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Tibet ASy Experiment Research Activities

International Conferences:

TeV Particle Astrophysics (TeVPA2024), Chicago, US, August 2024
Theory Meeting Experiment 2025 (TMEX2025), Quy Nhon, Vietnam, January 2025
Searching for the Sources of Galactic Cosmic Rays (SuGAR2024),
Wisconsin Madison, US, October 2024

XXXIIth International Astronomical Union General Assembly, Cape Town (Online), August 2024
22nd International Symposium on Very High Energy Cosmic Ray Interactions (ISVHECRI 2024),

Puerto Vallarta, Mexico, July 2024
21st Asia Oceania Geosciences Society (AOGS2024), Pyeongchang, South Korea, June 2024
8th Heidelberg International Symposium on High-Energy Gamma-Ray Astronomy,

Milano, Italy, September 2024
ASTRONUM 2024 - the 16th International Conference on Numerical Modeling of

Space Plasma Flows at La Rochelle, France, 1-5 July, 2024

COSPAR?2024 45 Scientific Assembly, Busan, Korea, Jul 13-Jul 21, 2024

Domestic Conferences

BAYIEF =, B19EIFERXKE, WBERKFHLIRF v > /¥ X), September 2024
BAYIEBF = 2025FEFZF KRS, # >~ 7 4 >, March 2025 (FE)
HARXFaMEARR, BAEFETAKEF, September 2024

[FHEEF] OHAFRE2024, KIRAIZAF, May 2024
4 KISEESL [FINFFESE & R BRBR B2 & i # £ 2 2L —3 a3l |, February 2025 (T77E)

1 talk
1 invited talk

1 invited talk
1 talk

1 invited talk
1 invited talk

1 talk

1 invited talk
1 talk

2 talks
2 talks
1 talk
1 talk
1 talk



Tibet ASy Experiment Research Activities

Refereed Papers:
» S. Kato et al., Quantitative Constraint on the Contribution of Resolved Gamma-Ray Sources to the Sub-PeV Galactic Diffuse
Gamma-Ray Flux Measured by the Tibet ASy Experiment, The Astrophysical Journal Letters, 977, id.L3, 8 pp (2024).

* S. Kato et al, On the Source Contribution to the Galactic Diffuse Gamma Rays above 398 TeV Detected by the Tibet ASy
Experiment, The Astrophysical Journal Letters, 961, id.L13, 4 pp (2024).

* S. Okukawa et al., Neural networks for separation of cosmic gamma rays and hadronic cosmic rays in air shower observation
with a large area surface detector array, Machine Learning: Science and Technology, 5, id.025016, 21 pp (2024).

* S. Kato, “Gamma Rays in the 100 TeV Region from Potential Galactic PeVatron Candidates”, Springer Theses (2024),
doi: https://doi.org/10.1007/978-981-97-1643-2 (Book)

* H. Tsuchiya, “Characteristics of temporal variability of long-duration bursts of high-energy radiation associated with
thunderclouds on the Tibetan plateau”, Progress in Earth and Planetary Science, 11, article id.26 (2024)

* M. Amenomori et al, Modeling of TeV Galactic Cosmic-ray Anisotropy based on Intensity Mapping in an MHD Model
Heliosphere, Journal of Physics: Conference Series, 2742, 1d.012014, 7 pp (2024).
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Tibet Air Shower Array

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

Present Performance

v
v
v

v

# of detectors
Covering area
Angular resolution

Energy resolution

0.5 m2 x 597
~65,700 m?

~0.5° @10TeVy
~0.2° @100TeV y
~40%@10TeV y
~20%@100TeV y

- Observation of secondary (mainly e*-,y) in AS
Primary energy : 2" particle densities

Primary direction :

2" relative timings

707 mm |
5mm Thick Lead

Scintillator

Density PMT

HV Cable



Air Shower Reconstruction

Gamma-ray candidate event Amenomori +, PRL 123, 051101 (2019)
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Measurement of # of u in AS = y./CR discrimination
DATA: February 2014 - May 2017 Live time: 719 days
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Standard muon cut: TMu< 2.1 x 1073 Zpl2 - Optimized for the gamma-ray point-like source

10TeV 100TeV
|

(@) Photons M

log(Zp)
Gamma Survival ratio : ~90% by MC sim (>100TeV) CR Survival ratio : ~10-3(>100TeV)

10?

10

10°

10?

10

10




Tight muon cut: ZMu< 2.1 x 107# Zpl2 > One order magnitude tighter than the Crab analysis

10TeV 100TeV
|

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

10?

“(a) Photons M(

10

e
log(Zp)

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

10




y-ray-like event

Distribution
Amenomori et al., PRL 126, 141101 (2021)
Gamma-ray-like events
after the tight muon cut
in the equatorial coordinates e R .38« £ <

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°




" (a) 100 < E(TeV) < 158

Latitude Profile y - i+ 12 bin width
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.043003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.051101

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

.

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

\

The measured fluxes are overall consistent

with Lipari’s diffuse gamma model
assuming the hadronic cosmic ray origin.

CR+ISM > X’s+ 710 ... > 2y

Lipari & Vernetto, PRD 98, 043003 (2018)

~
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.043003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.051101

LHAASO Diffuse Gamma Rays

Z. Cao et al. (LHAASO Collob.) PRL, 131, 151001 (2023)
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FIG. 1. The significance maps in Galactic coordinate of the inner Galaxy region [panel (a)] and outer Galaxy region [panel (b)] above

25 TeV after masking the resolved KM2A and TeVCat sources.

=N wWh W

o
bbbk

ShbbLo=puan

LHAASO flux is a few times lower than Tibet flux,

LHAASO conservatively masks most of region / = 2°.

- This discrepancy can be explained assuming
diffuse gamma ray latitude profile.

K. Fang & K. Murase, ApJ, 957, L6 (2023)

25° < 1 < 100°, |b| < 5°

104
. 't
T._ o° ®
0
~ 107
A 1
|E +
o { 3! +
Z t
= LHAASO
e
. . 3HWC 4 Tibet
4FGL Fermi-LAT
WCDA ¥ ARGO-YBJ
KM2A 4 LHAASO inner Galaxy
-7 . . .
10 102 103 104 10° 108
E, [GeV]

15



LHAASO Diffuse Gamma Rays

bet GDE (25°<1<100°, |b|<5 )—Source

LHAASO GDE' (15°<l<125', [b|<5) =3,2,& 7 @ 120TeV,220TeV, & 530TeV

LHAAASO masking in the inner Galaxy!' Kato et al. ApJ, 977, L3 (2024)

- 5 S
g g ._l(.;,.:"l A}‘J Yo 1 \ i .
g 2 [ (PO : e ; LHAASO masks most of the region
. 1 w/ilb| <2°
53 3
= 4 . x =
S 5 Y A ST fors &5
20 30 40 50 60 70 80 90 100 110 120
Galactic Longitude [deg] 1.Cao etal, PRL131,151001 (2023)
. . o o o 2. Lipari & Vernetto, PRD 98,043003 (20138)
:Tibet region A (25°<1<100°& |b| <57

20.0 T T

-l - ] | GDE latitudinal distribution*by Lipari & Vernetto (2018)2

sol —--- Re=5.1Kpe ] #The distribution is Integrated over |I| <180°

Using the theoretical prediction,
Flux(|b|<5°) =Flux(2¢|b]<5°) ~ 3
" Tibet region A " LHAASO inner Gal. plane

¢y(E,b) [107 (GeV cm?s)™']

_ The following scenario can explain the difference:
, . . They observe hadronic GDE, but in the different Galactic
-1.0 -0.5 0.0 0.5 1.0
sin(b) latitudinal regions due to their different masking schemes 1




Tibet =~
ASy

e Tibet E > 400 TeV

(O 1LHAASO UHE sources (95% containme

1LHAASO Catalog and Tibet UHE Diffuse Events

Kato et al. ApJ, 961, L13 (2024)

10

Tibet diffuse (398TeV < E < 1000TeV)

L ]
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Tibet Galactic diffuse gamma rays above 400 TeV:
do NOT overlap with 1LHAASO UHE (>100 TeV) sources.
* Expected # of accidental overlap = 0.9 events

nt radius)
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Source Contribution to the Tibet Diffuse

10¢ 10°%¢
[ Region A (25 deg. <1 <100 deg. & Ibl <5 deg.) [ Region B (50 deg. <1 <200 deg. & Ibl <5 deg.)
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Integral flux of 1LHAASO
sources (>100TeV) outside
the Tibet Masked region
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o
&
I

Cygnus Cocoon

E2® dN/dE (GeV'® cm2 s sr)

1LHAASO J1908+0615u

E2® dN/dE (GeV'® cm2 s sr)

oo S Kato et al. ApJ, 977, L3 (2024)

10—7\ Lol Lol | 10—7\
10* 10° 108 10* 10° 10°
E (GeV) E (GeV)
S"“i Region A Region B _ ] ]
Tibet GDE (25°<I<100° & |b|<5°) (50°<I<200° & |b|<5°) Source Contribution is
121 TeV < 26.9%+9.9% < 24.1%+9.5% subdominant
220 TeV < 34.8%+14.0% <27.4%x11.1%
534 TeV < 13.5%*53% < 13.5%152% 18




Comparison with LHAASO Non-Masked Flux

arXiv:2411.16021v2 (LHAASO Collabo.)

(Supplemental Material)

Measurement of Very-high-energy Diffuse Gamma-ray
Emissions from the Galactic Plane with LHAASO-WCDA

"= = Tibet masked diffuse flux (PRL2021)
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Katayose et al., ICRC2023 etc.

~35TeV ~ 450TeV
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Red: Data(Data period: 12 days)
, Blue:Sim-all, , Purple:Sim-others

Katayose et al., ICRC2023 etc.
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abundance [%]

Proton—-like events

[
(@)

~35TeV

Proton Spectrum Study by Tibet AS+MD

Katayose et al., ICRC2023 etc.

~ 450TeV

91% — 145%

T T T
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Ratio proton-like events to

whole well-reconstructed events
with different hadronic interaction
models and Composition models

A detailed evaluation of
systematic errors is currently underway



v/p Separation with the Machine Learning

' MC i
2D image-like data from
the positions of each detector
and the particle densities

Okukawa et al., Machine Learning: :
Science and Technology, 5,1d.025016 (2024) i
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o
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150

) 10 TeV gamma ray (b) 21 TeV proton

100

100 " . Air showers generation: CORSIKA (Version 7.6400)
s e mmmmmmnnnnonnnooo o v Detector simulation: based on GEANT4.10.02
E SO wia u N 2.0 2.0
5 R R \[® \[®
S _50_.::::::: ::..:._ Mg o.og
e Detecter posmons

450 100 50 0 50 100 150
Relative position [m] ) 100 TeV gamma ray (d) 165 TeV proton



Normalized number of events

We constructed a CNN architecture consisting
of consecutive processes, referencing the
Inception-v3 image recognition model.

Okukawa et al., Machine Learning:
Science and Technology, 5, id. 025016 (2024)
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MC simulation assuming the Crab Nebula orbit
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- How much sensitivity is improved for gamma-ray sources?
- The method can be applied to all the past data recorded without MD.
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Summary

v’ Tibet ASy experiment successfully observed Galactic diffuse gamma rays between 100 TeV
and 1 PeV for the first time.

v’ Tibet UHE events (>400 TeV) do not originate from LHAASO UHE (>100 TeV) sources.
Possible source contribution from LHAASO UHE sources is less than 20-30%.

v Tibet UHE Diffuse gamma-ray spectrum (subtracted ~10% source contribution) is
compatible with the non-masked LHAASO spectrum within uncertainties.

v’ Studies of the proton spectrum/abundance in the energy range between 40 TeV and a few
hundred TeV with the Tibet AS+MD are underway.

v The method of y/p separation using only the particle density distribution measured by the
Tibet AS array has been developed with the convolutional neural network (CNN).
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