Correlation between the y-Ray
Luminosity and the Light Cylinder
Magnetic Field of Fermi-LAT Pulsars

Shuang-Nan Zhang
Institute of High Energy Physics
National Astronomical Observatories of China
Chinese Academy of Sciences

Collaborators: Shu-Xu Yi, Li Zhang, Xian Hou, Jian Li, Yu Rong

1/18



Where are gamma-rays produced?
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2"d Fermi pulsar catalog: higher Edot
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Fermi pulsars: higher Edot
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Edot controls gamma-ray
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Motivations of this work

 Selection effect?

— Fermi radio-loud gamma-ray pulsars are from a sub-
sample of all radio pulsars: Edot>1x1034 erg/s

* Other statistical properties?

— For the sub-sample of radio pulsars: differences
petween Fermi pulsars and other pulsars?
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Sample definitions

~ all radio pulsars B: sample 1 and sample 2

A
Sample 1: non-Fermi

Sample 2: Fermi
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Statistics of the Samples

ATNF radio pulsars with E>1x 103 er

g/s

Sample excepting ones from Ferm: blind search.
gamma-ray quiet gamma-ray loud
Number | 297 225 72
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Fermi pulsars tend to have higher Edot

Cumulative probability
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KS tests between the two samples

Parameter p-value
ST414 0.79
Bt 0.7 x 10—4

i 5.6 x 10—
T 4.8 x 10~4
” 6.0 x 10—°
E 3.0 x 10—10
P 7.9 x 10—1°
Bi.c 2.2 x 10— 18
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Correlation between Edot and B
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L. (ergs/s)

Correlation between B, - and Ly
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rMlumbers

Significant correlation between B, - and Ly
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Implications for gamma-ray model?

» Favors outer gap model
— Ly (normal) > Ly (ms)
Polr— _ Normal pulsars (Zhang &

- cap

[ Cheng1997) L, B,

— ms pulsars (Zhang &
| Cheng 2003) L, x B
outer

g ¢ Disfavors polar cap model

— Gamma-ray loud and quite
samples have similar radio
properties
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Fermi threshold for pulsars: 2x10-1? ergs/s/cm?
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(B, - ,-Ly)=>Gamma-ray pulsar candidates

M arme 100 {erg /=) cm= ) Ejerg/a) [ ame =100 [Ehrg.-"a.-"cm": 1] Elerz/a)

J17A5-30410 5.8 x 10— 1¢ .49 = 10> * T 1E0S-T202 3.7 » 10— 11 1.589 = 10°2
JOFAB-5353 5.5 x 1p—10 1.00 = 1033 +T1645-1224 3.7 » 10— 11 v.358 x 10332
+*JTOS00-31 44 3.8 w 10—10 1.41 = 1022 JO10S-1 431 3.7 » 10—11 B.77 x 1030
Jez2z-0137 2.0 x 10—10 FL2o o 1021 JOT49-4247 .5 = 10—11 2,03 = 1031
J17E2-28006 2.8 x 10— 10 1.80 = 1022 JOSENH-3707 3.5 = 10— 11 2,43 = 1032
J1932 1050 2.5 w 1o P 3.03 « 10°7 JOE34-4 159 3.4 = 1011 0.86 « 1003
JOEAZ-K022 2.3 % 1o—10 .6 w1032 J2O0EHZ-T 200 3.4 w 10—11 1.94 = 10*2
*T1022+ 1001 2.2 = 10— 10 F.84 = 1022 J151S4 4904 5.5 = 10— 11 1.56 = 10*1
J1740-3015 2.1 = 1o P 8.23 = 107 J0GIN-2834 3.2 w 1o 11 1.46 = 10%
*JT101LT-T15G 1.9 = 1o—10 .85 = 1022 * T 104 K- AN 0D 3.2 % 10— 11 1.67 = 10*2
JOOEEH0THS 1.0 % 1o—10 B.6 x 1032 J1046 4+ 1805 3.1 = 1o—11 1.11 3 10*1
*J2145-0THD 1.7 = 10— 10 2,84 = 1022 J1T065-1906 3.1 = 10— 11 G.11 = 1032
J1825-0935 1.8 = 1o—10 4.56 = 1028 Jos20-4114 2.8 = 10—11 4.6 = 1027

JOS4T-KEED 1.3 = 10— 10 308 = 102 JOS0T-5157 0.8 w 10— 11 4.43 = 1032
JOEA2-4851 1.3 = 1o—10 1.4 = 1033 JO11T 45014 o7 w 10— 11 .21 w 1028
JDS09-4T53 1.2 = 1o 1" 7.43 = 10°7 * T 15T E-55 AN 2.5 w 1o 11 8. 54 « 1052
J1s20-0427 1.0 = 10— 10 1.17 = 1022 J19084 0734 2.4 = 10— 11 F.4 = 10723

*T1430-5501 1.0 % 1o—10 2,38 = 1022 J11364+ 1551 2.4 = 10— 11 &.70 w 1031
+JOT2T-2020A 0.2 % 1o 11 5.04 = 1077 J1913+ 1011 2.4 = 10— 11 2. 87 =« 10°%
*J1723-283% .0 = 10— 11 4.66 » 1033 J1E09-1917 0.0 % po—11 1.78 = 1029
*J2120-HT21 7.0 = 10— 11 1.659 = 1073 + 11200+ 1240 2.1 = 10— 11 1.88 = 10%3
JOS2E6 42637 v.6 % 1op—11 4.52 = 1022 J1528-3146 2.1 = 1o—11 4.37 = 1031
JO134-2937 v.5 ox 1p— 11 1.20 = 1022 * T 10Z8 4 0032 2.1 = 10— 11 1.10 3 1032
JosoT-HK421 7.4 = 10— 11 1.02 = 1022 +I202 2+ 3842 2.1 = 10—11 1.18 = 1028
JOEZ1-44006 7.2 % 1o 11 1.67 = 10°2 +71933-5211 2.0 = 10— 11 3.258 x 1032
J17404 1000 6.0 w 1o 1 2.82 w« 107" * 10407 4 1607 2.0 = 1o 11 1.84 = 10°
JOEA0-5332 6.7 x 1o0—11 1.%73 = 1022 JOTAG-4520 2.0 = 1o—11 3.03 = 10*1
Jo4sz-1759 G.8 = 10— 11 1.37 = 1022 J1921 42153 2.0 = 10— 11 2,23 = 10*1
JNASE 45413 6.4 = 1o 11 4.54 = 1072 +J1843-1118 1.0 = 1o~ 11 6.02 « 1052
J1EI0T-GI50 K.O = 10— 11 8.26 = 109" J18526-1334 1.8 = 10— 11 .84 = 1078
JOE21-4221 5.7 x 10— 11 2.3 W 103 JOSEES-4 644 1.8 = 1o—11 1.0 = 1029
J1B3T41 158 K.G o= 10— 11 1.76 = 1022 J1B3I0-K327 1.8 = 10— 11 S.52 = 1073
J1o0i-5507 H.d = 10— 11 G.&d = 1022 +J1%11-3430 1.7 = 1o—11 4.93 = 1079
J14A56-6845 K.l = 10— 11 2.12 = 1022 *JT1TAN-0052 1.7 = 1o—11 5.0 w 102
*T1623-2631 K. s 10— 11 1.085 = 1033 J1831-0052 1.6 = 1o—11 1.08 = 1029
J1m24-5625 4.5 = 1o~ 11 2.21 =« 107% JO922 4+ 0G3S 1.6 = 1o~ 11 G.7O w1077
* 112034003 d.4 = 10— 11 O.86 = 1093 J1730-3023 1.6 = 1o0—11 .01 = 102
JOSAS 42817 4.1 = 1o— 11 4.94 = 1033 JOZ06E-4 028 1.6 = 10— 11 1.589 = 1032
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Statistics of the new candidates

e 76 with Ly > 1.6x10' ergs/s/cm? >> 2x1012 ergs/s/cm?
— only 24 with Edot>1x1034 erg/s
* 5 already listed as gamma-ray pulsars
— 18 with Ly > 1010 ergs/s/cm?
« Only two with Edot>1x1034 erg/s

— We expect a large num
If systematic period-folc

per of pulsars to be detectable
Ing Is done.

« Radio monitoring of t

nese pulsars are required!
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Summary

Higher E > easier gamma-ray detection
— But is F the best gamma-ray indicator?
Higher BrLc = even easier gamma-ray detection?

— KStest > Byrc discriminates gamma-ray loud and
quiet pulsars better than £

Brc ~ L. consistent with outer gap model
New candidates of gamma-ray pulsars are predicted

Thanks for your attention!
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