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CONSEJG SUPERIOR DE INVESTIGAGIONES CIENTIFICAS

Beta decay and Charge Exchange are two processes
governed by the same operator
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CONSEJG SUPERIOR DE INVESTIGAGIONES CIENTIFICAS

Beta decay B(GT) =‘ > <1/ff‘ E Ea;jz-;‘ ¢i> ‘2 Charge Exchange Reactions
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CE reactions: No restriction in
excitation energy of Gamow-Teller
states.

Beta Decay: Absolute Normalization
of B(GT).
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Fermi and GT strength observed in CE reactions
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"Beta decay of exotic fp shell nuclei”
(exotic here=short half lifes)
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We could compare them in mirror CSsIC
rToE S et ) A et
If isospin symmetry exists, mirror nuclei
should populate the same states with
Tz=-1 the same probability, in the daughter Tz=+1
nucleus, in the two mirror processes =]

(p,n)
0+ (3He,t)
Tz=0
T=1
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Comparison of (p, n) and (3He,t) 0°spectra

i, 3Ni(p, n)°3Cu
§ (2 Ep =160 MeV J. Rapaport et al.
@) — 58Ni(3He, t)SSCu NPA (‘83)
E =140 MeV/u
GTGR Y. Fujita et al.,
@) EPJ A 13 (°02) 411.
H. Fujita et al.,
PRC 75 (°07) 034310

g8 10 12 14
S Excitation Energy (MeV)

Courtesy Y. Fujita, quality of RCNP experiments with the Big Ridden spectrometer
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Charge exchange reactions in inverse kinematics

Cannot achieve the same energy resolution, one possibility
Is to look at the gamma de-excitation of the levels with a setup

with good Dopper correction

J. Rapaport et al.
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Comparison of (p, n) and (3He,t) O°spectra
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CONSEJO SUPERIOR DE [NVESTIGACIONES CIENTIFICAS
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Beta Decay Experiments @ RISING _CSIC

Beam 58Ni@680 MeV/u 10° pps (part per spill) Target Be 4g/cm2

production Separation in flight with the
Fragment Separator (FRS)
Primary . -
4 Secondary .
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RISING (Ge Array)
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CONSEJG SUPERIOR DE INVESTIGAGIONES CIENTIFICAS

Detector Setup (Rising and DSSSD)

6 DSSSD detectors 1mm with
16 strips X and 16 strips Y,
1mm thick, 5 x5 cm area

Implantations and Decay

detectors

Logarithmic preamplifier
linear up to 10 MeV.

30/10/14

B. Rubio, Eurisol 2014, Orsay



z*

IFIC

I
s

NSTITUT DE FISICA
ORPUSCULAR

19

D

Identification Plot for the “Cr run. Implantation in M2.
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CONSEJG SUPERIOR DE INVESTIGAGIONES CIENTIFICAS

8 MeVv

7 MeV

6 MeV

5 MeV

4 MeV
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2 MeV

1 MeV
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Decav 404 | ~ ()38
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-0 MeV



Tz=+1 46Ti(3He,t)46V Experiment Results |

I
§ Lo Triton speé:trum after
(&) i :

2000  (3He,t) at Osaka

1994 1+
2978 1+

1500

2461 1+

*F;
? 2699 1+

1000

3870 1+

500

+
—
™ :
<
\n
n JLA JKA.A -

0 1000 2000

(H‘TI'IIII IIII|IIII|IIII|I

YL DTN
000 4000 5000

-

pory

0

w
m
-
o
o
<
7o

Tz=-1 46Cr — 46V B Decay Experiment. RISING Gamma Spectrum |
+
6
10

Counts —

10°

3
3

511 keV

T 993.2 1+
’£ 1432.5 1
: |

2459.8 1+
2697.4 1+
 2977.8 1+

10*

10°

—| 44Ti (5522.6)

. 3867.6 1+ .

102
10

915.0 2+
Gamma Spectrum for the 46Cr run

0 1000 2000 3000 4000 5000 Energy [QQOO

30/10/14 B. Rubio, Eurisol 2014, Orsay



target
. Are they really identical?

Find the difference
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The T. = —1 — 0, B decays of *Ni, °°Fe, 4Cr, and #*Ti
and comparison with mirror (*He, ) measurements
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The T. = —1 — 0, B decays of *Ni, °°Fe, 46Cr, and #*Ti
and comparison with mirror (*He,t) measurements
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We could compare them in mirror CSsSIC
| n u C l e I‘ CvoNSEJo SUPERIOR DE [NVESTIGACIONES CIENTIFICAS
If isospin symmetry exists, mirror nuclei
should populate the same states with

Tz=-1 the same probability, in the daughter Tz=+1
T=1 nucleus, in the two T=1

Tz=0
T=1

|IAS
54
Lo
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Only the day'we can make both kind of experirhents on the
same radioactive target, we will have an answer

N - - - |

e | |® 1850 (*He,t)'®Sb
3 375- ' E=1;¢O MeV/nucleon _
6=0
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”Exotic decay of fp shell nuclei"
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>8Ni%e* (74.5 AMeV) + "@Nj @ GANIL 2010

Plus 4 EXOGAM
gamma detectors

74.5 MeV / nucleon
Incoming °8Ni 26* 3.7 epA intensity

Cyclotrons  Ni target A

CSS1 and (natural)
CSS2 200 pm thick

DSSSD detector
Implantation and decay (B, p)
v’ 16 strips X and 16 strips Y
v'300 um thick

v 3 mm pitch

300 um 300 um 5mm
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As expected, the statistics are limited:

In 3 days:
Total >°Zn implantations = 8861
0.033 imp/s

| DE1 vs. TOFa with (T1Gal > 7000) |
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Expectations for the beta decay of 56Zn

Because Sp is only 560 keV we expect most of the
decay to proceed by proton emission

T=2
SGZn
B T,=-2
Ti=h 2SS
2
/ e
T.=3/2
—————— S, = 560 keV
55Ni
T,=-1/2
56Cu
=
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This is indeed what we saw

Particle
> 1401
) B = —_ spectrum,
~ - 3 n :
o 1201 2 :1_:, mainly protons
2. | g2 glg
e 100 N § ]
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Constructing the level scheme, level energies very clear....

Naively one would
assume that these

intensities are
: T=2
proportional to the
beta feeding
67Zn
B, T,=-2
(Svi) 80s°¢ 1g IAS o,
. 1f
+
Lozl
13
& el
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10
§ 1+
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||||III|||||||||||||||| _____________ Sp=560kev

55RI; o o o o o o o
Ni < N o () © < N
-

oo
T,=-1/2 A®10L/sunog / 56Cy
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Comparison of mirror transitions for A = 56

1.691

>6Zn — °¢Cu + B*

3.508 (IAS)

2.661

§|‘ E,(*°Cu) =E, +S,

bhul

o 1000 2000 3000

Isospin symmetry holds well !

All the dominant transitions are
observed in both B decay and CE

o starting from mirror nuclei

4000 5000 60
Proton energy [keV]
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1 H. Fujita et al., Annual Report 56 3 56
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Constructing the °°Zn decay scheme...

562n
%% | The p-decay of the IAS B st
23 is isospin forbidden
¥
oo
2
o
(svI) 805°€ sa 1AS 0+
ezv'e S : "
§ T'=1
D 1 y?7?
199°C 1 I 1+
_ ' T=1
3 [
169°L - v 1+
cllléllléll o‘_ T:1
herg munoy  WEASESMSRSE LSRR S =560 keV
A® 0L / Slunod :
>6Cu
T,=-1
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Indeed we observed the gamma transition deexciting
the IAS

> 120_ x2 I ndf 1.765e-10 / 0
[}) 30 Constant  27.99+5.29 = =
X — % E Mean 1834+ 0.5 | Beta-Gamma Time Correlation - Egamma = 1835 keV
B : Sigma 2.945 + 0.454
w100_ 3 @ 20— T e 36.97
-~ B e [ X2 ndf 183.6 / 247
b2 3 1 Cnst_Bkg -0.07992+ 0.04131
c B S L Production 38.17+9.11
= 80_ S 8 Halflife 26.7+8.2
o - ——
o —
60 __ 0 17I60 17I80 1800 1820 1hl40 18I60 1880 1900 19I20
a0k p-delayed
— y-proton emission
B 400 0 100 200 300 400 500
— time[ms]
20—
B '% v/ (B-y)-implant time correlations
1 I L1 1 I 11 1 I L1 1 11

0
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 Ty, =(27 £ 8) ms
Gamma energy [keV]

A vy ray at 1834.5 + 1.0 keV is observed in the 56Zn- v In agreement with the B-implant

correlated y-spectrum corresponding to the de-excitation time correlation value:



This is the first observation of
Beta-delayed gamma-proton decay in the fp shell

”Exotic decay of fp shell nuclei"
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Proton-gamma coincidences

Vv

Counts / 10 ke

- - -
(=) N »
o o o

[o:}
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1.691

3.508 (IAS)

Gates on
protons

® We have observed for the first time
beta-delayed gamma-proton emission

In three cases !!

| Gamma spectrum in coincidence with Ep = 1711 keV |
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| Gamma spectrum in coincidence with Ep = 2699 keV |
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°%Zn decay scheme, another surprise

Qg = 12870(300) keV

Ty/,=32.9(8) ms
0+

*6Zn (T,=-2)

B
44% Ro% - B(GT
B, = (88.5 + 2.6) % 2
1

_ / | 1.32
] I
- 0.34 @
0
0.30
/ :
S 4 34%
_—I 16} / 1\1/5%
e 22 S, = 560 (140) (syst. AME2003)
T=1

IIlIIII|III|III|III|IIII : +
I 88838 38 8% </56m (T,=-1)
A®} 01 / SjuUn0Y Ty, =93 ms
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But this is NOT the end of the story!!!

0 4000+————
"E | H. Fujita et al., Annual
> | Report >6Fe(3He,t)%%Co
3 { RCNP Osaka (2010) E = 140 AMeV :
30004 o o 9=0° -
I N %) I
M~ ™~
— N
i The IAS is fragmented in
2000‘ the mirror!! -

>6Co excitation energy [MeV]
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Q = 12870(300) keV
Ty/,=32.9 (8) ms

T=2,0
*6Zn (T,=-2)
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the fragmentation of the IAS
is important
for the Mass evaluation



And now we can compare with the Charge Exchange
reaction in the mirror

3" **Zn B.decay PRELIM. CE
56% 5 B(GT) B(F) B(GT) B(F)

44% L
3,=(88.5226)% el e 2.7(5) 2.9
/ Y et "~ <0.321.3(5) 0.13 1.1
(Svl) 805°¢ - 11X°T=1
c@ < . ¥ ----==-0.34(6) 0.43
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it 00
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T | I 66% 1) T=1
- 169 ] S 3"
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week ending

PRL 112, 222501 (2014) PHYSICAL REVIEW LETTERS 6 JUNE 2014

Observation of the #-Delayed y-Proton Decay of **Zn and its Impact on the
Gamow-Teller Strength Evaluation
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We were puzzled for some time....

QL. = 12870(300) keV T=2, 0'
56 _
B. = 88.5(26) % Zn (T =-2)

T,, =32.9(8) ms
Aprox.
ity E, [keV] B(F) B(GT)
, .3508(140) 2.7(5)
/‘- T =< a 7393423(140) 1.3(5) <0.32
N
P 2661(140) 0.34(6)
/ S _5537(140) 0
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/ Lo
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This neutron particle-hole
excitation is well above the
55Ni ground state
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This proton particle-hole
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excitan'on is well above
ground state
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On going understanding....by Piet van Isacker.

Trying to understand the -delayed proton and v decays of **Zn

1. Outline of the approach
We assume that the actors of this play are the nucleon holes in the 1f7/, shell and the nucleon

particles in the 2ps/, shell. Basis states with good isospin are considered and this requires that

the nucleons occupying the two shells can be neutrons or protons.

5. Proton decay
If we accept that the second 07 state with 7' = 1 (see below for a problem with that) is the

one that mixes with the isobaric analog state, then proton decay will remain hindered. Either
a proton in the 2ps/, shell is emitted to form a one-particle-two-hole excitation in %Ni or the
proton is emitted from the 1f7/ shell and the decay proceeds towards a two-particle-three-hole
excitation in **Ni. It can be expected (but should be checked) that these excitations occur

above the energy window available for the proton decay from %6Cu.
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Today (in principle) one can continue this kind of studies at RIKEN
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» - - 37 'j:' .‘ . f:" ] RI KEN
Tz=-1,2 @RIKEN ~ ~ _ : &} Cluster

=  “s=iEm : B gy | Array

34 64S 6S d ‘]

= | ™ ko -
e Primary beam: 78K,

30 pnA

. 150 pps i
: 1 pps .
i
103 pps i
2pps HEEE .
J :“ e :;:’. ’
e ¥ VB

30/10/14 B. Rubio, Eurisol 2014, Orsay



Conclusion

Beta-decay studies are a powerful tool to understand nuclear structure
far from the stability

One needs intense radioactive beams if one wants to extract the real physics
Some of these experiments can be carried out at the Eurisol distributed facility

Some experiments such as the one to one comparison between beta decay

And Charge Exchange reactions on a shot living radiactive nucleus
will probably demand EURISOL in full glory
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