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Elongated shape: (12±3)’ x (3.6±2.4)’ semi-axes
Flux > 200 GeV = (28.7±5.3) x 10-12 ph cm-2 s-1 ~ 12% Crab Nebula
Positional coincidence:

hard X-ray source IGRJ16320–4751 above 15 keV (Tomsick et al. 2003) 
INTEGRAL & XMM-Newton observation 2-10 keV (Rodriguez et al. 2003)
soft X-rays ASCA source AX J1631.9-4752, ASCA Galactic Plane Survey 
(Sugizaki et al. 2001)

– 28 –

Fig. 11.— Smoothed excess map (top, smoothing radius 0.12!) of the region of the two close-
by H.E.S.S. sources HESSJ1634–472 (left hand source) and HESSJ1632–478 (right hand

source), along with nearby pulsars, SNRs, and INTEGRAL sources which were considered
as counterparts. It should be noted, that the tail of HESSJ1632–478 to negative Galactic

latitude is statistically not significant. The figures in the middle row show the spectra (left:
HESSJ1634–472, right HESSJ1632–478), the figures in the bottom row the corresponding

!2 plots.
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source), along with nearby pulsars, SNRs, and INTEGRAL sources which were considered
as counterparts. It should be noted, that the tail of HESSJ1632–478 to negative Galactic

latitude is statistically not significant. The figures in the middle row show the spectra (left:
HESSJ1634–472, right HESSJ1632–478), the figures in the bottom row the corresponding
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(Aharonian et al. 2006)

RA  = 16:32:09 
DEC = -47:49:12

Γ = 2.12±0.20

H.E.S.S. detection:
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from august to 
september 2008, 
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In each 
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XMM-Newton detection:
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with a width (σ = 6.8± 0.6)�� consistent with the XMM-

Newton point spread function, in addition to an extended

component (source Ee in table 2), close to the detection

limit. The point and extended sources have significances

of 15 and 18 σ respectively. The extended source could be

represented by a two dimensional gaussian profile with 1σ
semi-axes of (32.0± 1.2)�� and (15.3± 0.7)��. The angle of

the major axis of the extended source is (55±2)◦ counted

anti-clockwise from the north direction.

To extract the X-ray spectra of the point-like and ex-

tended source, we first defined the source (Fig. 1 bottom)

and background (Fig. 1 top and middle) extraction regions

in the mosaic images and selected the events in these re-

gions for each individual observation. The elliptical region

used to select the extended source excludes a circle around

the point-like source (Fig. 1 bottom). The ancillary spec-

tral response file for the extended source was generated

with the extendedsource=YES option of the arfgen tool.

For the MOS CCDs, the background extraction re-

gion was chosen in order to minimize the possible con-

tributions from IGR J16320-4751 and XMMU J163219.9-

474731 (Fig. 1 top). A different background extraction

region was chosen for the PN camera (Fig. 1 middle) to

avoid falling into the gap between the CCD chips when

extracting the background in individual observations.

We applied these extraction regions to each observa-

tion separately. Source and background spectra and re-

sponse matrices were extracted for each observation. As

the source is at the same position in the detector plane

for all the 2008 observations, the resulting spectra were

combined together using addspec (without error propaga-

tion, i.e. using Poisson statistics) to obtain a single merged

spectrum for each camera.

Table 3. Best fit parameters for an absorbed power-law

model fitted simultaneously to the three EPIC spectra on

the point-like and extended sources. Reported errors cor-

respond to 1σ uncertainties (68%). The 2-10 keV fluxes

are corrected for the absorption.

Parameter Point Extended Unit

NH 13
+6
−4 11

+2.2
−2.7 10

22
cm

−2

Γ 2.6+1.3
−0.8 3.4+0.6

−0.8

F2−10keV 2.3+0.3
−1.0 4.3+0.8

−0.4 10
−13

erg cm
−2

s
−1

χ2
ν 1.8 1.9

The resulting spectra have been analyzed with XSPEC
(version 11)3. We fitted simultaneously the merged EPIC

spectra obtained for the three cameras with an absorbed

power-law model (Fig. 2). The resulting χ2
ν (table 3) are

large, probably because the count rate uncertainties re-

lated to the background subtraction are underestimated.

3
http://heasarc.nasa.gov/docs/xanadu/xspec/xspec11/

Figure 1. The upper and middle panels show XMM-

Newton EPIC mosaic images in the energy band 0.2-12

keV for the MOS and 0.2-15 keV for pn CCDs, respec-

tively. A smoothing algorithm was applied. The height

of these images is 10 arcmin. Ellipses indicate the source

(continuous) and background (dashed) extraction regions

for the extended source. The enlarged bottom image ex-

tracted from the MOS1 camera, shows the extraction

regions for the point-like (black) and extended (white)

sources respectively. Events in the black circle are not in-

cluded in the spectrum of the extended source. The dashed

white circle shows the region used to select the “back-

ground” events of the point-like source.

The absorbed and unabsorbed fluxes of the extended

source are F2−10keV = 1.4×10−13 erg cm−2 s−1 and 4.3×
10−13 erg cm−2 s−1, respectively.



(Duncan et al. 1995)

Rms noise ~ 12 mJy/beam

Resolution: 10.4’

Upper limit ~ 100 mJy

2′
(Murphy et al. 2007)

Rms sensitivity ~ 1-2 mJy/beam

Excess count ~ 16 mJy/beam

Source size: 35’’ x 26’’ ~ beam

Total flux density ~ 25 mJy

Parkes Survey 
@ 2.4 GHz

MGPS-2 @ 843 MHz

(Duncan et al. 1995)



GLIMPSE:

IRAC instrument

λ: 3.6 - 4.5 - 5.8 - 8 μm

MIPSGAL:  MIPS, onboard Spitzer (Carey et al. 2009)

(Benjamin et al. 2003)

λ: 24 and 70 μm

Point source sensitivity 
~ 2 and 75 mJy (3σ)

Resolution ~ 6’’ and 18’’ 

No evidence for a 
diffuse emission 
corresponding to the 
diffuse X-ray source

Point source sensitivity 
~ 0.2 - 0.4 mJy (5σ)

Upper limit ~ 25 mJy

5′

24 μm

Infrared: GLIMPSE & MIPSGAL
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Fig. 2.—Main panel: Particle spectrum in a -wide slice at100(c/q )p

downstream from the shock at time (black line with error4500(c/q ) q t p 10p p

bars). Red line: A fit with a sum of a 2D Maxwellian (yellow dashed line)
and a power law (blue dash-dotted line) with high-energy exponential cutoff.
Subpanel a is the fit with a sum of high and low temperature Maxwellians
(red line), showing a deficit at intermediate energies; subpanel b is the time
evolution of a particle spectrum in a downstream slice: (blue!1t p 1600qp

line), (green line), and (red line). The black dashed line shows!1 4 !13800q 10 qp p

a power law.!2.4g

Fig. 3.—Left panel: Horizontal position as a function of time for four rep-
resentative particles (color lines) overplotted on transversely averaged profiles
of magnetic energy (gray lines). Right panel: Particle energies (shown with
corresponding color lines) as a function of time. All horizontal positions are
shifted by to align them with the shock location. All quantities arex (t)shock

measured in the downstream frame.

Maxwellian and the power law). At , the tail at4q t p 10 g 1p

contains !1% of particles and !10% of energy in the down-75
stream region.

3. ACCELERATION MECHANISM

We studied the mechanism that populates the suprathermal
tail by tracing the orbits of particles that gain the most energy.
The main acceleration happens near the shock, as seen from
the excess of particles with large 4-velocity near the shock in
Figure 1e. The spacetime trajectories and thex(t) ! x (t)shock

acceleration histories for four representative particles areg(t)
shown in Figure 3. The vast majority of particles in the flow
go through the shock only once and never return to the upstream
region again (orange line in Fig. 3). Some, however, can cross
the shock several times and gain energy. After acceleration
near the shock, these particles escape into the upstream or
downstream region, populating the suprathermal tails (red,
green, and blue lines). The particles that gain the most energy
(red and blue lines) undergo several reflections between the
downstream region (or the shock layer) and the upstream re-
gion, with the largest energy gains coming from reflections in
the upstream region (Fig. 3). Upon each reflection, these par-
ticles gain energy , as expected in relativistic shocks.DE ! E
In Figure 3, we overplot the transversely averaged magnetic
energy as line plots stacked in time. Note that all quantities
are still measured in the downstream frame and are only shifted
in space so that the shock appears stationary. Magnetic fluc-
tuations associated with the upstream filaments carry a motional
electric field ( ) as they are advected toward the shock. Par-Ey

ticles moving against the flow in these fields scatter, with a net
energy gain (in contrast, deflections in the downstream region
result in no energy gain, as seen in the downstream frame; in
the shock frame, both scatterings will yield energy gains). The
particles that gain the most energy do not undergo large-angle
scatters on single upstream filaments. Instead, these particles
move almost parallel to the shock surface, across the magnetic

filaments shown in Figure 1b. This is easy to understand be-
cause the characteristic Larmor radius for these particles ex-
ceeds the thickness of the shock, and if they were to move
along the shock normal, they would quickly escape down-
stream. The alternating magnetic polarity of the filaments rep-
resents magnetic fluctuations on scales smaller than the particle
Larmor radius. The deflections in the upstream region toward
the downstream region are thus grazing-incidence collisions
with magnetic islands that are moving toward the shock. The
deflections toward the upstream region happen within several
hundred skin depths behind the shock, where the magnetic field
is strongest. Motion across the filaments increases the effective
length of the scattering region and allows the trapping and
acceleration of high-energy particles near the shock.

4. DISCUSSION

We have shown that relativistic collisionless shocks can self-
consistently accelerate nonthermal particles. The magnetic
fields that are created as part of the Weibel turbulence near
shocks are sufficient to inject particles from the thermal pool
into the shock acceleration process, and our findings do not
require any initial assumptions about the turbulence spectrum.
The acceleration that we observe involves repeated crossings
of the shock by a small fraction of particles. In this sense, it
is tempting to associate this acceleration process with the first-
order Fermi acceleration in shocks. The absence of a coherent
background field in our problem rules out shock-surfing and
shock-drift acceleration. Deviations in particle trajectory are
due to interactions with many magnetic filaments of alternating
magnetic polarity and is, therefore, diffusive in nature. The
exponential cutoff at high energy in the downstream spectrum
can be attributed to the finite acceleration time in the simulation
and to the fact that efficient particle scattering occurs in a layer
of finite width (Bykov & Uvarov 1999). We have not reached
a steady state, however. Both the maximum particle energy and
the extent of the particle precursor continue to grow linearly
with time, and the energy in the tail grows logarithmically. The
region where particles scatter also increases. We conclude that
the simulations show the beginnings of the Fermi acceleration

Electron spectrum 
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The maximum of the inverse Compton emission is

therefore expected at ∼ (1− 10)× 10
27

Hz, in agreement

with the TeV spectral energy distribution.

A possible phenomenological description of the elec-

tron energy distribution is given by the model recently pre-

sented by Spitkovsky (2008). This author, starting from

a numerical two-dimensional particle in cell simulation,

found a spectrum that, at the downstream of the shock

front, can be described by a relativistic Maxwellian plus

a power-law cut-off high energy tail. Such a model has

been recently adopted by Fang & Zhang (2010) to model

the broad band SED of a sample of PWNs. We adopt the

same analytical model that reads:

n(γ) =





K

�
γ
γc

�
exp

�
γ
γc

�
= n0(γ) γ ≤ γ1

n0(γ) +K1

�
γ
γc

�−α
exp

�
γ
γc1

�
γ > γ1,

(5)

where γc is the typical Lorentz factor of the electrons at
the termination shock, α is the spectral index of the high-

energy tail, with a cut-off Lorentz factor γc1. We fix γ1 =

7γc according to Spitkovsky (2008) and K1 is normalized

in order to match the Maxwellian and the high-energy tail.

We set the Lorentz factor for the particles at the ter-

mination shock to γc = 1.6× 10
5
, and use the same value

of α = 2.4 as obtained in Spitkovsky (2008). In order to

match the X-ray data we use γc1 = 1.6× 10
8
. The result-

ing spectral energy distribution, reproduced using a well

tested code (Tramacere 2007; Tramacere et al. 2009) is

reported in Fig. 5 together with the observed data. We

reproduce both the synchrotron self Compton (SSC) and

the external Compton emission, assuming a one-zone (post

terminal shock) homogeneous emitting region. The details

of the best-fit model parameters are reported in table 4.

These parameters are only representative and a simpler

model could be fitted to the data as well. The quality and

the uncertainties on the high energy data are such that

deriving accurate information on the electron distribution

is not possible.

Although the Fermi data are partly compatible with

the emission model, it is difficult to say if the soft GeV

spectrum of 1FGL 1632.7-4733c is related to the pul-

sar wind nebula or should be considered as upper limits.

Indeed, the H.E.S.S./XMM source lies well outside of the

95% confidence region of 1FGL 1632.7-4733c (Fig. 4)

With the shape of the electron distribution inferred

from the external Inverse Compton component, the

strength of the synchrotron component is fairly well con-

strained by the X-ray detection and by the radio detec-

tion/upper limits.

The total energy in the electron distribution amounts

to 10
48

erg. This energy is comparable to the product of

a spin-down pulsar power at birth of 10
38

erg/s and of a

characteristic decay time of hundreds of years.

The nebula magnetic field, size, luminosity and in-

ferred age are in reasonable agreement with the simula-

tions by Fang & Zhang (2010).

Table 4. Emission model representing the spectral energy

distribution of HESS J1632-478 (assuming a distance of

3kpc).

Parameter Value

Electron distribution γc 1.6× 10
5

γc1 1.6× 10
8

α 2.4

N 7.0× 10
−8

e
−
/cm

3

R 1.6×10
18

cm

Synchrotron B 1 µG
External Compton U

CMB
rad 0.25 eV/cm

3

U
IR
rad 2 eV/cm

3

6.3. Absorption and distance

The absorbing column densities measured by XMM-

Newton in the field are much in excess to the values

NHgal = (1.5 − 1.8) × 10
22

cm
−2

derived from the low

resolution radio surveys (Kalberla et al. 2005; Dickey &

Lockman 1990).

The absorbing column density on the pulsar wind

nebula (NH ≈ 11 × 10
22

cm
−2

) is very similar to that

observed for IGR J16320-4751 and slightly larger than

these observed in the directions of AX J1632.8-4746 and

XMMU J163219.9-474731 (NH ≈ 6×10
22

cm
−2

). This in-

dicates an unusually large column density in this field and

that about half of the absorption towards IGR J16320-

4751 (Walter et al. 2006) may not be related to the High-

Mass X-Ray Binary system. It also indicates that the dis-

tance to HESS J1632-478 is of the same order as that of

IGR J16320-4751, which was approximately estimated as

3.5 kpc (Rahoui et al. 2008).

7. Conclusions

We observed the unidentified TeV source HESS J1632-

478 with XMM-Newton and looked for counterparts in

the GeV, infrared and radio bands. An extended faint X-

ray source is detected close to the centroid of the H.E.S.S.

error ellipse. A radio excess corresponding to the X-ray

source is found in the Molonglo sky survey. Upper lim-

its have been derived from Spitzer and Parkes data. The

GeV image obtained by Fermi shows two close-by sources

flagged as confused in the Fermi catalogue, but none of

them corresponds to the X-ray source, the situation is

therefore unclear.

The flux density emitted by HESS J1632-478 at very

high energies is at least 20 times larger than observed

at the other wavebands probed. The source shape and

spectral energy distribution suggests a pulsar wind neb-

ula and can be used to successfully constrain a one zone

model for the post terminal shock region of the pulsar

wind nebula. The assumed relativistic electron distribu-

tion is Maxwellian (γ ∼ 10
5
) with a non thermal tail

extending to γ ∼ 10
8
. The synchrotron nebula is faint

because of the low magnetic field (3 µG).
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The maximum of the inverse Compton emission is

therefore expected at ∼ (1− 10)× 10
27

Hz, in agreement

with the TeV spectral energy distribution.

A possible phenomenological description of the elec-

tron energy distribution is given by the model recently pre-

sented by Spitkovsky (2008). This author, starting from

a numerical two-dimensional particle in cell simulation,

found a spectrum that, at the downstream of the shock

front, can be described by a relativistic Maxwellian plus

a power-law cut-off high energy tail. Such a model has

been recently adopted by Fang & Zhang (2010) to model

the broad band SED of a sample of PWNs. We adopt the

same analytical model that reads:
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where γc is the typical Lorentz factor of the electrons at
the termination shock, α is the spectral index of the high-

energy tail, with a cut-off Lorentz factor γc1. We fix γ1 =

7γc according to Spitkovsky (2008) and K1 is normalized

in order to match the Maxwellian and the high-energy tail.

We set the Lorentz factor for the particles at the ter-

mination shock to γc = 1.6× 10
5
, and use the same value

of α = 2.4 as obtained in Spitkovsky (2008). In order to

match the X-ray data we use γc1 = 1.6× 10
8
. The result-

ing spectral energy distribution, reproduced using a well

tested code (Tramacere 2007; Tramacere et al. 2009) is

reported in Fig. 5 together with the observed data. We

reproduce both the synchrotron self Compton (SSC) and

the external Compton emission, assuming a one-zone (post

terminal shock) homogeneous emitting region. The details

of the best-fit model parameters are reported in table 4.

These parameters are only representative and a simpler

model could be fitted to the data as well. The quality and

the uncertainties on the high energy data are such that

deriving accurate information on the electron distribution

is not possible.

Although the Fermi data are partly compatible with

the emission model, it is difficult to say if the soft GeV

spectrum of 1FGL 1632.7-4733c is related to the pul-

sar wind nebula or should be considered as upper limits.

Indeed, the H.E.S.S./XMM source lies well outside of the

95% confidence region of 1FGL 1632.7-4733c (Fig. 4)

With the shape of the electron distribution inferred

from the external Inverse Compton component, the

strength of the synchrotron component is fairly well con-

strained by the X-ray detection and by the radio detec-

tion/upper limits.

The total energy in the electron distribution amounts

to 10
48

erg. This energy is comparable to the product of

a spin-down pulsar power at birth of 10
38

erg/s and of a

characteristic decay time of hundreds of years.

The nebula magnetic field, size, luminosity and in-

ferred age are in reasonable agreement with the simula-

tions by Fang & Zhang (2010).

Table 4. Emission model representing the spectral energy

distribution of HESS J1632-478 (assuming a distance of

3kpc).

Parameter Value

Electron distribution γc 1.6× 10
5

γc1 1.6× 10
8

α 2.4

N 7.0× 10
−8

e
−
/cm

3

R 1.6×10
18

cm

Synchrotron B 1 µG
External Compton U

CMB
rad 0.25 eV/cm

3

U
IR
rad 2 eV/cm

3

6.3. Absorption and distance

The absorbing column densities measured by XMM-

Newton in the field are much in excess to the values

NHgal = (1.5 − 1.8) × 10
22

cm
−2

derived from the low

resolution radio surveys (Kalberla et al. 2005; Dickey &

Lockman 1990).

The absorbing column density on the pulsar wind

nebula (NH ≈ 11 × 10
22

cm
−2

) is very similar to that

observed for IGR J16320-4751 and slightly larger than

these observed in the directions of AX J1632.8-4746 and

XMMU J163219.9-474731 (NH ≈ 6×10
22

cm
−2

). This in-

dicates an unusually large column density in this field and

that about half of the absorption towards IGR J16320-

4751 (Walter et al. 2006) may not be related to the High-

Mass X-Ray Binary system. It also indicates that the dis-

tance to HESS J1632-478 is of the same order as that of

IGR J16320-4751, which was approximately estimated as

3.5 kpc (Rahoui et al. 2008).

7. Conclusions

We observed the unidentified TeV source HESS J1632-

478 with XMM-Newton and looked for counterparts in

the GeV, infrared and radio bands. An extended faint X-

ray source is detected close to the centroid of the H.E.S.S.

error ellipse. A radio excess corresponding to the X-ray

source is found in the Molonglo sky survey. Upper lim-

its have been derived from Spitzer and Parkes data. The

GeV image obtained by Fermi shows two close-by sources

flagged as confused in the Fermi catalogue, but none of

them corresponds to the X-ray source, the situation is

therefore unclear.

The flux density emitted by HESS J1632-478 at very

high energies is at least 20 times larger than observed

at the other wavebands probed. The source shape and

spectral energy distribution suggests a pulsar wind neb-

ula and can be used to successfully constrain a one zone

model for the post terminal shock region of the pulsar

wind nebula. The assumed relativistic electron distribu-

tion is Maxwellian (γ ∼ 10
5
) with a non thermal tail

extending to γ ∼ 10
8
. The synchrotron nebula is faint

because of the low magnetic field (3 µG).

M. Balbo, P. Saouter, R. Walter, et al.: HESS J1632-478: an energetic relic 7

The maximum of the inverse Compton emission is

therefore expected at ∼ (1− 10)× 10
27

Hz, in agreement

with the TeV spectral energy distribution.

A possible phenomenological description of the elec-

tron energy distribution is given by the model recently pre-

sented by Spitkovsky (2008). This author, starting from

a numerical two-dimensional particle in cell simulation,

found a spectrum that, at the downstream of the shock

front, can be described by a relativistic Maxwellian plus

a power-law cut-off high energy tail. Such a model has

been recently adopted by Fang & Zhang (2010) to model

the broad band SED of a sample of PWNs. We adopt the

same analytical model that reads:

n(γ) =





K

�
γ
γc

�
exp

�
γ
γc

�
= n0(γ) γ ≤ γ1

n0(γ) +K1

�
γ
γc

�−α
exp

�
γ
γc1

�
γ > γ1,

(5)

where γc is the typical Lorentz factor of the electrons at
the termination shock, α is the spectral index of the high-

energy tail, with a cut-off Lorentz factor γc1. We fix γ1 =

7γc according to Spitkovsky (2008) and K1 is normalized

in order to match the Maxwellian and the high-energy tail.

We set the Lorentz factor for the particles at the ter-

mination shock to γc = 1.6× 10
5
, and use the same value

of α = 2.4 as obtained in Spitkovsky (2008). In order to

match the X-ray data we use γc1 = 1.6× 10
8
. The result-

ing spectral energy distribution, reproduced using a well

tested code (Tramacere 2007; Tramacere et al. 2009) is

reported in Fig. 5 together with the observed data. We

reproduce both the synchrotron self Compton (SSC) and

the external Compton emission, assuming a one-zone (post

terminal shock) homogeneous emitting region. The details

of the best-fit model parameters are reported in table 4.

These parameters are only representative and a simpler

model could be fitted to the data as well. The quality and

the uncertainties on the high energy data are such that

deriving accurate information on the electron distribution

is not possible.

Although the Fermi data are partly compatible with

the emission model, it is difficult to say if the soft GeV

spectrum of 1FGL 1632.7-4733c is related to the pul-

sar wind nebula or should be considered as upper limits.

Indeed, the H.E.S.S./XMM source lies well outside of the

95% confidence region of 1FGL 1632.7-4733c (Fig. 4)

With the shape of the electron distribution inferred

from the external Inverse Compton component, the

strength of the synchrotron component is fairly well con-

strained by the X-ray detection and by the radio detec-

tion/upper limits.

The total energy in the electron distribution amounts

to 10
48

erg. This energy is comparable to the product of

a spin-down pulsar power at birth of 10
38

erg/s and of a

characteristic decay time of hundreds of years.

The nebula magnetic field, size, luminosity and in-

ferred age are in reasonable agreement with the simula-

tions by Fang & Zhang (2010).

Table 4. Emission model representing the spectral energy

distribution of HESS J1632-478 (assuming a distance of

3kpc).

Parameter Value

Electron distribution γc 1.6× 10
5

γc1 1.6× 10
8

α 2.4

N 7.0× 10
−8

e
−
/cm

3

R 1.6×10
18

cm

Synchrotron B 1 µG
External Compton U

CMB
rad 0.25 eV/cm

3

U
IR
rad 2 eV/cm

3

6.3. Absorption and distance

The absorbing column densities measured by XMM-

Newton in the field are much in excess to the values

NHgal = (1.5 − 1.8) × 10
22

cm
−2

derived from the low

resolution radio surveys (Kalberla et al. 2005; Dickey &

Lockman 1990).

The absorbing column density on the pulsar wind

nebula (NH ≈ 11 × 10
22

cm
−2

) is very similar to that

observed for IGR J16320-4751 and slightly larger than

these observed in the directions of AX J1632.8-4746 and

XMMU J163219.9-474731 (NH ≈ 6×10
22

cm
−2

). This in-

dicates an unusually large column density in this field and

that about half of the absorption towards IGR J16320-

4751 (Walter et al. 2006) may not be related to the High-

Mass X-Ray Binary system. It also indicates that the dis-

tance to HESS J1632-478 is of the same order as that of

IGR J16320-4751, which was approximately estimated as

3.5 kpc (Rahoui et al. 2008).

7. Conclusions

We observed the unidentified TeV source HESS J1632-

478 with XMM-Newton and looked for counterparts in

the GeV, infrared and radio bands. An extended faint X-

ray source is detected close to the centroid of the H.E.S.S.

error ellipse. A radio excess corresponding to the X-ray

source is found in the Molonglo sky survey. Upper lim-

its have been derived from Spitzer and Parkes data. The

GeV image obtained by Fermi shows two close-by sources

flagged as confused in the Fermi catalogue, but none of

them corresponds to the X-ray source, the situation is

therefore unclear.

The flux density emitted by HESS J1632-478 at very

high energies is at least 20 times larger than observed

at the other wavebands probed. The source shape and

spectral energy distribution suggests a pulsar wind neb-

ula and can be used to successfully constrain a one zone

model for the post terminal shock region of the pulsar

wind nebula. The assumed relativistic electron distribu-

tion is Maxwellian (γ ∼ 10
5
) with a non thermal tail

extending to γ ∼ 10
8
. The synchrotron nebula is faint

because of the low magnetic field (3 µG).
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The maximum of the inverse Compton emission is

therefore expected at ∼ (1− 10)× 10
27

Hz, in agreement

with the TeV spectral energy distribution.

A possible phenomenological description of the elec-

tron energy distribution is given by the model recently pre-

sented by Spitkovsky (2008). This author, starting from

a numerical two-dimensional particle in cell simulation,

found a spectrum that, at the downstream of the shock

front, can be described by a relativistic Maxwellian plus

a power-law cut-off high energy tail. Such a model has

been recently adopted by Fang & Zhang (2010) to model

the broad band SED of a sample of PWNs. We adopt the

same analytical model that reads:

n(γ) =
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n0(γ) +K1
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where γc is the typical Lorentz factor of the electrons at
the termination shock, α is the spectral index of the high-

energy tail, with a cut-off Lorentz factor γc1. We fix γ1 =

7γc according to Spitkovsky (2008) and K1 is normalized

in order to match the Maxwellian and the high-energy tail.

We set the Lorentz factor for the particles at the ter-

mination shock to γc = 1.6× 10
5
, and use the same value

of α = 2.4 as obtained in Spitkovsky (2008). In order to

match the X-ray data we use γc1 = 1.6× 10
8
. The result-

ing spectral energy distribution, reproduced using a well

tested code (Tramacere 2007; Tramacere et al. 2009) is

reported in Fig. 5 together with the observed data. We

reproduce both the synchrotron self Compton (SSC) and

the external Compton emission, assuming a one-zone (post

terminal shock) homogeneous emitting region. The details

of the best-fit model parameters are reported in table 4.

These parameters are only representative and a simpler

model could be fitted to the data as well. The quality and

the uncertainties on the high energy data are such that

deriving accurate information on the electron distribution

is not possible.

Although the Fermi data are partly compatible with

the emission model, it is difficult to say if the soft GeV

spectrum of 1FGL 1632.7-4733c is related to the pul-

sar wind nebula or should be considered as upper limits.

Indeed, the H.E.S.S./XMM source lies well outside of the

95% confidence region of 1FGL 1632.7-4733c (Fig. 4)

With the shape of the electron distribution inferred

from the external Inverse Compton component, the

strength of the synchrotron component is fairly well con-

strained by the X-ray detection and by the radio detec-

tion/upper limits.

The total energy in the electron distribution amounts

to 10
48

erg. This energy is comparable to the product of

a spin-down pulsar power at birth of 10
38

erg/s and of a

characteristic decay time of hundreds of years.

The nebula magnetic field, size, luminosity and in-

ferred age are in reasonable agreement with the simula-

tions by Fang & Zhang (2010).

Table 4. Emission model representing the spectral energy

distribution of HESS J1632-478 (assuming a distance of

3kpc).

Parameter Value

Electron distribution γc 1.6× 10
5

γc1 1.6× 10
8

α 2.4

N 7.0× 10
−8

e
−
/cm

3

R 1.6×10
18

cm

Synchrotron B 1 µG
External Compton U

CMB
rad 0.25 eV/cm

3

U
IR
rad 2 eV/cm

3

6.3. Absorption and distance

The absorbing column densities measured by XMM-

Newton in the field are much in excess to the values

NHgal = (1.5 − 1.8) × 10
22

cm
−2

derived from the low

resolution radio surveys (Kalberla et al. 2005; Dickey &

Lockman 1990).

The absorbing column density on the pulsar wind

nebula (NH ≈ 11 × 10
22

cm
−2

) is very similar to that

observed for IGR J16320-4751 and slightly larger than

these observed in the directions of AX J1632.8-4746 and

XMMU J163219.9-474731 (NH ≈ 6×10
22

cm
−2

). This in-

dicates an unusually large column density in this field and

that about half of the absorption towards IGR J16320-

4751 (Walter et al. 2006) may not be related to the High-

Mass X-Ray Binary system. It also indicates that the dis-

tance to HESS J1632-478 is of the same order as that of

IGR J16320-4751, which was approximately estimated as

3.5 kpc (Rahoui et al. 2008).

7. Conclusions

We observed the unidentified TeV source HESS J1632-

478 with XMM-Newton and looked for counterparts in

the GeV, infrared and radio bands. An extended faint X-

ray source is detected close to the centroid of the H.E.S.S.

error ellipse. A radio excess corresponding to the X-ray

source is found in the Molonglo sky survey. Upper lim-

its have been derived from Spitzer and Parkes data. The

GeV image obtained by Fermi shows two close-by sources

flagged as confused in the Fermi catalogue, but none of

them corresponds to the X-ray source, the situation is

therefore unclear.

The flux density emitted by HESS J1632-478 at very

high energies is at least 20 times larger than observed

at the other wavebands probed. The source shape and

spectral energy distribution suggests a pulsar wind neb-

ula and can be used to successfully constrain a one zone

model for the post terminal shock region of the pulsar

wind nebula. The assumed relativistic electron distribu-

tion is Maxwellian (γ ∼ 10
5
) with a non thermal tail

extending to γ ∼ 10
8
. The synchrotron nebula is faint

because of the low magnetic field (3 µG).
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The maximum of the inverse Compton emission is

therefore expected at ∼ (1− 10)× 10
27

Hz, in agreement

with the TeV spectral energy distribution.

A possible phenomenological description of the elec-

tron energy distribution is given by the model recently pre-

sented by Spitkovsky (2008). This author, starting from

a numerical two-dimensional particle in cell simulation,

found a spectrum that, at the downstream of the shock

front, can be described by a relativistic Maxwellian plus

a power-law cut-off high energy tail. Such a model has

been recently adopted by Fang & Zhang (2010) to model

the broad band SED of a sample of PWNs. We adopt the

same analytical model that reads:

n(γ) =
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= n0(γ) γ ≤ γ1

n0(γ) +K1

�
γ
γc

�−α
exp

�
γ
γc1

�
γ > γ1,

(5)

where γc is the typical Lorentz factor of the electrons at
the termination shock, α is the spectral index of the high-

energy tail, with a cut-off Lorentz factor γc1. We fix γ1 =

7γc according to Spitkovsky (2008) and K1 is normalized

in order to match the Maxwellian and the high-energy tail.

We set the Lorentz factor for the particles at the ter-

mination shock to γc = 1.6× 10
5
, and use the same value

of α = 2.4 as obtained in Spitkovsky (2008). In order to

match the X-ray data we use γc1 = 1.6× 10
8
. The result-

ing spectral energy distribution, reproduced using a well

tested code (Tramacere 2007; Tramacere et al. 2009) is

reported in Fig. 5 together with the observed data. We

reproduce both the synchrotron self Compton (SSC) and

the external Compton emission, assuming a one-zone (post

terminal shock) homogeneous emitting region. The details

of the best-fit model parameters are reported in table 4.

These parameters are only representative and a simpler

model could be fitted to the data as well. The quality and

the uncertainties on the high energy data are such that

deriving accurate information on the electron distribution

is not possible.

Although the Fermi data are partly compatible with

the emission model, it is difficult to say if the soft GeV

spectrum of 1FGL 1632.7-4733c is related to the pul-

sar wind nebula or should be considered as upper limits.

Indeed, the H.E.S.S./XMM source lies well outside of the

95% confidence region of 1FGL 1632.7-4733c (Fig. 4)

With the shape of the electron distribution inferred

from the external Inverse Compton component, the

strength of the synchrotron component is fairly well con-

strained by the X-ray detection and by the radio detec-

tion/upper limits.

The total energy in the electron distribution amounts

to 10
48

erg. This energy is comparable to the product of

a spin-down pulsar power at birth of 10
38

erg/s and of a

characteristic decay time of hundreds of years.

The nebula magnetic field, size, luminosity and in-

ferred age are in reasonable agreement with the simula-

tions by Fang & Zhang (2010).

Table 4. Emission model representing the spectral energy

distribution of HESS J1632-478 (assuming a distance of

3kpc).

Parameter Value

Electron distribution γc 1.6× 10
5

γc1 1.6× 10
8

α 2.4

N 7.0× 10
−8

e
−
/cm

3

R 1.6×10
18

cm

Synchrotron B 1 µG
External Compton U

CMB
rad 0.25 eV/cm

3

U
IR
rad 2 eV/cm

3

6.3. Absorption and distance

The absorbing column densities measured by XMM-

Newton in the field are much in excess to the values

NHgal = (1.5 − 1.8) × 10
22

cm
−2

derived from the low

resolution radio surveys (Kalberla et al. 2005; Dickey &

Lockman 1990).

The absorbing column density on the pulsar wind

nebula (NH ≈ 11 × 10
22

cm
−2

) is very similar to that

observed for IGR J16320-4751 and slightly larger than

these observed in the directions of AX J1632.8-4746 and

XMMU J163219.9-474731 (NH ≈ 6×10
22

cm
−2

). This in-

dicates an unusually large column density in this field and

that about half of the absorption towards IGR J16320-

4751 (Walter et al. 2006) may not be related to the High-

Mass X-Ray Binary system. It also indicates that the dis-

tance to HESS J1632-478 is of the same order as that of

IGR J16320-4751, which was approximately estimated as

3.5 kpc (Rahoui et al. 2008).

7. Conclusions

We observed the unidentified TeV source HESS J1632-

478 with XMM-Newton and looked for counterparts in

the GeV, infrared and radio bands. An extended faint X-

ray source is detected close to the centroid of the H.E.S.S.

error ellipse. A radio excess corresponding to the X-ray

source is found in the Molonglo sky survey. Upper lim-

its have been derived from Spitzer and Parkes data. The

GeV image obtained by Fermi shows two close-by sources

flagged as confused in the Fermi catalogue, but none of

them corresponds to the X-ray source, the situation is

therefore unclear.

The flux density emitted by HESS J1632-478 at very

high energies is at least 20 times larger than observed

at the other wavebands probed. The source shape and

spectral energy distribution suggests a pulsar wind neb-

ula and can be used to successfully constrain a one zone

model for the post terminal shock region of the pulsar

wind nebula. The assumed relativistic electron distribu-

tion is Maxwellian (γ ∼ 10
5
) with a non thermal tail

extending to γ ∼ 10
8
. The synchrotron nebula is faint

because of the low magnetic field (3 µG).
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Fig. 2.—Main panel: Particle spectrum in a -wide slice at100(c/q )p

downstream from the shock at time (black line with error4500(c/q ) q t p 10p p

bars). Red line: A fit with a sum of a 2D Maxwellian (yellow dashed line)
and a power law (blue dash-dotted line) with high-energy exponential cutoff.
Subpanel a is the fit with a sum of high and low temperature Maxwellians
(red line), showing a deficit at intermediate energies; subpanel b is the time
evolution of a particle spectrum in a downstream slice: (blue!1t p 1600qp

line), (green line), and (red line). The black dashed line shows!1 4 !13800q 10 qp p

a power law.!2.4g

Fig. 3.—Left panel: Horizontal position as a function of time for four rep-
resentative particles (color lines) overplotted on transversely averaged profiles
of magnetic energy (gray lines). Right panel: Particle energies (shown with
corresponding color lines) as a function of time. All horizontal positions are
shifted by to align them with the shock location. All quantities arex (t)shock

measured in the downstream frame.

Maxwellian and the power law). At , the tail at4q t p 10 g 1p

contains !1% of particles and !10% of energy in the down-75
stream region.

3. ACCELERATION MECHANISM

We studied the mechanism that populates the suprathermal
tail by tracing the orbits of particles that gain the most energy.
The main acceleration happens near the shock, as seen from
the excess of particles with large 4-velocity near the shock in
Figure 1e. The spacetime trajectories and thex(t) ! x (t)shock

acceleration histories for four representative particles areg(t)
shown in Figure 3. The vast majority of particles in the flow
go through the shock only once and never return to the upstream
region again (orange line in Fig. 3). Some, however, can cross
the shock several times and gain energy. After acceleration
near the shock, these particles escape into the upstream or
downstream region, populating the suprathermal tails (red,
green, and blue lines). The particles that gain the most energy
(red and blue lines) undergo several reflections between the
downstream region (or the shock layer) and the upstream re-
gion, with the largest energy gains coming from reflections in
the upstream region (Fig. 3). Upon each reflection, these par-
ticles gain energy , as expected in relativistic shocks.DE ! E
In Figure 3, we overplot the transversely averaged magnetic
energy as line plots stacked in time. Note that all quantities
are still measured in the downstream frame and are only shifted
in space so that the shock appears stationary. Magnetic fluc-
tuations associated with the upstream filaments carry a motional
electric field ( ) as they are advected toward the shock. Par-Ey

ticles moving against the flow in these fields scatter, with a net
energy gain (in contrast, deflections in the downstream region
result in no energy gain, as seen in the downstream frame; in
the shock frame, both scatterings will yield energy gains). The
particles that gain the most energy do not undergo large-angle
scatters on single upstream filaments. Instead, these particles
move almost parallel to the shock surface, across the magnetic

filaments shown in Figure 1b. This is easy to understand be-
cause the characteristic Larmor radius for these particles ex-
ceeds the thickness of the shock, and if they were to move
along the shock normal, they would quickly escape down-
stream. The alternating magnetic polarity of the filaments rep-
resents magnetic fluctuations on scales smaller than the particle
Larmor radius. The deflections in the upstream region toward
the downstream region are thus grazing-incidence collisions
with magnetic islands that are moving toward the shock. The
deflections toward the upstream region happen within several
hundred skin depths behind the shock, where the magnetic field
is strongest. Motion across the filaments increases the effective
length of the scattering region and allows the trapping and
acceleration of high-energy particles near the shock.

4. DISCUSSION

We have shown that relativistic collisionless shocks can self-
consistently accelerate nonthermal particles. The magnetic
fields that are created as part of the Weibel turbulence near
shocks are sufficient to inject particles from the thermal pool
into the shock acceleration process, and our findings do not
require any initial assumptions about the turbulence spectrum.
The acceleration that we observe involves repeated crossings
of the shock by a small fraction of particles. In this sense, it
is tempting to associate this acceleration process with the first-
order Fermi acceleration in shocks. The absence of a coherent
background field in our problem rules out shock-surfing and
shock-drift acceleration. Deviations in particle trajectory are
due to interactions with many magnetic filaments of alternating
magnetic polarity and is, therefore, diffusive in nature. The
exponential cutoff at high energy in the downstream spectrum
can be attributed to the finite acceleration time in the simulation
and to the fact that efficient particle scattering occurs in a layer
of finite width (Bykov & Uvarov 1999). We have not reached
a steady state, however. Both the maximum particle energy and
the extent of the particle precursor continue to grow linearly
with time, and the energy in the tail grows logarithmically. The
region where particles scatter also increases. We conclude that
the simulations show the beginnings of the Fermi acceleration

Electron spectrum 
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The maximum of the inverse Compton emission is

therefore expected at ∼ (1− 10)× 10
27

Hz, in agreement

with the TeV spectral energy distribution.

A possible phenomenological description of the elec-

tron energy distribution is given by the model recently pre-

sented by Spitkovsky (2008). This author, starting from

a numerical two-dimensional particle in cell simulation,

found a spectrum that, at the downstream of the shock

front, can be described by a relativistic Maxwellian plus

a power-law cut-off high energy tail. Such a model has

been recently adopted by Fang & Zhang (2010) to model

the broad band SED of a sample of PWNs. We adopt the

same analytical model that reads:

n(γ) =
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= n0(γ) γ ≤ γ1

n0(γ) +K1
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γ > γ1,

(5)

where γc is the typical Lorentz factor of the electrons at
the termination shock, α is the spectral index of the high-

energy tail, with a cut-off Lorentz factor γc1. We fix γ1 =

7γc according to Spitkovsky (2008) and K1 is normalized

in order to match the Maxwellian and the high-energy tail.

We set the Lorentz factor for the particles at the ter-

mination shock to γc = 1.6× 10
5
, and use the same value

of α = 2.4 as obtained in Spitkovsky (2008). In order to

match the X-ray data we use γc1 = 1.6× 10
8
. The result-

ing spectral energy distribution, reproduced using a well

tested code (Tramacere 2007; Tramacere et al. 2009) is

reported in Fig. 5 together with the observed data. We

reproduce both the synchrotron self Compton (SSC) and

the external Compton emission, assuming a one-zone (post

terminal shock) homogeneous emitting region. The details

of the best-fit model parameters are reported in table 4.

These parameters are only representative and a simpler

model could be fitted to the data as well. The quality and

the uncertainties on the high energy data are such that

deriving accurate information on the electron distribution

is not possible.

Although the Fermi data are partly compatible with

the emission model, it is difficult to say if the soft GeV

spectrum of 1FGL 1632.7-4733c is related to the pul-

sar wind nebula or should be considered as upper limits.

Indeed, the H.E.S.S./XMM source lies well outside of the

95% confidence region of 1FGL 1632.7-4733c (Fig. 4)

With the shape of the electron distribution inferred

from the external Inverse Compton component, the

strength of the synchrotron component is fairly well con-

strained by the X-ray detection and by the radio detec-

tion/upper limits.

The total energy in the electron distribution amounts

to 10
48

erg. This energy is comparable to the product of

a spin-down pulsar power at birth of 10
38

erg/s and of a

characteristic decay time of hundreds of years.

The nebula magnetic field, size, luminosity and in-

ferred age are in reasonable agreement with the simula-

tions by Fang & Zhang (2010).

Table 4. Emission model representing the spectral energy

distribution of HESS J1632-478 (assuming a distance of

3kpc).

Parameter Value

Electron distribution γc 1.6× 10
5

γc1 1.6× 10
8

α 2.4

N 7.0× 10
−8

e
−
/cm

3

R 1.6×10
18

cm

Synchrotron B 1 µG
External Compton U

CMB
rad 0.25 eV/cm

3

U
IR
rad 2 eV/cm

3

6.3. Absorption and distance

The absorbing column densities measured by XMM-

Newton in the field are much in excess to the values

NHgal = (1.5 − 1.8) × 10
22

cm
−2

derived from the low

resolution radio surveys (Kalberla et al. 2005; Dickey &

Lockman 1990).

The absorbing column density on the pulsar wind

nebula (NH ≈ 11 × 10
22

cm
−2

) is very similar to that

observed for IGR J16320-4751 and slightly larger than

these observed in the directions of AX J1632.8-4746 and

XMMU J163219.9-474731 (NH ≈ 6×10
22

cm
−2

). This in-

dicates an unusually large column density in this field and

that about half of the absorption towards IGR J16320-

4751 (Walter et al. 2006) may not be related to the High-

Mass X-Ray Binary system. It also indicates that the dis-

tance to HESS J1632-478 is of the same order as that of

IGR J16320-4751, which was approximately estimated as

3.5 kpc (Rahoui et al. 2008).

7. Conclusions

We observed the unidentified TeV source HESS J1632-

478 with XMM-Newton and looked for counterparts in

the GeV, infrared and radio bands. An extended faint X-

ray source is detected close to the centroid of the H.E.S.S.

error ellipse. A radio excess corresponding to the X-ray

source is found in the Molonglo sky survey. Upper lim-

its have been derived from Spitzer and Parkes data. The

GeV image obtained by Fermi shows two close-by sources

flagged as confused in the Fermi catalogue, but none of

them corresponds to the X-ray source, the situation is

therefore unclear.

The flux density emitted by HESS J1632-478 at very

high energies is at least 20 times larger than observed

at the other wavebands probed. The source shape and

spectral energy distribution suggests a pulsar wind neb-

ula and can be used to successfully constrain a one zone

model for the post terminal shock region of the pulsar

wind nebula. The assumed relativistic electron distribu-

tion is Maxwellian (γ ∼ 10
5
) with a non thermal tail

extending to γ ∼ 10
8
. The synchrotron nebula is faint

because of the low magnetic field (3 µG).
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The maximum of the inverse Compton emission is

therefore expected at ∼ (1− 10)× 10
27

Hz, in agreement

with the TeV spectral energy distribution.

A possible phenomenological description of the elec-

tron energy distribution is given by the model recently pre-

sented by Spitkovsky (2008). This author, starting from

a numerical two-dimensional particle in cell simulation,

found a spectrum that, at the downstream of the shock

front, can be described by a relativistic Maxwellian plus

a power-law cut-off high energy tail. Such a model has

been recently adopted by Fang & Zhang (2010) to model

the broad band SED of a sample of PWNs. We adopt the

same analytical model that reads:

n(γ) =
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exp

�
γ
γc
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= n0(γ) γ ≤ γ1

n0(γ) +K1

�
γ
γc
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γ
γc1

�
γ > γ1,

(5)

where γc is the typical Lorentz factor of the electrons at
the termination shock, α is the spectral index of the high-

energy tail, with a cut-off Lorentz factor γc1. We fix γ1 =

7γc according to Spitkovsky (2008) and K1 is normalized

in order to match the Maxwellian and the high-energy tail.

We set the Lorentz factor for the particles at the ter-

mination shock to γc = 1.6× 10
5
, and use the same value

of α = 2.4 as obtained in Spitkovsky (2008). In order to

match the X-ray data we use γc1 = 1.6× 10
8
. The result-

ing spectral energy distribution, reproduced using a well

tested code (Tramacere 2007; Tramacere et al. 2009) is

reported in Fig. 5 together with the observed data. We

reproduce both the synchrotron self Compton (SSC) and

the external Compton emission, assuming a one-zone (post

terminal shock) homogeneous emitting region. The details

of the best-fit model parameters are reported in table 4.

These parameters are only representative and a simpler

model could be fitted to the data as well. The quality and

the uncertainties on the high energy data are such that

deriving accurate information on the electron distribution

is not possible.

Although the Fermi data are partly compatible with

the emission model, it is difficult to say if the soft GeV

spectrum of 1FGL 1632.7-4733c is related to the pul-

sar wind nebula or should be considered as upper limits.

Indeed, the H.E.S.S./XMM source lies well outside of the

95% confidence region of 1FGL 1632.7-4733c (Fig. 4)

With the shape of the electron distribution inferred

from the external Inverse Compton component, the

strength of the synchrotron component is fairly well con-

strained by the X-ray detection and by the radio detec-

tion/upper limits.

The total energy in the electron distribution amounts

to 10
48

erg. This energy is comparable to the product of

a spin-down pulsar power at birth of 10
38

erg/s and of a

characteristic decay time of hundreds of years.

The nebula magnetic field, size, luminosity and in-

ferred age are in reasonable agreement with the simula-

tions by Fang & Zhang (2010).

Table 4. Emission model representing the spectral energy

distribution of HESS J1632-478 (assuming a distance of

3kpc).

Parameter Value

Electron distribution γc 1.6× 10
5

γc1 1.6× 10
8

α 2.4

N 7.0× 10
−8

e
−
/cm

3

R 1.6×10
18

cm

Synchrotron B 1 µG
External Compton U

CMB
rad 0.25 eV/cm

3

U
IR
rad 2 eV/cm

3

6.3. Absorption and distance

The absorbing column densities measured by XMM-

Newton in the field are much in excess to the values

NHgal = (1.5 − 1.8) × 10
22

cm
−2

derived from the low

resolution radio surveys (Kalberla et al. 2005; Dickey &

Lockman 1990).

The absorbing column density on the pulsar wind

nebula (NH ≈ 11 × 10
22

cm
−2

) is very similar to that

observed for IGR J16320-4751 and slightly larger than

these observed in the directions of AX J1632.8-4746 and

XMMU J163219.9-474731 (NH ≈ 6×10
22

cm
−2

). This in-

dicates an unusually large column density in this field and

that about half of the absorption towards IGR J16320-

4751 (Walter et al. 2006) may not be related to the High-

Mass X-Ray Binary system. It also indicates that the dis-

tance to HESS J1632-478 is of the same order as that of

IGR J16320-4751, which was approximately estimated as

3.5 kpc (Rahoui et al. 2008).

7. Conclusions

We observed the unidentified TeV source HESS J1632-

478 with XMM-Newton and looked for counterparts in

the GeV, infrared and radio bands. An extended faint X-

ray source is detected close to the centroid of the H.E.S.S.

error ellipse. A radio excess corresponding to the X-ray

source is found in the Molonglo sky survey. Upper lim-

its have been derived from Spitzer and Parkes data. The

GeV image obtained by Fermi shows two close-by sources

flagged as confused in the Fermi catalogue, but none of

them corresponds to the X-ray source, the situation is

therefore unclear.

The flux density emitted by HESS J1632-478 at very

high energies is at least 20 times larger than observed

at the other wavebands probed. The source shape and

spectral energy distribution suggests a pulsar wind neb-

ula and can be used to successfully constrain a one zone

model for the post terminal shock region of the pulsar

wind nebula. The assumed relativistic electron distribu-

tion is Maxwellian (γ ∼ 10
5
) with a non thermal tail

extending to γ ∼ 10
8
. The synchrotron nebula is faint

because of the low magnetic field (3 µG).
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The maximum of the inverse Compton emission is

therefore expected at ∼ (1− 10)× 10
27

Hz, in agreement

with the TeV spectral energy distribution.

A possible phenomenological description of the elec-

tron energy distribution is given by the model recently pre-

sented by Spitkovsky (2008). This author, starting from

a numerical two-dimensional particle in cell simulation,

found a spectrum that, at the downstream of the shock

front, can be described by a relativistic Maxwellian plus

a power-law cut-off high energy tail. Such a model has

been recently adopted by Fang & Zhang (2010) to model

the broad band SED of a sample of PWNs. We adopt the

same analytical model that reads:

n(γ) =
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= n0(γ) γ ≤ γ1

n0(γ) +K1
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γ > γ1,
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where γc is the typical Lorentz factor of the electrons at
the termination shock, α is the spectral index of the high-

energy tail, with a cut-off Lorentz factor γc1. We fix γ1 =

7γc according to Spitkovsky (2008) and K1 is normalized

in order to match the Maxwellian and the high-energy tail.

We set the Lorentz factor for the particles at the ter-

mination shock to γc = 1.6× 10
5
, and use the same value

of α = 2.4 as obtained in Spitkovsky (2008). In order to

match the X-ray data we use γc1 = 1.6× 10
8
. The result-

ing spectral energy distribution, reproduced using a well

tested code (Tramacere 2007; Tramacere et al. 2009) is

reported in Fig. 5 together with the observed data. We

reproduce both the synchrotron self Compton (SSC) and

the external Compton emission, assuming a one-zone (post

terminal shock) homogeneous emitting region. The details

of the best-fit model parameters are reported in table 4.

These parameters are only representative and a simpler

model could be fitted to the data as well. The quality and

the uncertainties on the high energy data are such that

deriving accurate information on the electron distribution

is not possible.

Although the Fermi data are partly compatible with

the emission model, it is difficult to say if the soft GeV

spectrum of 1FGL 1632.7-4733c is related to the pul-

sar wind nebula or should be considered as upper limits.

Indeed, the H.E.S.S./XMM source lies well outside of the

95% confidence region of 1FGL 1632.7-4733c (Fig. 4)

With the shape of the electron distribution inferred

from the external Inverse Compton component, the

strength of the synchrotron component is fairly well con-

strained by the X-ray detection and by the radio detec-

tion/upper limits.

The total energy in the electron distribution amounts

to 10
48

erg. This energy is comparable to the product of

a spin-down pulsar power at birth of 10
38

erg/s and of a

characteristic decay time of hundreds of years.

The nebula magnetic field, size, luminosity and in-

ferred age are in reasonable agreement with the simula-

tions by Fang & Zhang (2010).

Table 4. Emission model representing the spectral energy

distribution of HESS J1632-478 (assuming a distance of

3kpc).

Parameter Value

Electron distribution γc 1.6× 10
5

γc1 1.6× 10
8

α 2.4

N 7.0× 10
−8

e
−
/cm

3

R 1.6×10
18

cm

Synchrotron B 1 µG
External Compton U

CMB
rad 0.25 eV/cm

3

U
IR
rad 2 eV/cm

3

6.3. Absorption and distance

The absorbing column densities measured by XMM-

Newton in the field are much in excess to the values

NHgal = (1.5 − 1.8) × 10
22

cm
−2

derived from the low

resolution radio surveys (Kalberla et al. 2005; Dickey &

Lockman 1990).

The absorbing column density on the pulsar wind

nebula (NH ≈ 11 × 10
22

cm
−2

) is very similar to that

observed for IGR J16320-4751 and slightly larger than

these observed in the directions of AX J1632.8-4746 and

XMMU J163219.9-474731 (NH ≈ 6×10
22

cm
−2

). This in-

dicates an unusually large column density in this field and

that about half of the absorption towards IGR J16320-

4751 (Walter et al. 2006) may not be related to the High-

Mass X-Ray Binary system. It also indicates that the dis-

tance to HESS J1632-478 is of the same order as that of

IGR J16320-4751, which was approximately estimated as

3.5 kpc (Rahoui et al. 2008).

7. Conclusions

We observed the unidentified TeV source HESS J1632-

478 with XMM-Newton and looked for counterparts in

the GeV, infrared and radio bands. An extended faint X-

ray source is detected close to the centroid of the H.E.S.S.

error ellipse. A radio excess corresponding to the X-ray

source is found in the Molonglo sky survey. Upper lim-

its have been derived from Spitzer and Parkes data. The

GeV image obtained by Fermi shows two close-by sources

flagged as confused in the Fermi catalogue, but none of

them corresponds to the X-ray source, the situation is

therefore unclear.

The flux density emitted by HESS J1632-478 at very

high energies is at least 20 times larger than observed

at the other wavebands probed. The source shape and

spectral energy distribution suggests a pulsar wind neb-

ula and can be used to successfully constrain a one zone

model for the post terminal shock region of the pulsar

wind nebula. The assumed relativistic electron distribu-

tion is Maxwellian (γ ∼ 10
5
) with a non thermal tail

extending to γ ∼ 10
8
. The synchrotron nebula is faint

because of the low magnetic field (3 µG).
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The maximum of the inverse Compton emission is

therefore expected at ∼ (1− 10)× 10
27

Hz, in agreement

with the TeV spectral energy distribution.

A possible phenomenological description of the elec-

tron energy distribution is given by the model recently pre-

sented by Spitkovsky (2008). This author, starting from

a numerical two-dimensional particle in cell simulation,

found a spectrum that, at the downstream of the shock

front, can be described by a relativistic Maxwellian plus

a power-law cut-off high energy tail. Such a model has

been recently adopted by Fang & Zhang (2010) to model

the broad band SED of a sample of PWNs. We adopt the

same analytical model that reads:

n(γ) =
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= n0(γ) γ ≤ γ1

n0(γ) +K1
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γ > γ1,
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where γc is the typical Lorentz factor of the electrons at
the termination shock, α is the spectral index of the high-

energy tail, with a cut-off Lorentz factor γc1. We fix γ1 =

7γc according to Spitkovsky (2008) and K1 is normalized

in order to match the Maxwellian and the high-energy tail.

We set the Lorentz factor for the particles at the ter-

mination shock to γc = 1.6× 10
5
, and use the same value

of α = 2.4 as obtained in Spitkovsky (2008). In order to

match the X-ray data we use γc1 = 1.6× 10
8
. The result-

ing spectral energy distribution, reproduced using a well

tested code (Tramacere 2007; Tramacere et al. 2009) is

reported in Fig. 5 together with the observed data. We

reproduce both the synchrotron self Compton (SSC) and

the external Compton emission, assuming a one-zone (post

terminal shock) homogeneous emitting region. The details

of the best-fit model parameters are reported in table 4.

These parameters are only representative and a simpler

model could be fitted to the data as well. The quality and

the uncertainties on the high energy data are such that

deriving accurate information on the electron distribution

is not possible.

Although the Fermi data are partly compatible with

the emission model, it is difficult to say if the soft GeV

spectrum of 1FGL 1632.7-4733c is related to the pul-

sar wind nebula or should be considered as upper limits.

Indeed, the H.E.S.S./XMM source lies well outside of the

95% confidence region of 1FGL 1632.7-4733c (Fig. 4)

With the shape of the electron distribution inferred

from the external Inverse Compton component, the

strength of the synchrotron component is fairly well con-

strained by the X-ray detection and by the radio detec-

tion/upper limits.

The total energy in the electron distribution amounts

to 10
48

erg. This energy is comparable to the product of

a spin-down pulsar power at birth of 10
38

erg/s and of a

characteristic decay time of hundreds of years.

The nebula magnetic field, size, luminosity and in-

ferred age are in reasonable agreement with the simula-

tions by Fang & Zhang (2010).

Table 4. Emission model representing the spectral energy

distribution of HESS J1632-478 (assuming a distance of

3kpc).

Parameter Value

Electron distribution γc 1.6× 10
5

γc1 1.6× 10
8

α 2.4

N 7.0× 10
−8

e
−
/cm

3

R 1.6×10
18

cm

Synchrotron B 1 µG
External Compton U

CMB
rad 0.25 eV/cm

3

U
IR
rad 2 eV/cm

3

6.3. Absorption and distance

The absorbing column densities measured by XMM-

Newton in the field are much in excess to the values

NHgal = (1.5 − 1.8) × 10
22

cm
−2

derived from the low

resolution radio surveys (Kalberla et al. 2005; Dickey &

Lockman 1990).

The absorbing column density on the pulsar wind

nebula (NH ≈ 11 × 10
22

cm
−2

) is very similar to that

observed for IGR J16320-4751 and slightly larger than

these observed in the directions of AX J1632.8-4746 and

XMMU J163219.9-474731 (NH ≈ 6×10
22

cm
−2

). This in-

dicates an unusually large column density in this field and

that about half of the absorption towards IGR J16320-

4751 (Walter et al. 2006) may not be related to the High-

Mass X-Ray Binary system. It also indicates that the dis-

tance to HESS J1632-478 is of the same order as that of

IGR J16320-4751, which was approximately estimated as

3.5 kpc (Rahoui et al. 2008).

7. Conclusions

We observed the unidentified TeV source HESS J1632-

478 with XMM-Newton and looked for counterparts in

the GeV, infrared and radio bands. An extended faint X-

ray source is detected close to the centroid of the H.E.S.S.

error ellipse. A radio excess corresponding to the X-ray

source is found in the Molonglo sky survey. Upper lim-

its have been derived from Spitzer and Parkes data. The

GeV image obtained by Fermi shows two close-by sources

flagged as confused in the Fermi catalogue, but none of

them corresponds to the X-ray source, the situation is

therefore unclear.

The flux density emitted by HESS J1632-478 at very

high energies is at least 20 times larger than observed

at the other wavebands probed. The source shape and

spectral energy distribution suggests a pulsar wind neb-

ula and can be used to successfully constrain a one zone

model for the post terminal shock region of the pulsar

wind nebula. The assumed relativistic electron distribu-

tion is Maxwellian (γ ∼ 10
5
) with a non thermal tail

extending to γ ∼ 10
8
. The synchrotron nebula is faint

because of the low magnetic field (3 µG).
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The maximum of the inverse Compton emission is

therefore expected at ∼ (1− 10)× 10
27

Hz, in agreement

with the TeV spectral energy distribution.

A possible phenomenological description of the elec-

tron energy distribution is given by the model recently pre-

sented by Spitkovsky (2008). This author, starting from

a numerical two-dimensional particle in cell simulation,

found a spectrum that, at the downstream of the shock

front, can be described by a relativistic Maxwellian plus

a power-law cut-off high energy tail. Such a model has

been recently adopted by Fang & Zhang (2010) to model

the broad band SED of a sample of PWNs. We adopt the

same analytical model that reads:

n(γ) =
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where γc is the typical Lorentz factor of the electrons at
the termination shock, α is the spectral index of the high-

energy tail, with a cut-off Lorentz factor γc1. We fix γ1 =

7γc according to Spitkovsky (2008) and K1 is normalized

in order to match the Maxwellian and the high-energy tail.

We set the Lorentz factor for the particles at the ter-

mination shock to γc = 1.6× 10
5
, and use the same value

of α = 2.4 as obtained in Spitkovsky (2008). In order to

match the X-ray data we use γc1 = 1.6× 10
8
. The result-

ing spectral energy distribution, reproduced using a well

tested code (Tramacere 2007; Tramacere et al. 2009) is

reported in Fig. 5 together with the observed data. We

reproduce both the synchrotron self Compton (SSC) and

the external Compton emission, assuming a one-zone (post

terminal shock) homogeneous emitting region. The details

of the best-fit model parameters are reported in table 4.

These parameters are only representative and a simpler

model could be fitted to the data as well. The quality and

the uncertainties on the high energy data are such that

deriving accurate information on the electron distribution

is not possible.

Although the Fermi data are partly compatible with

the emission model, it is difficult to say if the soft GeV

spectrum of 1FGL 1632.7-4733c is related to the pul-

sar wind nebula or should be considered as upper limits.

Indeed, the H.E.S.S./XMM source lies well outside of the

95% confidence region of 1FGL 1632.7-4733c (Fig. 4)

With the shape of the electron distribution inferred

from the external Inverse Compton component, the

strength of the synchrotron component is fairly well con-

strained by the X-ray detection and by the radio detec-

tion/upper limits.

The total energy in the electron distribution amounts

to 10
48

erg. This energy is comparable to the product of

a spin-down pulsar power at birth of 10
38

erg/s and of a

characteristic decay time of hundreds of years.

The nebula magnetic field, size, luminosity and in-

ferred age are in reasonable agreement with the simula-

tions by Fang & Zhang (2010).

Table 4. Emission model representing the spectral energy

distribution of HESS J1632-478 (assuming a distance of

3kpc).

Parameter Value

Electron distribution γc 1.6× 10
5

γc1 1.6× 10
8

α 2.4

N 7.0× 10
−8

e
−
/cm

3

R 1.6×10
18

cm

Synchrotron B 1 µG
External Compton U

CMB
rad 0.25 eV/cm

3

U
IR
rad 2 eV/cm

3

6.3. Absorption and distance

The absorbing column densities measured by XMM-

Newton in the field are much in excess to the values

NHgal = (1.5 − 1.8) × 10
22

cm
−2

derived from the low

resolution radio surveys (Kalberla et al. 2005; Dickey &

Lockman 1990).

The absorbing column density on the pulsar wind

nebula (NH ≈ 11 × 10
22

cm
−2

) is very similar to that

observed for IGR J16320-4751 and slightly larger than

these observed in the directions of AX J1632.8-4746 and

XMMU J163219.9-474731 (NH ≈ 6×10
22

cm
−2

). This in-

dicates an unusually large column density in this field and

that about half of the absorption towards IGR J16320-

4751 (Walter et al. 2006) may not be related to the High-

Mass X-Ray Binary system. It also indicates that the dis-

tance to HESS J1632-478 is of the same order as that of

IGR J16320-4751, which was approximately estimated as

3.5 kpc (Rahoui et al. 2008).

7. Conclusions

We observed the unidentified TeV source HESS J1632-

478 with XMM-Newton and looked for counterparts in

the GeV, infrared and radio bands. An extended faint X-

ray source is detected close to the centroid of the H.E.S.S.

error ellipse. A radio excess corresponding to the X-ray

source is found in the Molonglo sky survey. Upper lim-

its have been derived from Spitzer and Parkes data. The

GeV image obtained by Fermi shows two close-by sources

flagged as confused in the Fermi catalogue, but none of

them corresponds to the X-ray source, the situation is

therefore unclear.

The flux density emitted by HESS J1632-478 at very

high energies is at least 20 times larger than observed

at the other wavebands probed. The source shape and

spectral energy distribution suggests a pulsar wind neb-

ula and can be used to successfully constrain a one zone

model for the post terminal shock region of the pulsar

wind nebula. The assumed relativistic electron distribu-

tion is Maxwellian (γ ∼ 10
5
) with a non thermal tail

extending to γ ∼ 10
8
. The synchrotron nebula is faint

because of the low magnetic field (3 µG).
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model



Assuming that the same electron population is responsible for 
the synchrotron and IC emission:     fsync / fIC  ➡  B ~ 3 μG

Ė ~ 3⋅1036 erg/s

τc ~ 2⋅104 yr
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tween the gamma and X-ray luminosity as a function
of the pulsar spin-down power and age. These relations
are discussed in the frame of an evolving electron energy
population.

2. OBSERVED CORRELATIONS

In Table 1 we report a sample of the identified
PWNe observed by the H.E.S.S. experiment. We fur-
ther included six candidate PWNe, selecting unidenti-
fied H.E.S.S. di!use sources located near young and en-
ergetic pulsars, with !c ! 100 kyr and Ė > 1035 erg
s!1. These parameters are defined as Ė ! 4"2IṖ/P 3

and !c ! P/2Ṗ , where P is the pulsar spin period,
Ṗ its derivative, and I ! 1045 gm cm2 the moment of
inertia. We calculated Ė and !c using the P and Ṗ val-
ues reported in the Australia Telescope National Facil-
ity (ATNF) pulsar catalogue7 (Manchester et al. 2005).
The #-ray fluxes, F! , are derived from literature and
computed in the 1–30 TeV energy band, with statistical
errors estimated with standard Montecarlo propagation
technique. The lower energy value corresponds to the
highest observed detection threshold. The upper value
of 30 TeV reduces the bias of possible unmeasured high-
energy cut-o!s. The unabsorbed X-ray fluxes, FX , have
been derived from literature based on X-ray imaging ob-
servatories, and converted in the 2–10 keV energy band.
The lower energy is chosen in order to minimize the con-
tamination by possible thermal components due to the
pulsar or supernova remnant. When it was possible to
single out the PWN from the pulsar component, only the
PWN flux is reported.

We investigated the relations between the di!erent lu-
minosities and the pulsar parameters, using the data col-
lected in Table 1. The #-ray luminosities, L! , do not ap-
pear correlated with the pulsar spin-down luminosities Ė,
nor they do with the characteristic ages !c, as shown in
Fig. 1 (top panels). This is at variance with the observed
PWNe X-ray luminosities, for which a scaling relation is
apparent with both Ė and !c (Fig. 1, middle panels).
The weighted least square fit on the whole dataset yields

log10 LX = (33.8 ± 0.04) + (1.87 ± 0.04) log10 Ė37. (1)

All the uncertainties are at 1$ level, and Ė = Ė37 "

1037 erg s!1. The LX # Ė scaling is known for
the pulsars as well as for the PWNe. This scal-
ing was firstly noted by Seward & Wang (1988); fur-
ther, Becker & Trümper (1997) investigate a sample of
27 pulsars with ROSAT, yielding the simple scaling
LX(0.1!2.4keV) $ 10!3Ė. A re-analysis was performed
by Possenti et al. (2002), who studied a sample of 39
pulsars observed by several X-ray observatories, account-
ing for the statistical and systematic errors. They found
log10 LX = (#14.36± 0.01) + (1.34 ± 0.03) log10 Ė, a re-
lation harder than Eq. (1). However, they could not
separate the PWN from the pulsar contribution. A
better comparison can be done with the results from
Kargaltsev & Pavlov (2008), who recently used high-
resolution Chandra data in order to decouple the PWN
and the pulsar fluxes. Indeed, taking Ė, !c, and LPWN

7 http://www.atnf.csiro.au/research/pulsar/psrcat

in the 0.5–8 keV energy band8 from their Tables 1 and
2, we obtained as fitted values log10 LX(0.5!8 keV) =

(34.02 ± 0.05) + (1.46 ± 0.04) log10 Ė37 for their whole
sample, and log10 LX(0.5!8 keV) = (34.26±0.03)+(1.87±

0.01) log10 Ė37 restricting the fit only to the sources also
present in our sample. The latter is compatible in the
terms of slope with Eq. (1), and the slight di!erence in
normalization can be due to the di!erent energy band.
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Fig. 1.— !-ray luminosity, X-ray luminosity, and !- to X-ray

flux ratio versus pulsar spin-down luminosity, Ė (left column),
and characteristic age, "c (right column). Filled and open cir-
cles stand for identified and candidate PWNe, respectively. The
upper-limit for the flux ratio of PSR B1706-44 (Aharonian et al.
2005a; Romani et al. 2005) is reported with an arrow. Also shown
are the best-fit curves for identified PWNe (dotted lines), and for
the whole sample (dashed lines).

X-ray sources of our whole dataset also show a depen-
dence of LX on !c, with a best-fit relation

log10 LX = (33.7 ± 0.04)# (2.49 ± 0.06) log10 !4, (2)

where !c is in units of years. The LX # !c scal-
ing was already noted by Becker & Trümper (1997)
and Possenti et al. (2002). Also in this case we com-
pared our fit to the one derived using the whole
Kargaltsev & Pavlov (2008) dataset, which results in
log10 LX(0.5!8 keV) = (34.29±0.01)#(2.03±0.01) log10 !4

for their whole sample, and log10 LX(0.5!8keV) = (34.23±

8 The X-ray luminosity reported in Kargaltsev & Pavlov (2008)
for Kes 75 was corrected according to the distance measured by
Leahy & Tian (2008).

(Mattana et al. 2009)

Fγ / FX

Ė ~ 1036d31.5 erg/s
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Fig. 1. The X-ray lumi-
nosity in the band (2-10)
keV against the spin-down
luminosity for the 41 sources
of our sample. The objects
are grouped in 5 classes
and labeled accordingly:
Millisecond Pulsar (filled
squares), old pulsar (empty
squares), Geminga-like (filled
triangles), Vela-like (empty
triangles) and Crab-like
(filled stars). The solid line
represents our equation [3];
it has been calculated on
39 objects (thus excluding
PSR J0114+58 and PSR
J0538+2817, also labeled
with a circle filled with a
cross and without their huge
error bar; see Table 1).

accounting for the distance uncertainties and for the error
due to photon counting statistics.

3. The current sample

The 41 pulsars listed in Table 1 can be naturally grouped
into five classes, based on their intrinsic and observational
characteristics.

I Millisecond Pulsars (MSPs): Six among the ten MSPs
in our sample have been detected only by ROSAT, and
four of these with a very low photon counting statistics
(< 50 photons). This does not allow to asses which is
their best spectral model. The objects studied in more
detail with ROSAT indicate that non-thermal fits are
preferred (Becker & Trümper 1999). However, recent
observations with Chandra of the MSP population in
the globular cluster 47 Tucanae (Grindlay et al. 2001),
indicate that a thermal component may be present at
energies <! 1.5 keV. Considering that the possible ther-
mal component would contribute only slightly to the
luminosity in our energy range (2-10 keV), we have
adopted for all the MSPs a power law spectrum with
photon index !ph = 2 (so that the specific energy flux
f! " "(!"+1)). The list of sources belonging to this
group is reported in the upper section of Table 1.

II Old Pulsars: Only three of the non recycled pulsars
in our sample have characteristics ages (# = P/2Ṗ )
greater than 106 yr: PSR B0823+26, PSR B0950+08
and PSR B1929+10. ASCA observations of the lat-
ter two sources were reported by Wang & Halpern
(1997), but it was later found that the results for
PSR B0950+08 were a!ected by the presence of a

nearby AGN (see note in Wang et al. 1998). The spec-
trum of PSR B1929+10 in the ASCA band can be
described by thermal emission from a small fraction
of the star surface (<! 10 # 30 m in size). This is gen-
erally interpreted in terms of re-heating of the polar
caps by backward accelerated particles in the magneto-
sphere. Assuming that the same interpretation is valid
for PSR B0823+26 and PSR B0950+08, we use for
these objects the flux obtained by scaling their ROSAT
count rates to that of PSR B1929+10 and adopting
large error bars.

III Geminga-like: This class contains the middle aged pul-
sars (# ! 105 yr) for which the internal cooling gives
a substantial contribution, at least at energies below
!2 keV. For the three brightest objects of this group
(Geminga, PSR B0656+14 and PSR B1055#52) ac-
curate spectral modeling exist, allowing to estimate
with a good accuracy and subtract the contribu-
tion from the cooling to Lx. For PSR B1951+32 our
adopted Lx derives mainly from the synchrotron neb-
ula surrounding the pulsar. The remaining two sources
(PSR B0114+58, PSR J0538+2817) are considerably
weak preventing a detailed spectral analysis; therefore
these two sources are not included in the statistical
fit. However, in order to include them in the graphical
representations of Figures 1 and 4, we have assumed a
power-law model, with ! as given in Table 1, and a ra-
tio ! 10!3 between the flux in the power-law and the
cooling component, i.e., an average between Geminga
and PSR B1055#52. This could largely underestimate
the flux if it is entirely of magnetospheric origin.

IV Vela-like: This is a rather inhomogeneous group of
! 104#105 years old pulsars. Some of them are associ-

(Possenti et al. 2002)

LX,(2-10keV)



Unidentified HESS sources:

• HESS J0632+057
• HESS J1023-575	
 →  WR 20a;	
 Westerlund 2;	
 RCW 49
• HESS J1303-631
• HESS J1427-608
• HESS J1614-518

• HESS J1616-508	
 →  PSR J1617-5055 ?
• HESS J1626-490
• HESS J1632-478	
 →  IGR J16320-4751 ?

• HESS J1634-472	
 →  IGR J16358-4726 ?;	
 G337.2+0.1 ?
• HESS J1640-465	
 →  G338.3-0.0 ?; 3EG J1639-4702 ?
• HESS J1702-420
• HESS J1708-410

• HESS J1713-381	
 →  CTB 37B (G348.7+0.3) ?
• HESS J1714-385	
 →  CTB 37A
• HESS J1718-385	
 →  PSR J1718-3825 ?

• HESS J1745-290	
 →  SgrA*/ChanPWN?
• HESS J1745-303	
 →  3EG J1744-3011 ?

• HESS J1804-216	
 →  G8.7-0.1 /	
 W30 ?;	
 PSR J1803-2137 ?
• HESS J1809-193	
 →  PSR J1809-1917 ?

• HESS J1813-178	
 →  G12.8-0.02;	
 AX J1813-178
• HESS J1834-087	
 →  G23.3-0.3 /	
W41?

(Matthew Dalton for the HESS collaboration,
Paris conference 2010: TeV Particle Astrophysics)



Unidentified HESS sources:

• HESS J0632+057
• HESS J1023-575	
 →  WR 20a;	
 Westerlund 2;	
 RCW 49
• HESS J1303-631
• HESS J1427-608
• HESS J1614-518

• HESS J1616-508	
 →  PSR J1617-5055 ?
• HESS J1626-490
• HESS J1632-478	
 →  IGR J16320-4751 ?

• HESS J1634-472	
 →  IGR J16358-4726 ?;	
 G337.2+0.1 ?
• HESS J1640-465	
 →  G338.3-0.0 ?; 3EG J1639-4702 ?
• HESS J1702-420
• HESS J1708-410

• HESS J1713-381	
 →  CTB 37B (G348.7+0.3) ?
• HESS J1714-385	
 →  CTB 37A
• HESS J1718-385	
 →  PSR J1718-3825 ?

• HESS J1745-290	
 →  SgrA*/ChanPWN?
• HESS J1745-303	
 →  3EG J1744-3011 ?

• HESS J1804-216	
 →  G8.7-0.1 /	
 W30 ?;	
 PSR J1803-2137 ?
• HESS J1809-193	
 →  PSR J1809-1917 ?

• HESS J1813-178	
 →  G12.8-0.02;	
 AX J1813-178
• HESS J1834-087	
 →  G23.3-0.3 /	
W41?

(Matthew Dalton for the HESS collaboration,
Paris conference 2010: TeV Particle Astrophysics)

HESS J1503-582    →   miss low energy emission

HESS J1507-622    →   miss low energy emission

HESS J1848-018    →   W 43 / MC / WR 121a ?

HESS J1745-303    →   3EG 1744-3011 ?

HESS J1741-302    →   MC / PWN powered by PSR B1737-30

(Tibolla et al. 2009 Fermi Symposium)



Summary & Conclusion

Broadband studies of HESS J1632-478 have identified 
this source as a likely PWN, with X-ray observations 
providing images of an extended nebula as well as 
the putative pulsar powering the system.

The models used to reproduce the data require a 
B~3μG and yield an approximate age of 20 kyr and 
Ė ~ 1036d31.5 erg/s, consistent with expectations for 
the late-phase evolution of a PWN.

HESS sources lacking clear low energy counterpart 
could represent ancient PWNs or MCs illuminated 
by CRs from nearby SNRs.

• Broadband studies of HESS J1632-478 have identified this source as 
a likely PWN, with X-ray observations providing images of an 
extended nebula as well as the putative pulsar powering the system

• We have investigated the radio, IR, X-ray and γ-ray emission in the 
context of a simple one-zone model in which power is injected into 
a nebula at a time independent rate.

• The models used to reproduce the data require a B~3μG and yield 
an approximate age of 20 kyr, consistent with expectations for the 
late-phase evolution of a PWN.


