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Abstract	
  
•  The	
  5th	
  Workshop	
  on	
  Level	
  Density	
  and	
  Gamma	
  Strength	
  was	
  held	
  at	
  the	
  

University	
  of	
  Oslo,	
  May	
  18-­‐22	
  2015	
  
•  AMended	
  by	
  over	
  60	
  leading	
  scien2sts	
  in	
  the	
  field	
  from	
  ~30	
  ins2tutes	
  in	
  

~15	
  countries	
  

•  The	
  scien2fic	
  program	
  included	
  talks,	
  and	
  poster	
  
presenta2ons,	
  covering	
  the	
  following	
  topics:	
  

–  Nuclear	
  level	
  density	
  
–  Gamma-­‐ray	
  strength	
  func2on	
  
–  Phase	
  transi2ons	
  in	
  mesoscopic	
  systems	
  
–  Applica2ons	
  in	
  astrophysics	
  and	
  reactor	
  physics	
  
–  Other	
  related	
  topics	
  

•  As	
  in	
  previous	
  Oslo	
  Workshops	
  (2007,	
  2009,	
  2011,	
  2013),	
  the	
  program	
  
allowed	
  for	
  ample	
  2me	
  for	
  discussions	
  



Introduc2on	
  



 Characteristic Response of an Atomic Nucleus to EM 
Radiation 

Scissors mode 
Two-phonon 
excitation 

Pygmy-quadrupole 
resonance 

Pygmy-dipole 
resonance 

Spin-flip M1         

Giant M1 
resonance Giant Dipole Resonance 

 
 

E1  (GDR) 

21
+ 31

- 

E (MeV) 

Theoretical prediction of Pygmy Quadrupole Resonance: N. Tsoneva, H. Lenske, Phys. Lett. B 695 (2011) 174. 



	
  	
  -­‐	
  	
  low	
  excita2on	
  energy	
  (up	
  to	
  2	
  MeV):	
  
	
  	
  	
  	
  	
  	
  individual	
  levels	
  within	
  +-­‐	
  500	
  keV	
  (typical	
  for	
  single	
  par2cle	
  poten2als)	
  
	
  	
  	
  	
  	
  	
  fine	
  agreement	
  when	
  averaging	
  over	
  3	
  nuclei	
  
	
  	
  	
  	
  	
  	
  pairing	
  influence	
  well	
  reproduced	
  	
  e-­‐e	
  versus	
  o-­‐o	
  
	
  	
  	
  	
  	
  	
  	
  odd-­‐even	
  staggering	
  in	
  deformed	
  nuclei	
  well	
  explained:	
  r	
  –	
  symmetry	
  of	
  poten2al	
  

	
  -­‐	
  	
  intermediate	
  excita2on	
  energy	
  (2-­‐4	
  MeV)	
  transfer	
  resonance	
  data	
  
	
  	
  	
  	
  	
  start	
  to	
  fall	
  behind	
  data	
  –	
  factor	
  1.5	
  to	
  2	
  
-­‐  at	
  neutron	
  separa2on	
  energy	
  (6-­‐7	
  MeV)	
  
	
  	
  	
  	
  	
  factor	
  increases	
  –	
  factor	
  of	
  about	
  4	
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 Comparison	
  of	
  combinatorial	
  level	
  density	
  versus	
  data	
  on	
  	
  
counted	
  level	
  densiGes:	
  

Odd-even staggering of level density  
as function of angular momentum  

Summed rho(E,I) – 
three odd-odd 

Theory	
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THE THEORETICAL MODEL 

N.	
  Tsoneva,	
  H.	
  Lenske,	
  Ch.	
  Stoyanov,	
  Phys.	
  LeM.	
  B	
  586	
  (2004)	
  213	
  
N.	
  Tsoneva,	
  H.	
  Lenske,	
  Phys.	
  Rev.	
  C	
  77	
  (2008)	
  024321	
  

MF resHH H= +

MF sp pairH H H= + ph ph pp
res M SM MH H H H= + +

Nuclear Ground State 
 
Single-Particle States 
Phenomenological density 
functional approach based on a 
fully microscopic self-consistent 
Skyrme Hartree-Fock-Bogoljubov 
(HFB) theory 
 
Pairing and Quasiparticle 
States 
  

Excited states 
deformations, vibrations, rotations 
 

HM
ph  - multipole interaction in the  

       particle-hole channel; 
HSM

ph - spin-multipole interaction in the  
      particle-hole channel; 
HM

pp - multipole interaction in the  
      particle-particle channel 
 

 

	
  	
  	
  	
  	
  	
  	
  Quasiparticle-Phonon Model: V. G. Soloviev: Theory of Atomic Nuclei: Quasiparticles  and  Phonons (Bristol,	
  
1992)	
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N.Tsoneva, OSLO15 



 

Proton capture cross section of the 89 Y(p,γ)90Zr calculated with TALYS using 
EDF+QRPA, HFB+QRPA and three-phonon QPM strength functions.  

N.Tsoneva, OSLO15 

<	
  10%	
  increase	
  

N.	
  Tsoneva,	
  S.	
  Goriely,	
  H.	
  Lenske,	
  R.Schwengner,	
  PRC	
  91,	
  044318	
  (2015).	
  

•  A new theoretical method based on Density Functional Theory and 
Quasiparticle-Phonon Model is developed. 

 

      Presently, this is the only existing method allowing for sufficiently large 
configuration space such that a unified description of low-energy single-particle, 
multiple-phonon states and the giant resonances is feasible. 



Methods	
  I	
  (Reac2ons)	
  
•  N,	
  gamma	
  



Beta-­‐Oslo	
  
Method	
  

Methods	
  I	
  (Reac2ons)	
  



Methods	
  I	
  (Reac2ons)	
  

•  N,	
  g	
  surrogate	
  -­‐>	
  d,p	
  



Methods	
  II	
  (Data	
  Analysis)	
  

Oslo	
  Method	
  





	
  	
  	
  	
  	
  Ra2o	
  Method	
  





Apparatus	
  



V. Derya, University of Cologne, AG Zilges Recent results on the PDR and the two-phonon 1- state 

NRF measurements at HIγS 

HIγS = High Intensity γ-Ray Source 
 

linearly polarized, 
mono-energetic γ beam 
 
 
 
 
 
 
 
     
Selective excitation: 
§  Spin J=1 
§  Energy Ex 

Electron beam 

FEL 

 γ beam Target 
and 

Detectors 

Decays to:  
§  Ground state 
§  Excited states 

γ-ray detection with the 
γ3 setup 

H
Iγ

S
 

H. Weller et al., PPNP 62 (2009) 257 



S.G.	
  Pickstone,	
  AG	
  Zilges,	
  	
  University	
  of	
  Cologne	
   Decay	
  behaviour	
  of	
  1-­‐	
  states	
  in	
  92,94Mo	
  observed	
  with	
  SONIC@HORUS	
  

SONIC	
  
–  Up	
  to	
  8	
  detector	
  positions	
  

•  ΔE-­‐E	
  or	
  single	
  PIPS	
  
–  4	
  angles	
  relative	
  to	
  beam	
  

•  60°,	
  90°,	
  120°,	
  130°	
  
–  Solid	
  angle	
  coverage:	
  

	
  Up	
  to	
  4%	
  
–  Typical	
  energy	
  resolution	
  

	
  ~70	
  keV	
  in-­‐beam	
  

Experimental	
  setup	
  

HORUS	
  
–  14	
  HPGe	
  detectors	
  

•  Up	
  to	
  6	
  BGO	
  shields	
  
–  5	
  angles	
  relative	
  to	
  beam	
  
–  Photopeak	
  efXiciency:	
   	
  	
  

	
  ~2%	
  @1332	
  keV	
  
–  Energy	
  resolution:	
  

	
  ~2	
  keV@1332	
  keV	
  





	
  
	
  
	
  
	
  



The research infrastructure of BNC 
Budapest Neutron Centre (1993) 

NAA 

•  Nuclear analytical and imaging tools of MTA EK 
–  Prompt-gamma Activation Analysis (PGAA) (mm) 
–  PGAI-NORMA elemental and structural imaging ( 2 mm, 200  µm) 
–  Neutron-, gamma- and X-ray radiography (RAD) ( 100 µm) 
–  Neutron Activation Analysis (NAA) 
–  Mössbauer spectroscopy (chemical environment) 

•  Material microstructure tools of Wigner FK (not all listed) 
–  Neutron powder diffractometer (PSD, MTES ) (∼ 0.1 nm, 1Å) 
–  Small angle scattering (SANS, FSANS)  (1-150 nm ) 
–  Reflectometer (REF and GINA) ( nm surface structure) 
–  TOF diffractometer (TOF) (nm lattice distance) 
–  Triple Axis Spectrometer (Athos, TAST) (inelastic scattering) 

Macroscopic 
structure, 

composition 

Microscopic 
structure 



Photoneutron	
  reac8on	
  studies	
  at	
  Extreme	
  Light	
  Infrastructure	
  –	
  Nuclear	
  Physics	
  
5th	
  Workshop	
  on	
  Nuclear	
  Level	
  Density	
  and	
  Gamma	
  Strength,	
  Oslo	
  May	
  18-­‐22	
  2015	
  

HPLS	
  

GB
S	
  Laboratories	
  

Ex
pe

rim
en

ta
l	
  	
  

ca
ve
s	
  

±1 µm @ < 10 Hz	
  

anti-vibration slab


ELI-­‐NP	
  –	
  Laser	
  and	
  Gamma	
  Beam	
  systems	
  

Laser	
  beam	
  system:	
  
•  2	
  HPLS	
  up	
  to	
  10	
  PW	
  –	
  6	
  output	
  lines	
  
2	
  	
  x	
  	
  	
  0.1	
  PW	
  
	
  2	
  	
  x	
  	
  	
  1	
  	
  	
  	
  PW	
  	
  
2	
  	
  x	
  10	
  	
  	
  	
  PW	
  
Gamma	
  beam	
  system	
  
•  High	
  intensity	
  
•  High	
  energy	
  resolu2on	
  
	
  
Experiments	
  with:	
  
	
  
-­‐  High	
  power	
  laser	
  beams	
  
-­‐  Gamma	
  ray	
  beams	
  
-­‐  Laser	
  +	
  gamma	
  ray	
  beams	
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Ø 	
  Focused	
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  of	
  fast	
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  0.5	
  

	
   	
   	
   	
   	
  	
  and	
  4	
  MeV	
  

γ	
  

γ	
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Results	
  



GAMMA STRENGTH FUNCTION OF 64Ni 

 

u  At 9.3 MeV :  

àIf  it is of  E1 character, it could be a pygmy mode: 

•  Often described as a neutron skin oscillation vs 
N≅ Z core. 

•  Seen in 68Ni at 9.5 MeV. 

àIf  it is of  M1 character: possible spin-flip resonance. 

à  Fitted to a Standard Lorentian (SLO). 

u  Below 3 MeV:  Data suggest a low-energy 
enhancement or upbend! (seen in 60Ni, 
suggested by the 59Ni data). 
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L. Netterdon, IKP, Univ. of Cologne, AG Zilges L. Netterdon, IKP, Univ. of Cologne, AG Zilges γ-ray strength in 90Zr constrained by partial cross sections of 89Y(p,γ)90Zr 

89Y(p,γ) – Total cross-section 

§  excellent agreement of experimental data with previous measurements 
§  using adjusted γ-strength also reproduces total cross section 

90Zr – γ-ray strength 
function 

§  location and strength of PDR is consistent 
§  where do deviations come from? 

→  γ-branching ratios, dependence on 
nuclear temperature? 

R. Schwengner et al., Phys. Rev. C 78 
(2008) 064314 
P. Axel et al., Phys. Rev. C 2 (1970) 689 
L. Netterdon et al., Phys. Lett. B 744 (2015) 
358 
 



Oslo, May 18-22, 2015 

Why are “PSFs” different? 
•  Experimental data are incorrect 
•  Concept of photon strength function and/or Brink hypothesis  

is not valid 

98Mo 



Consistency of data? 

•  These “corrections” - renormalization of Oslo data and correction 
of ELBE shape at high energies - would give a reasonable 
agreement of all data for Eγ > 4 MeV ... 

Oslo, May 18-22, 2015 

But problems remain  
1.  Total radiation width 

reproducing “HIγS 
normalization” 

2.  NRF point at 3.5 MeV – 
temperature dependence 
of PSF? 

3.  Problem with reproduction 
of feeding low-lying 
excited levels in NRF 





Constant temperature	
  

Level	
  density	
  of	
  234U,	
  found	
  by	
  the	
  “Oslo	
  method”	
  

PRELIMINARY 

Constant	
  temperature	
  –	
  consistent	
  
with	
  other	
  U	
  and	
  acGnide	
  nuclei	
  	
  

234U	
  

RIPL3	
  
D0:	
  0.52(0.02)	
  eV	
  
(from	
  neutron	
  
resonance	
  data)	
  

(M.	
  GuMormsen	
  et.	
  al.)	
  

Hope	
  to	
  get	
  to	
  Sn	
  –	
  work	
  in	
  progress	
  
to	
  subtract	
  fission	
  gammas	
  



Jutta Escher, et al., Rev. Mod. Phys. 84 (2012) 353 G. Boutoux, et al., Phys. Lett B 712 
(2012) 319 

G. Kessedjian, et al., Phys. Lett B 692 
(2010) 297 

Fission  
OK ! 

Capture 
NOT OK ! 

Example 

Example 

232Th(n,γ)                0-1.2            232Th(d,p)         absolute      J. Wilson et al. (2012) 
175Lu(n,γ)                0-1               174Yb(3He,p)     absolute      G. Boutoux et al. (2012) 
172Yb(n ,γ)               0-1               174Yb(3He,α)     absolute      G. Boutoux et al. (2012) 
 

Comparison 
surrogate/neutron 
induced reactions 

Surrogate Experiment : Recent work 
Examples of surrogate reactions 

performed since 2004 

Q.Ducasse 6/18 

Rare earth nucleus 

x6 

176Lu* 

242Am
* 





Discussion(s)	
  

•  IAEA	
  Data	
  
•  Evalua2on	
  Methodology	
  –	
  

differences	
  in	
  data	
  –	
  Panel?	
  
1.  Data	
  Sources	
  
2.  Data	
  Format	
  
3.  Evalua2on	
  Methodology	
  
4.  New	
  Measurements	
  
5.  Understanding	
  Sources	
  of	
  

Discrepancy	
  

2016	
  New	
  5	
  year	
  Project	
  

•  Level	
  Density	
  
1.  Collec2ve	
  Enhancements	
  (and	
  

demise	
  with	
  excita2on	
  energy)	
  
2.  Can	
  we	
  go	
  from	
  an	
  experimental	
  

level	
  density	
  to	
  the	
  par22on	
  
func2on	
  ?	
  

Discussion	
  on	
  change	
  of	
  
deforma2ons,	
  staggering	
  in	
  bands	
  due	
  
to	
  coriolis	
  	
  force.	
  	
  How	
  to	
  measure	
  
these,	
  systema2c	
  survey	
  across	
  region	
  
deformed	
  region?	
  
	
  
	
  

	
  

•  Gamma	
  Strength	
  
•  Collec2ve	
  Strength	
  

–  Brink-­‐Axel	
  –E1’s	
  
–  Rota2on	
  –	
  E2’s	
  
–  Scissor	
  Mode	
  –	
  M1	
  

•  Single	
  Par2cle	
  Strength	
  
•  Level	
  Spin	
  Dependence	
  
•  Level	
  Energy	
  Dependence	
  
•  Sta2s2cal	
  Model	
  for	
  Analysis	
  (PT?)	
  
•  Separa2on	
  of	
  Photon	
  Strength	
  from	
  

Level	
  Densi2es	
  
	
  
Discussion	
  on	
  problem	
  with	
  large	
  errors,	
  
consistency.	
  Popula2on	
  mechanism,	
  
dependent	
  on	
  K?	
  	
  Dependent	
  on	
  reac2on	
  
mechanism	
  (p,	
  p’),	
  (n,	
  g’),	
  (3He,4He)?	
  	
  Any	
  
evidence	
  to	
  invalidate	
  our	
  assump2ons?	
  



Conclusion	
  

•  Need	
  for	
  database	
  of	
  measurements	
  

•  Need	
  for	
  systemaGc	
  experiments	
  

•  Need	
  for	
  beMer	
  consistency	
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•  (Dubna)	
  A.M.	
  Sukhovoj	
  et	
  al.(2005-­‐08)	
  

•  Compile “high priority” nuclides in the atlas into ENSDF 
format 

•  Model the partial γ-ray production cross sections using 
EMPIRE and TALYS 
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