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Beta-delayed neutron emission
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R. B. Roberts et al. "The Delayed Neutron Emission Which Accompanies Fission of
Uranium and Thorium," Phys. Rev. 55, 664 (1939).



Beta-delayed neutron emission
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utron emission in nuclear reactors
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Important role in the reactor control tg, > t,rompt
Maintaining the reactor in prompt subcritical condition.




Beta-delayed neutron emission to understand the origin of the elements

S process: slow n-capture and pB- decay near valley of g stability at KT = 30 keV

Y.Litvinov (2010)



Beta-delayed neutron emission and the r-process
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Beta-delayed neutron emission and the r-process
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Data from Looders et al. Vol. VI/4B, Chap. 4.4 (2009).



Z, number of protans

Qg,= Q- S, (If Qg, >0 > n emission allowed) _:"'
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State of the art of beta-delayed neutron emission measurements

B1n emitters: 621 known energetically
allowed, around 300 measured so far.

M=126

300 B2n allowed emitters identified. So far 25 measured -
~ heaviest %8-100Rb and recently 13Sb RCF et al. PRC 98, 034310
(2018) and 149Sb B. Moon et al. PRC 95, 44322, (2017).

138 B3n allowed emitters identified. So far 4 measured ("'Li-?3N).

58 B4n allowed emitters identified. Only 7B has been measured.

[, number of neutrons
-

More info: I. Dillmann, A. Tarifefio-Saldivia Nucl. Phys News Vol.28, 1 (2018).



IAEA coordinated Research Projects (CRP)

¢ @‘%& Coordinated Research Projects (CRP) on the Development of a Reference Database for
'/  Beta-Delayed Neutron Emission and on B-delayed neutron emission EVALUATION
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Reference Database for Beta-Delayed Neutron Emission Data

Data plotting Published tables
X Axis @A @z N ) T1/2 ' p1in || Range Evaluation Compilation
Search nudide[she orh) ©pan O Q@n z=28 [H [
[ | sz= | ] | s=ns | j £ Ty/p [ms] = — & 0z 08 Ons @ BErom 1}
| |= Peam)os < || 1< P(2n)% < \ |< P(3n)oe = ¢ s7<z @A [ ;]
V] J oot It has been
V2
: Numerical data :
Search Nuclides found:650 Clear
- sl included a
Evaluation Theory Spectra h ig h priority
list of nuclei to
Click a label to show/hide table mlumn_s I).gg_gnd & Refe_rel_lcgs
matics ik 14
Compilations Co Quvalues e BN be measured
Theory Mosller et al. 03 Marketin et al. 16
Recommended values
f
Nuclide Isomer Ti/2 %P(1n) %P(2n) % P(3n) ne:t:’um Reference Spectra
per decay
119.4(15) ms 16 (1) . = 0.16 2015B105 1
He
3 ut 178.2(4) ms 50.5 (10)? 0.505 20158105 2
—_— A 6

https://www-nds.iaea.org/relnsd/delayedn/delayedn.html

D. Abriola, B. Singh, and I. Dillmann, Beta-Delayed Neutron Emission Evaluation, Tech. Rep. (INDC(NDS)-0599 - IAEA, 2011).
|. Dillmann, P. Dimitriou, and B. Singh, Development of a Reference Database for Beta-delayed Neutron Emission Evaluation,
Tech. Rep. (INDC(NDS)-0643 - IAEA,2014).

|. Dillmann, P. Dimitriou, and B. Singh, et al. Development of a Reference Database for Beta-Delayed Neutron Emission, Tech.
Rep. (INDC(NDS)-0735 - IAEA, 2017).



BRIKEN project background: BELEN detector (2009-2014) — BRIKEN 2016...

20 3He counters 30 3He counters 48 3He countrs in 140 3He counters in

in 2 rings. IGISOL  in 2 rings. GSI- 3 rings. IGISOL 7 rings.
Jyvaskyla (2010). FRS (2011). Jyvaskyla (2014). BRIKEN (2016...)
€1n = 47% €1n = 38% e1n = 40% (HPGe) €1n = 68.6% (HPGe)

€1n = 60%

Polyethylen
moderator

3He +n — 3H + p + 764keV

n Proportional

lon beam=zzzzzzzzzzll - Silicon B 3He counter

All efficiencies are up to 1TMeV decay detector



Fragmentation facilities (GSI & RIKEN)
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ISOL facilities (IGISOL - Jyvaskyla)
Very clean beam!
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BRIKEN experimental campaign

14
Masses, half-lives and beta delayed neutron emission e
probabilities relevant to understand the formation of the rare N
earth r process peak - G. Kiss, A.l. Morales, A. Tarifefio- N=126 el
Saldiva (2017). \
N=822~ =
_____ i ) B-decay spectroscopy in the vicinity of
Study of light B-delayed multi-neutron o L P the N=126 closed shell — J. Wu et al. Qo
emitters between Z=9 and 16 with ,\q,\'l' N= 50" . (Approved). °
BRIKEN - I. Dillmann, G.Kiss O P
(Approved). il .~ Measurement of B-delayed neutron emission probabilities
Zall T relevant to the A = 130 r-process abundance peak -
__:J,:"- -} Estradé, Lorusso, Montes (2017).
= A Decay properties of r-process nuclei in deformed region around A

=100 ~ 125 - S. Nishimura, A. Algora (2017).

Measurements of new beta-delayed neutron emission properties around
doubly-magic 7®Ni - K.P.Rykaczewski, J.L.Tain, R.K.Grzywacz, |.Dillmann

Other proposals ongoing for the (2017).

next committee in Ca region.



Advanced Implantation Detector Array
(AIDA)

https://www2.ph.ed.ac.uk/~td/AIDA/

BRIKEN: Technical design

Univ. of Edinburgh, UK.

Stack of 6 DSSD Si layers (8 in further
exp.).

1 mm thickness per strip

Area: 71.68 mm x 71.68 mm with 128
horizontal (X) and 128 vertical (Y)
strips 0.51 mm wide.

WASABI detector (RIKEN) secom s

Stack of 4 DSSD Si layers.

Area: 40 mm x 60 mm with strips 3 mm
wide.

This allowed to increase vy efficiency.

S.Nishimura et al. RIKEN Accel. progress
report 46 (2013) 182
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Beta delayed neutron at RIKEN (BRIKEN):
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A.Tarifefo-Saldivia, et al, Journal of Instr. 12, P04006 (2017).
|. Dillmannand A. Tarifefio-Saldivia, Nucl. Phys. News 28,28 (2018).
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Atomic number Z
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BRIKEN Parasitic beam at N=28 region (Fall 2016)
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BRIKEN project preliminary results in 78Ni region

Proton number (Z)
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8Ni P,,, value: Comparison with theory
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BRIKEN project preliminary results PID experiment A~130
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BRIKEN project preliminary results (A=130 region)
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Moeller, Mumpower, Kawano et al., At. Data Nucl. Data Tabl. 109 (2016) 1

https:/t2.lanl.gov/nis/molleretal/publications/ADNDT-BETA-2018.html



Results: Half-lives and P, in A>200 and N~126 region (GSI)

®  This work o FRDM+QRPA .
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®  Prev. Experiment Z. Li, et al. (1998) O RHB+RQRPA (9 for the first time)
C ] w = [ : m
10° % Re Os___o ) Ir ?opt _E_OAu 1 Hgz= Ei TI; H é’b _4: Bi < v 8 P1n values
i I o R « @ A SEzg. V.o 2 measured for the first
T S R TN COUS S I PR L T PONE P .
'Jf _%8 :AAQﬁV. OE ?§' .8 o : g%g ov 3 tlme
e oAl ] vmgz 0 8 i w‘&@gﬁ—
=105 o 3 .3 §rd 2 ﬁ‘;D“X U 8 =3 Lo
-— E OF 0O g X A g_
EEEVICE. S A S, = SAp i o
L - S Ty v o onllan, 3 E
a : i Dgt Mo o3
10-1[IIJ||III]II\IIII\IIIIIII[IIJI\IIQ o  FRDM:QRPA —e— This work
2 RERITNRINRERENERBE3538383388883885 RHB+RQRPA 0 Phenomenological | (Miernik, 2013)
FFFFFFFFFFFF A - TTrTrTrToTroeem o e e A KTUY &  Phenomenological Il (McCutchan et al., 2012)
Neutron number N -
+ (&} e} E
10 E ® $ Q & T é
RCF et al, Nuclear Data Sheets, 120, 81-83 (2014). 3 | X )¢ % .
RCF et al, Phys. Rev. Lett. 117, 012501 (2016) < 8 . 2 =
RCF et al, Phys. Rev. C 95, 064322 (2017) - ET :
107 ¢ E
E L =

210Hg 21 1Hg 21 1TI 212-” 213T| 21;-'—' 215T| 21éT|

21



Counts
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Summary and outlook

Estimations on new Pn values within the BRIKEN project data:

Emission type Energetically Already New Pn values
allowed measured expected

23

B1n ~250
B2n 300 23 + 2 approx ~50
B3n 138 4 ~10
B4n 58 1 ~5

Be able to determine information on gamma-neutron competition above Sn.
Certify Bn is the dominant decay in very exotic neutron-rich region.

Relevant input for theoretical models to predict properties in the neutron-rich region either for
nuclear structure and astrophysics.

First scientific papers have been already submitted. So far 4 experiments done and two

approved
This work is supported by:
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BRIKEN Experimental setup
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