LogE [keV]

..................

LogF, [pJy]

| —— BB+BB+PL

PSR B0656+14

a . Radiation efficiencies of the

| pulsars

a  gamma-rays, EGRET, ao=-1.8
-—- X-rays, soft BB, hard BB, PL

. NIR--optical--NUV
radio

1 | 1 1 | ! L | L 1 | 1 L | L L | ! 1 |

(current update).

9 12 15 18 21 24 27
Log v [Hz]

Zharikov S.V.

Observatorio Astronomico Nacional, Instituto de Astronomia,

18 pulsars
(12 in optical range + 6 upper limits)
~103- ~10° yy.

T T A '00 T \OI G T T T T ]
L e lg S 2 2B an g .
2" 363 o % e 8~ N B - S

UGS ~N® m & m ~ o ~
o0 AN o O N BNV ® ole m m
2 38 N N uHSS © @ =
— 33jmg:§2§g:o ° ® ]

[ | a'j |j '3 'jm; | | | | .

30 b1 - -
I “ ° . =, " .
o . O T N . .
—= 2r T . e T L
‘@ O T R g SR e S TN kAT LA
0t ARSI S ST A
| | .:

0.50(11)

3 4 5 6 1 8
Logt |[year]

From top to bottom: evolution of the pulsar spin-down, radio, optical and X-ray
luminosity, and respective efficiencies, as a function of the dynamical age. The
full circles show the luminosity and radiation efficiency of pulsars with optical
counterparts, while the triangles mark upper limits. The points show the radio
luminosity of the rest of radio pulsars taken from the ATNF pulsar catalogue
(Manchester et al. 2005). The data was taken from Zharikov et al. (2006) and
updated using Danilenko et al. (2012), Mignani et al. (1999, 2009, 2010, 2011,
2013), Shibanov et al. (2008), Zharikov et al. (2008a, 2008b) and references
there in. The vertical line marks the age when the change of the behaviour of the
radiation efficiency occurs.

1980

Table 1

Lx, and y-rays, L., of seven radio pulsars detected in the optical range (Zharikov et al., 2002, 20

04)

S. Zharikov et al. | Advances in Space Research 37 (2006) 1979-1983

The dynamical ages 1 = P/ 2P, distances d, spindown luminosities E (or Lyg), and observed non-thermal luminosities in the radio, Lg, optical, Lop, X-rays,

Source log 7 (yr) d (pc) logE (erg s ™) log Lg* (mJy kpc?) log Ly, (erg s h log Ly (erg s ) log L, (erg s h
408 MHz B-band 2-10 keV > 400 MeV
Crab 3.1 2.0x 10 38.65 3.41(4) 33.23(5) 36.67("5¢) 35.7(%3)
B0540-69 32 5.0x10°  38.17 3.30(9) 33.47(15) 36.99(*13) <35.97
Vela 4.1 293(*19) 36.84 2.64(20) 28.3(3) 31.2(73%) 33.9(%3)
B0656+14 5.0 288(*3) 34.58 ~0.27(9) 27.53(8) 30.30(*35) 32.37(%3)
Geminga 5.5 153(*3) 34.51 0.375(*%) 26.95(71%) 29.35(*3) 32.95(73)
B1929 + 10 6.5 361'% 33.59 1.52(5) 27.26(*3)) 29.86("13) <32.57
B0950+08 7.2 262(5) 32.75 1.44(16) 26.88(8) 29.28("13) <32.51

Figures in brackets are +10¢ uncertainties of the values.

? The radio luminosity is defined traditionally as Ly = S408df (mJy kpc?), where S,z is the observed flux density from a pulsar at 408 MHz in mJy, and

d, is its distance in kpc. At a typical radio band FWHM of about 100 kHz, the conversion factor to standard luminosity units is ~9.51 x 10*! (ergs™')/

(mJy kpc?).

Abstract: Eighteen pulsars with optical counterparts or with significantly deep upper limits on the
optical luminosity are known currently. Using available multi-wavelength data for these pulsars

we reanalyze the efficiencies of the conversion of the pulsar spin-down power Lsq into the
observed non-thermal luminosity L in different spectral domains. This sample of pulsars

confirms the non-monotonic evolution of the pulsar radiation efficiency n = L/Lsq in the optical
and X-ray domains (Zharikov et al. 2006). There is a clear evidence of a change in the

behavior of the optical and X-ray efficiencies around T ~ 1 04 years. Efficiencies nopt and nx

initially decrease before starting to flatten or increase at larger ages. The timescale T ~ 104
years is comparable to the transition between neutrino and photon cooling stage (Yakoviev et
al. 2004, and references therein) in neutron stars. The change of the cooling stage probably
affects the distribution of relativistic particles in the pulsar magnetosphere, which is reflected in
the dependence of the optical/X-ray efficiency on the pulsar age. The slopes of the time

evolution of nopt(t) and nx(t) after 104 years are practically similar and compatible with that of

nR(T)

There is a clear evidence of a change in the behaviour of the optical
and X-ray efficiencies, which initially seem to decrease before starting
to flatten or increase at larger ages. The turnover is located around

T~10% years.

The slopes of the time evolution of nop(t) and nx(t) after 104 years are

practically similar and compatible with that of nr(T)
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The correlation between the optical and 0.5—-8 keV X-ray luminosities

Page, et all, Nuclear PHlysics A, 2006, 777, plad7 T 7 7
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