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Tibet Air Shower Array
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p Site: Tibet (90.522oE, 30.102oN) 4,300 m a.s.l.

Present Performance
ü # of detectors 0.5 m2 x 597
ü Covering area ~65,700 m2

ü Angular resolution ~0.5°@10TeV g
~0.2°@100TeV g

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

àObservation of secondary (mainly e+/-,γ) in AS
Primary energy : 2nd particle densities
Primary direction : 2nd relative timings

Tibet
ASγ



Underground WC Muon Detectors

Measurement of # of µ in AS à g／CR discrimination

DATA: February, 2014 - May, 2017 Live time: 719 days

~3400m2Soil & Rocks 2.6m

Waterproof & reflective materialsReinforced concrete

eγµ

1.0m

PMT

7.3m

Water 1.5m

Cherenkov  lights

20 inchAir 0.9m

4

µ

Tibet
ASγ

ü 4 pools, 16 units / pool
ü 54 m2 in area ×1.5m in depth (water)
ü 2.4m soil overburden (~515g/cm2 ~9X0)
ü 20”ΦPMT (HAMAMATSU R3600)
ü Concrete pools + white Tyvek sheets



Air shower data analysis.—The arrival direction of an
AS is reconstructed using the relative timing recorded at
each scintillation detector. The color and size of a circle in
Fig. 1(a) represent the relative timing (τ) and the number of
particle density (ρ) measured by each detector in a sample
AS event, respectively. First, we obtain the AS core
location weighted by ρ. The τ’s in the AS front are fitted
by a conical shape, and its cone angle is optimized by the
Monte Carlo (MC) simulations depending on the AS size.
The arrow head and direction indicate the reconstructed
core position and incident direction of the AS, respectively.
The angular resolutions (50% containment) are estimated
to be approximately 0.5° and 0.2° for 10 and 100 TeV
photons, respectively.
The secondary particles in an AS deposit energy propor-

tional to ρ, in a scintillator. At each detector, ρ is obtained
from the PMT output charge divided by the single particle
peak [17], which is monitored every 20 min to correct the
temperature dependence of each detector gain. For
E > 10 TeV, the energy of each AS is reconstructed using
the lateral distribution of ρ shown in Fig. 1(b) as an
example. As an energy estimator, we use S50 defined as
ρ at a perpendicular distance of 50 m from the AS axis in
the best-fit NKG function [18]. The conversion from S50 to
the energy is optimized as a function of the zenith angle by
the MC simulation. The energy resolutions with S50, which
depend on the AS core location and zenith angle (see
Fig. S1 in Supplemental Material [19]), are roughly
estimated to be 40% at 10 TeV and 20% at 100 TeV. At
E < 10 TeV, we estimate the energy directly from Σρ,
which is the sum of the particle density measured by each
scintillation detector, because it is difficult to apply the
NKG fitting due to a limited number of hit detectors. The
energy resolution with Σρ is estimated to be ∼100% at
3 TeV. The absolute energy scale uncertainty was estimated
to be 12% from the westward shift of the Moon’s shadow
center caused by the geomagnetic field [14].
Muons and a part of the hadronic components in an AS

penetrate into the underground MD array, while the
electromagnetic cascade rapidly attenuates in the soil
above. The number of muons detected in an MD (Nμ) is
obtained from the output charge divided by the single muon
peak which is monitored every 20 min. The sum of detected
particles in all 64 MDs (i.e., ΣNμ) is taken as the parameter
to distinguish photons from cosmic rays that generate ASs.
The trigger condition of an AS is issued at any fourfold

coincidence of scintillation detectors within the area
enclosed by the dashed lines in Fig. 1, each recording
more than 0.6 particles. The AS event selections and energy
estimation below 10 TeVare carried out in the same way as
our previous works [14] except for the muon cut. At
E > 10 TeV, the following event selection criteria are
imposed to ensure better energy resolution: (i) the zenith
angle of the arrival direction (θ) is <40°; (ii) the number of
available detectors for the AS reconstruction is ≥16;

(iii) among six detectors recording the largest ρ values,
five are contained in the fiducial area enclosed by the
dashed lines in Fig. 1; (iv) log(S50) is >−1.2; (v) the age
parameter (s) in the best-fit NKG function is between 0.3
and 1.3; (vi) ΣNμ < 2.1 × 10−3ðΣρÞ1.2 or ΣNμ < 0.4 as
indicated by solid lines in Fig. 2. This muon-cut condition
is optimized by the MC simulations for the observation of
the photon-induced ASs (see the next section).
In order to estimate the background contribution from

cosmic rays, we adopt the equizenith angle method which
was used in our previous works [14,20]. The number of
cosmic-ray background events is estimated from the
number of events averaged over 20 off-source windows
located at the same zenith angle as the on-source window
(but at a different azimuth angle). The radius of the on- or
off-source window Rsw is set to RswðΣρÞ ¼ 6.9=

ffiffiffiffiffiffi
Σρ

p
(°)

[20]. In order to efficiently extract signals in the higher
energy region at a low background level, the lower limit of
Rsw is set to 0.5°, corresponding to ∼90% containment of
photons with E > 100 TeV.
MC simulations.—We simulate AS events in the atmos-

phere, using the CORSIKA code v7.4000 [21] with EPOS-
LHC [22] for the high-energy hadronic interaction model
and FLUKA code v2011.2b [23,24] for the low-energy
hadronic interaction model. The differential power-law
index of the photon spectrum is taken to be −3.0 above
0.3 TeV. The AS cores are located randomly within 300 m
from the AS array center. The generated secondary particles
in an AS are fed into the detector simulation of the AS array
developed by using the GEANT4 code v4.10.00 [25]. The
energy deposit and timing at each scintillation detector are
converted to measurable charge and timing values consid-
ering the detector response and the calibrations. The
simulated dataset is analyzed in the same way as the
experimental data to reconstruct the energy and arrival
direction of the primary cosmic rays that initiate ASs.
We verified that our MC simulations reproduce the

(a) (b)

FIG. 2. Distribution of the number of muons (ΣNμ) measured
by the MD array as a function of the sum of the particle density
(Σρ) measured by the AS array for (a) photon signals generated
by the MC simulation and (b) cosmic-ray events extracted from
the real data. The color and the solid lines represent the number of
events and the optimized muon-cut condition, respectively.
ΣNμ ¼ 0 is plotted at logðΣNμÞ ¼ −0.8 on the vertical axis.
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Standard muon cut : SNµ < 2.1 x 10-3 Sr1.2
à Optimized for the gamma-ray point-like source

Muon Cut Condition (Standard)Tibet
ASγ

Gamma Survival ratio : ~90% by MC sim (>100 TeV)
CR Survival ratio : ~10-3 (>100 TeV)
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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.
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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.
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Amenomori et al., PRL 123, 051101 (2019)

24 g rays against 5.5 CR BGs

Sub-PeV Emission from the Crab NebulaTibet
ASγ

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.051101


Air shower data analysis.—The arrival direction of an
AS is reconstructed using the relative timing recorded at
each scintillation detector. The color and size of a circle in
Fig. 1(a) represent the relative timing (τ) and the number of
particle density (ρ) measured by each detector in a sample
AS event, respectively. First, we obtain the AS core
location weighted by ρ. The τ’s in the AS front are fitted
by a conical shape, and its cone angle is optimized by the
Monte Carlo (MC) simulations depending on the AS size.
The arrow head and direction indicate the reconstructed
core position and incident direction of the AS, respectively.
The angular resolutions (50% containment) are estimated
to be approximately 0.5° and 0.2° for 10 and 100 TeV
photons, respectively.
The secondary particles in an AS deposit energy propor-

tional to ρ, in a scintillator. At each detector, ρ is obtained
from the PMT output charge divided by the single particle
peak [17], which is monitored every 20 min to correct the
temperature dependence of each detector gain. For
E > 10 TeV, the energy of each AS is reconstructed using
the lateral distribution of ρ shown in Fig. 1(b) as an
example. As an energy estimator, we use S50 defined as
ρ at a perpendicular distance of 50 m from the AS axis in
the best-fit NKG function [18]. The conversion from S50 to
the energy is optimized as a function of the zenith angle by
the MC simulation. The energy resolutions with S50, which
depend on the AS core location and zenith angle (see
Fig. S1 in Supplemental Material [19]), are roughly
estimated to be 40% at 10 TeV and 20% at 100 TeV. At
E < 10 TeV, we estimate the energy directly from Σρ,
which is the sum of the particle density measured by each
scintillation detector, because it is difficult to apply the
NKG fitting due to a limited number of hit detectors. The
energy resolution with Σρ is estimated to be ∼100% at
3 TeV. The absolute energy scale uncertainty was estimated
to be 12% from the westward shift of the Moon’s shadow
center caused by the geomagnetic field [14].
Muons and a part of the hadronic components in an AS

penetrate into the underground MD array, while the
electromagnetic cascade rapidly attenuates in the soil
above. The number of muons detected in an MD (Nμ) is
obtained from the output charge divided by the single muon
peak which is monitored every 20 min. The sum of detected
particles in all 64 MDs (i.e., ΣNμ) is taken as the parameter
to distinguish photons from cosmic rays that generate ASs.
The trigger condition of an AS is issued at any fourfold

coincidence of scintillation detectors within the area
enclosed by the dashed lines in Fig. 1, each recording
more than 0.6 particles. The AS event selections and energy
estimation below 10 TeVare carried out in the same way as
our previous works [14] except for the muon cut. At
E > 10 TeV, the following event selection criteria are
imposed to ensure better energy resolution: (i) the zenith
angle of the arrival direction (θ) is <40°; (ii) the number of
available detectors for the AS reconstruction is ≥16;

(iii) among six detectors recording the largest ρ values,
five are contained in the fiducial area enclosed by the
dashed lines in Fig. 1; (iv) log(S50) is >−1.2; (v) the age
parameter (s) in the best-fit NKG function is between 0.3
and 1.3; (vi) ΣNμ < 2.1 × 10−3ðΣρÞ1.2 or ΣNμ < 0.4 as
indicated by solid lines in Fig. 2. This muon-cut condition
is optimized by the MC simulations for the observation of
the photon-induced ASs (see the next section).
In order to estimate the background contribution from

cosmic rays, we adopt the equizenith angle method which
was used in our previous works [14,20]. The number of
cosmic-ray background events is estimated from the
number of events averaged over 20 off-source windows
located at the same zenith angle as the on-source window
(but at a different azimuth angle). The radius of the on- or
off-source window Rsw is set to RswðΣρÞ ¼ 6.9=

ffiffiffiffiffiffi
Σρ

p
(°)

[20]. In order to efficiently extract signals in the higher
energy region at a low background level, the lower limit of
Rsw is set to 0.5°, corresponding to ∼90% containment of
photons with E > 100 TeV.
MC simulations.—We simulate AS events in the atmos-

phere, using the CORSIKA code v7.4000 [21] with EPOS-
LHC [22] for the high-energy hadronic interaction model
and FLUKA code v2011.2b [23,24] for the low-energy
hadronic interaction model. The differential power-law
index of the photon spectrum is taken to be −3.0 above
0.3 TeV. The AS cores are located randomly within 300 m
from the AS array center. The generated secondary particles
in an AS are fed into the detector simulation of the AS array
developed by using the GEANT4 code v4.10.00 [25]. The
energy deposit and timing at each scintillation detector are
converted to measurable charge and timing values consid-
ering the detector response and the calibrations. The
simulated dataset is analyzed in the same way as the
experimental data to reconstruct the energy and arrival
direction of the primary cosmic rays that initiate ASs.
We verified that our MC simulations reproduce the

(a) (b)

FIG. 2. Distribution of the number of muons (ΣNμ) measured
by the MD array as a function of the sum of the particle density
(Σρ) measured by the AS array for (a) photon signals generated
by the MC simulation and (b) cosmic-ray events extracted from
the real data. The color and the solid lines represent the number of
events and the optimized muon-cut condition, respectively.
ΣNμ ¼ 0 is plotted at logðΣNμÞ ¼ −0.8 on the vertical axis.
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Standard Tight

Tight muon cut : SNµ < 2.1 x 10-4 Sr1.2
à One order magnitude tighter than the Crab analysis

Muon Cut Condition (Tight)Tibet
ASγ

Gamma Survival ratio : ~30% by MC sim (>398TeV)
CR Survival ratio : ~10-6 (>398TeV=102.6TeV)

Standard Tight
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Data/MC ComparisonTibet
ASγ

ü AS generation: CORSIKA
ü Hadronic int. model:

EPOS-LHC + FLUKA
ü Detectors:   GEANT4 

Reasonable agreement!

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



g-ray-like event
Distribution
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Blue points: 
Experimental data

Red plus marks: 
known Galactic TeV sources

>398 TeV (102.6 TeV)
38 events in our FoV
23 events in |b| < 10o
16 events in |b| < 5o

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

Tibet
ASγ

(a) 100 < E(TeV) < 158

(b) 158 < E(TeV) < 398

(C) 398 < E(TeV) < 1000
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Gamma Survival ratio : 30% by MC sim (>398TeV)
CR Survival ratio : ~10-6 (>398TeV=102.6TeV)

Muon Number Distribution (>398 TeV)Tibet
ASγ

Observed # of muons 

# of muons at the cut value
Rµ =

BG

gMC

ON region |b| < 10o

BG region |b| > 20o

g-like CR-like
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ü No excess around 
known TeV sources

ü Event distribution is 
consistent with diffuse model
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Correlation with known TeV SourcesTibet
ASγ

Correlation between UHE gamma rays above 398 TeV and
60 sources from TeVCat catalog (UNID, PWN , Shell, Binary, SNR…)
(Excluded    GRB, HBL, IBL, LBL, BL Lac, AGN, Blazar, FSRQ, FRI, Starburst)

ü High-energy e+/− lose their energy quickly.
ü Cosmic-ray protons can escape farther from the source.

Strong evidence for sub-PeV γ rays induced by cosmic rays
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Inner Galaxy

Outer Galaxy

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

CR + ISM à X’s + p0 ... à 2g

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

Energy Spectrum of UHE Diffuse g RaysTibet
ASγ

Lipari & Vernetto, PRD 98, 043003 (2018) 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.043003
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Cygnus Cocoon as a PeVatron candidateTibet
ASγ

LETTERS NATURE ASTRONOMY

declination (dec.) = 41.51° ± 0.04°), which is a slightly extended 
source with a Gaussian width of 0.27° and is possibly associated 
with the PWN TeV J2032+4130 (refs. 12,13), and HAWC J2030+409, 
which is a very-high-energy counterpart of the GeV Cygnus 
Cocoon10 (Methods). The region after subtraction of HAWC 
J2031+415 (PWN) and 2HWC J2020+403 (γ Cygni) is shown  
in Fig. 1b.

HAWC J2030+409 contributes ~90% to the total flux detected 
at the ROI and is detected with a test statistic (equation (1), likeli-
hood ratio test), TS, of 195.2 at the position RA = 307.65° ± 0.30°, 
dec. = 40.93° ± 0.26°. The extension is well described by a 
Gaussian profile with a width of 2.13° ± 0.15° (stat.) ± 0.06° (syst.). 
The location and the Gaussian width of the source are consistent 
with the measurements by Fermi-LAT from above 1 GeV to a few 
hundred GeV.

The spectral energy distribution of the Cygnus Cocoon 
has been extended from 10 TeV in the previously published 
measurement by the ARGO observatory14 to 200 TeV in this 
analysis. The measurement above 0.75 TeV can be described 
by a power-law spectrum dN=dE ¼ N0 ðE=E0ÞΓ

I
, with 

E0 = 4.2 TeV being the pivot energy. The flux normalization is 
N0 ¼ 9:3þ0:9

#0:8 stat:ð Þþ0:93
#1:23 syst:ð Þ ´

I
10−13 cm−2 s−1 TeV−1 and the spec-

tral index is Γ ¼ "2:64þ0:05
"0:05 stat:ð Þþ0:09

"0:03 syst:ð Þ
I

. The flux is compat-
ible with an extrapolation from the Fermi-LAT measurement at 
1–300 GeV (refs. 10,15). Compared to Γ = −2.1 in the Fermi-LAT GeV 
data, a significant softening of the energy spectral density is evident 
at a few TeV in the ARGO data14 and persists beyond 100 TeV in the 
HAWC data (Fig. 2a).

GeV γ rays observed by Fermi-LAT can be produced either by 
high-energy protons interacting with gas or by high-energy elec-
trons upscattering stellar radiation and dust emission10. Above a few 
TeV, the inverse-Compton process between relativistic electrons 
and stellar photons is suppressed by the Klein–Nishina effect. If 
produced by electrons, the γ-ray emission is therefore not expected 

to be peaked toward the stellar clusters, but rather trace the dif-
fuse dust emission across the entire Cocoon. This adds difficulty to 
the task of distinguishing the leptonic and hadronic origins of the 
γ-ray radiation. The measurements of the Cygnus Cocoon emission 
above 10 TeV break the degeneracy of the two origins. As shown 
in Extended Data Fig. 1, we find it unlikely that a single electron 
population produces γ rays from GeV to the highest energy by 
inverse-Compton emission without its synchrotron radiation vio-
lating the flux constraints posed by radio16 and X-ray17 observations. 
The leptonic origin of the γ-ray radiation by the Cygnus Cocoon is 
therefore disfavoured as uniquely responsible for the observed GeV 
and TeV flux.

The cosmic ray energy density above a proton energy of 10 TeV 
is calculated for four annuli up to 55 pc from Cyg OB2 (Fig. 2b). We 
find that the cosmic ray energy density in all spatial bins is larger 
than the local cosmic ray energy density of 10−3 eV cm−3 based on 
Alpha Magnetic Spectrometer measurements18. Therefore, as for the 
GeV γ rays10, TeV γ rays come from the freshly accelerated cosmic 
rays inside the Cygnus Cocoon, rather than from the older Galactic 
population.

The radial profile of the cosmic ray density yields information 
on the mechanism that accelerates particles in the Cygnus Cocoon. 
Assuming that a cosmic ray accelerator has been active in the cen-
tre of the region at a radius of r = 0, roughly at the location of Cyg 
OB2, a 1/r dependence of the cosmic ray density would imply that 
the acceleration process has continuously injected particles in the 
region for 1–7 Myr. A continuous acceleration process, which can-
not be guaranteed by a single supernova explosion event, could be 
produced by the combined and long-lasting effect of multiple pow-
erful star winds. Conversely, a constant radial profile would imply a 
recent (< 0.1 Myr) burst-like injection of cosmic rays, such as from a 
supernova explosion event. Although the measured cosmic ray pro-
file seems to agree with a 1/r dependence, a constant profile, namely 
a burst-like injection, cannot be excluded. This is in contrast to the 
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Fig. 1 | Significance map of the Cocoon region before and after subtraction of the known sources at the region. a, Significance map of the Cocoon region. 
The map is in Galactic coordinates, where b and l refer to latitude and longitude, respectively. It is produced as described in ref. 11. The blue contours are 
four annuli centred at the OB2 association as listed in Supplementary Table 1. The green contour is the ROI used for the study, which masks the bright 
source 2HWC J2019+367. b, Significance map of the Cocoon region after subtracting HAWC J2031+415 (PWN) and 2HWC J2020+403 (γ Cygni). The 
light-blue, medium-blue and dark-blue dashed lines are contours for 0.16, 0.24 and 0.32 photons per 0.1°!×!0.1° spatial bin, respectively, from Fermi-LAT 
Cocoon10. Both maps are made assuming a 0.5° extended disk source and a spectral index of −2.6 with 1,343 days of HAWC data.

NATURE ASTRONOMY | www.nature.com/natureastronomy

4 events above 398 TeV detected within 4o-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.

HAWC Cygnus Cocoon E > 398 TeV
Abeysekara et al., Nature Astronomy (2021) Galactic Coordinates

https://www.nature.com/articles/s41550-021-01318-y
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ConclusionsTibet
ASγ

üWe successfully observed the galactic diffuse gamma rays
in 100 TeV < E < 1 PeV. Especially, we found 16 (23)
gamma-ray like events against 1.39 (2.7) BG events within
|b| < 5o (|b| < 10o), which corresponds to 5.9s (5.9s).

ü The highest energy of observed gamma-ray is 957 TeV.
ü 38 gamma rays above 398 TeV are spatially separated
from known TeV gamma-ray sources beyond our angular
resolution as is expected from the diffuse gamma-ray
scenario.

ü 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.


