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Evolution of a pulsar wind nebula
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Analysis of largely extended sources:
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problematic for:

« extended sources

« sources without defined edge

« sources in highly populated area
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FOV background

Only defined out to 2.5 ° from the pointing center
Already at 2.3 ° edge artefacts start to appear
Some off region is still necessary to adjust flux normalization and spectral index to the respective observation
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Motivation for the new method: Ny D FAU
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Outline of the idea:

Step 1. Match every ON run
to an OFF run with similar
properties
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Step 4: If necessary
normalize the background
(Moonlight runs etc.)

Step 2: Fit the (3d) FOV
background model to
each OFF run

Step 3: Map this
background to the ON run
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Run matching: Wy A% ez

Matching criteria:

Il Efficiency_mean

3 Efficiency_mean

* Only consider runs with -10° > b > 10
« Only consider runs with similar optical efficiency 44

4 4 — —
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» Only consider runs with all telescopes participating
* OFF runs need to pass spectral quality criteria
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« Atmospheric conditions:
« NSB deviation: 50 Hz
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3d background model vs. OFF-run matching

Standard 50° OFF run s L
HESS bkg 4 matching:
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Summary

« Analysis of the high energy gamma ray emission around pulsar halos using Fermi-LAT and H.E.S.S.
« New method for background estimation suited for large diffuse emission
* First detection of extended emission around PSR J1057-5226 from an IACT
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Summary & Outlook gﬂ% 9 |n§/A/=\\\U

* Analysis of the high energy gamma ray emission around pulsar halos using Fermi-LAT and H.E.S.S.
* New method for background estimation suited for large diffuse emission

* First detection of extended emission around PSR J1057-5226 from an IACT

Outlook:

* Improvment of the run matching by introducing weights for every matching parameter corresponding on
the influence on the trigger rate
« Estimation of the systematic error of the method

* Establishment of a firm detection and model for the emission around PSR J1057-5226

28 April 2023 10
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Declination

Example: PSR J1813-1749

H.E.S.S. Data:
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E2dN/dE [erg cm~2 s71]

Example: PSR J1813-1749

One zone model
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Time dependent model of pulsar energy output, ambient magnetic field and injected electrons
Time evolution of pulsar period, spin-down power and magnetic field following Gaensler & Slane 2006
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Assumptions:

« Distance: 6.2 kpc

« E_dot =5.6e37 erg/s
 P=447e-3s

« P_dot=1.26999e-13 s/s

* Braking index = 3.0

* Breaking energy = 100 GeV
« Spectral index = 1.5

Fit parameters:

* B(now) =[10.4 — 12.6] uG

« P0O=[18.4-21.8]ms

« Conversion frac =[0.12 — 0.26]
« Spectral index = [2.3 — 2.4]

« Time frac(X-ray) = [0.08 — 0.13]
« Time frac(pwn) = [0.57 — 0.69]

True age estimated in this study: (5.7 - 6.5) kyrs




Example: PSR J1813-1749
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Crab Nebula — Radial profile
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Declination

Proof of concept: Crab Nebula Ny .- EAU

solid pink: on-off bkg
dashed blue: FOV bk
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Declination

Counts per Area [1/deg™2]

Proof of concept: galactic sources — MSH 15-52
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‘ Background is underestimated
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Declination
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MSH 15-52 — Normalization gﬂ% @ F/A/é\\u

Normalize the background beyond certain Radius:

.  Source extension: 0.15 °
« Radius>1.0°
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Improvement of the run matching: include muon gD EAU
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Declination

MSH 15-52 — comparison to FOV analysis
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MSH 15-52 — comparison to previous publications %Q%‘E F/A,é\\\u
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dnde [TeV / (cm2 s)]

RX J1713.7-139 — comparison to FOV analysis Y @ F/A\U
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Morphological model: (see Mohrmann et. al. 2019)

Estimate bkg level

Extract excess counts

Smooth excess map using two-dimensional cubic spline
function
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Proof of concept: large datasets — gﬂg ;;, |E/A,é\\\u
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Proof of concept: large datasets — RX J1713.7-139
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Analysis of Fermi-LaT data since mission start Removing UNID sources in the region:

« Using pass 8 release 3 IRFs

 4FGL-DR3 source catalog -48°

 Energy range: 100 MeV <E <1 TeV

* Remodeling the pulsar with a point source
model with exponential cutoff power law

-50°

Significance PSR J1057-5226

1

-52°
-48° -

Declination
significance [0o]

i "ﬁ';-fé

R

-54°

TAEL PG -0 _56°
R
-

50° 4 &

DEC

) 1 ;\ 5
e -—1 11h30™ 15m oom 10h45m 30m
4 £ Right Ascension
-56° } +m

11"30™  15™ 00™ 10M45™  3Q™
RA

A first glance at the region does not show
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Summary & Outlook gﬂ% :}} FAU

« Advantages:
« estimate bkg in regions where the source extends beyond the FOV
« Because a 3d background model is used, the statistical error is small

« Disadvantages:
« Good matching required
« Good understanding of changes in the intrument required
« Only good quality runs can be included in the analysis
« Galactic diffuse emission can only be estimated over a normalization factor or an energy threshold of
a few hundred GeV needs to be set

Outlook:

« Estimation of the statistical error introduced through the fit of the 3d background model

« Estimation of the systematic error using Nuisance parameters (see talk from Katrin Streil)
* A short extension of the background method validation paper from Mohrmann et. al. 2019

28 April 2023 27
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