Delay time distribution and heavy element abundances of
Type Ia supernova using population synthesis calculations

O©Tomohito Nagahori., Chinami Kato. Hideyuki Suzuki(Tokyo University of Science)

Background Results and Discussion

4 p
©Heavy element © Each Type Ia supernova model
. Emitted during supernova and used in star formation ) We calculated 3039120 models and classified the number of Type Ia
supernova by the IMF model as follows:
A comprehensive understanding of the history of DTD
the universe (star formation, chemical evolution) ~ \ / SD model \
num | | T
| - ~== 3Bl gp2
Moreoverfln the process of causing a supernova explosion and releasing A ber | SD2  model is
heavy elements, there are heavy elements that are mainly released of .| -== SD3  \idely
from Type Ia supernova, so this time we will focus T , | distributed.
. on Type Ia supernova. y sam .| i
pl es so1  sb2  SD3 DDl  DD2  DD3  DD4 =
/‘oType Ia supernova I S B A DO AN 0 e
. apg g wel otk ] [ Rt ]
- It takes a long time (0.1~10 billion years) for a star to o | It
explode after it is formed, and the time it takes to explode oD ;;del
must be taken into account when considering the history of by .| =
the universe. _f | the DD4
. IMF | | | model is
=  Delay time / 0 f | prevalent up
: : : : SD1 SD2 SD3 DD1 DD2 DD3 DD4 R R S B ]
- And we need to know the distribution of that time. N\ Lo ___pp1 | My t0 0.3 Gyr,
\E> Delay time diStribUtion(DTD) / -ggmggle] where HeWD explodes at sub-Chandra(M = 0.7 Mg) gm_lﬁé -== DD2 . \\*‘*’; ‘\\‘ and then the
gD%:Moge: wEere ggWD exp:ogles at ?:L:]b—(élhan(dra(AM=0.1)5M@) = i ND3 ““ 1 DD2 model |S
D3:Model where COWD explodes at Chandra (M = 1.44 M 10716} == b
/ Identifying Type Ia Supernova in BSE AT Eg;ﬁg}: that explode inthe HeWD-HeWD merger DD4 L § p;fvaiﬁni
: :Model where -HeWD explodes at sub-Chandra 10 e J o vy arter al.
My =07 Mo I:II:::I @ =202 DD3:(I3CA>/Ide:I %1} Se%(?gsion caused by COWD-COWD 1070 107! o Gy 107 107
non- :> SD3 DD4:mh/?§csi;:Er?r:1as‘feae;|gIC:§: idrﬁ)he COWD-COWD merger
degenerate SD1 M; = 1.44 Mg -
L= Tie On the BSE, the delay time depends heavily on the MS lifetime of the
'fljil j> DD2 companion star, so models with a large initial mass of the companion star
explode with a short delay time.
> DD1 _
" Dbp3 the amounts of heavy elements :
merger
K '#]3. ——> DD4 / m
- : ~ \ / SD model \
O Research Objective Salr;jp i D :E;
- Evaluating the chemical evolution by Type Ia supernova taking into o3
account the amount of heavy elements released by the explosion Aver | |
~ < | age ;|
Viethod mmmmees |\
T -
6Calculation code used \ (t) S o™
- An improved version of the population synthesis a bl DD model
code BSE (Hurley et al. (2002)[1]). o f o —
10°¢ 10’y —— DD2 ;
Features )M (L), Me (1) reeey — oo M
- It is based on fitting formulae obtained from detailed e |
. . . “ + SD model = ]
computational codes, so star populations can be derived quickly. SD1:Model where HeWD explodes at sub-Chandra(M =07 o) |
* The calculation accuracy is low because fitting formulas are used. 0D model o oD explodes at Ehandra (M = 144 o) | -
k / DD2:Model where COWD-HeWD explodes at sub-chandra
‘The model adopted this time | DD3:ﬁgﬁgt%f:es’ﬁgficilﬁiﬂiﬁed Y CONDEOND BT Nmu E— /
= = = DD4: Model that explode in the COWD-COWD merger taetay (Gyr)
o Multiplicity frequency \

The amount of heavy elements released from each model was

- The ratio of single stars to binary starsis 1:1 found to depend greatly on SN frequency.

© Calculation range
» Primary initial mass M; 0.1~100 Mg, AM = 1 M5(0.1 Mgby 10Mg)

- Using the IMF of M; from Kroupa(2001[2]) Conclusion and Future plan
- mass ratio g 0.0125~1,Aq = 0.0125(flat)

- Period P 3~3 x 10° days,Alog P = 0.025(log flat) o Conclusion
- Metallicity Z 0.02(solor metallicity) We were able to classify the Type Ia supernova models
- Eccentricity e = 0.0 only in the BSE into seven types, and derive the amount of heavy
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O Star formation In the future, we will aim to evaluate the chemical evolution
\Assume that a starburst forms M, = 10** Mg at t = 0 by taking into account the effects of eccentricity and
other types of supernova explosions.
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© Conclusion

We were able to classify the Type Ia supernova models in the BSE into seven types, and derive the amount of heavy
© Future plan

In the future, we will aim to evaluate the chemical evolution by taking into account the effects of eccentricity and ott
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