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40 years after discovery of pulsars the actual mechanism

       of their coherent radio emission is still a mystery.

                          Drifting subpulses, which seem to be a common

                           phenomenon in pulsar radiation, is also a puzzle.

„The mechanism for drifting subpulses cannot be very

different from the mechanism of observed radio emission ...

             ...intrinsic property of radiation mechanism „

                (Weltevrede, Edwards & Stappers 2006, A&A 445,243)
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Unbiased search for drifting subpulses in 187 (191) pulsars

About 55 % (more) of drifting subpulse pulsars

At frequencies lower than 320 MHz (LOFAR range) the ratio of detected drifting subpulses

should be even higher



Assumptions and background

1. Unballanced charge depletion causes huge potential drop above PC

            a. this requires strong binding of surface components

            b. which in turn requires very strong (above 10^13 – 10^14 G) nondipolar

               surface magnetic field (for all pulsars)

2. The potential drop is limited by the magnetic electron-positron pair production,

        which terminates the plasma outflow at some „gap” height h~5 – 50 meters

             a. this requires strong and curved magnetic field at the PC surface

             b. which is authomatically fullfilled if the surface field is highly non-dipolar

         Electrons are falling back and heat the PC surface, while positrons flow out of the acceleration

region to take part in the radio emission generation process.

3. The pair production is non-stationary and localized. It takes a form of isolated sparks

        that tend to populate the PC surface as densely as possible. Each spark discharges

        the space around itself to within a distance of about gap height d~h.

        This is also a charakteristic dimenssion of each spark D~h.

4. Each spark developes until the pair production screens completely the voltage

        above the PC (this takes about few microseconds). The foot of a spark is heated

        to few MK by the back-flow of electrons accelerated towards PC.

5. After the spark is quenched its foot is still hot and have a small cloud of thermal

        electrons above it. When the spark plasma empties the gap region, the returning potential

       drop accelerates thermal electrons and innitiates the very next spark in the same place.
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In many cases the hot spot is really smaller than the conventional PC,

but there are few cases with larger surface area than that of PC.





Subpulses in subsequent

pulses arrive in phases 

determined by the 

apparent drift rate 
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Subpulse drift

Sub-beams of radio emission

presumably related to sparks

operating just above the Polar Cap

circulate around the magnetic axis

- circulational periodicity ?

Hot PC
heated by sparks



PSR B0809+74

Line-of-sight  (l-of-s) grazing

the overall pulsar beam

Modulation of intensity along

drift-bands consistent with

carousel model

Sub-beams seem to continue

to circulate beyond

the observed pulse-window

Apparent subpulse drift-bands

that is

PP 11
3
!b

2
P

fp !

!

150

(after van Leuven, Stappers et al..)



PSR B0818-41 Bhatacharya, Gupta, Gil (2007) MNRAS, 377, L10



Gupta, Gil et al. 2004 Almost aligned rotator
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PSR B0826-34        P_4=14 P      Gupta, Gil et al.. 2004



                  Longitude stationary even-odd intensity modulation

                      different manifestation of the same phenomenon

More central cut

Gil & Hankins (1976)

Rankin et al. 2007



Ruderman & Sutherland 1975
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Unbiased search for drifting subpulses in 187 (191) pulsars

About 55 % (more) of drifting subpulse pulsars
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Drifting subpulses could really represent subbeams of         angular extent , rotating slowly

around the magnetic axis
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PSR B0943+10

Deshpande&Rankin 1999
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Deshpande & Rankin 1999, 2001

Asgekar & Deshpande 2001

1/37

1/14

s.4135.37
4

== PP

15.2/1

37.35

 1.87
=20

Spectral analysis fully consistent with
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B0943+10 Cartographic map of 20 subpulse beams „circulating” around the pole in about 37 pulsar periods
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Clear manifestation of subpulse sub-beams circulating around the magnetic axis
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103 MHz430 MHz

Radius-to-frequency mapping

Frequency dependent beam size

PSR B0943+10

Arecibo

PRAO

103 MHz 35 MHz

Gauribidanur



Sometimes regular drifters turn into more

erratic or even chaotic mode in which

regular drift pattern is not visible at all.

However, the fluctuation spectrum analysis

still reveals a low frequency periodicity,

while high frequency feature often

dissapears.



B0943+10 430 MHz

Q-mode

Erratic

No organized 

drift visible

Cartographic map 

impossible to make



B0943+10  Q-mode (erratic)

Suleymanova & Rankin 2006 Clear feature at   37 P as in the B-mode

!

1/37=0.026

103 MHz



Spark plasma circulates around the local magnetic

pole on the Polar Cap with a specific period       ,

regardless it is fragmented into equally spaced 

filaments or operates in much less organized manner. 

4P



Natural mechanism of subpulse drift
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Ruderman & Sutherland 1975
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Very strong electric field

              drift much too fast

as compared with observations

Polar cap heating too intense

and subpulse drift was too fast

as compared with observations
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                        Partialy Screened Gap (PSG) model
                                                Gil, Melikidze & Geppert 2003 

Electron-positron plasma created in sparks co-exists with thermionic flow caused by 

back-flow bombardment 

                          

7.0124 )10/)(107(30/ GBKkT
si

!== "

)]/1(30exp[1/1
siGJth
TT!!=!= ""#

is
TT !

KT
s

6
10!

Surface temperature of spark-heated polar cap

Ion critical temperature

(Jones 1986, Medin & Lai 2006)

above this T there is maximum thermionic flow 

from the PC surface with GJ density (no sparking)

GJth
!!! =+±

Screening factor determined

by thermoregulation of PSG

GB
s

1413
10~

!



Backflowing bombardment associated with spark plasma

development heats the PC surface to temperatures lower than

critical temperature (above which there is free flow).

The higher the temperature the more intense thermionic emission,

which in turn means more screening and less intense heating.

This thermolegulation should establish the quasi-steady state at

temperature very close (but slightly lower) to the critical

temperature

Thermoregulation of PSG

is
TT !
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Within the model of the inner acceleration region to surface of the PC

is heated to high temperatures by the back-flow of particles produced

in sparking discharges.

The heating rate is determined by the same value of the electric field that is 

involved in the E x B drifting phenomenon.

thus, the observed drifting rate

and the observed heating rate (thermal X-ray luminosity from hot PC)

should be strongly correlated.
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X-ray Multi Mirror (XMM) – Newton satelite telescope

One revolution on an excentric orbit around the Earth takes 48 hours – observations are

                not performed close to the Earth due to strong noise contamination 



XMM-Newton XMM-Newton observations ofobservations of

drifting subpulsedrifting subpulse  PSR 0943+10PSR 0943+10
(Zhang, (Zhang, SanwalSanwal & Pavlov 2005) & Pavlov 2005)

Best BB fit:

A = 103(T/3MK)-4 m2

   = (300 – 5000) m2 ~1000 m2

   T = (2.0-4.2) MK

68% confidence
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typical for thermal radiation from hot spots

detected in a number of X-ray pulsars
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    Poor photon statistics – magnetosperic X-ray emission could be fitted equally well

(radio)
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XMM-Newton spectrum of PSR B1133+16

Kargaltsev, Pavlov & Garmire 2006

consistent with BB
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Fluctuation spectrum of PSR B1133+16

Nowakowski, L., 1996, ApJ, 457,868 

Single pulses
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hot blackbody
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Polar Cap



Weltevrede et al.. 2006 

Q-mode or spiky mode

Clear intesity modulation feature at 20 P

         in the fluctuation spetrum
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B0628-28   L_x=2.78 x 10^30 erg/s   E_dot=1.5 x 10^32 erg/s      "  P_4=(8+/-2) P
                                                                 Weltevrede et al..2006

B0628-28

P_4=(8+/-2)P;  Welevrede et al. 2006, 

L_xbb; Ogelman 2005



B0628-28

P_4=(10+/-3)P;  Welevrede et al. 2007, 

L_xbb; Becker 2005
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New XMM-Newton observations of PSR B0826-34

50 Ks performed in November 2006 

Zhang, Gil, Melikidze, Geppert, Haberl

Proposal for XMM-Newton observations of

PSR B0834+06 accepted – observation in summer 2006

Future work
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(Gupta, Gil, Kijak, Sendyk 2004)

(Asgekar, Deshapande 2005)

Proposal for XMM-Newton observations of PSR B1702-19

will be submitted for the next cycle
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Non-detected

Very promissing

Very promissing

(simultaneous radio observations with GMRT planned)
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Non-detection of PSR B0826-34 in 50 ks XMM-Newton exposure
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Polar Polar gap model gap model ofof  BB0943+100943+10

consistentconsistent  withwith XMM-Newton XMM-Newton
((Gil, Gil, Melikidze Melikidze & & Geppert Geppert 20032003, , Zhang, Zhang, SanwalSanwal & Pavlov & Pavlov

2005; 2005; GilGil, , Melikidze Melikidze & & Zhang 200Zhang 20066))

Pure VG – too luminous in X-ray

SCLF – too dim in X-ray

Partially screened gap gives

• right bolometric area

• right surface temperature T~3 MK

• right drift periodicity
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Co-rotating magnetosphere
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Internal structure of the pulsar beam reflected in complex

           shapes of single pulses and/or mean profiles

                (some degree of symmetry in profiles)

                  (correlations with the impact angle) 

Nested cones Patches

Lyne & Manchester 1988Rankin 1993, Gil et al. 1993





40 years after discovery of pulsars the actual mechanism

       of their coherent radio emission is still a mystery.

                          Drifting subpulses, which seem to be a common

                           phenomenon in pulsar radiation, is also a puzzle.

„The mechanism for drifting subpulses cannot be very

different from the mechanism of observed radio emission ...

             ...intrinsic property of radiation mechanism „

                (Weltevrede, Edwards & Stappers 2006, A&A 445,243)
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Possible interrelation between radio and  X-ray signatures 

                     of drifting subpulses in pulsars

                                         versus

Thermal (bolometric) luminosity from polar cap heated 

by sparks associated with (drifting) subpulses 

Tertiary (carousel) subpulse drift periodicity ! circulation

period of subpulse associated sparks
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Sparking discharge of charge depleted acceleration region

Potential drop             exceeds threshold for the magnetic

pair production – cascade developes until corotational charge is

rebuild – this restores corotation for short time t~h/c~(10-100)ns
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             Localized sparks populate polar cap as densely as possible-

-sparks develope wherever potential drop exceeds pair creation threshold.

            The outermost sparks must circulate around the beam axis.
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surface magnetic field
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Spectral lines

Small bolometric PC 

areas compared with

canonical values

Ultra-high gap potential drop

discharges via a number of

isolated spark filaments

Ruderman & Sutherland 1975
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101 pulsars with detected drifting subpulses
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Zoom on the

Polar Cap




