CNO break out In first stars: Direct measurement of
the key 9F(p,y)?°Ne reaction in JUNA
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Nuclear Astrophysics
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First stars: Hydron burning
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First stars: Hydron burning

triple-o. process produce *2C and CNO cycles started
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Hydrogen or silicon burning?

Ca can be produced during hydrogen burning via
proton capture reactions (no iron produced)
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First stars: Observation

JWST: Directly observe the first stars,
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First stars: Observation

First stars -> Supernova -> nebula ->
second generation star(SMSS 0313-6708)

S.C. Keller et al., Nature 506 (2014) 463

~6000 light year from
Earth, formed 13.7 billion
years ago, shortly after
the Big Bang. It' s the
SIC I EST I AROLEIEIC A oldest star yet found.
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The oldest star, SM0313-6718:

Ca were observed without Fe
Ca could be produced during hydrogen burning
stage

The 1°F(p,y)?°Ne reaction should be 7-10
times larger to reproduce the Ca abundance



F(p,y)?°Ne: Experimental measurement

Recent measurement:
« Experimental data: ~300 keV

e Gamow window : 100 keV

 Possible resonance not
observed

Challenges due to extremely
low cross section:

» Cosmic ray induced
background

« Target stability
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9F(p,y)?°Ne: Experimental challenges
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Target stability:

 Heat damage

« Target atom loss

« Change of composition

 Contamination atoms
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Reduce the cosmic-ray background
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Stable 1°F target

« Implant 1°F into Fe backing
 Apply Cr foil to protect 1°F _
* No material loss after 200 C e

proton bombardment
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JUNA: Jinping Underground Nuclear Astrophysics
experimental facility
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F(p,y)*°Ne: Experimental setup

Saldana-Gonzalez 2002
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YF(p,y)?°Ne: Coincidence method
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« Most transition decays via the 1.63 MeV state

« Coincidence between the ‘sum’ and ‘single’
energy further reduced the background
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YF(p,y)?°Ne: A new resonance

10*
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Yield (Counts/mC)

10° * The °F(p,y)?°Ne reaction was
, measured to the lowest energy
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Reproduce the observed 4°Ca abundance
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The fluorine overabundance problem

The ¥F(p,ay)*O measurement
e 1F could be produced in AGB stars

* The observed °F abundance is
much higher than calculated ones

* Need to precisely measure the
F(p,oy)t%0 reaction cross section
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OF(p,oy)*0 reaction in AGB stars

Destruct Reactions:
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OF(p,ay)*O: Fluorine over abundance problem
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First measurement in the Gamow window

« First measurement in Gamow window of 10° A
AGB stars : 8
« Uncertainty was reduced by 103 107 o E
=g = = H
« Clarified the contribution of (p,ay) channel == - 1
§ 10' ' T, E
%0
107 ~
@ JUNA Expt A SP0O Expt ¢ (p,oy) LOMIS Expt. : 2
1o 0 MCMC 86— SO0l Tt %) — (i NACRE [ = 100 G R
. 7 i 39 , ;
10" £ E
s 10 JUNA
< 3 Zhang et al.
E ) deBoiretal .
‘g103 2 10-2 L 1 L P T T S
3 ; E 0.01 0.1
= L ]
“ 102 _ 3 T, 0
o NG A L.Y. Zhang, J. Su, J.J. He et al., Phys. Rev. Lett.
: i 127(2021)152702
10° 3
: Ga&l‘ffeak L.Y. Zhang, J. Su, J.J. He et al., Phys. Rev. C. 106,
107 b r— e — e e— — s 055803 (2022)
0 50 100 150 200 250 300 350 400
E. . (keV)



F(p,0,)°0: Dominate at low energles

19F(p o )160

* Measured in above-ground lab (HINEG,

High Intensity DT fusion Neutron Generator)
« 3 mA proton beam + stable 1°F targets
» Position sensitive silicon detectors

Water cooled holder

Collimator Si detecto[s

Water cooled °F target
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No resonance was observed, the (p,a,)
channel contribution may be reduced



Summary

« First stars formed out of the matter of the Big Bang

- Hydrogen were burned via CNO cycles, and 4°Ca could be produce via
the °F(p,y)?°Ne breakout reaction

 Anew resonance at E_ =225 keV were found in JUNA
 The new rate can reproduce the observed Ca abundance of the first stars
« QOur results strongly support the faint supernova model

* The ®F(p,ay)*0 and °F(p,a,)°O reaction were also measured, which
are critical for the fluorine over abundance problem in AGB stars
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