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Intrabinary Shocks in Spider Pulsars
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What are Spider Pulsars ?

e ms-Pulsar & low-mass
companion

* Orbital period <1 day

* Relativistic Pulsar striped wind,
corrugated geometry, Parker
spiral

-« Pulsarwind irradiates
companion inducing a
compahnion outflow

 Colliding winds form
L intrabinary shock region (IBS)

Al genéerated

:  Orbitally modulated
nonthermal X-rays



What do we observe from Spider Pulsars ?

Multiwavelength (gamma-ray, optical, IR, X-ray)

ﬂ HHHI ~ 100 observed spider systems
: i HHH Correlation of spin down power to X-ray luminosity

ATNF pulsars
ATNF binaries
- Classical death line
Outer magnetosphere death line
BW ' 5 —————
RB , ¥ S /”' - | —— RB+RBc slope = 0.91+0.27
g 2, T —— BW+BWoc slope = 0.52+0.16
BW (Chandra)
BW (Swift)
BW (XMM)
BWoc (Chandra)
A HM (Swift)
® RB (Chandra)
. RB (Swift)
RB (XMM)
RB (eRosita)
RBc (Swift)
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https://doi.org/10.3847/1538-4357/ae08a5
https://doi.org/10.3847/1538-4357/ae08a5
https://doi.org/10.3847/1538-4357/ae08a5
https://doi.org/10.3847/1538-4357/ae08a5

Why are Spider Pulsars special? Lengthscales !

Current sheet
Intrabinary shock region

Alternating magnetic field

Low-mass
companion 10%x closer than in the

Crab Nebula !

dgiss ~ 1032~ d
— still magnetized !
(e.g., Cerutti+2020)




Existing approaches capture parts of the problem

Geometric / emission Pulsar wind dissipation Wind-wind interaction

%N

Guerra+2024

Kandel+2019

Sullivan+2025
Hvan Bogovalov+2019

¥ dissipation + nonthermal ¥ Global structures
acceleration Axisymetric + Hydro + no

local box + plane parallel waves + no | Stripes + not spider regime

Y B P T

¥ shock shape © observation
imposed shock shape



Our work: 3D General relativistic magnetohydrodynamics

simulations
Oblique spinning magnetic dipole Relativistic magnetized striped wind
W Latitude dependent wind momentum flux
Y =/ Magnetic polarity imbalance
s BN Radial incidence angles

IBS formation through interaction with
companion outflow

W IBS geometry
V7 |Pulsar wind energy conversion

W/ Properties of outflows
.Synthetic emission
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3D pulsar wind forming IBS with companion




Varying companion latitudes
t=1200

[£c=3n716] ppp | = am1e]




Contact surface geometry through spherical shells

- €c=0
—_— & =116
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Pulsar wind dissipation

t=1200

E.=2n/16 E-=3n/16 E-=4n/16
/2

log1o (B)

Lem - EM luminosity though pulsar-centered spherical
shells

ALgm=L"W-Lgy - EM luminosity deficit relative to isolated
pulsarwind (PW)

~0-40R ¢ : Unshocked PW

~40-60R: Post MHD shock pre-apex compression
~60-100R|: Post apex bowshock interaction
Strongest conversion rate near apex

Local balance of stagnation and advection of incident
annihilable flux governs local reconnection efficiency
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Puls ir wind dissipation

t=1200

E.=2n/16 E-=3n/16 E-=4n/16
/2

— PW

——F=10
E.=n/16 Lem - EM luminosity though pulsar-centered spherical
— EC — T[/8 shells
—— £.=3m/16 ALgm=L"W-Lgy - EM luminosity deficit relative to isolated
B . pulsar wind (PW)
§e=T1/4 ~0—40R,.: Unshocked PW

~40-60R: Post MHD shock pre-apex compression
~60-100R|: Post apex bowshock interaction
Strongest conversion rate near apex
Local balance of staghation and advection of incident
annihilable flux governs local reconnection efficiency

log1o (B)
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Synthetic emission (preliminary)

N.=\/F3+F3/F[1071]

0.4 0.6
orbital phase

—-750 =500 -250 0 250 500 750
Xsky
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  𝜆   ~     10 8 cm


  a   ~     10 3 𝜆


  R   ~     10 2 𝜆


  d   ~     10 3 𝜆


  a   ≥ d ≥ R ≫ 𝜆


    10 6


   d  d i s s   ~     10 3 𝜆   ~   d

