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β-delayed neutron decay of 21N*
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GE Yu-Cheng(��¤)1 KONG Zan(�7)1 LÜ Lin-Hui(½��)1 LI Chen(oÒ)1 LU Fei(©�)1

FAN Feng-Ying(�Â=)1 LI Zhong-Yu(o§�)1 CAO Zhong-Xin(ù¥c)1 MA Li-Ying(êá=)1

Faisal1 XU Hu-Shan(M�é)2 HU Zheng-Guo(��I)2 WANG Meng(��)2 LEI Xiang-Guo(X�I)2

DUAN Li-Min(ã|¯)2 XIAO Zhi-Gang(��f)2 HUANG Tian-Heng(�Uï)2 FU Fen(G¥)2

ZHANG Xue-Heng(ÙÆð)2 ZHENG Chuan(xA)2 YU Yu-Hong({�ö)2 TU Xiao-Lin(æ��)2

ZHANG Ya-Peng(Üæ+)2 YANG Yan-Yun(��)2 ZHANG Hong-Bin(Ü÷R)2 TANG Bin(/Q)2

TIAN Yu-Lin(X��)2 OUYANG Zhen(î�û)2 HUANG Mei-Rong(�{N)2

XU Zhi-Guo(M£I)2 YUE Ke(�Y)2 GAO Qi(pé)2

1 (School of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, China)

2 (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract The β-delayed neutron and γ spectra of neutron-rich nucleus 21N using β-γ and β-n coincidence

measurements were presented in this paper. Thirteen new neutron groups ranging from 0.28 MeV to 4.98 MeV

and with a total branching ratio 88.7±4.2% were observed. One γ transition among the excited states of 21O,

and four γ transitions among the excited states of 20O were identified in the β decay chain of 21N. The ungated

half-life of 83.8±2.1 ms was also determined for 21N.
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1 Introduction

β-delayed neutron emission is often the dominant

decay mode for neutron-rich nuclei near the drip-line.

The large decay energy (Q value) allows to popu-

late the highly excited states of the daughter nucleus,

which are of special importance to study the nuclear

structure of the unstable nuclei. So far many exper-

iments of this kind have been carried out for nuclei

such as 17,18,19,20N using neutron ball at MSU
[1, 2]

, and

for nuclei 18,21N using a combined setup composed of

neutron walls and neutron ball by Peking University

group
[3—5]

.

For neutron-rich nucleus 21N, the β-decay energy

is 17.189 MeV, which lies above the single neutron

separation energy at Sn=3.806 MeV and the two neu-

tron separation energy at S2n=11.41 MeV, and de-

layed emissions of single or double neutron may occur.

There exists little experimental information about the

β decay of neutron-rich nucleus 21N and its daugh-

ter nucleus 21O, excepting the half-life, the total β-

delayed neutron emission branching ratio of 21N, and

the level schemes lower than the single neutron sepa-

ration energy of 21O. A.C.Mueller et al. reported that

the half-life and β-delayed neutron emission branch-

ing ratio of 21N were 95+15-11ms and 84±9% in
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1990
[6]

, and P.L.Reeder et al measured the half-life

for 21N as 83.6±6.7 ms with total neutron emission

probabilities as 78±7% in 1995
[7]

. Only M. Stanoiu

et al. gave the bound states nuclear structure infor-

mation of the daughter nucleus 21O in 2004 using nu-

clear reaction method
[8]

, but until now, level scheme

on highly excited state is unavailable for 21O. There

are also no experimental data available for the neu-

tron energies and their transition probabilities for the

β decay of 21N. For the first time, the β-delayed neu-

tron and γ spectra of neutron-rich nucleus 21N using

β-γ and β-n coincidence measurements will be pre-

sented in this paper.

2 Experimental setup

The β decay of 21N using the neutron and γ de-

tection array was carried-out in Lanzhou in January

of 2007. The experimental setup was shown in Fig.1,

and one unit of neutron ball was not shown in fig-

ure in order to make the implantation detection sys-

tem seen clearly by reader. Along the beam line, the

implantation detection system, which were used to

identified second beam and serve as the start of time-

of-flight, is composed of one upstream silicon surface-

barrier detector, one aluminum energy degrader with

adjustable thickness, one implantation detector and

one downstream silicon surface-barrier detector, and

their functions can be found in Refs. [3—4]. The

beam intensity and purity of 21N in this experiment

is about 0.5 pps and 45.6%, respectively.

Fig. 1. The experimental setup in the experi-
ment of 21N.

The β-delayed neutrons were measured by two de-

tection arrays: one called neutron ball, main for the

measurement of the neutrons with the high energies,

and the other called neutron wall, main for the obser-

vation of neutrons with low energies, and the detailed

description can be found in Refs. [3—5]. The distance

from the center of neutron wall’s each bar to that of

implantation detector is about 62 cm. Both 17N and

16C beams, whose β decay are accompanied by the de-

layed neutron emission with the well-known neutron

energies and branching ratios, were used to calibrate

neutron detection efficiency in this experiment, and

the efficiency result can be seen in Ref. [9].

Four high-purity germanium 4-fold segmented

clovers, which were produced by Eurisys, France,

were used to detect γ-rays in this experiment. The

distance between the center of each clover detector

to that of the β detector is about 12 cm. Radioac-

tive sources such as 60Co, 207Bi, 152Eu as well as the

radioactive beams of 17N and 19O (the impurities to
16C beam) were used to calibrate the efficiency of the

γ detectors. The absolute full-energy peak detection

efficiency is about 1% for the γ-ray at the energy of

1.33 MeV.

3 Experimental result

The total number of decay events for 21N de-

tected throughout the beam-off period (300 ms) was

extracted by fitting the decay curves. The ungated

decay curve of 21N was fitted by a single exponential

decay function plus a constant background, and was

shown in Fig. 2. The total number of β events was

found to be 1.52×105 with a half-life of 83.8±2.1 ms,

which is in agreement with the value from previous

measurements made by Mueller
[6]

and Reeder
[7]

.

Fig. 2. The β-decay curve of 21N.

The time-of-flight spectra of β-delayed neutrons

from the β decay of 21N were obtained from both neu-

tron ball and neutron wall. The neutron wall’s result

was shown in Fig. 3. In order to compare expediently,

the flight path of all neutron detectors were unified

to 1 m. The spectrum was fitted with asymmetric

Gaussian functions with a cubic background. The

peak shapes, including an asymmetric factor based

on energy, were taken from the neutron efficiency cal-

ibration beam 16C and 17N. Ten neutron groups are
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observed by neutron ball with energies from 0.62 MeV

to 4.98 MeV, while thirteen neutron groups are mea-

sured by neutron wall and the corresponding ener-

gies are given in MeV in Fig. 3. Neutron ball, with

large solid angle coverage, provides better statistics

than neutron walls, but have higher neutron detection

threshold, so the neutron peak lower than 0.62 MeV

can not be clearly seen by the neutron ball, but by

the neutron wall.

Fig. 3. The time-of-flight spectrum measured
by neutron wall. The step vert solid line, the
dash line, the dot line, and the solid line stand
for original data, fitted data, background and
fitted neutron peaks, respectively.

The neutron emission probability of each neutron

group was calculated using the net neutron peak area,

the neutron detection efficiency, and the total number

of observed decay events. For neutron ball and neu-

tron wall, not only the energies but also the probabil-

ities are consistent with each other within the error.

The total neutron emission probability was found to

be 88.7±4.2% by adding all neutron branch proba-

bilities seen by neutron wall. This is in agreement,

within the errors, with previous values 84±9% and

78±7% measured by Mueller
[6]

and Reeder
[7]

, respec-

tively.

Figure 4 presents the result of γ spectra measured

in coincidence with the β decay of 21N during the

beam-off intervals (300 ms) by all four clovers, with

(a) showing the γ-rays with lower energies, whereas

(b) giving the high energy part. The peaks are la-

belled with their parent nucleus and energy in keV.

The 1222 keV transition is due to the β-decay of
21N to the the first excited 1/2+ state in 21O. The

γ-rays at energies of 1674 keV, 2397 keV, 2780 keV,

3175 keV are obtained from β-delayed neutron decay

of 21N to the excited state in 20O. Other features that

are not labelled in Fig. 4, especially for the high en-

ergy part, are not considered as γ peaks, as they have

unreasonably small FWHMs.

Fig. 4. β-γ coincidence spectra from the β-
decay of 21N, (a) is the low energy part and
(b) is the high energy part, and all the energies
are given in keV.

4 Conclusion

The β-delayed neutron and γ spectra of neutron-

rich nucleus 21N using β-γ and β-n coincidence mea-

surements were presented in this paper. Thirteen new

neutron groups ranging from 0.28 MeV to 4.98 MeV

and with a total branching ratio 88.7±4.2% were ob-

served. One γ transition among the excited states of
21O, and four γ transitions among the excited states

of 20O were identified in the β decay of 21N. The

ungated half-life of 83.8±2.1 ms was also determined

for 21N.
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