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Abstract The problem of formation of a partially screened inner aedlon region for
102 pulsars with drifting subpulses is considered. It isuadgby means of the condition
T/Ts > 1 (whereT, is the critical temperature above which the surface dedivieermal
flow at the corotation limited level anf; is the actual surface temperature) that an efficient
acceleration region can be formed in a very strong and cunaut-dipolar surface magnetic
field, even exceedin@0'* G in general. Both positively and negatively charged potgysc
are considered. Also, both curvature radiation as well ssrant inverse Compton radiation
seed photons are taken into account. It is argued that tineefomechanism is much more
likely to account for the sparking discharge of the pargiaireened inner acceleration region
in pulsars.
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1 INTRODUCTION

The phenomenon of drifting subpulses has been widely regaad a powerful tool for the investigation of
mechanisms of pulsar radio emission. First and still veryytar physical explanation of this phenomenon
has been proposed by Ruderman & Sutherland (1975). Theieimas successful compared with a few
cases of pulsars with drifting subpulses known at that tiRankin (1986) compiled a list of about 40 cases,
including division into core and conal components. At thaiet drifting subpulses could still be regarded
as some kind of exceptional phenomenon. However recenditeWede, Edwards & Stappers (2005) pre-
sented the results of a systematic, unbiased search foulsgbmodulation in 187 pulsars and found that
the fraction of pulsars showing drifting subpulse phenoomas likely to be larger than 55% (see also these
Proceedings). The authors concluded that the conditiansned for drifting mechanism to work cannot
be very different from the emission mechanism of radio pslS&ES05 suggest that the subpulse drifting
phenomenon in an intrinsic property of the emission meamnalthough drifting could in some cases be
very difficult or even impossible to detect due to low sigmahbise ratio.

The classical vacuum gap model of RS75, in which sparkse@gsosub-beams of subpulse emission
circulate around the magnetic axis dudgo< B drift of spark plasma filaments, provides the most natural
and plausible explanation of drifting subpulse phenomeHomwever, despite its popularity, it suffers from
the well known binding energy problem. Recently Gil & Mit2001) revisited this problem and found that
the formation of vacuum gap (VG) is in principle possiblehaligh it requires a very strong surface mag-
netic fields, much stronger than a dipolar components iefefirom the observed spindown rate. In other
words, GMO1 concluded that in general, the surface magfietitat the polar cap must be significantly
nondipolar. It seems that there is a growing observationdeace of such nondipolar structures of surface
magnetic field (e.g. Urpin & Gil 2004). Gil & Melikidze (2002)eveloped further this idea and calculated
the VG model for 42 pulsars tabulated by R86. Using diffepait production mechanisms and different
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available estimates of the cohesive energy of surface ang,iGM02 demonstrated that VG can be form

for all pulsars from R86. They concluded that the resonamrse Compton scattering (ICS) seed photons
driving the spark discharges were strongly preferred,emhié curvature radiation (CR) seed photons were
unable to operate efficiently in general.

Gil, Melikidze & Geppert (2003) developed further the iddatlme inner acceleration region above
the polar cap by including the partial screening by thernwal firom the surface heated by sparks. They
succeeded to construct a self-consistent model, which dpgjied to a number of well known drifters.
In this paper we apply the partially screened inner acctteranodel to a new set of 102 pulsars from
WESO05 and show that it can work in every case, provided theasthface non-dipolar magnetic field is
strong enough, even stronger than suggested by GM01 and GW2over, the ICS mechanism is no
longer preferred and CR dominated discharge seems even feited. The thermostatic regulation sets the
surface temperature at the level of few MK, which is consistéth recent XMM-Newton observations of
drifting subpulse pulsar B0943+10 performed and analyzediang, Sanwal & Pavlov (2005).

2 CHARGE DEPLETED INNER ACCELERATION REGION

The inner acceleration region above the polar cap resuts the deviation of a local charge densjity
from the co-rotational charge density (GJB8)y = —Q - Bs/2nc = +Bs/cP, where the positive/negative
sign corresponds tgfFe ions/electrons, for antiparallel and parallel relatventation of magnetic and
spin axes, respectively. As already mentioned in the Inicidn, more and more evidence exists both
observational and theoretical (see Urpin & Gil 2004 andresfees therein) that the actual surface magnetic
field Bs is highly non-dipolar. Its magnitude can be described irfti Bs = bBq (Gil & Sendyk 2000),
where the enhancement coefficibrit 1 andBg =2x 1le(P P 15)7? G is the canonical, star centered
dipolar magnetic fieldP is the pulsar period an@d 15 = P/10 15 is the period derivative.

The polar cap is defined as the locus of magnetic field linespthaetrate the so-called light cylinder
(GJ69). In general case, the polar cap radius can be wristgn=a b 9°1.45x10%P  %° cm (GS00), where
the factoh ©*° describes squeezing of the dipolar polar cap area due todgeetic flux conservation. One
should realize, however, that the polar cap radpiexpressed by the above equation is only a characteristic
dimension of the region above which a high acceleratingmi@tiedrop can develop. In fact, the actual polar
cap can be largely deformed from circularity in the presesfc#rong nondipolar surface magnetic field.

As mentioned in the Introduction, the charge depletion alibe polar cap, traditionally called vacuum
gap (VG), can result from bounding of the positdf€e ions (at least partially) in the neutron star surface.
If this is possible, then positive charges cannot be sugpatehe rate that would compensate the inertial
outflow through the light cylinder. As a result, a significpatt of the unipolar potential drop (GJ69, RS75)
develops above the polar cap, which can accelerate chartielgmto relativistic energies and power the
pulsar radiation mechanism. The characteristic heligbf such an acceleration region is determined by
the mean free path of pair producing high energy photonstHarovords, the growth of the accelerating
potential drop is limited by the avalanche production ot#&ten-positron plasma (e.g. RS75, CR80). The
accelerated positrons will leave the acceleration regidrile the electrons will bombard the polar cap
surface, causing a thermal ejection of ions, that could heratise bound in the surface in the absence of
additional heating. This thermal ejection will cause a iphdcreening of the acceleration potential drop
AV corresponding to a shielding factgr= 1 — pi/pgj, wherep; is thermonically ejected charge density
andAV = n2n/cP Bsh?, whereB;s is defined by above equation ahds the model dependent height
(see below) of the acceleration region. Two VG models candpsidered under the near-threshold (NT)
condition valid for strong surface magnetic fi@d > 0.1B,, whereB, = 4.414 x 1013 G is the so-called
guantum magnetic field (RS75 and references therein): @Que/&Radiation dominated Near Threshold
Partially Screened Gap (CR-NTPSG) model and Inverse Camptattering dominated Near Threshold
Partially Screened Gap (ICS-NTPSG) model, in which themetkedrop is limited by the curvature radi-
ation (CR) and the resonant inverse Compton scattering) ($&&d photons, respectively (for details see
GMO01, GM02, GMGO03 and references therein). In the stron¢asarmagnetic fields > 5 x 10?2 G
the high energy photons with ener@¢ = hw produce electron-positron pairs at or near the kinematic
thresholdhw = 2mc?/ sin 6, wheresin 8 = Ipn/R, lpn is the photon mean free path for pair formation and
R = Rg % 10° cm is the radius of curvature of magnetic field lines.
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2.1 CR-NTPSG Model

In this model the cascading e* pair plasma production is driven (or at least dominated)H&ydurva-
ture radiation photons with typical energyw = (3/2)hy3c/R. wherey is the typical Lorentz factor of
electrons/positrons moving relativistically along sedanagnetic field lines with a radius of curvatiRe

In the quasi-steady conditions the heighof the acceleration region is determined by the mean frele pat
Ipn for pair production by energetic CR photon in strong and edrmagnetic field. Following GM01 and
GMO02 and including partial screening (GMGO03) we obtain

h=hCR = (3.1x10°)RS 'n 37p 37p3=14p M cm, (1)

2.2 ICS-NTPSG Model

In this model the cascading pair plasma production is drjeemt least dominated) by the resonant inverse
Compton scattering, with typical photon enefgy = 2yheBs/mc. In the quasi-steady conditions the
heighth of the acceleration region is determined by the condition lon 1] Herelp, is the mean free
path of the ICS photon to pair produce alad= 0.0027y%(Bs/10'2G) (Ts/106K) ! is the mean free
path of the electron to emit this high energy ICS photon (ZH)@vhereBs is the surface magnetic field
andT; is the actual surface temperature. Following GMO1 and ofioly partial screening (GMGO03) we
obtain

h= hICS — (53 x 103)ng:57r| 0:14b 1P O:36p {)55 cm. (2)

In the above equatiorRs = R/10° cm is normalized curvature radius of the surface magnetit fiiges.
For simplicity, in the following discussion the above eqoas will be referred as to CR and ICS cases,
respectively.

3 BINDING ENERGY PROBLEM

If the binding energy o3&Fe ions is large enough to prevent thermionic emission, egetdepleted acceler-
ation region can form just above the polar cap. Normalljhasblid-vacuum interface, the charge density of
outflowing ions is roughly comparable with density of thedalt the surface temperatuk&s = €., where

&¢ is the cohesive (binding) energy akd= 8.6 x 10 & keV K ! is the Boltzman constant. However, in
case of pulsars, only the corotational charge densitycan be reached, and tB§Fe ion number density
corresponding tpg; is aboutxp(—30) times lower than in the neutron star crust. Since the deosiyt-
flowing ionsp; decreases in proposition éap(—e:/kTs), then one can writpi/pcy = exp(30 — £/kTs).

At the critical temperatur@; = €./30k the ion outflow reaches the maximum valpe= pgj, and the
numerical coefficient 30 is determined from the tail of th@@xential function with an accuracy of about
10%.

Calculations of binding energies are difficult and uncerfaee Lai 2001 for review and critical discus-
sion). In this paper we will use the results of Jones (1986)clwwere recommended by Lai (2001) in his
review paper. J86 obtaineg=0.29, 0.60 and 0.92 keV f@®s = 2,5 and10 x 10'? G, respectively. These
values can be approximately represented by the funetioh (0.18 keV)(Bs/10%%)°%7 G and converted
into critical ion temperature

Ti [(0.7 % 10° K)(Bs/10"2 G)*7 (12 x 10° K)hO7(PP 15)%% = 10°K(Bs/By)%",  (3)

above which the thermionic ion flow reaches the maximum Gitlerthus screening completely any
acceleration potential drop above the polar cap, wheB andBy are explained earlier in the paper. Below
this temperature the charge-depleted acceleration regibform, that should most likely discharge in a
guasi-steady manner by a number of sparks, as originallygzed by RS75 (see more detailed discussion
in GMGO03). The electron-positron plasma produced by sparilischarges co-exists with thermally ejected
ions, whose charge density can be characterized by thelstgehctor in the forrm = 1 — exp[30(1 —
Ti/Ts)]. At the temperatur@; = T the shielding facton = 0 (corresponding to fully developed space-
charge limited flow withp; = pgj), but even a very small drop df; below T;, much smaller than 10%,
corresponds to creation of the pure vacuum gap witlhk 1 (p; = 0). Thus, the condition for partially
screened charge depleted acceleration region can bemintthe formTs < T;, meaning that the actual
surface temperaturg; should be slightly lower (few percent) than the critical i@mperaturd;, which
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for a given pulsar is determined purely by the surface magfietd Bs. Although, the pure vacuum gap
of RS75 is inconsistent with X-ray observations of driftisgbpulse pulsar B0943+10 (see ZSP05), the
condition for existence of the inner acceleration regiamtea used in a practical form

Ts = Ti, (4)

remembering that in realitfs cannot be exactly equal 6 (pure VG) but slightly (few percent) lower
(partially screened gap).

As mentioned above, the polar cap surface can be negativatged Q- B > 0). In such a case (called
“antipulsars” by RS75) the polar cap surface can deliverlaati®n flow. Following GMG03 we assume
that this electron flow is also determined mainly by thermassion, with a corresponding shielding factor
n=1-—pe/pci = 1—exp[25(1 — Te/Ts)], wherepe is the charge density of thermionic electrons. The
critical electron temperature

Te [(E9 > 10° K)b™P #1P O = (2 x 10° K)(B+/Bq) ™ (5)

(see GMGO03 for more details), and in analogy to Equationi{d)bndition for creation of charge depleted
acceleration region i$s = T.. This will be referred as to the “electron case” in the foliogrdiscussion,
in order to distinguish it from the “ion case” discussed ahdie introduced the paramet®s/By for a
convenience of presenting results in a graphical form (Eig.

4 THERMOSTATIC REGULATION OF SURFACE TEMPERATURE

GMGO03 argued (following the original suggestion by Cheng @&dRrman 1980), that because of the expo-
nential sensitivity of the accelerating potential deAy to the surface temperatufeg, the actual potential
drop should be thermostatically regulated at a temperatase to the critical temperatufg or Te. In fact,
whenAV is large enough to ignite the avalanche pair productiom the backflow relativistic charges
will deposit their kinetic energy in the polar cap surfacd &eat it at a predictable rate. This heating will
induce thermionic emission from the surface, which willunrt decrease the potential drop that caused the
thermionic emission in the first place. As a result of these oppositely directed tendencies, the quasi-
equilibrium state should be established, in which heating tb electron bombardment is balanced by
cooling due to thermal radiation (see GMGO03 for more détailfis should occur at a temperature
slightly lower thanT;.

The quasi-equilibrium condition iQcooi = Qheat, WhereQeoor = 0T34 is a cooling power surface
density by thermal radiation from the polar cap surface @gk: = ymec3n is heating power surface
density due to back-flow bombardment= eAV/mcc? is the Lorentz factor anAV is the accelerating
potential dropnh = ngy — Nj = Nngy is the charge number density of back-flow particles thatadigtu
heat the polar cap surfacg,s the shielding factom; is the charge number density of thermally ejected
flow andngy = pey/e = 1.4 x 10™bP %P %5cm 3 is the corotational charge number density. It is
straightforward to obtain an expression for the quasidémyium surface temperature in the form

Ts = (1.98 x 108 K)(P 15/P ) =4n1=2p1=2nt™?, (6)

wherehs = h/10% cm is the normalized height of the acceleration region (Edsor [2]). As a result of
thermostatic regulation described above, this tempeatuould be very close to but slightly lower than the
critical ion T; or electronT, temperature (Egs. (3), (4) and (5)).

The X-ray thermal luminocity_x = oT/mrj = 1.2 x 103%(P 15/P3)(nh/r,)? erg s 1, wherer, =
1.45 % 10% ¥2p =2 ¢m is the actual polar cap radius. This X-ray luminosity cancompared with
the spin-down poweE = 1QQ = 3.95 x 103'P 15/P3 erg s *. For the pulsar in which the tertiary
circulational periodicity of drifting subpulsd% = NP3 (RS75) is known, wher@; is a basic subpulse
drift periodicity andN is a number of circulating subbbeams (Deshpande & Ranki®,12@01; Gil &
Sendyk 2003), one can derive a relationship between olideraad physical parameters of the partially
screened acceleration region in the form

nh/r, = P/P3 (7)
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Fig. 1 Models of partially screened inner acceleration regioes (ext for explanations).

(GMGO03, ZSP05). We can now write an equation for the thermahyluminosity from the heated polar
cap

Ly =3 x 103 (P 15/P%)(P/P3)?, 8
which depends only on the observational data of the radisgpult is particularly interesting and impor-

tant that this equation does not depend on details of the&isygagap model(n, b, h), which results from
Equation (7) relating physical parameters of the accetaratgion with the observational properties of



110 J. Gil, G. Melikidze & B. Zhang

drifting subpulses. Thus, the Equation (7) describes a megt relationship between properties of spark-
associated drifting subpulses observed in radio band aadhcteristics of X-ray thermal radiation from
the polar cap heated by sparks. For PSR Ba9UBwith P=1.097 s an® ;5 = 3.72, which is the only
pulsar for which bottP; = 37.4 P (DR99, DRO1) andL, = 5 x 10?8 erg s * (ZSP05) is measured, the
above equation is perfectly satisfied. Naturally, the efficy L /E = 0.76(I53/P) 2=54x10 “%is
also perfectly satisfied in PSR B09430, for which the observational vallig/E = 5x 10 4 (ZSP05). It
should be mentioned that the thermal fit suggests that thitiegnarea is about™3., < 107 cn?. Even the
largest area allowed by the fit is much smaller than the cdioseal polar cap area for a dipole magnetic
field 6 < 108 cn? (ZSP05). Consequently for this pulsar. In a few cases for which the circulational
periodicity could be measured or estimafied< Ps/P < 37, thus generaly_«/E |:cu+g:5) x 10 8.
Such correlation between X-ray and spin-down luminositiesell known and intriguing property of rota-
tion powered pulsars (Becker & Trumper 1997; Possenti.&X(2). It is believed that this correlation is a
characteristic of a magnetospheric radiation (e.g. Ch&ilg Zhang 1998; Zhang & Harding 2000). Here
we suggest that this can be also a characteristic propettyegbolar cap thermal radiation. Most likely,
both mechanisms contribute in a comparable amount to theredd X-ray luminosity.

5 MODELS OF PARTIALLY SCREENED NEAR THRESHOLD GAP

Let us first consider curvature radiation dominated modgfsactially screened near threshold gap (CR-
NTPSG). The results of model calculations for 102 pulsath wfrifting subpulses (see Table 1) are pre-
sented in Figure 1. Two cases corresponding to thejofupper panel) and the electrdi (lower panel)
critical temperature are presented. Both panels correspoiuasi-steady discharge of the accelerating
potential drop by cascading production of the electronitpms pairs driven (or at least dominated) by the
curvature radiation seed photons. Pulsars were sorteddisgdo decreasing value of the pulsar peridd
We have then plotteBs/B (left-hand side vertical axes) versus the pulsar numbeicfwtorresponds to a
particular pulsar according to Table 1), wh&g= bBy andBg = 4.414 % 10'2 G is the so called quantum

magnetic field. The actual value BE/Bg = 0.045b(P < P 15)%° for a given pulsar was computed from
the conditionTs = T, (i.e.) Ts = T; for upper andls = T, for lower panel of Figure 1, wherg; is the
actual surface temperature. The vertical axes on the rigihd Iside are expressed in terms of the surface
temperaturds computed from Equations (3) and (5) for the upper panel (aserand lower panel (elec-
tron case), respectively. Different plots correspond ffedént normalized radius of curvature ranging from
Rs = 1to Rg = 0.01. Different symbols (described in the left upper panel) useglot exemplary curves
correspond to an arbitrarily chosen values of shieldin¢gpfag = 1, 0.1, 0.05 and 0.01, respectively (each
curve thus represents the same shielding conditicios all 102 pulsars considered). Note that the curve
corresponding to pure vacuum gép = 1) does not fit into any panel fds/Bq below 10, orTs below

5 MK. This means that in realistic pulsars the shielding patern [IAs for the surface magnetic
field valueBs [CBL, which suggests that [—Tior almost all cases. The observations support such an
assumption (ZSPO05).

The vertical lines in Figure 1 correspond to PSR B0948 (number 41), which was observed using
XMM-Newton by ZSPO05. Three horizontal lines corresponddequal to 2, 3 and 4 MK (from bottom to
the top), respectively, calculated from Equation (3) fa thn case and from Equation (5) for the electron
case. Thus the hatched area encompassing these lineponiaisso the range of surface temperatdies
(3 1) x 10° K deduced observationally for the polar cap of B0943+10 fiXi#iVi-Newton observations
(ZSPO05, see their Fig. 1). Although, for a given pulsar thargh depleted acceleration region can form at
any Bs allowed by the conditiofs = T (i.e. Ts = T; in the ion case offs = T, in the electron case),
we kn(zxv that in B0943+10 the surface temperafiures about 3 MK (ZSP05), which implieBs = bBy [1
2% 10 G.

Analysis of Figure 1 shows that in the CR dominated ion cagmgraally screened charge depleted
acceleration region can form for all pulsars from Table 10Ae can see, the shielding factpshould be
much smaller than 1.0 (perhaps even well below 0.1), otlserttie required surface magnetic field would
be unrealistically high (exceedin®*® G). Also, the larger values of the radius of curvatBgcorrespond
to smaller values of the shielding factmrThe valuedkg> 0.5 seem disfavoured. Realistically, the required
surface magnetic field extends from abOutB, to aboutl0Bg, which is the range used on the vertical
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Table 1 List of 102 Pulsars with Drifting Subpulses Compiled from@8d WES05

Name N Name N Name N Name N Name N
B0011+47 31 B0751+32 22 B1642—-03 83 J1901-0906 12 B2043-04 8 1
B0031-07 49 B0809+74 27 J1650-1654 13 B1911-04 52 B2021+51 2 7
B0037+56 40 J0815+0939 63 B1702-19 91 B1914+13 93 B2044+15 8 3
B0052+51 6 B0818-13 32 B1717-29 64 J1916+0748 70 B2045-16 8
B0136+57 94 B0820+02 51 B1737+13 53 B1917+00 29 B2053+36 99
B0138+59 33 B0823+26 71 B1738-08 7 B1919+21 26 B2106+44 81
B0144+59 100 B0826—-34 10 B1753+52 4 B1923+04 43 B2110+27 35
B0148-06 20 B0834+06 28 B1804-08 102 B1924+16 68 B2111+46 46
B0301+19 23 B0919+06 78 B1818-04 66 B1929+10 98 B2148+63 84
B0320+39 3 B0940+16 42 B1819-22 9 B1933+16 86 B2154+40 19
B0329+54 59 B0943+10 41 B1822-09 54 B1937-26 82 B2255+58 85
B0450+55 90 B1039-19 24 J1830-1135 1 B1942-00 44 B2303+30 17
B0523+11 87 B1112+50 14 B1839+56 15 B1944+17 77 B2310+42 88
B0525+21 2 B1133+16 36 B1839-04 11 B1946+35 58 B2319+60 5
B0540+23 95 B1237+25 25 B1841-04 47 B1952+29 79 B2324+60 96
B0609+37 92 B1508+55 56 B1844-04 67 B1953+50 73 B2327-20 16
B0621-04 45 B1530+27 39 B1845-01 61 B2000+40 50 J2346-06097 3
B0626+24 75 B1540-06 60 B1846—06 21 J2007+0912 76 B2351+61 8 4
B0628-28 30 B1541+09 55 B1857-26 65 B2011+38 97

B0727-18 74 B1604-00 80 B1859+03 62 B2016+28 69

B0740-28 101 B1612+07 34 B1900+01 57 B2020+28 89

scale. Although the upper range values exceed®d G may seem very high, one should realize that
there are at least three pulsars which have dipolar magfieitis abovel0'* G (McLaughlin, Stairs &
Kaspi 2003 and references therein), and the non-dipoléasfields could be even stronger.

The upper panel of Figure 1 can be compared with the righttksate of Figure 1 in GM02, where pure
vacuum gafn = 1) was considered. GM02 concluded that according to the binelirergy calculations of
J86 only ICS driven gap can form, while the CR driven gap céaldch only when the binding energies were
much higher than those obtained by J86 (left-hand side ofFig GM02), which is now believed highly
unlikely (see Lai 2001). In this paper we demonstrated th#té presence of partial screening by thermal
flow from the polar cap surface, the CR driven gap can form iqgrudsars from Table 1 (and probably all
pulsars with periodsin theranfiel s < P < 65).

The lower panel of Figure 1 is analogous to the upper panekpxt represents the electron case
Ts = Te. Analysis of these plots shows again that in the presendgfisant thermal shieldingn < 0.1)
the CR dominated charge depleted acceleration region céorined for all pulsars from Table 1. Small
values ofRg [0.1seem favored. Similarly to the ion case, the required sarti@mnperaturé; is few MK.

Finally, let us consider the resonant inverse Comptonesgatf radiation (ICS) seed photon dominated
models briefly (ICS-NTPSG). The major difference betweend®R ICS cases is the additional regulation
of T caused by the conditidm= I, wherel, is inversely proportional td. In fact, the increase of the sur-
face temperature causes decreadetbfis decrease @tV , which makes the back-flow heating of the polar
cap surface less intense. Let us estimate the surface tatapein ICS dominated case. The average Lorentz
factor oﬁlectron%r positrons can be estimated by the gaghhand the partially screened potential drop
asy = 1.1x 102 P16p, =®1=3727%y 1=3 Combining the kinematic near threshold condition and the
expression for the resonant ICS photons energy (see s&tioa gethw = (7.5 % 10 &)yb(PP 15) 72,

which leads to another estimate for an average Lorentzriagte 2.5T61:3Ré:3. Combining the two ex-

pressions foly we find out that in the case of the ICS dominated NT-PSG thewatfig relation should

holdn = 8.14 x 10 5P12p [“?hTgR, 1. Thus, contrary to the CR case, in the ICS case not a free
parameter, and the analysis similar to that presented i &ity is not possible. However, we can use the

quasi-equilibrium conditiomT4 = ymec3non, which leads toTg = (8.8 x 10 2)(ynbP 3-2p [-2)1=4,
Then using expressions fgrandy we obtain:

Te = 0.015R, P 38p 3-8p3=4, 9)
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Consequently, we can obtain the expression for the shigfdictor
Cl Ol o -
n= 1.2x10 ® P8p [F°R, b’ (10)

Thus, for a given pulsgP, P) the values ofls andn are determined by the parameters of the local surface
magnetic fieldRg andb. One can show (we can not present detailed analysis bechadaak of space)
that Equations (9) and (10) cannot be self-consistentlgfgad. In fact, typicallyTs = Tg % 10° K (Eq. (9))

is considerably lower tham; (Eqg. (3)) orTe (Eq. (5)). This implies) = 1, which is impossible to get in
general (Eqg. (10)).
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