
Supplemental material225

The NPV
Tracks distributions for three categories of events, namely minimum-bias events, D+

s226

signal events, and D+ signal events, with the additional requirement of one reconstructed227

primary vertex for each category, are shown in Fig. 4. The distributions for D+
s and D+

228

signal events are extracted from data; background is removed using the sPlot method [35].229
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Figure 4: Distribution of the number of charged tracks used to reconstruct the PV for D+
(s)

signal and minimum-bias events in (left) forward and (right) backward configurations, each with
only one primary vertex. The vertical scale is arbitrary.

The results of the fits to the invariant-mass and log10(�
2
IP) distributions in the forward230

and backward rapidity intervals are shown in Fig. 5–8.231
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Figure 5: Distributions of (left) M(KK⇡) and (right) log10(�
2
IP) for inclusive D+

s mesons
in the forward data sample in the interval of 2.0 < pT < 4.0GeV/c, 2.3 < y⇤ < 2.8 and
100 < NPV

Tracks < 120. The fit results are overlaid. For the log10(�
2
IP) fit, the data are weighted

using the sPlot method to subtract the background component.

The di↵erential cross-section for prompt D+
s and D+ mesons in both forward and232

backward rapidities are shown in Fig. 9–12. The corresponding numerical values are listed233
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Figure 6: Distributions of (left) M(KK⇡) and (right) log10(�
2
IP) for inclusive D+

s mesons in
the backward data sample in the interval of 2.0 < pT < 4.0GeV/c, �3.8 < y⇤ < �3.3 and
100 < NPV

Tracks < 120. The fit results are overlaid. For the log10(�
2
IP) fit, the data are weighted

using the sPlot method to subtract the background component.
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Figure 7: Distributions of (left) M(K⇡⇡) and (right) log10(�
2
IP) for inclusive D+ mesons

in the forward data sample in the interval of 2.0 < pT < 4.0GeV/c, 2.3 < y⇤ < 2.8 and
100 < NPV

Tracks < 120. The fit results are overlaid. For the log10(�
2
IP) fit, the data are weighted

using the sPlot method to subtract the background component.

in Tables 2–7.234

The nuclear modification factor RpPb for prompt D+
s and D+ mesons in both forward235

and backward rapidities are shown in Fig. 13–15. The corresponding numerical values are236

listed in Tables 8–13.237

The numerical values for the forward and backward production ratio RFB of prompt238

D+
s and D+ mesons are given in Tables 14 and 15.239

The production cross-section ratio of D+
s over D+ mesons �D+

s
/�D+ in both forward240

and backward rapidities are shown in Fig. 16–18. The corresponding numerical values are241

listed in Tables 16 and 17.242
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Figure 8: Distributions of (left) M(K⇡⇡) and (right) log10(�
2
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Table 4: Di↵erential cross-section for prompt D+
s production as a function of pT in pPb collisions

at forward and backward rapidities. The first uncertainty is statistical, the second the component
of the systematic uncertainty that is uncorrelated between bins and the third the correlated
systematic component.

pT[ GeV/c] d�/dpT [ mb/(GeV/c)] (Forward)
[1, 2] 17.826± 0.433± 0.955± 1.808
[2, 3] 12.218± 0.104± 0.216± 1.177
[3, 4] 6.259± 0.072± 0.074± 0.591
[4, 5] 3.051± 0.027± 0.025± 0.283
[5, 6] 1.576± 0.017± 0.017± 0.146
[6, 7] 0.843± 0.012± 0.019± 0.079
[7, 8] 0.476± 0.011± 0.010± 0.045
[8, 9] 0.244± 0.006± 0.009± 0.023
[9, 10] 0.147± 0.005± 0.004± 0.014
[10, 11] 0.095± 0.003± 0.005± 0.009
[11, 12] 0.059± 0.002± 0.002± 0.006
[12, 13] 0.034± 0.002± 0.001± 0.003

pT[ GeV/c] d�/dpT [ mb/(GeV/c)] (Backward)
[1, 2] 20.196± 0.421± 0.975± 2.700
[2, 3] 12.163± 0.119± 0.196± 1.490
[3, 4] 5.729± 0.050± 0.073± 0.694
[4, 5] 2.553± 0.025± 0.029± 0.300
[5, 6] 1.182± 0.014± 0.020± 0.143
[6, 7] 0.524± 0.009± 0.012± 0.063
[7, 8] 0.276± 0.004± 0.005± 0.031
[8, 9] 0.153± 0.004± 0.004± 0.018
[9, 10] 0.083± 0.002± 0.003± 0.011
[10, 11] 0.053± 0.002± 0.003± 0.007
[11, 12] 0.029± 0.001± 0.001± 0.003
[12, 13] 0.019± 0.001± 0.001± 0.002
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Table 5: Di↵erential cross-section for prompt D+ production as a function of pT in pPb collisions
at forward and backward rapidities. The first uncertainty is statistical, the second the component
of the systematic uncertainty that is uncorrelated between bins and the third the correlated
systematic component.

pT[ GeV/c] d�/dpT [ mb/(GeV/c)] (Forward)
[1, 2] 40.198± 0.174± 0.717± 2.291
[2, 3] 25.763± 0.057± 0.456± 1.326
[3, 4] 12.959± 0.019± 0.219± 0.638
[4, 5] 6.311± 0.012± 0.135± 0.300
[5, 6] 3.188± 0.007± 0.064± 0.151
[6, 7] 1.693± 0.012± 0.042± 0.081
[7, 8] 0.943± 0.005± 0.022± 0.045
[8, 9] 0.559± 0.005± 0.014± 0.028
[9, 10] 0.306± 0.001± 0.008± 0.015
[10, 11] 0.194± 0.002± 0.004± 0.010
[11, 12] 0.130± 0.001± 0.004± 0.007
[12, 13] 0.071± 0.001± 0.002± 0.004
[13, 14] 0.048± 0.001± 0.002± 0.003

pT[ GeV/c] d�/dpT [ mb/(GeV/c)] (Backward)
[1, 2] 40.492± 0.161± 0.785± 4.317
[2, 3] 23.726± 0.031± 0.402± 2.241
[3, 4] 10.684± 0.014± 0.170± 0.981
[4, 5] 4.720± 0.008± 0.094± 0.414
[5, 6] 2.170± 0.005± 0.041± 0.188
[6, 7] 1.050± 0.004± 0.020± 0.093
[7, 8] 0.557± 0.006± 0.013± 0.051
[8, 9] 0.289± 0.002± 0.007± 0.026
[9, 10] 0.166± 0.001± 0.004± 0.015
[10, 11] 0.101± 0.001± 0.003± 0.010
[11, 12] 0.069± 0.001± 0.003± 0.007
[12, 13] 0.038± 0.000± 0.002± 0.003
[13, 14] 0.025± 0.000± 0.001± 0.002
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Table 6: Di↵erential cross-section for prompt D+
s production as a function of y⇤ in pPb collisions

at forward and backward rapidities. The first uncertainty is statistical, the second the component
of the systematic uncertainty that is uncorrelated between bins and the third the correlated
systematic component.

y⇤ d�/dy⇤ [ mb ] (Forward)
[1.5, 2.0] 19.032± 0.467± 1.622± 2.098
[2.0, 2.5] 19.347± 0.231± 0.790± 1.854
[2.5, 3.0] 18.918± 0.276± 0.482± 1.749
[3.0, 3.5] 17.129± 0.344± 0.449± 1.606
[3.5, 4.0] 11.227± 0.594± 0.414± 1.113

y⇤ d�/dy⇤ [ mb ] (Backward)
[�2.5,�3.0] 22.148± 0.434± 1.383± 3.142
[�3.0,�3.5] 21.695± 0.392± 0.539± 2.667
[�3.5,�4.0] 18.086± 0.342± 0.414± 2.214
[�4.0,�4.5] 15.176± 0.329± 0.714± 1.962
[�4.5,�5.0] 8.814± 0.459± 1.047± 1.002

Table 7: Di↵erential cross-section for prompt D+ production as a function of y⇤ in pPb collisions
at forward and backward rapidities. The first uncertainty is statistical, the second the component
of the systematic uncertainty that is uncorrelated between bins and the third the correlated
systematic component.

y⇤ d�/dy⇤ [ mb ] (Forward)
[1.5, 2.0] 43.77± 0.31± 0.98± 2.90
[2.0, 2.5] 43.18± 0.10± 0.71± 2.26
[2.5, 3.0] 39.59± 0.09± 0.74± 1.88
[3.0, 3.5] 33.58± 0.09± 0.58± 1.62
[3.5, 4.0] 24.60± 0.12± 0.92± 1.22

y⇤ d�/dy⇤ [ mb ] (Backward)
[�3.0,�2.5] 44.40± 0.23± 0.96± 4.73
[�3.5,�3.0] 41.19± 0.08± 0.68± 3.80
[�4.0,�3.5] 35.70± 0.07± 0.59± 3.47
[�4.5,�4.0] 27.78± 0.21± 0.75± 2.74
[�5.0,�4.5] 19.10± 0.06± 0.99± 2.13
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Figure 13: Nuclear modification factor RpPb for prompt D+
s production as a function of pT in

di↵erent y⇤ intervals. The vertical error bars show the statistical uncertainties and the boxes show
the systematic uncertainties. The coloured bands represent the theoretical calculations using
the HELAC-Onia generator [47,48], incorporating nPDFs EPPS16 (grey) [50] and nCTEQ15
(blue) [51].
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Figure 14: Nuclear modification factor RpPb for prompt D+ production as a function of pT in
di↵erent y⇤ intervals. The vertical error bars show the statistical uncertainties and the boxes show
the systematic uncertainties. The coloured bands represent the theoretical calculations using
the HELAC-Onia generator [47,48], incorporating nPDFs EPPS16 (grey) [50] and nCTEQ15
(blue) [51]. The coloured line represent the CGC2 (red) calculations [59].
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Table 8: Nuclear modification factor RpPb for prompt D+
s production as a function of pT

at forward (integrated over the common rapidity region of 2.0 < y⇤ < 4.0) and backward
(integrated over the common rapidity region of �4.5 < y⇤ < �2.5) rapidity. The first uncertainty
is statistical, the second systematic.

pT [ GeV/c ] RpPb (Forward)
[1, 2] 0.800± 0.021± 0.112
[2, 3] 0.705± 0.005± 0.066
[3, 4] 0.731± 0.006± 0.057
[4, 5] 0.742± 0.007± 0.058
[5, 6] 0.764± 0.008± 0.063
[6, 7] 0.816± 0.014± 0.080
[7, 8] 0.829± 0.022± 0.090
[8, 9] 0.852± 0.016± 0.117
[9, 10] 0.845± 0.019± 0.109

pT [ GeV/c ] RpPb (Backward)
[1, 2] 0.957± 0.022± 0.160
[2, 3] 0.967± 0.009± 0.111
[3, 4] 0.956± 0.008± 0.101
[4, 5] 0.928± 0.009± 0.099
[5, 6] 0.896± 0.010± 0.107
[6, 7] 0.817± 0.015± 0.100
[7, 8] 0.883± 0.013± 0.110
[8, 9] 0.862± 0.018± 0.136
[9, 10] 0.819± 0.028± 0.127

Table 9: Nuclear modification factor RpPb for prompt D+
s production as a function of y⇤,

integrated over 1 < pT < 10GeV/c. The first uncertainty is statistical, the second systematic.

y⇤ RpPb

[�4.5,�4.0] 1.172± 0.012± 0.147
[�4.0,�3.5] 1.016± 0.019± 0.123
[�3.5,�3.0] 0.941± 0.017± 0.112
[�3.0,�2.5] 0.869± 0.017± 0.144
[2.0, 2.5] 0.887± 0.011± 0.131
[2.5, 3.0] 0.742± 0.011± 0.072
[3.0, 3.5] 0.743± 0.015± 0.067
[3.5, 4.0] 0.635± 0.034± 0.069
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Table 11: Nuclear modification factor RpPb for prompt D+ production as a function of pT
at forward (integrated over the common rapidity region of 2.0 < y⇤ < 4.0) and backward
(integrated over the common rapidity region of �4.5 < y⇤ < �2.5) rapidity. The first uncertainty
is statistical, the second systematic.

pT [ GeV/c ] RpPb (Forward)
[1, 2] 0.652± 0.002± 0.058
[2, 3] 0.693± 0.002± 0.053
[3, 4] 0.715± 0.001± 0.051
[4, 5] 0.727± 0.001± 0.059
[5, 6] 0.746± 0.002± 0.058
[6, 7] 0.779± 0.005± 0.070
[7, 8] 0.787± 0.005± 0.071
[8, 9] 0.783± 0.010± 0.078
[9, 10] 0.929± 0.006± 0.087

pT [ GeV/c ] RpPb (Backward)
[1, 2] 0.808± 0.004± 0.100
[2, 3] 0.850± 0.001± 0.089
[3, 4] 0.834± 0.001± 0.083
[4, 5] 0.831± 0.001± 0.085
[5, 6] 0.809± 0.002± 0.085
[6, 7] 0.808± 0.003± 0.088
[7, 8] 0.797± 0.008± 0.085
[8, 9] 0.758± 0.004± 0.089
[9, 10] 0.841± 0.005± 0.098

Table 12: Nuclear modification factor RpPb for prompt D+ production as a function of y⇤,
integrated over 1 < pT < 10GeV/c. The first uncertainty is statistical, the second systematic.

y⇤ RpPb

[�4.5,�4.0] 0.892± 0.007± 0.096
[�4.0,�3.5] 0.854± 0.002± 0.087
[�3.5,�3.0] 0.796± 0.002± 0.088
[�3.0,�2.5] 0.791± 0.004± 0.102
[2.0, 2.5] 0.764± 0.002± 0.078
[2.5, 3.0] 0.704± 0.002± 0.053
[3.0, 3.5] 0.649± 0.002± 0.045
[3.5, 4.0] 0.591± 0.003± 0.055
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Table 14: Forward and backward production ratio RFB for prompt D+
s mesons as a function of

pT and y⇤. The first uncertainty is statistical, the second systematic.

pT [ GeV/c ] RFB

[1, 2] 0.763± 0.032± 0.103
[2, 3] 0.743± 0.011± 0.079
[3, 4] 0.752± 0.011± 0.075
[4, 5] 0.764± 0.013± 0.073
[5, 6] 0.858± 0.016± 0.084
[6, 7] 0.982± 0.030± 0.102
[7, 8] 0.980± 0.030± 0.089
[8, 9] 0.921± 0.028± 0.092
[9, 10] 1.028± 0.051± 0.119
[10, 11] 0.978± 0.057± 0.148
[11, 12] 1.028± 0.074± 0.144
[12, 13] 1.068± 0.144± 0.161
|y⇤| RFB

[2.5, 3.0] 0.854± 0.021± 0.119
[3.0, 3.5] 0.790± 0.021± 0.084
[3.5, 4.0] 0.623± 0.035± 0.071

Table 15: Forward and backward production ratio RFB for prompt D+ mesons as a function of
pT and y⇤. The first uncertainty is statistical, the second systematic.

pT [ GeV/c ] RFB

[1, 2] 0.775± 0.004± 0.092
[2, 3] 0.785± 0.003± 0.082
[3, 4] 0.832± 0.002± 0.083
[4, 5] 0.878± 0.003± 0.086
[5, 6] 0.913± 0.004± 0.088
[6, 7] 0.979± 0.010± 0.097
[7, 8] 0.993± 0.014± 0.101
[8, 9] 1.048± 0.022± 0.111
[9, 10] 1.081± 0.013± 0.118
[10, 11] 1.103± 0.022± 0.127
[11, 12] 1.097± 0.028± 0.126
[12, 13] 1.101± 0.049± 0.137
[13, 14] 1.272± 0.044± 0.163
|y⇤| RFB

[2.5, 3.0] 0.881± 0.005± 0.104
[3.0, 3.5] 0.814± 0.003± 0.086
[3.5, 4.0] 0.690± 0.004± 0.072
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Figure 16: The production cross-section ratio �D+
s
/�D+ as a function of pT and y⇤ in pPb

collisions. The error bars show the statistical uncertainty, the red boxes the uncorrelated
systematic uncertainty and the blue boxes the correlated systematic uncertainty. The coloured
bands correspond to the theoretical calculations, incorporating nPDFs EPPS16 (gray) [50] and
nCTEQ15 (cyan) [51].
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Figure 17: The production cross-section ratio, �D+
s
/�D+ , versus normalized event multiplicity in

di↵erent D-meson pT (2-6GeV/c) and y⇤ ranges for the (six upper plots) forward and (six lower
plots) backward rapidities. The vertical error bars show the statistical uncertainty, the boxes
the systematic.
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Figure 18: The production cross-section ratio, �D+
s
/�D+ , versus normalized event multiplicity

in di↵erent D-meson pT (6-12GeV/c) and y⇤ ranges for the (six upper plots) forward and (six
lower plots) backward rapidities. The vertical error bars show the statistical uncertainty, the
boxes the systematic.
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