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An issue has been identified in the simulated samples used to calculate the efficiencies, which

affects the published cross-section measurements from pp collisions at
√
s = 13 TeV [1].

What follows is a brief description of the nature of the problems, before the corrected

results are given.

The charge collected in the LHCb VELO sensors is affected by radiation damage. One

such effect, which is more pronounced in the outer regions of downstream sensors, arises

from charge induction on second metal layer routing lines [2]. Prior to the start of Run 2,

modifications were made to the digitization step in the LHCb simulation framework to

model this effect. An error was made in the parametric implementation resulting in a

reduction of the track reconstruction efficiency in simulation compared to data for tracks

with low pseudorapidity. The tracking efficiency calibration procedure that was applied in

this paper to the data and simulation [3] was unable to correct the mismodelling.

All results presented in the paper are affected and a similar pattern is seen for all

four different mesons. The corrected cross-sections are generally lower with the largest

difference at low rapidities and almost no change at high rapidities.

The corrected inclusive cross-sections for the four mesons, including charge conjuga-

tion, within the range of 1 < pT < 8 GeV/c are:

σ(pp→ D0X) = 2072± 2± 124 µb,

σ(pp→ D+X) = 834± 2± 78 µb,

σ(pp→ D+
s X) = 353± 9± 76 µb,

σ(pp→ D∗+X) = 784± 4± 87 µb,

The estimated cc cross-section is:

σ(pp→ ccX)pT< 8 GeV/c, 2.0<y< 4.5 = 2369± 3± 152± 118 µb.

All tables and figures in which the measurements are affected are given below, with the

numbering and captions being identical to those in the original paper. The corrected 13

over 7 TeV ratios, shown in figure 7, are now in good agreement with the predictions. The

7 TeV integrated cc cross-section scaled by a predicted factor is now also in agreement with

the measured cross-section at 13 TeV. Therefore, the statements made in the paragraph

beginning “The data are consistently above. . . ” and the paragraph beginning “The abso-

lute predictions for the. . . ”, each towards the end of section 7, are no longer supported.

The exception is the sentence beginning “The measurements are consistent with. . . ” in

the latter paragraph, which is still justified.
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Figure 5. Measurements and predictions for the absolute prompt (top) D0, and (bottom) D+

cross-sections at
√
s = 13 TeV. Each set of measurements and predictions in a given rapidity bin is

offset by a multiplicative factor 10−m, where the factor m is shown on the plots. The boxes indicate

the ±1σ uncertainty band on the theory predictions. In cases where this band spans more than two

orders of magnitude only its upper edge is indicated.
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Figure 6. Measurements and predictions for the absolute prompt (top) D+
s , and (bottom) D∗+

cross-sections at
√
s = 13 TeV. Each set of measurements and predictions in a given rapidity bin is

offset by a multiplicative factor 10−m, where the factor m is shown on the plots. The boxes indicate

the ±1σ uncertainty band on the theory predictions. In cases where this band spans more than two

orders of magnitude only its upper edge is indicated.
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Figure 7. Measurements and predictions of the prompt D0, D+, D+
s , and D∗+ cross-section ratios.

The dash-dotted lines indicate the unit ratio for each of the rapidity intervals and the dashed lines

indicate a ratio of two. Each set of measurements and predictions in a given rapidity bin is offset

by an additive constant m, which is shown on the plot. No prediction is available for the D+
s ratio.
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Uncertainties (%) Correlations (%)

D0 D+ D+
s D∗+ Bins Modes

Luminosity 3.9 100 100

Tracking 3–10 4–14 4–14 5–11 90–100 90–100

Branching fractions 1.2 2.1 5.8 1.5 100 0–95

Simulation sample size 1–26 1–39 1–55 1–23 0 0

Simulation modelling 1 1 0.2 0.9 0 0

PID sample size 0–2 0–1 0–2 0–1 0–100 0–100

PID binning 0–44 0–10 0–20 0–15 100 100

PDF shapes 1–6 1–5 1–2 1–2 — —

Table 2. Systematic uncertainties expressed as fractions of the cross-section measurements, in

percent. Uncertainties that are computed bin-by-bin are expressed as ranges giving the minimum

to maximum values. Ranges for the correlations between pT-y bins and between modes are also

given, expressed in percent.

Extrapolation factor Cross-section (µb)

D0 0 < pT < 8 GeV/c 2 < y < 4.5 1.0014± 0.0024 2709± 2± 165

D+ 0 < pT < 8 GeV/c 2 < y < 4.5 1.049± 0.031 1102± 5± 111

D0 1 < pT < 8 GeV/c 2 < y < 4.5 1.0018± 0.0025 2072± 2± 124

D+ 1 < pT < 8 GeV/c 2 < y < 4.5 — 834± 2± 78

D+
s 1 < pT < 8 GeV/c 2 < y < 4.5 — 353± 9± 76

D∗+ 1 < pT < 8 GeV/c 2 < y < 4.5 1.102± 0.081 784± 4± 87

D0 0 < pT < 8 GeV/c 2.5 < y < 4 — 1720± 1± 98

D+ 0 < pT < 8 GeV/c 2.5 < y < 4 — 706± 4± 66

D0 1 < pT < 8 GeV/c 2.5 < y < 4 — 1313± 1± 73

D+ 1 < pT < 8 GeV/c 2.5 < y < 4 — 527± 1± 45

D+
s 1 < pT < 8 GeV/c 2.5 < y < 4 — 227± 2± 24

D∗+ 1 < pT < 8 GeV/c 2.5 < y < 4 — 493± 2± 41

Table 3. Prompt charm production cross-sections in the kinematic ranges given. The computation

of the extrapolation factors is described in the text. The first uncertainty on the cross-section is

statistical, and the second is systematic and includes the contribution from the extrapolation factor.

No extrapolation factor is given for D+
(s) as a measurement is available in every bin of the integrated

phase space.
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Figure 8. Ratios of cross-section-times-branching-fraction measurements of (top) D+, (middle)

D+
s , and (bottom) D∗+ mesons with respect to the D0 measurements. The bands indicate the

corresponding ratios computed using measurements from e+e− collider experiments [39–41]. The

ratios are given as a function of pT and different symbols indicate different ranges in y. The notation

σ(D → f) is shorthand for σ(D)× B(D → f).
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Figure 9. Integrated cross-sections (black diamonds), their average (black circle and blue band)

and theory predictions (red squares) [1, 2] are shown (left) based on the D0 and D+ for 0 <

pT < 8 GeV/c and (right) for measurements based on all four mesons for 1 < pT < 8 GeV/c.

The “absolute” predictions are based on calculations of the 13 TeV cross-section, while the “scaled”

predictions are based on calculations of the 13 to 7 TeV ratio multiplied with the LHCb measurement

at 7 TeV [16].

Quantity Measurement

σ(D+ → K−π+π+)/σ(D0 → K−π+) 0.950+ 0.003
− 0.003

+ 0.040
− 0.040

σ(D+
s → [K−K+]φπ

+)/σ(D0 → K−π+) 0.0991+0.0026
−0.0026

+0.0053
−0.0079

σ(D∗+ → [K−π+]D0π+)/σ(D0 → K−π+) 0.256+ 0.001
− 0.001

+ 0.021
− 0.021

σ(D+
s → [K−K+]φπ

+)/σ(D+ → K−π+π+) 0.1043+0.0028
−0.0028

+0.0038
−0.0066

σ(D∗+ → [K−π+]D0π+)/σ(D+ → K−π+π+) 0.270+ 0.002
− 0.002

+ 0.023
− 0.022

σ(D+
s → [K−K+]φπ

+)/σ(D∗+ → [K−π+]D0π+) 0.390+ 0.010
− 0.010

+ 0.038
− 0.045

Table 4. Ratios of integrated cross-section-times-branching-fraction measurements in the kine-

matic range 1 < pT < 8 GeV/c and 2 < y < 4.5. The first uncertainty on the ratio is statistical and

the second is systematic. The notation σ(D → f) is shorthand for σ(D)× B(D → f).
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Figure 10. Ratios of cross-section-times-branching-fraction measurements of (top) D∗+, and (mid-

dle) D+
s mesons with respect to D+ cross-sections, and (bottom) D+

s over D∗+ mesons. The

bands indicate the corresponding ratios computed using measurements from e+e− collider exper-

iments [39–41]. The ratios are given as a function of pT and different symbols indicate different

ranges in y. The notation σ(D → f) is shorthand for σ(D)× B(D → f).
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N. Déléage4, M. Demmer9, D. Derkach65, O. Deschamps5, F. Dettori38, B. Dey21, A. Di Canto38,

F. Di Ruscio24, H. Dijkstra38, S. Donleavy52, F. Dordei11, M. Dorigo39, A. Dosil Suárez37,
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c Università di Bari, Bari, Italy
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f Università di Ferrara, Ferrara, Italy
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i Università di Genova, Genova, Italy
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