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Main objective: To measure neutron emission probabilities after beMain objective: To measure neutron emission probabilities after be
h i d l t h l F thi t d t tphysics and nuclear technology. For this purpose a neutron detectorp y gy p p

with 20 3He counters around the beam holewith 20 3He counters around the beam hole.

DELAYDELAY

Delayed neutron emission after beta decayDelayed neutron emission after beta decay

Wh  d   t t  t d  thi ? Why do we want to study this? y y
Nuclear structure: Study different aspects of the decay of these nuclei ProvNuclear structure: Study different aspects of the decay of these nuclei. Prov
i f ti b t th i d h i d t tinformation about their decay mechanism and structure.

A h i l Th d l d i i d l h lAstrophysical r-process: The delayed neutron emission modulates the elemp y p y
abundance curve in stellar nucleosynthesis The experimental data from β-delaabundance curve in stellar nucleosynthesis. The experimental data from β-dela

t i i t i t t i t t d l l l tineutron emission represents an important input to r-process model calculations.p p p p

Nuclear reactor safety: Delayed neutron emission after fission is key to the saNuclear reactor safety: Delayed neutron emission after fission is key to the sa
and sustainability of the fission chain in the nuclear power reactor New datand sustainability of the fission chain in the nuclear power reactor. New dat
needed in the context of the nuclear fuel that will be used in the next generationeeded in the context of the nuclear fuel that will be used in the next generatio
reactorsreactors.

Detector charDetector charDetector char
f 3The neutron detector consists of 20 3He counters in The mechanismThe neutron detector consists of 20 He counters in 

2 rings embedded in a polyethylene matrix
The mechanism

detection2 rings embedded in a polyethylene matrix detection
3He +He + 

P l th lPolyethyleney y
moderatormoderator

IonIon

The cross sectiThe cross secti
neutron eneneutron ene

polyethylene modepolyethylene mode

First experiment at JFirst experiment at Jp
A pure beam of ions of the nuA pure beam of ions of the nu
was implanted on a tape (in frowas implanted on a tape (in fro
tape From silicon (Fig 1) andtape. From silicon (Fig.1) and
were constructed (Figs.3&4). Inwere constructed (Figs.3&4). In
further plot was constructed shfurther plot was constructed sh
window from the beta detectionwindow from the beta detection

Sili d t t b t tSilicon detector beta spectra

A G d t t l d t h k thA Ge detector was also used to check the
Fi 1gamma rays in coincidence and to identify Fig. 1gamma rays in coincidence and to identify

the implanted ionsthe implanted ions. Spectra obtained for each 3He counterSpectra obtained for each He counter
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765 keVSili d t t 765 keVSilicon detector 

was located inwas located in 
front of the tape Edge effectfront of the tape Edge effect

~190 keV

Fig 2Fig. 2
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eta decay of neutron rich isotopes with relevance in basic nucleareta decay of neutron rich isotopes with relevance in basic nuclear
h b d i d Thi d t t i t f l th lr has been designed. This detector consists of a polyethylene arrayg p y y y

i f iRegion of interestg

Isotopes with neutron emission after beta decayp y

Current focus: study of fission products of technological interestCurrent focus: study of fission products of technological interest.
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94Example decay of 94Rbp y

racteristics racteristics racteristics 
f ffm for neutron detection is based on the Neutron detection efficiencym for neutron detection is based on the 

n of the products of the reaction:
Neutron detection efficiency 

according to MCNPX simulationn of the products of the reaction: according to MCNPX simulation.

n → 3H + 1H + 765 keVn → H + H + 765 keV

n nn

beam Proportional  beam p
3He counterSilicon

n

3He counter
β decay detectornβ decay detector

ion of the above reaction increases as theion of the above reaction increases as the 
rgy decreases; therefore the use of thergy decreases; therefore the use of the 

erator in order to decrease the neutron energyerator in order to decrease the neutron energy

JYFL FinlandJYFL, Finland,
cleus of interest was obtained using IGISOL + JYFLTRAP. This beamcleus of interest was obtained using IGISOL JYFLTRAP. This beam

ont of a Si detector) for 3 T and left decay for 7 T before moving theont of a Si detector) for 3 T1/2 and left decay for 7 T1/2 before moving the1/2 1/2
3He spectra (Fig 2) obtained the growth (implant) and decay curvesHe spectra (Fig.2) obtained, the growth (implant) and decay curves

n the analysis, these curves will be fitted to the Bateman equations. An the analysis, these curves will be fitted to the Bateman equations. A
howing the neutrons in coincidence with the beta decay within a 1mshowing the neutrons in coincidence with the beta decay within a 1ms
(Fig 5)(Fig.5).
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Fig 3Fig. 3
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The neutron emission probability is p y
calculated from: N1calculated from:
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Fig 4 βε NnFig. 4


