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Abstract

A significant fraction of the highest energy gamma-ray astrophysical sources observed are associated with Pulsar Wind Nebulae
(PWNe). Given recent observations, the postulated, but unverified, hadronic component from PWNe requires renewed attention. We
estimate possible ranges for the average pulsar pair production multiplicity on 26 sources in the Australia Telescope National Facility
(ATNF) catalogue. We then use the latest gamma-ray data from H.E.S.S. and LHAASO in combination with radio data available in the
literature to further constrain associated pulsar properties for a set of well-known PWNe. These include lower limits for the pulsar birth
period and average pair production multiplicity. Based on these, for all but one source, we cannot exclude the presence of hadrons in
the PWN.
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Fig. 1: Ranges on the lower bounds of multiplicities for ATNF pulsars with associated H.E.S.S. PWNe. Fig. 2: Multiplicity curves for H.E.S.S. associated pulsars where the

] birth period can be estimated.
Introduction and Methods

Results and Conclusions
e A key metric governing whether hadrons can escape the pulsar surface to

enter the PWN is the average pair production multiplicity (). e Results for multiplicities and birth periods
derived consistent with theory (Timokhin &
e This describes the number of e+/e- pairs that escape the pulsar light cylinder Harding 2019).
per electron that escapes from the pulsar's surface (as a result of cascades
produced by gamma-ray Bremsstrahlung). e Cannot exclude escape of hadrons into the
pulsar wind for 5 out of 6 H.E.S.S. sources,
e As (k) goes as assuming iron being stripped from a young
() = N, pulsar (Kotera et al. 2015).
NGy e Can also estimate multiplicity curves for 4
. where N is the number of electrons in the PWN and the Goldreich Julian LHAASO sources using literature N, values,
density is see Fig. 3.
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and E(t) is the spin down power, one can construct curves of multiplicity as -

L e
a function of birth period F, (given the dependence on pulsar age 7). %
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e Can estimate bounds on lower limits for (x) for 26 pulsars associated with £ . — ]2021+3651
H.E.S.S. sources, using previous modelling in the literature for N.; (Giacinti £ ' -122;‘:833?
et al. 2020) (see Fig. 1). ~ 2 — 1826-1334
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e Following van der Swaluw & Wu (2001), the pulsar birth period can be . . . . .
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estimated using measurements in the radio of the PWN radius £pwy and Po [s]

supernova radius Rqnp

12 Fig. 3: Multiplicity curves for four pulsars associated with

2Ey [ Rpwn . 2T . LHAASO sources.
g = 27 sl e
mI \mRsng P, References
- Giacinti, G. et al. 2020 2020, A&A, 636, A113
h d tants. E. is th I th " van der Swaluw, E. & Wu, Y. 2001, ApdJ, 555, L49
W .ere .771 and 7]3 are constants, 0 IS e supernova energy, e momen Timokhin, A. N. & Harding, A. K. 2019, ApJ, 871, 12
of inertia of the neutron star and £; its period today. Kotera, K. et al. 2015, JCAP, 2015, 283 026

e \Where radio measurements are available, we can find the intersection

between this line and the multiplicity curve, constraining (<) and P, (see Fig. DFG Deutsche
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