
The development of a gas-filled time-of-flight detector

Yongjing Guan a,b, Ming He a, Xiangdong Ruan b, Huijuan Wang b, Shaoyong Wu a,
Kejun Dong a, Min Lin a, Jian Yuan a, Shan Jiang a,*

a China Institute of Atomic Energy, P.O. Box 275-50, Beijing 102413, China
b The College of Physics Science and Engineering Technology, Guangxi University, Nanning 530004, China

Available online 12 March 2007

Abstract

A gas-filled time-of-flight (GF-TOF) detector system for isobaric identification has been developed at the AMS facility of the
China Institute of Atomic Energy (CIAE). The newly built GF-TOF detector was tested by using a 36Cl standard sample (36Cl/Cl =
2.88 · 10�11) with the 36Cl ion energies of 64, 49 and 33 MeV. Time resolutions of 350 ps, 580 ps and 920 ps were obtained for 64, 49
and 33 MeV 36S, respectively, without gas. 36Cl and 36S particles were successfully separated in the TOF spectra from the GF-TOF detec-
tor at the three different incident energies. The dependence of time resolution and separation power of GF-TOF method on the incidence
energy and the residual energy is discussed. The comparison of separation power for isobars between the GF-TOF method and the DE–E

method is described. A combination of GF-TOF method and DE–E method may further improve the separation power for isobars. The
results show that the sensitivity for 36Cl AMS measurements is 10�14 at the energy of 33 MeV. Some results obtained with the GF-TOF
method are given.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

A gas-filled time-of-flight detector was built to identify
the isobars in AMS measurements in 1999 by Jiang et al.
[1]. The time resolution of that GF-TOF system was about
1.3 ns without gas, which is not as good as expected. Later,
a new GF-TOF detector was built and tested using 36Cl
ions with the energy of 28 MeV in 2002, but the experimen-
tal results were still not satisfactory [2]. 36S and 36Cl could
not be well separated by either detector due to the large
energy straggling caused by the thick entrance window. A
new GF-TOF detector system has now been established
with a time resolution of 350 ps or better without gas.
The improvement in time resolution was brought about
by using a thinner entrance window, an optimum flight

length and a low resistance surface barrier detector
(SBD) as the stop detector. With this newly built detector
system, it is possible to separate 36Cl and 36S by using
the GF-TOF method at the ion energy of 64 MeV,
49 MeV and 33 MeV. A similar technique has been devel-
oped using highly homogeneous low stress silicon nitride
foil instead of gas-filled chamber by Vockenhuber [3].
For 36Cl measurements at 0.5 MeV/amu a reduction of
36S by 104 was achieved.

2. Structure of GF-TOF detector

The structure of the new GF-TOF detector system is
schematically shown in Fig. 1. It consists of a micro-chan-
nel plate (MCP), a SBD and a gas-filled chamber. The
50 cm long gas-filled chamber with an entrance window
of 16 mm in diameter and sealed with a Mylar foil of
0.9 lm thickness is filled with P10 (argon plus 10%
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methane). A low resistance SBD (400 X cm) with 26 mm
diameter is located at the rear of the chamber and insulated
from the chamber. The distance between the entrance win-
dow and the SBD detector is 60 cm. The MCP detector and
the gas-filled chamber have been described in detail previ-
ously [2]. A 36Cl standard sample (36Cl/Cl = 2.88 · 10�11)
was used to test the detector system at the 36Cl ion energies
of 64, 49 and 33 MeV. Time resolutions of 350 ps, 580 ps
and 920 ps, respectively, were obtained without gas.

3. Theoretical analyses

In the GF-TOF method, the time resolution is mainly
limited by the energy straggling caused by the gas and
the Mylar foil. The total contribution from other factors
to the time resolution is about 200–300 ps. The contribu-
tion of time resolution (dt) is from the intrinsic resolution
of the detector system (d inst) and the energy spread of ions
(dE�spr), as expressed in Eq. (1)

d2
t ¼ d2

inst þ d2
E�Spr ð1Þ

where the term of energy spread dE�spr is expressed by

dE�spr ¼
1

2

dE
E

t ð2Þ

where E is the effective energy (MeV), dE is the effective en-
ergy spread (MeV) and t is the flight time (ns). The effective
energy and energy spread of the ions passing through the
absorber, E and dE is given by approximate formulae (3)
and (4), respectively.

E ¼ 0:25ðEi þ Er þ 2
ffiffiffiffiffiffiffiffiffi

EiEr

p
Þ ð3Þ

dE ¼ 0:25½ð1þ E1=2
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i E�1=2

r ÞdEr� ð4Þ

where Ei and dEi are the energy and the energy spread mea-
sured by the SBD for the chamber without gas. Er and dEr

are the energy and the energy spread expected at the SBD
for the chamber filled with gas. Energy loss is estimated by
the code SRIM [4]. The energy straggling is predicted by
Shapira’s semi-empirical formula [5]. The energy spread
for 36Cl ions with the energy of 64 and 48 MeV passing
through different pressure have been measured. Satisfac-
tory agreement has been obtained between calculated and
experimental data for the energy spread.

The TOF difference (DT) between the isobars is depen-
dent on the incident energy, residual energy and the flight
length. Fig. 2 shows the calculated DT between 36Cl and

36S for different gas media and pressures for 60 cm flight
length. The results indicate that DT increases with increas-
ing incident energy and the with increasing energy loss in
the gas. But the dependence of DT on the kind of gas is
not obvious.

4. The isobar identification for 36Cl and 36S

The isobars 36S and 36Cl were chosen for testing the
identification power of the GF-TOF detector system. 36Cl
standard samples of 36Cl/Cl = 10�9, 10�11 and 10�13 were
measured at energies from 33 to 64 MeV. Fig. 3a shows one
of the GF-TOF spectra for 64 MeV 36Cl and 36S ions pass-
ing through the chamber filled with 40.2 mbar P10 gas, and
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Fig. 1. Schematic diagram of GF-TOF detector system.

Fig. 2. Calculated TOF difference versus residual energy: (a) 36S and 36Cl
particles passing through P10 gas with incident energies of 64 and 49 MeV,
(b) 36S and 36Cl particles passing through P10 and isobutane with 64 MeV
incident energy.
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