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but all of them going very steep at high freq = few GHz
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Isars observed at high fr

Torne 2016

orson PSR p a

- (ms)
B0355+54 156.382 —12 V
B2021+51 529.196 —1.5

I (A.U)

IRAM 30m

101 GHz 297 mm) 4 B1929+4+10  226.517 -—1.6
B0329+54 714.519 -2.2
B0531+21  33.392 -3.1
J1022+1001 16452 -—-14

I (A.U)
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IRAM 3|
87 GHz (3745 mm)

X X X X X
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Pulses detected above 87 GHz for only one ordinary pulsar so far

Millisecond pulsars very hard to be seen above 10 GHz



No self-coherent and predictive model available so far !

wo-pole caustic

\ Polar cap J P
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Harding 2021

Current sheet

Seeing pulses at high frequency would be a very useful tool
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Transitio

Mignani+ 2017

m coherent to uncoher

Summary of the ALMA Observations of the Vela Pulsar

Band v Date Time Beam rms Flux Density
(GHz) (2016) (minutes) (arcsec X arcsec) (uJy/beam) (wly)

3 97.5 Jul 23 22 0.75 x 0.68 25 252 £ 35

4 145 Jul 14 22 0.77 x 0.74 20 170 £+ 26

6 233 Apr 17 46 0.88 x 0.73 18 122 £ 22

7 343.5 Mar 10, 26, 28 120 0.66 x 0.49 18 67 £ 19

10 — T — T — T —TT —
The mm/submm ! | | ' ' z ]
_ i @
emission is a I Rodi 5
coherent process (T, ook ", Spitzer 8 ]
~ 1015 17 i " v =i
= 10*> - 10"/ K) i v _ ~ ]
,_|>\ : ALMA ég% ¢ E mm + ‘PL :
X E 10° e g OSSE _
Somewhere a turn-up in the - I o S % EGRET ]
B + Gemini ? |
spectrum ! RKTE COM:E?%%D '
Blandford & Scharlemann 1976; = \ §
Michel 1982 1075+ ! Fermi=LAT .
107'° I R B N R R R ]
’ A i A 10° 10'° 10" 10%° 10% 10%
Different population of relativistic particle: v [Hz]

Different location of the emission regions in
the magnetosphere?
Different emission mechanisms?

IR/optical emission
appears to be an zyuzin+ 2013
uncoherent process
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From ATNF online pulsar catalog and McGill online magnetar catalog
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The ordinary galactic pulsars not
in globular clusters:

The young galactic pulsars: 98
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The mildly and fully recycled
galactic pulsars: 268
The X-ray dim galactic
neutron stars:
The rotating radio
transients (RRATS):
The magnetars: 24 +

handful of candidates

The radio magnetars: (7
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Basic parameters of radlo ‘magneta
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Several emission properties are often very distinct from radio pulsars
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Significant, irregular, and often rapid time variations in torque, fluxes,
pulse profile, pulse energy distribution. Strong spiky pulses and
micropulses not following the statistics seen in most radio pulsars
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the case for high frequency radio emission
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Torne+ 2022

XTE J181

L (

2021 May 15
1.3(3) mJy

- JCMT, 353 GHz (0.85 mm)

2020 Feb. 27
6.7(10) mJy

- JCMT, 353 GHz (0.85 mm)
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4.0(6) mJy

- JCMT, 353 GHz (0.85 mm)
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7: spectral shape and
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pulsar detection
at 353 GHz with
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15-2900: typical features
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Radio Magnetars

Broad-band spectrum
Often flat spectrum
Variable spectral index
Variable pulse profile
In some case mode switching
Variable flux density
High % of linear polarization
Some variability in PA sweep
Irregular variations of torque

Radio Emission connected
to X-ray outbursts

Pulsars

Broad-band spectrum
Typical steep spectrum
Stable spectral index
Stable pulse profile
In some case mode switching
Stable flux density
High % of linear polarization
Stability in PA sweep
Usually stable torque
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Only a fraction of bright radio pulses
visible at both 31.9 GHz and 8.3 GHz
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1E 11547- : strong radio and X-ray pulses

X-ray vs radio folded profile:

=20% phase shift btw peaks
Two strong radio bursts e
] with a luminosity about ‘
4 600 times smaller than z S
st 1 that of the most powerful £ 3
g radio bursts seen in Zos .
SGR J1935+2154
06
o Arbitrary Phase
2x10% 4x10
Time (s from START) o Israel+2020 2 Phase 3 a 5
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5+2154: FRB-like bursts
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Semi-heuristic considerations for the onset of pulsed radio e

Despite very encouraging recent progresses, especially via 3D numerical MHD simulations, a
satisfactorily and agreed explanation for the coherent radio emission from an
ordinary pulsar is still missing...

... however, the association with X-ray outbursts (supposedly due to topological variations in B-field
and then an increased twisting of the magnetosphere) and the rapid variation in the observed
radio phenomenology could point to a magnetospheric origin €8 Kaspi & Beloborodov 2017 and ref therein

(a) t = tree — 1000 (b) t = trec — 500

Indeed, untwisting of the
magnetic field line in the
outburst aftermath should
favour magnetospheric pulsed
radio emission production with
largest (than typical) charge
density in the magnetosphere
and hence a different radio
phenomenology wrt ordinary
Palfrey+2013 pulsars Thompson 2008; Beloborodov 2009
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As the outburst decays toward quiescence the magnetosphere progressively untwists, the
charge density decreases, and the radio flux tend to disappear
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Energy reservoirs:
* magnetic energy
* rotational energy

The basic plane
for “coherent
radio emitters” is
progressively
filling up with

no evident
separated
“island”



Radio Magnetars single pulses Repeating FRBs

Often band-limited spectrum Always band-limited spectrum
Visible at high frequency (< 350 GHz) Not seen at high frequency (=10 GHz)
Variable spectral index Variable spectral index
Variable pulse profile Variable pulse profile
Spiky pulse substructure Spiky pulse substructure
Variable flux density Variable flux density

No downward drifts in frequency Sad-trombone structure
High % of linear polarization High % of linear polarization
Often flat PA swing Often flat PA swing
Some correlation with X-ray Some correlation with X-ray

The phenomenology is rich in exceptions ...
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at high frequencies ?

Despite the link (well established at least in one case) with the radio

bursting magnetars (whose single pulses are sometimes visible up to
100s of GHz), the FRB emission has been so far only confined to

low-to-intermediate frequencies
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To date, the highest frequency at which an FRB

has been detected is 8 GHz

However, useful observations at = 5 GHz, basically limited only to

repeating FRBs, have been very sparse

SRT did one campaign at K band (about 20 GHz) on the original repeater
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Thanks for the attention !



