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Abstract We report on X-ray emission properties of the Crab pulsar (PSR B0531+21) using observations
by Insight-HXMT during its first year after launch. We obtained high signal-to-noise profiles in the X-ray
energy band 11-250keV. We have confirmed an increase in the flux ratio of the second peak over the main
peak with increasing energy, consistent with other missions. The separation of the two peaks shows no

significant trend with increasing energy. The phase-averaged spectrum, fitted by a logpar model, and the

phase-resolved spectra of the Crab pulsar, fitted by a powerlaw in the different energy bands of HXMT, are
consistent with RXTE and NuSTAR in that photon indices evolve as a function of phase as well as a function

of energy, contributing to a broadband modeling.
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1 INTRODUCTION

The Crab pulsar (PSR B0531+21), a central energetic en-
gine for the Crab Nebula, is a young archetypical iso-
lated rotation-powered pulsar with rotational energy E ~
5 x 1038 ergs—! which has been studied well in almost
the entire electromagnetic spectrum. Because of its rela-
tively stable evolution in period (P = 33.6ms) with its
derivative P ~ 4.2 x 10~ '3 ss~! and brightness, it has
been widely used as a calibration source for astronomi-
cal missions. In the X-ray energy band, missions includ-
ing BeppoSAX, RXTE, Chandra, INTEGRAL and NuSTAR
have provided broadband observations of the Crab pul-
sar and nebula (Massaro et al. 2000; Rots et al. 2004;
Weisskopf et al. 2004; Mineo et al. 2006; Madsen et al.
2015), the results of which suggested a power-law shaped
phase-averaged spectrum for the nebula together with the
Crab pulsar. The photon index of the Crab pulsar in the
soft X-ray band fitted by a power-law model was 2.022
(Kuiper et al. 2001). The Crab Nebula + pulsar in the 1-
100keV range was fitted by a power-law model with pho-
ton index of 2.1 (RXTE, BeppoSAX, INTEGRAL/JEM_X)
(Kirsch et al. 2005), while NuSTAR results covering 3—
79keV agreed on a photon index I' = 2.1 within circles

of radius 200" (Madsen et al. 2015). Above 100keV, hard
X-ray results of INTEGRAL suggested a softer index of
I' ~2.20-2.25. 1t is a calibration source for Insight-HXMT
as well, so results on the Crab pulsar indicate the perfor-
mance of the instruments.

Multiple models were employed to interpret the ob-
servations during the last 50 years (see recent reviews on
pulsars, e.g., Harding (2017); Venter et al. (2018)). The po-
lar cap model suggests that the ~y-ray emission originates
from curvature radiation of electrons accelerated at the po-
lar caps moving along the magnetic field lines. Cheng et al.
(1986) point out that particles could be produced and accel-
erated by gaps which are located between the null charge
surface and light cylinder. Those particles emitting curva-
ture radiation in ~y-rays could be supplied by the photon-
photon process using thermal X-rays from the neutron star
surface. Since emission models yielded different regions
for accelerating particles, phase-resolved spectroscopy is
essential for constraining these models and provides com-
prehensive details about different regions of a pulsar as it
rotates.

In this paper, we present the Insight-HXMT data and
conduct timing and phase-resolved spectral analysis. X-ray
properties of the Crab pulsar in the Insight-HXMT energy
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band are introduced. The data reduction is described in
Section 2. The data analysis applied to timing and spectral
properties is presented in Section 3. In Section 4, we pro-
vide the results on timing and spectral analysis including
the properties of pulse profiles and spectra. In Section 5,
the main conclusions are discussed.

2 OBSERVATIONS AND DATA REDUCTION

The Hard X-ray Modulation Telescope (HXMT), dubbed
Insight-HXMT, was launched on 2017 June 15. There
are three slat-collimated instruments (Zhang et al. 2014),
the High Energy X-ray telescope (HE, 20-250keV,
5100 cm?), the Medium Energy X-ray telescope (ME, 5—
30keV, 952cm?) and the Low Energy X-ray telescope
(LE, 1-15keV, 384 cm?) enabling research on broadband
X-ray spectroscopy. We employed the HE and ME instru-
ments to investigate the timing properties of the Crab pul-
sar because of their relatively good time resolution (~2 ps
for HE, ~20 us for ME). The energy range selected for ME
and HE is 11-27keV and 27-250keV respectively. There
are three types of field of view (FoV): 1° x 6° (full-width
at half maximum (FWHM), also called the small FoV),
6° x 6° (the large FoV) and the blind FoV. We selected
the photons observed by small FoV detectors for ME be-
cause the large FoV was easily contaminated by a nearby
source and the bright Earth (Chen et al. 2018; Huang et al.
2018).

Observations of the Crab pulsar were started on 2017
August 27. The data in time range MJD 57992-58209 were
employed in this work. The exposure times for each obser-
vation ID are listed in Table 1. The pointed observation
mode was selected for the following analysis.

The data reduction process was conducted via
HXMTsoft (v2.0)" as follows. For the HE instrument,
photons recorded by the Nal detector on Nal/Csl
Phoswich modules with a pulse width between 54 and
70 were selected. We identified good time intervals for
HE by applying these criteria: (1) ELV (the eleva-
tion of point source above the horizon) larger than 6°,
(2) COR (the geometric cutoff rigidity) larger than 8§,
(3) ANG_DIST (offset angle from the pointing di-
rection to coordinate of the Crab pulsar) smaller than
0.1° and (4) time before and after South Atlantic
Anomaly (SAA) region, T_SAA and TIN_SAA bigger
than 100s. The criteria for good time intervals applied
to ME are ELV>6°, COR>10, ANG_DIST<0.1°,
T_SAA>100s and TN_SAA>100s. The good time in-
tervals for the two instruments are slightly different from

! http://www.hxmt.org/index.php/dataan
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each other due to different FOVs, on which the background
signals have distinct effects, despite that sources were orig-
inally observed simultaneously by different instruments.
The time of arrival (ToA) for photons detected by the
two instruments was converted to ToA to Solar System
Barycenter using ephemeris DE405 by HXMTsoft hxbary.

To remove the background signal from data prepared
in the previously described way, a timing analysis strategy
was employed in which we selected photons in a specific
phase range during each pulsar period as background pho-
tons.

3 DATA ANALYSIS
3.1 Timing Analysis

We processed the timing analysis as follows. First we cal-
culated the periodic phase for each photon at the barycenter
of the Solar System using parameters in the ephemeris de-
rived from HXMT observation. The phase of each photon
is calculated by

6=t —to) + (b~ 1)’ + gwalt —10)* 4+ (D)

where t is the reference time, v is the periodic frequency,
and vq and v are derivative and second derivative of fre-
quency for reference time, respectively. We normalized the
value of phases using the decimal part of each phase. We
searched the frequency v of the Crab pulsar every 10 hours
after observations started by using the Pearson x? test, and
fitted the frequency with a polynomial function, where fre-
quency evolves as Av = vy(t — to) + 2va(t — to)* +
Lug(t—1t0)® 4 ggva(t —to)* + - - - . The parameters v/, v+,
V9, 3 and v4 describing the spin could be obtained. These
parameters are listed in Table 2, in which the epoch is the
time range of spinning parameters that fits the profile. Due
to the evolution of these parameters, the spinning param-
eters describe the Crab pulsar’s spinning behavior within
the time range of an epoch.

Since we obtained the profiles every 10 hours, we cal-
culated the timing residuals of ToAs. ToA of a profile is
defined as tg + @peak * P, Where 1y is the reference time,
®peak 18 the phase of the main peak (MP) and P is the pe-
riod. Timing residuals are the differences between the cal-
culated ToA of the MP and the observed ToA of the MP in
each profile. The root mean square (rms) values of timing
residuals are presented in Table 2.

In order to analyze the evolution of profiles in en-
ergy, the light curve profiles for all observations in dif-
ferent energy bands were generated using phases we ob-
tained. We selected eight energy bands based on the sta-
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Table 1 Insight-HXMT Pointed Observation Mode Targeting the Crab Pulsar

Instrument Obs ID Start MID Stop MJD Exposure* (ks)
ME (5-30 keV) P0101299 57992.2 58027 158.3
ME (5-30 keV) PO111605 55927.0 58209.3 296.8
HE (20-250 keV) P0101299 57992.2 58026.8 156.3
HE (20-250 keV) PO111605 58066.2 58205.8 411.7

Note: * exposure time after the data reduction

Table 2 Spinning Parameters of the Crab Pulsar

Epoch (MJID) 57929.54-58439.50 58066.17-58097.61 58097.60-58147.61 58147.60-58209.62
v (Hz) 29.639428373(2) 29.636679769(3) 29.63668019(3) 29.6334830468(4)
vy (10710 Hzs—1)  -3.68719(3) -3.6981(3) -3.7153(4) -3.692902(5)
vo (10720 Hzs—2)  3.5(3) -384(2) 66(4) 9.5(5)
v3(10727Hzs=3)  -9(1) 8728(591) —176(25) -30(3)
vy (10733 Hzs=%) 0 —~11671(1108) 31(6) 4(2)
vs (10736 Hzs=5) 0 7.5(9) 0 0
to (MID) 57979.425942180467246  58066.180875391473819  58066.180875391473819  58166.180875391473819
rms (us) 22.320 30.179 19.417 24.931
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Fig.1 Timing residuals for four different epoch ranges as indicated by three blue dash lines. Timing residuals for each time range were

fitted with different ephemerides (Color version is online).

tistical significance of each profile. They are 11-15keV,
15-20keV, 20-25keV, 25-30keV, 30-35keV, 35-50keV,
50-100keV and 100-250keV. The MPs of profiles from
different energy bands were aligned together by calculat-
ing the cross-correlation function. We set the phase of the
MP maximum as phase 0. The off-pulse phases, 0.6-0.8,
which refer to phases of emission from the Crab Nebula
and the surface of the pulsar, were chosen as background
phases, an approach which has been applied in previous re-
sults for X-ray observations by RXTE-PCA (2 — 60 keV)
(Ge et al. 2012; Yan et al. 2018). Profiles were normalized

as values of MPs being 1, and the average values of off-
pulse phases being 0.

To obtain precise values of the phase separation (P)
between two peaks and FWHMs of these peaks (W;,W5),
we fitted the MPs and the secondary peaks (SPs) of profiles
separately with an empirical formula (Nelson et al. 1970)

1+ c1(¢ — o) + ca(p — ¢o)?
L(¢) =N
(@) L+ c3(é — ¢o) + ca(d — ¢o)? ()
X efcs(ﬁi?*ﬁbo)z +l ,

where L(¢) is the normalized counts of the profile at phase
¢. Parameters c1, ca, c3, ¢4 and c5 are the shape coeffi-



874 Y.-L. Tuo et al.: Insight-HXMT Observation of the Crab Pulsar

,
1.0— 11-15 kev
—— 1520 keV
—— 20-25 keV
—— 2530 keV
0.8H— 30-35 kev
35-50 keV
—— 50-100 keV
100-250 keV

0.6

0.4

0.2

Normalized count rates(cnts s™')

0.0

0.4

Fig.2 Pulse profiles for different energy bands covering HE and ME. The location of the maximum of MP is aligned as phase 0. The
off-pulse region (phase 0.6-0.8) is selected as background. The count rate of profiles is normalized by subtracting the mean count rate
of the off-pulse region and dividing by the difference between the maximum count rate of MP and the mean count rate of background.
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Fig.3 The parameters of pulse profiles evolve with energy. Panel (a) is the the flux ratio (Ry) of the SP over the MP for the Crab
pulsar as a function of energy. There is an increasing R with increasing energy in the energy range 11keV to 250keV. In panel (b),
the separation (®) between two fitted peaks for the Crab pulsar has no significant trend in energy. In panels (c) and (d), the FWHM of
the MP and SP (W7, W5) are interpreted respectively. In energy range 11-250keV there is an increasing trend for Wy and Wo.

cients affecting the shape of the peak. Parameter ¢ shifts
the profiles. IV is the pulse height of the profile and [ is
the baseline of the profile. Equation (2) was only applied
to fitting peaks rather than whole profiles, thus only part
of profiles, phases —0.04 to 0.03 and phases 0.33 to 0.42
are selected as MP and SP for fitting respectively. Then,
the separation between the two peaks could be calculated

by the fitted profiles, and the uncertainty is given by the
variance of parameter ¢ which shifts the profiles in phase.

3.2 Spectral Analysis

To analyze the spectral properties of the Crab pulsar,
all spectra were fitted using XSPEC (Version 12.10.0c)
(Arnaud 1996) with errors given at the 1.640 (90%) con-
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Table 3 The phase-resolved spectral analysis results of HE to- Table 3 — Continued.
gether with those of ME. A powerlaw model was used.
Pulse Phase Range Normalization ~Spectral Index ~Reduced x2
Pulse Phase R Normalizati Spectral Index  Reduced x? +0.12 40.022
ulse ase Range Orﬂ;l»aolzz 0n peCiZ 0(1;15 €X eauced x 0.44 — 0.45 2.0670‘12 2.06970‘020 1.029
0.0-001 6425009 2160005 1197 0.45 - 0.46 L6605 21377003 1.025
+0.13 +0.006
0.01-0.02 6772005 208775007 1139 0.46 - 0.47 1267015 21517001 1016
0.12 0.008 +0.18 +0.059
0.02-0.03 4.9870-12 2.03370-098  1.117 0.47-0.48 1.0310 1% 2.19970:020  1.006
0.09 0.012 +0.15 +0.072
0.03-0.04 2.6710-09 1.98410:012 0.976 0.48 -0.49 0.70°0'15 21759075 0.997
0.07 0.015 +0.18 +0.098
0.04 -0.05 1757007 197270018 1.013 0.49-0.5 0.5810 15 2.18810 008 1.058
0.05 0.016 +0.32 +0.143
0.05-0.06 1.1810:08 193310018 1.003 0.5-0.51 0.6870:32 2.3577013% 0,970
0.05 0.019 +0.27 +0.177
0.06 - 0.07 0.871004 1.90670015  1.035 0.51-0.52 0.451527 2.28710177 0.950
0.04 0.021 +0.52 +0.231
0.07 - 0.08 0.731004 1.91270-020 0.990 0.52-0.53 0.5915-52 2.511%0230 1.000
0.04 0.022 +0.41 +0.288
0.08 - 0.09 0.5710 05 1.8667002%  0.997 0.53-0.54 0.351014 2.35610 258 1.021
0.03 0.024 +0.16 +0.352
0.09-0.1 0.49100% 1867002 0.992 0.54-0.55 0.0910 08 2.0575322 0.999
0.03 0.025 +0.06 +0.322
0.1-0.11 0.42700% 1.84370-0%%  1.058 0.55-0.6 0.041005 1.975T5522 0,964
0.03 0.026 +0.00 +0.153
0.11-0.12 0.3970 0% 1.84410:020 1,047 0.8-0.88 0.0175%0 1.786701%%  0.953
0.03 0.026 +0.02 +0.108
0.12-0.13 0.3970 0% 1.86670020  0.969 0.88-0.89 0.051003 1.92375-19% 0988
0.02 0.027 +0.04 +0.076
0.13-0.14 0.3470-02 1.82110:027  0.993 0.89-0.9 0.147 503 2.0517 078 0.943
0.02 0.028 +0.03 +0.054
0.14-0.15 0.3170:05 181510028 0.965 0.9-0.91 0.167905 1.986100%  0.961
0.03 0.028 +0.04 +0.040
0.15-0.16 0.3870:03 1.887100%8  1.065 0.91-0.92 0.307003 2.05970:000  1.042
0.02 0.026 +0.04 +0.031
0.16-0.17 0.3370°05 1.84910-020 0.987 0.92-0.93 0.4479:07 2.05370:030 1.011
0.02 0.026 +0.05 +0.024
0.17-0.18 0.3370°05 1.83410:020 1.008 0.93-0.94 0.6870:0% 2.0970-0%0 0978
0.03 0.026 +0.06 +0.018
0.18-0.19 0.3870-03 1.89110-020  1.037 0.94-0.95 1.0070 08 2.12470005 1.023
0.02 0.024 +0.06 +0.015
0.19-0.2 0.3370°05 1.83610035  1.015 0.95-0.96 1.3970 60 2.14170012  1.030
0.02 0.024 +0.06 +0.012
0.2-0.21 0.3410-0 181470051 1.010 0.96 - 0.97 1.9570-00 2.15870012  1.046
0.03 0.021 +0.07 +0.008
0.21-0.22 0.4119-03 186870055 0978 0.97 - 0.98 2.5910 07 2.162700%8  1.124
0.03 0.022 +0.07 +0.006
0.22-0.23 0.4210-03 1.86970 055 1.001 0.98 - 0.99 3.6710 07 2.18410005 1138
0.02 0.02 +0.08 +0.006
0.23-0.24 0'4%8'8% 1.843}:8'8% 1.048 0.99-1.0 5.0370:0% 2.19170°008  1.244
0.24-0.25 0.48%0 52 1.87275-038 0,975
+0.03 +0.017
0.25-0.26 0.5179-03 187410018 0.997
0.26 - 027 0.59+9-03 1.88870:017  0.981 fidence level. We present the phase-averaged spectrum in
027 - 0.28 0.66170:03 1.90410:015 1 o08 energy range 11-250keV with a log parabola model (log-
0.28 — 0.29 0751003 1.91670-915 1 019 par, Eq. (3)), which contributed to a linear dependence of
+0.03 +0.013 the spectral slope upon the logarithm of the photon ener
0.29-0.3 0797393 191619913 1057 o p pe up g P gy
+0.03 +0.013
03-031 0.9170:0% 192270012 0.989
+0.04 +0.012 —
0.31-0.32 1.077505 1.94910-015 1093 F(E) = K(E/Ey)~lotAlos(E/Eo)l (3)
+0.04 +0.010
0.32-0.33 1201003 19470610 1.086
0.33-0.34 1.3870-04 1.96479-010  1.110 For the parameters of logpar models with an inter-
0.34-0.35 1.5870-04 1.96875-099 1,053 stellar absorption model, we froze the Ng at 0.36
0.35-0.36 1.8810:04 1.99410-997 1 105 (1022 atoms cm~?2), while «, 4 and the normalization value
0.36 — 0.37 2067994 1.98510-008 1 084 were set as free parameters to fit. The background spec-
+0.04 +0.006 . .8. Si
0.37 - 0.38 2.3510:04 1.993+0.006 1 150 Lrun; was e;(trls:cted betweie/:;} p;lalslesh 0 6hand 0 i Since the
+0.04 +0.005 ackgroun ases were ot all the ases, the exposure
0.38 - 0.39 2.7070:04 199570505 1.151 acke p p p
0.39 - 0.4 3.03+0-04 1.99470-006 | {77 time of the background spectrum was 1/5 of the total expo-
. . U2 —0.05 . —0.004 . .
04— 041 344005 1.993+0:004 | 195 sure time. For ME, all observed data of all small FoV de-
. . 55 —0.05 . —0.006 . .
B L0.07 10.007 tectors contributed to one spectrum. For HE, spectra were
0.41-0.42 3.82007 2.015-50% 1.206 o .
011 10.010 constructed by the individual detector, since each detector
0.42-0.43 3.821010 2.0210505 1.150 , .
012 0.015 has its own response file. We fitted those spectra with the
043 -0.44 3.0210 15 2.0570617 1057

same model parameters, but different constant coefficients.
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The phase-resolved spectrum of the Crab pulsar was
generated. We divided the phase of 11-250keV into 100
bins. The spectra of photons in each bin were fitted by
a simple powerlaw with the interstellar absorption model
wabs, where Ny was frozen at 0.36 to fit. The background
of each spectrum was the spectra of photons with the phase
between 0.6 and 0.8, with the exposure normalized by the
proportion of resolved phase bins to background phase
bins.

4 RESULTS
4.1 Pulse Profile

For profiles with energy lower than 100keV, the fluxes
of MPs are larger than those of SPs, while the fluxes of
SPs are larger than those of MPs in the energy range 100—
250keV. Figure 2 depicts a dramatic change in the different
components with energy. We analyzed the evolution of the
peak flux ratio (Ry) of SP over MP, the separation (®) of
two peaks in phase, and FWHM (W3, W5) for MP and SP.

The results are displayed in Figure 3. In panel (a), the
flux ratio of the SP over the MP increases with increasing
energy. The value of I?; is in a range of 0.57 to 1.04 from
energy 11keV to 250keV. In this paper, I?; is larger than
1 when the energy is higher than 100 keV.

In panel (b), there is not a significant trend of ® with
increasing energy. The errors of ® were calculated by the
Monte Carlo method. One-hundred simulated profiles were
created by sampling from the original profile under the as-
sumption that the photon counts in every phase bin fol-
low a Poisson distribution. Then we found the position of
maximum for each peak and calculated the separation .
Since 100 separations were obtained, errors were regarded
as the 1o width of the Gaussian distribution. As suggested
by previous work (Ge et al. 2012), a decreasing trend is
expected. However, the variations of ® in our results are
about 1/1000 of the phase of one period, while the statisti-
cal errors of ® are also at a level of 1/1000 of the phase of
one period. Although the last point above 100keV drops
by 0.001, the trend is not significant enough to give a con-
clusion.

W1 and W5 could be calculated by fitting profiles as
well. In panels (c) and (d), W; and W3 in the energy range
11keV to 250keV are plotted. The statistical errors of W;
and W5 are given by the uncertainties in phases that prop-
agated from the uncertainties in the parameter ¢g. In the
energy range 11keV to 250keV, both W; and W5 have an
increasing trend with increasing energy.

Y.-L. Tuo et al.: Insight-HXMT Observation of the Crab Pulsar

4.2 Spectrum
4.2.1 Phase-averaged spectrum

A phase-averaged spectrum of the Crab pulsar in energy
band 11keV to 250keV could be fitted with a log-parabola
model. The best fitting results were an absorption model
with Ng = 0.36 x 10*2 cm~2, and a log parabola model
with a = 1.515 and 3 = 0.138, as shown in Figure 4. The
reduced x2 was 0.959 with 342 degrees of freedom (d.o.f.).
The x2 between observed data and the model of best fitting
results has no significant lines or structures.

4.2.2 Phase-resolved spectrum

Since the profiles of the Crab pulsar were obtained, we di-
vided the phase into 100 sections for HE and ME data. A
powerlaw model was employed to fit the spectra with an
energy range 11 keV-250keV.

The phase-resolved spectra in energy range 11keV to
250keV were fitted for comparison with results of other
missions. Detailed fitting results are listed in Table 3. The
reduced x? of all spectra are between 0.94—1.24. Those
spectra near the background phases (0.6-0.8) are relatively
poorly fitted with large error bars ascribed to low statis-
tical significance. As depicted in Figure 5, the photon in-
dices increase from the edge of the background phase to
the maximum position of the MP (phase —0.2 to phase 0).
From the tail of the MP to the bridge region, the photon
indices gradually decrease.

From the maximum position of the SP to the edge of
the background phase (phase 0.4 to phase 0.6), the photon
indices increased more steeply.

5 CONCLUSIONS

The results of timing and phase-resolved spectroscopy sug-
gested good performance of Insight-HXMT. The microsec-
ond time resolution of Insight-HXMT and good timing
residuals of HXMT data yielded light curves and profiles
in 11-250keV for the Crab pulsar.

The increasing trend of Ry with energy is consis-
tent with what previous work has demonstrated (Kuiper
et al. 2001), in which the flux ratio increases monotonically
with increasing energy from around 1 eV to around 1 MeV.
Kuiper et al. (2001) focused on the integrated flux of each
peak, phase intervals of which are defined by Fierro et al.
(1998). We analyzed the peak flux of MP and SP instead.
However, the trends are similar to each other. A signifi-
cant increase in the ratio of SP over MP above 11 keV was
present in the HXMT energy band, which is consistent with



Y.-L. Tuo et al.: Insight-HXMT Observation of the Crab Pulsar 87-7

alieduss’e’

=i
S I A

L L L L L L L Il L
20 50 100 200

Fig.4 The results of ME and 17 detectors of HE in energy range 11keV to 250 keV. The phase-averaged spectrum of the Crab pulsar

was fitted by a log power-law model, with an absorption Ng = 0.36 x 10*> cm™2 and a = 1.515, 8 = 0.138 and Ey is 1 keV. The
reduced x? is 0.959 (342 d.o.f.).
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Fig.5 The photon index evolution in phases. The pulse profile folded by HXMT-HE data is plotted in black for reference. The red
dots represent photon indices of HE together with ME fitted by a power-law model in 11-250 keV. Green triangles are photon indices
of RXTE-PCA (5-60keV) and blue squares are results of NuSTAR observation in 17" extraction regions in the energy range 3 keV to
11.7keV where break energy of bknpower is located. Yellow squares are NuSTAR results above 11.7 keV.

previous work (Tompkins et al. 1997; Eikenberry & Fazio et al. 2012). There is no significant trend for the separa-
1997). tion between the two peaks. This implies that the emitting
regions from different energy ranges have no significant

Our results suggest a dramatic change in profile with 5 jance or it is not significant until more observations and

energy. It is also consistent with the previous results (Ge
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data are used. A measurement of FWHM from two peaks
was carried out in the energy range 11-250keV as well.
There is an increasing trend of FWHM for the two peaks.

In Figure 5, we compared the evolution of our photon
indices in phase with the results of RXTE (Ge et al. 2012)
and NuSTAR (Madsen et al. 2015). The phase-resolved
spectroscopy results of Insight-HXMT confirmed a ho-
mogenous trend in different energy bands and an evolution
in energy. In the outer gap model or slot gap model, the X-
ray photons of the Crab come from synchrotron radiation
of secondary pairs. In the phase-resolved spectra, the spec-
tral indices follow a similar trend with the hardest spectra
occurring in the bridge region and the softer spectra located
in the peak. With broadband observation of Insight-HXMT,
the photon indices that evolve as a function of energy were
contributing to understanding the pair cascade processes
in a pulsar magnetosphere. The broadband X-ray observa-
tions share a common property. We expect a more detailed
model constraint for this broadband phenomenon.
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