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SNR Types

We distinguish between 3 different types ofgradio
SNRs:

pure shell-type, created by the interaction of the
expanding shockwave with circumstellar
material ‘80 )

filled-centre, plerion-type, crab-like, or pulsar
wind nebula, created by an energetie wind of
particles and magnetic field injected by a
central pulsar (5 %)

composite type‘(15 %)’ 3

(Green’s Catalogue of Galactic Supernova Remnants)
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SNR Types

.

theoretically there should be only 2 typ

pure shell-type, as the remnant of the
thermonuclear explosion of a white dwar
(SNIa), since in these explosions the wholé star

is destroyed (E, ~ 1.5-10% erg/s, My = 1.4 My).

composite type, as the remnant of the
core-collapse explosion of a massive star (SNII,
SNIb/c), since In these explosions a rotating
neutron star is left behind (Fyg 10* to

2-10°t erg/s My~ 3 t0 20 M,).
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Shell-type SNRs
-

The hydrodynamic evolution of shell-type
remnangts is divided into three major phases:

free expansion phase
adiabatic expansion phase, or Sedov‘pha
radiative expansion phase
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Shockwave Free Expansiont

expansion is domkted by the

ejecta (R ~ t), whichicontains a
radial magnetic field=a relic of
the progenitor star - and lasts a
few hundred up to 2000 yr

is slowly
accumulating outside the ejecta
with a frozen in tangential
magnetic field

between ejecta and

a IS estab-
lished in which electrons are ac-
cglerated to relativistic velocities

Cosmos Probed by Rad‘ September 7 - 13, 2005, Kashi/Urumgqi, China — p.5/40



Shockwave Characteristics @f the

Radio Emission Buring
the Free Expansioll Phase:

steep radio synchrotr
spectrum with a < —Qk5

(S~ v%) with a radial magnetic
field

smooth radio shell without
sharp outeriedge

low percentage polarization that
decreases with time while the
swept up material becomes more
%ld more important
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Free Expanding SNRsS

Among the free expanding shell-type SNRs

e find:

Cas A (SNII? of ~ 1680, o = —0.77)
Kepler’s SNR (SNla of 1604, o = —0.64)
Tycho’s SNR (SNla of 1572, « = —0.61)
SN 1006 (SNIa? of 1006, o = —0.60) \

All of these SNRs are In radio pure shell-tyf)e rem-
nants with a radial magne‘tic fieldétructure

]
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Cassiopeia A

Effelsberg TP 32 GHz Effelsberg Pl + B-vectors 32 GHz
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The qguest staf from AD 386

SNR G11.2-0.3
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The quest staf from AD 386:
SNR G11.2-0.3

. Effelsberg TP 32 GHz Effelsberg Pl + B-vectors 32 GHz
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G11.2—0.3 Is at the trariition bétween frée expansion and adi-
s & Reich, 2001)
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Shockyvave Adiabatic (Sed@v) Expan-

sion: \

the SNR is expanding
adiabatically dominated by the
(R t0‘4),
which contains a frozen in
tangential magnetic field

electrons are still accelérated in
the an
additionallyfat the outside edge

radiative losses are still
negligible

Sedov phase lasts a few 1000 to
15000 yrs
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Shockwave

Characteristics omthe
Radio Emission D@iring
the Sedov Phase:

synchrotron radio spe€trum
with a = —0.5 (S~ v¥) with a
tangential magnetic field

radio shell with a sharp outer
edge )

high percentage polarization due
to well defined magnetic field
structure

.
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Field lines
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The magnetic field perpendicular to the expansion direction is

frozen into the expanding swept up mate‘rial.
3
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DAS30 °
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Shell-type SNRs

Radiative Expan$ion
(momentum cons@rving
snowplow phase):

energy losses due to radiative
cooling become signifi€ant

expanding shell moves at
constant radial momeRntum
(R & t0'25) ‘

the synchrotron spectrum may
become flatter and the emission
slowly fades away

:
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Galactic Latitude
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Supernovae*tand their Environment

.

Progenitor: White Dwarf
Location: far away from place oftbirth
Environment: diffuse, low densit

Progenitor. Massive Red Giant
Jocation: close to place of birth

Environment: complex, high‘den ty

Progenitor: Wolf Rayet Star
ocation: close to place of birth

Enviror{ment:'stellar wind bubble

Cosmos Probed by Radi*eptember 7 - 13, 2005, Kashi/Urumgqi, China - p.17/40



CTB 109 *
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CO around CTB 109

CTB 109 is interacting
with a dense rfolecu-
lar cloud
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Dust arouhd CTB 109 N
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HIl around CTB 109

CTB 109 is mteracting
with a dense
molecular clo®d

and dust

It seems to be
at a Hl densigy gra-
dient aHd there 1s no
evidence of ’a stellar

Galactic Latitude

110.0 109.5 109.0 108.5 Wlnd bUbble
Galactic Longitude ‘ ‘
— ‘i
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CTB 1 has a shell Skructure with an opening to the
north-west.
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HIl around CTB 1
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CTB 1 exploded ins"de a stellar wihd bubble.

(Yar et al., 2004)

Cosmos Probed by Radi¥eptember 7 - 13, 2005, Kashi/Urumgqi, China — p.23/40



Pulsar Wihd Nebulae

-

Axis of rotation = O

)

Manetic field lines

Pulsars:

pulsars are fastrotating
neutron stars, Which lose
energy by dipoléradiation

this energy is released in an
energetic wind of particles
and magnetic fiel

the interaction of
relativistic electrons and the
magnetic field praduce
synchri

flat spectrum

(0.3 < a<0.0

the charactgristic age T ofa
pulsar is defined by:
L for a pure dipole

' Y-
field
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Pulsar Wihd Nebulae .

.'ﬁ'ne energy loss rate of a pulsar decreases With time
as:

.E = (1f%>g, (6 = 2 for a dipole field)

here 7 Is the initial characteristic age also call@d the
pulsar’s “lifegime"”, because It Is the time after hich
the energy Input of a pulsar becomes neligibleffor

Its nebula. )
L]
=

»'

2 ’

‘9‘
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Historical*Pulsars

.

There are three "historical" pulsars:

SNR Pulsar Age[yr] 7[yr] F [erg/s]
3C58 y 10205+6449 820 5370 37
Crab nebula B0531+21 950 1240 4.6 - 1038

G11.2-03  J1814-1925 1620 23300" 6.4

\ ’
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Historical*Pulsars

.
Initial parameters for the "historical” pulsa

SNR Pulsar 70 [yrl  Eo [erg/s] E;
3C58 J0205+6449 4550 3.8-10% 1
Crab nebula §B0531+21 820, % 9.0 - W™ 1

G11.2-03  J1811-1925 21680 7.4-10°  4-40%
)
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Crab Neblla

\ Effelsberg TP + B-vectors 32 GHz
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Evolution®of Pulsar Wind Nebulae

PWNe are expected to expand inside theirfgost
shell-type remnant and to follow their expalgsion
characteristics.

a few pulsar winds are stronger than the explosion itself,
e.g. the Crab pulsar, which has released about 10°%erg

Into Its nel?ula, while the explosion energy was supposed
to be merely a few times 10*° erg )

on the other hand there are many pulsars with avery
weak wind and their nebulae are a lot smaller than the
Interior of the remnant, €.g. W44, quCh has a size of
more than 30’, butithe PWN inside has a size of only

R’ X 5
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Evolution®of Pulsar Wind Nebulae

.
When the interaction between the ejecta an@ the

swept up material becomes strong a reverseghock

IS created, travelling back into the interior of
SNR:

this leads t‘) compression and maybe additional el
acceleration in the PWN

ctron

a density gradient in the ambient medium ¢an lead to an
+ asymmetric reverse shock and an off-centre posf lon for
the pulsar, e.g. Vela (Blondin et al., 2001)

’
) )
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G106.3+2.7

PWN with pulsar
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The Cold Efivironment of G106'8+2.7

A shell-like HI ture is
surrounding the of
the SNR .

" asmall HI shell is

pulsar wind nebula

" towards the west hin
shell separates
the head from the tai

Galactic Latitude

2,

@

| The reverse shoc’pushe WELY
the original PWN, creating the dif-
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Spectral Breaks

virtually all PWNe exhibit a break in the
synchrotron spectrum:

SNR Break Frequency (i)njected/(c)ooling
Y CrabNebula  40keV + 1000 i
Crab Nebula 14000 GHz C
W44 8000 GHz c
Velak " 100 GHz ¢
G29.7—0.3 55 GHz i
3C 58 50 GHz i )
G215-09 = 30-60 GHz ?
. . G16.7+0.1 26 GHz i
CTB 87 10GHz c
G106.3+2.7 4.5 GHZ ‘ c
DA 495 ‘ 1.3 GHz c
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Synchrotren Cooling

The cooling break represents the frequency
which synchrotron losses become significan
.

v, [GHZz] = 1.187 - B3 [G] -t * [yr]

. (Chevalier, 2000)

The cooling break frequency is slowly*decreasing
with time while the intrinsic break should/remain
constant after the Iifetime‘of the pqlsar.

3
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The spectrum of the "Boomerang™

Radio Spectrum of the Boomerang
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\

Effelsberg TP 4.85 GHz Effelsberg Pl + B-ve 4.85 GHz

)

7/
=L

SRISPAENN
AN S5

=

Cosmos Probed by Rad‘eptember 7 - 13, 2005, Kashi/Urumgqi, China — p.37/40



—
>
Lo}
e
P
-
o=
7))}
=
()]
o)
o
=
]
=

1000 10* 100 1000 104
Frequency [MHz]

(Kothes et al., 2005)

Cosmos Probed by Radi*eptember 7 - 13, 2005, KashiZUrumgi, China — p.38/40



DA 495 - an aging Crab Nebula?

.'ﬁ'ne pulsar in DA 495 Is not known, but an
estimate the F from the X-ray luminosity offhe
nebulago E = 2.4 - 10% erg/s.

Using the historical pulsars we get:

\
Basis tDA49‘5 [yr]  Ta495 [Yr] Breq [NG]  Eiot [erg]  Bmax [IG]
Crab Nebula 65000 i 65300 0.60 1 x 1050‘ 0.
aC 58 52700 57250 0.69 5 x 1048 2
G11.2—-0.3 106080 129380 0.43 4.2 x 1048 21
L]

WA
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Future Prospects.
with the Urtimqgi 25m telescopeéeat 6cm

"

observations of large SNRs to study theilate
stages of evolution
comparison with other surveys give us:

rotation measure values and magnetic field

directions
spectral index fluctuations to indicate
evolutionary phases )

- B
discover new shell-type remnants and even
more iImportant pulsa‘r wind nebulae

)
3
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