Charting the TeV Milky Way:
The H.E.S.S. Galactic Plane Survey
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Methods:

* Automatically generated exclusion maps

* Adaptive ring background method
Example maps:
* Significance map

* Sensitivity map & slice
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Methods
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H.E.S.S. Galactic source population
& some exciting hew sources

Outlook
Population studies
Publication of HGPS
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H.E.S.S. Instrument

* 4 (+1) imaging atmospheric Cherenkov telescopes in Namibia

* Large 5° field of view, good angular resolution of <0.1°
* Energy range ~200 GeV - 100 TeV, energy resolution <15%
* High sensitivity (50): 1% Crab in 25 h

= ideal for Survey of inner Galaxy

Now with >8 years of data with H.E.S.S.-I:

* Many sources, most extended

* H.E.S.S. Galactic plane survey (HGPS) catalog
* population studies

* H.E.S.S.-II will concentrate on deeper observations of single sources
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Sign. sky map with exclusion regions

Significance sky map
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Automatically generated exclusion maps

Exclusion Map

exclusion maps are produced by
thresholding a significance
sky map at a certain level (e.g. 50)

and dilating it by a given radius

(e.g. 0.3°)



Automatically generated exclusion maps

Exclusion Map
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Adaptive ring background method

A ring around a trial source position is used to provide a background
estimate.

(see D. Berge et al., H.E.S.S. collaboration, 2007, A&A, 466, 1219 for H.E.S.S.
background methods)
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Adaptive ring background method

A ring around a trial source position is used to provide a background
estimate.

Resulting excluded regions turn out to cover areas of the sky

that are comparatively large on the scale of the size of the field

of view.

Using a small constant ring - gaps
Using a large constant ring — syst. effects on background
= adaptively enlarge ring where large fraction of the ring area

overlaps with an excluded region - results in



H.E.S.S. Galactic plane survey (HGPS) maps




HGPS maps - Significance map
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HGPS maps - Sensitivity map

1 (deg)

ALV iomvwa ALVl o—-pwas
» 5

AL bilormrvwas

-
-
E
-

290 280 270 26 250

Sens. to point-like y-ray sources with assumed N'=2.3, 50 pre-trial. Int. flux >1 TeV in units % Crab



HGPS maps - Sensitivity slice




H.E.S.S. Galactic plane survey (HGPS) catalog
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HGPS catalog - Methods

HGPS region: deep exposure, several complex regions with multiple

peaks & extended emission.
Aim for well-defined detection and source-separation criteria for

HGPS catalog.

» Simultaneous likelihood fitting in 'regions of interest' (ROI) on
count maps for detection and morphology
(taking exposure, PSF & background model into account)

* Each ROI is modelled in many different ways, decision by fit TS
value

» Spectral analysis on resulting 'source regions'



HGPS catalog - Challenges

e.g. case of HESS J1843-033 —» how many sources?

HESS J1843-033

R. Terrier, Disentangling TeV gamma-ray emission in complex regions: the case of
the Scutum arm tangent. 7™ TeVPA conference 2011, Stockholm, Sweden



HGPS catalog - Challenges

e.g. case of HESS J1843-033 —» example for fitting procedure

Kes 75

A

model
L ]

residuals

N

ATS = 340.9 ATS =43.2 ATS =36.8

R. Terrier, Disentangling TeV gamma-ray emission in complex regions: the case of
the Scutum arm tangent. 7™ TeVPA conference 2011, Stockholm, Sweden



HGPS catalog - Challenges

e.g. case of HESS J1843-033 — 3 independent sources

L5

HESS J1843-033 C ! HESS J1843-033
A

"42™ _ 1?"42"‘
ght Ascension Right Ascension

R. Terrier, Disentangling TeV gamma-ray emission in complex regions: the case of
the Scutum arm tangent. 7™ TeVPA conference 2011, Stockholm, Sweden
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H.E.S.S. sources — HESS J1303-631

0.84 - 22 lIE * Previously unidentified; now

confirmed as PWN through y-ray,
X-ray & radio observations

JANER LW - Significant energy-dependent
13"06™ 3"04™ 3"02™ 3"00™ 0= . - morphOIOgy Of the Y_ray Source:

Right Ascension J2000.0 Distance from pulsar 7]

(2 10) TeV high-energy emission towards

. g the PSR & lower energy emission
o extending 4° outwards
- * PWN seen also in X-ray
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Right Ascension J2000.0 Diatance from puksar 7]
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Declination J20440.0
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Right Ascension 120003 e tom st http://arxiv.org/abs/1210.6513




H.E.S.S. sources — HESS J1303-631

[+=w] e Previously unidentified; now
|E2,mm Jconfirmed as PWN through y-ray,

I X-ray & radio observations

PSR J1301-6305

J° Significant energy-dependent
§morphology of the y-ray source:

4 high-energy emission towards
the PSR & lower energy emission
jextending 4° outwards

d- PWN seen also in X-ray

http://arxiv.org/abs/1210.6513
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H.E.S.S. sources — W49B

* W49 region: mixed-morphology SNR
W49B (interacting with MC), star-forming
region W49A

* W49B: TeV y-ray emission is well
coincident with the brightest radio part
of the W49B remnant and with Fermi
PRELIMINARY | | source

http://arxiv.org/abs/1104.5003



H.E.S.S. sources — W49B
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* W49 region: mixed-morphology SNR
W49B (interacting with MC), star-forming
region W49A

* W49B: TeV y-ray emission is well
coincident with the brightest radio part
of the W49B remnant and with Fermi
source

* W49B: energy spectra in GeV and TeV
band in very good agreement

PRELIMINARY

http://arxiv.org/abs/1104.5003



.E.S.S. sources - W49B

PRELIMINARY

* W49 region: mixed-morphology SNR
W49B (interacting with MC), star-forming
region W49A

* W49B: TeV y-ray emission is well
coincident with the brightest radio part
of the W49B remnant and with Fermi
source

* W49B: energy spectra in GeV and TeV
band in very good agreement

* W49A: hint of TeV y-ray emission in good
spatial coincidence with molecular cloud

http://arxiv.org/abs/1104.5003
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H.E.S.S. sources — HESS ]1641-463

* HESS J1641-463 close to very bright
composite SNR HESS 1J1640-465

16"42™ 16"40™
Right Ascension

Oya, |. et al. (H.E.S.S. collab), Discovery of the VHE gamma-ray source HESS J1641-463
4th Fermi Symposium Monterey, CA : 28 Oct-2 Nov 2012



H.E.S.S. sources — HESS ]1641-463

* HESS J1641-463 close to very bright
composite SNR HESS 1J1640-465

* Projection of excess events in rectangle
(in different energy bands) —» two sources

. SNR G338.3-00.0
 HESS J1641-463
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ey, CA : 28 Oct-2 Nov 2012




H.E.S.S. sources — HESS ]1641-463

* HESS ]1641-463 spatially
coincident with SNR G338.5+0.1,
but no clear X-ray counterpart

* MOST Radio data: bridge
between two SNRs, coincides with
HII region

* Most likely PWN or SNR, need X-
ray, H.E.S.S.-II or CTA to identify
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Oya, |. et al. (H.E.S.S. collab), Discovery of the VHE gamma-ray source HESS J1641-463
4th Fermi Symposium Monterey, CA : 28 Oct-2 Nov 2012
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Outlook — Population studies

PWN population study
* Large number of TeV PWNe

* Uniformly analysed in HGPS
catalog
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Outlook — Population studies

PWN population study
* Large number of TeV PWNe
* Uniformly analysed in HGPS catalog

* Some very extended - can study how
extension depends on age, E etc.
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Outlook - Future of HGPS

Paper in preparation:

* Maps

» Catalog

* Online material: correlated maps (for different correlation radii,
spectral indices) and catalog will be available in .fits format

Population studies in progress, to be published simultaneously

H.E.S.S. contributions in this session:

* SNRs interacting with Molecular Clouds as seen with H.E.S.S. Diane Fernandez
* HE and VHE emission from pulsars and their surroundings according to

Fermi LAT and HESS Bronek Rudak

Monday: First constraints on axion-like particles from gamma-ray astronomy

with HESS Denis Wouters



Thank You!
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