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It should be possible to separate experimentally the contributions to dielectronic recombiizdipof
energetically unresolved intermediate autoionizing Rydiméigtates using electric fields. This notion is based
on two essential ideas. First, electric fields enhance the DR rate by Stark-mixing dtates with high
autoionization rates with high-states with low autoionization rates. Second, the field at which state
becomes Stark mixed is determined by its quantum defect, a known functioifCohsequently, the electric-
field dependence of the DR rate should reflect thdependence of the autoionization rates and thus the
contributions of the zero-fieldl states to the DR rate. This notion cannot be tested experimentally by exam-
ining true DR. However, it can be tested by studying DR from a continuum of finite bandy@dB), for in
this case the intermediate Rydberigstates are restricted to a single valud.@pecifically, we have examined
the electric-field dependence of DR from two CFB's, the Bg,£1d and §4/,8g states. In these two cases the
intermediate autoionizing Rydberg states are restricted to thepBanfl and &,ng states(I=2 and 4,
which have quantum defects of 0.25 and 0.02, respectively. For the sahey are Stark mixed at fields
differing by an order of magnitude. We show experimentally that enhancement of the DR rate occurs at fields
differing by a factor of 10 fond andng states of the sam®g as expected, confirming that the field dependence
of DR can be used to extract information about the contributions of energetically unre$aitegés to the
zero-field DR rate.
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I. INTRODUCTION DR. Most important, we describe an experiment that verifies
) , o ) that an electric field has a vastly different effect on DR for
. Dielectronic recombinatiotDR), the process by which an  gptrance channels leading te2 and 4 of the intermediate
ion and an electron recombine via a doubly excited aUtO'O”autoionizing state. While control df or, equivalently, the
izing Rydberg state, is the primary recombination process iri‘mpact parameter, is impossible in true DR, it is possible
high-temperature laboratory and astrophysical plasib@$  \hen studying DR from a continuum of finite bandwidth

While the importance of DR is in plasmas, much of theF{ll], and we take advantage of this important difference.
present understanding of DR has come from controlled D

experiments using other techniqu&s-6]. The most fruitful
has been the use of storage rings, and DR measurements of Il. THE EFFECT OF AN ELECTRIC FIELD
unprecedented clarity have been conducted using them ON DIELECTRONIC RECOMBINATION
[6—9]. However, DR is a collision process, and all impact
parameters of the collision, or, equivalently, relative orbital In storage ring DR experiments tmebut not thel of the
angular momenta of the colliding electron and ion, can occurintermediate Rydberg states can often be resolved. Here we
This angular momentum becomes the orbital angular modescribe how the field effect provides information about the
mentum of the intermediate autoionizimg state of DR. In  contributions of energetically unresolvedtates using Ba as
some cases a few lolvstates of the sameare energetically an example. DR of Bawith a free electron via thenl
resolved, but the highstates are not. Throughout this paper states can be thought of as a two-step process, capture, fol-
we follow the general convention that |, and m are the |owed by radiative stabilizatiofl2],
principal, orbital, and azimuthal angular momentum quan-
tum numbers, respectively, of the Rydberg electron. Recent
calculations have suggested that hlghtates may in fact
make more significant contributions to the DR rate than pre-
viously thought[9,10]. Although hight states are not ener- We shall for the moment assume that0, which implies
getically resolved in DR, the effects of electric fields on dif- that the direction of the electron’s motion is the quantization
ferentl states are very different because of tHeidlependent axis. Since capture is the inverse of autoionization, the cap-
guantum defects, and here we suggest that using the electritsre rate can be represented by a constant times the autoion-
field dependence of DR may provide a useful way of deterization rate by the principle of detailed balance. After cap-
mining the contributions of differeritstates to the DR rate. ture, the electron in the Bapg,,nl state can either radiatively

In this paper we first outline the essential idea behind thelecay to the bound Basg,nl state or autoionize into the
notion of using field effects as a probe of theontributions  continuum. Thus]'(nl), the contribution to the DR rate of
to DR. We then show the result of a model calculation ofthe &,,,nl state, can be represented [42]

Ba 6s,,+€ — Ba 6py;onl — Ba 6s;onl+hev. (1)
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Ar
I'(nl) = BAAy(N)————. 2
(nl) = BAX( )AA|(n|)+AR (2)
Here B is a constantA,,(nl) is the autoionization rate of the
nl state, andAy is the radiative decay rate fronpfl to 6snl. 7
The rate of the radiative decay process of Eg.is indepen- 0>, e
dent ofn andl since it is the B& 6p,,,— 65, transition with

the outer electron remaining a spectator during the processgﬁ
Inspection of Eq.(2) reveals that, except in cases where & ke
Ap(nl) = Ag, =

1<,

I'(nl) = BA-, 3

where A_ is the lesser ofA, (nl) and Ag. To an excellent
approximation A, (nl)=a(l)n"3, wherea(l) is a rapidly de-
creasing function of. Typically, the major contribution to
the DR rate comes from lowstates for whichA,,(nl) > Ag, |
and the total contributions of tHestates of a givem to the 0 E
DR rate,I'(n), can be easily determined by simply counting Field (V/cm)
the states for whicl\,, (nl) > Ag.

For hydrogenic states any ele<_:tr|c field CO”V?TtS the FIG. 1. Electric-field dependence of higlstates. The states of
states tnk Stark states which are linear superpositionslof |>1¢ are assumed to have negligible quantum defects.|Tiséate
states and, to a first approximation, have autoionization rat€8ins the manifold of Stark states at the fiefig while | states of

equal to the average autoionization rate of all ttetates of | —|_ which have larger quantum defects, join the Stark manifold at
the samen and m, where the quantization axis is the field pigher fields.

direction[13-15. If the average autoionization rate exceeds

the radiative rate, then all Stark states contribute to DR

which raises the ratgl3,14. In essence, the field transfers

the excess autoionization rates of the Ibstates to the high- 8 =nlay(r?, (5)

| states. If the radiative decay rate is much higher or lower , o o ay

than the autoionization rates of all thestates, then the field WNeréaq is the polarizability of the ionic core an@™) is

has no effect on DR. the expectation value of the squared field from the Rydberg
Of course, DR occurs only in nonhydrogenic atoms,electron at the ionic core. To a reasonable approximation

which have finite-sized cores anetlependent quantum de- [18];

fects, resulting in a distinctly nonhydrogenic Stark effect. To 1

be precise, for any given field only the stateslefl; are r4%= T

converted to Stark states while thosd &flz remain angular n*(l +1/2)

momentum states. In other words, thestate is the lowedt  gq that

state converted to a Stark state. We shall shortly provide a

more precise definition df. Increasing the field decreases oy

lg, the boundary for Stark mixing. The onset of field en- 4= (I +1/2)° @)

hancement of the DR rate occurs whigndecreases to the o . )

value at which an state with an autoionization rate exceed- In the presence of an electric field the higstates, which

ing the radiative rate is Stark mixed with higHestates, for ~have small quantum defects, are converted to Stark states,

which the opposite is true. THedependence of the quantum while the low{ states, which have Iarge quantgm defects, are

defect can arise from the electric multipole moments of arnaffected[19]. Consequently, the field definesle, the

attention to the case in which the quantum defects are due #€y are not the parabolic states. State$-ofg remain an-
core polarization since the B£p1/2 ion falls into this cat- gular momentum states and are unaffected by the field. This

egory. notion is depicted graphically in Fig. 1.
To an excellent approximation the binding energy of a If we assume that states bf I have negligible quantum
nonpenetratingnl state is given by the hydrogenic energy defects, we can relate to E by equating the energy shift

tore by the Rydberg atom and is given [dy/]

(6)

with a small correction due to the quantum defgc], (‘S,E/n3 to the Stark shift of the extreme Stark state to deffine
implicitly,
_-1 4
Wi = o2 ™ @) 8. 3n(n-1-IpE
S==— ®

. . - . . n 2
We use atomic units unless specified otherwise. For high-

states the quantum defect is due to polarization of the ioni&or Iz<n this reduces to
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E _' LRRRLL LR S, LAY LR |
8= 5 (9) L
£ 2Er
whereE;; is the Inglis-Teller field 1/8°. 08k
If we know the autoionization rates and quantum defects
as a function of it becomes straightforward to calculate the &
DR rate as a function of the field. In the field remains a 5 0.6~
good quantum number, and for small fieldsloes as well. A
We can write the recombination rate in the fi@dhrough all g
states of a given value aof andm as = 04r
~
I=lg-1 —
Aa(NDA (BE)A
renm=p| > WAy AEA 02
I=|m| An(nl) + Ag A(E) + Ag
(10
— 3 . . . 0.0 Ll |||||-|||---|.|||||||! L ann]
where A, (E) is the average autoionization rate of thelg 0.01 01 1 10 100

states. The sum in the square brackets of @) is the
contribution from the lowl-states, and the second term is that
from the_former high- states,_whlch have become Stark 5 5 Relative calculated DR rafé(nm) from Eq. (10) with
states. Given that we are adding the rates, a reasonable gp:55 andm=0 plotted as a function of electric field. The propor-

proximation forKn(E) is tionality constants is assumed to be 1. The solid line is for a
radiative rateAz=3.88x 10710 while the dotted line is forAg

Field (V/cm)

I=n-1
. =3.88x 1078, (The radiative rate for the Babp— 6s transition is
_ |—E| An(nl) 3.88x107°) In both cases the rate B=100 VV/cm is normalized
A(E) = EnT (11) to unity.
E

If all m states make equal contributions to the DR rate, thef@ssume an equal weighting of states, and computé:(25)
summing the contributions for ath states yields the contri- as a function of field forAz=3.88x 107'° and 3.88< 1078,
bution of a givenn state to the DR rate vs field. Explicitly, the field enhancements occur at the same places as in Fig. 2,
becausd; does not depend om.
Figure 2 demonstrates the essential point, thatGield
Tem= X Tenm), (12 dependence of the DR rate should reflectltdependence of
me=(n-1) the quantum defects and autoionization rates. Consequently,
To illustrate the field dependence graphically, we show irthis technique should be useful in analyzing the contributions
Fig. 2T'e(25,0 as a function of field for a model atom. In to DR of energetically unresolved states in storage ring
this figure, the autoionization rates in atomic units for experiments.
=0-4 are0.0:73, 0.0173 0.05173, 0.31n73, and 0.0573,
respectively{20]. The autoionization rates fd& 4 are given
by A,=24e19n73 which approximates those of the
Ba 6p,,onl states[21]. We assume that the quantum defects
of =4 states are determined from Eg) using a core po- In true DR there is no control of the impact parameter of
larizability of 1208, and that the quantum defects of the e gjectron-ion collisions leading to DR, and hence no con-
=0-3states are given by 0.5, 0.3, 0.2, and 0.1, respectivelyyo| oyer thel of the Rydberg electron in the intermediate
We have ulsoed two values Bfor the radiative decéay "B,  autoionizing state. Consequently, it would be impossible to
_3;88>< 100 anq 3.8%<10° g’ The former_ IS 10_/" of Fhe verify experimentally the notions outlined above by studying
Ba" 6p-6s transition rate, while the latter is ten times it. In .\« DR Instead, we have replaced the true continuum with
both cases there is no field dependence of the DR rate at [0 o ntinuum of finite bandwidthCFB) [11], allowing us to
field, since only the higheststates, which have autoioniza- ceject thel of the Rydberg electron in the intermediate au-
tion rates Iess. than the radlat!ve rate, are affected'. The Dﬁ)ionizing state by choosing different continua of finite band-
rate begins to increase at the field at whichltseate with an i n this experiment, either of the two broad autoioniz-
autoioniza?ion rate in excess of the ra_ldiative rate joins th‘?ng Ba' 6ps,11d or Ba' 6ps,8g states converging to the
Stark manifold. FOe=3.88x 10°° the increase in the DR g 6pa/, limit serves as the continuum of finite bandwidth.

rate 2?9""3 _atI:10 and E=0.4 V/cm, and forAR:3.$8 Specifically, we have studied the two processes
X 107° it begins atl=7 andE=1.5 V/cm. There is no field

dependence at fields at or above the Inglis-Teller field since

the Stark mixing is complete. In an experiment, the observed Ba 6p3;11d — Ba 6p;ond — Ba €snd+hv (133
DR rate is a sum over ath states, with a weighting depen-

dent on the experimental geometry. However, even if weand

n-1

IIl. DIELECTRONIC RECOMBINATION
FROM A CONTINUUM OF FINITE BANDWIDTH
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FIG. 3. Barium energy level diagram for dielectronic recombination from a continuum of finite bandgeidithree dye lasers are used
to drive the transitions from the Bas®ground state to thep;,11d state, which is the continuum of finite bandwidth. From it, thel 11
electron can either autoionize into the true continuum or be captured into the degeiperzue Sate(represented by the horizontal arrpw
If capture occurs, the,,nd state can either autoionize or decay radiatively to a stabhel State(represented by the solid arrpwn the
latter case, dielectronic recombination has occurred and is detected by field ionization &xfitRydberg stategb) Five dye lasers are used
to drive the transitions from the Basbground state to thep,8g state, which is the continuum of finite bandwidth. From it, tigee$ectron
can either autoionize into the true continuum or be captured into the degengeyatey8tate(represented by the horizontal arrpuf capture
occurs, the f1,ong state can either autoionize or decay radiatively down to a stabley6tate(represented by the solid arrpwn the latter
case, dielectronic recombination has occurred and is detected by field ionization chthRy@lberg state.

discussed in the previous section. If the notions presented in
the previous section are correct, for a given valuendhe

The internal transition from thepg;»,11d(8g) — 6p;,,nd(nQ) onset of field enhancement of DR should occur at fields dif-

state is analogous to capture in true DR. This transition is &ering by the same factor.

quadrupole transition, whereas in true DR it is a dipole tran-
sition, an insignificant difference for electron scattering. The
11d(8g) state is like a storage ring, and eachd@@p) elec-

tron collides with the Ba B, core roughly 20 times before B3 atoms are excited sequentially to the continua of finite
autoionization occurs. The most important difference beqangwidth, either the i%,,11d state or the Ba ,89 state,
tween true DR and DR from a CFB is the one noted aboveusing the isolated core excitation approach. The,1d

In true DR the electron-ion collisions have all possible im-state is created using three 5 ns Littman dye lasers as shown
pact parameters, and the autoionizing Ry_dberg states resulfy Fig. Xa). The first two lasers are fixed in frequency to
ing from capture of the electron can be in all states. In  gyive the transitions

contrast, in DR from a CFB there is only oh&alue for the
entrance channel. The fact that there is only one entrance 6% 1Sy — 6s6p 1P, — 6s11d 'D,. (14)
our earler claim that states with cifferent quantum defecrs 18 tird aser drives the transiton from theldd to the
join the Stark manifold, and therefore begin to contribute tooP¥2L1d State, and its frequency is scanned near the
Jthe enhancement of DR, at different field% In this articularBa+ 6py, limit. All three laser pulses overlap in time and

' X P In essentially the same manner, thg.8g state is

space.
created using five 5 ns Littman dye lasers as shown in Fig.

experiment we are taking advantage of the difference be:
control which low} state is the entrance channel. It is, how'?g)%;si-[igﬁsﬂm four lasers are fixed in frequency to drive the

ever, worth bearing in mind the essential similarity of true
DR and DR from a CFB for the study of field effects. In true 6s? 1S, — 5d6p °D; — 6s5d °D, — 5d6p D3 — 6s8g Gy,
DR the lowd states have the largest capture rates, so, irre- (15)
spective of which low- state we choose as the entrance
channel using the CFB, the result is qualitatively the same aand these four laser pulses also overlap in time and space.
for true DR. Approximately 20 ns later, the final laser drives the
For our present purposes the most important differenc€s8g 3G, — 6p3,8g transition. The final laser is delayed to
between the p,,,nd and G,ong states is the difference in avoid exciting unwanted transitions from short-lived states
their quantum defects. Specificallyy=0.25 ands,;=0.02, so  with the fifth laser. The final laser is scanned in frequency
for a givenn the electric fields at which these states becomenear the B&6p,,, limit. In both excitations, the dye lasers
Stark states should be different by an order of magnitude, asre pumped by the second and third harmonics of a

Ba 6p;,8g — Ba 6p,ong— Ba 6sng+hv.  (13b)

IV. EXPERIMENTAL APPROACH
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FIG. 4. Schematic diagram of the experimental apparatus show- AAFAAAAAASMMAIRIT™
ing (1) the oven,(2) the atomic beam(3) the collimator,(4) the ' 1 L 1 1
mesh,(5) the microchannel plate detector, af@ the collinear dye -80 -60 -40 -20 0
laser beams. Binding energy (cm™)
Q-switched Nd:YAG (yttrium aluminum garnetlaser run- FIG. 5. DR signals obtained by scanning the frequency of the
ning at a 20 Hz repetition rate. last laser so as to excite the continua of finite bandwid}t®ps,,89

Aside from the differing excitation schemes, the experi-and (b) 6ps211d in the vicinity of the Bd limit. The horizontal
ments from the two continua of finite bandwidth are con-€nergy scale is refative to thep, limit. Shown are signals ob-
ducted in the same way. As shown in Figa thermal beam t@ined with zero field: ) and a 1.6 V/cm field—).

of barium atoms effuses from a resistively heated oven angontinua of finite bandwidths. In Fig(# we show the DR

passes down the axis of a set of four rods 0.24 cm in diam-. . . - . .
nals obtained from theg8CFB with no static field and in
eter and 1.9 cm apart. The lasers counterpropagate to R e presence of a 1.5 V/cm static field, and in Figh)5ve

atomic beam and overlap the beam along the axis of the rod .

A fixed voltage can be placed on the rods to create a stati ?OV\é I\?VF; ggg?rr\;??nstﬁemi go\??étl;?rgfaifg;ng aBélIJrk;stan-

field during the excitation. Typically, the polarization of the . 9. . : :

lasers is parallel to the field so as to excite theO states, tial w;ﬁ_craase N _DhR from b.?t.h CbFBS atsh ctomp;]ared to tk;g

although similar data are obtained with other polarizationszfrl(:.' Iel dr?rces,t (ojweve(;,'l IS 0 wﬁutsh aD;n ancemfen IS

suggesting that our observations are representative of a?lh” Ingly |11(ejrecr:1FBepen 't?]g onh\l/v_j er 5 'ntgcrfwl:arc;ls'atrgm

|m| < 3 states. Approximately Ls after the last laser, a volt- e 8 or » 1.8, throughi=2 or 2 nter :

age pulse of 1KV is applied to the rods, producing a6p1,2nl sta:jtes. In ;hell.s V/bch:j traces the ;anherl]ncement of
- e : . DR extends to a far lower binding energy for thg 8FB

380 V/cm field pulse to fonize any high-lying bound Ryd- fhan for the 1t CFB. This observa%ion is%a/hat wegexpected

berg states created through DR, and we detect the electro What we did not it is that th h i
from these atoms with a microchannel plate detector. Thid0 See. What we did not expect to see Is that the enhancemen
f DR from the & CFB seems to disappear at the energy at

ionization signal is then captured with a gated integrator and! * .
recorded as the frequency of the final laser is scanned. Thggézgrthe enhancement of DR from thedlCFB begins to
ionizati i ic field i - - . :
ionization signal can also be recorded as the electric field i From Fig. 5 it is apparent that DR via theg,ng states is

swept from 0 to 50 V/cm while the final laser is fixed in . .

frequency. We estimate the stray fields to be 300 mV/cm. Agnhanced at lower field than via thegnd states Of. the

we shall see, this field produces Stark mixing of tigestates samen. To make accurate measurements of the fields at

for states ofn> 60, i.e., within 30 criit of the €y, ioniza- which the enhancements occur, we have fixed the frequency

tion limit. For this reason we have focused our attention onOlc th? fln_al Ias_er on the zero-flelmﬁznl state and scanned

states ofn<50. the field in which DR occurs. In Fig. 6 we have plotted the

fields at which 50% of the enhancement of the DR rate oc-

curs, vs 1h7° for both thend and ng states. The enhance-

ment fields for thend and ng states are given by 0.84n™>

and 0.0381)n">, respectively. In other words, we observe the
In Fig. 5 we show typical scans of the final laser wave-expectedn™ behavior and an order of magnitude difference

length when observing DR with and without a static field between the fields for thd and g states, but our observed

present. The traces presented in Fig. 5 have been normalizedlues do not agree with the values predicted from @y.

to the autoionization signals from their respective continua tavhich are 0.167° and 0.01317°. In both cases the enhance-

remove the differences in the DR signals due to the differenent fields are a factor of 2 higher than predicted by Ey.

energy variations in the number of atoms excited to the twand the discrepancy is due to simplifying assumptions used

V. OBSERVATIONS
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FIG. 6. The electric field at which 50% of the maximum en- . )
hancement occurs versusr/ (®) nd states,(Hl) ng states. The FIG. 7. Energy level diagram dfn|=0 states with a Ba,
lines represent least-squares fitsBab/n® (in atomic unit3 with ~ core in the vicinity of then=12 manifold as a function of the
(—) b=0.388+0.007 and----) b=0.033+0.003. electric field. States adiabatically converted to the zero-fidld

states are marked as a guide to the reader. Circle A marks the

in deriving Eq.(9). Let us consider thed states first. The Inins-_Tt_aIIer field (6888 V/_cn) and is also the field at which the
enhancement occurs not&t 0.1617° but at the Inglis-Teller ~ State joins the Stark manifold.
field. Why this occurs is easily understood by examining the
field—energy-level diagram for the Baog,nl states shown in  only two cases, no Stark mixing and full Stark mixing, as has
Fig. 7. As shown, thend state does not have a field- been shown previousl{22,23.
independent energy until it intersects the Stark manifold but While our focus has been on the electric fields at which
is strongly repelled by thén+1)p state and only intersects the enhancement occurs, quantitative measurements of the
the Stark manifold at the Inglis-Teller field. The observedenhancements are also useful. By making a series of wave-
enhancement field for thag states is also a factor of 2 length scans such as those shown in Fig. 5 we have deter-
higher than that predicted by E), for a similar reason; it mined the enhancement factd®s,(E) for differentnl states
has a nonzero Stark shift for fields less than that given by Ecas a function of the field. Explicitly, we define the enhance-
(9). Although Fig. 6 does not agree perfectly with our simplement factor as the ratio of the DR signal in the field to the
model, it dramatically illustrates our main point, that the field zero-field signal. In Fig. & we show the enhancement fac-
dependence of the DR enhancement is different dependirigrs forng states of 38&<n=<48, and in Fig. &) we show the
on thel state through which DR occurs. corresponding enhancement factors for titestates.

An important effect noted above is the fact that the en- As shown by Fig. 8 the maximum enhancement factors
hancement of the DR rate it states decreases dramatically for the ng and nd states areR,y(E)=13(3) and R,4(E)
at the field at which the enhancement of titestates occurs, =9(2). These values can be compared to estimates for the
i.e., at the Inglis-Teller field. Once the field has increased t@nhancement factors obtained by following the procedure
the field at which theng state is mixed into the manifold, outlined by Koet al. [22]. Specifically, we can write the
further increases in the field do not increase the capture ratenhancement factor for DR via arg state R,(E) as the
but do increase the loss due to rapid autoionization througkatio of the DR rate through thg character of all then=0
the acquired <4 character, which lowers the DR rate as theStark states(for 0.0h°<E<0.137% to the DR rate
field approaches the Inglis-Teller field. DR from the;$11d through the zero-fielahg state. Explicitly,
CFB is somewhat simpler than from th@s58g CFB, be-

cause the Bajf,,nd states do not join the Stark manifold n-28R.(E)VALTR. (E) + A(E) + A

until the Inglis-Teller field, as is shown by Fig. 6. Since the R 4(E) _ (N DERGEIARR(E) + AE) *+ Arl

nd state does not mix into the manifold until the Inglis-Teller BRINGARR(NG) + An(ng) + Ag]

limit, no other!| states can be added to the manifold at a (16)

higher field, and the decline in the DR rate noted in the _ _
states cannot occur. Stated another way, becauseltsiates  Here BR(ng) is the capture rate into thepg,ng state from
join the Stark manifold at the Inglis-Teller field, there arethe 6oz, 8g state(the constani3 was defined previous)y
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AA|(ng):agn‘3, andKn(E):an(E)n“‘, and using these scal-
ings Eqg.(16) can be written as

rgn 3 +an3+Ag
rgn *+a(E)n™+Ag’

Rag(E) = (17
An analogous expression can be written g the en-
hancement factor for DR via thep@,nd states. Using the
known valuesry=0.02, a;=0.03, and the valuea,(E)
=0.035, appropriate for 0.0h®®<E<0.137° [20,24, we
find that, for n=45, R4(E)=31, which is a factor of ?
larger than our measured value. For DR through thg,6d
states we use the valueg=0.03,a4=0.06, anda,(E)=0.53
[20,25, appropriate for fields in excess of the Inglis-Teller
field. With these values and=45 we find R,4(E)=7, in
reasonable agreement with our measured values.

We attribute of the discrepancy between the calculated
and measuredg enhancement to partial Stark mixing of the
nf states into the Stark manifold. By the time thg states
have joined the Stark manifold, thef states have partially
joined it, sharing their large autoionization rates with the
Stark states and suppressing the DR rate. If the field is large
enough to completely admix thef states to the Stark mani-
fold the value ofa,(E) is not 0.035, but 0.345, ari4(E)
=6. Mixing only 30% of thenf state into the Stark manifold
leads toa,(E)=13 andR,((E)=13, in agreement with our
observations.

Enhancement Factor Rng(E)

Enhancement Factor R )

EVim) s » VI. CONCLUSION

o We have observed a substantial difference in the behavior

FIG. 8. Enhancement facmn'(E);’s i|eCtI’IC field for theng ¢ DR from a CFB in a static field depending on thetate
Star:es(a) and t?end Statesrgb) for 39=n=48, fln bOt:l Cai%esl thE through which recombination occurs. We have shown that
enhancement factor reaches a maximum of roughly 10.In bothy . “feiq ot which the DR rate enhancement begins is ten
cases the onset occurs at the fields given in Fig. 6. Fongrstates times lower when recombination occurs through ghetates
(a) the decline at higher fields is due to the admixing oftfistates o S
with their rapid autoionization rate. The same symbols are used i{{\]/an it is when recombmatlon occurs through thetates.
(a) and(b), and the data points are joined by straight line segments. e ha_ve developed a simple model that agrees reasonak_)ly
39 (@—), 41 (@), 42 (@—-), 43 (M—), 44 (W), 45 well with the observed results, as well as a more sophisti-

(W), 46 (A—), 47 (A-—), and 48 (A—-), cated calculation which also reproduces our experimental re-
sults. These experiments show that by uskdfields it

andAy,(ng) is its autoionization rate into thes@ind & con-  should be possible to extract information about ftiuepen-

tinua. We useﬂﬁng(E) for the capture rate into apg,nk dence of DR rates, even though the higdtates are energeti-

~ ) o . cally unresolved.
Stark state and\,(E)n~* for its autoionization rate into thes6
and 3 continua. For 0.08°<E<0.137° there aren-4
Stark states, leading to that factor in the numerator. Since
R.o(E)=R(ng)/(n—4), Eqg. (16) can obviously be simplified. This work has been supported by the U.S. Department of
It can be further simplified by using the scalings of the Energy. It is a pleasure to acknowledge helpful comments
autoionization and capture rates. ExplicitR(ng)=rgn™3,  from C. H. Greene.
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