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What is FAN?
•
•

FAN is Fermi Asian Network

•

We aim to promote Fermi
science in Asia

FAN’s members: Taiwan
(NTHU+NCU+ASIAA), Hong
Kong (HKU), and Korea
(Chungnam). ~10 academic
staffs and students

Summary of the recent and previous studies
1. Discovery of “new-type” pulsars through Fermi Observatory:
(Wavelength)

(Morphology)

Black Widow
Pulsars

(Tam et al., 2010; Roberts,
2012; Huang et al., 2012 ...)
(Lin et al., 2010; Caraveo et al., 2010; Lin et al., 2013, 2014)

Faint/Quiet)

(Yang 2010)

Geminga-like Pulsars
No radio counterpart but have X-ray & γ-ray pulsations.
In the 2nd Fermi LAT catalog of γ-ray pulsars, 28 of 35 RQ γ-ray pulsars have
X-ray counterparts (Marelli et al., 2015).

However; until early 2017, there are only 7 Geminga-like pulsars (Lin, 2016).(Lin, 2016)

Specialities of 7 Geminga-like Pulsars
PSR J0633+1746 (Halpern & Holt, 1992): Geminga. First RQ pulsar
PSR J1836+5925 (Lin et al., 2014): The Next Geminga
PSR J0007+7302 (Lin et al.,2010 & Caraveo et al., 2010): First Fermi/LAT detected RQ pulsar
PSR J0307+3205 (Marelli et al., 2013): Morla. First pulsar to have a turtle’s tail
PSR J1813-1246 (Marelli et al., 2014) & PSR J2055+2539 (Marelli et al., 2016):
RQ γ-ray pulsars with only non-thermal X-ray pulsation
PSR J2021+4026 (Lin et al., 2013): First variable γ-ray pulsar

Comparison for the recovery of the glitch
Shot-term exponential recovery in spin-down rate (df/dt)

(Espinoza et al., 2011)

Long-term linear increase of the spin-down rate till next glitch

(Yu et al., 2013)
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X-ray Emission properties of Geminga-like Pulsars
I. The non-thermal X-ray emission can be attributed to the PWN, and the non-thermal
X-ray pulsation is contributed by the synchrotron or the curvature radiation from the
magnetosphere (outer gap/slot gap or polar cap model)
II. The thermal X-ray pulsations with lower temperature (~tens of eV) are originated
from the surface of a NS (~ 10 km in radius) and those with a little higher temperature
(≥ 100 eV) are originated from a small (≤ 500 m in radius) heated polar cap.
Only Geminga clearly demonstrates these two thermal components in pulsations.
III. Young (τ < 100 Kyr) Geminga-like pulsars :
PSR J0007+7303 and PSR J2021+4026: thermal X-ray pulsation from a small heated
spot
PSR J1813-1246: non-thermal X-ray pulsation
IV. Mature Geminga-like pulsars:
Morla (PSR J0357+3205): thermal X-rays emitted from a small heated spot.
PSR J1836+5925: thermal X-rays emitted from the surface of a NS.
Morla and PSR J1836+5925 have weak indications of non-thermal X-ray pulsations.
Geminga (PSR J0633+1746): both thermal and non-thermal X-ray pulsations.
PSR J2055+2539: non-thermal X-ray pulsation
V. Only ~25 pulsars show non-thermal X-ray pulsations (Kuiper and Hermsen, 2015), and
~4-5 of them are radio-quiet.

Summary of the recent and previous studies
2. Studies of the black widow and redback pulsars:
BW/RB MSPs are believed as the missing link between LMXBs and isolated MSPs.
These MSP systems usually have an orbital period of < 1day.
Companion can either be a late-type star (redback; Mc ≥ 0.1 M☉) or a degenerate
object (black-widow; Mc < 0.05 M☉).
In the past few years, FAN team members and I investigated several similar systems.
In 2015, we also published the result to search for the MSP candidate among those
UFOs listed in 2nd Fermi LAT source catalog (Hui et al., 2015), and some of them
(e.g., 2FGL J1120.0-2204) have the optical counterpart of a late-type star can be the
candidate of a redback system.

Isolated MSP might be a result of ablating their companions with their
high energy radiation/relativistic pulsar wind particles.
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Catch the Transition of PSR J1023+0038!
★ PSR J1023+0038 is in a qLMXB, and it has an orbital period of only ~0.198 day.
★ The companion is a late-type star (~ 0.2 M☉), and therefore the system was thought
as a Redback system.
★ PSR J1023+0038 clearly showed an accretion disk before 2002 (Wang et al. 2009).
★ Since then the disk was disappeared!
★ And a radio pulsation of ~1.688 ms has been found in 2007 (Archibald et al. 2009).
★ Its γ-ray counterpart was specified by our work (Tam et al., 2010).
★ Accretion disk re-developed in the middle 2013, and the radio pulsation disappeared
up to a frequency of 5 GHz.

7σ detection of PSR J1023+0038 obtained
Orbital X-ray folded light curve obtained from
from
(Tam et al., 2010)
2008 XMM data.
first 2-yr Fermi
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3. Dynamical timing analysis to examine the variability/(quasi-)periodic oscillation:
We considered different dynamic timing algorithms: including dynamical LSP (LombScargle periodogram), WWZ (weighted wavelet z-transform) and HHT (Hilbert-Huang
transform).

An example is the IMBH candidate: ESO 243-49 HLX-1 (Lin et al., 2015)

Fig. Swift light curve of ESO 243-49.

Fig. LSP for ESO 243-49. The black and the red curves
represent the bias-corrected LSPs of the unbinned data
and the 5-d average data, respectively. The dashed
horizontal and dash–dotted lines ndicate the 99% white
and red noise significance levels.
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4. Monitoring the high-energy gap emission from the Black Holes:
The theory demonstrates that the null-charge surface appears in the vicinity of a
rapidly rotating BH, and that an electric field arises along the magnetic field line
around the null-charge surface, in the same manner as in pulsar outer gap model. In
the gap, electrons and positrons are created via photon collisions and accelerated in
the opposite directions by the magnetic-field-aligned electric field into ultrarelativistic
energies.

Ω⋅B= 0
null charge surface

Fig. A sketch of Crab pulsar’s magnetosphere.
(MAGIC collaboration, science, 2008).

Fig. A sketch of black hole’s magnetosphere.
(Kouichi Hirotani & H.Y. Pu, 2015)

Speciality of the BH gap emission
In pulsar magnetospheres, the NS emits X-rays from its surface, losing its
thermal energy. The luminosity of these soft photons decreases as the NS
ages. The decreased soft-photon density in the outer magnetosphere results in
an extended gap along the magnetic field line.
In BH magnetospheres, the accreting plasmas emit sub-millimeter photons
from the RIAF. Its luminosity decreases with decreasing accretion rate. The
decreases in soft-photon density near the event horizon result in an extended
gap width along the magnetic field line.
Stationary BH gap arises around the null surface that is formed by the framedragging effect near the horizon. Accordingly, the gap electrodynamics is
essentially governed by the frame-dragging rather than the magnetic field
configurations.
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Can we observe the gap emission from a rotating BH?

Fig. SED of the gap emission for a stellar-mass black hole with 10 M☉ and a*=0.9,
for five discrete dimensionless accretion rates, ṁ (10-3 - 10-4.25) at 1 kpc.
The thin curves denote the input ADAF spectra, while the thick lines show the
output gap spectra. The thin solid curves (with horizontal bars) denote the Fermi/
LAT detection limits after 10 years of observation, while the thin dashed and dotted
curves (with horizontal bars) denote the CTA detection limits after a 50 hr
observation.
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Searching for HE, Horizon-scale
emissions from Galactic BH transients
I. We investigated the sources using 7-yr Fermi archive fitting the following criteria:
1. BH mass is large.
2. BH spin is large.
3. The dimensionless accretion rate, 10−4.25 ≤ ṁ ≤ 10−4, where ṁ=Ṁ/ṀEDD
4. The distance is relatively short
5. The observer’s viewing angle is relatively small with respect to the rotational axis.
II. We did not have the positive detection. By analyzing the detection limit determined
from archival data, we determined that the 7-year averaged duty cycle of the flaring
activities for our selected cases (e.g., 10% for 1A 0620-00).
III. It is also predicted that the gap emission can be discriminated from the jet
emission if we investigate the high-energy spectral behavior.

(Lin et al., 2017)

Fig. SED of the gap emission from 1A 0620-00 with BH mass of 11M☉, dimensionless spin of a* = 0.9, and
distance of d = 1.16 kpc.
The lines correspond to different dimensionless accretion rates, ṁ = 10−3 (cyan dash-dotted) , 10−3.5 (blue
dotted), 10−4 (green dash-dotdot-dotted), 10−4.125 (black solid), and 10−4.25 (red dashed), respectively. A
stationary vacuum gap is expected to take place when 10−4.25 < m˙ < 10−4. The thin curves on the left
denote the input ADAF spectra, while the thick lines on the right do the output gap spectra. The red down
arrow shows the upper limit flux obtained by re-analyzing the Fermi/LAT archival data. The thin dashed and
dotted curves (with horizontal bars) denote the CTA detection limits after a 50-hour observation. A
characteristic slope for shock-in-jet model is plotted in thick, dashed purple line with arbitrary normalization.

Proposed studies
According to my past studies and expertise in timing analysis, my interests will
concentrate on the following topics:

1. To search for the (first) radio-quiet MSP:

All the γ-ray MSPs recorded in 2nd Fermi LAT catalog of γ-ray pulsars were detected with
contemporaneous radio ephemerides.
The transition occurred in black widow system may also provide another thought to hunt
for radio-quiet MSPs.
A new package developed for X-ray TOA analysis and the data obtained from NICER can
give us a chance to approach this goal.

PSR J1311-3430

Fig. Radio detection of PSR J1311-3430 using the GBT at 2GHz.

Proposed studies
1I. Investigations on those pulsars with special features:
To clarify the real difference among the radio-quiet and radio-loud pulsars, deep studies
including the XDINs and some magnetars are also required.
More discoveries on B-W and R-B systems provide more potential samples to study the
transitional MSP and to examine their emitting features.
Any possible connection between the magnetars and canonical pulsars with strong magnetic
field is also interesting!
Timing analysis plays an important role, and it can give constraints on compact star interior.
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III. Study the orbital/superorbital modulations and gravitational wave using dynamic
timing analysis:
Improvement on decomposition methods in
timing analysis provides the way to investigate
the background physics of the obtained signal.
Such an algorithm can also be applied to detect
the gravitational wave using the data released by
LIGO Open Science center.

Proposed studies
1V. Search for the high-energy gap-emission from the BHs:
Although the preliminary survey of the high-energy gap emission using the 7-yr Fermi
archive in my 2017 paper did not gain a confirmed detection, I am still looking forward to
have such a detection for those BH candidates stayed in long quiescence.
In the gap emission scenario, it suggests the gap HE and VHE fluxes increase with decreasing
mass accretion rate. So we can predict an anti-correlation between the IR/optical and HE/
VHE fluxes.
It is also desirable to observe the targets during their quiescence both in near-IR and VHE
because the accretion rate is variable. For example, once the near-IR flux decreases enough,
we suggest to observe the source with ground-based, Imaging Atmospheric Cherenkov
Telescopes (IACTs) to detect the BH-gap emission from a supermassive BH below a few
TeV. In this case, X-ray flux is predicted to be very weak.
Based on these opinions, our FAN team member will propose the multi-wavelength
observations to trace gap emission from nearby BHs.

