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The HAWC observatory

● An array of 300 tanks located in the flanks of the Sierra Negra in Mexico
● Very high duty cycle, with (almost) continuous observations
● Views 2/3 of the sky every day (including during the day!) → 24h long runs
● Very large data volume (500 MB/s raw → 20 MB/s reduced data ~ 2TB/day)
● Designed for the range 100 GeV to 100 TeV
● Typical zenith range used < 60º
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The fHit binning scheme

● Properties of reconstructed events in HAWC 
depend very strongly on the number of tanks 

that were triggered → fHit parameter

● Very different PSF and G/H separation 
threshold between bins 

● Very different file sizes between bins!

● Together with energy axis → 2D bins.

● different event types
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The standard HAWC analysis workflow

Reconstructed 
events

HEALPix mapbinning + g/h sep

standard

HAL, 3ML

Simulated 
events

detector responsebinning + g/h sep

Issues: time information lost, spatial binning fixed, map-making extremely       
computationally intensive process
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The expanded HAWC analysis workflow using Gammapy 

Reconstructed 
events

HEALPix mapbinning + g/h sep
HAL, 3ML

Simulated 
events

detector response
binning + g/h sep

expanded

DL3 event lists WCS map Gammapy

binning, g/h sep

IRFs
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HAWC analysis using DL3 products – event lists

● DL3: gamma-like events, with “science ready” parameters
● Mandatory columns: EVENT_ID, TIME, RA, DEC
● Can keep any other field that is relevant (e.g. fHit or core location)
● PRO: Time dimension isn’t lost!
● PRO: Map-making becomes much more flexible and faster
● CON: Depending on cut tightness, file sizes can be a problem → need to find a right balance for 

the smallest unit of time that defines an event list file

● much larger file sizes
● concept of “observation” 

not well defined
● event types!
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HAWC analysis using DL3 products – event lists

● Existing standard was remarkably compatible with the needs of drifting instruments
● Only one change needed: make pointing information more flexible in file header
● Definition of observation mode “DRIFT”
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HAWC analysis using DL3 products– IRFs
● Instrument response functions describe the combined detection abilities and precision 

of an instrument data-taking and reconstruction procedure

● Angular resolution (PSF): accuracy of reconstruction of the direction of the incident 
gamma-ray,

● Energy resolution (EDISP): accuracy of reconstruction of the energy of the incident 
gamma-ray,

● Effective area (AEFF): detection probability of the incident gamma-ray,

● Residual hadronic background: expected residual hadronic background by misclassified 
events

● All derived from simulations except sometimes background (when you have data!)
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HAWC analysis using DL3 products – IRFs

● In IACTs, IRFs are typically given as a function of energy (reconstructed and/or true) and 
offset from pointing position

● The latter is obviously not very useful for an instrument like HAWC

● The HAWC response depends on energy and zenith

● Two options:

1. Zenith binned IRFs → Need to be integrated with relevant source path before being 
used

2. Declination binned IRFs → Case 1 but integrated for 1 source transit

● Case 1 needed for transits, case 2 more practical for longer exposure analysis
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HAWC analysis using DL3 products – declination binned-IRFs

● For a given Earth location, the path that any source covers on the sky depends on its 
declination

● For example, at HAWC location, the Crab transits near zenith, but HAWC J1825-134 
doesn’t get very high

● The relevant quantity is the fraction of the time that a source spends in each zenith 
band → weights

● Use this weights to integrate the zenith-dependent response

● “Declination-binned” = full-sky map
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HAWC analysis using DL3 products – declination binned-IRFs
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HAWC analysis using DL3 products– exposure and GTI

● Another useful quantity defined by the standard are the “Good-time intervals” or GTI

● Defined in the same way as in for the Fermi-LAT

● Time intervals during which the detector is on and taking data continuously

● In HAWC: we determine data quality at the “sub-run” level (125 seconds of data)

● Use GTIs to estimate the number of transits (depends on R.A.!) contained in an event list

● Combine with effective area for 1 transit
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HAWC analysis using DL3 products – background

● Derived using data in regions where no gamma-ray sources are expected
● Again can be described as a rate as a function of zenith or as a full-sky map
● Which one is useful depends on the type of analysis
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HAWC PSF 
is given in 
reco energy
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Validation using Gammapy

Once all of the ingredients are ready, we set out to test the scheme in several steps

1. Basic low level checks

2. Point source analysis

3. Extended source analysis

4. Time-domain analysis

5. Joint analysis with other gamma-ray instruments

published in A&A!
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Validation – point source: the Crab
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● Fit a combined spatial+spectral model 
jointly between all the relevant fHit bins

● Use both the dataset derived from event 
lists and the standard HAWC HEALPix 
map
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Validation – joint fit
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● Using public data from 5 other gamma-
ray instruments

● Repeat the exercise in Nigro et al 2019 
and perform a joint analysis of the Crab 
Nebula

● Most datasets very small, final result not 
the point → proof of concept

● The HAWC data and IRFs used for this 
plot have been released together with 
the paper
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Summary and outlook
● Successfully exported and validated HAWC data to DL3

● Very few changes to the data format/analysis tool were needed for this, although some 
workarounds are still required to cover more analysis cases

● None of the further required changes are a conceptual roadblock: they just need work 

● The HAWC public data release will facilitate this work by providing a test dataset

● The Southern Wide-field Gamma-ray Observatory (SWGO) is planning to use VODF 
formats from the start, including the currently ongoing IRF production

● Key points: pointing optional or allowed in alt/az coordinates, event types, file sizes, how 
to best access data, tools to go from zenith-binned to declination binned quantities......


