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Astronomical Data Analysis Software and Systems IV
ASP Conference Series, Vol. 77, 1995
R. A. Shaw, H. E. Payne, and J. J. E. Hayes, eds.
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Abstract. We present an overview of the workings of the OGIP FITS
Working Group (OFWG).

1. Introduction

"I 9903 914 =+ \ ! _/I\ \% Nearly all high-energy astrophysics projects provide data in FITS format (Wells,
) M X3 LJ - Greisen, & Harten 1981). However, arbitrary and/or inconsistent use of file

formats and header keywords leads to confusion and requires that specialized

E/J *& j:E *ﬁ —t software be used for correct data interpretation and analysis. The need to sup-
g v4 A port specialized FITS formats and software systems is a significant (sometimes

unmanageable) burden for data archives. However, adherence to simple, agreed-
upon conventions can alleviate this burden at little cost.

The Office of Guest Investigator Programs (OGIP) at the Goddard Space
Flight Center has organized a working group to identify appropriate conventions,
and, with community support, to encourage adherence to these conventions.

FITSEIRAS IR I R IR —FhiE
L _%ﬁ?‘}ﬂigg 2. The OFWG

The OFWG was set up to (1) ensure that new FITS definitions used within the
OGIP do not violate any established FITS standards/conventions; (2) encourage
standardization of keyword usage, data types, and FITS file formats used within
the OGIP (i.e., the so-called Rationalized Data File or RDF format); and (3)
disseminate OFWG recommendations to the broader High Energy Astrophysics

htt pS : / / h easarc . g SfC . n asa . g OV/ and FITS communities to promote community-wide standardization.

3. Community Involvement
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LA-Py-0.

Processing /Users/liliyang/Downloads/LA-Py
Requirement already satisfied: numpy>=1.10 in /Users/liliyang/anaconda3/lib/python3.7/site-packages (from LA-Py==0.1) (1.16.4)
Requirement already satisfied: astropy>=2.0 in /Users/liliyang/anaconda3/lib/python3.7/site-packages (from LA-Py==0.1) (3.2.1)
Requirement already satisfied: scipy>=0.15 in /Users/liliyang/anaconda3/lib/python3.7/site-packages (from LA-Py==0.1) (1.3.0)
Requirement already satisfied: regions>=0.4 in /Users/liliyang/anaconda3/lib/python3.7/site-packages (from LA-Py==0.1) (0.4)
Requirement already satisfied: pyyaml in /Users/liliyang/anaconda3/lib/python3.7/site-packages (from LA-Py==0.1) (5.1.1)
Requirement already satisfied: click in /Users/liliyang/anaconda3/lib/python3.7/site-packages (from LA-Py==0.1) (7.0)
Requirement already satisfied: pathlib in /Users/liliyang/anaconda3/lib/python3.7/site-packages (from LA-Py==0.1) (1.0.1)
Requirement already satisfied: six in /Users/liliyang/anaconda3/lib/python3.7/site-packages (from regions>=0.4->LA-Py==0.1) (1.12.0
)
Building wheels for collected packages: LA-Py

Building wheel for LA-Py (setup.py) ... done

Stored in directory: /Users/liliyang/Library/Caches/pip/wheels/da/3a/a4/3105215cadf60c4f8ac0le8fOb20fldebe@lb64c5a5fd9536d9
Successfully built LA-Py
Installing collected packages: LA-Py

Found existing installation: LA-Py 0.1

Uninstalling LA-Py-0.1:
Successfully uninstalled LA-Py-0.1

Successfully installed LA-Py-0.1

e Code: https://github.com/lyang54/lapy

e License: BSD-3 (same as Numpy, Scipy, Astropy, ...)




A Python package for LHAASO Astronomy Edit

Manage topics

D 6 commits P 2 branches © 0 releases sfs BSD-3-Clause

Branch: master v New pull request Create new file @ Upload files = Find File Clone or download ~

lyang54 correct a few features Latest commit 24aedal 1 minute ago
i} doc correct a few features 1 minute ago
i lapy correct a few features 1 minute ago
=) .DS_Store add more features 2 days ago
=) LICENSE.rst add more features 2 days ago
=) README.md add more features 2 days ago
=) logo.pdf Logo 16 days ago
) setup.py add more features 2 days ago
README.md ,

LA-Py

It's a python package for LHAASO Astronomy analysis.

LA-Py is a tentative and young project and there are many areas where the features, implementation and documentation
is work in progress. So please have some patience and let us know where we should put our priorities. We can also
discuss possible contributions if you want to become a co-developer.

https://qgithub.com/lyang54/L A-Py



https://github.com/lyang54/LA-Py

Branch: masterv = LA-Py / lapy / Create new file = Upload files = Find file = History

lyang54 correct a few features Latest commit 24ae4al 15 hours ago

B _ pycache }%HSIGCN L‘,{&AMONE’\] %%}E% es 3 days ago
@ add more features 3 days ago
correct a few features 15 hours ago

8 cube add more features 3 days ago
B data correct a few features 15 hours ago
B image correct a few features 15 hours ago
mirf correct a few features 15 hours ago
B skymaps correct a few features 15 hours ago
B spectrum correct a few features 15 hours ago
B stats correct a few features 15 hours ago
B time add more features 3 days ago
B utils add more features 3 days ago
=) .DS_Store add more features 3 days ago

E) _init__.py add more features 3 days ago



lapy.catalog

>>> from lapy.catalog import source_catalogs
>>> source_catalogs.info()
Source catalog registry:

catalog description no of sources
HGPS H.E.S.S. Galactic plane survey (HGPS) source catalog 78
gamma-cat An open catalog of gamma—-ray sources 162
3FGL LAT 4-year point source catalog 3034

1FHL First Fermi-LAT Catalog of Sources above 10 GeV 514

2FHL LAT second high-energy source catalog 360

3FHL LAT third high-energy source catalog 1556

2HWC 2HWC catalog from the HAWC observatory 40
IceCube HESE event 1list from the IceCube observatory 78

>>> source_catalogs['2HWC'].table
<Table length=40>

source_name ra dec glon glat ... specl_dnde_err specl_index specl_index_err specl_radius
deg deg deg deg ... 1/ (cm2 s TeV) deg
strlb floaté4 floaté4s floaté4s floatébs ... floatébs floatébs floatébs floatbs

2HWC J0534+220 83.628 22.024 184.547 -5.783 ... nan nan nan nan
2HWC J0631+169 97.998 16.997 195.614 3.507 ... 6.85e-15 -2.23 0.08 2.000
2HWC J0635+180 98.833 18.053 195.037 4.697 ... nan nan nan nan
2HWC JO700+143 105.117 14.323 201.103 8.440 ... 7.26e-15 -2.03 0.14 2.000
2HWC J0819+157 124.980 15.791 207.997 26.524 ... nan nan nan nan
2HWC J2006+341 301.553 34.184 71.326 1.159 4.21e-15 -2.40 0.11 0.900
2HWC J2019+367 304.937 36.795 75.024 0.301 4.55e-15 -2.24 0.04 0.700
2HWC J2020+403 305.156 40.375 78.072 2.186 nan nan nan nan
2HWC J2024+417% 306.035 41.760 79.589 2.431 nan nan nan nan
2HWC J2031+415 307.925 41.511 860.210 1.138 4.41e-15 -2.52 0.05 0.700



Branch: masterv = LA-Py / lapy / Create new file = Upload files = Find file = History

lyang54 correct a few features Latest commit 24ae4al 15 hours ago

B _ pycache__ add more features 3 days ago
M alert add more features 3 days ago
B8 catalog correct a few features 15 hours ago
add more features 3 days ago

%H:E H’\] -I*_'%' 1_5 ﬂs}i correct a few features 15 hours ago

correct a few features 15 hours ago

LHAASOSCIG o v, correct a few features 15 hours ago

B skymaps correct a few features 15 hours ago
B spectrum correct a few features 15 hours ago
B stats correct a few features 15 hours ago
i time add more features 3 days ago
BB utils add more features 3 days ago
=) .DS_Store add more features 3 days ago

E) _init__.py add more features 3 days ago



LHAASO

% fv: Summary of lhaaso_vda.fits in /Users/lilivang/Downloads/LA-Py_local/f

File Edit Tools Help

Index Extension Type Dimension View
Hmo Primary Image 0 Header
i EFFECTIVE AREA Binary 2 cols X1 rows Header | Hist | Plot | All | Select
mZz POINT SPREAD FUNCTION Binary 10 cols X1 rows Header | Hist | Plot Al Select
m3 BACKGROUND Binary 7 cols X1 rows Header | Hist | Plot | All | Select
4 ENERGY DISPERSION Binary 7 cols X1 rows Header | Hist | Plot | All | Select
| Energy Resolution |
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% fv: Summary of lhaaso_v4.fits in /Users/liliyang/Downloads/LA-Py_local/
File Edit Tools Help

Index Extension Type Dimension View
mo Primary Image 0 Header Image Table
mi EFFECTIVE AREA Binary 3 cols X1 rows Header | Hist | Plot | All | Select
mZ POINT SPREAD FUNCTIOHN Binary 10 cols X 1 rows Header | Hist | Plot All Select
m3 BACKGROUND Binary 7 cols X1 rows Header | Hist | Plot | All | Select
m4 ENERGY DISPERSION Binary 7 cols X1 rows Header | Hist | Plot | All | Select

>>> filename = ("lhaaso_V4.fits")

>>> lhaaso_irf = load_lhaaso_irfs(filename)

>>> aeff = lhaaso_irf["aeff"].to_effective_area_table(offset=offset, energy=energy)
>>> aeff.plot()

<matplotlib.axes._subplots.AxesSubplot object at 0x1c20b88b70>

>>> plt.loglog()

[]

>>> print(lhaaso_irf["aeff"].data)
NDDataArray summary info

MapAxis

106 |

name : energy
unit : 'TeV!

nbins : 80

node type : edges

edges min : 5.0e-02 TeV
edges max : 1.5e+02 TeV
interp : log

10° 1

Effective Area [m2]

MapAxis

104 4

1071 10° 10! 102

name : offset Energy [TeV]

unit : 'deg’
nbins S
node type : edges
edges min : 0.0e+00 deg
edges max : 6.0e+01 deg
interp : lin
: size = 320, min = 5.751 m2, max = 1496480.000 m2




fv: Summary of lhaaso_va.fits in /Users/liliyang/Downloads/LA-Py_local/

File Edit Tools Help
Index Extension Type Dimension View
o Primary Image 0 Header
i EFFECTIVE AREA Binary 2 cols X1 rows Header | Hist | Plot | Al | Select
mZz POINT SPREAD FUNCTION Binary 10 cols X1 rows Header Hist | Plot all Select
m3 BACKGROUND Binary 7 cols X1 rows Header | Hist | Plot | Al | Select
4 ENERGY DISPERSION Binary 7 cols X1 rows Header | Hist | Plot | Al | Select
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Branch: masterv = LA-Py / lapy /

lyang54 correct a few features

@ __pycache__
i alert

B catalog

B cube

B data

B image

m irf

REIRENS L2

B8 spectrum

FititH

B time

B utils

) .DS_Store

E) _init__.py

add more features
add more features
correct a few features
add more features
correct a few features
correct a few features
correct a few features
correct a few features
correct a few features
correct a few features
add more features
add more features
add more features

add more features

Create new file  Upload files = Find file @ History

Latest commit 24ae4al 15 hours ago

3 days ago
3 days ago
15 hours ago
3 days ago
15 hours ago
15 hours ago
15 hours ago
15 hours ago
15 hours ago
15 hours ago
3 days ago
3 days ago
3 days ago

3 days ago



LHAASO SkyMa
yHap LHAASO SkyMap Background

Galactic

Galactic

0 55.4898

Made by #7575

>>> from lapy.stats import significance

>>> significance(n_on=10, mu_bkg=8, method="lima", n_on_min=1)
array([0.68034625])




Branch: masterv = LA-Py / lapy /

lyang54 correct a few features

@ __pycache__
M alert

B catalog

B cube

B data

B image

m irf

X EAIRELS A

B8 spectrum

B stats
B time
BB utils

) .DS_Store

E) _init__.py

add more features
add more features
correct a few features
add more features
correct a few features
correct a few features
correct a few features
correct a few features
correct a few features
correct a few features
add more features
add more features
add more features

add more features

Create new file  Upload files

Find file = History

Latest commit 24ae4al 15 hours ago

3 days ago
3 days ago
15 hours ago
3 days ago
15 hours ago
15 hours ago
15 hours ago
15 hours ago
15 hours ago
15 hours ago
3 days ago
3 days ago
3 days ago

3 days ago



Declination

background model = BackgroundModel (background)

dataset = MapDataset(
model=sky model,
exposure=exposure,

background model=background model,

psf=psf_ kernel,
edisp=edisp,

npred = dataset.npred()

# This one line is the core of how to simulate data when
# using binned simulation / analysis: you Poisson fluctuate

# npred to obtain simulated observed counts.
# Compute counts as a Poisson fluctuation
rng = np.random.RandomState(seed=42)

counts = rng.poisson(npred.data)

counts _map = WcsNDMap(geom, counts)

npred.sum _over_axes().plot(add_cbar=True);
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counts map.sum over axes().plot(add cbar=True);
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