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1. Introduction

RHIC collisions are commonly described in terms of two thentgydrodynamic (hydro) evo-
lution of a thermalized bulk medium and energy loss of enargsartons (hard probes) in that
medium. Hydro is thought to dominape spectra below 2 GeV/c, parton fragmentation is expected
above 5 GeV/c, and “quark coalescence” is thought to domithet intermediate; interval.

Recent studies of spectrum and correlation structure tewaated interesting new aspects of
RHIC collisions. Number angy angular correlations in the final state contaimijet structures
(minimum-bias parton fragmentation) [1, 2, 3, 4, 5, 6, 7]. ofeomponent analysis of p-p and
Au-Au spectra reveals a correspondimyd component interpreted as a minimum-bias fragment
distribution, suggesting that jet phenomena extend dovinlt@eV/c hadron momentum [8, 9].

Minijets (well described in p-p collisions by PYTHIA/HIJIBI [10]) are observed to dom-
inate the transverse dynamics of nuclear collisions atgieermbove,/Syn ~ 15 GeV. The term
“minijets” can be applied collectively to hadron fragmefntsm the minimum-bias scattered-parton
spectrum averaged over a given A-A or N-N event ensembleijétaprovide unbiased access to
fragment distribution structure down to a small cutoff gyyeior scattered partons (those partons
fragmenting to charged hadrons) and to the smallest deledragment momenta{(0.1 GeV/c).

In this analysis minijets are studied in the formmfspectrum hard components isolated via
the two-component spectrum model. Measured hard compeeatcompared with calculated
fragment distributions obtained by folding parton speutith fragmentation-function ensembles.
Parton spectrum parameters and modifications to fragnentamnctions in more-central Au-Au
collisions are inferred [11]. The goal is a comprehensivdd@@scription of all nuclear collisions.

2. Two-component spectrum model

The two-component model of p-p spectra [8] is the startirigidor the fragmentation analy-
sis described here. The two-component (soft+hard) modgffinst obtained from a Taylor-series
expansion orobserved event multiplicityrig, (< correctedng,) of spectra for several multiplicity
classes. The soft component was subsequently interpretedgitudinal projectile-nucleon frag-
mentation, the hard component as transverse scatteraghifiEggmentation. The two-component
model applies to two-particle correlations Om, y;) as well as their 1D projections ongp or y;.

The two-component spectrum model for p-p collisions witlrected soft and hard multiplic-
itiesns-+ Ny = Nep IS

Nh(fch)
ns(fcn) Yt dyt =W+ 4

Ns(fch)

Ho(W), (2.1)

where soft componert(y;) is the Taylor series “constant,” and hard comporiégty;) is the
coefficient of the term linear ing;, both normalized to unit integra(y;) is a Lévy distribution on
m, Ho(Y; ) is a Gaussian plus QCD power-law tail on transverse rapjgityln{ (m + pt) /mg}. To
compare with A-A spectra we defir8, = (1/y;) dns/dy; with reference modeis S and similarly
for Hpp < nhHo. The two-term Taylor series exhausts all significant p-gpen structure.

Fig. 1 (first panel) shows spectra for ten multiplicity clesfrom 200 GeV non-single diffrac-
tive (NSD) p-p collisions [8]. The asymptotic limit far, — O (dash-dotted curve) i&. The
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spectra are normalized by soft-component multipliciy Fig. 1 (second panel) shows the two-
component algebraic model Eq. (2.1) with unit-normal mddettionsS andHg defined in [8, 9].
Hard-component coefficiem,/ns scales asr A,. Factora = 0.01 is the average value for most
fAch classes. The spectrum data in the first panel are descriltbd statistical limits.
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Figure 1: First:y; spectra from/Syny = 200 GeV p-p collisions for ten multiplicities, Second: Gegpond-
ing two-component model, Third: Corresponding hard congpodsy Fourth: Hard components normalized
to NSD p-p collisions.

Figure 1 (third panel) shows hard compondrgg/ns for ten multiplicity classes obtained by
subtracting fixed soft componef} from the ten NSD p-p spectra normalizedto The shape is
Gaussian independent of multiplicity [8]. Fig. 1 (fourthned) shows hard componerti,, from
the third panel scaled by factong(1.25)/ny(fich) to obtain the mean hard component for NSD
p-p collisions. The dash-dotted curve i9PHg [0.02~ (a = 0.007) (A = 1.25) (ns = 2.5) [8]].
The exponential tail represents the QCD power [Evp, "<°. The spectrum hard component
is interpreted as eninimum-bias fragment distribution dominated by “minijets"—jets fromase
partons (gluons) with at least the minimum energy requiogt®éduce charge-neutral combinations
of charged hadrons. Equivalent structure appears in twiicfgacorrelations orfy;, yt) [1, 2].

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

Npart Yt dYt

= SuN(%t) + VHaa(W; V) (2.2)
= SuN(%t) +Vraa(Ye; V) HunW),

whereSyn (~ Spp) is the soft component anldaa is the A-A hard component (with reference
Hnn ~ Hpp) integrating respectively to multiplicities andny, in one unit of pseudorapidity [8,
9]. Ratioran = Haa/Hnn is an alternative to nuclear modification facRya. Centrality measure
V = 2Nginary/ Nparticipant €Stimates the Glauber-model mean nucleon path length. Vatarested
in the evolution of hard component (fragment distributibla), or ratior aa with A-A centrality.

3. Fragmentation functions

et-e~ (e-e) fragmentation functions (FFs) have been paramet@oeurately over the full
kinematic region relevant to nuclear collisions. e-e lightirk and gluon fragmentation functions
Dix(X, Q%) « Dux(Y,Ymax) (XX is the FF context: e-e, p-p, A-A) are accurately describeavab
energy scale (dijet energ) ~ 10 GeV by a two-parametéeta distribution 8 (u; p,q) on normal-
ized rapidityu [12]. Fragment rapidity for unidentified hadrongyis- In[(E + p)/mj], and parton
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rapidity ymax = INn(Q/my;). Parametergp, q) vary slowly and linearly withy.x above 10 GeV and
can be extrapolated down @~ 4 GeV based on dijet multiplicity data.

Fig. 2 (first panel) shows measured FFs for three energy stam HERA/LEP [13, 14].
The 2 in the axis label indicatalijet ny, densities. The vertical lines at right dengtgyx values.
The curves are determined by tBép, q) parametrization witlyp, ~ 0.35 (p; ~ 0.05 GeV/c, left
vertical line) and describe data to their error limits oviee entire fragment momentum range.
Fig. 2 (second panel) shows the FF ensemble (inclusivedigétks fragment to inclusive hadrons)
vs energy scal® as a surface plot [12]. The dashed curve isltioeis of modes—the maximum
points of the FFs. Between the dash-dotted lines the systdetérmined by FF data. Between the
dash-dotted and dotted lines the parametrization is caingtl only by dijet multiplicities.
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Figure 2: First: Fragmentation functions (FFs) fran-e~ collisions for three energies wifB-distribution
parametrizations (solid curves), Second: fEtiHe~ FF parametrization on parton rapidifyax, Third: FFs
from p-p collisions for several dijet energies, Fourthi pup FF parameterization on parton rapidity.

Figure 2 (third panel) shows FF data from p- p collisiondN&IE(samples from the full data
set) [16]. The solid curves guide the eye. There is a sigmfisgstematic difference between
p-p and e-e FFs. The dotted line represents the lower limiefe FFs. The systematic gap for
all parton energies is apparenymmn for p-p collisions is~ 1.5 (0.3 GeV/c) instead of 0.35 (0.05
GeV/c). The CDF FFs also reveal a systematic amplitudea@aror suppression at larger parton
energies compared to LEP systematics. The curve labeledsMiBei hard-component reference
from NSD p-p collisions [8]. Fig. 2 (fourth panel) shows afsge plot of the p-p FF ensemble [11].
The surface represents the e-e FF parametrization modifiedrioducing cutoff factor

et (Y) = tanh{(y—yo)/&y} ¥ > Yo, (3.1)

with yg ~ &y ~ 1.5 determined by the CDF FF data [16]. The modified FFs have e bescaled
to recover the initial e-e parton energy. The cutoff funetious represents real fragment and energy
loss from p-p relative to e-e FFs. The difference implies Bies are not universal.

Figure 3 (first panel) shows parametrized beta FFs for fivereegy scales. Th® = 6 GeV
scale is associated with minijets as explained below. Suckes provide a complete description
of e-e FFs at energy scales relevant to nuclear collisioigs.3Hsecond panel) shows light-quark
dijet multiplicity systematics from the same beta paraimation. The solid points correspond to
the FFs in the first panel. The open circles represent miditils from medium modification of
those FFs in central Au-Au collisions at 200 GeV, as desdrihé&ec. 6. The “in-medium” shift of
FFs to smaller fragment momenta requires more fragmentatisfys parton-energy conservation.
The systematics of quark and gluon jets coincide for enecglesQ = 2Ej¢ < 8 GeV fmax < 4).
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Figure 3: First: Parametrized"-e~ FFs for five dijet energies, Second: Corresponding dijetipiidities
for in-vacuum (solid points) and in-medium (open pointsyFFhird: Parametrized p-p FFs for five dijet
energies compared to CDF data (points) [15], Fourth: Cpaeding dijet multiplicities for p-p FFs (solid
points) and published values (open points [17, 18]).

Figure 3 (third panel) shows e-e beta FFs for five parton éeefd2] modified by theyg
factor to describe p-p FFs. The deviation from e-e FFs iscatéid by the two dotted lines [11].
The CDF data (points) are from [15]. Fig. 3 (fourth panel)whanultiplicity systematics (solid
points) for p-p (i.e., modified e-e) FFs from the parametiiwa The solid curve represents un-
modified e-e FFs as a reference. There is substantial redustip-p FF multiplicities due to the
cutoff. Also plotted are CDF FF multiplicities from reconstted jets (open triangles [17] and
open circles [18]).

Comparison of Fig. 3 second and fourth panels reveals tfettrdultiplicities (and charged-
particle energy integrals) are strongly suppressed in pHsions compared to equivalent FFs in
e-e collisions. p-p jet multiplicities are reduced by 304.0FFs are apparently “modified” in p-p
collisions as well as A-A collisions. AD = 6 GeV (minijets) there is a three-fold dijet multiplicity
reduction for p-p relative to e-e collisions.

4. Parton spectrum model

A model for the partomp, spectrum resulting from minimum-bias scattering intaaaccep-
tance near projectile mid-rapidity can be parametrized as

1dddijee
P dp

Apt dadijet
cut(pt)w By

= feut(Ymax) Ay exp{— (nQCD — 2) Yimax} (4.1)

which defines QCD exponengcp, With Ymax = In(2pr/my). The cutoff factor

fout (Ymax) = {tanh(Ymax — Yeut )/ &cut] +1}/2 (4.2)

represents in this analysis the minimum parton momentunchwlgads to detectable charged
hadrons as neutral pairs (i.e., local charge ordering)toRapectrum and cutoff parameters are
determined via FD comparisons with p-p and Au-Au spectrurd bamponents.

Fig. 4 (semilog and linear formats) shows the parton spect{golid curve) inferred from a
p-p spectrum hard component [11§e+ andAy,, are well-defined by the p-p hard component,
andngcp is defined by Au-Au spectrum hard components extending ¢etay. The dotted curve
in the first panel is an ab-initio pQCD calculation [19]. Tliwelr plot (second panel) indicates
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Figure 4: First: Parton spectra inferred from this analysis for p-tisions (solid curve) and central Au-Au
collisions (dash-dotted curve) compared to an ab-initi€pQheory result (bold dotted curve [19]), Second:
Parton spectra from this analysis in a linear plot, Thirdt&taspectrum from reconstructed jets (UA1, solid
points [20]) compared to theory (dashed curve [22]) andahalysis (solid curve, note factor 3).

the narrowness of the spectrum, with effective mean eneegy 8 GeV (minijets). Fig. 4 (third
panel) compares the spectrum defined in this analysis (sotige, and note the factor 3) with 200
GeV UAL1 jet cross-section data obtained by event-wise f@instruction [20]. The UA1 spectrum
integral is 4 mb [20]. The spectrum from this analysis indégs to 25+ 0.6 mb with well-defined
cutoff ~ 3 GeV which agrees well with pQCD theory (e.g., [21]). The Kharametrization 600?
mb/(GeV/c) (dashed line) integrates to 2.2 mb above 3 G2t [

5. Fragment distributions from a QCD folding integral

The folding integral used to obtain fragment distributi@Bs) in this analysis is

d?nn _ £(6n,An
dydn = onspAn

dogije
dYmax

) /0 dYrmax Dxx(Y: Yimax) (5.1)
whereDy(Y, Ymax) iS the dijet FF ensemble from a source collision system (xxes p-p, A-A,
in-medium or in-vacuum), anddgije /dymax iS the minimum-bias parton spectrum [11]. Hadron
spectrum hard componedtn,/dydn as defined represents the fragment yield from scattered par-
ton pairs into one unit of). Efficiency factore ~ 0.5 (for a single dijet and one unit gf) includes

the probability that the second jet also falls witliracceptanc@ n and accounts for losses from
jets near the acceptance boundémy.~ 5 is the effective 4r njinterval for scattered partonansp

(~ 36 mb for,/Syn = 200 GeV) is the cross section for NSD p-p collisions.

Fig. 5 (first panel) shows the integrabBds(Y, Ymax) %‘;me of the folding integral in Eq. (5.1) in-
corporating unmodified FFs from e-e collisions with loweuhd atym, ~ 0.35 (p; ~ 0.05 GeV/c)
(dotted line). The plot axis is logarithmic to show structure over the entire disttion support.
Fig. 5 (second panel) shows the corresponding FD (solidejuivhe parton spectrum parameters
determined from the p-p hard component are retained. The @aive is the “correct answer” for
an FD describing inclusive hadrons from inclusive partasipced byfree parton scattering from
p-p collisions, which is not observed in real nuclear calis. The dash-dotted curve represents
the hard-component model inferred from p-p collisions [Bhe FD from e-e FFs lies well above

the measured p-p hard component for hadppr: 2 GeV/c §; < 3.3), and the mode is shifted
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down to~ 0.5 GeV/c. The “correct” e-e FD strongly disagrees with theveaht part of the p-jp
spectrum—the hard component. Despite the strong disagredhe e-e FD is the correct reference
for nuclear collisions, as demonstrated below.
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Figure 5: First: pQCD folding-integral argument fef -e~ FFs, Second: Corresponding fragment distribu-
tion (solid curve) and p-p hard-component reference (didted curve), Third: Folding-integral argument
for p-p FFs, Fourth: Corresponding fragment distribu¢smiid curve) compared to p-p hard-component
data (points). Dotted curves correspondtib0% change in parton spectrum cutoff energy about 3 GeV.

Fig. 5 (third panel) shows a surface plot of integradygh (Y, Ymax) (ffy":;f incorporating e-e

FFs based on the LEP parametrization but modified by the Féffduinction inferred from p-

p collisions. The main difference from e-e FFs is that theeicbound of p-p FFs is raised to
Ymin ~ 1.5 (py ~ 0.3 GeV/c from 0.05 GeV/c). Fig. 5 (fourth panel) shows the esponding FD
Hnn—vac (integration of the third panel over..y) as the solid curve. The mode of the FD~isL
GeV/c. The dash-dotted curve is a Gaussian-plus-tail nfadetion, and the solid points are hard-
component data from p-p collisions [8]. That comparisoredatnes parton spectrum parameters
Yout = 3.75 Ecut ~ 3 GeV), Ay, and exponenbocp = 7.5. The p-p data are well-described by
the pQCD folding integral. This procedure establishes aokite quantitative relationship among
parametrized parton spectrum, measured FFs and measetusphard components over gil

not just a restricted interval (e.g., above 2 GeV/c).

6. Parton “energy loss” and medium-modified FDs

The hypothesis of parton energy loss in a thermalized bulkiume is of central importance at
RHIC. In some models the medium is opaque to most hard-sedtpartons — only a small fraction
emerge as correlated fragments. But minijet systematiggest no parton loss to thermalization.
In this section | adopt a pQCD-inspired minimal model of FFdifioation (Borghini-Wiedemann
or BW) [23], with no loss of parton energy to a medium or scetigpartons to thermalization.

Figure 6 (first panel) illustrates the BW model of FF modificat(cf. Fig. 1 of [23]). In-
vacuum e-e FFs foR = 14 and 200 GeV from the beta parametrization are shown asdasid
solid curves respectively [12]. Whereas the BW model wasesged orf, FFs are plotted here
on fragment rapidity. The relation isf, = In(pje/P) = IN(2Pjet/ M) — IN(2P/My) ~ Yimax — Y,
with energy scal€® = 2pj¢. The practical consequence of the BW “energy-loss” meamans
a momentum-conserving rescaling of FFsxn with &, = In(1/xp). Small density reductions
at larger fragment momenta (smallgs) are compensated by much larger increases at smaller
momenta. The largest changes (central Au-Au) correspoad toferred 25% leading-parton frac-
tional “energy loss.” We model the BW modification simply Hyanging parameterin 3(u; p,q)
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by Aq ~ 1, which accurately reproduces the BW result. The modifiezsld€ the dash-dotted and
dotted curves [11]. Fig. 6 (second panel) shows the modified=& ensemble with FF modes
shifted to smaller fragment rapiditielo energy islost from FFsin this model.
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Figure 6: First: e™-e~ FFs for two energies unmodified (solid and dashed curves)ratified according
to a rescaling procedure [23] (dash-dotted and dotted sjiteeemulate parton “energy loss,” Secoed:
e~ FF ensemble modified according to [23], Third: Medium-madifFD frome™-e~ FFs (solid curve)
compared to in-vacuum -e~ FD (dotted curve) Fourth: Medium-modified FD from p-p FRsi¢scurve)
compared to in-vacuum FD (dotted curve).

Figure 6 (third panel) showde_meq (SOlid curve), the FD obtained by inserting e-e in-medium
FFs from the second panelinto Eqg. (5.1) and integrating p&gon rapidityymax. The dotted curve
is theHee_vac reference from in-vacuum e-e FFs. The dash-dotted cungais she Gaussian-plus-
tail p-p hard componeiigg reference. The mode fee _meq is ~ 0.3 GeV/c. Fig. 6 (fourth panel)
shows results for p-p FFs. Major differences between p-peaad-Ds appear belop ~ 2 GeV/c
(vt ~ 3.3). Conventional comparisons with theory (e.g., dsthlLO FDs) typically do not extend
below 2 GeV/c [24]. The large difference between the twoaystbelow 2 GeV/c reveals that the
smallp; region, conventionally assigned to hydro phenomena, mayf loentral importance for
understanding fragmentation evolution in A-A collisions.

7. Fragment evolution with centrality in Au-Au collisions

We have established a system to combine measured FFs andragpdzed pQCD parton
spectrum to produce calculated fragment distributiebg, for comparison with measured spec-
trum hard componentd,,. Conventional comparisons employ a ratio measure. Twotiquness
emerge: what is the validity of the ratio definition, and whkhbuld be the reference for such a
ratio. The conventional spectrum ratio at RHIGRig, defined in the first line of

1 Sun(n)+VHaa(;v)

Raa = = 7.1
AA v SuNn (W) +Han (W) (7
1 Hnn
— at =2
— v Sw AA Wt

In that definition the terms in numerator and denominatorremenalized per participant pair
Npart/2, SO the prefactor is /& rather than Inpinary. Fig. 7 (first panel) illustrates problems with
that measure. Hard-component evolution with centralitg, hain object of this analysis, is de-
scribed by ratioaa = Haa/Hnn. The second line of Eq. (7.1) gives the limiting valueRah near

Yt ~ 2 where theHyn/Syn ratio is typically~ 1/170. raa is thus suppressed by a large factor
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in just the interval where fragmentation details are mogtartant. The p-p data (dots) illustrate
suppression of even statistical fluctuations. All inforimats lost.
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Figure 7: First: Conventional spectrum-ratio measRg,, illustrating strong suppression of spectrum
information below 4 GeV/cy = 4), Second: Hard-component ratjQ illustrating restoration of suppressed
structure at smalk, Third: Comparison of calculated FD ratios to measuggdor central Au-Au collisions,
Fourth: Comparison of novel FD ratigy to measuredapa for central Au-Au collisions.

Figure 7 (second panel) shows ratia based on hard-component referetigy set equal to
Gaussian modeéfigs = hpHg from [8]. Evolution of suppression and enhancement is dtimaléy
more accessible. The p-p data and the most peripheral Auafauabree with the N-N reference
(raa = 1) abovey; = 2.5 but deviate significantly frondgg below that point. For the Au-Au
collisions in this figurev = 2npin/Npart Values for five centralities are 1.93, 2.83, 3.92, 4.87, 5.5,
wherev ~ 1.25 is N-N collisions and’ ~ 6 isb = 0 Au-Au collisions [9]. Fromv = 1.98 tov =
2.83 there is a dramatic change in the hard component. Atdhsition pointv ~ 2.5 npart = 40
(out of 382) andhyin, = 50 (out of 1136).

Figure 7 (third panel) shows calculated FD ratige = F Dyx_med/F Dxx—vac With xx = e-e
(dash-dotted curve, e-e FFs) or N-N (dashed curve, p-p BE$) The solid curve is the measured
raa from central (0-12%) Au-Au collisions at 200 GeV [\q ~ 1.15 for Hee_med @NdHNN-_med
(in-medium FFs) was adjusted to obtain the correct largaippression for 0-12% central Au-Au.
The reference foraa is hard-component model functidiss. The dotted curve is a reference ratio
obtained by shiftindHgg ony: by Ay; ~ —0.26 (negative boost) [9]. The simple negative-boost
model does not describe the Au-Au data. But the e-e and Nibkratso do not describe the data.

Figure 7 (fourth panel) introduces a novel concept. Instdfacbmparing the calculated in-
medium FD for N-N collisions averaged within A-A collisiondth the in-vacuum FD for isolated
N-N collisions, or similarly comparing e-e with e-e as in th&d panel, the in-medium FD for e-e
is compared with the in-vacuum FD for N-N by defining ratio

FDee med
feN = FDNN,\/aC' (72)

Calculatedrey describes the measuregh well over the entire fragment momentum range. We
conclude thaF Dyn_vac IS NOt the correct reference. The proper in-vacuum referdéoicall sys-
tems is an FD from e-e FFs, not p-p FFs. We define FD raiios: FDyx_yyy/FDee—vac With Xx
= ee, NN, AA and yyy = med or vac to be compared with equivalpettum hard components
Hyox—yyy-

Figure 8 (first panel) shows ratios redefined in terms of theagereferenceHp, (p-p data
— points),Haa (peripheral Au-Au data — solid curve) and calculatéd o4 (dash-dotted curve)
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andHnn_vac (dashed curve) all divided by referenklg._yac. The strong suppression of p-p and
peripheral Au-Au data apparent at smaleresults from the cutoff of p-p FFs noted above. The
comparison is linear rather than logarithmic, as in Fig.nd & thus more differential.
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Figure 8: First: FD ratios relative to an ee-vacuum reference for Aueallisions below the sharp transi-
tion, Second: FD ratios relative to an ee-vacuum refereacAdi-Au collisions above the sharp transition
revealing major changes in FD structure, Third: Hard-congmb evolution in central Au-Au collisions vs
centrality. Large increases in fragment yield at smali€p; < 2 GeV/c) accompany suppression at layge

Figure 8 (second panel) shows measHggl/ Heevac fOr more-central Au-Au collisions (solid
curves) above a transition point on centralitwat 2.5. The main difference is partial restoration
of the suppressed region at smalgrand suppression at larggr. The latter has been the ma-
jor observation at RHIC for jet-related modification (highsuppression, “jet quenching” [25]).
Apparent from this analysis is the accompanying very largeease in fragment yieldbelow 2
GeV/c, still strongly correlated with the parent parton [A]so notable is the substantial gap be-
tween the peripheral data and the four more-central spgjtr&€hanges in fragmentation depend
very strongly on centrality near the transition point. Itrénarkable that the trend at 10 GeV/c
corresponds closely to the trend at 0.5 GeV/c. Calculatedd®d re (dash-dotted curve) cor-
responds to a parton spectrum cutoff shifted down to 2.7 Gem 3 GeV for p-p collisions, as
shown in Fig. 4 (first and second panels). The shift may rdésutt an increased hadron density of
states [11].

Figure 8 (third panel) shows spectrum hard compondpigsolid curves) for five centralities
from 200 GeV Au-Au collisions [9]. The hard componentsypfspectra scale proportional to
Nbinary, &S expected for parton scattering and fragmentation in@oifisions (jets). The points are
hard-component data from 200 GeV NSD p-p collisions [8]. @ihsh-dotted curve is the standard
Gaussian+tail model functiddgg. Calculated FDs are also shown. The dashed curbgis.vac,
and the upper dotted curvelibe meg With Aq = 1.15, which nominally corresponds to the most-
central Au-Au curve (0-12%). The parton spectrum cutofffag_mneq has been reduced from 3
GeV (Ymax = 3.75) to 2.7 GeV Ymax = 3.65) to match the central Au-Au hard component near
y; = 3. The dotted curves labeled 2 and 5 (Au-Au centralitiesHaremeq With cutoff parameters
Yo = &y reduced to accommodate the data bejpw- 2.5. Hyp, Haa and ratios based on the e-e
in-vacuum reference are thus well described by pQCD FD dstia from 0.3 to 10 GeV/c [11].
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8. Discussion

This analysis establishes a quantitative correspondeetveebn calculated pQCD FDs and
measured spectrum hard componetits over the entire fragmeni: range and parton spectrum.
We obtain direct access to medium-modified FFs and the widgrparton spectrum.

In p-p and in peripheral Au-Au collisions below a transitipoint atv ~ 2.5 the underly-
ing power-law parton spectrum terminates near 3 GeV. HarmdpomentHp, or Haa is strongly
suppressed at smallgr (jet bases excluded from the acceptance) correspondingad-ps. The
suppression mechanism may be hard-Pomeron (color simyietange in N-N collisions leading
to color connections different in p-p than in e-e collisigwhich produce g- g color dipoles).

Above the transition point: 1) Measurétha is strongly enhanced at smallgr (FF bases
partially restored) but suppressed at large(so-called “jet quenching”), as observed in [9]. 2)
Corresponding calculated FDs can be generated by incdipgra “medium-modified” e-e FF
scenario—simple rescaling of e-e splitting functions—ethimplies a three-fold increase in jet
multiplicity compared to p-p FFs. 3) The parton spectrumof€is reduced, by up to 10% in
central Au-Au collisions implying a 50% increase in the jaiss section and minijet production.

Evolution of Haa corresponds to two-particle correlations @ ;) [7]. Observed spectrum
hard-component systematics indicate that no partons ésotbed” or lost to thermalization (no
“opaque core” is formed). All scattered partons predictgdalpQCD differential cross section
produce jet-correlated hadrons in the final state. The mimrbias jet fragment yield in central
Au-Au collisions fully accounts for the increase of coltisimultiplicity beyond participant scaling
(soft component). There is also no indication from coriete, spectrum structure or integratad
that parton spectra extend down to 1 GeV as suggested byasatuiscale arguments [19, 26].

9. Summary

Two-component decomposition of hadron spectra from p-p Anéiu collisions isolates
minimume-bias parton fragment distributions as spectrumd t@mponentsHy) which can be
estimated theoretically by folding measured fragmentationctions (FFs) with a pQCD parton
spectrum to produce calculated fragment distributionssfi-In this analysis accurate parameteri-
zations of p- p anel"-e~ FFs for a large range of parton energies are folded with a ptameparton
spectrum with cutoff to produce calculated FDs which are garad with measured spectrum hard
components from p-p collisions and from Au-Au collisions $everal centralities.

Comparisons reveal that FFs in p-p collisions are strongppsessed for smaller fragment
momenta (jet base suppressed). The suppression is passéibd to hard-Pomeron exchange and
resulting color-field deviations from g- q. Comparisorshier indicate that above a specific Au-
Au centrality (transition point) there is evolution towagek FFs as an asymptotic limit (jet base
partially restored). FFs are modified consistent with atien of parton splitting. No partons are
lost to absorption or thermalization (no “opaque core”)d @o significant parton energy is lost
from integrated FFs. Perturbative QCD describes partotiesosy and fragmentation in nuclear
collisions over a large kinematic domain, and minijets duaté collision dynamics in all cases.
The most dramatic alteration of parton fragmentation in &efisions occurs below; = 2 GeV/c.
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