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Plan

• Introduction: gamma Cas
• Quasi-spherical shells around NS
• Propeller in quasi-spherical shells
• XMM/NuSTAR observations
• Evolution of gamma Cas
• Conclusions 
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Gamma Cas: 
Factsheet 

• Brightest Be-star
• B0.5IVpe ~16 M



• Binary system P=204d, e<0.03
• Mx~1 M



• Prototype of X-ray Be-stars 1032-1033 erg/s with 
(multitemperature) hot optically thin thermal spectrum 

• (Lopes de Oliveira+2010)
• no pulsations
• Accretion onto NS or WD? X-rays from the Be-disk?
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A model: quasi-spherical 
accretion onto a rapidly 

rotating NS
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Accretion Bondi-Hoyle-Littleton
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Bondi (supersonic) accretion 
regime

• If plasma cooling time << free fall time 
• Free fall with velocity ur=uff 

• Shock close to magnetosphere (hs<<RA)
• RA is Alfven radius determined from ram and 

magnetic pressure balance 
• Plasma rapidly cools and enters magnetosphere 

due to Rayleigh-Taylor instability (Arons, Lea’76)
• Plasma carries angular momentum

(Illarionov, Sunyaev’75) 

• Happens at high X-ray luminosities Lx> 4 x 1036 

erg/s

2~ binary Bj M RΩ
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Subsonic settling accretion without shock near magnetosphere

Convective isomomentum
shell    ω(R)~1/R2

Matter subsonically
settles down inside the 
the shell with radius ~RB

1/3

~ ff
Bondi

cool

t
M M

t
 
 
 

 

cool freefallt t>>

Shakura et al. 2012

PNS-2017



14.07.2017 8

Settling subsonic accretion 
regime

• If plasma cooling time >> free fall time
• Settling with velocity ur=f(u)uff, f(u)<1, 

determined by plasma cooling rate (Compton 
cooling, radiative cooling)

• f(u)≈(tff/tcool)1/3

• Happens for moderate X-ray luminosities 
Lx< 4 x 1036 erg/s  (Shakura, PK+ 2012)
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Vertical structure

• Hydrostatic equilibrium

Adiabatic solution: 
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Properties of magnetospheric 
shell

• Density

• Temperature

• Emission 
measure
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Propeller regime in quasi-
spherical hot shell

• Separate variables (L&L IV)
• 
• Integrate:
• No accretion: 
• Viscosity:  
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Rotation law in the shell at propeller 
stage

• NS spin-down law:

• Spin-down time:
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Summary of expected hot shell 
properties
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XMM+NuSTAR simultaneous observations
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Torrejon et al, in prep.

34 ks
30.8 ks



X-ray time variability
• RXTE power spectra (from Robinson & 
Smith 2000)

• Hot shell:
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Evolution of γ
Cas binaries
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Propeller from stellar wind
γ Cas stage 

Accretion from stellar wind 
X Per stage

Formation of a Be-star

ECSN, low kick



Conclusions

• At Lx<4x1036 erg/s direct (Bondi) accretion 
on magnetized NS magnetospheres from 
stellar winds in HMXB is hampered by the 
need for plasma to cool  settling 
(subsonic) accretion 

• X-ray evidence for hot plasma shells in 
non-accreting (propelling) gamma Cas stars

• Evolution: low-kick ECSN  gamma Cas
(NS @ propeller)  X Per long-period 
pulsars in BeXRB (NS @ accretion)
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Back-up slides
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Disk accretion  

• Always occurs in Roche-lobe filling 
systems

• In wind-fed systems, condition for 
disk to form: specific angular 
momentum of captured matter > 
Keplerian value at the magnetosphere 
boundary 

PNS-2017

2~ binary B mj R GMRΩ >



14.07.2017 20

Disk-magnetospheric interaction
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Wind-fed accretors
• Matter is captured from (generally inhomogeneous) stellar 

wind. 

3D, Г=5/3, Blondin & Raymer 2012
PNS-2017



14.07.2017 22

Angular momentum transfer. 
I. Strong coupling

• Magnetic torque

• Turbulent m.f. diffusion:

• 

PNS-2017

K2~7.6 , 
(Arons & Lea, 
1976) 
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Non-equilibrium 
pulsars

1) Maximum possible spin-down rate

2) From the condition 
 lower limit of NS magnetic field :
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Thank you for your attention
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ms QPOs from convective shells

• The characteristic time of X-ray variability is 
fully determined by the variability of physical 
conditions at the magnetospheric boundary, ~ 
free-fall time from Rm. 

• In corotating X-ray pulsar 
magnetospheres, tff(Rm)~1/ω*  fQPO~2π/P*

• Examples of observed QPOs: HMXB IGR 
J19140+0951 at low state (Sidoli et al 2016)+ 
JMT talk yesterday
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