
On the On the chemicalchemical
abundacesabundaces of of mixedmixed

morphologymorphology supernova supernova 
remnantsremnants

F.F. BocchinoBocchino11, M.Miceli, M.Miceli22, , 

S. OrlandoS. Orlando11, E. Troja, E. Troja33
11INAFINAF--Osservatorio Astronomico di Palermo, Osservatorio Astronomico di Palermo, ItalyItaly

22Consorzio COMETA, Catania, Consorzio COMETA, Catania, ItalyItaly
33INAFINAF--Istituto di Fisica Cosmica, Palermo, Istituto di Fisica Cosmica, Palermo, ItalyItaly



F. Bocchino, MixedF. Bocchino, Mixed--morphology SNRsmorphology SNRs The XThe X--ray Universe 2008, Granada, 27ray Universe 2008, Granada, 27--30 May30 May
2

Mixed Morphology SNRsMixed Morphology SNRs

W44 (NRAO / AUI / NSF)
Radio, X-ray (ROSAT, Rho et al.
1994), IR (Spitzer, Reach et al.
2006 )

� DEFINITION: shell-like 
(asymmetric) morphology in the 
radio band and centrally peaked 
thermal emission in the X-ray band. 
Flat kT profile. (Rho et al. 1998)

� They seems to be located close to 
molecular clouds or high density 
regions

� A mechanism responsible for 
producing such an unexpected 
morphology has not yet been 
uniquely identified
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CloudCloud evaporationevaporation vs. radiative modelvs. radiative model

�� BothBoth modelsmodels trytry toto
increaseincrease the the centralcentral
densitydensity
–– WhiteWhite & Long (1991), & Long (1991), 
SheltonShelton etet al.al. (1994)(1994)

�� BothBoth model model havehave
generalgeneral difficultiesdifficulties in in 
reproducingreproducing some of some of 
the MM SNRs the MM SNRs 
featuresfeatures
–– Surf.bri.Surf.bri. profileprofile tootoo
shallowshallow

–– CentralCentral density density tootoo
lowlow

Radiative
shell

dense
ISM
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EnhancedEnhanced abundancesabundances in MM SNRsin MM SNRs

�� LazendicLazendic & & SlaneSlane (2006) (2006) compiledcompiled a new a new 
list of MM SNRslist of MM SNRs
–– 10 out of 26 10 out of 26 seemsseems toto havehave high Zhigh Z

–– Multiple and single Multiple and single thermalthermal componentscomponents
((seemsseems notnot toto bebe relatedrelated toto Z)Z)

–– EvaporatingEvaporating cloudsclouds and and thermalthermal conductionconduction
radiative model do radiative model do notnot addressaddress the mixing of the mixing of 
ejecta and ISMejecta and ISM

�� In In thisthis work, work, wewe studystudy the metal the metal 
abundancesabundances of IC443 and G166of IC443 and G166.0+4.3.0+4.3
–– ListedListed in in LazendincLazendinc & & SlaneSlane (2006) (2006) asas standard standard 
abundancesabundances MM SNRsMM SNRs
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EPIC EPIC CountCount--raterate 0.50.5--1.4 1.4 keVkeV EPIC EPIC CountCount--raterate 1.51.5--5 5 keVkeV

PWNPWN

1SAX J06181SAX J0618.0+2227.0+2227

IC443 IC443 XX--rayray emissionemission

Troja et al. 06, ApJ, 649, 258 Troja et al. 08, A&A, in press
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PWNPWN

Si EW Si EW mapmap

IC443 metal IC443 metal abundanceabundance

Troja et al. 08, 
A&A, in press
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PWNPWN

SulphurSulphur EW EW mapmap

IC443 metal IC443 metal abundanceabundance

Troja et al. 08, 
A&A, in press
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More in IC443 More in IC443 metallicitymetallicity
�� ExtractionExtraction regionsregions
defineddefined in in termterm of of 
surfacesurface brightnessbrightness
contourscontours

�� CrossCross--regionregion
contaminationcontamination maymay
bebe anan issueissue
–– SAS SAS supportsupport stillstill
experimentalexperimental

�� Look Look forfor variationsvariations
of temperature and of temperature and 
metallicitymetallicity vs. vs. 
surfacesurface brightnessbrightness
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G166G166.0+4.3.0+4.3 ((a.k.aa.k.a VRO 42.05.01)VRO 42.05.01)

10

G166.0+4.3 (Vro 42.05.01)
1420 MHz CGPS DRAO radio image 

XMM-Newton/EPIC image (0.3-5 keV)

� Interesting radio 
morphology (small shell and 
large “wing”)

� X-ray emission centrally 
peaked (between shell and 
wing, perhaps in the hot 
tunnel)

� Possibly explained in terms 
of expansion in a “hot 
tunnel”, bounded by 2 dense 
regions
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AbundancesAbundances of G166of G166.0+4.3.0+4.3
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IC443 and G166.0+4.3 both
show evidence of high metal 

abundances!!!
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A new model A new model forfor MM SNRsMM SNRs
�� WeWe exploreexplore the the possibilitypossibility thatthat MM SNRs MM SNRs 
are the are the resultsresults of interaction of interaction withwith
progenitorprogenitor CSMCSM

�� 3D HD model3D HD model
– Thermal conduction includes flux saturation 
effects 
– Ejecta mat. with enhanced metallicity
– 8-fold symmetry assumed
– FLASH code
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Ejecta Log mass density
-21.5

-25.5

MMMM--SNRs: 3D SNRs: 3D modelingmodeling
Ejecta concentrated at the center of the SNR
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Ejecta Log mass density
-21.5

-25.5

MMMM--SNRs: 3D SNRs: 3D modelingmodeling
Ejecta concentrated at the center of the SNR
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XX--ray emissionray emission

Time = 32 kyr

Morphology in the X-ray band changes during the evolution

Phase I: maximum X-ray emission at the (forward) shock front

-> shell-like morphology

Phase II: X-ray emission centrally peaked

-> MM SNRs

Thermal conduction very effective and 

contributes to enhance central emission
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Temperature and Temperature and MetallicityMetallicity

Time = 32 kyrDuring the MM phase: 

� Temperature decreases with 
radial distance

� Average T of shocked ejecta > 
average T of shocked CSM

� Enhanced metallicity at the 
center of the remnant

� Metallicity gradually decreases 
with radial distance

Agreement with observations of 
metal-rich MM SNRs?
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ConclusionConclusion

�� EmergingEmerging new class of new class of remnantsremnants

–– MM SNRs MM SNRs withwith enhancedenhanced metallicitymetallicity

–– WhatWhat fractionfraction of MM of MM belongsbelongs toto the new class?the new class?

–– IC443 and VRO are IC443 and VRO are highhigh--ZZ, once , once thoughtthought toto bebe

lowlow--ZZ

�� HighHigh--ZZ MM SNRs MM SNRs maymay bebe veryvery commoncommon

�� (M)HD (M)HD simulationssimulations of of CSMCSM--shockshock interactionsinteractions

–– MayMay help help toto understandunderstand MM, MM, eveneven withwith high Z, high Z, 

easingeasing the the difficultiesdifficulties of of traditionaltraditional modelsmodels

�� kTkT, n and Z , n and Z profilesprofiles are are desperatelydesperately neededneeded……

–– ChallengingChallenging data data analysisanalysis tasktask


