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Spin-isospin excitations probed
by beta decay and charge
exchange reactions

Sonja Orrigo

1V Jornadas CPAN

S,

- -
QRBOnG A b TA‘U; OnoooH
P i

i ’ rusy t \
nog ) 3
.._L ‘ . v lll M-
Telkimial I BT

2338 k f ML
e R
T A “, L >
£
rell



Outline

® Analogy between Beta Decay and Charge Exchange (CE) reactions

m (’Li,’Be) CE reaction and B decay
= (Li,’Be) CE experiments at LNS-INFN Catania using MAGNEX:
light neutron-rich nuclei

= Analysis in combination with (§ decay

® B-decay spectroscopy and (3He,t) CE reaction
= Beta decay at GANIL: T, =-1 and T, = -2 proton-rich nuclei
= (3He,t) CE experiments at RCNP Osaka

= Combined analysis
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Analogy between 3 decay and CE (1)

Radioactive

nucleus V/7 Stable Target //— \\
. = &

® B decay: Weak interaction ® Charge Exchange: Strong interaction

But they are ruled by

B(F) o« (s [elw)]

B(GT) =< (v |ot|w,)

VI\(I?\I) = (Vr +V, 0,0, +V, S12)1'1 "1

2 the same operators

m Conditions in CE for the analogy <4mmm)  Very forward angles (9 ~ 0°)

= Dominance of the one-step mechanism — V"
= Low momentum transfer q(fm™)=0.11Q(E, /A)'* >0
= Negligible contribution of the tensor component

T.N. Taddeucci et al., Nuclear Physics A 469 (1987) 125-172
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Analogy between B decay and CE (2)

Radioactive
nucleus V/7 Stable Target //— \\
*’ = \@ :
0o— |
l3+\ 3He (3He,t) —
m B decay: Weak interaction ® Charge Exchange: Strong interaction

B(F) o< |(w; |z]wi)

2
‘ But they are ruled by

VI\(I?\I) = (Vr +V, 0,0, +V, S12)1'1 "1

B(GT) =< (v |ot|w,)

2 the same operators

-—

m The CE differential cross-sections for Fermi (AS = 0) and Gamow Teller (AS = 1)

transitions are approximately proportional to the B-decay strengths B(F) and B(GT)

CE
dog

dQ

(0°) = 6, (0°)B(F) d;%(m)

= 64 (0°)B; (GT)

j

v" At intermediate beam energies (E, . > 100 AMeV) and zero momentum transfer (9 ~ 0°)

T.N. Taddeucci et al., Nuclear Physics A 469 (1987) 125-172
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No+3n nuclei via the (“Li,”’Be) CE reaction

Hard

core .
An important

part of the
phase space is
represented by

. N=1 — T7He .
N=2 . 1pe Str.uctural pr.ope'rtles. o
> IPN-Orsay = Single particle isovector excitations
- N=3 — 1C - = BSEC and Fano resonances
« N=4 — 130 | in the continuum
. N=5 — ZNel Reaction dynamics:
. N=6 — 2Mg MAGNEX = One-step / two-step contributions
J = Spin transfer probabilities
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The large-acceptance ray-tracing magnetic spectrometer MAGNEX

focal plane detector

quadrupole

dipole PSD
target
References
Max. magnetic rigidity 1.8Tm NIMA 621 (2010) 419
U b limi NIMA 602 (2009) 494
pper bent limits Solid angle 51 msr IEEE TNS 55 (2008) 3563

E<30AMeV | E< 25 AMeV E__JE_ 1.7 NIMA 591 (2008) 394
max £ =min ' NIMA 585 (2008) 136
2<A<40 | 40<A<33 Total energy resolution EPJ ST 150 (2007) 343
(target 1 mm?2, 90% of full ~ 1000 NIMA 570 (2007) 192
acceptance) NIMA 495 (2002) 216

Mass resolution 250 NIMA 484 (2002) 56

NIMA 481 (2002) 48
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No+3n nuclei via the (“Li,”’Be) CE reaction
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Counts

Counts

No+3n nuclei via the (“Li,”’Be) CE reaction

Hard
core

.
@
3

F.Cappuzzello et al., NPA 739 (2004) 30; PLB (2001) 21
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Single particle regime

F.Cappuzzello, S.E.A. Orrigo et al., EPL 65 (2004) 7665 T
e 1ﬂb

: 15 C DCP regime 55 keV/ch
I

0.7

An important

> part of the

phase space is
represented by

Structural properties:
= Single particle isovector excitations
=|BSEC and Fano resonances
in the continuum

I5C Excitation energy [MeV]

15C theo. (g, d-wave)
=
,5,: - Ve e,
s 10 ke ich
10
8 S.E.A. Orrigo et al.,
o PLB 633 (2006) 469
4
2
0 5 6 7 8 9 10 11 12
15C exp. from (YLi,YBe)HC excitation energy [vleV]
6 |- = 2 B) HC exp.
D [ !
14 5 % 55 keVich
12 I
v
8
6
4
2
0
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B¢ excitation energy [MeV]
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No+3n nuclei via the (“Li,”’Be) CE reaction

Hard

core .
An important

part of the
phase space is
represented by

. N=1 — T7He .
N=2 . 1pe Str.uctural pr.ope'rtles. o
> IPN-Orsay = Single particle isovector excitations
- N=3 — 1C - = BSEC and Fano resonances
« N=4 — 130 | in the continuum
. N=5 — ZNel Reaction dynamics:
« N=6 — 27|\/|g MAGNEX » One-step / two-step contributions
y |Spin transfer probabilities
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(“Li,’Be) and B decay: the G-factor

s - o(As=1)
"W 5(As =0) +o(As =1)

Spin-flip probability Sy,

7 L|(3/2_)—)7 Begs(3/2_) ﬁ Fermi (Af — O, As = O) B decay
U |_i(3/2—)_>7 Be, ,,(1/27) Gamow-Teller (A¢=0,As=1)

o’ Be,,) = B,(F,0) o(As =0) + B,(GT,q) o(As =1)

o( Be, 45) #B,(GT,q) o(As =1)

S. Nakayama et al., Phys. Rev. C 60 (1991) 047303

~
7 0 for As = 0 transitions
G( Be0.43) — < G (00)
('Be,.)+o('Be, ) _ »
Y g.s. 0.43 0.46 for As =1 transitions

-

Q)
ll

J. Janecke et al., Phys. Rev.C 54 (1996) 1070
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(“Li,’Be) and B decay: the G-factor

Sonja Orrigo

llBe 12B
Ex [MeV] | gs. [0.32]1.7712.67]3.8913.96(6.05) gs. [0.95]1.6712.6214.50
G 0.3810.3510.4610.3510.47{0.40({0.560.15]0.1710.4010.3310.34
AG 0.0410.0310.0410.0410.04]0.07{0.03]0.03]10.0310.0610.07(0.03
NPA 739 (2004) 30; PLB 516 (2001) 21
4
0 for As = 0 transitions
G(7Beo 43)
G= : — < G (OO)
('Be, .)+o('Be, ,.) "
Y gs) T O 0.43 0.46 for As =1 transitions
-
J. Janecke et al., Phys. Rev.C 54 (1996) 1070
IV Jornadas CPAN, Granada, Espafia 26/11/2012
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B decay and (°He,t): the Collaboration

Beta Decay of Exotic fp-shell Nuclei with Tz =-1 and Tz =-2 at GANIL

S.E.A.Orrigo’, L. Kucuk®, BRubio', Y.Fujita’, W.Gelletly*, T.Adachi’, J. Agramunt', A.Algora’,
P.Ascher®, B.Bilgier’, B.Blank®, L.Caceres’, R.B.Cakirli’, G.de France’, H.Fujita’, E.Ganioglu’,
M.Gerbaux®, J.Giovinazzo®, S.Grévy®, O.Kamalou’, H.C.Kozer*, T Kurtukian-Nieto®, M.Marqués®,
F.Molina', Y.Oktem?, F.de Oliveira Santos’, L.Perrot’, L.Popesculo, R.Raabe’, A.M.Rogers“,
P.C.Srivastava’, G.Susoy’, C.Stodel’, T.Suzuki’, A. Tamii’, and J.C.Thomas’

Y Instituto de Fisica Corpuscular, CSIC-Universidad de Valencia, E-46071 Valencia, Spain
* Department of Physics, Istanbul University, Istanbul, Turkey
> Department of Physics, Osaka University, Toyonaka, Osaka 560-0043, Japan
* Department of Physics, University of Surrey, Guilford GU2 7XH, Surrey, UK
> Research Center for Nuclear Physics, Osaka University, Ibaraki, Osaka 567-0047, Japan
® Centre d’Enudes Nucléaires de Bordeaux Gradignan, Université Bordeaux |, UMR 5797 CNRS/IN2P3,
BP 120, F-33175 Gradignan, France
T Grand Accélérateur National d’lons Lourds, BP 55027, F-14076 Caen, France
¥ Laboratoire de Physique Corpusculaire de Caen, F-14050 Caen, France
Y IPN Orsay, F-91406 Orsay, France
" Vakgroep Subatomaire en Stralingsfysica, Universiteit Gent, B-9000 Gent, Belgium
" Physics Division, Argonne National Laboratory, Argonne, Illinois 60439, USA
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B-decay transition strengths

m Measured in B-decay experiments: half-life, B feeding, particle decay branching ratios

T
® The partial half-life t; :#E) multiplied by the f-factor is related to the
AN
Fermi and Gamow Teller transition strengths 1+

Beta feeding to states

in the daughter nucleus 1+

E.
B, (GT) =— 5 Ls
p; f (Q,-E,, z@
Parent half-life 1+
| .(E , IAS
B(F)” =K (E) =
f (Q,[)’ o E’ Z)T1/2
= Advantage: absolute normalization of B(GT) TZ=0 TZ=_1

= Disadvantage: B(GT) only for the low-lying states (Qg energy window)

Sonja Orrigo IV Jornadas CPAN, Granada, Espafia 26/11/2012
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Complementarity of B decay and CE reactions

® On the other side, CE reactions give also information on B(F) and B(GT)

doss n
. 2 (0°)] =5 (0°)B; (GT)
: J
CE reactions
= doct
F
N, N o= (0°) = 6, (0°)B(F)
(pin)_type
Vot 1+ = Advantage: highly excited states can be accessed
= Disadvantage: relative B(GT) are measured
0r My, 00018
® Therefore B decay and CE are complementary
TZ=+1 TZ=0 mm) Combined analysis of the two processes

Sonja Orrigo IV Jornadas CPAN, Granada, Espaia 26/11/2012 14




Combined analysis of B decay and CE

® Under the assumption of isospin symmetry, mirror GT and Fermi transitions from the

-

;=% 1 nuclei to the T, = 0 nucleus are expected to have the same transition strengths

m However, due to Coulomb interaction, complete symmetry is not always guaranteed

In mirror nuclei

1+

CE reactions

1+ p decay | | B(F)=[N-Z] From (3He,t) CE
(p,n)-type 1 i
e 7 [BEN -85+ 3 NBCTY,
j=CT |
0+ @AVLIC IAS <7

= A precise value of the

Tz=+1 I Tz=0 - Tz='1 parent T, is very important
Y. Fujita et al., Physical Review Letters 95 (2005) 212501

Y. Fujita, B. Rubio, W. Gelletly, Progress in Particle and Nuclear Physics 66 (2011) 549-606
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Study of T = 1 nuclei in the fp-shell

m A series of experiments of B decay and CE reactions starting from kjjl o
/

mirror nuclei were carried out

v’ CE experiments were all performed at RCNP Osaka:

(3He,t) reaction at 140 AMeV and 9 =0° 7 é/:\/
Y. Fujita et al., PRL 95 (2005) 21250 s
v ] We have large Qp-va}ugs
B-decay experiments: Tz=1 7 5oN|j
(1) 4 nuclei studied at GSI: e 2080

s
fragmentation of a *8Ni beab&)

F. Molina et al., AIP 1265 (2010) 49 _ 7
F. Molina, PhD thesis, Valencia lﬂw (2011)

7
7

(2) The more exotic *3Zn was

>Fe

oCr

We have the stable targets

studied in 2 experiments
Tz=+1

T]

at GANIL (2008, 2010) 4
v Waiting point in the rp-process PN
o %4
Tz=(N-2)/2 //x 42.200'9'22
A1

Sonja Orrigo IV Jornadas CPAN, Granada, Espaia 26/11/2012 16




Study of T = 2 nuclei in the fp-shell

Mirror nuclei
Vi <
vﬁl -

56 56
(3He,t) 0L N2 26 €30

(3) The T, = -2 °6Zn was studied at

GANIL (2010)
v’ Main difference (fp-shell nuclei)

T, = -1 nuclei: B-delayed y rays only

T, = -2 nuclei: also B-delayed protons

Sonja Orrigo IV Jornadas CPAN, Granada, Espaia 26/11/2012 17
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58Nj26+ (74.5 AMeV) + "tNi @ GANIL 2010

74.5 MeV / nucleon
Incoming >8Ni%®* 3.7 epA intensity

o

Cyclotrons  Nitarget Brhol

CsSland  (natural)
CSS2 200 pum thick

LISE 3 spectrometer

Wien Filter

DETECTORS
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58Nj26+ (74.5 AMeV) + "tNi @ GANIL 2010

74.5 MeV / nucleon
Incoming >8Ni%®* 3.7 epA intensity

gyl

Cyclotrons  Ni target ; Brhol ‘ e _ ’
CSS1 and (natural) '
CSS2 200 pum thick

LISE 3 spectrometer

Implantation,
AE? beta an‘g/prntun detector

l Veto
o~

DETECTORS

DSSSD detector

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

v" 3 mm pitch

26/11/2012 21



S8Ni26+ (74.5 AMeV) + "tNi @ GANIL 2010

Plus 4 EXOGAM

74.5 MeV / nucleon

Incoming 5Ni?5* 3.7 epA intensity gamma detectors

Cyclotrons Nitarget  Brhol

CSS1 and (natural)
CSS2 200 pum thick

DSSSD detector

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

v" 3 mm pitch

26/11/2012 22



Half-life analysis: B-implant correlations

® The time difference between implants and B-decay events give us the Half-life T, ,
® |t’s not possible to correlate one-by-one a B decay with the corresponding implanted ion
m Statistical correlation:

Correlate each B decay with all the previous implantations in the same pixel of the DSSSD

|Imp| |Irnp| |Irnp| Irnp| |Imp||rnp Imp|
— ‘ —>
|beta | [beta||beta | beta ]| |[beta] |beta | |[beta ||[beta |[beta || beta |

Events in a pixel

A J-position
Same pixel correlation
HEN T T 1]

| ® This will result in:
|

e

T v Good correlations Wrong Correlations

) v Random correlations
SENEEEEEEEEEmEEE
>

T T T T T T T
Implantin pixel "(i,j)" ¢ -position

2

1 1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Decay in pixel "@.D)" Correlation Time A.U.

o
-
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;. ——— Half-life analysis for 58Zn (T, = -1)

SSZn
T=1 IAS ,=-1 m The half-life fit includes both mother and daughter
B decays: Ty, and Typp
Literature:
¥ Y T,/, =86+ 18 ms (A. Jokinen et al., EPJ A 3(2001)271)
Bz T,/, =83+ 10 ms (M.J. Lopez Jimenez et al ., PRC 66(2002)025803)
>8Cu T,, =90+ 8 ms (Y. Fujita et al., Int J. of Phys. 18(2009)10)
TZ =0 i T T T T T integral 1.214e+05
EET T T T ot S Botet08 L #2 I ndf 558.3 / 496
7000 21 ndf 576.3/ 496 2600 Cnst. Bek 1814 £ 2.2
= Cnst. Bek 3434+ 3.1 i Production Mother 9852 + 348.0
6500:_ Production Mother 4.765e+04 + 512 : HalfLife Mother 87.93 + 5.20
6000 ;_ HalfLife Mother 88.11+ 155 ) 2400— m
5500 = [ ]
E = 2200 —
5000:— —: : :
4500::-_ —i 2000_— —_
40002— —; B ]
3500fw, i+, 1, " g 1800w i}
3000:—....?....|....|....|....|....: A B P B B S |
100 0 100 200 300 200 500 -100 0 100 200 300 400 500
time[ms] time[ms]
L. Kucuk et al. S.E.A. Orrigo et al., AIP Conf. Proc. 1491 (2012) 81
GANIL 2008 experiment GANIL 2010 experiment
v 58Zn implants: 176960 v’ 58Zn implants: 82138
v T,,=(88%1.6) ms v T,,=(88%5)ms
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Half-life analysis for °°Zn (T, = -2)

®m To determinate B(GT) in T, = -2 nuclei is not trivial: the decay is more complex than in

T, = -1 nuclei: (1) B-delayed vy rays (2) B-delayed protons
v’ Due to the low S, the levels decay via proton emission o)
S.E.A. Orrigo et al., AIP Conf. Proc. 1491 (2012) 81
56
216005_'”"””]””" ¥2 I ndf 521.9 / 497 B _I_Z_n 2
=k 3B decays | soznnairiite  29.48:+1.04 ! z= "
#1400 included Bp 0.5481+ 0.0160
S 1200 in the fit —_—
312005 ] T=2 IAS
1000 — P
so0f- E /
sok | N . E A%
400 =
200‘_. |||||||_‘ T=1/2 / —————— S=560keV
-50 0 50 100 150 200 250 300 4 P
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Comparison of mirror transitions for A = 56

S.E.A. Orrigo et al., AIP Conf. Proc. 1491 (2012) 81

> 14or ) ® The Isobaric Analog State (IAS
3 ) 2 56Zn — 55Cu + B* g state (1AS)
2120~ N o is clearly identified in both spectra
n A o) Vo)
‘g 100 N n i E,(°Cu) = (A/A-1) E, + S, v’ In agreement with previous
- <
© 80:— ™ data (C. Dossat et al., NPA 792(2007)18)
60— o
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40— o p y y
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S.E.A. Orrigo et al., AIP Conf. Proc. 1491 (2012) 81 > 6Z N d e Cay SC h eme
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S.E.A. Orrigo et al., AIP Conf. Proc. 1491 (2012) 81 > 6Z N d e Cay SC h eme

A g
t T T=2
ey o
+ 4 o
mT " The p-decay of the IAS B, T,=-2
f,. 3 g is isospin forbidden
0 8‘_' 3
w
(sv1) L9s'€ S IAS O+
. SLvE ——— 13
1+
6692 1
(€25°2) S 1+
T=1
LLL'L _
|||||||||||||||\|||||m8 1+
§ @ § 8 8 8§ & °° T=1
(5Cu)\PSNi+p [T TTTTTT TS S, = 560 keV
»*Ni (T=2)"> (T=1/2) + (T=1/2)
T,= '1/2 56CU

B, T,=-1

Sonja Orrigo IV Jornadas CPAN, Granada, Espaia 26/11/2012 28




S.E.A. Orrigo et al., AIP Conf. Proc. 1491 (2012) 81 > 6Z N d e Cay SC h eme
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Measured gamma spectrum

®m A v ray at 1834 keV is observed in the >°Zn correlated y spectrum

corresponding to the de-excitation of the IAS
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Half-life from (B-y)-implant correlations

® Correlating each B-y event with all the previous implants in the same pixel, and selecting
the y peak observed at 1834 keV, a cross-check of the >°Zn half-life is obtained

® The T,,, obtained by the two analysis are in good agreement

Time Line
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-] We spy the gamma de-excitation in the mirror >°Co nucleus |, .
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°%Zn decay scheme

h ";_ T=2
1]
s ¢ PRELIMINARY —
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m Assuming B(F)=[N-Z|=4and ~ ~ T T TT S, =560 keV

gamma de-excitation as in the mirror

56CU
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Summary and Outlook

ml B decay and CE reactions are complementary tools, providing rich spectroscopic information
® Light neutron-rich nuclei by (’Li,”’Be): structure and reaction mechanism, combined with B decay

® Proton rich-nuclei by B decay: T, ,, B feedings, B(GT), combined with the mirror (*He,t) CE reaction

® GANIL B-decay experiment: T, = -1 38Zn and T, = -2 36Zn nuclei
®m Comparing the >6Zn B* decay and mirror >°Fe(3He,t)*%Co reaction: isospin symmetry works well

m >%7n: B-delayed protons, B-delayed gammas, B-delayed gamma-proton decay

(this last observation is very exotic and perhaps unique)

® Firm values for B,(GT) will be soon obtained and then compared with the mirror case

®m Heavier and even more exotic nuclei will be studied at RIKEN in 2013: T, = -1 62Ge and ®¢Se,
T, =-2 89Ge and ®Se

Sonja Orrigo IV Jornadas CPAN, Granada, Espaia 26/11/2012 34




Summary and Outlook

ml B decay and CE reactions are complementary tools, providing rich spectroscopic information
® Light neutron-rich nuclei by (’Li,”’Be): structure and reaction mechanism, combined with B decay

® Proton rich-nuclei by B decay: T, ,, B feedings, B(GT), combined with the mirror (*He,t) CE reaction

® GANIL B-decay experiment: T, = -1 38Zn and T, = -2 36Zn nuclei
®m Comparing the >6Zn B* decay and mirror >°Fe(3He,t)*%Co reaction: isospin symmetry works well

m >%7n: B-delayed protons, B-delayed gammas, B-delayed gamma-proton decay

(this last observation is very exotic and perhaps unique)

® Firm values for B,(GT) will be soon obtained and then compared with the mirror case

®m Heavier and even more exotic nuclei will be studied at RIKEN in 2013: T, = -1 62Ge and ®¢Se,
T, =-2 89Ge and ®Se

© Thank you for your attention! ©
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