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The numerical model of EBIS is presented. The =Nohoy = Ny(A, +Ag) + NA, -

. ” ) X _ ” . Ddt 0o”los 1\ 2 o. 1 P H
calculation of Kr ionization by cooling with Ne ions was 0
carried out taking into account charge exchange, ion heatinngD N N O
by electrons, ion-ion energy exchange and ion escapeDETt ENA L N L FA D) F NuA, e
processes. A good agreement with experimental data wasggy N,

observed. According to the model, the processes of PbEszszl"zfl‘z - NzA; Ty H

ionization in EBIS at close to ultimate parameters (the

electron beam currept i; 10 A alr}Ld the electlr_on en_ehrgy is\Hsre N .. Ny are the ion and atom densities,, Ax 2 Aivi,

:E)eré,vxt/r;?et;?ngu(lz:t%%(.:lty is about’1@) by cooling with Ne Mijs1, Az z are the ionization coefficientst, ., =q ,j, Je
is the electron current density;;,; the ionization cross-

Introduction section,Ay o, Az, Aissis Mij-1, Azz1 are the recombination and
charge exchange coefficients:

The electron-beam method of multicharge iohii1=A: +Ap, WhereAd =g, O , o; is the recombination cross-
production was suggested by E.D.Donetsl@67 [1]. The section,A, =g, [N, [(\4) o, is the charge exchange cross-
first attempt to create an Electron-Beam lon Source (EB@ction N,
theory was undertaken by R.Becker [2] and M.C.Vella 1Bn spe’ed
1981 [3]. A more complete theory of the electron-beam poe ' o
method of multicharge ionization in an ion trap was crea@ is the rate of ion diffusion escape from the trap.
by the Livermore EBIT group (M.Levine, M.Penetrante, at
R.Marrs et al.) [4,5]. Based on these results, we present a
simpler numerical model of multicharge ionization in EBISIhe corresponding energy evolution is described by:
Simplifications follow from our previous papers [6,7]. The
computer codes describing the Kryon-S experimental data c4H" %) _ N, KT A — N KT
be used to predict EBIS basic parameters: charge state & ' '
spectrum, ion-beam current and even ion temperatures.

is the density of neutral atomsy;> is the mean
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Physical processes in the trap where kT is the ion temperature

According to the Livermore papers, main processé8(N,kT) 0™ ihe rate of ion heating by the electron beam,

in the EBIS trap are the following: at
-electron-impact ionization of ions, nge o
-radiative recombination of ions, WV KT) B the rate of ion-ion energy exchange due

-charge exchange between ions and neutral atoms, / at o
-ion heating by an electron beam, to Coulomb collision,
-ion-ion energy exchange, (N, KT) B the rate of the energy loss due to escapin
-ion confinement in the trap, B at B 9y ping
-ion escape from the trap. ions
The processes were considerated in detail in previous parers’
[4.5,8,10]. Calculations and comparison with experimental results
Numerical model The dependences of Kr ion densities, electron beam
compensation values, Kr ion temperatures on time at taking
into account ionization, charge exchange, ion heating by the
electron beam, ion energy exchange and ion escape processes
were calculated in [10].

We suppose that the ionization proceed by single
steps:
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The experimental data of the Kr current at the EBIS Krion-S ekliependence of beam compensation values on confinement time
measured over an ion extraction time of 180 and the calculated corresponding to Fig. 1.
results obtained at 1.7710 1/(cnt-s), U=7-10° eV,

Nk:(0)=610° cmi®, 1,=0.015 cm, B=1.2 T, by cooling Kr ions with The time evolution of Kr ion densities at
Ne ones. Nne=2.410°cm® corresponding to Fig. 1 is shown in Fig. 5.
KTi (eV)

The next step was to consider ion cooling process
The method of ion cooling in EBIS was suggested by E. ] il il
Donets and G.D. Shirkov [8]. Equation systems for char 80
and energy evolution created for Kr and Ne were solv 60 |

. ) Nne=105 em3
simultaneously. We supposed that the concentration of 40 ] Npe=2.4-105 om 3
atoms (N) in the electron beam is a constant [10]. 20 ] T
o]
0.0
Ni (cm™)
1.0E+10 - ‘ ‘ NNe105om® | T
E - — — NNe=2.4106 cm™d
1 Ki .
1.0E+9 \. oo Fig. 4
1.0E48 | L Dependence of the average Kr and Ne ion temperature on
’ confinement time corresponding to Fig. 1.
1.0E+7
NI =3 AN S T T ) .
The results were confirmed by an experimental
0.0 05 1.0 15

T (s) observation of Kr higher charge state evolution at the LU-20
output when the EBIS Krion-S was installed on the linac pre-
injector [9].

Dependence of common Kr and Ne ion densities on confinement

time corresponding to Fig. 1. Ni (cm )

The calculated results for Kr ionization by cooling 1-08+10
with Ne ions were compared with the experimental data of 4 gg+g
current measurements at the EBIS Krion-S exit. TI
experimental current dependence on time was measured | 1.0E+8
an ion extraction time of 10Qus. The best numerical 1 gg4+7
approximation was obtained at the current density equals X XN
j=1.77107 1/(cnt-s), the electron energy &£F-10° eV, the 0B M AR e ———~—
start concentrations of Kr atoms ¢ k0)=610° cm?, the 0.0 05 T(;)'D 15
electron beam raius,¥0.015 cm and the magnetic fielc
induction B=1.2 T. The results for output current are shown Fig. 5
in Fig. 1. The total numbers of ions, the values of beam ) ) B ) )
compensation and the average ion temperatu;ré? time evolution of Kr ion densities corresponding to Fig. 1.
corresponding to Fig. 1 are shown in Fig. 2, Fig. 3, Fig. 4.

Fig. 2

According to the model, the processes of Pb
ionization in EBIS at close to ultimate parameters (the
electron beam current is 10 A and the electron energy is 10
keV) were simulated. The electron gun for the source with the
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perveance equals to13V/V*? at the cathode diameter of 3.4

mm, the cathode emission density of 111 Aicthe first _
anode voltage of 22.3 kV and the second anode one of 10 I4mA i m.de=200 Alem2
can be produced in the firm “ISTOK” (Friasino, Moscov [20rPo™ | Kromtiv e tar 7% 0.Jo-500 AZcm2
reg., Russia) [11]. After instalation of the e-gun in the EBI 3 E——
the value of DC current power at the EBIS collector will £ 2] KTi2-838 oV, [-53%
equal to 100 kW. 1 ‘ ‘ | H H
. ,.I,l,,,lh,ﬂH,,H,H,nn,,
= 1o-200 Afom? 32 34 36 38 40 42 244 46 48 50 52 54
KTi1=20 eV, 1-59% 74e-500 Afem2
kTi2=21 e¥. =58.5% .
kTil=41 eV, =30% Flg' 8
kTi2=44e¥. (=31.5%
1 Conclusion
0 ﬂ H H H H [ o, The workable numerical model of EBIS
L R L has been created. The calculated results for Krion_S are close
z to the experimental ones. The model made more
Fig. 6 understandable the influence of different processes in the

trap on the EBIS output parameters. It allows us to undertake
Figs.6,7,8. The values of Pb ion currents at the EBIS output aieme attempts to predict future results.

10, 50 and 100 ms ionization at410 keV, =10 A, B=1.2 T,
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extraction time of 1Qus for different ionization periods are
shown in Fig. 6, Fig. 7, Fig. 8. In the calculations, the values
of Pb ion currents for calculations with cooling are very close
in amplitude to ones without cooling at the same ionization
period. Therefore we present the ion currents for calculations
with cooling only. The electron beam compensation values f
and the average ion temperatures presented for both
calculation types (with cooling- kTil and without one- kTi2)
are shown above the currents.
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