgecorrelations, first observed tn < 2 [6], may
extend out taAn ~ 4 in the FTPCs [29].

In mid- forward-rapidity correlations, broadening of the away-sideeatation shapes is ob-
served in Au+Au collisions with respect to p+p as shown in Fig. 7. Thedmoiag is present
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for each centrality, such as at mid-rapidity [10], however the awayigild at forward-rapidity
is a factor of 3 - 6.5 smaller [29]. Figure 8 shows the comparison of the azaihcbhrelations
measured at forward rapidity (with the scaled down yield) and at mid-rapgditghown eg. in
Fig 3. The away-side correlation shapes measured in the STAR-TPCTdP@dsFare identical
within the systematic uncertainties. This might suggests similar apparent dassggt mid- and
forward-rapidities, however the interplay of the physical processeltrogdifferent.

3. Prospectsfor LHC

The LHC will deliver 14 TeV proton-proton collisions and 5.5 TeV Pb+PHigions at high
luminosity. Among the LHC experiments, ALICE has strong capabilities in partielstification,
down topr ~ 200 MeV/c due to the low magnetic field (0.2-0.5T) and the material budget. [Bartic
identification is achieved by the combination of the ALICE sub-detectors; TPE, TOF, TRD
and HMPID and the more specified EMCAL and PHOS [33].

In the first run, LHC will deliver proton-proton collisions, which are rastly baseline for
heavy-ion measurements but represent essential physics to conthattewretical expectations.
There are many questions left open in proton-proton and heavy-issigshgt RHIC for the con-
cise interpretation. At LHC energies the azimuthal di-hadron correlatidhbemefit from the en-
hanced cross-section of lar@¥-processes, but the uncorrelated background which appears in the
combinatorial background will also increase. ALICE carried out ailfidig study on azimuthal
di-hadron correlations (leading particle correlations) in simulated undpeehand quenched HI-
JING Pb+Pb events gfsyn = 5.5 TeV, with a choice of trigger and associated particle selection
to be able to compare to RHIC results [34]. Trigger bias has to be propdsthessed and the-
charged hadron correlation provide good solution, however limited in therlransverse momen-
tum region [35]. Azimuthal di-hadron correlationsAm x A¢g and 3-particle correlations are not
yet address in feasibility studies, which will be important to repeat and @éxtem to identified
correlations to gain more insights to the interaction of hard scattered partdriseabulk.

4. Summary

Selected review of RHIC results are presented, focusing on partiafieigtion azimuthal di-
hadron correlations in the intermediate transverse momentum region. Ttaepaorrelations in
A@ andAn are important tools to investigate and characterize the interaction of the twresp
and the medium created in heavy-ion collisions. Combined measurement l&f gartjicle and
correlated yields might help to disentangle the physics processes aridepsmlid baseline to
contrast with theoretical expectations.
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