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1. Introduction

The intention of this work is to test the extent to which pesative QCD (pQCD) can describe
more-central A-A collisions at RHIC. Is a hydrodynamic (hgXdescription necessary, or even
allowed by data? Detailed arguments are provided in Ref,[B, 4], with related material on
hydro interpretations of azimuth quadrupole structureefsR[5, 6, 7, 8].

| begin with the two-component spectrum model for p-p callis. Then | review the phe-
nomenology of fragmentation functions (FFs) from LEP, HE&# Fermilab. | describe calcula-
tions on that basis of perturbative QCD (pQCD) fragmentritistions (FDs). What was described
this morning as “fragmentation functions” | distinguishin true FFs which are distributions con-
ditional on parton energy. Fragment distributions can bewtated by folding FFs with a parton
spectrum. | introduce a parton “energy-loss” model [9] toyile FD calculations which can de-
scribe measured fragmentation evolution with A-A collisicentrality. The last part of the talk
extrapolates beyond the single-particle system to deseribnethod for converting jet angular cor-
relations into fragment yields and spectra. It is then gmesd determine quantitatively the minijet
contribution to the A-A final state. What emerges is a comgnaive pQCD description of RHIC
nuclear collisions up to central Au-Au.

2. Visualizing fragmentation: Conceptual consequences @lotting formats

| first consider the impact of plotting-format choices on gilcgl interpretations of data: For in-
stance, to what extent does a given plotting format favortpaer fragmentation interpretations?
Figure 1 (first panel) shows a conventional plotting fornmatffagmentation functions, beautiful
LEP data from OPAL at 91 GeV that Yuri showed you. In this fortha featured structure at larger
Xp actually represents a small fraction of the fragment yiellelss-than 10% of the fragments—that
which can be described by DGLAP evolution. Some people aite (uterested in those details.
The structure at upper left in the first panel (smxg)lis typically ignored at RHIC.

Figure 1 (second panel) shows the same data replotted omafipech rapidityu: rapidity
variabley = In{(E + p)/my} divided by the equivalent measwgax = In(Q/my) for the parton.
We find that FF data so plotted can be described bgta distribution (solid curve) to the error
limits of the data down to zero momentum [10]. The solid cusveot a theoretical description, it
is a phenomenological description of measured FFs. DGLAM#Hegtoward the right and MLLA
applies near the peak, but the beta distribution accuraigygribes all fragment data from parton
momentum down to zero momentum (in both panels).

Figure 1 (third panel) shows conventional spectrum g for five centralities of 200 GeV
Au-Au collisions plotted on transverse rapidify = In{(m + p;)/my} [1] and p-p data from
Ref. [11]. Raa is defined as the ratio of an A-f spectrum to a reference p-p spectrum divided
by the (Glauber) number of binary collisions. The p-p (N-Mferenceony is in this case the two-
component model described in the next section. The cormaitemphasis is op, above 6 GeV/c
(upper scale) which is 4.5 on (lower scale). Information about fragmentation below 6 Geig
strongly suppressed Baa, presenting a misleading picture.

Alternatively, one can extract from the same spectra “hardgonents’Haa, which are most
relevant to fragmentation, and replot them as rafjo[1, 11]. In Fig, 1 (fourth panel)aa reveals
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Figure 1: First: Fragmentation function for 91 Ge¥ -e~ collisions [12] plotted on conventional variable
Xp. Second: The same data plotted on normalized rapidityhe solid curve is a beta distribution. Third:
Conventional spectrum ratRua for five centralities of 200 GeV Au-Au collisions (bold cusjeand p-p data
(solid dots). The thin solid curves are linear superpositaferences. Fourth: The same data plotted in the
form of hard-component ratig, revealing large enhancements at smahlectorresponding to suppression
(jet quenching) at largep; .

for the first time that hard-component variations at 0.5 @ellddlrge enhancement) are exactly
complementary to variations at 10 GeV/c (suppression).tr@kty evolution in the two places is
strongly correlated. We should not claim an understandfrfgpgmentation (e.g. jet quenching)
until the entire fragmentation picture is acknowledged.

3. Two-component model of spectra and correlations

The two-component model has several manifestations at RHKEer to the two-component
spectrum model as first developed in Ref. [11]. The basic iphyysnodel is similar to that in
PYTHIA, but the details are determined by data phenomernpolog-p collisions the “soft compo-
nent” refers to longitudinal fragmentation of projectileateons by soft-Pomeron exchange leading
to diffractive dissociation. The “hard component” refepddrge-angle scattered parton fragmen-
tation from a minimum-bias parton spectrum, possibly bydHaomeron exchange. The fragment
hadron distribution extends in principle down to zero motuen

Figure 2 (first panel) showp; spectra from non-single-diffractive (NSD) p-p collisioas
v/S= 200 GeV [11]. The spectra correspond to ten observed (uected) multiplicitiesng, in
one unit ofn. Corrected multiplicityns, =~ 2fic,. The spectra have been normalized by “soft”
multiplicity ns determined iteratively by a limit process. The data aretptbon transverse rapidity
Yt with pion mass representing unidentified hadrons. The spaoce then functions gf andrig,.

Evolution withnig, is simple. The spectra can be represented accurately bylar Bxpansion
in Ay which has only two terms. The “constant” te® is a fixed function ofy;, and the “linear
coefficient”Hg is also a fixed function of;, both independent of.;,. The two-component model
for p-p collisions with soft and hard multiplicitieg + n, = ne, is then

Ns(fich) Wt dy

nh(rjch)

Ns(fcn)

=S(%) + Ho(W), (3.1)

Factorn,/ns is observed to vary as fich. S(Y:) is by definition the limiting spectrum agy— 0
and has the form of a Lévy distribution om. By subtracting(y;) from each of the spectra in the
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Figure 2: First: Spectra for ten multiplicity classes of 200 GeV NSIp pellisions normalized to soft-
component multiplicityns [11]. S(t) is the “soft component” limiting case fog, — 0. Second: Spectrum
hard components inferred from the same spectra by sulbsigdtte soft component from all spectra. Third:
Two-component model of the p-p spectig(y:) is the hard-component model function. Fourth: Average
hard component for NSD p-p collisions (data points) with fiy@agment distribution” (solid curve).

first panel we obtain the residuals in the second panel. Time iindependent of multiplicity and
well described by the solid curves representing fixed fétay; ), a Gaussian plus QCD power-
law tail on transverse rapidityt [11]. The third panel shows the model in Eq. (3.1) which can
be compared with data in the first panel. For comparisons itk spectra (below) we define
Sop = (1/y) dns/dy; with reference models S and similarly forHp, < ny Ho.

In Fig. 2 (fourth panel) the points (spectrum hard componesfiresent an average of the
p-p hard components in the second panel, each scaled to liplivity density corresponding to
NSD p-p collisions. The solid curve represents a calculp@@D fragment distribution discussed
below.

The corresponding two-component model for per-partidijpeir A-A spectra is

oot 3t Ot Sun (W) aa(Yt, V) (3.2)

= SuN(%t) +Vvraa(yt, V) Hun(w),

whereSyn (~ Spp) is the soft component anldaa is the A-A hard component (with reference
Hnn ~ Hpp) [1, 11]. Ratioraa = Haa/Hnn is an alternative ratio measure to nuclear modification
factorRaa. Centrality measure = 2nginary/Nparticipant €Stimates the mean projectile-nucleon path
length in A-A collisions. We are interested in the evolutmfrhard componenitaa or ratioraa
with A-A centrality. For the A-A two-component model the spreim soft component remains by
hypothesis unchanged and scales as the number of partigip@anp,t/2. For Glauber linear
superposition of p-p (N-N) collisions (GLS reference) ¢pem hard componertiaa — Hun (W)
would also remain unchanged modulo the fastaelative to participant scaling. In real A-A col-
lisionsHaa(Yt, b) changes relative to GLS referenidan (vt ), representing “medium modification”
of parton fragmentation.

Study of Haa(Wt,b) reveals evolution of fragmentation with centrality [1]. $Q can be
used to calculate equivalent fragment distributions wicih be compared directly with measured
Haa [2]. FD calculations require a combination wiasured fragmentation functions, a pQCD-
predicted parton spectrum and a theoretical model of FF fisation in A-A collisions. Several
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sections below describe methods to calculate FDs and gregerpretations of spectrum hard-
component evolution based on theory-data comparisons.

4. Fragmentation functions

We require a phenomenological representation of meastagohEntation functions. As noted,
FFs are commonly plotted on momentum fractiQn= psragment/ Pjet OF &p = IN(1/Xp). Alterna-
tively, one can define rapidity= In{ (E + p) /m;} with pion mass adopted for unidentified hadrons,
wherep is the fragmentotal momentum appropriate for most FF data freme™ collisions.
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Figure 3: First: Measured fragmentation functions (points) freme™ collisions for three CM (dijet)
energies [12, 13] plotted on rapiditywith B-distribution parametrizations (solid curves). Secondie T
same FF data and curves scaled to unit-normal distributiodsplotted on normalized rapidity Third:
Parametrization of the ensembleef-e~ FFs (surface) over a large energy range. Fourth: FF ensemble
parameterization for p- p (p-p) collisions.

Figure 3 (first panel) shows FFs frogfi-e~ collisions at three energies plotted@éx, Q%) «
D(Y, Ymax) = 2dngn/dy ony [12, 13]. To good approximation the FFs are self-similarthbwidths
and amplitudes scale linearly withax = IN(Q/My) = IN(2Ej«/my) [10]. The jet fragment mul-
tiplicity nen j(Ymax) is then approximately proportional G, Deviations from that trend arise
mainly from the running ofrs. Because the FFs are nearly self-similar we can convert them
a universal form by renormalizing both the FF amplitude (tot-mormal) and the rapidity [to
U= (Y— Ymin)/(Ymex — Ymin), Whereymin ~ 0.3]. We then obtain the data in the second panel
represented by &eta distribution (solid curves) to the error limits of the datBx(y,Ymax) —
2nchj (Ymax) B (U; P, Q) (Wherep, q are parton-energy-dependent parameters). Onlpesie=F data
reveal any deviations from perfegiay (Q%) scaling. The self similarity is the dominant aspect of
DGLAP evolution. The simplicity is not apparent unless FFs@otted ory. If the universal beta
distribution is transformed back to individual jet energige obtain the solid curves in the first
panel and the surface in the third panel, which accuratedgritees all FFs above 3 GeV parton
energy Q = 6 GeV) and down to zerbadron fragment momentum [10]. Each vertical slice of the
surface plot is the FF for a particular parton energy.

CDF p-p FF data (not shown) exhibit significant differenitem e-e~ FFs. The p-p FF
ensemble is represented in the fourth panel as modifieel” FFs. Part of the difference is due to
an imposed cone radius which should exclude some low-mamefragments. However, the p-p
data suggest a real reduction relativestee™ FFs. The evolution with energy scale of p-p FFs is
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also anomalous: there is a saturation of the FF amplitudiesgr jet energies compared to LEP
FFs. FF universality may not be a valid assumption given tieggy trend of those data [2].

5. Parton spectrum

Next we require a pQCD parton spectrum. In Fig. 4 (first patiel)solid curve is a power-law
spectrum with energy cutoff inferred by working backwarinfr200 GeV p-p and A-A spectrum
hard-component data according to procedures describewwbdihe bold dotted curve is an ab
initio pQCD calculation [14]. The two spectra agree quatitiely near 3 GeVyfmax ~ 3.8) where
almost all scattered partons appear. The good agreemisitigdrom two independent approaches
to parton spectrum determination, is significant. Part@tspm details at larger parton energies
are less important faminimum-bias spectrum and correlation analysis.
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Figure 4: First: Parton spectra inferred from this analysis for p-fisions (solid curve) and central Au-
Au collisions (dash-dotted curve) compared to an ab-iptCD theory result (bold dotted curve [14]).
Second: Fragment distribution (solid curve) compared pohard-component data (points). Dotted curves
correspond ta-10% change in parton spectrum cutoff energy about 3 GeVdTurves in the first panel
plotted on a linear scale to illustrate that almost all past(gluons) appear near 3 GeV. Fourth: Comparison
of parton spectrum inferred in Ref. [2] (solid curve) with &itio pQCD calculations (bold dashed and
dot-dashed curves) and event-wise reconstructed jetrsp@etta points) [15, 16].

Given the power-law approximation to the parton spectruis ot apparent from pQCD
where the effective spectrum cutoff should be. Figure 4qsdganel) shows calculated FDs from
the procedure described below with spectrum cutoffs #0338 GeV (solid and dotted curves)
compared to the p-p spectrum hard-component data intrddalm@ve. The comparison establishes
an empirical 3 GeV spectrum cutoff. Figure 4 (third panebwsh the power-law spectrum (with
cutoff) on a linear scale, demonstrating that almost aliteoad partons appear at the cutoff energy.

Saturation-scale (SS) arguments support a cutoff at 1 Giglit(Hotted curve in the first
panel) [14]. Given the approximate power-law dependeneadliffierence in the total parton yield
for the two cutoffs is a factor 30-50 in the initial parton (ms gluon) density. The 1 GeV SS
cutoff is based on an argument derived from initial-stateéqradensities in nucleons. Considered
as a quantum-mechanical process parton scattering anddragtion to charged hadrons depends
not only on the initial-state parton density but also on thalfstate hadron density of states. If
there is no final state for a given parton scattering the tiands not allowed. The effective cutoff
should then depend on the available density of hadronic$ta&bs at a given parton energy scale.
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Figure 4 (fourth panel) shows data from a UA1 analysis of gnetusters in EM calorimeter
data (solid dots) leading to inference of “minijets,” withextrum extending down to 5 GeV (later
amended to 3-4 GeV after background subtraction) [15]. Mecent data from the STAR collab-
oration (open circles) extending down to 5 GeV (4 GeV withmattkground contribution) are also
shown [16]. The parton spectrum inferred phenomenoloyit@m RHIC p-p data (solid curve)
includes a cutoff near 3 GeV which is consistent with the UAsearvations of 1985 and with the
STAR reconstructed-jet spectrum. The undershoot of thid sofve at larger parton energy may be
due to oversimplified modeling of p- p FFs. If the p- p FFratitn mentioned above is included the
inferred parton spectrum should be even closer to pQCD yhed jet spectra. The dash-dotted
curve is a spectrum from Ref. [17].

6. pQCD folding integral and fragment distributions

The pQCD folding (convolution) integral used to calculatgiment distributions is

d?ny, N g(An)/2
dydn 0Oy ANan

dadlja 6.1)

/ dYmax DY, Yma)
max

whereD(y,ymax) is the FF ensemble for a specific collision system-€-, p-p, A-A, in-medium

or in-vacuum), andlogje /dymax is the parton spectrum [2]. The perturbative object is théopa

spectrum; the nonperturbative object is the measured Fén#is. The folding integral then pro-

duces a prediction for the observed hadron spectrum harg@oent.d’n, /dydn is the predicted

hadron FD from parton pairs scattered into angle acceptancekfficiency factore € [1,2] in-

cludes the possibility that the second jet of a dijet alsiz falthin An. Anay; ~ 5 is the effective 4

n interval for scattered partons [15], aodsp ~ 36 mb is the cross section for NSD p-p collisions,

both for,/Syn = 200 GeV.
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Figure 5: First: pQCD folding-integral argument f&"-e~ FFs. Seconde™-e~ FD (solid curve) and
p-p hard-component reference from Ref. [11] (dash-dotieds). Third: Folding-integral argument for p-p
FFs. Fourth: p-p FD (solid curve), p-p hard-component dstéid dots) and reference (dash-dotted curve).

Figure 5 (first panel) shows the folding-integral argumB(y, Ymax)ddgije /dymax for e"-e
FFs and 3 GeV parton spectrum cutoff. The fragment distiobus then the projection of the
2D histogram onto fragment rapidity Figure 5 (third panel) shows the argument for FFs from
p-p collisions with cutoff on fragment rapidity higherniHar e*-e~ collisions. Figure 5 (second
panel) shows the FD projection (solid curve) compared to dehof the measured spectrum hard
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component in NSD p-p collisions (dash-dotted curve). Theftein e"-e~ FFs is adopted below
as the reference for all measured hard-component distriimitin general, fragment distributions
(FDs) from theory are compared to spectrum hard componkl@s)(from data. Figure 5 (fourth
panel) shows the FD (solid curve) for p-p collisions coragdo the HC (points) from NSD p-p
collisions [10]. That comparison established the 3 GeVaraspectrum cutoff [2].

According to these calculations the most significant vam in fragmentation and the largest
fragment yields appear below 2 GeV/c, which revealar@amental logical problemin the con-
ventional RHIC approach to data analysis and interpretafibie spectrum interval below 2 GeV/c
(vt = 3.3), described as the “soft” region of the hadron spectruncois/entionally assigned to
hydro models. The interval above 6 GeV/c is conventionallsigned to “hard processes” (par-
ton scattering and fragmentation) described by pQCD. Theceoof the logical difficulty lies in
confusing theoretical limitations on pQCD descriptiongrafjmentation functions with the theo-
retical ability to describe fragment distributions in texnfmeasured FFs. It is the parton spectrum
which must be described perturbatively, not fragmentafiimttions. By imposing an unjustified
constraint on pQCD descriptions of fragmentation the gnegprity of hadron fragments is sur-
rendered to hydro interpretations.

7. Parton “energy loss” and medium-modified fragment distrbutions

We next require a model for medium modification of fragmentafunctions. Figure 6 (first
panel) shows “medium modified” fragmentation functions r@uoni-Wiedemann, BW) achieved
by altering certain splitting functions in the parton cate$d]. The solid and dashed curves (vac)
are parametrizations @&"-e~ FFs based on the beta distribution which describe FF datarwit
their uncertainties down to zero fragment momentum [10].e @btted and dash-dotted curves
(med) are FFs modified to match the BW prescription simply ligngjing the parameterin the
beta distribution which, by constructioognserves the parton energy. There is suppression of
larger-momentum fragments and consequent enhancemanatdésmomentum fragments [2].
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Figure 6: First: et-e~ FFs for two energies unmodified [10] (solid and dashed clirard modified to
emulate parton “energy loss” [9] (dash-dotted and dottesles). Second: Modified™-e~ FF ensemble.
Third: Medium-modified FD frome™-e~ FFs (solid curve) compared to in-vacuum FD (dotted curve).
Fourth: Medium-modified FD from p- p FFs (solid curve) coreggo in-vacuum FD (dotted curve).

The modifiede™-e~ FF ensemble is shown in the second panel. The locus of modste(w
dashed curve) is shifted to smaller fragment rapidiiésompare with Fig. 3, third panel). There
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is a similar result for the p-p (p- p) FF ensemble. By insgmnodified FFs into the pQCD folding

integral Eq. (6.1) we obtain modified fragment distributigsolid curves) compared to unmodified
FDs (dotted curves) in the third and fourth panels [2]. Agérp; there is “jet suppression”

(parameten is adjusted to match spectrum data there). At smalehere is corresponding “jet

enhancement,” a new aspect of the fragmentation problera.lGv-p; enhancement is large for

et-e~ FFs but negligible for p-p FFs. That difference becomesitapt in A-A collisions.

8. Evolution of fragmentation with centrality

We can now make a direct comparison between calculated p@RafRd measured spectrum
HCs. Figure 7 (first panel) shows measured pion spectra f@@OrG2V Au-Au for five centralities
plotted on pion rapidity (dark solid curves) [15yn is the common soft component inferred as
the limiting spectrum for centrality measuve— 0. The solid dots are the hadron spectrum from
NSD p-p collisions [11]. The dash-dotted curve is hard congmbHyy inferred from theng,
dependence of the p-p spectrum.

Figure 7 (second panel) showta extracted from the Au-Au spectra (bold solid curves)
according to Eq. (3.2): we subtract the same soft compoment Spectra for five centralities
and divide byv. Although the soft component certainly dominates speotiavb 1 GeV/c the
systematic uncertainty iAlaa is manageable at least down to 0.5 GeWc£ 2). The fixed soft
component plus the inferred hard components describe thi@alrspectrum data exactly. Relative
to GLS referencéHyy (bold dashed curve) there is suppression at lapgend enhancement at
smallerp; in more-central Au-Au collisions. Detailed systematicdstwf HC evolution with Au-
Au centrality reveals that with increasing centrality i)gFFs transition te*-e~ FFs, ii) FFs
become “medium modified” and iii) there is a 50% increase @ndijet cross section due to a 10%
reduction in the effective parton spectrum cutoff energyGE&v — 2.7 GeV). The bold dotted
curves in the second panel show pQCD FDs calculated acgptalithose systematic trends [2].
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Figure 7: First: Pion spectra (dark solid curves) for five centraditié 200 GeV Au-Au collisions. Second:
Hard-component centrality evolution in Au-Au collisiori§[ Large enhancements at smaljfeaccompany
suppression at larggy. Third: Hard-component (HC) ratios relative to an ee-vasuaference for Au-Au
collisions below the sharp transition. Fourth: HC ratios\abthe sharp transition revealing major changes
in HC structure.

To obtain a more differential view of HC evolution we definéigary = Hyx/Href, Where
xx denotes the collision system ahig:¢ is not Hyn inferred from p-p collisions. Insteat; e —
Hee_vac is defined by an FD constructed according to Eq. (6.1) usiagdrton spectrum inferred
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from p-p collisions [2] and in-vacuum FFs frogi -~ collisions [10]. Figure 7 (third panel) shows
ryw data for the HC from p-p collisions (solid dots) and from mperipheral Au-Au collisions
(bold solid curve). Reference curvgy (dashed) is obtained from the FD for N-N collisions using
p- p FFs+{ Hnn). Dash-dotted reference curkg is obtained from the FD for in-medium modified
e"-e~ FFs corresponding to central Au-Au collisions (parton spau cutoff reduced by 10%).

Figure 7 (fourth panel) showsy data (bold solid curves) for HCs from more-central Au-Au
collisions. We observe sharp transition in HC evolution atv = 2.5, with qualitatively different
behavior below and above the transition. Below the tramsitie observe strong suppression of
the HC at smallep; relative to what is expected for in-vacuweh-e~ FFs (third panel). Above
the transition, in more-central Au-Au collisions, we ob&er strong enhancement at smalber
complementing the suppression at largeobserved with conventional ratkna. The HC central-
ity dependence at 0.5 GeV/c corresponds in detail to thaOd@dV/c. The number of particles
at smallerp; resulting from parton fragmentation is much greater tha ah largem; (consistent
with approximate parton energy conservation). The copiowsp; hadron fragments should be
accommodated in any theoretical description of A-A cobiis.

9. Fragment yields from jet angular correlations

We can infer fragment yields from;-integrated jet angular correlations via factorization of
the measured jet-correlated pair density to obtain thggtdragment multiplicity. We integrate
Eq. (6.1) over fragment rapidityon both sides to obtaiin, /dn, the per-participant-pair fragment
density on, in terms ofjet frequency f(b) and mearjet fragment multiplicity nen j(b)

d2nh _ { E(AI’]) adijet(b) } { 1
dydn ONsD ANan Odi jet
= f(b) nch.j(b).

® _ dogije
B 1 B D) G2 0.)

dYmax

Nnen,j(b), averaged over the minimum-bias parton spectrum, is afidgtthe mean fragment multi-
plicity for partons near the parton spectrum cuteiB(GeV). We can infeng, j(b) from jet angular

correlations for A-A centralityp. Jet frequencyf (b) = (1/nyin) dnj(b)/dn is the number of jets
per unitn per NSD N-N collision estimated from pQCD. The argumenvgf« (b) admits the

possibility that the N-N dijet cross section may depend oA gentrality [2].

9.1 Jet angular correlations

2D angular autocorrelations on difference variabjgs= N, — n», andg, = @ — @ evaluated
near mid-rapidity retain all angular correlation inforimoat[18]. 2D correlations can be constructed
for the p;-integral minimume-bias case or with specificcuts on one or both particles in a pair. 2D
angular correlation histograms are formed for p-p colhisi¢19, 20] and several (typically 11)
centrality classes of A-A collisions [21]. Figure 8 (leftrps) shows 2D histograms for peripheral
(v = 1.4, ~ p-p) and mid-central| ~ 4.8) 200 GeV Au-Au collisions. The correlation structure
has three main features: a same-side @S« 11/2) 2D peak at the origin, an away-side (AS,
@ > 11/2) ridge approximately uniform omy and described by dipole cag — 1) in more-central
A-A collisions, andnon-jet azimuth quadrupole c¢8g,). Angular correlations in Ref. [21] are
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reported in theper-particleform Ap/,/pref [18]. The SS jet peak is modeled by a 2D Gaussian

j{% = po(b) j%(Na, @, b) = Ao exp(—nz/207) exp(—gk/205) , (9.2)
where j? is a sibling/mixed pair ratio andy(b) is the single-particle 2D angular density at mid-
rapidity.

In Fig. 8 (left panels) the fitted non-jet quadrupole has badntracted. The SS peak can
be interpreted aBitrajet correlations and should include all hadron fragmentspfom jets that
survive partonic and hadronic rescattering. The AS ridgebeainterpreted asiterjet correlations
from back-to-back scattered partons. The most probgbler minimum-bias jet-correlated pairs
is 1 GeV/c in p-p collisions, consistent with the mode of thedrum hard component.

fa) L S —— ™ T T o 2.5
N 0.7F > g
F E 1_2.25;
0.6? Au-Au ,; o of
0.5; 200 GeV E 175

0.4F
0.3
0.2F
0.1F

y/ {
W

n‘;\‘\‘

A
2 4 6
\

S
o
0

Figure 8: First: 2D angular correlations from more-peripheral~ 1.4) 200 GeV Au-Au collisions.
Second: 2D angular correlations from more-centval(4.8) 200 GeV Au-Au collisions. Third: Same-side
2D peak amplitude (solid curve) compared to GLS reference (fansparency, dashed curve). Fourth:
Same-side 2D peak widths (solid curves) compared to GL3arfes (dashed curves).

SS 2D peak properties vary strongly with centrality. FigBileght panels) shows SS peak pa-
rameter variations with centrality parametej21]. We observe a sharp transitionin SS peak prop-
erties atv ~ 2.5in 200 GeV Au-Au collisions which corresponds to the speathard-component
systematics noted in Sec. 8. Below the transition the peaiarties follow Glauber linear superpo-
sition of p-p structure as expected for transparent A-Aisiolhs. Above the transition the SS peak
amplitude increases rapidly relative to GLS, there is gjrelongation om and slight narrowing
on @. The narrowing on azimuth is inconsistent with parton epdogs models based on multiple
scattering. It is notable that even in more-central Au-Allisions (e.g. Fig. 8, second panel)
the SS peak is well-described by a 2D Gaussian, and the ASgeakimuth is an undistorted
dipole [3]. SS peak systematics appear to correspond togetsvhat do those correlation trends
imply for single-particle yields in the final state? To answeat question we convert (factorize)
two-particle jet correlations to obtain the equivalentimgse-particle hadron fragment yields and
spectrum hard components.

The SS peak volume is by hypothesis the number of jets in thelanacceptance times the
number of fragment pairs per jet, which allows us to factize SS jet peak. To convert from
jet angular correlations to parton fragment yields and speequires four steps: i) angle-average
the SS 2D peak ofna, @) over the 4D angular acceptance @n, 12, @1, @) to obtain mean pair
ratio j2(b), i) estimate the mean pQCD jet number per eveiib) within the n acceptance, iii)
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calculate the mean per-jet fragment multipliariy, j(b), iv) combine those elements to infer jet
fragment yields/spectra as HC 2D densities gng). The result of step i), the average of the SS
2D peak described by Eq. (9.2) over the angular acceptasisbpivn in Fig. 9 (first panel) in the
form po(b) j?(b). The dashed curve shows the result foreatceptance.

9.2 Jet properties from jet correlations

Fig. 9 (second panel) shows a pQCD estimate of jet frequéfizy(solid curve) on A-A cen-
trality measurev. The datum marked by the open symbol was inferred from a twoponent
analysis of spectra for 200 GeV p-p collisions with = 1 [11]. The increase near= 2.5 cor-
responds to the observation that the parton spectrum cenefigy drops by about 10% near the
sharp transition, leading to an approximate 50% increatiegilijet cross section [2].
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Figure 9: First: Same-side 2D peak averaged over the angular acoeptsolid curve) and corresponding
result for 47 acceptance (dashed curve). Second: pQCD estimate of getefineyf (b) in Au-Au collisions
(solid curve). Third: Corresponding mean jet number peneve Au-Au centrality (solid curve) and corre-
sponding binary collision scaling (dashed curve). FouMian per-jet fragment multiplicity inferred from
trends in previous panels within the angular acceptaneeeflourves) and in # (dashed curve).

Figure 9 (third panel) shows the corresponding number efijgb) = nuin An f(b) for An =2
within the STAR TPC. The sharp transition in jet correlatstructure and spectra occurs at about
the point in Au-Au collision centralityy ~ 2.5, upper hatched region) where the number of jets
becomes significantly greater than one. The dijet crossoserst observed to increase by about
50% at the same centrality. The dashed curve (GLS) is N-Nrpiealision scaling.

We now combine estimated jet frequencies with measurednigtilar correlations to infer
mean jet fragment multiplicities. Figure 9 (fourth pandipa/s the mean multiplicity derived from
jet angular correlations. The assumption that the numbgeteforrelated pairs is equal to the
number of jets times the mean number of fragment pairs isesggd in the first line of

nj(b)n&, j(b) = n&(b) j*(b) (9.3)

The second line expresses the required factorization,evig(ib) = 211An po(b) (charged-particle
multiplicity in the angular acceptance) ait{b) are measured quantities. Mean per-jet fragment
multiplicity nen j is thus inferred from correlation data and a pQCD jet numiygothesis. The
fragment multiplicity for untriggered jets (mainly 3 GeV mijiets) is something between 2 and
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4 for p-p collisions, increasing to about 6 in central Au-Awithin the angular acceptance. The
dashed curve is what the fragment multiplicity would be withacceptance. In more-central Au-
Au collisions jets are elongated @p and part of the jet falls outside the TPC angular acceptance
Ironically, neh,j is more uncertain in p-p than in central Au-Au collisions. eTéeveral curves
and hatched regions illustrate the systematic uncertairitye multiplicity estimate. We can now
calculate the fragment density in Eq. (9.1) and the minirmhias-jet contribution to the final state.

9.3 Minijet (minimum-bias parton fragment) contribution t o the final state

Figure 10 (first panel) shows spectrum hard compohiatb) (solid curve) inferred from jet
angular correlations according to Eq. (9.1)
dny,
The open pointis an estimate from Ref. [11]. The solid paanésderived from the “total hadrons”
data in Fig. 15 (left panel) of Ref. [1]. Multiplying throuddy v /2 gives the first line of

2mHpn(b) =

ch, j b
VHaa(b) = npzartnj(b) nzi;[g(n) (9.5)

- 2 o) /070

The second line incorporates the second line of Eq. (9.3}aadefinition of single-particle den-
sity po(b). vHaa(b) is the hard component in the two-component spectrum modElbo{3.2).
Figure 10 (second panel) shows the two-component partield $yn + VHaa(b) predicted by
measured jet angular correlations (bold solid curve). Soft compdrseR is by hypothesis fixed at
~ 0.4 [2D density on(n, @)] for all A-A centralities. The solid points are the “totaldr@ns” data
in Fig. 15 (left panel) of Ref. [1] divided by72
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Figure 10: First: Inferredp;-integrated hard-component yield vs centrality. The openi®l is an estimate
from Ref. [11]. Second: Total charged-patrticle yield vsteality estimated from two-particle jet correlations
(solid curve) and a two-component representation of medssingle-particle data (dash-dotted line). Third:
Single-particle 2D angular densipg vs centrality. Participant scaling is indicated by the dasturve.

The dash-dotted curve is the Kharzeev-Nardi (KN) approtionato the per-participant 2D
density(2/npart) po(b) measured in more-central Au-Au collisions [22]. Figure fidu(th panel)
shows charged-hadron densfiy(b), the 2D angular density ofn, ¢) assumed for this analysis.
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The solid curve is the KN mode(b) = (Npart/2) ppp{1+X(v — 1)} with ppp = 0.4 andx = 0.09
for Au-Au at 200 GeV [22]. The KN description matches minimibas data in more-central
collisions but fails in more-peripheral collisions wherrected yield data are sparse. For more-
peripheral collisions we expect a GLS trend extrapolateohfp-p collisions (dotted line in second
panel). The sharp transition in jet angular correlatiores me= 2.5 explains the deviation.
Equation (9.5) (second line) implies thatn;(b) j2(b) is the fractional hadron yield from par-
ton fragmentation (minijet fractional yield). The first facin the radicand is obtained from pQCD
(relative systematic uncertainty 20%). The second factor is from measured jet angular corre-
lations (relative uncertainty small). Combining angularrelation measurements and a pQCD
estimate of jet number we find that one third of the hadronial fitate in central Au-Au collisions
at 200 GeV is associated withsolved jet correlations (relative uncertainty: 10%).

10. Summary

Hydro-motivated analysis of RHIC data tends to interpretltiige hadron fragment contribu-
tion below 2 GeV/c in terms of flow phenomena. The role of padacattering and fragmentation
in nuclear collisions is minimized. Its pQCD descriptiomitificially restricted to small regions of
phase space. In contrast, model-independent analysigofram and correlation structure reveals
new fragmentation features quantitatively described b€p@ver the full momentum range.

Hard components extracted frop spectra are now identified as single-particle manifesta-
tions of minimum-bias parton fragmentation in nuclear is@hs. Spectrum hard components
correspond quantitatively to minimum-bias jet angularelations (minijets). pQCD fragment
distributions calculated by folding a minimum-bias par&mergy spectrum with a parametrization
of measured fragmentation functions accurately deschibeteasured hard components.

Modification of fragmentation functions in more-centralfdeollisions can be modeled by
adjusting a single parameter in the FF parametrizatiora(tistribution) consistent with rescaling
specific QCD splitting functions. The reference for all fm@ntation in nuclear collisions is the
FD derived frommeasured in-vacuume’-e~ FFs and the parton spectrum for p-p collisions.

Relative to the reference the spectrum hard componentaapd peripheral Au-Au collisions
is found to bestrongly suppressed for smaller fragment momenta. At a specific point on certirali
the Au-Au spectrum hard component transitions to strongeoément at smaller momentum and
suppression at larger momentum, described by FDs derioed finedium-modifie@¢"-e~ FFs.

Minimume-bias jet (minijet) correlations have been coneditio absolute fragment yields which
are found to comprise approximately one third of the finalesta central 200 GeV Au-Au colli-
sions. Those results indicate that almost all large-angi¢tered partons down to 3 GeV parton
energy survive as jet manifestations in the final state jialith some modification.

Novel effects in A-A collisions may be related to strong adields established among scat-
tered energetic partons, an elaboration of three-jet svienLEP collisions. Hadron fragment
structure may directly reflect the large-scale color fieldrgetry as a manifestation of local parton-
hadron duality (LPHD). Newly-interpreted spectrum andel@tion systematics, correctly associ-
ated with parton fragmentation, suggest evolution of tHerefield geometry in nuclear collisions.
We conclude that pQCD calculations should be applied tosgleats of spectrum and correlation
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data in order to discover what is truly novel in RHIC collisf We find that perturbative QCéan
describe a large part of RHIC collision evolution — and hyiditerpretations are questionable.
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