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1. Introduction

Une current focus of nuclear struct ure studies is the search for modifi ations

ional shell structure in neutron-rich systems. The region around

Ni is an important milestone when moving towards heavier nuclear sv

erosion of the N=50

Z2=28 shell gaps will have

consequences for the modeling of the astrophysical r-process.!

I the magicity is eroded for SNi, and t

 is a body of research. whi h

this, the future task is to experimentally establish the nature of

an unambiguous wav. quantify their extent, and determing

the re 1 them on a microscopic level. In conse quence, will any of
this { inge the outcome of the process reaction network?

business as Husu l] scenario be IKION ||f-g'._-|".'. M-

tional knowledge can be .l[.’l_l'!.ii"li to foll

of reach exper




eluding very detailed st 1dies, beq

se their nuclear and atomi properties

make them very difficult to produce in sufficient quantities.*~ Despite the

nveniently low production rates there is steady

of nuclei near ™Nj enabled by advances in exper-

Imental techniques which are overcoming the production rate limit tioy

Such progress is evidential in such landmark discove ries as the identif
tion? of " Ni and the investigations of its lifetime? in relativistic fission of

I and heavy jon i

ragmentation of **Kr beams. The experimental dat
are still quite patchy and their interpretation is complicated the usual

HISUITE

clent statistics limi

2 the quality of the observable

and atomic number of TEN; makes difficult the effective use of the *38Q

fission as the method for ite

ion. This isotope is also too distant

| any of the stable isotopes, which can be used as primary beams. to be

abundantly produced in

gmentation reaction. Electron induced fissio

which is much cooler’ and multi-nucleon transfer on nuclei wit

beams® could be the alternative production techniques of the

stable beam ion beam facilities exhaust their capabilities.
A complete description of this complicated region can be obtained
through the efforts to measure ¢ xcited states near this doubly-magic ny-

cleus in order to understand the role of neutron excess and

S trus

ity. Various methods of

ma-ray measurements have been en

ployed.®'® The data reveal the relatively complicated nature of the nuclei

ih-f-r["‘.\' seem to survive as closed shell

in this region. Neutron-rich n

for example by a strong change in beta-decay

nuclei, evidenced
across the Z=28 line and the relatively hi

th excitations of 2+ st

are however sign

signs of the nickel core breaking shown by a steady

decline of the 2% level ene rgies wi n

ncreasing neutron number, !5 and the

Hisappearance of the 8% isomers'? which are preva

nt in the

much is known experimentally about the true nature of ™Nj

from the above mention circumstantial evidence obtained by

its less exotic neighbors. The theory of choice to desc

1be excites

these nuclei, nucleas shell-model, js facing computational di

to the possible effects of the 5 Ni core breaking, hence an explod

ber of configurations in the model space, which in addition to f s, P3

P12 and gg,» will have to include nucleons in the f;/, orbit Although

it 1s rather difficult, much more accurate experimental data are re

exploring a wider range of obser 5 In order to constrain the theore
cal predictions. With the decre Asillg neutron separation energy, gamma-ray

spectroscopy techniques will not suffice to study nuclear
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Mass measurements are currently feasible. Difficult neutron energy

measurements have to be adopted in this region. Many more challen

reaction experiments with radioactive beams have to be performed. In this
manuscript we will address briefly some of the near future experimental

plans to investigate experimentally the unsolved problems in "Ni region.

2. The disappearing isomers

The intriguing disappearance'®!7 of 8+ isomers in 7>74Ni has baffled us for

almost a decade, and we still do not know for sure how trivial or funda.

mental is the answer from the point of view of detailed structure theory.

There is a suggested theoretical explanation,®19

which may indicate sor

fundamental changes happening in this region. The disappearance of the

elsewhere very robust isomerism is thought to be due to the lowering of the
v =4, J" = 6" state below the v = 2, J* =8* state which causes

be observable in a fragmenta

ymeric lifetime to be too short to

. 3 1 . 12 . ' [
type experiment. Previous calculations,'? using a set of realistic resi

interactions,™ predicted this state to be excited 300 keV above the

67 in "*Ni, thus making it energetic lable for the isomeric

iy’'s calculations, there is ¢ veen the disappearance

of isomerism and the 2% excitation ens ew shell-model caleula-

ch explain the isomer non-observation, also predict correctly
lower than expected position of the 2* states. compared for instance with

53V estimates. These systematics of the 2+ levels have been determined

for the even-even ni

. TOwT: THnT T
isotopes {rom "“Ni to "*Ni. In cal-

1 " . T 18 y= r 2 1 3
culatwons by I.'-w--’h'.*.;_‘.'_‘ the partic ly low diagonal \VZg/2)” two-body

ix element (TBME) seems to be responsible for this effect. This T IME

causes the lowering of the energy of the 2+ levels and introduces a sigr

iith the fp-shell neutrons. Such a

ICant amount of connguration mixi

TBME renormalization was necessary only for neutron states ['his a

ent modification of residual interactions is most |

vy due to a too SIT

model space, most likely f;/, proton excitations, v

in their fir
18,19 ..,

yugh the recent experiments have been successfi

» not give a definite confirmation of theory predictions

; i states have not been identified unambiguously

n we will present the pe andidate for a transition,

uld be one of the unobserved 4% states which is conspicuously close in
eneregv to the one pre dicted by theory
To verify experimentally the validity of the new SM, additional obsery
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ables can be el olted TEi-" transition [l['.}i'u.d;il]!ilv}-&_ _-\1_3;'1.: ‘:_,1;:_' to ':'l.- --."-_I

calculations, the transitions between seniority v 4 and :

be enhanced, while transitions between states of the same seniority will by

sriations

retarded relative to the Weisskopf lifetime estimates: These

rsf :i_-f' rfu'-:.r\,

y to test experimentally the predicti

B values may offer a possib
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1 Ihe decay schemn T pulsating excited levels in T2N{1? (EXP). The
theoretical predictions for ited states of "2Ni (LIS)'® and (S3V).'? Seniority
=4 states are shifted to the right

It should be easy to determine the dominant seniority of the state ¢

perimentally as the estimated lifetimes are measurable for example

the delayed gamma(beta)-gamma coincidence technique.?’ Beta

fragment

mt quantities in present d

0o, which is produced i

facilities, can be used to verify the above hypothesis for

for the li!"_il_\' of I""l"u }a_'\' Mueller at 11 the odd-odd cobalt isot« D
exhibit two close-lying states, with the following proton-neutron con

! The decay of the

'.‘1’-"{:]"[5‘: cascade,

tions J* = (6,7)” vgesa 7f;,, and J* = (3)" wpy 2 wf. ),
-‘|="

negative parity, high spin states will populate in the :
f its properties

one of the J™ = 67 states in "“Ni, thus enabling the study of its




Transition probabilities are observables which wi

the nature of states with dominating v=4 and =2 seniority. For example
e Av=2 transition between J3 65 and J 47 is predicted with

!
B(E2)~29 e° fm", compared with a B(E2)~3.8 £2 fm* for the J¥ = 6 and

Ji = 47 Apr=0 transition (1 W.u. = |

If there are indeed low lying 4 states the model predicts the followi

strong cascade 6;_, — 4;_, — 27_, — 0*__ cascade. All transitions will

have strong B(E2) values and the measured lifetimes will be short

If there are no low lying 4% v = 4 states, the B(E2) will be small and

the measured lifetimes will be long because the de-excitation w 1 have to

lifference between observed lifetimes will

occur via Ar = 0 transitions. The ¢

o

be large (~ 200ps vs ~ 700 ps) and will show as a very clear signature to

inguish between the two scenarios

interesting possibility could arise from the observation of the

J* 3% state in ™Co. In this case it is most lik
i )_, state would be populated via the Gamow-Teller transi
s could reveal information about the predicted alternate cas-
cade. In a recent experiment performed at the NSCL2? we have accuinu

lated much nigher statistics data on the dec ay of "*Co isotopes than

rious measurements, This allowed us to have a more thorough look

at the cascades populated in ™ Ni. through beta-gamma-gamma coinci
I ! :

dences. Inters

ingly we have identified a gamma ray with energy of 1069

is in coincidence with a 1096 keV gamma-ray, attributed to the

27 — 0% transition. Despite the higher detection efficiency for other low
energy '8, we could not identify any other coincidence. hence we

1069 keV gamma-ray at 2165 keV in a separate cascade with

1096 keV ground state transition This state is very close in

E=2276) to the J* = 4} ¢ State expected from Lisetskiy's calculations

At this moment it appears, that the only chance to directly observe the

isomers in "*Ni and ™ N1 is thorough the use of Deep Inelastic Co

tion with in-beam type tech i because of their life-

times in the n econd range. In DIC experiments the reaction may popu-
te states with .Ez'llif'f' ﬁir}lli than those pop iated in beta-decay studies. This
method has been used successfully with stable be uns of the most neutron-
rich isotopes on neutron-rich targets 8723 but it seem to be rea t
IS due to the E..;IEIEE\'cl"l'!'-l.\fi.;i [-.'-'I-:.';-.f"l‘. cross-sections. Radi t
beam offer a way to investigate the
Structs h Deen ;-Il__l;.m--:"n:' to be petr
orme eration experiments with RIBs
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nr

thi

ing DIC with combinations of stable ne

e

dre

gain information about the neutre

ond isomers. The yrast conficura
Al
simil
coupling with py,; or f;

new decay channels. Fron

inciple experiments we

'T!'.'H]' I8 VEry sen:

at used by Ishii et al.** in a seri

ds of nanoseconds. We intend

to those outlined ix

|

urations are most

use

1 "*Cu ecould be isomeric. howey

i

*Ni obtained from beta-ds cay and
15t states in neutron-rich Copper
* DIC will be a central focus of t

[l add to the somewhat sketchy J-Z}'.I:\'."Zl"li:.',t' on the nuciear structure neas

microsecond-isomer studies otudy of

28 4 1) :wllT-.'El"‘- P

hese initial studies. In the first proof of

m-rich isotopes through the discovery of

to examine ">~"5Cy isotopes for n:

- 18 ¢

[}

2 protons will make the level scheme richer and add

the technique of isomer-scope similar ¢,
f very successful measurements™25 g

1t 3 I 1 y g i 2 . T
itron-rich beams and targets. This

e to isomers with lifetimes ranging from one to hun-

to use this technique with RIBs in order to

lons with (rge/z) ? component in (Cy

er the lifetimes will be short. for re ASOTIS

st “?Ni and ™Ni, but also because the

nentation experiments we know that these

9 < 100 ns) ‘:.'tl.':_li-.*_-.T:.'\' 1on

beams of A=T78,80 gallium and germanium isotopes are foreseen to perform

these studies. In the longer term future after all exp

al

re

mental

recognized it may be possible to directly investigate the nickel is opes.

3. Beta-delayed neutron spectroscopy

Be

neutron-rich nuclei, allowing one

ta-decay studies provide a sensitive and selective means for inves

the underlying nuclear structure in

a multitude of theoretical models

a better unde

st

to probe for a deeper understanding of

this region while attempting to verify

Even in a strictly astrophysi

anding of the beta decay strength function is needed not

only in order to properly describe nuclear lifetimes for the r-process nuclei.

(8%

str

ynthesis scenarios.*® However,

ength is a daunting

clei closer to stabilit

also to model more exoti electron-capture or neutrino-induced nucle-

a detailed determination of the beta-decay

y: total absorption

task both experimentally and theoretically. For the

gamma-ray spectoscopy should

be employed to determine the strength of the transitions below the neu-

tre

(Ja -

%/

do

ment of the neutron emissi

ad

n separation energy in the daughter nucleus. In more exctic nuclei th

minating channel.

So far, for the heavy neutron-rich nucl

Il

vances in detector technology

and

Sn becomes wide open and neutron emission will becom strong if not

the focus was on measure-

branching ratios.”” With current and futurs

access to more intense beams of rare




I50topes it is time to revisit these important measurements. Far from stabil-

ity the increasing decay Qg values causes a larger portion of the strength to
become experimentally available In consequence, the family of states pop-

ulated in a decay daughter nucleus increases and those above the neutron

alid two-neutron separation energy become involved. giving rise to the emis-

sion of beta r!'*_';i.:l'.'-"t_i neutrons. This d

iyed neutron emission bec INes ever

more important because of the o nsecutive decrease of neutron separation

energy which could be as low as 1-2 MeV

ay of very neutron rich cobalt sotopes have been investigated

leutron emission by Hosmer at a] 28 using a “He neutron

detector and by our group® employing information from beta-neutron de-

layed gamma-ray studies. The latter technique gives the lower limit for the

ching ratio. The numbers obtained for decay of cobalt isotopes are

ratiier crude but remarkably consistent 1 each other. The large |

or b, in the case of ™o decay is unexpected, both measure-

he result to be about 30 % while the “!Hx“\ {‘.'l]i't.'EHTji-ll gives

On ~ 10% consistent with the results for neig

iboring isotopes. The dec iy of
i

topes is dominated by the allowed Gamow-Teller transtormation

of the _'-- 2 neutron into [If, 72 proton, hence decavs to the neutron i-..—:;g..j

bec: [5/2 state is readily available. One

possible explanation could be the proton core breaking resulting in partial

f the f5/0. This would gy Gamow-

ting the streng

energy, or more probably, what is observed is a decay from the isomeri

» 8tates above neutron separation

state and spin selection rules pus} er strength above the
{

neutron separation energy in "N

Ultimately, in order to clearly understand the role of nuclear structure
I Deta-delayed neutron emission. it is ary to measure the energy
distribution of the emitted neutrons. wi Tiines the branching ratios

and can be more directly compared to theoretical predictions. Such st

ire possible with detectors capable of measur neutron energy via time
of Hight, like those used to study beta delaved neutron emission in
nucilei uired improvements of detection effi lency and en

d 1458 to be met

in summary, the view on the near future of de ay studies has been out

e at more thorough studies of the structure of neutron-rich nickel
sotop e are s ich could be performed soon with present day
L 1ext step, to move ":-_-.-.e::_-;' N require radical Lmprove
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