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Particle acceleration in pulsars | & outflow energetics
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Particle acceleration in pulsars
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lon acceleration in pulsar magnetospheres PIC simulations
Guépin, Cerutti, KK (2020)

Zeltron Cerutti et al. (2013)

Magnetosphere configuration: aligned dipole

Injection of protons and electrons allowed at the surface, limited by the GJ density
Main variable: pair production "strength”, local, Ymin,pp = Top Yo,e
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Guépin, Cerutti, KK (2020
Protons can be accelerated and can escape uepin, Cerurt, KK (2020
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Proton luminosity in pulsars Gucpin, Cerute, KK (2020)

Energy dissipation in protons
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Interaction backgrounds for high—energy cosmic rays

nebula non-thermal y SN thermal y SN ejecta matter
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Properties of escaping UHECRs

Fang, KK, Olinto 2012
Fang, KK, Olinto, 2013
KK, Amato, Blasi 2015

after interaction on supernova ejecta + propagation in the intergalactic medium

1026 E L T T T T T I IIIIIIIII I IIIIIIIII I IIIIIIIII E
i all components —— -
T - o Auger H ——
= ; L He —-—-—-—
(0p) CNO ———
3 1 025 — 8LZ<L12 wovvrnennnnn -
! : 1272520 — — — ]
o 20<7<26 ——
N
|
&
N
>
)
| W—
L
©
\
Z
©
N
L

17 18 19 20 21
spectrum 0g E [ev]

uniform source emissivity evolution
accelerated: 50%P, 30%CNO, 20%Fe

100% Fe @» injection

PR ———

then interaction on neutron star thermal radiation
can lead to right composition KK, Amato, Blasi 2015

(@)
o
N

Wi

" et

AL 1
20 -_.-'-'L—;—_-—_-—_.-.=-=|:f:ﬁir.l.'l'.'.ﬂ”q_; R A Y I e T

RMS(Xmax) [g/cm?]
S

O | L | L L | L L | L L L |Fe|
18.0 18.5 19.0 19.5
= log E [eV]

composition
‘|O3§ T T T T T T E
S A Light cylinder -
10%E 72611 3
i ! Proton
= Bl

1o

‘IO_ZE—

10_3_ I ,

: o Jliof
distance from surface/c

107®
t [s]

o e~



lceCube constraints on pulsars as sources of HECRs

model dependent 90% C.L. limits Aarisen et al. 2016
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Murase et al. [45]

s =2.3, £cr=100 7.471% 2.2199% 0.96 (£cr <96)
Murase et al. [45]

s =2.0, Ecr=3 45100 19.972%°% 1.66 (¢or <5.0)
Fang et al. [48]

SFR 55108 78tidg 1.34
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uniform 1.2793 54.875 7% 5.66
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Y,, =0.8 37.8755 <0.1% 0.19 (Y, <0.15)

MRF = ratio of expected average upper limit to expected signal

Population of newborn pulsars as sources of
UHECRSs following star formation rate
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IceCube constraints on pulsars/magnetars as sources of UHECRs

P magnetar jet puncturing SN ejecta
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Superluminous supernovae due to central pulsars

injection of pulsar rotational energy

observable X-ray and gamma-ray emissions fiiio SN aez
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Fic. 7.— High-energy photon spectra of the early PWN embed-
ded in the SN ejecta for P; = 2ms at t = 107 s ~ 316 d. Different
magnetic field strengths are considered. Detections with CTA are

possible for Bgjp = 101 G. Murase et al. 2015

systematic search with Fermi LAT @ location of SLSNe

strong constraints on central ObjeCt Renault-Tinacci, KK, et al. for the Fermi Coll., 2018



Search for superluminous supernovae with Fermi-LAT

Renault-Tinacci, KK, Ando, Neronov,

for the Fermi Coll., 2018

sample of 39 SLSNe
Fermi Pass-8 data

3+1 and 7+1 bands in E: 0.6-600 GeV
4 different time windows

2 Individual analysis

only source detected above 3-sigma level: SN2011ke

constraints on SLSNe luminosities: <~1044 erg/s

z Joint likelihood analysis (stacking)

Table 4: Luminosities from joint likelihood analysis measurements with the 7+1 energy band set and all sources.
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fpeak 1O Tpeak +2 years 0.0 <6.6x10% 12x10%60100 338 67.04  171.50
SN off-peak period 1.6 <35x10% 9.6 x 1037 406x107 2.2 2621  67.04
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Pulsars and the highest energy multi-messengers

What's your targeted physics in next decades?

More precise understanding of ion acceleration in neutron star magnetospheres

Pulsars and more multi-messengers:

Association with UHE neutrinos

Association with GW (if association with BNS: Fang & Metzger 2017)

Association with FRBs (e.g., Mottez & Zarka 2014, Decoene et al., arXiv:2012.00029)

What do we need to accomplish?

Dedicated PIC simulations (magnetosphere configs., emission mechanisms, escape...)

Detection of UHE neutrinos to probe directly UHECR acceleration:
UHE neutrino detectors (GRAND, PUEO, RNO, ...)

Efficient transient multi-messenger network (e.g., AMON)
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