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Scientific priorities

 What s the origin of the elements?
— ANC measurements of critical (p,y) and (a,y) reactions

Understanding the structure of light exotic nuclei

 What is the equation of state (EOS) of nuclear (including stellar) matter?

Studies of the nuclear compressibility through measurement of the GMR

Measurements of the asymmetry dependence of the EOS and the caloric
curve

Effects of clusterization on the low-density EOS, important to nucleosynthesis
in the neutrino wind

* |sthere physics beyond the standard model?

Testing CVC and CKM unitarity via superallowed 0* - 0* beta decay
Test of isospin symmetry breaking with 38Ca
Precision determination of correlations in beta-delayed proton decays

Prospects for discovering new super-heavy elements
Resonances in exotic neutron-rich nuclei



Cl Facts & Figures

S7 M/yr Research and Operations budget
5735 hrs/yr beam on target (3yr ave)

> 100 publications/yr
ciity
32 students
14 Postdocs
26 Staff (Research + Ops)
6 TAMU undergraduates
13 REU students
44 collaborating institutions

~100 Radiation effects line users

Aldo Bonasera

PHYSICS

Theoretical Nuclear Physics
* VIsiting dist. sclentist JAERI-Japan

* Honorary professor Three Gorges
University-China

* Full professor - italy

Cody Folden

CHEMISTRY

Chemistry, Physics and Nuclear
Forensics of the heaviest
elements

* DOE Early Career Award

Rainer Fries

PHYSICS

Theory of nudear collisions,
quark gluon plasma and
hadrons

* NSF Career Award

« IUPAP Young Scientist Prize

Carl A. Gagliardi

PHYSICS

Fundamental interactions and
nuclear astrophysics

« rellow, American Physical Sodety

« Distinguished Achlevement Award In
Teaching, AFS, - Texas A&M

John C. Hardy
PHYSICS
Fundamental interactions and
exotic nuclei
« Fellow, Royal Sodety of Canada
« Fellow, American Physical Sodety
* 2006 Bonner Prize, Nudear Physics

Dan Melconian
PHYSICS

Fundamental interactions
using trapped ion atoms

* Canadfan Division of Nudear Physics
PhD thesis award

* DOE Early Career Award

Che Ming Ko

PHYSICS

Theoretical nuclear physics
« rellow, American Physical Sodety
* Humboldt Research Award

* Distinguished Achlevement, Research
AFS, - Texas ABM

Saskia Mioduszewski
PHYSICS

Experimental, high-energy
nuclear physics

* presidential Early Career Award for
Scientists and Engineers

« Alfred P. Sloan Foundation Fellowship
* Maria Goeppert Mayer Award

Joseph B. Natowitz
CHEMISTRY
Heavy-ion reaction dynamics
and thermodynamics

* ACS Award In Nudear Chemistry

« Fellow, American Physical Soclety

« Fellow;, American Chemical Society

Ralf Rapp

PHYSICS

Theoretical Nuclear Physics
* Humboldt Bessel Research Award
« NSF CAREER Award
« Texas APS Hyer Award

Grigory Rogachev
PHYSICS

Nuclear Structure, nuclear
reactions and nuclear
astrophysics

* 1998 Kurchatov Prize

* Russian Research Center Fellowship for
Young Researchers

Shalom Shlomo

PHYSICS

Theoretical Nuclear Physics
* RIKEN Eminent Sdentist Award
* rellow, institute of Physics
* rellow, American Physical Sodety

Robert E. Tribble

PHYSICS

Fundamental interactions and
nuclear astrophysics

= Alfred P. Sloan Foundation Fellowship
* Fellow, American Physical Society

* Distinguished Achlevement, Research
AFS, - Texas ASM

Sherry J. Yennello
CHEMISTRY

Heavy-ion reactions and
isospin studies

* NSF National Young Investigator
* ACS Garvin-Olin award_

« Fellow, APS, ACS and AAAS

Dave H. Youngblood
PHYSICS

Giant resonances and nuclear
matter

« Fellow; American Physical Soclety

* Distinguished Achlevement Award in
Research, AFS - Texas ASM

Akram Zhanov
PHYSICS

Theoretical nuclear
astrophysics and nuclear
reaction theory



Facility Layout

K500 — Commissioned 1989
ECRION __~
88” — Commissioned 1967, SOURCE

Decommissioned 1985
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3 Modes of Stable Beam Operation
1) K500 — K500 experimental areas
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3 Modes of Stable Beam Operation

2) K150 — K500 experimental areas
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3 Modes of Stable Beam Operation

- K500 CYCLOTRON
ECRION _~
SOURCE
3) K500 + K150 — K500 experimental
areas (beams cannot cross!)
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K500 SUPERCONDUCTING CYCLOTRON

E/A (MeV/Nucleon)

K500 CYCLOTRON + ECR
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K130 CYCLOTRON

K150 CYCLOTRON + ECR + H

100.0
| ~50 MeV protons (max 55 MeV) —| — =K130line
® Extracted beam
e i e S
N\ 1
E a = e —— —
3 T
E - oo § ® U Y SO
£ 100 08 gt | ~ 6.3 MeV/u *Kr |
L -@ @ . \\
= @ a ® o
! 8 o
M ®
®
® ® ®
1.0 I T T I I I T T I
0 10 20 30 40 50 60 70 80 90 100

ATOMIC MASS NUMBER

ATJ[ TEXA§ A&M



Nuclear Science Programs at TAMU
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Program Project Leaders
Present o

Nuclear Giant Resonances Youngblood
R h Incompressibility
esearc .
Fundamental 0* =>» 0* B decay Hardy, Melconian
Interactions (Gagliardi, Tribble)
P r Og ram Astrophysics Capture y rates Rogechev, Tribble
(Gagliardi)
RHI STAR Mioduszewski, Gagliardi
(Tribble)
Nuclear Dynamics  Reactions with exotic beams Natowitz, Yennello
and
Thermodynamics Properties of hot nuclei

Nuclear Structure Resonances in light exotic nucleiRogechev

Heavy elements Production of nuclei with Z>100 Folden

Theory Reaction Dynamics Bonasera
Nuclear Response Shlomo
Few-body systems Zhanov

Nuclear astrophysics

Relativistic Heavy lon Reactions Fries, Ko, Rapp
| HE s




Current State of Published E,,:

Lots of Variation in energy of GMR:
Ca Isotopes; Ni isotopes; Zr-Sn
isotopes; (1>*Sm is deformed)

Mass 92 Issue
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Unexpected characteristics of the
isoscalar monopole resonance in
the A =90 region: Implications for
nuclear incompressibility
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SUPERALLOWED 0'+0" BETA DECAY
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MARS Implantation-Decays for Nuclear Astrophysics

(1/2,3/2)+ ss2kev | 27P

B-delayed y spectroscopy [So-macz0r22iey | l 7908 kev

5/2+ 7530 keV
rotatable degrader ——— = === ——-t--o=

| Sp = 7463.20 |
3/2+ —  3803.6 keV
1/2+ L 3540.11 keV
B I (3/2,5/2)+ 2866.3 keV

: I 5/2+ 2647.6 keV
5 Y

1

i A

i 3/2+ 957.4 keV

1

i

: b l l 780.9 keV
HpGe 70% effic.
, : o/ 0 kev GS
Z/ DSSD 4565 um e
Center_AntiCoinOuter 22-Mar-2011 09:27:55
| Center_AntiCoinOuter | Conter AniCanoter
Entries 37000
80r T I ] Mean 2262
X & RMS  296.1
701 é@'
60 j‘? B-delayed p-decay
sof| | of 22Al with GEM
P> o)) 8 d
S IR [~ etector
40; 2 LS 0
| ©
30F >
C 9V
201 .
10 I( J
0 E £ . - —L i xluﬁ,

41 Ll s 10y 2 =
200 400 600 800 1000 1200 L AT‘ ‘ TEXAS A&M




T

ransverse Collective Flow Sensitivity to E ¢ . (p)

The transverse collective flow of intermediate mass fragments from the reactions of 4Zn
+ 947n, 79Zn + 79Zn, and of ®*Ni + ®*Ni at 35 MeV/nucleon are consistent with predictions
from the ASY-Stiff, Gogny-AS interaction in AMD and inconsistent with the ASY-Soft
Gogny interaction.
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Asymmetry Dependence of Thermodynamic Properties

Heavy-lon collisions around the Fermi energy.

mis=N-Z/4

Measure charged particles & neutrons in NIMROD-ISIS.

Caloric curves observed to depend on

Extraction of critical parameters T, p,, P.
using scaling laws
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Test of Astrophysical Equations of State
Equilibrium Constant, K,

Many tests of EOS are done using mass fractions.
Various calculations include various different
competing species., if all relevant species are not

included, mass fractions are not accurate.

Equilibrium constants, e.g.,

_ p(AZ)
Kc_ Z (A-7)

Py Py

should be independent of proton fraction and choice of

competing species.

Models converge at lowest densities, but many are
significantly above data at higher density

Lattimer & Swesty with K=180, 220 show reasonable
agreement with data

QSM with in-medium binding energy shifts works well
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Heavy Element Reaction Studies at
the Cyclotron Institute

 We are working to better understand the mechanism of
the “warm fusion” reaction, which was used to
discovered elements 113-118.

e Qur focus has been on determining which projectile is
most likely to lead to the next new element.

® Preliminary results
(right) suggest a
substantial drop in
cross section for proj.
above 43Ca.

e 4Sc + 159Tb, 12Dy data
analysis in progress.
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Applied Physics Programs at TAMU
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Isotope production and
research activities

Successful proof of principle for 211At
“Preliminary Production of 211At at the Texas A&M University
Cyclotron Institute”, T. Martin et al, Health Physics 107, 1

(2014)
Next steps

Production target
Separation procedure

Internal
Pressure 9
Sensor

Radioactive

Decay
Cabinet




Reaccelerated RIBs
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[ The Upgrade Project ]

* Production of reaccelerated ion beams (RIBs): two cyclotrons — K500
(superconducting) and 88” (K150)

e 88” (K150) — used as driver for acceleration of high intensity primary beams:
proton, heavy ions

¢ K500 — used for re-acceleration

e Light lon Guide — used for production of neutron deficient RIBs A(p,xn)B
reactions

e Heavy lon Guide — used for both neutron deficient and proton deficient RIBs
(deep inelastic and nuclear fragmentation reactions)



Two Methods for making RIBs

K500 CYCLOTRON
/

1- Heavy lon Guide ECRION ~
SOURCE
eDeep inelastic scattering of intense heavy

ion beams at 12-15 MeV/u on neutron rich
targets

N+ TRANSPORT
-

*Big Sol used as front end (clean up) :
separator %
H- CB-ECR _~ '
eDegrader system and ANL (He) gas SOURCE SOURCE
catcher, thermalize RIBs, charge 1+ state g
. , ECRION
*Ortho-TOF used for diagnostics and source #  HEAVY
ION GUIDE

beam tuning

BEAM LINES

eLEBT transport RIBS to CBECR ion sourg
eFirst RIB: 38S via 40Ar =» ®4Nj
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Two Methods for making RIBs

K500 CYCLOTRON
/

2- Light lon Guide ECRION ~
SOURCE
e|ntense (10-20 pA) proton and deuteron

beams at 30-50 MeV/u on various targets

N+ TRANSPORT
-

eBeams created negative ion source AEET

ION GUIDE

ePrimary beam stopped aluminum, water
cooled beam dump o

_ SOURCE
*p,n reactions create RIBs .

/
eDense (He) gas cell thermalizes RIBs, ECRION
charge 1+ state N

eDifferential pumping and SPIG moves
RIBs to CBECR ion source
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K500 SUPERCONDUCTING CYCLOTRON

E/A (MeV/Nucleon)
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72 MeV/u deuterons (max 80 MeV/u)

i .
Se o 12 MeV/u 238U
o )
o Qe
b ¢ :. oo o e®
°
100 - odle b S geg ® eo o 0 8 ®
S, * 8, o e O
o0 oo ° ®
®e0 °
e .
° ° °
° ° °
o0 °
1.0

0 50 100 150 200 250

ATOMIC MASS NUMBER

RPU|FEXAS e




External collaborations

ANASEN

Funne
+ beams
I I

ISAC Ion | beam
e ]
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* NSCL - ANASEN \@/

Collection chamber

 TRINET collaboration @TRIUMF(beta decays)
« SAMURAI collaboration at RIKEN
» Jyvaskyla (mass measurements w/ penning trap)




Future research directions

Studies of survival of excited nuclei in the actinide region with
SaSSYER.

Study the chemistry of transactinide homologs in "online"
experiments

Studying beta-delayed proton decays of pure Fermi transitions
with TAMUTrap

Nuclear astrophysics with stable and rare isotope beams using
Astrobox and TIARA.

Structure of light exotic nuclei with TexATP / TexAT.

Clustering phenomena in light and medium mass nuclei.
Studies of the EOS and Esym with FAUST-QTS

Pionic Fusion

Superallowed 3 decay studies on Tz=-1 nuclei

GMR as probe of structure and asymmetry



Future
Equipment

MicroMegas

Beam

RIB from
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I Field Cage .

v A o/
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Summary

* Texas A&M Cyclotron Institute is able to
deliver a wide variety of stable and radioactive
beams

* MARS currently produces inflight RIBs

 T-REX will deliver

— reaccelerated RIBs to all current (and future)
experimental equipment

— stopped RIB to TAMU Trap



