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Fig.1 P-P diagram of the radio pulsar. The straight line is the death line defined by RS75. AXP+SGR:
the Anomalous X-ray Pulsar or Soft Gamma-ray Repeater with detected pulsations. BINARY: the pulsar
has one or more stellar companion(s). NRAD: the spin-powered pulsar with a pulsed emission only at
infrared or higher frequencies. XINS: the isolated neutron stars with a pulsed thermal X-ray emission but

no detectable radio emission. RRAT: the pulsars with an intermittently pulsed radio emission

"http://www.atnf.csiro.au/research/pulsar/psrcat/
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Table 1 The radio pulsars with a low spin-down power

PSR P/s B/Gs E/(erg-s™') PSR P/s B/Gs E/(erg-s™')

J2144-3933 8.5 2.08 x 10" 3.2x10%® J1232-4742 1.9 1.64 x 10** 8.4 x 10*®
J0343-3000 2.6 3.89 x 10" 1.3 x 10%° J1503+2111 3.3 6.89 x 10" 1.5 x 10%°
J1210-6550 4.2 1.37 x 102 2.2 x10%°  J0919-6040 1.2 1.12 x 10" 2.2 x 10%°
J2136-1606 1.2 1.42 x 10" 3.4 x10%° J1801-1855 2.6 6.90 x 10" 4.3 x 10%°
J1333-4449 0.3 1.38 x 10'° 5.2 x10%°  J0457-6337 2.5 7.33 x 10'' 5.3 x 10%
J0656-2228 1.2 1.83 x 10" 5.7 x 10" J19154+0752 2.1 5.41 x 10" 6.3 x 10%°
J1638-4344 1.1 1.69 x 10** 7.0 x 10*®  J1320-3512 0.5 2.99 x 10*° 7.8 x 10%°
J1805-2447 0.7 6.28 x 10"° 7.9 x 10%°  J1652-4406 7.7 8.66 x 10" 8.2 x 10%°
J1901+1306 1.8 4.96 x 10" 8.4 x 10*°  J1840-1419 6.6 6.54 x 10'> 8.7 x 10%°
J195442923 0.4 2.73 x 10"° 8.7 x 10?°  J0323+3944 3.0 1.40 x 102 9.0 x 10%*
J1710-2616 1.0 1.40 x 10** 9.1 x 10*  J1951+1123 5.1 3.98 x 10** 9.1 x 10*°
J1806-1920 0.9 1.24 x 10** 9.9 x 10*°  J1822-0848 2.5 1.02 x 10** 1.0 x 10*°
J1717-3953 1.1 1.92 x 10" 1.0 x 103°  J1843+2024 3.4 1.90 x 10" 1.0 x 10%°
J0156+3949 1.8 5.30 x 10" 1.0 x 10*°  J1700-3919 0.6 5.37 x 10*° 1.1 x 10*°
J1226-3223 6.2 6.69 x 10'? 1.2 x 10%°  J1834-1202 0.6 6.49 x 10"° 1.2 x 10*°
J1901+0621 0.8 1.24 x 10" 1.2x10%° J1641-2347 1.1 2.14 x 10*' 1.2 x 10*
J1625-4048 2.4 1.03 x 10" 1.3 x10%°  J0932-3217 1.9 7.03 x 10** 1.4 x 10%°

3.1 FESMH

FATUCEE T ATNE S e v 186280 1F 5 ST FEL K i J2 (0, 365 34U f 45 0 St W ok o 2
LS 28 R A 18 55 i bk o B2 ) PR AR 28 R A RN AR THT AR R (XX, YY) 095, 73 BT iX L5
7S (B 434, 656, M2 ARE AR 73 A 7] DAFE Y, A1 R4 2% ST Fi fhk o B2 AR HG A T S5
LBk, SAFEARER A (R b (< £30°) A /- IR, Horh, 34U RER F 50 HL ik
MR IR AR YO L 2 —52°-59°, AL K5 2905 £& AR ICAR 4 — 15°-30° 4L, SRTE AL T rh 454
£:i4(30° — 60°) 4. ZKolmogorov-Smirnov (K-S)K:36 & i, 11 B 452 5 H ik b B A0 HoAth
TEH S LK B R 2R 2 AT, LLOS% I BAB 7KFHE /2 — B (W3R 2). Hok, B3 R T
X G B LT [ 7 AT, PR AL bR A il R R T AR PR 7 XX, YY, BU0ARER (0, 0),
KBHAERR (0, 8.5kpe). MEIHRT L H, I AEF0 % 5T R ik v A MG A T 5 555 Fi ik e A2
(0 4 At SR T AE R B AR . e v, E B4R Re 4 23 Jhk b 2 i A7 SURIUR R 19 K FH AR B,
3R (PSR J1801—1855. PSR J1806—1920. PSR J1700—3919) % 5 A BH A%, B 554
7220.10 kpe. 12.76kpe. 11.66 kpe.
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Fig.2 The spatial distribution of the normal radio pulsars

T2 K-SHIGLER?

Table 2 K-S test results®

Parameter Classification Number p-value
Radio pulsar with low spin-down power 34
GL/° 2.75 x 107}
Normal radio pulsar 1828
Radio pulsar with low spin-down power 34
T/yr 7.87 x 1073
Normal radio pulsar 1828
Radio pulsar with low spin-down power 34
T/yr 3.52 x 10711
Millisecond radio pulsar 209
Radio pulsar with low spin-down power 34
P/s 3.26 x 1078
Normal radio pulsar 1828

# The null hypothesis is that the two groups of data are from the same continuous

distribution. And h is 1 if the test rejects the null hypothesis at the 5% significance

level, and 0 otherwise.

P Galactic longitude

3.2 FHEFW. BRAMMKEMAEE S

N, Bk R AEE AR B R AR L2 A, BEE AR R TR S 5
RAER, BRI IZHEIE, AT P IRAESIR A Bk 2 R IR AR RS E e Y]
AN T 1370 5 PR 7 A
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Fig.3 The galactic plane distribution of the normal radio pulsars
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Fig.4 Characteristic age distribution of the normal radio pulsars
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Fig.5 Spin period distribution of the normal radio pulsars

BJE, AT T XS TR R W R R A TR IE (B ~ 3.2 x 1019V PP Gs) 14
i, o, 34K BB 2 S H ok R SR THI 3% i B Y R 1.38 < 1010 — 8.66 x 1012 Gs, “F
BIEA(B) = 1.21 x 1012 Gs, 1828 FiH A 114 ik 22 3R Th 373 [l /2 4.42 x 10® — 2.60 x
101 Gs, “F¥HEN(B) = 2.72 x 10'2 Gs. E6ER 11X Ly ip 7 B R MEsH I 40 41, v]
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Fig.6 Surface magnetic field strength distribution of the normal radio pulsars
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0.2, X KB ik B 2 15 R 5 o r R O 5 H B AR R A Ok, AU SR ATNF H11604 551
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0 St 2 bk b B 153 = A0 ik B (& 3/ 170.03 s) 191400 MHz HL % FE (Lago,
£7 hm - Jy - kpe?), Ff 3 LhParkesHf Fi B2 12t B3 11 1% 400 26 {1 300 77 98 B (~ 288 MHz), ¢
He AT e BT Nerg - 571, BETT 20 AT iX B8 1400 MHzYE AL B B e R 16 K. Hod,
235 78 2 26 5 LK IR R Ly g00 20 A3 V0 FBLZ5.5 x 102 — 6.3 x 1027 erg - s71, P {H
H{Lyago) = 7.2 x 10%° erg - s=1, 158 1R IE 1 K B2 Lygoo 7 A U &2.7 x 102 — 1.7 x
10% erg - s71, “PFIME N (L1g00) = 1.5 x 10%7 erg - s71, 15350 P Bk i 2 L1 400 73 Y5
FE2.7x 102 —4.4 x 10% erg-s~1, *FIME N (L1s00) = 2.1 x 10?6 erg s, 49501015 5F 28 fik
B Ly o0 73 A TEFEIE2.7x 102 —2.9% 1027 erg-s~ 1, “PIIME N (L1400) = 3.2x10% erg-s~ 1.

TR R T Sk B Lo SERI = &, ATLLE B, IEH Bkoh B, =28 kol 2
i S5 5 22 ok ot B2 % o0 A B B IR B, BE BRI R A MR B e, Sz Br b IX3R
Y5 ) — AN BB, X S B Ly g0 1B BE 0% 5 8046/ BE L. 7 B b, FRATHHE T X st
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Fig.7 The relationship between the spin energy loss rate and radio luminosity at 1400 MHz of the

normal radio pulsars
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Fig.8 The distribution of the ratio between the 1400 MHz luminosity and the spin energy loss rate of the

normal radio pulsars
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&, DVRIT RAZERA G, 5K H AR A FR 2 5 55 X 3, b T A BRI S5 A
DU ST B Jik v 22 AR A 0 30 S8 e Pk o S22 R Al I % S e R S 2 1) 40 A ARLAL, IR, RATT
FEVOHE RETR R I f ik R 148 5 e e ik i 2= [

(3)EK BE 57 25 S Hb ik yoft 2 R L A 1E % S5 HRJBK i 22 LA ARALL B Ly g0 20 AT Y L, L
KV I Lyaoo MEH N5 M (WL EIT). il tn, BEAR PPSR J1400- 143154 f /N 5 H b
B Lo = 2.7 x 10% erg-s~4, 1 H A # 8E RO EIAE = 9.7 x 1033 erg-s~1. fE
NN, BEARHPSR J1644-4559 54 i KA LB Liggo = 1.7 x 10% erg - 571, 1 3L
HE R FEWAUANE = 84 x 103 erg-s L. Jik— BRI DL E&50, IATE DM
T ATNF#3E B 7575855 B ik 2 11400 MHzZ 5 LG FE Ly FIER 6 R, RIVEATH 2
JHRE S, XU B, KB A5 S e ik e S R R A I S R R R 2 5, VR EARIF, RD
1 A 45 28 3t v ik o B LU B LR = Lyaoo/ B S0, W S 1o At 15 3 S5 vl Jik ol B2 (W
PI8). TR A, 3 tH 1 B AR B 45 2 5 A ik o 22 B 0 72 AR R ) B 4D S R Y P A RO
&, B, PSR J1801—1855E A /MK E = 3.4 x 1029 erg - s~ AR X 5 K I L1ago =
5.20 x 1027 erg - s~1. 1M /Ry RE 512 S B ik ol 22t T i 7 AR LUK R B HLOG B, B dn, PSR
J2322-2650 LA B KIE = 5.5 x 1032 erg - s~ P MIE /N Liggo = 2.7 x 1023 erg - 871, iX
e 27 40 B 7 K SR ET R UL 2 BB A 1 RE SR 1 B L K B (BB AE~ 1077 erg - s7Y).
H AR IE7EIZ AT I FAST 5 Hi B 37e 4 L AT 50 v V) R P8, BB 40 81 S A1 11 S LU o,
ERL A B 31 B 2 A R 40 e 5 B Bk b . BR L2 A6, Lasoo FIERI S AH M, R A
FERE IR I P ik 2 A R BT LR R ME— R R AT Ak S A R S R R S R vk
ik R () S PR S RTINS R i B EL R A s T R KRR T2 AR K
JE7 3 3AE H ko 2 B Rt i — g, IRARSTH Mk R S SR AR T s — 5 st
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Radiation Study on the Radio Pulsars with a Low
Spin-down Energy Loss Rate

WU Qing-dong!? ~ WANG De-hua’?  ZHI Qi-jun’?  YE Chang-qing!?
WANG Shuang-giang?®

(1 School of Physics and Electronic Science, Guizhou Normal University, Guiyang 550025)
(2 Key Laboratory of Radio Astronomy Data Processing in Guizhou Province, Guizhou Normal
University, Guiyang 550025)

(8 Xingiang Astronomical Observatory, Chinese Academy of Sciences, Urumgqi 830011)

AsstracT The radiation theory of pulsar suggests that when the induced electric
field and voltage caused by the rotated magnetic field of the neutron star decrease,
which can not produce enough electron and positron pairs, the radio radiation of the
pulsar will disappear, i.e., “die”. This paper analyzes the space distributions and the
physical properties such as the spin periods of the 34 sources under the “death line”,
i.e., the radio pulsars with a low spin-down energy loss rate. Firstly, these pulsars are
all in the galactic field, which show no obvious correlation with the special types of
pulsars and the pulsars with a high-energy radiation; Secondly, these pulsars locate in
the low galactic latitude and near the solar system; Thirdly, these pulsars show the
relative larger characteristic ages and larger spin periods; Last, the radio luminosity
of 1400 MHz and the spin-down power E of these pulsars show a weak correlation.
We argue that the radio pulsars with a low spin-down power may loss energy due to
radiation, causing the deceleration of the spin, whose E decreases below the “death
line”. We suggest that the survey for the radio pulsars with a low spin-down power
should focus on the old and long spin period radio sources in the galactic field, and it is
unnecessary to focus on the special type of the pulsars or the certain spatial positions.
The Five-hundred-meter Aperture Spherical radio Telescope (FAST) running at present
in our country has the relatively higher sensitivity, which is supposed to observe more
radio pulsars with a low spin-down power.

Key words pulsars: general, stars: neutron, radio radiation
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