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Short Introduction

Spectroscopic Factors in the
Nilsson Strong Coupling Limit

N=20 Island of Inversion
N=8 12Be

Summary
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Evolution of Shell Structure and Collectivity

“Classic” magic numbers are R.V.F Janssens, Nature, Vol. 435,2005.
generally correct only for stable G =

and near stable isotopes
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Experimental studies of new exotic
isotopes revealed changes in shell
structure and collectivity, and
provided insight on the important
role played by the central, tensor,
(and 3N) forces in these changes

@ shell gap larger than expected
® shell gap less than expected

Much evidence has been obtained for the existence of deformed ground states,
and a good understanding of the physical mechanism behind the inversion.

Based on this fact it is of interest to consider the description of direct reactions in
the rotational model framework.

)| | Nuclear Science DREB 2018 06/05/2018 3
BERKELEY LAB Division




33Mg -1n KO

Physics Letters B 685 (2010) 253—-257

Structure of >*Mg sheds new light on the N = 20 island of inversion

R. Kanungo ®*, C. Nociforo®, A. Prochazka ¢, Y. Utsuno9, T. Aumann®, D. Boutin€, D. Cortina-Gil ¢,

B. Davids®, M. Diakaki8, F. Farinon ¢, H. Geissel®, R. Gernhduser®, J. Gerl®, R. Janik', B. Jonson/,

B. Kindler®, R. Knobel ™€, R. Kriicken", M. LantzJ, H. Lenske€, Y. Litvinov >, K. Mahata®, P. Maierbeck®
A. Musumarra*™, T, NilssonJ, T. Otsuka™, C. Perro?, C. Scheidenberger®, B. Sitar, P. Strmen’, B. Sun®,
. Szarka', I. Tanihata®, H. Weick®, M. Winkler®

’

ABSTRACT

The first reaction spectroscopy on the ground state structure of 3*Mg through the measurement of
the longitudinal momentum distribution from the one-neutron removal reaction using a C target at
898A MeV is reported. The experiment was performed at the FRS, GSI. The distribution has a relatively
narrow width (150 &3 MeV/c (FWHM)) and the one-neutron removal cross-section is 74 +=4 mb. An in-
creased contribution from the 2p3/; orbital is required to explain the observation showing its lowering
compared to existing model predictions. This provides new information regarding the configuration of
3Mg and the island of inversion.
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33Mg — Coulomb breakup

PHYSICAL REVIEW C 94, 034304 (2016)

Direct experimental evidence for a multiparticle-hole ground state configuration of deformed **Mg

Ushasi Datta,»>" A. Rahaman,' T. Aumann.>* S. Beceiro-Novo,* K. Boretzky,” C. Caesar.” B. V. Carlson,” W. N. Catford.®
S. Chakraborty,! M. Chartier,” D. Cortina-Gil,* G. de Angelis,® P. Diaz Fernandez,* H. Emling.” O. Ershova,” L. M. Fraile,”
H. Geissel,>'° D. Gonzalez-Diaz,” B. Jonson,'' H. Johansson,'! N. Kalantar-Nayestanaki,'” T. Kroll,? R. Kriicken,'?

J. Kurcewicz,? C. Langer,” T. Le Bleis,'? Y. Leifels,” J. Marganiec,>'* G. Miinzenberg,” M. A. Najafi,'” T. Nilsson,'!

C. Nociforo,” V. Panin,? S. Paschalis,” R. Plag,? R. Reifarth,” V. Ricciardi,” D. Rossi,” H. Scheit,® C. Scheidenberger,” '’
H. Simon,” J. T. Taylor,” Y. Togano,” S. Typel.” V. Volkov.? A. Wagner,'> F. Wamers,> H. Weick,> M. Weigand.’

J. S. Winfield.2 D. Yakorev.'> and M. Zoric?

The first direct experimental evidence of a multiparticle-hole ground state configuration of the neutron-rich
33Mg isotope has been obtained via intermediate energy (400 A MeV) Coulomb dissociation measurement.
The major part ~(70 & 13)% of the cross section is observed to populate the excited states of **Mg after the
Coulomb breakup of 33Mg. The shapes of the differential Coulomb dissociation cross sections in coincidence
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33Mg -1n removal a la Nilsson

-12

Assume ground state of 33Mg is the 3/2[321] neutron Nilsson level

i

&2312!

)

0.2
B

|%[321]> = C3/9.1|p3/2) +Cs/2.3|f5/2) +C7 /2.3 f7/2)
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33Mg -1n removal a la Nilsson

4+
71 3/2[321
£,/ fs ,2// /2l ]7/2_
/ .
,/ Ps3/2 f7/2 f5/2 2 f7/2 ;"_3/2_
_ / ¢a ,’
p
3/2[321] P3/ K=0 302
-1n -1n

33Mg > 32Mg = 31Mg

do

—q = Z92<Iz'jKiAK|1fo>QCf,e<¢f|¢i>20e_1n

VR4
. S > —1n
= gl X Oy

j.0 B. Elbek and P. Tjom,
Advances in Nucl. Phys. Vol 3, 259 (1969)
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33Mg -1n removal a la Nilsson

4+
i 3/2[321
f.2 )2 R4 /2[321]
/) 7/2
,/ Ps3/2 f7/2 f5/2 2" _3/2
_ , P -
3/2 i/,/' 0* — 5
----)— —————— -
3/2[321] Ps3/2 =0
-1n -1n
33Mg > 32|V|g > 31Mg
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Magnetic Moment
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33Mg -1n removal a la Nilsson

Final Energy Experimental S; , Calculated S ,
14
state  [MeV] [21] [22] Nilsson  Empirical
0t 000 1 0677 0194£0.1  0.05 0.24
2t 089 1 0.5%)7 0.05 0.24
30572 0.34 0.18
4+ 2.32 3 0.55 0.33

2[3211) = (=0.65 £ 0.15)| p32) + (0.757033)1 f7,2)
+ (= 0.1255%)152)
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Coulomb Breakup of 3'Ne: T. Tomai, T. Nakamura, et al.

C2s (0%)
C2s (24)

. Hamamoto,
PRC 81, 021304(R) (2010)

T. Nakamura, et al.
PRL 112, 142501 (2014)

Same Nilsson level
3/2[321]
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Coulomb Breakup of 3INe: T. Tomai, T. Nakamura, et al.

c 1.5 AA)
5/2,3 zﬁ%\
S/ .
1 4 s
Ci/21 - —/@
|. Hamamoto, 0.5 >~<.' P
PRC 81, 021304(R) (2010) - \ 4?
, _ - - \ ; /&
T. Nakamura, et al. 0 0.2 \4 0.6 0.8 1

PRL 112, 142501 (2014)

\\
-1
1/2[330] \

4 DECOUPLING \

~J
S~
!\)
w

PARAMETER

|%[330]) = Ci/2.1|P1/2) + Cs/2.1|p3/2) + Cs/2.3 f5/2) + Cr/2,3|f7/2)
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WEAK BINDING

Green (1956), Bohr & Mottelson (1969)
6 : ; ;

Energy [MeV]
N

20 30 40 50 60
Potential Depth [MeV]

 Low /levels (s, p) 2 extended wavefunctions (“halos”) |
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32Mg -1n removal a la Nilsson

4+
3/2[321]

f, . f 2+ f 7z

— 7/2 '5/2 ,’, 3/2_

3/2 0+ ,‘"“7_]J2+

— — O S . -
3/2[321] =0 Ps/2

-1n -1n
33Mg - 32Mg S 31Mg
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32Mg -1n removal a la Nilsson

Final Energy Sie Calculated S,

4
state [MeV] [26] Nilsson Empirical
3/2° 0.22 1 0.59101] 0.2 0.59
7/2° 0.46 3 1.2470% 1.7 1.2

2[321]) & (—0.54 £ 0.05)| p32) + (0.79 £ 0.13)| f7)2)
+ (—0.29 £ 0.36)| f5/2).

[26] J. R. Terry et al., Phys. Rev. C 77, 014316 (2008)
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The Nilsson Picture in 12Be

[202] 5/2

[220] 1/2
[101] 172 -
[101] 372 ,
110] 12
2, [110]
1.5 p .4 1
' 1 ! e L e | [ 4 N 1 ' .
-1.4 -1.0 -0.6 -0.2 £ 0.2 0.6 1.0

|%[101]> = C1/2,1|p1/2) + C3/2,1|p3/2)

A. Bohr and B. R. Mottelson, Nuclear Structure Volume Il
W. Von Oertzen, M. Freer, and Y. Kanada-En’yo Physics Reports 432 (2006) 43 — 113
I. Hamamoto and S. Shimoura J. Phys. G: Nucl. Part. Phys. 34, 2715 (2007).
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Direct Reactions Studies

1n Removal

A. Navin, et al., Phys. rev. Lett. 85, 266 (2000

S. Pain, et al. PRL 96, 032502 (2006)

J. Kahlbow et al.
A. Enriques et al. QFS workshop at York (2017)

A. Corsi et al.

(d,p)
R. Kanungo et al., Physics Letters B 682 (2010) 391-395

K. T. Schmitt et al. Phys. Rev. Lett. 108, 192701 (2012)

J. G. Johansen, et al., Phys. Rev. C88, 044619 (2013).
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1"Be(d,p)'?Be a la Nilsson

03) = =Blnii1) + alvais)
51/2 a -,
o’ 2
) L @
1/2*  1/2[220] L2 dsp d5/2> 07) = alu 1) + Blvas)
K=1/2 S1/2 Ke=0
11Ba 12Be
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Analysis

(2; +1)

S; ¢ = L1 K,AK| K 202 ¢2
g (2]f+1)9< ] [ K¢) C5 (D5 | i)

Total of 12 relations connecting the experimental data to four unknown amplitudes which
we determine from a chi>-minimization procedure.

Weighted fit of the relative spectroscopic factor values with respect to the ground state

transition for each of the data sets, and of the absolute value of the 'Be ground-state
magnetic moment.

Nuclear Science
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""Be(d,p)'’Be %Be(d,p)''Be 2Be(-1n)''Be "Be(p,d)'°Be ""Be

—

5[220]) ~ —0.72(4)|s1/2) — 0.09(2)|d3/2) + 0.69(4)|d5 /2)

ﬁ T 141101]) ~ 0.68(4)[py 2) + 0.73(3)ps2)

a=0.73(4) and 5 = 0.69(4)
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Results

- -

Initial Final Energy ¢ Experimental §; , Theoretical §; ,
state  state  [MeV] 171  [23] [2425] [16] Presentwork [17]°  [18] [15] [20] [24.25F [14] [13]

”Be l2Be
1t 0f 000 0 1 1 1 1
2 211 2 036(29) 0.193)  141[141] 09
+
. 1?:3 224 0 261(134) 0.84(17)  1.84[1.55] 047 PVC (NFT)
o SM
0+ 000 o0 1 1 11
= 032 1 0.87(8) 0.90(7) 1.24 097
2Be  !'Be SM
0+ 000 0 1 1 1
=032 1 0.82(22) 0.75(17) Core 0.84 [0.69]
178 2 0.86(29) 0.92(15) Coupling 0.80 [0.8]
T 269 1 0.71(26) 0.87(18)
”Be lOBe
" 0f 000 0 1 1 11 11
2f 34 2 1.02)  0.92(15) 0.26 0.24 025 0.73
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1/2  %[101]

12 13
Be(d,p)*°Be P12 ,,1 K=1/2
v 4
Y 4
e 5/2
/l d5/2 -

12 13
v; and v, Be Be

1312201) = Ci2.0ls1/2) + Capa,2ld32) + Cspa,21ds)2)
|501011) = Cipa1lp1j2) + C3p2.11P32).
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Predictions

12Be(d,p)3Be

So+,1/2+ = Cija,08°

1
So+5/2+ = §C§/2,252

2 2
So+,1/2- = Cijp 1

13B(d,3He)’Be

RCNP C. Santamaria, et al.

Nuclear Science
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TRIUMF R. Kanungo, etal.

Initial | Final | Energy 0 Calculated S;, s
State |State | [MeV]
12Be 13Be
of | 7 [ 000 |0 0.24(3)
5Tl ~18 |2 0.07(1)
17 04x |1 0.25(4)
13B 12Be -
37 1 of | 000 |1 0.50
27 | 211 |1 0.50
07 | 224 |1 0

Many Thanks to Antonio Moro !
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* A Nilsson description of nucleon knockout and transfer
reactions in the deformed ‘Islands of Inversion” at N=8 and
N=20 allows a straightforward analysis of results

* Nilsson wavefunction amplitudes are directly related to the
spectroscopic factors

« N=20 — adjusted wavefunction for 3/2[321] level is consistent
with a reduced 1f;,-2p5,, gap, in line with SM results

« N=8 — wavefunctions, derived from a minimization procedure,
give very good agreement with all available data
- meaningful predictions for other reactions

’\l ‘,.\1 Nuclear Science
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