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Pulsar zoo

RCW 103/ PSR B1509-58

G11.2-0.3/PSR J1811-1925
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1. Motivation.
2. New X-ray analysis for eight MeV pulsars.

3. Estimation of the multiplicity of MeV pulsar’s
emission.

4. Summary.



1. Motivation

Spectrum of Crab nebula

* Pair-creation process in the magnetosphere.
(1) Magnetic pair-creation process.
(i1) Photon-photon pair-creation process.

vFv[ergs/cmzlsec]

* Multiplicity (k) = Pair number/ Goldreich-Julian value.
- How many pairs are created by one electron accelerated

in the magnetosphere

» Pair-creation cascade on near the stellar surface.
Energy of one accelerated primary (~1013eV) 107

K ~
max Minimum photon energy of process (1~MeV)

« Has the high-energy emission from x = 10%~7 pairs ,
in “the magnetosphere” been observed ? i

¥ pair creation
l 0,1,2 generation #

“neutron star

(Timokhin and Harding 2019 )



1, Motivation:

1 GeV/TeV emission from magnetosphere

e >300 Fermi-LAT GeV pulsars.

* 2 TeV pulsars (Crab and Vela).
- Emission from the outer magnetosphere (~light cylinder).

* Two radiation models.
(1) Canonical gap model
(1) GeV emission:
- Curvature radiation of primary particles (energy ~ gap
electric potential): n, ~ ng; (k~1).

(i1) TeV emission (inverse-Compton process):
- Crab: Secondary pair’s (k~103) .
- Vela: Primary (k~1) .

Vela (GeV)

E2dN/dE (erg cm~2s~
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1, Motivation:

1 GeV/TeV emission from magnetosphere

(2) Current sheet model
- Accelerated pair energy density ~ magnetic energy density.
2
(yKnG jMeC? ~ g—n)
- Synchrotron radiation.
- GeV emission: k~103
- TeV emission: k~100

*  Where do the high-energy emissions from new born pairs
(k. =10%7) ?
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H.E.S.S. Mono
1079 4 \ ¥ela Fulsat (P2) I H.E.S.S. Stereo
4 Fermi-LAT
10—10 4
Crab ‘
T Vela (TeV)
Nm 10—11
£
(]
f=2
=
5 1072 CR/IC / T
§ la: Y™ =3 x 107 14
s lp:y™a* =7 x 107 o
M 10-13 le:y™* =7 x 107 NN
X |
SR/IC \ N
—— Iy y™X =13 x 10° \ \
107144 Iy : ymex = 108 \ \‘
——== llc:y™™* =107, [y =10 \ \‘
\
10715 \
10-1 100 10! 102 10° 10t 10°
Enerav [GeV1
0, A 1, )
o -3
e
. l\ \ 2 |
i \
: 1 Relativistic.
| blllmmbll’
\ X N v‘ atrix g Current sl heet ‘ y
' ! »

Electron



1, Motivation:

J MeV pulsar

* Eight young pulsars (isolate).
- Represent source is PSR B1509-58

(1) No GeV detection.
(i1) SED peak at 1-10MeV.

(i11) Non-thermal X-ray.

- Thermal emission may be buried under the non-thermal

component.

*  What is the emission process?

- Radiation efficiency.
- Required multiplicity.

PSR Ps; (ms) Bs (10'2G) L,4 (103%erg s—1) d (kpc)
B1509-58 152 15 17 4.4
J1617-5055 69.4 3.1 16 4.7
J1811-1925 64.7 1.7 6.4 5.0
J1813-1749 44.7 2.4 56 6.1
J1838-0655 70.5 1.9 5.5 6.6
J1846-0258 327 49 8.1 5.8
J1849-0001 38.5 0.75 9.8 7.0%
J1930+1852 137 10 12 7.0
PSR B1509-58
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2. New X-ray data analysis

* XMM-Newton, NICER, NuSTAR and HXMT
* Eight MeV PSRs share similar spectra and pulse profiles.

(1) Broken power law spectrum (pulsed component)
-Break energy: Ep eqx~5 — 10keV.

- Photon index: I;~1 for E < Ep,pqr and I3 ~1.5 for E > Eproqr
—> Synchrotron radiation.
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(1 New X-ray data analysis

(2) Singla broad peak of X-ray emission.
- Emission region may be different from that of GeV pulsars.

MeV pulsar (X-ray) GeV pulsar (Vela)
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2. New X-ray data analysis

_ + ® this workl
(] Radiation efficiency of MeV pulsar 2" [ ¢ ¢ ;
o
» Efficiency (1) = Luminosity / Spin down power S
w
o
.y : : : = .
» Isotropic radiation efficiency in 0.3-150 keV bands is > . #
N~ 1072 — 107! (most pulsars has no data in 500keV-10 MeV o] ®
bands). 10-3 10-2 10-! 100 10 102 103
Energy (MeV)
* The efficiency is on the track of the “GeV” efficiency of 10 4 . 0 § o105y
Fermi-LAT pulsar. . .
10° - *
5‘ 1 i ) .°+ ' .o: ® ) : ’
* Two possible interpretations of Nyer psr ~ NGev PSR- :g } . :;’: et T
(1) Emission from the secondary pairs, into which most of TRLEE N K °,!'
primary GeV emission is converted. ‘ -y
(i1) The emission region is the same. ) { 1
10744 : . . T T
1033 1034 1035 1036 1037 1038

Lsq (erg/s)



3. Multiplicity

1 Estimation

(i) Secondary emission inside light cylinder:
* Assumption

(a) Distance to emission region from the star. J/ ¢ _$ _this work]
(b) All pairs are injected with a Lorentz factor y,,, ;- RURE ¢ ¢
(c) Synchrotron radiation. NE #
(d) Epreqr corresponds to the minimum Lorentz factor of the pairs. &
(1) Dynamical time scale = Synchrotron cooling time scale, or % %
(i1) The lowest Landau level. = Lo-s
* Model parameters: 0
(1) Efficiency: n = 1073 — 1072, = R
(2) Spectral peak: Epeqx ~ 1MeV (fixed). S °
(3) Spectral break energy: Epeqr ~ 5keV (fixed). n ] ® %
(4) Magnetic field (or radial distance) : B(r) = (Rrﬂ)3 Bys. o 102 101 100 10 107 103

Energy (MeV)

* Estimated parameters:

(1) Multiplicity (k).

(2) Initial Lorentz factor of pair (Vimayx)-
(3) Final Lorentz factor (¥,in)-

(4) Pitch angle (a).



(i) Secondary emission inside light cylinder (cont’d)

« If the emission region RL < 80, k~10°"7 is expected.
NS

- It is similar to the theoretical prediction of pair cascade near the stellar surface.

* For outer magnetosphere, the pairs with an injected energy of ¥y, g, M.Cc? ~ 1TeV is required.
- It may be difficult to create such a high-energy pair with k~10%7>,
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r/Rns Distance to the emission region



3. Multiplicity

101 4 . ) ¢ 0.1-300GEV|
. . . . . . . B 0.3-150keV
(i) Secondary emission inside light cylinder (cont’d) . - .
- f o © * ¢ : ® * o
g 107 .f .'o : o:o‘o
-g * . L] .... :.. Y o L]
Interpretation 5o et
. ) " o
* Efficiency of MeV pulsar emission ~ Efficiency of GeV pulsar 104 ) b
emission. *
10'33 1634 ) 1635 10‘36 10‘37 10‘38
—Inward GeV emission from the outer magnetosphere is converted Lsa (erg/s)
into pairs near the stellar surface.
T a=20° p=11° MeV-PSR | | a=20° p=50° I
// 105 ] S — 'IO5 T C I~
MeV emission e % . . I
cur\la\u\'e"“ f\% ‘°' MeV  Gav 10_ : ‘
; 10 _lv5 L L L |: 10 _lv5 T T T T Iall 1:
// %) 10 10 10 10 10 10 10 10 10 10 10 10
synchrotron Null Charge g R R T TR S ot
radiation Surface E_-’, a=20° p=70° LAT-PSR a=45° p=35°
% GeV emission “ ] I
E (MeV)

(Wang, Ng Takata et a. 2014).




3. Multiplicity
J Estimation

(ii) Current sheet model

* Magnetic reconnection in the current sheet (Lyubarskii 1996;
Chernoglazov et al. 2023).

—

(1) Accelerated pair energy density ~ Magnetic energy density.
2

B ¥ Z ] \
(KnG]/Fbulk)xy’pmecz ~ L

—¢ S =
.o 81 \ \ Current sheet \
(11) Peak energy Y g

3
12 heBjc

Epeak ~ Tpuir X (3)2 14 P 2mmyc ~1MeV

> k~4%x10° for Tpuie~10 A I ) P e
- Most of pairs created at the polar cap region is injected into the . - T -
current sheets. [ ey e — i

2> k~10* for GeV pulsar.

Emission of the MeV pulsars is likely produced by the pairs with x ~ 1067,

Relativistic



(dResonant Cyclotron Scattering feature?

PSR J1849-0001

 Indication of 40keV absorption feature in the spectrum.
- New NuSTAR observation has been approved.

._.
o
&

 If this would be true, the MeV pulsar emission likely originates

near the stellar surface.
* Optical depth of RCS.
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 How is the population of the non-relativistic pairs created ? (Takata et al. 2014)

(i) Polar cap accelerator cascade: y~ several for k~10°77.

(i1) The inward GeV emission creates the pairs with a large pitch @

. )4 cition
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Summary
3 Pulsar wind nebulae indicates k~10°7".
(] Missing high-energy emission from the pars.

d MeV pulsar’s emission from the pairs with k~10°77,

1 Resonant Cyclotron Scattering feature ?



