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leet Alr Shower Array

v/CR '

Air Shower

O Site: Tibet (90.522°E, 30.102°N) 4,300 m a.s.l. y T
Present Performance
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Air Shower Reconstruction

Gamma-ray candidate event Amenomori +, PRL 123, 051101 (2019)
150 150 10° =
- ~oF “ Lateral distribution
- 100 O .
100~ E 10%; ~2¢ fitted by NKG func.
L 2 F
L 50 t B
= F ¢ 3 —_ § 10
E sol-, | 2 E -
5 B " A 0P ; s 1 L
2 [t ¢« - | 5§
8. 0__ EF 3 .50 g g L
e i 2 20
% s0l— —-100% g 25
) : ° _
A o 10 _ 10°
= -150 Distance from the shower axis [ m ]
-100_—
: -200 . .
i G S50 improves E resolutions (10 - 1000 TeV)
_15-qsol 11 1 | I | I ) I I ) I I | I

0 00 B0 10010 2> ~40%@10 TeV , ~20% @100 TeV

Relative position [m]
circle size o« log(# of detected particles) X@watat, Experimental Astronomy 44, 1 (2017)

circle color « relative timing [ns] 5



Measurement of # of p in AS = v/ CR discrimination
DATA: February 2014 - May 2017 Live time: 719 days
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Tight muon cut : TMu< 2.1 x 103 Zpl2 > Optimized for the gamma-ray point-like source
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Gamma Survival ratio : ~90% by MC sim (>100TeV) CR Survival ratio : ~10-3 (>100TeV) "



Dec. (deg.)

>100TeV

Max. Energy
450 TeV

86 84

86 84 82
R.A. (deg.
R.A. (deg.) (deg.)

First Detection of Sub-PeV vy (5.66)

Other published sources in 100 TeV region
v' G106.3+2.7 Amenomori et al., Nat. Astron, 5, 460 (2021)
v Cygnus OB1

v" Cygnus OB2
v" HESS J1843-033 Amenomori et al., ApJ, 932, 120 (2022)

82

Number of events

Amenomori et al., PRL, 127, 031102 (2021)

Data vs MC
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24 vy rays against 5.5 CR BGs



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.051101
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- Amenomori+, PRL, 123, 051101, (2019)
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Tight muon cut : TMu < 2.1 x 107# Zpl2 > One order magnitude tighter than the Crab analysis

10TeV 100TeV
|

Photons M
10

10?

IN 20— e —
1.5 2 25 3 3.5
log(Zp)

Gamma Survival ratio : ~30% by MC sim (>398TeV) CR Survival ratio : ~10-6 (>398TeV=1026]eV)




v AS generation: CORSIKA
v Hadronic int. model:

EPOS-LHC + FLUKA
v’ Detectors: GEANT4

Reasonable agreement!

*Note: Cosmic-ray MC simulation is
not used for the flux calculation or
for any optimization of the analysis.

Data/MC Comparison
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v-ray-like event

Distribution

Gamma-ray-like events
after the tight muon cut
in the equatorial coordinates

Blue points:
Experimental data
Red plus marks:
known Galactic TeV sources

>398 TeV (1026 TeV)
38 events in our FoV
23 events in |b| < 10°
16 events in |b| < 5°

100 < E(TeV) < 158

() 398 < E(TeV) < 1000
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.043003

Muon Number Distribution (>398 TeV)
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Correlation between UHE y-rays above 398 TeV
and 60 galactic sources from TeVCat catalog 10" £
including UNID, PWN , Shell, Binary, SNR..., i
excluding GRB, HBL, IBL, LBL, BL Lac, AGN,
Blazar, FSRQ, FRI, Starburst)

Number of events

v'No excess around known TeV sources ~ ' F

v Event distribution is consistent with f

Isotropic MC ===-----

Diffuse Model MC =— | |

Data >|398TeV —e—i

diffuse model 102 -

10

Distance to the closest TeV source [deg.]

-
v' High-energy e¢*~ lose their energy quickly.

v' Cosmic-ray protons can escape farther from the source.

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

~

)
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\_

After excluding the contribution from the
known TeV sources (within 0.5 degrees)
listed in the TeV source catalog

\ 4

The measured fluxes are overall consistent

with Lipari’s difftuse gamma model

assuming the hadronic cosmic ray origin.

CR+1ISM > X’s + 10 ... > 2y

Lipari & Vernetto, PRD 98, 043003 (2018)
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Preliminary Result by LHAASO

S. P. Zhao ICRC2021
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Composition Dependence

CRs interact with interstellar gas
(y-ray energy has 10% of CRs)

CR+ISM 2> X’s + 70 ... 2 2y

—> Diffuse gamma-ray spectrum
depends on the CR composition

Vernetto & Lipari (ICRC2021)
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factor 1.5 - 2 difference@~600 TeV
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b(°)

Abeysekara et al.,
Nature Astronomy (202 1 )

Fang & Murase,
ApJ, 919, 93 (2021)

o = M W A O o N

b &

=== Continuous Model, HAWC (2021)
. —— Burst Model, HAWC (2021) w. E,pax = 10 PeV
. . .

AB
40% FTibm

b ?rf 10712 7 U.L. from IceCube (2019)
§ ARGO (2014) 10% FAB
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Galactic Coordinates
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Significance (o)
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4 events above 398 TeV detected within 4°-radius-circle from the
Cygnus cocoon which is claimed as an extended source by the ARGO-
YBJ and HAWC and also proposed as a candidate of the PeVatrons.
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PeVatron Candidate: SNR G106.3+2.7

Amenomori et al., Nat. Astron (2021)
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v’ Spectrum extends beyond 100 TeV (HAWC, Tibet ASy, LHAASO) Epcue=~500 TeV
v’ Shell-type SNR near the pulsar (t,g~10kyr?, d=800pc?) W,=~5x10% erg

v’ Extended y-ray excess (cpxt=0.24° £ 0.10°)
v’ y-ray excess is coincident with the could, not pulsar 2
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Number of sources

UHE y-ray astronomy £ > 100 TeV (ICRC2021)

Kifune plot (Credit: Stephen Fegan) + UHE y rays

—e— Xrays Data from HEASARC and TeVCat LHAASO
—e— HE y rays s y e HAWC
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—e— UHE y rays Fermi/LAT (3FGL) HESS
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Draw the "Kifune" plot - the integral number of high energy sources detected as a function of year - in the style of a plot developed

by Tadashi Kifune (for example http. //adsabs.harvard.edu/abs/1996NCimC..19..953K)
The data for the number of X-ray and HE {GeV) gamma-ray sources come from a page on HEASARC maintained

by Stephen A. Drake (retrieved 2017-09-28) : hnes://hnasarc.gsk nasa.ﬂov/docs/heasarc/l‘eadatcs/how many xrax,html
The data for the number of VHE (TeV) gamma-ray sources is from TeVCat maintained

by Deirdre Horan and Scott Wakely (retrieved 2017-09-28) : http://tevcatuchicago.edu/

v Tibet ASy experiment opened a new
energy window UHE (>100 TeV).

- UHE y-ray observatories

v' A dozen of UHE y-ray sources discovered
(Tibet ASy, HAWC, LHAASQO) in northern sky.

Qecessary in southern hemisphere/
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Out of sight at Tibet
- New field

v' Hot gas bubble
around the Galactic center

v’ Survey heavy dark m@
27

v’ PeVatron hunting in
Northern/Southern hemisphere

v’ Blackhole at the Galactic center
( A candidate of PeVatron)




Conclusions

v"We successfully observed the galactic diffuse gamma rays in 100 TeV < E < 1 PeV
for the first time.

v The highest energy of observed gamma-ray candidate is 957 TeV.

v'UHE gamma-ray candidates above 400 TeV are spatially separated from known
TeV gamma-ray sources beyond our angular resolution as is expected from the
diffuse gamma-ray scenario.

v'The measured fluxes are overall consistent with a recent model assuming the
hadronic cosmic-ray origin.

These facts indicate strong evidence that cosmic rays are accelerated
beyond PeV energies in our Galaxy and spread over the Galactic disk.
— Search for current active PeVatrons! - Go South!
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