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Introduction: Observational Motivation NC STATE

KN observation points to relevance of multi-component models as a tool for
studying the extent of r-process production:
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Introduction: Heating and Theoretical Challenges NC STATE

Nuclear heating as a “basic ingredient” for light curves:

Total Heating (all channels)

The transient event is understood to be powered by
radioactive decays; therefore, we want to model how
much of and what gets made in order to track differences
In KN heating and light curves.

During simulation: Evolution of material far from stability,
lack of experimental information, sensitivity to
astrophysical and nuclear physics inputs.

After simulation: Use data to calculate total and fractional Time (days)

heating from radioactive decays on timescales of days.
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Method: Nuclear Inputs NC STATE

- Mass Model* & Fission Barrier Height (x8)

SLY4 Chabanat+ (1998), Maller+ (2015)
UNEDF1 Kortelainen+ (2012), Mdller+ (2015) FRLDM)
DZ33 Duflo & Zuker (1995), Méller+ (2015) FRLDM)

(FRLDM)
(
(
ETFSI Aboussir+ (1995), Mamdouh+ (1998) (ETFSI)
(
(
(

FRDM2012 Méller+ (2015,2016) FRLDM) Experimental data is used
HFB22,27 Goriely+ (2009,2013) HFB) —

WS3V6 Liu+ (2011), Méller+ (2015) FRLDM) wherever possible**

- Spont. Fission Rate (x2) (Karpov+ 2012; Xu&Ren 2005)

- Fission Yield (x2) (Symmetric; Kodama&Takahashi 1975)

_/

**Wang+ (2017), Audi+ (2017)
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From Heating to Light Curves NC STATE
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A large uncertainty in nuclear heating
propagates through to a large uncertainty
in predictions of light curve shape and
magnitude.
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Heating Analysis: Spontaneous Fission

PRISM output allows us to
separate contributions from
individual channels.

For a subset of models,
differences in spontaneous
fission heating are immediately
apparent.
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Spontaneous Fission Heating

1012 SLY4 (Sym, KZ, v.=0.12)

101 HFB27 (Sym,KZ, v.=0.16)
1—|| ETFSI (Kod, XR, v.=0.14) — = UNEDF1 (Kod,KZ, v.=0.16)
- = WS3V6 (Sym, KZ, v.=0.02) - = DZ33 (Sym,XR, v.=0.18)

b.U 1[']] lﬂl
— ] ]

| ]

m 4

mp 10" 1017 5

D ]

L — s

LY
O 9 J 3l
= S 10 AN
L - .
o 10° RN 108 RN
\‘ ] N
E \ N
- - \
g 107 107 3 \
10° 10* 10° 10° 10! 104

Time (Days) Time (Days)

KRINA 2021 5



Results: Spontaneous Fission (i) NC STATE

Frequency of Top (80%) Contributors to Spontaneous Fission Heating : 1 Day

|
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D " 104RE “ 100 (see Zhu+ 2018)
100 |- ‘B 2%Fm - i
= - 50
! C I Full table in paper:
Tgs - B otm | | | 0 2010.03668
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N —

" indicates evaluated data
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Results: Spontaneous Fission (ii)

NC STATE

Frequency of Top (80%) Contributors to Spontaneous Fission Heating : 8 Days
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Results: Spontaneous Fission (i) NC STATE

Frequency of Top (80%) Contributors to Spontaneous Fission Heating : 50 Days
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Heating Analysis: a-Decay NC STATE

102 SLY4 (Sym, KZ, v.=0.12) 101 HFB27 (Sym,EKZ, ¥v.=0.16)
o ETFSI (Kod XR, v.=0.14) — UNEDFI1 (Kod, KZ, v.=0.16)
ln_-,_ﬂ ol WS3VE (Sym, KEZ, v.=0.02) lﬂl]_ DZ33 (Sym,XR, v.=0.18)
a-decay is also important as it can TN |
compete with B-decay and spontaneous £ 1 ™
fission; it also shows a variety in total g 10
heating. & N :
Where do these differences come from? g ™
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Results: a-Decay

Frequency of Top (80%) Contributors to a-Decay Heating
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Potentially important
contribution from high-Z a-
decay heaters, competition

with spontaneous fission:

252¢. 253,255 . . 255,257

'102NO; "104Rf; 105Db

Full table in paper
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Conclusions: Conclusions NC STATE

- Changes in theoretical nuclear model, fission rate, fission yield, and Y, lead to large
changes in expected heating from spontaneous fission & a-decay.

- These differences are reflected in diversity of important spontaneous fission heaters at
“‘early” times. Especially sensitive to fission barrier height (HFB).

- Potentially important contribution from a-decay heaters, competition with spontaneous
fission (high Z).

- These affect the amount and variety of material that eventually undergoes B-decay
towards stability.

(see DOI: 10.3847/1538-4357/abc69e for more detailed tables)

Kelsey Lund: kalund@ncsu.edu KRINA 2021 Conclusions



Thank you!
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