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Collisions of white dwarfs as a new

progenitor channel for type la Supernovae
(Rosswog et al., arXiv0907.3196)

Stephan Rosswog

~ Jacobs University Bremen

v Ry i | E e e e e A e iy
2 i s e A e et e N gl : : s A - A B e A kR TR
b Srs e R RS B b LR S e e i g "" s At o e R e PR e i ) T il e S e o F e R







Punchline;




Punchline:  Type la Supernovae are not all
caused by accreting CO white
dwarfs near the Chandrasekhar mass




Punchline;

- There are several ways to explode WDs,
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Crowded places

Globular clusters

e ~|0° stars

e |02 - 10* per galaxy

* typical velocity dispersions 0 ~ 5 km/s
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Crowded places

Globular clusters

e ~|0° stars
e |02 - 10* per galaxy
* typical velocity dispersions 0 ~ 5 km/s
* central densities up to
>10° stars/pc’ >> | star/pc? (solar neighbourhood)

Galactic centres

- e large, centrz mber densltles ~ 10°

oo D e i m e R e o
.'E_,-._-I..I:_'.-...-.’-- e R b B




Collision frequencies

® White dwarfs are so small, do they collide at all?




Collision frequencies

® White dwarfs are so small, do they collide at all?

® collision rate of single star for Maxwellian velocity

distribution with diSPerSion O (closest approach rei < 2 R, Binney &
Tremaine 2008).




Collision frequencies

® White dwarfs are so small, do they collide at all?

® collision rate of single star for Maxwellian velocity

distribution with diSPerSion O (closest approach rei < 2 R, Binney &

Tremaine 2008).
= 164/TnoR2(1 + O)

Tcoll

3 LS i 3, e | e a7 e A d Al e Dl Lt e g L x =
iy RS TS el SO A g o e e R R e e R L ek el LA At N e . a4 3
B o = oy o Ptk P e AR S g ke s TR AR ot e 3
- s 1L - s N B BTN i ot = A S Ely S g h h £ ) Rl
o il B e e s e L o _.._!.."._._:_:..._:_._._1:_ Rt e S T L G ) ST B R AR ~,




Collision frequencies

® White dwarfs are so small, do they collide at all?

® collision rate of single star for Maxwellian velocity

distribution with diSPerSion O (closest approach rei < 2 R, Binney &

Tremaine 2008).
= 164/TnoR2(1 + O)

Tcoll

3 LS i 3, e | e a7 e A d Al e Dl Lt e g L x =
iy RS TS el SO A g o e e R R e e R L ek el LA At N e . a4 3
B o = oy o Ptk P e AR S g ke s TR AR ot e 3
- s 1L - s N B BTN i ot = A S Ely S g h h £ ) Rl
o il B e e s e L o _.._!.."._._:_:..._:_._._1:_ Rt e S T L G ) ST B R AR ~,




Collision frequencies

® White dwarfs are so small, do they collide at all?

® collision rate of single star for Maxwellian velocity

distribution with diSPerSion O (closest approach rei < 2 R, Binney &

Tremaine 2008).
= 164/TnoR2(1 + O)

Tcoll




Collision frequencies

® White dwarfs are so small, do they collide at all?

® collision rate of single star for Maxwellian velocity

distribution with diSPerSiOn O (closest approach rei < 2 R, Binney &

Tremaine 2008).
= 164/TnoR2(1 + O)

Tcoll







® rate per globular cluster:




1 T\WD !
® rate per globular cluster:  flac ~ 5= X g ;
CcO
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® rate per globular cluster: Rcc ~ 5~ X3
coll

® multiply by average globular cluster space density
(Brodie & Strader 2006)

R =ik 102 yr_lec_g’w 0.01 SNIa rate
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1 TWD ! 3

® rate per globular cluster: Rac ~ 3 X —7rr
2 Tcoll 3

C

® multiply by average globular cluster space density
(Brodie & Strader 2006)

R = yr_lec_gm 0.01 SNIa rate

(Hut & Bahcall 1983)

® possibly further enhanced by
® binary fraction in cluster

® contrib. galactic centres, ultra-
compact dwarf galaxies etc ...




® distinguish:

merger of WD binary collision of two WDs

0.3 & 0.6 Mso 0.6 & 0.9 Msol
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Modeling of WD-WD collisions

e Hydrodynamics: Smoothed Particle Hydrodynamics

* Lagrangian
e exact humerical conservation
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® Artifacts in non-Galilean invariant methods:

example: advecting a white dwarf across the grid

W Time: 50.00906s

2,10x10"

2.05x10"

|||||||||

||||||||||||||||||

|||||||||

& : ahebiy
SR I D ~ W i o Ll e
. reTihement i Sl
B A =i B H L] 8 M L [ E T T nits
e e DN L L T ENG | i‘l_._,r‘ w7 [f [ SR

Adaptive mesh







® nuclear burning: 7-species, QSE-reduced alpha
(Hix et al. 1998)

* tuned for correct energy production

e coupled directly with hydrodynamics
(implicit/explicit time integration)

* post-processing by |9-isotope network
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® example: off-centre collision

Ri+ Rs
Rper

M; =0.6 My, Ms=09M,, B=1, 8=
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what about more central collisions?

My =09 Mg, My =0.9 Mg, headon
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code comparison: SPH & FLASH, 2 x 0.6 M.
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code comparison: SPH & FLASH, 2 x 0.6 Msol

produced nuclear energy: SPH: 10°!2! erg
FLASH: 10°"!! erg




resulting lightcurves:
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- 56 Ni-masses: 0.32 Mo (wD0s-wD0s) & 0.66 Msol (WD09-WD09)
- viewing angle dependence
- both (!) are broadly consistent with Phillips relation
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Summary

® about 20 % of WDWD collisions explode,
explosion rate ~ few 10 SN la

® |lightcurves/spectra similar to “normal” SN la
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Summary

® about 20 % of WDWD collisions explode,
explosion rate ~ few 10 SN la

® |lightcurves/spectra similar to “normal” SN la
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accuracy of A7- vs. Al9-network

(€ a7 ~ Ehinato) ! Egnato ™ &)

for most trajectories better than 5 %



further collisions
M, =04 My, 07Ms,, (=3

t=0.25




further collisions
M; =09 My, My =0.9 Mg

legidensity [o/{cm#3)]) at t= 2.071min
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® distribution of species:




Mgy = 1000 Mg, Mwp = 0.2 Mg, 3 = 12
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Post-processed mass fractions (Approx|9 network)

2 x 0.6 (sol. masses) 2 x 0.9 (sol. masses)

HI:  1.217106446584991E-030 Hl:  1.807451942143835E-030
He3: 3.594750358430493E-030 He3: 5.396365023403411E-030
He4: 4.189043739183151E-003 He4: 3.145408433755613E-003

Cl2: 2.495319687911574E-002 Cl2: 2.141777908098629E-002
NI4: 1.088185063636891E-02 NI4: 1.156883143104618E-025

Olé6: 0.170741773936532 Olé6: 0.19879949586781 |

Ne20: 7.141123691408813E-003 Ne20: 8.051318839390595E-003

Mg24: 5.05743953 154783 1E-002 Mg24: 6.355383568977493E-002
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“SPH can’t do shocks”

velocity
! | ! | !

SPH
—— analytical

-0.2 0 . . . . 0.2

pressure spec. int. energy
| | | | | |




“SPH can’t do shocks II”’




“SPH can’t do shocks III”’




80000

70000

60000

50000

40000
[a®

“SPH can’t do

shocks IV”




