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Layout of my talk

*Motivation: B(GT) studies using the combined knowledge from beta decay
and Charge Exchange reactions. 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



Beta decay and Charge Exchange are two processes governed by the same ot (t) operator
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Beta decay and Charge Exchange are two processes governed by the same ot (t) operator

Beta decay Charge Exchange Reactions

target

- T’ﬁ@

Radioactive initial nucleus Stable Target
Beta Decay: Absolute Normalization : No restriction in
of B(GT). Far from stability. excitation energy of Gamow-Teller

states. At the stability.



We could compare them in mirror
nuclei
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 T=1
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Prior to our work......

Beta decay Charge Exchange Reactions

PHYSICAL REVIEW C VOLUME 59, NU!

B-decay study of *"**Ni produced by an ¢

1. Rewsen. A. Andreyev,” ], :\Mnn)wn\l.' N. Bigoers. S Fr
W. F. Mueller, A. Plechaczeh' R. Raabe, K. Rykaczenshil 58 58

] Wanters. " and / . ] .~
Trsedoonst voor Kevrre en Svalingsfisica. Unhversity of Leaven, Nl(p, n) Cu .
{Recetved 3 Decemt l:p =160 MeV

3Ni(*He, 7)°3Cu
E =140 MeV/u

8§ 10 12
Excitation Energy (MeV)

l. Reusen et al. Phvs.Rev C !
ates. At the stability.
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The plan of the present experiments was to improve the beta decay side

PHYSICAL REVIEW C VOLUME 59, NUMBER 5

f-decay study of *"*Ni produced by an element-selective laser ion source

I. Rewsen. A. Andreyev.” J. Andrzejewskl,” N. Bignens. S. Franchoo, M. Huyse, Yu. Kudryavtsey, K Kruglov,
W. F. Mueller, A. Plechaczed ' R. Raabe, K. Rykaczenski ™ | S{:i\po' P Van Duppen, L. Vernweron,
J. Wanters.* ™ and A Wolw
Trsedonst voor Kevnre en Sealingsfisica. Unversity of Leover. Coleselmnlsan 200 D, B-300] Leoven. Belghan
(Recetved 3 December 11698)

I. Reusen et al. Phvs.Rev C 59, 2416-2421 (1999)
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In this paper we are interested in extracting information about the
B(GT) strength

B(GT) =|(y,| Eak‘fif ) |

Theoretically

coetmenaty g G k_@9>
Q) B2

(OO) \ Combined analysis

Fujita et al.,
PRL95(2005)212501

B(GT)E « da

(@D I[;’ (E) I?eta feeding to states

in the daughter nucleus

From the present experiment

Not from the present experiments Qﬁ



Simple scenario

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

nf7/2 to vf7/2
and
nf7/2 to vf5/2
2p1/2 I 2p1/2
1f5/2 ——¢4— 1f5/2

2p3/2

1f7/2




Experimental adventages of studying f A,
.. 4
shell nuclei with T=1 N

We have large Qg-values  54p;
Tz=-1 (8-9 MeV)

S0Fe

>4Fe

>0Cr

42T
Ti We have all the stable targets
) N Tz=+1
7
Q
o N 42
T2=(N-2)/2 X 20Cay;



(3He,t) CE Reactions @ RCNP(Osaka)

,/ -
g
=

Grand-Rziden Spectr

58
30£N5g

Olab = 0° / (3He,t) CE reaction \

- L -~
- - 3 P /'/" e 7
\\: :»——7. — V
e g ___,___
4 L

Stable Target

[
NG _’
WIU/D ] N6 ;
Sectica 111 3He

ometer QU5U/D

W

Sten %{-%Ts:;}./! N ‘tﬁ%
, e .
l/@ ;f? triton

3He

Padova 27-30 June 2011 12



Charqg Exchanqe Reaotions Results (‘RCNP—Qsaka)
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Beta Decay Experiments @ RISING

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

production Separation in flight with the
Fragment Separator (FRS)
Primary - -
d Second .
beam 4 beam °  selection implantation
/ S1 identification
Dipole
magnet
Production 3 !
o N~ TOF: B, y spectroscopy

S4

W42
SCI41
Event by event identification
MW4l, 42 x y —-> Position —-> Track of the beam
MUSIC -=>dE
——>Z

SCI21,41  -->TOF -—->

B } —->A/Q A_Bpe
D. Magnet -->Bp Q Pycu

Active stopper
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RISING (Ge Array)

15
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Detector Setup (Rising and DSSSD)

H
:

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.
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Identification Plot for the “Cr run. Implantation in M2.
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The most abundant nucleus produced,

integral 25390+06 . separated and identified up to sci4l

10° And the most abundant nucleus
Implanted in M2.

10%?
Run | Total Total Counting Counting
Measurement | Number of rates in M2 | Rates per
10 ) Time Implantations | [ions/sec] | Pixel[ions/sec]
5Ni | 2151 min 6.38 10° Imp. 50.4 | ~ 0.47
Decay 62.9 | ~ 0.59
"0Fe | 1402 min 2.80 10° Imp. 33.8 | ~0.23
Decav 404 | ~ ()38
4Cr | 1140 min 3.3 10° Imp. 45.3 | ~0.40
Decay 74.2 | ~ 0.66
1 “Ti | 531 min 6.46 10° Imp. 20.7 | ~0.17
Decay 32.8 | ~ 0.26
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Tz=+1 46Ti(3He,t)46V Experiment Results |
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[ Tz=+146Ti(3He,t)46V Experiment Results
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- <
2500 ;
= + :
2000 — & - o
— o o +
1500 = § g + —
= O §
- . | o
&00 2400 2600 2800 3000 3200 3400 3600

decay trigger

[ Tz=-146Cr — 46V  Decay Experiment. RISING Gamma Spectrum |

38 QEnergy [ﬂéQ)oo

2] - b
e -
5 1400 +
0 B i |
[&] .
| Tz=-1 46Cr — 46V p Decay Experiment. RISING Gamma Spectrum |
o 1400 C
c
3
Q
o

1200 :
1000 f
800 :
600 :

400

2420 2

it ]
2500

430 2440 2450 2460 2470 2480 2490

Energy [keV]
E=T A A ="rTvwv —=vuvwv

26974 1+

2977.8 1+

3867 1+

gl it |

it

‘gv 2 v ‘ .I

2800

3000 3200

Padova 27-30 June 2011

3400

3600

380Q

nergy [l&

o0

19



J“

1+

1+
1+
1+
1+
1+

+

0+

J“

1+
1+

1+

1+
2+

0+

= ms ms s om B © e 18
T8 &85 - - @2
S o - a8 F 5 - 2
§ & 5 ¥ 86 5 g S 3
- a 8 N W - «~ o O
TR TR ST~
Enery £S5 SSTSSgsS
(keV) d a B B 8 8 o ¥ &
o o < o (o2} [} ™~ o ©
o © Ie} (3] o © (v} < [w]
5202.4 L I F ¢ ¥ 0 0 A0
4822.8
4543.8
4323.0
4293.4
3889.6
3376.1
24246
9367 ____
54
Co
T,,=193.271(63) ms

Results of this

Energy
(keV)

3867.6

29778

2697.4
2466.3
2459.8 _/

14325

9932 __
9150 /"

6.4(1.3)

(
17.7(2.3)
8.8(1.7)
9.7(1.4)

B+

| 1AL

0+

54Ni
Q,=8800(50) keV
'IJ:,2=1 14.1(2) ms

8 MeV

=7 MeV

6 MeV

5 MeV

4 MeV

3 MeV

2 MeV

-1 MeV

—0 MeV

JH

1+

1+
1+

1+

0+

[
S o © 1]
T2 94248758
S - w5 ¥ S e
& 5 & NN @ & T8
mv—comNmNcogg
TS ST o o
Energy o 8 2 22 2 2 5 5
(keV) 58 38 ¥ 8 98 8 d
- = ¥ © 0 © W O O =
M O © M O < 0 O O W
4315.7 <+ O 0O N N~ — K~ ©
4012.7
3643.4 -
3380.0
2684.2 -
2403.8
799.6
651.0 /"
A
50
Mn

T,»=283.21(11) ms

part: four previously “practically” unknown decay schemes
8 MeV

3867.6(0.4

2697.4(0.1
2466.3(0.2
2459.8(0.1
2062.4(0.4
1544.4(0.2
1432.5(0.1

993.2(0.1) 1000.0(35.2)

915.0(0.1) 28.4(1.7)

46
\
T,p=422.50(11) ms

Al

B+

O+

46
Cr
Q,=7599(20) keV
T,»=223.9(11) ms

Padov4<7-30 Julie 2011

=7 MeV

6 MeV

5 MeV

4 MeV

-3 MeV

2 MeV

-1 MeV

@

J“

1+

1+

.
0
g 2
2 3
s 8
~ o
§ ~
Energy S
(keV) s 2
@ —
0 -
18884 _— _©_
611.0 |
42SC

T,,=680.72(26) ms

0+

B+

*Fe
Q,=8150(60) keV
‘IJ?/2=152.2(6) ms

8 MeV

=7 MeV

6 MeV

5 MeV

4 MeV

3 MeV

2 MeV

1 MeV

—0 MeV

8 MeV

42T
Q;=7016.83(25) keV
T,»=211.2(39) ms

=7 MeV

6 MeV

5 MeV

4 MeV

3 MeV

2 MeV

1 MeV

2 (50 Mev



Half life analysis and background determination
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T1 54Ni Half Life. ¢ - All Implants time correlations, random substracted
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£50000— | | I Integral 1.688e+06

g - i | »/ndf 1160/ 998

£ *2 - i | Cnst. Bck 10.32 + 4.70

g 340000 [ Prod.Mother 8.384e+05+ 1163

£0 - Halflife Mother 114.2+ 0.3
8 - :
30000— ]
20000— ]
10000— —

OI_ e

-4000 -2000 0 2000 4000
Correlation Time [ms]

22



Least square fit

54Ni Half Life. - All Implants time correlations, random substracted
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Summary of Half-life Analysis

|

I /, ms| | Lit. Ty/o [ms]
SING | 114.2(3) ] 106(12) [Reu99b)
OFe | 152.1(6) | 155(11) [Kos97]
16y | 224.3(13) | 240(140) Oni05]
274 | 211.7(19) | 208.14(45) [Kur09]

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: estimation of absolute
feeding to the first excited state

I (E
f(Q, -EZ)T,,

B(GT)’ =k

)

Estimation of absolute

feeding to the first excited state -
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Systematic errors such as beta efficiency error or survival probability errors
cancels!, only gamma efficiency counts!!!
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Comparison of “g.s to g.s feeding”
estimated from Fermi transition probability
and our experimental result
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Comparison of beta decay and CE reactions (Normalised to the 1t excited state)
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Possible reasons: Maybe the two mirror
ground states are not identical

0+ 0+
Tz=-1 Tz=+1
T=1 T=1
54 . 54
78 N 56 26 F 828
pt (p,n)
0+ (3He,t)
Tz=0
T=1

54
7 Co,
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Hadronic reactions such as
(3He,t) are mainly peripherical,

rRny{r) (‘frn)_v2 -
& SR ¥dr =1
0

—

Radial wave function
1f7/2-1f5/2
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Many 1+=» 0+, few 1+ =22+, but never 1+=» 1+ M1 transitions were observed
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M1 transitions from T=0 to T=0 are strongly suppressed!!!!

Strongly
supressed
)
1+ T=0
1+ T1=0
OoT
v 2+ T=1
! 1+ 1=0
B O+ T=1 | .
IAS
Tz=0
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summary

We have studied the beta decay of four Tz=-1 nuclei in the f7/2 shell

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

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 selective isospin Quasi selection rule was observed for the first
time in f-shell nuclei

The results were compared with the mirror CE reaction process.

All “expected levels” were observed

The isospin symmetry works well for the strong transitions but small
transitions show differences up to 50% which still 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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Reaction: ¢4Zn?°* (79 MeV.A) + "*Ni @ GANIL 2008

79 MeV / nucleon
Incoming 64Zn 2%+ g 3

Plus 4 EXOGAM
gamma detectors

Cyclotrons  Ni target :
Cssland  (natural)
CSS2

Incoming beam intensity : 50C
Target Thickness:1.8 mgr/cm2
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(-decay study of proton rich T. = —1 and 2 nuclej *®*Zn ahd 5¢Zn
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(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 facilities, and cases dominated by beta-delayed proton emission.

| believe that beta delayed gamma-ray spectroscopy can provide
valuable information on exotic nuclei.
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y: A nice example is the M1 quasi-rule which
i{\\ ~ Provides direct and clean information on the isospin of the levels.
=2 |

\L. y Comparison with charge exchange reaction (isospin symmetry) is another example.

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