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•  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!	
  



Job	
  Opening	
  at	
  FSU	
  



PhD	
  Research!	
  



	
  Heroes	
  



Isaac	
  Newton	
  
	
  (1642	
  –	
  1727)	
  

Good luck with 
your  lectures 
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:	
  (He	
  is	
  one	
  of	
  only	
  two	
  people	
  to	
  have	
  been	
  
awarded	
  a	
  Nobel	
  Prize	
  in	
  two	
  different	
  fields	
  (the	
  Chemistry	
  
and	
  Peace	
  prizes),	
  the	
  other	
  being	
  Marie	
  Curie	
  (the	
  Chemistry	
  
and	
  Physics	
  prizes))	
  
	
  
The	
  world	
  progresses,	
  year	
  by	
  year,	
  century	
  by	
  century,	
  as	
  the	
  
members	
  of	
  the	
  younger	
  generaNon	
  find	
  out	
  what	
  was	
  wrong	
  
among	
  the	
  	
  things	
  their	
  elders	
  said.	
  So	
  you	
  must	
  always	
  
remain	
  skepNcal	
  –	
  always	
  think	
  for	
  	
  yourself.	
  
	
  
	
  
	
  
	
  	
  



And	
  now	
  for	
  something	
  
completely	
  different	
  …….	
  

	
  
My	
  third	
  hero	
  at	
  your	
  age	
  ….	
  and	
  

any	
  age!	
  



Monty	
  Python!	
  



Understanding	
  our	
  Universe?	
  

	
  What	
  pieces	
  of	
  the	
  puzzle	
  are	
  we	
  missing?	
  

These	
  are	
  very	
  exci:ng	
  :mes	
  indeed!	
  



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



Nuclear	
  Physics:	
  Exploring	
  the	
  Heart	
  of	
  Majer	
  
	
  	
  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	
  maYer	
  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,	
  
naNonal	
  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 



Yes Mark, the past 100 years 
have been pretty special and the 
future looks exciting too! 
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	
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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).”	
  	
  



• 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	
  



Bob Schrieffer (BCS) plus “The 
Backbender”! … more of this later 

Dirac: Born and grew up in Bristol. He 
spent the last 14 years of his life at FSU. 

Nobel Professors at FSU. 



• Thus it is sufficiently complex to exhibit a variety of collective 
properties yet it is simple enough to display both single-particle 
properties and a single-particle basis of the collective properties. 

• Nuclei may exist in a variety of shapes: (prolate, oblate, triaxial, 
octupole etc.) Also neighbouring nuclei may exhibit quite 
different shapes. Indeed several shapes may co-exist in the same 
nucleus. 

• Thus structure and shape changes may occur as functions of Z, 
N, spin, excitation energy, temperature, configuration etc. 

 

 



• The recent past has seen a colossal advance in our 
knowledge and understanding of nuclear structure and 
nuclear shapes. 

• Much of the driving force from the experimental side has 
been through the development of sophisticated multi-
detector gamma-ray arrays coupled with heavy-ion 
accelerators. 

• There has been an intensive interplay between theory and 
experiment. 

• But there have been many unexpected discoveries many of 
which are not understood.  

• We are also finding that old paradigms, universal ideas, 
are not correct.  

• In these talks  I would like to tell you about some of this 
excitement. 





Periodic	
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  to	
  Nuclear	
  Chart	
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  1	
  
min	
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  Liddick	
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Increasing Angular Momentum and Excitation Energy:   An 
excellent way to investigate nuclear structure, especially to see what the 

intruder orbitals are doing. More on this later. 

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



Gamma-­‐Ray	
  
Detec:on	
  	
  Evolu:on	
  

AGATA 

NaI Ge(Li) 



γ-ray array development 

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





Real Energy Level Schemes and the Total γ-Ray Spectrum	



100’s & 100’s of γ 's 
Many open channels 
High Spins (60 h) 
High Excitations (30 
MeV)	





Nuclear properties from gamma 
ray studies 

<	
  Coincidence	
  relaNon	
  
	
  energy	
  level	
  structure	
  
<	
  Angular	
  distribuNon/correlaNon	
  	
  
	
  spin,	
  mulNpolarity	
  
<	
  Doppler	
  shif	
  	
  
	
  lifeNmes,	
  quadrupole	
  moments	
  
<	
  Linear	
  polarizaNon	
  	
  
	
  parity	
  	
  





Gamma-­‐Ray	
  basics	
  





HOMEWORK 
Explain this diagram!  
 

HOMEWORK 
How do gamma-
rays interact 
with matter? By 
which 
mechanisms? 



Radford 



Radford 



Compton Suppression – improving the peak to 
background ratio 



1968 

The First Escape Suppressed Spectrometer at Liverpool 

John Francis Sharpey-Schafer 



We must show you the 
Open University video from 
1979 at Liverpool! 



The first one TESSA 
 
Daresbury Study Weekend 1979 
Nuclei Far from Stability 
 
UK Denmark collaboration 
Niels Bohr Institute 1980-1982 
FN tandem 
 
5 Ge(Li), 5 NaI(Tl) suppression shields 
 
γ2 Factor of 8 improvement in ph. ph. 
Coincidences 
 
No channel selection 
 

TESSA1 
14 element multiplicity filter   
 

Arrays of Escape Suppressed Spectrometers 
 

γ2 Factor of 8 improvement in ph. ph. Coincidences 

TESSA0 The Escape Suppressed Spectrometer Array 

From here on … 
Lots of slides from John Simpson 



TESSA0 The Escape Suppressed Spectrometer Array 



Spectroscopy of nuclei near 158Er (since 1980) 

~1980 yrast states to spin ~30, naked Ge arrays 

~1980-1982 TESSA 
Escape suppressed array at NBI 

Several bands 
Side bands to spins in mid 20’s 
Band crossing systematics,  
blocking, pairing reduction 
Quasi-particle configurations 
Cranked shell model 

J.Simpson et al., J.Phys. G10 (1984) 383  



Multiple bands to spin I~40 
Prolate to oblate transition 
Systematics of second (πh11/2) alignments 
Evidence for superdeformation in 152Dy, Eγ1 vs. Eγ2 plots 
 

1983 TESSA  to Daresbury 
Heavier Ion beams 
6 ESS, 50 element inner BGO ball 

TESSA2 



~1987 

BGO replaces NaI(Tl) 
1cm ≅ 1 inch 
HERA (LBNL) 
21 ESS + BGO ball 
γ-γ-γ 

HOMEWORK – 
WHY BGO? 



TESSA3 



The first case of a high spin 
superdeformed band 



ESSA30 

European collaboration 
UK, Denmark, Germany, Italy, Greece 
 
30 ESS (British, German, Italian, Scandinavian) 
Daresbury 
April 1987 for 8 months 
 
Spokespersons: 
Ryde, Lisle, Lieder, Sletten, Butler, Nolan, Sharpey-Schafer,  
Kirwan, Wadsworth, Hubel, Durell, Lieb, Jones 





Large array of escape-suppressed spectrometers led to a  
revolution in gamma-ray spectroscopy 
 
~1990 
 
Many array world wide    
10-20 ESS 
TESSA, Nordball, Chateau de Cristal, HERA, ORIRIS, MIPAD, 8π, ANL,…. 
 
Efficiency ~ 0.5% - 1.5% 
 
Structure features ~1% of total nuclear intensity 

• Superdeformation 
• Shape Changes 
• Alignments 
• N=Z nuclei to Mo 
• Damping 
• Fission fragment spectroscopy 
• Pairing collapse 
• Octupole shapes 

 
Physics programme required a much more efficiency array with  
high resolving power to lower the intensity limit by orders of magnitude 



Increase the detection efficiency 
 
Use more Ge detectors 
 
Use large Ge detectors 70% - 80% 
 
Composite Ge detectors (Clovers, Clusters)  
 
GaSp, Legnaro, Italy 40 detectors 
 
Eurogam 1 Daresbury UK/France  45 detectors 
 
Euroball Strasbourg, Legnaro 
 
Gammasphere E.I. 30-100 detectors. LBNL ANL 

Courtesy of Ortec 15%-150% 



DETECTOR DEVELOPMENTS 

Increase photopeak efficiency from 5% to ~10% 
Increase granularity, increase resolving power 
Use composite Ge detectors 
Detector with more than 1 Ge crystal in the same cryostat 
 
Clover detector 
4 crystals per detector 
Eurogam II, Euroball 
 
 
 
 
Cluster detector 
7 crystals per detector 
encapsulated detectors 
 



Cluster detector 

Encapsulated Ge detector 

Hexagonal tapered crystals ~60 mm dia, ~ 70mm length 

Crystal sealed in an Al capsule 

Vacuum of crystal and cryostat decoupled 

Close packing 

Crystal never exposed 

Easy handling and repairs, annealing 
Intertechnique (EM), Univ Koln, KFA Julich 

J.Eberth et al., Prog. Part. Nucl. Phys 28 (1992) 495 



Euroball 

26 Clover Ge detectors 
4 crystals per cryostat 

15 Cluster Ge detectors 
7 encapsulated Ge crystals per cluster 

239 Ge crystals 
Suppression shields 
Total peak efficiency calculated to be 9.4% 
Intensity limit ~ 10-5 

European collaboration 
France, Denmark, Germany, Italy, Sweden and the UK 

INFN Legnaro Euroball III 
IReS Strasbourg Euroball IV 

  Inner ball 

30 Large single crystal  
Ge detectors 



Euroball III at Legnaro 



Segmentation of detectors 
 
Improve granularity (reduce Doppler broadening) 

Gammasphere Exogam Miniball 

2-fold segmentation 
Single crystal Ge detector 

4-fold segmentation 
Clover Ge detector 

6-fold segmentation 
Encapsulated Ge detector 



Euroball 
RISING, GSI 

Instrumentation in Europe 

CLARA, LNL 

JUROGAM, GREAT,  
SaGe, LISA, MARA, JYFL 

Radioactive beam spectroscopy 
  

Gamma-ray tracking projects 
MARS 
 TMR EU collaboration 
 

MINIBALL, RexIsolde, HIE-ISOLDE 
Segmentation 
Encapsulation 
Position 
determination from 
pulse shape analysis 

EXOGAM, SPIRAL, Ganil 

EGAN  
GAMMAPOOL 
Loan Pool IN2P3/STFC 



MINIBALL triple-clusters 
with 6 and 12 fold segmentation  

SeGA  (Segmented 
Germanium Array at NSCL) 
with 32-fold segmentation  

TIGRESS  (TRIUMF-ISAC 
Gamma-Ray Escape 
Suppressed Spectrometer) 
with 32 fold segmentation 
(8-fold segmented clovers) 

EXOGAM at GANIL 
with 4-fold segmented clovers 

Arrays for the present generation of RIBs 



The GAMMASPHERE Spectrometer at 
Berkeley National Laboratory 



GAMMASPHERE + Fragment Mass 
Analyzer at Argonne National Laboratory 



The GAMMASPHERE Collaboration 

~100 institutions, ~25 nations, >110 PhD’s! 



http://www.physics.fsu.edu/GS10Yr/introduction.htm 
 

 
 
MORE ABOUT Gammasphere 
 
 
Welcome to the Special Celebration: 
 
“Ten Years of Gammasphere and 
Beyond” 

Highlight Booklet available at:  
 
http://nucalf.physics.fsu.edu/~riley/gamma/ 
 
Webpages at ANL and LBNL 
Videos and photos 
 
HOMEWORK: Gammasphere is going through a major upgrade 
What is it? 



In all of this do not underestimate the importance of 
auxiliary detectors  

used in conjunction with the big Ge arrays …. 
  

They have and continue to play a vital and essential 
role. 

 
The UK is known for its genius in these 

developments too! 







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.  
 
 





End	
  Episode	
  1:	
  



Nucleonic	
  majer	
  

Witek 
Nazarewicz 



Level Schemes Contain Structural Information	


Single Particle Alignment	



Collective Rotation	



Deformed 
nucleus 

rotating about 
an axis 

perpendicular 
to the 

symmetry axis. 	



Excitation energy 
and angular 
momentum are 
generated by single 
particle excitations 
and continually 
changing 
configurations.	



What can we infer from the γ-ray spectra? 


