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Appendix C

More on the profile likelihood function

The analysis presented in Chapter 7 uses profile likelihood functions in the definition of
its test statistic:

−2 ln(Q) = −2 ln

Ls+b(µs = 1,
ˆ̂
θbs+b

)

Lb(µs = 0,
ˆ̂
θbb)

 . (C.1)

The profile likelihood functions used in Equation C.1 are obtained by scaling the
background template normalization, a method used before for several LEP and Tevatron
results (e.g. ref. [19]). The background scaling that maximizes the likelihood is used
in Equation C.1. The motivation to perform this scaling comes from the uncertainty
on the background normalization, which is the dominant systematic in our study [71].
Another way to incorporate this uncertainty is by smearing the background template by
a Gaussian function when generating the toy MC distributions. At the time of doing
the analysis the technical implementation of this alternative was not yet available and
we used the profile likelihood method. Here we evaluate how this affects our end result:
the exclusion plot in Figure 7.9.

We compare the profile likelihood functions (PLFs) to the regular likelihood functions
(LFs), i.e. setting the background scaling to 1, for three values of the Higgs mass
assuming Standard Model cross sections. Table C.1 shows the results for −2 ln(Q), CLs

and CLb for data and the median values of the b-only and s+b hypotheses.
The CLs values for the b-only median value show little difference between PLFs and

LFs for the three mass points. For data we observe a significant difference between
PLF and LF for a 200 GeV Higgs: 0.8204 vs 0.7854. The values for −2 ln(Q) show a
similar discrepancy. This is the mass region where we observed an excess of events in
the four muon invariant mass plot (cf. Figure 7.5). It seems that the PLF method is
less sensitive to this excess than the LF method. One could imagine that the excess
results in an overestimation of the background normalization, therefore decreasing the
sensitivity to signal. This hypothesis is supported by the values for the median of the
s+b hypothesis: −2 ln(Q) is systematically lower for LF than for PLF, indicating more
signal-like distributions for the LF method.
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Appendix C. More on the profile likelihood function

150 GeV 200 GeV 300 GeV

LF PLF LF PLF LF PLF

Data

−2 lnQ -0.16 0.16 -2.70 -1.81 1.07 1.12

CLs 0.6468 0.6380 0.8204 0.7854 0.5754 0.5613

CLb 0.8381 0.8819 0.9737 0.9396 0.4022 0.2247

Median b-only hypothesis
−2 lnQ 1.01 1.01 1.22 1.17 0.87 0.86

CLs 0.5988 0.6010 0.4181 0.4266 0.5907 0.5933

Median s+b hypothesis
−2 lnQ 0.18 0.27 -0.59 -0.54 -0.07 -0.06

CLb 0.8032 0.7938 0.8320 0.8085 0.7590 0.7549

Table C.1: Comparison of results for three Higgs masses obtained using a likelihood
function (LF) or profile likelihood (PLF).

However, what we truly wish to evaluate in the context of our study is how our choice
for PLF influences the observed and expected exclusion. Table C.2 shows the CLs values
for a 200 GeV Higgs and the relevant signal cross sections. The observed and expected
exclusion limits are obtained by interpolating these numbers and evaluating at which
point CLs = 0.05.

σ/σSM = 3.0 3.5 6.0 6.5

LF PLF LF PLF LF PLF LF PLF

CLs data - - - - 0.0603 0.0652 0.0427 0.0466

CLs median b-only 0.0694 0.0767 0.0468 0.0493 - - - -

Table C.2: Comparison of results for a 200 GeV Higgs obtained using a likelihood
function (LF) or profile likelihood (PLF).

For a 200 GeV Higgs the observed exclusion limits for σ/σSM in data when using
PLFs and LFs are 6.4 and 6.3, respectively. For the expected exclusion this is 3.5
and 3.4 for PLFs and LFs, respectively. We therefore conclude that the limits that
we obtained from PLFs will be in agreement with limits obtained from LFs. We do
acknowledge, as was mentioned before, that more advanced methods exist that can be
used to incorporate the uncertainty on the background normalization in our analysis.
This is a likely improvement for future updates of the presented Higgs boson search.
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