Gamow—Teller decays of nuclei beyond N>50
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Decay strength distribution
litetimes and branching ratios
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Decay strength distribution
litetimes and branching ratios
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Importance of B—delayed neutron emitters
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Single particle model of decays near ™Ni
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Single parficle model of decays near "™Ni tor N»s0

Single particle description:

~Valence’ wnucleons cannot decay via y
allowed Gamow—Teller fransitions 3 TORBIDDEN /14572
befween spin orbit parfners fransitions
Parficle—hole excitafions lead 1o population 5 small S
ot high energy sfafes 7 09972
Important vole of forbidden transitions
(Alyo and parify changing) . e J
Speeding—up the classical v process Phys, Rev, C b7, 05580 (2_703_)i+i;rnr 1 1p1/2 |
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45
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Beta decay of neutron rich nuclei beyond N-=50

Forbidden and allowed transitions 5 FORBIDDEN' /II:
separafed in  energy scales transitions .
(and decay modes). s small s,
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Allowed (6T) and ‘*torbidden” (FF) fransitions

4T - ‘saturate” the Pn past N=50
FF — ‘erode’ the Pn
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Holitield Radioactive Ion Beam Facilify

Low—energy Radioactive Ion Beam Spectroscopy Station (LeRIBSS)

Infense beam (710 pA) ot (s50MeV) protons on UCx fargets
Isobar separation essential for success of the experiments
1RIS—1/1R1S—2 platforms, negative and posifive ions.
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Funding: Center of Excellence for Radioactive Ion Beam Studies for Stewardship Science - DOE NNSA

Design goal:
Maximize the detection efficiency in the broad energy range (100 keV - & MeV)
Measure neutrons and gammas .

First implementation at HRIBF experiment:
> 48 bars 3x3 x 60 cm?

> Q - 10z (23%) of 4m Sy /v A\ > e AT
> 32 (bx) total efficiency @ MeV Ny [ S ‘o O w ‘;/"ﬂ F/ iy
> 50 cm TOF radius ‘. s~ A

v

40—b07 efficiency befa *START” defector

Gamma rays: _
> 2 clovers, 3x efficient @ MeV

Fully digital system (250 MSPS):

Sub—nanonsecond timing with
4ns digitization period

Low neutron detection threshold

Portability and flexibility

S, Paulauskas ef al, NIM A737,22(2014)
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VANDLE commissioning experiment
Selection ot isofopes with large @,—s and I,
249 cases measured, tocus on new dafa
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‘Resonant” decay of “Ga (730 h measurement)

Q= 13,61 T1/2=85(10) ms
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Spectrum deconvolution - trom TOF to decay sfrength
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“Ga and “Ga decay sfrength from neutrons

— observed large beta strength at high excitations in the daughter
— structures in the neutron spectrum
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shell-model inferpretation with d_ —neufrons

explicit calculation ot strength

78N ,B 9.2 1 2s51/2
%— B KXXX—|—60— £
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p n 7 0g9/2
7 099/2 Tp12

aoov DESCRIPTION OF Ncso 1S T 41
(empirical adjustments) .

added atfractive ds/2+

13 0f5/2

fs/2,03/2,01/2, ¢ for protons 15

-+ ds/2 neutrons
ds/2 weuTvom}% d” for B(6T) calculations 7 -
Single Particle Energies - experimental systematics (Grawe) .. 0f7/2

-19

A. F, Lisefskiy, B, A, Brown, M, Horoi, and H., Grawe
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Calculations: Nushell (B8,A,B,) with

1j44bon interactions - effects ot the shell gap
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B(6T) and feedings: Ga decays
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B(6T) for “6a and shell model
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B(6T) for ©6a and shell model

B(GT)

10

—observed large beta strength at high
excitations compatible with 0
6T—decay of 78Ni core states
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outside 718Ni core is factor x100 smaller

¥
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B(6T) for befa delayed neutron emifters

shell model calculations
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B(6T) and feedings: Ga decays

ExciTation energy

ASRC 2014 B. Greywace S, S, + @ from 2012 mass evaluation
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Hybrid—3Hen (HRIBF)

48x  He tubes + 2 clover defectors

1=
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Beta—delayed 2n emission in “Ga decay

Bin:eo(10)x, Bzn: 20(10)x

Very powerful combination of RILIS +Isobar separafor+sHen:

— +21
‘Pure beam (Laser Ion Source) 51;2_‘1‘!‘533-1(3)"";&\,

First confirmation of the predicted large Bzn branching ratios
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K, Miernik et al, P\mfs. Rev, Lett, 2013 Phys Rev Lett, M1(2013),132502,
RILIS : Y. Liu et al., Nucl. Instrum. Methods Phys. Res,, Sect, B 248, 5 (2013),
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Befa—decay of *Ga (shell model)

BlGn
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Beta—decay ot ssGa (shell model)

Role ot FF 1ransitions

P (6T)=(124M) =83 x«

mM+2n

P (exp)=60(10)+20(10)x

h+2n

Z=20 :
= = =28
o 1 | T MN=20

W=8
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Befa—decay ot ssGa (shell model)

Role of FF fransitions and s
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B(6T) and feedings: Ga decays
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ecay of N=51 “Ga
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Decay of N=52 “*Zn
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Excitation energy
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Decay of N=51 “Se with MTAS
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Decay of N=51 “Se with
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6T decays of very neufron rich wuclei

Dominating role of 6T Hransifions far from stability

Survey of “30 isofopes near The r—process path af HRIBF

High—energy neutrons, aftributed fo Gamow—Teller decays

Discovery of fhe first case of large Bzn emission for the r—process nucleus “Ga
with Hybrid—3Hen

§ = F
Gamma—vay speclroscopy of high—emev!%i\ﬁaﬁz"; “ails” of The B(GT) distribution

Data consistent with shell=model .
based on "Ni core decay a d 3.9 MeV shell gap

New VANDLE experi ms planned ANL/ISOLDE/NSCL
Impvovememf;‘rilpﬂlza\ ulations fo aololvess '

the remaining discrepancies

o
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