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Tibet
ASγ

Tibet, China(90.522oE, 30.102oN) 4,300 m a.s.l.

Tibet Air Shower Array (1990 ~)
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ü Covering 65,700 m2 with 600 scintillation detectors
ü Wide F.O.V. (~ 2 sr) & high duty cycle (>90%)
ü Angular resolution：0.2° for 100TeV γ
ü Energy resolution：20% for 100TeV γ

AS particles

Scintillation light

SUS4 box

PMTs



Soil & Rocks 2.6m

Waterproof & reflective materialsReinforced concrete

eγµ

1.0m

PMT

7.3m

Water 1.5m

Cherenkov  lights

20 inchAir 0.9m

2 m soil layer

e- ・ e+ ・µ+/µ-

e- ・ e+ ・µ+/µ-

200TeV γ shower

200TeV CR shower

Few muons (~1)

Many muons (~100)

: Surface detectors
: Underground detectors

Measurement of muons
=> γ/hadron separation

Underground Muon Detector Array (2014 ~)

BG rejection：>99.9% @ sub-PeV
High sensitivity to γ rays 4

Total geometrical area: 3,400 m2



Sub-PeV γ-Ray Astronomy: Search for the Origin of PeV CRs

Knee @ 4PeV

Search for Galactic PeV CR proton accelerators: PeVatrons

All particle CR spectrum

Navas et al. (PDG), PRD 110, 030001 (2024)

Cao et al., PRL 132, 131002 (2024)

ü Knee is dominated by light elements (LHAASO)

PeVatron ISM

CR
Eγ ~ 0.1 ECR > 1014 eV
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Sub-PeV Gamma-Ray Astronomy by 
the Tibet ASγ Experiment (2019~)
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1st Detection of Sub-PeV γ Rays from the Crab Nebula (2019)2
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(a) E >10 TeV (b) E >100 TeV

FIG. S2. Significance maps around the Crab nebula observed by the Tibet AS+MD array for (a) E > 10 TeV and for (b)
E > 100 TeV, respectively. The cross mark indicates the Crab pulsar position.

MUON DISTRIBUTION MEASURED BY THE MD ARRAY

In this paper, the total number of particles detected in the MDs (i.e. ΣNµ) is used as the parameter to discriminate
cosmic-ray induced air showers from photon induced air showers. As shown in Fig. 2 in the paper, the muon cut
threshold depends on the Σρ, where Σρ is roughly proportional to energy, and Σρ = 1000 roughly corresponds to
100 TeV.

For E > 100 TeV, the averaged ΣNµ for the cosmic-ray background events is more than 100, while the muon cut
value is set to be approximately ΣNµ = 10 ∼ 30 depending on Σρ. As a result, we successfully suppress 99.92% of
cosmic-ray background events with E > 100 TeV, and observe 24 photon-like events after the muon cut.

Figure S3 shows the relative muon number (Rµ) distribution above 100 TeV for the Crab nebula events. Rµ is
defined as the ratio of the observed ΣNµ to the ΣNµ on the muon cut line in Fig. 2 at the observed Σρ. Three
events among 24 photon-like evens have ΣNµ = 0 which corresponds to the leftmost bin corresponds Rµ = 0 in
Fig. S3. We find a clear bump of muon-less events in Rµ < 1 region, and the relative muon distribution after the
muon cut (Rµ < 1) is consistent with that estimated by the photon MC simulation. This is unequivocal evidence for
the muon-less air showers induced by the primary photons from an astrophysical source.
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FIG. S3. Relative muon number (Rµ) of the Crab nebula events with E > 100 TeV. Rµ is defined as the ratio of the observed
ΣNµ to the ΣNµ value on the muon cut line in Fig. 2 at the observed Σρ. The leftmost bin indicates the number of events with
Rµ = 0. The black points show the number of observed events from the Crab nebula. The solid red histograms and dashed
blue histograms show the photon MC simulation and the observed cosmic-ray background events, respectively. The central
vertical dashed line indicates the muon cut position at Rµ = 1.

Significance map 
E > 100 TeV
5.6σ detection
Point-like source 

Energy spectrum (red)

ü Eγ,max = 450 TeV (Now beyond 1 PeV by LHAASO)
ü Consistent w/ ICS of electrons & CMB

Amenomori et al., PRL 123, 051105 (2019)

×: Crab pulsar
Curve: leptonic model
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Detection of a PeVatron Candidate：SNR G106.3+2.7 (2021)
Significance map @ E >10 TeV

Cyan contours: Molecular cloud

Point-spread function

ü SNR G106: discovered in radio continuum (1.4GHz)
ü Gamma-ray emission coming from a molecular cloud
ü Hadronic modeling gives Ep,cut ~ 500TeV

M. Amenomori et al., Nat. Astron. Lett, 5, 460 (2021)

See also
Pineault & Joncas, Astron. J. 120, 3218 (2000)
Albert et al., ApJL 896, 29 (2020)
Cao et al., Nature 594, 33 (2021)
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Multi-Wavelength Spectral Analysis of SNR G106.3+2.7

Fang et al., PRL (2022)

p π0 decay
e IC
e Brems.
e Sync.

ngas = 1 cm-3

Hadronic emission needed @ GeV ‒ 500TeV
Max. CR proton energy ~ 1PeV !!

MAGIC Collab. A&A (2023)

Hadronic

Delayed γ from CRp?
Dissertation by Oka (2023) 9



Solar system

Source gamma rays

Diffuse gamma rays

Galactic Diffuse Gamma-Ray Emission (GDE, 2021)

Extended along Gal. Plane &
No source counterpart
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Solar system

Gal. coordinates

White：HI gas

Out of Tibet F.O.V.

Yellow: GDE @ E > 0.4 PeV
(23 events in |b| < 10°)
Estimated BG: 2.7 events

2021

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

Galactic Diffuse Gamma-Ray Emission (GDE, 2021)

ü First detection (6σ) of sub-PeV GDE
ü Establishing the existence of Galactic PeVatrons

11



Crab (E > 100TeV)

HESS J1849-000
(E > 100TeV)3

TASG J1844-038
(E > 25TeV)2

Detection of Other Sub-PeV γ-Ray Sources

Cygnus OB1
(E > 10TeV)1

Cygnus OB2
(E > 10TeV)1

1. Amenomori et al., PRL 127, 031102 (2021)
2. Amenomori, …, S.K. et al., ApJ 932, 120 (2022)
3. Amenomori, …, S.K. et al., ApJ 954, 200 (2023)

TASG J1844-038 &
HESS J1849-000
are PeVatron candidates2,3
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A Bit More about Galactic Diffuse γ Rays…
S.K. et al., ApJL 961, L13 (2024)
S.K. et al., ApJL 977, L3 (2024)
S.K. et al., ApJ 984, 98 (2025)

※These are NOT collaboration papers
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Source Contamination of Tibet GDE?
Tibet GDE = True GDE + source contamination?

Black: True GDE model
Green: True GDE model + Unresolved Sources model

GDE: Galactic diffuse (γ-ray) emission

See also,
Riu & Wang, ApJL 914, L7 (2021)
Yan et al., Nat. Astron. 8, 628 (2024)

Modeling by Vecchiotti et al., ApJ 928, 19 (2022)

ARGO

CASAMIA ULs

Tibet
Tibet

14



ü ~5 times difference in Tibet GDE & LHAASO GDE (masked) @ >100TeV
ü Tibet GDE & Not-masked LHAASO flux are consistent
ü Tibet GDE is contaminated by γ-ray sources?

LHAASO masked GDE flux (15° < l < 125° & |b| < 5°)
Cao et al., PRL 134 081002, 2025

Not-masked LHAASO flux (15° < l < 125° & |b| < 5°)
Cao et al., PRL 134 081002, 2025

Tibet masked GDE flux (25° < l < 100° & |b| < 5°)
Amenomori et al., PRL, 126, 141101, 2021

S.K. et al., ApJ 984, 98 (2025)

Source Contamination of Tibet GDE?

15



1st LHAASO catalog (2024) helps us to study the origin of Tibet GDE

43 1LHAASO sources @ E >100TeV (2024)LHAASO (×15 Tibet ASγ)

Air shower array (1,000,000 m2) 
+ Muon Detector Array 

GDE: Galactic diffuse (γ-ray) emission

Cao et al., ApJS 271, 25 (2024)

Source Contamination of Tibet GDE?

16



Source Masking in the Tibet GDE Analysis in 2021

Tibet masking regions should be properly accounted for
to estimate the source contamination of Tibet GDE

1st LHAASO catalog sources (detected @ > 1014 eV, 95% containment extension)
Tibet source masking (r = 0.5°) for TeVCat sources as of 2021

17



Tibet F.O.V.

Estimate of the Source Contamination

Source contamination is estimated as

𝑁! & Γ: Best-fit PL parameters to KM2A data 
(@ E > 25 TeV)

𝛼" = 𝑁#$,&'& −𝑁#$,()*+,- /𝑁#$,&'&

Sum: over the sources detected @ E > 100TeV

Toy MC random events (= 105)
Dashed circle (r = 0.5°): Tibet masking

MC event generation from Gauss. 𝒙!"#, 𝜎$

𝜎. = 𝜎*/0. + 𝜎&12,&. , 

𝜎*/0: 39% source extension
𝜎&12,& = 0.2°: 39% PSF radius of Tibet 

(@ E>100TeV)

Case of 1LHAASO J1852+0050u

18
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Tibet GDE flux (stat. & syst.)

Source contribution is 
subdominant

121 TeV < 26.9%±9.9%             < 24.1%±9.5% 
220 TeV < 34.8%±14.0%           < 27.4%±11.1% 
534 TeV < 13.5%!"."%

%&.'% < 13.5%!".&%
%&.(%

Region A 
(25°<l<100° & |b|<5°)

Region B 
(50°<l<200° & |b|<5°)

Source Contribution to the Tibet GDE Flux

Source
Tibet GDE

S.K. et al., ApJL 977, L3 (2024)

1LHAASO(>100TeV)+Cygnus Cocoon
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The 23 Tibet GDE events @ E > 398 TeV, except for 4 events from Cygnus, 
are likely of diffusive nature

Tibet GDE @ E > 398TeV & 1stLHAASO Sources @ E >100TeV

Cygnus Cocoon

No overlap b/w Tibet GDE events & sub-PeV LHAASO sources

Tibet GDE events (E > 398TeV, 23 events)
1LHAASO sources @ > 100TeV (95% containment extension, 43 sources)

S.K. et al., ApJL 961, L13 (2024)
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121 TeV < 49.4%
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Region A 
(25°<l<100° & |b|<5°)

(Src + LHAASO GDE)/Tibet GDE

+
1LHAASO(>100TeV)+Cygnus Cocoon

Consistency with the LHAASO Measurements

LHAASO GDE
(15°<l<125° & |b|<5°)

Source contamination cannot 
account for the difference b/w 
Tibet & LHAASO GDE fluxes

S.K. et al., ApJL 977, L3 (2024)
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Nature of the Tibet GDE Flux

Supporting the diffusive origin of Tibet GDE
※ Significant contribution from unresolved hadronic sources cannot be ruled out

(Tibet GDE ‒ Source) is (still) consistent w/ the GDE model of Lipari & Vernetto

GDE in Region A (25° < l < 100° & |b| < 5°) GDE in Region B (50° < l < 200° & |b| < 5°)

: Tibet GDE - LHAASO src. Black solid & dashed lines:
Lipari & Vernetto PRD 98, 043003 (2018)

Amenomori+., PRL 126, 141101 (2021)

S.K. et al., ApJL 977, L3 (2024)
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1. Kaci et al., ApJL 975, L6 (2024)
2. IceCube Collaboration, Science 380, 1338 (2023)

Nature of the Tibet GDE Flux

Consistent w/ IceCube ν flux (π0 model)

IceCube Galactic ν & Tibet GDE2
Estimation of unresolved Leptonic contribution1

Supporting the hadronic origin of Tibet GDE

S.K. et al., ApJL 977, L3 (2024)

23

25° < l < 100°, |b| < 5°

50° < l < 200°, |b| < 5°

Unresolved leptonic contribution should be ≲ 20%

Without mask



ü Tibet GDE & Not-masked LHAASO flux are consistent
ü Now we see Tibet GDE is dominated by hadronic diffuse γ rays

LHAASO masked GDE flux (15° < l < 125° & |b| < 5°)
Cao et al., PRL 134 081002, 2025

Not-masked LHAASO flux (15° < l < 125° & |b| < 5°)
Cao et al., PRL 134 081002, 2025

Tibet masked GDE flux (25° < l < 100° & |b| < 5°)
Amenomori et al., PRL, 126, 141101, 2021

S.K. et al., ApJ 984, 98 (2025)

Consistency with the LHAASO Measurements

24
Sub-PeV Galactic γ-ray emission is likely dominated by hadronic GDE.

Difference in Tibet & LHAASO likely comes from different masking schemes.



Consistency with the LHAASO Measurements

Not-masked LHAASO flux (15° < l < 125° & |b| < 5°)
Total flux of 1st LHAASO catalog sources @ > 100TeV

If simple PL spectra are assumed for all sources, 
the source flux dominates @ E > 500 TeV.
It is at odds w/ the fact that none of Tibet GDE 
events (E > 400TeV) overlap with these sources.

=> Many of the sources would have a cutoff in
their spectra

25



W51 (1LHAASO J1922+1403)

LHAASO Collaboration, Science Bulletin 69, 2833 (2024)

W43 (1LHAASO J1848-0153u)

arXiv:2408.09905v1 

1LHAASO J2228+6100u 1LHAASO J1908+0615u 1LHAASO J1825-1256u &1LHAASO J1825-1337u

Cao et al., ApJL 917, L4 (2021)

1LHAASO J0343+5254u & 
1LHAASO J0339+5307

Many gamma-ray 
sources have a spectral 
break @ O(10TeV)

Cao et al., Nature 594, 33 (2021)

Energy Spectra of Individual 1st LHAASO Catalog Sources

Spectral studies of 
more sources needed

26



An Implication from Our Results: Cygnus Super Bubble
γ-ray significance maps (E >100TeV)

Longitude distribution (E >100TeV)

γ-ray energy spectrum

Estimate of GDE contamination based on 
the masked LHAASO GDE flux

=> Higher GDE contamination than 
previously thought ??

LHAASO Collaboration, Science Bulletin 69, 449 (2024)
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Summary
From the γ-ray observation by Tibet ASγ, we found

1. Astrophysical sub-PeV γ rays (Crab Nebula)
2. Promising PeVatron candidates (e.g., SNR G106.3+2.7)
3. Evidence for Galactic PeVatrons (Galactic diffuse)

Regarding the GDE flux @ E > 100 TeV measured by Tibet,
1. Contribution from resolved γ-ray sources is subdominant
2. Sub-PeV Galactic γ-ray emission is likely dominated by hadronic GDE
4. However, a significant contribution from yet-unresolved sources

cannot be ruled out. Spectral measurement of individual sources
is also important

28



Backup Slides

29



Estimation of Energy & Direction

30



Tibet PSF Radius
From SM of Amenomori et al., PRL 126, 141101 (2021)
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Concrete tank Water

PMT

BGCR/Srcγ > 102 @ sub-PeV
BG Rejection w/ an Underground Muon Detector Array

32



Crab Nebula: Spillover
Amenomori et al., PRL 123, 051105 (2019)

Estimation:
In 100 TeV < E < 250 TeV (20 events): 

Spillover from E < 100 TeV: 20 * 0.14 = 2.8 events
Spillover from E > 250 TeV: 20 * 0.03 = 0.6 events

In 250 TeV < E < 630 TeV (4 events): 
Spillover from E < 250 TeV: 4 * 0.12 = 0.5 events
Spillover from E > 250 TeV: 4 * 0.02 = 0.1 events 33



Masked TeVCat Sources (2021)

Total ~ 60 sources

S. K. et al., ApJL 977, L3 (2024)

34



Contribution from the Cygnus Cocoon S.K. et al., ApJL 977, L3 (2024)

35



Warning

By courtesy of T. Oka

The flux is calculated based on the results given by KM2A @ E > 25TeV.
However, almost all spectra show the softening in the WCDA & KM2A observations.
Therefore, spectra @ E > 100 TeV would also soften from those @ 25TeV < E < 100TeV.
The estimated resolved source fraction @ E > 100 TeV should be considered as an upper limit

36



Is It Natural to Have No Overlap?
Expected # of accidental overlap:

Cygnus Cocoon

23 Tibet diffuse events (E > 398TeV)
Extension (95% containment) of sub-PeV LHAASO sources

Sub-PeV LHAASO sources covers 3.7% of the ROI.
Expected # of accidental overlap is 23 × 0.037 = 0.9 events

=> Consistent w/ no overlap

S.K. et al., ApJL 961, L13 (2024)
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Expected # of γ-ray events observed by Tibet ASγ from the sub-PeV LHAASO sources:
Is It Natural to Have No Overlap?

F(>398TeV): Integral γ-ray flux
D (=65,700 m2): Area of the Tibet AS array
Tθ<40°: Duration w/i θ < 40°
SMD = 0.3: γ-ray survival ratio @ E > 398 TeV

Sum of n’s over the newly-reported sources is 1.2
=> Consistent w/ no overlap

It is calculated for the 22 sub-PeV LHAASO sources not associated w/ the TeVCat sources
masked in the Tibet GDE analysis

n = 0 for sources w/ |δsrc-δTibet| > 40° 38



# of unresolved sources needed if we assume the source origin of all 23 Tibet GDE events 
(E > 398 TeV, except for 4 events from the Cygnus Cocoon)

Source-Origin Hypothesis for Tibet GDE @ > 0.4 PeV

where
22 = # of sub-PeV γ-ray sources in the 1st LHAASO catalog not detected as of 2021 
Tobs = Observation time in a future new catalog
Tobs,0 = Observation time in the 1st LHAASO catalog

22 × (23 - 4) / 1.2 × (Tobs / Tobs,0) = 350 (Tobs / Tobs,0) sources,

Tobs / Tobs,0 = 2   => 700 sources
Tobs / Tobs,0 = 3   => 1000 sources

LHAASO must detect 8 ~ 10 times more sources in the coming years, IMPOSSIBLE
c.f., Fermi 1st catalog: 1451 sources in 11-month obs.
Fermi 4th catalog: 5064 sources in 8-year obs. 39



Other Checks

1. For the 47 1LHAASO sources detected only below 100TeV 
=> One Tibet GDE event (TASG-D01-025) overlaps w/ 1LHAASO J1907+0826 &
consistent w/ accidental overlap (0.19 events)

2. For the latest 92 TeVCat sources w/i the Tibet F.O.V.*
*As of 2023 December 7th & does not include 1LHAASO sources

=> No overlap & consistent w/ accidental overlap (0.38 events)

Let us consider other source catalogs.
A 0.5° circular window is opened for each of the cataloged sources, &
the # of Tibet GDE events w/i the windows is counted.

S.K. et al., ApJL 961, L13 (2024)
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The following scenario can explain the difference: 
They observe hadronic GDE, but in the different Galactic 
latitudinal regions due to their different masking schemes

Interpretation of the Tibet & LHAASO GDE Fluxes
./012 345 (78°9:9;<<°, > 98°)@ABCDE1
FGHHAI 345! (;8°9:9;78°, > 98°)

= 3, 2, & 7 @ 120TeV, 220TeV, & 530TeV

*The distribution is Integrated over |l| < 180°

: Tibet region A (25° < l < 100° & |b| < 5°)

LHAAASO masking in the inner Galaxy1

sin(b)

GDE latitudinal distribution* by Lipari & Vernetto (2018)2

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

LHAASO masks most regions in |b| < 2°
(Tibet masking: ~5% of F.O.V.)

1. Cao et al., PRL 131, 151001 (2023)
2. Lipari & Vernetto, PRD 98, 043003 (2018)

E = 12GeV

S.K. et al., ApJL 977, L3 (2024)
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@ E > 400TeV: ~ 2σ statistical deviation
Tibet: 10 events (= 6 + 4 from Cygnus Cocoon)
Consistent w/ statistical fluctuation

Comparison of Tibet GDE Flux & Not-Masked LHAASO Flux
S.K. et al., ApJ 984, 98 (2025)
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Contribution from 1LHAASO @ > 25TeV to the Tibet GDE Flux

121 TeV < 34.5%±12.7%           < 32.2%±12.7% 
220 TeV < 42.5%±17.1%           < 34.8%±14.2% 
534 TeV < 15.6%!).*%

%".'% < 16.1%!*.+%
%".,%

Region A 
(25°<l<100° & |b|<5°)

Region B 
(50°<l<200° & |b|<5°)Src/TibetGDE

Tibet GDE flux
1LHAASO(>100TeV)+Cygnus Cocoon
1LHAASO(>25TeV)+Cygnus Cocoon

S.K. et al., ApJL 977, L3 (2024)
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Tibet diffuse flux

1LHAASO (E > 100 TeV) + Cygnus Cocoon, masked

Resolved leptonic 1LHAASO (E > 100 TeV), masked

25 deg. < l < 100 deg., |b| < 5 deg.

Contribution from Resolved Leptonic Sources

121 TeV < 8.9%                                                    < 6.6%
220 TeV < 11.8%                                                  < 6.9%
534 TeV < 4.7%                                                    < 3.0%

1LHAASO leptonic 

(associated w/ PSRs)

S.K. et al., ApJL 977, L3 (2024)
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Difference b/w Tibet & LHAASO GDE Fluxes
Sec. 2.2 of Fang & Murase, ApJL 957, L6 (2023)

A reason for the difference is suggested by the authors in 2023
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Nature of Sub-PeV LHAASO GDE
Fang & Murase, ApJL 957, L6 (2023)

Kaci et al., ApJL 975, L6 (2024)

Unresolved leptonic < 20% @ E > 100TeV
=> Hadronic

Hadronic diffuse &/or unresolved hadronic

Hadronic diffuse &/or unresolved hadronic
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On the Potential Contribution from Unresolved Sources
Do many unresolved sources w/ hard spectral index avoiding the detection contribute to 
the Tibet diffuse flux? (e.g., HESS J1702-420A)
However, there is no source like HESS J1702-420A discovered in the northern hemisphere.
In fact, if HESS J1702-420A was in the northern hemisphere, LHAASO would easily detect 
such a source with the current sensitivity.

HESS J1702-420A

Therefore, it is not natural to assume that all hard gamma-ray sources potentially situated in 
the northern hemisphere have fluxes below the current LHAASO sensitivity
One interesting source is 1LHAASO J2031+4052u.

Cao et al., ApJS 271, 25 (2024)

Abdalla et al., A&A 653, A152 (2021) 
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Unresolved Source Contribution @ E > 100 TeV
Lipari & Vernetto, PRD 111, 063035 (2025)

・LHAAS GDE (Φdata, diffuse): masking considered
・The unresolved source contribution (Φmodel, unresolved): 

masking NOT considered

@ E > 100TeV, the unresolved source contribution should be
subdominant.
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New On-Going GDE Analysis by LHAASO

(RS: resolved sources)

The results shown are taken from Rui Zhang ICRC2025

ü Simultaneous modeling of source emission & 
GDE is now under study

ü Systematic uncertainty in GDE flux from
・Source spectral shape?
・GDE emission template (Planck dust map)?
・Threshold value in extension?
・LHAASO energy scale uncertainty? ...

See Rui Zhang’s talk in this session
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Model/not-masked LHAASO = 
2/3 @ 100TeV (γ-optimized, Min) 
1/2 @ 100TeV (Base, Min)

Modeling of GDE

Torre Luque et al., arXiv.2507.07083


