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Pulsar Wind Nebulae (PWNe)

PUISGI" Wind Nebulae : . - Interstellar Material
Relativistic particles (e?) mJec’red by
the central pulsar § Reverse
Ejecta of the supernova sweeps up 2.
Flow decelerated at the shock ~, o ;"‘f‘*

Particles accelerated at ’rll
(Diffusive Shock Accelerat ’!_,
Non-thermal photons emit’ ed-
v Synchr'o’rr'on {m
v Br'emss‘rr'ahluﬁg '
v Inverse Comp‘ro@-f*
sca'rfemqg (Iep’ro Uc e

scenario) g%
v" Pion deéay (hadr'b-,-ef‘ ey
scenario) = e

High energy observations can help cons‘rr'ammg the properties of the
PWN (age, injection spectrum, maximum particle energy and breaks,
nebular magnetic field, ambient photon field, efc.)
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C6RO-EGRET (1991-2000)

_ SR T e | 'Ener'g'e’ric Gamma-Ray

Compton Gamma-Ray Observatory ' Experiment Telescope
(C6RO) w2 (C6RO-EGRET)
(Credit: NAISA ), 20 MeV-30 GeV

(Credit : NASA)
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< AGN - blazars

® Nonid.
W pulsars EGRET All-sky Gamma-Ray Survey above 100 MeV
A LMC (de Jager et al, 1996, ApJ, 457, 253)
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Fermi-LAT l-year catalog

(Abdo et al, 2010, ApJ S, submitted, arXiv:1002.280)
4 firmly identified PWNe and a PWN candidate |
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Possible confusion with Galactic diffuse emission

Credit: Fermi Large Area Telescope Collaboration

1451 sources detected between 100 MeV and 100 GeV with TS > 25
( http.//fermi.gsfc.nasa.gov/ssc/data/access/lat/1yr catalog/ )
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http://fermi.gsfc.nasa.gov/ssc/data/access/lat/1yr_catalog/

' The Crab Nebula

. Pulsar Wind Nebula 6184.6-5.8 aka
Crab Nebula, powered by the Crab
Pulsar (B0531+21, dE/dt. 46><E1Q§8
erg/s) ks :_ TR N

) No SNR shell de'f,eci’__r_é d\} .
| :*Wiﬁgfﬁf

. Distance = (2.0 + O 2) kpc,

characteristic pulsar\,ng 1240

o ooty

X-RAY . -OPTICAL

. Spectrum of The nthia Sp r‘fhl’ngi 21
decades in frequency, from radio To" i N .
~80 TeV, emission predominantly by INFRARED RADIO
non-thermal processes
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Earlier y-ray observations of the Crab Nebula

EGRET observations of the Synchrofron/Inverse Compton spectrum
in the 70 MeV - 30 GeV energy band (De Jager et al., 1996, ApJ, 457,
253).

Large uncertainties on the speqtrum shapes for both components
Variability observed at, 30 lewi | below 150 MeV
no cut-off de’rec’red“"fon #h@ mverse Comp’ron component

o . IR Optical
e _ | A X-ray  Fermi

e Gamma

o
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(Albert et al, ApT 674, 1037, 2008
Inverse Compton peak energy % . ;’ 2
estimated at (77 £ 35) 6eV .

Spectral energy distribution of the Crab
Nebula (Horns & Aharonian, ESAPS
552:439, 2004)
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LAT Observations of the Crab Pulsar and Nebula

The following studies
were performed with
8 months of data in
survey mode

Light curve of the Crab Pulsar, '-

Two cycle are shown.
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(Abdo et al., 2010, ApJ, 708, 1254)
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LAT Observations of the Crab Pulsar and Nebula

(Abdo et al., 2010, ApJ, 708, 1254)

. Spectral analysis of the nebula
- Performed in the

. Spectral index (sync) (3. 99 +0.12 + 0. 08)
. Spectral index (IC)= (1.64 + 0.05 %0@7)
* Flux above 100 MeV = (9.8 + 0i7 + 1.0)x10” cm* s
- No significant cut-off. anévamab‘rll’ry canbe observed, neither for the
synchrotron nor for ‘rhe i“C comf onen’r with 8 tmonth of data in survey
mode -

Spectral energy d/'si.hibﬂﬁcz_f_?ﬂ- %
of the Crab Nebula -+

Energy [MeV]
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LAT Observations of the Crab Pulsar and Nebula

(Abdo et al., 2010, ApJ, 708, 1254)

* Synchrotron component fit with COMPTEL + LAT => cut-off at ~100 MeV
. for the IC component
* LAT high energy and Cherenkov spectra link up naturally
* Overlaying predictions of Atoyan & Aharonian (1996, MNRAS, 278, 525) for
different mean magnetic fields, theiresults obtained by the LAT and ground
based telescopes are consus’renzrvvﬁ‘ﬁ'lOO ﬂG B % 200 pG, indicating a
well i hekequigintition” ¢ld inthe Crab nebula (300 46)

| @ Fermi
| % CGROCOMPTEL
‘ CGRO EGRET

Spectral enery distribution

»
. of the Crab Nebula.
10—10 2 ]
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LAT Observations of the Crab Pulsar and Nebula

SPCCTI"GI GnGIYSiS Of The pUISGr' : (Abdo et CI/., 20]0, A,DJ, 708, ]254)

Performed on the whole pulse phase interval
Best fit above 100 Me\_/ ob’rain_e_d_wi‘rh a power-law with an

Spectral Index = (1.97 + 0.02 + O 06)
Cut-off energy = (5.8 + 0.5:x 1.2) G‘é’v z
Flux above 100 MeV = (209 ¢ 8:03 £ 0.18)x10° cm s+

Pulsed photons observedzup ’ro ~2® GeV consns‘ren’r with an

Spectral energy d)’s%‘ﬁbﬂﬁcz(?ﬂ- %
of the Crab Pulsar -+

________

10°
Energy [MeV]
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Multi-wavelength observations of Vela X

Elongated cocoon-like hard X-ray structure extends southward of pulsar:
- clearly identified by HESS as an extended VHE structure
- this is not the pulsar jet (which is'known to be directed to NW); presumably
the result of reverse shock interaction
Extended area (halo) of size 2°x3°. (tnciuqug ’rhe cocoon area) seen in radio
An upper limit, assuming a point soy “ce.at ﬂge pos ition of Vela PSR, was

reported using the first 75 day: rih ' datd fF(>1OO MeV) < 45x107 cm=2s!
(Abdo et al,, 2009, ApJ, 69, 1084)

®

Chandra

Composite ROSAT-
RASS image of
Vela SNR
with 8.4 GHz Parkes
radio contours overlaid
(LaMassa et al, 2008,
ApJ, 689, L121)

HESS
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The Vela Pulsar: Results from the First Year of
Ferm/ LAT Observations

(Abdo et al., 2010, ApJ, 713, 154)

10"

X

Off-pulse
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Pulsar Phase

%]

Fermi LAT light curve of Vela above 20 MeV. Two cycles are shown.
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LAT Observations of Vela X (morphology)

(Abdo et al., 2010, ApJ, 713, 146)

Study performed with 11 months of data in survey mode
Bright emission South of the Velq pulsar' + fainter emission to the East

: best fl'|' above 800 MeV ob’ramed with a uniform
disk of radius 0.88°+ 0. 12° e et
Additional source comcndeqﬁwid‘@%e SNR Pupprs A

Vela Pulsar
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TS map of the off-pulse window
/ o TR above 800 MeV.

61 GHz radio Puppis A
contours (WMAP)

260
Gal 1(t|c: Longltude (deg.)
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LAT Observations of Vela X (spectrum)

(Abdo et al., 2010, ApJ, 713, 146)

Analysis in the , performed for 200 MeV < E < 20 GeV

Spatial template used: uniform disk
Vela-X spectral parameters (renormalized to the total phase):

- Spectral index =241+ 009, + O, 15sys,r ( )

- Flux above 100 MeV = (4.73.£068,  + . 32,,)x107 cm? s
No indication of a spectral ¢ of’?‘ g‘r hrgh energy
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LAT Observations of Vela X (spectrum)

(Abdo et al., 2010, ApJ, 713, 146)
* As noted by de Jager et al. (2008, ApJ, 689, L125), the SED strongly favors a

* Hadronic model is disfavoured

- SEDs were computed from evolving power-law electron populations, one each
for the X- r'ay/ VHE-peak cocoon and rad,lo/ MeV-peak halo:

— : This region requiresi 3@ GeV exponen‘rlal cut-off controlled

by the cu’r of f of ’rhe,wmj@zg d spéc*’rrum

. Synchro’rron/ Comp'r'*»*'i‘-;;j
peak ratio of the cocoon
implies a B= 4uG w;TH‘-sm‘_l;_,_j:;%?

_uncegtainty . |

*  This‘region requu sa 600~LL s
TeV exponential cl- of f 1
controlled by ’r_he coolm
break -

Mu/ﬁwave/engf)v épecfrum of Vela X

E? dN/dE (erg em™@ s

E?* dN/dE (erg cm™@ s

log Energy (eV)
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The PWN in MSH 15-52

* young composite supernova.remnant associated to the radio loud pulsar
PSR B1509-58

* bright X-ray and TeV pulsar wmd nebula (PWN) powered by PSR B1509-
58, significantly extended:
- in X-rays (ROSAT, 1076') L Fe
- at TeV energies (HE.S.S., 6 A%2: 3@3

* pulsations were reported m; | ,."' "_'fg}mys}“by C@RO COMPTEL in the 0.75-
30 MeV energy range (Ku:peni%f"a(, 1999 A&'A 35.7 '119) and by AGILE above

N By

} ,, Righ-f HE 5.5. Smoothed
< -excess map (Aharonian et al.,
2005, AGA, 435, L17)

15h12m

RA (hours)
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LAT detection of PSR B1509-58

(Abdo et al., 2010, ApJ, 714, 927)

- Detection of PSR B1509-58 at
* No pulsed signal detected above 1 GeV -
- Second peak at 0.34+0.02 almost aligned with COMPTEL
* First peak at 0.96 + 0.02 (hot detected by COMPTEL) : harder component ?
- Spectral energy distribution:: conSJsifgm with the break at a few tens of
MeV as described by Kuiper:. ef¥qf?¢;f1999 A&A 351, 119)

T profile above 1.4 GHz radio e
' eV ' pr‘Ofile 1 Fermi (2 sigma U.L.)

Fermi
EGRET (2 sigma U.L.)

COMPTEL

(0 1
Energy [MeV]

Light curve (left) and spectral energy distribution (right) of PSR B1509-58
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LAT Observations of the PWN in MSH 15-52

(Abdo et al., 2010, ApJ, 714, 927)

- Gamma-ray emission dominated by the near'by pulsar PSR J1509-5850

below 3-4 GeV e

. vith the (as seen in X-rays
and at TeV energies) detected a‘r a ~8 o level above 1 GeV

. Source M% (6 25 o 05)

HESS contours -

PSR J1509-5800
*

@ PSR B1509-58

HESS contours

J1509-5850
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Counts maps above 1 GeV (left) and 10 GeV (right)
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LAT Observations of the PWN in MSH 15-52

(Abdo et al., 2010, ApJ, 714, 927)

observed above 1 GeV :
Flux above 1 GeV : (2.91+0.79 + 1.35) 102 cm? s'!
Spectral index : (1.57 + 0.17 + 0.13)
Multiwavelength spectrum : :
hadronic scenario is disfavoured (erferge’ruc point of view)
high energy emission can: bég‘ue Iqméd byﬂ Ir
(mostly on FIR photon flelﬂ) B

. .P_

_L
<

_.
Q
R

n 9 decay
minm Synchrotron
== |C on CMB

E®dN/dE [erg cm™s-]

—
W
!\.I
E
5.
o
—
@
—_
w
s,
A
o110
L5
w

IC on starlight
m—|C total

10* 10
Energy [eV]

o
Energy [MeV]

Spectral energy distribution of the PWN powered by PSR B1509-58
Left :in the LA T energy range. Right: from radio to TeV energies
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Fermi deTec‘rlon of HESS J1640-465

(Slane et al, 2010, arXiv:1004.2936)

Source discovered at TeV energies by H.E.S.S. (Aharonian et al, 2006, A&A, 636,

777)

Significantly extended in VHE (Funk et al, 2007, ApJ, 667, 517) and X-rays

(Lemiéere et al, 2009, ApJ, 706, 1269)

Associated to SNR 6338.3-0. 9) (dls’rance+> 8 kpc)

No known pulsar but a Caise

Recent

oM

e
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Fermi de’rec‘rlon of HESS J1640-465

(Slane et al, 2010, arXiv:1004.2936)

‘Spectrum in the 0.2 - 50 GeV energy range :

- modeled by a power-law : y = 2.30 + 0.09, F(>100 MeV)=28+04 cm? s
- no evidence of a cut-off or break

¢  Multi-wavelength studies :

> imply a and a o
SRR
2 l J :‘: ! Log Electron Energy (eV)
simple synchrotron/IC scena SN
lines) 20 e *.f‘-

the too high amblenT densnTy r‘eq%red =~ *-‘:

- Requires an

g

in JecTed in
the PWN (magenta line in the case of a 5 s 0o
maxwellian distribution) Log Photon Energy (MeV)

Top : Injection spectrum of the leptonic populatio
Bottom : multi-wavelength spectrum of

M.-H. Grondin, SNR/PWN Wokshop, June 2010 HESS J1640-465




The region of Westerlund 2

An extended TeV source, HESS J1023-575, was detected (Aharonian, F., et al
2007, A&A, 467, 1075) in the region of Westerlund 2

Several scenarii to explain this VHE emission :

* massive WR binary system WRBEOG

young stellar cluster V\{ Ster
cosmic rays accelerated at: fhelr
termination shock and mffer'g_g fin
with their envnr'onmen‘r;},.. b

'-.‘1.1‘21 e “1 y

* The HESS emission shgh'rly offsef fr'
and Westerlind.2 o

Declination (J2000)

 The HESS emissionis“egfe_nde;ji\j{;‘: %I
> disfavors the binary system and
stellar cluster hypotheses

10724" 10"22"
Right ascension (J2000)

843 MHz image of the region of Westerlund 2

(Aharonian, F.. et al. 2007. A&A. 467. 1075)
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Fermi observaTi_ons_ of the region of Westerlund 2
(Saz Parkinson et al., 2010, ApJ, submitted)

* The pulsar PSR J1023-5746 was dlscover'ed in blind frequency searches of
Fermi LAT data

* An analysis of Chandra data (01 - 10 keV) of the region revealed a faint
source, CXOU J102302.8- 574606, &s,._away f,r'__om.__ Westerlund 2 core and

-57.765 | | |
PSR J1023-5746

-57.770 | [

CXOU J102302 8-574606

-57.775 | ] I
166,77 155,76 155.75

+

Ful sar le e

Light curve of the pulsar PSR J1023-5746

above 100 MeV

Chandra image of the Westerlund 2 region
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A new PWN associated to PSR J1023-5746 ?

(Abdo et al, 2010, in prep.)

* Analysis of the off-pulse windows of PSR J1023-5746 :
- detection of a significant emlssmn above 10 GeV (morphological
studies are on-going) -

1. The LAT of f-pulse emissionis: '
spatially coincident with:t @e’ﬁergehc pulsar PSR J1023-5746

* spatially coincident. wLm e source HESS J1023-575
* characterized by a’ﬁ(frr'ci‘‘é]:ze>,<:~l»‘|fr'un=*«w whuch Imks up nicely with the

HESS spectral pour’ﬁs o
* The pulsar PSR J 1023 574,5*‘"' S Xou \_gi"-e__jne-'rf"ge’rlc (spin-down power of
~10% erg/s) P i L\?,,‘r‘-.___: . -

+ The HESS source is. exTended s Pa

i =

- These elements s’rr'dngly pom’r Nt &
towards an

o,
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Conclusions

* 4 PWNe firmly identified in the LAT energy range :

* synchrotron and inverse Compton components are resolved
* LAT and Cherenkov spectra link up very nicely
. cons’rr'cun‘rs on physncal Pparameters, (magne‘ruc field, etc)

[ J .. _,..-1" 'r,‘._ {1}

. de’rec‘rlon of a gar i3 ;‘"’%’ ay é‘burcea sugmfucam‘ly extended and
spatially comcndenjcawu‘rh *rhe halo Seen in radio
* favorsa ‘rwo -component leptonic model

. s E::" i ,.;‘-;-. W"‘-» : .“-. e, m ]
* detection’ of a gammﬂ'-ﬁ’*ﬁ;;' irc
spatially: coincident with the X-ray and TeV PWN above 1 GeV

* favors.a feptonlc scevi\r'lo { Bk

* constraints on parameters (maéne‘nc field, injection spectrum, etc)

* Constraints on phyé“i'cal proper’nes (age magnetic field, etc)
* y-ray spectrum requures an enhancement of the low energy electron
population
- A spatially coincident with the blind search
and the source
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