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Influence of electromagnetic fields on the dielectronic recombination of N& ions
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The influence of crossed electric and magnetic fields on dielectronic recombinatiorfl ofidtes has been
measured at the Stockholm heavy-ion storage ring CRYRING. The electron energy range covered all dielec-
tronic recombination resonances attached $6-2p4, and 25— 2p3, An=0 core excitations. Two sets of
measurements at magnetic fields of 180 mT and 30 mT have been performed. For the measurement at 180 mT
we applied 25 different electric fields between 0 and 1400 V/cm. The resonance strength for dielectronic
recombination via high Rydberg states initially increases linearly with electric field and later levels out. At a
magnetic field of 30 mT we applied 15 different electric fields ranging from 0 to 140 V/cm. Compared to the
measurement at 180 mT the initial slope of the rate enhancement was larger by almost a factor of 2. The
fraction of resonant strength not measured due to field ionization is estimated by a model calculation of
dielectronic recombination cross sections.
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[. INTRODUCTION high{ states as compared to the field-free situation. The net
effect is an increase of the number of states participating in
Dielectronic recombinatiofDR) of an ion and an elec- DR, i.e., an increase of the DR cross secti@h An addi-
tron can be viewed as a two-step process in which dielectional magnetic field perpendicular to the electric field mixes
tronic capture of a projectile electron into a doubly excitedthe m states, which further influences the recombination rate.
intermediate state is followed by radiative decay of this staté\t low magnetic fieldsn-mixing typically enhances the elec-
to a bound level below the first ionization limit. For the tric field effect. At higher magnetic fields the rate decreases,

present case, DR can be represented by because of the increasing energy splitting of thdevels,
~ e which hampers the mixing of these stafd$
e  +Ne'" (1s°2sy))) The aim of the present investigation with Li-like Ne
6+ 120 ions is to extend a series of measurements of DR in external
—New (1s72pjni) electromagnetic field6DRF) on lithiumlike ions (SH* [5],
Neb*(1s?2s;,nl)+hv  (type ) CI** [6], Tit%* [7], and NP°* [8]) to elements with lower
- Ne6+(1522pjn’l Nahe' (typell), 1) nuclear charg&. The cross section of DR is given by
wh?rejzl/z to(;.?;{z, a}nrc]i gpe_ | and type Il stta_tl)_irl]izalltion t :So%l Ay(n,DA(n,]) .
routes are not distinguishable in our experiment. The lowes On g En| A+ A (D |

Rydberg state that is energetically allowed isnat7. As a
consequence of this scheme, the final result of the recombi-
nation is susceptible to external influences on the capturehere A, is the radiative rate of the intermediate resonant
stage of the system. Such influences could be collisions witstate|d) with configuration ;nl andA, is the autoioniza-
other particles, interactions with a laser or even with staticion rate. The quantitiegy=2(2j +1)(2l +1) andg;=2 are
external electromagnetic field4,2]. In weak external elec- the statistical weights of the intermediate and initial state,
tric fields Stark mixing of states within onelm-Rydberg respectivelyE, is the resonance energy afglis a constant.
manifold occurs(with m being still a good quantum num- Approximate values of quantities entering into K@) for
ben. As the zero-field autoionization rates are rapidly de-Ne’* are given in Table I. The radiative ratés strongly
creasing with angular momentuinthe mixing results in increase withZ. It is expected that with loweZ moren states
autoionization rates that are lower for Idwand higher for and within a givem manifold morel states take part in DR
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TABLE |. Parameters used for the fitting of a model spectrum
based on Eqg?2), (13), and(14) to an experimental Né -DR spec- 1

trum.
’ 6

Model parameter —2p1p 25—2p3p ) 3 3
E. (eV)? 15.93 16.10 45
Sy (10730 cnPeV?s)? 8.79 17.6
A (10°/s) 5.61 5.82 [ 7l
AL (104s)? 6.28 6.32
d? 0.32 0.61
KT (mev)?@ 0.15 0.15
kT, (meVv)?2 20 20
Nimin 10 10 \ i
q 7 7

FIG. 1. Schematic of the CRYRING electron cooler with liquid-
8aried in the fit. helium reservoir(1), electron gun(2), superconducting gun sole-

o L L noid (3), resistive magnet§), interaction region(5), and electron
and therefore the sensitivity dfmixing in an electric field  cjector(s).

increases. That means the enhancement due to an electric
field should increase. On the other hand the binding energy im

for lower Z values decreases rapidly for givenand field beam ion source CRYSIS then preaccelerated by a radio-

ionization in the motional electric field caused by the chargefre uency quadrunole accelerator to about 300 keV/u and
state analyzing dipole magnet located behind the interaction q y d P

region sets in at much lower fieldsee Table i, As a con- injected into the ring. After injection the storage ring was

. I %[t)erated in the synchrotron mode to accelerate the ions to
sequence, states that potentially exhibit a large enhanceme,[he required enerav. In the oresent experiment we had a beam
do not contribute to the measured DR signal. With two coun q gy- P P

p 206!t i ; it i it
teracting effects, DRF decreasing witand the detectability 8]]: 11'10'\/'28 vi x _’Flhee 'r:(')encsteséol;iirlrr]l thsrg?a\;v'? Ilcr:;er']tmgi\;l
of high Rydberg states increasing wil) the detected en- up KA ) g grtuai
hancement rate should have its maximum for a certain valu nd transverse energy spread and therefore has to be cooled.

of Z. In previous measurements the detected enhanceme P'S 'S ac_:h|eved using an electrpn codleg. 1) ms_talled |n.
increased from NF* (Z=28) to SH* (Z=14). One goal of one section of the ring. It consists of three main parts: the

this study is to clarify whether this trend persists down toelect_ron gun, the interaction region, an(_j the colleptor. Each
Z=10. Another goal is the confirmation of saturation of thepart 's surrounded by a solenoid on which correction dipole

S L . magnets are placed. Two toroid magnets are used to deflect
enhancement of the recombination rate with increasing electhegelectron bpeam into and out of thge interaction region. An
tric field, which should occur when maximuimmixing is ’

achieved electron beam with a diame_zter of 4 mm is emitted from the
' cathode. The electron gun is operated such that the electron
currentl is independent of the cathode voltage. The longi-
tudinal temperature characteristic of the energy spread of the
The experiment was performed on the heavy-ion storageelectron beam is reduced by the electrostatic acceleration of
ring CRYRING at the Manne Siegbahn Laboratory in Stock-the electrons and in this experiment is given ky
~0.13 meV as derived by fitting a Gaussian curve to one of
Sthe resonances. Hekeis the Boltzmann constant arg the
%ngitudinal temperature. To reduce the transversal energy
spread the electron beam is adiabatically expanded in a de-
creasing axial magnetic fiel[®]. The transverse temperature
T, of the expanded beam is given by

20Ne’* ions were produced in the cryogenic electron

II. EXPERIMENT

TABLE II. The initial slopes[see Eq(12)] as a measure of the
electric field enhancement for all DRF measurements carried out
far at storage rings. For #i" and NP®" the average value for the
two series 8—2p;;, and 35— 2p3, IS given. For each measure-
ment the ion energ¥;,n, the longitudinal magnetic guiding field
B, and the corresponding cutoff quantum numbgmre given.

Element s(10°° cm/V) Ejp, (MeV/u) By (mT) ne KT, B kT, o 3)
Ne'* 4.4 11.4 30 28 B Bo
sittra 10.3 10 30 47 . ) . .
Cji4+b 745 71 30 79 HereBgis the high-magnetic field at the cathodg,q is the

cathode temperature that is about 900(2100 me\j, andB

119+ ¢
Llizsﬂ, 1_826 gg i% 1115% is the magnetic f_ield after expapsion. The expansion factors
e=By/B used in this experiment were 16.or B
“Referencd5]. =180 mT) and 25(for Bj=30 mT). The corresponding
PReferencd6]. electron beam diameters are 1.6 cm and 2 cm, respectively
‘Referencd7]. and are given bR, =R anv/e, WhereRy, is the radius of the
‘Referencd8]. expanded electron beam aRy,;, the radius of the electron
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ode of the electron cooler allows one to apply these high
magnetic fields even at a high expansion of the electron
beam, which is needed for the reduction of the transverse
energy spread. In the present experiment with an expansion
factor of 16.5 and a longitudinal magnetic fiel8
=180 mT transverse magnetic fiel8s up to 3 mT corre-
Vi By sponding to 1400 V/cm could be applied with a tilting angle
of only 1°. By tilting the electron beam the ion beam travels

FI(_S. 2. Sketch of the electric gnd magn_etic_field configurationthrough an area with varying space charge potential, which
used in DRF measurements. The ion beam is aligned @pnghe  gecreases the energy resolution. Moreover, since the electric
motional electric field iy =E, =vionB, =vioiBy With the ion ve- 014 caused by the space charge only vanishes in the center
locity vig, in z direction. The electron beam with the average veloc-of the electron beam, tilting of the electron beam leads to an
ity veis aligned along the resulting vector that is inclined by the 4 4itiona electric field that varies along the overlap section.
angle & with respect to, . This field varies between 0 V/cm and 60 V/cm at maximum

beam at the cathode. The transverse energy spread of tﬁgmg angl'e.. Since it is ;mall compared to the_ ap_phed elec-
. . . tric fields it is only considered for the determination of the
electrons obtained by using E) is 6.1 meV and 4 meV, error

respectively. In the interaction region the magnetically con- For the measurements, ions were injected into the ring,

fined cold elegtrqn beam over_I%ps with the ion bea_m. Theaccelerated, and then cooled for 4 s. After that the complete
electron density is about 10cm™ 3. The energy resolution of .
energy range of the resonances witkf7<o was scanned

the experimept is given by t_he energy spread of the eIectroBy lowering the voltage at the cathode from 7115 V to 6467
beam. The alignment of the ion beam with the electron bearQ/ in 1201 steps. This was done for five different settings of

was optimiz_ed psing co_rrection coils p!aced on the SOIenOidSthe steering coilgcorresponding to five different electric
After optimization the ions traveled in the bottom of the Helds) in every cycle(28 3. Between the scans the ion beam
g .

electron space-charge well, so there were no transverse fiel L

N ) was cooled for 1 s. The remaining ions were then dumped
from space charge and the Lorentz(B) fields in the  4nq the whole cycle started over using the same settings.
frame of the ions were minimized. This could be diagnosedrpjs was repeated until a satisfactory level of statistical pre-
by observing the ion beam profile monitor and the Schottkygisjon had been reached. Then the measurement continued
noise frequency spectra of the ion beam. The beam is optigith a new set of five different electric fields until all five
mally cooled with perfect alignment, and hence the beamyets(25 fields all togetherwere completed. The data aquisi-
profile in vertical and horizontal directions is minimal. A tjon was run in the list mode i.e., it was triggered by each
reasonablyield free(less then 10 V/cinmeasurement of DR 5jse from the recombination detector and for each event,
could then be obtained by changing the energy of the eleGne time, the bit value for the energy, and the pulse height
trons in the cooler to different values, covering a center-ofyyere recorded. The dead time was 2.
mass energy range of<0E.,;<20 eV, corresponding to In storage ring experiments, the maximum Rydberg quan-
cathode voltages 637 q;<7115 V. Behind the first yym number of resonant states contributing to the detected
bending magnet the recombined ions were separated frojigng| is limited by field stripping. As the recombined ions
the primary beam and detected with a surface-barrier detegrayel towards the detector, they encounter three regions with
tor. The detection efficiency is taken to be 100%. _ different transverse magnetic fields and hence different mo-

In order to study field effects, external motional electrictignal electric fields. These regions af® the toroid that

fields (Esz B) were then introduced in the cooler by ap- guides the electron beam out of overlap (410* V/cm),
plying a defined transverse magnetic fi#ld using the steer-  (2) a dipole magnet (1:210° V/cm) just behind the cooler
ing coils of the coolefFig. 2). Within the experimental un- that corrects for the ion beam displacement by the toroidal
certainties the measurement is independent of the azimuthfields in the cooler, and3) the bending dipole magnet in
angle ¢ [8]. The magnetic fieldB, tilts the electron beam which the detector is placed and which is used as the ana-
while the ion beam is not tilted noticeably. The angle be-lyzing magnet (5 10° V/cm). These fields ionize Rydberg
tween the beams is given by the ratio of the transverse magtates with quantum numbers higher than some cutoff

netic fieldB, and the longitudinal guiding fiel®, value that can be expressed as
B _(73 1/4
ﬂzarctanBi. (4) Mg =(Z7/9F) ™% ®
[

whereF is the electric field in atomic units (1 a=b.142
The tilting angle must not be too high, since the beamsx10® V/cm) [10]. Thus, only recombined ions with<<ng
would not fully overlap anymore. The maximum angle is would reach the detector. This simple formula does not con-
given by 9=arctanf.—d)/L, whered, is the electron- sider radiative decay of Rydberg states on the way to the
beam diameter; the ion-beam diameter, ardthe interac-  different field ionization zones, so that the formula fgris
tion length. In order to achieve high transverse magnetionly indicative. Considering radiative decay of states
fields at small tilting angles high longitudinal magnetic fields >ng to states belomg, the cutoff quantum number for this
have to be applied. The superconducting magnet at the catlexperiment is given by.=28 following a hydrogenic ap-
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TABLE Ill. The motional electric field$ leading to field ion-

ization are given for the different magnets through which the re- sf n=|7 n_| n=|9 | || | | |||||||||||||| |p3,2
combined ions pass on their way to the detector. The flight time =7 L | |' . | |||||||||||| | P,
measured from the center of the cooler to the onset of the corre- ’E ol
sponding field Atz denotes the dwell time in this fielch is the St
critical quantum number for field ionization calculated from E5). o 57
< a

Region F (kV/icm) Atg(ns) tg(ns) ng % sl
Toroid 42 8.2 17 46 E’ 2r
Correction magnet 120 4.4 29 35 g
Dipole magnet 550 25 39 24 o«

0.2.4.6‘8 .10.12.14.16.18
proximation for the decay probabilitigd1]. In a more de- Energy (eV)
tailed field-ionization model we have considered all three
field-ionization regions mentioned above to obtain
nl-dependent Rydberg detection probabilities denoted b
YO, YO and Y, respectively. The overall detection
probability is given by the product of the three individual
ones, i.e.,

FIG. 4. Né* DR spectra for 5 different electric fields 0, 144,
79, 1077, 1316 V/cm. The magnetic field wag=180 mT. The
R rate coefficient for higm states increases with increasing
electric field.

theoretical value for the series limit for thepg, (2pss)
Ot A1) EOVV©C _tt Q) E(C) transition is 15.8888 eV16.0936 eV [13]. The c.m. energy
Yo=Y (T, AT )Y o (e — te AL FE) was calculated using a relativistic formula including the
XY@(td—te At F) (6) ~angle between the beams (Qr%). Bec(?eluse_%f the rather
high density of the electron beam~10" cm™~) the elec-

with t denoting the flight time from the cooler center to the tron energyT in the laboratory frame had to be space charge
entrance of the field ionization zone where the ion spends thgorrected first:

time Atg. Numerical values used fdr, Atg, andF are

shown in Table. IIl. A detailed description of the field ion- Te=eUg=eUcan—eUsd Ucatn, (7)
ization model can be found in Rdf12]. Figure 3 shows a

contour plot of theY,,,. Forn=26 the detection probability wheree is the elementary charge and..;, is the voltage at
has decreased ¥, =0.5 for|>7. However lowell states the cathode as applied by the power supply. Possible contact
and especiallyp states contribute significantly to the mea- potentials are so small compared lth.,, that these are
sured DR rate also at much higherDue to the very short within the uncertainty ofU.. EachU _, is written to the
lifetimes of these states most of them decaytong before  data file.Ug. is the potential of the space charge that is cal-
reaching the field-ionization zone. culated using

1+2 |n@)l—e (8)
Rb Be.

Ill. RESULTS AND DISCUSSION

1
UsdUean = 7 ——
Figure 4 shows DR spectra of Neions for five selected 0

electric fields. The spectra show thp;2 and 25, Rydberg ) , )
series that could only be resolved for small values.ofhe ~ €reRp is the diameter of the vacuum tube that is on ground
potential. This equation is only valid in the center of the

electron beam and has to be solved iterativly since its right-
hand side still depends oW .y itself via B.=v./Cc. The
space-charge potential is around 45 V. The rate coefficient is
given by

Ru;
a=(va(v))= I:_:eeyiz. 9

Here R is the counting rate of recombined ions, the ion

velocity, g the ion charge state the elementary charge;

the Lorentz factor for the iond, the ion currentL the in-

teraction lengti{0.95 m), andn, the electron density that can

be assumed to be constant across the diameter of the electron
FIG. 3. Contour plot of detection probabilities,, from the ~ beam. In Fig. 4 the background is already subtracteste

detailed model described in Sec. II. A considerable fraction of low-radiative recombination is regarded as backgrourging a

| Rydberg states is detected with high probability even for ligh  formula with 5 fit parameter®; :

Angular momentum quantum number |

20 30 40 50
Main quantum number n
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FIG. 5. Integrated recombination rate for the measurement at FIG. 6. Electric field enhancement factors for'Nédons for two
180 mT. The circles represent the integrigjsover energies 11.65— different longitudinal magnetic fields, 180 n{3quaresand 30 mT
15.9 eV and the squares the integrglsover energies 4.5—-8.5 eV. (triangles. The error bars represent the uncertainty in the relative

ion current calibration and the statistical error. The full lines are fits

P, of Eqg. (12) to the experimental data.

14 P,Ecmt P3EZ,

ap(Ecm) = + P4+ PsEcy (10
the electron and ion beams do not fully overlap anymore. In
FQrder to provide a quantity characterizing the field effects we

This was fitted to the spectra in energy regions where no D se the electric-field enhancement fadio]

resonances were present. To keep the rate of electron captLPr
from the residual gas at a low level, high ion energies are
needed. At 11.4 MeV/u the signal to noise ratio for the larg-
est DR resonance was about 12:1. For a longitudinal mag-
netic fieldB; of 180 mT the electric field was varied between

0 and 1436 V/em in 25 different steps. For a second set 0fhe constanC(B)) has been chosen such that fits to the data

measurements the longitudinal magnetic field was set to 3@oints (see below yield r(f“)(O,BH)= 1.0. The result for the
mT and the electric field was varied between 0 and 144 V/cnNe’* experiment is shown in Fig. 6. The formula

in 15 different steps. Absolute calibration was achieved by
normalization to data of Zongt al. [14]. This was done by _E
comparing the integrated recombination rate for those parts r(ﬁ‘)(Ey,B)=1+s(B)Esa(B){1—eX[{ Y H
of thefield-free(B, =0) spectra that are not effected by field Esa B))
ionization. The relative ion currentdor spectra withB 12)
#0) were inferred from the recombination rate at cooling, ]
and this was used to calibrate the spectra with respect to eaéf@t we have fitted to the measured enhancement factors,
other. The uncertainty for absolute rate coefficients is giverProvides an easy parametrization of our data. The parameter
by the uncertainty for the ion current measurement Esa(Bj) is the saturation field ans(By) is the initial slope
(~10%) and for the determination of the interaction lengththat is the tangent to(f't)(Evall) atEy=0 (see Table IV.
(~10%). The root-mean-square error amounts to J4%.  1he enhancement factor first grows linearly and then satu-
The uncertainties between rate coefficients at different fieldsates for high electric fields. For these high fields the maxi-
are mainly given by uncertainties in determination of theMum mixture ofl states is achieved. This saturation was
relative ion currents and are about 8%. The statistical unce@lreéady indicated by other measuremefti$ but was not
tainty is below 1%. The uncertainty of the determination ofS€€n previously as clearly as in this experiment.
the electric field is mainly given by the uncertainty in electric ~ For the smaller longitudinal magnetic field of 30 mT we
fields due to the space charge-60 V/cm). could not apply as high transverse magnetic fiddsas for

The enhancement of the DR via high Rydberg states 480 mT. The reason for this limitation is the tilt angie
guantified by extracting rate coefficientg integrated over
the energy range 11.65—-15.9 eV of the measured Spectra TABLE IV. Parameters of the f[tEq (12)] to the measured data
covering Rydberg states withbetween 13 and 28. For nor- of the enhancem_ent fa_ct_o_r for a Iongitudir_1a| magnetic _field_of 180
malization purposes we also monitored the integjal4.5— mT and 30 mTsis the initial slope f_indEsatls the saturation field.
8.5 e\) comprising contributions to DR from=8—9. The 0" Bj=30 mT no onset of saturation has been observed.
high Rydberg contributions,; monotonically increase with

In(Ey B
r(%B)zC(BQ%. (1D

the electric field, while the lowen contributionl,, remains By (mT) s (cmV) Esar (ViCm)
constant when the electric field is changed. These integrals 180 2.63-/—0.65 405+-/—84
are shown in Fig. 5. For very high electric fields one ob- 30 4.44+]—0.87

serves a slight decrease of the integrals. This indicates that
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between the electron and ion beams. The initial slope of the o

enhancement factor for the measurements at 30 mT is much
10

higher than the slope & =180 mT, i.e., the magnetic field
reduces the effect of the perpendicular electric field on DR. go.s
This confirms previous experimental findings forCI [6] 5
and T [7] ions. 8 fn
Compared to other measurements where the detected en- sl 2 |
hancement of the recombination rate due to an electric field 904
increased from NP* (Z=28) to SH* (z=14) (for which %02 [
Zo.

the initial slopes; given in Table Il is a measuyahe en-
hancement of the detected recombination rate decreased in
the present experiment. This is caused by field ionization of
high Rydberg states as has been mentioned in Sec. Il. To
demonstrate the magnitude of this effect a model calculation
of a N&* DR spectrum was carried out. Using EQ) a
model spectrum is fitted to a measurigeld-free DR spec-
trum. No quantum defects were considered, i.e., the usual

Rydberg formula

o
T
o
o
T

P T I U T N
5 10 15 20 25 30 35
Main quantum number n

Rate coefficient (10"° cm¥s)
o~
T

q 2
En= Ew—R(ﬁ) (13
has been used, with the Rydberg const&nthe ion charge
g, and the series limiE., . For the radiative rateA, values
obtained by the Cowan atomic structure progrdr] were
used. The autoionization ratés, were modeled following

Energy (eV)

referencd 3],

_ A(0) 3 2 FIG. 7. Measured “field-free” N&" DR spectrum and outcome
Aa(n.1)=Az" (1) exp(—17d). (14 of the model calculation witln,=100 (dashed ling When field
0 . . . ionization in the charge state analyzing dipole magnet is accounted
Ag ) andd are obtained by the fit 'FO the_ experlmentf’;ll SPEC%,; the model calculation results in the full gray line. It very closely
trurg. All model parameters are 'glven '_n Table I. Since thereproduces the measured spectrum. The inset displaysraged
1/n* dependence foh, is only valid for highn states values detection probabilitied’, = n~23, (21 + 1)Y,, derived from theY
belown= 10 were not included in the fitting. The resonances N Pr n ! o . n
. - . . shown in Fig. 3. It suggests that for a meaningful comparison
occurring gbov_e 145 eV were not included m_the fit e_'ther'_with the experimental data theory has to include states up to at
because field ionization becomes already noticeable in thig qin = 30.
region of the DR spectrum. Once a good fit is obtained all
parameters except the maximum quantum numbeare set  yjqual n resonances have not been resolved. The measured
constant. Fon.>100 the total recombination rate does notenhancement, therefore, represents a mean value averaged
increase significantly anymore. Figure 7 shows the results fogyer a range of Rydberg resonances. Over this range the
the complete extrapolated DR spectrum. theoretical ratiosr®RF(n)/a®R(n) exhibit a strong variation.

To this spectrum, the field-ionization model has been apyij) The field-ionization-cutoff value has beenrat=25 only
plied calculatingnl-dependent detection probabiliti&%, as  itp oPRF(n)/aPR(n) being 3.6 only. On the basis of the
described in Sec. Il. The result is shown in Fig. 7 and veryheoretical " result we estimate that extending the range
closely reproduces the experimental data. From this we conss y values ton= 100 would increase the measured enhance-
clude that field ionization in our experiments is sufficiently jant roughly by a factor of 2. A similar value for the unmea-
well understood. sured field-induced rate enhancement can be expected to

A proper estimation of the unmeasured rate enhancemepfy|q for the present experiment also.
in principle requires a full theoretical treatment of the’Ne
DR in crossed electric and magnetic fields. Such a calcula- V. SUMMARY AND CONCLUSIONS

tion is presently not at hand and certainly beyond the scope
of this work. In this situation we can only obtain a rough  The influence of electromagnetic fields on DR could

estimate of the unmeasured field effect by refering to a DRFelearly be seen in this experiment. The recombination rate at
theory for @ [16] an ion that is reasonably close in nuclear14.5 eV, i.e., near the series limits of Rydberg resonances,
charge to N&". In the @" theory the maximum enhance- increased by a factor of up to 2 compared to the field-free
ment is found to ber®RF(n)/oPR(n)~6 atn~50. In are- case. The enhancement first grows linearly and then saturates
cent experiment with & ions[17] the measured enhance- for high electric fields. A clear dependence on the strength of
ment amounts to a factor of 2. This is considerably lowerthe magnetic field perpendicular to the electric figh this

than the theoretical result because of two reas@idndi-  caseB|) was observed as in the experiments with*Cland
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Ti'®" ions. The initial slope of the enhancement factor versug= 24 [18]. Our field ionization model shows that a mean-
electric field was increased almost by a factor of 2 by low-ingful comparison with the present experimental data re-
ering By from 180 mT to 30 mT. The expected larger en-quires a calculation up to at least 30 (inset of Fig. 7. In
hancement due to a lowér could not be detected because view of the continuing progress of computer technology we
field ionization begins at lower fields than in other experi-are confident that such a calculation will become feasible in
ments of this series on Li-like ions. This has been demonthe near future.
strated by a model calculation for the field-free spectrum.

For a thorough understanding of the observed field effects a

comparison with DRF theory including both electric and

magnetic fields is vitally needed. Because of the absence of We gratefully acknowledge support by the Bundesminis-
any spatial symmetry such a theory requires the expliciterium fir Bildung und ForschungBMBF), Deutsche Fors-
treatment of alim substates in the diagonalization procedure.chungsgemeinschaft, and the Office of Fusion Energy Sci-
Computer-storage constraints currently prevent such calculances of the U.S. DOE through Contract No. DE-A102-95-
tions from being carried out for very high Rydberg quantumEh54993 with the National Institute of Standards
numbers. The highest value considered so far has beend Technology.
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