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Figure 6.22: This figure shows the spectral energy distribution (SED) of the Crab
nebula based on the measurement in this thesis: see Table 6.10 and Figure 6.21. The
red curve shows the SED fitted with a log-parabola and the magenta curve shows the
spectrum fitted with simple power-law. The red points are the fitted normalizations
from each fHit analysis bin interpreted using the over-all log-parabola fitted SED
(red curve). The Crab SED measurements by three IACTs are also plotted. The
IACTs measurements are systematically above the current HAWC result at lower
energies: < 2TeV. It is very possible this is the result of an over-estimated efficiency
for low energy gamma ray events in the HAWC simulation.
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Figure 6.23: This plot shows the residuals of the log-parabola and the simple power
law fits of the Crab SED, see Figure 6.22, plotted as a fractional ratio: (SED dif-
ference) /SED; see text for additional details. This is a sanity check for the different
spectral parameterization and suggests that the log-parabola provides a better de-
scription of the measured Crab SED.

Besides the dramatic improvements of the Crab nebula significance level and
PSF, we can quantify HAWC sensitivity as the 5 o detection flux or the 95% CL
upper limit for each fHit analysis bin, shown in Figure [6.24, The 5 o detection flux
is estimated by the scaling the fluxes down by a factor of ”Fitted significance level of
each analysis bin / 57 for each analysis bin. This is because the significance level is
approximated by ”Signal / sqrt(Background)” and the background number of events
is a constant (for 1 year Crab data) so the significance level will change linearly
with signal events number (flux). Since the 50 detection flux is calculated from the
Crab flux measurement, this method quantifies the sensitivity of point-like source at

declination 22 ° with 1 year data.
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Figure 6.24: This plot shows the sensitivity of HAWC for point-like sources at decli-
nation 22 ° with 1-year HAWC of data based on the analysis in the thesis. The 5 o
detection flux, green points, is about 50% of the measured Crab flux (red curve) at
300 GeV and about 20% of the Crab flux at 1 TeV. Also shown are a 95% confidence

level upper limit curve in blue.

6.11 Summary And Future

Various improvements have been implemented on both the reconstruction and gamma
hadron separation primarily focused on (but not limited to) the lower energy events
(TeV and below). This thesis is mainly focused on the new gamma hadron separa-
tion with different approaches. A nearby AGN survey has been performed with 2
years HAWC data based on one improved analysis discussed in chapter 4. Dramatic
improvements of Crab nebula significance level and PSF are achieved over the pub-
lished HAWC results [19]. With the most recent analysis discussed in this chapter,
the low energy sensitivity of HAWC is better described. The future work includes:

e Better core reconstruction (e.g. likelihood core fit)
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e More features for G/H separation.
e Test new analysis at another observed source (e.g. Mrk 421)

e Perform AGN and GRB search with the most recent analysis discussed in this

chapter
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