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Abstract

We study the oscillatory lnstab]llty of wh]te dwarf rad]atlve accretion
rhocks discovered by Lnnger, Chanmugam, and Shav]v. We extend previous works
by exam]n]ng spherical shocks dominated by (1) bremsstrahlung and Compton
cool lng, and (2) brernsstrahl~w and Compton coollng when the effects of
election thermo] conduct Ion 8re not negllg]ble The results of our

cblculatlons allow us to d?llneate stabllltv reg]mes as a function of the dwarf

mass, M, and the accrct]on rate, fi We parameterlze ~ in terms of the opt]cal

depth to electron scattering through the preshock flow, ?cs. In tb- Compton
cool lng and bremsstrahlung case, the shocks are unstable to I Ow order
o~c]]]n[]on modes lfM. < (0.720,1) MO for Te< = 14, and lf M. < (09?0.1) MO

for 7e:, = 1 When elcctro; thermal conduction is added, low orde; osc]llbt]on

mcdes are unstable only If M, < (O 3:0 1) MO. The unstable modes have
approx:mbte osc]llat]on periods of- IITbr and O 63Tbr, where

‘br ‘s
the

bremsstrahlung coollng time scale of the post shock plasma Our results can be

scaled to magnetlcallv funneled accret]on flows bs long as cyclotron em]sslon
contr]butcs less than about 10: of the postshock coollng

1 lntroduct]on

Cataclysmic varlab]es (CVS) are now recognized to form I: lnrge and

]rnportant class of low IU,m]nos]ty (LX <
~034

ergs s ‘]) compact, Salactlc x-rat
sources As a class, they are low mass, short orb]tal period, mass-transfer
b]nbry systems composed of a white dvtarf and a late type main sequence stor

ThF !~te t ype st~r IS overflowing Its Roche lobe. transferring plosmb to the

Wh]te dwarf The energy ga~ned by the plasm~ ac )t fall~ Into thr dwbr! s

grn~-][atlonl potential well supplles the energy which powers thr sourcrs For
w]]lte ~w~rfs with weak magnet]c fields, the acrretlng plasma forms an accrctlon
dls}. as ]t settlrs onto the dwarf’s surfacr In this case, the x-rays ore
produ(ed by the )nteracljon ot the nccrctlon disk and the dwar f For dwarfs

are Stro..bly magnet]c, the accret]])g p]asma IS threaded bv the dwarf s

,( f)cld before ]t reaches thr dwarf forc]ng the plnsma to flow alon~ the

l]ncs to OIJe or both of tllr dwrnrf s magn~t][ poles The flow IS h]~lil~

on]c and so, In order to mrrge onto the dworf, a stand-off shock forms

tile wh)tv dwarf hent]ng the plnsm~ to a temperature of (Iiylaf]s and Lnmb

(1)

HrIr M. and Ii. arc the dwarf mass and rnd]us, and the cf’f?r~s of radintlol~
prrssul’f’ IIave berc Ign@red. Tl]e shock h~ated plasma cools VIrJ opt Icallv th]n
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bremsstrahlung (wh]ch produces herd x-rays), optically thick cyclotrcn ●mission

(wh]ch produces UV or opt]cal ●mission), and ComDton scatteriqts w]th the loweI

temperature stellar blackbody photons ~ +f settl~ %Lo the tiit? dwnr? The

bleckbodv em]ss]on 1s due to the bremsstrah]ung and cyclotron photons which
str]ke the dw~rf and are thermal ized in the dwarf’s ●n~e]ope. Th~ I r

chnracter]stlc temperature lies in the range 10 to 50 eV. The thic-kness of the

cool]ng region, ds, is approximately the product of the postsbock plasma
cool lng t)me scale, Tcool, and the postshock plasma veloclty. It IS belleved

that the fun.n”led flow case appl]es to the more lus]nous CV x-ray sources and

to the puls~ng system (e.g., the AM Her objects). As these types of systems
ere the best observed white dwarf x-ray sources, an understanding of the

structures of radlat]ve accretion shocks is clearly needed

It has recently been suggested that coherent, short time scale (0.1 to

several seconds) x-ray lum]nos, ty varlat]ons may be a common feature of the

AM Her objects because of an ]nslab]llty of radlat]ve shock waves discovered by

L.sn~er Chanmugam. and Shav]v (1981, 1982. hereafter collectively referred to

as LCS ) LCS showed that rad]atlve shocks are unstable under certain

circumstances ]n the sense that )f the shock front IS perturbed away from Its

steady stale equll]br]um poslt]on, the zuhsequent mot]on does not damp

Rather, the shock front oscillates about an ●qulllbr]um pos]tlon. For a power
] aw cooling function o! the form A E p2Ta, LCS reported that lf a < 1.6
r~d]ellve shocks were unstable. However, after re-analyzlng their results they

revised the l]m]t to a = O 6 (Langer 1955) Further studies of the csc]llatory

Instab]llty In the llnear reg]me (Chevaller and lmamura 1982, hereafter Clj

bnd In the nonllnear regime [Imamura, Wolff, and Durlsen 1984, hcreaft<r 1~)

also found lnstab]l]ty for smbll vhlues of a. The Cl and IWD results ● re ]n
excel lenl quant ltat Ive agreement w]th ●ach other and ]n reasonable hgreement

w]th LCS Cl and IWD found that there are several poss]ble oscillation modes
wh]ch they cblled. in order of increasing osc]llat]on frequency thd

Furldamental (F), the First Overtone (19), the Secor,cl Overtone (20), and so on

TtIe lowest order modes were found to be unstable for a .: 0 4, 0 8, and O @

res}~ect]l’ely LCS )soltited wh~t appeared to be the F mode ““ They d]d not find
ev]dellcc of overtone modes This d]sngreement between the cnlculrit]ons IS

prohb!)]y numer]cel 111 orlgln (see IWD) Both groups do asree, however , the[
Wherl th? domlnbr~t coollI~c mechnnlsm IS bremsstrah]ung (a = O 5), osc]]l~tory

ln~talj])]t)e~ ~~ he ●xc]ted In this work, wc use (he ]WD hydrodvnnm)rs code

ellr! ? )]US are assum]ng Ihat the F mode IS stable for bremsstrahlun~ dom)nated

SIICJC),

D1-emsslrb])lu]~g r.ium)nates the coollng in shocks produc?d by accret]cm
Weak]y

ontu

mngnet IC wh]te dwarfs of
‘ass 512 %“ How:ver, for dwarfs of mass

‘~ 1 J+, o(h~r procrsses such as Compton coo]]ng and electron thermal conduct Ion

can play nonneg]]glble roles )n the format)on of the shock structures (Kylaf)s
and LamtJ 19B2, Immurn Q U 19E15) Further, for st,r~~ly ,mngnet Ic wh]tr

dw~rfs, cyclotron ●mlsslon can dominate the coollng Thus , an assessment of

thr importance of osc]llntory lnstab]lltles to Whltc dwar f radlat]ve %hocks

requires the consldcrat-)on of thesr physl:al processes

lrnprovlng our uncterstandlng of this ]nstab]llty lS important becnusc of

th~ vn]ur an unamhjuuous observation of an osrlllatory ]nstabllity carrl~s

Os[I 1 latorv lnstabll]tles have perlocis whl(-h arc funcllons only of the dwarf

mnss, tl)r Ium)nos)ty of the sourrr, and the accretion geometry (In particular,

t)lc Surfn(’r arra of lhr emltt]ng region) Th~s , for a particular source, thr

ol)scrvet]on of an oscillatory )nstablllty constrains thrse paralmters (se? also
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LCS and Cl) 11 further constrains other system parameters in that It requires
upper 1 lrnlts on the Importance of stab] l]z]ng mechnn]sms , IIke ●lectron
conduct Ion, Compton cool :ng, and cyclotron emlsslon.

In this work, the stab] llty properties of radlat]ve shocks produced by

spherical accretion onto nonmagnetic Wi)]te dwarfs, as a functIon of the dw~rf

mass , M ., and the accretton rate, M, are studied, particularly, the effects of
electron thermal conduction (ETC), relat]vlst)cally correct brerrrsstrahlung, nnd
Compton coollng on the structure of wh)te dwarf accretion shocks, We note thel

spherlca
strongly

phra.metel

nc> more

(2I from

shocks

errl]sslun

The

results

IY sywunetrlc. nonmagnetic white dwarf calculations are relevant to the

magnetic AM Her systems because (1) accretion shock structu~-es .Vltlj
s appropriate to the AM Her objects have shock thicknesses which are

hen 10-301 of R., and so geometric ●ffects are usually negl]glble, and
observat Ions and theoretical ]nferences, lt IS be] leved thot the

n the AM Her svsiems are dom]nated by’ bremsstrahlung, not by cyclotron

rest of this paper IS orgen]zed as follows In Sect Ion 11. thv

of our 1 )near and nonl)near analyses of shocks w]th power law cool ]rrg

func (Ions fire presented In Section 111 t)]e results of our non) ]nc=ar

Cb

of

1, r

ru)~llons of wh]te dwarf rad]atlve sf,ocks nre presented and the mpl]cbt)o]]s

all c)f c)ur results for the AM Her objects are d]scussed In Secron IV, our

n[ Ipbl ronclus]ons are summarlzf 1
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(3)

Here x IS determined by the geometry of the radlat]on f]eld, fbb = ~b/Ltic[ ,

and Lbb IS the b]ackbody ]Umlnos]ty The va]u~s of fbb and x we used were
thken from Tables 2 and 4 of Kylafls and Lamb (1982).

b) ~~tab~l]ty ~ Md ~-rav w Surves

For the Compt on coollng and bremsslrahl~g case, white dW6rf accretion

shc,cks are unsiable to 10 and 20 mode osc]llntlons lf M. < (O 7?0,1) M(, for

T es = 14and]f M.~ (09tOl)MOfor~ =1 For the stabje model of O B MO.

T = 14, and the u;stablc model of O 6e~o, ~es = 14, the ratios of the average

CXiplon coollng losses to the average bremsstrahlung losses are O 40 and O 19.

rrspect ]vely These ratios Increase as M. andor Te~ Increase

Fur thp case where ETC, Compton coolln~. and bremsstrahlung arr b!]

)11( ludrd W!I]lP dwarf hr[rrtlon shocks are unstable tc, ]0 mode osclllbt]on:. for

M. , (() J:o ]) ML) for 611 of th~
‘es

we consider We note thht fol

M. , (! 3 M(, kTq . B kr\”. end thus such objects are not llkely to be strorl[

l,(,rd x-rhl SOUT(ZS Fur the Sibt)lr model M. = O 4 M() 7e< = 1, and t hf

Ul,.!bl ]t’ mod?] M, = O 2 M(, Te< = 1 the rat]os of the everagr-~omJ~lon rc)(lllri~

ii.:*. I(I thr- ~vt=re~e bremsstrtihiung lossrs are O OUBH anti o 0012 and the

,1! 1:,: of tll( cllrir.b(ter]s(]c t)remsstrfihlung crJol Ing time s(fIIF,

p~l< M. LE L

‘t)l A = (1 012 (–-):C–]( I-: , . ) seconds
b r M(, UC( L

(4)
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The 10 and 20 mod~s we stabilized pr”m rily by the ●ffects of ETC.

Because of the dlsslpatlve nature of ETC flux (=T l..! VT), it tends to smear out
temperature variations and thus is particularly cffectlve at damping out hlgh-
order modes. The ●ffects of ETC Increase as the dwarf Bass increases.

The x-ray IIght curv~ of the M. = 0.6 ~, 7e, = 14 Compton ‘cooling and
bremsstrahlung mo 81

t
1s p:~sented in Figure la. The l]ght curve ltminoslt]es

ore in un]ts of !0 ergs s and the times are in Units of -econds The

quantlt~ (ltiax-~ln)/O.?(~ax+~ln) for this model IS 0.28. This IS typical of
the fractional lumlnos]ty vnrlat]ons that we find The power spectrum of the
x-ray llght curve shown in F]gure la IS g]ven in F]gure lb. The Fourier powers
are normalized such that the average power IS 1 &nd the frequencies are in
un]ts of Hz The large peak at 6 6 Hz IS due to the damping F mode. If the

power spectrum of only the second half of the llght curve 1s taken , th]s

febture does not appear

The oscillation periods of the low order ntod~s fnr verlous M. and ~e< as

funct)o~s of Tbr. bre general IV well approximated by the relatlons 7F = 3 I;br

710 = 1 ‘7br’ and = 0 637br
found by the 1 lnear analysis of Cl for 672CI 2 0.5, 1 e .

coollng function ARpT bremsstrahlung At large ~=~ the
oscillation periods are systematically smaller than the values pred]cted-by the

llnrbr analysts, however This IS due to the ●ffects of Cornpton

(’nmpton

cool Ing

coollng shortens the postshocli plasma coollng time scale and thus

shortens To~C This ●ffect lowers Toec by ~ 207

c) Qbscr atlmdlm-llcetlmv c

When considering funneled accretlol. ‘Into ma~netlc whltc dwarfs ~everh]

po!nts n~pd to be kept in m~ncf (1) The qUEintltV (Lace/~) In tile ~br
rx~~fhsslor) (Eq [~]) shcluld be replaced by (LaCc./f~~, where f IS the fracllori
c~f thr dwhrf s sur!bce area covered by the Hrcrttlon funrle] This mod) f]catlon
IS Il(,cessbrv bt’rause

~], , ;}r
]s prlmarlly determlnrd by the density’ in t I)e

]IIJStS]lOC}. reFlorl 1s determined by Ihe nccretlon rale per square

crnt)mvtrr. not s)mply b:; thr ma~nltude of the arcretlon

r~dlfitlol) pr~ssurr

rate (2) T5t-

term (l-L ~[.r.I’~) III the Tbr ●xpression may usuul IV br

!Krlor?d, ht=cnusr In funnt=]ed n[cretlon ficms the effects of radlat]oll pressure

ril”t srno] 1 t=xfept under ●xtreme conditions (lmamur~ and Durlsen 19EtJ) (3) FCII

‘UIIII( 1~’d M(( rrtlon. th( statJI l)ty llmlt for tl]e bremsst rahlung ’Compt on corIl ]n~

(Ilsf Irl Irrms of thi’ WhIltS Lfwrirf mass, IS probnl)ly rlose to th~ l]mlt fuund by

t)lr’ T !!. =1 rul(ulatlons lndrprndent of thp TC% considered, brcflus” ttlt’

rt’llltlvr lm})r)rtance nf Cumpto:l LOU] Ing to bremsst;ahlung IS drterm]nt’cf by t]lt

mris:. of the Bt~ret)ng white dw~rf nnd lhe qunntltv (fbl,X) For optically thin
flows, ( f~~)xl - 1 regnrdl?~s of the genmetrv, wh)le for opt]ra]ly thlrk flows,
thr vBIIi~ of (f ~hx) dcp~nds on the ~eomrtrv of thr flow In funnrled acrretlml
flowk, [ ‘b@) intrensrs mrirr Slowlv With Teq than lt does in spherlcfil
H((retlon flows TIIJS lrssrns thr •ff~cts of (“nrnnton coollng on the Sho( k
stru[ tures as 7F< In[.reasrs (Imamure end IJurlsen 19F13). (4) Thr statlillfy

Ilmll for thr ET(’ And bremsstrahlunr/C’ompton COCIIInC case IS not affected hy
t)~r d: ffrltl]{r In grometry.

Tl,r I)?sl ●nrruv band I :) whlrh to srarrh for shock oscillations IS thr

x rnv IIllfurtunat?]y, 0111:: the x–my ●mlsslu]l from AM Her has been senrcht=d 011

ItIf’ ap])r[lprlnt r t Imr scales Th~ annlj-sls of th~ ~AO-Al soft x-rev

([) 1:1 [) 5 k~V) detn (Tuohy c1 L 1981) and HEAO-A2 hard x-ray (O fI-2Ll krV~
dtltll (Imamra d W 19P5) hns shown that there orr no lnrgr aml)i)tudr
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coherent perlodlclt]es lasting aver the duration of the observations. Other

AM }!er sources need to be analyzed. In the optical, two out of the ten AM Her
cbjects (AN UMa and E1405-451) show short time scale (0,4 to 1 Hz) features
(Mlddledltch 1982, Mason ~ ~ 1983, Larsson 1985, lmamura and Steimmn<ameron

1985) AN UMa and E1405-451 are variable at levels of about 2.4?? and 1.2Z

rms, respectively. An unambiguous interpretation of the optic~l results IS

dlfflcult, however. because the optical em]sslon may not be due to cyclotron

emlsslon produced in tLie shocked plasma It may be cyclotron emlsslon produced

h:gher up ]n the accretion flow. Temporal studies of the x-ray em)sslon from

these sources should help to decide whether the optical var]atlons are

physlca]ly re]ated to shock lnstabllltles.

IV Summary

We have determined the stablllty regimes for White dwarf radlatlve shock
wbves when cvc]otron coollng 1s relatlvelv unimportant (~10~1 Such shocks are

thought to applY to the AM Her svstems We find thcil spherical white dwarf
rad)atlve shocks (1) are unstable to 10 and 20 mode osrlllatlons If

M. . (O 7:0 1) MO, for Te= = 14, and lf M. < (0 9?0,1) M. for ~e~ = 1 when

Coml,ton cool lng and brefisstrahlung are considered. and (2) nre unstable to 10

mode osrlllatlons lf M, ~ (O 3?0 1) MO. for all ~=q considered when electron
th~rmfil conduction 1s lnclud?d

TtIfi osc)llatlon per)ods of th~ l~nst~ble modes are ‘lo = 1 ITbr and

~-..(, = 0 62Tbr For small ~oq, the effects of Compton coolln~ shrlrten rocc..
wh~ll comp~red !O thesr r;lbtlons Thr dependence of the periods ‘on Thl
~Fq [4]) IS lmport~nt because lt shows th~t If the eireb of the ●mlttlng region

tind L.h( ~ c a]) be dedu(ed and an osc]llatorv lnstab)llty obs~rved, the mass of
th~ brcr(llng wl])te dwarf can be inferred
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Figure }, (a) The x-ray light curve of the M, = 0.6 MO, Te~ = 14 ~odel, (b)
The power spectrum of the light curve in Figure la. The F marks the
fundamental mode , the 10 marks the first overtone, and the 20 marks
the second overtone,


