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- Nucleosynthesis of the elements. =
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The core coltapse supernova scenarlo

; . Masswe stars (M>9 M ) go through all the nucIear burnlng stages |n
~anon degenerate enV|ronment form a Fe core; and eventually o
explode as core- coIIapse supernova (CCSN) -

. The Fe core becomes unstable coIIapses to nuclear denS|ty, .
. rebounces, and through a'sequence of events a shock wavelis % - -
Iaunched drlvmg the explosmn of the star | i

T ,° The propagatlon of the shock wave through the mantIe of the star
. induces compression and heating = some modification ofthe =~
chemlcal composition produced during the hydrostatlc burnlng stages
. |s expected 9 Exploswe nucIeosyntheS|s = e S
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oceur is:

~ The c’ore‘-coltapse.supernova scenario

' '_ '-Exploswe nucIeosynthe5|s occurs on a much shorter
' tlmescale than that of the hydrostatrc nucleosynthe5|s

—— C-burning
—— Ne—burning
—— O-burning
—— Si—burning

S Jherefore hrgher temperatures are requlred to exhaust
a certain nuclear fueI . ,

L For the typlcaI eprosron trmescale ( 1 s) the typrcal | o
b burnlng temperature for any glven nucIear burnmg to o Typical Explosion Time

0 o Exploswe BurnTng | ‘rTernper'ature T

. _*'Suburnlng L T > 4 1()9 K ik
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oceur is:

~ The c’ore‘-coltapse.supernova scenario

' '_ '-Exploswe nucIeosynthe5|s occurs on a much shorter
' tlmescale than that of the hydrostatrc nucleosynthe5|s

—— C-burning
—— Ne—burning
—— O-burning
—— Si—burning

S Jherefore hrgher temperatures are requlred to exhaust
a certain nuclear fueI . ,

L For the typlcaI eprosron trmescale ( 1 s) the typrcal | o
b burnlng temperature for any glven nucIear burnmg to o Typical Explosion Time

i v' Exploswe BurnTng o -'.Ternberature .
ﬁ _’"Suburnlng o o T > 4 1()9 K i
' Oburning ,' . o >'33. idad
oo Ne burning e o T > 5 1 1()9 K : e '
i _jc'b- s > g No major nucIear burnlng oecurs overthe typlcal explosron S
o U."n_'ﬁg-f - T 1 9 10 K . ‘timescaleat T < 1. 9 109 K Eprosrve He-H burnrng? n- "i ‘
. o L process? & G e e
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The core collepse supernova scenarlo

Exploswe Burnmg |

T behind the shock (K) f

1.0x10" 1.5x10"
Spatial Iocotion of the shock (Km)

T L

‘» :'_The*explosmn is radlatlon dommated ‘wecan - r Eexpl - 1 foe (1 foe = 1051erg) —_—
| identify "volumes" in the star within which the T e .= 4.

' various explosive burhing can-occur = This is - 3Eexp1 (1 * Tg= 33
‘i(aImost)’mdependentﬁrom the propertles of the L Tshock = i it z 2.1
’_pre supernova starI - : e 'T9 L9

R, <5000km |
Ry < 6400 km

4'T[aRsho'ck

Ry <13400km

R £ 11750k
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' Explosive nucleosynthesisin CCSNe .~
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O (1e0) (160 partially modified by Cshell
and Ne,)
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Mg (#*Mg) Al (¥7Al) Partially destroyed by C, (3Na)
and Ne, (®°Ne)
Partially produced by Ne,
(24Mg,27A|)

P (31P) Ne,

)
C
8 O
2
3]
| ©
-
.
0
7]
o
=
o
@
5]
o
n

cl (3cl, 37cl)

K (3K)

| Sc (%5Sc)

Si (28si) S (325)

Ar (36Ar) Ca (%9Ca)
V (*Cr)

Cr (°2Cr,5%Fe)

Mn (*>Mn,>>Co)

Ti (#8Cr)

Fe (°°Ni)
Co (°Co,>°Ni)
Ni (58Ni, 5ONii)
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Oy

Hydrostatic C convective shell
Ne,+0,

0,+Si;

Si;

O,+Sii+Si,

Si,

Interior Mass (Mg)
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Mass fraction X

Mass fraction X
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| Productlon of Short L|ved
'] .Radloactlve (SLR) nucle|

'h..' 26AI and 60Fe produced |n Ne

burnlng, .

burnlng,

| -“caand 53Mn prOduced in S| and 4,.

-0, burnmg,

| ..ff-g.' 92Nb, 97:9%8Tc, 146Sm via the

y—process |n Ne burnmg

. - 36(| produﬂced V|a n captures m C 1 -
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(Neutron-rich matter) _
N

S _"__Clayton D D (1968) Prrncrples of Stellar Evolutlon and Nucleosynthesrs Umversrty o] Chrcago Press Chrcago S

v"The ¥- process E sequence of Sl e
,"-photodlsmtegratlons (v,n), (v, ) and (v, )
.. O/Ne rich Iayers in CCSN explosions from
 massive star progenltors (e.g., Woosley &

: .‘-Howard 1978 Rayet et aI 1995) |

' -Productlon of p- nuclel 35 neutron def|C|Ent;."7
"'|sotopes of eIements heavrer than Fe

jj".,_!Underproductlon of typlcal V- process yleldst .

from massive stars (factor of ~2- 4) compared to
the solar system abundances Larger |

-v,_.underproductlon of3394l\/lo and e 98Ru ylelds

‘ ( ~1 order of magnltude) - L
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The y process nucIeosynthesus
. Temperature between 2 and 3 5 ~»

Sl GK > exploswe O and Ne

Rau+02
Pgn+16

Rit+18 burnmg;

Sie+18

Law+22 - Y It is a chaln of | i
photodlsmtegratlons the nUcIear" "
uncertalntles propagate from o
heaV|er to Ilghter nuclel s
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. leflculty to epraln even the |

~ o
0° heaV|est p nucIe| lsotoplc ratlos G
OP(19°Pt)/OP(!9°Hg) - e e

Robertletal 2023 A&A, 677 A22 ‘ ; _ el : e e s Al e biins B : gl
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35 stable proton r|ch nucle| 74Se 78Kr 8‘5‘Sr 2, 94Mo 96, 98Ru 102Pol 106 108Cd

112,114,115G 11 120-|-e 124,126y 130, 13zBa 136 138Ce, 138|_a 1445m 1526d 156, 158Dy’ ‘.

4 & 162 164Er 168Yb 174Hf 180Ta 180W 18405 190Pt and 196Hg

< leferent exp I05|ve contrlbutlons (e g Q- & vp- process Wocsley & Hoffman

., 1992 Froehhch et aI 2006 Arcones & I\/Iontes 2011)

| . neutrlno capture (Gorlely et aI 2001)
. 5 process contrlbut|on (Blsterzo et al. 2011)

fo s- process and neutrmo capture (Blsterzo et aI 2011 Arn_of':_ ;Id & Gorlely 2003);,~_-“4 *'";;

2 cold y progess m pre SN for A<110 (Robertl et aI 2023) .



The Type IA supernova scenarlo

. Type la Supernovae exp|05|on of an -

Ws1ow?  SMMC . ~-ONeWD) due to accretion of H. /He /

C/O rlch matter from a companlon

K ’Thermonuclear runaway in a degenerate ~

. .enwronment the mcmeratlon of the
* matter up to an NSE chemrcal
composrtron ' "

- ':ffMam products are Fe peak nucIe| o
P055|b|e contrlbutlon to p-nucle from 5 s -

\ . __"Smgle or Double degenerate scenarlos '» '_ o
30 40 50 - ,;_deflagratlonﬁr detonatlon? e

Mass Number A

.. Brachwitz et al., 2000, ApJ, 536, 934
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Other exploswe scenarlos ‘ i

. Novae stellar explosmns that occur in cIose blnary systems o
Hydrogen rich matter is transferred via Roche lobe overflow from

‘a lew-mass main- sequence star to the surface of a compact .

whlte dwarf (CO or ONe)

»

. X-Ray Bursts thermonuclear epr05|ons that take place on the '
surface of accretlng neutron stars |n blnary systems | |

. Common envelope W|th NS s|m|Iar to XRB acc;etlon on a
e neutron star ina common envelope system s

e 22/10/202,5. .. - : L -bLorenzo Rober’t| . : S - s : o 12. e



- The shock drlven exploswe burnlng reshapes the chemlcal

Summary and conclusmns Al g

L Exploswe nucIeosyntheS|s made a Iarge fractlon of the element
of the perlodlc table; . e . T . e

o I\/Iasswe stars end the|r I|ves as CCSNe eJectlng newly formed

eIements - s ae D e i

comp05|t|on of steIIarIayers producmg |ntermed|ate eIements |
radloactlve andpnucle| . oy

. ',.' Type la SNe novae, and X-ray bursts (p055|bly) complement CCSNe |n7'4'
Galactlc enrlchment e 4» L
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