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Spider Pulsars

* MSP in binaries with orbital periods P, < 1 day
* Low mass companion M, < 1 Mg,

* Pulsar irradiates the companion via high energy
EM emission

* Intrabinary shock may form between pulsar and
companion

Kluzniak et al. (1988)
van Paradijs et al. (1988)
Roberts (2013)
Wadiasingh et al. (2017)
Kandeletal. (2019)

Hui &Li (2019)
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Spider Bifurcation

Black Widows

* Shock wraps around
companion

Redbacks
« M, ~0.1—0.4 Mg

* Shock wraps around
pulsar

Wadiasingh et al. (2017) 20f17
Kandeletal. (2019)



Global Picture

eT injected into shock from pulsar wind
e® radiate beamed synchrotron X-rays

Bridge
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e¥ flow time: tr ~5s
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Outline

* Part | - Intrabinary shocks as a pulsar wind
probe

* Part ll -Numerical modeling of black widow
Intrabinary shocks in 3D

* Part lll - Pulsar wind properties from redback X-
ray observations
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Part |

Intrabinary shocks as a pulsar wind probe
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Local shock particle acceleration
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Global intrabinary shock models

o Semi-analytic 3D geometry
-m, fOr Redbacks and Black Widows
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and polarization patterns

PIC for Black Widows in 2D
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Part lI

Numerical modeling of black widow intrabinary shocks in
3D

8 of 17



3D Shock Modeling in PIC

Uncooled

t = 3262.5 w,

Yrad = 30

By(z,t) = Bytanh {%(a+cos (M)}
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Particle and Emission Spectra
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Polarized Emission Patterns
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Part |l

Pulsar wind properties from redback X-ray observations
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Orbital Phase Modulated Emission
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High energy spectral features

* Synchrotron cooling break at energy E,
e Spectralindex increases by AI' = +0.5

3 [ m2c’h ’ Ey ~3 ty ~3
B = — € ~ 65 G —
“58eL 5 <e7Ebt§> (10keV) <3s)

* Exponential cutoff at energy E,

* Scale spectra by exp(—E/E;) )

E. \2Z / B \ 2
=2 x 10° ( < ) (—)
VYmax 100 keV 65G

Sullivan & Romani (2025)
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Models with high spectral features

50 J1723-2837 a0 J2215+5135 -~ J2339-0533
$ Eouss X 0 X 0
$ E.ss F35
$ By 1
40 . F3n 401 40 ) 10
o 2
N by i 25 % g 20
= 30 30 1 . 30
£ 20 3 O
g - , 3034
= 20 20 20
F10 5 10
10 5 10 6 10 X L
E { I $ Eyss ¥ Egss
X Fo ¢ E.igs 1 ; 7 2 E.ss X
No break Ea:lws Eh.);BS. E{.‘.IIBS Eb:);h’_'a\ No break Eb:lfb’_"a' E(::;‘Bfa' Ey s, No break Eb:lws Eum Eb:IIBS_-
Eio E.rns E.ips Eerps
. 5 5
Object Brc(10° G) T'yims T'o Eyies (keV) E.rps (keV) Brgs (G) Ymaz (10°)
J1723—-2837 1.6 0.8570-13 1211006 75131 > 32 3812 > 2.2
J2215+5135 1.2 0.847015 1.29171¢ > 9.5 > 1.0
J2339-0533  0.73 0947018 1711042 > 35 > 1.9

Sullivan & Romani (2025)

150f17



Magnetosphere constraints

A\ ', PN\'/B
~ 5(_ LC -
Tpw = 3 X 10 <1o3> (2 ms) (105 G) Ymax

x 1 & xmm S
$® NuSTAR - o
¢ INTEGRAL ({Total) ot
Pail’ mUltipliCity - |'!| INTEGRAL {Quiesscent ) Jlr-""
J1723-2837 T L
Synchrotron cooling break: B;gs = 40 G = ::;"iii
Spectral cutoff: ¥,qy > 2.2 X 10° e £ I
Reconnection: 1 < 2.3 x 103 = T oal
= Y.
1L 12
J2215+5135 J2239-0533 ], 117930837
Bigs = 70 G B;ps < 60 G m_j" - -
Ymax > 1.0 X 10° Ymax > 1.9 X 10° Eneray (keV)
1<28x103 1 < 8.0 x 1072

Sullivan & Romani (2025)
160f17




Summary

* Global 3D modeling provides testable predictions for
intrabinary shock emission

e Spectralfeatures' < 1.7
* Polarization patterns - PD > 20%

* High energy X-ray observations probe physics of shocked
pulsarwind

* Emission spectralindices ;3¢ ~0.8—-09—p ~ 0.6 — 0.8
* Cooling breaks Ej, = 5 — 8 keV >*B;jgs =40 —70G
* Exponential cutoffs E. > 10 keV > Vmax > 10°

* Observations constrain MSP magnetospheric properties:
* Pulsar wind magnetization: ¢ > 10°
e Pair multiplicity: 1 < 2 x 103

17 0of 17
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Pulsar Wind B

| |
* Windregionatr > R; . \ l ‘ ,.

* Magnetically ’ 8
dominated o > 1 / \

1
°B¢OC;

e “Striped” for oblique
rotator

190f17

Bogovalov (1999)



Intrabinary Shock Geometry

* dE, =-2%sin*" 0, sin0'd0’
4Tt

¢ = constant

e Assume momentum flux I =

| dE, balances companion
wind f,(r)

. fC(T') _ Mv,,

41T Romani & Sanchez (2016)
Kandeletal. (2019)
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3D PIC Movie
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Polarized Emission

e Compute Stokes Parameters
S % 2 (5 (o 2
* Q= (L= L€ Lproj)” — (e (7 lpmj)) ]

A

k L 2
U= (LJ_ — LII)[(é) ' lproj,45° )2 — (e ' (n X lPTOJ';45°)) |

* Polarization degree and Polarization Angle

[y O

L
U
e y = arctan, (5)
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a=00vs.a =0.1

Flux
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