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Estimating the magnetic fields

= Spin-down of a spherical isolated NS:

2 6
PP = 4“5 - B*- (k, + k,sin’ o)
Ic

= The magnetic field strength
(at the magnetic equator):

- .
B :\/ sz\Lng)X\/ PP_

4n° R (M) | k,+k,sin"a

A

equation of state mass magnetic obliquity



Estimating the magnetic fields

The logarithm of the magnetic field:

log B (P,P,M,0) = logB,4(P,P) + A (M,a)

additive correction depending on the
accepted EOS, NS mass and obliquity

Standard «magneto-dipolar» formula:

~ : 31,c . 19 | —=—
B_,(P,P) = — PP = 32x10°VPP Gs
81 R, sin” a,

R, = 10 km, I, = 10® g-cm?, a, = 90°

\~



Correction AB constituents

. 2 . 2
L4y o< B (ko + k,sin OL) Spitkovsky, astro-ph/0603147
ko = 1, k, =~ 14 Philippov, Tchekhovskoy & Li, 1311.1513
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— ZJMO03 approximation
- -~ Isotropic obliquity ]
“ Rankin (1993) data for 149 pulsars -

= Distribution of the magnetic “
angles is based on the data by
Rankin (1993) with their
parametrization by

Zhang et al. (2003)
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“ |sotropic a was also checked out.
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NS masses and equation(s) of state
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AB distribution(s)

0.1
b p(Az), ZIM03 obliquities 1 .
0.08 = p(Ag), isotropic obliquities | Distributions dverages:
= ool [ (AE™Y =~ —0.55 ... -0.25 dex
2
2 00| —
i| Distributions widths:
0.02 f
| Il o[ A%™] = 0.06 ... 0.09 dex
00 0

Mixture PDF for all 22 considered EOSs:

p(Ag) = ) w;p(Agleos) = Ap = -037+0.10 or B = %Bmd
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Properties of A

m

D

D

A (M, a) does not correlate withB_,(P, P)

<A > is the same for all pulsars

(when a particular EOS is adopted)

G[AB] can be considered as a formal

Obliquity correction Agpyg

precision of the magnetic field
estimation for an individual pulsar

AB, Astashenok, G. Beskin, 1702.00018

I o
°
—0.05 | G INEee S =
- 0, @ P
o [+1-] %;ﬁa% [+
@ ‘:;ouo e
_ﬂ'l i f - [+] =
| o o Ggﬂ a ]
o ?{? D%n P
' o 20 3,0
_ﬂ'.IS e [+ o & o =
o
00 08 8l
3‘05" 4
I 1P wn o o ot s | o ]
| Yoo &, COR L T
e o® '-T"Fii ﬂ"* r_‘.i' : 1
| LR o .i‘ . * Ll 2 —
~0.05 o L
® -y e
- f:' " . G : ' .
_ﬂ_l ‘, ."‘_"‘J_.'.:' -1.¢ l. '1- *
I'- # ‘.. . " . : ¥ - -1
T e
015 .-. -u-d-__.'_"l:'l E P -
W,y T r o (I'_';}
' e M . -_“ - L4 ]
| Lom SodeslThhe 1 I o P
T T T TR T —T T
- - L & ]
E i ""Eﬁ- .
_ﬂ'ﬂs : ':l: ll-"." *
- ® * l. f = 3
~.‘4- -..H-..-.‘
.1 T i
i
- T
Q.15 i
: (e
i | i | Lo s
-l r T ‘ .‘ *'};ww':hm:‘ * 'i"-|-+| ': |“ T ]
[ B RERRLLe SR e ]
_ﬂ_ﬂs = -;‘ “t“ o :‘ e
. .‘: -i';N
0.1 o 3
y . el .": -
- & - ". e "
_ﬂ-ls -_ . "‘-.:. : " " . _-
S ® |
| ol PR S = | P -

14



Pulsar ages

= 22 PSR-SNR associations with ages within 103...10° years (mostly from
Popov & Turolla, 1204.0632 and Gill & Heyl, 1305.0930);

« 54 pulsars with kinematic ages within 10°...108 years (mostly from
Noutsos+, 1301.1265; also: Chmyreva, G. Beskin, AB, 1203.2836; Tetzlaff+, 1401.4678)

- 36 pulsars with «well-constrained» 7,

n

- 18 pulsars with «low-precision» 7, }
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log B [Gs]

Apparent field evolution
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Best fit 95% C.1.

SNR ages

Well-constrained kinematic ages
Low-precision kinematic ages
Best fit B(t) = Bo(1 + t/tg)?
Intrinsic scatter (+10)

EOS: BSk21

4 6
log t [yr]

10

Bayesian fit by the

model:
_ o
B(t) = B,|1+ —)
td
The shape and the

| slope of the cloud

are independent

| on the choice of

EOS
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log tg [yr] log By [Gs]

(jscau

Apparent field evolution
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Population synthesis

- Based on the best model derived by Faucher-Giguere & Kaspi, astro-
ph/0512585 (including initial PO, BO, luminosities, kinematics etc.),

death line equation: P = (2.82x107" sec®)- P®

= Some extensions of the model:
 Direct modeling of pulsar beam direction to the observer and
pulse width W_ . Assume beam half-width p = 5.7 P

- Modeling of the magnetic angle evolution (from isotropic oco)

t

1+—
10° yr

-[1 + 1.4sin2a(t)]

- Spin-down + field decay: PP « B;

-8/7

- o-dependend death line: cosa < (P/sec)”’(B/10™ Gs|

Beskin, Gurevich & Istomin 1993
(see also Arzamasskiy, Beskin & Pirov, 1612.04820)
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Modeling the observational selection

Modeling log B-log t for synthetic pulsars

lindependent samples of
176 pulsars with

1+ : N
10° yr

.':B — BO

i << Plot the distribution of
20 T | simulated 3

N of samples

Simulated 14



log B [Gs] log B [Gs]

log B [Gs]

Selectional effects (for §_=0)

Death line exist and
luminosity is period-
dependent

No death line and

luminosity is period-
dependent

No death line and

constant luminosity
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Intrinsic field decay
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log B [Gs]

13f

11

Observerd B(t) rejects:

moderate decay with 3 > 0.1 (at 3o confidence)
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Apparent B(t) does not formally reject @ < 3.2% C.L.:

“ neithter the absence of the field evolution (3 = 0) nor its moderate
growth (B < -0.1) (but Pons+, astro-ph/0607583; Kaspi, 1005.0876; Xie & Zhang,
1110.3869; Pons, Vigano & Geppert, 1209.2273; Igoshev, Popov, 1407.6269 etc.)

period vs. period derivative

10ME - 3 -
3] ]
10 -0} %_3
12 ]
ot - (o))
E. ‘Iﬂ" 1 -1 8
: -12F (@)
-------- O : Ve
ID':' T N ' i
F 3 S 5 131 -
10, B - 2
=12 | —_— A =
1 N 2 -4t £
. 1
— 1™ n ' =
' Eimrmrmimie = c -15 ©
n 1u—1ﬁ . - O - m
4, [ , a o3
E‘ 107"% - y - o ekl "
! | o
= —_ - O
1 i % 17 gJD
i | - @)
1D_ﬂ ol 1 1 =1 .ED m
102 103 10° 10* = =Y

real age [yr]
18



Conclusions

m

The timing-based value of B can be estimated with ~15-30%
accuracy for a given pulsar within the state-of-the-art constrains
on the NS masses, magnetic angles and EOS

m

B., = 3.2x10"°V PP Gs is good, but biased. Use your favorite
EOS when calculating B, or adopt B~ = 3B,,/7 at least.

There is a significant apparent trend B(t) < t"°, which is
consistent with the field decay models that assume a low amount

of impurities in a NS crust.

m

m

Within the assumptions made in the modeling, the trend also
does not reject a systematic moderade field growth at the Myr-

timescales.
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Conclusions

The timing-based value of B can be estimated with ~15-30%
accuracy for a given pulsar within the state-of-the-art constrains
on the NS masses, magnetic angles and EOS

m

m

B., = 3.2x10"°V PP Gs is good, but biased. Use your favorite
EOS when calculating B, or adopt B~ = 3B,,/7 at least.

m

There is a significant apparent trend B(t) < t"°, which is
consistent with the field decay models that assume a low amount

of impurities in a NS crust.

Within the assumptions made in the modeling, the trend also
does not reject a systematic moderade field growth at the Myr-

timescales.

m

Thank you! :-)
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Timing noise effects

P,. = P(1+¢) —functional relationship between P. dP/dtwv B
1 can be broken temporally: |g| < 1 is exist.

A, = %log(l —¢) —an additional correction to the log B

0.06 T T T 07006 e T T ] . L.
0.005| ] | = Slow variations of B, a.or I >

- 0.004F ||\
0051 0> oot J & = 0 (Pons+, 1209.2273:

08 ] 111 R i L1 | Arzamasskiy+, 1504.06626; Hamil+,
S 1608.01383)
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B(t) trend including timing noise
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A’ R®

PP = T]GR(X)X

B° —aligned rotator in a curved space-time
(Gralla, Lupsasca, Philippov, 1604.04625)
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