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ABSTRACT

W e present the 45-yr record of EX Hya’s lightcurve and discuss the characteristics of
its 15 observed outbursts. W e then concentrate on the 1998 outburst, reporting the

rst outburst X -ray observations. W e discover an X -ray beat-cycle m odulation, Indi-
cating that an enhanced accretion stream couples directly w ith the m agnetogphere in
outburst, con m Ing our previous prediction. O ptical eclipse pro les late in outburst
show that the visble light is dom nated by an enhanced m ass-transfer stream over-

ow Ing the accretion disc. W e are uncertain whether the enhanced m ass transfer is
triggered by a disc Instability, or by som e other cause. W hile in outburst, EX Hya
show s som e of the characteristics of SW  Sex stars.

K ey words:

accretion, accretion discs { novae, cataclysm ic variables { stars: lndi-

vidual: EX Hydrae { binaries: close { X —rays: stars.

1 INTRODUCTION

If interm ediate polars (IP s) are cataclysm ic variables pos-
sessing partial accretion discs, w ith the centre disrupted by
am agnetic eld, then we expect that they can show disc in—
stability outbursts, asdwarfnovaedo.SeverallPs | XY Ari
(Hellier, M ukal & Beardmore 1997), YY Dra (Patterson

etal. 1992) and GK Per (eg.Kin etal. 1992) | appear
to show Just that.
However,twootherIPs | V1223 Sgr& TV Col| show

short, low-am plitude outbursts that are unlke dwarf nova
eruptions and probably result from another instability such
as m asstransfer bursts (see W amer 1996 and H ellier etal.
1997 for review s) . T he outburstsof TV Collast 8h with 2—-
m ag am plitudes (Szkody & M ateo 1984; Schwarz etal. 1988;
Helller & Buckley 1993); increased S-wave em ission during
this period points to enhanced m ass transfer. V 1223 Sgrhas
shown a very sin ilar event (van Am erongen & van Paradip
1989) . Since these tw o stars have novalke discs €g.TV Col
show s superhum psand V1223 SgrshowsVY Scllow states)
the outbursts are unlikely to be them al instabilities in the
disc. Very sin ilar short-lived are events have been seen in
AM Herstars (eg.W arren etal. 1993), which cannot be disc
Instabilities since such stars don’t have discs. [T he possble
P RX J0757+ 6306 m ay be a sin ilar system (Tovm assian
etal. 1998; K ato 1999), but the data are currently too sparse
for certainty.]

The rem aining IP show Ing outbursts, EX Hya, is In—
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tem ediate between the above two types, with outbursts
lasting 2{3 d (cf£.05d for TV Col& V1223 Sgr, and 5
d for XY Ari& YY Dra). Previous outbursts have been
reported by Bond etal. (1987); Hellier etal. (1989; here—
after Paper 1); Reinsch & Beuem ann (1990) and Buckley
& Schwarzenberg-C zemy (1993).

A mapr nding from the 1987 outburst Paperl) wasa
high-velociy feature in the em ission-line w ings. T his seem ed
to arise from an enhanced accretion stream over ow ing the
disc and connecting directly with the m agnetosphere. W e
predicted that since the stream rotated w ith the orbital fre-
quency ( ) and the m agnetosphere w ith the spin frequency
(!), the relative geom etry (and thusthe X -ray em ission from
stream —fed accretion) should vary at the ! frequency.
Such X -ray beat m odulations have since been seen in m any
Ps (eg.Hellier 1998) but not, so far, In EX Hya. A ccord—
ngly, we applied for Target of O pportunity tim e to observe
the next outburst ofEX Hyaw ith the rapid-response RX TE
X -ray satellite. This was successfully triggered during an
outburst in 1998 A ugust and we report the resuls here.

EX Hya is also well studied in quiescence, show ing a
prom Inent sinusoidalm odulation at the 67-m in spin period
and a grazing eclipse recurring w ith the 98-m In orbital pe—
riod. See, eg., Hellier (1987, herecafter Paper 2) for gpec—
troscopy, Siegel etal. (1989) for optical photom etry, and
Rosen etal. (1991) for X -ray data.
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Figure 1.The record of EX Hya by the Variable Star Section of the RoyalA stronom ical Society of New Zealand.

2 THE LONG-TERM RECORD

Since EX Hya's behaviour is clearly di erent from that of
nom al dwarf novae i is worth presenting the com plete
record.F ig.1 show sthe visualestin atesofEX H ya com piled
by the Variable Star Section ofthe RASNZ.W hile EX Hya
m ostly sits at 13* m ag, it rises to mag 9.5 in infrequent
outbursts lasting 2{3 d.N ote that m uch of the variability at
quiescence is real, caused by the spin and orbital m odula—
tions.F ig.2 contains details ofthe outburstson an expanded
scale. W e note the ollow ing points:

(1) 15 outbursts have been seen in 44 years, for an aver—
age recurrence of 3 yrs. However, the yearly and m onthly
data gapsm ean that m any w ill have been m issed. C overage
dense enough to catch 2-d outbursts is  2/3™° com plete in
recent tim es, droppingto 1/ 3" com plete earlier, so we can
estin ate that only half the outbursts have been caught,
reducing the recurrence to 1.5 yrs.

(i) The outbursts occur irreqularly: near JD 2448370 a
YHoubl’ outburst occurred with an interval of only 8 d.
In contrast, taking the sam pling into consideration, there
is a 95% probability that interoutburst intervals > 2.7 yrs

c 0000 RAS,MNRAS 000, 000{000
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Figure 2. Expanded plots of the outburst from Fig.1.The tick—
m arks are at 1-d intervals. B ars are upper-lim its.

have occurred (m ost likely in the 12-yr period between JD
244 2300{244 6600 when no outburst was seen).

(i11) The outburst rises are unresolved In the RASNZ
data, where rises of 34 mags in < 12 hrs are seen. Rein—
sch & Beuem ann (1990) caught part of a rise, seeing the
brightness increase by a factor 10 within 3 hrs.

(3v) T he declines are slower than the rises and are vari-
able: the outburst at JD 244 6920 declined by 3.5 m ags In
1.8 d whik that at JD 2451040 took 3.0 d to decline by the
sam e am ount.

(v) The outburst at JD 244 8760 was peculiar. EX Hya
rose from mag 13.1 to 9.9 In < 15 hrs and declined from 10.3
to 12.6 in only < 4.5 hrs, the whole event being over in < 1
d. [The two outburst points are by di erent observers; the
observers involved (including the current authors A J and

c 0000 RAS,MNRAS 000, 000{000
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DO) are highly experienced observers of EX Hya, and the
data points have been con m ed from the original observing
logs.]

(vl If the accretion rate scales as the opticalm agnitude
and if the quiescent accretion rate is  10'® gs'’ then the
outbursts typically invole 10%? g ofm aterial.

3 THE 1998 OUTBURST DATA

The August 1998 outburst (Fig. 3) showed the usual unre-
solved rise but decayed to quiescence in 3 d, 1 d longer than
the other wellstudied outbursts.

3.1 RXTE X -ray observations

Follow ing noti cation of the outburst we observed EX Hya
with RXTE [see Bradt, Rothschild & Swank (1993) for a
description of this satellite] gaining three sections of data
on the outburst decline (Fig.3).The st section, lasting 1
hr, recorded a 2{15 k&V count rate varying between 70 and
330 cs ! (@115 PCU s); during the second section, lasting 9
hr, the count rate was in the range 60{220; and by the third
section, lasting 6 hr, the count rate had declined to 35{70,
essentially a quiescent count rate.

W e Fourder transform ed the 2{15 k&/ X -ray dataset,

rst nom alizing the three data sections to the sam e count

rate.The result (Fig. 4) reveals power at the spin frequency
(!) and at the beat frequency between the orbial and spin
periods (! ). An X -ray beat frequency has never been
seen In EX Hya In quiescence, but its occurrence in outburst
con m s the prediction in Paper 1. However, som e scepti-
cism is in order since the X -ray data coveronly 4.5 cycles
ofthe 3.5-hrbeat period. O nem ight also be concemed that
since the spacecraft orbital period is near EX Hya's orbital
period (96 vs 98 m Ins), beating w ith the spacecraft orbit
m ight explain the peak seen. H owever, this would produce
equal peaks at ! mwte and ! +  te whereas there is no
powerat ! + ixte-

By tting a sinusoid to the three sections of 2{15 k&/
X -ray data we nd that the soin pulse had a m odulation
depth (sem iam plitude/m ean) of 52% in the st section,
declining to 25% in the second section and 5% in the third
(the errors are dom inated by ickering, and the rst result is
particularly unreliable since the data cover only 1 cyclk).
For com parison, Rosen etal. (1991) quote a 14% depth in
quiescent G inga data over a sin ilar energy range; thus the
pulse am plitude wasm arkedly bigger during outburst. T here
was no apparent change in pulse phase during the RXTE
observations.

T he spectral changes over the spin cycle are consistent
w ith the usualquiescent behaviour | greaterm odulation at
lowerenergies | butthedi culty ofdisentangling (in a lim —
ited dataset) two periodicities, considerable ickering, and
the outburst decline, m ade further investigation unreliable.

The X-ray data show the expected narrow, partial
eclipse (not shown), with a pro l sin ilar to that of the
quiescent eclipse. It is close to the tin e predicted by the
ephem eris of Helller & Sproats (1992; not including the si-
nusoidal tem ), being early by 40 10 s (0.007 in phase).
O ther than this, there was no orbitalm odulation.
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Figure 3.The 1998 outburst of EX Hya show ing RA SN Z visualestim ates, CT IO opticalphotom etry and RXTE X -ray data.TheCT IO
and RXTE datasets have had the zero-points ad Justed to m atch the visual records.

Power (arbitrary scale)

0 0.1 0.2 0.3 0.4 0.5
Frequency (mHz)

Figure 4. The Fourier transform of the RXTE data revealing
m odulations at the spin (!') and beat (! ) periods.

32 CTIO photom etry

W e obtained R -band photom etry wih the Cerro Tololo
Inter-Am erican O bservatory 0.9-m telescope over 5 nights
of the decline and retum to quiesence Figs.3 & 5).

The spin pulse is present throughout the dataset, but
w ith di erent am plitudes (the sem iam plitudes/m ean, as far
as can be told given the ickering, are 12, 13, 24, 10 and 7
per cent on the ve nights respectively).Reinsch & Beuer—
m ann (1990) also report the pulsation throughout their out—
burst dataset, w th an am plitude com parable to that in qui-
escence.

It m ight appear from Fig. 5 that the pulse is late com —
pared to the predicted tines of maximna (Which use the

quadratic ephem eris of H ellier & Sproats 1992) but the sit—
uation ism ore com plex: Fig. 6 show s that X -ray m axm um

occurs where predicted (to within 0.05 in phase) but that
the optical pulse rem ains bright for 0.15 longer. T his ef-
fect has not been reported previously, but this is the st
sin ultaneous optical/X —ray dataset.

4 THE QUIESCENT ECLIPSE

Since interpreting the eclipse pro lesduring outburst w illbe
crucial, we’ll rst take a detour into the quiescent lightcurve.
Note, rstly, that the partial, atbottom ed X -ray eclipse
In plies that the secondary linb grazes the white dwarf,
eclipsing the low er accreting pole but leaving the upperpole
uneclipsed Beuem ann & O sbome 1988; Rosen etal. 1991;
M ukaietal. 1998).

T o Investigate the quiescent opticaleclipse we have used
the 45 h of B band photom etry reported by Sterken etal.
(1983) and Sterken & Vogt (1995).W e rst folded the data
on the 67-m In spin period (using 50 phase bins) to cbtain the
m ean pulse pro le.W e then rem oved the pulse by subtract-
ng from each datapoint the value of the m ean pulse pro le
at that phase. Then we folded the data on the orbial cy-—
cle, to obtain the curve displayed In Fig. 7. The 30 per
cent optical eclipse lasts for 3 m Ins and is coincident w ith
the X -ray eclipse. D etailed studies (eg. Siegel etal. 1989)
show that the eclipse centroid depends on spin phase and
reveal that m ost of the eclipsed light arises from the accre—
tion curtain of m aterdal 2lling onto the lower pol of the
white dwarf.

Fig. 7 also shows an orbital hum p extending between
phases 0.6{0.15, and is presum ably caused by the bright

c 0000 RAS,MNRAS 000, 000{000
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soot where the stream hits the accretion disc. Sim ilar fea—
turesare seen In dwarfnovae such asZ Cha, where thehum p
extends between phases 0.62{0.13 W ood etal. 1986). eclipse, ending at  0.07, involves the eclipse of the bright

By analogy wih Z Cha, we would also expect to see spot. H owever, both interpretations are near the m argins of
a disc eclipse and a bright spot eclipse. H owever, the disc the data quality given the ickering.
eclipse Involves only 23 per cent ofthe light in Z Cha W ood Since the evidence for a disc eclipse ism argihalwe can
etal. 1986), and in the grazing eclipse ofEX H ya the fraction ask whether EX Hya contains a disc at all, especially given
m ight be lower. It is possble that the EX Hya light curve the proposed m odels of discless accretion In IPs W ynn &
containsa disceclipse of 10 percentdepth,which startsat King 1995) and ;n EX Hya In particular King & W ynn
phase 0.95 as a steepening of the hum p decline, and nishes 1999). T he other evidence for a disc can be sum m arised as
at phase 0.05. It is also possible that the shoulder’ to the (see Hellier 1991 for a fuller account): (1) the dom nance of

c 0000 RAS,MNRAS 000, 000{000
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the spin period, rather than the beat period, in quiescent
X —ray lightcurves, which in plies that the accreting m aterial
circularizes and loses know ledge of orbital phase; (2) a weak
Yotationaldisturbance’ seen in the em ission lines (P aper 2);
(3) an em ission-line S-wave w ith the correct phase and ve—
locity to arise from an im pact at the edge ofa disc (P aper?2);
(4) the orbital hum p and its being at the sam e phase as in
Z Cha (above); (5) m aterdial above the plane consistent w ith
a splash where the stream hits the disc edge, revealed by
soft X ray and EUV dips (Cordova, M ason & Kahn 1985;
M auche 1999), and (6) the doublepeaked lines seen in qui-
escence (Paper 2);

N ote, though, that none ofthese secure the velocity eld
of the disc, and so don’t rule out a m agnetically threaded
structure g.Khg & W ynn 1999) if it isabletom i ic a
disc in the above respects.W e lave the issue ofw hether the
outburst was a disc Instability, thus In plying the presence
of a disc, to the discussion.

5 THE OUTBURST ECLIPSES

In the last night of photom etry (when EX Hya was back in
quiescence) the observed eclipse was narrow , V -shaped, co—
ncident w ith the X ray eclipse, and sim ilar to previous qui-
escent eclipses (Section 4). On the penultin ate night (JD
2451038) the eclipse egress had a shoulder’ lasting until
phase 0.07. The night before, both eclipses had asym m et—
rical V. shapes wih m inin a at phase 0.02 (relative to the
X —ray m d-eclipse) . E arlier still in the outburst the eclipse is
di cul to discem: som e shallow dipsm ay be eclipses, but
there is not enough repeatability in consecutive cycles to
distinguish them from ickering. Sin ilarly, near the peak of
the 1987 outburst Reinsch & Beuem ann (1990) saw broad,
shallow dipsthatm ay be eclipses, but again there were not
enough cycles to be sure.

The lateness of the eclipses on the third night (D
2451037) I plies that they are probably eclipses of an ac—
cretion stream rather than a disc.To test thiswe have com —
puted the eclipse of a m odel stream , assum Ing it to have a

constant brightness along the freefall tra ctory between the
niial in pact with the disc and the point of its closest ap—
proach to the white dwarf. Them odelparam eters (based on
those ofPaper?2) are:Poy, = 5895 s5,M 1= 07/M ,M,= 013
M ,i: 79 andel-sc: O.76RL1.

Fig. 8 shows that the m odel stream eclipse exhibits
the sam e features (V shape, m inimum at phase 0.02, faster
ingress, slower egress) as the two eclipses observed on that
night. The only free param eter is the m odel nom alization,
where In order tom atch the data we have dilited the stream
w Ith uneclipsed light such that the stream is43% ofthetotal
[for com parison, in AM Her stars the stream is com m only
found to contrbute 50{60% ofthe total light H arrop-A 1lin
etal. 1999)]. Fig. 9 illustrates the geom etry of the above
m odel, show ing the system at phases 000 white dwarf
eclipse), 0.02 (stream -eclipse m nimum ) and 0.07 (see be-
Iow ).

On the fourth night (JD 2451038) the eclipse is of the
white dwarf and its environs, with an additional shoulder
lasting until phase 0.07 (unfrtunately we only have one
cycle that night so can’t check the feature’s repeatability) .
T he constant Intensity during the shoulder in plies an eclipse
ofa pointlike source. Ifthis source is located along the track
of the accretion stream , the start and end phases of the
shoulder and the depth would be reproduced if it em itted
22% ofthesystem 'slight and was 029 from thewhite dwarf
(where a is the stellar separation).

Isthisdistance (1.3 10*° am ) the radius of the m agne-
tosphere? T he (not particularly reliable) estin ate ofP aper 2
is di erent, at 6 10°cam . H owever, we can check the plau-
sbility by estin ating the eld strength that would place
the m agnetosphere there. U sing the standard theory for a
disc (eg. Frank, King & Raine 1992) we nd that for an
accretion rate of 10*° gs ! the i plied m agnetic m om ent is
9 10*2G an?, an order ofm agnitude greater than other es—
tin ates (eg.Paper 2; W amer 1996). O ne could argue that
a stream would penetrate further in than a disc, increasing
the derived m agneticm om ent further, although ifthe stream
carried only a fraction of the accretion ow this would re—
duce the estin ate again.

c 0000 RAS,MNRAS 000, 000{000
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Figure 9.An illustration of EX Hya using the param eters dis—-
cussed in the text, shown at three phases during eclipse.

Is the distance then the radius of the outer disc edge?
A gain, i is Inconsistent w ith Paper 2, which found a value
of 23 10'%an from the extent in phase of the rotational
disturbance during the eclipse, and also from the separation
of the double peaks in the em ission lines, assum ing these to
give the K eplerian velocity at the disc edge. H owever, the
extent of the rotational disturbance is hard to estin ate, and
the assum ption of K eplerian m otion could well be wrong.
Further uncertainties are that an enhanced stream m ight
penetrate into the disc, and also that the disc size m ight
change iIn outburst, enlarging due to the enhanced viscosity
of a disc instability but shrinking due to the addition of
low -angularm om entum m aterdial from an enhanced stream .

N ote, though, that the egress at phase 0.07 is consis—
tent w ith a possble bright-spot egress at that phase in the
quiescent lightcurve; thus, overall the m ost likely conchision
is that the feature is at the disc edge, and that previous
estin ates of the disc radius were too large.

6 DISCUSSION

Several features of EX Hya’s outbursts are unlike those ex—
pected from a disc instability (Section 2). The m ost strik-—
ng is the rarity of the outbursts. Over tine, only 4% of

c 0000 RAS,MNRAS 000, 000{000
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EX Hya’s accretion occurs during outburst (assum ing, sin —
plisticly, that the accretion rate scales asthe optical ux).In
contrast, the gure fora typicaldwarfnova such asSS Cyqg is
90% .Another peculiarity is the range of interoutburst inter—
vals, from 8 d to > 2 y, when there isno change in quiescent
m agnitude (and hencem ass-transfer rate) .N ote also the de—
cline tin es: the 2{3 d declines are typicalof dwarfnovae and
are com parable w ith the viscous tin escale of a disc, but the
5-hr decline is not (even if allowance is m ade for the lack
of inner disc) . Further, the em ission line equivalent widths
ncrease during outburst (Paper 1); in dwarfnovae (with the
exception of IP Peg) they decrease.

In contrast, the evidence for an enhanced m asstransfer
stream is clear. H igh-velocity line wings from an over ow—
ng stream hitting the m agnetosphere have been observed
n both the 1987 and 1991 outbursts Paper 1; Buckley &
Schw arzenberg-C zemy 1993). They were accom panied by
greatly enhanced line em ission from the stream im pact at
the edge of the disc. An X -ray beat period, caused by the
stream connecting to the m agnetic eld and predicted in
Paperl, hasnow been seen (Section 3.1).Lastly, the eclipse
pro lesduring late decline reveala bright over ow ing stream
(Section 5).

T he above suggests that EX Hya’s outbursts are m ass
transfer events, rather than disc instabilities, but is not con—
clusive. T he disc-instability enthusiast could argue that the
Instabilities are reduced In duration and frequency by the
m agnetic disruption of the inner disc @A ngelini & Verbunt
1989). If they are reduced to m lnor perturbations on the
disc, the irreqularity of the outbursts could follow . T he en—
hanced m ass transfer m ight then be a consequence of a
disc instability, triggered by enhanced irradiation ofthe sec—
ondary star. This is easier In a m agnetic system than in a
dwarf nova since radiation from the m agnetic poles is less
likely to be hidden by the disc, com pared to radiation from a
boundary layer. T here is indeed increased line em ission from
the secondary in the 1987 outburst, in addition to the in-
creased line em ission from the stream /bright-spot Paperl).

In principle the optical eclipse pro les early in the out—
burst should tell us whether the disc has gone into a high
state, however the di culty of judging which features are
real, given the ickering and lin ited data, precidesa m
conclusion. The rst two nights of our optical dataset, and
also the dataset early in an outburst by Reinsch & Beuer—
mann (1990) are com patible with broad dips, 20 per cent
deep, at the expected eclipse tin es. If a disc were the only
light source, the grazing eclipse would produce dips of 30
per cent depth, so the observed depth is consistent w ith
som e dilution by light from them agnetogphere (which m ust
be present given the soin pulse). T he broad dipsm ight also
be centered slightly late, com pared to the expected eclipse
tine Reinsch & Beuem ann 1990, and also upper panel of
our Fig. 5), which would indicate a contrbution from an
enhanced stream .

The absence, early In the outburst, of the narrow
eclipses seen in quiescence is puzzling. It indicates either
that the white dwarfand its accretion curtains are relatively
faint but why then do we still see a spin pulse?) or that in
outburst we see predom inantly the upper (uneclipsed) ac—
cretion curtain (but why is this?).

In summ ary, there is clearly enhanced m ass transfer,
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but we cannot be sure whether or not this is triggered by a
disc-instability outburst.

7 CONCLUSIONS

(1) EX Hya’s outbursts are unlike those of any other dwarf
novae. However, it is possble that they are characteristic
of disc instabilities in a m agnetically truncated disc rather
than the resul of a di erent process.

(2) There is clearly enhanced m ass transfer in out—
burst. The evidence includes an enhanced stream /disc in -
pact, eclipse pro les resulting from a bright stream over ow —
ing the disc, line em ission from where the over ow Ing stream

HarropAllin M .K ., Cropper M ., Hakala P.J., Hellier C ., Ram —
seyer T ., 1999, M NRA S, 308, 807

HellierC ., 1991.M NRA S, 251, 693

Helller C.1998, Adv. Space Res., 22 (7), 973

Helller C ., 1999, in Charles P .A ., K ing A ., O 'D onoghue D ., eds,
\P roceedings of the W amer Sym posium on cataclysm ic vari-
ables",New Astr.Rev., in press

HellierC ., Buckley D .A .H ., 1993, M NRA S, 265, 766

Hellier C.,, M ason K .0 . Rosen S.R., Cordova F.A, 1987, M N -
RAS, 228, 463

Hellier C., Mason K.0. Smal A.P. Corbet R.H.D.
O 'D onoghueD .,BarrettP.E ., W amerB .,1989,M NRA S, 238,
1107

HellierC .,,M ukaiK ., Beardm ore A .P., 1997, M NRA S, 292, 397

Helller C ., Sproats L.N ., 1992, BV S, No. 3724

Kato T . vsnetrecent 15156, Ihtto: www_Kkusastro k otoJr

hitsthem agnetosphere, and an X —tay periodicity at thebeat

period, lindi Ing stream to the

u.ac.p/vsnet/M ail/recent15000/m sg00156 htm l

m agnetosphere.

(3) It is unclear whether the enhanced m ass transfer
is triggered by a disc instability. The eclipse pro les early
in outburst are consistent w ith a brightened disc, but there
isn’t enough repeatability over di erent cycles to distinguish
them from ickering w ith certainty.

(4) A fter review ing the evidence we conclide that
EX Hyadoespossess an accretion disc, ora circulating struc—
ture wih very sim ilar characteristics. The optical orbital
m odulation In quiescence is sim ilar to that of non-m agnetic
dwarf novae, including an orbial hum p and m arghal evi-
dence for eclipses of the disc and bright spot.

(5) W e nd evidence that previousestin ates for the disc
size are too large, prefering instead a disc radius of 029 of
the stellar separation.

(6) In possessing an over ow ing stream giving rise to
distorted em ission line w ings and distorted eclipse pro les,
EX Hya in outburst shows som e of the characteristics of
SW Sex stars (eg.Helller 1999).
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