Astrophysics of gravitational wave sources

Lecture 7: Pair instability, chemically-homogeneous evolution

Ondrej Pejcha
UTF MFF UK



Janka (2012)

10

log T. [K]

Pair instability

Bulurg T

- @WBO‘US*N

4 6 8 10
log p. [g/cm?]



3. Explosive
2. Softening of EOS i(;r):i);%enn)
triggers collapse

4
r|<}

—

—)

0. Evolved Massive

He core 1. Pair production

7y = ete”

N

-

5. v-cooling

-
-
-
-
-
"

7

4c. Photodisintegration
instability and direct
BH formation

’

4a. Pair Instability

g tyr supernova with
r / complete disruption
%
\O
>~
~
NN

VR

‘

4b. Pulse with mass ejection

'Y

- @

7.BH

6. Entropy loss
and fuel depletion
stabilize the core

Renzo et al. (2020)



8 T T T 6 T T T T
—— B —~—~
e L ~ r
== - o L
— L — 4
i L @
L :
] 3 F
2k =
o o
o 4 7 o [
a L a
£ E T
z 7 =
-1 = 2F -
o o
s 2r b = r
= c
o L @ L _,_——)/l
o | Q |
0 1 1 I 1 a 1 1 1 I 1

(=]

1 2 o] 5 4 3 2 1

time to collapse (10 s) time to collopse (10" s)

o

K
T

10
T

f
\

%

g 2

E] 3 F

° ©

T s F

‘?. (=8

£ E T

z 2

- . ot .

) 2 1

= c

T ] |

o o ’_—/—/
0 1 1 1 1 1 a 1 1 1
2.0 1.9 i.a 1.7 1.6 1.5 1.4 15 i0 5 Q

time to collapse (10 s) time to collapse (10™ s)

Fig. 2 Pair-driven pulsations cause rapid variations in the central temperature (10° K) near the
time of death for helium cores of 32. 36. 40, 44, 48, 52 (on two different time scales) and 56 M,
(left to right: top to bottom). The log base 10 of the time scales (s) in each panel are respectively
4.4.5.5.6.8,7.and 10. The last rise to high temperature marks the collapse of the iron core to a
compact object. More massive cores have fewer, less frequent. but more energetic pulses. All plots
begin at central carbon depletion.

Woosley & Heger (2015)
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Figure 2. Mass of final BH as a function of the CO core mass for different metallicities. Circles denote models that underwent at least one pulse, pluses evolved
directly to CC, and crosses undergo a PISN. The left (blue) region denotes where models undergo CC, the middle (green) region denotes PPISNe, while the right
(yellow) region denotes PISNe, as determined by stars with Z = 1077, Points in the right panel show the current median mass estimates for the double compact objects
detected by LIGO /VIRGO with their 90% confidence intervals (Abbott et al. 2019a). Dashed horizontal lines emphasize the maximum spread in the locations for the
edge of the BH mass gap, or in other words the spread in the maximum BH mass below the PISN BH mass gap.

Farmer et al. (2019)



Chemically-homogeneous evolution

What drives evolutionary expansion of stars?



Rotation In stars

https://astro.uni-bonn.de/~nlanger/thesis/abel.pdf



https://astro.uni-bonn.de/~nlanger/thesis/abel.pdf
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Brotts et al. (2011)




