
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.   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.  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.   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.  You should also  refer to other reviews in the
field like arXiv:1404.3723 arXiv:1010.5827 hep-ph/0412158.  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.  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.  
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.   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.  Recently some papers on Nayak with a proof
of NRQCD  factorization appeared, don't  you want to comment  on them?
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.



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.
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 sone
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.


It seems  to me  that a  section about  the quarkonium  interaction at
finite T is fully missing. This  is important and instrumental for the
discussion  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).

With these changes the review should be published. 
