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5.1.1 Selected direct reactions populating fully aligned states
S. L. Tabor, C. Wibisono, C. Benetti, Vandana Tripathi, and A. Volya

Unique selectivity of the (a,d) reaction to populate fully aligned states 1200 |
- first reported for 12C(a,d)!*N by Harvey and Czerny in 1960 (same 2 8.84 Mev
year as first FSU tandem accelerator) § 1000 -
3 60 deg (lab)
Strongest peak is fully aligned (mdg;, X vds, ) 5* w,,,:v"m
E l 5.1 Mev
Deuteron itself is fully aligned in its 1+ g.s., so breakup of 0* a 2 o Gﬁ‘,fﬁ.:’»
transfers fully aligned p-n pair to target S R W
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Considerable early interest in (a,d) reactions by Harvey and his 8 fj 1 I 1;";2:{‘:%'-:?5,9”,;-:3‘3“
students and later by other groups gradually faded due to lack of theory 200 / V 15.,5 oA
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Our heavy ion high-spin interests and theory collaboration led to Channel

comprehensive FSU cross-shell s-p-d-f-p interaction B.G. Harvey and J. Czerny, Phys. Rev. 120, 2162 (1960)

FSU interaction very successful in understanding high-spin states, even those involving pairs of particles promoted to
the fp shell although only fitted to states with one particle promoted.
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5.1.1 Selected direct reactions populating fully aligned states

S. L. Tabor, C. Wibisono, C. Benetti, Vandana Tripathi, and A. Volya

FSU interaction works well for 2ph “island of inversion” states and 2ph

fully aligned states where experimental information available

High level density reduces confidence in identification of (a,d) states
with theory ones and high-spin y decay states

Example is ?’Al(a,d) spectrum in figure below.
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R. Lubna, et al. Phys. Rev. Res. 2, 043342 (2020)

High-spin y decay sequences in fusion-
evaporation reactions pass through states with
about same energy as ones seen in (a,d)
reactions

butno y coincidences reported yet with strong
(a,d) peaks
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What would the y decay of, fully aligned states look like??
Example of likely decay of lowest fully aligned 19/2* state in 2°Si
Hybrid experiment(blue)-theory(red) level and decay scheme.

Easily identifiable cascade and help to pin down energies of fully
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aligned states

Spectroscopic Factor for (a,d) From FSU Interaction
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Agreement in energy of the calculated and measured state energies
gives confidence in the predicted energies of higher-spin states.

W15+ L6CS
A1S2+ L6CE
@152+ L6CT
®1772- LSC6
A172+ L6C6
81772+ L6CT

®1%2+ L6CT

12

13 14 15 16 17 18
8i Ex (MeV)

14648 19727
13873 19/2

12970, 172"
12509 152"

: 2si
1081 132"
E 15
Xp 9697 15/2°
+ * BTEL_ 1312
Bs«El 132" 8631 1312 8414, 132"
7139 112" 7108 112" g8
6464, 1172
©o8302 912
3882 Tz

Volya used the FSU interaction to calculate spectroscopic factors
for the 2’ Al(a,d)?°Si reaction

This technique provides a theoretical approach to predicting the
selectivity of (a,d) reactions.



5.1.1 Selected direct reactions populating fully aligned states
S. L. Tabor, C. Wibisono, C. Benetti, Vandana Tripathi, and A. Volya

Propose to measure y decays in coincidence with deuterons from (a,d) reactions using the high energy resolution of
the Clarion2 y detector array in conjunction with deuterons observed in the Trinity charged-particle detectors.

Pulse-shape discrimination between relatively high-energy p/d and a particles demonstrated* for GAGG scintillators
in Trinity.

Use y energies to discriminate between p and d final reaction products by the different y lines in different final nuclei
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5.1.2 Experimental tests of ab-initio nucleon-nucleon interactions
S. L. Tabor, C. Wibisono, Vandana Tripathi, and A. \olya

Apply in-medium similarity renormalization group
(IMSRG) ab-initio interaction* to sdpf-shell nuclei.

Have calculated lowest 4 MeV of the predicted
excitation spectrum of 32P for comparison with
experiment and with predictions of the FSU9 effective
interaction.

Predictions of IMSRG ab-initio interaction differ
significantly more (y? = 418 keV) from experiment
than those of the FSU interaction (%% = 57 keV).

Perhaps more surprising is general similarity of the
spectrum predicted by IMSRG to experiment.

68147

5862 6
5481 5

42765

3444 _ 4
33— 3.
L [/ W— |

+

77— 3
1756 3"
1323 9"

513 0"
+*

7&-...._...-%
o

Exp

*K. Tsukiyama, S.K. Bogner, and A. Schwenk, PRL 106, 222502 (2011)

ph Th.



5.1.2 Experimental tests of ab-initio nucleon-nucleon interactions
S. L. Tabor, C. Wibisono, Vandana Tripathi, and A. Volya

Ab-initio interactions offer more predictive promise
than effective ones, especially farther from stability

However, they currently can’t capture the subtleties
of nuclear structure adequately.

We propose to study experimentally the structure of
heavier, more neutron-rich nuclei at higher spin
using fusion-evaporation reactions and Clarion2-
Trinity to further explore the strengths and
weaknesses of ab-initio approaches like IMSRG.

We would start with a measurement of the
180(14C,2p)*Mg reaction using the FSU 4C beam.
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In collaboration with FSU theorists we would also use the IMSRG interaction as a starting point for a new fit
to sdpf nuclei to compare to the FSU9 interaction whose starting point came from the Brueckner G matrix

approach.
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