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Abstract

We are developing an ion trap system for nuclear physics research

at INS using lasers and a Penning trap. It has several important

features, no specificity to ion species, fast response due to dynamic

trapping and hopefully high trapping efficiency.



1. Introduction

Ion traps have been used extensively to pursue high precision

•easurenents (l). In particular, high precision nass aeasureaents of

unstable nuclei at ISOLDE [2] and high resolution laser spectroscopy on

hyperflne Interactions (3) are of great interest In nuclear physics.

We have therefore proposed to build a penning trap as part of the

research apparatus for the E Arena of the Japanese Hadron Project(JHP).

aiaing at precise iass aeasureaents as well as laser spectroscopy of

unstable nuclei. This year, we have started building the first part of

the ion trap systea to perfora an RSD work at INS. It coaprises a gas

filled recoil lass Isotope separator (GARIS), an Ion guide (IG). a

aultlpole field transport device and an RF trap. The systea has

several features to be noted. Firstly, it has no selectivity on ions

to be treated. This is because the transport of the nuclear reaction

product ions to the ion trap does not depend on the chealcai property

of the ions. Secondly, there is no appreciable delay In trapping the

ions because we have no ion source which usually causes soae delay and

we do not need to eaploy the usual aethod of ionizing atoas stopped in

a laterlal in the ion trap. Thirdly, by eaploying gas cooling of ion

aotion in the ion trap (4). we will be able to realize highly efficient

trapping. This paper presents soae details of the INS Ion trap systea.

2. Instruaentatlon

The ion trap apparatus which we designed for the R&D work at INS

consists of three parts: an ion guide, a transport systea and an ion

trap. The apparatus is used at a focal plane of the GARIS. The

configuration of the present systea is shown in fig. 1 and fig. 2.

(1) Ion guide

The ion guide is a high pressure He gas chaaber to stop Ions

injected through an entrance aylar window. An energy degrader is

placed before the entrance window to slow the tons so that after the

energy degrader they can be stopped just inside the He gas chaaber.

The He gas pressure is several tens of k Pa., at which pressure ions of

theraal energy have a lean free path of around 5x10 ca. The ions are



therefore completely driven by the He gas flow. Nomura et al has

Investigated the optimum conditions for stopping the recoil ions from

GARIS In a He gas and extracting them through the Ion guide outlet hole

(5). They have found that 10 to 15% of the ions stopped in the He gas

were extracted and nearly half of those were In an ionic state.

Clearly a nonnegligible fraction were captured or neutralized on the

surface of the ion guide gas cell. A question then arises as to

whether there is a way to prevent the collision of ions with the wall

material. To begin with this question, we consider the data which

are relating to ion lotions in He gas at thermal energy (6). For

singly charged ions in He gas the reduced mobility K defined by Vp=KE.

where V_ is the drift velocity due to electric field and E the electric

field intensity, has been measured to be about 20 cm /Vs. The

diffusion constant D of ions in He is obtained from Einstein's equation

K-eD/kT. where e is ths electric charge, k the Boltzman constant and T

the He gas temperature. The equation gives D-0. 5cm /s at normal

pressure. The transverse diffusion length r of ions during the time T

2 °
Is given by T-tr /2. i) /D. The self diffusion velocity V. is obtained

o d
from V =dr /dr-2. 9D/r . If we choose r -lmm. then we have V,«14cm/s

d 0 0 o d

and T»3. 4ms. Ions in the ion guide, if they stop near the entrance.

take roughly 100 msec to be extracted through the gas cell of 6cit in

diameter and 4ca in length. During this transfer time, the ions will

diffuse by roughly 5mm. Our solution to this problem is to provide a

focussing force to ions in the gas cell. From the eq. Vp»KE. we can

find the proper electric field E at which the self diffusion velocity

is compensated by diffusion velocity due to the electric field. The

necessary field is about lV/cm. There are several ways to generate

this field along the inner surface of the gas cell. One way would be

to cover the surface by a mesh and to apply a voltage to repel the ions

from the wall (7). Another would be to install an array of ring

electrodes distributed conically along the surface and apply an AC

electric field between alternative rings to produce a focusing force.

This Is a variation of the electric curtain method proposed by Masuda

et al (8).

(il) Ion transport

The ions are carried by the He gas flow through a 2mm diameter

hole. They are then accelerated to an appropriate energy and focussed



with several electric lenses (squeezer (9)). The electric potentials

applied to these lenses are extreiely low (several volts) coipared with

conventional values of nore than 1 kV. The He gas is evacuated »lth a

coabinatlon of large vacuua puaps: aechanlcal boosters of 4200 and

1200 a3/h and a rotary puup of 5000 1/aln. The Ions through the

squeezer and following two sklaaers are then focussed into the

transport systea. This systei. which generates a lultipole electric

field around the syiietrlc axis to confine the ions radially, consists

of a number <2n) of circular rods distributed uniforaly on a circle in

the plane perpendicular to the syaaetry axis. The case of n - 4

(octapole field ion guide, OPIG) has been discussed in ref. [10). It

is to be noted that the device Bay be used as a buncher for injection

into the Ion trap.

(ill) Ion trap

The ion trap to be used is a coabined (RF * axial aagnetlc field)

type. The trap is placed between pole-tips of a C-type aagnet. The

ions froa OPIG are injected to the ion trap through a hole on one of

the end cap. Schuessler et al. has calculated the conditions for

trapping of ions injected froa outside into an Ion trap (ll). They

have found that without cooling of the ion aotlons in the trap the

trapping probability is very saall. Aaong the several ways to cool ion

lotion in the trap, i.e., gas cooling, laser cooling, register cooling,

electron cooling and stochastic cooling, the simplest is gas cooling.

The effectiveness of gas cooling on the laproveaent of trapping

efficiency for an RF trap has been discussed by R. B. Moore (4). In

order to study the effect of gas cooling on trapping efficiency of ions

injected froa outside a trap, a coaputer simulation prograa has been

developed. The prograa eaploys a staple aodel in which a rigid body

collision with a uniform distribution in CHS as well as with a

constant aean free tiae is assuaed between the Ion and a He atoa.

Figure 3 shows one exaaple of a simulation result: Gas cooling in an RF

trap is demonstrated for the case of a aass 87 ion in the singly

charged state. The ion is put at 2ca froa the center in the aedian

plane with an energy of 5 eV. The energy and position of the ion is

traced as a function of tiae elapsed. The He pressure is such that

aean free tiae is lUs which corresponds to order of 10 Pa. We can

see the essential cooling according to this iodel is done within 40 Us.



In a more advanced aodel. it would be desirable to implement effect of

a ponderum force induced by electric polarization of a He atom by the

Ion as well as variable uean free tine. Stored ions are extracted

through the opposite end cap for future analysis by a quadrupole lass

filter or to another trap for high precision lass spectroscopy.

3. Status of the experiment and further plans

The ion trap project at INS is being intensively pursued towards

completion of a Penning trap and a laser system. As they will probaly

not be built within a year, we are planning to use that time to improve

the trapping efficiency of ions provided froi the GARIS • IG systei.

The system, when optimized, lay become a powerful tool because it can

manipulate ions irrespectively of their chemical properties. With the

Penning trap and laser systems. It will allow us to perform high

precision mass measurements or laser spectroscopy of these unstable

nuclei.

As respects to the laser spectroscopy of unstable nuclei in an ion

trap. laser cooling is quite desirable. It is to be noted, however,

that this is not a universal method because the wave length of

resonance flourescence for ions is generally in the ultra violet and

there is no tunable laser in this region. In this regard we plan to

use sympathetic cooling (12) of ions by merging them with specific ions

which can be cooled by lasers.

At INS construction of a new pilot facility for the acceleration

of unstable beams will soon start [13). In this project radlonuclide

10its which are produced by cyclotron beams and separated by a high

resolution mass separator are to be accelerated by a combination of an

RFQ and an IH linac. It is also planned that these ions be transported

to the ion trap without acceleration for the study of a nuclear

spectroscopy. It is to be noted that the mass separator system is

designed so that it can deal with an extraction of ions from the ion

source at full voltage and decceleratlon after mass separation. In

order to facilitate the scheme, the mass separator will be electrically

Insulated so that it can be set at an appropriate high potential. With

this schene. *e can rather easily guide ions to an ton trap. It will



be one of the effective ways to capture radionuclide ions froa an ISOL

in an ion trap.
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Figure Captions

Fig. 1 An ion trap system placed at a focal plane of a gas filled

recoil mass isotope separator (GARIS) at INS.

Fig. 2 Configuration of present ion trap systea : (1) GARIS. (2)

Energy degrader. (3) Ion guide. (4) Electric focus lens systea

(squeezer). (5) Octapole ion guide. (6) Combined trap. (7) 2nd

Octapole ion guide.

Fig. 3 Gas cooling effect in an RF trap. For details, see text.
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