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The Tibet ASgexperiment
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A Site: Tibet (90.522 °E, 30.102°N) 4,300 m a.s.l.

Present Performance

Tibet Air Shower Array

A # of detectors 0.5 m2 x 597

A Effective area ~65,700 m?2

A Angular resolution ~0.5" @10TeV
~0.27 @100TeV

A Energy resolution ~40%@10TeV g
~20%@100TeV g

A Observation of secondary (mainlye* -, y )

Primary energy : 2 "4 particle densities

Primary direction : 2 nd relative timings =
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" First detection of UHE (>100 TeV)
grays
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Gamma -ray Emission from Crab
Data vs MC
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First detection of sub-PevVg ( 5.

UHE gray astronomy started!
Amenomor, PRL,123 051101, (2019)
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Energy spectrum (Crab)

Amenomor, PRL,123 051101, (2019)

The highest energy 450 TeV
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Sub-PeV diffuse grays
from the Milky Way galaxy



10° Amenomori+., PRL 126, 141101,(2021
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Event Distribution
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Number of subPeVevents observed by Tibet

AS+MD array In the direction of galactic plane
Highest gammaiay energy = 0.957 (+ 0.166.141)PeV

(Eres ~ 10 % around 40@V& 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 (a) of
exposures between the ON and OFF regions are 0.135 for |b] < 5° and 0.27 for |b| < 10°, respectively.

|b] < 5° |b] < 10°
Energy bin Non Ngc Signiﬁcance Non Ngc Signiﬁcance
(TeV) (= aNor¥) (9) (= aNorr) (9)
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 2.73 5.9
TABLE S2. Galactic diffuse gamma-ray fluxes measured by the Tibet AS+MD array.
Energy bin Representative F Flux (25° <1< 100°,|b| < 5°) Flux (50° < 1 < 200°,|b| < 5°)
(TeV) (TeV) (TeV™' ecm™2 s7! sr™ 1) (TeV™' ecm™2 st srt)
100 — 158 121 (3.16 +0.64) x10~° (1.69 +0.41) x10~*°
158 — 398 220 (3.88 £1.00) x10~'° (2.27 £0.60) x10~*°
398 — 1000 534 (6.86 15:30) x10717 (2:99 T955) %10~

Amenomori+., PRL 126, 141101,(2021 17



Galactlc Iatltude distributions
I Amenomori+., PRL 126, 141101,(20Z
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Energy Spectrum

Models: Lipari & Vernetto, PRD 98, 1430020(18)
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Cygnus Cocoon Region

We found 4 events In the circle with radius 4°
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Diffuset
ray Model

Lipari & Vernettq
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0.398 2 0.957 PeV
gamma rays

L N
V Gamma rays are coming isolated from known gantayasources.

A Electronslose their energy quickly, so theyould stay near the object
A Protonsdon't lose energy andan escape farther from the object

Strong evidence for suBeVgrays induced by cosmic rays

22



0.398 2 0.957 PeV
gamma rays

p
V This ighe first evidencefor existence oPeVatronsin the past and/or present

Galaxy, which accelerate protons up to the Peta electron volt (PeV) region.

23



Scientific Interpretation

High-energy Interstellar High-energy
cosmic rays matter gamma rays

Radio (21cm) HI Map

rtthanf' et al. (1997) This Work
t Vubplp®rkahgpat CRpyeye L ockman (1990)

Figure from sl Ktpe(Beprgssaohed
i a

r
Uni ver sit

4 N
V This work proves a theoretical model that cosmic rays produced by

PeVatrons are trapped in the Galactic magnetic field for a long time

forminga pool of cosmicrays.
9 gap y y
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LHAASO Experi et

S. P. Zhao ICRC2021
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Composition Dependence (|
Pe

CRs interact with interstellar gas
(gray energy has 10% of CRS)

CR+ISMA X6 sp’+ A 29

A Diffuse gammaay spectrum
depends on the CR composition

Vernetto& Lipari (ICRC2021)
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History of subBPeVVgammaray observation by the Tib&3) Experiment
1. Crab’Amenomoriet al., PRL 123, 051101 (2019) This talk
2. SNR G106.3+2 AXmenomoriet al., NatureAstrnomyb, 460 (2021)
3. Galactic DiffuseAmenomoriet al., PRL 126, 241101 (2021) This talk

4. TASG J2032+414 (Cygnus OB2) & TASG J2019+368 (Cygnus OB.
Amenomoriet al., PRL 127, 031002 (2021)

5. TASG J1842B8: Amenomoriet al.,ApJ932, 120 (2022)This talk
-> Recent Progress
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o Nearby gamma-ray sources:
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e g Gamma-ray emission mechanism is not known

Energy spectrum is not measured above 30 TeV

©
A

3FGL J1843.7-0322
3FGL J1844.3-0344

29.6 29.2 28.8 28.4

Galactic Longitude (deg) 1) Hoppe, Proc. of ICRC 2007 (2008)
2) H.E.S.S. collaboration, A&A 612, Al (2018)

3) Abeysekara et al., PRL 124, 021102 (2020)
4) Cao et al., Nature, 594, 3 (2021)
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Results (2): W 2 distribution of the TASG J1844-038 region
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The extension IS consistent with
HESS J1843 0331: 0.24 ~ 0.06" (E > 400 GeV) &
eHWC J1842-035%: 0.39- 0.09° (E >56 TeV).
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Discussion: Association of TASG J1844-038 with nearby objects
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Discussion (1): Association of TASG J1844-038 w/ SNR G28.6-0.1 (1)

SNR G28.6-0.1

Nonthermal r adio? & X-rays? by electron synchrotron radiation
Shell-type SNR?
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Age: 2PorIP kyk3y r

TASG J18440 38 s mwa=d0i34Us 0.12J
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Discrepancy in their extensions at the 2.3 = level
=> Contribution of gamma rays of hadronic origin ?
(CR interaction w/ ambient molecular clouds ?)
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