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For the Tibet ASy Collaboration
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» “First Detection of sub-PeV Diffuse Gamma Rays from the Galactic Disk: V4 4

Evidence for Ubiquitous Galactic Cosmic Rays beyond PeV Energies”
M. Amenomori et al., PRL, 126, 141101 (2021)

» “Gamma-Ray Observation of the Cygnus Region in the 100-TeV Energy Region”
M. Amenomori et al., PRL, 127, 031102 (2021)
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» “Modeling of the TeV cosmic-ray anisotropy based on intensity mapping in an MHD-simulated heliosphere”

“Gamma-ray Observation of the Cygnus Region with the Tibet Air Shower Array”

“Gamma-ray Observation of SNR G106.3+2.7 with the Tibet Air Shower Array”

“Observation of ultra-high-energy diffuse gamma rays from the galactic plane with the Tibet air shower array”

“A northern sky survey for ultra-high-energy gamma-ray source using the Tibet air-shower array and

muon-detector array”

» “Sensitivity of the Tibet hybrid experiment (Tibet-lll + MD) for primary proton spectra between 30 TeV and a few
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» “Highlights from gamma-ray observation by the Tibet ASgamma experiment”

@ TeVPA 2021

» “Recent results from the Tibet ASy experiment”
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Gamma-ray observations of point-like/extended sources
in the Cygnus OB1 & OB2 regions



TASG J2032+414 (Cygnus OB?2)

Significance map > 10 TeV

Angular distribution > 10 TeV

Declination (deg.)

42
4 L ‘%
® 3
= 8
gt
a1 25
2 3 MC PSF (assuming a point source)
a3 Data
1 — Best-fit to data
0 0.5 1 15 2 2.5 3 3.5 4
40 ¢? (deg?)

2
Fitting with Gaussian: Aexp (—2(02(71020
PSF EXT

l.!g_-‘ammm;ﬁ.i -1

310 309 S 07 Gpse = 0.36° from MC simulation
Right Ascension (deg.) Gexr: SOUrce extension
. = Gexr = 0.00°+0.14°
% this work EXT

Consistent with previous results (ogyr = 0.2°)
97 VERITAS J HAWC A MAGIC 18

» Detection significance 5.3c > 10 TeV
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TASG J2032+414 (Cygnus OB?2)

y-ray energy spectrum
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Declination (deg.)

TASG J2019+368 (Cygnus OB1)

Significance map > 10 TeV

Wolf-Rayet stars
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TASG J2019+368 (Cygnus OB1)

y-ray energy spectrum
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Observation of sub-PeV diffuse y rays
from the Milky Way galaxy



(3) 100 < E(TeV) < 158

Event Distribution

Equatorial coordinates

Blue points:
Tibet AS +MD
(Circle size «< Energy)

Red plus marks:
TeV sources
(TeVCat catalog)

>0.398 PeV (1026 TeV)
38 events in our FoV

- Not from known TeV sources!
& No signal > 10 TeV around them

7 (c)398 < E(TeV) < 1000

M. Amenomori et al., PRL, 126, 141101 (2021)



Distribution of distance to the closest TeV source for events > 0.398 PeV
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Galactic latitude distributions
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Number of sub-PeV events in the direction of galactic plane
observed by Tibet AS+MD array

Highest gamma-ray energy = 0.957 (+ 0.166 - 0.141) PeV
(Eres ~10 % around 400 TeV & energy scale uncertainty ~13% in quadrature)

TABLE S1. Number of events observed by the Tibet AS+MD array in the direction of the galactic plane. The galactic
longitude of the arrival direction is integrated across our field of view (approximately 22° < | < 225°). The ratios (o) of
exposures between the ON and OFF regions are 0.135 for || < 5° and 0.27 for |b| < 10°, respectively.

|b] < 5° |b| < 10°
Energy bin Non NBa Significance Non Nga Significance
(TeV) (= aNorr) (o) (= aNorFr) (o)
100 — 158 513 333 8.5 858 655 6.6
158 — 398 117 58.1 6.3 182 114 5.1
398 — 1000 16 1.35 6.0 23 20 5.9

TABLE S2. Galactic diffuse gamma-ray fluxes measured by the Tibet AS+MD array.

Energy bin Representative E Flux (25° <1< 100°, |b| < 5°) Flux (50° < I < 200°, |b| < 5°)
(TeV) (TeV) (TeV™' em™2 s sr7 ) (TeV™' cm™2 s7! srt)

100 — 158 121 (3.16 £0.64) x10~*° (1.69 £0.41) x10~*°

158 — 398 220 (3.88 £1.00) x10716 (2.27 £0.60) x1071°

398 — 1000 534 (6.86 13:39) x107'7 (2.99 T159) x10717
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Energy Spectrum

After excluding the contribution
from the known TeV sources
(within 0.5° in radius) listed in
the TeVCat catalog

(~13% to the diffuse flux, but no

contamination to events > 0.398
PeV)

The measured fluxes are
reasonably consistent with Lipari’s
galactic diffuse gamma-ray model
assuming the hadronic cosmic-ray
origin.

dJ/dE x E?7 (GeV'7 cm2 s sr)

dJ/dE x E*7 (GeV'” cm2 s sr)

Amenomori+., PRL 126, 141101,(2021)

Models: Lipari & Vernetto, PRD 98, 143003, (2018)

4 ev /10 ev from
Cygnus cocoon (< 4°)
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Pulsar halo model
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Electron origin? vs Proton origin?

0.398 - 0.957 PeV
gamma rays

Galactic coordinates

4 )
v' Observed gamma rays are isolated, not coming from known gamma-ray sources.

— Electrons lose their energy quickly, so they should stay near the source.
— Protons don't lose energy and can escape farther from the source.

J

Strong evidence for sub-PeV y rays induced by cosmic rays

v’ This is the first evidence for existence of PeVatrons, in the past and/or present
Galaxy, which accelerate protons up to the Peta electron volt (PeV) region. .




Summary

Recent results of gamma-ray observations with the Tibet air shower array

Cygnus OB1 & OB2

» TASG J2032+414 (Cygnus OB2)
O (R.A., Dec.)=(308.04° 4+ 0.08° 41.46° + 0.06°), coincident with PSR J2032+4127

» TASG J2019+368 (Cygnus OB1)
O (R.A, Dec.)=(304.99°+ 0.11°,36.84° + 0.08°), coincident with PWN G75.2+0.1.

sub-PeV galactic diffuse y-rays

O First detection of diffuse y-rays from the Galaxy in the sub-PeV energy region

0 Evidence for existence of past and/or present PeVatrons in our Galaxy

Thank you for your attention!



