
0 0  M o n t h  2 0 1 7  |  V o L  0 0 0  |  n A t U R E  |  1

LEttER
doi:10.1038/nature24475

Direct detection of a break in the teraelectronvolt 
cosmic-ray spectrum of electrons and positrons
DAMPE Collaboration*

*A list of authors and affiliations appears at the end of the paper. 

High-energy cosmic-ray electrons and positrons (CREs), which 
lose energy quickly during their propagation, provide a probe of 
Galactic high-energy processes1–7 and may enable the observation 
of phenomena such as dark-matter particle annihilation or 
decay8–10. The CRE spectrum has been measured directly up to 
approximately 2 teraelectronvolts in previous balloon- or space-
borne experiments11–16, and indirectly up to approximately 5 
teraelectronvolts using ground-based Cherenkov γ-ray telescope 
arrays17,18. Evidence for a spectral break in the teraelectronvolt 
energy range has been provided by indirect measurements17,18, 
although the results were qualified by sizeable systematic 
uncertainties. Here we report a direct measurement of CREs in the 
energy range 25 gigaelectronvolts to 4.6 teraelectronvolts by the 
Dark Matter Particle Explorer (DAMPE)19 with unprecedentedly 
high energy resolution and low background. The largest part of 
the spectrum can be well fitted by a ‘smoothly broken power-law’ 
model rather than a single power-law model. The direct detection of 
a spectral break at about 0.9 teraelectronvolts confirms the evidence 
found by previous indirect measurements17,18, clarifies the behaviour 
of the CRE spectrum at energies above 1 teraelectronvolt and sheds 
light on the physical origin of the sub-teraelectronvolt CREs.

The Dark Matter Particle Explorer (DAMPE; also known as 
‘Wukong’ in China), which was launched into a Sun-synchronous 
orbit at an altitude of about 500 km on 17 December 2015, is a high- 
energy particle detector optimized for studies of CREs and γ -rays up 
to about 10 TeV. The DAMPE instrument, from top to bottom, consists 
of a plastic scintillator detector, a silicon–tungsten tracker-converter 
detector, a bismuth germanium oxide (BGO) imaging calorimeter, 
and a neutron detector19. The plastic scintillator detector measures 
the charge of incident particles with a high nuclear resolution up to 
atomic number Z =  28, and aids in the discrimination between  photons 
and charged particles. The silicon–tungsten tracker-converter detector 
measures the charge and trajectory of charged particles, and recon-
structs the direction of γ -rays converting into e+e− pairs. The BGO 
calorimeter20, with a total depth of about 32 radiation lengths and about 
1.6 nuclear interaction lengths, measures the energy of incident par-
ticles and provides efficient CRE identification. The neutron  detector 
further improves the electron/proton discrimination at teraelectron-
volt energies19. With the combination of these four sub-detectors, 
DAMPE has achieved effective rejection of the hadronic cosmic-ray 
background and much improved energy resolution for CRE meas-
urements19. In 2014 and 2015 the DAMPE engineering qualifica-
tion model (see Methods) was extensively tested using test beams at 
the European Organization for Nuclear Research (CERN). The test 
beam data demonstrated excellent energy resolution for electrons and  
γ -rays (better than 1.2% for energies21,22 exceeding 100 GeV), and  
verified that the electron/proton discrimination capabilities of the 
 system19 are consistent with the simulation results.

The cosmic-ray proton-to-electron flux ratio increases from approx-
imately 300 at 100 GeV to approximately 800 at 1 TeV. A robust elec-
tron/proton discrimination and an accurate estimate of the residual 

proton background are therefore crucial for reliable measurement of the 
CRE spectrum. As the major instrument onboard DAMPE, the BGO 
calorimeter ensures a well contained development of electromagnetic 
 showers in the energy range of interest. The electron/proton discrimi-
nation method relies on an image-based pattern recognition, as adopted 
in the ATIC experiment23. It exploits the topological differences of the 
shower shape between hadronic and electromagnetic particles in the 
BGO  calorimeter. This method, together with the event pre-selection 
procedure, is found to be able to reject > 99.99% of the protons while 
keeping 90% of the electrons and positrons. The details of electron 
identification are presented in Methods (for example, in Extended Data 
Fig. 1 we show the consistency of the electron/proton discrimination 
between the flight data and the Monte Carlo simulations). Figure 1 
illustrates the discrimination power of DAMPE between electrons 
and protons with deposited energies of 500–1,000 GeV, using the BGO 
images only.

The results reported in this work are based on data recorded between 
27 December 2015 and 8 June 2017. Data collected while the satellite 
was passing the South Atlantic Anomaly has been excluded from the 
analysis. During these approximately 530 days of operation, DAMPE 
recorded more than 2.8 billion cosmic-ray events, including around 
1.5 million CREs above 25 GeV. Figure 2 shows the corresponding 
CRE spectrum measured from the DAMPE data (see Table 1 for more 
details), compared with previously published results from the space-
borne experiments AMS-0214 and Fermi-LAT16, as well as the ground-
based experiment of the H.E.S.S. Collaboration17,18. The contamination 
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Figure 1 | Discrimination between electrons and protons in the 
BGO instrument of DAMPE. Both the electron candidates (the lower 
population) and proton candidates (the upper population) are for the 
DAMPE flight data with energies between 500 GeV and 1 TeV deposited in 
the BGO calorimeter. F last represents the ratio of energy deposited in the 
last BGO layer to the total energy deposited in the BGO calorimeter23. The 
shower spread is defined as the summation of the energy-weighted shower 
dispersion of each layer.
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of the proton background for DAMPE is estimated to be less than 3% in 
the energy range 50 GeV to 1 TeV (see Table 1). The systematic uncer-
tainties of the flux measurement have been evaluated, with dominant 
contributions from the background subtraction and the instrumental 
effective acceptance (the product of the fiducial instrumental acceptance 
and the particle selection efficiency). More details on the systematic  
uncertainties can be found in Methods.

A spectral hardening at about 50 GeV is shown in our data, in agree-
ment with that of AMS-0214 and Fermi-LAT16. The data in the energy 
range 55 GeV to 2.63 TeV fit much better to a smoothly broken power- 
law model (the fit yields χ2 =  23.3 for 18 degrees of freedom) than to 
a single power-law model (which yields χ2 =  70.2 for 20 degrees of 
freedom). Our direct detection of a spectral break at E ≈  0.9 TeV, with 
the spectral index changing from γ 1 ≈  3.1 to γ 2 ≈  3.9 (see Methods for 
details), confirms the previous evidence found by the ground-based 
indirect measurement of the H.E.S.S. Collaboration17,18. The AMS-02 
data also predict a teraelectronvolt spectral softening with the so-called 
minimal model24. Our results are consistent with the latest CRE spectra  
measured by Fermi-LAT16 in a wide energy range, although the tera-
electronvolt break has not been detected by Fermi-LAT, possibly 
owing to higher particle background contamination and/or lower 
 instrumental energy resolution. We note that the CRE flux measured 
by DAMPE is overall higher than the one reported by AMS-02 for 
energies exceeding 70 GeV. The difference might be due in part to the 
uncertainty in the absolute energy scale, which would coherently shift 
the CRE spectrum up or down. With increased statistics and improved 
understanding of the detector’s performance, more consistent measure-
ments among different experiments may be achieved in the near future.
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Figure 2 | The CRE spectrum (multiplied by E3) measured by DAMPE. 
The red dashed line represents a smoothly broken power-law model that 
best fits the DAMPE data in the range 55 GeV to 2.63 TeV. Also shown are 
the direct measurements from the space-borne experiments AMS-0214  
and Fermi-LAT16, and the indirect measurement by the H.E.S.S. 
Collaboration (the grey band represents its systematic errors apart from 
the approximately 15% energy scale uncertainty)17,18. The error bars  
(± 1σ) of DAMPE, AMS-02 and Fermi-LAT include both systematic and 
statistical uncertainties added in quadrature.

Table 1 | The CRE flux (in units of m−2 s−1 sr−1 GeV−1) with 1σ statistical and systematic errors

Energy range (GeV) 〈E〉 (GeV) Acceptance (m2 ×  sr) Counts Background fraction Φ  (e+ + e−) ±  σstat ±  σsys

24.0–27.5 25.7 ±  0.3 0.256 ±  0.007 377,469 (2.6 ±  0.3)% (1.16 ±  0.00 ±  0.03)× 10−2

27.5–31.6 29.5 ±  0.4 0.259 ±  0.007 279,458 (2.5 ±  0.3)% (7.38 ±  0.02 ±  0.19)× 10−3

31.6–36.3 33.9 ±  0.4 0.261 ±  0.007 208,809 (2.4 ±  0.2)% (4.76 ±  0.02 ±  0.13)× 10−3

36.3–41.7 38.9 ±  0.5 0.264 ±  0.007 156,489 (2.4 ±  0.2)% (3.08 ±  0.01 ±  0.08)× 10−3

41.7–47.9 44.6 ±  0.6 0.266 ±  0.007 117,246 (2.3 ±  0.2)% (2.00 ±  0.01 ±  0.05)× 10−3

47.9–55.0 51.2 ±  0.6 0.269 ±  0.007 87,259 (2.3 ±  0.2)% (1.28 ±  0.01 ±  0.03)× 10−3

55.0–63.1 58.8 ±  0.7 0.272 ±  0.007 65,860 (2.2 ±  0.2)% (8.32 ±  0.04 ±  0.21)× 10−4

63.1–72.4 67.6 ±  0.8 0.275 ±  0.007 49,600 (2.1 ±  0.2)% (5.42 ±  0.03 ±  0.13)× 10−4

72.4–83.2 77.6 ±  1.0 0.277 ±  0.007 37,522 (2.1 ±  0.2)% (3.54 ±  0.02 ±  0.09)× 10−4

83.2–95.5 89.1 ±  1.1 0.279 ±  0.007 28,325 (2.1 ±  0.1)% (2.31 ±  0.01 ±  0.06)× 10−4

95.5–109.7 102.2 ±  1.3 0.283 ±  0.007 21,644 (2.0 ±  0.1)% (1.52 ±  0.01 ±  0.04)× 10−4

109.7–125.9 117.4 ±  1.5 0.282 ±  0.007 16,319 (2.0 ±  0.1)% (1.00 ±  0.01 ±  0.02)× 10−4

125.9–144.5 134.8 ±  1.7 0.286 ±  0.007 12,337 (2.0 ±  0.1)% (6.49 ±  0.06 ±  0.16)× 10−5

144.5–166.0 154.8 ±  1.9 0.287 ±  0.007 9,079 (2.0 ±  0.1)% (4.14 ±  0.04 ±  0.10)× 10−5

166.0–190.6 177.7 ±  2.2 0.288 ±  0.007 7,007 (1.9 ±  0.1)% (2.78 ±  0.03 ±  0.07)× 10−5

190.6–218.8 204.0 ±  2.6 0.288 ±  0.007 5,256 (2.0 ±  0.1)% (1.81 ±  0.03 ±  0.05)× 10−5

218.8–251.2 234.2 ±  2.9 0.290 ±  0.007 4,002 (1.9 ±  0.1)% (1.20 ±  0.02 ±  0.03)× 10−5

251.2–288.4 268.9 ±  3.4 0.291 ±  0.007 2,926 (2.0 ±  0.2)% (7.59 ±  0.14 ±  0.19)× 10−6

288.4–331.1 308.8 ±  3.9 0.291 ±  0.007 2,136 (2.1 ±  0.2)% (4.81 ±  0.11 ±  0.12)× 10−6

331.1–380.2 354.5 ±  4.4 0.290 ±  0.007 1,648 (2.1 ±  0.2)% (3.25 ±  0.08 ±  0.08)× 10−6

380.2–436.5 407.1 ±  5.1 0.292 ±  0.007 1,240 (2.0 ±  0.2)% (2.12 ±  0.06 ±  0.05)× 10−6

436.5–501.2 467.4 ±  5.8 0.291 ±  0.007 889 (2.2 ±  0.2)% (1.32 ±  0.05 ±  0.03)× 10−6

501.2–575.4 536.6 ±  6.7 0.289 ±  0.007 650 (2.2 ±  0.2)% (8.49 ±  0.34 ±  0.21)× 10−7

575.4–660.7 616.1 ±  7.7 0.288 ±  0.007 536 (2.0 ±  0.2)% (6.13 ±  0.27 ±  0.15)× 10−7

660.7–758.6 707.4 ±  8.8 0.285 ±  0.007 390 (2.0 ±  0.2)% (3.92 ±  0.20 ±  0.10)× 10−7

758.6–871.0 812.2 ±  10.2 0.284 ±  0.007 271 (2.3 ±  0.3)% (2.38 ±  0.15 ±  0.06)× 10−7

871.0–1,000.0 932.5 ±  11.7 0.278 ±  0.008 195 (2.3 ±  0.3)% (1.52 ±  0.11 ±  0.04)× 10−7

1,000.0–1,148.2 1,070.7 ±  13.4 0.276 ±  0.008 136 (2.6 ±  0.4)% (9.29 ±  0.82 ±  0.27)× 10−8

1,148.2–1,318.3 1,229.3 ±  15.4 0.274 ±  0.009 74 (3.6 ±  0.5)% (4.38 ±  0.53 ±  0.14)× 10−8

1,318.3–1,513.6 1,411.4 ±  17.6 0.267 ±  0.009 93 (2.2 ±  0.4)% (4.99 ±  0.53 ±  0.17)× 10−8

1,513.6–1,737.8 1,620.5 ±  20.3 0.263 ±  0.010 33 (5.0 ±  0.9)% (1.52 ±  0.28 ±  0.06)× 10−8

1,737.8–1,995.3 1,860.6 ±  23.3 0.255 ±  0.011 26 (5.4 ±  0.9)% (1.07 ±  0.22 ±  0.05)× 10−8

1,995.3–2,290.9 2,136.3 ±  26.7 0.249 ±  0.012 17 (5.8 ±  0.9)% (6.24 ±  1.61 ±  0.30)× 10−9

2,290.9–2,630.3 2,452.8 ±  30.7 0.243 ±  0.014 12 (7.9 ±  1.1)% (3.84 ±  1.20 ±  0.21)× 10−9

2,630.3–3,019.9 2,816.1 ±  35.2 0.233 ±  0.015 4 (18.2 ±  2.5)% (1.03 ±  0.63 ±  0.07)× 10−9

3,019.9–3,467.4 3,233.4 ±  40.4 0.227 ±  0.017 4 (15.4 ±  2.4)% (9.53 ±  5.64 ±  0.70)× 10−10

3,467.4–3,981.1 3,712.4 ±  46.4 0.218 ±  0.018 4 (11.2 ±  2.6)% (9.07 ±  5.12 ±  0.77)× 10−10

3,981.1–4,570.9 4,262.4 ±  53.3 0.210 ±  0.020 3 (11.4 ±  4.0)% (6.15 ±  4.02 ±  0.60)× 10−10

〈 E〉  is the representative value of the energy in the bin, calculated in the same way as in ref. 14.

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.
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Unlike the H.E.S.S. data, which are dominated by systematic uncer-
tainties, the DAMPE CRE spectrum shown in Fig. 2 is  dominated by 
statistical uncertainties for energies above about 380 GeV. DAMPE 
is designed to operate for at least three years, and will probably be 
extended to a longer lifetime given the current instrument status. 
Further statistics will allow more precise measurement of the CRE 
spectrum up to higher energies of about 10 TeV and, crucially, test 
whether there is any edge-like feature that may be generated by 
dark-matter annihilation or decay or nearby pulsars4,7,25. The precise 
measurement of the CRE spectrum by DAMPE can narrow down the 
parameter space of models, such as those containing nearby pulsars, 
supernova remnants and candidates of particle dark matter, consid-
erably3,26–29 in order to account for the “positron anomaly”24,30. The 
parameters include, for example, the spectral cutoff energy of the 
electrons accelerated by nearby pulsars or supernova remnants, or 
the rest mass and the annihilation cross-section (or alternatively the 
lifetime) of a dark-matter particle. Together with data from the cosmic 
microwave background or γ -rays, these improved constraints on the 
model parameters obtained by DAMPE may clarify the connection 
between the positron anomaly and the annihilation or decay of particle 
dark matter.

Online Content Methods, along with any additional Extended Data display items and 
Source Data, are available in the online version of the paper; references unique to 
these sections appear only in the online paper.
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METhODs
Discrimination between electrons and protons. The method of electron selection 
in this work relies on the differences in the development of showers initiated by 
protons and electrons23,31,32. The procedure is as follows. First, we search for events 
passing through the entire BGO calorimeter. We select events with hit positions 
from − 28.5 cm to 28.5 cm for the top layer and − 28 cm to 28 cm for the bottom 
layer (each BGO bar lies between − 30 cm and 30 cm). Second, we calculate the 
shower spread, expressed by the energy-weighted root-mean-square value of 
hit positions in the calorimeter. The root-mean-square value of the ith layer is  
calculated as:

=
∑ −

∑

x x E

E
RMS

( )
(1)i

j j i i j i

j j i

, c,
2

,

,

where xj,i and Ej,i are the coordinates and deposited energy of the jth bar in the 
ith layer, and xc,i is the coordinate of the shower centre of the ith layer. Figure 1 
shows the deposited energy fraction in the last BGO layer (F last) versus the total 
root-mean-square value of all 14 BGO layers (that is, ∑ iRMSi). We can see that 
electrons are well separated from protons. Note that in Fig. 1 and Extended Data 
Fig. 1, heavy ions have already been effectively removed by selection through the 
plastic scintillator detector, on the basis of the charge measurement.

Extensive Monte Carlo simulations are carried out to compare with data. 
Our Monte Carlo simulations are based on Geant4.10.0233. The hadronic model 
QGSP−BERT is used to generate the proton sample used in this analysis. We have 
compared the two hadronic models in Geant4, QGSP−BERT and FTFP−BERT, 
for the high-energy range (> 50 GeV), and found that the difference in the proton 
contamination estimates between the two models is less than 10% for energies up 
to 5 TeV. The corresponding systematic uncertainty on the CRE spectrum meas-
urement is thus negligible.

For a better evaluation of the electron/proton discrimination capabilities, we 
introduce a dimensionless variable, ζ, defined as

ζ= × Σ / / ×F ( RMS mm) (8 10 ) (2)i ilast
4 6

The ζ distribution for events with deposited energies from 500 GeV to 1 TeV in the 
BGO calorimeter is shown in Extended Data Fig. 1. Blue points represent the flight 
data, and the red histogram represents the Monte Carlo data (the electron Monte 
Carlo data are in black and the proton Monte Carlo data are in green). The Monte 
Carlo data and the flight data are in good agreement with each other. A clear sepa-
ration between electrons and protons is shown. The electron/proton discrimination 
capability with the ζ variable has also been validated with the 400-GeV proton data 
collected at the CERN beam test facilities using the DAMPE engineering qualifica-
tion model. The engineering qualification model is essentially the same as the final 
flight model, except that 166 out of the 192 silicon ladders in the silicon–tungsten 
tracker-converter detector are ladders equipped with non-segmented silicon detec-
tors and without the readout application-specific integrated circuits, but otherwise 
have the same material, mechanical and thermal properties as the real ones34. In the 
data analysis, we take an upper bound of ζ ≈  8.5 for the CRE candidates.

We also check the consistency of the ζ variable between the two-side readouts, 
the P (positive) and N (negative) sides, of the BGO crystal. The gains of the two 
sides differ by a factor of about 5. The data sets from each end can be used to 
measure the energy, and hence provide the particle identification, independently. 
The distribution of their ratio shows that the two groups of readout-based ζ values 
of the CRE candidates agree well with one another with no evidence of asymmetry 
between the P- and N-sides, as illustrated in Extended Data Fig. 2.

As independent analyses, principal component analysis35 and boosted decision 
tree36 classifiers have been adopted for electron/proton discrimination, which have 
discrimination powers similar to the ζ method. These three methods give very 
consistent (within the statistical uncertainties) results of the final CRE flux. In Fig. 2  
we present the ζ-method-based spectrum.
Proton contamination estimate. The consistency between the Monte Carlo sim-
ulations and the flight data (see Extended Data Fig. 1) shows that we can use the 
simulation data as templates, which are normalized through fitting to the flight 
data, to estimate the proton contamination in the signal region. The contamina-
tion fraction is smaller than 6% for energies below approximately 2 TeV without 
substantial fluctuation. The estimated proton contamination has been subtracted 
in the final CRE spectrum shown in Fig. 2 and in the fluxes in Table 1.
Systematic uncertainties of the CRE flux measurement. We evaluated the sys-
tematic uncertainties of the flux measurement. The dominant sources are related 
to the background subtraction and the effective acceptance (the product of the 
geometrical acceptance and the selection efficiency). We evaluated the system-
atic effect of the proton contamination estimate by changing the modelling of  
ζ and the definition of the background region, taking into account also the limited 

Monte Carlo statistics at high energy. The results are reported in Table 1 (that is, 
the background fraction).

The acceptance is determined by the BGO calorimeter. Since DAMPE has a 
precise tracking system, the reconstructed electron track can be used to define 
the incoming particle direction. The correlation between the track and the BGO 
shower direction is well reproduced by Monte Carlo simulation. We used the resid-
ual difference to estimate the systematic uncertainty by varying the geometrical 
acceptance cut, resulting in a 2.2% error that is independent of the particle energy.

For the selection efficiency, two components contribute the majority of the 
systematic uncertainties. One is the trigger efficiency. Its systematic uncertainty 
is evaluated by comparing the efficiency of the Monte Carlo simulation to the one 
measured from the pre-scaled data sample collected with lower trigger thresholds 
(the unbiased and low-energy triggers). The overall agreement is excellent and the 
difference is used to characterize the systematic uncertainty, giving 1.5% at 25 GeV 
and 1% at 2 TeV, respectively.

The other main systematic uncertainty arises from the selection of ζ. After sub-
tracting the small number of proton candidates, the distribution of the ζ variable 
from the Monte Carlo simulation is in good agreement with the selected electron 
candidates from flight data. However, an energy-dependent difference between 
flight data and Monte Carlo simulation is observed, which is also confirmed by 
the 250-GeV electron data taken at the CERN beam test. The Monte Carlo ζ dis-
tribution is thus shifted to match the distribution of data, resulting in an efficiency 
correction of − 1.9% at 25 GeV and 8.4% at 2 TeV, respectively. The systematic 
uncertainty of the CRE spectrum due to this correction is estimated to be 1.0% at 
25 GeV and 4.2% at 2 TeV.

The absolute energy scale uncertainty constitutes another type of systematic 
uncertainty that will shift the spectrum up or down coherently, without changing 
the spectral features of the flux. For DAMPE, the absolute energy scale is estimated 
to be around 1.013 times higher37. Its small effect on the flux (that is, scaled down 
by a factor of around 2.6%) has not been corrected in this work.
Energy measurements. The BGO calorimeter is a total absorption electromag-
netic calorimeter. Monte Carlo simulations show that the energy leakage from 
the bottom of the calorimeter is negligible even at teraelectronvolt energies 
because of the large thickness of the calorimeter (about 32 radiation lengths). 
Despite the energy loss in the dead material (such as the carbon fibre, used for 
support), more than 90% of the primary energy of an electron is deposited in the 
BGO crystals. An energy correction taking into account the incident position, 
direction and the shower development is applied to each electron candidate21. 
The beam-test data and the Monte Carlo simulations show that the energy 
resolution of DAMPE is better than 1.2% for electrons with energies19 from 
100 GeV to 10 TeV.

In addition, we checked the consistency of the energy ratio of each CRE can-
didate measured from the P- and N-sides. Extended Data Fig. 3 presents the 
ratios between the two sides, together with a Gaussian fit that gives a mean of 
1.005 ±  0.005 and a σ of 0.016 ±  0.001, supporting the quoted energy resolution 
of about 1% from Monte Carlo simulations19.
Comparison of different spectral models. We follow the procedures outlined 
in appendix C of ref. 16 to fit the CRE spectrum in the energy range 55 GeV  
to 2.63 TeV. The potential systematic uncertainties on the CRE flux measure-
ment due to the ζ method (including the background contamination and the 
selection of ζ) is modelled by a set of nuisance correction parameters. The num-
ber of nuisance parameters is assumed to be N =  6, and the bin size was chosen 
to achieve equal-energy bins in logarithmic space. We fitted the data with a 
single power-law model (Φ  =  Φ 0(E/100 GeV)−γ) and a smoothly broken pow-
er-law model (Φ Φ= / + /γ γ γ Δ Δ− − − / −E E E( 100 GeV) [1 ( ) ]0 b

( )1 1 2  with the 
smoothness parameter38 Δ fixed to be 0.1), respectively. The single-power-law 
fit yields Φ   =  (1.64 ±  0.01) ×  10−4 (E/100 GeV)−3.13 ± 0.01 m−2 s−1 sr−1 GeV−1 with 
χ2/d.o.f. =  70.2/20. The broken power-law fit yields γ 1 =  3.09 ±  0.01,  
γ 2 =  3.92 ±  0.20, Φ  0 =  (1.62 ±  0.01) ×  10−4 m−2 s−1 sr−1 GeV−1, Eb =  914 ±  98 GeV 
and χ2/d.o.f. =  23.3/18. These fit results are shown in Extended Data Fig. 4. 
Compared with the single-power-law hypothesis, the χ2 value is smaller by 
46.9 for two fewer degrees of freedom in the smoothly broken power-law 
hypothesis. The smoothly broken power-law model is thus strongly preferred  
(at the 6.6σ level).
Code availability. The numerical code was developed specifically for the DAMPE 
data analysis. The uniqueness of the DAMPE design and the complexity involved 
in the data analysis means that the software package has limited application to the 
relevant community. We have opted not to make the code public.
Data availability. The cosmic-ray electron spectrum data, along with statistical 
and systematics uncertainties, are reported in Fig. 2 and available in Table 1. The 
other data that support the plots within this paper and other findings of this 
study are available from the DAMPE Collaboration (dampe@pmo.ac.cn) upon 
reasonable request.
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Extended Data Figure 1 | Comparison of the flight data and the Monte 
Carlo simulations of the ζ distributions. All events have deposited 
energies between 500 GeV and 1 TeV in the BGO calorimeter. The error 
bars (± 1σ) represent statistical uncertainties. As for the Monte Carlo 
(MC) simulation data, the black, green and red histograms represent the 
electrons, the protons and their sum, respectively.
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Extended Data Figure 2 | Ratios of the ζ values calculated from  
the P- and N-side readout data. The events have deposited energies 
between 500 GeV and 1 TeV in the BGO calorimeter. The error bars  
(± 1σ) represent statistical uncertainties. The red line represents a 
Gaussian fit to the data points. The mean of the ratios is 1.015 ±  0.002 and 
σ is 0.110 ±  0.005.
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Extended Data Figure 3 | Ratios of the energies reconstructed with 
the P- and N-side readout data. All events have deposited energies 
between 500 GeV and 1 TeV in the BGO calorimeter. The error bars (± 1σ) 
represent statistical uncertainties. The red line represents a Gaussian fit to 
the data, with a mean of 1.005 ±  0.005 and a σ of 0.016 ±  0.001.
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Extended Data Figure 4 | Comparison of two spectral models for the 
DAMPE CRE spectrum. The dashed and solid lines show the best-fitting 
results of the single power-law and smoothly broken power-law models, 
respectively.
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