Tuesday,
June 4th

At 3:45pm

Neutron production and capture in s-process stars:
Nuclear physics with TIARA, STARLiTeR, and HYPERION

About a half of elements heavier than Fe in the solar system are produced
by the s-process nuclecsynthesis. a series of neutron capture reaction and --decay in stellar
environment such as He burning stages of AGE stars and massive stars. [t is therefore
important to ace H:I'i'ltlll."n.' determine the |-rc.u]uvtii.m and capture rates of neutrons in these
stars for better constraining the s-process stellar models. The s-process ocours under the
neutron environment of 107 neutrons/cm3. Neutrons for the s-process are believed to be
dominantly produced by two key reactions. 2@0Ne(on)@Mg reaction is one of the bwo
reactions and the reaction in the s-process environment is dominated by a few resonance
'I‘H.;'I[:| ii:l]'-:-i Hrn\':‘.\'q:r_ H](':'I"l'! eI Irl.l'j_[l:" I'II'IIZ'\I!r|iIJI'|1 25 10 1|'Il:': 5'!!._'I{'|.Il:”'| rate t:lr!l!"rll.lﬁli" ”t{:
reaction cross sections are too small due to Coulomb harrier (Ex = go0-goo ke in the lab
system ) o determine |.l;‘|' direct measurements. In the first half of 1y talk, I will present our
experiment to determine these resonanee strengths with the TIARA detector and the MDM
spectrometer at a Texas ARM University (TAMU) eyelotron The experiment was performed
by an indirect approach using *Li(=Ne3Mg+n/*g+y)d e-transfer reaction, in which
resonance properties such as neutron decay branching ratios of the produced Mg were
studied. Our measured branching rabdos show past direct measurements possibly

overestimated the 2*Nefa,n)2Mg cross sections by a factor of three

[n the second half of my talk, [ will present our experunents to determine neutron
caplure cross seclions of unstable nueled using the Surrogate Reaction method [1], Neutron
capture reactions for the s-process involve relatively long-lived nueclei neighboring stability
in the muelear chart. Therefore, the Surrogate Reaction, which ercates the same eompound
muclel a8 the neutron capture reaction using a stable beam and target, can be a useful
approach. The %207 p.d) experiment was performed to constrain #9970 iuy) cross sections
with the STARLITER. detector at TAMLU cyelotron. Theoretical caleulations combined with
our experiments successfully showed the Surrogate methoad can constrain the reaction [2
In the last part of ey talk, I will also introduce a E“(J!—i}ii.l e new ;1|1[!-t'-:rr'|c'h to in-.]]:f:ﬂﬂ}'
determine neutron capture reaction eross sections of unstable nuelei using radicactive ion
beams with the BaFe detector array currently under development at TARMU

[1]5. Ota et al, Phys. Rev. C 92 a54603 (2015).

[z].. Escher et al., Phys. Rev. Lett., 121 052501 (2018). v under development at TAMU
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