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The Crab Nebula is a remnant of the explosion of a massive 

star. The nebula formed on 1054 August 24, being recorded 

in Chinese chronicles as a 'guest star' (1). It is the brightest 

known pulsar wind nebula, an extended nonthermal 

structure powered by the ultrarelativistic electron-positron 

wind from the central neutron star (the Crab Pulsar). This 

makes the Crab Nebula one of the brightest γ-ray sources in 

the sky, which has been observed for decades at TeV energies 

(2). At the transition from GeV to TeV energies, the spectral 

energy distribution (SED; E2dN / dE, where dN / dE is the 

differential flux of radiation at the photon energy E) reaches 

a maximum around 100 GeV (3, 4). Previous observations 

reported a detection at ≈80 TeV (5), and measured the 

spectrum up to 300 TeV (6–8). The angular size of the γ-ray 

source at TeV energies has been reported ≈50 arcsec (9). The 

Crab Nebula was among the sources detected at energies 

above 100 TeV using the Large High Altitude Air Shower 

Observatory (LHAASO) (10). 

LHAASO is a dual-purpose complex of particle detectors, 

designed for the study of cosmic rays (CRs) and γ-rays in the 

sub-TeV to 1000 PeV energy range (11, 12). When a very high 

energy extraterrestrial particle enters Earth's atmosphere, it 

initiates a cascade consisting of secondary hadrons, leptons, 

and photons, known as an air shower. The LHAASO detectors 

record different components of these air showers, which are 

used to reconstruct the type, energy and arrival direction of 

the primary particles. 

LHAASO consists of three arrays (13). The largest is the 

square kilometer array (KM2A) comprising surface counters 

and subsurface muon detectors. KM2A is designed to detect 

cosmic rays (CR) from 10 TeV to 100 PeV and distinguish γ-

ray photons from CRs using the muon detector array. The 

muon content in an air shower event can be used to effec-

tively reject hadronic showers, which are initiated by CRs. 

The surface array of KM2A is used to determine the energy 

and arrival direction of the primary particles. KM2A operates 

as an Ultra High Energy (UHE, Eγ > 0.1 PeV) γ-ray telescope 

(14) with energy resolution of ≤20% and angular resolution 

of 0.25°. For γ-rays above 50 TeV, the sensitivity of KM2A 

reaches the flux level of 
14 2 110 erg cm s− − −

 for a point source like 

the Crab Nebula in one year of observations (12). 

The Water Cherenkov Detector Array (WCDA) consists of 

three ponds with total area of 0.08 km2, sensitive to γ-rays 

down to 0.1 TeV with an angular resolution δψ ≈ 0.2° (15). 

WCDA is designed to perform deep surveys of very high en-

ergy γ-ray sources, including the Crab Nebula for both pulsed 

and unpulsed signals. The sensitivity at energies above 2 TeV 

reaches the flux level of 
12 2 110 erg cm s− − −

 for a point source like 

the Crab Nebula in one year of observations (12). At energies 

above 0.1 PeV, WCDA also serves as an additional muon de-

tector to enhance the determination between electromag-

netic and hadronic showers detected by KM2A. 

KM2A and WCDA are complemented by the Wide-Field-

of-view Cherenkov Telescope Array (WFCTA) (16), designed 

to consist of 18 telescopes (of which 14 have been con-

structed) that detect Cherenkov radiation emitted by air 

showers induced by CRs, with energy ranging from 0.1 to 

1000 PeV. Cherenkov light in showers initiated by γ-rays at 

energies above 0.1 PeV is recorded by WFCTA telescopes 

which cover a 32° × 112° region of the northern sky, through 

which the Crab Nebula passes every day. 
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The Crab Nebula is a bright source of gamma-rays powered by the Crab Pulsar's rotational energy, through 
the formation and termination of a relativistic electron-positron wind. We report the detection of γ-rays 

from this source with energies from 5 × 10−4 to 1.1 petaelectronvolts (PeV), with a spectrum showing 
gradual steepening over three energy decades. The ultra-high-energy photons imply the presence of a PeV 
electron accelerator (a pevatron) in the nebula, with an acceleration rate exceeding 15% of the theoretical 
limit. We constrain the pevatron's size between 0.025 and 0.1 pc, and magnetic field ≈110 µG. The 
production rate of PeV electrons, 2.5 × 1036 erg s−1, constitutes 0.5% of the pulsar spin-down luminosity, 
although we cannot exclude a contribution of PeV protons to the production of the highest energy γ-rays. 
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LHAASO Observations of the Crab Nebula 

On 2020 January 11 at 17:59:18 Coordinated Universal Time 

(UTC), a giant air shower was recorded by all three LHAASO 

detectors. The shower arrived from the direction of the Crab 

Nebula and was centered in the western part of KM2A (Fig. 

1A). WCDA was also triggered, despite being 150 m away from 

the shower core. The event occurred after local midnight, 

when eight WFCTA telescopes were operational. The Cheren-

kov radiation from the air shower appeared in the Field of 

View (FoV) of Telescope No.10 and triggered it (Fig. 1C). 

We identify the event as a γ-ray induced shower, based on 

4996 particles (electrons, photons, muons, hadrons) recorded 

by 395 surface detectors, and 15 muons recorded by 11 under-

surface detectors of KM2A. The probability for this event to 

be a misidentified CR is estimated as 0.1% (13). Two inde-

pendent estimates of the shower energy were derived from 

the KM2A and WFCTA data: 0.88 ± 0.11 PeV and 
0.28

0.200.92  PeV+
−

, respectively. The former value has previously been reported 

as the maximum energy of γ-rays detected from the Crab 

Nebula by LHAASO (10). 

Approximately one year later, 2021 January 4 at 16:45:06 

UTC, another shower was registered by KM2A at even higher 

energy, 1.12 ± 0.09 PeV. This event occurred at zenith angle 

12.9°, closer to vertical and therefore better measured by 

KM2A than the previous shower. Unfortunately, the primary 

photon arrived one hour before the Crab entered the FoV of 

the WFCTA telescopes. While the number of detected second-

ary particles (5094) exceeded those in the previous event, the 

number of muons (14) was fewer, so we also identified this 

event as a γ-ray induced shower with a misidentification 

probability of 0.03%. 

KM2A operated for 314 days at half of its design capacity 

and a further 87 days at three quarters of its design capacity. 

In that time, a total of 89 UHE γ-rays with energy exceeding 

0.1 PeV were detected from the Crab. Figure 2 shows the in-

tegrated γ-ray detection rate, re-normalized to the nominal 1 

km2 array and one hour exposure time, assuming the Crab is 

within the FoV of KM2A (approximately 7.4 hours per day 

with zenith angle less than 50°). Above 0.1 PeV, we find about 

0.05 events per hour, equivalent to 135 events per year. Figure 

2 also shows the detection rate of the CR-induced showers 

within a cone of 1° centered on the Crab, both before and af-

ter applying the CR shower rejection based on the muon con-

tent in the showers. This 'muon cut' filter requires that the 

number of muons detected by KM2A in the shower must be 

less than 1/230 of the number of particles detected by the 

KM2A surface counters. The cut reduces the cosmic ray back-

ground by factors of 1,000 and 500,000 at 50 TeV and 1 PeV, 

respectively. At energies above 0.1 PeV, the detection rate of 

γ-rays from the Crab exceeds the CR induced background by 

an order of magnitude. Because the Point Spread Function 

(PSF) of KM2A is δψ ≈ 0.25°, the CR background could be 

lower by an additional factor of (1° / δψ)2 ≈ 16. 

 

Spectral Energy Distribution 

The γ-ray fluxes in the energy range from 0.5 TeV to 13 TeV 

were measured using the WCDA pond. From 2019 September 

to 2020 October, the total exposure was 343.5 transits of the 

Crab Nebula. The KM2A measurements in the observation 

period reported above cover the higher energy range from 10 

TeV to 1.6 PeV. We combined the WCDA and KM2A data to 

determine the SED of the Crab Nebula, shown in Fig. 3A. The 

two independent measurements are consistent with a simple 

SED functional form 

( ) ( )14 2 1 1d d = 8.2 0.2 10 10 TeV  cm  s  TeVN E E
−Γ− − − −± × , 

where N is the number of γ-rays, E is the γ-ray energy and Γ 

is the energy dependent spectral index. The two measure-

ments are connect smoothly in the small overlapping region 

around 12.5 TeV. In this energy bin, the discrepancy between 

flux measured by KM2A and WCDA is 1.3σ. The overall χ2 / 

dof is 9.3/14, where dof is the number of degrees of freedom. 

No systematic deviation between the two segments of the 

SED is found. The functional form of the spectral index, 

( ) ( ) ( )10
= 2.90 0.01 0.19 0.02 10 TeVlog EΓ ± + ± , implies a 

gradual steepening of the spectrum characterized by the local 

index Γ, from ≈2.5 at 1 TeV to 3.7 at 1 PeV (Fig. 3B). 

Figure 3A also shows previous measurements using at-

mospheric Cherenkov telescopes (5, 6, 17, 18) and air shower 

arrays (7, 8, 19). These are consistent with the WCDA and 

KM2A data from sub-TeV to multi-TeV energies, including 

the flux at the highest energy previously reported, 

γ 300 TeVE ≈  (8). 

 

Origin of the PeV photons and electrons 

Photons from the Crab Nebula have been detected over 22 

decades of energy, from MHz radio to UHE γ-rays, in both 

pulsed and unpulsed components. γ-rays can be produced in 

three physically distinct sites - in the pulsar's magnetosphere, 

the ultrarelativistic electron-positron (hereafter, simply elec-

tron) wind, and in the nebula. UHE γ-rays are absorbed in 

the strong magnetic field of the pulsar, so a pulsed γ-ray com-

ponent from the magnetosphere has been predicted only in 

energy range of MeV-to-GeV. However, a previous detection 

of pulsed TeV γ-rays from the Crab (20) indicates pulsed γ-

ray emission occurs in the wind (21–23). Extension of this 

component to UHE γ-rays is theoretically unexpected. We 

nevertheless searched for a pulsed component in the 

LHAASO data, but did not detect one, limited by the photon 

statistics. We therefore assume that the entire flux detected 

by LHAASO consists of an unpulsed component that is pro-

duced in the nebula. 

The broad-band non-thermal emission of the Crab Nebula 

is dominated by two mechanisms - synchrotron radiation and 
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inverse Compton (IC) scattering of relativistic electrons inter-

acting with the ambient magnetic and radiation fields (24, 

25). In the standard paradigm, the acceleration of electrons 

is initiated by the termination of the wind, at a standing re-

verse shock located a distance R ≈ 0.1 parsec (pc) from the 

pulsar (26, 27). Although the details of the acceleration mech-

anism remain unknown, the detection of PeV photons allows 

us to estimate the accelerator size l, the magnetic field 

strength B, and the minimum acceleration rate η. 

In the Crab Nebula, several radiation fields supply target 

photons for the IC scattering of electrons. However, at ener-

gies above 100 TeV, the 2.7 K cosmic microwave background 

radiation (CMBR) dominates the γ-ray production (25, 28). 

Because the CMBR is well quantified, the γ-ray data provides 

direct information about the parent electrons. γ-ray produc-

tion above 100 TeV proceeds in the Klein-Nishina regime, 

where the energies of the upscattered photon Eγ and the par-

ent electron Ee are linked through the simple relation 

( )1.3

γ e= 0.37 1 PeV PeVE E , which over two energy decades, 

from 30 TeV to 3 PeV, is accurate to within 10% (see fig. S7), 

or equivalently 

( )0.77

e γ2.15 1 PeV PeVE E  (1) 

Thus, for the 1.1 PeV photon, the energy of the parent elec-

tron is 2.3 PeV. Correspondingly, the mean energies of the 

synchrotron ( )synε  and IC ( )γE  photons produced by the 

same electron in the ambient magnetic field B, are related by 

( ) ( )1.5

syn γ= 9.3 1 PeV 100 μG  MeVE Bε  (2) 

Simultaneous modelling (13) of the synchrotron and IC 

components constrains the magnetic field strength within a 

narrow interval, 
15

13112  μGB
+
−  (see Fig. 4 and discussion be-

low). The upper limit is set by the requirement for the syn-

chrotron radiation of the same electrons responsible for the 

production of 1 PeV photons to not overshoot the measured 

MeV flux (29). The lower limit is set by requiring the electron 

energy Ee and the accelerator's linear size, l, to meet the con-

dition that the electron gyroradius 
g e=R E eB  (e is the 

charge of electron) cannot exceed l. Using Eq. 1, we find 

( )( ) ( )0.77

γ100 μG 1 pc 0.023 1 PeVB l E≥  (3) 

Magnetohydrodynamic (MHD) models of the Crab Nebula 

(26, 27) postulate that electrons are accelerated at the termi-

nation of an electron wind, then advected into the nebula 

through the MHD outflow. X-ray imaging of the inner parts 

of the nebula (30) indicates that the acceleration site is lo-

cated close to the termination shock, at R ≈ 0.1 – 0.14 pc from 

the pulsar (28). The linear size of the accelerator must exceed 

the gyroradius, l ≥ R; this imposes a lower limit on the mag-

netic field from Eq. 3, 20 μGB ≥ . On the other hand, the 

standard one-zone model, which assumes that both the 

synchrotron and IC radiation components are produced in 

the same region by the same electron population, gives 

112 μGB   (see Fig. 4). Then, from Eq. 3 we find that 

0.02 pcl ≥ . These constraints are inconsistent with estimates 

of the characteristic size and magnetic field in the region(s) 

where the flares of the MeV/GeV γ-ray emission (“Crab 

flares”) (31) originate. Those variations of γ-ray fluxes on 

timescales of days are interpreted as fast acceleration and 

synchrotron cooling of PeV electrons in compact (R ≤ 0.01 pc) 

highly magnetized (B ≥ 1 mG) regions (see (32) for a review). 

In the presence of such a large magnetic field, the IC γ-ray 

component is suppressed; however this does not exclude an 

indirect link between the PeV electrons responsible for the 

UHE γ-ray emission and the synchrotron MeV/GeV flares. 

The detection of ~1 PeV photons implies an acceleration 

rate which overcomes the synchrotron losses of the parent 

electrons up to PeV energies. The acceleration rate of elec-

trons is = =E e c eBcη  , where η is the ratio of the projection 

of the electric field  , averaged over the particle trajectory, 

to the magnetic field, = Bη  . This parameter characterizes 

the acceleration efficiency and is always smaller than 1; in 

objects where 1η → , the accelerator proceeds at the maxi-

mum rate allowed by classical electrodynamics and ideal 

MHD (33). The maximum energy of electrons then is deter-

mined by the balance between the acceleration and the en-

ergy loss rates: ( ) 1/21/2

e,max 5.8 100 μG PeVE Bη −≈ . Using the 

relation between γE  and 
eE  given by Eq. 1, we find 

( )( )1.54

γ= 0.14 100 μG 1 PeV PeVB Eη  (4) 

Thus, for the detected γ = 1.1 PeVE  and the magnetic field 

112 μGB   derived from the one-zone model (Fig. 4), we 

find that the acceleration proceeds at the rate η ≈ 0.16. For 

comparison, at the diffusive shock acceleration in young su-

pernova remnants (34), η is smaller by at least 3 orders of 

magnitude. 

For the distance to the Crab Nebula, d ≈ 2 kpc (35), the 

luminosity in PeV γ-rays is estimated as 
2 31 1

γ,PeV γ= 4 5 10 erg sL d Fπ −≈ × , where 13 1

γ 10 erg sF
− −≈  is the 

energy flux of 0.5 to 1.1 PeV γ-rays (Fig. 4). In the Klein-

Nishina limit, the IC cooling time of electrons in 2.7 K CMBR 

is 
11 0.7

IC e5 10 ( /1 PeV)  st E×  (36) or, for the given Eγ, using 

Eq. 1 we have 11 0.54

IC 8 10 ( /1 PeV)  st Eγ× . Thus, the total en-

ergy held by the ≥1 PeV electrons responsible for production 

of ≥0.5 PeV γ-rays is estimated as 
43

e,PeV γ,PeV IC= 4 10 ergW L t ≈ × . Because the overall cooling of 

PeV electrons is dominated by synchrotron losses ( )syn ICt t
, the injection rate of PeV electrons 
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( )236 1

e,PeV e,PeV syn= 2 10 100 μG erg sW W t B
−≈ × . Thus, within 

the framework of the standard one-zone model with B =112 

μG, the acceleration power of PeV electrons constitutes 

≈0.5% fraction of the pulsar's spin-down luminosity, 
38 1

SD 5 10 erg sL
−≈ ×  (27). 

 

Multi-wavelength Modeling 

We consider whether the detection of PeV photons agrees 

with predictions from the standard MHD paradigm of the 

Crab Nebula, which assumes that nonthermal emission from 

X-rays to multi-TeV γ-rays is produced by electrons acceler-

ated at the termination of the pulsar wind (25, 28, 37–39). We 

modeled the Crab's multi-wavelength radiation within the 

idealized Synchrotron-IC one-zone model, assuming a homo-

geneous spatial distribution of the magnetic field and elec-

trons (Fig. 4). For γ 100 TeVE ≥  γ-rays the dominant target 

for IC scattering is the 2.7 K CMBR, with properties that are 

known more precisely than the targets at lower energies. For 

a steady-state electron energy distribution, above 1 TeV, we 

assumed a power-law function terminated by a super-expo-

nential cutoff at the high-energy end. Figure 4 shows the SED 

model using three free parameters - the power-law slope 

α = 3.42 , cutoff energy 
0 = 2.15 PeVE  and magnetic field B = 

112 μG, which reproduces the observations from the X-rays to 

multi-MeV γ-rays with synchrotron radiation, and the TeV to 

PeV γ-rays with IC radiation. Below 1 TeV, the electron spec-

trum must undergo a break to avoid conflicting with the syn-

chrotron radiation at optical to radio frequencies, and to 

provide a smooth transition of the IC radiation from TeV to 

GeV energies (13). 

The one-zone model in Fig. 4 is tightly constrained; the 3-

sigma limits on the index α (3.37 to 3.47) are constrained by 

the uncertainty of the X-ray data. Because ≥ 10 TeV electrons 

are cooled on short timescales, the index of the initial (accel-

eration) spectrum must be close to 2.4. The magnetic field is 

determined by the flux ratio of the synchrotron and IC com-

ponents, with 3 sigma range from 100 to 130 μG. For these 

values of α and B, the cutoff energy E0 is set by the synchro-

tron and IC spectra above 10 MeV and 100 TeV, respectively. 

The derived ranges of magnetic field and the power-law index 

of electrons are consistent with previous studies based on the 

Synchrotron-IC one-zone model (28, 39) as well as MHD flow 

models (25, 40, 41) in which the magnetic field's radial distri-

bution is determined by the wind-magnetization parameter 

σB. The magnetic field 112 GB   derived for the production 

region of multi-TeV to PeV γ-rays, is a factor of 2-3 smaller 

than the average nebular magnetic field, consistent with the 

MHD flow model (27). The latter predicts reduced magnetic 

field at the termination shock for a broad range of the mag-

netization parameter σB between 0.001 and 0.01 (27). 

Within the one-zone model, the IC γ-ray spectrum can be 

precisely calculated. While the KM2A spectral points from 10 

TeV to 1 PeV agree with the one-zone model within the sta-

tistical uncertainties, there are possible deviations from its 

predictions. Between 60 TeV and 500 TeV, the two differ with 

a significance of 4σ, with the observational data having a 

steeper spectrum than the one-zone model predictions. The 

possible excess around one PeV indicates an opposite ten-

dency - a hardening of the spectrum. A hardening of the elec-

tron spectrum is difficult to accommodate theoretically with 

plausible assumptions. The problem of suppression of the 

one-zone spectrum at 1 PeV can be circumvented by introduc-

ing a second population of PeV electrons. This could also ex-

plain the inconsistency of the synchrotron part of the SED 

with the one-zone model (fig. S4) by decoupling the highest 

energy synchrotron and IC components, assuming that the 

MeV synchrotron radiation is predominantly produced in 

compact highly magnetized regions, while the PeV IC pho-

tons originate from regions with B ≤ 100 μG. A second elec-

tron component could extend the SED to a few PeV but not 

much further. From Eq. 4 it follows that, even for η = 1 and 

minimum allowed magnetic field, B ≥ 20 μG, then the maxi-

mum energy of photons cannot exceed 4 PeV. Any detection 

of γ-rays well beyond 1 PeV would require a non-leptonic 

origin for the extra component of radiation, e.g., multi-PeV 

protons and atomic nuclei in the nebula. 

Because of the limited energy budget available for accel-

eration of protons, hadronic interactions cannot be responsi-

ble for the overall broad-band γ-ray luminosity. However, the 

contribution of hadronic interactions at PeV energies could 

be non-negligible. The γ-ray production efficiency of had-

ronic interactions, i.e., the fraction of the proton kinetic en-

ergy converted to γ-rays, is determined by the ratio κ = tesc / 

tpp, where tesc is the confinement time of protons inside the 

nebula, and tpp ≈ 1.5 × 108 n−1 year is the cooling time of pro-

tons through the production and decay of the secondary π0-

mesons. For the average density of the nebular gas n ≈ 10 

cm−3, the radiation efficiency is low; even for the most effec-

tive confinement of 10 PeV protons, tesc ≤ 250 year (13), thus 

κ ≤ 5 × 10−5. To explain the PeV γ-ray luminosity, Lγ ≈ 5 × 1031 

erg s−1, the acceleration power of ~10 PeV parent protons 

would need to be 1 36 1

p p esc γ= = 10 erg sW W t Lκ − −≈  or, in the 

case of a broad E−2 type proton spectrum, an order of magni-

tude larger. These estimates are supported by numerical cal-

culations (fig. S5). They avoid exceeding the theoretical 

constraints on the proton fraction (42) only if there is effec-

tive proton confinement in the nebula. 
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Fig. 1. The 0.88 PeV γ-ray event from the Crab recorded by the LHAASO detectors. In panel A, squares 

indicate the scintillator counters of KM2A, colored according to the logarithm of number of detected 

particles Ne (color bar). The open circles indicate the 11 Muon Detectors of KM2A triggered by the shower. 

The position of the core is indicated by the red arrow, which is orientated in the arrival direction of the primary 

photon. Panel B shows the map of WCDA detector units. The logarithm of the number of photoelectrons 

recorded in each unit is indicated by the color. The scale is represented by the color bar. On the southern 

side of WCDA is located Telescope-10 of WFCTA (black square) which also detected the event. Panel C shows 

the telescope FoV outlined by the dotted lines, while the dashed arcs indicate zenith angles of 20°, 30°, 40°, 

from right to left and dashed lines indicate azimuth angles of 175°, 200° counterclockwise. The shower 

image, composed of 11 pixels, started about 34° in zenith and stretched to the edge of the FoV at 38°. The 

color scale shows the logarithm of the number of photoelectrons in each pixel. The main axis of the image in 

the FoV of the telescope indicates the shower-telescope-plane which is consistent with the event direction 

(indicated by the red cross in panel C) reconstructed using KM2A. The green line in panel A is the intersection 

of the shower plane and the ground, which is consistent with the shower core. 
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Fig. 2. The rates of detection of γ-rays from the Crab and the cosmic 

ray background events above the shower energy E by the 1 km2 array 

in a cone of 1° centered at the Crab direction. The rates correspond 

to the number of events per hour of observation of the source within 

the FoV of KM2A. E is the reconstructed shower energy. The cyan dash-

dotted and pink dashed lines represent the integrated detection rates 
of γ-rays from the Crab, based on log-parabola and power-law models 

fitted to the measured fluxes (see Fig. 3), respectively. The black filled 

circles show the rate of cosmic ray events accumulated by KM2A. The 

integrated rate can be approximately described as power law with index 

of -1.6. The blue open circles represent the integrated rate of cosmic 

ray events after the 'muon cut' filter.  
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Fig. 3. γ-ray flux of the Crab measured by LHAASO and spectral 

fitting. Panel A shows TeV to PeV γ-ray fluxes of the Crab plotted as 

EdN/dE. The red squares and blue squares are the spectral points 

measured using KM2A and WCDA, respectively. The spectral points 

above 100 TeV were obtained in the signal-dominated regime, with 89 

detected γ-rays and 2 events expected from CR induced (hadronic) air 

showers after the muon cuts. No events were detected in the 1.6 to 2.5 

PeV bin where an arrow indicates the flux upper limit at 90% confidence 

level. The purple line shows the fitting using a log-parabola (LP) model in 
the 0.3 TeV to 1.6 PeV interval (χ2 / dof: 9.3/14). For comparison, the 

black line shows the fitting using a simpler power-law (PL) model in the 

10 TeV to 1.6 PeV interval (χ2 / dof: 5.4/9). Also plotted are previous 

observations of the Crab by other facilities: High Energy Gamma Ray 

Astronomy (5), High Energy Stereoscopic System (17), Major 

Atmospheric Gamma Imaging Cherenkov Telescope (4, 6), 

Astrophysical Radiation by Ground-based Observation at Yang Ba Jing 

(19), High Altitude Water Cherenkov Detector (7), Tibet Air Shower array 

(8). Panel B shows the energy-dependent local power-law index Γ 

derived by the log-parabola model fitting, as indicated by the purple 

band. For comparison, the black line shows the photon index 3.12 ± 0.03 

derived from the simpler power-law model fitting. Error bars represent 

one standard deviation. 
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Fig. 4. The Spectral Energy Distribution of the Crab Nebula. Panel A: The black curves represent the fluxes of 

the synchrotron and IC components of radiation of an electron population calculated within the one-zone model. 

The electron spectrum above 1 TeV is assumed to be a power-law function terminated by a super-exponential 

cutoff, E−α exp[−(E / E0)2]. The best fitting model parameters are: = 3.42 0.05α ± , 0.55

0 0.65= 2.15  PeVE
+
− , 

15

13= 112  μGB
+
− . The total energy in electrons above 1 TeV is 47= 7.7 10  erg

e
W × . A break in the electron spectrum 

at = 0.76 TeV
b

E  is assumed to provide a consistency with the GeV γ-ray and low-frequency synchrotron data 

(see supplementary text and fig. S6). The dark-grey and light-grey shaded regions show the 1σ and 3σ 

uncertainty regions, respectively. The purple and the magenta circles show the X-ray and the MeV emission of 

the Crab Nebula (29). The orange circles represent the Crab observations by Fermi-Large Area Telescope (LAT) 

in the non-flare state (3). The blue and red squares represent WCDA and KM2A measurements reported in this 

work. Panel B zooms into the fluxes above 10 TeV, plotted as E3dN/dE. The blue curve presents the log-parabola 

spectral fitting shown in in Fig. 3. Panel C, D and E show the 2-dimensional projected parameter spaces of the 

free parameters α, B and E0, with uncertainty regions indicated by the hatching shown in the legend. 
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