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Pinchos en el menii del dia
“Unexpected” appearance and disappearance of seniority symmetry

pairing isospin modes at intermediate angular momentum in heavy
N~Z systems

What is the role of pairing on proton-decay rates?

Shape coexistence and alpha-decay fine structure
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Abstract
The influcnce of the isoscalar and isovector L =0 pairing components of the effective nucleon-nuclcon inkeraction is NCNP 2011 Stockholm, June 2011

evaluated for several isobaric chains, in the framework of full pf shell model calculations. We show that the combined
effect of bath isospin channcls of the pairing force is responsible for the appearance of 7= | ground states in N =7
odd-odd nuclei, However, no evidence is found relating them 10 the Wigner energy. We study the dependence of their
contributions 10 the total energy on the rotational frequency in the deformed nucleus “Cr. Both decrease with increasing
angular momentum and g0 10 2c1o at the band termination. Below the backbending their net effect is a reduction of the
moment of incrtia, more than half of which comes from the proton-neutron channel. © 1998 Published by Elsevier Science
BV, All nghts reserved.

The Nuclear Shell Model Toward the Drip Lines
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Shape coexistence: the shell model view
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REVIEWS OF MODERN PHYSICS At ok

We shall discuss the meaning of the ‘nuclear shape’ in the laboratory frame
proper to the spherical shell model. A brief historical promenade will bring us
Recent Accepted Authors Referees Search Press About Editorial Team B from Elliott’s SU3 breakthrough to today's large scale shell model calcula-
tions. A section is devoted to the algebraic model which extends drastically the
field of applicability of Elliot’s SU3, providing a precious heuristic guidance
for the exploration of collectivity in the nuclear chart. Shape coexistence and
shape mixing will be shown to occur as the result of the competition between

The shell model as a unified view of nuclear structure the main actors in the nuclear dynamics; the spherical mean fiekl, and the
pairing and quadrupole-quadrupole i jons. These ideas will be illustrated
E. Caurier, G. Martinez-Pinedo, F. Nowacki, A. Poves, and A. P. Zuker with examples in magic nuclei (“'Ca and **Ni); neutron rich semi-magic

Rev. Mod. Phys. 77, 427 — Published 16 June 2005 (**Mg, and **Cr); and in proton rich N = Z (*Kr).

Keywords: shell model, algebraic approaches, nuclear shapes
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L5878 Interplay of seniority symmetry, isoscalar correlations and emergence of collectivity
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Seniority symmetry

— manifestation of (isovector) 2N interactions in the nucleus

Physics Letters B
S Volume 816, 10 May 2021, 136183
ELSEVIER

Manifestation of the Berry phase in the atomic
nucleus 213 Pb
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Evidence of Partial Seniority Conservation in the mgg 5 Shell for the

N = 50 Isotones o

R. M. Pérez-Vidal et al.

Phys. Rev. Lett. 129, 112501 - Published 7 September 2022 um
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anary‘b]ectlve tagged (Isomer) fast- timing spectroscopy:
Measnﬁ the B(E2:8% —"6*) in **Pd 4 (”J}Zéﬂ) as test for p-n pairing vs se\morlty coupling %(

N

- Hére! elayedand B ‘cIeIayed Yy (FATIMA) for °5Pd -> 94Ru, *Rhs, -
- Q \t

A.K.Mistry et al. NIM A1033, 166662 (2022)



* 12%¥e primary beam (982 MeV/u) on a °Be
target (4 g/cm?)

®* Secondary beam - separated by magnets
and identified by FRS detectors

* TPCs - Position s
* Scintillators - Time of flight - TU206 208 21
«  MUSIC- Energy loss A/Q = Position + Bp + ToF

FRS (Fragmgﬁc‘separator)




Seniority Symmetry in the gy, shell

test of 2-body interactions (and if they are sufficient ...)
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Ultra fast timing lifetime measurements in ®*Ru and °6Pd;
the breakdown of the seniority scheme in N=50 isotones
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480 (FAIR-0)

Nature of seniority symmetry breaking in the semimagic nucleus

“Ru
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Seniority symmmetry breaking from subtle in-shell (fpg) mixing effects Pd and **Ru?

TABLE I. Experimental mean lifetimes and B(E2) strengths in
*Ru in comparison with various shell model predictions. Experi-
mental data except for 8" — 6 [41.45] are from the present work.
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S480: °Rh (exactly at the wg9/2 midshell)
B. Das et al., in prep.

The observation of a strongly suppressed E2 strength
for the 13/2" = 9/2" ground-state transition cannot be

explained by SM calculations employing standard
interactions and model spaces

{— LaBr3 (4keVich.) |
= HPGe (2 keV/ch. )' 10°
""""""""""""" LA
N | [keV] I g é
:38|_—2l/2+{ 1.8
L | e B2 o
716 . |
1000 | ot d3Y |
| ] g T
. ! I b) Total projecti
" o | 1351 | e oty ]
T = i : x10"
St 7 | ont | ]
8 2 | 2 .
| h | =
.pamal levelscheme] 2
L5100 1 @]
© ixi0*
I 381 keV gated spectra
> > | HNW(P
f; it i BN (TR B | Al
— S 400
' b2 )" En(.rgy[kLV]
800 Energy [keV] 1400 2000

Excitation Energy (MeV)

o

212"
17/2;

TABLE II.
different model spaces. The states are labeled by the dominant
seniority component in the wave function. See text for details.

F. Nowacki, C. Qi
21/2+¥=3 v=3(7%)
L 2172" s
II )t 17/7 —i— 31712 17;2, B2
5 Mihv=s | V=5 y=3 =5 17/2*
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TABLE I. Experimental lifetimes and B(E2) strengths in “Rh.
The lifetime value for the 21/2%
The lifetime limit for the 17/2] state was determined with 98%
confidence level. See text for details.

state is taken from Ref. [17].

IT = I 7 [ps]  |Bexp.(E2) [€ fm?]
21/2% — 17/2713.0(4) x10? 29.0(4.0)[8]
21/2% — 17/25[3.0(4) x10? 136(20)[8)
17/27 — 13/2* <28 > 154.7
17/2% — 13/2%
13/2t = 9/2% | 36(15) 50138
Theoretical B(E2) strengths in “’Rh calculated in

I7 = I} Beas(E2) | Brpe (E2) | By (E2)
[e2fm?] | [e* fm*] |[e? fm?]
21/2Y = 17/2% .| 10.72 2.82 0.00
21/2% o 1//9:_, 177.09 | 158.14 | 172.00
17/2}_5 — 13/27 18.41 10.88 | 0.00
17/25_5 — 13/2% | 232.37 | 189.49 | 208.70
13/2 —9/2*F 219.24 | 169.71 | 169.27

+
1772
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Decay spectroscopy of '™1720s and 7172174

- W. Zhang et af

Lifetime Measurements of Excited States in 7Pt and the Variation Phys. Rev, C 107, 014308 — Published 19 January 2023 (v |
of Quadrupole Transition Strength with Angular Momentum Q

B. Cederwall ef

Phys. Rev. Lett. 121, 022502 - Published 10 July 2018

@ SpringerLink
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Evidence for octupole collectivity in 2Pt
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Lifetime measurements of excited states in

169171173 Og; persistence of anomalous B(E2)
ratios in transitional rare earth nuclei in the
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PHYSICAL REVIEW LETTERS 121, 022502 (2018)

Lifetime Measurements of Excited States in '7?Pt and the Variation of Quadrupole
Transition Strength with Angular Momentum
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V. Modamio,” J. Pakarinen,* P. Papadakis,** J. Partanen.* C. M. Petrache.'’ P. Rahkila,* P. Ruotsalainen,*
M. Sandzelius," J. Sarén,* C. Scholey," J. Sorri,*'** P. Subramaniam,' M. J. Taylor,"
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Lifetime measurements of excited states in '6%171.1730s: Persistence
of anomalous B(E2) ratios in transitional rare earth nuclei
in the presence of a decoupled i3/, valence neutron

W. Zhang**, B. Cederwall*, M. Doncel ™, 0. Aktas”, A. Ertoprak -, R. Liotta’, C. Qi”,
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Phase transition between (unexpected) seniority-like and collective structure? SM calculations run out of steam.
Can can we find a solution within the IBA approach (beyond Casten’s simple formula)? See talk by Chong Qi
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PHYSICAL REVIEW C 107, 014308 (2023)

W. Zhang(
D. Hodge,” M. Giles,” S. Stolze.* K. Auranen,’ H. Badran,? T. Braunroth.® T. Calverley,® D. M. Cox.” Y. D. Fang,*°

Decay spectroscopy of 7172 Qs and 1711721741y
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a-decay fine structure in the “classical” region of shape coexistence

TABLE 1. Measured a-decay energies, E, (coincident E, , if observed), half-life values Tj, branching ratios b,. formation probabilities
|RE(R)|2, reduced widths, relative hindrance factors (HF) (when possible) referenced to the « decay of 005 with E, = 5.407 MeV, tentative
spin and parity assignments as proposed from this work or quoted from the earlier studies, and the deduced internal conversion coefficients as
well as the multipolarities (when possible) for '7'-120s and 17172 1M]¢,

Jr T E, b, [RE(R)* & E,
Nucleus (s) (keV) (%) (fm™') (keV) HF J}' (keV) a;  Multipolarity
05 [17] 0+ 7.37(18) 5407(2) 9.5(10) 0.012(1)  117(12) 0+
205 0+ 17.1(2.2) 5106(4) 1.2(3) 0.019(5) 182(5 0+
11205 4909(5) 0.0059(12)  0.0017(4)  17(4) 2+ 199.2(3) E2
"0 (5/27)[28] 8.0(4) 5248(4) 1.68(18) [17] 0.011(1)  109(12) 1.I(1) (5/27)[17]
"os 5168(4) 0.096(14)  0.0029(4) 28(4) 4.2(7) (7/27)[17] 79.2(3) 9.0(11) M1
17Qg 5115(4) 0.037(11)  0.0021(6) 20(6) 6(2)  (9/2-)  134.2(3) 0.39(8) E2
1710g (13/2+)[28] 0.79(2) 5306(4) 0.21(5) 0.0076(18) 72(17) 1.6(4) (13/2*)
e (11/27)[31] 1.28(4) 5919(4) 53(5) [31] 0.0067(6)  61(6), 11/27)[31] 92.1(2) 5.1(4) M1
e 6011(5) 9(1)* 0.0008(1) 7.8(9 9/2°)
2y (7H)[33]1 1.89(5) 5818(4) 9.5(11)[33] 0.00202) 19(2) 6200 (7+)[33] 162.1(2) 0.69(6) M1/E2[34]
1m21p 5755(7) <0.004 224.0(6)
e (3-,47)[33] 4.1(2) 5547(5) 0.36(6)" 89.4(3) El°
e 5537(5) 0.15(3)® 102.8(3) El
721y 5517(5) 1.15(20)° 123.0(2) E1[34]
m21¢ 5505(5) 0.34(6)° 136.0(2) El°
e (3H[34]  7.1(22)¢ 5292(8) 0.23(3)° 193.1(4) E2
L (3 5268(5) 0.17(2)¢ 224.0(6) E2f
174ge (TH)[34]  4.4(1.1)% 5499(8) 0.4(1)" 191(1) Eli
4ge 5476(5) 1.8(6)" 210.13) E2

Y=g, sin(y+30°)

(a)

(8)"*W-g
e N/

3
¢ 01 02 03 04

X=f, cos(y+30°)
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Observation of the proton emitter .15 Lage

Wei Zhang &, Bo Cederwall &, Ozge Aktas, Xiaoyu Liu, Aysegiil Ertoprak, Ayse Nyberg, Kalle Auranen,

Betool Alayed, Hussam Badran, Helen Boston, Maria Doncel, Ulrika Forsberg, Tuomas Grahn, Paul T.

Costel Petrache, Panu Rahkila, Panu Ruotsalainen, Mikael Sandzelius, Jan Sarén, Stuart Szwec, Holly



. . 116 116 117
Identification of ''°La I <
(T,=1 22 neutrons from stability) /
émm | Mass dislr'ibution (q' =29’
100 2 g
» S o
= | "Lla @4 116 q;
Tcorr max (recoil — ptoton) = 100 ms ; 800 o e i Ep =718(9) keV
i = a
B > _An+32
50 200 a0 T,, =401 ms
- S O | R = =, P decays : 6 ~8nb
2 6001 = ~ 1
S e 17
- - Mass number (q=29")
ﬂ O 4 [Lun i =] a0l 4 nﬂ |
: T L} T Ll T
=
S
ar T2 =1.001)s
Tcorr max (recoil — ptoton) = 10's I §
1000 O 5t 7),=50(22) ms :
500}
. In (At (1 ms))
O B 1 e, N

500 1000 1500 2000 2500
Energy (keV)



Y 192——(7/2
T,,=2757 us 0 772)
M2
|| || . 0——312%
4 6 8
% In ( At (10 ns))
v
< |
\ III IIIIlIIIIIIIIIIIIIIII
g
g (b) He La +2.8
o . oL T, =20 us
U 3 g 12 0.8
182 ST
1 I 1 1
0= 4 6 8
- In ( At (10 ns))
I‘II‘I‘II‘ “Illlllllllllll‘IIIIIIIIIIIIIII
0 200 400 600 800
Energy (keV)

y-ray energies detected within 8 us of a recoil implantation into the DSSD and followed by a proton
decay (**/La/!*%La) in the same quasipixel.

Insets: logarithmic time distributioons and lifetime determination using the maximum likelihood
method



”Microscopic” description of proton decay*

hln2  In2 H; (x, p) ’
I, v | RE(R) kR

+ 2
Deformation parameters taken from |H,"(R)|
P. Moller, R. J. Nix, W. D. Myers, and W. Swiatecki, At. Data Nucl. Data Tables 59, 185 (1995)

where £ (R) is the formation amplitude
and the penetrability can be written P;(R) =

1/2 =

0
-1 | spherical prolate ~ oblate  spherical
- oo B TX
= ':2'3 7‘7\”70‘7"7?’3:‘{’ ”,r:‘f
> 41 (a) o Z<67 ~ ©
& .5 B,>0, Z=67 -
- -6 B,>0, Z=69 .
7 & B2<O, Z=69 v
i T 769 -
45 475 65 H25 55 BI5 6
A1/3

* D. S. Delion and A. Dumitrescu, Universal proton emission systematics, Phys. Rev. C 103, 054325 (2021)
D. S. Delion., R.J. Liotta and R. Wyss, Effects of formation properties in one-proton radioactivity,
Phys. Rev. C 85, 011303(R) (2012)
D. S. Delion., R.J. Liotta and R. Wyss, Systematics of proton emission, Phys. Rev. Lett. 96, 072501 (2006)
C. Qj, F.R. Xu, R.J. Liotta and R. Wyss, Universal decay law in charged-particle emission and exotic
cluster radioactivity. Phys. Rev. Lett. 103, 072501 (2009).



Table 1 Calculated proton formation probabilities and spectroscopic factors for the ground-state proton emitters.

Emitter 5 Q, (keV) T} ,(exp) |RF(R)[2(fm~T) Orbit T}, (WKB) Sexp (%)
'?gsl 2 605(13) 53(22) s 0.004*330, 2ds; 89772 ms 17
] 2 827(5) 93.5(5) us 0.018(3) 2ds > 6.201) pus 6.6(12)
Lcy 2 823(7) 0.5(1) ms 0.021*392 2ds 4+ 2us 8*3
12Cs 2 976(3) 16.7(7) s 0.005(1) 2ds, 0.33(3) ps 2.0(3)
MLa 2 734(9) 84+ ms 0.023*3% 2ds/ 8.613% ms 10428
Wla 2 825(5) 23.1(3.6) ms 0.0021+3:9%%° 2ds/, 0.2133% ms 0.9%3%
2Py 2 900(10) 1013 ms 0.0018* 500 2ds/ 84+3us 0.8702
B0y 2 1039(15) 0.90%333 ms 0.005+9.907 2ds 2611 us 3t
BlEu 2 959(9) 214418 ms 0.0025+3:%31, 2ds/, 0.3(1) ms 14128
»Tb 3 1200(7) 0.947833 ms 0.0021+39%% T2 7.6(14) ms >100
“OHo 3 1106(10) 6(3) ms 0.014%3.0%% Ty 320739 ms >100
“WHo 3 1190(8) 41(1) ms 0.0021+39%08 Thnyz 32(7) ms >100
4 Tm 5 1725(16) 2.7 s 0.1*39¢ Thya 2.9188us -100
W5Tm 5 1753(7) 3.46(32) ps 0.05610.01 T2 1.8(2) pus 53011
BTm 5 1210(4) 117.6(64) ms 0.051+3:999 Thyy2 67(7) ms 570
& Tm 5 1073(5) 378027 s 0.06912922 Ty 3005 s 8070
Ly 5 1283(3) 64.0(56) ms 0.05(1) h2 38(3) ms 60(10)
S 5 1253(3) 127.1(18) ms 0.051(5) Thn2 77(6) ms 61(6)
:,zTa 5 1468(15) 2.9%1% ms 0.05612%3 Thiyz 2-0+t1§:§ ms 6915
¥Ta 2 1032(5) 149(8) ms 0.05133° 2ds/, 701 ms 47+7
57Ta 0 947(7) 300(105) ms 0.08*3:95; 3512 170(50) ms 56158
1%0Re 2 1287(6) 687(11) us 0.027(5) 2ds, 0.18(3) ms 26(5)
“Re 0 1214(6) 0.440(2) ms 0.045(7) 3512 0.14(3) ms 32(6)
1090 5 1844(9) 13+ %us 0.014+5.%¢ Thyyz 21.5:33us 20(10)
i 2 168(7) 152(71) ms 0.01*39% 2ds 18(4) ms 1289
i 0 1096(6) 110(15) ms 0.023*3%06 3512 2015 ms 18+2
70Au 2 1488(12) 321*8us 0.007(3) 2ds 23(6) us 7+
AU 0 1464(10) 24.5 47 mus 0.025+99 3512 494 %us 2013
7eT| 0 1282(18) 52309 ms 0.03210.%2 3512 15452 ms 2913
v 0 1180(20) 67(37) ms 0.05404% 3512 2817 ms 4450
5B 0 1624(16) 3.04us 0.07+9% 3512 2.0(7) s 64*72

The experimental Q, values (including the recoil and electron screening corrections®®), the partial proton emission half-lives, Tf,,, and the emitted angular momentum I, (used for the formation
probability calculation), as well as the specified spherical orbitals (for the calculation of half-lives, T{},) are taken from refs. 2949-51 apart from the results for "3 obtained in the present work. The

theoretical half-lives, TS’,;. are calculated within the WKB approximation using the Becchetti-Greenless optical model par

59 and the experi

spectroscopic factors are determined as ratios of

calculated and measured half-lives, S, = Tt:‘z/ﬁﬁ. For the odd-odd proton emitters, it is assumed that the valence neutron remains the same configuration in the parent and daughter nuclel.
Experimental uncertainties in the half-lives and Q-values have been taken into account when calculating the error bars of the formation probabilities and spectroscopic factors.
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Two_seemingly conflicting observations

* 'The emission probabilities in the odd-odd proton emitters 12Cs, 11La, *°Ho appear to be
enhanced compared with the respective neighboring isotopes 1°Cs, '1"Ta, *'Ho closer to

stability

At the same time:

* Proton-decay QQ value differences:
Q(12Cs) — Q(113Cs) = -153(8) keV
Q(116La) — Q(1'"La) =-90(10) keV
Q(*'Ho) — Q(**'Ho) = -83(11) keV

D. S. Delion and A. Dumitrescu, Universal proton emission systematics,

Phys. Rev. C 103, 054325 (2021)

D. S. Delion., R.J. Liotta and R. Wyss, Effects of formation properties in one-proton radioactivity,
Phys. Rev. C 85, 011303(R) (2012)

D. S. Delion., R.J. Liotta and R. Wyss, Systematics of proton emission,

Phys. Rev. Lett. 96, 072501 (2006)

C. Qj, F.R. Xu, R.J. Liotta and R. Wyss, Universal decay law in charged-particle emission and exotic
cluster radioactivity.

Phys. Rev. Lett. 103, 072501 (2009).
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Nuclear pairing: Surface or bulk?
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Spatial dependence of the pairing gap in
superfluid nuclei

E. Vigezzi*, F.Barranco’, R. A. Broglia***, A. Pastore* and G. Potel*

*INFN, Sezione di Milano and Dipartimento di Fisica, Universita di Milano,
Via Celoria 16, 20133 Milano, Italy.
" Departamento de Fisica Aplicada I1I, Universidad de Sevilla, Escuela Superior de Ingenieros,
Sevilla, 41092 Camino de los Descubrimientos s/n,
Spain.
**The Niels Bohr Institute, University of Copenhagen, Blegdamsvej 17,
2100 Copenhagen @, Denmark.

AIP Conference Proceedings 1120, 92 (2009)

HF + RPA

3
o =3 (b)
- ]
O] 2
& 2
- !
- &
‘. g
i o
-3 =, 0]
g- A
0 -1
) 6 8 10 [ 2 3 6 10
R . [fm] R_[fm]

FIGURE 3. (a) Pairing field as a function of the position of the center of mass for different values of the
relative momentum £, for the Argonne plus induced interaction v 4,5 ¢ 4. Going from top to bottom, the

curves refer to values of & going from & = 0.25 fm "tok=175fm ', in steps of 0.5 fm I (b) Pairing
field obtained with the semiclassical approximation.
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Evidence for enhanced neutron-proton correlations from the level
structure of the N = Z 4 1 nucleus §iTc,,
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Pairing isospin modes in deformed N~Z nuclei at intermediate angular momentum — odd-even vs even-even
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Pairing isospin modes in deformed N~Z nuclei at intermediate angular momentum - odd-even (T;,=1/2) nuclei
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Odd-mass N~Z (T,=1/2) nuclei:

*  Spin-dependent “effective 3-N” interaction favors T=0 np pairs after alignment of first (isovector) pair?

*  Increase of structural difference between 1qp and 3qp configuration reduces interaction strength in the band crossing?
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