SPRG Comments on PRL draft 1 of m_T2 measurement of top-quark mass.
General Comments:
The paper is well done for a first draft.
The introduction seems to be aimed at the Particle Physics community rather than the general Physics community. Please extend the introduction to address this point. Please introduce the top quark and discuss the decays and the decay channels which are detected. This is discussed later, but it is more useful in the introduction.

The draft refers to the applicability of the analysis method, shown here for the top quark, to other high mass particles at the Tevatron and LHC.  However, unless the unseen decay product mass (m_invis) is known, as in the case of a neutrino from the top decay, it is not clear how to apply the method.  Given the prominence of this in the intro and conclusions, and the explicit mention of dark matter candidates (which might be the invisible decay product, and be very massive), this should be addressed.

Similarly, if you do not know the cross section for the new particle, can you still apply the method? You use the top quark production cross section explicitly in the analysis, but don’t explicitly indicate its role. How would making it a variable, or using it with a large error change the uncertainty on the mass determination?

In the title and Abstract , m_T2 should be written as “a transverse-mass variable m_T2” (or without explicitly writing “m_T2” before it is defined), since the variable m_T2 is largely  unknown in the community.  Also in the first paragraph of the paper, given that the definition of m_T2 comes late in the second paragraph.
The systematic uncertainties are discussed in detail, including comparisons in various analyses.  Yet, no errors are given for the quoted uncertainties, making it impossible to know whether the differences are significant or not.  It might be better to quote the uncertainties from the toy MC where there are, presumably, negligible statistical uncertainties on the uncertainties relative to what you get for uncertainties from the actual fits.  Maybe you should quote both the fit uncertainties which are there now and the toy-MC determinations of these uncertainties.

In the above context, it is hard to justify the comment in line 3 of page 8 about a 10% improvement in top mass determination.  The biggest part of the improvement there seems to come from the apparent statistical error in the fit result, taken from the fit itself. Maybe that is just a fluctuation.  It is, after all, all coming from the same set of events!
Presumably there is no gain from using all three methods (m_T2, m_NWA, and H_T) due to correlations, though this is not discussed. 

“Systematics” is jargon, and should be replaced everywhere by “systematic uncertainties”.  There are multiple occurrences of this, in singular and plural forms.
Please also consult (and follow) the APS guidelines (see SPRG home page)

Line-by-Line Comments:

P1 Abstract  See comment above, and introduce in some way the variable m_T2.  Also, suggest “Tevatron, and collected” (note comma added to separate thoughts).  Finally, suggest “based on a neutrino weighting method” since it has not been discussed yet and the technique is not so standard as to be recognizable at that point in the article (“a” rather than “the”).

P2, L1 – Frameworks do not make predictions.  Suggest, for example, Models in multiple, well-motivated theoretical frameworks make predictions …”, or better “Many predictions for new phenomena at … [1,2] come from models in multiple, well-motivated theoretical frameworks.”

P2, L6 – Suggest “discriminate among models”, since as written it appears to say “to see models” or “to make out models”, rather than to choose among them.

P2, L8 – See comment about using m_T2 so early in the text before defining it.

P2, LL1,8- Please introduce the top quark and discuss its decays and the resulting topologies in the detector. This is discussed later, but it is more useful in the introduction.

P2, L9 – Need comma and hyphen in “heavy, strongly-interacting particles”.

P2, L10 – Given two elements listed as the subject, need plural verb form.  Suggest “results in a weakly-interacting, stable particle.”  Note added hyphen and comma, too.

P2, L11 – “standard model” lower case; also elsewhere -see APS guidelines for the rules.
P2, L14  – “in this system” it isn't clear which system is being referred to - please clarify.
P2, L15 – The equation does not make sense as written.  Min[max(x)] doesn’t mean anything. You need to include explicitly the summation over all possible combinations considered. The max function has two parameters as shown, which is presumably intended. However, the min function appears to have only one.  The later description in the text does not make it clear how the equation should be changed.

P3, LL4,5 – Suggest “using two observables simultaneously (m_T2/m_NWA and M_NWA/H_T)”.  This does not suggest changing the symbols, only writing them in a shorter form.  As written, it is difficult to follow.

P3, L8  – “standard model”

P3, L8  – Please discuss and reference other dilepton mtop measurements from both CDF and D0.
P3, L11 – Suggest “The CDF II detector is general purpose, designed to study …”, even though the “D” stands for “Detector”.

P3, L12   – add comma after “system”
P3, L13  –  add comma after “chamber”
P3, LL16,18  – this would be more useful in the introduction

P3, LL22,23 – Suggest “<2.0), missing transverse energy (MET, calculated from energy and momentum imbalance in the plane transverse to the beam from the observed particles) exceeding 25 GeV”.   Note removing “the”,  the parenthetic definition of MET, and the form of “exceed” used.

P3, LL26,27  –  “Monte Carlo” is jargon - suggest “based on simulated events using the ALPGEN[14] Monte Carlo (MC) generator...”
P4 – Table I caption – “numbers” since you give many.  Also, drop “with” before “assuming”.    Also, the sum of background events in the non-tagged sample is not the sum of the three items listed.
P4, L1 – Dividing the sample does not increase the fraction of events or purity.  It does give one sample with a larger fraction and purity, but the opposite must be true of the remaining sample. Also it would be useful to include the number of events with 1 and 2 b-tags.
P4, LL6,7 – “combinations of quarks and leptons”

P4, L10 – “bottom-quark jet” since you measure jets, not quarks.  Note hyphen here.

P4, L13 eqn 5 – We think we can safely assume m_nu = 0 ! So E_T(nu) = mod(P_T(nu))

P4, L16 – Suggest “shows simulated m_T2 distributions”.

P4, L16 –  please add “for simulated events” after “distributions” (else not very clear)

P5, L10 – It would be useful to add a reference for this method.
P5, L20 – Please add a reference after “6.7 pb” indication where this estimate comes from.
P6, L1 –  “measured top quark mass”
P6, L2 –  Please discuss if this offset is independent of the true value of mtop.

P6, L3 – Suggest “the combined m_T2/m_NWA measurement”.

P6, L3 – “M_top” doesn’t seem to be defined
P6, L7 – It would be useful to indicate how the two parameter fits are carried out
P6, Table II – Suggest “Total Systematic Unc.”.  See general comment above. Please indicate in the caption or text the precision to which the values chosen are known.

P6, L8 –  “systematics” is jargon - suggest “systematic effects”
P6, L13 –   “light quark jet energy scale” doesn’t seem to be discussed. Please indicate how the light quark jets are calibrated and then the additional aspects of the b-quark jets.

P7, LL1,2 –  The PDFs used are very old. Please redo this with the latest PDF sets.

P7, L7 –  “momenta”
P7, L11 – “energy and momentum scales” plural since there are two separate scales.

P7, L12 – “the number of vertices in MC pseudo-experiments..” please discuss this in more detail as this has not been discussed so far as the MC discussion has been about generators
P7, LL15,6 – “Until now top quark mass..have not included” is incorrect. They have been included for both experiments and in the Tevatron combination
P7, L21-2 – “We take the difference...” please indicate the measurement accuracy of the extracted masses in these cases

P7, L28 – “assuming that they can be added in quadrature” is poor style. Suggest “taking them to be ..”
P9, L10 – It would be useful to compare the accuracies of these results with previous dilepton measurements.
P9, L12 – Suggest “data, and demonstrate”, comma to separate thoughts.
P10 references  – please consult APS guidelines

P10, LL15,16 – Are these not published? They are rather old references for preprints.

P11, L12 – Suggest “accepted by Phys. Rev. D” or “accepted for Phys. Rev. D”.
