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Community	  (User)	  Mee1ng	  	  (Aug.	  23-‐24)	  

•  FRIB/NSCL	  Status	  and	  Overview	  –	  Georg	  Bollen/Daniela	  Leitner	  
•  ATLAS	  Status	  and	  Overview	  –	  Guy	  Savard	  
•  Agency	  Comments	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Brad	  Keister	  -‐	  NSF	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Tim	  Hallman	  –	  DOE	  
	  
14	  Working	  Groups	  

Super-‐heavy	  Elements,	  Theory,	  Precision	  Measurements,	  High	  Rigidity	  Spectrograph,	  
Astrophysics	  and	  Astrophysics	  Equipment,	  In-‐Flight	  Gamma-‐ray	  DetecCon,	  Neutron	  
Detectors,	  HELIOS,	  Recoil	  Separator,	  Decay	  Spectroscopy,	  EOS,	  Data	  AcquisiCon,	  ApplicaCons	  

A	  great	  place	  to	  start	  to	  get	  	  
	  –	  facility	  descrip1ons	  and	  status	  
	  –	  instrumenta1on	  ini1a1ves	  and	  projects	  
	  –	  who	  to	  contact	  

	  
hSp://mee1ngs.nscl.msu.edu/CommunityMee1ng2013/program.htm	  
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Outline	  

•  Context 

•  Science 

•  Major Facilities 

•  Advanced Instruments 
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Low	  Energy	  Nuclear	  Physics	  

•  Refers	  to	  the	  energy	  scale	  of	  the	  science	  	  
-‐	  of	  order	  few	  MeV	  (nuclear	  binding	  scale)	  

•  Encompasses	  the	  physics	  governing	  nuclear	  
decays	  and	  how	  they	  combine	  to	  create	  
elements.	  

•  It	  is	  where	  our	  field	  most	  directly	  impacts	  
and	  touches	  our	  lives	  (energy,	  medicine,	  
security)	  

•  Provides	  a	  unique	  way	  to	  study	  fundamental	  
proper1es	  of	  our	  universe	  (e.g.	  neutrinos)	  
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Context	  	  

much	  acCvity,	  exciCng	  Cme…	  

• 	  New	  facili1es	  to	  create	  and	  accelerate	  beams	  of	  exo1c,	  
radioac1ve	  ions	  are	  under	  construc1on	  in	  the	  US	  (FRIB	  at	  
Michigan	  State	  University)	  and	  word-‐wide.	  

• 	  New	  innova1ve	  instruments	  are	  being	  developed	  (e.g.	  
gamma-‐ray	  tracking	  arrays).	  

• 	  A	  new	  genera1on	  of	  measurements	  in	  heavy	  element	  
science	  is	  underway.	  

• 	  Pursuing	  ultra-‐sensi1ve	  measurements	  for	  neutrino	  science.	  
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Title	   Slide	  
T.	  Hallman	  
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The	  “FRIB	  Era”	  

Major	  new	  facility	  for	  low	  energy	  nuclear	  science	  in	  the	  US.	  	  
August	  2013,	  CD-‐2/CD-‐3a	  approval	  
	  
Sets	  the	  context:	  

-‐ 	  Science	  (weakly-‐bound	  exo1c	  nuclei,	  nuclear	  astrophysics)	  
-‐ 	  Priori1es	  for	  our	  field	  (current	  number	  1	  for	  new	  construc1on)	  
-‐ 	  Timeframe(s)	  
	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  

	  
	  
Rare	  Isotope	  Beams	  are	  part	  of	  a	  major	  world-‐wide	  effort:	  	  RIKEN(RIBF),	  
TRIUMF(ISAC),	  GANIL(SPIRAL),	  GSI(FAIR),	  CERN(ISOLDE)	  …	  others	  planned.	  

2014	   2022	   2022+	  

Start	  construc1on	   FRIB	  CD4	  
(early	  date	  2020)	  

Science	  
(upgrades)	  
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Rare	  Isotope	  Facili1es	  –	  World	  View	  

Black – production in target 
Magenta – in-flight production 

Brad Sherrill 

circa	  2010	  
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Pushing	  the	  Limits	  

Chart	  of	  Nuclei	  

Number	  of	  neutrons	  

N
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Domain	  of	  Rare	  	  
Isotope	  Beams	  

Domain	  of	  	  
Stable	  Beams	  

88-‐Inch	  Cyclotron	  
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Enabling	  New	  Discoveries	  	  

FRIB	  will	  increase	  the	  
number	  of	  isotopes	  with	  
known	  properGes	  from	  
~2,000	  observed	  over	  the	  
last	  century	  to	  ~5,000	  



NSAC Subcommittee, Sept 8, 2012 

New	  detectors	  are	  being	  discussed	  to	  op1mally	  exploit	  FRIB	  

GRETINA	  (used	  at	  NSCL/ANL)	  
 
 
GRETA	  4π	  array	  for	  FRIB	  

Other	  Instruments	  

Slide	  by	  David	  Dean	  

	  
	  
	  
Advanced	  Instruments	  Op1mize	  Science	  Reach	  
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The	  Facili1es	  in	  more	  detail	  
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Low	  Energy	  Nuclear	  Physics	  Facili1es	  	  

DOE	  NaGonal	  User	  FaciliGes	  
•  Argonne	  Tandem-‐Linac	  Accelerator	  System	  (ATLAS)	  	  	  
	  	  	  	  	  	  	  (hSp://www.phy.anl.gov/atlas/facility)	  

–	  High	  intensity	  stable	  beams	  
–	  Limited	  radioac1ve	  beam	  program	  with	  stopped,	  	  
	  	  	  	  re-‐accelerated	  and	  in-‐flight	  beams	  
	  
	  

•  Facility	  for	  Radioac1ve	  Ion	  Beams	  (FRIB)	  	  
–	  being	  constructed	  at	  MSU	  
–	  Fast	  radioac1ve	  beams	  produced	  by	  fragmenta1on	  and	  	  
	  	  	  	  in-‐flight	  fission	  
–	  Stopped	  beams	  
–	  Re-‐accelerated	  beams	  at	  near	  Coulomb	  barrier	  energies	  

	  
	  
NSF	  User	  Facility	  
•  Na1onal	  Superconduc1ng	  Cyclotron	  at	  MSU	  (hSp://nscl.msu.edu)	  	  

–	  Fast	  radioac1ve	  beams	  produced	  by	  fragmenta1on	  	  
(re-‐accelerated	  beams	  coming	  online)	  
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Low	  Energy	  Nuclear	  Physics	  Facili1es	  	  

	  
Other	  DOE	  faciliGes	  (local	  use)	  

•  LBNL	  88-‐Inch	  Cyclotron	  (hSp://cyclotron.lbl.gov)	  	  
–	  Basic	  and	  applied	  research	  w.	  stable	  beams	  
	  

•  Texas	  A&M	  Cyclotron	  Ins1tute	  (hSp://cyclotron.tamu.edu)	  
–	  Nuclear	  physics	  research	  with	  stable	  and	  radioac1ve	  re-‐accelerated	  beams	  
	  

•  Triangle-‐Universi1es	  Nuclear	  Laboratory	  (TUNL)	  (hSp://www.tunl.duke.edu)	  
–	  High	  Intensity	  Gamma	  Source	  (HIGS)	  
–	  Laboratory	  for	  Experimental	  Nuclear	  Astrophysics	  
–	  Tandem	  Van	  de	  Graaff	  accelerator	  -‐	  neutrons	  
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The	  ATLAS	  Facility	  
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ATLAS	  Beams	  (2012)	  
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ATLAS	  layout	  with	  ongoing	  and	  planned	  upgrades	  	  
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Neutron-‐rich	  beam	  source	  for	  ATLAS:	  CARIBU	  
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ATLAS	  In-‐flight	  radioac1ve	  beam	  produc1on	  (AIRIS)	  	  
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Radioac1ve	  beams	  from	  CARIBU	  and	  AIRIS	  	  
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FRIB	  -‐	  Facility	  for	  Rare	  Isotope	  Beams	  	  



	  
	  
	  

	  
	  
	  

23 

FRIB	  Science	  	  
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FRIB	  Major	  Systems	  	  
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FRIB	  Accelerator	  Systems:	  SRF	  Driver	  Linac	  	  
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FRIB	  Experimental	  Systems:	  FRIB	  Rare	  Isotope	  Produc1on	  	  
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FRIB	  Timeline	  
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The	  Instruments	  
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ATLAS	  Instrumenta1on	  
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Advanced	  Instrumenta1on	  –	  an	  example	  

The	  calculated	  resolving	  power	  is	  a	  measure	  of	  the	  ability	  to	  observe	  
	  faint	  emissions	  from	  rare	  and	  exo1c	  nuclear	  states.	  	  
 

“Effec1ve”	  Energy	  resolu1on	  (δE),	  	  
	  Efficiency	  (ε), Peak-‐to-‐Total	  (P/T)	  
	  plus	  auxiliary	  devices	  

Ingredients: 

Gamma-‐ray	  Spectroscopy	  has	  played	  a	  major	  role	  in	  our	  
current	  understanding	  of	  the	  structure	  of	  atomic	  nuclei.	  	  	  
	  
It	  will	   con1nue	   to	   be	   a	   unique	   tool	   in	   the	   experimental	  
studies	  of	  the	  nuclear	  structure	  as	  we	  push	  the	  limits	  of	  	  A	  
(size),	  (N-‐Z)	  (Isospin),	  I	  (rota1onal	  frequency),	  	  
and	  E*	  (Temperature)	  

Resolving 
power 



Pulse shape analysis in segments  
 3D position of interaction points 

Tracking of photon interaction points  
          energy and position of γ-ray 

Towards the “Ultimate” Ge Array 



  The Gamma-ray Tracking Array GRETINA 	

One of the most advanced gamma-ray detector array for nuclear science – 
uses highly segmented detectors to track and reconstruct gamma-rays.	

	

First campaign successfully completed at Michigan State University	

	

Over 3000 hrs of beam-time and 200 users in the first year	

	

Broad experimental program 	

in nuclear structure and 	

nuclear astrophysics	


GRETA, the full 4π array, will be a major 
instrument at the Facility for Rare Isotope 
Beams (FRIB) under construction at MSU	
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Fig.	  from	  arXiv:0708.1033	  

n⇒ p + e− + νe νe + n⇒ p + e−

Sept.	  2012	  
Valencia	  -‐	  EllioS	   33	  

Majorana – search for 76Ge 0ν2β decay 
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The	  	  Majorana	  Demonstrator	  	  

•  Located	  underground	  at	  4850’	  Sanford	  Underground	  Research	  Facility	  
•  Background	  Goal	  in	  the	  0νββ	  peak	  region	  of	  interest	  (4	  keV	  at	  2039	  keV)	  	  	  
	  	  	  	  3	  counts/ROI/t/y	  (aper	  analysis	  cuts)	  
	  	  	  	  scales	  to	  1	  count/ROI/t/y	  for	  a	  tonne	  experiment	  

•  40-‐kg	  of	  Ge	  detectors	  
– 30	  kg	  of	  86%	  enriched	  76Ge	  crystals	  
– 10	  kg	  of	  natGe	  
– Detector	  Technology:	  P-‐type,	  point-‐contact.	  

•  2	  independent	  cryostats	  
– ultra-‐clean,	  electroformed	  Cu	  
– 20	  kg	  of	  detectors	  per	  cryostat	  
– naturally	  scalable	  

•  Compact	  Shield	  
– low-‐background	  passive	  Cu	  and	  Pb	  
shield	  with	  ac1ve	  muon	  veto	  

Funded	  by	  DOE	  Office	  of	  Nuclear	  Physics	  and	  NSF	  Par1cle	  Astrophysics,	  	  
with	  addi1onal	  contribu1ons	  from	  interna1onal	  collaborators.	  

Goals:	  	  	  -‐	  Demonstrate	  backgrounds	  low	  enough	  to	  jus1fy	  building	  a	  tonne	  scale	  experiment.	  
-‐	  Establish	  feasibility	  to	  construct	  &	  field	  modular	  arrays	  of	  Ge	  detectors.	  
-‐	  Test	  Klapdor-‐Kleingrothaus	  claim.	  
-‐	  Searches	  for	  addi1onal	  physics	  beyond	  the	  standard	  model.	  
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Slide	  
T.	  Hallman	  Next	  Genera1on	  0νββ	  Experiment	  
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SBIR/STTR	  Program	  is	  relevant	  to	  our	  science	  

Many	  examples	  of	  SBIR	  projects	  that	  have	  direct	  relevance	  to	  the	  LE	  program	  
-‐  Several	  discussed	  here	  
-‐  From	  personal	  interest	  :	  gamma-‐ray	  tracking	  (GRETINA),	  Majorana.	  
-‐  FRIB	  related	  developments	  

Research	  community	  welcomes	  collabora1on	  
	  
Con1nued	  opportuni1es	  and	  needs	  
	  
One	  thought	  
high	  rate	  and	  data	  throughput	  capabili1es:	  from	  intense	  beams	  AND	  the	  
desire/need	  to	  collect	  “full”	  	  data	  informa1on	  (digital	  data	  streaming	  mode	  –	  
“rate	  independent”)	  
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