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Variability studies have shown that pulsars have low variability (except for  
their pulsations). 

Periodic variability at multiple wavelengths is a definitive identifier.   

Pulsars (rotating neutron stars) are the prototype of this approach. 

Gamma radiation is produced by interactions of energetic particles. 
High-energy particles, as they lose energy, can radiate in lower-energy bands. 



The approach: 

In addition to the identification, periodic sources allow exploration of physical  
processes. 

At some level, gamma-ray sources will have X-ray counterparts.   
If the X-ray counterpart can be found, the better X-ray position information  
allows deep searches at longer wavelengths.  
The classic example is Geminga.  Bignami, Caraveo, Lamb, and Halpern  
got the detection of X-ray pulsations from this isolated neutron star in 1992. 

search out a periodic signal at one wavelength, then fold  
data for other wavelength bands at the expected period. 



(Thompson, 2001) 
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(D.J. Thompson et al, 1999) 



Outer Gap Models 
•  Particle acceleration in outer gap 
(where ΩB = 0) generates gamma rays 

Polar-Cap Models 

(Romani & Yadigaroglu 1995; Cheng & Zhang 1998) 

•  In Harding & Muslimov (1998), γ-ray  
  beam is concentric with radio beam which  
  emitted within few stellar radii from surface 

•  Long-standing interpretation of radio pulse  
  emission; beam directed along magnetic  
  dipole axis (Radhakrishnan & Cooke 1969) 

Polar-Cap Models » Slot Gap models 
(Arons 1983, Muslimov & Harding 2003)  

Pair   plasma

µ

sl
ot

 g
ap

PFF

ΔξSG



According to Lamb and Macomb, 1997; there are around 30 
sources in the sky with GeV fluxes above 4x10-8 photons cm-2 s-1.  
Some of them which lie almost exclusively along the Galactic 
plane are currently unidentified. 
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3EG J1837-0423               
(unidentified transient) (Thompson, 2004) 

EGRET All Sky Map (>1 GeV)!



From Roberts and Romani (2001), they present a catalog of 2-10 
keV ASCA GIS images of fields containing bright sources of GeV 
emission. The images cover ~85% of the 95% confidence position 
contour for 28 of the 30 sources. 

  According to the unidentified  
  sources of Robert’s catalog and  
  the constraint of available data  
  sets, we can work on periodicity  
  search for the X-ray counterparts  
  of those radio-quiet ϒ-ray pulsar  
  candidates.   

Fig. Roberts, Romani, Kawai  – 
ASCA searches, evidence of pulsar 
wind nebulae.  



Based on 5 independent significant trial periods which are selected  
by H-test from each X-ray data, we search related periods in other data  
of the same point source by the condition that the characteristic age  
of the pulsar is larger than 1000 years. 

Fig b. Candidate period of AX J1420.1-6049 from data cross-checking 

∞ Inferred characteristic age     1000 yrs 

4 

3 

1 
2 3 

4 

5 

1 2 

3 
4 5 

Fig a. Blind search in 2 ASCA data of AX J1420.1-6049 
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Furthermore, in order to let our choice to be more convincible, we only  
consider that (the Chance Probability of the Prominent Feature in the First 
Data Set) X (the Chance Probability of the Related Period in the Second  
Data set) < 0.01.  
We also tested this method with weak pulsar candidates. 
We examined  some CCOs and XDINSs with only marginal evidences of 
periodicity detection. 

Tiengo & Mereghetti (2007)  
reported the marginal period  
7.055s of RX J1856.5-3754  
with the chance prob. of 6x10-4. 
(Epoch: 54032.44076 MJD)  

(Tiengo & Mereghetti, 2007) 

Table. Possible pulsed candidates of RX J1856.5-3754 
RX 

J1856.6-3754 period (s) Τc (year)　 dp/dt  
(10-13 s/s)　 Epoch(MJD) E.P. 

P1 7.054898 71820 15.56 52373.00618-53113.30249 3.92x10-4 

We obtain the consistent period with the r.p. ~ 4x10-4 using 5 XMM  
observations to eliminate the fake results induced by random noise.    



The New Geminga-like pulsars 

(Lin & Chang, 2005) 

我要成為宇宙王!!�

(Abdo et al., 2009) 

Vela-like pulsar: age ~ 104 yrs; Geminga-like pulsar: age > 105 yr  



Based on the pulsed detections of Fermi data, we suggest that the 
origin of Geminga-like pulsars being radio-quiet is geometric, 
instead of intrinsic.  

Table. List of GLAST instrument parameters compared to those of EGRET. 

    Parameter          EGRET             GLAST (Fermi)  

Energy Range    20 MeV to 30 GeV     20 MeV to 300 GeV 

Energy Resolution             10%                                 10% 

Effective Area          1500 cm2                                     8000 cm2 

Field of View             0.5 sr              > 2 sr 

Angular Resolution     5.8o at 100 MeV      ~ 3o at 100 MeV  
                                                                                              ~ 0.2o at 10 GeV 

Sensitivity (> 100 MeV)                 ~ 10-7 ph cm-2 s-1      ~ 2 x 10-9 ph cm-2 s-1 

Source Location Accuracy      5 - 30 arcmin     30 arcsec - 5 arcmin 

 EGRET 
observed 

  Fermi 
observed 



Period of the Fermi pulsars may give us hint to detect the periodicity  
for their X-ray counterparts without using blind search and therefore  
strengthen the identification of the source in different energy bands.  

EX:  Pulsar centered in CTA 1  

Contours of detection significance over a range of period and  
Period derivative using photons within a radius of 1º around  
RX J0007.0+7302. The initial indication of a signal in this P,  
dP/dt region was found with a novel technique.  

(Abdo et al., 2008) 



(Abdo et al., 2008) 

Data Reduction for RX J0007.0+7302 : 
Mission   Obs Date       exps time     time span   offset    time res.           Filtered region             Filtered channel   total counts   obs. time  
ASCA     1996/1/25     44ks for gis       83ks      4.723   15.625ms   (00:07:01.1,+73:03:00,90")      [0.5-10]keV        820       50107.83456 MJD 
XMM     2002/2/21      28ks for pn       40ks      0.015      6ms         (00:07:02.2,+73:03:07,9.6")     [0.2-12]keV       1106      52327.03399 MJD 

                             XMM           ASCA 
source counts    1106 in 10"        820 in 90" 
Period (s)         0.31579123(8)   0.3157219(2) 
Epoch              52327.03399      50107.83546 
Epoch-folding        31.9                  43.5 
(χ2 with 32 bins) 
H-test (H value)     1.56                  3.97 
Random prob.        0.54                  0.21  
(by H-test) 

Pulse profile of RX J0007.0+7302 (ASCA) Pulse profile of RX J0007.0+7302 (XMM) 



Applying for the better data is necessary to verify the pulsed detection 
for the possible X-ray counterparts to radio-quiet γ-ray pulsars. 



496-608 pixels ~118” represents the source region.  
8 pixels inside the source region are treated as hot pixels and are removed.  
58255 counts of the X-ray source within 0.2-12 keV are obtained for timing analysis.  
The black line marks the average counts distribution to bin with 16 pixels;  
the red one marks the average counts distribution to bin with 32 pixels  
and the green line marks the Median of 536.  



According to the ephemeris reported by Abdo et al. (2009), the 
pulsar centered in CTA 1 detected by Suzaku data (55204.61431 
MJD) should pulse at 3.16574851(1) Hz. (H value = 10.3 with  
chance prob.=0.017) 3.165886(2) Hz 

The pulse profile of Suzaku data folded by 
the frequency 3.165886(2) s-1.  



Can we detect the X-ray pulsation of the γ–ray pulsar? 

(Slane et al. 1997) (Slane et al. 2004) 

The spectrum of γ-ray pulsar in CTA 1. 
The red line shows the calculated pulsed spectrum.  

The pink line is the flux measured by Fermi telescope. 
The green line shows the spectrum of the non-thermal  
component for the total emission of the RXJ0007.0+7302. 
The blue line shows the 61% of the flux of the green line. 
According to the calculated pulsed spectrum of the pulsar 
supposed by Jumpei T., we can obtain ~135 counts from 
the pulsation of the neutron star with the circular region in  
the radius of 1’.5. 

However, we obtained ~58000 counts 
from the source extraction.  



The X-ray pulsation of the Geminga-like pulsars are still embedded in  
the diffuse X-ray emission of the SNR. To ensure the connection of  
the Geminga-like pulsar in different energy bands, the efforts of the  
periodicity searchwith the better data are still needed.  


