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• Mo?va?on:	  Isospin	  symmetry	  studies	  using	  two	  mirror	  	  
processes,	  beta	  decay	  and	  charge	  exchange	  reac?ons	  	  

• Beta	  decay	  studies	  at	  GSI-‐FRS-‐Rising	  of	  Tz=-‐1	  nuclei	  

• Beta	  decay	  studies	  at	  GANIL-‐LISE	  

• Possibili?es	  at	  RIKEN	  

Layout	  of	  my	  talk	  
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B(GT) = ψ f σ kτ k
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∑ ψ i
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Radioactive initial nucleus 

The	  two	  mirror	  processes	  are	  governed	  by	  the	  στ	  operator	  	  

CE	  reac?ons:	  No	  restric?on	  in	  
excita?on	  energy	  of	  Gamow-‐Teller	  
states.	  At	  the	  stability.	  

Beta	  Decay:	  Absolute	  Normaliza?on	  
of	  B(GT).	  Far	  from	  stability.	  

Advantages	  :	  



CE	  reac?ons	  

T	  z	  =+1	   T	  z	  =-1	  T	  z	  =0	  

0+	   0+	  0+	  
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For instance!
(3He,t)	  

V	  στ	  

β	  +	  -‐decay	  

στ	  

τ	  V	  τ	  
, IAS	  

CE	  reac?ons:	  No	  restric?on	  in	  
excita?on	  energy	  of	  Gamow-‐Teller	  
states.	  At	  the	  stability.	  

Beta	  Decay:	  Absolute	  Normaliza?on	  
of	  B(GT).	  Far	  from	  stability.	  

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

Advantages	  :	  
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In	  this	  work	  we	  will	  compare	  β	  decay	  and	  CE	  in	  Tz=-‐1	  and	  Tz=+1	  respec?vely	  
(a	  simple	  case)	  
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Iβ (E)
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B(GT) = ψ f σ kτ k
±

k
∑ ψ i
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€ 

T1/ 2

In	  this	  paper	  we	  are	  interested	  in	  extrac?ng	  informa?on	  about	  the	  	  
B(GT)	  strength	  in	  f-‐shell	  nuclei	  	  

Theore?cally	  

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	  	  



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	  

Fragmenta?on	  
	  of	  58Ni	  
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	  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	  	  

28	  

1	  f	  7/2	  
28	  

2	  p	  3/2	  
1	  f	  5/2	  
2	  p	  1/2	  

1	  f	  7/2	  

2	  p	  3/2	  
1	  f	  5/2	  

στ	  

τ	  and	  στ	  	  	  

2	  p	  1/2	  

Simple	  scenario	  
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CE	  reac?ons	  

T	  z	  =+1	   Tz=-1	  

0+	   0+	  0+	  

1+	  
1+	  

1+	  

1+	  

(p,n)-type!
For instance!
(3He,t)	  

V	  στ	  

β	  +	  -‐decay	  

στ	  

τ	  V	  τ	  

      “in isospin symmetry space”	  

 IAS	  

      This is the pattern we expect	  

(πf7/2)2	  	  πf7/2	  νf5/2	  

(πf7/2)2	  	  πf7/2	  νf7/2	  

(πf7/2)2	  	  πf7/2	  νf7/2	  
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Tz=0	  

στ	  

στ	  

τ	  



46Ti	  

50Cr	  

50Fe	  

54Ni	  

46Cr	  

ß+ 
(3He,t)	  

54Fe	  

42Ti	  

42
20Ca22	  

Adventages	  of	  studying	  	  f	  Shell	  Nuclei	  	  
with	  	  T=1	  

Tz=(N-‐Z)/2	  
B.	  Rubio	   RIKEN	  23-‐24	  May	  2011	  

We	  have	  large	  Qβ-‐values	  
Tz=-‐1	  

We	  have	  the	  stable	  targets	  
Tz=+1	  



	  (3He,t)	  CE	  Reac?ons	  @	  RCNP(Osaka)	  

46Ti	  

50Cr	  

50Fe	  

54Ni	  

46Cr	  

(3He,t)	  

58
30Zn28	  

58Ni	  

54Fe	  

42Ti	  

42
20Ca22	  

θlab	  =	  0°	   (3He,t)	  CE	  reac?on	  

3He	  

3He 

Stable Target 

triton 
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	  Beta	  Decay	  Experiments	  @	  RISING	  
Beam	  58Ni@680	  MeV/u	  109	  pps(part	  per	  spill)	  Target	  Be	  4g/cm2	  

SeparaUon	  in	  flight	  with	  the	  
Fragment	  Separator	  (FRS)	  	  

50Fe	  

	  ~2	  millions	  counts	  
Typicall	  producUon	  	  50	  implants/sec	  
of	  the	  nucelus	  of	  interest	  
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15	  Euroball	  Cluster	  Ge	  Detectors	  (7	  crystals	  each)	  
RISING	  (Ge	  Array)	  

Beta(keV)	  and	  H.I.(GeV)	  detector	  
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15	  Euroball	  Cluster	  Ge	  Detectors	  (7	  crystals	  each)	  

Detector	  Setup	  (Rising	  and	  DSSSD)	  

6	  DSSSD	  detectors	  with	  
16	  strips	  X	  and	  16	  strips	  Y	  

Implanta?ons	  and	  Decay	  
	  	  	  	  	  	  	  	  	  	  detectors	  

Logarithmic	  preamplifier	  
linear	  up	  to	  10	  MeV.	  

6	  DSSSD	  detectors	  with	  
16	  strips	  X	  and	  16	  strips	  Y	  

Implanta?ons	  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	  

Implanta?ons	  and	  Decay	  
	  	  	  	  	  	  	  	  	  	  detectors	  Ion	  Beam	  from	  FRS	  



Trigger	  
Two	  main	  triggers	  were	  used	  in	  this	  experiment:	  ImplantaUon	  trigger	  
(scinUllator	  41)	  and	  Decay	  trigger	  (OR	  signal	  of	  all	  the	  DSSSD)	  



54Ni	  Implanta?on	  ID	  stat.	  	  

The	  most	  abundant	  nucleus	  	  
produced,	  separated	  and	  iden?fied	  	  
up	  to	  sci41	  corresponds	  to	  54Ni	  

And	  also	  the	  most	  abundant	  nucleus	  	  
Implanted	  in	  M2.	  Then	  we	  can	  assume	  	  
that	  the	  most	  of	  the	  beta-‐events	  in	  M2	  	  
corresponds	  to	  the	  decay	  of	  54Ni.	  

Beta	  trigger,	  gamma	  spectrum	  	  
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54Fe(3He,t)	  



B.	  Rubio	   RIKEN	  23-‐24	  May	  2011	   18	  

48
28
	  1
+	  33
75
	  	  1
+	  

38
91
	  	  1
+	  

48
22
	  	  1
+	  

45
43
.8
	  	  	  
1+
	  

33
76
.1
	  	  1
+	  

38
89
.6
	  	  	  
1+
	  

48
22
.8
	  1
+	  

43
23
.0
	  	  	  

1+
	  

35
06
	  

1+
	   40

92
	  	  1
+	  

42
96
	  	  1
+	  

42
93
.4
	  	  

1+
	  



Gamma	  Analysis	  of	  54Ni	  decay:	  Comparison	  with	  
previous	  measurement	  

This	  work	  	  

I.	  Reusen	  et	  al.	  (1999)	  

8	  excited	  states	  viewed	  for	  the	  first	  ?me	  by	  	  
beta-‐decay	  experiments	  
8	  excited	  states	  viewed	  for	  the	  first	  ?me	  by	  	  
beta-‐decay	  experiments	  
Eight	  1+	  excited	  states	  seen	  for	  the	  first	  ?me	  in	  	  
beta-‐decay	  experiments	  
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Rising	  Ge	  simulaUon	  	  
Including	  +	  Si	  +	  Box	  	  
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Combined	  Analysis	  (CE	  –	  β	  Decay)	  

j	  

	  A	  precise	  value	  of	  the	  parent	  half-‐life	  is	  very	  important!!!	  

In	  β	  decay	  

In	  charge	  	  
exchange	  

Fujita	  et	  al	  PRL	  95	  	  
(2005)	  212501	  	  



One	  can	  correlate	  each	  beta	  decay	  with	  all	  previous	  implantaUon	  	  



25	  

T1/2	  analysis	  of	  54Ni	  g.s	  	  nuclei	  was	  done	  using	  heavy	  ion	  implanta?on-‐beta	  correla?ons	  
for	  iden?fied	  54Ni	  ions	  produced	  and	  implantaion	  beta-‐gamma	  correla?ons	  .	  

Correlation Time A.U.
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

50+exp(-13.86*x)

Good Correlations

Wrong Correlations
Each	  decay	  was	  correlated	  with	  all	  implants	  	  
happening	  before	  and	  arer	  the	  decay	  
To	  assure	  no-‐systema?c	  errors	  and	  well	  	  
defined	  background	  
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ABAI Correlations. Same and Oposite pixel
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ABAI Correlations. Same and Oposite pixel Normalized
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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. 
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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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 - 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. 

Least	  square	  fit	  
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Experimental	  value	  of	  the	  ground	  state	  to	  	  
ground	  state	  feeding	  es?ma?on	  

Correlation Time [ms]
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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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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 

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

T1/2	  =114.71.7	  T1/2	  =114.20.3	  

Systema?c	  errors	  such	  as	  beta	  efficiency	  error	  or	  survival	  probability	  errors	  
cancels!,	  only	  gamma	  efficiency	  counts!!!	  

Experimental	  Result	  g.s.	  feed	  54Ni	  =0.792	  

Parent	  

?	  
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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	  transiUon	  with	  B(F)=N-‐Z	  
And	  hence	  

€ 

TF =
6144.0(16)
2(1−δc) f

Parent	   Fermi	  esUm	   Exp.	  G.s	  feed	  

54Ni	   0.82(3)	   0.79(2)	  	  	  	  	  	  	  	  

50Fe	   0.74(4)	   0.74(2)	  

50Cr	   0.78(1)	   0.77(2)	  

42Ti	   0.49(1)	   0.44(4)	  

Comparison	  of	  “g.s	  to	  g.s	  feeding”	  
esUmated	  from	  Fermi	  transiUon	  probability	  
and	  our	  experimental	  result	  
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Many	  1+	  0+	  ,	  few	  1+	  2+,	  but	  never	  1+	  1+	  M1	  transiUons	  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	  transi?ons	  from	  T=0	  to	  T=0	  in	  self-‐conjugate	  nuclei	  are	  strongly	  suppressed!!!!	  



B(GT)	  comparison	  
0+ 
Tz=-1 
T=1 

0+ 
Tz=0 
T=1 

0+ 
Tz=+1 
T=1 

β+ (p,n) 
(3He,t) 



B(GT+)	  Beta	  decay	  

B(GT-‐)	  Charge	  Exchange	  

Normalised	  to	  the	  1st	  	  excited	  state	  



Possible	  reasons:	  Maybe	  the	  two	  mirror	  	  
ground	  states	  are	  not	  idenUcal	  

0+ 
Tz=-1 
T=1 

0+ 
Tz=0 
T=1 

0+ 
Tz=+1 
T=1 

β+ (p,n) 
(3He,t) 



Another	  possible	  explanaUon	  explanaUons	  for	  these	  differences	  

1.-‐	  Hadronic	  probes	  like	  (p,n)	  –	  (3He,t)	  	  are	  mainly	  peripherical,	  	  	  	  	  

Beta	  decay	  we	  think	  it	  is	  
also	  peripherical,	  but	  it	  can	  
be	  not	  so	  peripherical.	  

We	  need	  theroreUcal	  
calculaUons!	  Radial	  wave	  funcUon	  1f7/2-‐1f5/2	  
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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	  fragmenta?on	  of	  58Ni	  beams	  

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	  selec?ve	  isospin	  Quasi	  selec?on	  rule	  was	  observed	  for	  the	  first	  
?me	  in	  f-‐shell	  nuclei	  

The	  results	  were	  compared	  with	  the	  mirror	  CE	  reac?on	  process..	  	  
The	  isospin	  symmetry	  works	  well	  for	  the	  strong	  transi?ons	  but	  small	  	  
transi?ons	  show	  differences	  up	  to	  50%	  which	  s?ll	  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	  produc?on	  more	  difficult….	  



ReacUon:	  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	  



Lise estimation	

29	  part/sec	  

On line analysis	

112366/37*3600=0.84 part/sec	


The	  experiment	  worked	  well,	  
Unfortunately	  the	  6n	  and	  8n	  	  
removal	  cross	  sec?ons	  were	  	  
30	  ?mes	  lower	  than	  es?mates	  
from	  advanced	  codes	  
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Kucuk	  et	  al,	  preliminary	  analysis	  
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Experiment	  	  
3	  part/sec	  

Experiment	  	  
0.033	  part/sec	  



ReacUon:	  58Ni26+	  (79	  MeV.A)	  +	  natNi	  @	  GANIL	  	  2010	  

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	  :	  3.18	  eμA	  	  
Target	  Thickness:	  200	  

79	  MeV	  /	  nucleon	  

Orrigo	  et	  al	  



58Zn	  

 In 7 runs (8 hours):  

Total 58Zn implantations = 85119 

 2.9 imp/s 



56Zn	  

 In 128 runs (3 days):  

Total 56Zn implantations = 8837 

 0.033 imp/s 
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Opportuni?es	  at	  RIKEN	  

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

(3He,t)	  data	  available	  

(3He,t)	  being	  	  
considered	  
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I	  believe	  gamma	  spectroscopy	  can	  provide	  
valuable	  informa?on	  on	  exo?c	  nuclei.	  There	  
	  is	  a	  large	  gap	  of	  knowledge	  before	  everything	  	  
decay	  by	  proton	  emission.	  
proton	  rich	  nuclei	  below	  100Sn	  are	  s?ll	  rela?vely	  
simple.	  Beta	  decay	  transi?on	  probabili?es	  and	  	  
electromagne?c	  transi?on	  probabili?es	  are	  
very	  sensi?ve	  probes	  for	  nuclear	  model.	  
in	  some	  of	  these	  cases	  one	  can	  get	  detailed	  
	  informa?on	  on	  the	  mirror	  nuclei	  thanks	  to	  the	  
excellent	  resolu?on	  of	  the	  Big	  Ridden	  spectrometer	  
at	  Osaka.	  

This	  measurements	  are	  complementary	  to	  the	  
one	  proposed	  by	  Blank	  et	  al	  focussed	  on	  one	  	  
and	  two	  proton	  decays	  

FIN	  


