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1 Introduction

The braking index tells us about the physics which causes the spin down of the pulsar.
For the intermittent pulsar, the importance of the measurement of braking index is
significant, because this provides us with information about whether the “off” state
is dominated by magnetic dipole radiation, or if other unknown braking mechanisms
still exist. Yet, observers could not measure the braking index of PSR B1931+4-24 even
after 13 years of observation, because of the lack of data about its transition into (or
out of) a radio-on phase [Young et al. (2013)]. However, the existence of pulsar wind
torque and its relationship with pulsar’s emission gives us the possibility to estimate
the braking indices of intermittent pulsars that have observed period first derivatives
in “on” and “off” state. In this paper, we will discuss the braking indices of three
intermittent pulsars and one nulling pulsar which have no reliable observed second
derivatives.

2 METHODS AND RESULTS

For intermittent pulsars, the difference between the “on” and “off” state rotational
slow-down energy loss is expressed as follows [Kramer et al. (2006)]

Ey = Eoy — Eog = 2T1v. (1)

where Eon = —4m2[vvg,, Eog = —47T2IVDOff, the I is the moment of inertia of the
neutron star, 7, is the “on” state rotation frequency derivative, g is the “off” state
rotation frequency derivative, T is the total electromagnetic torque, T' = 27 BORIZ)C /3c.

where j = cwamp is electric current ,R,. = /2nvR3/c, p = QB/2mwc. Combining
equations 1 and the relation of torque above, we find



Doff - Don = BOpRéc/(?)I) (2)
In our model, in order to calculate the braking index, we need to take time deriva-
tive of Eq.7. When we take the derivative of the charge density p, we will replace
it with pgy. Here we discuss three different cases for the two variables, in which
the variation of R,. and p can cause current variation in polar cap region and this
variation results in different spin-down features of pulsar rotation.
In case 1, R, is changing and p is constant, and therefore

Von — Vott = 2Von(Von — Vott) /V- (3)
In case 2, R, is constant and p is changing, and therefore

Von — Vot = Von(Von — Voft) /V- (4)
In case 3, the both R, and p are changing, and therefore

Don = Voft = 3Von (Von — Voft) /1. (5)

In general, the evolution of the rotation rate of the pulsar is expressed by the
power law equation v = —Kv", where n is the braking index. When K is constant,
we can write the braking index as n = vi//? and n = 3 is associated with the
pure magnetic-dipole radiation-dominated case [Lorimer (2005)]. For the intermittent
pulsar scenario, we consider the braking index no, = vie,/v2, for “on” state and
Noft = Vo /U2 for “off” state. So, we can write the equations (3), (4), (5) with ng,
and nqg. Here, for short, we just discuss the Eq.3 as an example.

Non — Noglig Ve = 2(1 — Vot Vo) (casel) (6)

In this case, we assume that the braking indices n,, and n.g of neighboring ob-
servations are constant, namely 7oni) = Non(i+1), Toffi) = Moff(i+1)- For convenience
purposes, we replace A; = g /U5, 0 and Bi = 2(1 — Pofigi) /Von(s)) into the Eq.4. So,
for the two epochs of observing data of Zuga)/Poni) We can write two equations as
below

Ton(i) — noff(i)Ai = B (7>

Non(i+1) — noff(i+1)Ai+1 = Bi1. (8)

Then, by using the assumption of constant braking indices (non(i) = Non(i+1), Nofi()) =
Noft(i4+1)), We derive ngyiy (or nogi)) from Eq.7 and Eq.8

Non(i) = (Bi — AiBit1/Aip1)(1 — AifAi) 9)

We have used the data of PSR B1931+-24 which is observed at 8 different epochs
[Young et al. (2013)] and for the data of other three pulsars B0823+26 [Young et al. (2012)],
J1841—0500 [Camilo et al. (2012)] and J1832+0029 [Lorimer et al. (2012)], please
see [Abdujappar et al. (2014)]. The results are given in Table 1.
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Table 1: Braking indices of four pulsars are given under the three cases. Parameters
are tabulated from column one to column seven as pulsar name and braking index
of nen, Nog for the three cases.

case 1 case 2 case 3
PSR Name Ton Noff Ton Noff Ton Noff

B1931+24 1.35+£0.06  1.56 £0.15 0.68+0.03 0.78 £0.07 2.03£0.09 2.33£0.22
B08234-26 1.04+0.01  1.04£0.01 0.52+0.00 0.52+£0.00 1.56+0.01 1.56 £0.02
J1841-0500 1.60+0.01  2.52£0.05 0.80%0.00 1.26 £0.03 2.40£0.01 3.78 £0.08
J1832+0029 1.44 1.78 0.72 0.89 2.16 2.68

3 Interpretation

The observed 7, and g of four pulsars provide us with an unique possibility to
derive their braking indices. This is especially significant considering that it is very
hard to observe their second derivative of rational frequency. All the obtained values
of nen and neg of the three intermittent pulsars and one nulling pulsar, in three
different cases, are almost within the range of observed braking indices. According
to the calculated braking indices of n.g, we concluded that a pulsar’s magnetosphere,
including the polar cap region, may never become entirely depleted of plasma during
the “oft” state. The calculated braking indices indicate that the dominance of either
electromagnetic torque or out-flowing current are switching according to the changes
of magnetosphere configuration, which includes both polar cap size variation and
charge density variation in the polar cap region.
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Abstract

In a binary pulsar system, the pulse signals are sent during orbital motion of the
pulsar. The drift of the pulse frequency changes with the orbital velocity projecting to
line of sight, which varies at different orbital phase. And it has been taken for granted
that the net red-shift and blue-shift of an full orbit circle be cancelled out, so that
the effect of Doppler shift to the signal in binary motion can not be accumulated over
the orbital period. However, taking the propagation time at each velocity state into
account, the symmetry of the velocity distribution over the orbital phase is broken,
which results in net increase of Doppler shift over each orbit. It is the accumulation
of such shift that explains a number of strange timing behavior displayed in binary
pulsar systems.
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1See McGill Online Magnetar Catalog:
http://www.physics.megill.ca/ pulsar/magnetar /main.html
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Figure 1: Gap properties of 1E 1547.0-5408 under different K, the dimensionless am-
plitude of oscillations, which approximately equals to the ratio of oscillation velocity
and rotational velocity in the surface of the pulsar. The dotted lines represent the
gap heights, while the solid lines represent the voltages across the gap. The blue
lines with star points, green lines with circle points, and red lines with cross points
represent modes of curvature radiation (CR), inverse Compton scattering (ICS) and
two-photon progress (27), respectively. A dipole magnetic field B = 10 G is as-
sumed. Other parameters are P = 2.07s, T'= 5 x 10° K. The black solid line with
inverted triangle markers represent the maximum voltage across the polar cap. If
AV is less than this critical value, the gap becomes above the death line, and radio
emission is reactivated. The left and right panels are for the dipole and multipole
magnetic field configurations, respectively.
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Anomalous X-ray pulsars (AXPs) and Soft gamma repeaters (SGRs) are isolated
stars with unexpected high X-ray luminosity. They usually have no optical, inferred
or radio counterpart. They also show many temporal activities, such as glitches,
short bursts and outburst. Short bursts are firstly used to identify the AXPs or
SGRs, since researchers preferred to regard that only SGRs have active short bursts.
However, based on more and more observations, AXPs/SGRs have been sharing more
and more similarities, especially the existence of short bursts in AXPs. Now, analysis
of short bursts are an effective way to diagnose the physical processes may happen in
AXPs/SGRs.

We used a new method, called Bayesian blocks method, to detect the short bursts
in AXPs/SGRs, which was firstly used in Lin et al. (2014) to locate the short bursts.
Compared to traditional methods, this method could provide a more precise way to
determine the beginning time and the end time for every short burst and also show
a stronger ability to detect the dim bursts. The example for the results of Bayesian
blocks method is show in Fig. 1.

Using the detected short bursts, we analyze the temporal and spectral properties
for both the persistent emission and the short bursts. We firstly show that the waiting
time distribution can be described by a single lognormal function for SGR 050144516,

500
120
4001
300 , 100
200+ —~
Tm 80
0
2
P 60
©
[v4
6001 B 40
4001 , 20 L.
200+ ‘ ‘ ‘ H 1 . ° . )
)N T 1 O Y 1 P
54701.26 54701.28 ) 54701.30 54701.32 27035 27040

Time (MJD

Time - 54701 MJD (s )

Figure 1: The example of Bayesian blocks method.
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Figure 2: Right panal: the waiting time distribution. Left panal: the relationship
between the energy ratio and persistent luminosity.

shown in Fig. 2. For duration distribution, our results show that it can be fitted well
by the sum of two lognormal function for all AXPs/SGRs we chose, then we divided
the short bursts into two classes phenomenologically by their duration. We fitted
spectra for these two classes short bursts and found that spectra are similar, also
shown in Fig. 3. which may indicate that there is no apparent difference for the
longer and the shorter bursts. The energy released by persistent emission and bursts
is also considered in our work. The energy ratio (the persistent energy over the burst
energy) shows quite little change while the persistent luminosity change apparently,
shown in Fig. 2.

Based on our results, we prefer to regard the similarities between the spectra for
two classes of short bursts as an evidence for that they may share the same origin.
What is more important is that the almost constant energy ratio may be a hint for
the energy origin, as the role it played in Type I X-ray burst. We think a successful
model for AXPs/SGRs should involve these two points into consideration.

w0 § ﬂﬂﬂﬂ * | ;

i
A e
(AR e

Figure 3: The comparison of spectra for two classes short bursts. The right one
is fitted in two black bodies model, while the left one is in optically thin thermal
bremsstrahlung model.
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1 Summary of anti-glitch observations

In 2013, Kaspi group discovered an unusual spindown event in magnetar 1E 22594586
(Archibald et al., 2013, Nature, 497, 591). They debbed this timing event as ”anti-
glitch”. This is followed by some theoretical papers. Whether anti-gltich is internal
or external origin is the key point. Details are in below. Similar timing event has
been reported before (Woods, P. M., Kouveliotou, C., van Paradijs, J., et al. 1999,
AplJ, 524, L55), however with a lower accuracy. Previously, “radiation braking” has
already been discussed in the magnetar model (Thompson et al. 2000, ApJ, 543,340).
R. C. Duncan gave a comments on this discovery. The english there is very fluent.
Long term timng of magnetar 1E 2259+586 find another anti-glitch event, which is
also accompanied by radiative changes (Dib & Kaspi, arXiv:1401.3085).

2 Summary of anti-glitch models

Possible explanations for anti-glitch includes:

0. Internal angular momentum exchange. This is provided by the author them-
selves. In this case, angular momentum reservior other than the crust superfluid must
be involved, e.g the core superfluid.

1. Magnetospheric model by Lyutikov (arXiv:1306.2264). Opening of previously
closed magnetic field lines may provided an enhanced torque. This may cause a rapid
spindown, i.e. anti-glitch. In this model, anti-glitch will always happen after magnetar
outburst, e.g. giant flares and intermediate flares etc. I am not sure whether it can
explain the non-detection of anti-glitch after the 2004 giant flare of SGR 1806-20.

2. Magnetar wind model by Tong (arXiv:1306.2445). An enhanced particle wind
during the observational interval can explain the net spindown. In this wind braking
scenario, there is no anti-glitch. Anti-glitch is just a period of enhanced spindown.
Future observations of one anti-glitch without radiative event or anti-gltich with a
very short time scale (seconds) can rule out this model.
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3. Accretion model by Katz (arXiv:1307.0586). This model is based on accretion
model for AXPs and SGRs. Accretion of retrograde matter may cause the central
neutron star spindown. However, a self-consistent explanation of anti-glitch ( and
observations of AXPs and SGRs) is still lacking. I want to know whether there are
some predictions different from models based on the magnetar model.

4. Quark nova model by Ouyed (arXiv:1307.1386). This model is too complicated
for me to understand. I want to know whether and how to rule out this model.

5. Collision by small body by Huang (arXiv:1310.3324). This paper reminds
me of the collision paper about magnetar burst (including giant flares). The small
body may at the same time bring additonal angular momentum, which can be either
positive (glitch) or negeative (anti-glitch).

6. Change of stellar configuration by Garcia (arXiv:1402.0848). Decay of toroidal
field will make the stellar configuration more spherical. This may result in a spin-
down event. I am not sure whether it can explain the period derivative changes (two
times larger) and the outburst (flux enhancement and spectral changes).

For an update of anti-glitch observations and models, please see my homepage:
http://www.escience.cn/people/tonghao/index.html
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2 Pulses of Best Profile Search Information
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1 Introduction
We present a new model for pulsar distance by modelling galactic distribution of free
electrons. New model makes use of more pulsars with revised independent distance.
Considering that the distance to many high-latitude pulsars have been underesti-
mated,the scale-height and mid-plane electron density were changed for thick disk
component. New model contains new spiral structure [1]. At the same time some
new results of Gum Nebula were added to the new model. Most of pulsars distance
have been revised at present. New model will give more accurate distance for pulsars.

2 Distance for high-latitude pulsars
There are 23 high-latitude(|b|>40°) pulsars with independent distance. Tablel shows
that for new model 11 pulsars distance fall between lower limit and upper limit and
only 2 pulsars’ distance error are larger than 40%. When compare with NE2001 [2]
new model give more accurate distance for high-latitude pulsars.

Err | 0% 0%-20% 20%-40% >40%
New Model | 11 6 4 2
NE2001 7 6 0 10

Table 1: Compare with NE2001(|b|>40°)

This work is funded by the National Natural Science Foundation of China (NSFC)
under No.11173041, and National Basic Research Program of China (2012CB821801).
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Fit and data-set

Pulsar name ........... .o
MID range. ..ot
Number of TOAs
Rms timing residual (us)............coooiiii.
Weighted fit............oooo i
Reduced x?2 value

J0835—-4510
56832.3—56893.1
76

Pulse frequency, v (871) ..o oioeiieiieiiieeiaannnn.
First derivative of pulse frequency,  (s~2)
Second derivative of pulse frequency, ¥ (s73)........
Third derivative of pulse frequency, F3 (s™4)........

11.18760857049(3)
—1.561850(4) x 10~ 11
9.7(3)x 1022
7.9(7)x10~28

Set Quantities

Right ascension, o (hh:mm:ss).......................
Declination, § (ddmmu:ss) ...........................

08:35:20.5430826
—45:10:34.43975

Epoch of frequency determination (MJD) ........... 56862
Epoch of position determination (MJD)............. 56862
Epoch of dispersion measure determination (MJD) .. 56862
Dispersion measure, DM (cm™3pc).................. 67.99
Proper motion in right ascension, jio cosd (masyr—!)  —49.68
Proper motion in declination, us (masyr=1)......... 29.9
Parallax, 7 (mas) ... 3.5
Assumptions
Clock correction procedure.......................... TT(BIPM2011)
Solar system ephemeris model....................... DE421
Model version number..................ooiiiii. 5.00

Table 1: {# FHTEMPO2#.& 153 2| PSR J0845—4510
*H TPSRCATE %,

(Vela) B¥:ZH, HAibSH

B, feET R ERSE .. REHEESOK N i RIE . & R40K S B AT iR
65K BT, X L8 F A RAR KR T R KR TE IR L. b A BE AR 1
& B RA SR 0], VI RERRAL A I R RILE 2 kR 2 AR
A2, VLY SRt F AR REA . SR LWL A BT IniR AT o7 FE S5 M LA e S A fih
AL (0 B A o

B ATERERESIEMPFARETL 973 K], w5 2012CB821801)
FER QAR ES (G5 NSFC 11173041) By o BEHE 8RS S Mk 2 4 =
BRI G SR
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1 Introduction

The swing of position angle (PA) is described in the rotating vector model (RVM) as
due to the projection (perpendicular to the line of sight) of the magnetic field line to
the linearly polarized component in the radio emission at the source point resulting
in the well-known S-shaped characteristic curve as the pulsar rotates (Radhakrishnan
and Cooke, 1969). In the RVM, the PA swing is calculated based on the path of
the line of sight through the center of the star as the open-field region sweeps across
it (Lyne and Manchester, 1988)! and so is not tangent to the field line at the point
of emission. In the tangent model, however, the line of sight and the emission is
directed along the field line (assumed dipolar structure) tangent at the source point
(Gangadhara, 2004). The model then identifies the location of the visible emission
point for given obliquity angle, a, between the rotation and the magnetic axes, and
the viewing angle, ¢, between the rotation axis and the line of sight, as a function of
the rotational phase, v, and the path that traces out by the visible emission point
through an open-field region as the pulsar rotates. The angular error introduced is
arcsin(d/r), where d is the perpendicular distance between the lines of sight in the
RVM and the tangent model. We compare the evolution of PA with 1 as predicted
in the RVM with that in the tangent model, and explore the implications of the
differences.

2 PA Curves

Figure 1 shows the path of the visible emission point through an open-field region and
the corresponding variation in PA as predicted in the tangent model and in the RVM.

'Radhakrishnan and Cooke (1969) pointed out (their Fig. 3) that the line of sight that is tangent
to the field line does not pass through the magnetic pole, but later authors ignored this point.
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Figure 1: Differences in the path through the open-field region in the magnetic frame
(left) and the observed PA curve (right) between the tangent model (dark) and the
RVM (red), for a = 45° and ¢ = 50°, and emission height at 0.2 of the light cylinder
radius. The red curve in the PA plot is shifted by +5° for clarity.

The swing of the PA curve over the range of 1 given in the latter model is generally
narrower than that in the former model, with the largest difference occurs for large
B = ( —a. Furthermore, the difference in the observed shape of the PA curve depends
on A, in which the PA curve resembles an S-shape in the latter model as opposed
to a more complicated curve predicted in the former model for the parameters chosen
in the figure.

3 Discussion and Conclusions

The comparison shows that the RVM predicts the PA variation well near ¢ = 0,
but under-predicts the range of ¢ that can be seen at greater emission heights. The
errors introduced by assuming that the line of sight passes through the origin in the
RVM include an underestimation of the height of emission, and hence either to an
overestimation of «a, for § > 0, or to an underestimation of «, for g < 0.
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(Language: English or Chinese; but the presentation should be written in English)

===== Wednesday, July 2 =====
8:30 -- 11:30 Registration (On the hall of the 3rd floor of Astronomy Mansion, SHAOQ)

Conference Opening

Chair: Renxin Xu (30min = 25+5)

14:00 -- 14:10: Welcome addresses by Prof. Xiaoyu Hong

14:10 -- 14:20: LOC message by Dr. Zhen Yan

14:20 -- 14:50 Zhigiang Shen: The Tian-Ma radio telescope system
14:50 -- 15:20 Di Li: Advantages of single antenna in the array era

15:20 -- 16:00 Taking a photograph, Coffee Break

Session 1: Pulsar observations

Chair: Chenmin Zhang (20min = 15+5)

16:00 -- 16:20 Zhen Yan: Pulsar Studies with Shanghai Tian-Ma radio telescope
16:20 -- 16:40 Youling Yue: A simple telescope for searching fast radio bursts
16:40 -- 17:00 Jianping Yuan: Spectrum of timing noises in pulsars

17:00 -- 17:20 Yuanjie Du: VLBI Astrometry of PSR J0218+4232

17:20 -- 17:40 Shi Dai: A study of the pulse profiles for 25 millisecond pulsars

===== Thursday, July 3 =====
Session 2: Pulsar astronomy and astrophysics |
Chair: Jianping Yuan (20min = 15+5)
08:00 -- 08:20 Wenming Yan: Polarization observations of pulsars at Nanshan
08:20 -- 08:40 Chen Wang: Origin of pulsar orthogonal polarization modes
08:40 -- 09:00 Zhigang Wen: The nulling and subpulse drifting properties of PSR J1727-2739
09:00 -- 09:20 Hao Tong: Anti-glitch of magnetars in the wind braking scenario
09:20 -- 09:40 Enping Zhou: Two types of glitches in a solid quark star model

09:40 -- 10:20 Coffee Break

Session 3: Pulsar astronomy and astrophysics |1

Chair: Hao Tong (20min = 15+5)

10:20 -- 10:40 Chengmin Zhang: Millisecond pulsars and recycling in binary system

10:40 -- 11:00 Zhaosheng Li: An ultra-low mass and small radius compact object?

10:00 -- 11:20 Zhijie Qu: Analysis of short bursts in a few magnetars

11:20 -- 11:40 Lin Li: Pulsar wind model for the spin-down behavior of intermittent pulsars

11:40 -- 12:00 Abdujappar Rusul: Predicting the braking indices of nulling and intermittent pulsars



Afternoon: Tour to the site of Tian-Ma telescope
13:30pm: to get together on the small square inside the SHAO entrance door

18:00 -- 20:00 Banquet
20:30: back to SHAO by bus after banquet

===== Friday, July 4 =====
Session 6: Pulsar astronomy and astrophysics 111
Chair: Biping Gong (20min = 15+5)
08:00 -- 08:20 Wen Zhao: Constraining relic GWs by PTAs: in light of BICEP2 results
08:20 -- 08:40 Lijing Shao: Testing local Lorentz invariance of gravity with pulsars
08:40 -- 09:00 Xia Zhou: Magnetic damping and the r-mode evolution
09:00 -- 09:20 Mengxiang Lin: Oscillation driven magnetospheric activity
09:20 -- 09:40 Jumei Yao: A new model for pulsar distance

09:40 -- 10:20 Coffee Break

Session 7: Pulsar astronomy and astrophysics 1V

Chair: Youling Yue (20min = 15+5)

10:20 -- 10:40 Biping Gong: The effect Doppler residual on binary pulsar systems
10:40 -- 11:00 Xiongwei Liu: From TZO to CCO?

10:00 -- 11:20 Xiaoyu Lai: Magnetism of pulsars and magnetars

11:20 -- 11:40 Yanjun Guo: Quark-cluster matter in relativistic mean-field model
11:40 -- 12:00 Renxin Xu: Probing EoS of cold dense matter with advanced facility
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