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Beta decay, nuclear structure, and neutron emission
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Sp is determined by the nuclear structure in parent and
daughter nuclei

f(Z, Qg - E) is the phase-space factor (Fermi integral) J™ (Z,N) A

* g is strongly modulated by f, which follows ~(Qg - E;)°

* When states above neutron-separation energy (S,) are
populated, neutron emissions become the dominant - S <L
decay process following beta decays ——

-------------

- Neutron spectroscopy becomes more and more
important in reconstructing Sg in more neutron-rich nuclei Y

f(Z,E*)

(Z+1,N-1)
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A controversy in beta-delayed neutron emissions

* The mismatch between initial and final wavefunctions was seen in beta-delayed neutron emission (J. Heideman, R.
Grzywacz et al., submitted for peer review)

* Microscopic calculations such as the shell-model calculation are difficult

* Hauser-Feshbach statistical model [1] is used to predict inclusive neutron-emission branching ratios (e.g., Ref. [2])

- Exclusive neutron-emission branching ratios make a step forward and provide more insights

v 3p-Oh v 3p-1h v 1p-Oh

h shell fh shell fh shell

89
T v

TU \V TU VvV

7/2 7/2

decay neutron emissions
134|n B—, 134Sn —_— , 133Sn
Strong g7/2—>g9/2 Small spectroscopic overlap
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Beta decay around %4Ca (°2-°3K)

Is>4Ca (Z=20, N=34) a doubly magic nucleus, like 132Sn (?)

20

13 fi-: 100.00%

* How many neutrons occupy the fs/, orbital above N=34 in >2>3K (i.e., bon: 75.00%

is N=34 a strong shell gap)?

51Ar E2Ar
=200 NS =620 NS

Lt (- 100.00% [ 100.00%

f-n
30 31 32 33 34
fs/2
?
P1/2 1/2
P3/2 )3/2
f7/2 5
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Beta decay around %4Ca (°%°3K)

Is>4Ca (Z=20, N=34) a doubly magic nucleus, like 132Sn (?)

Shell model with gxpfla

Nuclear Structure 2022 13-17 June 2022 Berkeley, CA

Ex (MeV)
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How many neutrons occupy the fs/, orbital above N=34 in 52°3K (i.e.,
is N=34 a strong shell gap)?
= lg is our probe to the shell gap

53Ca 54Ca
461 MS 107 MS
20 fi- 100.00% | [- 100.00%
fi-n: 40.00%
BOK 51K 52K B3K
472 MS 365 MS 110 MS 30 MS
L5 (- 100.00%  [-100.00% [~ 100.0% [~ 100.00%
f-n:2860%  [n:6500%  [n:7220% [ 75.00%
48AT 40AT EDAT 51Ar B2AT
424 MS 236 MS 106 MS =200 NS =620 NS
18§ 10000%  [-10000%  [(-~10000%  [-100.00% (- 100.00%
f-n:38.00%  [n:29.00%  [-n:37.00% fi-n
30 31 32 33 34

Shell model with gxpfla
(reduced N=34 shell gap)

10 Ex(MeV)
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Beta decay around %4Ca (°%°3K) .

Is>4Ca (Z=20, N=34) a doubly magic nucleus, like 132Sn (?)

i3 fi-: 100.00%

* How many neutrons occupy the fs5/, orbital above N=34 in 52>3K (i.e., bon: 75.00%

is N=34 a strong shell gap)?
* =2 lgis our probe to the shell gap 18

51Ar E2Ar
=200 NS =620 NS

(- 10000% [~ 100.00%
[i-n

30 31 32 33 34

fs/
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Beta decay around %4Ca (°2-°3K)

Is>4Ca (Z=20, N=34) a doubly magic nucleus, like 132Sn (?)

20

19

fi-: 100.00%

* How many neutrons occupy the fs5/, orbital above N=34 in 52>3K (i.e., bon: 75.00%
is N=34 a strong shell gap)? 52Ar
> Igis our probe to the shell gap » e
. . . . [i-: 100.00% [i-: 100.00%
* - The exclusive neutron branching ratios around >*Ca provide bn
another valuable input to the statistical-model calculation 30 31 32 33 34
fs/2

)3/2

7/2
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Beta decay around %4Ca (°2-°3K)

Previous work at ISOLDE Decay Station
(MINIBALL+TONNERRE+LEND):
F. Perrot et al., Phys. Rev. C 74, 014313 (2006)

More statistics are needed for a decisive conclusion for >3K (no
B-y-n analysis was performed in previous work)

This work:

* Remeasure the I; of >2K decay (confirmation)
* Establish the I >3K for the first time

Time (ns)
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Experimental setup (1IS599, PI: A. Gottardo, R. Grzywacz, M. Madurga)

At ISOLDE Decay Station (IDS)

Tape system to remove long-lived activities

Two B detectors (front and back) with 80% efficiency
4 HPGe clovers + 26 Neutron detectors (INDIE*)
2% y and 10% neutron efficiency at 1 MeV

Proton beam current ~ 2uA
Isotopes were separated by general-purpose separator (GPS)
~500k 53K were collected in 4 days of beamtime

GPS target and

teparation

ISOLDE Decay Station (IDS) [™
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Data analysis with neutron & gamma spectra

counts Ny (XSO%)

ZA \ n; (x30%)
n, (x20%)

g (%)
E(vQ E(y2) .

*

=

>

vnTOF (single)
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Data analysis with neutron & gamma spectra

counts ¢ n, (x50%)
ZA N3 (x30%)
n, (x20%)
lg (%)
-nTOF (single)
counts ¢ n2(x50%)
X €(y1)

N, (x20% x 30%)

.

nTOF gated by y;
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Data analysis with neutron & gamma spectra

Is and neutron exclusive branching counts 4 n, (x50%)
ratios can be obtained from the
ZA simultaneous fits of nTOF-single and (x30%)
nTOF-y spectra N3 (X3U7%
¥ sP n, (x20%)
lg (%)
_nTOF '(single)
v5(70) counts n, (x50%)
X €(y1)
Z+1p_
A 1 N, (x20% x 30%)
I X
+ - >
z 1A nTOF gated by y;
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Experimental result: nTOF following the decay of 3K

4005_ 53K, single 3/2

(1%), 3152 keV
2* 2563 keV

Counts/0.5ns

aerls il

53K, 2563-keV y

Counts/1.0ns

ow_r_nfm_mhﬂdhu[ﬁn/‘ — HM"THH’“\N“THHI’H ""I‘]u I0iL 10 00 1101 .H 1/2 53Cq

53K, 3152-keV y

Counts/2.5ns
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Experimental result: nTOF following the decay of 3K
3/2¢

400

(1%), 3152 keV
2* 2563 keV

Counts/0.5ns
N
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The B(GT) distribution indicates a strong N=34 shell gap

- Strength going to the 0-keV state
- Strength going to the 2563-keV state
- Strength going to the 3152&%9

Ex (MeV)

Each narrow bar corresponds to a virtual state (in the

fitting analysis), of which the width is not yet included.
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The B(GT) distribution indicates a strong N=34 shell gap

400

0 08 - Strength going to the 0-keV state
- Strength going to the 2563-keV state

) - Strength going to the 3152-kegV Rate
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Shell model with gxpfla
(without a quenched N=34 shell gap)
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Exclusive neutron branching ratios matter

Non statistical neutron emissions were observed in

134|n 9 1345n 9 1335n 1 - Strength going to the 0-keV state
B(GT)™ Beta Feeding BEOH Relative ~ Doorway Cumulative O Stonath coinc fo e 2563-keV
(50 keV+1] Intensity, / Branching Ratio Branching Ratio = - NG Geing;t0:the 2508 e SRl
) 02 04 060 0.5 1 § . 204060 =
Y . B "I' P T 0 0'5"”10'ﬁ?”'10' 1002040608 g - Strength going to the 3152-kqy Nate
.C \
1 &) B
. = . 0
) : |
8.0 - o | I 0.5 . 6\\
' ()] —
IL| 1 :
| s O\
' o
0 ! |
0 5 10

Ex (MeV)

13484 Energy (MeV)
o
W

. 7/2(GS)
3/2 (854) |
972 (1561)
A B ciio
: W2 w32

o R o R 1
J. Heideman, R. Grzywacz et al., submitted for peer review
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Exclusive neutron branching ratios matter

Hauser-Feshbach calculation on 33K (3/2+) decay

Ratio going to the 3152-keV state of >2Ca

Ratio going to the 2563-keV state of >2Ca

J=1/2*

Ratio going to the ground state of *2Ca

Relative branching ratio

b = L A
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- Strength going to the 0-keV state
- Strength going to the 2563-keV state
- Strength going to the 3152-kqY Rate
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Summary and outlook

* Beta decays of >2°3K were studied at ISOLDE Decay Station with a hybrid detection system (beta + gamma +
neutron)

* Analysis methods were developed to obtain apparent beta feeding and neutron exclusive branching ratios
simultaneously

* The results were compared with SM calculations, and we did not see the evidence of a reduced neutron
shell gap at N=34 shell gap

* The comparison of the neutron exclusive branching ratios with the statistical model (HF) shows some spin-
dependency and the possibility of model-dependent spin assignment

* So far, only allowed Gamow-Teller strength distribution has been calculated in the SM, which will be
extended to include First-Forbidden transitions soon.
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Collaboration of 1IS599

A. Gottardo', R. Grzywacz?, M. Madurga®, G. de Angelis*, F. Azaiez'!, D. Bazzacco’, G. Benzoni®, A. Boso’,
Y. Deyan', M.-C.Delattre', P. Van Duppen’, A. Etilé®, S. Franchoo', C. Gaulard®, G. Georgiev®, S. Go?, A.
Goasduff*, F. Gramegna* K. Kolos?, M. Kowalska®, S. Ilyushkin®, G. Jaworski?, Y. Xiao? S.M. Lenzi’, J.
Ljungvall’, P.R. John’, R. Li', S. Lunardi’>, T. Marchi, I. Matea', D.Mengoni’®, V. Modamio*, A.I. Morales®,
P. Morfouace', D.R. Napoli*, S. Paulauskas'’, E.Rapisarda’, S. Roccia®, B. Roussier', C. Sotty’, I. Stefan', S.
Taylor?, J.J. Valiente-Dobén*, D. Verney', H. de Witte’, A. Algora'!, K. Riisager'?, A.Negret” N.
Marginean®?, R. Lica'®, C. Mihai®, R.E. Mihai'®, R. Marginean'®, C. Costache®®, S. Nae'®, A. Turturica®.
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Collaboration of 1IS599

A. Gottardo', R. Grzywacz?, M. Madurga®, G. de Angelis*, F. Azaiez'!, D. Bazzacco’, G. Benzoni®, A. Boso’,
Y. Deyan', M.-C.Delattre', P. Van Duppen’, A. Etilé®, S. Franchoo!, C. Gaulard®, G. Georgiev®, S. Go?, A.
Goasduff*, F. Gramegna* K. Kolos?, M. Kowalska®, S. Ilyushkin®, G. Jaworski?, Y. Xiao? S.M. Lenzi’, J.
Ljungvall’, P.R. John’, R. Li', S. Lunardi’>, T. Marchi, I. Matea', D.Mengoni’®, V. Modamio*, A.I. Morales®,
P. Morfouace', D.R. Napoli*, S. Paulauskas'’, E.Rapisarda’, S. Roccia®, B. Roussier', C. Sotty’, I. Stefan', S.
Taylor?, J.J. Valiente-Dobén*, D. Verney', H. de Witte’, A. Algora'!, K. Riisager'?, A.Negret” N.
Marginean'®, R. Lica'?®, C. Mihai'®, R.E. Mihai'®, R. Marginean'?, C. Costache', S. Nae'®>, A. Turturica®’.

Thanks for your attention!
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Detector components

plastic scintillator - BC408
* Rise/Decay time - 0.9/2.1 ns
* Bulk attenuation - 3.8 m
wrapping material:
v’ Aluminized Mylar
v Teflon Tape

Data acquisition:
v Pure Nitrocelulose Paper

= digital - PIXIE-16

photomultiplier tubes:
v' R7724:D=5cm
v’ R374:D=3cm
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Neutron efficiency curve
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Threshold: none e
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Online calibration for INDIE

h1

Neutron energy (MeV) - m

Entries 333537

1-MeV neutrons in

1 5 _4I_ I 2I -II 0'E StdDev __ 73.05
107 " Without R-Matrix broadening
o' 5_ k 00050500 600~ 700 Bo0 00 1000
%
c o S * Mono-energetic neutrons from GEANT4 (neutron
- 4t . . .
8 () 17N _ 17Q* scattering, time resolution)
d:C_D 3__ With R-Matrix broadening * Convolution with the R-Matrix theory (with
5 Lorentzian profile)
1 * Reproduce the nTOF spectra of K and /N
' simultaneously

00
NnTOF (ns)
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