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Astrophysical Origin of 1°F |

Asymptotic Giant Branch (AGB) stars

Direct observation: Overabundance up to a factor of 50 times solar (Jorissen et
al., A&A, 1992)

"N (a,y)'®F(B*)**0(p,a)*N(at,y)*°F
YN(n,p)*C(a,y)*80(p,0t) > N(ot, V) °F (Forestini et al., A&A, 1992)
Wolf-Rayet stars
BF js synthesized at the beginning of He-burning (meynet and Arnould, A&A, 2000)
“N(a,y)**F(B*)**O(p,a)**N(a,y)*°F
Core-collapse supernovae
Neutrino spallation on 2°Ne (woosley and Haxton, Nature, 1988)

2ONe(v,v'p)*°F

19F origin and abundance in the solar neighborhood?
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Astrophysical Origin of 19F O

Asymptotic Giant Branch (AGB) stars

Direct observation: Overabundance up to a factor of 50 times solar (Jorissen et
al., A&A, 1992)

“N(o,y)**F(B*)**O(p,0)**N(aL,v)**F
14N(n,p)14C(a,v)180(p,a)15N(a,v)19F (Forestini et al., A&A, 1992)

| Wolf-Rayet stars

BF js synthesized at the beginning of He-burning (meynet and Arnould, A&A, 2000)

|
|
|
|
l 14N(o,y)*8F(B*)*80(p, ) >N(at,y)*°F

I Debated
I Core-collapse supernovae

|

|

|

|

Neutrino spallation on 2°Ne (Woosley and Haxton, Nature, 1988)

2ONe(v,v'p)*°F

19F origin and abundance in the solar neighborhood?
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Astrophysical Origin of 1°F @

Asymptotic Giant Branch (AGB) stars

Direct observation: Overabundance up to a factor of 58 times solar (Jorissen et
al., A&A, 1992) Within observational

uncertainties, but not

N(o,y)8F(B*)80(p,a) > N(at,y)°F main source (Abia et al.,
A&A, 2019; Vescovi et al.,

BN(n,p)*C(a,y)180(p,0t) > N(ot, V) F (Forestini et al., A&A, 1992) A&A, 2021)

| Wolf-Rayet stars
BF js synthesized at the beginning of He-burning (meynet and Arnould, A&A, 2000)
“N(a,v)*®F(B*)'#0(p,at)°N(a,y)*°F

Debated
Core-collapse supernovae

Neutrino spallation on 2°Ne (Woosley and Haxton, Nature, 1988)

2ONe(v,v'p)*°F
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BN(a,y)!°F Reaction Rate in AGB Stars ([~

Resonance reaction rate: Resonance strength:

Ny{ov) = N <2_7T> 3/212 (py) e ~ER/KT Wy = w Tely

A A\ kT ve [, +T,
5_91.0_— :gg% :

I A S si E.., =364 keV resonance

- 753 4am strength has an uncertainty of
0.6 e 100% (de oliveira et al., Nuc. Phys. A, 1996)

— T Direct Capture (DC)
04r — contribution has 40%

: o 7 uncertainty (iiadis et al., Nuc. Phys. A, 2010)
02— — — | _///—-\\ -

- NooA L Ty Tails from two resonances at
00b bl - E._.. =1323 and 1487 keV

R

T<0.3GK

Figure from Di Leva et al., Phys. Rev. C, 2017
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Previous Measurements - Res. Energy
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Previous Measurements - Strength | @&
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Previous Measurements - o width

E,.. = 1323 keV

E,,. = 1487 keV

Iy (keV)

N
o
T

=
wn
T

(@) i $ 251+0.1 : -
[Dlrect measurements]
<2
13+05 }1.4+0.4
N v o A
® e wo© 2% ae’va\‘
e & M2 (o
W o \losoe(
&
(b) %6.0 +0.3
Elastic scattering
e47%16 }4-85i°-5
4+1
(Direct measurements)| 032 32
.ce g \Y ) \Y
K ge‘ﬁ &? \(\e‘a (\e‘a e"a\"o\
Ao . \,e)‘a & da‘!a W2 qe‘
) o o o \106‘0@‘

Tails from two resonances at E_,, = 1323 and 1487 keV may increase
reaction rate 15% due to the larger alpha widths (piLevaetal., Phys. Rev. C, 2017)
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Nuclear Science Laboratory at ND

« 5U 5MV Single-Ended Accelerator

DOUBLET #3
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Solid Target y-spectroscopy Setup

1 S N A P
Moveable platform
HPGe
detector
at 55 deg.
i+
He Liquid N2 cooled Copper tube \ Water cooled

Bias voltage: -400 V target at 45 deg.

Ti*>N target was fabricated at Forschungszentrum Karlsruhe
Reactive sputtering of Tiin a 99.5% enriched °N environment.
Stoichiometry of 1:1 with a tolerance of < 2%

Detector was set at 55° to minimize any angular distribution effects

Detector energy and efficiency calibration
®0Co and 2’Al(p,y)*2Si E, = 992 keV narrow resonance
Energy uncertainty < 1 keV. Efficiency uncertainty < 7%.

9,75 3¢
» ‘(\l‘ \
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y-ray Spectrum | (@
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Comparison to Previous Measurements
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Discrepancies in energy, strength, a width
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Deducing Strength and oo Width

Yield per a

Yield per a

1.752
150 F
125
1.00f
0.755
0.503
0.252

0.00F

13
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1.0}
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¢ 1323 keV Yield
10 1330 1340 1350
Ec m. (keV)
le—11
[ ‘ — Fit
: (b) ¥ 1487 keV Yield

Fitting of the Breit Wigner cross section

Y (ko) =
Ey—FE, - AE
—arctan
\/]_—‘2 + Al:oea,n] ta,rget/Q
Ceff = N [615N + (

mayge + masy

A2 wry arctan( 0— Beam energy
2 o V% + /_\bfm7 i resolution

Target
inhomogenity

Monte Carlo procedure to deduce
uncertainties from beam energy loss and

stopping power.

TABLE III. Summary of systematic uncertainties for wy

Relative contribution

07
WY1323 keV %o

(17
WY1487 keV %

1470

1475

1480 1485 1490

Ec.m. (keV)

1495

MC procedure
Branching ratio [23]

7.9

2.7 (R—110)

9.3

3.5 (R—197)

€del 1.6 4.6
Summing effect 0.6 0.6
Charge collection 3.0 3.0
Target degradation - 2.6
Total 10.0 11.7

Ruoyu Fang: rfang@nd.edu

A

E:
]

UNIVERSITY OF

NOTRE DAME




Resonance Strength Results
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Resonance Strength results
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a Width Results
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Impact to Reaction Rate

e lliadis et al. ] Reaction rate calculated using
2.0F —-- ERNA/Iliadis et al. STEN ;
1 8: —-= This work/lliadis et al. f N ] RatesMC (Longland et al., Nuc. Phys. A, 2010)
% 1 6- f[ \ https://github.com/rlongland/RatesMC

14 oo N T T _3 Proposed energy change in the higher
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Future Work and Conclusions e

15 19F. .,
N (a7Y) F' 030 1487 reference/lliadis total rate

’ ——- 1487 (larger width)/lliadis total rate

----- 1487 (lower energy)/lliadis total rate

Discrepancies in a width measurements

0.25 1
Zero-degree elastic scattering measurements
on St. George (Adam Sanchez)

0.20

0.15r

Elastic scattering measurements on
RHINOCEROS gas target at NSL in forward

0.10

R(1487)/Na{OV ) jiadis et al.

kinematics 0.05|
Direct measurements of the 364 and 536 keV oo} - | ) . |
103 102 101 10¢ 10!

resonances are needed. T0 (GK)

Impact of reaction rate increase on 1°F
synthesis in at low-mass AGB stars relevant
temperatures needs to be investigated.
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Stellar Evolution

Sun-like Star

..

Massive Star ~ Reg

\ (more than 8 to 10 times the mass of our Sun) SUperglant
@, Protostars liions -
»
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' Red Giant .
. « ) ‘l:. . . | ‘ .

Neutron Star Supernova

Planetary Nebula T .

®
White Dwarf Black Hole

Figure from: https://imagine.gsfc.nasa.gov/educators/lessons/xray_spectra/background-lifecycles.html
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I5N(a,y)!9F in AGB Stars X

H envelope "°F synthesis Thermal Pulsing (TP):

Accumulation of He from CNO
cycle in H burning shell

He/C
intershell

Mass ——

Temperature and energy output
increase in He burning shell

Create a convection zone that

C-O core mixes H, He, and CNO products
Time —— .
Figure from lliadis, Nuclear Physics of Stars, 2015 Third Dredge Up (TDU)

' 4

"*N(a,y)"®F(*)"*O(p,a)"*N(a,y) "°F
"*N(n,p)'*C(a,y)"®O(p,a)"°N(ai,y)"°F
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Re-evaluation of Dixon and Storey (@
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Re-evaluation of Dixon and Storey two relative
comparison measurements

14N () 18F

E, = 1532 keV resonance
15N(p,at,y)12C

E, =892 keV resonance

~40% decrease in strength comes from the 2C (g.s.)
background in the charged particle spectroscopy by
Leavitt et al.

Figure from Leavitt et al., Nuc. Phys. A, 1983
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