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Scien7fic	
  priori7es	
  
•  What	
  is	
  the	
  origin	
  of	
  the	
  elements?	
  

–  ANC	
  measurements	
  of	
  cri7cal	
  (p,γ)	
  and	
  (α,γ)	
  reac7ons	
  
–  Understanding	
  the	
  structure	
  of	
  light	
  exo7c	
  nuclei	
  

•  What	
  is	
  the	
  equa7on	
  of	
  state	
  (EOS)	
  of	
  nuclear	
  (including	
  stellar)	
  maRer?	
  
–  Studies	
  of	
  the	
  nuclear	
  compressibility	
  through	
  measurement	
  of	
  the	
  GMR	
  
–  Measurements	
  of	
  the	
  asymmetry	
  dependence	
  of	
  the	
  EOS	
  and	
  the	
  caloric	
  

curve	
  
–  Effects	
  of	
  clusteriza7on	
  on	
  the	
  low-­‐density	
  EOS,	
  important	
  to	
  nucleosynthesis	
  

in	
  the	
  neutrino	
  wind	
  
•  Is	
  there	
  physics	
  beyond	
  the	
  standard	
  model?	
  

–  Tes7ng	
  CVC	
  and	
  CKM	
  unitarity	
  via	
  superallowed	
  0+	
  à	
  0+	
  beta	
  decay	
  
–  Test	
  of	
  isospin	
  symmetry	
  breaking	
  with	
  38Ca	
  
–  Precision	
  determina7on	
  of	
  correla7ons	
  in	
  beta-­‐delayed	
  proton	
  decays	
  

•  What	
  are	
  the	
  limits	
  of	
  nuclear	
  stability?	
  
–  Prospects	
  for	
  discovering	
  new	
  super-­‐heavy	
  elements	
  
–  Resonances	
  in	
  exo7c	
  neutron-­‐rich	
  	
  nuclei	
  



	
  $7	
  M/yr	
  Research	
  and	
  Opera7ons	
  budget	
  	
  
	
  
5735	
  hrs/yr	
  beam	
  on	
  target	
  	
  (3yr	
  ave)	
  
	
  
>	
  100	
  publica7ons/yr	
  

16	
  Faculty	
  
	
  
32	
  students	
  

	
  	
  
14	
  Postdocs	
  	
  
	
  
26  Staff	
  (Research	
  +	
  Ops)	
  
	
  
6	
  TAMU	
  undergraduates	
  

13	
  REU	
  students	
  
	
  
44	
  collabora7ng	
  ins7tu7ons	
  
	
  
~100	
  Radia7on	
  effects	
  line	
  users	
  
	
  
	
  
	
  

CI	
  Facts	
  &	
  Figures	
  

19	
  



88”	
  –	
  Commissioned	
  1967,	
  
Decommissioned	
  1985	
  	
  	
  
K150	
  –	
  Recommissioned	
  2008	
  
(Upgrade	
  Project)	
  

K500	
  –	
  Commissioned	
  1989	
  

Facility	
  Layout	
  



1)	
  K500	
  –	
  K500	
  experimental	
  areas	
  	
  
3	
  Modes	
  of	
  Stable	
  Beam	
  Opera.on	
  



1)	
  K500	
  –	
  K500	
  experimental	
  areas	
  	
  
2)	
  K150	
  –	
  K500	
  experimental	
  areas	
  

3	
  Modes	
  of	
  Stable	
  Beam	
  Opera.on	
  



1)	
  K500	
  –	
  K500	
  experimental	
  areas	
  	
  
2)	
  K150	
  –	
  K500	
  experimental	
  areas	
  

3	
  Modes	
  of	
  Stable	
  Beam	
  Opera.on	
  

3)	
  K500	
  +	
  K150	
  –	
  K500	
  experimental	
  
	
  	
  	
  	
  	
  areas	
  (beams	
  cannot	
  cross!)	
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50	
  MeV	
  protons	
  (max	
  55	
  MeV)	
  

6.3	
  MeV/u	
  84Kr	
  



Nuclear	
  Astrophysics	
  (Capture	
  γ	
  rates)	
  
	
  Fundamental	
  Interac.ons	
  (0+è0+	
  	
  	
  	
  	
  
β-­‐decay	
  Correla7ons)	
  

Nuclear	
  Science	
  Programs	
  at	
  TAMU	
  

Nuclear	
  Dynamics	
  and	
  Thermodynamics	
  
(caloric	
  curves,	
  
	
  N/Z	
  effects…)	
  

Heavy	
  element	
  	
  
chemistry	
  	
  
(Produc7on	
  of	
  
nuclei	
  	
  
with	
  Z>100.	
  .	
  .)	
  
Nuclear	
  
Incompressibility	
  
(Giant	
  Monopole	
  
Resonance)	
  



  

Present 

Research 

Program 

Program	
  	
   	
  	
  	
  	
  	
  	
   	
  Project 	
  	
  	
  	
   	
   	
   	
   	
  Leaders	
  
	
  
	
  
Nuclear	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  Giant	
  Resonances	
  	
  	
  	
   	
  	
   	
   	
  Youngblood	
  
Incompressibility	
  
	
  
Fundamental 	
   	
  0+	
  è	
  0+	
   β	
  decay 	
  	
  	
  	
   	
  	
   	
   	
  Hardy,	
  Melconian	
  	
  
Interac.ons	
   	
   	
   	
   	
   	
   	
   	
   	
  (Gagliardi,	
  Tribble)	
  

    	
  
	
  
Astrophysics	
  	
  	
  	
  	
  	
  	
  	
   	
  Capture	
  γ rates	
  	
  	
  	
  	
  	
   	
   	
   	
  Rogechev,	
  Tribble	
   	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Gagliardi)
	
  
RHI	
   	
   	
   	
   	
  STAR	
   	
   	
  	
  	
  	
  	
   	
   	
   	
  Mioduszewski,	
  Gagliardi	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  (Tribble)	
  
	
   	
   	
  	
  

Nuclear	
  Dynamics	
  	
   	
  Reac.ons	
  with	
  exo.c	
  beams	
   	
  	
  Natowitz,	
  Yennello	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  
Thermodynamics	
   	
  	
  Proper.es	
  of	
  hot	
  nuclei	
  
	
  
Nuclear	
  Structure 	
  Resonances	
  in	
  light	
  exo.c	
  nuclei	
  Rogechev	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
Heavy	
  elements	
   	
  Produc.on	
  of	
  nuclei	
  with	
  Z>100	
  Folden	
  	
  

	
   	
   	
  	
  
Theory	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  Reac.on	
  Dynamics	
  	
  	
   	
   	
   	
  Bonasera	
  	
  
	
  

	
   	
   	
   	
   	
  Nuclear	
  Response	
  	
  	
  	
  	
   	
   	
   	
  Shlomo	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  Few-­‐body	
  systems	
  	
  	
  	
   	
   	
   	
  Zhanov	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  Nuclear	
  astrophysics	
  	
  
	
  

	
   	
   	
   	
   	
  Rela.vis.c	
  Heavy	
  Ion	
  Reac.ons 	
  Fries,	
  Ko,	
  Rapp	
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!

Unexpected characteristics of the 
isoscalar monopole resonance in 
the A ≈ 90 region: Implications for 
nuclear incompressibility 

Current	
  State	
  of	
  Published	
  EGMR	
  	
  

Lots of Variation in energy of GMR: 
Ca Isotopes; Ni isotopes; Zr-Sn 
isotopes; (154Sm is deformed) 





MARS Implantation-Decays for Nuclear Astrophysics  

HpGe 70% effic. 

Beam	
  

DSSD 45-65 um 

β-delayed γ spectroscopy 
rotatable degrader 

β-delayed p-decay 
of 23Al with GEM  
detector 



Transverse	
  Collec7ve	
  Flow	
  Sensi7vity	
  to	
  Easym(ρ)	
  

Comparison	
  to	
  AMD-­‐GEMINI	
  Model	
  

Average	
  Z=4-­‐9	
  

Kohley,	
  PRC	
  2011	
  

64Zn	
   70Zn	
  

64Ni	
  

The	
  transverse	
  collec7ve	
  flow	
  of	
  	
  intermediate	
  mass	
  fragments	
  from	
  the	
  reac7ons	
  of	
  64Zn	
  
+	
  64Zn,	
  70Zn	
  +	
  70Zn,	
  and	
  of	
  64Ni	
  +	
  64Ni	
  at	
  35	
  MeV/nucleon	
  are	
  consistent	
  with	
  predic7ons	
  
from	
  the	
  ASY-­‐S7ff,	
  Gogny-­‐AS	
  interac7on	
  in	
  AMD	
  and	
  inconsistent	
  with	
  the	
  ASY-­‐Soo	
  
Gogny	
  interac7on.	
  	
  	
  
	
  
	
  



​𝒎↓𝒔 = ​𝑵−𝒁/𝑨 	
  
Asymmetry	
  Dependence	
  of	
  Thermodynamic	
  Proper7es	
  

Cri7cal	
  point:	
  depends	
  on	
  asymmetry	
  

The	
  shio	
  in	
  temperature	
  is	
  linear	
  
with	
  the	
  change	
  in	
  asymmetry	
  

Caloric	
  curves	
  observed	
  to	
  depend	
  on	
  
asymmetry	
  of	
  the	
  emiqng	
  source	
  

Extrac7on	
  of	
  cri7cal	
  parameters	
  Tc,	
  ρc,	
  Pc	
  
using	
  scaling	
  laws	
  

Heavy-­‐Ion	
  collisions	
  around	
  the	
  Fermi	
  energy.	
  
Measure	
  charged	
  par7cles	
  &	
  neutrons	
  in	
  NIMROD-­‐ISiS.	
  

T	
  and	
  ρ	
  from	
  quantum	
  fluctua7ons,	
  a	
  al	
  H.	
  Zheng,	
  A.	
  Bonasera,	
  nucl-­‐th/1112.4098	
  (2011)	
  



Test	
  of	
  Astrophysical	
  Equa.ons	
  of	
  State	
  
Equilibrium	
  Constant,	
  Kα	
  

	
  •  Many	
  tests	
  of	
  EOS	
  are	
  done	
  using	
  mass	
  frac.ons.	
  
	
  	
  	
  	
  	
  	
  	
  	
  Various	
  calcula.ons	
  include	
  various	
  different	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  compe.ng	
  species.,	
  if	
  all	
  relevant	
  species	
  are	
  not	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  included,	
  mass	
  frac.ons	
  are	
  not	
  accurate.	
  
	
  
•  Equilibrium	
  constants,	
  e.g.,	
  
	
  
	
  
	
  	
  

	
  
	
  	
  	
  	
  	
  	
  	
  	
  should	
  be	
  independent	
  of	
  proton	
  frac.on	
  	
  and	
  choice	
  of	
  
	
  	
  	
  	
  	
  	
  	
  	
  compe.ng	
  species.	
  
	
  
•  Models	
  converge	
  at	
  lowest	
  densi.es,	
  but	
  many	
  are	
  

significantly	
  above	
  data	
  at	
  	
  higher	
  density	
  

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

•  QSM	
  with	
  in-­‐medium	
  binding	
  energy	
  ships	
  works	
  well	
  

L.	
  Qin	
  et	
  al.PRL	
  108	
  172701	
  (2012).	
  	
  

Kc =
ρ(A,Z )
ρp
Zρn

(A−Z )
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Heavy	
  Element	
  Reac7on	
  Studies	
  at	
  
the	
  Cyclotron	
  Ins7tute	
  

•  We	
  are	
  working	
  to	
  beRer	
  understand	
  the	
  mechanism	
  of	
  
the	
  “warm	
  fusion”	
  reac7on,	
  which	
  was	
  used	
  to	
  
discovered	
  elements	
  113-­‐118.	
  

•  Our	
  focus	
  has	
  been	
  on	
  determining	
  which	
  projec7le	
  is	
  
most	
  likely	
  to	
  lead	
  to	
  the	
  next	
  new	
  element.	
  

�  Preliminary	
  results	
  
(right)	
  suggest	
  a	
  
substan7al	
  drop	
  in	
  
cross	
  sec7on	
  for	
  proj.	
  
above	
  48Ca.	
  

�  45Sc	
  +	
  159Tb,	
  162Dy	
  data	
  
analysis	
  in	
  progress.	
  



Single	
  Event	
  Effects	
  (Chip	
  tes7ng)	
  
	
  

Applied	
  Physics	
  Programs	
  at	
  TAMU	
  

Medical	
  Isotope	
  
Produc.on	
  	
  
(At211,	
  high	
  E	
  -­‐	
  α)	
  
	
  
Broad	
  Beam	
  
Irradia.on	
  
(Ultrafine	
  filters)	
  
	
  



Isotope	
  produc7on	
  and	
  
research	
  ac7vi7es	
  	
  

Successful	
  proof	
  of	
  principle	
  for	
  211At	
  
“Preliminary	
  Produc7on	
  of	
  211At	
  at	
  the	
  Texas	
  A&M	
  University	
  
Cyclotron	
  Ins7tute”,	
  T.	
  Mar7n	
  et	
  al,	
  Health	
  Physics	
  107,	
  1	
  
(2014)	
  	
  

Next	
  steps	
  
Produc7on	
  target	
  
Separa7on	
  procedure	
  



Reaccelerated	
  RIBs	
  

Upgrade	
  
Project	
  

T-REX 
TAMU	
  	
  
Reaccelerated	
  
Exo7cs 



• 	
  Produc.on	
  of	
  reaccelerated	
  ion	
  beams	
  (RIBs):	
  two	
  cyclotrons	
  –	
  K500	
  
(superconduc.ng)	
  and	
  88”	
  (K150)	
  

• 	
  88”	
  (K150)	
  –	
  used	
  as	
  driver	
  for	
  accelera.on	
  of	
  high	
  intensity	
  primary	
  beams:	
  
proton,	
  heavy	
  ions	
  
	
  
• 	
  K500	
  –	
  used	
  for	
  re-­‐accelera.on	
  

• 	
  Light	
  Ion	
  Guide	
  –	
  used	
  for	
  produc.on	
  of	
  neutron	
  deficient	
  RIBs	
  A(p,xn)B	
  
reac.ons	
  
	
  
• 	
  Heavy	
  Ion	
  Guide	
  –	
  used	
  for	
  both	
  neutron	
  deficient	
  and	
  proton	
  deficient	
  RIBs	
  
(deep	
  inelas.c	
  and	
  nuclear	
  fragmenta.on	
  reac.ons)	
  	
  	
  	
  
	
  
	
  

The	
  Upgrade	
  Project	
  	
  



Two	
  Methods	
  for	
  making	
  RIBs	
  
1-­‐	
  Heavy	
  Ion	
  Guide	
  

• Deep	
  inelas7c	
  scaRering	
  of	
  intense	
  heavy	
  
ion	
  beams	
  at	
  12-­‐15	
  MeV/u	
  on	
  neutron	
  rich	
  
targets	
  

• Big	
  Sol	
  used	
  as	
  front	
  end	
  (clean	
  up)	
  
separator	
  

• Degrader	
  system	
  and	
  ANL	
  (He)	
  gas	
  
catcher,	
  thermalize	
  RIBs,	
  charge	
  1+	
  state	
  

• Ortho-­‐TOF	
  used	
  for	
  diagnos7cs	
  and	
  	
  
beam	
  tuning	
  

• LEBT	
  transport	
  RIBS	
  to	
  CBECR	
  ion	
  source	
  
• First	
  RIB:	
  	
  38S	
  via	
  40Ar	
  è	
  64Ni	
  



Two	
  Methods	
  for	
  making	
  RIBs	
  
2-­‐	
  Light	
  Ion	
  Guide	
  

• Intense	
  (10-­‐20	
  μA)	
  proton	
  and	
  deuteron	
  
beams	
  at	
  30-­‐50	
  MeV/u	
  on	
  various	
  targets	
  

• Beams	
  created	
  nega7ve	
  ion	
  source	
  

• Primary	
  beam	
  stopped	
  aluminum,	
  water	
  
cooled	
  beam	
  dump	
  

• p,n	
  reac7ons	
  create	
  RIBs	
  
• Dense	
  (He)	
  gas	
  cell	
  thermalizes	
  RIBs,	
  
charge	
  1+	
  state	
  

• Differen7al	
  pumping	
  and	
  SPIG	
  moves	
  
RIBs	
  to	
  CBECR	
  ion	
  source	
  

• First	
  RIB:	
  	
  	
  27Si	
  :	
  27Al(p,n)	
  27Si	
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External	
  collabora7ons	
  

•  NSCL	
  -­‐	
  ANASEN	
  
•  TRINET	
  collabora7on	
  @TRIUMF(beta	
  decays)	
  
•  SAMURAI	
  collabora7on	
  at	
  RIKEN	
  	
  
•  Jyvaskyla	
  (mass	
  measurements	
  w/	
  penning	
  trap)	
  
•  STAR	
  



Future	
  research	
  direc7ons	
  
•  Studies	
  of	
  survival	
  of	
  excited	
  nuclei	
  in	
  the	
  ac7nide	
  region	
  with	
  
SaSSYER.	
  

•  Study	
  the	
  chemistry	
  of	
  transac7nide	
  homologs	
  in	
  "online"	
  
experiments	
  

•  Studying	
  beta-­‐delayed	
  proton	
  decays	
  of	
  pure	
  Fermi	
  transi7ons	
  
with	
  TAMUTrap	
  

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

•  Structure	
  of	
  light	
  exo7c	
  nuclei	
  with	
  TexATP	
  /	
  TexAT.	
  	
  
•  Clustering	
  phenomena	
  in	
  light	
  and	
  medium	
  mass	
  nuclei.	
  
•  Studies	
  of	
  the	
  EOS	
  and	
  Esym	
  with	
  FAUST-­‐QTS	
  
•  Pionic	
  Fusion	
  
•  Superallowed	
  β decay	
  studies	
  on	
  Tz=-­‐1	
  nuclei	
  
•  GMR	
  as	
  probe	
  of	
  structure	
  and	
  asymmetry	
  



Future	
  
Equipment	
  

by a gas avalanche counter based on the MicroMegas [25] technology. The AT-TPC team

at NSCL headed by Professor Mittig developed expertise in this technology and collabora-

tion with NSCL is planned. We intend to use GET readout electronics developed for the

AT-TPC and other active target detectors. The schematic view of the detector is outlined

in Fig. 4. The detector will be fully paid for from the startup funds provided by TAMU to

Prof. Rogachev.

E

Si-CsI(Tl) telescopes

TexATMicroMegas

Field Cage

Beam

Figure 4: Schematic view of the proposed active target detector TexAT
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10. If TIARA were to move to TAMU, we would plan to couple it with the MDM spectrometer. 

It would make experiments like the one being discussed here doable with very good efficiency.  

 
            Figure 10.  A schematic view of the TIARA array, which is presently located at GANIL.   
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b.2  TAMUTRAP beamlines 

  Figure 2 shows an overview of the layout of the TAMUTRAP beamline. The 10 keV RIB 

transported up from the heavy ion beamline will be focused and steered using Einzel lenses and 

ݔ െ  by a electrostatic deflector. The beam will then pass through לsteerers before being bent ͻͲ ݕ

another set of steerers before bending another ͻͲל to be injected into the gas-filled RFQ cooler 

and buncher. The injection optics to the RFQ has been designed to bring the beam energy down 

to ͳͲ െ ͳͲͲ eV with minimal losses; SimION calculations indicate our greatest losses will be at 

this point, with an injection efficiency of ͹Ͳ െ ͺͲΨ, comparable to RFQ injection efficiencies at 

other facilities.  

 

Figure 2: Radioactive ions from the heavy ion guide, or stable ions from our off-line ion source, are 
directed into the gas-filled RFQ where they are cooled and bunched. The low-emittance, pulsed beam 
may then be injected into the double-Penning trap housed in the large-bore 7T magnet.  

  The 70-cm long RFQ cooler and buncher (see Fig. 3) consists of four rods divided 

longitudinally into 24 segments. The diameter of each rod is 14 mm and the distance between 

opposite rods is 12 mm. Collisions with a He buffer gas of typically ͳͲିଶ െ ͳͲିଷ mbar cools the 

ions in the RFQ and a longitudinal electric field of 0.75 V/cm applied over the segments of the 

system collects the ions in the shallow potential at the end of the RFQ by an appropriate setting of 

the last segment's potential. It takes less than 600 ߤs for the ions to cool and accumulate in the 

potential well. Extraction from the RFQ is improved by not only lowering the potential on the last 

electrode, but at the same time increasing the potential on the 22nd electrode. This effectively 

“kicks” the ions out and minimizes the time spread of the bunched ions. From here, the ions will 
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significant component of the TAMUTRAP research program; however, our trap design allows for 

this flexibility. Although most widely known for their precise mass measurements (Ref. [13] 

provides a recent broad overview of ion mass measurements and their applications), Penning 

traps have a variety of other uses in nuclear physics, other fields of physics and other areas of 

science, with examples including decay studies, electron capture branches, laser and X-ray 

spectroscopy of atomic ions, ݃-factor measurements, surface and collision studies and the 

production of anti-hydrogen. The flagship program for TAMUTRAP facility will utilize a Penning 

trap for decay studies of ߚ-delayed proton decays. A cylindrical Penning trap is a type of ion trap 

that has a very open geometry and is especially amenable to decay studies because there are no 

surfaces between the decay location and the particle detectors. Below we give an overview of the 

TAMUTRAP facility and how it fits in the T-REX upgrade to the Cyclotron Institute. 

 

b.1  Exotic ion beam production 

  The component of the T-REX upgrade that will provide the RIB to the TAMUTRAP 

facility is depicted in Fig. 1: the K150 88” cyclotron has been re-commissioned to produce high-

intensity stable beams which, upon impinging upon a production target, will produce radioactive 

ions via deep-inelastic reactions and fragmentation. The target will be placed at the entrance of a 

large-bore superconducting solenoid (“Big Sol”) with an on-axis beam blocker to act as a high-

efficiency first-stage separator. The heavy ions produced will be collected in a gas-catcher 

constructed in collaboration with Argonne National Laboratory and transported by means of a 

multi-RFQ to one of: an ECR charge-breeder for injection and re-acceleration in the K500; an 

ortho-TOF beam diagnostic; or up through the shielding blocks to the TAMUTRAP facility. 

Figure 1: Layout of the K150 cyclotron and heavy ion guide system. The high-intensity beam 
produced by the re-commissioned K150 cyclotron can be directed onto a production target in front of 
the Big Sol magnet, which will provide a coarse separation of the RIB. The heavy-ion guide system 
will catch the beam in a gas-catcher and then direct the 10 keV RIB either to a charge breeder for re-
acceleration by the K500, or up through the shielding blocks to the TAMUTRAP facility.  
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Automated Chemistry Development at Lawrence Livermore National Laboratory 

Although the work will not be funded under the current proposal, the efforts of the 

collaborators should be discussed briefly. The automated systems described above are necessary 

to maintain reproducibility over the course of an experiment which can last from weeks to 

months. Unfortunately, these systems can often generate a large amount of chemical waste and 

require several people to attend to their operation. Commercial analytical automated systems are 

usually more autonomous, but their footprint renders them too large for deployment at a heavy-

ion accelerator. In addition, their separation methods are often based on bulk sample sizes rather 

than a few atoms. A combination of these systems must be developed that combines the small 

sample sizes of current-generation automated chemistry systems with the independent operation 

of commercial units. To meet these goals, Dr. Moody is developing the Gas Liquid Interface for 

Transporting Transactinides to Automated Radiochemistry (GLITTAR). This device will 

automate and accelerate the dissolution process, the first step when performing liquid-phase 

experiments. In addition, Dr. Henderson is developing the SuperHeavy Element Liquid Apparatus 

(SHELA). A prototype is capable of performing a column ion exchange separation in 

approximately 1 min, and is shown in Fig. 4. This device features a footprint suitable for a fume 

hood, low chemical consumption rates, and fast extraction. It is completely automated, including 

the ability to pack its own columns, enhancing the reproducibility of the experiments. These 

devices will be brought to the CI at Texas A&M University for online experiments. These 

activities are funded by Laboratory Directed Research and Development funds at LLNL. 

 
Fig. 4. The SHELA device prototype (right) and its control software (left). 

Liquid-Phase Chemistry at the University of Nevada, Las Vegas 

Prof. Sudowe at UNLV is leading the development of liquid-phase chemical systems for 

the extraction of transactinide homologs. Some of the methods that have been evaluated for their 

potential in separating transactinides from their lighter homologs include ion exchange with anion 
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