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Understanding	  our	  Universe?	  

	  What	  pieces	  of	  the	  puzzle	  are	  we	  missing?	  

These	  are	  very	  exci<ng	  <mes	  indeed!	  



Yes Mark, the past 100 years 
have been pretty special and the 
future looks exciting too! Good 
luck with your talk. Best,Ernest. 

“It seems reasonable to 
suppose that the deflexion 
through a large angle is due 
to a single atomic 
encounter…. the atom must 
be a seat of an intense 
electric field..” 

The Scattering of α and β 
Particles by Matter and the 
Structure of the Atom 
E. Rutherford, F.R.S.* 
Philosophical Magazine 
Series 6, vol. 21 
May 1911, p. 669-688 



Rutherford’s	  Lab	  in	  Manchester	  ~1910	  



Rutherford’s	  Lab	  in	  Manchester	  ~1911	  



Niels	  Bohr	  at	  Manchester	  

“While	  at	  Manchester	  
University,	  Bohr	  
adapted	  Rutherford's	  
nuclear	  structure	  to	  
Max	  Planck's	  quantum	  
theory	  and	  so	  obtained	  
a	  model	  of	  atomic	  
structure	  (1913).”	  	  



	  Heroes	  



Isaac	  Newton	  
	  (1642	  –	  1727)	  

 Good luck with 
your  talk  too 
Mark. 

Best wishes  

Isaac 



ALBERT	  EINSTEIN	  (1879	  –	  1955)	  



A	  Recent	  	  FSU	  Physics	  Open	  House	  





Einstein	  in	  his	  20’s	  ….	  YOUR	  AGE!	  
When	  he	  did	  all	  his	  best	  work!	  
And	  had	  his	  best	  haircut.	  	  



Linus	  Pauling:	  	  
Two	  Times	  Nobel	  Prize	  Winner	  

(Chemistry	  and	  Peace)	  

•  The	  world	  progresses,	  year	  by	  year,	  century	  by	  
century,	  as	  the	  members	  of	  the	  younger	  genera[on	  
find	  out	  what	  was	  wrong	  among	  the	  things	  their	  
elders	  said.	  So	  you	  must	  always	  remain	  skep[cal	  –	  
always	  think	  for	  yourself.	  



And	  now	  for	  something	  
completely	  different	  …….	  

My	  third	  hero	  at	  college	  



Monty	  Python!	  



Music	  heroes	  too!	  



Nuclear	  Physics:	  The	  Core	  of	  Ma]er,	  The	  
Fuel	  of	  Stars.	  (NRC	  “Schiffer”	  Report)	  



Nuclear	  Physics:	  Exploring	  the	  Heart	  of	  Ma]er	  
	  	  June	  2012	  

•  Nuclear	  physics	  today	  is	  a	  diverse	  field,	  encompassing	  research	  that	  
spans	  dimensions	  from	  a	  <ny	  frac<on	  of	  the	  volume	  of	  neutrons	  and	  
protons	  to	  the	  enormous	  scales	  of	  astrophysical	  objects	  in	  the	  cosmos.	  
As	  described	  in	  this	  decadal	  survey	  from	  the	  Na<onal	  Research	  Council	  
(NRC)	  of	  the	  Na<onal	  Academies,	  nuclear	  science	  is	  a	  thriving	  
enterprise;	  its	  accomplishments	  and	  major	  discoveries	  since	  the	  last	  
decadal	  survey	  are	  causing	  a	  revision	  of	  our	  view	  of	  the	  cosmos,	  its	  
beginnings,	  and	  the	  structure	  of	  maaer	  within	  it.	  Further,	  the	  report	  
describes	  how	  its	  techniques	  and	  instruments	  are	  being	  used	  to	  
address	  major	  societal	  issues	  in	  a	  number	  of	  areas,	  including	  medicine,	  
na[onal	  security,	  energy	  technology,	  and	  climate	  research.	  The	  survey	  
concludes	  by	  presen<ng	  a	  global	  context	  for	  the	  field	  and	  proposing	  a	  
framework	  for	  progress	  though	  2020	  and	  beyond.	  

http://www.nap.edu/catalog.php?record_id=13438 



Nucleonic	  ma]er	  



• In 1937 Bohr and Kalckar proposed that we could learn about 
the structure of nuclei by detecting  their gamma-ray emissions.  

• The picture of the atomic nucleus that has emerged since this 
pioneering suggestion is extremely rich, displaying a wealth of 
static and dynamical facets. It continues to amaze and fascinate! 

• The number of nucleons is sufficient in this strongly interacting 
multi-fermion system (<300) to allow correlations but yet finite. 

Bohr 
Atom 



The	  Niels	  Bohr	  Ins<tute	  in	  Copenhagen	  



The	  Niels	  Bohr	  Ins<tute	  in	  Copenhagen	  



Paul	  Dirac	  at	  Cambridge	  and	  FSU	  



Bob Schrieffer and 
yours truly plus 
“The Backbender”! 
… more of this later 





Periodic	  Table	  to	  Nuclear	  Chart	  in	  1	  min	  
Sean	  Liddick	  (MSU)	  



Periodic	  Table	  to	  Nuclear	  Chart	  in	  1	  
min	  

Sean	  Liddick	  (MSU)	  



Atom:	  	  
electron	  shells	  

Nucleus:	  
proton/neutron	  shells	  

magic	  nuclei	  
(closed	  shells)	  

Krypton	  Atom	  

noble	  gases	  
(closed	  shells)	  



Shell Structure 
Atomic Nuclear 

Electrons 

Nucleons 

We still have a long 
way to go before we 
can say we understand 
the nucleus. It is a wild 
and mysterious place!  



Increasing Angular Momentum and Excitation Energy:   An 
excellent way to investigate nuclear structure, especially to see what the 

intruder orbitals are doing. 

We want to know where are the limits 
and what happens on the way?  



Deforma<on	  Systema<cs	  

Theory	  

Doubly	  Magic:	  Spherical	  

Midshell:	  Deformed	  

Prolate (US football) 

Oblate (Door knob) 



Rota<on	  can	  reveal	  informa<on	  about	  
the	  internal	  structure!	  

•  Hard	  boiled	  and	  soj	  boiled	  egg	  experiment.	  



Spinning	  things	  is	  fun!	  



Rotations in the Universe 
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- Need to catch as many of 
the γ rays in each cascade 
as possible. 

- Need efficient detector 
systems! 



- In nuclear reactions, eg, 
fusion evaporation, when we 
create our hot, excited, 
rapidly rotating nuclei we 
need to catch as many of 
the γ rays emitted in each 
cascade or flash as 
possible. 

- Need efficient detector 
systems! 



Gamma-‐Ray	  
Detec<on	  	  Evolu<on	  

AGATA 

NaI Ge(Li) 



Gammasphere:	  	  
The	  most	  powerful	  

Gamma-‐Ray	  Spectrometer	  
for	  nuclear	  structure	  studies	  	  

in	  the	  world!	  







The GAMMASPHERE Collaboration 

~100 institutions, ~25 nations 



•  SNICS and Polarized Li Sources 
•  9 MV Tandem Van De Graff 
•  12 resonator LINAC 
•  RESOLUT Radioactive Beam Upgrade! 
•  20 Element HPGe γ Ray Detector Array  

Experimental	  Nuclear	  Facili<es	  	  

John	  D	  Fox	  Superconduc<ng	  Accelerator	  Laboratory	  	  

γ ray Array 

LINAC 

Tandem 

Resolut 





Rob	  Laird	  at	  the	  start	  



Rob	  upon	  gradua<on!	  



Skills learnt at FSU in high demand.  

Many go into careers at Nat. Labs 



Daniel Archer, R&D 100 Winner 
in 2005, seen here with the 
Secretary of Homeland 
Security, Tom Ridge, and the 
National Press describing the 
ARAM radiation detector system 
which he developed and is now 
in production and in use at 
airports, seaports and border 
crossings. 

In Fall 2010 I invited Dan back to 
speak to the new crop of students. 
Here he is back in the Gamma Cave 
encouraging the students to work 
hard and finish their PhD studies 
because the country needs their 
expertise and there are jobs out 
there!  



Backbending	  









Show video 



Evolu<on	  of	  Gamma-‐Ray	  Spectroscopy	  
and	  158Er	  	  

(Nat.	  Acad.	  Sci.	  Decadal	  Report	  June	  2012,	  p	  49	  	  
Nuclear	  Physics:	  The	  Heart	  of	  Ma]er)	  

•  New	  Detector	  Systems	  =	  New	  Physics	  



“The	  Fascina<ng	  Nuclear	  Structure	  
World	  of	  Erbium-‐158”	  

Wang,	  Riley,	  Simpson	  and	  Paul	  
“”If	  the	  theore<cal	  spin	  
assignments	  turn	  out	  
to	  be	  correct,	  the	  
experimental	  band	  1	  in	  
158Er	  would	  be	  the	  
highest	  spin	  structure	  
ever	  observed.”	  
Afanasjev,	  Shi,	  
Nazarewicz,	  PRC	  86,	  
031304®	  (2012)	  





The	  Future	  	  



Evolution of γ-ray detector 
technology 

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



Compare GRETA with Gammasphere 

Efficiency (1 MeV)    8%    55% 
Efficiency (15 MeV)  0.5%    12% 
Peak/Total (1 MeV)  55%    85% 
Position resolution   20mm   

 1 mm 





2007 Long Range plan 

Gamma-Ray Tracking 

…….the	  construc[on	  of	  GRETA	  should	  
begin	  upon	  successful	  comple[on	  of	  
GRETINA.	  This	  gamma-‐ray	  energy	  
tracking	  array	  will	  enable	  full	  
exploita[on	  of	  compelling	  science	  
opportuni[es	  in	  nuclear	  structure,	  
nuclear	  astrophysics,	  and	  weak	  
interac[ons.	  



The	  First	  Detector	  for	  GRETINA	  
($1M!)	  



LAWRENCE BERKELEY NATIONAL LAB - 
2011 



GRETINA to GRETA for FRIB 

CAD model 

It has been called  
“A jewel in the crown of 
FRIB” 
Tim Hallman, Aug 2011:  
“The importance of GRETA 
in the out years is 
understood and is part of 
DOE planning.” 



FRIB	  +	  GRETA	  
The	  Revolu<on	  in	  Nuclear	  Physics	  

Con<nues!	  



The	  Future:	  A	  New	  Accelerator	  in	  
the	  USA.	  It	  will	  be	  the	  Best	  in	  the	  

World	  for	  Nuclear	  Structure	  
Physics!	  

•  And	  Detectors	  ma]er	  too!	  

•  GREAT:	  the	  World’s	  most	  powerful	  Gamma-‐
Ray	  Detector!	  	  



•  Funded	  by	  DOE	  Office	  of	  Science	  
Office	  of	  Nuclear	  Physics	  +	  
Michigan	  State	  University,	  
$730M.	  	  

•  T.	  Glasmacher,	  Project	  Director,	  
ex-‐FSU	  (Dr.	  Co]le).	  

•  Comple<on	  date	  2022.	  

•  Key	  Feature	  is	  400kW	  beam	  
power	  (5	  x1013	  238U/s)	  

•  Separa<on	  of	  isotopes	  	  
in-‐flight	  

–  Fast	  development	  <me	  
for	  any	  isotope	  

–  Suited	  for	  all	  elements	  
and	  short	  half-‐lives	  

–  Fast,	  stopped,	  and	  
reaccelerated	  beams	  

Studying	  the	  Origin	  of	  the	  Elements:	  
Facility	  for	  Rare	  Isotope	  Beams,	  FRIB	  

FRIB August 2013 





Facility	  for	  Rare	  Isotope	  Beams,	  FRIB	  



Thomas	  at	  FSU	  20	  years	  ago!	  



A	  few	  final	  quotes	  

Linus	  Pauling	  
“Sa<sfac<on	  of	  one's	  curiosity	  is	  one	  of	  the	  
greatest	  sources	  of	  happiness	  in	  life.”	  

Albert	  Einstein	  

“The	  important	  thing	  is	  not	  to	  stop	  ques<oning.”	  



A	  few	  final	  quotes	  

Linus	  Pauling	  
“Sa<sfac<on	  of	  one's	  curiosity	  is	  one	  of	  the	  
greatest	  sources	  of	  happiness	  in	  life.”	  

Albert	  Einstein	  

“The	  important	  thing	  is	  not	  to	  stop	  ques<oning.”	  

Monty	  Python	  

“Always	  look	  on	  the	  bright	  side	  of	  life”	  



Show	  Michael	  Turner	  video	  



Our	  best	  chance	  to	  understand	  our	  
Universe	  be]er	  is	  you!	  


