
Kevin questions.
anuary 24 2017

Question 1:I find it regrettable that this analysis chooses to use cuts that are
known to give results with much worse statistical uncertainties simply because
those cuts were used in a previous analysis. Nevertheless, since this was brought
up more than 6 months ago and nothing has been done and since the job of the
ARC is to make sure an analysis is not wrong rather than optimal, I’m willing
to let it go.

Answer:Ok.

Question 2: From my reading, it appears there is a kinematic fit to the B vertex
but there is no cut on the chi2 probability. Is that correct? If so, why not? This
seems like an obvious cut. I understand that it will slightly affect the lifetime
but I doubt it is a significant effect for ct > 0.02cm and it is an obvious thing
to do, especially since there is already a cut on the dimuon vertex (required
to match the trigger). Again, this is not something that makes it wrong so I
won’t hold up the analysis but it is something that will make it harder down
the line as people raise similar questions. I see that the Bs → J/ψφ analysis
uses > 0.1% and the Bc analysis uses > 5%.

Answer:Ok.

response There were several questions in here and not all of them can be an-
swered with ”Ok”. Please try to answer the questions.

New Answer: We are not considering a cut in the vertex probability. we have the
condition, if the vertex fit is not valid then discard the event. As you comment
this cut has not a significant effect for ct > 0.02cm. In figure 1 you can see a
test in B+ and Bd MC samples (it was make without efficiency to reduce the
computting time), where we show the stability of the lifetime for the vertex
probability cut.
If we use a new cut it could mean doing everything again, not only the nominal
value but also all the systemic uncertainties and other tests, which could take
at least a month. And given the results we show in figure 1, I am wondering if
doing everything again is necessary?
I have a proposal. Do the measurement again using some vertex probability cut
(1%, 5%..... suggestions are welcome) and take this as another test. We could
put a comment in the PAS (possibly also in the paper) that we use other cuts
1 and other variables like cross-check. what do you think about?

Question 3:When you refer to σctj , what is this? Is this simply the calculated
uncertainty extracted from a vertex fit? Or is it something else? I see in the

1 In this link https://twiki.cern.ch/twiki/pub/Main/Kevinquestions250216/

CommentsKevin_v1.pdf, question 2, we varied the cuts for the high statistics decay
channels and show the stability of the fits.
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Figure 1: Lifetime fit value Vs vertex probablity cut for B+ → J/ψK+ (lef)
and Bd → J/ψk∗(right).

Bs → J/ψφ AN it is explicitly defined in Eqs. 9-12 as the calculated uncertainty.
Do you use the same calculation?

Answer: Yes. we use the equation 9 as in the Bs → J/ψφ AN.

Question 4:For the systematic uncertainties, I did not see anything to test the
model of the mass. I would have expected a variation of the signal model
(e.g. Crystal Ball instead of double Gaussian) and of the background model
(increasing the polynomial degree by 1 or using an exponential). Any thoughts
on this?

Answer: We have changed the models when possible and performed the lifetime
fit with the new models. Table 1 summarizes the differences between the test
model fit value and the nominal value.

chanell bkg (µm) signal (µm) sideband (from 3 to 5 σ) (µm)

B+ → J/ψK+ 0.0 0.0 0.0

Bd → J/ψK0
s 0.0 0.3 0.0

Bd → J/ψK∗ 0.4 0.1 0.0

Bs → J/ψππ 0.5 not possible 0.5

Λb → J/ψΛb 0.1 0.9 0.0

Table 1: Lifetime differences between the test model fit value and the nominal
value

response: I do not understand Table 1. Please try to explain how the sys-
tematic uncertainty I mentioned is addressed in your current evaluation of the
systematic uncertainty. If it is NOT addressed, then please find a way to incor-
porate it and put this in the AN and the PAS. Again, the effect I am worried
about is that the mass shape of the signal or background is not properly repre-
sentative of the true mass shape.
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New Answer: We have changed the models when possible and performed the
lifetime fit with the new models: Change the sideband region used in establishing
the background parameters. Change the functional form of the background
mass distribution (add an extra polynomial term or switch from polynomial to
exponential). Change the signal mass distribution function (use single vs double
Gaussian). Table 1 summarizes the differences between the test model fit value
and the nominal value. All values are inside the statistical uncertainties. for
the moment it is considered like cross-check, nevertheless if you think necessary
we can used it like other systematic source.

Question 5: The J/ψππ mode has a large and complicated background. To
evaluate the quality of fit, I would like to see the lifetime distribution with the
fit projections for three different mass regions: M < 5.32, 5.32 < M < 5.41,
M > 5.41. That is, I would like to see the equivalent of Figure 6 (left) from
the AN but instead of the entire mass range, there would be three additional
plots for each of the specified mass ranges. Similar plots for the other modes
could also be useful but since the background levels are generally small, it isn’t
essential.

Answer: We have made the projections of the fitted model in the sideband and
signal regions. Figure 2 shows the projections and pulls for the Bs → J/ψππ,
where signal region is the right side plot.
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Figure 2: PDF models projections and pulls for the Bs → J/ψππ (2012 data).
Left plot corresponds to the low mass sideband, center plot to the high mass
sideband, and right plot to the signal region.

response:The middle plot showing the lifetime distribution in the signal region is
of some concern to me. If I look at the pull distribution for ct < 0.1cm, there is
a very strong trend showing that the data prefer a shorter lifetime. So, it seems
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that the signal is being pulled to a longer lifetime by the high lifetime events,
where the signal to background is worse. Can you see what would happen if you
limited the fit to the region ct < 0.1cm, where the background is smallest? It
would also be useful to see the plots with the individual fit components shown,
like in Figure 6 of the AN (Figure 5 of the PAS).

One clarification here. In the BstoJpipi lifetime projections the center plot
is for high sideband, the signal region is the right hand side plot.

new answer:In the high sideband (center plot) there is trend showing that the
data prefer a shorter lifetime. We tried to put another bkg component for this
region, however the fit responded that the fraction for this new component was
zero, by which we gave up of it. In any case, the pull is three sigma or less in all
that region. This effect is probably due to the B+ contamination, nevertheless
we are taking care about considering a systematic because of it, you can see it
in the AN and PAS.

Question 6: You quote a fit bias systematic uncertainty of 0.8 microns for the
J/psi pi+ pi- mode. This seems to be only marginally significant and comes
from just 1018 toy events. Perhaps you could run a larger sample of toy events
to get a more accurate number.

Answer: In order to get more statistics at least 8500 samples are generated for
B0

s → J/ψπ+π− channel, The bias b is calculated making the difference of the
fitted lifetime obtained for each sample with respect to input value, as shown
in figure 3. Pulls of the lifetimes (differences divided by the uncertainties)
are plotted in the figure(right), showing no significant biases or uncertainties
misestimations.
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Figure 3: Differences (left) and pulls (right) of the fitted cτB parameter with
respect to its input value for about 8500 samples generated according to the
B0

s → J/ψπ+π− (input = 504.3 µm).

response: So are you going to update the PAS and AN to reflect this change?
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Table 2: efficiency parameters

B+ B0(J/ψK∗) B0(J/ψK0
s ) Λb Bs

p0 0.2786 ± 0.0012 0.1085 ± 0.0003 0.1013 ± 0.0009 0.01367 ± 0.00012 0.03439 ± 0.00027

p1 −0.2695 ± 0.0344 −0.07695 ± 0.00391 −0.02821 ± 0.01131 −0.002333 ± 0.001510 −0.04607 ± 0.00598

p2 0.9623 ± 0.2560 0.1173 ± 0.0251

p3 −1.158 ± 0.506

χ2/ndf 41.44/40 142.2/89 75.99/78 10.6/14 40.5/38

My understanding from your answer is that this systematic uncertainty will
now be 0, the same as for all other modes. So the text should be changed to
reflect this. I would suggest moving the discussion of fit bias to Section 5 of the
PAS and calling it a check that the method works. The fit bias entry from the
systematic uncertainty table should be removed.
new answer: This systematic uncertainty will now be 0, the same as for all other
modes. So we are going to update the PAS and AN to reflect this change.

Question All analyses. 1: I think that it is necessary to quantify the goodness
of fit for all of the fits shown in the PAS. For Figures 1, 11, 12, this can be done
by reporting the chi2 and number of degrees of freedom. For the 3D fits, this
is more difficult. One could start by reporting the chi2/dof on the projections
that are shown. Alternatively, one could make some global statement about the
goodness of fit. But it should be quantitative.

Answer:The PDL efficiency histogram is fitted with a polynomial function (de-
pend on the decay channel): The fit finds the parameters shown in the table
2.

response: The B0− > J/ψK∗ fit has a surprisingly low chi2/dof. I would sug-
gest for both of the B0 modes that you rebin the efficiency plots, similar to the
other plots so that at high lifetime you do not have such large uncertainties.
There are also some surprising features in the plots themselves. I believe these
plots are obtained by taking the number of reconstructed events in each bin and
dividing by the expectation from an exponential decay. Can you provide the
numerator plots for each of these? That is, before you divide by the exponen-
tial? Also, when you obtain the expectation for each bin with the exponential
assumption, do you correctly integrate over the bin? If you have varying bin
widths, the correct way to get this efficiency is the following. Get the number
of reconstructed events in a bin. This is an integer and you should NOT divide
by the bin width. Then take the integral of the exponential from the low end of
the bin to the high end of the bin to obtain the expectation. Then, divide the
two.

New answer: We will rebin the efficiency plots for both of the Bd modes, similar
to the other plots, and then we will add this new plots to the AN as well as all
of goodness of fit results.

Answer: Table 3 shows the values of χ2/nDOF for each lifetime fit projection
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of each result presented in the PAS note.

channel χ2/nDOF
B+ → J/ψK+ 0.9911
Bd → J/ψK0

s 1.0268
Bd → J/ψK∗ 0.6302
Bs → J/ψππ 1.0579
Λb → J/ψΛ0 0.9872

Table 3: Values of χ2/nDOF for the lifetime fit projection in PDL.

response: All of these goodness of fit results should be in the AN for sure and
they should probably be in the PAS as well. Note that to evaluate the goodness
of fit using the chi2, it is necessary to do one of the following. Either provide
both the chi2 and the DOF or provide the chi2 probability (which requires
knowing the chi2 and DOF). It is not acceptable to provide the single quantity
chi2/dof.

New Answer: Table 4 shows the values of χ2/nDOF for each lifetime fit pro-
jection of each result presented in the PAS note.

channel χ2/nDOF
B+ → J/ψK+ 89.2/90
Bd → J/ψK0

s 94.39/92
Bd → J/ψK∗ 56.72/90
Bs → J/ψππ 93.02/88
Λb → J/ψΛ0 90.82/92

Table 4: Values of χ2/nDOF for the lifetime fit projection in PDL.

Question All analyses. 2: One systematic effects I would like to see tested (at
least on the B+ mode) is the effect of trigger. In all cases, the offline selection
is intended to be tighter than the trigger. In that case, the trigger should be
100% efficient, relative to the offline cuts. However, the offline variables are not
the same as the HLT variables. So the trigger may not be 100% efficient. The
MC is supposed to model the trigger but it may not do so perfectly. One way to
estimate this would be to check the effect on the efficiency versus PDL with and
without applying the trigger. How does the lifetime change in these two cases?
In some sense, this is taken care of because we get the correct B+ lifetime but
it would be nice to check.

Answer: We made this check. firts we do it in MC. We follow exactly the same
analisis chain but now we do not apply the trigger, in the figure 4 you can
see the efficiency. Figure 5 show the lifetime fit results using and no using the
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efficiency. As we can see the lifetime value ct = 501.13 ± 0.39 µm is in agree
with the MC input ct = 500.9 µm.
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Figure 4: MC efficiency without applying the trigger

After tha we made the same in data. figure show the lifetime fit using the
efficiency. the fit values is ct = 490.9 ± 0.7 which is in agreed in less than one
sigma with the nominal value ct = 491.6± 0.8

response Thanks for looking into this. Comparing the efficiency without the
trigger to the efficiency with the trigger, I see a factor of about 2. That is, even
after applying all the offline selection cuts, the trigger efficiency is still only
about 50the efficiency curve measured on the MC without the trigger applied
and apply it to the MC with the trigger applied. You could also measure the
lifetime using the efficiency measured on the MC with the trigger applied and
apply it to the MC without the trigger applied. Also, I’m not sure what you
did for the data measurement? The data should be identical to the previous
data in that the trigger should be applied. The only difference should be which
efficiency curve is used. I hope that is clear.

New Answer: Figure 7 show the lifetime fit when we take the efficiency curve
measured on the MC without the trigger applied and apply it to both MC and
Data with the trigger applied. the MC fit value ct = 500.36± 0.56 µm and the
data fit values is ct = 490.6± 0.7.
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Figure 5: MC Lifetime fit without applying the trigger. without efficiency in
the left and using the efficiency in the right
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Figure 6: DATA Lifetime fit without applying the trigger. the fit values is
ct = 490.9± 0.7
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Figure 7: lifetime fit when we take the efficiency curve measured on the MC
without the trigger applied and apply it to both MC (left) and Data (right)
with the trigger applied.
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