ICRANet-ISFAHAN Astronomy Meeting

‘Origin of High-energy Galactic Gosmic Rays:
Implication from Recent UHE.Gamma-ray Observations

LS
N

Ruo-Yu Liu - i
School of Astronomy and Space Smencé
Nanjing University




X-ray Y —ray High—energy | Very-High-energy |Ultra-High—energy,

0.1MeV . 0.1GeV

L] ..-f‘

,0.1TeV 0.1PeV B

il o by

1PeV=10°TeV=105GeV=10%¢V




Outline

N, 20

Cosmic rays and UHE gamma emission

Crab Nebula and three brightest sources at 100TeV

Summary




Cosmic Rays

» Charged particles from outer space,
mostly protons

» Spectrum spanning 11 order of
magnitude, E<1PeV from Galaxy

» Reflect extreme processes in the
universe

» Ubiquitous in the universe, important
feedback on galaxy and star
formation, interstellar medium and etc
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CR Deflection by magnetic field
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Secondary photons or neutrinos

may be a solution: Real

directior
y or v produced by CR interaction inside or

Apparent
in the vicinity of the sources

direction

: www.hap-astroparticle.org/ A. Chantelauzé)



Gamma ray emission mechanism

Inverse Compton scattering

Proton-proton collision

170

UHE emission is the probe of PeV

particle accelerator
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LHAASO's first results

LHAASO Sky @ >100 TeV
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bula and LHAASO J2108+5157 an tension

VER J2019+368,

ARGO J2031+4157,

MGRO J2031+41,

2HWC J2031+415,

VER J2227+608, Boomerang Nebula




1986, 96, 6 Reviews 359

The Crab Nebula and Related Supernova
Remnants

Crab Nebula

edited h}' \‘Ilnas C Kafatos and Richard B. C. Henry
< idge, 1985. ISBN 0 521

Press, C
30530 6. I’p 285 + xv, hardback, £25.04.
Twenty years ago, Geoffrey Burbidge made one of those
marvellously quotable remarks: “there are two kinds of
astronomy — the astronomy of the Crab Nebula, and the
astronomy of everything else™. The progress of both kinds
of astronomy has made this comment less apposite today:
on the one hand, we now understand a lol more about what
is going on in the Crab Nebula, and on the other, we have
turned up equally enigmatic objects of many different kinds.

But, even so, the Crab Nebula retains its fascination, for
amat nd professional astronomers alike. And the disco-
very, o 1969 of other “crab nebu]u heu nnly -nrvcci w
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Record of the supernova explosion in
ancient Chinese Chronicle (1054AD)

Measuring the Universe

by Albert van Helden

University of Chicago Press, Chicago & London, 1985. ISBN
0 226 84881 7. Pp. viii -+ 203, hardback, £31.50.

The subtitle of this beok, “Cosmic Dimensions from Aris-
tarchus to Halley™, precisely describes what it is about.
Many readers may well be familiar with the method Aristar-
chus evolved to try to measure the distances of the Sun and
Moon, and also be aware that it was “a geometric success
but scientific failure™ as van Helden aptly puts it. Even the
improved methods of Hipparchus utilising eclipses may be
known in principle, but certainly not in the detail given here.
That, indeed, is the great value of this book — the wealth of
interesting detail which is provided.

This pays many dividends. For instance, the discussion of
Ftolemy’s efforts and their follow up both in the Arab world
and in the medieval West is most i ing. And when we
come to later times, especially the work of Horrocks,
Riccioli and his successors, Professor van Helden's details of
the battle to determine the solar parallax show something of
the difficulties which even then still faced investigators.

In brief, this is a book which collects together a wealth of
information about a side of early astronomy which is often
ignored or at best dealt with summarily in most general
texts. It has also the added advantage that Professor van
Helden writes well, with a flair for clear explanation. [
warmly recommend this book, and express the fervent hope
that it will one day come out as a paperback so it reaches a
still wider readership.

Colin A. Ronan

© British Astronomical Association * Provided by the NASA Astrophysics Data System
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Protostars and Planets II

edited by David C. Black and Mildred Shapley Matthews
University of Arizona Press, Tucson, Arizona, 1985. ISBN 0
B165 0950 6. Pp xx + 1293, bardback $45.00.

One of today's astronomical bandwagons (and [ don't mean
this to be derogatory, as I've leapt on this bandwagon
mysell) is the marriage of cosmogony to the first stage of
stellar evolution. The eonsensus is that planctary formation
and star formation are intricately interwoven; they took
place at the same time, in the same spot, out of the same
cloud of gas and dust. Coupled with this is the fecling that
planetary systems are common, and that at least 25% of the
stars in our Galaxy have sets of planets not too dissimilar
from our set of nine.

At Tucson, Arizona, we can see an example of what our
American colleagues call “synergistic activity”, in which 200
attendees listen to 100 contributed tlks on this subject, Two
such jamboress were held in 1978 January and 1984 Janu-
ary, and a third will be held in 1990. Protostars and Planets
IT is the book of the second meeting. Normally in a debate
on the origin of the Solar System (see for example the book
of that title edited by S. F, Dermott, John Wiley, 1978) one
stands back and lets a dozen or s0 cosmogonists of widely
diffe views argue with each other for days
on end, inishing off with disharmony and lack of agreement

and a group of people looking forward eagerly to the next
round. Not so in Arizona. To quote E. H. Levy: “today, toa
first approximation, there exists no competing theories for
the origin of our Solar System™. If only scicnce were really
that easy.
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spindown energy —

Crab Pulsar: L =4.5x10%%erg/s

— Magnetic energy

- electron energy

— proton energy?
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(b) Supernova
Interstellar Material Blast Wave
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T : ""--._- ;-
Pulsar =8

s 4 .. and
7w \Nebula

& o \ o

I, ~108

Kinetic-energy-dominated wind
Termination shock

EREAEARY

|

—

Non-thermal nebula

Aharonian et al. 2012, Nature
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Declination (degree)

LHAASO’'s measurement on Crab Nebula
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Possible contribution of pulsars to CRs beyond the knee
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A leptonic scenario cannot

be excluded even if several
PeV photon is detected from

Crab Nebula

Neutrino observation might help
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SED of three brightest sources at 100TeV

E%N/AE (ergcm? s

LHAASO J2226+6057 | -

LHAASO J1908+0621
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1. Gradual softening of the spectrum
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2. No clear spectral cutoff
3. complex region
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LHAASO J2226+6057 LHAASO 12226+6057 SNR G106.3+2.7 SNR 0.87 ~ 107 —

PSR 1222946114 PSR 0.8r ~ 10# 2.2 x 10%7

Blue: Atomic (HI) Cloud
Red: Molecular Cloud

20:00.0

Head: Interacting with HI Cloud
Tail: Expanding into a Cavity

Gamma-ray coincident

with the molecular cloud

Fermi-LAT 3-500GeV (Xin et al. 2019)
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HI Cloud

;l':pulsar

View in the xoy plane along LOS

Observer

Ge, RYL et al. 2021




LHAASO J1908 +0621 Duvidovichi et al. 2020 NI "N

LHAASO J1908+0621  SNR G40.5-0.5 SNR 34 ~l0—a  — 00158
PSR 190740602 PSR 2.4 195  28x10% 5
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g 00123
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Fermi-LAT’s observation

SNR G4

- ‘S_I;‘\JF{ (G40.5-0.5
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flux (erg/cm/s)

Two components
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EZ dN/dE (TeV cm™2 571)

Muon neutrino flux upper limit by IceCube

dN/JdE, = 5.7x107%(E,/1TeV) 2TeV~! cm~257!,
IceCube Collaboration 2020, PRL

Another hadronic gamma-

ray component is allowed

Spectrum of 3HWC J1908+063 with potential spectral hardening feature
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Malone 2021, ICRC
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Possible Contribution from an
additional hadronic component

Interaction between CR and MC
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Galactic Diffuse Gamma-ray Background
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Interaction between CR protons and ISM
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Co-produced Neutrino would exceed the IceCube’s upper limit
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Abeyvsekara et al., Nature Astronomy (2021) Galactic Coordinates
HAWC Cygnus Cocoon
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Diffusive + Source Contribution
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Summary

» Ultrahigh-energy gamma-ray sources are probes of extreme particle accelerators.
Currently more than 10 have beendetected.

> The spectrum of Crab Nebula extends,up to 1.1PeV, consistent with a Ieptonlc
model, but also shows a possible |0ehcat|on of an additional spectral component
above several hundred TeV. e

> The second spectral cormponent could either be hadronic or leptonic origin. In the case of *
hadronic origin, the fraction of pulsars splndown energy converted to protons can reach as

high as (10-50)% 7 K
» LHAASO J2226+6057, LHAASO J19f"8+0621 LHAASO J1825-1326 are brighter
than Crab Nebula at 100TeV. They are -extended sources in spatial coincidence
with more than one candidates (PWNe and SNRs mostly). There are hints of (a
fraction of) the emission being hadronic ﬂDr aII three sources.
» Diffuse Galactic sub-PeV G_a_rx_)m em|SS|on detected o) Asgamma are probably
partly contributed by extended GG




Crab flares
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fast acceleration and synchrotron cooling of PeV electrons in compact
(R < 0.01 pc) highly magnetized (B = 1 mG) regions



Tang & Chevalier 2012, ApJ
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Van Etten & Romani 2011
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