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  August	
  2014	
  

M.	
  Venhart,	
  et	
  al.:	
  Simultaneous	
  spectroscopy	
  of	
  γ	
  rays	
  and	
  conversion	
  electrons…	
  -­‐	
  Addendum	
  to	
  IS521	
  
50th	
  Mee5ng	
  of	
  the	
  INTC,	
  CERN,	
  July	
  1,	
  2015	
  

• 	
  TATRA	
  tape	
  transportaCon	
  system	
  developed	
  at	
  InsCtute	
  of	
  Physics,	
  Slovak	
  Academy	
  

• 	
  Metallic	
  tape	
  (acts	
  as	
  Faraday	
  cup—excellent	
  for	
  beam	
  tuning	
  onto	
  tape)	
  

• 	
  Very	
  good	
  vacuum	
  properCes,	
  strong	
  material…	
  

• 	
  Simple,	
  precise,	
  versaCle	
  and	
  transportable	
  

• 	
  BEGe	
  detector	
  BE2020	
  (smallest	
  BEGe	
  available	
  at	
  the	
  Cme)	
  

• 	
  2	
  coaxial	
  p	
  type	
  detectors	
  

• 	
  No	
  conversion	
  electrons	
  –	
  delay	
  of	
  delivery	
  of	
  LN2	
  cooled	
  Si(Li)	
  detector	
  by	
  Canberra	
  

• 	
  Detector	
  arrived	
  5	
  days	
  before	
  transport	
  –	
  no	
  chance	
  for	
  tesCng…	
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Calibrated energy, channel 3
183Hg	
  -­‐>	
  183Au	
  -­‐>	
  183Pt	
  decay:	
  coaxial	
  Ge	
  detector	
  

Δt	
  <	
  15	
  s	
  
FWHM	
  =	
  2.2	
  keV	
  @	
  1.332	
  MeV,	
  coaxial	
  p-­‐type	
  detector	
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183Hg	
  -­‐>	
  183Au	
  -­‐>	
  183Pt	
  decay:	
  Example	
  of	
  BE2020	
  spectrum	
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Δt	
  <	
  15	
  s	
  FWHM	
  =	
  680	
  eV	
  @	
  160	
  keV	
  
NOTE:	
  gain	
  30	
  eV/ch;	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “flat”	
  background	
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183Hg	
  -­‐>	
  183Au	
  -­‐>	
  183Pt	
  decay:	
  Iden5fica5on	
  of	
  peaks	
  using	
  5ming	
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De-­‐convoluted	
  using	
  TSpectrum	
  class	
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183Hg(8.8s)	
  à	
  183Au(42.0s)	
  à	
  183Pt(43s,	
  6.5min)	
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Coaxial	
  detector	
  spectrum:	
  decay	
  strength	
  at	
  higher	
  energies	
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Example	
  of	
  low-­‐high	
  coincidence	
  spectrum	
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  in	
  BEGe	
  
Coincidence	
  spectra	
  dominated	
  with	
  low-­‐high	
  coincidences	
  
Typical	
  for	
  Pandemonium	
  controlled	
  level	
  schemes	
  
NOTE:	
  staCsCcs	
  not	
  sufficient	
  for	
  reliable	
  decay	
  scheme	
  construcCon	
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183Hg	
  -­‐>	
  183Au	
  decay:	
  part	
  of	
  constructed	
  level	
  scheme	
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183Au

Ritz	
  combinaCons:	
  
440.77	
  +	
  	
  	
  	
  	
  0.00	
  =	
  440.77	
  
427.98	
  +	
  	
  	
  12.76	
  =	
  440.74	
  
349.76	
  +	
  	
  	
  91.28	
  =	
  441.04-­‐-­‐!	
  
267.91	
  +	
  172.82	
  =	
  440.73	
  
188.26	
  +	
  252.45	
  =	
  440.71	
  	
  	
  

NOTE:	
  spin-­‐pariCes	
  are	
  from	
  systemaCcs.	
  

Which	
  of	
  these	
  transiCons	
  	
  
involves	
  E0	
  +	
  M1	
  +	
  E2?	
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183Hg	
  -­‐>	
  183Au	
  decay:	
  	
  Coinc./	
  Pandemonium	
  /	
  BEGe	
  strategy	
  

Using	
  Pandemonium	
  /	
  Coax-­‐BEGe,	
  high-­‐low	
  coincidences:	
  needs	
  a	
  long	
  RUN	
  Cme	
  

�  NO	
  COINCS.	
  with	
  12.76,	
  ~17	
  keV	
  trans.	
  
�  NO	
  COINCS.	
  with	
  60.5	
  keV	
  trans.	
  (isomeric)	
  	
  
�	
  	
  	
  	
  NEED	
  e-­‐γ	
  coincs.	
  for	
  best	
  staCsCcs	
  on	
  	
  
	
  	
  	
  	
  	
  	
  E	
  <	
  100	
  keV	
  trans.	
  
	
  	
  

Energy [MeV]
0 1 2 3 4 5 6

]
-1 s

-1
 M

eV
-5

 [1
0

be
ta

S

0

2

4

6

8

10

12

14

16

Hg decay strength183

P.	
  Hornshøj	
  et	
  al.,	
  Nucl.	
  Phys.	
  A239,	
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183Hg	
  -­‐>	
  183Au	
  decay:	
  	
  γ-­‐e	
  coinc.	
  to	
  locate	
  E0	
  strength	
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(or weakly deformed) states in le~ have yet to be located. This can only 
be done effect ively by studies of the decay schemes of IBO, IB2Tz since the yrast 
cascades do not populate those states. Clearly, i t  is also of interest to locate 
the deformed hand in t92Hg. This w i l l  not be easy because, from the systematic 
trend, i t  probably has a band head energy above 1500 keV. The observation of the 
deformed band in 19~ at 1279 keV was already quite d i f f i c u l t  /9/.  I t  is in a 
situation such as this that careful and very detailed spectroscopy of the decay 
of 192Ty w i l l  be necessary. In part icular, unique spin assignments to levels up 
to ~2500 keV wi l l  be needed to have any chance of identifying candidates for the 
deformed band. Nuclear orientation of 192Ty is the only rea l is t ic  way of 
achieving this since one is not able to obtain spin assignments at such energies 
using internal conversion alone. In the even-Pt isotopes (Fig. 4) the 
information is incomplete for A = 176,178,180 and A = > 188. The light-mass 
group l ies very far from s tab i l i t y  and wi l l  necessitate elucidating the excited 
states below I MeV in studies of the L76'I7B,180Au decay schemes. The analysis 
of the heavy-mass group wi l l  require detailed spectroscopy in the I-2 MeV region. 

3. COIIPLED STRUCTHRES INVOLVING INTRUDER CONFIGURATIONS 

Figure 5 can be used to provide a pictor ial  view of the intruder state 
configurations and how they couple. As drawn, the upper plots in f ig .  5 (solid 
circles as proton particles) represent, from le f t  to r ight,  Pt (Z = 78) and 

il3/2 
h% 

 9 sl/z 
- : . ,  d~ z  9 - - ,=,  

hl~ z 
d% 

Pb ~(2p- 2h) 
Hg~ (2p-4h) T~ ~" (lp-Zh)'~ (A- t ) 
PI Tr(2p-6h)// Au 7r(Ip-4h}| (A- I) 

I/2 o / } j-I 
O* ~/2, / / J 

Pb Tr (Oh) 9/2- 
HgTr(2h) Au 7r(3h) @(A+I) 
PI Tr(4h) TJ~ 7r{lh)(~ {A*I) 

Fig. 5. Schematic of the proton- 
part ic le and proton-hole 
configurations for the even-mass Pb, 
Hg, Pt isotopes and the odd-mass TZ, 
Au isotopes. As drawn, the upper 
plots, with the solid circles as 
proton particles, represent (from 
le f t  to r ight) Pt (Z = 78) and Au 
(Z = 79) respectively. The lower 
lef t  shows the normal configurations 
(Oh, 2h, 4h) and the intruding shape 
coexisting configurations (2p-2h, 
2p-4h, 2p-6h) in even mass Pb, Hg and 
Pt. The lower right shows the 
various particle-hole configurations 
in odd-mass Au and T~ and their  
coupling to the several possible Pb, 
Hg and Pt core configurations. For 
Au the (A-l) element is Pt while the 
(A+I) is Hg. For T~ the (A-I) 
element is Hg while the A+I is Pb. 

Au(Z : 79) respectively. The shape coexisting possib i l i t ies for Pt isotopes are 
then the x(4h) and the ~(2p-6h) configurations. A similar picture for even Hg 
(Z = 80) would have the d3/2 shell fu l l  with the promoted proton pair coming out 
of i t  as sketched. Various couplings of these configurations are possible. For 
example, proton holes in the Au isotopes can couple s both the spherical and 
deformed configurations in the corresponding Hg cores, while proton particles in 
the Au isotopes can couple to the two types of structure lin the Pt cores. This 
i s  shown in  F ig .  6 f o r  I85Au where the coup l ings  ~h11/2-"  x I86Hg ( s p h e r i c a l ) ,  

E0	
  transiCons	
  will	
  be	
  highly	
  converted	
  

Also,	
  E1	
  transiCons	
  will	
  be	
  weakly	
  converted—	
  
this	
  idenCfies	
  parity	
  changing	
  transiCons	
  and	
  
posiCve	
  /	
  negaCve	
  parity	
  sub-­‐schemes	
  

E0’s	
  from	
  core	
  intruder	
  structures	
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Experimental	
  upgrades	
  for	
  Addendum	
  

• 	
  New	
  vacuum	
  system:	
  vacuum	
  now	
  <	
  1E-­‐7	
  mbar	
  

• 	
  Si(Li)	
  detector	
  was	
  repaired	
  by	
  Canberra	
  

• 	
  2	
  BEGe	
  detectors	
  will	
  be	
  used	
  (BE2020	
  and	
  BE6530)	
  

• 	
  2	
  coaxial	
  detectors	
  for	
  high	
  energies	
  

• 	
  Aluminum	
  detector	
  chamber	
  with	
  ConFlat®	
  standard	
  with	
  copper	
  gaskets	
  

• 	
  Detector	
  chamber	
  has	
  50	
  microns	
  thick	
  Ctanium	
  windows	
  

• 	
  BEGe	
  efficiency	
  will	
  be	
  increased	
  by	
  a	
  factor	
  of	
  7	
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Why	
  10	
  days?	
  

• 	
  Level	
  scheme	
  is	
  controlled	
  by	
  Pandemonium	
  effect	
  

• 	
  Mostly	
  high-­‐low	
  energy	
  coincidences	
  

• 	
  Present	
  data	
  is	
  insufficient	
  for	
  detailed	
  gamma-­‐gamma	
  analysis	
  

• 	
  This	
  will	
  allow	
  us	
  to	
  assign	
  important	
  weak	
  low-­‐energy	
  decay	
  branches	
  
	
  
• 	
  Needed	
  for	
  high	
  staCsCcs	
  conversion	
  electron-­‐gamma	
  coincidences	
  

• 	
  Previous	
  measurement	
  of	
  183Hg:	
  4	
  shi�s	
  

• 	
  With	
  improved	
  BEGe	
  efficiency	
  and	
  30	
  shi�s:	
  approximately	
  50	
  –	
  100	
  increase	
  of	
  staCsCcs	
  

• 	
  This	
  will	
  increase	
  staCsCcs	
  in	
  strongest	
  gamma	
  line	
  to	
  1E+8	
  counts	
  

• 	
  With	
  this	
  we	
  will	
  be	
  able	
  to	
  place	
  transiCons	
  with	
  intensity	
  1E-­‐5	
  of	
  the	
  strongest	
  line	
  

• 	
  Efficiency	
  to	
  detect	
  conversion	
  electrons	
  ~15	
  %	
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Why	
  183Hg?	
  

• 	
  Our	
  collaboraCon	
  (BraCslava	
  +	
  Liverpool	
  +	
  John	
  Wood)	
  conducts	
  studies	
  of	
  odd-­‐Au	
  nuclei	
  

• 	
  High-­‐staCsCcs	
  in-­‐beam	
  experiments:	
  173,175,177,179,187Au	
  (Jurogam2,	
  Afrodite)	
  

• 	
  SystemaCc	
  understanding	
  ends	
  at	
  185Au	
  

• 	
  Goal	
  is	
  to	
  close	
  the	
  gap	
  between	
  proton-­‐unbound	
  nuclei	
  and	
  185Au	
  

• 	
  Natural	
  step:	
  183Hg	
  decay	
  

• 	
  Extensive	
  level	
  scheme	
  for	
  183Hg	
  decay	
  will	
  allow	
  us	
  to	
  interpret	
  unpublished	
  data	
  for	
  185Hg	
  

• 	
  Later	
  we	
  will	
  conCnue	
  with	
  dedicated	
  185g,mHg	
  (including	
  lasers)	
  and	
  181,179Hg	
  studies	
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Poli5cal	
  aspect…	
  

Approved	
  by	
  Juraj	
  Draxler,	
  Minister	
  of	
  EducaCon,	
  Science,	
  Research	
  and	
  Sport	
  
	
  

Slovakia:	
  new	
  member	
  	
  of	
  the	
  ISOLDE	
  collabora5on	
  since	
  2016	
  
MoU	
  preparaCon	
  is	
  in	
  progress,	
  funding	
  is	
  secured	
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