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PSR B1937+21 is the first millisecond pulsar (MSP) detected and it is representative of an emerging class of MSPs that shows aligned pulse profiles in different energy bands (Guillemot et al. 2012). We report on a study of the high-energy emission of
the pulsar using archival Chandra, XMM-Newton, and Fermi LAT observations. Our results indicate that the pulsar X-ray emission is ~100% pulsed and has a purely non-thermal spectrum with a hard photon index of 0.9£0.1. Using 5.5 yr of Fermi
survey data, we obtained much improved constraints on the pulsar's gamma-ray timing and spectral properties. The pulsed spectrum is adequately fitted by a simple power-law with a photon index of 2.38+0.07, and an exponential cutoff power-law
model is not significantly better. Both the gamma-ray and X-ray pulse profiles exhibit similar two-peak structure and generally align with the radio peaks.

A comparison with other MSPs suggest that the aligned profiles and the hard spectrum in X-rays could be common properties among MSPs with high magnetic fields at the light cylinder. We discuss a simple model in which the non-thermal X-rays are
contributed by IC scattering between radio waves and primary particles in the outer magnetosphere and by synchrotron radiation from secondary particles. As shown in the SED below, this toy model is capable to qualitatively reproduce the observed

spectral energy distribution in X-rays and gamma-rays.

Observations:

Telescope /
Instrument oo1l

Chandra /| ACIS-S 2005 Jun 28 49 .5ks
XMM-Newton / 2010 Mar 29 40.4ks, 47.5ks,
MOS1, MOS2, PN 40.4ks

Fermi [ LAT 2008 Aug — 2014 Jan 5.5yr

X-ray images of the field of PSR B1937+21

Best-fit PL X-ray spectrum

i 'y + y
. 0.005 ] It + l!s. amn #
= I (el | \
§ /] - *‘#*‘%
£ | l/ | ’:| N +. |
g oot 7/ Tn\‘+ |
0.0005 ¢ \
] . | | | \

Energy (keV)

= Chandra | g Gamma-ray spectrum
AISIEE - gran i@ e Ay
5 2 Sl s e s _
'*E S 1§ et & :.3%?4:. i PL fit,
= ¥ | ® N[ gaeies Tmniadin =
o8 | £ 8 sc5 PSRB1937+21 g
1 2 - o @ S ® 8 : g 107y
2|
3| 5| s
N 380 T 19:40000 300 39000  38:300 h :
| | | R-ight as-cenSion- | | P el e e P U | B T S R S | B zi_pwcltjr;oﬁ / \ \\
300 19:40:000 30.0  39:000  38:30.0 — \
Right ascension T5=116 \
T T
E (MeV)
n 800 o i " 7| Pulsations > 7o
'E' | | | significance Best-fit Timing and Spectral Parameters of PSR B19374-21
- ' i
o 600 H Ay il Al 1 . . .~
3 nu i "u.n_“.nmu__..n.ﬂ i .l'“'“'""h"ﬂu"T' _.nu_. i "u.n_n.nmu__..n.ﬂ i mm,.h."..nunllw_wl gl Parameter X-ray Gamma-ray
> s i
E 400 — — Timing
| | |
© i | | ] First peak
E ogo L T On-pulse intervals for Position, ®1 0.054 £ 0.001 ﬂ.ﬂﬂﬁ:ﬁ;ﬁﬁ%
% ! spectral analysis Width parameter, o] 0.0107 005 0.0067 00,
) 400 gy | — S Width parameter, JI" D.Dlﬁtg:ggé U.Dl?:g:ggé
T e e FWHM; = o +o 0.02075508  0.01970-002
A d - Radio lag, 81 0.068 £0.001 —0.0117) 55}
) :
'E' 300 : ;10(_)% pulsed Second peak
= i | ; raction Position, ®» 0.583+0.005  0.540 500t
8 500 H N Width parameter, o, D.Dlﬂtg:gg% G.DIE:D'_.DDi
? Width paramfter._ u:;ré'_ D.DEU;%:E@% Uﬂzgzggzé
100 Radio lag, &2 0.0327500¢  0.0037 0008
S . _
Spectroscopy
%, 0 ——t+—+ || ——F— ——+— || 1 Column density, Ng (1022 cm—2) 1.2+0.2 aE
E > Photon index, T 0.9+0.1 2.38 = 0.07
= 'E Statistic Y2 =086  TS-value=112
O 5 Unahscrr?ed lenerg}-' fluxa (1012 D.E?}tg:gg 16 = 2
o ergem- <s” ')
ch © j\ J j\ N Luminosity® (1033 ergs—1) 0.7 49
I S — | ' L1 ' Efficiency?®, 7 6 x 10— 0.044
0 0.9 1 1.5 2

High—E MSPs and Their X-ray Properties.

Name P E (10% B Bic Dist. ['x Lx (1032 PF
(ms) ergs— 1) (108G) (10°G) (kpc) ergs— 1) (%)

B1821—24 3.1 22 23 7.3 5.1 1.23 £+ 0.03 14 82.5 + 4
B1937+21 1.6 11 4.1 10 5.0 0.9 +0.1 6.8 ~ 100
B1820—30A 5.4 8.32 RE 2.53 7.9 s e o
J1701—-3006F 2.3 7.3a 7.2a 5.53 6.9
J1701—3006E 3.2 3.62 102 2.72 6.9 . o o
J02184+4232 2.3 2.4 4.3 3.1 2.7 1.10 £ 0.06 3.3 64+ 6
B19574+20 1.6 1.1 1.4 3.0 2.5 ~ 2b ~ 0.5b :
J1750—3703D 5.1 1.42 162 1.12 12 < 50
B0021—T72F 2.6 1.4 4.1 2.1 4.0 e 0.055¢
J1740—5340A 3.7 1.42 7.92 1.52 3.4  1.73+0.08P 0.22b
J1701—-3006D 3.4 1.2a 6.6 1.5a 6.9 e e

Modeling the X-ray and gamma-ray spectrum

Large pulsed fraction

Giant radio pulses

High-E, high-B,, MSPs:
 Aligned radio, X-ray, and gamma-ray profiles

Hard power-law spectrum in X-rays

of high-E, high-B,. MSPs
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* Fitthe X-ray to gamma-ray spectrum:
assuming a broken power-law radio spectrum with

turnover at 10MHz:

(o)
Fraa(v) = A{ (110001\1}/[1?;)51 (L
T00 MH?

B, from observed flux density between 400MHz and

1.4GHz, 3, taken to be 0.5.

* Future radio observations LOFAR and hard X-ray
observations with NuSTAR or Astro-H would be useful. 10" b Fermi Obs. e IC -~ ;
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