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Jets are studied in A-A collisions at RHIC and LHC with the Igmaunderstand how they are
affected by the medium and how they affect the medium. It telyi believed that hard-scattered
partons lose energy when propagating through a medium ééfadronizing. Partons losing
enough energy may not even make it out of the medium as idsbiéfjets (although the mo-
mentum will be shared among whatever particles are emittéd])l” jet reconstruction attempts
to determine the partonic energy loss as well as possiblegesain jet shape. Heavy ion col-
lisions typically produce many unrelated particles witthie jet “cone,” and subtraction of this
background introduces significant uncertainties. A vgrigttechniques using highpy particles,
assumed to be leading particles from jet fragmentatiork fondisappearance of jets and attenu-
ation of jets relative to the reaction plane, as well as mediwodifications such as Mach cones.
Those techniques have considerable uncertainty due toastibt of \. In this paper we discuss
minimume-bias jets observed at RHIC using two-particle elations. We find that jets produced
in p-p collisions have interesting properties. Periphéa collisions look like p-p collision.
As we select more central collisions the number of jets iases following binary collision scal-
ing until at a system-dependent centrality the number diqges associated with jets increases
substantially above this scaling. Near this transitiontiedity the jet aspect ratio—elongated
transverse to the beam direction for low-energy jets predui p-p collisions—becomes highly
elongated along the beam direction in A-A collisions.
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1. Introduction

Our studies of two-particle correlations began in the late 1990’s with theediesimderstand
heavy-ion collisions in an unbiased wdy [1]. At that time it was expectedceatral A-A col-
lisions would be nearly thermalized with jets quenched and, if not completetytadxg difficult
to observe. Temperatures inferred frgmspectra could fluctuate event to event or from place to
place within an event, the amplitude and volumeppfluctuations depending on the nearness of
the event to the quark-gluon plasma phase boundary. We wanted to@ltisese fluctuations in
an unambiguous way.

A number of techniques were considered, such as factorial monjgn@ [2ldvelets|[#] and
entropy transpor{]5]. But those measurements are logarithmic in the acaleye soon realized
that the range of scales available to a detector like STAR was at best twos@fimagnitude,
making a measure linear in scale preferable. We eventually settled on nwesdated to variance
differences and learned how to convert between correlations arnddtians. [B] These correlation
measures can be related to Pearson’s correlation coefficient, makingriheneasily interpretable
than fluctuations which are integrals over correlations and thus includelaiion structure from
many scales.

There were some concerns about whether such a general appmaddwork, partly fueled
by previous difficulty interpreting factorial momenf$ [T] [8]. Also, it is edsya detector artifact
to produce a signal which may confuse the physics interpretation. Withamearbased measure it
is possible to cancel detector artifacts in a natural way using mixed evewss hlso believed that
a generic two-particle correlation analysis wouldn't be sensitive entiugbe correlations such as
flow. Monte Carlo simulations of temperature fluctuations within nearly-thernthézents were
performed and it was shown that our techniques could measure the fiootuat were expected
at that time. In fact we could distinguish the case where events were thezthalith each event
having a different temperature from the case where events were tieariyalized but having a
temperature that varied with positiof} [9]. When we analyzed collision dateawecensiderable
correlation structure, but no evidence for temperature fluctuaiohs [10]

There are several structures apparent in two-particle correlatitreseTare typically different
enough in angular size that we can disentangle them. There is a veryestarpeak due to
y-induced pair production. The observed HBT peak is broader thaa'tiie peak but narrower
than the same-side (SS) 2D peak due to minijets. When they are similar sizeswsecéhe
fact that HBT is only observed for like-sign (LS) pairs while minijets haverang unlike-sign
(US) component. Back-to-back scattered partons are observechasgrside (AS) ridge (as well
as both partons contributing to the SS 2D peak) and this ridge is approximadelyendent of
nNa = N1 — N2 within the STAR TPC acceptance. For highparticles we expect the AS ridge to be
a Gaussian centered aton gn = @ — ¢, but when that Gaussian is broad enouglpin(as it is
for most of ourp; range) it has a c@gn — 1) shape. We refer to cog, — 1) as an azimuth dipole.
There is also a quadrupole observed,(2gg). The dipole and quadrupole are orthogonal to each
other ongy and distinguished from HBT and the SS 2D Gaussian minijet peak by theirdmugs
in Na.

In the rest of this paper we emphasize the jet-like components of two-paditkdations. We
start with a discussion of two-particle correlation measurement techniootsg the equivalence
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of fluctuations and correlations, and discuss how to interpret the multi-dioredigwo-particle
correlation space. Then we examine p-p collisions, the reference sj@texrA collisions, and
find interesting two-particle correlation structure. We next see how sontéso$tructure is mod-
ified in A-A collisions. Finally we make some comments about hgworrelations complement
number correlations.

2. Review of Methods

Jets can be defined by a jet-finding algorithm which groups all particlectima¢ from the
fragmentation of a hard-scattered parton [[LA][LJ][13]. There &waommonly used algorithms.
It is an active area of research to determine which ones work best iawy I@n collision envi-
ronment. How well these algorithms work depends on the jet shape, whidgth depend on a
jet-medium interaction as well as the fluctuating background of hadroesated to the particular
scattered parton. An alternative to explicit jet reconstruction is to studyptawvtiele correlations.
This approach makes no assumption about jet shapes and allows one/tiostidenergy partons
than explicit jet reconstruction algorithms permit. Indeed, below a few GaNpps will only be
able to fragment into two hadrons, and this is difficult to observe with jetr&tcoction algorithms
in heavy ion environments. Another advantage of two-particle correlaahat they allow study
of inter-jet correlations as well as intra-jet correlations.

The most common measure of the dependence between two statistical quarfidassisn’s
correlation coefficient[[]4], the covariance divided by the geometricneéaariances, which is
bounded by -1 and 1. We are interested in the structure of two-particle momeptace correla-
tions. We write the covariand®p as a difference between an object and a reference,

Dp (P, P2) = Psib( P, P2) — Pret (P1, P2)
= P2)(P1, P2) — P2y (P1)P(1) (P2)

|
|
|

wherep is a two-particle density angd,y is a one-particle density. In practice we bin quanti-
ties, storing them in histograms. For the case of number correlations tte,bin representing
correlations between particles at positions a and b, can be written as

€a€bDP(N) = (NaMp) — (Na) (M) = (N—N)a(N—N)p

wheree¢ are the bin widths. For Pearson'’s correlation coefficient we divide &g#dometric mean
of the variancespp/ /02 02 ~ Ap/+/MaMy = Ap//Pref. We have replaced the variances in the
denominator with the Poisson expectations so that all the physics is in the nombra detector
one must deal with efficiencies and acceptances. The quantity we actsally thus

7 bp
pref Dref :

We normally refer to this simply a&p/./pret. We define, /p;ef = Cj’;—d’\‘(p. The ratioAp/pres has

the virtue of canceling efficiencies and acceptances. Besides beirgyclekated to a standard
correlation measure the quantiy /. /pref is the correlation strength per final-state particle. If
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Figure 1: Sequence going from measurement of fluctuations at STAR¢alk to scaled fluctuations prob-
ing dependence on size and finally to correlations infenreh fluctuations. There is an interesting structure
in the correlations.

A-A collisions are simply superpositions of N-N collisions it will be indepentddrcentrality and
collision system.

Correlations and fluctuations are closely related, fluctuations resulting drointegral over
the correlation structure. For the angular space the integral equatidingetze fluctuations and
correlations is[[6]

Ap
v/ Pref

WhereAagt;n(én ,00) is a variance difference measured in a “detector” of &&g, d¢), the kernel
K is an exactly known geometric factor ad@/, /pref is a two-particle autocorrelation. This form
of integral equation is known as a Volterra equation. Writing this equation mstef binned
quantities we can evaluate the kernel explicitly (Eq. 5 of [16])

AT, (81,5¢) = ::Zn<1—k 1/2> <1—'_nl/2> \/i%(ke,,,ls(p).

Here we usé instead ofp to indicate it is a binned quantity. We see that in general fluctuations
depend on the domain scale over which they are measured. When we enfhasturations at a
particular scale we have an integral of the correlations up to that scatediffarence in fluctu-
ations between two scales is a measure of the integral of the correlationsebetiose scales.
We can measure the scale dependencﬁcxﬁ;n on (dn,d¢) and invert the integral equation to
(nA, @ ). Inverting Volterra equations (to solve for correlations from fluctuadiagman
example of an ill-posed problem. One must impose a regularization scheme o ahtseful
solution, analogous to applying a low-pass filter. There is a well-develofaldematical frame-
work for this [13] but one always has to assess how much the regularizzcheme affects the
extracted correlations. An example of inverting scaled fluctuations to getlations is shown in
Fig.[} [LT][L8]. We note that one motivation for measuring meafluctuations was to determine
event-to-event temperature fluctuations. The correlation structure sexvabis inconsistent with
temperature fluctuations, instead it reveals jet correlations.

Fluctuations are less numerically expensive to compute than correlatiotiselure difficult
to interpret. We can invert the integral equation to get the more-easily ietaljpe correlation

on (1)
80%.(80,50) =4 [ dna [ d@uK (8n.5¢:Mm. @)= (M. ).
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(@) (na, @n) projection (b) (yi1,¥t2) projection (c) US, AS projection (d) US, SS projection

Figure 2: Projections of the six dimensional correlation space ont dimensional subspaces for p-p
collisions. Pan) is the projection onto the anguldispace(na, ¢ ), with a “hard” p; cut imposed.
We see an intra-jet correlation on the same-side (SS) anmdemrjét ridge on the away-side (AS); the ridge is
due to the fact that the parton center of mass is not at relseilaboratory frame. Pa(b) is the full space
projected onto théyi1,Yi2) subspace. Pandls 3(c) gnd (d) are projections of the AS @rbiBelations of
unlike-sign (US) pairs onto th@:1, yi2) subspace.

structure, but the issue with regularization will always be a source ddrtainty. There are also
technical issues such as two-track resolution that are difficult to darrecfluctuation measure.
Having established a direct connectidh [6] we prefer to measure argqutatations directly.

Each particle has three momentum components, so the two-particle correlsdion is Six
dimensional. In a detector with complete azimuthal coverage the absolute positiepair (= =
@ + @) does not matter. Only the differengg matters. Within the; acceptance of the STAR
TPC itis approximately true that pair correlations are independemnt ef 1 + n,, depending only
on differencena. Averaging overgs andns reduces the dimensionality of the correlation space to
four with no loss of information.

We are still left with a four-dimensional space, two angle differencestalsdmomentum
magnitudes. It is common to uge for the momentum magnitude, but since the yield falls steeply
with p; most of the pairs occupy a small corner of the relev@wt, pr2) space. We usg =
In[(m + pr) /my] for better visual access to the logy-correlation structure. Four dimensions is
impossible to visualize so we project onto the 2D angular subspagsep ), which has the form
of a joint autocorrelation, or the 2DBx1, yr2) subspace. It is instructive to make cuts on the space
that is projected out. In Fig] 2 we show examples of projections ontdrthep) and (i1, Yi2)
subspaces. For thg:1,Yt2) subspace we show the projection over the full angular space as well as
for the AS and the SS.

3. Two-particle correlations from proton-proton collisions

In this section we examine the two-particle correlation structure of partictetuped in p-p
collisions. First we make a connection with a spectrum analysis in which ewgthtslifferent
numbers of observed charged particleg,X were analyzed separately. It was observed that one
can define a “soft” component. When the soft component is subtractedgach of the, spectra
what remains has a shape and position independanfobut an amplitude proportional tQ,—
the so-called “hard” componerft J19]. When plottedyprihe hard-component shape is Gaussian
with a peak at;y = 2.7 or pp = 1 GeV/c. This is the same position of the peak we find in the
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(a) SS, LS (b) SS, US () AS, LS (d) AS, US

Figure 3: Projections of two-particle correlations or{ta1, yi2) with cuts on angular space. The AS parton
fragmentation region is independent of charge sign, the &l& pmave additional soft component. The SS
parton fragmentation region is restricted to US pairs.

projection of the two-particle correlations onfas, yi2) as shown in Fig[ 2(b). In Fid] 5 we will
see that for lowys = i1 + Yi2 pairs the angular correlations are dominated by soft physics while
for high-y;s pairs the angular correlations are dominated by hard scattering.

We examing(yi1,¥t2) in more detail by cutting on SS and AS pairs as well as looking at LS
and US pairs. These four combinations are shown in[Fig. 3. We refer tegien around; ~ 3
(pr = 1.5 GeV/c) as the fragmentation region. We see that for the AS this region is independ
of the charge combination. For SS pairs the fragmentation region is restiact¢8 pairs. These
correlations are dominated by lo@% ~ 3 GeV partons which primarily fragment into hadron pairs,
the pair being charge neutral.

We have already seen in Fif. 2(a) that when projecting from the fragtiemtegion of
(Y1, Yr2) the angular correlations have clear hard scattering (jet) structure. hvValsa ask how
the shape of théyi1,yi2) correlations should look if it is really due to fragmentation. One can
parameterize parton fragmentation functions (FFs) in a universal i This allows us to con-
struct a 2D plot with the parton momentum along one axis and the fragment moaien¢athe
other axis as shown in Fify. 4a). A slice parallel to the fragment momentunsaxfsagmentation
function. The amplitude of these slices is determined by the underlying pgratrsm. For large
parton momentum the mode of the fragmentation function is well determined by 2RI
As the parton energy decreases the number of hadrons it fragmentsréasies until for some
energy & 3GeV) there are only two fragments (a parton may turn into a single hadmgrtient”,
but we are studying two-particle correlations). We do not observe ttterpanly the hadrons. So
we symmetrize the parton versus fragment plot to get a fragment veegyradnt plot, integrat-
ing over parton momentum as shown in Hig. }(b). At law the yield is dominated by partons
fragmenting to two hadrons and is peaked along the diagonal. As the fragmienreases the
importance of parton fragmentation to three, four and more particles iksedbe maximum in
the (yi1,Yi2) plot deviates from the diagonal and follows the line of modes predicted pQ
This expectation is sketched in Ffjg. 4(b). Compare this to the meaguiey,) correlation for SS

fragments in Fig[ 4(F).

We can also go in the other direction, from the data to the line of modes. We &kgitly:2)
plot and project the conditional slices shown in Hig. J4(c) ontoFor relatively largey: these are
well described by a Gaussian with the same width determined from the speatraiysis [Ip].
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fragment rapidity

Q72 (GeV)

(a) parton-fragment(b) fragment-fragment (c) conditional cuts  (d) conditional slices and locus of modes

Figure 4. Panel) shows the parton momentum versus fragment mamem vertical slice projected
onto fragment momentum is a fragmentation function. In b we symmetrize, integrating over parton
momenta to get a figure we can compare to measurement. Wehabt tow momentum the fragment yield
is dominated by partons fragmenting to two hadrons and isgatalong the diagonal. For larger momentum
we can have parton to three or more fragments and we see the folbalving the pQCD expectation.

Panel4(¢) is the measured $%;,yi2) correlation which should be compared wjth #(b). In pgnel 4¢d
show conditional slices for the cuts defined in p 4(d)nitthem to get the modes of the fragmentation
functions. These closely follow the expectation sketcmepkine[4().

Using this width to fit ally; slices works well down tg; of about 2.5 f; ~ 1 GeV/c). A plot of the
Gaussian centroid versysslice starts off along the diagonal then curves, following the expected
pQCD line of modes. This is shown in Fig. 4(d) which should be compared vigtHéb). The
interpretation that the area aroupds 3 is due to fragmentation is supported not only by the shape
of the angular correlations but also by details of measured fragmentatiotidios.

We now turn to the angular correlation dependence orfythey2) space. In Fig[]5 we show
the angular correlations for LS and US pairs for “soft>(< 2.7) and “hard” {11,Yi2 > 2) pairs.
We see a pronounced HBT signal in the LS pairs at (0,0), especiallydasdfi cut. The largest
component of the soft US pairs is a 1D Gaussiamgdue to charge ordering in projectile nucleon
fragmentation along the beam axis. Imposed on this is a dip centeféddatdue to momentum
conservation (when there are only a few particles in an event they willdsed against having
the same direction, unless they are fragments from a single hard-scatteted) and a narrow
peak at0,0) due toete~ from y-induced pair production. The hard pairs have an AS ridge that is
independent of charge, the SS peak is primarily in US pairs.

In Fig. [§ we examine this jet structure in more detail by making finer cutg;0nAs y;s is
increased the SS becomes sharper and the AS ridge becomes nafitoeveidth of the AS ridge
is affected byk;, a measure of the initial-state parton transverse momenta. The widths of the SS
2D Gaussian are related fg, and j;,, measures of the transverse momentum with respect to the
thrust axis of the fragmentation proce$s|[£2][23]. The relations betwlee widths and thes
andk; is usually derived for the asymmetric case of a leading particle[[34][25}his analysis
we use a formulation symmetric in the two particlfg [26]. In addition, since the probgble
parton haf) ~ 3 GeV and the observdd is typically around 1 GeV/c (with th@s being not too
much smaller) we cannot use small-angle approximations. Wikda comparable tqg; or k; the
fragment distributions will be affected by kinematic limits. The results of fits to thg&ak are
shown in Fig[p. Pangl 6{a) shows the widths in ffaeand g directions. Sincey is the log of p;
the x-axis is essentially /¥, the p; of the pair decreasing from left to right. We see that for this
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(a) “soft” LS (b) “soft” US (c) “hard” LS (d) “hard” US

Figure5: Projections of two-particle correlations ortga, ¢n ) Space with cuts ofyi1, yt2) space. Soft pairs
haveyi1 + yi2 < 2.7 and hard pairg1, yi2 > 2. For the soft pairs the LS has a strong HBT component while
the US is dominated by local measure conservation such asnmtam and charge. For the hard pairs the
AS ridge is charge independent while the SS jet peak is piiiyrids.

variable then and widths of the SS peak are approximately linear, but different from eti@r o
and dependent on charge combination. Phne] 6(c) shows the infesretlis time plotted om:s.
The difference in thgy, and jiy is greatest at low;s. Asy;s is increased they both increase until
at large enough momentum they approach the observed perturhasivaling value[[33].

The width of the AS ridge can be used to inkgrwhich has components from intrinsic initial-
state parton momenta and initial-state radiatjoh [27]. The momentum transfeeetvesscattered
partons defines a directiah When the initialk of both partons is perpendicular @dut parallel
to each other the AS ridge width is widest. The effectdoélso show up in the ASyi1,Vi2)
correlations. When thi&s of the two partons are parallel to each other and parallgltte y;
values for the fragments of one of the partons will be boosted whilgt@ fragments of the
other parton are reduced. This populates the off-diagonal regioredfithy:2) correlation. We
show the AS\yi1, yr2) correlation in pandl 7(h). In contrast, the SS correlation, shown irl féoge
is unaffected by; and is considerably narrower. Typically, measukets about 1 GeV/c, nearly
the same momentum as the minijet partons we are probing. It may be possible icasesdor
thek; to boost the scattered partons enough so that they both actually emergesamté side.

We have seen how we can use standard correlation measures to extracation in p-p col-
lisions. We find clear signatures of hard parton scattering at surpridmglparton momenta. We
have also seen that there is a nice correspondence between two-pamtielations and a spec-
trum analysis which indicates a hard component appearing in perhap$ N%Dop-p collisions
at 200 GeV [IP]. We want to use this information as the baseline when amglfzA collisions,
keeping in mind that the fraction of particles produced by hard scatteripgndis on centrality. So
the superposition of N-N collisions should be weighted appropriately toustdor the hard p-p
spectrum component.

4. Two-particle correlationsin A-A collisions

In this paper we only discuss angular correlations from symmetric A-A caisidVe have
analyzed Au-Au collisions at 200 GeV and 62 GeV as well as Cu-Cu colBsabithe same ener-
gies. We see evolution with centrality from a correlation structure consistdnp-p collisions for
the more peripheral events to a structure dominated by the SS 2D peak treimglyselongated
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Figure 6: Panel) shows the fitted widths of the SS peak, the x-axigEssentially Ip; of the pair.
The widths depend on the directiom ¢r @) and the charge combination but are approximately line#rig
variable. Pan) shows the extracietalues for they andg directions, having very different values for
low y; but approaching th@ scaling value at higly;. Panel@) an@d) are projections ofrj@, ¢n) for
low and highy;s cuts and plotted in 1:1 aspect ratio and graphically showheghange in the shape of the
SS peak as a function of pair momentum.

along na and an AS ridge consistent with back-to-back hard parton scatteringmigiecentral
collisions there is in addition a c@&p,) quadrupole component. Examples for a few centralities
of 200 GeV Au-Au collisions are shown in FifJ. 8. The other collision systeragjaalitatively
similar.

We quantitatively describe the 2D correlation structure with a SS 2D Gausstandifferent
na andgn widths), a cosgn — 1) dipole describing the AS ridge and a 1D Gaussiamfg]. To
complete the description of p-p collisions we include a narrow exponentia atrigin to describe
ete  pairs fromy conversions as well as an overall offset. We don't infer any phyfsiza the
exponential peak or the offset. This model function with ten parametedssweell for the most
peripheral and fairly well for the most central data. For intermediate @iitigs a co§2¢n ) term is
required as well.

Fit parameters are shown in Ff§. 9. The most striking feature of the fibpieas is that the SS
Gaussian amplitude closely follows the expectation for binary scaling up to semiglity then
greatly exceeds it. The AS ridge described by(grs- 1) tracks the amplitude of the SS Gaussian.
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(a) AS(¥1,%t2) (b) SS(yt1.%2) (c) *hard” (na, @)

Figure 7: Effect of k on (y1,\%2) correlations. Pana) shows the A%, Vi), broadened when the
k: of the two scattered partons are parallel to each other andithction of the momentum transfer. The
SS correlation, shown in pan@(b), is not affecteokbyPane) indicates how one can extriacby
measuring the width of the AS ridge.
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(a) 84-93% (b) 55-64% (c) 46-55% (d) 5-9%

Figure 8 Samples of(na, @) correlations for 200 GeV Au-Au collisions. Pa(a) is mpsripheral
(84-94%) while pandl 8(b) is nearly central. The middle tvamels are on either side of the sharp transition,
55-64% and 46-55% centralities.

Thena width of the SS peak also increases greatly close to the same centralitytiastoo the)a
width, thegn width starts at the same value as we find for p-p collisions but then actuahyatess.
In contrast to the sharp transition of the jet amplitude thé2mps component has aimteresting
but unrelated evolution on centrality.

We emphasize the deformation of the SS Gaussian peak by plotting the datsubfiact-
ing the multipoles determined by the fit (we also subtract the sharp exponesaid) ip Fig[1D,
plotting the data in a one-to-one aspect ratio. The most peripheral bin &lgalongated along
the @ direction. But as we increase centrality the peak becomes symmetric, then avithimow
centrality range becomes greatly elongated algng

In Fig. we present an isometric view of the same data. We subtract thedigele,
guadrupole and sharp exponential peak from the data. The shakpaffeets only a few bins
around the origin. Our parameterization of the data does a good job degdtile ¢ structure
of the AS peak. There is a small but statistically significgrtstructure remaining on the AS.
We note that thegy, dependence of the SS 2D peak plotted here can be decomposed inta Fourie
components on azimuth and would contribute significantly to an inferred gpaldrcomponent.

10
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Figure 9: Values of fit parameters for Au-Au collision systems. For mhere peripheral data the SS peak
amplitude follows the binary scaling expectation, excegdt dramatically at a transition centrality that
depends on the energy/collision system. The AS ridge fdlthis trend very closely and thg, width

of the SS peak also increases substantially at a similaratint In contrast thep, width of the SS peak
decreases with increasing centrality and thg2@g) term has an interesting but smooth evolution, already
having a significant value before the transition centrality

Multipole subtracted, 84-93% centrality ‘ Multipole subtracted, 55-64% centrality Multipole subtracted, 46-55% centrality Multipole subtracted, 5-9% centrality
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(a) 84-93% (b) 55-64% (c) 46-55% (d) 5-9%

Figure 10: Samples of fa, @) correlations for 200 GeV Au-Au collisions after multipolasd sharp peak
have been subtracted and plotted in a 1:1 aspect ratio. R&&) is most peripheral (84-94%) while
panel) is nearly central. The middle two panels are theeiside of the sharp transition, 55-64%
and 46-55% centralities.

11
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Multipole 84-93% centrality Multipole subtracted, 55-64% centrality
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Figure 11: The same centralities as F@ 10 but plotted in a view sinndﬁig.@. We have subtracted the
fitted dipole, quadrupole and sharp exponential peak fradtta and rotated slightly. We see the dipole
and quadrupole terms have exhaustedghdependent structure on the AS.

-649

(a) 84-93% (b) 55-64% (c) 46-55% (d) 5-9%

Figure 12: Samples ofna, @n) pr correlations for 200 GeV Au-Au collisions. These are the saentrali-
ties shown in Fig[]8.

We believe this peak is due to hard scattering (it certainly is for peripheli#dions) and in any
case this shape cannot be due to a medium response from a presslieatgr

5. pt correlations

We now return to the topic of; correlations which we mentioned briefly in section 1. For
number correlations the Pearson’s correlation coefficient quantifigsheonumber density at two
locations vary with respect to each other. One could also ask how the totaémtom densities
are correlated. This turns out to be still dominated by number correlatiomgnaiéad ask how the
meanps are correlated. Specifically,

Ap (Pt —nPr)alPt—NPrb

v/ Pref B v/ NaNp ’

where px is the meanp; of the parent population. We show examples of these correlations in
Fig.[12. There is a qualitative similarity with the number correlations but therejaantitative
differences. Even the most peripheral bin shows no indication of a 13<k&mn oma. The sharp
peak at(0,0) is dominated by HBT, opposed to number correlations wieges is a significant
contribution. The broader peak centered®0) is a 2D Gaussian for number correlations but has
a catenary shape ap for p; correlations.
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2 soozdPe
SoSRRI2S

Ap I Pp s (GeVl/e)
& sopo_o

(a) 80-90% (b) 45-55% (c) 20-30% (d) 0-5%

Figure 13: p; correlations for 200 GeV AuAu collisions for various cetities. These correlations have
been inferred from the inversion of scaled fluctuations aedchave subtracted the multipoles. The shapes
of the peaks at0,0) are different than those of number correlations and theae'iecoil” hole around the
peak.

We previously looked at meap- correlations when we were measuripgfluctuations and
found we could invert fluctuation scale dependence to obtain deteaepi@nce-independent cor-
relations [1B]. We found that the SS 2D peak amplitude was nearly propaltio the mean
participant path length/) from the most peripheral to about 30% most-central, falling for the most
central. As the centrality selection increased the SSj2vidth increased by about 60% while
the g\ width decreased by about 30%. These trends are qualitatively similar toamaarelations
but quantitatively very different. In addition, there appears to be afréwole” around the SS
peak [I8] which is not observed in number correlations. We also fouatcatthough Hijing does
produce a SS 2D peak and an AS ridgeirtorrelations these are nearly centrality independent as
well as having the wrong detailed shape, with no indication of a recoil héle e are presently
working on a detailed description of these correlations to characterizeiat p; correlation
measurements.

6. Summary

We have presented a detailed differential analysis of minimum-bias jet systerirajcp
collisions. We have described 10@? jets using fragmentation function systematics. The widths
of the same-side (SS) 2D peak depend onythef the pair, changing from elongation alogg
to symmetry in(na, @), eventually reaching a width described kyscaling asys is increased.
We found thak; not only affects the away-side (AS) angular correlations but alsalermathe AS
(Yt1, Yi2) correlations.

For A-A collisions we saw that the SS 2D peak elongates alpngthe width increasing
rapidly at a particular centrality (sharp transition). The amplitude of the 85 igeconsistent with
binary scaling for peripheral collisions and greatly exceeds bindlisicm scaling starting near
the same centrality where timg width elongation starts. The AS dipole amplitude closely follows
the SS 2D Gaussian peak amplitude. In contrastgtheidth of the SS Gaussian decreases slightly
with increasing centrality. The quadrupole component is small for pe@phad central collisions
but has already become significant before the transition centrality, wohetiele densities are low.
There is no evidence for an opaque core. All partons, everQéwartons, are accounted for in the
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final state. We are currently studyimgcorrelations which provide complementary information on
jets.
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