
Dear Editor, 
We would like to thank the referees for reviewing this paper and furnishing this report. 
 
We have carefully considered all comments, and we have applied corresponding changes to the 
original version of the paper to address the issues raised. Detailed responses to all the 
comments can be found below. 
 
We are at your disposal for any further clarifications and/or additional information. 
 
Sincerely, 
CMS Collaboration 
 

 
 
Reviewer #1: 
The CMS Collaboration presents pioneering measurements of the second Fourier harmonic 
coefficient of prompt D0 mesons in pp collisions at 13 TeV and nonprompt D0 mesons, 
originating from beauty decays, produced in pPb collisions at 8.16 TeV. The measurements of 
prompt D0 are done for different event multiplicities and pt ranges in both pp and pPb and as a 
function of pt for nonprompt D0's in pPb. The analyses are sound and use advanced techniques 
for selection and extraction of the v2 coefficients using long-range angular correlations. The 
systematic uncertainties are carefully evaluated and clearly presented in this Letter. The 
observed v2 mass hierarchy of heavy-flavor hadrons in pPb and the new measurements of D0 
hadrons in pp provide insights into the origin of charm and beauty quark collective behavior in 
small systems.  
 
The Letter is well written, and the different aspects of the analyses are introduced clearly. These 
measurements contribute directly to the progress of the field. Nonetheless, I would like to clarify 
with the authors several questions before the letter is published.  
 
General comments:  
 
The authors claim to measure the open beauty hadrons v2 via nonprompt D0's. However, I am 
missing a more detailed discussion on this assumption besides the mentioning of the fact that 
the nonprompt D0's carry >50% of B's pT based on simulations. How accurate can you 
determine the v2 of B's and ultimately, what limits can you set from this measurement? 
The figures shown below are studies from MC simulations with pythia+evtgen. We have added 
some more details to the letter, in the second paragraph in section “results”, based on these 
studies. It reads 
“Based on MC simulations with EVTGEN and PYTHIA [70, 79], nonprompt D0 mesons 
carry more than 50% of B transverse momenta. The deviation of nonprompt D0 meson 
azimuthal distributions from B mesons could reduce the extracted  v2 values at fixed B 
meson pT. Taking the gluon saturation model as an example, the maximum v2 of B 



mesons is at pT ∼ 6 GeV [78], while the maximum v2 value of nonprompt D0 mesons is 
about 70% of that of B mesons at D0 pT ∼4GeV due to  the effects discussed above.” 

 
  
Would it be possible to compare the results of nonprompt v2 to a model where flow originates 
from final-state rescatterigns? It would be very helpful in order to judge the quantitative and 
qualitative predictions arising from the CGC calculation. 
Currently, no theoretical calculation based on final-state rescatterings in pA collisions is 
available. 
 
Figures:  
 
Use consistently italic fonts in the text and in figure labels for p_T, m_inv, y, V,… Figs 1-6 For 
those figures that include a fit, consider adding the chi2/ndf to the information provided in the 
plot. 
We have updated the figures to make everything consistent. Chi2/ndf are plotted on figures. 
 
Table:  
 
Consider using a global multiplier (for example 10E-3) in order to reduce the number of zeroes 
in order to improve the readability of the significance of the uncertainties.  
We have updated the table with the global multiplier 10E-3. 
 
1 Introduction 
 
Mention the pseudorapidity gap used in this analysis in the last paragraph of the introduction. 

The pseudorapidity gap has been added to the last paragraph of the introduction. Now it reads 
“This Letter presents the first measurement of …, using long-range (|∆η| > 1) two-particle 
angular correlations.“ 



2 Experimental apparatus 
 
The typical track resolution is given for |eta|<1.4, however in the analysis it is used |eta|<2.4; 
how does the pt track resolution depend upon the rapidity? 
The resolution in pT of tracks is typically 2-3%, and 70-900 (25-200)um in longitudinal 
(transverse) direction, in forward region. 
 
3 Reconstruction and selection 
 
Do you use any mass window when selecting D0 candidates? If yes, please mention it.  
We used a mass window to select D0 candidates. We have added a sentence after the first 
sentence of this section. “The invariant mass of D0 candidates is required to be from 
1.725--2.000 GeV to cover the world-average D0 mass [68].” 
 
Are all the subsystems listed in the "experimental apparatus" section used to select kaon and 
pion candidates? If not, mention which detectors are being used in these analyses. 
We have pointed out that tracks used in this analysis are from silicon tracker in the third 
sentence of the first paragraph of this section. “In order to ..., high-purity tracks [62] 
reconstructed using the silicon tracker with pT> 0.7GeV, |ηlab| < 2.4, smaller than 10% 
relative uncertainty in pT and the number of valid hits >= 11 are used. For each pair of selected  

tracks, two D0 candidates are considered by assuming that one of the tracks has the pion mass 
while the other track has the kaon mass, and vice versa.” 
 
Use a more adequate "decay products" or similar instead of "daughter particles". 
We have replaced every appearance of “daughter particles” with “decay products”. 
 
In the paragraph where the selection is explained you mention the number of valid hits and 
relative pt uncertainties. The latter is already mentioned before as a sharp selection of 10%, 
however I could not find any information regarding the number of valid hits. What is this variable 
and how a selection based on it is done? In the same section, the list of variables used to 
identify the D0's is introduced twice. The first time as the list of selection variables and the 
second as the list of training variables for the BDT. Are you using two selection methods or just 
the BDT? Please clarify and if you just use BDT consider simplifying the text.  
The number of valid hits is one of pre-BDT selections and is required to be larger than or equal 
to 11 according to previous publications, for example, PRL 121 (2018) 082301. We only used 
BDT to make final selections. We have rephrased the paragraph to avoid confusions. Now the 
first and the second paragraph read like the following. 
“... tracks with … smaller than 10% relative uncertainty in pT and the number of valid hits 
>= 11 are used. ...” 
“The D0 candidates are selected based upon the fol-lowing variables: their daughter charged 
particle track kinematics; the number of valid hits and relative pT uncertainties; the χ2 probability 
of daughter tracksto originate from a common decay vertex; the three-dimensional distance 
(normalized or not by its uncertainty) between the primary and decay vertices; and the pointing 
angle (defined as the angle between the line segment connecting the primary and decay 



vertices and the momentum vector of the reconstructed particle candidates). The D0 candidates 
are selected using a multivariate technique that employs the boosted decision tree algorithm in 
Toolkit for Multivariate Data analysis with ROOT [69]. ... The training variables related to D0 
mesons include: the χ2 probability for D0 vertex fitting; the three-dimensional distance (with and 
without being normalized by its uncertainty) between the primary and decay vertices; and the 
three-dimensional pointing angle. The training variables related to the decay products are: pT; 
pseudorapidity and the longitudinal and transverse track impact parameter significance. ...” 
 
Is any specific package used for the BDT or it is a custom software? 
We used the TMVA package for the BDT. Now we have explicitly pointed it out in the first 
sentence of the second paragraph in the section “D0 reconstruction”.  
“The D0 candidates are selected using a multivariate technique that employs the boosted 
decision tree (BDT) algorithm in Toolkit for Multivariate Data analysis with ROOT.” 
 
4 Data analysis 
 
The first sentences of the section are shared with previous publication [57] where an analysis of 
D0 and of strange hadrons is presented. Reformulate the sentences to adapt it to the topic of 
this publication.  

We have rephrased the sentence like this.  

“The azimuthal anisotropies of D0 mesons are extracted from their long-range (|∆η| > 1) 
two-particle azimuthal correlations of D0 candidates with charged particles, as described in 
Refs. [19, 26]. The two- dimensional (2D) correlation function is constructed by pairing each D0 
candidate with reference primary charged-particle tracks with …” 

5 Systematic uncertainties  
 
After carefully looking at the different sources of systematic uncertainties I would like to clarify 
why the efficiency and acceptance corrections are not applied? They have been calculated and 
at least in the prompt D0 measurement in pPb they are the leading term. By reducing it, the 
overall systematic uncertainty could be improved. 
The efficiency correction behaves like the leading term only in a couple of bins. It is a very small 
source compared to others. For D0 in pPb collisions, the range listed in the paper is 1e-4 -- 
0.013. However, the value 0.013 corresponds to v2 for 6<pT<8 and 35<Ntrk<90. Systematic 
uncertainty for that point is clearly larger than others v2 points, shown in Fig. 5. For other v2 
points, systematic uncertainties from efficiency correction is typically 1e-4 -- 3e-3, which are 
much smaller than other systematic sources and statistical uncertainties. Applying efficiency 
correction will not improve the significance of physics messages. The efficiency table from MC 
signal is applied to both signal and background. When applying corrections, background in data 
is weighted by wrong values. The systematic uncertainty is reduced only when signal extraction 
is perfect without any uncertainty. To summarize, the current method in the letter covers the 
effects from systematic uncertainties from efficiency correction and the correction shows a small 
or negligible effect. So we would like to follow the publication PRL 121 (2018) 082301, in which 



letter the same strategy was used. To avoid concerns of readers, we add a sentence in the 
main text of the letter. 
“For most of bins, the uncertainties from yield correction are less than 0.003 and small (or 
negligible) compared to other sources and statistical uncertainties.” 
 
In the pp case, the leading term is the jet subtraction. Could this procedure be improved by any 
means? What is the limiting effect?  
Jet subtraction is the leading term in systematic uncertainties for 20<Ntrk<40. In other regions, 
this source is comparable to others since the uncertainty from jet subtraction is largely 
suppressed by Ntrk ratios. The subtraction is limited by the poor data precision in the low 
multiplicity region (Ntrk < 20 in this analysis). The production of D0 in the region Ntrk<20 is rare. 
There are two methods used in previous publications, data-driven subtraction (used in this 
analysis) and template fit. Both of them extract jet correlations from low multiplicity events and 
are limited to the data precision. The latter one will underestimate the jet correlations. An 
example of the latter method is PRC  96 (2017) 2, 024908. We choose the former one other 
than template-fit, following PLB 765 (2017) 193, PRL 121 (2018) 082301, PLB 791 (2019) 172. 
We added a sentence to the main text to discuss this effect more. 
“This effect diminishes towards high multiplicity regions because of the small Ntrk ratio 
according to Eq. (7)” 
 
6 Results 
 
Consider adding in the discussion how these new results compare to the measurements in AA 
to provide a broader view. 
We have added a sentence at the end of the next-to-last paragraph in this section. to discuss 
the comparison to measurements in AA, citing PLB 807 (2020) 135595. 
“The ordering of muon $v_2$ from charm and beauty decay at low pT is also observed in PbPb 
collisions where final-state scatterings play an important role [79].” 
 

 
 
Reviewer #2:  
Report on the article "Studies of charm and beauty hadron long-range correlations in pp and 
pPb collisions at LHC energies" by the CMS collaboration. 
 
The above mentioned article contains important results on the long-range correlations of the 
azimuthal distributions of prompt and nonprompt D0. 
The experimental procedure and the conclusions do not leave any doubts about the correctness 
of the results.  
Therefore, this paper should be published in Phys. Lett. B.  
 
I have a very few small comments I would like to address. 
 
page 1 



line before the last line: "compared to small hadronic collisions". What does this mean here? 
Can you please rephrase? This looks to me like jargon. Maybe "compared to small colliding 
systems in hadronic collisions? 
We are referring to pp, pA and AA collisions. We have changed the text to 
“there is no observation of long-range correlations in ee and ep collisions, which are even 
smaller systems compared to pp collisions. ” 
 
page 2, 
line before the last line: "relative uncertainty in p T < 10% are used". Suggest: and with smaller 
than 10% relative uncertainty in pT. (p T < 10% can be misunderstood) 
We changed the text to the following to avoid confusions. 
“Tracks with pT>0.7GeV and |eta|<2.4, smaller than 10% relative uncertainty in pT, and the 
number of valid hits >= 11 are used.” 
 
page 3: 
1/16π - do you mean (1/16) π ? 
We have rewritten it  as π/16 to avoid confusions. 
 
page 8:  
"This indication". It is not very clear what exactly indication. Maybe you mean the previous 
sentence? Then I would say "This is qualitatively consistent..? 
“This indication” refers to the previous sentence. We have rephrased this sentence to avoid 
confusions. Now the last two sentences in the next to last paragraph of the section “Results” 
read 
“These studies suggest a flavor hierarchy of the collectivity signal that tends to diminish for the 
heavier beauty hadron. This is qualitatively consistent with ...” 
 
page 8, 
second column: "The qualitative agreement between data and theory suggest" should be " 
suggests" 
We have fixed the grammar error in the third sentence of the last paragraph of the section 
“Results”. Now it reads “The qualitative agreement between data and theory suggests that 
initial-state effects may play an important role in the generation of collectivity for these particles 
in pPb collisions.” 
 


