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The works on the X-ray spectroscopy of charged ions have
begun at the JINR. To do this a crystal-diffraction spectrome-
ter has been created (CDS)’1/. First experiments on the charac-
teristic X-ray radiation spectrometry with Kr 35 ions neutra-
lization have been done on the surface of solid by crystal-dif-
fraction methods’®2/. An electron beam source (EBIS)’3/ has been
used as an ion source. The CDS has a resolution AE/E~2+107°
and the light efficiency ~1078. This setup permits one to per-
form spectrometric investigations of characteristic radiation,
to measure energy transition shifts and ionization cross sec-—
tions, to determine other physical characteristics of highly
charged ion electron shells. For the effective CDS operating
we need a source, capable of creating a high number of multi-
charged ions with atomic number I 230 and charge z 2 I/2. Today
we use an EBIS and sources on the electron-cyclotron resonance
(ECR) to produce multicharged ions. The highest charges of
heavy ions have been produced at Dubna at the KRION-2 -

Xe 9%%/3/ To create these ions we need the ionization time
5-10 s. During this delay we lost the most of ions from the
source and the maximum number of Xe®2" jons is 105 per cycle.
ECR sources produce ion beams with intensity up to 3:10"%a74/,
But the possibilities of multicharge ion production are limi-
ted by the electron energy in the source. The bigpest obtained
charges of Xe ions at ECR sources are about thirty with cur-
reats << 107% a, High intensities of multicharged ions of hea-
vy elements can be provided by the source’/5/ of ions with elec-
tron rings (ERIS) using the adgezator of collective accelera-
tor. Electron rings of the collective accelerator have follo-
wing typical parameters’®’: major radius R = 3.5 cm, small se-
midimensions a = 0.2-0.3 cm, number of Ne electrons up to
0.5°10 13, electron energy E = 20 MeV, lifetime in a compressed
state | ms, electron flow dens1tyzﬂ 0.5:1023 ¢cm™2 ¢~1, Thus,
the ionization factor jr = em™2, It is enough to pro-
duce Xe !4 ions. And the number of N1 ions is limited by the
condition Ni <Ne/Z. Electron relativistic energy permits one
to ionize inner shells of the most heavy elements. For this
purpose the increase of the lifetime of electron-ion ring is
necessary. In the experiments on the long confinement time of
electron rings on small radii in magnetic fields, decreasing
in time by the exponent, the electron ring lifetime attained
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40 ms without destruction and considerable increase of small
dimensions’7’/. The ring major radius R was practically cons-
tant, because the radius alternation provoked by the magnetic
field decreasing was compensated by the electron energy losses
for the synchrotron radiation. The ionization factor jr, at the
electron number in the ring Ne = 2%3:10 12, attained the value
1-10 21, The detailed analysis of factors limiting the ring
lifetime has shown that the electron-ion ring confinement time,
when the pressure is 1072 torr, is limited by the range 50-
-100 ms’ %’/ During this time, when the ring dimension is cons-
tant we can produce the Xe ions with charge 40-44 and U ions
with charge 62-68. The production of ions with higher charge
requires considerable increase of electron ring density. We
can decrease the final dimension of the electron ring in given
initial and final values of magnetic field on the orbit of
electron ring by forming the electron ring in the magnetic
Tield with B <2B, that is equal to the decrease of total mo-
ment of electron, or by creating the magnetic field with the
field index near-by 1. The most effective is the last method,
based on the final radii compression, where the energy losses
for synchrotron radiation are relatively considerable. So we
can compress the rin% up to R = 1.5-2 cm and increase its den—
sity by 5-10 times’ 5/, .

The Table presents the calculated dependences on time in the
exponentially decreasing magnetic field with decrement 50 ms
of electron ring radius R, electron energies E, ionization
factor jr and Xe and U ions mean charge when Ne = 51012 for
the given ring and supplementary compressed electron ring.

Table
t R E jr ZX ZU R E ir Z VA
ms cm  MeV 1022 em=2°° cm  MevV 1022 cm—2 Xe U
3 3.5 25 0.005 14 20 3.5 20 0.005 14 20
7 2.0 18 0.05 32 48 3.4 17 0.025 26 36
15 1.5 12 0.2 44 68 3.3 13 0.08 34 56
30 1.3 8 0.7 48 82 3.6 10 0.15 43 66
60 1.5 5 1.5 51 84 4.5 7 0.2 44 68
100 2.4 3 2.0 52 86

The ion mean currents depending on the charge for ECR/4/,
ERIS”3/ and ERIS at the frequency of 1 Hz are presented in the
figure. The Spectrometer efficiency is determined by its light
efficiency and X-ray quantum flow from multicharged ions. The
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CDS~type spectrometers having a high resolution have a low sen-
sitivity and require a high intencity multicharged ion sources.
The ERIS is the best for these requirements. The total number
of X-ray quanta created when filling the vacancies in the in-
terior K shells of multicharged ions in the electron ring

nf = NiNe Ukvc Wi PkaJ At/V,

where oy is ionization cross-section of K-shells; wy, fluores-
cence exit probability; Pk,., 1line probability; V, ring volu-
me; At, charge state lifetime or measuring time. If we neglect
the radiation absorption between the source and CDS and assume
that all y-quanta in the spectrometer are registered, so the

number of registered photons will be n, = n;LAV/V, where AV

is a part of electron ring being in the field of vision of CDS.
The estimates show that if the multicharge Xe K“l’ Ka2 spectra

radiate, the CDS will register ~ 10 events per second and it
will permit one to obtain the total spectrum with high resolu-
tion in some hours. The ERIS creation and its operation will
permit one in combination with CDS to resolve following tasks:
- to investigate relativistic and quantum-electrodynamic cor-
rections when the charges are high enought;

- to investigate the ions neutralization radiation;

- to investigate extremal populations, distributions of vacan-
cies and the excited atom decay mechanism;




- to determine the ionization cross-section by electron impact
in relativistic region of energies;

- to investigate the charge distribution of ions and degrees
of stored ion ionization.
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lMepenbmreitn 3.A., Mupxos I'.O. E9-88-238
CrnnekTPOMETPHUECKHUN HCTOYHUK MHOT03apsAOHBX
HOHOB

PaccMoTpeHb BOIPOCH CO3O3aHHA HCTOYHHKA HOHOB C 3IeKT-
poHHsMH KonbuaMH ERIS Ha 6ase aaresartopa KollneKTHBHOIo yc-
KopHTens. [IpuBemeHo pacueTHoe H3MeHeHHe cpepHero 3apafa
HOHOB KCEHOHA4 NpH [OJHTENbHOM yOepXaHHH cylecTByWmero
3JIeKTPOHHOTO KONbIAa H B HOOIOJHHUTEIBHO CXATOM 3JIeKTPOHHOM
Konbile. [IpoBegeHo cpaBHeHHe ERIS c 3neKTpOHHO-IIyUeBHIMH HC-
TouHuKkaMH EBIS ¥ HcTOUHUKAMH Ha 2J1€eK TPOHHO—LHKIIOTDOHHOM
pesoHaHce (ECR). MokasaHo, uro ERIS MoxeT uMeThb 3HAYHMTEIb~
Hbli BHIMUT Db N0 HHTE@HCHBHOCTH MHOTO3aPAOHBIX HOHOB TNepef,
EBIS, a mo 3apsiOHOCTH HOHOB — nepen ECR HcTouHHkamu.IIpoBe-
OeHsl oneHKH 3bdbexTHBHOCTH coBMecTHOH pabortei ERIS c kpu-
crann-audbpakfHOHHLIM CHEKTPOMETPOM BLHICOKOIO pas3pemeHHsA
H nokasaHo, uto ERIS MoxeT ycCHnemHO CIIYXHTb 3ajadaM DeHTre-
HOBCKOil CIEeKTDPOCKONHH MHOTO3ApAOHBIX HOHOB.

Pa6ora BsmonHeHa B OOmMeHHCTHTYTCKOM Hay4YHO—METOOHUYECKOM
orpenednn OUAH.
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Spectroscopic Source of Multicharged Ions

The problem of creation of an ion source with electron
rings ERIS on the base of Collective Accelerator Adgezator
is discussed. The calculated change of Xe ion mean charge,
at long confinement time and in supplementary compressed
electron ring, is given. The comparison of ERIS with elect
ron beam and electron-cyclotron sources is presented. It
is shown that the ERIS can have considerable advantages in
the intensity of multicharged ions compared with ERIS, and
as to the ions charge - comparing to the ECR sources. The
estimates of the crystal-diffraction spectrometer of high
resolution with ERIS common work efficiency are given. It
has been shown that the ERIS can be successfully used for

the multicharge ion specrtoscopy.
The investipation has been performed at the Scientifije
cal-Methodical Division of High Energy Physics, JINR.
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