
We are grateful to the referee for the careful reading of the review and for the comments and suggestions. 
Our replies are given in blue after each comment. In some cases we have opted for keep our original structure and formulations.

Best regards.


Comments to the Authors (Referee n. 5)
---------------------------------------------------------------

The  scope of  this report  is  to review  the open  heavy flavor  and quarkonium   production   in   proton-proton,    proton-nucleus and nucleus-nucleus collision. The emphasis is on what has been understood from the  LHC Run I data  and how  it has  shed light  on fundamental aspects of QCD  and how this will  impact  the second  LHC run.  The state of  the art  of our understanding  of the role  of hot  and cold effects on  the production  mechanisms should  be reviewed  and future perspectives of existing and new experiments should be addressed.

This is a very interesting and important field in dynamical evolution with a lot of progress in  theory and new data coming soon: a review  on the subject is surely welcome and very much needed. However, it is important that the review reports and highlights the state of the art in the field  in its completeness and novelty indicating the new directions.

In this respect  I have some comments for  changes and improvement. I will focus  my attention on Section 2 "Heavy  Flavour and quarkonium
production in pp collision" and  Section 5 "Quarkonia in nucleus-nucleus collisions".

Comments to Section 2

In section 2.1.2 quarkonium production is introduced.  Please define v as the  velocity of  the quark in  the bound state  and give  range of
values for such parameter.  When  you introduce NRQCD you should quote the NRQCD production  original paper, i.e.. hep-ph/9407339.  

ANSWER: We have defined the heavy-quark velocity and given a range for both charmonium and bottomonium systems. We had indeed forgotten the reference  hep-ph/9407339 when we introduced NRQCD. This has been added.

I do not think it  is justified  to speak of  colour evaporation  models, color singlet   model  and   colour  octet   mechanism  as   three  separate
models. While the first one is a  model, the color singlet model is in approximation of  QCD that  strictly speaking gives  divergent results
and so it is not defined. It was  used at the beginning of QCD when it was not yet  clear which physical scale/effect was  regularizing the infrared divergence. So I would not speak of the color singlet approximation as any kind  of model.  

ANSWER: In the context of a review covering also heavy-ion collisions, we considered important to address differences in the production mechanisms which could be relevant for nuclear-induced effects. The color state of the propagating heavy-quark pair is one of such characteristics. We are aware that some divergences may appear for “some” processes in the color singlet approach, however they do not systematically appear. In particular, the color singlet model gives finite results at LO, NLO and NNLO accuracy in the case of direct J/psi and Upsilon hadroproduction. We agree that the situation is different for the P waves. Still, in our opinion it makes sense to refer to this approximation as a specific approach where the heavy-quark propagates as a color singlet state in the nuclear matter, since it looses its color at short distances typical of the hard scattering. 
The formulation «  color singlet model model/production/contribution  » is widely used in recent literature. See e.g.:

Gluon saturation effects on the color singlet J/\psi production in high energy dA and AA collisions.  By F. Dominguez, D.E. Kharzeev, E.M. Levin, A.H. Mueller, K. Tuchin. [arXiv:1109.1250 [hep-ph]]. Phys.Lett. B710 (2012) 182-187.

Color-singlet $J/\psi$ production at O(\alpha_s^6) in Upsilon decay.  By Zhi-Guo He, Jian-Xiong Wang. [arXiv:1009.1563 [hep-ph]]. Phys.Rev. D82 (2010) 094033.

Inclusive J/\psi Production In \Upsilon Decay Via Color-singlet Mechanism.  By Zhi-Guo He, Jian-Xiong Wang. [arXiv:0911.0139 [hep-ph]]. Phys.Rev. D81 (2010) 054030.

The Color-singlet contribution to e^{+} e^{-} \to J/\psi + X at the endpoint.  By Adam K. Leibovich, Xiaohui Liu. [arXiv:0705.3230 [hep-ph]]. Phys.Rev. D76 (2007) 034005.

Inelastic J / psi production at HERA in the color singlet model with k(T) factorization.  By A.V. Lipatov, N.P. Zotov. [hep-ph/0210310]. Eur.Phys.J. C27 (2003) 87-99.

Complete Nonrelativistic-QCD Prediction for Prompt Double J/ψ Hadroproduction  Zhi-Guo He, Bernd A. Kniehl .  Published in Phys.Rev.Lett. 115 (2015) 2, 022002 

$\eta_c$ production at the LHC challenges nonrelativistic-QCD factorization  Mathias Butenschoen, Zhi-Guo He, Bernd A. Kniehl .  Published in Phys.Rev.Lett. 114 (2015) 9, 092004
 
Transverse single spin asymmetry in hadronic ηc,b production.  By Andreas Schafer, Jian Zhou. [arXiv:1302.4600 [hep-ph]]. Phys.Rev. D88 (2013) 1, 014008.

Next-to-leading-order QCD corrections to the yields and polarisations of J/Psi and Upsilon directly produced in association with a Z boson at the LHC.  By Bin Gong, Jean-Philippe Lansberg, Cedric Lorce, Jianxiong Wang. [arXiv:1210.2430 [hep-ph]]. JHEP 1303 (2013) 115.


The color-octet  mechanism is not a  model and is not  even   a  mechanism.   Color  octets   naturally  arise  in QCD and in particular in  the nonrelativistic  effective  field  called   NRQCD.   

ANSWER: Also in this case, we would prefer to keep this formulation, which is very common in the literature, see e.g.:

Upsilon decay to two-charm quark jets as a Probe of the Color Octet Mechanism.  By Yu-Jie Zhang, Kuang-Ta Chao. [arXiv:0808.2985 [hep-ph]]. Phys.Rev. D78 (2008) 094017.

Evidence for color octet mechanism from CERN LEP-2 \gamma \gamma \to J/\psi + X data.  By M. Klasen, Bernd A. Kniehl, L.N. Mihaila, M. Steinhauser. [hep-ph/0112259]. Phys.Rev.Lett. 89 (2002) 032001.

Towards a solution of the charmonium production controversy: k^- perpendicular factorization versus color octet mechanism.  By P. Hagler, R. Kirschner, A. Schafer, L. Szymanowski, O.V. Teryaev. [hep-ph/0004263]. Phys.Rev.Lett. 86 (2001) 1446-1449.

Chi(2) production in polarized p p collisions at RHIC: Measuring \Delta G and testing the color octet model.  By R.L. Jaffe, D. Kharzeev. [hep-ph/9903280]. Phys.Lett. B455 (1999) 306-310.

Prompt J/\psi production in association with a $c\bar{c}$ pair within the framework of nonrelativistic QCD via photon-photon collisions at the International Linear Collider.  By Zhan Sun, Xing-Gang Wu, Hong-Fei Zhang. [arXiv:1507.08190 [hep-ph]]. Phys.Rev. D92 (2015) 7, 074021.

I  would suggest therefore to restructure the discussion in a clearer way following for example the  introduction to the production  chapter in hep-ph/0412158 or in arXiv:1010.5827.  

ANSWER: We would prefer to keep the present structure of the quarkonium production section, which is similar to that adopted in section 4.1 of arXiv: 1011.5827.

You should also  refer to other reviews in the field like arXiv:1404.3723 arXiv:1010.5827 hep-ph/0412158.  

ANSWER: We have cited arxiv:1010.5827 (ref 64), which is in our opinion the most detailed recent review. We have not cited arXiv:1404.3723, because it is much more general and not very detailed for quarkonium production.

When it is explained that  in NRQCD the divergences  of the CSM are  cancelled by octet contribution  one should refer to the papers that showed this,
like hep-lat/9205006. 

ANSWER: This paper was cited (our reference [77]) when we discuss the appearance of some divergences in the CSM. 

It is mentioned  that octet log distance matrix elements cannot be evaluated on the lattice.  As a matter of fact some of these have been evaluated on the lattice see e.g.  hep-lat/0503032. It would  be interesting to  discuss what is  the difference and  what is the current challenge in the  calculation of the production  octet matrix elements on the  lattice. 

ANSWER: Whereas this is certainly a good suggestion, we consider this discussion to be beyond the scope of this chapter. The referee is right that a first attempt to evaluate on the lattice some colour octet long distance matrix elements (LDMEs) (for quarkonium decays) was made in 2005 and we have added a footnote to make that clear.
However, to the best of our knowledge no follow-up of this study has been made and, despite the fact that such a lattice analysis hinted at the observation of the NRQCD velocity scaling rules and that crossing symmetry should relate these LDMEs with production LDMEs (which are the ones after which we are here), such results have not been used in (neither guided) the recent state-of-the-art NRQCD NLO fits. 

When you compare  the work of the  three groups that have done the NRQCD NLO calculation I think that you should comment on the problem of the etac polarization versus the J/psi polarization and quote the  latest papers,  for example arXiv:1507.03883.   

ANSWER: This work has appeared after the submission of the review and, in order to avoid an inflation of references in the revised version of this overview, the authors and editors of the present review have decided not to add any reference posterior to the submission date. This “rule” has been applied consistently also for experimental results.

Besides the fragmentation  function  approach papers  you  should  quote the  SCET
papers applied  to quarkonium production  that give the  same results, see e.g.  arXiv:1207.2578.  

ANSWER: We have added a reference to arXiv: 1207.2578.

Recently some papers on Nayak with a proof of NRQCD  factorization appeared, don't  you want to comment on them? 

ANSWER:
References to the papers by Nayak were already given: [82], [83] and [92]. Unless the referee refers to 

1) Proof of Factorization of Heavy Quarkonium Production in Non-Equilibrium QCD at RHIC and LHC.  By Gouranga C. Nayak. [arXiv:1510.04174 [hep-ph]].  2) Proof of Factorization of $J/\Psi$ Production in Non-Equilibrium QCD at RHIC and LHC.  By Gouranga C. Nayak. [arXiv:1509.05303 [hep-ph]].

Both these papers are well posterior to the submission of this review (see the remark above).

In section 2.2.4, Figure 9 it is used to make the point that at low and moderate pt none of the theoretical models presented can be ruled out due to theoretical uncertainties. However  my comments are  in order: the CEM has no  error band shown in the figure; NLO  CSM and NNLO* CSM are not two different models,  they are  two different orders  of the same expansion; as I mentioned before  color singlet it is not a model since it is not even well defined; 
the error band in NLO NRQCD appears small to me and well in agreement  with the data.  Of course the issue is that there  are no theory predictions for small  pt. I would suggest to clarify this discussion. These same comments may apply to other figures in this section and to their related discussion.

ANSWER: The reason why there are no NRQCD curve at low pT is that no NRQCD fit works at low pT (one in fact already sees that the NRQCD curves on Fig 9 (a) starts to overshoot the data at low pT).  A thorough NLO study of the pT integrated cross section including color-octet contribution, i.e. NRQCD, can be found in [57]. It showed that all the recent NLO NRQCD fits, but the one of the Hamburg group (which includes low pT data, but cannot account for the polarisation), overestimate the pT integrated yields at Tevatron and LHC energies.
We have made that clear in the present version, in order to avoid any confusion about the possibility that such NRQCD fit could describe the low pT data. We also added a sentence with a reference about the lack of uncertainties on the CEM preductions. This is indeed unfortunate but this plot was taken as it is from a LHCb paper.


Comments to Section 5

The section starts saying that quarkonium spectroscopy is treated with nonrelativistic potential  theory.  This was  the state of the art 30 years ago at the time of  the potential models.  Now we are addressing quarkonium in QCD using nonrelativistic effective field theory and the lattice. And this is precisely the reason for which quarkonium has become a very  interesting system to study:  because we can study  it in QCD. Therefore the initial sentence of the this section should be changed in agreement with what  I have written above and references should be added  to the reviews hep-ph/0410047, arXiv:1010.5827, arXiv:1404.3723,   hep-ph/0412158  in which  the state of the art theory description is given.

ANSWER: We have kept the first paragraph but we have included a third paragraph where the above discussion has been included and new references have been added.

First paragraph (small change at the beginning):
Historically, the large masses of charm and beauty quarks provide the basis for a quarkonium spectroscopy through non-relativistic potential theory, introducing a confining potential in terms of a string tension~\cite{Satz:2005hx}. 
Second and third paragraph:
Recent studies have shown that the Debye-screened potential develops an imaginary part, implying a class of thermal effects that generate a finite width for the quarkonium peak in the spectral function. These results can be used to study quarkonium  in a weakly coupled Quark Gluon Plasma
within an EFT (Effective Field Theories) framework \cite{Brambilla:2010vq}. On the other hand lattice-QCD enables ab initio study of quarkonium correlation functions in the strongly coupled regime. The sequential dissociation scenario is confirmed by all these approaches~\cite{Brambilla:2010cs}. 

In vacuum, progress in lattice calculations and effective field theories have turned quarkonium physics into a powerful tool to determine the
heavy-quark masses and the strength of the QCD coupling, with an accuracy comparable to other techniques.The measurements of quarkonia in heavy-ion collisions provide quantitative inputs for the study of QCD at high density and temperature, providing an experimental basis for analytical and lattice 
studies to extract the in-medium properties of heavy-flavor particles and the implications for the QCD medium~\cite{Brambilla:2004wf,Brambilla:2004jw,Brambilla:2010cs,Brambilla:2014jmp}.

I  would  also suggest  to eliminate  Table 15.  The reasons for this are the  following.  In  this table there is  a calculation of the  binding energy and the radius of some quarkonium  states  made  with   an  arbitrary  potential  model  with arbitrary parameters.  Therefore these are not  masses, binding energy and radii for charmonia and bottomonia but just some results for those obtained in  a given  model (not  specified) so  you are  conveying no
information.   You may  put  here the  experimental  knowledge of  the masses of quarkonia instead or add more specifications to the table.

ANSWER: We have decided to keep Table 15 as an illustration, but we have included the following footnote:
Note that in this Table the calculation of the binding energies and radii of the quarkonium  states is made with an arbitrary potential model with
arbitrary parameters, so they do not correspond to the the experimental masses of quarkonia but are model dependent. These values are to be taken as an illustration of the expected Debye screening ordering.


It seems  to me  that a  section about  the quarkonium  interaction at finite T is fully missing. This  is important and instrumental for thediscussion  of what follows and  it  should be  introduced here.   To understand  quarkonium  suppression is  one  important  element as  of course the  theory knowledge of the quarkonium interaction  at finite temperature.  In the  recent times a lot of progress  has been done in this field that is reviewed for example in section 6.4.3 of the recent review  arXiv:1404.3723 and  in  section 5.3  of arXiv:1010.5827.   In particular at least for small coupling  we have now a definition and a calculation of the  quarkonium potential at finite T  in the effective field theory  (see hep-ph/0611300,  : arXiv:0804.0993...)   This shows that the suppression of quarkonium is due to the appearence of a large imaginary part in the static potential that is dissociating quarkonium before  that  the screening  effect  becomes  active.  This  framework allows us for  example to calculate the energy levels  of the Y(1S) at LHC temperatures  (arXiv:1007.4156), results that have  been confirmed by lattice simulations [see  : arXiv:1109.4496 --your present citation 688].   Using the  EFT approach  is also possible  to understand  and formulate   in   the   same  and  a coherent   description   quarkonium gluo-dissociation   and   inelastic   parton scattering-dissociation (arXiv:1109.5826,  arXiv:1303.6097),   which  are  relevant   for  the discussion contained  in 5.1.4 and  should be properly mentioned also there.  Generalization of these results to the case of strong coupling have been attempted on the lattice (see e.g.  arXiv:1410.2546).

ANSWER:
A paragraph about EFT approach and new references have been included.

With these changes the review should be published. 
