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• MoAvaAon:	
  B(GT)	
  studies	
  using	
  the	
  combined	
  knowledge	
  from	
  beta	
  decay	
  	
  
and	
  Charge	
  Exchange	
  reacAons.	
  Can	
  one	
  really	
  combine	
  them?	
  	
  

• Beta	
  decay	
  studies	
  at	
  GSI-­‐FRS-­‐Rising	
  of	
  Tz=-­‐1	
  nuclei,	
  comparison	
  of	
  Tz=+1	
  nuclei	
  
studied	
  at	
  Osaka	
  

• Beta	
  decay	
  studies	
  at	
  GANIL-­‐LISE-­‐RIKEN	
  

Layout	
  of	
  my	
  talk	
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Beta	
  decay	
  and	
  Charge	
  Exchange	
  are	
  two	
  processes	
  	
  governed	
  by	
  the	
  	
  same	
  στ	
  (τ)	
  operator	
  	
  

Protons	
   Neutrons	
  



Padova	
  27-­‐30	
  June	
  2011	
   4	
  

3He 

Stable Target 

t 

β-­‐	
  

ν	
  

Beta	
  decay	
   Charge	
  Exchange	
  ReacAons	
  

€ 

B(GT) = ψ f σ kτ k
±

k
∑ ψ i

2

Radioactive initial nucleus 

Beta	
  decay	
  and	
  Charge	
  Exchange	
  are	
  two	
  processes	
  	
  governed	
  by	
  the	
  	
  same	
  στ	
  (τ)	
  operator	
  	
  

CE	
  reacAons:	
  No	
  restricAon	
  in	
  
excitaAon	
  energy	
  of	
  Gamow-­‐Teller	
  
states.	
  At	
  the	
  stability.	
  

Beta	
  Decay:	
  Absolute	
  NormalizaAon	
  
of	
  B(GT).	
  Far	
  from	
  stability.	
  

target	
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We	
  could	
  compare	
  them	
  in	
  mirror	
  
nuclei	
  

If	
  isospin	
  symmetry	
  exists,	
  mirror	
  nuclei	
  
should	
  populate	
  the	
  same	
  states	
  with	
  
the	
  same	
  probability,	
  in	
  the	
  daughter	
  
nucleus,	
  in	
  the	
  two	
  mirror	
  processes	
  

στ	
  

τ	
  

IAS	
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3He 

Stable Target 

triton 

β+	
  

ν	
  

Beta	
  decay	
   Charge	
  Exchange	
  ReacAons	
  

Radioactive initial nucleus 

Prior	
  to	
  our	
  work……	
  	
  

CE	
  reacAons:	
  No	
  restricAon	
  in	
  
excitaAon	
  energy	
  of	
  Gamow-­‐Teller	
  
states.	
  At	
  the	
  stability.	
  

Beta	
  Decay:	
  Absolute	
  NormalizaAon	
  
of	
  B(GT).	
  Far	
  from	
  stability.	
  

Advantages	
  :	
  



Padova	
  27-­‐30	
  June	
  2011	
   7	
  

The	
  plan	
  of	
  the	
  present	
  experiments	
  was	
  to	
  improve	
  the	
  beta	
  decay	
  side	
  



Z=28 

Z=20 

N=28 

N=20 

In	
  this	
  work	
  I	
  will	
  present	
  the	
  study	
  
of	
  the	
  beta-­‐decay	
  of	
  the	
  Tz=-­‐1	
  nuclei	
  
54Ni,	
  50Fe,46Cr	
  and	
  42Ti	
  	
  

FragmentaAon	
  
	
  of	
  58Ni	
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€ 

Iβ (E)

€ 

B(GT) = ψ f σ kτ k
±

k
∑ ψ i

2

€ 

T1/ 2

In	
  this	
  paper	
  we	
  are	
  interested	
  in	
  extracAng	
  informaAon	
  about	
  the	
  	
  
B(GT)	
  strength	
  	
  	
  

TheoreAcally	
  

Experimentally	
  

From	
  the	
  present	
  experiment	
  

Parent	
  half	
  life	
  

Beta	
  feeding	
  to	
  states	
  
	
  in	
  the	
  daughter	
  nucleus	
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€ 

B(GT)CE ∝ dσ
dΩ

0º( )

€ 

B(GT)β = k
Iβ (E)

f (Qβ − E,Z)T1/ 2

Combined	
  analysis	
  
Fujita	
  et	
  al.,	
  
PRL95(2005)212501	
  	
  

€ 

Qβ
Not	
  from	
  the	
  present	
  experiments	
  



	
  We	
  choose	
  Tz=-­‐1	
  nuclei	
  with	
  Z=22	
  to	
  28	
  because	
  these	
  	
  
cases	
  are	
  specially	
  “clean”	
  since	
  they	
  involve	
  only	
  

πf7/2	
  to	
  νf7/2	
  
and	
  

πf7/2	
  to	
  νf5/2	
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46Ti	
  

50Cr	
  

50Fe	
  

54Ni	
  

46Cr	
  

ß+ 
(3He,t)	
  

54Fe	
  

42Ti	
  

42
20Ca22	
  

Experimental	
  adventages	
  of	
  studying	
  	
  f	
  
shell	
  nuclei	
  	
  with	
  	
  T=1	
  

Tz=(N-­‐Z)/2	
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We	
  have	
  large	
  Qβ-­‐values	
  
Tz=-­‐1	
  (8-­‐9	
  MeV)	
  

We	
  have	
  all	
  the	
  stable	
  targets	
  
Tz=+1	
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  Beta	
  Decay	
  Experiments	
  @	
  RISING	
  
Beam	
  58Ni@680	
  MeV/u	
  109	
  pps(part	
  per	
  spill)	
  Target	
  Be	
  4g/cm2	
  

SeparaWon	
  in	
  flight	
  with	
  the	
  
Fragment	
  Separator	
  (FRS)	
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RISING	
  (Ge	
  Array)	
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Detector	
  Setup	
  (Rising	
  and	
  DSSSD)	
  

6	
  DSSSD	
  detectors	
  with	
  
16	
  strips	
  X	
  and	
  16	
  strips	
  Y	
  

ImplantaAons	
  and	
  Decay	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  detectors	
  

Logarithmic	
  preamplifier	
  
linear	
  up	
  to	
  10	
  MeV.	
  

6	
  DSSSD	
  detectors	
  with	
  
16	
  strips	
  X	
  and	
  16	
  strips	
  Y	
  

ImplantaAons	
  and	
  Decay	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  detectors	
  

Logarithmic	
  preamplifier	
  
linear	
  up	
  to	
  10	
  MeV.	
  

6	
  DSSSD	
  detectors	
  1mm	
  with	
  
16	
  strips	
  X	
  and	
  16	
  strips	
  Y,	
  
1mm	
  thick,	
  5	
  x	
  5	
  cm	
  area	
  

ImplantaAons	
  and	
  Decay	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  detectors	
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46Cr	
  Sesng	
  

And	
  	
  the	
  most	
  abundant	
  nucleus	
  	
  
Implanted	
  in	
  M2.	
  

The	
  most	
  abundant	
  nucleus	
  produced,	
  	
  
separated	
  and	
  idenAfied	
  up	
  to	
  sci41	
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Results	
  of	
  this	
  part:	
  four	
  previously	
  “pracAcally”	
  unknown	
  decay	
  schemes	
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One	
  can	
  correlate	
  each	
  beta	
  decay	
  with	
  all	
  previous	
  implantaWon	
  	
  

21	
  

Half	
  life	
  analysis	
  and	
  background	
  determinaAon	
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T1/2	
  analysis	
  of	
  54Ni	
  g.s	
  	
  nuclei	
  was	
  done	
  using	
  heavy	
  ion	
  implantaAon-­‐beta	
  correlaAons	
  
for	
  idenAfied	
  54Ni	
  ions	
  produced	
  and	
  implantaion	
  beta-­‐gamma	
  correlaAons	
  .	
  

Correlation Time A.U.
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50+exp(-13.86*x)

Good Correlations

Wrong Correlations
Each	
  decay	
  was	
  correlated	
  with	
  all	
  implants	
  	
  
happening	
  before	
  and	
  aver	
  the	
  decay	
  
To	
  assure	
  no-­‐systemaAc	
  errors	
  and	
  well	
  	
  
defined	
  background	
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ABAI Correlations. Same and Oposite pixel
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 - All Implants time correlations, random substracted54Ni Half Life. 

Integral  1.688e+06
 / ndf 2   1160 / 998

Cnst. Bck  4.70! 10.32 
Prod.Mother  1163! 8.384e+05 
Halflife Mother  0.3! 114.2 

 - All Implants time correlations, random substracted54Ni Half Life. 



23	
  

Correlation Time [ms]
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 - All Implants time correlations, random substracted42Ti Half Life. 

Integral  1.522e+05
 / ndf 2   1153 / 998

Cnst. Bck  0.96!  2.76 
Prod.Mother  368! 7.461e+04 
Halflife Mother  1.9! 211.7 

 - All Implants time correlations, random substracted42Ti Half Life. 
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 - All Implants time correlations, random substracted46Cr Half Life. 

Integral  2.537e+05
 / ndf 2   1182 / 998

Cnst. Bck  2.044! 2.215 
Prod.Mother  655! 1.254e+05 
Halflife Mother  2.0! 223.3 

 - All Implants time correlations, random substracted46Cr Half Life. 
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 - All Implants time correlations, random substracted50Fe Half Life. 

Integral  6.57e+05
 / ndf 2   1411 / 998

Cnst. Bck  2.211! -2.393 
Prod.Mother  691! 3.306e+05 
Halflife Mother  0.6! 152.1 

 - All Implants time correlations, random substracted50Fe Half Life. 
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 / ndf 2   1160 / 998

Cnst. Bck  4.70! 10.32 
Prod.Mother  1163! 8.384e+05 
Halflife Mother  0.3! 114.2 

 - All Implants time correlations, random substracted54Ni Half Life. 

Least	
  square	
  fit	
  



Summary	
  of	
  Half-­‐life	
  	
  Analysis	
  

	
  	
  	
  For	
  three	
  out	
  the	
  four	
  cases,	
  we	
  improved	
  in	
  two	
  orders	
  of	
  magnitude	
  the	
  accuracy	
  	
  
of	
  the	
  half-­‐life.	
  

42Ti	
  case,	
  	
  most	
  accurate	
  half-­‐life	
  measurement:	
  	
  
	
  T.Kurtukian	
  et	
  al.,	
  Phys.	
  Rev.	
  C	
  80,	
  035502	
  (2009)	
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Absolute	
  beta	
  feeding:	
  esAmaAon	
  of	
  absolute	
  	
  
feeding	
  to	
  the	
  first	
  excited	
  state	
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 - All Implants time correlations, random substracted54Ni Half Life. 

Integral  1.688e+06
 / ndf 2   1160 / 998

Cnst. Bck  4.70! 10.32 
Prod.Mother  1163! 8.384e+05 
Halflife Mother  0.3! 114.2 

 - All Implants time correlations, random substracted54Ni Half Life. 

Integral  2.522e+04

 / ndf 2  990.9 / 997

Constant_Background  0.6184! 0.2864 

Activity  2665! 2.527e+05 

Halflife  1.7! 114.7 
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Halflife  1.7! 114.7 

54Ni Half Life. 937keV Gamma Line on time, background and wrong correlations subtracted

T1/2	
  =114.71.7	
  T1/2	
  =114.20.3	
  

SystemaAc	
  errors	
  such	
  as	
  beta	
  efficiency	
  error	
  or	
  survival	
  probability	
  errors	
  
cancels!,	
  only	
  gamma	
  efficiency	
  counts!!!	
  

Parent	
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€ 

B(GT)β = k
Iβ (E)

f (Qβ − E,Z)T1/ 2
EsAmaAon	
  of	
  absolute	
  	
  
feeding	
  to	
  the	
  first	
  excited	
  state	
  

Imp-­‐beta	
  
	
  correlaAons	
  

Imp-­‐beta&gamma	
  	
  
correlaAons	
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Tz=-1	
  

Tz=0	
  

0+	
  

0+	
  

1+	
  
1+	
  

1+	
  

1+	
  

στ	
  

τ	
  , IAS	
  

This	
  is	
  a	
  super-­‐allowed	
  0+0+	
  
Fermi	
  transiWon	
  with	
  B(F)=N-­‐Z	
  
And	
  hence	
  

€ 

TF =
6144.0(16)
2(1−δc) f

Parent	
   Fermi	
  esWm	
   Exp.	
  G.s	
  feed	
  

54Ni	
   0.82(3)	
   0.79(2)	
  	
  	
  	
  	
  	
  	
  	
  

50Fe	
   0.74(4)	
   0.74(2)	
  

46Cr	
   0.78(1)	
   0.77(2)	
  

42Ti	
   0.49(1)	
   0.44(4)	
  

Comparison	
  of	
  “g.s	
  to	
  g.s	
  feeding”	
  
esWmated	
  from	
  Fermi	
  transiWon	
  probability	
  
and	
  our	
  experimental	
  result	
  



Result	
  of	
  this	
  part:	
  absolute	
  B(GT)	
  values	
  for	
  all	
  the	
  levels	
  observed	
  in	
  the	
  beta	
  decay	
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B(GT)	
  comparison	
  
0+ 
Tz=-1 
T=1 

0+ 
Tz=0 
T=1 

0+ 
Tz=+1 
T=1 

β+ (p,n) 
(3He,t) 
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B(GT+)	
  Beta	
  decay	
  

B(GT-­‐)	
  Charge	
  Exchange	
  

Comparison	
  of	
  beta	
  decay	
  and	
  CE	
  reacWons	
  (Normalised	
  to	
  the	
  1st	
  	
  excited	
  state)	
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Possible	
  reasons:	
  Maybe	
  the	
  two	
  mirror	
  	
  
ground	
  states	
  are	
  not	
  idenWcal	
  

0+ 
Tz=-1 
T=1 

0+ 
Tz=0 
T=1 

0+ 
Tz=+1 
T=1 

β+ (p,n) 
(3He,t) 
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Maybe	
  the	
  two	
  processes	
  are	
  not	
  idenWcal	
  	
  
Hadronic	
  reacWons	
  such	
  as	
  	
  
(3He,t)	
  	
  are	
  mainly	
  peripherical,	
  	
  	
  	
  	
  

Radial	
  wave	
  funcWon	
  
1f7/2-­‐1f5/2	
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Many	
  1+	
  0+	
  ,	
  few	
  1+	
  2+,	
  but	
  never	
  1+	
  1+	
  M1	
  transiWons	
  were	
  observed!!!!	
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Tz=-1	
  

Tz=0	
  

0+	
  

0+	
  

1+	
  
1+	
  

1+	
  

1+	
  

στ	
  

τ	
  
 IAS	
  

2+	
  
T=0	
  

T=0	
  

T=0	
  

T=0	
  

T=1	
  

T=1	
  

M1	
  transiAons	
  from	
  T=0	
  to	
  T=0	
  	
  are	
  strongly	
  suppressed!!!!	
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We	
  have	
  studied	
  the	
  beta	
  decay	
  of	
  	
  four	
  Tz=-­‐1	
  nuclei	
  in	
  the	
  f7/2	
  shell	
  

They	
  were	
  all	
  “well”	
  produced	
  in	
  fragmentaAon	
  of	
  58Ni	
  beams	
  (but	
  
difficult	
  at	
  isol	
  faciliAes)	
  

In	
  spite	
  of	
  the	
  complex	
  set-­‐up	
  we	
  could	
  get	
  extremely	
  clean	
  results	
  

Very	
  precise	
  T1/2,	
  	
  g.s	
  beta	
  feeding	
  and	
  feeding	
  to	
  the	
  excited	
  states	
  	
  
were	
  obtained	
  

The	
  four	
  decay	
  schemes	
  and	
  the	
  corresponding	
  B(GT)	
  
values	
  for	
  all	
  observed	
  levels	
  could	
  be	
  determined	
  where	
  only	
  Q-­‐beta	
  
was	
  taking	
  from	
  the	
  literature.	
  

A	
  very	
  selecAve	
  isospin	
  Quasi	
  selecAon	
  rule	
  was	
  observed	
  for	
  the	
  first	
  
Ame	
  in	
  f-­‐shell	
  nuclei	
  

The	
  results	
  were	
  compared	
  with	
  the	
  mirror	
  CE	
  reacAon	
  process.	
  
All	
  “expected	
  levels”	
  were	
  observed	
  	
  
The	
  isospin	
  symmetry	
  works	
  well	
  for	
  the	
  strong	
  transiAons	
  but	
  small	
  	
  
transiAons	
  show	
  differences	
  up	
  to	
  50%	
  which	
  sAll	
  have	
  to	
  be	
  understood.	
  

CONCLUSION,	
  ONE	
  CAN	
  PERFORME	
  DELICATE	
  SPECTROSCOPY	
  STUDIES	
  	
  
IN	
  FRAGMENTATION	
  REACTIONS	
  IF	
  ONE	
  ACHIEVES	
  CLEAN	
  IMPLANTATION	
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Encouraged	
  by	
  these	
  results………	
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Beyond	
  the	
  f7/2	
  shell,	
  
but	
  producAon	
  more	
  difficult….	
  



ReacWon:	
  64Zn29+	
  (79	
  MeV.A)	
  +	
  natNi	
  @	
  GANIL	
  	
  2008	
  

Ni	
  target	
  
(natural	
  )	
  

Incoming	
  64Zn	
  29+	
  	
  

V1
ı	
  

V2
ı	
  

V3
ı	
  

Brho1	
  

Brho2	
  
Slits	
  

Slits	
  

wedge	
  

Wien	
  Filter	
  

DETECTORS	
  

Cyclotrons	
  
CSS1	
  and	
  
CSS2	
  

Incoming	
  beam	
  intensity	
  :	
  500	
  enA	
  
Target	
  Thickness:1.8	
  mgr/cm2	
  

79	
  MeV	
  /	
  nucleon	
  

Plus	
  4	
  EXOGAM	
  
gamma	
  detectors	
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Kucuk	
  et	
  al,	
  preliminary	
  analysis	
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OpportuniAes	
  at	
  RIKEN	
  

Tz=-­‐1	
  in	
  heavier	
  nuclei	
  
Extension	
  to	
  more	
  exoAc	
  cases:	
  
Tz=-­‐2	
  or	
  even	
  Tz=-­‐5/2	
  (Blank	
  et	
  al)	
  

(3He,t)	
  data	
  available	
  

(3He,t)	
  being	
  	
  
considered	
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  There	
  is	
  now	
  a	
  large	
  gap	
  of	
  knowledge	
  between	
  well	
  studied	
  beta	
  decay	
  cases,	
  	
  
at	
  Isol	
  faciliAes,	
  	
  and	
  cases	
  dominated	
  by	
  beta-­‐delayed	
  proton	
  emission.	
  	
  

I	
  believe	
  that	
  beta	
  delayed	
  	
  gamma-­‐ray	
  spectroscopy	
  can	
  provide	
  
valuable	
  informaAon	
  on	
  exoAc	
  nuclei.	
  	
  

A	
  nice	
  example	
  is	
  the	
  M1	
  quasi-­‐rule	
  which	
  	
  
Provides	
  direct	
  and	
  clean	
  informaAon	
  on	
  the	
  isospin	
  of	
  the	
  levels.	
  

Comparison	
  with	
  charge	
  exchange	
  reacAon	
  (isospin	
  symmetry)	
  is	
  another	
  example.	
  

We	
  are	
  now	
  reaching	
  the	
  level	
  where	
  	
  
this	
  kind	
  of	
  studies	
  can	
  be	
  done	
  using	
  in	
  flight	
  separaAon.	
  	
  

We	
  should	
  pursue	
  these	
  opportuniAes	
  at	
  places	
  such	
  as	
  RIKEN.	
  

FIN	
  


