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Mulit-frequency Polarization Pulse Profiles of
Millisecond Pulsars

183 (Shi Dai)
CSIRO Astronomy and Space Science, Australia
Email: shi.dai@csiro.au

ZM kP2 (millisecond pulsars, MSPs) A& — 455k A 5 B kb B2 o 0175 J0 ok v 2
(normal pulsars) FHEG, ZFPEKMER B ER . BEBIZER WHEN,
PRI, AP ko B A ST IR AEAE W AN BE 55 I e 7 . A0k AR B %%
JE AN 5 P AR Bk i C B S AR B T RO 78 2 M AR BRI S oA ) T B
Al i, PR Rk B BT ) — AN AR FZ AP K IS BE 3 “ Pulsar Timing
Array (PTA) 7 SRERNFH 5 551 S5 ST. Parkes Pulsar Timing Array
(PPTA) T H H Hi & A 05 24 B2 0 ik o 22

H AT 91k, FRATTIE 3 P AR FH ik e 22 00 i B 271 e D MO AR 20 51 i o I 51 J 5 3k,
MFRE WK ERNZM kR BB,  [FII$2 bk 2 TR R
LR R A REPE m kP I RS RS, DAAREAER BE g i 22, O T RAT T T
SEAD Mk B Tk p S R A AR T B ERAR AR BRAT TN T Rk e i A P v AL
PLR HARIRREYER 1 . FRAVEHPPTALL B s, W 7 — K s
1. i EMEL (signal-to-noise ratio, S/N) HIZ=ZFP kb & 1 2 I B R Bk e B o
AL A A%k EPPTATH (Dai et al. 2015)

TR I 24 B Ik i B 1) 22 U B m AR K e BR A 7T, FRATTAS HE BLR Sk

o FATHIFEA PV A E 0 Z2 A0 Bkt B AE AR B8 OBk #e B, JF HAT 2kl
Ire IXEZHTNATR ZAD kit 2 AR Ee BR ROAT TS 18— 2. FATHIAS
RE7R, 2480 Bkt 2 AT 1SR AR S 98 B 1 - Mk P 391, i L X S 4
AR LEII KR, B KRR B 98 LA = NI BU AR AN K, BEAR A
AT E KRR, BATTRIREAS o (10 ke 22 550 T S0 8 Jk et 3 7 P )
o8l i $905 (138 4L o

o FRATTIIREA A (1) — Lo = FD ik B2 R 0 A [R)987 B 2z TR) DA S % B P B S s 5
Ak, RATRIL TS E AR BERI B G, 72— SEkpp 2, FATIES0 condf
BOU 2] 7 IE e # . ZEPSRs J10224-1001f1J2241—523617, FRATiE KL
TSR IS . kiR R IS AR BER A ST I R AR E Uk B &
BRI . AR EE A EAR AT RIS 2w AR Rk e AR A
(~30GHz) WINE] i, I HBEMR A BITH RN FE . SRR 1)
FRIE 2 U LEZ R0 ikt 2 Fh R R B, I B2 B PIAEAR 58 AR Y [ A %
ZE D Ik R A B R I R R I B T BCE AN IE SIS



o RAMTPIFEA A 1K 2 B0 ik 22 i w67 B A 72 = ANk B BE Rk e AH AL A
W E AL, IR H TGRS RVMAEE TS . FRATT A 1 e LU A (iR ik h 56
BRI N T JUSUbk b 2 o 2 AR AL B A 45 (PSRs
J1024—0719. J1600—3053. J1744—1134. J2124—3358) , iXL&fhiky & i
PRAL B A TN BON T, EEBRMNGRE RelMtEER:IEM.
PSR = AN B, ImIRALE A mT oA AR RIZE L (B0 PSRs
J0437—4715. JO711—6830. J1603—7202. J1730—2304) - —AEFERIKIHIT
A&PSR J1022+1001. Bk 7 ESEE FERKHAALIA BA — DNAES: B4, PSR
J1022+1001 w07 B A 7E = NI BERIR G . fE10 e BE, ImdR 17 B A
AE U M FHRV MR G . AR T Bl & AR (1) BRA, R HR A7 B A IR I 25
RVMAERY , — PR R R AR S, 7R IR, O @ LRk, #
WA R T —AMENIS . BEE RN ER, WInA0 T IZ 8 = 18 S A8
Wtz . 1E1F FEREIZPSR J1022+1001 2 FATT AR AS A fik v &) A 5 1 1) —
=Bk

o WATUIERE] T RMBEE BRI AL RG24k, HF B 5Bk BRI 450060 5.
XIERRM AR AT BESK H kb B IREE . FRATRISE R B B — e fbkoh &
(AR AL B A AR AL O RIFAFFE N2 WiNoutsos et al. (2009)HiF 18
(1), X LSRN AT RE I DB AR B A5 ik b B R = b VAR SR e e . HE9OFE 1E
TR IRAE I 20, DA R 5T U

o FRATE DA kb5 B B AT AL A AR A1 FE %, ZefmRZ LA RM. —
Gk B2 0 O B R, I ELAS R B T (1 SR S 3
PRI . BATEIERZHAFOT, KRBy 10 5 AL B 45
UG BE AT NL o — LUk 8 B 70 R 2 A L AR (1 T v 7 iy, 1
BRI XS, RNkt 2 RHR A 2R X e A
Fa, I ELBK e B IR 7 73K B W2 A AN R] R DX 45k

BATO TR EEH b EN KRR BN 2B IRIERK S BT, ok M
RSN T 22 A0 fik o B (RO SR A RO E 8 R AR . A P SR B s AN s 2 1 (e ik
PRECER AR AT . BRI — B ARSI A TR G M N A3 ER, i HL
H il Parkes izt 5 R et = MNE R KEIRG I EBL. N T AN @,  FATIETE
R — N T B B R L R G, R K Z10.7814 GH2Z AR Vil . Fi#E it
SR BE RS, AT IR R 2 i Bk e Btk 2 4%, m HALFEA E
59 BRI AR . BT A T S AR ik ok 2 AR ST PUD, FRATTRR B AR OR B B
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Numerically Simulating Er(e) and Y, in
relativistic-mean- field (RMF') theory

Zhi Fu Gao
Xingiang Astronomical Observatory, CAS, Urumqi, Xinjiang, 830011 China
Email: =zhifugao@xao.ac.cn

1 Introduction

Pulsars are universally recognized as neutron stars (NSs). For degenerate and rela-
tivistic electrons in f—equilibrium, the distribution function f(FE.) obeys Fermi-Dirac
statistics: f(E,) = 1/(ePe#)/kT 1-1), where k represents Boltzmann’s constant, and
e is the electron chemical potential. If T" — 0, pu. is also called the electron Fermi
energy, Er(e), which presents the energy of highest occupied states for electrons. By
simulating, We obtain a special solution to Er(e) (Li et al. 2015)

p.i, Y.
Eele) = 60 x (L)s(—2c
vl(e) = 60> ()% (5505647

)5 (MeV), (1)
in tweak-magnetic field limit. The equation above is suitable for relativistic electron
matter region in a NS.

2 Simulating Fr(e) and Y, in RMF model

Dutra et al. (2014) considered the four-meson-exchange baryonic interactions, and
divided the relativistic-mean- field (RMF) models into seven types regarding their
lagrangian density structures: In this paper, we will choose Type-2 in Dutra et al.
(2014) as a representative RMF theoretical work. The main merit of Type-2 lies in
that it describes well the properties of EoS of a NS in the vicinity of the saturated
nuclear density py.

From Eq.(1) of Dutra et al. (2014), we get the effective lagrangian of Type-2 as

L= tp[in0" —mp — go5o — gupru" — 9pBYuTiP} ] UB
B

1 1 1 1 1 L1
+§8u08“0 - §m302 — §9203 — EggcfL + ZC§W4 — ZW,WW“ + imiwuw“
1 L1 o
_ZRi/wRéL + imf,pwpf + Z (0 [Z’Yua# - ml] Uy, (2>
I
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where the baryon species are marked as B,and the sum on [ is over electrons and
muons (e~ and ). In the RMF models, the meson fields are treated as classical
fields, and the field operators are replaced by their expectation values. We obtain a
set of analytical expressions of

Y, = —0.000012 + 1.213 x 10~ %elo810° — 2 5] x 1071220810 4 8 19 x 10~ 2Le3Los10P,
Y, = 0.0644 — 1.506 x 10~ 7e™0810° 4 1,11 x 107320810 1 1,84 x 10~ 203Log10r
Y, = —0.188 + 1.85 x 10~ "eo810P 359 x 10~ Me2kos100 19 54 x 10 21ePlosror - (3)

for p ~ 6.92 x 10! — 6.07 x 103, 6.07 x 10" — 6.9 x 10*, and 6.9 x 104 — 2.56 x
10 g em™3, respectively. Here we select the parameter set TMA (Geng, et al. 2005)
for the mean-field Lagrangian density, The maximum stellar mass of 1.9916 Mg, is
very close to the observational NS mass limit of ~ 1.97Mg,, for PSR J1614-2230
(Demorest et al. 2010). I thank the Strategic Priority Research Program “The

Emergence of Cosmological Structures” of CAS through No.XDB09000000.
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Discussion

Yang Chen (Nanjing University ): The result is very interesting, what would
you do in the future?

Zhifu Gao: I will take the magnetic effects into consideration, thank you!
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HQCDAHAR Z /Y, s/ PP T 5w- I 75 8 TR, T HQCDHAELZ S,
SR (L p A7) I, S NAEE SR T N, AAHAR A B i % 5T ok
Ui, FHQCDAZZ M EAIAANIEE, & B2 — W AHAR G & S AHAE B R
R MEFRIEE. AR FHQCDMHA N—M A, fEXMEL T, ME
SAHFERREHER, Hrhz —mi R aea % 8 S PUE B0
HEA#HF R A TS 5w Wi FIE, strange nuggets (SNs), ‘BT RESTRE Tk
HHESRERE S5 WEE YR Y . XESNsH T 58075 7 177 & JE K
(~107%) , BEfTSE@EY B ERAIER (551151 ERAED JE% 55,

F—ANJTH, ATHRRW R A REK R, BN S 1R ek, SRR
RAPAEAE R ESNs, EAIA AT Gt 2> 9 kv R 51 B ER, A 2% ikah B 1)
SR G = At A sz mle ? - Vi 22 5 ik 2 AR E 2 1 glitchIL R, B AR glitch )R 4E
MLEIIRATE 2, (H—2 0 AR Zelitch S RkP BRI IR AR B A K. A
i, VEA—Fh R RE R AN Al R HLAE . SNs 5 ik B2 A Al 4 A 15 BT PSS Wi glitch B %
W2 FRATTRIH AR 2 i S 2 () kb B glitehFi s, IF AR BRI R HSNs) 75
A SIEVI TR o3 AT AL, BRI & A AN R & Rk o 2 ) gliteh AT VA SE 5 SNs 5
Jik i TR A O .

2 SNsHigltiches

GlitehfT 95 kb 22 1 9 90 45 0 9%, 338 SR BRATT DA Bk b 2 L T 45 25 i 2
A% TR (glitch il DAFTE FE MUK (1), ZEEBUR R, AT LALFE Hglitchff i
FEAQ/Q G glitchit BEAR IR R B, Z IR Ry 42 ~ 1076 (e ) (105 g
(%)3 (10;5) (%), Hep =2r/Q2 B, AtsE M IRAHEBglitches [A] )
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MR SRR AT E W BE B dRT LS T Ad ~ 10 km - (A/10%)1/3 . (1076 MeV/V),
HPARXANSNINE T, VAR EERARREE, 1WR—a%3k1510°
MeV I BE B IX AN A B Al BER B IR [2]. IXEEBSR, MASNA LW fE—
MEBETE RS X R TSNl & Hglitches, & A F B3 B2 44 P 358 5
LMW HPEREAIE 2, BT DO N1 RE BRI EL /N, AR X R R A fglitches H 1
FEAQ/Q AR LN

SRR . 45 A ATNFALJodrell Bankfglitch#E, FeAi 130 kv 2 & 4/
I fglitches CHI AQ/Q < AQ/Q(E. = 10%erg)) HIRAEFAENI RN R F
O BRSSO IR DB 7 1] 2vb R A B 05 R 3R, 1 B PR 4 i 2 2 ik o A2 4t SNs il
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MW S I A b o R AT 3% B Ak o B 2 T e glitches R 21 H K T50R 1)
Fkyp 2, JF HE 2rh K 7 AR g BRI &R A /M B glitches T R AR D) AR
E Rk 2L IE (FlAh: J0537-6910 X WNME B RE, HA TiEEE LEH
FERMGBE, RMOBEEEE TR L) AW T B glitchesiK # kK
F5R Bk B s b, WCIAE N R A A R kb 2 XA, R B IIE N 2
1) Jok v 2B PR AR W8 R /0N, BT LB ATT I R DA S 2= 1) iR IR AT e 2 T IR 2B PR AR
[k b B AE glitches OB TR BE & B A AH R K, A A5 FRATTN T+ /M FE glitches ) &
XAQ/Q < AQ/Q(E,. = 10%erg) AIREAEH T B

518 BR 7J0537-6910, & Hdk A AL bR B PEAR ¢ R A2 8 —0.5, AT BA
el A ik v 2 R A /N B T glitches IR R AR 2R AT E AT T B4R AT 2R (1) BE 25 1 Sie B SOFH 9%
PE, WESE T RATRI B, BISNsh kb 2 il 1 7] 58 J2 glitches ) — F #1388 fit & AL
il o

90(; ?J\ B1822-09 ——A=5'10% =01
408~
! * RN \tB\ 737-30

BO355*54  10631+1036
N
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\\
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Detecting Relic Gravitational Waves by Pulsar
Timing Arrays: Effects of Cosmic Phase
Transitions and Relativistic Free-Streaming (Gases

Xiaojin Liu
Department of Astronomy, University of Science and Technology of China,
Hefei 250026, P. R. China

Email: xiaoking@mail.ustc.edu.cn

1 Introduction

Various inflation models predict Relic Gravitational Waves (RGWs). Pulsar Timing
Arrays (PTAs) provide an approach to detect RGWs in the nHz band. Several effects
damp the energy density spectrum of RGWs. Previous research only studied the
damping effects of cosmic expansion. But cosmic phase transitions could damp the
spectrum by amount of 60% in nHz band. Here, we study the effect of cosmic phase
transitions on the r —n; space. We also consider the detection ability of future PTAs.

2 RGW spectrum and Cosmic phase transitions

The present energy-density spectrum of RGW, Qg (k, 70) = rk?Ar(ko)/(12H?(19)) X
(k/ko)™ x T*(k,7y), is determined by the initial spectrum (i.e. r and n;) and the
damping effects (i. e. T?%(k,70) )in the propagation.

The newest constraints on r comes from Cosmic Microwave Background (CMB):
r < 0.11 with 95% confidence[1], but no constraint on n;. The slow-roll model predicts
ny < 0[2], but non-canonical inflation models may predict n; > 0[3].

The transfer function is usually splited into several parts, T'(k,7) = T,(k,T) X
Ter(k,7) x T,(k,T), to consider different damping effects: cosmic expansion, cosmic
phase transition and free-streaming gases.

The expansion of the Universe damps RGWs through 7, (k,7) = 1/a(7). In the
radiation dominated era, massive particles became less relativistic and contributed
less to the total energy, changing the expansion rate thus affecting RGWs [4].

Fig. 1 shows the transfer function of cosmic phase transitions. The annihilation
of eTe™ reduces the spectrum by 20%, while QCD transition damps the spectrum as
much as 60%. If we take Supersymmetry (SUSY) particles into account, the spectrum
will be damped by amount of 70%.

The energy density spectrum of RGWs is shown in Fig. 1. In the sensitive band
of PTAs, cosmic phase transition from QCD damps the spectrum as much as 60%,
while the effects of dark fluids are quite small.
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Figure 1: Left: The transfer function of cosmic phase transitions. Right: The energy
density spectrum of RGWs. We choose r = 0.1, n; = 0. The shaded area is the PTAs band.

3 Current and future constraints on r — n;

Three groups (PPTA, EPTA and NANOGrav) working on the detection of RGWs
through PTAs have released their newest data. No RGWs are detected, but the
upper limit on the strain amplitude is achieved. We adopt the relatively complete
data from EPTA [5] and NANOGrav [6] to constrain the r — n; space. Fig. 2 shows
the constraints on r — n; space. We see that NANOGrav is a bit more stringent in
constraining r — n; space. For all indices in (0, 1), when we consider cosmic phase
transitions, the upper limit on r will raise by a factor of 2.3.
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Figure 2: Left: The constraints on r — ny by use of EPTA [5] and NANOGrav [6]. The
dotted lines consider cosmic expansion only, while the solid include cosmic phase transitions.
Right: The constraints on r — n; with 95% from current CMB, present BBN and future
PTAs. All the bounds consider cosmic expansion T (k, 79) and phase transitions Tpr(k, 70).
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The proposed PTA projects [7] will observe much more quiet pulsars with longer
span. We follow [7, 8] to construct the signal-to-noise ratio for PTAs and set SNR=2
to give constraints on r — n; space with 95% confidence level.

Fig. 2 shows the constraints of future PTAs. Near n, = 0.38, SKA is competitive
with the current CMB observations. In n; € (0.36,0.38), SKA is a factor of 1.3 better
than BBN and CMB. We see that optimal PTA become the most sensitive detector
for n; € (0.11,0.5), restricting n; < 0.23 for r = 0.01 and n; < 0.34 for r = 0.001.

When n; is fixed, CMB is still the most stringent near n; = 0, but for the larger n,,
e.g. ny = 0.2, the optimal PTA requires r < 0.02. Therefore, the future constraints
could be much more stringent than the present ones if the spectral index is positive.

4 Consliusion

The energy density spectrum of RGWs could be damped by cosmic phase transitions,
such as ete™ annihilation, QCD transition and SUSY breaking, in the frequency range
f > 1071%Hz, well in the sensitive range of PTAs. By considering the damping effects
of cosmic phase transitions, we find that, for a given spectral index n;, the upper
limit of the tensor-to-scalar ratio r increases by a factor ~ 2.
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Pulsars are good clocks in the Universe. We are mainly focusing on: why they
are good clocks. This is related to the spin-down mechanism of pulsars. Pulsars and
magnetars must have magnetospheres which is a system of particles surrounding the
central neutron star. The charged particles are accelerated in the magnetosphere.
They are responsible for the multiwave emissions of pulsars and magnetars (radio,
X-ray, gamma-ray etc). At the meantime, when these particle flow out to infinity they
will also carry away some angular momentum and rotational energy of the central
neutron star. Therefore, the particle wind will also contribute to the braking of
pulsars and magnetars.

It is a pity that this effect is not taken into consideration in the magnetic dipole
braking assumption of pulsars and magnetars. The magnetic dipole braking is for
neutron stars rotating in vacuum, which is certainly untrue for real pulsars and mag-
netars. In the past few years, we are proposing that this particle wind component may
be responsible for the variable and interesting timing events of pulsar and magnetars.
This is summarized in our recent review article: “Pulsar braking: magnetodipole vs.

wind” (arXiv:1506.04605).
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The conventional conal beam model is facing growing challenges. It usually involves
the radius to frequency mapping (RFM), an assumption of narrowband emission, but it
can not account for the frequency dependent behaviors of many non-RFM pulsars (Chen
& Wang 2014). The radio beam structures of two precessional binary pulsars J1141-6545
(Manchester et al. 2010) and J1946+40746 (Desvignes et al. 2013) are patchy rather than
conal. A key prediction of conal beam model, i.e. the pulse width keeps narrowing as
the impact angle increases, has not been tested. But now, more pulsars with impact and
inclination angles being determined by rotating-vector-model (RVM) fitting are available in
literature, making the test viable. Recently we published a new fan-beam model based on
assumptions of broadband emission, and found evidence for this model.

The major assumptions of the model include the following points.

(1) The emission is assumed to be broadband and coherent, starting from the top of
polar gap and extending to very high altitudes. Flux tubes are originated from the polar
cap, and each flux tube will then form a slot-like sub beam. The whole beam may consist
of several or more such sub beams, looking like a fan.

(2) The bell-shaped distribution of plasma density across the cross section of the flux
tube, e.g. Gaussian distribution, is assumed, which will result in the transverse limb-
darkening feature.

The main features and predictions of the mode are summarized as follows.

(1) The main structure of radio beam is determined by secondary charges streaming
from the polar cap along several or more flux tubes. The cross section of a flux tube,
probably related to some local non-dipolar magnetic field structure, could be larger than
that of a canonical spark. The activity of pair production or emission may be quite different
between the flux tubes, leading to asymmetrical beam pattern.

(2) The decreasing density of secondary plasma due to field line divergence results in a
pattern of decreasing emission intensity as altitude increases, thus accounting for the radial
limb-darkening feature in the outer part of beam. In the inner part of beam the intensity
increases with beam radius due to more parts of open field lines contribute to the emission
as the angular distance from the beam center increases.

(3) The predicted radial and transverse intensity distributions in the case of transverse
Gaussian distribution of plasma density are derived in Wang et al. 2014.

(4) The pulse width increases with the impact angle in the outer part of beam, while it
may not follow a simple relationship with the impact angle in the central part.
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(5) The beam is quite extended, not circular or elliptical. Actually, no boundary exists
if we can see dimmer and dimmer emission.

We found four pieces of evidence for the new model

(1) Relationship between pulse width and impact angle.

The predictions on pulse-width-impact-angle relationship of our model and canonical
conal beam model are opposite, thus they can be tested by the data collected from literature,
which include 64 pulsars whose impact and inclination angles are mostly determined by
RVM fitting. Among them, 12 pulsars have interpulses, contributing information of viewing
geometry for double poles. So there are totally 76 beams. It is found that our model is
consistent with observational data while canonical conal beam model is not.

(2) Radial limb-darkening relation

Our model predicts a radial limb-darkening relation while conal beam model does not.
This can be tested by examining the distribution of intensity and angular distance from
the beam center. The data show that there is a correlation between the intensity and the
impact angle for both 400MHz and 1400MHz, although the data are scattered.

(3) Impact angle vs. pulsar distance

Interestingly, we found a likely upper boundary on the plot of the impact angle and the
pulsar distance. In the conal beam model, there should be no such a relation. In our model,
it is easy to understand, because one expects to see more luminous emission at smaller
impact angles, as per the limb-darkening relation. The pulsars from Magellanic Clouds
do show narrower pulse widths statistically than Galactic population, implying that their
impact angles (in absolute value) are probably smaller than 10 deg. Combining with the
Magellanic and Galactic populations, the plausible upper boundary is generally consistent
with our model. The selection effect that narrower profiles are easier to reach high signal to
noise ratio and to be detected for distant pulsars predicts a much sharper upper boundary,
thus it can not account for the apparent upper boundary.

(4) Beam structure of precessional binary pulsars

The limb-darkening patchy beams derived from long-term observations for two preces-
sional binary pulsars, PSR J114176545 and J19064-0746, provide direct and strong evidence.
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Wit i P mAAE, S58MRAYISRERER AR RIEEEEIMERN. 751
IS BS TR, R 00 5 B S 0 L TR A% FR I i 1 A AR e e, IX i A& VR L 3R
T18444F I B NEHL S HEFE RN . Wede A S5 G KD AR, MR
SRR EZR (Rotation Measure)

RM =081 /us neB - dl (1)

source

TP B T A RN A TR 2 B R AR B 7 P i BT B

2 HRTAT AR TR L S R L BN

BRI 2R R0 5 e 4 28N ] T F FUARTE R N R AR REY, Bl aniE i Btk . HITIX
o FHBRERT R BIRMAT SR LM A R AT i, 7T DAE R 2 R B4R 2
ZAWIHE o T A0 S E R B FH A V25 B T e 50N PR R A o W00 1) T AR YRR MU 45
S EL VR A & FIRMTTHER, 22 & Bras (] FORM BT ER A1 AR T 52 AL Br A B IR M. Rij 79 3
TR BENLANAE OS2 =Wt 2 4R R IRMAT 5%, 78 L1 BV B N 2 AH 2R 11

PRl b FH — ZH AR AT 55 FL R I RMLR) P 248 7T DAAR 4 IO 6 I8 B8R 7T &R FIRMAT 5. F A1 1%
B2 BN E AR FIRMIE R (4553108 , FE45 A NVSSHIRMIE %
(37543, XD, THEARE] 7R R FIRMAT 5.
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N, B R B RMDTERIR XESR I . O 7 W ST ANRMI AL R AL, R 28 K
LRGN RMAEA, BT RIEH S ER (Residual Rotation Measure, RRM) [1]
wZE . TAESRET ALY RFEARTT G 75577, SRMEREREER S B G RgER. +
PR FEARALE, 7 /M R FRMAT s bR A EAR . FRATTFIH e KRR E AR A
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P. W. Anderson 719724 &k K | —k & A ¥ B2 3 “More Is Different” (Science,
177, 393-396) , 13k B A BRPEA R A 47 R AR AR AANF R IR IR - AR B AESC
HsRiE RS TR RO T A E I E R e I E B AN,
T FRAPELE BRI 2 1 R G B Rk (R NG A7 AE B AR ARE H K 1 B XS
FRYEREET SR o IHEIB 7“2 FEONHREE I PR

Ak, BATX BT KR SECIHERKE . fEFPS22 1 SCEE46 71
AR SAZ I X RRRE . RN BT K Rebrie KT s 5 5 Su/d5 WK BB 7%,
MITFEA R Ty Hh B S5 A% P A FRPE . G A R 5 AR A 5 A2 e A5 e T
R A (BROE LA X FERISERE R ) 1il, A4 /NI N A% R I (fF
bt - R R ECCE AT LA DTk BE D, (H KB T AR AR RN FR PR T REAS Bk R
CERA ROt 7 o FATKEEFON L Bodmer-Witten (BW) J54H.

EFRATE A — AR LR A ST UBWHEE . BRATK E A2 AR, i
RAB =R E R TRsR/ER (RIFEIQCD) &, (HXFQCDH:E B AR R
Mz EA, XAMER (F) BBEH (G) A—UHE, 8 7 M EAE Y.

G: EIESSLH NS T, HERE KR 1E Y B 2 I LR IE ?

F: XAAIAHEY, DUk TEERBRRIERYREEGZ W, (G5E: M
Ao B B A% AR R IR B B RS A O, BT — ARt QCD AL N B 5 B
Ak MR T AZ . D

G: WA FRWT U8 B 2 v A FE R 2490.5 fm = (BRI A L) .

F: M, EXM0.5 GeVALMEENR T, WRSWLHMHM, RixAHRKS
(Bfu, dfs) EFEEER.

G: FERMEK (ufld) BRAZRR (u, dfls) Wg?

F: n R om0 AR Y PR, REEIE /T 7 Comptonif K& (~ h/mec ~
0.024 A [I&, IX LW R I %2 PR IR (H KB IK S FH 90 53 AR mT B A2 = Ik 11
(FH: WHMNMTEHETEBWHEE .

G: /NRPIR A Y SR AR A I, FRAT DU C 80X S8/ G103 A A
FNZE . FATRALIZ LN PR A SR I

F: i bag !t J%5 BN 3R AT

G: w72, RIS I H g ?

F: .40 5% v 2 (8] i AH BCAF i S AR 9 116, Jo 18 72 78 PR IE 2 = Ik
(FFH: Xt LIMBWIEED ML T, % 50l n] BE A 2 Ui B 1 72 2 45 1
Ao PRI NIIIRR A RTF, =R KBz A4 44 Ve ?

G: WL BB AL A 2, AT SR Dy 4 e !
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We are developing a software package for observational researches on pulsar in-
dividual pulse and scintillation. At the moment, the package includes routines PEM
(Pulse Energy Measurer), which measures normalised on/off-pulse energy of each sub-
integration for a given pulse stack, PDA (Pulse Drifting Analyser), which analyses the
periodicities in both pulse phase and time dimensions embeded in a drifting pattern,
and PSA (Pulsar Scintillation Analyser), which creates dynamic spectrum and anal-
yses the scintillation time scale and bandwidth. These routines are written in ¢+
and are run under UNIX platforms. To read and pre-process raw PSRFITS fold-mode
data, PSRCHIVE shared libraries are used. For the algorithms, we have referenced
Ritchings (1976)[5] and Burke-Spolaor et al. (2012)[1] for PEM, Huguenin & Taylor
(1970)[3], Sieber & Oster (1975)[6] and Wright & Fowler (1981)[7] for DA, Cordes
(1986)[2], Wang et al. (2005)[8] and Keith et al. (2013)[4] for PSA.

To complete the algorithm studies and the programmes, we have further planned
to 1) explore a two-dimentional Fourier transform method to analyse drifting sub-
pulse parameters; 2) compare the scintillation parameters derived from a dynamic
spectrum constructed by the pulse signal-to-noise ratio and a dynamic spectrum con-
structed by the pulse energy and 3) produce the secondary spectrum for a dynamic
spectrum and measure the curvature of the present arcs to derive the scintillation
speed.

We welcome comments and collaborations on this project.

MY acknowledges Dr. Ming Zhu for his support for this project.
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PE B & (Fast Radio Burst, FRB) #&20074 H Lorimer&s N & I — 5 2 47
PRI E [1]. EEMN BRI —NAZIM . & HUE 5 5 k. B
TFRBEA I & HAR R oTsR i B BcE, AN E VO ERIE /MR, B
MEFFRBACA 10585, o OfSUA A FINE (1) Parkes B8 58 R I [1, 2, 3, 5, 6, 7],
AN F ) Arecibo B B R B [4]. G0 RIRATREMS Al F HADA Hi s, MW
MR E L2 WFRBEEA, KA R T AMEMFRBIATT . 22 E B, AR H
FEARIT66 K IR 25 K 28 A 7R B K22 N I R K SC & W) 160 kv 2 0 I o A Do i A2 3
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F 21 N0.586MHz, KFERFE H0.2ms. 455 RESHITHEI RGN REEL
N0.437)y. 5 LATo N IRMETMEFRBIKIEMR, 7FEFRBIEE R RS E K T3.059)y 4
REWZ RN B, Z e EHFRB BEARRIKr 6 2/ 0 E 1ms £ 4, 1EIAT kb
FHIEHE, BT DOE I RCR AR E 1)  RAR m R A R, B Y SR )Y
KF1.6ms IR, RGRBESRTIN0.146Ty, LATo A IRAE TT LLR I 068 7 &K
T1.082Ty k& 5, AT LUHATFRBIH T .

STFRB#ATH# S, 2% (& McLaughlinflCordes 20034 #2& H 1 5 ik b 48 507
1E[8, 9], xR AT X, ARETHEA AL, Rk R T RME K. FR-
B 3 KRG BRI K 1R .
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FAVE R EiR 5 R G50 75T 2 F ik 2 B0355+5481B05254 213347 ML Kz B ik
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Gt TAFOHEE FERNERILK T 40 PSR 4N RhEE/ERLE,
Gt T AS M LK T 4o BTk 445 M Dl Bl €0 MR 1 AR 1 O

K 32 5 kb R B0525+-21 148 F- 45 K. xF b 2118 3, FATTULEH, X
TH Z IR EIWIRKE S, A3 000 s/ kb 5 AN 0B/ A5 e Lo B e A B U E
AbER IR BIEAE . T T HBLREUR D, EESEEATIUMIKMHES, NSt
B/ A5 e LU T A o G e B AL BEFR I B — e m B M LL M5 5 . I — DTk
iz 3 AR iz ] DA IX AN XA
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DT 5 R i 52 33 I B SR S1 B FR I G 0, FRATT AT DA TR 2156 B R 8 LR 1 48
SRR, IR AT REE S AR R KRR SCR I, B A SR S H R SOWI ) — N
B3 1) I P

TEFHFEWORE b, 25 Fh 25 R 10 27 DR 5 5 A3 A B A 7 3 — OO R B 1 R
PRAgE R, B KR RE SR Ol HL AT an b 1% iz 1 BE 25 A 2. BRI
X R RO R A R T E R R RIS R IE B, B K i = E A B E
BERARBIER 4G BURIE . BUEXUE R G FFE DL K 5 & 2 3 % 16 A2 14 0 % 4 3
(TDE) o XF&Ja—FEa, HAidE O FH N B 52 5 5 S 2], 245
AT RER H T TDEFE = A IR . xS T 5 AP RAR B 72, MRS
L P 1 55 7 e DA BT AL AN 3 5 28 B2 00T B g AT TR 3. 2488, X Fn3g
TS, EATTEA AT I 5 AR 4R 5 B A A OB A R

ML FR AT X B KR AN ME MR H,  GhR] A % ol B B BT IR IO Y, SRR
R PLB g N SR R . RS, BRI B B E R R AR R R e A T A
SE—E RN S IS, X IS ITE IR A B RS AR B S S [R5
SRR AR S R T A R BRI DK, 4R T B S T LR OO AT B AR 4R
SRR, B B TSR B E X SR R RE S R R R DA IR
B . MIXANMAEEESE, — 5T, SEIINRE 2 — A AR G R, R N —
A A S B AR T A PR X B SR T T S e A R o B
M, XFHEEEEN S, RATFEER AR HriE X S H TR BUE, DUNE
RKEIMERAEH N ENSH . Gk, RITEAXEEERWANTNRIL DS LR L
(1] [ 851

—/N A, MWESE, WS — 8] CLor AR5 8 P i B PR Candin
HFEMTDEM B FAEM XS M 09 5% m B AR Can SR B 2 i 2> ™
Fho JEE H T Al MM L2 58 R N B A2 RW, {E T MR R T S A R A
WIS . X2 BT AT A — AN E . B2, R RATEE SR ER W T2
K134 (NSM) MRS S48 (AIC) WRER:, EATEe Koo . A
st R, BERESE AR — P A ) [F R S A, X i B AN T
A EEREREEE, Fif, HSEH EEFPEIRA TR 2. R e,
F—N R 5N, B B gt N B I RE R, B X Pt e AR AR
BHEAHMG. TIRANSMIEZAIC, BAeAME2I AT LEDS ER S —A 2,
T AT PS03 s . SR, SEPr B IR R B RS HER: — AN K F &
FEMAAE. M, PRSI NE R 5 BIRA A RO AR 1R 2 JH I bsfin D 2

42



ORISR ChnRE PSR S . XA R A AR 4 o ANFE TR, XPE—5
WEMR TR, KR AT RSN R, XN 2 /D 7 S R AN D
T RS 2] T IR I 56ALE .

REETE, ST A R BRI, — 7 TR AT 458 0T DL LA 2 A TDER)
SRR BFR, 59— 5 THERATTEE 24 U S B A v 7 2 IR B I NSMATATC Y
HARERNESIBER. XA LTI GL, —&%A BT &KIAIEIANSM
MIATCHE 2 = A 1 2 3 0 2K B B AR T IR (e.g. Yu et al. 2013, 2015; Li &
Yu 2016) , SEREWAE BOBRE B, =R 5] 1k PRI B A )
k.

BJE, WERAEIRIA SO LB S & . R LR TR 2 nl Be 3] 4k
S E R DR TR, (ELIX S P TR A PGS0 T B A R S P 1T 5 AR AR
I B o BT ARG 48 BB A e — 2, 3 R — S B sk v B 5 2R, B
wn, FRAT K B I AR 2 1 LA PO S B AR I8 T T e A g
R AR TR, R B /DA — SR S 5 b TR R RN O A W] LA S AN (Yu
et al. 2014) o XL TAEME UIRIBIRIBRK, HEDS TR —ER, Bl
S Hot i U R ST P 2 S5V A0 S R B BRI — A IR R S R s A
O A
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TR AV 64 K 55 HE, BE 78 455 1T o B 22 U R ik rh 22 38R (Parkes Multibeam Pul-
sar Survey, PMPS) #rkI742 Fl. &£ U B AT =R o8, ORI 1753
WK A B AL IR R, 10 BUNE AR ST RIS I R A
AEinstein@Home T H, @it fdEH N NENS 5008 R EdE, RI T 23 Kk
A1) 1A 5 3 22 9 Ak b 2 AR T H 3 M T kb B R AR, P 1E
FATNRBIRK P R 0 2. AL R 25K 5 B @ % /R4 (DECT) &
F—38°. FF H 71400 MHzI IR B % (S1400) KF0.5 mJy )48 fik b 2 34T
THI LI o AL A AT %320 MHz, "0 #1540 MHz, $H50U(E 5 4 F& A0 5% e
J5 A8 80 — 400 MHzH 405 5 . Hdi id s Koo 2 LR #5240 (Analog Filter
Bank, AFB) FI¥ 7 4l (Digital Filter Bank, DFB) . fEiX H, AR
e SRR R BT I 25 S, R 1B T eI B A B S
PSR J1751-332311 & #10.548227 s, Ji HHAR L %8.83x 1071 572, HF{E41%9.84
x10° yr, HFEREHIFR2.1x10% erg s71. EFEMID 53004(6)FIMJID 54435(8) KA T
PIAN/INIIBRAS, B B AR AR AR A RN a3 il & Av Jv ~2.3(3) x 1079 FTAv /v ~3.0(10)
x1079 [2], 7£2008 4E1 %2014 4E3 A2 (0], WARMBE IR . WikZE 10]
UEH, EAWHEREEEAE (timing noise) .

PSR J1812—2102 i }H1.223352 s, FHAARIL 3 13.893x1071° s72, FREFIRS.11
x10° yro MEER A7 Z K AT CLE H, FHRMAEER . HErsa RN 2] & B EL
A, 5 AHMHIERHMEAER PSR J1123—-6259 K 4E T (Av/v ~0.75x107%)
kI I1812—2102F A] REFRIN 21 & IR AR .

PSR J1845-0743 H 4 H10.104694 s, AL % 2£0.3666x 1071 572, KEAE4E
#4.52x106 yr, RIMHEIZH1.98x101 &, B HFEBEHRELIx10 erg sTHHLE
K, AEAFE RN TR AN IS 5 28 B B U B bR, B RIS B I 2 A0 3 S 2k 4
Bt MWEITETCLEH, EREEET1751-3323 A1J1812—2102% f4 i Lk,

PSR J1852—-0635 H ¥ Ji1110.524151 s, A AL 14.64x 1071 572, FREFIE5.67

Table 1: FF LLI25K 5 H B 22 B2 00 5 8P MPS ik b &2 B #6540

PSR RA DECJ v v v Epoch data span
(h:m:s) (d:m:s) (Hz) (10715 s72) 1072°s=3 | (MJD) | (MJD)
J1751—3323 | 17:51:32.75 —33:23:39 1.82405905627(8) —29.7497(13) —2.4(8) 55483 54341 — 56626
J1812—-2102 | 18:12:20.930 | —21:02:36.00 | 0.817421230459(17) —15.97375(18) | 0.36(6) 54591 52540 — 56644
J1845—0743 | 18:45:57.18 —07:43:38.4 9.551587909763(8) —33.45330(8) 0.143(18) 54813 52497 — 57130
J1852—0635 | 18:52:57.453 | —06:36:00.36 | 1.90783433397(3) —53.2249(7) 1.1(6) 55354 54620 — 56088
18:52:57.453 | —06:36:00.36 | 1.90783166216(7) —53.308(4) 8(8) 56409 56102 — 56718
J1901—0906 | 19:01:53.015 | —09:06:10.8 0.5611898112506(10) | —0.515902(17) | — 54592 52467 — 56718
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J1751-3323 (rms = 6193.000 us) post—fit 11812-2102 (Wrms = 4316.991 us) post—fit
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1 Introduction

Recent observations at radio bands revealed that pulsar magnetospheres exist in mul-
tiple configuration states (Stairs et al., 2000; Smits et al., 2005; Kramer et al., 2006;
Lyne et al., 2010) contrary to the understanding of singular distinct emission state
per pulsar predicted in traditional models. Traditional description of the electrody-
namics of a pulsar magnetosphere is based on a vacuum-dipole model, in which the
plasma is neglected, and the Goldreich and Julian (1969) model in which the rotation
and magnetic axes are aligned (or anti-aligned) and the plasma is corotating with
the star. Although these assumptions have been relaxed in various ways, existing
models for the electrodynamics encounter difficulties in accounting for intrinsically
time-dependent phenomena, such as drifting subpulses of multiple drift modes (S-
mits et al., 2005) and multiple spin-down rates (Kramer et al., 2006). In particular,
sudden switches between different emission modes observed in some pulsars indicate
that jumping between different rotation states of the magnetospheres can take place
abruptly. There is no widely accepted model for such multiple states. Two limiting
models for the electric field, E, around an obliquely rotating pulsar are the vacuum
dipole model and an oblique generalization of the corotation model of Goldreich and
Julian (1969). The difference in the electric field in these two models is a poten-
tial field, which is absent in the former and provided by the Goldreich-Julian charge
density in the latter. A simple model (Melrose and Yuen, 2014) involves a linear
combination of these two models, with the electric field equal to y times the vacuum
E plus 1 — y times the corotation E. The charge density, p, is determined by the
divergence of the potential E. In this model, a pulsar magnetosphere can exist in a
continuous set of rotation states defined by E(y) or p(y), and a switch in rotation
states corresponds to an abrupt change in the value of y.
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2 State switching

The parametrization of rotation states by y provides a testable model for the switch-
ing between states. We identify two time-dependent effects that are attributed to
reversible switching between different rotation states.

Multiple subpulse drift modes: The allowed plasma motion across magnetic field
lines in the magnetosphere is of the form yvi,g + (1 — y)Veorr, where viyq is the
electric drift velocity in the vacuum model (y = 1) and v, is the component of
the corotation velocity across the field lines. The subpulse drift rate is an observ-
able phenomenon that changes when the plasma motion changes, and hence may be
parameterized by a change in y.

Multiple spin-down rates: Changes in the slowing down of the spin rate of a pulsar
results from changes in the torque on the star. The torque imposed on the star by
the magnetosphere is due to a change in the magnetospheric current or a change
in the location of its closure across the stellar surface. The current is related to
Ji(y) = cp(y), and hence changes as y changes. This provides a parametrization in
terms of y of the change in the slowing down rate when the magnetosphere switches
rotation states.

3 Investigating rotation states with FAST

The physics of rotation states is hidden in the moment of switching from one state to
another. The expected range of transition in longitudinal phase is small per pulsar
period as seen in drifting subpulses (Smits et al., 2005) requiring high resolution to
reveal detailed variations in the emission pattern. High resolution observations may
also discover previously undetected switching observables from the same pulsar, which
can be used to restrict on determination of the allowed y in the magnetosphere. With
prediction of several thousand new pulsars discovered with the 19-beam receiver (Nan
et al., 2011), a more complete understanding on the physical properties of rotation
states can be gained from study of a wider class of phenomena associated with multiple
states from a larger sample.
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Scientific Program of FAST Pulsar Symposium 4

July 3-5, 2015, Inner Mongolia, China
(Language: English or Chinese,; but the presentation should be written in English)

===== Friday’ july 3 =====
13:00 -- 14:00 Registration (Lobby of Baiqi Hotel)

Conference Opening (at the Conference Center of Zhengxiangbaiqi government)
Chair: Renxin Xu (30min = 25+5)

14:00 -- 14:10: Welcome addresses by Prof. Yihua Yan

14:10 -- 14:20: LOC message by Dr. Baolin Tan

14:20 -- 14:50 Xinji Wu : My Astronomical Life

14:50 -- 15:20 Guojun Qiao: Pulsar Research and my Colleagues

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

Session 1: Pulsar Study General

Chair: Jifeng Liu (20min = 15+5)

16:00 -- 16:20 Jilin Han: Pulsar Observations with Jiamusi-66m radio telescope

16:20 -- 16:40 Kejia Lee: Pulsar Radiometer equation revisited

16:40 -- 17:00 Hao Tong: Wind braking of pulsars and magnetars: a review

17:00 -- 17:20 Lijin Shao: New limits on the gravity sector of SME with radio pulsars
17:20 -- 17:40 Shi Dai: Multi-frequency polarization pulse profile of millisecond pulsars

18:00 -- 21:00 Banquet, to share pulsar life with Prof. Wu and Prof. Qiao

Session 2: Pulsar observations

Chair: Jinlin Han (20min = 15+5)

08:00 -- 08:20 Wenming Yan: Polarization mode changing of PSR J0332+5434

08:20 -- 08:40 Pengfei Wang: Observational test at Jiamusi-66m radio telescope

08:40 -- 09:00 Yizhao Yu: Searching FRBs with Jiamusi-66m radio telescope

09:00 -- 09:20 Youling Yue: Preparation for FAST pulsar early science

09:20 -- 09:40 Meng Yu: Developing a PSRCHIVE-based software for single- pulse/scintillation

09:40 -- 10:20 Coffee Break

Session 3: Pulsar astronomy and astrophysics I

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

10:20 -- 10:40 Xiaopeng You: The properties of the eclipsing pulsars
10:40 -- 11:00 Lin Li: Proper motions of 11 pulsars
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10:00 -- 11:20 Jumei Yao: A new model for Galactic free electron density
11:20 -- 11:40 Jun Xu: Interstellar and Intergalactic Magnetic fields
11:40 -- 12:00 Jiguang Lu: Multi-frequency Radio Profile of PSR B1133+16

Session 4: Pulsar astronomy and astrophysics I1

Chair: Jianping Yuan (20min = 15+5)

14:00 -- 14:20 Yuanjie Du: Multi-wavelength pulse profiles of millisecond pulsar B1821-24
14:20 -- 14:40 Xiaomin Bi: Research on the parallel electric field of the pulsar

14:40 -- 15:00 Zhifu Gao: The Effects of Superhigh Magnetic Fields on EoS of Neutron Stars
15:00 -- 15:20 Xiaoyu Lai: Small glitches: the role of quark nuggets?

15:20 -- 15:40 Zhaosheng Li: Constraints on the mass and radius of neutron star in Aql X-1
15:40 -- 16:00 Xiaojin Liu: 7o probe cosmic phase-transition with PTA

16:00 — to the site of radio telescope array (getting together at front gate of Baiqi Hotel)

===== Sunday, July 5 =====
Session 6: Pulsar astronomy and astrophysics 111
Chair: Xiaoping Zheng (20min = 15+5)
08:00 -- 08:20 Biping Gong: Ultra-compact binary with orbital period of ~ 10 min
08:20 -- 08:40 Hongguang Wang: A Fan Beam Model for Radio Pulsars
08:40 -- 09:00 Feifei Kou: Towards a more perfect pulsar wind model
09:00 -- 09:20 Hao Shan: A4 novel fast de-dispersion algorithm
09:20 -- 09:40 Yanjun Guo: Massive Pulsars and Ultraluminous X-ray Sources

09:40 -- 10:20 Coffee Break
Session 7: Free Discussions: Pulsar Sciences and Observations
Chair: Youling Yue (20min = 15+5)

10:20 -- 10:40 Renxin Xu: An introduction of pulsar study for the discussion
10:40 -- 12:00 Free Discussions

13:00 To leave from Mingantu to Beijing (getting together at front gate of Baiqi Hotel)

NOTE for Dining Service at the first floor of Baiqi Hotel

Buffet Breakfirst: 07:00—08:00
Buffet Lunch: 12:00—13:00
Buffet Dinner: 18:00—19:00
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