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A quark-gluon plasma (QGP) is very hot and dense quantem chromodynemics (QCD) matter in
which quarks and gluons are deconfined. A QGP can be created by colliding two relativistically
accelerated ions, which is of interest because the early universe was in this state shortly after the
Big Bang. To create QGP in the lab, Large Hadron Collider (LHC) at Conseil europ een pour la
recherche nucl”eaire (CERN) and Relativistic Heavy Ion Collider (RHIC) at Brookhaven National
Laboratory (BNL) have collided various kinds of nuclei. One broadly used method to study the
properties of a QGP is to compare the cross sections of high-transverse-momentum (pr) hadrons
in proton-proton (pp) and in heavy-ion collisions. The suppression of high-pr hadrons in heavy-ion
collisions, called jet quenching, serves as a signature of a QGP. Recently, however, several other
effects, including nucleus PDF and cold nuclear matter effect, which cannot be ignored in accounting
for jet quenching, were reported to fully understand those effects, researchers must measure precisely
quarkonia, high-pr hadrons, and Z and W bosons in proton-nucleus collisions. For this purpose,
the LHC carried out proton-lead collisions at a centre-of-mass energy of 8.16 TeV. In this paper, we
introduce the extrapolation method to produce the Z-boson cross section in proton-proton collisions
at 8.16 TeV. The ultimate goal is to provide reference data to be compared with the differential

cross section for this proton-lead pPb collision.
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Fig. 1. (Color online) Power law fit for the inclusive Z
boson production cross-section. The closed black circles
correspond to CMS data points, the green closed dia-
mond mark the interpolated production cross-sectionat
7 TeV. The shaded area indicates the estimated error of
the power law fit.
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Fig. 2. (Color online) Z boson production cross-sections as a function of the transverse momentum within a rapidity
range |y| < 2.4. The closed black circles correspond to CMS measurements at 2.76 TeV and 8 TeV, while the closed
green diamonds indicated the interpolated and extrapolated results for 7 and 8.16 TeV.
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Fig. 3. (Color online) Systematic study of the transverse momentum bins using three different kinds of fitting functions.
The gray line marks our default power-law fit, while the green, red, and blue dashed lines correspond to exponential,
27d_order polynomial, and linear fitting functions, respectively.
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Fig. 4. (Color online) Z boson production cross-sections
as a function of transverse momentum. The closed red
squares and closed blue circles correspond to CMS 7 TeV
and 8.16 TeV data points, respectively. The blue dashed
lines mark interpolated results, while the blue shaded ar-
eas indicate their corresponding uncertainties. The red
dashed line shows the extrapolated results, with the red
shaded areas marking the associated estimated uncer-
tainties.
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Table 2. Power law fit parameters for the extrapolations
shown in Fig. 2.

pr Bins (GeV/c) Parameter A Parameter b

0.0-5.0 0.2863 £ 0.0481 4.9931 £ 0.1834
5.0-10.0 0.1831 £ 0.0371 5.4421 £ 0.2136
10.0-20.0 0.1079 £ 0.0205 5.3115 £ 0.2226
20.0-30.0 0.0300 + 0.0080 5.8836 £ 0.2655
30.0-40.0 0.0083 £ 0.0035 6.5539 + 0.4129
40.0-50.0 0.0049 + 0.0026 6.5878 £ 0.5270

50.0-100.0 0.0030 +£ 0.0012 5.6224 £ 0.4347

Table 3. Extrapolated z boson production cross-sections
in marked transverse momentum bins.

pr Bins (GeV/c)

Extrapolated Cross Section (pb)

0.0-5.0 54.06 £+ 1.15
5.0-10.0 55.39 £ 1.39
10.0-20.0 28.47 £ 0.68
20.0-30.0 14.44 + 0.42
30.0-40.0 8.06 £ 0.28
40.0-50.0 4.98 £ 0.18

50.0-100.0 1.09 £ 0.03
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