TABLE OF CONTENTS

LA 0T 1163 o ] o PR iX
S.J. Yennello, Director

SECTION I: NUCLEAR STRUCTURE, FUNDAMENTAL INTERACTIONS
AND ASTROPHYSICS

Progress in the search for an excited state in tritium via the ®*He(p,t)a reaction .............c..c..co.......... 1-1
C.E. Parker, G.V. Rogachev, J. Bishop, E. Aboud, M. Barbui, E. Harris, C. Hunt,
E. Koshchiy, Z. Luo, M. Roosa, A. Saastamoinen, and D.P. Scriven

Precise half-life MEASUIEMENT FOT Z2P ........cvoveeeeeeeeeeeee e e e et e e ee e e et e e s s eee et esesenseesesesesen e eseseseserns 1-3
V.E. lacob, D.G. Melconian, N. Nica, D. McClain, M. Nasser, G. Chubarian,
V. Kolhinen, B. Roeder, and A. Saastamoinen

PENELOPE simulations as part of an independent analysis of f-delayed-proton
NIBASUIEIMENTS 1N B2 oo oot e e e e et et e s et e e e et et e s ee e e e eses et es e e et e s et esee e eeseeesesesseeseeeseseneeeeees I-5
M. Nasser, G. Chubarian, V.E. lacob, V.S. Kolhinen, D. McClain, and D. Melconian

Constraining globular cluster abundance anOMAlIBs ..........ccccecveiiii e 1-9
Q3D measurement:
D.S. Harrouz, N. de Séreéville, P. Adsley, F. Hammache, R. Longland,
B. Bastin, T. Faestermann, R. Hertenberger, M. La Cognata, L. Lamia,
A. Meyer, S. Palmerini, R.G. Pizzone, S. Romano, A. Tumino, and H.-F. Wirth
DRAGON measurements:
P. Adsley, Matthew Williams, Nicolas de Séréville, Richard Longland,
Barry Davids, Uwe Greife, Fairouz Hammache, Sarah Harrouz,
David Hutcheon, Annika Lennarz, Alison M. Laird, Fran cois d’Oliveira Santos,
and Christopher Ruiz

Resolving discrepancies about the *K(p,gamma)**Ca reaction in classical novae........................... 1-12
S.D. Binda, P. Adsley, L.M. Donaldson, and collabrators

Resonance states of Na and the ?Ne(p,gamma)?Na reaction .............ccccoeeeeererrereerrenssrorsensnnenn. 1-14
Diana P Carrasco-Rojas, M Williams, and P Adsley

Spectroscopy of “®Cr and the expected yield of *Ti from core-collapse supernovae....................... 1-16
S.D. Binda, A.M. Long, P. Adsley, G. Berg, J.W. Brimmer, M. Couder, M. Kamil,

N.A. Khumalo, M.Kdhne, K.C.W. Li, D.J. Mar m-Lambarri, S.H. Mthembu, Z. Meisel,



R. Neveling, P. Papka, L. Pellegri, V. Pesudo, E. Sideras-Haddad, F.D. Smit,
M. Wiedeking, and M.C. Wiescher

The impact of Y’O+alpha uncertainties 0N the S-PrOCESS ..........cc.oc.eveeeereereerereieseseeeseesseeesses e 1-18
J. Frost-Schenk, P. Adsley, A.M. Laird, R. Longland, C. Angus, C. Barton, A. Choplin,
C.Aa. Diget, R. Hirschi, C. Marshall, F. Portillo Chaves, and K. Setoodehnia

Radiative decay branching ratio of Hoyle State in 2C..........c.cooiioieieeeeeeeeceeeeeeeeeeeeesee s 1-20
Zifeng Luo, G. Rogachev, M. Barbui, J. Bishop, G. Chubaryan, V. Goldberg,
E. Harris, H. Jayatissa, E. Koshchiy, M. Roosa, A. Saastamoinen, and D. Scriven

Determining ANCs relevant for the C(,y) %0 Feaction..........cc.coovvevereeeereireireesrseesssssesessesienns 1-26
E.A. Harris, G.V. Rogachev, G. Chubaryan, C. Hunt, E. Koshchiy, Z. Luo,
C.E. Parker, K. Rao, M. Roosa, A. Saastamoinen, and D.P. Scriven

170174175y h+49Ar fusion-induced fission reactions studies With ENCORE .........ooovveveveereeeeeenn, 1-29
E. Lopez-Saavedra, S. Almaraz-Calderon, B.W. Asher, A.B. Morelock,
J.F. Perello, A. Hood, A. Saastamoinen, and B.T. Roeder

Constraining (n,y) cross sections via surrogate measurments with hyperion

AL TEXAS AGIM UNIVETSITY ..ottt bbbttt b s 1-32
J. Koros, A. Simon, P. Adsley, B. Alan, O. Gomez, J. Harke, R. Hughes,
B. Longfellow, M. Matney, L. Mclintosh, C. Reingold, and A. Saastamoinen

Measurement of 3a-+p states in °N via p-delayed charged-particle Spectroscopy ..........c.cccccueen.... 1-36
J. Bishop, G.V. Rogachev, S. Ahn, M. Barbui, S. Cha, E. Harris, C. Hunt, C. Kim,
D. Kim, S. Kim, E. Koshchiy, Z. Luo, C. Park, C.E. Parker, B.T. Roeder,
M. Roosa, A. Saastamoinen, and D.P. Scriven

Shell structure and evolution through spectroscopy of beryllium iSOtopes.............cccccevvveieieinennenn, 1-38
M. Roosa, G. Christian, G. Rogachev, S. Ahn, E. Bennett, J. Bishop, S. Dede,
C. Hunt, H. Jayatissa, E. Koshchiy, R. Malecek, S. Ota, C.E. Parker,
D.P. Scriven, and S. Upadhyayula

Cyclotron institute evaluation center report: US Nuclear Structure Data Program (USNDP)...... I-41
N. Nica and J.C. Hardy

Determining the *Zr(n, g) and **Zr(n, g) cross sections via **Zr(p, p’) and *Zr(p, p’)

SUFTOQALE FEACTIONS. ...ttt sttt sttt bbbt b bbbt s e st bbb bbb e e et e b b 1-44
B. Wang, C. Reingold, J. Harke, R. Hughes, S. Burcher, G.J. Kim, J. Koros,
B. Longfellow, W.-J. Ong, A. Saastamoinen, A. Tamashiro, B. Isselhardt

Spin physics With STAR @t RHIC ... et 1-45
B.E. Aboona, C.A. Gagliardi, R.E. Tribble, and the STAR Collaboration



SECTION Il: HEAVY ION REACTIONS

Employing ternary fission of ?*?Pu as a probe of very neutron rich (Yp=0.036) matter .................. -1
J.B. Natowitz, H. Pais, and G. Roepke

Correcting for calculated excitation energy in DAPPER ...........ccoooiiiiiiiieieee e 11-3
A. Abbott, R. Rider, M. Sorensen, A.B. Mclntosh, K. Hagel, and S.J. Yennello

Investigation of ground state alpha cluster structure using the NIMROD detector array.............. 11-6
Z. Tobin, K. Hagel, A. Mcintosh, R. Wada, B. Harvey, and S.J. Yennello

Proximity decay effect in *Si + *2C at 35 MeV/u USiNg FAUST .......cccoovevrreereeeeeeeeseeeseee e, 11-8
K.A. Hannaman, A.B. Mclntosh, B. Harvey, K. Hagel, A. Abbott, J. Gauthier,
T. Hankins, Y.-W. Lui, L. McCann, L.A. Mclintosh, R. Rider, S. Schultz, M. Sorensen,
Z. Tobin, R. Wada, and S.J. Yennello

Studying multinucleon transfer on the " Au +™ AU reaction.............cccoeveeveeeeveseseseseseeeneeens 11-11
K. Zelga, A. Hood, K. Hagel, R. Wada, and S.J. Yennello

The nuclear caloric curve: Temperatures of simulated quasi-projectiles ..........cccccovvvveveiiviieennenne. 11-16
M. Sorensen, A.B. Mclintosh , B. Harvey, Z. Kohley, and S.J. Yennello

The search for toroidal high-spin isomers in ?2Si + 2C at 35 MeV/u using FAUST .......c..cccoo..... 11-19
A. Hannaman, K. Hagel, A.B. Mcintosh, B. Harvey, A. Abbott, J. Gauthier,
T. Hankins, Y.-W. Lui, L. McCann, L.A. Mcintosh, R. Rider, S. Schultz, M. Sorensen,
Z. Tobin, R. Wada, and S.J. Yennello

Searching for long-lived superheavy elements produced during multinucleon transfer ............... 11-22
K. Zelga, K. Hagel, R. Wada, and S.J. Yennello

Metal adsorption on functionalized silicon detectors for the future study of meitnerium
CRBIMISTIY ...t b bbbttt b et bbb e 11-28
V. Zakusilova, E.E. Tereshatov, M. Boltoeva, and C.M. Folden IlI

High energy neutron production and three nucleon collisions in intermediate
LT YA A To o0 |1 o] o 3 PSSR 11-32
R. Wada, Q. Hu, and G. Tian

Toward understanding relativistic heavy-ion collisions with the STAR detector at RHIC............ 11-34
D.M. Anderson, Y. Liu, S. Mioduszewski, J. Pan, J. Tyler,
and the STAR Collaboration



SECTION I11: NUCLEAR THEORY

Nuclear theory — nUCIar aStrOPNYSICS ........cviiiiiiiiie et sre e re e -1
J.W. Holt

Asymptotic normalization coefficients in nuclear reactions and
NUCIEAT ASTIOPNYSICS: A TEVIEW .....oiiiiitiieiitee ettt bbb 11-4
A.M. Mukhamedzhanov and L.D. Blokhintsev

Indirect determination of the astrophysical S factor for the 6Li(p, y)7Be reaction
using the asymptotic normalization coefficient method ... 11-5
G.G. Kiss, M. La Cognata, R.E. Tribble, and A.M. Mukhamedzhanov

Status of deep subbarrier *C + *C fusion and advancing the Trojan horse method .................... 11-6
A.M. Mukhamedzanov

The *He+’He—a+a reaction below the Coulomb barrier via the Trojan Horse Method .............. 11-7
A.M. Mukhamedzhanov and collabrators

A semi-microscopic description of isoscalar giant multipole resonances in
medium-mass Closed ShEll NUCIEI ..o e 111-8
M.L. Gorelik, S. Shlomo, B.A. Tulupov, and M.H. Urin

Direct one-neutron decay of the isoscalar giant dipole resonance in medium-heavy
spherical nuclei: A semi-microscopic approach description..........c.ccccoceveiieeiiieevicse s 11-9
M. L. Gorelik, S. Shlomo, B. A. Tulupov, and M. H. Urin

Semiclassical shell-structure micro-macroscopic approach for nuclear level density.................. 111-10
A.G. Magner, A.l. Sanzhur, S.N. Fedotkin, A.l. Levon, and S. Shlomo

Shell and asymmetry effects in nuclear statistical level densities..........cccooeveviiiciieciccc e, 11-12
A.G. Magner, A.l. Sanzhur, S.N. Fedotkin, A.l. Levon, and S. Shlomo

Number-of-constituent-quark scaling of elliptic flow: a quantitative study.............cc.cccccocvierenns 11-14
M. Wang, J. Q. Tao, H. Zheng, W.C. Zhang, L.L. Zhu, and A. Bonasera

The novel scaling of Tsallis parameters from the transverse momentum spectra of
charged particles in heavy-ion COIISIONS ..........ccooiiiiiii e 111-15
J.Q. Tao, W.H. Wu, M. Wang, H. Zheng, W.C. Zhang, L.L. Zhu, and A. Bonasera

Charged pion production from Au + Au collisions at \/(s_NN )=2.4 GeV in the
relativistic VIasov-Uehling-Uhlenbeck model.............coooiiiiiiiiiiie e 111-18
Kyle Dogbey, Zhen Zhang, Jeremy Holt, and Che Ming Ko



Comparison of heavy-ion transport simulations: Mean-field dynamics in a box .............c.cc........ 111-20
Maria Colonna, Ying-Xun Zhang, Yong-Jia Wang, Dan Cozma, Pawel Danielewicz,
Che Ming Ko and TEMP Collaboration

Elliptic flow splittings in the Polyakov—Nambu-Jona-Lasinio transport model...............cc.cc..c.... 11-22
Wen-Hao Zhou, He Liu, Feng Li, Yi-Feng Sun, Jun Xu, and Che Ming Ko

Enhanced yield ratio of light nuclei in heavy ion collisions with a first-order chiral
PRASE TFANSITION .....viiviiicce ettt e b et e s b e s be et esteese e besseesbesteeneesrenree 111-24
Kai-Jia Sun, Che Ming Ko, Feng Li, Jun Xu, and Lie-Wen Chen

Evolution of A polarization in the hadronic phase of heavy-ion colliSions..............cc.ccocoenenennnn. 111-26
Yifeng Sun, Zhen Zhang, Che Ming Ko, and Wenbin Zhao

Light nuclei production in a multiphase transport model for relativistic heavy ion collisions.... 111-28
Kai-Jia Sun, Che Ming Ko, and Zi-Wei Lin

Multiplicity scaling of light nuclei production in relativistic heavy-ion collisions........................ 111-30
Wenbin Zhao, Kai-jia Sun, Che Ming Ko, and Xiaofeng Luo

Angular momentum eigenstates of the isotropic 3-D harmonic oscillator: Phase-space
distributions and coalescence probabilities ... 111-32
R.J. Fries and C.M. Ko with Michael Kordell

The JETSCAPE collaboration: X-Scape and more JETSCAPE phySiCS .......cccccoovviiiinenineniennnn. 111-34
R.J. Fries, Michael Kordell, Arjun Sengupta, Cameron Parker,
and JETSCAPE Collaborators

Collectivity of J/yy mesons in heavy-ion COISIONS ...........cccooiiiiiiiic e 111-36
M. He, B. Wu and R. Rapp

Recombination of B_c-mesons in ultra-relativistic havy-ion collisions...........cc.cccocoviieiiiiinein, 111-38
Biaogang Wu, Zhanduo Tang, Min He, and Ralf Rapp

Thermalization of nuclear matter in heavy-ion collisions at Fermi energies ...........c.ccoccevevennennne. 111-40
T. Onyango, A. Bonasera, and R. Rapp

SECTION 1V: SUPERCONDUCTING CYCLOTRON, INSTRUMENTATION
AND RIB UPGRADE

K500 operations and deVElOPMENT ..........ooiiiie ettt st e e nee e V-1



D.P. May, G.J. Kim, B.T. Roeder, H.L. Clark, G. Tabacaru, and F.P. Abegglen

K150 operations and deVEIOPMENT ..........coviiiiiiecieie et st sre e sne e V-3
G.J. Kim, B.T. Roeder, F. Abegglen, H. Clark, L. Gathings, D.P. May, and H. Peeler

Texas A&M Cyclotron radiation effects facility April 1, 2021 — March 31, 2022..........c.ccccevenenee. V-5
H.L. Clark, G. Avila, V. Horvat, B. Hyman, M. Kennas, G.J. Kim, H. Park,
C. Parker, R. Rinderknecht, B. Roeder, and G. Tabacaru

Upgrading the ECR2 magnetic field profile..........ccooo oo V-8
D.P. May, S. Molitor, H. Peeler, F.P. Abegglen, G.J. Kim, B.T. Roeder

Recent progress on the light 10N gUIde PrOJECT.........cccovveiieiieiiisii e 1V-12
G. Tabacaru, V. Kolhinen, J. Arje, D.P. May, A. Saastamoinen, F.P. Abegglen,
L.N. Gathings, G.J. Kim, S. Molitor, and B.T. Roeder

Response to the proposed new requirements for radiation testing ..........ccccccovvvveviieciciecicnee, 1V-14
V. Horvat

Status of the radiation effects master’s program: Using an SRAM based dosimeter

to measure LET, fluence, and beam uniformity.........ccccccooeiiiiiiiiiii e 1vV-17
R. Rinderknecht, L.E. Henderson, H.L. Clark, C.A. Gagliardi, C.E. Parker,
and R. Gallegos

Development of an electron cyclotron emission imaging SYStEM ...........ccoevveieiniiniinienene e 1\V-20
L.E. Henderson, H.L. Clark, C.A. Gagliardi, and D.P. May

Printed circuit board fabrication facility: SEE Fab .........ccccccooiiiiiiiiicee e 1V-23
L.E. Henderson, H.L. Clark, C.E. Parker, R. Rinderknecht, and C.A. Gagliardi

Computing at the CyClotron INSTITUTE............coviiiiii s 1\V-26
R. Burch, K. Hagel, J. Gauthier, and Y.-W. Lui

Gamma-spectroscopy-based survey of the devices activated by proton beams from

The KL50 CYCIOTION ... bbbttt bt 1Vv-27
V. Horvat
P HECRES 10N trap @0dIitiON ........c..oveveceeeeeecisieveeeeesee s IV-31

D. McClain, G. Chubarian, V. lacob, D. Melconian, M. Nasser, and P.D. Shidling

GEANT4 simulations as part of an independent analysis of p-delayed-proton
NEASUTEMENTES 1N Z2AAT .ottt e et et et et et ee et ettt eee e et et et eeeeeeee et es e eeeeseee et eneeeeseeeneaes 1V-34
M. Nasser, G. Chubarian, V.E. lacob, V.S. Kolhinen, D. McClain, and D. Melconian

Vi



A novel technique for the production of robust actinide targets..........ccocoocevviveviiicieci e, 1V-38
S. Dede, G. Christian, K. Manukyan, and A. Aprahamian

Commissioning of neutron detector array TEXNEUL ...........cccoveieeieii e 1V-40
D.P. Scriven, G.V. Rogachev, J. Bishop, G. Christian, C.E. Parker, L. Sobotka,
A. Alafa, N. Dronchi, A. Thomas, A. Saastamoinen, E. Koshchiy, E. Aboud,
M. Roosa, M. Barbui, E. Harris, D. Mulrow, and C. Hunt

DAPPER gamma FaY FESPONSE ...c.uvieiieieiiieesieessietesitessstseesssesssbessssbesssesssssessssesssssessssesssssssssesssssesssns 1V-43
M. Sorensen, A. Abbott, A.B Mclintosh, R. Rider, K. Hagel, and S.J. Yennello

DAPPER upgrade for radioactive beam contamination separation ............c.ccccocevviiiniinninnennns 1V-46
R. Rider, A. Abbott, A.B. Mcintosh, M. Sorensen, K. Hagel, and S.J. Yennello

Investigation of real-time and complementary particle discrimination capabilities in FAUST .. I1V-49
T. Hankins, A. Hannaman, A.B. Mclintosh, K. Hagel, B. Harvey, Z. Tobin,
and S.J. Yennello

Measuring charged particle reaction products from #Si + **C at 35 MeV/u using FAUST ........ 1V-53
A. Hannaman, K. Hagel, A.B. Mclintosh, A. Abbott, J. Gauthier, T. Hankins,
B. Harvey, Y-W. Lui, L. McCann, L.A. Mclntosh, R. Rider, S. Schultz,
M. Sorensen, Z. Tobin, R. Wada, and S.J. Yennello

Parallel-plate avalanche counter (PPAC) detector commissioned for the MDM focal plane...... 1V-56
E. Harris, G.V. Rogachev, G. Chubaryan, H. Jayatissa, E. Koshchiy, and K. Rao

MARS status report for 2021-2022...........ccoouiiiiiiie et 1V-60
B.T. Roeder and A. Saastamoinen

Update on the He-LIG and LSTAR projects to produce RIB for TAMUTRAP .........ccccocviiienae 1V-61
D. Melconian, V.S. Kolhinen, G.P.A. Berg, M. Couder, and M. Brodeu

Development of a radiochronometric procedure for the analysis of 226Ra pigment and
paint samples for NUCIEAr TOrENSICS .......cciiiiiiiece e e 1V-64
J.R. Garcia and C.M. Folden Il

SECTION V: PUBLICATIONS

oY o 1= £ 0 18] o] 1 1] =T RSP PRRRPR SR V-1

vii



SECTION VI: APPENDIX

TAIKS PIESENTEA ...ttt bbbttt nb e n e e n s VI-1
Research personnel and engineering Staff ..o VI-7
STUDBIITS. ...ttt b b E e st h bbb R R R ettt E R nen e VI-8
OrganizationNal CRAIT............oviii et VI-9
Graduate degree aWATdEd............cviiiiieii et st e et e te e e sreere e besre e e e re e VI-10
Institute colloquia and SEMINGAIS..........ccciiiieie et sre e teesbesaeeneesre e VI-11

viii



