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Scientific Motivation

* To measure the capture reaction rates of radioactive nuclei with hydrogen or
helium to understand observations of astrophysical phenomena and address

open question in nuclear physics
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Reaccelerated Beams from the Facility for Rare Isotope Beams (FRIB)
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SECAR Layout

y-ray, neutron, and
scattering detectors
(e.g., BGO Array)

JENSA or Extended
Gas Target

Reaccelerated beam
enters SECAR
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The SEparator for CApture Reactions (SECAR) 1s designed
to directly measure capture reactions in inverse kinematics
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Focal Plane (FP) Detectors for Additional Separation

* FP 1-4 used to determine the size and distribution of the beam spot

* FP 4 detects particles and provides further separation between recoils and leaky beam

Hybrid Ionization Chamber (IC) and
Double-Sided Silicon Strip Detector (DSSD)

Focal plane detection system at FP 4
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SECAR Status

¢ Construction project completed in September 2021
* First experiments performed at NSCL for (a, n) and (p, n)
* Ongoing test experiments for (p,y) at FRIB
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Experimental Results for $°Kr (o, xn) 88-%°Sr

* An important reaction for the weak r-process in CCSNe

* First SECAR experiment, performed with the Jet Experiments
in Nuclear Structure and Astrophysics (JENSA)
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Experimental Results for >*Fe (p, n) °*Co

Test experiment for inverse vp-process reaction
Relevant to vp-process and core-collapse supernovae

SECAR capable of separating recoils of similar mass using p/q

difference
£ LI T T TrroeorTT T T TrrTT rrrrnrrrrda LI LI L L L rrTrrrororrd TTrTrrunri T 1 TrrrTrTTrrTrL] 4
-3 = =
] = =
S 160 E
5 - - 3.5
§ E ¢ -
2 140 E B
& O E 3Co recoils .
= = 25
120 = =
100 — . —=
- Fusion = 15
-] evaporation E )
= from carbon in E
= r = 0.5
60 target E
:lll-l=JJ-IIlJ'i'l[l']llllll.ll ]Ill-JII'llJJIIllJIIllJIIIlJIlllJJIIl']: 0
600 800 1000 1200 1400 1600 1800 2000

Time of Flight difference (ns)

Facility for Rare Isotope Beams

U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane * East Lansing, MI 48824, USA

frib.msu.edu

S8Co Recoils

8Fe Leaky Beam
FP1 FP2 FP3 FP4
A A
h<| /‘ ) l!
4| Il ‘v, ::' :’ ‘"
l /I;’
7B8 s
g1y ‘a1

12

P. Tsintari et al., 2023

M. Smith, 8 March 2024, Slide 8




Neural Network to Determine Resonance Position

with Windowless Extended Gas Target

Wlndowless Extended Gas Target

True vs. Model Values
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Conclusions

* SECAR has been established at FRIB and first experiments have been performed

* SECAR has demonstrated the ability to directly measure capture reactions in inverse
kinematics for both (a,xn) and (p,n) reactions

 Test experiments for upcoming (p,y) measurements are ongoing

* Ongoing neural network development for resonance position
* Source measurements in the lab and from GEANT4 simulations

 Future plans:
* Hydrogen operation for (p, y) reactions with extended gas target
* Four FRIB approved experiments
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SECAR Layout (Option 1)
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