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B-decay strength distributions

Importance for nuclear structure and astrophysics

First B-delayed neutron measurements

Future total absorption gamma-ray spectroscopy measurements
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The B-decay probability distribution is very sensitive to nuclear structure

| I e S E
102Ru 1¢ 107Ru 2

105Ru

B-: 100.00%

. .. =
330 MS
41
p-: 100.00%
58 60 62 64 66
20 o o
g’ B : TAS measurements £ I Feeding/20 : TAS measurements
] L —— : High resolution feeding g 44 — : High resolution feeding
LIS g8
[k C T8 3l
2§
1 H
- - L o .|...AH|III...1.".H —_n L [ T
0051152253354455 0051152253354455
E, [MeV] E [MeV]
20
g’ C : TAS measurements g, : TAS measurements
S B —— : High resolution feeding '8 20 —— : High resolution feeding
@ 15[ @
[ C w
100 105T¢c

3]
o

15 2 25 3 35 4

E, [MeV]

E, [MeV]

Feeding

Feeding

Feeding

MD. Jordan, PhD Thesis, U. Valencia

40 :_ : TAS measurements
[ ——— : High resolution feeding
30
: 101Nb
20
10|~
00 05115 25 3 354 45
E, [MeV]
20
L : TAS measurements
L ——— : High resolution feeding
15[
100 1 04Tc
5p-
0
E, [MeV]
: TAS measurements
20 —— : High resolution feeding




Beta decay of neutron rich nuclei
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* The (inverse of the) half-life T, , is a weighted
average of the p-strength S

1 ¥
o [ S,(E.) flo, - E. JiE,

» The neutron emission probability P, measures the fraction of p-strength

above the neutron separation energy S,

intensity |
o
o
-
(3]

Fn
r+rr- °

Op
F, =T1/2XfS/3 (Ex)f(Q[j’ _Ex)°

n

0.005

* For n-rich nuclei very far from stability 7', , and P, provide (the only)
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At DESPEC one or more of the following instruments will be
used to study B-strength distributions:

Neutron Time of
Total Absorption - 47 Neutron Counter:  Flight Spectrometer:
Ray Spectrometer: BELEN MONSTER
DTAS

TAS provides data free of
_ : | systematic errors

 BELEN provides P,

A * MONSTER provides the E, and
Ci the strength above S
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Rapid neutron capture astrophysical process

JINA

Joint Institute for Nuclear Astrophysics 2002

Movie *H. Schatz, T. Elliot
NSCL, Michigan State University
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Temperature: 38 K
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T,, and P values are
required for r-process
calculations:
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First-forbidden transitions play In general FF far-of-stability produce a

a dominant role in this region shortening of half-lives: Moeller,
PRC67(2003)055802
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FRDM + QRPA:
Kratz & Pfeiffer

Further to consider: 4| Nuctear Shape
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Production Target
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BEta deLayEd Neutron detector

©2.5cmx60cm high-pressure (UPC, IFIC, GSlI/Giessen)

3He tubes in a polyethylene
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Self-triggered digital acquisition

MCNPX efficiency system integrated into MBS
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Silicon IMplantation detector and Beta Absorber
(TUM)

» 2xSSD (6cmx6ecmx0.3mm) X-Y
» 2xSSD (6cmx4cmx1mm) B-absorber

» 3xDSD (6cmx4cmx0.7mm) implant
» 2xSSD (6cmx6cmx1mm) B-absorber

PhD thesis C. Hinke, TUM (2010) Diploma thesis K. Steiger, TUM (2009)



_Neutron
A shield
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211Hg setting (all statistics)

215T| setting (half statistics)
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Beta- delayed neutrons have
been identified in spite of the
large beam-induced neutron

background!
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B-spectrum
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MOdular Neutron SpectromeTER
(CIEMAT,VECC,JYFL,IFIC)

TOF length Gef)r.netric 1ns Ans
(m) efficiency

2 12.5% 3.5% 6.0%

3 5.6% 2.5% 4.2%

200 x BC501A modules
SO 20cmx5cm cell
5’"PMT R4144

Production of prototypes for
further cells started at VECC

Dedicated digitizers:
14bit-1Gs/s under *30 cell demonstrator

production (CIEMAT)  °ready by the end 2012
ecommissioning at JYFL
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Experimental T,,, seems to favor
some models but here there is no

neutron emission to check!
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Total Absorption Gamma-ray Spectroscopy:

» Uses large 4x scintillation detectors, aiming to detect the full y-ray

cascade rather than individual y-rays

An ideal TAS would give
directly the f-intensity /g
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Real TAS response
depends weakly on
de-excitation path
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MC simulations
and nuclear
statistical model
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B-Decay Total Absorption Spectrometer
| Geant4 efficiency
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14 detector modules just delivered!

counts

Full spectrometer assembled
plus electronics ready by the
end of the year
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Conclusions:
* First experiments with BELEN have been

performed at the FRS to investigate B-delayed
neutron emission close to '32Sn and 2%Pb (2nd
and 39 r-process abundance peak). JINR is
joining with additional 40 counters

 The DTAS spectrometer will be ready by the
end of 2012 for commissioning and awaiting
for a PRESPEC stopped beam campaign

* A 30 cell prototype of MONSTER will be ready
at the end of 2012 for commissioning and
awaiting for a PRESPEC stopped beam
campaign
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TAS neutron sensitivity

(The case of delayed
neutron emitters)
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