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Measurements of inclusive hadron suppression and di-haalzonuthal correlations have pro-
vided important insights into jet quenching in hot QCD maattdowever, they do not provide
access to the energy of the hard-scattered partons andratedliin their sensitivity since they
can be affected by biases toward hard fragmentation and smexby loss.

Full jet reconstruction in heavy-ion collisions enableoaplete study of the modification of jet
structure due to energy loss, but is challenging due to tle Hultiplicity environment. Study
of jet production and properties in d+Au and p+p collisionsvyides important baseline measure-
ment for jet studies in heavy-ion collisions.

We report measurements of fully reconstructed jets in p+HpAudand Au+Au collisions at
VSN = 200 GeV from the STAR experiment at RHIC. Measurement ofahitate nuclear
effects in d+Au collisions utilizing di-jet azimuthal cefations is presented together with similar
measurement in p+p collisions. Inclusive gt spectra and fragmentation functions in p+p and
central Au+Au collisions are reported, with subsequentissiof jet nuclear modification factor,
jet energy profile and modifications in the fragmentatiorcfion due to jet quenching.
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1. Introduction

Jets are remnants of hard-scattered partons, which are the fundaotgatas of pQCD. At
RHIC, they can be used as a probe of the hot and dense matter createslyndn collisions. Base-
line measurements in elementary collision systems can be used to isolate initial fetetefedm
medium modification. In particular, measurement of the nudigdoroadening [1], the transverse
momentum of a jet pair, in d+Au collisions is important.

Interaction and energy loss in the medium leads to jet quenching in heavgllmons. Until
recently, it was studied indirectly using single particle spectra and di-hadmoelations [2]. These
measurements are however limited in the sensitivity to probe partonic enesgyézhanisms due
to well known biases [3].

Developments in theory (for example [4, 5]) and experiment (STAR deteqtgrades, in-
creased RHIC luminosity) finally enabled full jet reconstruction in heavycalisions [6]. Full jet
reconstruction reduces the biases of indirect measurements and excigles to qualitatively new
observables such as energy flow and fragmentation functions. We agipt and discuss recently
reported measurements of jet spectra [7] and fragmentation functians [8]

2. Jet reconstruction

The present analysis is based gayn = 200 GeV data from the STAR experiment, recorded
during 2006-2008. The Barrel Electromagnetic Calorimeter (BEMC) timtéx used to measure
the neutral component of jets, and the Time Projection Chamber (TPC) detegsed to measure
the charged particle component of jets. In the case of a TPC track pointiad@®MC tower,
its momentum is subtracted from the tower energy to avoid double countingr¢eiecMIP and
possible hadron showers in the BEMC). To reduce possible BEMC bagkds, the jet neutral
energy fraction is required to be with{0.1,0.9).

Recombination jet algorithms kt and anti-kt, part of the FastJet packagarpilised for jet
reconstruction. To subtract the background, a method based onjettiveas [5] is applied event-
wise: pRec = ptandidate _ 5. A with p estimating the background density per event Ateting the
jet active area. To reject fake jets (“jets” found by jet finder unrel&beldard scattering), one has
to either select sufficiently high jgtr, or statistically subtract fake jet yield (see [7, 8] for detalils).

3. Nuclear ky broadening

Year 2007-2008 p+p and d+Au data were used for this study, with BEME tower (HT)
online trigger requirement (one tower wily > 4.3 GeV). For d+Au system, the Beam Beam
Counter detector, located in the Au nucleus fragmentation region, wasaiselgct the 20% high-
est multiplicity events. An uppgsr < 15 GeV/c cut was applied to TPC tracks due to uncertainties
in TPC tracking performance at high-.

Resolution parametd® = 0.5 was used for jet finding and a cpt > 0.5 GeV/c applied for
tracks and towers to reduce background. Due to the asymmetry of the aplliglhu system, the
background is asymmetric im. This dependence was fit with a linear functiomirand included
in the background subtraction procedure. To study detector effegtisiaP6.410 and GEANT
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detector response simulations were used. Jet reconstruction wastmifat MC level (PyMC)
and at detector level (PyGe). To study effects of the d+Au backgkdeyGe events were added to
minimum bias triggered d+Au events (PyBg).

To select a clean di-jet sample two highest energy jets & pr2) in each event were used,
with pr2 > 10 GeV/c [9]. Distributions ofkr raw = pr.1Sin(A¢@) were constructed for di-jets and
Gaussian widthsgy, .., were obtained for the two jet algorithms and two (120 GeV/c, 20—
30 GeV/c) pr,2 bins.

Figure 1 shows that the widths are similar for PyMC, PyGe and PyBg distriisjtidue
to the interplay between jgtr and Ag resolutions. Figure 2 shows an example of Kigaw
distributions for data. The extracted values ar(fé*p =28+0.1 (stah GeV/c and gt =
3.0+0.1 (stay GeV/c. Possible nucleds broadening therefore seems rather small.

The systematic errors coming from a weak dependence o\ghe r1| cut for back-to-back
di-jet selection (varied between 0.5 and 1.0) and differences betweemrioes selectionsp -
range, jet algorithm) are estimated to b2 GeV/c. In addition, uncertainties in BEMC calibration
and TPC performance in the high luminosity environment in 2007-2008 munrater study. Given
the similarities between p+p and d+Au datasets, these are expected to bechigblsted.
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Figure 1. Distributions ofkt raw = pr,1Sin(A@) for simulation Flgure 2: Distributions ofkr raw for p+p,
(anti-kt algorithm, 10< pr2 < 20 GeV/c). d+Au. Cuts and algorithm as in Figure 1.

4. Inclusivejet spectra

Most central (0-10%) minimum bias triggered Au+Au data from 2007 anpgtth triggered
p+p data from 2006 were used for this study. Details on trigger andatmmefor its bias can be
found in [7]. To minimize fragmentation biases, a minimal put> 0.2 GeV/c was used for tracks
and towers. To study the jet energy profile, two resolution paraméter9(2, R= 0.4) were used.

In order to compare the jgir spectrum in Au+Au to p+p collisions, one has to correct for
additional smearing due to background fluctuations. They are assumedzaussian with width
obtained by embedding Pythia jets into Au+Au events. Further correctgnadependent track-
ing efficiency, jet energy resolution, unobserved neutral energyg applied [7].

Figure 3 showR'/_f/&, the ratio of jet yield in Au+Au over the binary collision scaled jet yield
in p+p. I?',f; is expected to be close to unity for an unbiased jet reconstruction (withbjess
small deviations due to initial state effects). &= 0.4, I#',f,& is compatible with unity with large
uncertainties, while foR = 0.2, the jets are significantly suppressed. The differences between kt
and anti-kt algorithms are most likely due to different sensitivity to heavy a&mkground. Figure 4
shows the ratio of jepr spectra foR = 0.2 over that forR = 0.4 separately for p+p and Au+Au.
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The ratio is strongly suppressed in Au+Au with respect to p+p, indicatibgtantial broadening
of jet structure in heavy ion collisions.
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Figure 3: JetRaa, yellow band shows jet energy Figure 4. Ratio of jet yields forR= 0.2 and 04
scale uncertainty. Taken from [7]. for p+p and Au+Au collisions. Taken from [7].

5. Fragmentation function measurement

Insight into the jet structure is provided by studying the jet fragmentatioatiwm (FF). In-
medium softening of the FF with respect to p+p reference should bevalidein Au+Au collisions
with an unbiased jet population [10]. Recoil jets on the away side of a BENI®iggered Et >
5.4 GeV) jet are used for this study, to maximize the medium path length (anddhepissible
FF modification). The online HT trigger condition is the same for p+p (2006) &20% most
central Au+Au (2007) data.

Anti-kt algorithm with a resolution paramet&= 0.4 was used. The jgtr is not corrected
for instrumental effects yet and is markpflrec. Further information on corrections and unfolding
can be found in [8]. For the trigger jet, a cptec > 10 GeV/c was applied to minimize fake
jet contribution andor > 2 GeV/c was applied to tracks and towers to achieve similar jet energy
scale in p+p and Au+Au. On the other hand, a minimat- 0.15 GeV/c cut on tracks and towers
was applied to recoil jets to minimize the biases. The recoil jet energy wasrdesel using a
resolution parametdR = 0.4, whereas charged hadrons in a larger cdte Q.7) around the jet
axis were used to construct the FF. Background of the FF was sultrawtat-wise using the
charged hadropr distribution in out of cone area.

Figure 5 shows the ratio of recoil jgt spectra in Au+Au to p+p, indicating a strong sup-
pression of recoil jets in Au+Au. This is in contrast to the expected valumity for unbiased jet
reconstruction. Figure 6 shows the ratio of the recoil jet FF in Au+Au tofpt-pc%! > 25 GeV/c.

No strong modification of the fragmentation function .2 0.2 is observed. '

Significant suppression of recoil jets together with the absence of skBngodification in
Au+Au could be explained by broadening of the quenched recoil jetssimg an energy shift
towards lower energies and artificial hardening of FF. Alternativeharagf recoil jet population
may not be recovered due to strong broadening. In this case the nmab&$une Au+Au may be
that of surviving recoil jets, i.e. those with little modification (such as tangeeridgésion or punch
through jets) [8].
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Figure 5; Ratio of recoil jet pr spectra in Figure 6: Ratio ofzec = py /pT’rec distribu-
Au+Au to p+p. Taken from [8]. tions in Au+Au to p+p. Taken from [8].
6. Summary

Results from the full jet reconstruction {fisyny = 200 GeV p+p, d+Au and Au+Au collisions
from the STAR experiment are presented. A study okjdiroadening in p+p and d+Au collisions
indicates that nuclear effects are rather small. Measurements of incjasigss section as a
function of resolution parameter and of recoil pgtspectrum and fragmentation functions indicate
significant broadening of the jet structure in heavy ion collisions as cadgarp+p data.
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