A Basic Condition for Jet Formation in
Accreting X-Ray Binaries

M. Kaufman Bernadét* & M. Massi!

Max Planck Institut fiir Radioastronomie
“Humboldt Research Fellow

December 2006 - MPIfR



Kaufman Bernad6 & Massi, MPIfR-Bonn, Dec 2006



JET FORMATIO/N
P, < P,
Quantification of

the Magnetic Field
—

—
Magnetic Field
Upper Limit

Alfvén Radius J
\ R
\ Neutron Star
The Basic Condition Surface Radius

Kaufman Bernad6 & Massi, MPIfR-Bonn, Dec 2006




60°
50°
D:* AOO 2
~ J Z
2 00 Atoll Souse€s 2 {/;/,/////'
2
, >< ,';",':Il';"ll,,;;;l';;;l% ///,///,// “
29 T =
0 ~
10 =5 \\
s H(
0 \\&O
tens WO
Ity =
[e]) N

Kaufman Bernad6 & Massi, MPIfR-Bonn, Dec 2006



A Basic Condition for Jet Formation
in Accreting X-Ray Binaries

M. Kaufman Bernadé"” and M. Massi'

Max-Plamck-Institut fiir Radioastronomie, Auf dem Higel 69, D-53121 Bonn, Germar
Humboldt Research Fellow

ntrodill the e of a well-known parameter, the Alfvén Radius - R, as a new tool to discer whether an X-ray binary (XRB) system may undergo a microquasar phase, i ¢. ejecting relativistic particles orthogonal to the
A e iy amvaron o (N9 o a blck o BH)as the compact object and low- or high-mass stellar companions are considered. We study what we call the basic condition. R,/ R.=1 0r R /Ry, =1
inits deflendeBEJWith the magnetic ield strength and the mass accretion rate and analyse thesd results ina 3-Dand 2-D plot.

With thi BiSic coldtion we establish under which combination of parameters any class of ackreting neutron stars could become a microquasar instead of confining disk-material down to the magnetic poles and creating the two.
emitting@aps typidl foran X-ray puls;

Inthe oriscle accrtingbiraies we corsidertheevlution ofthe mgnti i srgthand he massaccrtion ot ndethe b conito o erent values o he ompect bt s, Ourarlysis s mporta
implicationifastitase o s ar et bserved i suchasystem one st exclude s the compactengine neatronstar with itheralow magnetc el (ecause offetime onsierations)or with asrong
SRR oriciiono b et conditon R | R -1 11 gh s X.ro Fipry (1IN associaed withamicroquasar, he aceretor must herefore bea black hole.

tren@ihf thelfarge-scale poloidal ield must be low enough, that the plasma pressure, P, dominates the magnetic field pressure. P, Only under that condition, P, < P,.the differentally rotating disk is able to bend the
magneticleldfigelina magnetic spiral (Meier etal. 2001).
Because df the Jiieasing compression of the magnetic field lines, the magnetic pressure will grow and may become larger than the gas pressure on the surface of the aceretion disk, where the density s lower. There, the magnetic
field becdnasiefive" (i . dynamically dominant)and the plasma has to follow the twisted magnetic field lines, creating two spinning-plasma flows.
!

The distari@at whigh the magnetic and plasma pressure balance each other s called the Alfyéigddius, Using this magnitude we define what we call the basic condition forjet formation, R /R-=1 or R R, i the case of NS or
BH XRBsfedpectivily, with R. the NS surface radius, and R,., the radius of the BH lastsfable orbit. Imposing this condition we can guarantee that P, P, isvalid all over the disk not only from a certain distance onwards. R /R
RR,..~1 ghslige B the magnetic fieldlines wil then b twisted close to the compaBtobject.

The Alfvéfagili§depends on the strength of the magnetic feld, on its (bipolar 6 multipolar) topology and on thie mode of accretion (spherically symmetric or disk-like). We will studied this dependency of the basic condition with
the magne G8fiidh he massaceretionrate Thisatlowed s (o stablish angWHICHCOTIH0n OF these AR crs S and BF XISy o microquaear pase,

1
NEUTRON STARKX-RAY BINARI

f @ microquasar}.an accreting compact

Equating the magnetic presSirciB#r. with the plas e ar or a solar-mass black hole). & donor star and radio K CRAY
candeduceanexpression forfgAIREn Radius i classical BLACK HOLES X-RAY BINARIES

magnetic field (=10 G) emitting X-rays at the polar cups. Figure not
drawntoscale.
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fora NS with M. 1 44M, and R, 9kun (Tiarchuk & Shaposhni
- We evaluate this lation for different value ofithe mass of

W
Neutron Stars: Acretion Rate and Magnetic Field Strength
e e R I T stellar-mass BHs M| and we gt the followingi2-D plot

pulsars
s 00010001
0DMEH 0.7 Flonhar forthe ot ocmaionproces o s e Xy s i,
black holes (BH) and neutron stars (NS) X-ray state names, are mentioned. In
Atoll source i cose i ncuronsioes e distmcton erwesnaioll G A o 15
Island State / HB ~ Horizontal Branch, NB = Normal Branch, BS B
Banana State /B~ Flaring Branch.

[a] Makishima et al. 1999 [b] Chafalry & Morzan 1998 [c] Lamb & Yu 2005
{d] Gilfanov et al. 1998 [e] van Gl 1996 [1] Zhang & Kojima 2006
van der i 1994 0] Tiarc ke 200

fthe Table {8l sbove equation we obtain a 3-D plot of

Insertng the values o
the parameter R,/R. as function ofibotll. V\mqummmm and the magnetic field o

rmation of this 2-D plot in the NS XRBs 3-D plot
R ft compltely i the so called "whie”
i where potental microquasars can exist

CON TONS & IMPLICATIONS

e have analysed the possitility for an XRB to undergo a MQ phase, i.¢. o generate a jet. The relation between the P, and the P, was studied using the R ,/R. ratio. We reac
following results
«Theassociation ofaclassicd X-ray pulsar orany neutron star witha trong magnetic feld (i.¢. B~ 10°G) withajet isexcluded evenifthey accrete atthe Eddington critical rate
«tis known that Z-sources, Jlow” magnetic field neutron stars acereting at the Eddington crtical rate, may developajet. We quantified the magnetic field strengthto B = 10°%C
* Althoughjets have not beenobserved inany Atol -sources,they are potential sources forajet o be generated for B= 10”'G
 isnotuledoutthatailsecond X-1ay pulsrcouddevelopattest forthose sorses where B~ 107G, Inthis cae themilisecond X.cay plsarcoldswichtoa microqusar
phase during maximum acerttion rate. The millisecond source SAX 11808 4-3638 with sucha low B, shows in facthints for aradiojet
The "white” area R /R.~1. This is the region, whe
theaccrtionrate and the magnetighcld strength are combined n sucha
way thatthe stellar field is now B8 dynamically important Thisanalysis has two further mplications
This mesnsththe whie egin sthe prtof e parametrspace where
potenil mcroquasas canexst. One At this egioni cather
small for the given larg metic field strength and ma:

«Stellar-mass BHs XRBs are completely included in the so called “white area” of our 3-D plot where potential microquasars can exist

« Thefirstrefersto the naturg of theaccrctor in MBS microqusers
The decay time of the ma trength ofa NS isabove 10°yrand, thus, much longer than the lifetime of the massive companion star, Therefore, any NS ina HMXB system has
anunevolved. strong magnetic field VnHw\mlnunumlu ions, aneutron star with a strong magnetic field cannot produce ajet

ed.

ecretionrate This implies thatall the HMXBs where a et s detected must be black hole pow

 Thesscond mplction fduanlyss e otheposiiity ofts inms .1 plsars, O ofthe majoropenissues conceming il scond pulsar s heabsence(and possblenon-
senceof sub-milsecofd pulsars. 1 hejet hy pothess s inaily proven, then hejtmight beth sutable agent of angular morentum ink a it happens inthe bipolar utlows rom
oung stellar objects where fhe transport rate of angular momentum by the jet can be two thirds or more of  raneport rate through th elcvantpoton o the sk (Wortacet
22005)




