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Examples of PWNe

Inside and outside
SNRs

https://colab.research.google.com/drive/1ThrA6KDAILf1JTONiIinFYIR6X9iskG_td
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PSR J1849-0001

Pulsations in X-rays (P=38 ms), gamma-ray
and radio quiet

Inside SNR

Spin-down age, t. =43 kyr

Spin-down power, E = 9.8x10% erg/s
Surface magnetic field, B¢ = 7.5x10"" G
Detected by TAS up to 350 TeV

HESS, ry3,,=10"
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PSR J1849-0001 in X-rays

* Hard non-thermal spectrum
 Diffuse emission extends up to ~2'
 PWN radiative efficiency, ny=Ly/E=8.5x102

Spectral Fit Results for PWN Regions and Point Sources

Name Area Counts r N s Xi (vd.o.f) F_i3 F i“f%bs
(arcsecz) 107 photons s cm “keV~'at 1keV) (10_13 erg cm > 5_1) (10_13 erg cm2s7Y)
Pulsar 28 10673 + 103 1.20 +0.07 46.18 + 5.04 1.03 (311) 19.72+9% 387033
Inner PWN 531 42242 149£020] p=2 2.42 £0.66 1.05 (13) 0.621013 1.49%0%
Extended PWN 22476 3026 + 96 1.56 +0.11 19.47 +2.93 1.0 (188) 478 +0.18 11.469%3
Pulsar Jet 1054 437 + 24 1.70 £ 0.22 3.40 £ 0.99 2.01 (16) 0.667 00 178102

Gagnon etal 2024



PSR J1849-0001 — SED modeling

10—11 ‘
* B=2.0uG i
 Cutoffenergy E, . = 600 TeV . ]
* Energy electron gains across full polar + Amenamon
cap potential drop, Epc= 5.7 PeV o  vess
L .
e If current E is taken then 51077
%& =10% o
PC : 9 10714
* However, E could have been much i
larger when 600 TeV electrons were =
produced by the pulsar especially if its 10-15
true age is significantly smaller than 43
kyrs.
10-%° 4
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* S0, this case cannot be used to prove
that pulsars can accelerate particles to
a good fraction of potential drop.
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Radio image: Pineault, S et al 1997

‘ : I A 1 HE contours: Lhaaso Collaboration et al. 2025

* Pulsations discovered in
X-ray and Gamma-rays
(P=316 ms), radio quiet

* Inside SNR
* Spin-down age, t. =14 kyrs

* Spin-down power,
E = 4.5x10% erg/s

* Large surface magnetic
field, B =1.1x10"3 G

* Detected by LHAASO up
to 300 TeV (~12")

Farmi-L&T {0.05-1 Fé)




CTA 1 in X-rays

e Diffuse emission extends ~10’

* PWN ny =2.4x105

* Hard non-thermal spectrum

Angular extent expected for Bohm diffusion
op ~ 60'(E,/125 TeV)"(t. /8 kyr)"?(d/1.4kpe) 1 (B/1.5 uG) ">

Table 2. Spectral Fit Results for PWN Regions and Point Sources

Region Area Counts I' p=1.68 N g Fit Statistic (d.o.f) Fuuabs
Pulsar 0.97 252  2.425#0.18  8.05+0.83 38.21 (25) 2.76 £+ 0.33
Torus 21.30 459  1.34+0.11  4.81+0.49 40.52 (39) 3.451030
Jet 64.15 338 1.254+0.20 3.29+0.79 23.41 (28) 2.601543
Counter Jet! 22.03 87 1.704+£0.34  1.69+0.58 402.31 (2674) 0.90+9-28
Extended Nebula 163,066.48 95,175 1.85+0.11 300.26 & 29.22 87.01 (74) 140.38715 74




CTA 1 -SED Modeling

e B=1.75uG ]
* Cutoffenergy E, . =250TeV ~ *7 1 2°
* Polar cap potential drop,
Epc=1.4 PeV
E
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PSR J1740-1000

* Pulsations discovered in X-ray and
Gamma-rays (P=154 ms), radio quiet

* No known SNR i _ ',PSRJ1740.+1(‘)00. |
* Spin-down age, t. =114 kyrs ' 9

s iy
) A . -
JE]. &)

e Spin-down power, E =2.3x10% erg/s Roa % - Sy .

o . 5.
Vi .‘-1 vs N 7Y

- Surface magnetic field, B =1.8x10"2G e M LHAASO 11746 +00480

* The tail (or MAQO) points towards the
UHE LHAASO detection (~13'away)

* Detected by LHAASO up to 300 TeV
(~9’)




PSR J1740-1000 in X-rays

e Hard non-thermal
spectrum, [=1.6

e Tail extends ~5’
* PWN n,=1x104

* LHAASO source is most
likely associated with this
pulsar

e og ~ T4 (B/1 uG)~'/2(E./100

PSR J1740+1000

TeV)1/2(¢/10 kyrs)'/2(d/1.2 kpc)~*

. % (HAASOJ1740%0948u.- ¢
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Can some other source than a pulsar produce the
emission seen by LHAASQO?

In principle UHE could be produced by nearby
blazar (<180 Mpc)

name Class Class_prob® Class_probe? CT #_CTP® Sep ()¢ Sign.® PU () F_b(ergs cm—2s—1)9

1 4XMM J174025.5+094703 AGN  0.97 0.02 3048 1 477 5234 0.94 3.77Tx10~14
2 4XMM J174011.24+095122 AGN  0.39 0.22 0.09 0 295 166.81 0.46 3.07x10~14
3 4XMM J174008.4+095258 AGN  0.96 0.02 2310 1 439 5809  0.53 2.06x10~14
4 4XMM J174001.8+094849 AGN  0.97 0.03 1636 1 1.33 9047  0.52 2.36x10~14
5  4XMM J173959.24+094814 AGN 097 0.02 2643 1 1.98 9492  0.68 2.38x10~14
6  4XMM J174002.3+094721 AGN  0.99 0.02 3316 1 1.73 7410  0.61 3.53x10~14
7x  4XMM J173951.84095055 AGN  0.58 0.25 0.78 0 445 3540  0.66 1.19x 1074
8x  4XMM J173948.5+095015 AGN  0.43 0.22 0.15 0 489 5135  0.61 1.58x 10714

2CX0 J174025.24+094700 NS 0.45 0.24 0.28 1 471 57 528 2.89x10~14
2 20XO0 J174011.34095122 AGN 0.4 0.12 092 3 295 364 584 4.95x10~ 14 None of these looks like a nearby blazar from our
: 2CX0 J174008.4+095259 AGN  0.99 0.02 2624 2 440 767 093 1.72x107 4 ] )
4t 20XO0 J174001.74094850 - - - - - 1.37 241  6.84 0.55% 1014 multiwavele ngt h ana lys IS.
5  20XO0 J173959.14094817 AGN  0.934 0.06 8.91 3 201 428  4.27 1.03x 1014
6  2CXO J174002.14094721 AGN  0.88 0.08 7.35 2 175 6.45  4.63 4.26x10~14
7c  2CXO0 J173952.14094733 AGN  0.72 0.04 6.96 4 3.86 461  6.02 2.48x10~ 14
8¢ 20XO0 J173957.14+094521 AGN  0.85 0.10 5.35 2 408 509  6.92 3.42x10~14
9¢*  2CXO J174002.84094315 - - - - - 544 356  11.53 0

10e* 2CXO0 J174005.4+094323 - - - - - 5.24 1.82 15.27 0 11




PSR J1740-1000 — SED modeling

* Max electron energy inferred from the LHAASO detectionis ,_, 230(1)5 ) = v(z) = vﬂ(i)"‘
850 TeV which is ~80% of the total potential drop across

20 20

l{:c_lr]e pulsar polar cap. r=r@) = ,,O(Zio)””,
!
1075 Vo 50,000 km/s
Té Z, 6.2e17 cm
p 0™ B 1uG
Y ,
| B 0.3
o 0 -0.7
10-17 : . , . r , Eec 400 TeV
o o a a E, eV a a o o
Model described in Benbow eta12621 Ee,C /EPC=4O%

This case provides evidence that pulsar can accelerate particles to a large fraction of their potential drop. 12



Conclusion

* UHE sources can be associated with both young PWNe still within
their remnants and older supersonic PWNe that left their
remnants

* For pulsars with PWN inside SNRs it can be more difficult to say
what actually produces UHE emitting particles: pulsar? SNR
forward shock? SNR reverse shock interacting with PWN?

* Supersonic PWNe are cleaner cases in this sense. For J1740, after
ruling out other possibilities for UHE accelerators, we find that
pulsar can accelerate particles (inside the compact PWN) to 40%
of polar cap potential drop.

13
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