SPRG Comments on 1st Draft of the PRD on 

B_c Lifetime from Semileptonic Decays 
General Comments:
The paper describes a rather complex analysis with a lot of work behind the result evident. The paper is well written for the information there, and easy to follow. However, there are possible issues with the analysis, particularly the size of the systematic error, and some places where the text can be improved.
Crudely, the central lifetime result may be said to be 2 sigma from the electron and muon results. This gives pause. Furthermore, the Gaussian modeling of systematic uncertainties (except for one) and lack of allowance for correlations among the modeling parameters in Eq. 17 can be questioned as possible sources of underestimated systematic uncertainties. In addition, the apparent use of binned efficiencies and mis-ID probabilities can be a problem when the changes from bin-to-bin are rapid and/or the errors are smaller than the bin-by bin fluctuations which seen unphysical. Using smoothed fits to these parameters on an event-by-event basis could change results. This is not addressed in the paper.
The numbers of B_c in each channel should be given in the abstract and conclusion section as a guide for comparisons with other results. These numbers for other results should also be added to the table comparing other results.

The use of K in Eq. 3 (and 14) is not well motivated. The definition of K is in terms of ratio of lifetimes, yet the use is as a ratio of distributions. The connection should be clearly stated.

Figures and Tables should have a period after their numbers, not a colon.

Line-by-Line Comments:
P3 L11:  It would be useful to say more, perhaps that the B_c probes smaller radii in the QCD potential than mesons with a b and lighter quark.

P3 L13: There is also the possibility of interference which might be mentioned.

P3 L23: “extends the sample integrated luminosity”

P3 L27: “the event selection”  (“trigger electronics” is too narrow a phrase for what is covered.

P4 L4: “Section VII” for uniformity.
P4 L?:  “while p_t(J/psil+) is the transverse momentum of the J/psil+ system”.  Without the dependence in the symbol, “p_t” refers to something else!
Above Eq 3 somewhere: It is worth noting that L_xy and L_xy(Jpsil+) are the same to motivate  the c tau = K c tau* equation in the paragraph.

Eq. 3: The theta function should be defined as the step function somewhere.

P5 L7: “(Section V A).”

P5 L16: A simple sum of the two lnL’s gives an lnL, not the lifetime of its error directly. It’s worth rewording here.

P5 L18: “cylindrically-symmetric detector”  (hyphen for compound adjective)

P5 L19: “drift-chamber tracking”  (again)

P5 L28: Suggest space between p and sin (theta)

Fig 1: Suggest that the labels CEM, CES, CPR, CHA, and WHA be added since they are used in the text, not always with location clearly enough indicated with respect to Fig 1.
P6 LL3 and 4: “Charged-particle tracking”

P6 LL12-13: Did eliminating L00 from the analysis require reconstructing all the data?! How was this done?  Did the standard reconstruction do tracking with and without L00?

P8 L2: “detectors allow precise measurement of the parameters of charged-particle trajectories and impact parameters with respect to (?)”.  Drop the “with respect to (?) if there are multiple kinds of impact parameters.  However, somewhere in the text when “impact parameters” is first used, you need to say wrt what.

P8 middle: “COT, together … systems, are located in a 1.4 T …”  Note commas and “in” for “inside”.

P8 below Fig. 3: Drop “excellent” or replace with a quantitative statement about delta(p)/p. 

P9 L20: “E sin(theta)” with space and to parallel the format of the p_t definition in the text.

P9 L21: “additional detector systems”

P9 LL23-24: “measures early particle showers” -> “measures particle showers that develop early in the calorimeter”
P9 L27: “maximum shower particle-density between …”
P10 L1: “CEM, and”  (comma to separate ideas)

P10 L9: “single-wire drift cells”
P10 L10: “outside each calorimeter”

P11 L2: “while” -> “and”  since “while” implies something else

P11 L4: “three-level trigger system”

P11 in at least 9 places: “level-1 trigger”, “level-2 trigger”, “level-3 trigger”, maybe with capital L’s.

P12 L3: Maybe say explicitly that the J/psi is only used via its dimuon decay to prepare the reader for looking only at diumuon (and no dielectron) candidates.

P13 L1 and beyond: It is not clear what track segments are being discussed in various places. Sometimes it appears to be L1 and L2 (undefined symbols) segments, maybe final reconstructed segments later.

P13 L2: “candidates. This ensures”

P14 L12: Need space after period.

PP15, 16, 18, 19 and Table II: Variously “selection criteria”, “requirements”, and “cuts” are used. It would be clearer if one of these were used consistently. It seems that “requirements” would be easiest, since it appears most often. This is specially needed for the subsection titles and table captions which should certainly be more uniform.
P16 L16: Is there any quantitative justification for the cut; e.g., optimization of some figure of merit as above.

P16 L16: “events, the” 

P18 L6: The chi squared is neither well defined nor useful without the number of degrees of freedom.

P18 LL8-9: “a related data sample” is unnecessarily mysterious.  What data sample?

P18 Table III: “Identified as an XFT track”

P18 Near Eq. 6:  Need to show the pull distribution to clarify the discussion and motivate the cut made.

P20 L7: Need a little more explanation about the bias due to electron breamsstrahlung.
P20 L16: “a cut on the dE/dx pull is applied” if that is what was done.  Only cut on the pull?

P21 Table V: Errors are needed on the FOM’s to justify that the differences are significant.

P21 L3: Is the 28% a second cut, or are you referring to the electron pt cut here?  Unclear.
P22 L5: “angle theta between the l+- candidate track and the next nearest track” is that is what theta is.  In any case, define it more completely here.

P22 L12: One might argue that an additional systematic error should have been added to the list for this, perhaps with 2 micron as the size, since that is the level of the uncertainty given here.  Also, is the efficiency vs pt or other parameters used in this test?  How parallel is it to the full analysis (except for backgrounds)?

P25 Fig 10: In the figure, the hyphen is uneeded and maybe wrong. Also, maybe “indistinguishable from the curve … total fit, except near zero microns” where the mis-ID’d J/psi may be contributing significantly.

PP28-29 Figs. 11-12: Is it just the dE/dx pull requirement that is removed or all the particle ID cuts?  Also, some discussion of why the electron and muon distributions are so different is called for somewhere in the text.  If all the e and mu requirements were removed, why wouldn’t the distributions be identical?
P31 L9: Are the quoted values used as constants, independent of p_t or p? If so, is this reasonable? Maybe more explanation is called for here.
P32 L10 “GEANT-based detector simulation”

P35 L1: Is effic_dE/dx independent of decay type and p or p_t? This seems surprising if so; need addressing.

P36 Table VII: Why not give the e numbers too? It’s strange that they are not given. Also, it is unclear how to interpret the numbers given since the data values are not like the sum (even are less than the sum) of the numbers above them. Are the PHTHIA numbers renormalized to the data numbers somehow for use?

P38 Eq. 9: If the parameters are functions of ct*, the dependence should be shown explicitly for clarity. The effects of material on conversions should be discussed this early in the text, if only to say it’s coming later.

P40 L9: “impact parameter with respect to (what) d_0^sign of photon conversion candidates”

P41 Fig. 21 and 22 captions: “R_CE, radius of origin of e+e- pairs” or some definition of R_CE so that the reader does not need to go back to the text.

P42 LL13ff: Given that the effective selection criteria are different for the test sample and sample in the analysis, it’s not clear how appropriate the results are for use later. No uncertainty seems to be added to cover this.

P43 just below Fig 25: How is this taken into account?  Some more discussion is needed.

P46 LL1 and 2: “the per-event simulated sigma_ct*” and “distribution in data” to be explicit and avoid confusion.

P47 Fig 28: So discussion of why the two distributions are so different is needed.

P47 just above Eq. 16: “form used for the sigma_ct* probability distribution function is”

P48 Eq. 17 and text: Is there no off-diagonal correlation among the fitted values? Shouldn’t the analysis take account of this, with an equation using V_p^T C_p p’ V_p’?

P49 LL5 ff: The fitter check uses Gaussian throws and no correlations, and only one non-Gaussian check is made later.  This seems to underestimate the possible systematic error for the fitting technique.

P52 Fig. 31. It would be more instructive to have the signal as the top-most contribution to the total so that it is nearest the data points.
P53 LL9ff: It would be instructive to see the individual e and mu values.  Do the mu-related lifetimes always come out longer than the e values?

P54 L12: What sets the difference as the 1 sigma level?  How different is the tuned and unturned simulation in fact?

P55 L1: How is the value determined?

P55 L13: Does the MC get the B+ p_t distribution right? Only after the MC is tuned?  Is the error on the B_C pt larger than the difference with respect to the B+?

P56 Fig. 33 caption:  “Preliminary” seems inappropriate here.  It’s from final values!

References: Check for the capitalization of “Fermilab-thesis”.   Isn’t it the same as “FERMILAB-PUB”?

