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@ ermi

R The Crab Nebula : the standard candle of astronomy

« G184.6-5.8 = PWN aka Crab Nebula
- Distance = 2 kpc, characteristic pulsar age = 1240 yr, historical age = 955 yr
« No SNR shell detected
« Powered by the Crab Pulsar (PSR B0531-21, dE/dt = 4.6x1032 erg/s)
« Detected at all wavelengths
« Morphology :
— Radio : wisps
— X-rays : torus and jet

— High energy gamma-rays : pointlike source compared to EGRET and
Cherenkov PSF 23

(&)
I
Excess Events

22,5

22

DEC [deg]

: 5.64 562 56 5.58 556 5.54 5.52
Credit: Chandra X-ray BA Ihl

Obser 'y, NASA :
& en High energy excess map of the Crab

X-ray image of the Crab Nebula Nebula above 500 GeV (Albert et al,
(Chandra) ApJ 674:1037, 2008)

VLA, Credit: NRAO

Radio image of the Crab Nebula
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Earlier gamma-ray observations of the Crab Nebula

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

" Large uncertainties on the spectrum shapes for both components

" Variability observed at 3.1 o level below 150 MeV, no variability for
the Inverse Compton component

-10 =

IR Optical

X-ray

" no cut-off detected for the
Inverse-Compton component

log10(vf, /W/m?)

MAGIC observations above 60 GeV
(Albert et al, ApJ 674:1037, 2008)

" Inverse Compton peak energy SESUUIPUSY IR HEREESED/SPOTS FOPORIEEE

. - - - 4 6 8 10 12 14
estimated at (77 £ 35) GeV loa1 O(E/eV)

using EGRET results Spectral Energy Distribution of the Crab Nebula

(Horns & Aharonian, ESAPS 552:439, 2004)
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o S Takon Analysis of Fermi data

Event selection :

— 20° Region of Interest around the Crab Pulsar radio position
— 129 days of survey mode (August, 3 to December 12 2008)

— Energies between 200 MeV and 300 GeV

— « diffuse » class events

Temporal analysis
— Tempo2 using ephemeris from the Nancay radiotelecope

Spectral analysis
— Sources from the LAT 3-month list taken into account
— GALPROP used for the galactic diffuse background

— Extragalactic and residual backgrounds assumed as isotropic and
described with a power-law spectrum
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oy Fermi-LAT phase histograms of the Crab Pulsar

- Events in an energy-dependent Rol

have been selected : E 8 100 Mok E < 300 Moy PRELIMINARY
8 < Max(1.6 — 3log(E/1000 MeV),1.3) deg 5‘;2:
- 15863 events ok

« Peak positions are stable with energy
300 MeV <E <1 GeV

« P1/P2 ratio decreases with energy %0
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Gamma-ray phase histogram Gamma-ray phase histograms in
above 100 MeV (50 bins) different enerqy bands (50 bins)

M.-H. Grondin 6




p Fermi-LAT observation of PWNe 44th Rencontres de Moriond, La Thuile, 1-8 February 2009

Gomm o Counts maps of the Crab region

« Centered on the Crab Pulsar radio position

- E>200 MeV

« Crab Pulsar : TS = 12232

Off-pulse : TS = 905 - significant detection
15°

< N >
|

15°

>

All phases Off-pulse only
M.-H. Grondin (40% of the total phase)
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N Spectral analysis of the Crab Nebula

44th Rencontres de Moriond, La Thuile, 1-8 February 2009

Analysis of the off-pulse phase interval
-
No significant cut-off can be observed g,
Crab Nebula spectral parameters §
renormalized to the total phase) : B
— Spectral index ~ 1.8 (EGRET : 1.85 + 0.65)
102
— Flux (E>200 MeV) ~ (9.9 + 0.9 * 2.0)x10°®
cm2.s" (EGRET :
1.6x107 cm2.s7)

Spectral parameters are consistent with
EGRET (De Jager et al, ApJ 457:253, 1996)
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44th Rencontres de Moriond, La Thuile, 1-8 February 2009

s ermi
) e GeV-TeV connection
« Fermi and Cherenkov spectra link up A
naturally adl 45i7 % A e
- firm identification of the Crab Nebula % | ; o veon
o,
« The Crab Nebula can be used as a m } i f B |- e
cross-calibration source 2 - B;f 3 ?*ﬁ”% T
(Bastieri et al, astro-ph/0504301, 2005) Cl= i 1 1 %“f .
- reduce uncertainty in energy scale 5 ﬁi? (
and acceptance of the Cherenkov el PRELIMINARY e
telescopes % .
« A break in the Inverse Compton L R e e

component may be estimated using
Fermi and Cherenkov spectral results
(MAGIC, ...) with a relative error being
less than 10%.

10 102 10° 104 10° 108 10
E [MeV]

Spectral enerqy distribution of
the Crab Nebula

« More photons are needed to determine the cut-off or break energy with

precision.
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Gommray Spectral analysis of the Crab Pulsar

« Analysis of the total phase interval

IN
S,
[i=]

. A cut-off can be estimated using : -
Fermi data S r

4]

oo  PRELIMINARY
- Crab Pulsar spectral parameters: 3" :

- C

W F

— Spectral Index ~ 1.9

—

(=]
N
=

— Cut-off energy ~ 5-10 GeV

_ Flux (E>200MeV) ~ (8.2 + 0.4 +1.6)x107

Cm'2.5'1 10-12 R NI | !
10° 10

« Results are consistent with the E [MeV]

EGRET data above 200 MeV

Spectral energy distribution of the Crab Pulsar
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@, ermi The Kookaburra complex
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/ Space Telescope
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« Complex region containing
non-thermal sources :

— K3/Kookaburra (PWN ]
G313.6+0.3)

— PSR J1420-6048, with B o—SEtSRJUNER048
68ms period * 6313540248 i

— Rabbit (PWN G313.1+0.1) |

— a pulsar candidate in the L cootroly g8
Rabbit (Ng et al, ApJ —6100 Pulsar candidate . Tk 7
627:904, 2005) with 108ms i '
period %

DEC (JZ000)

r
14 )

« Kookaburra assumed to be .
powered by one of the most _at'er | -
energetic pulsars : PSR
J1420-6048

— dE/dt = 1037 erg/s o 21 2o™ 19™ 18™ pym 16™ 187
— distance = 5.6 kpc R eting)
— age = 13000 yrs Radio observation of the Kookaburra region

(Roberts et al, ApJd 515:712, 1999)
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N Earlier gamma-ray observations

- EGRET : GeV J1417-6100/3EG J1420-6038
— Confused source : the two PWN lie within its 95%-CL uncertainty region
— Evidence of variability = significant contribution from a pulsar wind nebula
— Re-analysis of the EGRET data (Reimer & Funk, astro-ph/0611653, 2006) :
" GeV emission essentially due to K3 and PSR J1420-6048 (no periodicity
observed)
- H.E.S.S.:
— Two sources detected (Aharonian et al, A&A 456:245, 2006) that match K3 and the

Rabbit nebula

GeV J1417-6100

- 5604 3
—goezo’l- E K2{G313.3+0.6) ® 4010
g “’E HESS J1420-607
s i E 1M A:;Rsnun
’CO: E 10-12 ASCA K3 HESS J1418-609
g 2
2’ -60.8 Woqp®
:‘E §1°0' L
E PSR .J1420-6048 101
E 61
10-1 ATCA K2+K3
12 1078 ATCA Rabhbit-K4
Hll L 1SI| ||14|I ||12|| ||1°|| Il.all |IS|I I|,4I| ||_2|| || o °
L ! 1 i . L
14724 22 20 18 18 14h22m 14h20m 14h12m R;&df{nfﬂsj . . .
Right Ascension (12000) Spectral energy distribution for HESS
X-ray emission (yellow) and H.E.S.S. excess map. X-ray J1420-607/K3/K2 and HESS
EGRET contours (violet) (black) and radio (white) J1418-609/Rabbit/K4

M.-H. Grondin contours are superposed 13



~ Fermi-LAT observation of PWNe 44th Rencontres de Moriond, La Thuile, 1-8 February 2009

@ ermi
Gamma-ray

o S T Fermi detections and perspectives

Blind searches (Time Differencing Technique) performed on LAT
catalog sources
- Pulsed emission observed in the Rabbit nebula, with period P~110
ms (source OFGL J1418.8-6058, distinct from the pulsar candidate)
« Analysis of the off-pulse is still on-going

« Very good opportunity for multi-wavelength studies (especially the
GeV-TeV connection)

Counts
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Detection of pulsed emission in the

Rabbit Nebula (2 cycles are shown)

On- (left) and off-pulse (right) emission
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« G263.9-3.3 : Pulsar Wind Nebula aka « Vela X », powered by the Vela Pulsar
(distance = 290 pc, age = 11300 yr)

« Inside the 8°-diameter Vela SNR shell

« Center of the source offset by 40’ southwest from the pulsar

- Different morphologies depending on the energy :

— X-rays and high energy gamma-rays : collimated filament (“cocoon”) extends
south-southwest from the pulsar to the center of Vela X (45’ in length),
coincident with a radio filament

— Radio : extended area of size 2°x3° (including the cocoon area)

. | MOST observation of Vela X -
| at 843 MHz Fi

| (Bock et al. Astronom. J. 116:1886. 1998) E
o

-45. 5

-46. =

H.E.S.S. excess map

(Aharonian et al, A&A 448:L.43, 2006) 08h40m 08h30m
RA (hours)

E: (J2aga)
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Ganmaroy Fermi upper limits on Vela X

« No significant emission detected from the PWN in the off-pulse
- an upper limit (95% C.L.) on the flux, assuming a pointlike source and
a spectral shape in E2:
F(>100 MeV) < 1.8x107 photons/cm?/s
in the off-pulse phase window (0.65-1.05) is obtained with 75 days of Fermi

data (35 days in pointed mode + 40 days in survey mode).
(Abdo et al, astro-ph/0812.2960, 2008)

= Fermi contours
— H.E.S.S. contours
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Vela pulsar phase histogram
(2 cycles are shown) 4
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M.-H. Grondin On- (top) and off- (bottom) pulse phase images
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Fermi-LAT observation of PWNe
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Vela X : Perspectives

10»10 -

10" F

1012

« More gamma-ray photons are required to search for a resolved
PWN correlated with the TeV or radio structures.

N
A EGRET
ro\ l
I 11 -~ J
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\ \
\
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Fermi x
| Sensitivity X%
' HE y-RAY IC
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LOG,,(FREQUENCY/Hz)
Spectral energy distribution of Vela X

assuming an extension for the nebula
(De Jager et al, ApJ 689:L125, 2008)

M.-H. Grondin

- Implications about the
spectral models could be
derived from such observation :
— synchrotron cut-off
frequency
— electron spectrum in the
radio nebula
— magnetic field strength

18
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A Conclusions

« Gamma-ray detection of PWNe
— Firm identification of the Crab Nebula
" Spectral parameters compatible with EGRET

" Cross-calibration between the LAT and the Cherenkov
telescopes using the Crab Nebula is possible

— Sources observed in the Kookaburra complex
" Pulsed emission observed with the blind search method
" Emission in the off-pulse, possibly due to K3 or Rabbit

" Opportunity for multi-wavelength studies of the steady
emission

« Non-detection of PWNe
— Upper-limits for the Vela X gamma-ray emission

« Fermi observation of PWNe will allow a better understanding of the
emission processes and constraints on the models.

M.-H. Grondin 19



