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Increase of decay energies far from stability

enables complex decav channels

£ Moller, P; Nix, J. R.; Kratz, K.-L.
I Atomic Data Iand Nuclear Data lTabI,es, Vol. 66, p. 1|31
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are beta-delayed neutron emitters
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Nuclear lifetimes

T1/2 and the nuclear structure
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Benchmarking theoretical predictions:

Zn half-lives

—@— DF3a+CQRPA
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M. Madurga et al. Phys. Rev. Lett. (2012)
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B-decay in hot r-process

Beta decay rate sensitivity study

J. Cass, G. Passucci, R. Surman, A. Aprahamian
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B-delayed neutron emission in a cold r-process
R. Surman

cold r-process: equilibrium between (n,y) and B decay

NS2012 R. Grzywacz



Predicting neutron branching ratios

Kratz — Herrmann formula “average nucleus”
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Predicting neutron branching ratios

Kratz — Hermann formula “average nucleus”
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Beta decay of neutron rich nuclel

Allowed (GT) and “forbidden” transitions
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Neutron energy measurement GT

Allowed (GT) and “forbidden”FF strength from theory (**Ga)
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Beta decay strength distribution — allowed and forbidden transitions

“Threshold” nature of beta delayed neutron emission

J. Winger et al., PRC 38, 285 (1988)
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Very low intrinsic efficiency
(NOT very usefull for exotic nuclei)

NEUTRON ENERGY: {kev)

G. Rudstam et al. K.L. Kratz et al.
(Studsvik) (Mainz,ISOLDE) Focus mainly on reactor physics
No gamma-ray detection

r-process nuclei — large Q values, short lifetimes
broad energy range of neutron energies (E> 100 keV)
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Center of Excellence for Radioactive lon Beam Studies for Stewardship Science
Maximize the detection efficiency in the broad energy range

Neutrons (inelastic scattering off the scintillator material)

* 48 bars 3x3 x 60 cm”®

* Q =26% of 41

* 12% total efficiency @ 1MeV
* 50 cm TOF radius

* 40-60% efficiency “START”

Gamma rays:

« 2 clovers, 3% efficient @ 1MeV ,) R

plastic scintillator - BC408
* Rise/Decay time - 0.9/2.1ns
* Bulk attenuation - 3.8 m
wrapping material:
¥ Aluminized Mylar
* 3M Vikuiti ESR
v Teflon Tape

v Pure Nitrocelulose Paper

Data acquisition:
* analog - VME based
= digital - PIXIE-16

photomultiplier tubes:
._|_ v XP2012, R-580
- XP2020, XP2262

v R-329

NS2012 R. Grzywacz UTK



250 MSPS (4ns) digitizer
Pulse shape analysis

PMT Signal Sampled at 250 MHz
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Holifield Radioactive lon Beam Facility:

accelerators and experimental areas

ntense beam (~10 pA) of (50MeV) protons on UCx targets
sobar separation essential for success of the experiments !
RIS-1/IRIS-2 platforms, negative and positive ions.

NS2012 R. Grzywacz



Light output vs time of flight:
Neutron gate

 “Tail’ of the gamma prompt removed
--CI-e'_aner-- Iovy-en_ergy spectrum!!
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Q,-S =55 MeV, P_=30.3(20)%
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Random Background
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0.05.

160

Counts (arb)

Gamow-Teller decays at 0.5 and
2 MeV above Sn

100 keV neutrons detected!
~70 keV neutrons?

Level 50 keV above Sn previously
observed @ LeRIBSS

S.V llyushkin et al. PRC 80, 0564304 (2009)

400
350 |

600.5 keV

300 |
250
200
150 |
100 |
50 699.9 keV

0 i

200 400 600 800 1000 1200
Energy (keV)




Q 5= 8.6 MeV, Pn=74(14)%
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Kratz-Herrmann predictions
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High energy neutrons
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VANDLE campaign summary

* VANDLE array commissioned in “decay” configuration
* Digital electronics enabled low energy threshold

* Survey of 30 isotopes in HRIBF campaign
Decay strength at high excitation energy” . .

will affects nuclear lifetimes andl_.bi‘é'ﬁching ratios (Bn, f2n,B3n)
“Pandemonium”, Gamma-rays following-neutrons

* Analysis in progress: 1l"_Cl)F if..e.-solution, background,theory...)
| s
i
* Continue d %Sl studies on r-process nuclei
o Complel%gntar“y Total Absorption studies

 VANDLE is getting ready for “reactions” experiments
=



D. W. Bardayan, C. Gross, C. Jost, A.J. Mendes II,
K. Rykaczewski, D. Stracener, K. Miernik, M. Wolinska-Cichocka, ORNL
M. Al-Shudifat, L. Cartegni,M. Madurga, A. Kuzniak,
D. Miller, S. Padgett, S. Paulauskas, UTK
J.C. Batchelder, S. Liu, C. Matei and |. Spassova, ORAU
N. Brewer,J.K. Hwang, Vanderbilt
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N=126

NS2012 R. Grzywacz




30

____________________________________________

25

™ 4
ﬁ = | 10
§ 3 10
O I 110
= i 3
S:’ 45 - 10
o B |
40 | 1
35 | =
10

| | | | | | | | | | | : | | |
40 50 60 70 80 920
NEUTRON NUMBER

o ok [
(=] (=] (=]
I_* 117719
[
—]
I‘

NEUTRON NUMBER

NS2012 R. Grzywacz UTK



Intrinsic neutron detection efficiency

Small VANDLE bar

W.A. Peters et al.
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Beta delayed neutron branching ratios

Isotopes with N>50

Threshold character of the beta-n emission
position of GT vs. Q window
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ol
,t‘r ” ) .N. Borzov, PRC 71, 065801 (2005)
m First rbldden decays may influence I

B |ndicates that one may no longer observe By only Bn/Bny
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