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1. Soft and Hard Scattering in p-p collisions

Hard-scattering in p-p collisions was discovered at the CERN-ISR in 1972, at c.m. energies
s=235 62:4 GeV, by the observation of an unexpectedly large yield of particles with large
transverse momentum (pr) [1]. The exponential behavior e P at low pr breaks to a power-law
tail which varies systematically with the ~ s of the collision (Fig. 1-(left)). Figure 1-(right) [3]
shows the relative composition of the hard and soft comp onents of the pr spectrum in p-
p collisions at p§= 200 GeV. The soft, thermal-like, exponential spectrum, which has changed
only slightly to e %6PT, dominates particle production for pr 1.5 GeV/c ( 99:7% of the soft
particles), while hard scattering predominates for pr  2:0 GeV/c.
Measurements of inclusive single or pairs of hadrons at the CERN-ISR were used to estab-
lish that high transverse momentum particles in p-p collisions are produced from states with two
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Figure 1. (left) Edo=d3p for h at mid-rapidity as a function of ICQT for several values of p§ in p-p
collisions[2]. (right) PHENIX measurement of 7° in p-p collisionsat © s = 200 GeV [3].

roughly back-to-back jets which are the result of scattering of constituents of the nucleons as de-
scribed by Quantum Chromodynamics (QCD), which was developed during the course of those
measurements [1]. These techniques have been used extensively and further developed at RHIC
since they are the only practical method to study hard-scattering and jet phenomenain A+A central
collisions due to the large multiplicity, roughly A timesthat of p-p collisions.

A quantity related to multiplicity, but more relevant for the study of jets, is the distribution of
transverse energy, Er = 5 Eisin6;, where the sum is taken over all particles emitted on an event
into a xed but large solid angle, typically measured in a cal orimeter, and then corrected to the
solid angle An = 1, Agp = 2t [4]. Thisisshown in Fig. 2 for Au+Au collisions at AGS (nucleon-
nucleon c.m. energy, © Sy\n 5:0GeV) and RHIC (pﬁ =200 GeV), together with an estimate at
RHIC for p-p collisions. The fact that the scaled AGS and RHIC Er distributions lie one on top of
each other shows that the shape of Et distributions is largely dominated by the nuclear-geometry.
Above the upper 0.5%-ile of the distribution (Er 700 GeV on Fig. 2), measurements in smaller
solid angles show increasingly larger uctuations represe nted by atter sopes above the knee of
the distribution.

To test what fraction of this uctuation is random, the avera ge pr of particles emitted in an

event into alarge solid angle,
Er

1 n
Mp, = — - — ;
""" n i;pT' n ’
is measured and compared to a random baseline of mixed events (Fig. 3-(left)). This indicates
that the r.m.s of the random uctuationsis 5 8% of the hEti for centra Au+Au collisions at
RHIC and that the non-random uctuations p, = a,\')l'ithpTi ” 1% (Fig. 3-(right)). The big
guestion for jet analyses in A+A collisions is whether the random or non-random uctuations are

(1.2)
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Figure 2: Et distributions in Au+Au collisions: PHENIX at pﬁ = 200 GeV [5] compared to E802 at
pﬁ 5GeV [6] scaledéAp in E1 by 8.1. The quantity plotted is the normalized yield, dY=dEt (GeV 1),
which integratesto 1, i.e dEt dY=dEt = 1. Different lled symbols represent PHENIX measurements
in solid angles An = 0:76, A@ = m 11=8 at mid rapidity with m= 1;:::5. Solid line is an estimate of Et
distributionin p-p collisionsat = s= 200 GeV for m=5.

identical in adjacent patches the size of atypical jet cone, R p(An)2 + (A@)2 = 1. This point
is not merely academic since the energy in atypical jet cone (R= 1) for central Au+Au collisions
a RHIC ( SuN = 200 GeV) is 300 GeV (which is above the maximum jet energy of 100 GeV)
while at LHC (Psu = 5500 GeV) the energy is 2-5 times larger, 600 1500 GeV for R= 1, which
is at least feasible since it is below the kinematic limit. However, in the author’s opinion, looking
for jets in heavy ion collisions is like going to the gambling casino: you lose on the average, but
you try to win by beating the uctuations.

2. Hard-scattering formalism

The overal p-p hard-scattering cross section in leading | ogarithm pQCD [9, 10] is the sum
over paBon reactionsa+b ¥ c+d (eg. g+q ¥ g+q) a parton-parton center-of-mass (c.m.)
energy S

d30 _ 51130 2(Q2)
dxidxodcos6  dsdydcos® ;fa(xl)fb(X)

s®(cos6 ) (2.1)

where f3(x1), fo(X2), are parton distribution functions, the differential probabilities for partons a
and b to carry momentum fractions x; and X, of their respective protons (e.g. u(xz)), and where
0 isthe scattering angle in the parton-parton c.m. system. Equation 2.1 gives the pr spectrum of
outgoing parton ¢, which then fragmentsinto ajet of hadrons, including e.g. 7°. The fragmentation
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Figure3: (left) Distribution of My, (Eq. 1.1) for central Au+Au collisions[7] (datapoints), random baseline
(red line). (right) Non-random uctuations[8], Zp; for many systemsas afunction of centrality represented
by the number of participants, Noart.

function DQO (2) isthe probability for a 7 to carry afraction z= p”ozpC of the momentum of out-
going parton c. Equation 2.1 must be summed over all subprocesses leading to a1 inthe nal state
weighted by their respective fragmentation functions. Inthisformulation, f5(x1), fp(X2) and D{}O 2
represent the long-distance phenomena to be determined b y experiment; while the characteristic
subprocess angular distributions, Z®(cos8 ) and the coupling constant, as(Q?) = %, are
fundamental predictions of QCD for the short-distance, large-Q?, phenomena. One of the original
reasons for measuring jets was that it was assumed that the jet cross section would measure the
parton cross section (Eq. 2.1) without reference to the fragmentation functions. However, this is

not true (see below).

2.1 x7 scaling

Equation 2.1 leads to a general ‘xt-scaling’ form for the invariant cross section of high-pr
particle production [11, 12]:

dc 1 1
EdTp = WF(XT) = %G(XT); (2.2)

where x = 2pT:p_s The cross section has two factors, afunction F(xr) (G(xt)) which ‘scales,
i.e. depends only on the ratio of momenta, and a dimensioned factor, 1=p (1="s""), where
ner(XT;  S) equals4 in lowest-order (LO) QCD calculations, analogous to the 1=q* form of Ruther-
ford scattering in QED. The structure and fragmentation functions, which scale, since they are
functions of the ratios of momenta, are all in the F (x1) (G(x7)) term. Due to higher-order effects,
such as the running of the coupling constant, as(Q?), the evolution of the structure and fragmen-
tation functions, and the initial-state transverse momentum kr, Ness (X1 p§) is not aconstant but is
afunction of xt, pé. Measured values of ngt(x7;  s) for i° in p-p collisions are between 5 and
8[1].
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3. Jets

Hard-scattering is visible by a break in the single particle inclusive spectrum after roughly
3 orders of magnitude in cross section (recall Fig. 1). However, nding jet structure in Ey dis
tributions measured in 47t calorimeters is much more dif cult because the jets are only visible
after 5-7 orders of magnitude of the cross section which is even more dominated by soft physics
(see Fig. 4) [13, 14]. Due to the fact (which was unknown in the 1970's) that jet structure in 47t
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Figure 4: E1_measurements by: (left) UA2 in p-fb collisions atp§= 540 GeV [13]; (right) CCOR in p-p
collisonsat = s=62:3 GeV [14]. The lines indicate extrapolation of the nearly exponential spectrum at
lower Et.

calorimeters at ISR energies or lower isinvisible below p§ Er 25GeV [15], there were many
false claims of jet observation in the period 1977-1982. This led to skepticism about jets in hadron
collisions, particularly in the USA [4]. A ‘phase change in belief-in-jets was produced by one
UAZ2 event at the 1982 ICHEP in Paris[16] (Fig. 5). Since that time, jets have become a standard
tool of High Energy Physics.

In fact, this past year, the rst measurement of jets in p-p co llisons a RHIC (Fig. 6) was
published [17]. Frankly, | am skeptical of the MB data at low pt which are too reminiscent of the
proof by Monte Carlo erroneous jet claims of the 1970's [18 , 4]. However, | think that the HT
measurements are reasonable (see below). Note that the systematic error on the cross section is

49%, predominantly due to the 9% uncertainty in the jet energy (pr?) scae.

3.1 Internal structure of jets: the Humpback distributio n.

CDF [19] has made a beautiful measurement of the evolution with jet energy and cone angle
of the jet fragmentation function (Fig. 7-(left)) as well as the distribution of the momentum of the
fragments transverse to the jet axis (which PHENIX [20] and CCOR cal jt and CDF calls ky).
The evolution from a parton which starts at high virtuality Q? immediately after scattering with
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(a) (b)

Figure 5: UA2 jet event from 1982 ICHEP [16]. a) event shown in geometry of detector. b) Lego" plot
of energy in calorimeter cell as a function of angular position of cell in polar (8) and azimuthal (®) angle
space.
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of jet Et inside a coaxia inner cone of radius Ar < rgone, Where reone is the value of R A2+ (Ap)?

used to de ne the jet, for minimum bias (MB) events and High To wer (HT) (R  0:05) triggers. (right)

Non-invariant jet differential cross section vs. jet pr in the midpoint-cone algorithm for p-p collisions at
S=200 GeV [17].

pr to ajet of particles can be described via quark and gluon bra nching in QCD [21] yielding a
Humpback distribution in the variable & = In(1=2). Fig. 7-(right) shows a calculation [22] of
the evolution of a parton, both in vacuum and in a medium, which takes account of quark and
gluon branching as well as scattering (in the medium). A dlight shift of the peak from & 4.2
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Figure 7: (left) Inclusive momentum distribution of particles in jets of cone size 6. in the variable £ =
In(1=2) [19]. (right) Prediction of inclusive distribution of hadronsin jetsin vacuum and in amedium [22].

to 4:6 (z= 0:015 to 0:010) due to the medium is predicted for 100 GeV jets, which corresponds
to fragments with 1.5 to 1.0 GeV/c. | expect that these will be exceedingly dif cult to dig out
from jets in centra A+A collisions at LHC. However, the dramatic steepening of the slope of
the fragmentation function over the range ¢ < 3:5 (z> 0:03) should be visible and might even
correspond to the naive picture of a parton losing energy in the medium and fragmenting in the
vacuum with its standard fragmentation function if the plot were also made in the more familiar
fragmentation variable z

Even if one imagined that jet interactions in the medium in A+A collisions at LHC could
be observed asin Fig. 7, it is important to realize that there are several more complications. For
instance, the high ratefor jetsat LHC may not be all good news. NLO, NNL O, and still higher order
effects may cause lots of multi-jetsinstead of di-jets. Even di-jets may be very complicated because
they are produced by all 2-to-2 subprocesses such asgg ¥ gg, qg ¥ qg, gg ¥ udl, gg ¥ b, etc.
With all these subprocesses contributing roughly equally at medium pr 60 GeV/c (since QCD is
coupled to color not avor) the jet structure might not be sim ple even in p-p collisions.

3.1.1 Makesuretoread the neprint.

Although jet measurements give beautiful results, large sections of the publications read more
likelegal contracts between experimentalists and theorists than like scienti ¢ papers. From Ref. [19]:
The energy of ajet isde ned asthe sum of the energies of thet owers belonging to the correspond-
ing cluster. Corrections are applied to compensate for the non-linearity and non-uniformity of the
energy response of the calorimeter, the energy deposited inside the jet cone from sources other than
the parent parton, and the parent parton energy that radiates out of the jet cone. Full details of this
procedure can be found in [23]. Reference [23] continues with many ( 5) pages of descrip-
tion of corrections and uncertainties. Nevertheless, | must admit that jet measurements of QCD
in p-p collisions are now standard after a 30 year learning curve (see Fig. 8) [24]. However,
even in describing this beautiful result, there is a quali ¢ ation [24]: The measured cross section
isin agreement with NLO pQCD predictions after the necessary parton-to-hadron corrections are
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Figure8: (left) Measured jet cross section compared to theory [24] and (right) divided by theory.

taken into account. In plain English, this means that the jet cross section is not simply the parton
Cross section as originally hoped.

3.2 My favorite jet measurement.

Just to show that | am not totally against jets, one of my favorite measurements in High Energy
Physics, and one that | proposed to perform at RHIC [25], is actually a jet measurement (Fig. 9-
(Ieft)). One possible explanation of the several generations of quarks and leptons is that they are
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Figure9: (left) Prediction [25] from 1983 for the effect of quark substructure on inclusive jet cross section
with and without Parity Violation capability. (right) CDF inclusive jet cross section circa 1996 and ratio to
NLO QCD. [27]

composites of more fundamental constituents [26]. Such models of quark substructure generaly
violate parity since the scale of compositeness is above the mass of theW . The parity-violating
asymmetry (o O0++) then provides direct and much more quantative tests for substructure than
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other methods since the increase in the jet cross section at large pr due to the substructure is
small, roughly the thickness of the line used to draw the gur e (see Fig. 9-(left)). Interestingly,
CDF observed such a deviation from QCD in 1996 [27] (Fig. 9-(right)-inset). If Fig. 9-(right)
represented % Parity Violation rather than % Difference from NLO QCD, it would be an
unambiguous proof of new physics. However, the CDF deviation was explained by invoking an
improved Gluon structure function at large x [28]. This explanation is not credible unless the
Gluon structure function can be veri ed by other means such a s by measurements of direct-photon
production with x > 0:25.

For the record, the reason that parity violation measurements to search for quark composite-
ness at RHIC must be donewith 100 GeV jets rather than n¥’sis because therate for 100 GeV
m° issmaller by 2 orders of magnitude (see below).

4. Hard scattering via single particle inclusive and few particle correlation
measurements

Single particle inclusive and two or three particle correlation measurements of hard-scattering
have provided awealth of discoveries at RHIC. Dueto the steeply falling power-law (th”) invariant
transverse momentum spectrum of the scattered parton, the inclusive single particle (e.g. 7°) pr,
spectrum from jet fragmentation is dominated by fragments with large z, where z = pr,=pr, isthe
fragmentation variable, and exponential fragmentation Dgo (2 e Misassumed. Thisgivesrise
to severa effects which alow precision measurements of hard scattering to be made using single
inclusive particle spectra and two particle correlations [9].

The most famous properties in this regard are the leading-p article effect aso known as ‘trig-
ger bias', although it has nothing to do with the use of a hardware trigger, and the Bjorken parent-
child relationship . The Bjorken ‘parent-child’ effect is that the 7° spectrum from hard scattering
of aparton g has the same power n as the parton spectrum, with aratio at agiven py, = pr, of [10]:

m° (pr) r(I;1 31) ;

il 4.1
T 0 (4.1)
where the normalization gives the total parton cross section assuming equal fragmentation to 7,
m*, 1 . Similarly, although thehzi of afragment r° from ajet, given aparton of pr, ishzi Jjq=1=b,
thehzi of a r® in a spectrum of fragments from a power law distribution of partonsis:

w(pDie (42)

afactor of n 1 times larger than the the unconditional hzi of fragmentation and independent of
pr,. Thisisthe leading-particle effect , or trigger-bias , whichislarger for steeper parton spectra
(larger n, lower ~ s)).

The prevailing opinion from the 1970's until last year was that although the inclusive single
particle (e.g. m°) spectrum from jet fragmentation is dominated by trigger fragments with large
hzi 0.6 0:8, the away-jets should be unbiased and would measure the fragmentation function,
once the correction is made for hz i and the fact that the jets don’t exactly balance pr due to the
kr smearing effect [29]. Last year, it was found by explicit calculation that thisis not true [20, 9].

10
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The pr, spectrum of fragments from the away-side parton with pr,, given atrigger particle with pr,
(from atrigger-side parton with pr,), is not sensitive to the shape of the fragmentation function (b),
but measures the ratio of pr, of the away-parton to py, of the trigger-parton and depends only on
the same power n as the invariant single particle spectrum:

1

dPp.,
P e
1+

4.3
e 43)

. 1
hmi (n l)Xh
This equation gives asimple relationship between theratioxg  pr,=pr, of the transverse momenta
of the away-side particle to the trigger particle, and the ratio of the transverse momenta of the away-
jet to the trigger-jet, X, = pr,=pr,. The only dependence on the fragmentation function is in the
mean multiplicity hmi of jet fragments. Note that Eq. 4.3 is a Hagedorn function 1=(1 + xg=x,)"
and exhibits xg-scaling inthe variable xg=x.

4.1 Calculation of the parton cross section from the m° spectrum

Since the STAR jet measurement (Fig. 6) is based primarily on the High Tower neutral cluster
trigger, and since a 1° is avery well de ned neutral cluster, and since the 7 invariant pr spectrum
for pt 3 GeV/cisapure power law withn=238:10 0:05 [30], it occurred to me that the Bjorken
parent-child relation, Eq. 4.1, could be used to calculate the parton cross section from the 7° spec-
trum of Fig. 1-(right) [3]. The only additional inputs required are the fragmentation functions for
quark jets, Dg(2) exp (8:22), and gluonjets, Dg(2) exp (11:42), which were obtained from
LEP data in Ref. [20], and the relative contribution of quarks and gluons in the scattered parton
spectrum (see Table 1).

Gluon Fraction fy=1 f; 10 075 050 025 00
=10 o = 1=(1°=qjj ;0) 283 225 168 110 527

Table 1: Parton inclusive cross section divided by 71° inclusive cross section from Eq. 4.1 as a function of
the fraction of gluons and quarksin the parton spectrum.

The calculated invariant parton cross-section for a composition of 1/2 quarks and 1/2 gluons
is shown in Fig. 10-(left) and is in excellent agreement with the STAR jet measurement [17].
However, theoretical calculations [32] which agree with both the 7° and jet measurements give
much different jet/r° and quark-jet/quark-7t° cross section ratios with acompletely different trend
vs pr than the simple parton calculationsin Table 1. Thisisfurt her illustration that theterms*jet’
and ‘parton’ are not equivalent.

4.2 Precision measurements of jet suppression in Au+Au collisions

Since hard scattering is point-like, with distance scale 1=pt < 0:1 fm, the cross section in
p+A (B+A) collisions, compared to p-p, should be simply proportiona to the relative number of
possible point-like encounters, a factor of A (BA) for p+A (B+A) minimum bias collisions. For
semi-inclusive reactions in centrality class f at impact parameter b, the scaling is proportional to
hTaslj¢, the overlap integral of the nuclear thickness functions averaged over the centrality class.
Effects of the nuclear medium, either in theinitial or nal s tate, may modify the point-like scaling.
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Figure 10: (top) PHENIX 70 invariant cross section in p-p collisions

s= 200 GeV from Fig. 1-(right)

(lled circles) divided by Eq. 4.1 for %q and %g parton compositon, fg = 0:5 (Table 1) ( lled squares).
Error bars correspond to fg = 0:75 and fg = 0:25. STAR data from Fig. 6 (stars). (bottom) Plot by Werner
Vogelsang of jet/pion NLO cross sections (a!=gP°" for all jets (red), quarks-only (black) and quarks-only

LO (black-dashed) [32].
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Figure 11: (left)log-log plot [30] of 71° invariant cross section in p-p collisions at p§= 200 GeV multiplied
by hTaai for Au+Au central collisions (0-10%) compared to the measured semi-inclusive invariant yield of
. (right) Raa(pr) for i and h  for Au+Au central (0-10%) collisions at P = 200 Gev [33].

This is shown rather dramatically in Fig. 11-(left) where the Au+Au data are suppressed relative
to the scaled p-p data by afactor of 4 5for pr 3 GeV/c. A quantitative evaluation of the
suppression is made using the nuclear modi cation factor , Rag, the ratio of the measured semi-
inclusive yield to the point-like scaled p-p cross section:

Reg = d?NRg=dprdy N

= 4.4
hTagi d20f,=dprdy (44)

where d?Nf;=dprdyNX¥ is the differential yield of a point-like process P in an A+ B collision
and dza,f,’N:dedy is the cross section of P in ap-p collision. For point-like scaling, Rag 1. The
ratio of point-like scaled measurements in central and peripheral A+B collisions (Rcp) isalso used
to quantify suppression if p-p data are unavailable.

While the suppression of 7° at agiven pr in Au+Au compared to the scaled p-p spectrum may
be imagined as aloss of these particles due to, for instance, the stopping or absorption of a certain
fraction of the parent partons in an opague medium, it is evident from Fig. 11-(left) that an equally
valid quantitative representation can be given by a downshift of the scaled p-p spectrum due to,
for instance, the energy loss of the parent partons in the medium a particle with  p't in the scaled
p-p spectrum is shifted in energy by an amount S(pr) to a measured value pr = P+ pr) in
the Au+Au spectrum [30, 9]. The fact that the Au+Au and reference p-p spectra are paralel on
Fig. 11-(left) provides graphical evidence that the fractional pr shift in the spectrum, S(pr)=pr,
is a constant for pr > 3 GeV/c, which, due to the power law, results in a constant ratio of the m°
AutAu to pp spectra (i.e. Raa(pr) = constant) as shown in Fig. 11-(right).

Fig. 11-(right) also shows that the nuclear modi cation fac tors are clearly different for r° and
(h* +h )=2for pr <6 GeV/c. Isit possible to tell whether one or both of these reactions obey
QCD?

4.3 x7 scalingin A+A collisions asatest of QCD

If the production of high-pr particlesin Au+Au collisions is the result of hard scattering ac-
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cording to pQCD, then x scaling should work just aswell in Au+Au collisions asin p-p collisions
and should yield the same value of the exponent nes(Xr;" S). The only assumption required is that
the structure and fragmentation functions in Au+Au collisions should scale, in which case Eq. 2.2
still applies, albeit with a G(xr) appropriate for Au+Au. In Fig. 12, neff(xT;pﬁ) in Au+Au is
shown for ® and h  in peripheral and central collisions, derived by taking the ratio of Ed3o=dp®
at agiven xy for pﬁ = 130 and 200 GeV, in each case.
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Figure 12: Power-law exponent ngs(x) for m° and h spectrain central and peripheral Au+Au collisions at
Psw = 130 and 200 GeV [31].

The n°’s exhibit xr scaling, with the same value of ngs = 6:3 as in p-p collisions, for both
Au+Au peripheral and central collisions. The xt scaling establishes that high-pr 7° production in
peripheral and central Au+Au collisions follows pQCD as in p-p collisions, with parton distribu-
tions and fragmentation functions that scale with xt, at least within the experimental sensitivity of
the data. The fact that the fragmentation functions scale for 7° in Au+Au central collisions indi-
cates that the effective energy loss must scale, i.e. AE(pt)=pr = is constant, which is consistent
with the parallel spectra on Fig. 11-(right) and the constant value of Raa as hoted above.

4.4 Thebaryon anomaly

Thedeviation of h in Fig. 12 from xr scaling in central Au+Au collisions isindicative of and
consistent with the strong non-scaling modi cation of part icle compasition of identi ed hadrons
observed in Au+Au collisions compared to that of p-p collisionsintherange2:0 pr 4:5GeV/c,
where particle production is the result of jet-fragmentation. As shown in Fig. 13-(left) the p=mr*
and fErr ratiosasafunction of pr increase dramatically to values 1 asafunction of centrality in
AutAu collisionsat RHIC [34] and Rep for identi ed 1 mesonsis much less than that for baryons
(Fig. 13-(right)) [35]. Thisis called the baryon anomaly, which is still not understood. Elegant
models of coalescence of constituent quarks in a QGP [36, 9] have been proposed to explain the
baryon anomaly at RHIC which predict a much larger effect at LHC. One such model [37] predicts
that p=rt* 10 out to pt = 20 GeV/c at LHC from the recombination of partons from the many
jets produced. Such aresult, if observed at LHC, would be amajor discovery. Thisdoes not involve
ameasurement of jets but requires single particle identi ¢ ation out to 20 GeV/c!
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Figure 13: (left) p=m* and fferr  asafunction of pr and centrality from Au+Au collisions at pﬁ =200
GeV [34]; (right) Rcp for identi ed baryons and mesons[35].

45 Statusof Raa at Quark Matter 2005

Single particle measurements painted a very clear picture of jet suppression at Quark Matter
2005 [38] (Fig. 14-(left)). Direct y from the reaction g+q ¥ y+ g are not suppressed, while 7°
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Figure 14: (left) Raa(pr) for direct-y, °, n vs. pr for Au+Au central (0-10%) collisions at pm =200
GeV [38]. (right) datafrom left with improved Raa(pr) for direct-y [39].

and n which are both fragments of jets from na state partonsar e suppressed by the same
amount. This proves that the suppression is due to partonic interactions in the medium formed in
central Au+Au collisions, since the direct-y's escape from the medium without interacting while
the initial partonic composition is not much different for direct-y and r°® production. It was also
comforting to some to see a theoretical curve [40] from the GLV model of partonic energy lossin
the medium lie nearly on the data. However, the GLV model [40] appears to show an increase of
Raa for 1 with increasing pr while the data appear at to within the errors which clearly ¢ ould
dill beimproved intherange12 pr 20 GeVl/c.

If we experimenters had stopped here, many people would have been happy and claimed that
RHIC physics was understood [41], it was time to move to LHC: i.e. skim the physics from
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