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Abstract. The dielectronic recombination rate ¢beient of Ovi ions has been measured at the heavy ion storage ring
CRYRING. The electron energy range covered all dielectronic recombination resonances attached @2p2an = 0) core
excitations. The rate cfiecient in a plasma has been derived. It is compared to theoretical data. In addition the influence of
external electric fields on the dielectronic recombination has been investigated. When increasing the electric field strength to
340 V/cm the experimental recombination rate fiméent is found to increase by up to a factor of 2.
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1. Introduction Savin et al. (1997, 1999, 2002a,b) on DR ofx~an, Fexix,
and Fexx and by Schippers et al. (1998, 2000, 2001) on DR of
. Ni xxvI1, and Qiv.

DR of lithiumlike oxygen ions can be represented as

One important process that governs the charge state bal
in a plasma is dielectronic recombination (DR). Accordingly,
DR rate coéicients form a basic ingredient in plasma model-
ing codes that are employed for the analysis of spectra, €9, o5+ (122 At

. . . s)— O*(1s2pnl
obtained from astrophysical observations. In order to be able to * E )= ( pnl)
; : o : o*(12snl) + hv  (type)
infer a reliable description of the plasma properties from such _, (12200 | , 1)
calculations, accurate rate ¢beients for the basic atomic col- O (Is2pn'l’) + v (type II).

lision processes in a plasma are required. To date, most DR rgte 3 o . .
codficients used for plasma modeling stem from theoreticﬁe‘;j“Ie 25— 2p (An = 0) excitation energy is-12 eV. Higher

calculations. The calculation of DR rate ¢heients is a chal- excitations such as 2 3l (An = 1) are notinvestigated in the

lenging task since an infinite number of states is involved in thqgntext of the present. WOI’.k. .
The DR rate cofficient is sensitive to the presence of elec-

process. Approximations and computational simplifications are

needed in order to make DR calculations tractable. In this sitti2Magnetic fields. DR in the presence of external electromag-
tion benchmarking experiments are vitally needed to guide tAgUC fields (DRF) was studied first theoretically by Burgess

development of the theoretical methods and to provide accurggUmmers (1969), Jacobs et al. (1976) and Jacobs & Davis
DR rate coéicients for plasma modelers. 1979). It was recognized that an external electric field mixes

In the past decade electron coolers at heavy-ion stora Ea_rt]es with dfe;etr;t cgl;ltal quantutm nﬂmbsrs. The.fr.ezultlng .
rings have become the most successful tool for electron- ancement of the Cross section has been verilied experi-

ion recombination studies (Schuch 1993ulli & Wolf mentally for the first time by Mliler et al. (1986). DRF exper-

. PR . - [ ts providing evidence for the influence of additional mag-
1997). Comprehensive bibliographic compilations on DR merents . . :
surements at storage rings have been published, e.g., ggzcﬂelds as predicted by Robicheaux & Pindzola (1997) have

Muller (1995) and Schippers (1999). The basic approa nca.rrled out for example by Bartsch et al. (1999,)' .

for deriving plasma rate cdiécients from storage-ring mea- " this paper we present the measuredi@ecombination
surements has been summarized byllst” (1999). Recent rate codficient with and without electric field present in the
experimental work on plasma rate ¢eients for astrophys- interaction region. The experimental procedure is outlined in

ical and other plasma applications has been published %?,ct. 2. In Sect. 3 th_e experimental _results are presented and
compared to theory in Sect. 4. The influence of electromag-

Send gfprint requests toS. Bshm, netic fields on the DR rate cfiicient is described in Sect. 5. A
e-mail: Sebastian.G.Boehm@physik.uni-giessen.de summary is provided in Sect. 6.
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1 experimental spectrum with a cdéif@uantum numben; ~ 19
RN due to field ionization is compared t0 &UTOSTRUCTURE
M‘W (Badnell 1986) calculation including Rydberg states up te
ﬂ \/w WHM ] . 1000 (the inclusion of even higherstates did not change the
o
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j theoretical curve anymore). In a detailed field ionization model
V (Schippers et al. 2001) the radiative decay of electrons in high
Rydberg states on their way from the cooler to th&fedent
field ionization zones has been taken into account by hydro-
genic decay rates. This model has been applied to the cross
| ‘WW‘JYM sections obtained from th@& TOSTRUCTURE calculation. From
W MLN‘. the resulting agreement with the experiment (inset of Fig. 1) we
R T S S conclude, that field ionization is ficiently well understood in
2 4 6 8 10 12 our experimental setup.
Energy(eV) For the DRF measurements electric fields were introduced
Fig. 1. Experimental zero-field ® DR spectrum for an ion energy of IN the interaction region with the aid of magnet coils mounted
9.4 MeVJu (thin solid line). The resonances are due to the excitatibside the main solenoid for field corrections. The solenoid pro-
of 12pnl intermediate states with > 6. The thick grey line shows duced the longitudinal fiel#, needed to guide the electrons
an AUTOSTRUCTURE (Badnell 1986) calculation including Rydbergthrough the cooler. The correction coils usually serve for op-
states up te = 1000. For the comparison the theoretical cross sectigimizing the alignment of the electron beam with respect to
has been convoluted with the experimental electron energy diStI’il@He ion beam. In the present experiments they were used to in-
tion function. The inset s_hows the high energy part of the expe_rimqlpoduce well defined transverse magnetic field compornts
tal spectrum together with aUTOSTRUCTURE calculation to which \y wich transformed to electric fields, = v;B, in the rest frame
the field ionization model of Schippers et ql. (2001) has begn appll%q.an ion moving with velocity. In order to avoid confusion
In both cases thaUTOSTRUCTURE calculation has been shifted by. . L .
0.08 eV towards higher energies and multiplied by a factor of 0.8. !t Sho“'?‘ be ngted thgt the motional electric fidid in the
interaction region, which caused the enhancement of the DR
cross section, was flierent and spatially well separated from
the motional electric field§ which caused field ionization of
recombined ions in high Rydberg states. More comprehensive
The Ovi DR experiment was carried out at the heavy-iodescriptions of the DRF experiments@YRING were given
storage-ringcRYRING of the Manne Siegbahn Laboratory inby Bohm et al. (2001, 2002).
Stockholm. Thé®O% ions were produced in a cryogenic elec- The main uncertainties of the measured rateffazient
tron beam ion sourcecRYsIs), preaccelerated by a radio fre-arise from the measurement of the ion current with a cur-
quency quadrupole structure to about 300 keVhjected into rent transformer+10%) and the uncertainty of the interac-
the ring and accelerated to their final energy of 9.4 MeWhe tion length £5%). All uncertainties in quadrature add up to
ion beam was cooled by interaction with a magnetically guidedl 1% uncertainty of the absolute rate fiagent.
colinear beam of cold electrons in an electron cooler (Danared
et al. 2000). During the recombination measurements the eI;\g}c—R it
tron cooler was used as an electron target. The electron energy esults
was varied by changing the voltage at the cooler cathode in Qur experimental @1 DR rate cofficient is displayed in
der to obtain a DR spectrum. The experimental center of masgg. 1. It contains all 1%2pnl resonances associated with-2s
energy range of < E < 15 eV covered all DR resonancep transitions ranging from = 6, which is the lowest energet-
due to 2s— 2p An = 0 excitations. The recombined ions wergcally allowed resonance, up to~ 20. Individual resonances
detected with 100%f&ciency behind the first dipole magnetan be resolved up to ~ 15. Forn = 6, even thd substates
after the cooler. are partially resolved. Background subtraction (here radiative
On their way to the detector the recombined ions had tecombination is regarded as background) was achieved by fit-
pass strong magnetic fields the largest of which was withiimg an empirical formula with five fit parametdeg
the charge state analyzing bending dipole magnet. These mag- =
netic fields were perpendicular to the ions’ flight direction and,(E) = —12
caused motional electric fields (of the order of 50 MVin 1+ PE+PsE
the ring dipoles) orders of magnitude larger than any motiortalthose parts of the measured spectra where no DR resonance:
electric fields in the interaction region. Since a sizeable fragecurred.
tion of recombined ions was expected to be formed in highly For the derivation of a meaningful plasma rate fGo&nt
excited and, hence, very fragile states, the survival probabilftpm our experimental data we have to estimate how much
of these states and théieiency of their detection needed parDR strength was not measured due to the field ionization cut-
ticular consideration. Recombined ions that reached a zoneofifdiscussed above. Following the procedure of Schippers et al.
large motional electric fields while being infegiently highly (2001) we have extrapolated the measured DR spectrum by the
excited 182pnl states were field ionized and therefore not descaledAUTOSTRUCTURE result. For the scaling a constant en-
tected. This fect can be clearly seen in Fig. 1 where thergy shift of 0.08 eV towards higher energies and a constant
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Fig. 2. The Ovi An = 0 DR rate cofficient in a plasma is shown for temperatures belowl4® K a) and for temperatures above 20 00bK

The thick full line represents the experimentally derived ratdfament with an systematic uncertainty £11%.a) The thick grey curve results

from our measured rate ciieient without theAUTOSTRUCTURE extrapolation (see text). Also shown is the theoretical DR ratéficant

of Nussbaumer & Storey (1983) (dotted line) and the recommended DR rdfeieoe of Arnaud & Rothenflug (1985) (dashed line) who
combined the calculations of Nussbaumer & Storey (1983) for low energies and calculations of Jacobs et al. (1978) as fitted by Shull &
van Steenberg (1982) for higher energigsThe theoretical results of Badnell & Pindzola (1989) (dashed line), McLaughlin & Hahn (1984)
(>6.5 x 10° K, dotted line), Burgess (1965) (dash-dotted line) and the fit of Shull & van Steenberg (1982) to data of Jacobs et al. (1978)
(dash-dot-dotted line) are shown. The ratefioient of Aldrovandi & REquignot (1973) (thin solid line) includesn + 0 DR.

factor of 0.8 has been applied to the calculated DR cross s&able 1. The fit parameters of the experimentally inferresin = 0
tion such that the theoretical DR spectrum matches the expeate codicient using Eq. (4) are listed. Units are tmtK*® for ¢,
mental one in the energy range of 2—11 eV. At higher energsgl eV forE;. The systematic error of the rate ¢eienta(Te) from
where the experimental result is influenced by field ioniz&9- (4) is+11%.
tion of high Rydberg states, it is simply substituted by the

scaled AUTOSTRUCTURE calculation. Schippers et al. (2001)

o
m

used the same factor of 0.8 to achieve agreement between the L. 321E-3 1192
. . . 2.... 1.15E-3 11.98
AUTOSTRUCTURE calculation and their experimentaiCdata. 3 42E-4  8.96
From a theoretical point of view, the approximations inherentin 4. BE-5 4178
AUTOSTRUCTURE (independent processes, isolated resonances 5.. B6E-5 228
and distorted wave) become more accurate at higher charge 6... 289E-6 1.84
states for astrophysically important ions. For?€u(Kilgus 7... T7.03E-7 35

et al. 1992) theaUTOSTRUCTURE calculation agrees well with

the experiment for the 3p series and is 10-20% too large for

the 2, series. A convenient representation of the plasma DR ratefcoe
The OvI plasma rate cdicient has been derived by con-cient is provided by the following fit formula

voluting the extrapolated experimental DR cross secii(i)

with an isotropic Maxwellian electron energy distributiom(Te) = To%2 Z Ci exp Ei/kgTe). (4)
yielding [
4 It has the same functional dependence on the plasma electron
o(Te) = (kgTe)™ ZF temperature as the Burgess (1965) formula, where théicoe
o mer cientsc; andE; are related to oscillator strengths and excitation
X f dE o (E) E exp(_é/kBTe) (3) energies, respectively. The results for the fit to the experimental
0 OvIi An = 0 DR rate cofficient in a plasma are summarized in

with the p|asma electron temperatu’fe, the electron rest Table 1. The fit deviates from the thick full line in Flg 2 by
massme, and Boltzmann’s constaik. This procedure is ap- N0 more than 0.2% fofe > 7500 K and by no more than 4%
plicable as long as the relative energyis larger than the ex- for 3000 K< Te < 7500 K. Below 3000 K the DR rate cfie

perimental energy spread , i.e., fo > 40 K in the present cient decreases to zero and radiative recombination dominates
case. the recombination rate cficient.

The experimentally derived DR rate d¢beients with (thick
black line) and without (thick grey line) the extrapolation ar
shown in Fig. 2a. Above 20000 K the rate @ogent is signif-
icantly influenced by the contributions of high Rydberg stat&ur experimental @1 DR plasma rate cdicient is compared
n > 19 restored by the extrapolation. to theoretical results in Figs. 2, 3.

q. Comparison with theoretical results
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Fig. 3. The experimental @1 An = 0 DR rate cofficient in a plasma (thick full line, systematic uncertaiaty1%) is showna) The relativistic
calculations of Chen (1991) (dashed line) and data of Mazzotta et al. (1998) (thin solid line) obtained by a fit to the work of Chen (1991)
compared to the experimetu) The calculations of Krylstedt et al. (1990) (dashed line), Romanik (1988) (thin solid line), and Roszman (1989
(dotted line) cover the entire range of the experimental data.

In Fig. 2a the data of Nussbaumer & Storey (1983) réemperatures. For other ions, e. givdSchippers et al. 2001)
produces the experimental result very well for low energi@® standard theory was found to match the experiment at low
but strongly deviates above 19500 K because only low lyingmperatures. In the case ofvDthe first DR resonances are
resonance states were included in the calculation. Arnauda&~2 eV whereas for @v the first resonances are-af.1 eV.
Rothenflug (1985) combined the calculations of Nussbaunidrese resonances at low energies are far mdfeuwli to de-

& Storey (1983) and data presented by Shull & van Steenbe@ibe theoretically. It has been shown by Mannervik et al.
(1982). The combined data matches the experiment very wdl998) that even for the low chargedonly a fully relativis-

over the entire range of validity and is no more than 15% largéc many body perturbation treatment reproduces the experi-
than the experimental data. This deviation is almost within tineental results. More recent calculations along these lines have
experimental uncertainty. been carried out by Tokman et al. (2002) foviE This sug-

The other calculations (Fig. 2b) are only valid for tempegests that calculations using pure LS-coupling are not appropri-
atures above-26 500 K. The Burgess (1965) general formulate for the description of the recombination process. Generally
(GFI) overestimates the rate dheient by~60%. The data of a reliable theoretical treatment of DR should be based at
Shull & van Steenberg (1982) is based on results of Jacdeast on Multiconfiguration Breit-Pauli or Multiconfiguration
et al. (1978) and is within the experimental uncertainty abol@rac-Fock calculations (Savin et al. 2002b). At energies be-
~10° K. McLaughlin & Hahn (1984) calculated the DR ratdow 2 eV, however, more detailed theoretical treatment e.g. by
codficient for temperatures abovestx 10° K. At 4 x 10° K many-—body perturbation theory (MBPT) becomes necessary.
it underestimates the experimentally derived rateffozient The maximum abundance of @ is calculated to occur
by ~35%. The results of Aldrovandi &éd?juignot (1973) have at ~3 x 10° K by Mazzotta et al. (1998) for electron ion-
been calculated using the GFI including # 0 DR which is ized plasmas. Most of the theories reproduce the experimen-
the reason for the additionalftBrence between theory and extal result very well in that temperature range. From the data
periment above & 10° K. of Aldrovandi & Péquignot (1973) (Fig. 2b) we conclude that

Relativistic intermediate coupling calculations have beékn # 0 DR has to be taken into account in that temperature
carried out by Chen (1991) for temperatures beyont KO range.

The result is shown in Fig. 3a. It can almost not be distin- For photoionized plasmas Kallman & Bautista (2001) cal-
guished from the data of this work. The data of Mazzotta et alulated the maximum abundance o¥to occur at25 000 K.
(1998) are based on Chen'’s calculations and are also incluéiedhat temperature range the data compiled by Arnaud &
in Fig. 3. For temperatures between 11600 and 85000 K tRethenflug (1985) reproduces the experiment almost within the
data of Mazzotta et al. does not match the experimental dat&xperimental uncertainty.

Theoretical rate cd&cients which are close to the exper-
imental data over the entire temperature range are shown i L -
Fig. 3b. Above 2x 10° K they are all~x50% above the experi- 4:1. Total recombination rate coefficient
ment. In the case of Romanik (1988) and Roszman (1989) thisunified treatment of total recombination including DR and
is due to the fact, that they additionally included + O DR.  radiative recombination (RR) has been performed by Nahar

The theoretical results of Nussbaumer & Storey (1983),999). Such a calculation in principle also accounts for inter-
Krylstedt et al. (1990), Romanik (1988), and the DR rate céerence between RR and DR. In order to compare these data to
efficient recommended by Arnaud & Rothenflug (1985), shoaur experiment (see Fig. 4) we have added the RR ratfficoe
a very good agreement with the experimental data at laientas obtained bydRjuignot et al. (1991) to our experimental
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Fig. 4. Total OvI recombination rate cdgcients in a plasma: this Fig.6. Experimental DR plasma rate d@eient (ion energy of
work (thick full line, systematic erro£11%) and theoretical unified 9.4 MeVju; including Rydberg states up 1@ = 19) for the field
calculation of Nahar (1999) (dashed line). Our total recombinatidree case (black thick line) and in the presence of an electric field
rate codficient is obtained as the sum of the RR rateftoient of of 340 V/cm (grey thick line). The theoretical calculation of Krylstedt
Péquignot et al. (1991, dotted line) and our DR rateftoent (thin et al. (1990) included Rydberg states umte: 20 once for the field

full line). Nahar’s data includeAn # O transitions. free case (black thin line) and for the presence of an electric field
(dashed line). The result obtained by the generalized Burgess formula
GFII (see text) including electric fieldffects is also shown (dotted
N line).
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, where field-free and full-mixing results are compared to one
1 another. The thick full line shows the zero field plasma rate
codficient as obtained in the experiment including the extrap-
olation to highn. The dashed curve shows the plasma rate co-
efficient as obtained by a model calculatioro{Bri et al. 2002)
that includes maximum mixing of tHesubstates by an external
electric field but does not include any magnetic fields. The pre-
dicted enhancement sets indt0* K and reaches its maximum

10° 10° at~10° K where the field enhanced rate gdeent obtained by
Temperature (K) the model calculation is a factor ef3 higher than the experi-
mentally derived zero-field rate ciheient.

\V) w »
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o

Fig. 5. The solid line shows the plasma rate ffaent for the case of In our experimental setup there is alwavs an additional
zero electric field as obtained in the experiment including the extral%- g P . P . y . .

olation to highn. The dashed curve shows the plasma ratefiient agnetic field perpendicular to the electric field in the inter-
as obtained by a model calculationl et al. 2002) including max- action region which further influences the recombination rate

imum mixing of thel substates by an external electric field. codficient but has not been considered in the theoretical in-
vestigations discussed below (Robicheaux & Pindzola 1997;
Bartsch et al. 1999).

DR rate coéiicient. Experimentand theory do not deviate more External electric fields have been included in the calcula-

than 10% from each other belovbx 10* K. This suggests that tions of Krylstedt et al. (1990) (Fig. 6). Their result is shown

similarly to DR of C1v ions (Schippers et al. 2001) interferfor the field free case (thin solid line) and for maximum field

ence @ects do not play a significant role in the recombinatiofhhancement (thin dashed line). In the calculatiof2{isl

of Ovr ions, either. The calculation of Nahar (1999) includegydberg states only up tomax = 20 have been included.

An # 0 transitions which is the reason for thefdrence be- This almost coincides with our experimental field ionization

tween theory and experiment at high temperatures. cut-off (Sect. 2). Therefore the data of Krylstedt et al. can di-
rectly be compared with our corresponding experimental re-
5. Field effects sults. The largest discrepancy of the zero field results is at

around 3x 10* K where the theoretical recombination rate co-
The DR rate cofficient can be strongly influenced by the presfficient is~50% larger than the experimental one. However,
ence of electromagnetic fields. On the one hand electric field$ias to be pointed out, that a quantitative comparison can
ionize electrons in high Rydberg states which reduces the osly be made for the zero field case where the magnetic field
combination rate cd&cient. On the other hand electric field{~100 mT) parallel to the electron and ion beams does not al-
mix |-substates and thus increase the recombination rate t&-the recombination rate ciieient. This changes as electric
efficient (Jacobs et al. 1976). This is demonstrated in Fig.fislds perpendicular to the magnetic field are applied. Now the
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magnetic field significantly alters the recombination rate c®eferences

efﬁci_ent. Since the cal_culgtion of Krylstedfc et a_l. (15_)90) doeﬁdrovandi, S. M. V., & Riquignot, D. 1973, A&A. 25, 137

not mclude a magnetl_c field the comparison in .thIS. €ase 5 aud, M., & Rothenflug, R. 1985, AGAS, 60, 425

only qualitative. Inclusion of the magnetic field S|gn|f|cantl3éadne”’ N. R. 1986, J. Phys. B, 19, 3827

complicates the calculations and available theories are sgifgnell, N. R., & Pindzola, M. S. 1989, Phys. Rev. A, 39, 1685

far off the experiment (Bfim et al. 2002). Field féects are Badnell, N. R., Pindzola, M. S., Dickson, W. J., et al. 1993, ApJ, 407,
also included in the Burgess general formula 1l (GFII, dot- L91

ted line, Fig. 6) which is given in Krylstedt et al. (1990) foBartsch, T., Schippers, S.,IMér, A., etal. 1999, Phys. Rev. Lett., 82,
Nmax = 20. For temperatureb > 5 x 10° K the experimental 3779

rate codicient in a plasma in the presence of an electric fieRPhm. S., Schippers, S., Shi, W., etal. 2001, Phys. Rev. A, 64, 032707
E. = 340 Vcm and a magnetic fiel@, = 100 mT for DR Bohm, S., Schippers, S., Shi, W., etal. 2002, Phys. Rev. A, 65, 052728

. . _ . Burgess, A. 1965, ApJ, 141, 1588
including Rydberg states up to= 19 is enhanced by about a
factor ofgl g 9 P y Burgess, A., & Summers, H. P. 1969, ApJ, 157, 1007

. . Chen, M. H. 1991, Phys. Rev. A, 44, 4215
The present study of fieldfects on DR is relevant to low Danared, H., Kllberg, A., Andler, G., et al. 2000, Nucl. Instrum.

density plasmas subject to large external fields e.g. solar flaresyetn. A 441, 123

The other major concern of the role of fields on DR in plagmacobs, V. L., Davies, J., & Kepple, P. C. 1976, Phys. Rev. Lett., 37,
mas is that of the intrinsic plasma microfield. Here the ef- 1390

fect is density dependent; at high plasma densities enhantzeobs, V. L., & Davis, J. 1979, Phys. Rev. A, 19, 776

ment due to field mixing is reduced by continuum lowering i.dacobs, V. L., Davis, J., Rogerson, J. E., & Blaha, M. 1978, J. Quant.
by collisions driving higha states into local thermal equilib- Spectrosc. Rad. Transf., 19, 591

rium (LTE). Such conditions suppress the higlstates, that Kallman, T., & Bautista, M. 2001, ApJS Ser., 133, 221

would otherwise contribute to enhanced DR (see Badnell et §19us; G., Habs, D., Schwalm, D., etal. 1992, Phys. Rev. A, 46, 5730
Krylstedt, P., Pindzola, M. S., & Badnell, N. R. 1990, Phys. Rev. A,

1999). 41, 2506
Mannervik, S., DeWitt, D., Engstm, L., etal. 1998, Phys. Rev. Lett.,
6. Conclusions 81, 313

Mazzotta, P., Mazzitelli, G., Colafrancesco, S., & Vittorio, N. 1998,

The recombination rate cficient of OvI has been measured A&A, 133, 403
for n < 20 and plasma rate cfiigients were obtained from McLaughlin, D. J., & Hahn, Y. 1984, Phys. Rev. A, 29, 712
the data. For highem (20 < n < 1000) an extrapolation wasMuller, A. 1995, Nuclear Fusion Suppl., 6, 59
obtained by scaling aRUTOSTRUCTURE calculation to the ex- Muller, A. 1999, Int. J. Mass Spec., 192, 9
periment forn < 20. The results were compared to theoretM“s”(Ser'l;' Belic, D. S., DePaola, B. D, et al. 1986, Phys. Rev. Lett,
cal plasma rate cdéicients. The data of Krylstedt et al. (1990) , =™ . : .
andpRomanik (1988) are not too faff cﬁror¥1 our experir(nen— l:gi:]’n?'hi \gﬁg‘:' ﬁ?;ror:g gzlce\;ergtol,::;isﬁd&agml\f %hhy;':;sth
tal data over the whole temperature range. The discrepancie@,\,ood%ury: AlP Pfepss), a7 ' T
at low temperatures for these two calculations are below 70f@har, s. N. 1999, ApJS, 120, 131
At high temperatures discrepancies~0% can be ascribed Nussbaumer, H., & Storey, P. J. 1983, A&A, 126, 75
to the inclusion ofAn # 0 DR in the data of Romanik (1988)pPéquignot, D., Petitiean, P., & Boisson, C. 1991, A&A, 251, 680
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