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N E U T R O N  S TA R S ’  M A G N E T I C  F I E L D S

• 2/3 hot spots only in the southern 
hemisphere

NASA’s Goddard Space Flight Center

NICER 
observations 
J0030+0451
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P U R E LY  
P O L O I D A L  

F I E L D S  A R E  
N O T  S TA B L E …

Riccardo Ciolfi (2014)

• Typically, purely poloidal fields are considered

 non-dipolar magnetic field!⟹



• purely poloidal (P)aT = 0 →

4

More general scenario with exterior dipole 

A = aTAT[r < RNS] + (1 − aT)AP

M A G N E T I C  F I E L D  M O D E L S

[x] = {1, if x is true
0, otherwise

Rainho et al. (arXiv:2510.17511)
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More general scenario with exterior dipole 

A = aTAT[r < RNS] + (1 − aT)AP

• purely poloidal (P)aT = 0 →

• no exterior componentaT = 1 →

M A G N E T I C  F I E L D  M O D E L S
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More general scenario with exterior dipole 

A = aTAT[r < RNS] + (1 − aT)AP

• purely poloidal (P)aT = 0 →

• no exterior componentaT = 1 →

M A G N E T I C  F I E L D  M O D E L S

• linear superposition (SP)aT = 0.5 →

[x] = {1, if x is true
0, otherwise

Rainho et al. (arXiv:2510.17511)
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• ”tilted” toroidal until 
~  (T )
aT = e−( r

r0 )
2p

→
r0 r0
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M A G N E T I C  F I E L D  M O D E L S

• linear superposition (SP)aT = 0.5 →

• purely poloidal (P)aT = 0 →

• no exterior componentaT = 1 →

More general scenario with exterior dipole 

A = aTAT[r < RNS] + (1 − aT)AP [x] = {1, if x is true
0, otherwise

Rainho et al. (arXiv:2510.17511)

r0 ∼ 0.95rNS

TO COMPARE THE DIFFERENT 
CONFIGURATIONS, SET 

β−1 ≡
Pmag

Pgas
= 0.003125

https://arxiv.org/abs/2510.17511


N U M E R I C A L  S E T U P  F O R  G R M H D  S I M U L AT I O N S

• Initial data from COCAL 

• EOS: SLy and WFF1 

• Illinois GRMHD code 

• BSSN formulation + 
puncture gauge conditions 

• Ideal MHD
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E L E C T R O M A G N E T I C  S I G N A L S :  I N C I P I E N T  J E T
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G W S :  S P E C T R O G R A M
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f2 Additional mode
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f2i

Excitation of modeRainho et al. (arXiv:2510.17511)
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G W S :  F R E Q U E N C Y  S H I F T S H I F T  I N  T H E  
P E A K  F R E Q U E N C Y !

f2
f2i
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(H
z)

f 2i

G W S :  D E T E C TA B I L I T Y  O F  
T H E  S H I F T

P E R F E C T  M AT C H  B E T W E E N  
I N J E C T E D  A N D  

R E C O V E R E D  S I G N A L S

• BayesWave algorithm [N. J. Cornish and 
T. B. Littenberg, 2015] 

• Third-generation detector Einstein 
Telescope 

• Optimal sky location and inclination 

• Distinguishable up to ∼ 50 Mpc

12 Rainho et al. (arXiv:2510.17511)
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G W S :  A D D I T I O N A L  M O D E

SECONDARY 
PEAK

f2
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G W S :  D E N S I T Y  E I G E N F U N C T I O N S

m=2
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G W S :  D E N S I T Y  E I G E N F U N C T I O N S

m=2 Additional mode
Not an 
overtone!

Stergioulas et al. 2011

m=0

15
Rainho et al. (arXiv:2510.17511)



G W S :  D E N S I T Y  E I G E N F U N C T I O N S

m=2 Additional mode
Not an 
overtone!

Stergioulas et al. 2011

m=0
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Rainho et al. (in prep)

• The additional mode 
observed is a non-
linear coupling of 
the m=0 and m=2 
modes



C O N C L U S I O N S

• Poloidal field inside important to the formation of an incipient jet. 

• Different magnetic fields lead to a shift in the GWs’ peak. 

• Some GW peaks might be distinguishable by future detectors for closer 
events. 

• Hot rings correlate with regions of convective stability

ianrain@uv.es
Thank you!



B A C K U P  
S L I D E S
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V E C T O R  P O T E N T I A L  E X P R E S S I O N S

•  

•  

•

A = (1 − aT) AP + aT AT

AP =
π ϖ2 IP r2

P

(r2
P + r2)3/2 [1 +

15 r2
P(r2

P + ϖ2)
8 (r2

P + r2)2 ] ̂eϕ

AT = 2 IT log ( 2 rT

ϖ2 ) max(P − Pcut,0)nb ̂ey
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I N I T I A L  D ATA
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R E S O L U T I O N



E L E C T R O M A G N E T I C  E N E R G Y

21

Rainho et al. (arXiv:2510.17511)
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E L E C T R O M A G N E T I C  L U M I N O S I T Y  
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Rainho et al. (arXiv:2510.17511)
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E L E C T R O M A G N E T I C  S I G N A L S :  E J E C TA

• At 20 ms after merger: 
 > > 

 >  

•  

Mejecta(P) Mejecta(T0.5)
Mejecta(T0.95) Mejecta(SP)

Mejecta(WFF1) > Mejecta(SLy)
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Rainho et al. (arXiv:2510.17511)
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R O TAT I O N A L  P R O F I L E S
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Rainho et al. (arXiv:2510.17511)
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W AV E F O R M S  ( C A S E S  T H AT  C O L L A P S E )
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W AV E F O R M S  ( C A S E S  W I T H  L O N G E R  L I V E D  R E M N A N T S )
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t − tmerg = 40 ms

E M  S I G N A L S :  J E T S  C O N S I S T E N T  W I T H  S H O R T  G R B
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• Larger poloidal 
component  cleaner/
wider funnel 

• Largest Lorentz factor for 
pure poloidal case 

• No jet yet for SP 

•  

•  > > 

 > 

→

LEM ∼ 1051 − 1052 erg/s

Mejecta(P) Mejecta(T0.5)
Mejecta(T0.95) Mejecta(SP)

Rainho et al. (arXiv:2510.17511)
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