Dacembar 7, TS  LT:3L WWESPE - Prcesdinge Trim Size: 8.78in 2 550 procssdnga

CRAVITATIOMAL RADIATION FROM ACCRETIMNG
MILLISECOND PULSARS

LIATTHIAS VIGELITIS
LOMALD FAYTIE

ANDEEY RIFLATOS
School of .F"'lu:'l::,

Lrzcoarzcy of Aelbourne,
Parkedle, VIC 010 Awsfralia

muig:liuﬂpﬁu wcxunimelb.edo.oo

It s widwh cosiimed thed the olbisived jediictich of the mughetic feld of millseond
prbmis cun be conhected o the et etion pheose dining which the pubog & spun up b
mum wetsbich Homh o computoh. A wide atish of tedticloh mechuhbims hovw bean
Pioposed ihchiding the bl of the fad b o meghebie motibdadn, foimed wheh the
scctwbed mudbet i3 confined 4o the pole b the temion of the shells mughetic fs«ld. 4
maughedic motihted h sffect heb scteein the moghstic dipols momant. Oh the othet hend |
ohbosivaddohnl dede sitiggests thot cccieling beiifioh shis e soiiioem of gizedkdioha
marwa, uhd maghstic mounkiing e o kdiwal sotos of o imedependent quadiupols
momsht, e show thud the smisich & sificlenth: stichy o be debectalle e ot semrk
uhed hact gehet obion long- beseline i rhe deto mebes. Pralimins o sseuls fom fulb: thies
dimsnzicm] maghstchydiodymumic [FIHD ) dmuladiomn ate paisnted, Ve find that the
il seckrcmmebiic dede teheos indo o sk cedevmmelt e configredioh v ot cddul
mughetic mode. A stbrburbio quondiipols momant §s w4il present in the Aol sk,
which & stuble (b ideed FIHD modes) vwk highls: divkotbed.

1. Intro duction

De=pite considerable efort, an unequi~ocal direct detecbion of gravitational waves
(GW) imyetbo be achieved. The expected ware strain is several orders of magnitude
wreaket than the sensibivity of cittent inbs thtometiic debecbors] One poesibiliy =
to coberently inbeg mte the mignal of a conbimious sourcs . In this case the =igral-bo-
noize ratio increazss with the square oot of the cbesration Hme.”

A vatiety of physical mechamismes for the generation of conbimious gravitational
wraves have been propossd ** among them nemas sy mmetric distotbions of the new
trom shar crush, sither die bo betmperabire varistions®® or strong magnetic fialds,”
t-mmode instabilibies 1 or free precession 1513

A promising GW sorce wras tecently sggesked by boro of 114 Matber accrebing
ombo a neutron skar in a low-mass X-ray binary (LWOE) accumulates ab the mag-
nebic poles imbl the lakitiudinal pressige gradient oretcomes the magnetic temmion
and the pla=ima spreads equatorwards. The osemin magnetic field is carred alomg
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with the spreading matb=r, and & therefore compressad, 1kl the magnetic teo=ion
= again able to coimterbalance the thetmal pressiare. T his configiration is termed
a magnebic moimbain 1%

It i= motirated by o independent facks: (i) the magnetic moment= of n=ubron
stars decreasze with accreted ma=="% (i) the chesrved cuboff ab ~+ TO0 Hz in the
spin frecquency distribution of LW Bz — much slower than the breakup fequency B

We ecamine the prospect of debechion of GVW from magnetic moimtans in sschon
2. In s=chion 3, we= pres=nt preliminary resilts from filly thieedimensional magneto-
krdredy namic (MHD ) simmilations.

2, Grawitational radiation

A typical mountain with M 72 10 Mg and a pre-accretion dipolar magnetic fisld
of B = 10F can provide™ a gravitabional eliphicity « = |1 — K|/J1 7 107% whete
I, Iz are the prindpal moments of inetha | considerably higher than the deformation
a cotrrentiomal neutron star could sustan fe 72 1077 a2 a respones bo sheatr-strain
and emly surpamsed (e 72 107 by scobic solid strangs stars 17

The chatacketistic GW shrain'® iz defined as ko = (128+% /18)V 3G, = F/(deY),
whare I, 72 10%% cm” i= the principal moment of mertia, F the frequency and 4
the disbance of the object. Fig. 1 (left) shows e az a hmchion of § ab a diskance
af d = 1kpe and a moimisin mam of 10 Mg = M. = 107 My bogether with the
design sensitivities of LIGO and advanced LIGO for a cohstent inbsgration timne® of
107 &, Even a motmtain with a comparably low bobal mass of 3 #2 10753 sheuld
b= cleatly wi=mible for a spin feqiency £ = 200 Hz. We therefore expeact a ditect
detection of W from magnetic mountaines with LIGO.

3, Three dimensional hydromagnetic stability

Surprisingly, the diborbed magnetic configurabion iz skalle b axisyoometric
modes, 1 Hoerever, the full three dimensional hydromagnetic stability is vt o be
ecammed. We perform three dimemsional simialabions by loading the axisy mome=tric
configiitation inks the ideal MHD code —EUs-kip. A preliminary resilt iz displayed
i Fig. 1 Ing]:ﬂ:l Shovn iz the fime svolubion of the thres carbesian qu.:.drupol:
metments o, Gm, and iz, defined az @ = [d2 (3ziz) — 7785 ) plx), whers
p denobes the density, After a viclent transition phass, the sysbem sebbles dowrn
into state that sHll has a comsiderable quadiipole moment. Furthetmore, the small
magnitide of the off-diagonal element 12 (which vanEhes for an axisrmome=tric
confiuiration | siggests, that the mounkain iz shll nearlr adsrmoetne (deviabing
'b:.' f2 ] per CE:D":I

We tentabivelr inbetpret thess [very pr=limnaty) resuls a= a fitgk procfof three
ditre rmicnal shability, Horerer, the influence of resisbivity kil needs to be eccamined.

*Thi & cintentk oo o phimbitic dus to compukdicnzl Emitzdiom . The 52 11n manag=d to techics
afive hotn sbtemm of dede ¥ Improveiments cow e pacbed Uaing sdded compiidione] teso i e wnd
hist zachien] smn ch o ogien
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Besistrr= ballooming and resistive Bayleig b Taylor modes may allowr plasma slippags=

e

a shett bimescals. Mon-ideal MHD sitmilabions to itrcestigate these efects are

cinTe :I:r|:1:.' ind =TTray.
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