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Core-coupled states in cobalt isotopes ? :
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Core-coupled states in cobalt isotopes ? :
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First experiment :
Lifetime measurement in ©3:°2Co
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Lifetime measurement in 632°Co
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Transition Fe-like
3/22>7/2
- simple extraction
of the lifetime
T,/,=15.4 (18)ps
B(E2)=3.71(43) W.u

Transition Ni-like
9/2>7/2-

- lifetime extracted by
selection in
excitation energy

T,/,=0.9 (4)ps

B(E2)=12.2(54) W.u

A. Dijon et al,. PRC 83 (2011)

A.DUJON - EGAN 2011 Workshop-

Padova, 27-30 June



Lifetime measurement in ©322Co

A. Dijon et al., PRC 83 (2011)
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B(E2; 9/2->7/2°) in 3Co compatible with the B(E2; 2*->0*) in %*Ni

— The core coupled model still valid at N=36 is consistent with this scenario :
7/27 (Co) > = |(Imfrp2)™" > ®10* (Ni) >
9/27 (Co) > = |(Infr2)~" > ®|2° (Ni) >
3/27 (Co)> =~ |(Infrp) > ®[2* (Fe)>
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A. Dijon et al., PRC 83 (2011)
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Theoretical B(E2; 9/2-=>7/2°) = Experimental B(E2; 9/2>7/2)
Theoretical lifetime a factor 10 lower = high value of B(M1)
B(E2; 3/22>7/2) not reproduced by the shell model calculations*

- Attribute to a fragmentation of the wave function in our calculation.

Lifetime measurement in ©322Co
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Second Experiment :
Prompt and delayed y-ray spectroscopy
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Prompt and delay y-ray spectroscopy

n(2p-2h) intruder state in *Ni

A. Dijon, et al, in preparation
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Prompt and delay y-ray spectroscopy

n(2p-2h) intruder state in *Ni

A. Dijon, et al, in preparation
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n(2p-2h) intruder state in *Ni

Preliminary Interpretation
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n(2p-2h) intruder state in *Ni
Preliminary Interpretation

.*_.(pm)-z(gw)z A. Dijon, et al, in preparation
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n(2p-2h) intruder state in *Ni

Preliminary Interpretation
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n(2p-2h) intruder state in *Ni

Preliminary Interpretation
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n(2p-2h) intruder state in *Ni
Preliminary Interpretation

.?.(pm)-z(gw)z A. Dijon, et al, in preparation
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n(2p-2h) intruder state in *Ni
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n(2p-2h) intruder state in *Ni

Preliminary Interpretation
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n(2p-2h) intruder state in *Ni

Preliminary Interpretation
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n(2p-2h) intruder state in *Ni

Preliminary Interpretation
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Prompt and delay y-ray spectroscopy

Others preliminary results :
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Conclusion and perspectives

Lifetime measurement in ©365Co have shown :

L 9/2-and 3/2 states in Co agree with the core-coupled model up to N=36.

0 Comparisons with SM underline a too much fragmented wave function.

Isomer spectroscopy :

U Observation of the 2p-2h proton intruder state in %8Ni in perfect agreement with the
predicted position from the p(1p-2h) in ¢’Co and p(2p-1h) in ®°Cu

—>Shape isomer in ®8Ni ?
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... to be continued ...




Collaboration

PHYSICAL REVIEW C 83, 064321 (2011)

Lifetime measurements in “*Co and “Co

A. Dijon,"” E. Clément.' G. de France.' P. Van Isacker.' I. Ljungvall."** A. Gérgen.* A. Obertelli.*
W. Korten,” A. Dewald,” A. Gadea,® L. Gaudefroy,” M. Hackstein.” D. Mengoni,®” Th. Pissulla,” F. Recchia.® M. Rejmund.'
W. Rother.” E. Sahin,'” C. Schmitt,' A. Shrivastava.'! J. J. Valiente-Dobén,'” K. O. Zell,” and M. Zielifiska'?
| Grand Accélérateur National d'lons Lourds (GANIL), CEA/DSM-CNRS/AN2P3, Boulevard H. Becguerel, F-14076, Caen, France
LCSNSM, CNRS/IN2P3, 91400 Orsay, Cedex
*CEA Saclay, IRFU, SPHN, F-9119] Gif-sur-Yvette, France
* Department af Physics, University of Oslo, N-0316 Oslo, Norway
3 Institut fiir Kernphvsik, Universitidt zu Kdln, D-50937 Kdln, Germany
“Instituto de Fisica Corpuscular, CSIC-University of Valencia, E-46071 Valencia, Spain
TCEA, DAM, DIF, F-91297 Arpajon, France
E Dipartimentito di Fisica dell’ Universita and INFN, 1-35131 Padova, Italy
" University of the West of Scotland, Paisley, United Kingdom
W0f NL{INFN), Laboratori Nazionali di Legnaro, I-35020 Legnaro, Italy
"BARC, Nuclear Physics Division, Trombay, Mumbai 400085, India
2 Heavy lon Laboratory, Warsaw University, Warsaw, PL-02097, Poland
{Received 28 February 201 1; published 21 June 2011)

A. Dijon,! E. Clément,! G. de France,! P. Van Isacker,! G. de Angelis,” G. Duchéne,* J. Dudouet,’
S. Franchoo,* A. Gadea,® A. Gottardo,? T. Hiyiik,> B. Jacquot.! A. Kusoglu,?2 D. Lebhertz,’
G. Lehaut.® D. R. Napoli,® F. Recchia.” N. Redon,® M. Rejmund,! E. Sahin,? C. Schmitt,’

M. Sferrazza,? O. Stezowski,® J.J. Valiente-Dobén.2 A. Vancraeyenest.® and T. Zheng. Yong!

' Grand Accélérateur National d'lons Lourds (GANIL),
CEA/DSM-CNRS/IN2P3, Bouwlevard H. Becquerel, F-14076, Caen, France
*LNL(INFN), Laboratori Nazionali di Legnaro, 1-35020 Legnaro, Italy
 Departement de Recherches Subatomiques, Institut Pluridisciplinaire Hubert Curien,
DRS-IPHC, 23 rue du Loess, BP 28, F-67037 Strasboury, France
Anstitut de Physique Nucléaire d'Orsay, IN2P3-CNRS, F-91406 Orsay Cedez, France
SInstituto De Fsica Corpuscular, Consejo Superior de Investigaciones
Cientficas- University of Valencia, ES-{6071 Valencia, Spain
& Université de Lyon, Université Lyon 1, CNRS-IN2P3,

Institut de Physique Nucléaire de Lyon, F-69622 Villeurbanne, France
" Dipartimentito di Fisica dell’Universitdé and INFN, I-35131 Padova, Italy
(Dated: May 19, 2011}



Fragmentation of the wave function in our calculation :

= Experimental scenario of the wave function :
7/27(Co)) = |(1m fr2)~" x OF (Ni); 7/2),
9/27(Co)) = |(1mfr2)~" x 27 (Ni); 9/2),
3/27(Co)) = |1x f12 x 2] (Fe):3/2),

= Theoretical wave function :
17/27) = 0.62|(1x fr72) " x OF (Ni); 7/2)
+0.38|(1w f7,2) " = 27 (Ni); 7/2)
+0.23|(1x fr2) " % 23 (Ni): 7/2) + ---

19/2,) A 0.61](1m f,2)"" x 2] (Ni); 9/2)
031|(1m fr2)7 " x 45 (Ni):9/2)
+0.25|(1m f72) 7" % 25 (Ni); 9/2) + - -

13/27) 2 0.55|1wp3s2 x O (Fe); 3/2)

+0.19] 1 p32 x 0F (Fe): 3/2)
+0.18|1mp1j2 % 25 (Fe):3/2) + - - -.



Fragmentation of the wave function
in our calculation

In a shell-model calculation, expansions of the type

i) =D e li x Lis ), (5)
L
where | J;} 1s astate in an odd-mass nucleus formed by coupling
a particle in orbital j to even-even core states |Lg), can be
obtained by computing spectroscopic factors. The coefficients
ch , are found from

i 2
(c% ) ~ 1 (Jilla;l|Lg)
JL (n;)  2J+1

where the reduced matrix element of the creation operator in
orbital j and the occupancy (n;} of this orbital for the state
|J;} are given by the shell-model code. If we wish to express
a shell-model state |J;) as a hole in orbital j coupled to an
even-even core,

(6)

I; -
iy =Y el 157 % L J), (7)
iLg
the expression for the coefficients rjf ” 15

(8)

(EJ,. )EM 1 (Lllaj|| i)
it ;) 27 +1 ’

where {f1;) is the “emptiness™ of orbital j for the state |J;},
i) =25+1—(n;).



A O* state ? : Looking at the past ...
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Remember, at this time the 2* at 2033 keV was not known :
the 2.20(3) MeV state interpreted as a the 2*, state
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FIG. 1. Low-energy structure of (a) **Ni and (b) “Zr [2.14-16]. The arrows denote p>( E0)x (¥ transition strengths [17]. The estimated
excitation energies of the respective m and v(2p-2h) configurations, based on 1p-2h and 2p-1h excitation energies of the Z+ 1 and N =1
nuclei [18-24], respectively, are represented by the dashed lines.



