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Abstract i) in the single step-ionization the incident electramsst

have an energy of &ast the sum of all the ionization
In this paper it isshown thedesignand the mechanical Potentials of the removed electron;
construction of a Trapped lon Source (T|S) TIS is a neU\) in the multi-step ionization, for thancident electrons,
type of source capable, in principle, pfoducingvery it is requiredonly_the energy of each electroremoved
highly chargedons and, atthe same time, it is adio from the atom orion. _
frequency quadrupolenear trap suitable to study the The multi-step ionization process is, greatly, tmest
interaction of thetrappedions (or chargedmicroparticles) Probable way to obtain high charge state ionsb[2]this
with electrons, high energy particles or laser beams. Biocess, of course, takes time. This tidepends on the
practice, it is a modified version of an ElectBeam lon Plasma densityand onthe ionization cross-section. It
Trap (EBIT) recently developed in some laboratories Must be shorter than the ion life-time in the plasma if one
main|y to Study X and UV rays spectroscopy for wants obtain Significant number_ of hlgh|y charged ions.
"hydrogenic"and"helium-like" ions. Among the goal of As an example, onean considerthe effective cross
TIS, other than th@roduction ofhighly chargedparticle, ~Sections for sequentianization of a given element by
it can be foreseerthe productionand trapping of electronimpactd, ,,;,then the ionization time can be
radioactive isotopes, ion cooling, analysis ofgiyen py
macromoleculesand also "dust targets" for higkenergy
accelerators. 121 1

J

1 INTRODUCTION !

The ability to produce very highly charged ions in a small - . . .
Iaborator)y apgaratus ats;lnal? fryactiong of the cost of where j isthe electron current densitgnd Z isthe ion

. charge state.
producingthem at alarge acceleratorepresents areat ; . . .
opportunity. Infact newEBIT arebeing built in several Applying this equation, tagenerate N with a current

H 0
laboratories around the worldndthe initial operation of 9E€MSIY of1.8X10° el/ent/s (30 Amplerf) at an energy
two of them has recently been reported [1]. of 3 keV, an ionization time of 50 ms is obtained. Such a

- ; : ionization time,requires a residuajas pressure of
Highly chargedions play important roles in hot plasmagonl% |onllzla . . .
physics, controlled fusion devices and x-ray lasers. 10°- 10 Torr (very high pressure) in the trap region. In

Production of a veryhighly chargedion is extremely wcikﬁ]nly unciierr] thgsethconi((jjltlolns the;e%lace:negt Icl)f
difficult, requiring successiveollisions havingcenter-of- orking gas lons by theesidualgas can be practically

massenergies greatehan the bindingenergies of the excluded, andhe ionization will beeffective. In other
electrons to be removed. One can achisweh type of word the potential wellgenerated bythe electron beam

L : o e : t not beleveled by the ions issued from the
collisions either by directing a relativistic heavy ibeam mus . ; . .
from a largeacceleratointo a stationary foil target or by background gas. This problem imposes veigh density

P - lectron beam taeduce the interaction timeand the
directing an electron beam a thousand fdéds energetic ele .
into a stationary ion target. The latter methodised in residual gas pressure constraint [2]. On_the dtaed the
an EBIT. Although theEBIT was initially developed for US€ Of highdensity electron beam canduce plasma
X-ray measurements afappedions, onecan change its instabilities [3]. : .
mode ofoperation to provide an efficient source vgry 1 factthe other problemelated isthe ion lossesThree
slow, very highly charged ions. possible ways for losing the highighargedions are: &)
In this paper we present the design and the constructiontrg\m.verse ele‘?“"’(d“e to elastic C.OH'S.'on with .t.he
a Trapped lon Source (TIS) that can be seen rasdified continuous eb); b) electron r.ecomblnatlon_ (that_tlm_ls
version of an EBIT and an EBIS. One can foresee that Tfgndition can beneglected[2]); ¢) plasma instabilities
could overcomesome drawbacks ofthe EBIT and EBIS I attﬁ)revent the increase of eb denssiyl ofthe lontrap

o : ; ength).
mgﬁlgl?ocv%én Sﬁgg:gﬁ;t;l:e device. In fact an EBpEesents In TIS the utilization of a rfquadrupole field tocontain
In an EBIS (orEBIT) a continuous electron beam ised 1€ 10nS in a selective way allow to useuised electron
to produceand contain the ions. The highlghargedions beam and inthis way these kind of problemould be
can be obtained by electron bombardmiemntization in overcome (see below). .
two different ways: szcv(:iﬁgons thatcan be foreseeffor TIS are in the
:i))srlr:\l?llt(ﬁ;teert) ilc?r?ilzZ:ttilc?r? 1) Development of cooling methodand eventually
production of Wigner crystals. Most of the existing ion

traps are of the static type. Cooling can be algplied in
large storage rings, where ordered forms of relativistic ions
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can be obtained. TIS idesignedmainly to allow cooling charge when it i©on. When the eb is off (the ebill be
experiments on ion groups in slowontrolled linear pulsed) only the desired ions will remain trapped.

motion. The ions will becontained in gpotential well

nearly flat in the longitudinal direction, with potential2.1 lon confinement

barriers of a fewkeV at the extremities, while the if The ion containment in th&gansverse direction can be
quadrupole field producesteansverse harmonigotential. obtained by a rfjuadrupole field or byhe sameelectron
Several forms of filtering can select ttrappedion type, beam needed to produce ions (like in a EBIS or EBIT). In
since by suitable bias TIS works aguadrupolemass the longitudinaldirectionthe containment i®btained by
spectrometer, or by pulsing some electrodeaitwork as two repelling electrodes placed athe edges of the

a time of flight spectrometer in the longitudinal direction.quadrupoleelectrodes. These electrodes can be pulsed to
2) Dating with Long Lifetime Isotopes (LLI). Thmethod pull-out the trapped ions for external use (e.g.

of datingwith isotopes of long lifetime (e.g. X&) has acceleration). o , _ _
radioactivity of the specimen to keated. However the @pplying a time varying potential to theaylinder shaped
method isinsensitiveandtime consuming, since only a €lectrodesThis results in a harmonipseudo-potential
very small fraction of the nuclei to beetecteddecay Well of the form [4]:

during the measurement. More recerithy atoms to be 5

detected were acceleratedth tandem acceleratorgully Y (2 = m 022  with O = aVy
stripped, and their charge veri_fi_ed by m:_ignetic aljalysis andr — 4maq RY 2 - ﬁmwrf R2

by nuclear detectorsThe ability to highly strip and
isotopic selection withdifferent methods allows to TIS a . . . .
similar performance using much less expensive apparatyé’ere R isthe radial position of thecylinder shaped
3) Use as a target for higiergyion or particle beams. © ectrodes (fig.1), and(/is the voltage amplitude applied.
TIS can suspendowderparticles or macromolecules thatQ is, of course, the oscillatiofrequency inthe radial
can be exposed to a high energy ion beam.riblecular direction of the trapped ions. The condition toshésfied
recoil can bedetectedallowing the measurement okry  for the formation of a pseudo-potential well << cwf.

low energy loss and momentum transfer. In fig.2 are shown thedepths ofthe pseudo-potential
well, at 1 cm from the axis, fadifferention mass and
2 ION SOURCE DESIGN differentwyf values. In those figures theseudo-potential

well has been put to zero when the previous condition on
In fig.1 is shown the operation scheme of tawice. In  the "secular" frequenc® was not satisfied.
that figure one can see the electppm thatgenerates the
electron beamneeded toionize the atoms. Since anqy)
electron gun designed and built for another experiment is 1
intended touse for TIS experiment a couple of iris are
beenused tomatch the electron beam emittance to the
acceptance of the TIS transport channel.
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Fig.1 Operation scheme of TIS: 1glectron gun, 2) ¢ " = ® lon ma';s numbe:’

bending magnet, 3) vacuupump, 4) static potential gig 5 potential weldepthvs ion mass numbers at 1 cm
electrodes Y for longitudinal ion trapping, 5) 1 fom the axis for different rf frequency.
quadrupole electrodesith inside the focusingmagnetic
quadrupoles, 6) electronollector, 7) gas-inlet, 8) ion A mentioned before ithe EBITs the ionsare contained
collector transversally from the efpace chargand longitudinally

) i from the potential set by thelectrodes orthe edges. In
The transport channel thaltives the beam until to the hjs situationresidualgas ionscan be trapped together
electron collector and the electron beam envelope is shoywiih the wanted ions. In this way all these ima easily
in fig.2. The main new feature of TIS, witlespect to an fjj| the pseudo-potential welbnd then reducethe ion
EBIT (or EBIS), is the adding of radial ion confinement ofgntainment capability.
the rf quadrupoles tahe potential well of the ebpace | order to avoid this drawback a pulsed electron beam will

be used in such a way that the transversal ion containment
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is maintaineconly by the rfquadrupoles. Irthis way by
adding tothe rffield a continuousquadrupole field it is
possible to select the ion type to bentained in the
pseudo-potential well (as idone in acommon mass

bending magnets (BM)and a new kind of magnetic
qguadrupoles (selelow) inserted insidéhe rf quadrupole
electrodesThe eb envelope in the horizontaid vertical

plane along a 1 m long transpattannel isshown in the

spectrometers). In meanwhile, the slow electrons generataminputer simulations of fig.3. The BM curvatuedii are
form successive ionization's are swept away because th@%f mm, The Quadrupole gradientaluesare synmetric

period ismuch less than thelectrontransit time of the
guadrupole field. Fothis reasonmultipacting phenomena
should be avoided.

In this condition the stablgtrapped)ion trajectories , in

both planes, are given by the Mathieu equation solutions)

From these solutions , one can see that, dired the If
and the continuous quadrupolepotential, the stability
region for the ion trajectoriedependonly on thecharge
to ion mass ratio [5].

As an example, one can take an ion mass humber A=
it has acharge tomass ratio(for one charge) e/ =
2.4X1@, fixing w,=6 Mhz , \,=100 V andU=7 V, the
stability region obtained for e/nis in the range 2.4X £0
5.4X 10 , then, this ioncan be ionized for 2Gimes
(e/m,=4.8X10) and remain in the stability region.

For the confinement along the longitudinal axis a stat
voltage W is applied to theelectrodes placed dhe edges

of the quadrupole electrodes ithe longitudinaldirection
(see fig.1). ltcan be seethat theradial potential well is
slightly weakened bythe axis potential g [4]. In its

normal operation, an electron beam pulse ingcted
transversally in the tramnd then bent in theaxial
direction. Transversally, in theenter ofthe trap, gas,
vapor or powdejet can be injected by walve, then it is
ionized and confined by the rf quadrupole field

The ion extractiorwill be done bychanging the axial
static voltage UO (on the left of the trap) tonegative
value to eject the ions towards a Faraday cup placed on
axis to collect the ions (about -100 V).

The rf quadrupoles electrodes have a cylindeape that
approximates near the symmetry axis the muadrupole
field generated by hyperbolic shape electrodes. An
optimization of this approximation, given forparticular
ratio betweenthe distancefrom the axisand the cylinder
radius, is shown in fig.4, where a value of/Ag = 2.7x

104 has been found for the ratio of the Fouderdrupole
coefficient with the sextupole coefficient. Thether
multipole fields Fourier coefficients are practically
negligible.

2.2 The electron beam transport channel

The electron bearwill be generated by aelectron gun
with a Pierce design originally built for an electrcooler
and thenmodified for our needs. Toget apulsed electron
beam the first electrode will bmnnected to &loomlein

with respect the center of the transport channel.
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ig.3 Beamenvelope transportation along the tréymm

the entrance of the first bending magnet to ¢hrance of
the electron collector. The central region is the trapping
region.

A mechanical design of the new type of magnetic
Kuadrupoles that we think to utilize for the eb focusing is
also shown in fig.1. Thigjuadrupoleswill be built by
turning four iron bars, alternating a section lafger to
one of smallerdiameter. Aroundthe smaller ones are
woundthe excitation coils with alternating polaritsom

coil to coil.

After the second bending magnet the eb willdeeelerated
and then recovered by a collector placed abltage about
1kV less than the high voltage of the goathode to
recover all the electrons.

3 CONCLUSION
the
The mechanical desigand the computer simulations of
the devicehas beerconcludedThe vacuum chamber, the
electron gun, the electron collector and tyénder shaped
electrodes for the rf quadrupole field are already available.
The constructiorand the test of the new type focusing
qguadrupoles for the eb are under way.
In the first phase of the experiment pick-up electroglidls
be used asensors for the electromagnetic signals given
by trapped ions and in a second phase they willdeel to
apply a stochasting cooling to the trapped ions.
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