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FIG. 18. (Color online) Same as Fig. 17 but for Au + Au
collisions at

√
s

NN
= 200 GeV. The solid curves represent best fits to

the data over the full η range using Eq. (14) and the shaded regions
represent 90%-confidence-limit systematic errors. The open points
were obtained by the tracklet analysis in the range |η| < 1.

It has been demonstrated [7,13] that Au + Au and Cu + Cu
collisions rather accurately obey extended longitudinal scaling
(also known as limiting fragmentation scaling), even for
noncentral collisions, such that the multiplicity in the range
around η = ybeam is independent of collision energy. Conse-
quently, we expect that the particle production in the range
−ybeam < η < ybeam is strongly dominated by participant
collisions (i.e., excluding spectator emission). A fit to the data
within this pseudorapidity range at all collision energies was
therefore assumed to describe the contribution to the total
charged-particle multiplicity from participant collisions also
outside this interval. The solid black curves in Figs. 15–21
represent these fits to the data using the functional form and
fit interval specified in the figure captions. The estimated
total charged-particle multiplicities for participant collisions
obtained from this procedure are denoted N

p
ch and are listed in

Tables VII and VIII (see Appendix) and shown as solid circles
in Figs. 24 and 25. The quantity N

p
ch should represent the

most reliable estimate of the total number of charged particles
emitted from the overlap zone between the colliding nuclei.
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FIG. 19. (Color online) dNch/dη versus η (solid points) for
twelve centrality bins representing 55% of the total cross section
for Cu + Cu collisions at

√
s

NN
= 22.4 GeV. The solid curve is a

symmetric double quasi-Gaussian function fit to the data within the
−3.2 < η < 3.2 region. The shaded band represent 90%-confidence-
limit systematic errors. The open points were obtained by the tracklet
analysis in the range |η| < 1.

The third estimate, N ch
tot represents an extrapolation outside

the measured η region, which does not exclude contributions
from spectator emission. This method was used in all earlier
PHOBOS publications (e.g., [7,11–14]). For the lowest col-
lision energy, 19.6 and 22.4 GeV for Au + Au and Cu + Cu
collisions, respectively, an average of Nch||η|<5.4 and N

p
ch is

used. This corresponds to the area underneath the dashed curve
in Fig. 22(a). For higher collision energies, the experimental
data [solid points in Figs. 22(b) and 22(d)] are extended outside
the measured η region by shifting the low-energy distributions
by "η = ±[ybeam − y0], where ybeam is the beam rapidity at
the collision energy in question and y0 is the beam rapidity
at the lowest collision energy. This extension of the data is
thus based on the assumption that dNch/dη for η > ybeam is
independent of collision energy—the limiting fragmentation
hypothesis. The N tot

ch estimate is thus the integral of the average
of this extended distribution and the fit using Eq. (14) [dashed
curve in Fig. 22(b)].
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TABLE V. Summary of the midrapidity dNch
dη

||η|<1 charged-
particle multiplicity for Au + Au collisions obtained from the tracklet
analysis. The data are listed as a function of centrality expressed in
percentage of the total reaction cross section for all four energies.
Columns 2 and 4 list derived quantities; namely, the number of
participants as well as the midrapidity density normalized to the
number of participant pairs Npart/2. The errors are systematic errors
at 90% confidence level; statistical errors are negligible. Note that the
table continues an overleaf.

Au + Au
√

s
NN

= 19.6 GeV ybeam = 3.036

Bin Npart
dN
dη

||η|<1
dNch/dη||η<1|

Npart/2

0%–3% 351 ± 11 331 ± 24 1.89 ± 0.15
3%–6% 322 ± 10 297 ± 22 1.84 ± 0.15
6%–10% 286 ± 9 260 ± 20 1.82 ± 0.15
10%–15% 247 ± 8 216 ± 16 1.76 ± 0.14
15%–20% 206 ± 8 181 ± 14 1.75 ± 0.15
20%–25% 171 ± 7 148 ± 11 1.73 ± 0.15
25%–30% 142 ± 7 121 ± 9 1.70 ± 0.15
30%–35% 117 ± 7 97 ± 7 1.65 ± 0.16
35%–40% 95 ± 7 78 ± 6 1.64 ± 0.17
40%–45% 74 ± 6 59 ± 4 1.61 ± 0.18
45%–50% 58 ± 3 45 ± 3 1.56 ± 0.19
50%–55% 45 ± 3 35 ± 3 1.55 ± 0.20
55%–60% 34 ± 3 26 ± 2 1.55 ± 0.22

Au + Au
√

s
NN

= 62.4 GeV ybeam = 4.196

Bin Npart
dN
dη

||η|<1
dNch/dη||η<1|

Npart/2

0%–3% 356 ± 11 492 ± 36 2.76 ± 0.23
3%–6% 325 ± 10 433 ± 32 2.67 ± 0.22
6%–10% 288 ± 9 377 ± 28 2.62 ± 0.21
10%–15% 248 ± 8 316 ± 23 2.55 ± 0.21
15%–20% 209 ± 7 260 ± 19 2.50 ± 0.20
20%–25% 174 ± 7 212 ± 15 2.44 ± 0.21
25%–30% 145 ± 7 174 ± 13 2.41 ± 0.21
30%–35% 119 ± 7 140 ± 10 2.35 ± 0.22
35%–40% 98 ± 7 111 ± 8 2.28 ± 0.23
40%–45% 78 ± 6 87 ± 6 2.24 ± 0.25
45%–50% 62 ± 6 67 ± 5 2.16 ± 0.26
50%–55% 48 ± 5 50 ± 4 2.10 ± 0.27
50%–60% 36 ± 4 36 ± 3 2.01 ± 0.28
60%–65% 27 ± 3 25 ± 2 1.91 ± 0.28
65%–70% 19 ± 3 17 ± 1 1.77 ± 0.27

Au + Au
√

s
NN

= 130 GeV ybeam = 4.930

Bin Npart
dN
dη

||η|<1
dNch/dη||η<1|

Npart/2

0%–3% 355 ± 12 613 ± 24 3.45 ± 0.17
3%–6% 330 ± 10 545 ± 21 3.31 ± 0.16
6%–10% 295 ± 9 472 ± 18 3.20 ± 0.16
10%–15% 254 ± 8 393 ± 15 3.09 ± 0.16
15%–20% 214 ± 8 327 ± 13 3.06 ± 0.16
20%–25% 179 ± 7 274 ± 11 3.06 ± 0.17
25%–30% 148 ± 6 220 ± 8 2.96 ± 0.17
30%–35% 122 ± 6 180 ± 7 2.94 ± 0.18
35%–40% 100 ± 5 140 ± 5 2.80 ± 0.18
40%–45% 80 ± 5 110 ± 4 2.75 ± 0.20
45%–50% 63 ± 4 83 ± 3 2.64 ± 0.21

TABLE V. (Continued.)

Au + Au
√

s
NN

= 200 GeV ybeam = 5.361

Bin Npart
dN
dη

||η|<1
dNch/dη||η<1|

Npart/2

0%–3% 361 ± 11 691 ± 52 3.82 ± 0.31
3%–6% 331 ± 10 619 ± 46 3.74 ± 0.30
6%–10% 297 ± 9 540 ± 41 3.64 ± 0.30
10%–15% 255 ± 8 465 ± 35 3.65 ± 0.30
15%–20% 215 ± 7 384 ± 29 3.57 ± 0.29
20%–25% 180 ± 7 313 ± 24 3.47 ± 0.30
25%–30% 150 ± 6 257 ± 19 3.42 ± 0.29
30%–35% 124 ± 6 208 ± 16 3.37 ± 0.30
35%–40% 101 ± 6 165 ± 12 3.25 ± 0.31
40%–45% 82 ± 6 133 ± 10 3.25 ± 0.34
45%–50% 65 ± 6 100 ± 8 3.10 ± 0.38
50%–55% 49 ± 5 73 ± 5 2.98 ± 0.37
55%–60% 37 ± 4 54 ± 4 2.88 ± 0.39
60%–65% 28 ± 3 38 ± 3 2.78 ± 0.40
65%–70% 20 ± 3 27 ± 2 2.68 ± 0.41

model calculations; see Table III. The total charged-particle
multiplicity, Nch||η|<5.4, within the −5.4 < η < 5.4 acceptance
region is also listed along with an estimate of the total
charged-particle multiplicity, N tot

ch , which includes an estimate
of the contribution from the unmeasured region. As detailed in
Ref. [10] this is obtained from lower energy p + A collisions
by assuming extended longitudinal scaling. Also discussed in
Ref. [10] (see Fig. 4(a) is the observation that the participant-
scaled total multiplicity, N tot

ch /〈Npart/2〉, for d + Au collisions
is commensurate with that observed for pp collisions (see e.g.,
Fig. 13 of Ref. [51]). The additional (∼40%) enhancement
seen for Au + Au and Cu + Cu systems does not appear for
d + Au.

D. p + p collisions

Inelastic proton-proton collisions were measured at two en-
ergies, 200 and 410 GeV. The 200-GeV data were measured, in
part, in order to provide a baseline against which to identify and
study the special effects associated with heavy-ion collisions in
observables such as charged-particle multiplicities, collective
flow, and high pT suppression in particle spectra. In addition,
pp data were collected at the highest RHIC energy, namely√

s = 410 GeV.
Only the hit-counting method was applied in the analysis of

data for pp collisions. Using HIJING Monte Carlo simulations,
the particle yields were corrected for detector acceptance,
secondary particles produced in the material of the detector,
and particles resulting from weak decays. These corrections
have similar dependencies on η as those found for heavy-
ion collisions. Pseudorapidity distributions were extracted in
bins of the total observed charged-particle multiplicity. The
distribution found for each bin was corrected for the effects of
triggering and vertexing efficiency, which were both found to
be strongly multiplicity-dependent. The analysis compared the
number of input Monte Carlo events to the number surviving
all event criteria so separate triggering and vertex efficiencies
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•The most sophisticated analysis is 
tracklet counting method 
represented by open points in Fig.18. 
The statistical error is 5 ~ 10%.
•Solid data points are hit counting 
methods.
•In any case, the systematic error 
~15% dominates.


