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SIMPLE APPROACH - LET’S TAKE A CUTOUT

23°00" 15.0

12.5 » GREEN: SIGNAL REGION, 412 COUNTS
22°30'
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*IN REALITY ONE WOULD USE E.G. "REFLECTED REGIONS BACKGROUND", SEE TALK BY J. HOLDER




BRIEF ASIDE - HYPOTHESIS TESTING

A MODEL OR AN EXCESS OF COUNTS (%1) IS TESTED AGAINST A NULL
HYPOTHESIS (HU) WHERE NO SOURCE IS PRESENT.

WE USE THE DIFFERENCE IN TEST STATISTIC (TS), THE (POISSON)
LIKELIHOOD RATIO
L(Ho)

WHERE L(7) IS THE MAXIMUM LIKELIHOOD OF A HYPOTHESIS.

WHEN ONLY 1 DEG OF FREEDOM: ¢ = VIS, AND WE USUALLY REQUIRE OU



SIMPLE APPROACH - LET’S TAKE A CUTOUT
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THAT IS KIND OF UNSATISFYING - WHAT ABOUT A MAP?

HERE WE HAVE TWO OPTIONS:

> BASED ON EXCESS: FOR EACH PIXEL OF THE MAP, COMPARE THE MEASURED
COUNTS WITH THE EXPECTED BACKGROUND USING Li&Ma. NOT MODEL
DEPENDENT BUT USUALLY DONE WITH SOME SMOOTHING, WHICH IMPACTS
SCALE OF VISIBLE STRUCTURES -+ COMMON IN IACTs

> BASED ON MODEL: FOR EACH PIXEL COMPARE THE LIKELIHOOD OF THE
MEASURED COUNTS GIVEN A MODEL VS THE ABSENCE OF IT. REQUIRES AN
ASSUMPTION OF SPECTRAL AND SPATIAL PROPERTIES - FERMI, HAWC..



SIGNIFICANCE MAPS

REASONABLE SMOOTHING:
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ESTIMATOR = EXCESSMAPESTIMATOR("O.1DEG")
RRESULT = ESTIMATOR.RUN (STACKED)




SIGNIFICANCE MAPS

USING A POINT SOURCE

NO SMOOTHING MODEL WITH E™
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ESTIMATOR = TSMAPESTIMATOR()
RRESULT = ESTIMATOR.RUN (STACKED)
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BACKGROUND NORMALIZATION

WHEN WE LOOK AT A SIGNIFICANCE MAP WE WANT TO KNOW:
1) ARE THERE ANY SIGNIFICANT EXCESSES?
2) IS THE BACKGROUND WELL NORMALIZED?

How CAN WE TELL?

IN THE ABSENCE OF SIGNAL, THE SIGNIFICANCE DISTRIBUTION SHOULD BE
WELL DESCRIBED BY A GAUSSIAN DISTRIBUTION WITH MEAN=0 AND
WIDTH=1. THIS = AS MANY +VE FLUCTUATIONS AS -VE!

FLUCTUATIONS SHOULD BE RANDOMLY DISTRIBUTED SO THAT MAP HAS NO
STRUCTURES SUCH AS GRADIENTS OR OTHER



BACKGROUND NORMALIZATION
THE BACKGROUND OF ONE OF THESE

CAN YOU TELL ME WHICH ONE?
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BACKGROUND NORMALIZATION

THE BACKGROUND OF ONE OF THESE TWO MAPS IS POORLY NORMALIZED.

CAN YOU TELL ME WHICH ONE?
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BACKGROUND NORMALIZATION

THE BACKGROUND OF ONE OF THESE

CAN YOU TELL ME WHICH ONE?
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TEMPORAL*)
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MODELING OUR SOURCE - 1D ANALYSIS s ii
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MODELING OUR SOURCE - 1D ANALYSIS
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Counts

10°F
E Counts
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MODELING OUR SOURCE - 1D ANALYSIS s st
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MODELING OUR SOURCE - 1D ANALYSIS

index=2,

spectral_model = PowerLawSpectralModel(
amplitude=1e-12 * u.Unit("cm-2 s-1 Tev-1"),

reference=1 * u.TeV,

model = SkyModel(spectral_model=spectral_model, name="crab")

spec.models = [model]
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https://docs.gammapy.org/1.2/api/gammapy.modeling.models.SkyModel.html#gammapy.modeling.models.SkyModel
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MODELING OUR SOURCE - 1D ANALYSIS

10!

spectral_model = PowerLawSpectralModel(
amplitude=1e-12 * u.Unit("cm-2 s-1 Tev-1"),

index=2,
reference=1 * u.TeV,
10”; ]
model = SkyModel(spectral_model=spectral_model, name="crab") 10° 2*“:;;3;$ﬁ 6x10" 100
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MODELING OUR SOURCE - 1D ANALYSIS § | e st

spectral_model = PowerLawSpectralModel(
amplitude=1e-12 * u.Unit("cm-2 s-1 Tev-1"),
index=2,
reference=1 * u.TeV,

model = SkyModel(spectral_model=spectral_model, name="crab") 10 zxmliyﬁgﬁos”m o
spec.models = [model] 9y
fit = Fit()

result = fit.run(datasets=spec)
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HOw TO DETERMINE FIT QUALITY?

» MAXIMUM LIKELIHOOD =

» Is THE MINIMUM WELL DEFINED?Y

Delta TS
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https://docs.gammapy.org/1.2/tutorials/api/fitting.html#fit-quality-assessment

How TO DETERMINE FIT QUALITY? TS = —2log

» MAXIMUM LIKELIHOOD = MINIMUM TEST STATISTIC

» Is THE MINIMUM WELL DEFINED?Y
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PLOT FROM TUTORIAL
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https://docs.gammapy.org/1.2/tutorials/api/fitting.html#fit-quality-assessment
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MODELING OUR SOURCE - 1D ANALYSIS
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: minuit

: migrad

: True

: Optimization terminated successfully.
: 116

-2443.13

: minuit

: hesse

: True

: Hesse terminated successfully.
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MODELING OUR SOURCE - 1D ANALYSIS

: minuit

: migrad

: True

: Optimization terminated successfully.
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: minuit

: hesse

: True

: Hesse terminated successfully.
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WAS THAT THE BEST MODEL?

spectral_model = LogParabolaSpectralModel(
amplitude=1e-12 * u.Unit("cm-2 s-1 Tev-1"),
index=
beta=0.01
reference=1 * u.TeV,

)

model = SkyModel(spectral_model=spectral_model,
spec.models [model]

fit = Fit()

result = fit.run(datasets=spec)

name="crab-1p")
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https://docs.gammapy.org/1.2/api/gammapy.modeling.models.ExpCutoffPowerLawSpectralModel.html#gammapy.modeling.models.ExpCutoffPowerLawSpectralModel
https://docs.gammapy.org/1.2/api/gammapy.datasets.Datasets.html#gammapy.datasets.Datasets.models
https://docs.gammapy.org/1.2/api/gammapy.modeling.models.SkyModel.html#gammapy.modeling.models.SkyModel
https://docs.gammapy.org/1.2/api/gammapy.modeling.Fit.html#gammapy.modeling.Fit
https://docs.gammapy.org/1.2/api/gammapy.modeling.Fit.html#gammapy.modeling.Fit
https://docs.gammapy.org/1.2/api/gammapy.modeling.Fit.html#gammapy.modeling.Fit.run
https://docs.gammapy.org/1.2/api/gammapy.datasets.Datasets.html#gammapy.datasets.Datasets
https://docs.gammapy.org/1.2/api/gammapy.datasets.Datasets.html#gammapy.datasets.Datasets

WAS THAT THE BEST MODEL?

spectral_model = LogParabolaSpectralModel(
amplitude=1e-12 * u.Unit("cm-2 s-1 Tev-1"),
index=
beta=0.01
reference=1 * u.TeV,

)

model = SkyModel(spectral_model=spectral_model,
spec.models = [model]

fit = Fit()

result = fit.run(datasets=spec)

name="crab-1p")

1071 1 ' R ™ OptimizeResult

— o ]
rlv [ h backend : minuit
E - b method : migrad
W] - E success ¢ True
— message : Optimization terminated successfully.
| -11 c
[7,) 10 E | Trf =it
o = ] total stat : -2444.36
st - ]
5] - - X |
—_— B i CovarianceResult
@ B ]
'g backend : minuit
] 10—12 L - method : hesse
o~ = = success : True
(D] C ] message : Hesse terminated successfully.

[ . e o

10° 10t

Energy [TeV]
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https://docs.gammapy.org/1.2/api/gammapy.modeling.models.ExpCutoffPowerLawSpectralModel.html#gammapy.modeling.models.ExpCutoffPowerLawSpectralModel
https://docs.gammapy.org/1.2/api/gammapy.modeling.models.ExpCutoffPowerLawSpectralModel.html#gammapy.modeling.models.LogParabolaSpectralModel
https://docs.astropy.org/en/latest/api/astropy.units.Unit.html#astropy.units.Unit
https://docs.astropy.org/en/latest/api/astropy.units.PrefixUnit.html#astropy.units.PrefixUnit
https://docs.gammapy.org/1.2/api/gammapy.modeling.models.SkyModel.html#gammapy.modeling.models.SkyModel
https://docs.gammapy.org/1.2/api/gammapy.modeling.models.SkyModel.html#gammapy.modeling.models.SkyModel
https://docs.gammapy.org/1.2/api/gammapy.modeling.models.ExpCutoffPowerLawSpectralModel.html#gammapy.modeling.models.ExpCutoffPowerLawSpectralModel
https://docs.gammapy.org/1.2/api/gammapy.modeling.models.ExpCutoffPowerLawSpectralModel.html#gammapy.modeling.models.ExpCutoffPowerLawSpectralModel
https://docs.gammapy.org/1.2/api/gammapy.datasets.Datasets.html#gammapy.datasets.Datasets.models
https://docs.gammapy.org/1.2/api/gammapy.modeling.models.SkyModel.html#gammapy.modeling.models.SkyModel
https://docs.gammapy.org/1.2/api/gammapy.modeling.Fit.html#gammapy.modeling.Fit
https://docs.gammapy.org/1.2/api/gammapy.modeling.Fit.html#gammapy.modeling.Fit
https://docs.gammapy.org/1.2/api/gammapy.modeling.Fit.html#gammapy.modeling.Fit.run
https://docs.gammapy.org/1.2/api/gammapy.datasets.Datasets.html#gammapy.datasets.Datasets
https://docs.gammapy.org/1.2/api/gammapy.datasets.Datasets.html#gammapy.datasets.Datasets

from scipy.stats import chi2, norm

WAS THAT THE BEST MODEL?

def

» AGAIN WE ARE TESTING TWO HYPOTHESIS, WHICH ARE NESTED

TS = —2log %

sigma_to_ts({sigma, df=1):
"""Convert sigma to delta ts"""
p_value = 2 * norm.sf(sigma)
return chi2.isf(p_value, df=df)

ts_to_sigma(ts, df=1):
"""Convert delta ts to sigma"""
p_value = chi2.sf(ts, df=df)
return norm.isf(0.5 * p_value)

» WILKS THEOREM SHOWS THAT THE DIFFERENCE OF THE TEST STATISTIC VALUES FOR THE TWO HYPOTHESES
ASYMPTOTICALLY FOLLOWS A X? DISTRIBUTION WITH NmFDEGREES OF FREEDOM, WHERE NWFIS THE

DIFFERENCE OF FREE PARAMETERS BETWEEN THE TWO HYPOTHESIS AS LONG AS THEY ARE NESTED

> IF Nmm=1 THEN WE CAN SIMPLY TAKE IT AS U — V Tfi WHICH IS WHAT WE DID FOR THE MAPS,

REMEMBER?
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WAS THAT THE BEST MODEL?

» THE LOG-PARABOLA MODEL IS EQUIVALENT TO THE POWERLAW MODEL WITH
ONE EXTRA PARAMETER

» TN THAT SIMPLE CASE WE CAN JUST DO TSPL'TSLUGP TO DETERMINE WHETHER

THE DESCRIPTION WITH ONE MORE PARAMETER IS MORE LIKELY GIVEN THE
DATA

> TS, -Ts, = -2443.13-(-2444.36) = 1.23 - NOT REALLY!

GP

» IN REALITY THE CRAB SPECTRUM IS CURVED - BUT THE H.E.S.S. PUBLIC
DATA IS NOT SENSITIVE ENOUGH!



WAS THAT THE BEST MODEL?

select_nested _models

gammapy .modeling.select nested models(datasets, parameters, null values, n_sigma=2,
n_free_parameters=None, fit=None)
Compute the test statistic (TS) between two nested hypothesis.

[source]

The null hypothesis is the minimal one, for which a set of parameters are frozen to given values.
The model is updated to the alternative hypothesis if there is a significant improvement (larger
than the given threshold).

Parameters:
datasets : patasets
Datasets.
parameters : parameters or list of parameter

List of parameters frozen for the null hypothesis but free for the test hypothesis.

null_values : list of float or Parameters
Values of the parameters frozen for the null hypothesis. If a Parameters object or a list of
parameters  is given the null hypothesis follows the values of these parameters, so this
tests linked parameters versus unliked.
n_sigma : float, optional
Threshold in number of sigma to switch from the null hypothesis to the alternative one.
Default is 2. The TS is converted to sigma assuming that the Wilk's theorem is verified.
n_free_parameters : int, optional
Number of free parameters to consider between the two hypothesis in order to
estimate the ts_threshold from the n_sigma threshold. Default is len{parameters).
fit : Frit, optional
Fit instance specifying the backend and fit options. Default is None.

Returns:
result : dict
Dictionary with the TS of the best fit value compared to the null hypothesis and fit
results for the two hypotheses. Entries are:

« “ts” : fit statistic difference with null hypothesis
« “fit_results” : results for the best fit
= “fit_results_null” : fit results for the null hypothesis

3-4th Dec 2024

FROM GAMMAPY.MODELING.SELECTION IMPORT SELECT_NESTED_MODELS

# TEST IF CURVATURE IS SIGNIFICANT

SPEC.MODELS = MODEL

RESULT = SELECT_NESTED_MODELS (SPEC,
PARAMETERS=[SPEC.MODELS [0] . SPECTRAL_MODEL .BETA]
NULL_VALUES=[0],
)

PRINT(RESULT['TS'])

>

from gammapy.modeling.selection import select nested models

# Test if cutoff is significant
spec.models = model
result = select nested models(spec,

parameters=[spec.models[8].spectral_model.betal,

null values=[0],
)
print(result['ts'1)

1.237075824501062
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MODELING OUR SOURCE - 1D ANALYSIS
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MODELING OUR SOURCE - 1D ANALYSIS

FIT AGAIN IN
EACH SMALL BIN
ASSUMING THE
OVERALL SHAPE
BUT LETTING THE
NORMALIZATION
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MODELING OUR SOURCE - 1D ANALYSIS

10—10

10—11

e2dnde [ergs~tcm™?]

100

7% 1073 x 18% 1076 x 107
Energy [TeV]

FIT AGAIN IN
EACH SMALL BIN
ASSUMING THE
OVERALL SHAPE
BUT LETTING THE
NORMALIZATION
FREE



MODELING OUR SOURCE - 1D ANALYSIS

e2dnde [ergs~tcm™?]
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WHAT IF NOTHING IS DETECTED? UPPER LIMITS

10—11 - o I _
_ i ! YOU NEED TO
™~ ——
c i —— : ASSUME A
-12L 4
L 6x10 e SPECTRAL SHAPE!
ILn o L — A
2 ax10722f ]
Y 3x10 22} ]
cC
©
T
2x 10712 |
10° 2x10° 3x10%x10° 6x10° 101
HERE I REMOVED THE REAL Energy [Tev]

COUNTS, GAVE THE DATASET NO
MODEL AND DID DATASET.FAKE()
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WHAT

IF NOTHING IS DETECTED?Y UPPER LIMITS
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WHAT IF NOTHING

e2dnde [ergs~tcm™2]
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10—12
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WHAT IF THE REGION IS COMPLICATED?

44 42 40 38 36 34 32 30

3HAWC CATALOG

26 24

VTS
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FITTING SPECTRA AND MORPHOLOGY AT ONCE - 3D ANALYSIS

. DATASET . NPRED () ENERGY DATASET . COUNTS ENERGY
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NOW WE CAN FIT A MODEL TO THE DATA BY COMPARING PREDICTION TO OBSERVATION!
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FITTING A COMPLICATED REGION

USING SIMULATED CTA OBSERVATIONS OF
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FITTING A COMPLICATED REGION

IN THEORY: START FITTING 1 POINT SOURCE AND KEEP ADDING MORE SOURCES UNTIL
NOT SIGNIFICANT ANYMORE. THEN TEST E.G. EXTENSION, CURVATURE...

1°00°

W
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Galactic Latitude
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FITTING A COMPLICATED REGION

ALTERNATIVE: FIND PEAKS IN TS MAP AND START WITH ALREADY A HANDFUL OF
SOURCES, AND THEN ITERATIVELY MAKE THE MODEL MORE COMPLEX

1°00"'

v 30
9
S 0°30°
5 20
j 00"
ks 10
S _0°30'
(0]
) 0

-1°00"'

2° 1° 0° 359° 358°
Galactic Longitude
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LINK TO TUTORIAL

from gammapy.estimators.utils impert find peaks
images ts = ts image estimator.run(stacked)

FITTING A COMPLICATED REGION

ALTERNATIVE: FIND PEAKS IN TS MAP AND START _
sources = find peaks(

SOURCES, AND THEN ITERATIVELY MAKE THE MODE images ts["sqrt ts"],
threshold=5,

min distance="8.2 deg",
1°00" )

display(sources)

Q
E 0°30" Table length=9
s value X y ra dec
]
j 00" deg deg
g float64 inté4 int6d Float&d4 Floate4
O
E _0030| 36.125 252 197 266.42400 -29.00450
© Q
LD 0 o
-1°00'
- 2° 1° 0° 359° 358°
Galactic Longitude
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https://docs.gammapy.org/dev/tutorials/analysis-3d/cta_data_analysis.html#source-detection

LINK TO TUTORIAL

FITTING A COMPLICATED REGION

ALTERNATIVE: FIND PEAKS IN TS MAP AND START WITH ALREADY A HANDFUL OF
SOURCES, AND THEN ITERATIVELY MAKE THE MODEL MORE COMPLEX
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https://docs.gammapy.org/dev/tutorials/analysis-3d/cta_data_analysis.html#source-detection

LINK TO TUTORIAL

FITTING A COMPLICATED REGION

ALTERNATIVE: FIND PEAKS IN TS MAP AND START WITH ALREADY A HANDFUL OF
SOURCES, AND THEN ITERATIVELY MAKE THE MODEL MORE COMPLEX
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https://docs.gammapy.org/dev/tutorials/analysis-3d/cta_data_analysis.html#source-detection

LINK TO TUTORIAL

FITTING A COMPLICATED REGION

ALTERNATIVE: FIND PEAKS IN TS MAP AND START WITH ALREADY A HANDFUL OF
SOURCES, AND THEN ITERATIVELY MAKE THE MODEL MORE COMPLEX
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https://docs.gammapy.org/dev/tutorials/analysis-3d/cta_data_analysis.html#source-detection

FITTING A COMPLICATED REGION
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MODELS DON’T NEED TO BE ANALYTICAL!
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FITTING A COMPLICATED REGION
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FITTING A COMPLICATED REGION
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FITTING A COMPLICATED REGION
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FITTING A COMPLICATED REGION )

0°
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Galactic Latitude

BE CAREFUL WITH YOUR COLORMAPS!
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POWER OF 3D ANALYSIS

Galactic Latitude

CAN DISENTANGLE CONTRIBUTIONS OF OVERLAPPING SOURCES!

IN THIS EXAMPLE THERE IS A POINT SOURCE WITH POWER LAW SPECTRUM
A GAUSSIAN SURCE WITH LOG-PARABOLA SPECTRUM
A SHELL WITH POWER LAW SPECTRUMM
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A. DONATH ET AL
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ALSO SPATIALLY!

Galactic Latitude

H.E.S.S. CoLL.
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LINK TO TUTORIAL
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https://docs.gammapy.org/dev/tutorials/analysis-3d/flux_profiles.html#sphx-glr-tutorials-analysis-3d-flux-profiles-py

» TS THERE A SOURCE THERE?Y

» WHAT ARE ITS PROPERTIES?
(SPECTRAL, SPATIAL,
TEMPORAL*)

> HOW TO PRESENT RESULTS

> COMBINING DATA FROM
DIFFERENT INSTRUMENTS

» SOURCES OF UNCERTAINTY

*IF WE HAVE TIME
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JOINT ANALYSIS

EVERYTHING I SHOWED YOU SO FAR WITH ONE DATASET CAN BE DONE WITH A LIST OF DATASETS

GAMMAPY DOESN’T CARE WHICH INSTRUMENT TOOK THE DATA IN YOUR DATASET

T T |I[III| U U II'I'III' T T IIIIII'| T T T TTTH
10-0L HAWC CoLL. 2022, i
- C. NIGrO ET AL 2019 A
T'—' B i
" 5 i
8 5 _
E‘ 10—11 -
> - — =+ Fermi-LAT
A C MAGIC
_— [ —— VERITAS
oo | —— FACT
U -=+ H.ES.S
10712 == HAWC
F —— joint fit
BERREE Nigro et al. ]
. L L | [ | L 1 L Ll IIII L L Ll L IIII 1 L L Ll L L1l
10-2 10-t 10° 10! 102

Energy [TeV]
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JOINT ANALYSIS

2.9

2.6

2.3

2.0

EVERYTHING I SHOWED YOU SO FAR WITH ONE DATASET CAN BE DONE WITH A LIST OF DATASETS

GAMMAPY DOESN’T CARE WHICH INSTRUMENT TOOK THE DATA IN YOUR DATASET

1
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4 5
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JOINT ANALYSIS

EVERYTHING I SHOWED YOU SO FAR WITH ONE DATASET CAN BE DONE WITH A LIST OF DATASETS

GAMMAPY DOESN’T CARE WHICH INSTRUMENT TOOK THE DATA IN YOUR DATASET

FrROM MY PHD THESIS, PRELIMINARY

o o o
v v v
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IS THERE A SOURCE THERE?

WHAT ARE ITS PROPERTIES?
(SPECTRAL, SPATIAL,
TEMPORAL*)

How TO PRESENT RESULTS

COMBINING DATA FROM
DIFFERENT INSTRUMENTS

SOURCES OF UNCERTAINTY

*IF WE HAVE TIME

ANALYSIS



SYSTEMATIC SOURCES OF UNCERTAINTY

STATISTICAL UNCERTAINTY IS REDUCED BY TAKING MORE DATA

SYSTEMATIC UNCERTAINTY IS NOT!

ONE NEEDS TO ESTIMATE IT AND ACCOUNT FOR IT -+ "REASONABLE GUESS"
DIFFERENT APPROACHES, MORE INSTRUMENT-DEPENDENT

THINK ABOUT THINGS YOU MIGHT BE GETTING WRONG. WHAT’S THEIR IMPACT?

E.G. "WHAT IF 0OUR IRFS ARE NOT RIGHT FOR THE DATAT" = MODIFY THE
IRFs RANDOMLY, REPEAT ANALYSIS AND SEE HOW RESULTING PARAMETERS
CHANGE

COMPARISON WITH OTHER INSTRUMENTS, PREVIOUS RESULTS..

INCLUDE THEM IN YOUR ERROR BARS BEFORE MAKING CONCLUSIONS



SYSTEMATIC SOURCES OF UNCERTAINTY & JOINT ANALYSES
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SYSTEMATIC SOURCES OF UNCERTAINTY & JOINT ANALYSES
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QUESTIONS



CONCLUSION (=RANDOM THOUGHTS)

> A COMMON DATA FORMAT ALLOWS FOR EFFICIENT DATA SHARING, COMMON
TOOLS AND JOINT ANALYSIS

> DATA/SIMULATION CONSISTENCY IS THE BASIS ON WHICH ALL OF OUR
ANALYSES REST ON

» ALMOST EVERY HIGH-LEVEL DATA PRODUCT IS PRODUCED WITH ASSUMPTIONS.
» DO NOT IGNORE SYSTEMATICS!!!I

> MAKE AS MANY SANITY CHECKS AND DIAGNOSTIC PLOTS AS YOU CAN, BE
CAREFUL WITH VISUALIZATION!



EXTRA - LIGHTCURVES

dnde [Tev~s~tcm™2]

+  3.44e+00 TeV

el > BASICALLY THE SAME THING EXCEPT
+++ YOU CAN BIN YOUR DATA IN TIME
+
+++ +
++ '++ t > FIT NORMALIZATIONS TO GET FLUX

10712 <

fﬁ+ VARIATIONS

+ + + > GAMMAPY ALLOWS BINNING IN TIMES
SMALLER THAN AN OBSERVATION RUN!

'LINK TO TUTORIAL
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https://docs.gammapy.org/dev/tutorials/analysis-3d/flux_profiles.html#sphx-glr-tutorials-analysis-3d-flux-profiles-py

SUBTLETIES - STACKED VS JOINT

"STACKING": ADDING UP COUNTS, BACKGROUND, COMBINING WEIGHTED IRFsS OF
MULTIPLE OBSERVATIONS INTO ONE GAMMAPY DATASET

"JOINT": FITTING A LIST OF DATASETS CONTAINING 1 PER OBSERVATION
IACT ANALYSIS WITH 100S OF RUNS NEED TO STACK SOMEHOW (TOO SLOW OTHERWISE)

HAWC DATASETS WITH THE DIFFERENT IMAGE SIZE BINS SHOULD NOT BE COMBINED

IN SHORT: ONLY DO IT IF THE IRFS ARE SIMILAR ENOUGH



