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HESS galactic plane survey

2004 Galactic scan:

125h, -30°< 1< 30° -2.5°< b <2.5°
16 sources published (ApJ 636, 2006)

2006:

16 others published separately

Extension 2005-2007:

400h, -85°< | <60° -2.5°<phb<25° A Garlick 7 spacaiatiioy
>20 sources discovered

VHE y-rays

B. Khélifi TeVPA, Beijing, 24-28 September 2008
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The Galactic Centre

Galactic plane
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The Galactic Centre:
Origin of the TeV y-rays?

A variety of interpretations:

« Curvature radiation of UHE
protons near SgrA*

« Shocks in SgrA*’s
accretion flow or wind

« Decaying UHE neutrons

« The Pulsar Wind nebula
G359.95-0.04

The Dark Matter interpretation is excluded Cf. talk of G. Hermann
(power-law spectrum from 160GeV to 30TeV)

B. Khélifi TeVPA, Beijing, 24-28 September 2008




Supernova Remnants
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Young Shell type SNRs
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RX J1713.7-3946

1-10 kyr, 1-6 kpc
First-ever resolved TeV SNR
Strong correlation with X-rays: ~80%

|IIII|IIII|IIII|III]|IIII|IIII|I|II|

L 1 1 | 1

1 l 1

RX J1713.7-3946

T .

17"20™00°

B. Khélifi

17"15™00°

17"0™00°  17"05™00°
RA (hours)

80

70

60

50

40

30

20

10

-10

Dec (deg.)

-45

-45.5

-46

-46.5

-47

-47.5

48

RX J0852.0-4622 (Vela Jr)
0,7-1.1 kyr, 0.2-2 kpc
Thin shell resolved with HESS
Correlation with X-rays: ~65%
+ Correlation with Radio

RX J0852.0-4622
alias Vela Junior
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Young Shell type SNRs:
Discovery of SN1006 at VHE energies

Type 1a SN XMM Newton > . 45 keV
S~
Distance 2.2 kpc l,'
Diameter 30' ;
!
P
|
XMM-Newton
2 —45 keV

Chandra
X-rays)
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HESS-CHANDRA morphology of SN1006

Taking Chandra exposure-corrected
map of SN 1006

Note: filaments seen in X-rays
(= shock-waves)

Chandra map smoothed
with HESS PSF (0.19
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HESS-CHANDRA morphology of SN1006

Taking Chandra exposure-corrected :
map of SN 1006 a1, HESS

Note: filaments seen in X-rays
(= shock-waves)

/ﬂ preliminary
Chandra map smoothed <<
with HESS PSF (0.19 O

15h04m 15h02m 15h00m HE.S.S. Ilmlt paper:
RA (hours)

15h04m 15h02m
BA (hours)

HESS map with
Chandra map's
smoothed contours
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Young Shell type SNRs: interpretation
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With the full statistics : E > 50 TeV
Particles up to >100 TeV

If hadrons:
primary energy >200 TeV

If leptons:
primary energy >100 TeV (KN)

TeVPA, Beijing, 24-28 September 2008




RXJ 1713.7-3946: X-ray vs y-ray correlations
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Y. Uchiyama et al. 2002
= Very close morphologies = Within a leptonic scenario
for X-ray & y-ray = Deduced B~ 10 uG
= 80% Correlation .

» \What does that mean?
Leptonic domination?
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RXJ 1713.7-3946: X-ray vs y-ray correlations
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Y. Uchiyama et al. 2002
= Very close morphologies = Within a leptonic scenario

(0] X-ray& y-ray = Deduced B ~ 10 uG

= 80% Correlation .

» \What does that mean?
Leptonic domination?
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RXJ 1713.7-3946: Hadronic vs Leptonic emission
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= For a hadronic scenario
» High B for acceleration and X-ray

= High B-fields suppress IC emission synchrotron emission

= Non-linear effects of efficient CR = Low ratio e/p

acceleration can lead to B-field = Low target density ( p~1cm™)
amplification (e.g. thin filaments in .

SN1006, Cas A)

what proportion of
leptons/hadrons i.e. hybrid modelling

B. Khélifi TeVPA, Beijing, 24-28 September 2008




Molecular clouds as
probes of hadronic
accelerators
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The Galactic Diffuse emission @ central 100 pc
" . - , ‘

= Correlation with molecular
clouds

. Fy x |:cr X ptarget
. rV e I-CI’
Point sources subtracted = |[nterpretation:

Central source(s) + diffusion ~ 10
kyrs = propag. of ~100 pc

» HESS flux implies:
>
= Harder spectrum

Emission along the Galactic Plane

Mystery Source HESS J1745-303

‘ /PA, Beijing, 24-28 September 2008




The Galactic Diffuse emission @ central 100 pc
" . - , ‘

H.E.S.S.

GC molecular clouds
Tsuboi et al. 1999

= Correlation with molecular
clouds

. Fy x |:cr X ptarget

. rV x I-CI’

= Interpretation:

Central source(s) + diffusion ~ 10

L 05 m
400
380
~1360
—{340
320 kyrs = propag. of ~100 pc
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Older Shell type SNRs

= 2-3 kpc
» 35 - 150 kyr age

= TeV emission coincident with
= trace shocks

= First evidence for
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Stellar clusters: A new type of TeV source?

= Open Cluster Westerlund 2 : thousands of solar masses
Wolf-Rayet & young stars
= \WWinds excavating bubbles in the ISM

» HESS source coincides with the most proeminent one in RCW 49

= Systematic search program undertaken with HESS...
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Pulsar Wind Nebulae

B. Khélifi TeVPA, Beijing, 24-28 September 2008




Pulsar Wind Nebulae

¥ MSH 1552 |1 Puso.a|- Kookaburra K3/Rabbit [liI*°
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revealed by HESS galactic scan "t PSR B1509-58 bl ®
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= Associated with pulsars: ; = & "
- very young : age < 10 °yrs = 5 Gl i
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= Mostly displaced TeV emission ; ® L i &
relative to pulsar position: 4 o e
“Crushed nebulae” »: . BT «
= Spectra extend frequently >10 TeV T o T 0T L ey

(>50 TeV for some sources)

B. Khélifi TeVPA, Beijing, 24-28 September 2008




Morphology of PWNe: evidence for cooling

TeV emission:
« From charged particules rapidly
losing their enery

PSR J1826-1334 .
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PWNe: particle acceleration and morphology

Striped wind Relativistic shock
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Simulations
of the plasma
properties

Although the plasma properties start to be well und erstood,
Crab Nebula

Weisskopf et al., 2000 (CHANDRA) (E>100TeV)
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Binaries & microguasars




Binaires : LS 5039 with HESS

First detection of
VHE source periodicity
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Orbital phase

Gamma-ray period:

3.908+0.002 days LS5039: | |
. 4(?) M4 object in eccentric 3.9-day orbit

around a 20-30 M 4 star
« Closest approach ~10 2 cm or ~2 stellar
radii
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LS 5039: origin of y-rays?
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Implications of the flux periodicity:
« Maximum flux at the apostron
= Major role of y-hv absorption
 But strongest absorption in 0.2-2 TeV and flux
at 0.2 TeV constant
= QOther processes should occur (cascades,

acceleration mechanism, ...)
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Summary and Conclusions

A wealth of sources of different types discovered
Shell, neutron star, black hole, stellar cluster, m olecular clouds, ...

In addition of a diversity of:
« Astrophysical environments:
photon field, interstellar material density, B stre
. Possible acceleration processes:
Fermi I/Il, Diffusive Shock Acceleration, magnetic

wind effects, ...

ngth, ...

reconnection, collective

Gal. Centre 1 ef/p > 50TeV ? Firm
SNRs 42 e*/p >100TeV  Fermi/DSA | @ssociation
Mol. Clouds 2 Likely p > 50TeV None |dentified
Stellar Clusters 1 et/p > 50TeV Fermi counterpart
PWNe 97 Likely e * > 100TeV ?+Fermi
MERES 21 ef/p > 50TeV ?
« Dark » 10 ? > 50TeV ?

B. Khélifi

TeVPA, Beijing, 24-28 September 2008




A

- - ,1?%%?_
P

R et

e S -

T NG S N O OSR

e

Key location: Namibia



