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Abstract

The production of the y(2S) charmonium state was measured with ALICE in Pb—Pb collisions at
V/SNN = 5.02 TeV, in the dimuon decay channel. A significant signal was observed for the first
time at LHC energies down to zero transverse momentum, at forward rapidity (2.5 <y < 4). The
measurement of the ratio of the inclusive production cross sections of the y(2S) and J/y resonances
is reported as a function of the centrality of the collisions and of transverse momentum, in the region
pr < 12 GeV/e. The results are compared with the corresponding measurements in pp collisions,
by forming the double ratio [6¥(?5) /&//¥]py_pp,/[c¥(>S) /67/¥],,. The y(2S) nuclear modification
factor Ry was also obtained as a function of both centrality and pr. The results show that the y/(2S5)
resonance yield is strongly suppressed in Pb—Pb collisions, by a factor up to ~ 3 with respect to pp.
Furthermore, the y(2S) suppression in Pb—Pb collisions is stronger than the one observed for the
J/y by a factor ~ 2. Comparisons of cross section ratios with previous SPS findings by the NA50
experiment, and of Raa with higher-pt results at LHC energy are also reported. These results and
the corresponding comparisons with calculations of transport and statistical models address questions
on the presence and properties of charmonium states in the quark—gluon plasma formed in nuclear
collisions at the LHC.
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1 Invariant-mass plots and fits

The dimuon invariant mass distributions, after mixed-event background subtraction, are reported in Fig.[I]
and Fig. 2| together with the result of fits used to extract the number of J/y and y(2S). Detailed infor-
mation is hereafter given on the fit inputs, further details on the procedure are reported in the Letter.

For the fits as a function of centrality, 60 variations of the fit inputs were considered. They correspond to:
(i) two different choices for the resonance shapes, either Crystal Ball (CB) function or a pseudo-Gaussian
with a mass-dependent width [[1]]; (ii) five possible choices for the background shape, a variable-width
Gaussian, an exponential or the sum of two exponential functions, a 1°' or 2" degree polynomial; (iii)
two choices of the fitting range, either 2.2 <my; <4.5 GeV/c? or2 < myy <35 GeV/c?; (iv) two choices
for the normalization range of the mixed-event background, either 2 < my,, < 8 GeV/c? or2.5 < myy <7
GeV/c?; (v) two choices for the tails of the CB function, either from Monte Carlo or from a high-statistics
data sample collected in pp collisions at 13 TeV. The minimum significance of the y(2S) signal as a
function of centrality is 7.6 (60-90%) and increases by a factor ~ 8 for central events. Numerical values
on y(2S)-related quantities are given in Table
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Figure 1: The opposite-sign invariant mass spectrum of mass pairs, for the four centrality intervals used in the
data analysis, after mixed-event background subtraction. The kinematic domain is 2.5 <y < 4, pr < 12 GeV/c
(0.3 < pr < 12 GeV/c for the two most peripheral intervals). The result of one among the 60 x> minimization fit is
reported, corresponding to a CB function for the signal, a variable-width Gaussian for the background, 2 <m;, <5
GeV/c? fitting range, a 2 < myy <8 GeV/c? normalization range of the mixed-event background, and CB tails
obtained from Monte Carlo. The contribution of the J/y and y(2S) resonances and of the background continuum
as obtained from the fit are also reported.
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For the fits as a function of transverse momentum, 36 variations of the fit inputs were considered, They
correspond to: (i) two different choices for the resonance shapes, either Crystal Ball (CB) function or a
pseudo-Gaussian with a mass-dependent width [[1]; (ii) three possible choices for the background shape,
a variable-width Gaussian, an exponential, a 2" degree polynomial; (iii) two choices of the fitting range,
either 2.2 < myy, < 4.5 GeV/c* or 2 < myy <5 GeV/c?; (iv) two choices for the normalization range
of the mixed-event background, either 2 < my, <8 GeV/c? or 2.5 < myy <7 GeV/c?; (v) two choices
for the tails of the CB function, either from Monte Carlo or from a high-statistics data sample collected
in pp collisions at 13 TeV. The minimum significance of the y(2S) signal as a function of pris 11.3 at
high pt, with an increase of a factor ~ 3 at low pr.
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Figure 2: The opposite-sign invariant mass spectrum of mass pairs, for the four transverse momentum intervals
used in the data analysis, after mixed-event background subtraction. The kinematic domain is 2.5 < y < 4 and the
centrality interval is 0-90%. The result of one among the 60 x2 minimization fit is reported, corresponding to a
CB function for the signal, a variable-width Gaussian for the background, a 2 < myy <5 GeV/c? fitting range,
2 <myy <8 GeV/c? normalization range of the mixed-event background, and CB tails obtained from Monte

Carlo. The contribution of the J/y and y(2S) resonances and of the background continuum as obtained from the
fit are also reported.
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Table 1: With reference to Figs. and number of y(2S) signal counts and background counts in a 30 interval
around the y(2S) mass. The relative statistical uncertainty on the final number of y(2S) is also listed.

Centrality | Ngig Npek | Stat. unc. (%)
0-20% 9675 | 14211 17.7
20-40% 2474 | 13917 22.9
40-60% 928 | 5530 23.2
60-90% 342 | 1645 21.6
pt (GeV/e)
0-2 4342 | 22223 22.4
24 3494 | 10791 17.9
4-6 1094 | 4541 30.4
6-12 567 | 2996 33.6

2 pr dependence of the (double) ratios of the y(2S) and J/y cross sections

In Fig. |3| the pr-dependence of the ratio of the y(2S) and J/y production cross sections for Pb—Pb
collisions, in 0-90% centrality, is presented and compared to the corresponding pp results. The pp ratios
increase as a function of pr, while for Pb—Pb no significant rise is present. The double ratio values are
also shown, indicating a significant relative suppression of the y/(2S), slightly increasing with pt up to
a value of ~ 0.5.
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Figure 3: The ratio of the y(2S) and J/y cross sections as a function of pr, not corrected for the corresponding
branching ratios BR of the dimuon decay, compared to measurements in pp collisions [2]. In the lower panel the
double ratios of the Pb—Pb and pp values are shown.
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