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of spin rate and temperature of accreting
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1 Introduction

Neutron stars are cosmic laboratories of nature of the materials that under extreme
conditions. The physics of the inner regions of the neutron stars are still not perfectly
coherent. Fortunately, we can learn this region by investigate the thermal and spin
evolution of the neutron stars [1] [2] .

R-modes are quasi-toroidal oscillations in rotating stars that the Coriolis force acts
as the restoring force. In [3] ,the authors modeled the interactions between r-modes
together with basic neutron star physics including spin and thermal evolution of the
star. This provide us a new way to investigate the thermal evolution of the neutron
stars which make it possible to investigate making use of the observational data. So
far, r-mode in neutron stars was extensively studied in accreting systems (e.g. [4, 5]).

Cuofano [6] found that in the previous models the only damping mechanism for the
r-mode instability that against the driven effect gravitational radiation is too simple,
and it can not explain the phenomenology of the millisecond pulsars in LMXBs which
rotate at frequency above 200 Hz. So the authors introduced the magnetic damping
rate for the first time in the r-modes equations. But they did not take into account
the second order effect, mainly the differential rotation, which induced by the r-modes
and can not be ignored [7] .

In this paper, we investigated through the r-modes the evolution of the magnetic
field and the thermal evolution of accreting millisecond neutron stars in Low Mass
X-ray Binaries ( LMXBs ) taking into account both the magnetic damping rate and
the second order effect. So we would find that the spin and thermal evolution of the
neutron stars are remarkably influenced by the differential rotation.



2 R-mode equations

First of all, we model the r-mode equations. We start by considering the conservation
of angular momentum. The r-mode is driven by the gravitational waves and damped
by the viscosity [3] as well as the generated toroidal magnetic field [8] . The angular
momentum of the star is affected by gravitational waves, accreting matters and the
dipole field. Get these issues together, we get the r-mode equations :

da B R B ’_on G \1)p 0Fpe
E—@[Fg (Fv+sz)]+3o¢ Q[A(K+2)Fy—(AK+5)(Fy+Fp;)] 2]~Q( MRg) (2)7
1
ds 2, M, G M
= —ZA*QOQMA(K +2)F, — (4K FA4AF V4+—(—\2_QF —Q—. (2
7 3¢ QIA(K +2)Fy — (4K +5)(F, + Fni) | + I(MRg) me — {27 (2)

where « is the r-mode’s amplitude, Iy, F,, Iy are gravitational radiation growth rate,
shear viscous damping rate, bulk viscous damping rate, respectively. Q:3j / (2[~ )=0.094.

Notice that F,,; is the magnetic damping rate, and in our model, it is modified
because of the second-order effect,

/

Foi(t) = dEY/dt  8(1—p) BIRA'f3aP(t)Q(t)dt
"B omp4K +9)J MQ

(3)

where EY is the magnetic energy in the case that the stellar core is composed a
normal neutron fluid, dEY /dt=[23=2]B2R3A"o2(£)Q(t) [ o)t )dt' [8] , p=0.5,

97p

and A" ~ 1. The integration time here takes contribution from the phase during
which the star is still inside the instability region.

Together with the thermal evolution equation, we solve these equations numeri-
cally.

3 Results

Fig 1 and fig 2 are part of the result obtained by solving the r-mode equations. Fig 1
shows the evolution of the spin rate of the neutron star with the effect of differential
rotation and magnetic damping rate. K is the initial amount of the differential rota-
tion associated with the r-mode. When taking the differential rotation (e.g. K=100)
into account, a self spin up with dramatic oscillation was found, comparing with the
K=-2 case. The evolution of temperature of the neutron star is shown in fig 2. A
significant heating effect in the differential rotation case was found. For more details,
please see an upcoming paper ( Cao2013, in preparation).
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Figure 1: Evolution of the spin rate of the neutron star with the effect of differential
rotation and magnetic damping rate. For specific case K = —2, there is no differential
rotation.
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Figure 2: Evolution of the temperature of the neutron star with the effect of differ-
ential rotation and magnetic field.
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Figure 1: Fractional contributions to the total Galactic event rate, as a function of
the event time-scale, from neutron stars. The solid, dashed and dotted lines show
the contribution from neutron stars towards the BW, GC and off-GC direction (I =
20°, b = 0°), respectively. In comparison, the fractional contribution from neutron
stars towards the BW based on WMO05’s model is shown with dot-dashed line.

Table 1: Percentage contributions to the total predicted 7 and I', from different types
of lens. In comparison, results based on WMO05’s model are also shown.
Types of lens

Models BD MS WD BH NS
Optical WMO05 6.6 62.1 222 34 5.7
depth New NS model 6.4 572 20.3 2.8 13.3
WMO05 172 621 169 09 29

Event rate New NS model 15.1 54.7 149 08 14.5
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1 Introduction

As we know, the spin angular frequency w of pulsars decreases with time, and the
time derivative of €2 is proportional to some power of w,

Iv= —Kuw", (1)

where K = 2B?R%sin?0 /3c* is a positive parameter [1]. The braking index n of a
pulsar can be a measured by differentiating Eq.(1),

n= -5, (2>

where I is the second order time derivative of rotation frequency v. In the model that
assumes spin-down is due to pure magnetodipole radiation with a constant magnetic
field, we obtain the ideal values of n in Egs.(1-2), n = 3 [1], [2], [3], [4]. The
observed values of n for six radio pulsars always deviate from 3 expected for pure
magneto-dipole radiation model.

For magnetars, their extremely strong magnetic fields are at least 10? ~ 103 times
higher than those of the typical NSs,,and as young as young radio pulsars (1-100 kyr).
Soft-gamma repeaters(SGRs) or anomalous X-ray pulsars (AXPs) are considered as
candidates for magnetars [5], [6]. Up to now, we have detected 23 magnetar candi-
dates (11 SGRs and 12 AXPs), among which three candidates have radio emission.
Unfortunately, we can not measure magnetars braking indexes observationally due to
strong timing noise and the lack of long-term radio emission.

2 Owur methods

In Zhang and Xie (2011) [4], authors suggested that the canonical spin-down age (or
canonical characteristic age) of a neutron star(NS) tc = P/2P is not available to

7



estimate its real age tgr, and the physically meaningful criterion to estimate tg is the
NS-SNR association. Their suggestions are in the same way applicable to magnetars
with associated SNRs. From Manchester et al 1985. [7], for a constant braking index
n , the characteristic age t is given by

v v P P,

= e T ! TP )

where v; (P;) is the initial rotation frequency (period). Be note that quite different
from the canonical spin-down age t¢, the characteristic age ¢ in Eq.(3) is very close
to the real age, tg, of a NS. For all magnetars with associated SNRs, their values of
v; are far larger than those of v, the face rotation frequencies. Thus, the relation of
(L)t = (%)"*1 ~ () is always hold approximately for all magnetar progenitors.

" We assume the ages of SNRs to be the real ages of magetars , and replace a

constant braking index with an average braking index,i.e.,
tSNR ~ tR, n — n. (4)

Inserting Eq.(4) into Eq.(3) gives

P
n~1- _V =1+ —= ,
VtSNR PtSNR

(5)

where P; is the initial spin period. Thus, we obtain the average second order time
derivative of rotation frequency, ¥, from

p="" (6)

3 Results

Table 1 shows the data on 11 claimed magnetar-supernova remnant associations,
which are cited from McGillAXP/SGR online catalog updated except for SGR. 1806-
20 and SGR 1900+14. Combining Eq.(5-6) with Table 1, we get the values of n and
v, as listed in Table 2. For SGR 0501+4516, its value of 7 is near to the expected
value 3, which implies a “quasi” magnetic-dipole braking mechanism. For AXPs 1E
22594586 and 1E 1841-045, their values of 7 are larger than 3, whereas for magnetars
SGR 0526-66, SGR 180620, SGR 162741, SGR 1900+14,Swift J1834, 1E 1547.0—
5408 and CXOU J1714, their values of n are less than 3.In previous works, many
authors proposed various models to explain why the observed braking index n # 3,
eg., neutrino and photon radiation coming from superfluid neutrons, [8],additional
torques due to accretion[9], a pulsar wind nebuna (PNW) [10], the changes of the



Sources P(s) P10 s s to(kyr) SNR tsnr (kyr)
SGR 0526-66 8.0544(2) 3.8(1) 3.4 N49 10£5
SGR 1806-20 7.6022(7) 75(4) 016  G10.0.03  17+13
SGR 1627-41' 2.504578(6) 1.9(4) 22 (G33.70-0.1 16.3+13.7
SGR 1900+14 5.19987(7) 9.2(4) 0.90 G42.840.6  19.8 £10.2
Swift J1834 2.4823018(1) 0.796(12) 1.4 Wil 150 = 50
SGR 050144516 |  5.7620953(3) 0.582(3) 16 HB9 1543
1E 2259+586 6.9789484460(39)  0.048430(8) 230 CTB109 12+ 3
1E 1841-045 11.7828977(10) 3.93(1) 4.8 Kes73 1.5+1.0
1E 1547 2.0721255(1) 4.7 0.70 G327.24-0.13  3.2+1.8
CXOU J1714 3.82535(5) 6.40(14) 095  CTB37TB 32417
AX J1845f 6.97127(28) - - G29.6+0.1 153+ 14.7

Table 1: Observed parameters of magnetars and their SNRs. All data are from the
McGill AXP/SGR online catalog of 1 June 2013 (http://www.physics.mcgill.ca/ pul-
sar/magnetar /main.html). The sign ’denotes: A transient AXP. The sign T denotes:
This candidate is unconfirmed.

magnetic field B, the magnetic inclination angle #, moment of inertia / and magne-
tospheres conductivity, and so on.

I am grateful to Yunnan Astronomical Observatory, CAS and Peking University
for providing this opportunity, and I thank Prof. R.X.Xu and Prof. B.P. Gong for
their valuable suggestions which help me to improve this paper substantially.
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Discussion

Prof. B.P. Gong (Hua-Zhong science and technology University.): You can
firstly estimate the ratios of nu/v and riu /v for different magnetars, then discuss their

braking indexes.

Dr. Z.F. Gao(Xinjiang Astronomical Observatory, CAS. ): I will do as your
suggestions. Thank you very much.
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250 keVIIBMCHENE, WIRAEILRE B ILANT, A8 v DLEIfr s R SRHXM T
MX 3 RICS 5BMCHLHY,

REIE A A, BMCIE 2 i XspeeH IR comptbftiiR, & T R 76 T HIBMC 5 TCRL
o MRAEFAIMEE R, BMCHE AT DR i 0 A X DU BRI RE 1, (XS S5 R
R 2. BPUEE AT DS B LAAR S, W8 EEE TS (BMCHTCHRCE
Z D FET, CHFIRE) WITE, X & Suzaku s F 08 X 5 26 ok B S e Lk &
B XN TIXEAFPSE, HXMTIELS RWAFR . —MHh, LT BAK, Ak
L R

BATXE N EXFSHom LIRS, (HiFRBELER. INTEGRALAA
EtSuzaku ™ & I AERL, BT LLIA TARAE BHINTEGRAL I K R # S 5. N TH
B LA B ML, RATIBIZE S A A TP i e —iie, 2 WIS ]~ 10
Ms,

XFFINTEGRALPI# 8, HBMCHL G I A LA 2] — A2 /d.o. f. B B HEIF 1S
. KE145H TAXP 1RXS J1708-4000RewE, 7T PAE B~ 100 keVAL A HT; HAh
TR T

3 45

AXPs/SGRsR M B b 2 [P A R a0 FRATR Bl MRS X5 284 56 77 T o 3L A 1 — i)
R, PTG ANBUIE () BEE FE AT DLAR I s I BMCHL &, X8 B W AR A2 AE, &
Xof [\ AR ST K. T L AEHXMTRE =0 N, REREAR vl Ae tH BL#T . &
SKRHXMTHI A I B8 X 5 RICSHIBMCHL Y, 3t 11 A5 B AT BE A AXPs /SGRs ) 4
Jiio
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Figure 1: 1RXS J1708-40/6E1E, Suzaku, INTEGRALXE AHXM TR, 4 5 F B
o, 4, SRR,
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1 5=

HEJE R G IR AE X G NUE R G % i A7 78 o 3R K/, o i A 3 ]
o ARIIHE B W 2 3% (Low-frequency QPO, 100 Hz LR ) FIT 2% #E B A 2 %
(10> — 10* Hz) . T#F2% QPO — MR L, [alk& 200 — 400 Hz, 7£R&F &
PLYEAI 7 B XCRE A RE I 2], X P QPO I RER H T30 2 WA 2
¥z . ERFEXEF, 7 WARMAERE ARG 0% 9 X AR, 5 R8KF
SrHEIIRE Y (HBO)  IEH 7 XHERIEAE Y (NBO) FIRE R 4y > HE R WIRE
(FBO) o RBEZHMIES, vl AR, B M C & QPO. Casella 55 A1]
INNZ PR HBO. NBO #1 FBO 73 7% B R B IR R C 24, B AT A
M QPO. Z JEE) HBO FIRIFEZ RN C B QPO nf e MM AR A& dtahA ¢, W
Bl Lense-Thirring %43, Lense-Thirring 28 H0F M[2]:

GMa 8m*Iviv M VK v
= S =1321 - (5
T M 45(M@> (Tooorz) 3o0mz

Hrp, M ASEERE, o NASIE, =101 g cm? AW E, v, WA
K, v NIFEEEIR. XAEAERE T Atoll ¥ 4U 1728-34. 4U 06144091 Al KS
1731-260 [FEA QPO. {H2&, HIE R T HFENEN 11 HzB=Z Mkt 2 IGR
J17480-2446([3], AKX QPO 7 35-50 Hz 28], T#2ZH QPO 7 800-920 Hz <
I‘Eﬂ’ Eﬁqj%EiE/‘J}Iji;{&ﬁ%%’ I45/<M/M@) < 2, viT < 0.82 Hz, @@/J‘?Xﬂ_’u?)ﬂﬂﬁ
FHEAT QPO Hii%, iX%: Lense-Thirring SEaFE M K Tkl . AT 5 7 XTE
J1701-462 MHBOI S, UFHBOSHMIN 422 2 Lense-Thirring A7 [ 1
i, FEPHAHBOW REMIATIE .

) Hz, (1)

vyt =

2 A

1F 2006-2007 4E[8], RXTE T EX XTE J1701-462 i 7 866 XA, Mt K2
N 3 Ms. XTE J1701-462 fEHE K IEFEH, & 7 Cyglike Z ¥+ Sco-like Z I
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A1 Atoll YR B, XA2FH AT NI, ME— R — AN 2R IX =Fh S 2 3L 1
SRR B X R SR TR

AT Heasoft 6.12 #Ah4, M RXTE FEK PCU2 kvt 2 M EEE S,
B Aa 0t BETE 3 BN 6-9, 10-17, 18-23 I 24-43 (OB As 4k, WA HEZ%E N 168, I
R 5. FATE X Soft Color N10-17(~4.5-7.4 keV)REE 5 6-9 (~2.9-4.1 keV) fE
BRI HCR 2 e, Hard Color y 24-43 (~10.2-18.1 keV) fEIE 5 18-23 (~7.8-9.8 keV)
BEIE MR 2, N ~2.9-18.1 keV REEXITEIR . FATESFE T XTE J1701-
462 AbTE LK) Cyg-like FT Sco-like MBS FI%HE,  color-color diagram (CCD)
L 1,

Hard Color

05

12 16 18 22

2 14
Soft Color

Figure 1: Cyg-like 2541 Sco-like 2] CCD.
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462 F N BRI LR 2 A 1) 96 B2 59 &2 Lense-Thirring BRIl . 45
WK 2078, it XTE J1701-462 4T Cyg-like BrBUE A Sco-like BB, W ELF1E
FIHBOM FF AR R E IEA DS, 5 Lense-Thirring B84 (1) 7l 5 AN o
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Figure 2: Cyg-like &1 Sco-like #& N ELF42 SHBOR H O AZ I 8 A&,
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3 Wi

Lense-Thirring W FR 3% 1 2455 84 9% FH K i B b 7 B XUE A QPO LA A B3R
MER C B QPO. [H&Z, BB ICNRARE KN 2 FTHBO R H O AIR v B
B vocre BATA XTE J1701-462 [RERE S KB, ARSI N 2428 HBO IE
I, KR, XTE J1701-4621 HBO FHAZKH FWRARE R3], A vl gEF
TXUR S X AR, KR QPORIE AL HILE Yan [4) 5 AN LAEF A HE .

References

[1] P. Casella, T. Belloni and L. Stella, ApJ, 629,403 (2005)
[2] L. Stella, M. Vietri et al., ApJ,524, L63 (1999)
[3] D. Altamirano, et al., ApJ,759, L20 (2012)

[4] S.P. Yan, N. Wang, G.Q. Ding, and J.L. Qu, arXiv:1303.0085, (2013).

16



FAST Pulsar Symposium II (FPS2)
July 1-8, 2013, Yunnan Astronomical Observatory, Kunming - P. R. China
http://fps2013.csp.escience.cn/

kHz QPO models confront correlations between
kHz and LF QPOs in NS XBs

Li Zhibing

Xingiang Astronomical Observatory, Chinese Academy of Sciences, 150, Science
1-Street, Urumqi, Xingiang 830011, China

Email: 1lizhibing@xao.ac.cn

1 Observations

The kHz QPO was firstly detected in Sco X-1 by RXTE van der Klis et al. 1996.
Up to now, 34 NS LMXBs are reported to exhibit kHz QPOs. We have collected
all the available informations of the kHz QPOs of these sources from the published
papers. Among these sources, however, only 24 of the 34 sources have simultaneous
frequency measurements of the kHz and LF QPOs. For those 24 sources, the frequency
correlations between the kHz and LF QPOs are shown in Fig. 1.

——
3

1000

kHz QPO Frequency (Hz)
500
T

0o 20 20 60

LF QPO Frequency (Hz)
Figure 1: Frequency correlations between kHz and LF QPOs. The open squares and
circles stand for the lower and upper kHz QPOs, respectively. The red, blue and
light blue points denote the kHz and LF QPO correlations of atoll, Z and millisecond
plusar respectively. The green points represent the frequency correlations between
kHz QPOs and possible NBOs/FBOs.
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2 Theoretical Models

We use the following models to fit the data of Cyg X-2, GX 5-11, GX 1742 and GX
340+0.

2.1 General relativity precession model

In the general relativity precession model, the theoretical relations between the fre-
quencies of kHz and LF QPOs as follows (Stella & Vietri 1998):

~ 907 3¢—5/2m2/3 V2 5/31 1501 mus 2/3] 1
vy = 29736 m? P (L) P+ 01507 ({550 (1)

~ 5000°/2 N 1—019(1 — ¢! myi a5 9
g 50097572 ([T = 0.19(1 — 97 (B ] )

As shown by Equations 1 and 2, the correlations between kHz and LF QPOs in the
general relativity precession model depend on the two parameters, i.e., m and ¢.

2.2 Alfvén wave oscillation model

During the Alfvén wave oscillation model (Zhang 2004), the correlations between
frequencies of the kHz and LF QPOs are

~ 386473 (—2 )21 + 0.08A2/3¢ 1 (2 )2/ 3
_ 141 _ _ 1%}
~ 50003 (—-)[1 + 0.00A7 /By (—)1/3 4
where A = | /55, Equations 4 and 3 suggest that the correlations between kHz and
6

LF QPOs in the Alfvén wave oscillation model depend only on the two parameters,
ie., A and ¢.

3 Results

In the general relativity precession model, we fit the relation between vy; and vy with
Equation 1 and the best fit is given when m = 1.84 and ¢ = 2.30 with reduced y?
at 2.87 for 101 degrees of freedom. In this model, the lower and upper kHz QPOs
are produced at the same radius, hense the same value of ¢ is used to evaluate the
correlation between vy and v1. However, the best reduced x? is 3.63 for 68 degrees
of freedom when m = 12.39. On the other hand, if we simultaneously fix the m and
¢ at 1.84 and 2.30 respectively, the reduced x? is as high as 13.01 for 69 degrees
of freeedom. Fig. 2 shows the theoretical relations between 1 and v, with best
consistance with the observational correlations.
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Figure 2: Fitting results for the frequency correlations between the upper kHz and
LF QPOs (dotted lines) and between the lower kHz and LF QPOs (soild lines) with
both the general relativity precession model and Alfvén oscillation wave model.

In the Alfvén wave oscillation model, the best fit to the observational frequency
correlation between 15 and 1y with Equation 3 is given at A = 1.39 and ¢ = 1.61
with reduced x? at 3.63 for 101 degrees of freedom. Nevertheless, the fitting proce-
dure doesn’t find any mimumn reduced y? value when using Equation 4 to fit the
correlation between 7 and vy;. Therefore, we fix A at 1.39 during fitting vy versus v
relation. It gives the best consistency with the observational results when ¢ = 2.22
with reduced 2 of 5.60 for 68 degrees of freedom. The fitting results are also shown
in Fig. 2.

In summary, although the correlations can be fitted by both models, they give
non-self-consistent results. This implies that at less one of both the kHz and LF
QPOs is not produced by either the the general relativity precession model or Alfvén
wave oscillation model. As a result, there is also another possibility: if the kHz QPOs
are produced by the Alfvén wave oscillation model but the LF QPOs are not, this
model of course cann’t explain the frequency correlations between the kHz and LF
QPOs. The same possibility is exsit for the general relativity precession model.
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1 Introduction

We investigate the energy dependence of the centroid frequency of low frequency
quasi-periodic oscillation (LF QPO) of black hole (BH) H1743-322 and neutron s-
tar (NS) Cyg X-2 by using the observational data of Rossi X-ray Timing Explorer
(RXTE). We find that the LF QPO frequency positively correlates with the photon
energy in H1743-322 (see the left panel of Fig. 1, while inversely correlates with
photon energy in Cyg X-2 (see the right panel of Fig. 1).
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55

Figure 1: Energy dependence of QPO frequency. Left panel shows an example of
H1743-322 while the right shows an example of Cyg X-2.

2 Interpretation

This difference suggests that the different types of QPO frequency versus photon
energy relation in BH and NS may be due to the extra radiation from the NS surface,
which leading to the corona temperature increasing with radius and hence an negative
correlation between QPO frequency and photon energy.
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1 55 Bahfitaehkeh 2

fikb B i T A AR T N ORI WEFT, B R AR AL — B — AN R AR L
e Rl — SRR ILR (WGiant Flares) B2 NKIE,

g e s eRedR Ot 1 — kb B AR I fa B R, DO RKh 2 — iR
HISRER, [N B A SR, HeiAhJr S B2 el WA — e (Ruderman
& Sutherland 1975). ARl Bkt 200 B ¥, 3 H B ¥R 7 8 AL AR R
Ute TMCPAT HERIEL > BB S T B, I8 I AR A kg R T A i
Y, It HAGIHAT BT R e H™ A 1 fL 37 B8 58 R SRR BN i 7 A 1Y
B, W Npas. AT 7AW B po s B X8, PR R (EZGR T
Ik SR AR L, Wi A RR S (FREDREST. MhRR N SE) o AT ORI — &6
T RE I R T R Eh R R R AN IR O TR, IR TR R I, A
A “HEBOR” o ERAEREF, SLhr BRI T kb 2 1 F sh e/ iR

HIfEE

2 IS

WSk B A R L R R AR (L 2 BRI BRI B HiRE) , A
PR AE— E R LI S kb B B AR A . IRGISREF, BB AN
Pk fER, ek B AR A A R i . R T e ahitge pe,, i
2 BRI  R pe s (Zanotti et al. 2012)

_ 1 1 Bee™'1 f(n)
PGlose = e Rt ©2(n) N f(1)

B QA S5 R AT Lkt BRI RE AR S B LR SR, JFHIXE O
el SCHXB RN B EAEN . BB, HX R A 5 53R A 1 1 A
L, mPRp s R (EEE IR 1) FEARAE I (8] Y S il m A e 1, Rl
TS TR AT RIBE R TE . TRV E SR 7 A 1 372 SR 1Y (3R = a7
. CAMTERY], RGERERRYRES B AR R e L, HE

DU+ 1) Y. (1)
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FAAE, ke 2 s S L RE

3 ngHRH

Jik o B AR B ) e B ORIR — B2 — MBEER R, IR IKE AN S 3K S AT H]
— R, AT DAE A keh 2 P AR SR S — R AL, T REE AR L RIRE T 51 4
BRI . FRBEARPIIRG AT se kAT 2 RE, ] 5 R B R Glitch H e 4%
KIN% ., BARSFEEE fFi—P 5.
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1 515 — B2 X b 1 bt B ikt 22

XS R R (AXPs) [ —Fhfi R Rt 23w, RUCHENTR — A4 A
BHA KR, S BRI AIXS A E . 7 — PR R B T A A
Ae, BN EATR S B Bk 2, WA RVE R RS AtEEE .  WHRAXPssE
WA, 5@ d ket Bt A ABR, RIS WBMLEER, Biv iz 5 E
Sk 2 — R _

SR KR R J1734-33337E P — P _E WAL B AL T35 @ 5 H K o E A AXPs 2 6],
I HL3E i 13 54 FF 4 10 WA I &% e 1E 5 S AXPsT £ i X AL (RIS i S =
0.9 + 0.2 (Espinoza et al. 2011)) . &M CAIRIEW, —PIER Bk B A 0] 58
EAEREAL TSR], R bk h B T B FRATTR FNA R R . — AP AR E e —
TELEMOREAR, BIOA N0 i B2 AE WIRE AR IR 3%y v R A [l V&4 Jo LA T ikak 22 N K
MG XSRSk, W7 am AR WE oR, M 28 H W 2 A Ty H . X
FRERE SR _F RN SR E PR T — Bk, EST P R AR TR, R
AA, WISRAEI1734-3333 1) Ji Bl A-AE — N BIV& 5%, Bl P& A 10 1 B /E F v LULAS 75
‘B I AXPs ) 7 A1k .

2 [BIZEALHIZ: S E bk b 2 B A

I SRR A B, BRIk R R R EAR R, R A AN BTSN
Mz % JIAE RN 2K B AR SR R s . DL KR AR A A AT %
Fo ERATHIBAA, R TS K B AT, R AR AR BE I 18] 16 SO ik
(M o t=*) o £ EINEY)FRIZh RS NI e E I 5e 4 5, BATRM T
—ASETRB IR B 05, B

Q X
ARE N 0

HAPBIEFET0 < x < 1. BIEM RSO I My > 1 )R o B 255 —
B, AR LKL, VRIS EE WLiu et al. (2012). FATZEIK Ty = 1/2f0y =

N = 2MR% Qi (Ry){1 — |
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A8, AT DA B R SR, FEAEACH IR g~ 101 g/s, WRARW) T 2 AR
FETH P A F X S 2R ' IE 47 A B R Y AX PG

3 a4

(7] 9 45 0 Rk e L 7 A — AN EANRI Bh 0, A Bkt B ke P — PERILEA T
7] 55 IS, 243 5 mT DA Bk 2 W AR B 2R T AR, ST DL E AR PR AR B A
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Abstract

At present in our country 25m, 40m and 65m radio telescopes can be used to
observe pulsars. FAST can observe after 2016. How can we use these telescope
better. Here we suggest a way to check the telescopes and pulsar radiation
models at the same time, that is a pulsar average pulse profile observing.

1 Introduction

FAST will play a very important role in pulsar research. Which will find more pulsars,
may be find a sub-millisecond pulsar sa well as a pulsar- black hole binary. Beside
these, it will play a very important role in finding radiation locations & acceleration
locations of pulsars, to take check for radiation mechanisms observationally.

Pulsars have been found more than 40 years. Observations from radio to gamma-
rays present abundant information. However, the radiation mechanism is still an open
question. “Observed” radiation locations and its related properties are a key point to
distinguish the acceleration and radiation models. 25m, 40m & 65m telescopes, espe-
cially the FAST could present a chance for us to do that. One can take Gauss fitting
for the multi-frequencies observation light curves, then find the radiation locations as
well as radiation locations change with frequencies. In this way, can find which model
is better and which one is’'nt. So from this fitting we can obtain valuable information
of radiation locations.
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2 An example

Our suggestion as it was done for PSR B2111+46 by Zhang et al.(2007). First of
all Component-separation by Gaussian fitting to pulse profiles of PSR B2111+4-46 at
several frequencies. An example is showing in Fig.1. Then to take three-dimensional
calculations of the pulsar emission height. The observed points get from Gaussian
fitting and calculated points of the pulsar emission height are showing Fiq.2. This is
a very important way to check the radiation models.
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Figure 1: Component-separation by Gaussian fitting to profiles of PSR B2111+46.
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3 Conclusion and discussion

Here it is focus that: 1. How to check the telescopes at the beginning; 2. What
kid of observations is simple; 3. The simple observations are meaningful and can be
published?
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Table 1: FA3 &5 & A KHz QPOMKINS-LMXBIE
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1 Introduction

Magnetars are a special class of neutron stars with an ultra-strong surface magnetic
field of higher than ~ 4.4 x 10 G. Anomalous X-ray pulsars (AXPs) and soft gamma-
ray repeaters (SGRs) emitting X-rays with luminosities much higher than their spin-
down power involve the idea proposal of magnetars (Thompson & Duncan 1996). No
companions and obvious accreting features are discovered in the systems of AXPs and
SGRs, which leads to the support of the magnetar assumption. So that AXPs and
SGRs are suggested to be the isolated magnetars, and X-ray emissions come from
the magnetic field activities or decay of the strong magnetic field. Recently some
superslow pulsation X-ray pulsars are discovered in some high mass X-ray binaries
(HMXBs). These neutron star systems are difficultly produced in present standard
evolution scenario of close neutron star binaries except that we assume the neutron
stars in binaries have a strong magnetic field, e.g., higher than ~ 10 G. Thus
we define these superslow pulsation X-ray pulsars as accreting magnetars. In this
paper, we will mainly review the hard X-ray observational results and progress on
both isolated and accreting magnetars. The hard X-ray observations will help us to
understand the radiation mechanism of magnetars, formation scenario and evolution
of magnetar systems.

2 Hard X-ray Characteristics of Isolated Magne-
tars

Isolated magnetars generally have the following observed features: spin period in the

range of 2-12 seconds; young characteristic age (10-100 kyr); some AXPs and SGRs
are associated with supernova remnants; an inferred dipole magnetic field of 10*4—10'°
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G; persistent X-ray luminosity (0.1-10 keV) in the range of 10** — 10%%erg s™! which
is higher than their spin-down power; in the soft X-ray band of 0.1 — 10 keV, they
have very soft spectra, a thermal spectrum of kT ~ 0.35 — 0.6 keV, or the power-law
photon index I' ~ 2 — 4; while in the hard X-ray band above 10 keV, a very hard
spectrum of power-law photon index I' ~ 0.5 — 1 is discovered; the absence of massive
companion stars.

The non-thermal emission properties above 10 keV for AXPs and SGRs are still
not quite well understood. The spectra of a power-law photon index I' ~ 0.5 — 1
are reported by RXTE/PCA (Kuiper et al. 2006) and Swift/BAT (Wang 2008).
However, we do not know if the power-law hard spectra will extend to above 1 MeV
or have a high energy cutoff around several hundred keV. The Swfit/BAT data on 1E
1841-045 and 4U 01424614 suggested a possible high energy cutoff around 100 keV
(Wang 2008). This issue still needs high sensitivity observations.

INTEGRAL/IBIS is a high-sensitivity soft gamma-ray imager which has a 12’
(FWHM) angular resolution and arcmin source location accuracy in the energy band
of 15 — 200 keV. Using the long-term observations from 2003 — 2011 by IBIS, we
obtained the hard X-ray spectrum from 18 — 500 keV of 4U 0142+614 which is the
brightest one of all AXP sources in X-ray band. In Fig 1, we presented the hard
X-ray spectrum of 4U 01424614 fitted with a power-law model plus a high energy
cutoff. The derived power-law photon index is I' ~ 0.45 + 0.22, the cutoff energy
E o ~ 115.64+17.5 keV. The flux from 18 — 100 keV is determined to be ~ 1.2x10~1°
erg cm ™2 s71, corresponding to a hard X-ray luminosity of ~ 10%% erg s~! assuming a
distance of 3 kpc.
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Figure 1: The hard X-ray spectrum of 4U 01424614 from 18 — 500 keV obtained by
INTEGRAL/IBIS. The spectrum shows a high energy cutoff around 100 keV.
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3 Characteristics of Accreting Magnetars

High mass neutron star X-ray binaries generally are divided into two classes: Be/X-
ray pulsars, the transient X-ray sources with main-sequence star companions; super-
giant binaries, persistent X-ray emitters with supergiant star companions. The spin
period of neutron stars in these sources generally distributes from 0.1 — 1000 s. Recent-
ly, some superslow pulsation X-ray pulsars are discovered in HMXBs with hard X-ray
surveys. In Fig 2, the Corbet diagram for high mass X-ray binaries shows four super-
slow pulsation X-ray pulsars: 4U 2206454 with Py, ~ 5560s (Wang 2009, 2010) and
an orbital period of 19.12 days (Wang 2009); 2S 0114465 with Py, ~ 9600s (Wang
2011) and an orbital period of 11.59 days (Crampton et al. 1985); IGR J16418-4532
with Pyin ~ 1246s and Py, ~ 3.7 days (Walter et al. 2006); and SXP 1062 with
Pypin ~ 1062 and P, ~ 300 days (Haberl et al. 2012).
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Figure 2: The spin period - orbital period diagram for the accreting X-ray pulsars in
high mass X-ray binaries. Four superslow pulsation X-ray pulsars with Py, > 1000
s is noted as stars.

In addition, long-term X-ray monitoring observations on these sources discover
that they undergo fast spin-up/spin-down trends. In Fig 3, the spin period evolution
of three superslow pulsation X-ray pulsars is displayed. 2S 0114465 is a persistent
X-ray source with a possible supergiant companion. It undergoes a long-term spin-
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up trend in the last twenty years, and the present spin-up rate is determined to be
~ 1075 s =1, And its spin-up trend seems accelerating in last 20 years. 4U 2206+54 as
a peculiar X-ray binary, shows persistent X-ray emissions with a main sequence star
companion. The neutron star continuously spins down in the last ten years with a
mean spin-down rate of 4.9 x 1077 s s~! by different measurements (Wang 2010, 2013;
Finger et al. 2010; Reig et al. 2012). SXP 1062 located in the Small Magellanic Cloud
is associated with a supernova remnant (age of (2—4) x 10* yr). It belongs to a Be/X-
ray pulsar which shows transient outbursts. During an outburst in 2010, it showed a
large spin-down rate of 3 x 107% s s™! (Haberl et al. 2012). In 2012, another outburst
was detected (Sturm et al. 2013), and from 2010 — 2012, the average spin-down rate
of ~ 107" s ~! was found.

Why special for superslow pulsation X-ray pulsars?

The spin period evolution of the new-born neutron star generally undergoes three
states (Bhattacharya & van den Heuvel 1991): an ejector state in which neutron star
spins down through the conventional spin-powered pulsar energy-loss mechanisms; a
propeller state in which spin period decreases by means of interaction between the
neutron star magnetosphere and stellar wind of the companion; and an accretor state
in which the spin period of neutron star reaches a critical value, and the neutron star
begins to accrete materials on to the surface, then switches on as the X-ray pulsar.
The critical period is defined by equating the corotational radius of the neutron star
to the magnetospheric radius, which induces the longest period of several hundred
seconds but less than ~ 1000 s for the neutron star of magnetic field B < B, =
4.4 x 10'3 G. Then what physical channels produce the superlong spin period higher
than 1000s?

Li & van den Heuvel (1999) have suggested that neutron star spins down to the
spin period range longer than 1000 s if the neutron star was born as a magnetar with
an initial magnetic field > 10 G. This ultra-strong magnetic field could decay to
the normal value ranges of 1012 — 10'3 G within a few million years.

The alternative suggestion proposed by Ikhsanov (2007) shows that an additional
evolution phase subsonic propeller state between the transition from known supersonic
propeller state to accretor state could allow the spin period increases up to several
thousand seconds without the assumption of magnetars, which is the so-called break
period given by:

M —4/21 Bsurf ]16/21 [ M

B, ~ 2000— 5
b [().zchr 10%5gs—1

—5/7 1
LAM, |7, (1)

where Bgyr is the surface magnetic field of the neutron star. However, if the above for-
mula is applied to the case of 4U 2206+54/2S 0114465, one find the surface magnetic
field higher than 10 G.

The fast spin-down rate is discovered in two superslow pulsation X-ray pulsars 4U
2206454 and SXP 1062. According to the standard evolutionary scenario, the max-
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imum spin-down rate in the accretor stage is P ~ 2rB?R%s/(GMTI), which implies
B > 10 G for 4U 2206+54 and SXP 1062.

Recently, a new theory of quasi-spherical accretion for X-ray pulsars is developed
(Shakura et al. 2012), the magnetic field in wind-fed neutron star systems is given by

Bia ~ NGV (00 e )
Porb300
This also gives the ultrastrong magnetic field of > 10* G.

Thus a magnetar is required in these X-ray binaries in present accreting and binary
evolution models. These superslow pulsation X-ray pulsars should belong to a new
class of compact objects — accreting magnetars.

Accreting magnetars may be located in the other new class of high mass X-ray
binaries — Supergiant fast X-ray transients (SFXTs). SFXTs have X-ray luminosity
above 10% erg s7! during the outbursts, and a quiescent luminosity of ~ 10%? erg
s7!. Some SFXTs have been identified as X-ray pulsars with spin period from tens of
seconds to one thousand seconds. The nature and physical mechanisms of SFXTs are
still debated. Some people think that the stellar wind is structured, and outbursts
are produced by the accretion of the very dense wind clumps (int Zand 2005, Walter
& Zurita 2007). The other possibility is that SFXTs have a magnetar with a slow
pulsation (> 1000 s) which induces the variability (Bozzo et al. 2008).

4 Discussion

The family of magnetars now has been divided into two classes: isolated magentars
and accreting magnetars. In Table 1, we summarized the main characteristics of both
isolated and accreting magnetars for the comparison.

An evolutional track for the accreting magnetars are suggested (see Fig 4). There
may exist the physical link among two slow-pulsation X-ray pulsars: 4U 2206454
and 2S 0114465 are the younger systems undergoing rapid spin period evolutions,
i.e., from the spin-down phase of 4U 2206+54 to the spin-up phase of 2S 0114+4-65. The
evolution channel from the 4U 2206+54-like system to the 2S 0114+65-like system
could be supported by the their companion types: according to the evolutional tracks
of massive stars (Meynet et al. 1994), the possible progenitor of a Bl supergiant
in 2S5 0114465 is an 09.5 V star consistent with the main-sequence star type in 4U
2206+4-54. The SFXTs may be the product of 25 0114+65-like sources which evolves
to the equilibrium period less than ~ 1000 s through spin-up processes.

I am grateful to Prof. R. X. Xu for the invitation to give a presentation on magne-
tars in this conferences. This work is mainly based on observations of INTEGRAL, an
ESA project with instrument and science data center funded by ESA member states
and supported by the National Natural Science Foundation of China (No. 11073030).
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Figure 3: The spin period evolution of three superslow pulsation X-ray pulsars. Top
Long-term spin-up trend of 2S 0114+65; Middel long-term spin-down trend of 4U
2206+54; Bottom spin-down trend of SXP 1062.
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Isolated magnetars

Accreting magnetars

Spin period (s) 2-12 > 1000

Spin period

derivative (s/s) 10712 — 10719 1077 —10"°
Characteristic

age (yr) 10 — 109 10% — 106
X-ray < 10 keV: thermal Power-law plus
spectral kKT ~ 0.1 —1 keV a high energy cutoff
properties > 10 keV: non-thermal '~15-25

with ' ~ 0.5 - 1.5
Cutoff energy ~ 100 keV

Cutoff energy ~ 30 — 100 keV

X-ray luminosity
(1-100 keV)

Quiescence: 10%° — 10%° erg s=*
Bursts: > 10% erg s7*

1034 — 107 erg 57!

Energy power

Magnetic field decay/activity

Wind-fed direct accretion

Table 1: The comparison between isolated magnetars and accreting magnetars.
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Figure 4: The imaginary picture of evolutional scenario of accreting magnetars. This
cartoon picture shows the spin period evolution history of two superslow pulsation
neutron stars in high mass X-ray binaries 4U 2206+54 and 2S 0114+65. 4U 2206+54
undergoes a spin-down process with a rate of ~ 5 x 1077 s s7!, which will make the
spin period of 4U 2206+54 longer than 10000 s within 300 years if the rate is stable
in next a few hundred years. While, 2S 0114465 undergoes a fast spin-up process
in the last twenty years with spin period variations from ~ 10000 s to present 9500
s. It is possible that there exists a candidate neutron star binary with a spin period
much longer than 10000 s which may be the product of long-term spin down of the
4U 22064-54-like neutron star and would undergo the spin-up transition to form the
2S 0114+4-65-like source. This class of accreting magnetars would evolve into the next
equilibrium spin period stage as the detected SFXTs.
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YU FEE TN, ik /2 Heisenberg K R Al T K % 55 REIL A2 f] B %5 Se Fermi’
KB 45 B FermiBEHS e~ 400MeV, 25 KT 8% 50 Z 8 & 22 (my, ~ mg ~
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1 5=

Jok b B2 DR B B A T T B RS S A 4 . R AN R 36 SR 3
ok 5| 7% Wi 2 A N B I s ) SR B =, i HoA 2RI 51 vk PR A R A
JR A EARENL, 2], 4R 2 AUkt 2 R A S i BL R R A, 0k B B A ik
TR ULII I 7T B . A 65K B e B B O TR 4 DU AN AT i B
(L. S. Cv XD MM, £ 1528 T _EHF65 K5 i B 4 DL A% [E bR b 34T ik o
SN 7T ) R SR KR S B R R, P Freq- RN %, RAER0 =
HESEFD = 2kpTyye/Acr FEALIYHINGHZ Ay, W oAl Wiz m stk fefi =, St
HAECH B kb oK 2 Lilges K B EER #Hirz —. ACHEANY L
VRE6D K S i B iz e ik v A 00 1 400 DA R U A Ak e 2 O T

GBTI3] Effelsberg [4] Parkes][5] Lovell[4] SH65m

L Freq-R  1.15-1.73 1.27-1.45,1.59-1.73  1.2-1.8  1.25-1.50, 1.55-1.73 1.25-1.75
SEFD 10 20,19 31 36,65 31

g Freq-R  1.73-2.6 2.20-2.30 2.2-25 - 2.2-24
SEFD 12 300 25 - >31

C Freg-R  3.95-5.85 9.75-6.75 4.5-5.1 6.0-7.0 4.0-8.0
SEFD 10 25 61 80 28

X Freq-R  8.00-10.1 7.9-9.0 8.1-8.7 - 8.2-9.0
SEFD 15 18 170 - >38

Table 1: [ pr_bZEAT kot S LI 7 [R] 2R 7Y SR 6 P e 240

2 65K 5 H B B ik o 22 O ) & B

20131 H, 65K iR Bt AT 1 kb B W o UM ¢ s A ik o R BT AL
JEPWFES(PDEB), W3 BOASHAIX,  WLIAS 58 43 ) N ~150 MHzF1~350MHz. A
PR EEL T % 2Bk 23T 2R EIUR/R T 1% Bkrh 2 J20224-2854, =
ok £ J2145-0750 (P=16 ms) , &Nkt £J0248+6021 (DM=370 cm >pc)
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Re-processing the Parkes Multi-beam Pulsar Survey (hereafter PM) data at the
NAOC FAST project group was started in March 2013. The goal of this work is to
study the pipelines on searching for isolated pulsars, pulsars in binary systems and
single-pulse /radio-burst events with developing relevant routines for various pulsar-
related researches; these appear to be a preparation for the future FAST pulsar survey
programme. The available PM survey data set comprises 50,399 PSRFITS data files
(100MB per file). Fig. 1 shows the positions (in J2000 Geocentric Coordinate System )
of all the pointings covered by the PM survey. Up-till-now, more than 26,070 (~52%
of the total) data files have been processed and 20,125 candidates from 1,282 data
files (~2.5%) have been reviewed. Among the reviewed candidates, we confirm the
detection of six known pulsars.

We used the searching software package PRESTO! to process the data. The whole
routine is running on a computing cluster that includes five nodes with containing 64
CPU cores. The current pipeline aims at searching for isolated pulsars with analysing
their single pulses; it includes (routines used are indicated in parentheses):

e RFI removal (rfifind)

“Tree” algorithm de-dispersion (prepsubband)

FFT and periodicity search (realfft and accelsearch)

Folding for obtaining the candidates (prepfold)

PICS (Pulsar Image-based Classification System) candidate ranking[1]
e Search for pulsar single pulses (single pulse_search.py)

The current pipeline did not include any binary searching routine. Searching for
binaries will be carried out in the next step. As an example, in Fig. 2, we show the
diagnostic plot for the detection of PSR J1141—-6545. Table 1 summarises the pulsar
parameters of the detected six pulsars.
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Figure 1: Positions (J2000) of all the pointings covered by the PM survey. The blue
points indicate the data that have been processed, while the yellow points indicate
the data from which the candidates have been reviewed.
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Figure 2: Diagnostic plot for the detection of pulsar J1141—6545.

52



Table 1:

Positions, periods and DMs of the detected six known pulsars.

PSRJ  R.A. (J2000) Dec. (J2000) p Epoch DM
(h:m:s) " (s) (MJD)  (em™3pc)

J0437—4715 04:37:15.6967 —47:15:08.0520 5.7578609(14) 51561.4 2.562
J1141-6545 11:41:26.6620 —65:45:46.0270 393.983(6) 51582.7 116.988
J1359—6038 13:59:59.8303 —60:38:06.9750 127.5040(4) 51692.4 294.188
J1435—5954  14:35:00.3050 —59:54:48.0000 473.02(9) 51635.5  45.402
J1701-3726 17:00:53.4554 —37:33:16.3680 2452.689(5) 51718.6 308.434
J1933+1304 19:33:03.9458 +13:08:34.0680 928.271(4) 51693.8 169.625

MY thanks Dr. R. N. Manchester and Dr. G. Hobbs for their approval and great
efforts for copying the whole data set of the PM survey. MY also thanks the kind
help from many colleagues, including Dr. Di Li, Dr. Youling Yue, Dr. Xinping Deng
and Mr. Jiguang Lu.

References

[1] Zhu W. W. et al., 2013, arXiv:1309.0776

Thttp://www.cv.nrao.edu/ sransom/presto/

23



FAST Pulsar Symposium II (FPS2)
July 1-8, 2013, Yunnan Astronomical Observatory, Kunming - P. R. China
http://fps2013.csp.escience.cn/

Magnetar Giant Flares and Precursors

Cong Yu

Yunnan Observatories
Chinese Academy of Sciences
Yunnan 650011

P. R. China

Email: cyu@ynao.ac.cn

1 Introduction

Two closely related types of high-energy sources — Anomalous X-ray Pulsars (AXPs)
and Soft Gamma-ray Repeaters (SGRs), are well explained as magnetars, neutron
stars with super-strong (10 — 10'G) magnetic fields. It is commonly accepted that
dissipation of the magnetic fields drives persistent and bursting emission [1].

Precursors to giant flares have been identified. For instance, the 2004 giant flare
was proceeded by a 1 second long energetic outburst event. The energy from the
precursor is estimated to be about 1042743 ergs. After the precursor, the magnetar
entered a temporary quiescent state and stayed in the quiescent state for about 140
seconds. Then it finally gave rise to the more violent flare. It is inferred that the
precursor and the giant flare are causally related. This precursor is hard to explain
by our previous model, since the catastrophic state transition could take place only
once due to the single critical point appearing in the equilibrium curve. Additional
physical elements should be included [2].

It is conceivable that, once the flux rope loses its equilibrium, a current sheet can
be generated in the magnetosphere. This type of current sheet provides an ideal place
for magnetic reconnection.

2 Magnetosphere with current sheets and flux rope

We show the schematic diagram of our model in the left panel of Fig. 1. The toroidal
force-free magnetic flux rope, shown by a thick dashed circle, is suspended by force
balance in the magnetosphere at the height, A, measured from the neutron star center.
In the interior of the helically twisted flux rope, the Lundquist solution is used. A
simple relation between ro (minor radius of the rope) and I (current carried by the
rope), i.e., ro = (roolo)/I = reo/J, is valid for such flux ropes. The quantity I, is
related to the magnetar radius ry and a constant ¥y (with magnetic flux dimension)
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by Iy = (¥oc)/rs. Here ¢ stands for the speed of light. The dimensionless current
J = 1/ is the current measured in unit of /5. The parameter roy is fixed as 0.01,
which is the value of ry for J = 1. For convenience of numerical calculations, lengths
are measured in rg, magnetar radius. Currents are measured in Iy and the magnetic
fluxes in V.

Magnetar

Figure 1: Magnetosphere containing a twisted flux rope and a current sheet. Left:
The radius of magnetar is denoted by r,. The current sheet is designated as the thick
horizontal line at the equator, the height of which is denoted by r;. The twisted
flux rope is designated as thick dashed circle at the equator, the height of which is
denoted by h. The computation domain is divided into three regions. Solutions in
different regions are obtained separately and finally melted together to form a global
solution. Right: The magnetic field lines (thin solid line) and the current sheet (thick
solid line) are shown.

In our model, the twisted flux rope would lose its equilibrium due to the quasi-
static evolutions at the surface and finally erupt abruptly. We find that there may
exist two critical points in the flux rope equilibrium curve when current sheets are tak-
en into account. According to this new feature, the precursor and the giant flares can
be naturally explained as two stages in the evolution of our models. The dynamical
state transitions around the two critical points correspond to the precursor and the
giant flares, respectively. The stable branch between the two transitions represents
the quiescent state between the precursor and the giant flare.
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3 Conclusion

We focus on the possibility of magnetospheric origin for the precursors and the suc-
cessive giant flares. We put forward a force-free magnetosphere model containing a
helical flux rope and a current sheet below the flux rope. The catastrophic response
of the flux rope is examined in detail, taking into account the gradual process of flux
injections at the ultra-strongly magnetized neutron star surface. The detailed ener-
getics of the model are also discussed. The magnetic energy release fraction in the
first jump is consistent with the precursor energy budget. The energy release frac-
tion in the second jump, which corresponds to the giant flare is lower than the value
inferred from observations. This shows that additional energy release is necessary to
account for the giant flare. The current sheet generated by the catastrophic loss of
equilibrium behavior of the flux rope also provides an ideal place for magnetic re-
connection, which can further enhance the energy release during the eruptions. How
magnetic reconnection affects the energy release needs further investigations.
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MEZEES T L25 K BEEENRBE (05 mJy) o FAVEHEE 25K
FH, B 78 50 % BT R B R A kb A 3 OO o O A A R S 1540 MHz, Y 55320
MHz. 2 36% 2@ EH 7K 244 (Digital Filter Bank) RidgH#iE 5. &
TR WL B K12 — 16 208t BUE AL FE SR T AR I B IA I IR B AL BT, R
Y5 AL H B A F) PSRCHIVE A1 TEMPO2.

FAG1 FIH T Uk 2RI R (FRATRE T HEENZE) . PSR
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FE6.7x10% erg s71, FFALAERSFE4.37x100 4, MM ZES.87x10 M. 7 LLE
HPSR J1844+00 & — e R Edm ket 2, BaEM 2R 4k,
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Table 1: kit 2B RS H. B FRK RN AT, B =M IL25KH A
SRR 1) BN B AR A A . S FLA R B R 1) T o A A
FZ, A Mg TOAR NSO BITA S A 2% .

Name v v Epoch Data span Number of Residual
PSR J (Hz) (10715 s72)  (MJD) (MJD) TOAs (us)
062740649  2.885812601174(9) —14.087(3) 56415 56294 — 56536 8 26
062740706 2.1013619189117(12) —131.59(6) 56404 56294 — 56515 6 382
064640905  1.106300834925(15) —1.112(17) 56384 56294 — 56474 8 190
1730—2304 123.11028902078(11) —0.09(2) 56343 56151 — 56536 17 14
1828—0611  3.711742299165(20) —20.069(6) 56199 55862 — 56536 16 348
1831-0823  1.633631675364(6) —0.84158(17) 56294 56053 — 56536 11 82
1843—0000 1.135933215133(16) —10.083(4) 56318 56101 — 56536 11 268
1844400 2.171534216035(18) —7.8667(16) 56051 55586 — 56516 44 622
202744557  0.909379097406(7) —0.2558(8) 56189 55863 — 56516 35 322

3 Wie
Fik v 2 EL AT i T S 56 S AN RE BIA O A m A BEEA B, ko B BRI AR R E M (HR A
HIBRAR) B2 T 2N EUE BRI EAR G &, R, XA A TRE
IR 7C A5 B T FRATTER A o 7 L 0 PN SR 2 A R [ v A o ko 2 ) B R AR W] R 2 i
R BRI E B 45 G X PR B 2 AT B8 5 X 2R A0 fin 34 ) 28 4
WA R, 10D o AR R T B K AR (Lhinfha kAR 5l
(17, IR 51 1361 T 2 9B B S i (R BRAEE ORI, 75 2 0Tl o A PR I 2]
JE BRBRAR 2 A (PR 8], 3% 3R A 30 3 R P 2810 B ] O ﬁﬂ WF 7T Bk TR A
f B4 CELAIMAGIC) #RIF i kb 2 1 s B sm A, 75 B 5 i B Oz B B (LA v
IRk R B S50

BRI LR R G H AR b 2 T g iiE (RRAT) . (A&
Fik b B RN B R, SR T BRATT A B . Bk ]I 7T SR B ARAT TR
A58 ke B TR, Lo an B B A B # R 0E S E Bk ok R 2 AT
A5kt BEA— 3R SIS AR A R RS, e R ERE R, )
Uiy 1 O B A — R ) R — R I (RN FE R R R ST o X e T4 B B R W8I0 AT
IS EATMEE RS, Tl B84 & R A2 2, 3R AT DL BE 4 fr A X L
ik IR, AT B T-IRATBARRRAT (7] B ik B DA % T 5 5 3 Jok e 22 1 6
Ao

B

AT AESZHE o &E SR R B iR (2012CB821800) F1 7 [E Al 22 “ pa 2
e H4 (XBBS201021) .
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1 5=

B R SO BT 9 B RBR [eg SR Gl 5515 5 T R AR, R A AR R AR AN i
$eTte BEHRICH) i R B TV E AR e, B HEA Y], 2T A%
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RS (FPGA) BORIIEED, SR AR 1054 7 il R, TR
Ji W1IZ 0 i R
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MFEEHCHE . M TAHEHEKRITRE, THE2E3NH NEHXER-F G IR
— B L

KA T A ROACHE FIR R MECEADC, N am R E40K S B BT 5
W B — Bkt Ry o . 2 sE L TRk A R IR, B0 AE R R AT

2 40K Him B kb B 1 R KX

1% 2 i S HIADCHIROACHEE A1 &, [A] I Bt DAx64 R 55 #% F T~ 32 il A £ s
B . ROACH 5 RS 28 K I 10GDEM 2474482, 488 10GbE [ 5 A4 B 4% vk &
AIEITAGB /5o SEBR B A7 it o 55 52 BT e 55 2 B A o UL [ 44 I T Parkes B2 18
3 ko B & i i Parspecl? o iZ[E M Ec W) TIBOBY- &, JE#iEFIRAOCHY 4.
BAM 7 — e S S T IRA Tk BRI A, FHIT R T i3 o e oW
TFTH o 1280 E B bR T
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1024M KFf /s, 8 bits, 512MHz 5 5%

1024 J@IE

2w

R I ) 7 e A0
g PSRFITS

WL FTi e = 2 #R ) B, BRSOy —AatiRiEdT. Rl
R S HPython Tk, TR g, Ay hCIF A .

3 BB R B H AR

201346 H IAE 2= B RS G 40K BIm Be g AT 1O, M2 7 B0329+5455 %
WUk, SRR, RIS T velabk b 2 B9 5 ko, 36 BH 28 H 4 =y i 1]
SrHEERMARE 7. BINE E RS — S TR T X b, M RStk fe T
HRMM 250 . R Z & n] F e B Rk ep. AN K. RRAT. B i &
(nulling) ZEMLIHTE. FEARR T —SW N E 58 )5 v F B BN S R R R, R
FOMMBAR LA . A 73X L ST BRI AN B A 2 56, IR # AFASTIK
R A3

A BT W SR S BRI L IR NS http://pulsar.bao.ac.cn/wiki/ .

B
ATH I RAERME R Z R G BRRLENIERKZER R I3

Fro TUH b o E AT 7R R ) (2012CB821800) A E X H 2R B 22 3k &
(11103045) FEHh.

225 3Rk
[1] https://casper.berkeley.edu/

[2] https://casper.berkeley.edu/wiki/Parspec

61



FAST Pulsar Symposium II (FPS2)
July 1-8, 2013, Yunnan Astronomical Observatory, Kunming - P. R. China
http://fps2013.csp.escience.cn/

fik i 22 TR AR o ) e BB T

JE R (Enping Zhou)
JEETK A PR e R R
i E JERT 100871

Email: =zhouenpingz715@sina.com

1 55 fket 2R A IERER

AL RE Bk B AR R S AR O B R T 2 B BR S, SR T 2 i Bt
REflkyh &, H AR T AR ARG 2 4h, 27 e I ] & A A0 58 1 Bk
AR o FEANE B Bkt AR R, 1 R AR B R S A o A E AR

RS, BRI TE)E Z A E S B, AT 2 5 ik v &
W SR AN RZ S A, MAE—EHI T, WINEESEEBR T FIRLn
ETHLAN. (pin) KRAEMEG, HRILE:, MNEEEIAINES “h” s st
2, FERERATE 20 AR AR I % .

MAEFESS BT, —RYCNEIHRB IR R ERE TEARKET 2
=, BAEARERNEMERE TSR GEERZB/N) , fFEAESFETE
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SRIMAE SRR 2, Mkoh 2 i KA SRR, fEBE S 168 &R U RR1E
M RARAMFE R, —F G VelalX FERI KR, BIREH KA KRR,
JE B R AR I 7E 25 AN 3 B S0 B s R H A E BRI B A R, A — R
G AXP /SGRIXFE IR R , 78 K AE F AR AR ) 5] I £ A3 A1 B 5 w5 Re O B A 3
I

Toe 2 WA B AR A, SR AR R i A5 R ko B A TR I &, e
IR BELE — MESL T R P PR BE BRI AN A B R BHER A I % . iR T 22
RN ES, Bl W /e [ A5 BN, R R R LA

2 RS RESERTMREBRZRR

BRI/ NENESS R, BT ST TRENSUPREAR, HitEEesc
AW EFFEWEAR, HEETUTFRN =005 8K, 2 EER o s — K
PR AN, 51 JJRRE G A T Zus, KRR AR 5%
TREFUMES, FRohiERENZRMAE N, WSS EAE N Hk
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VPR Y], AXP/SGRIEM A FBIH IR EETHE R, GRHPEAG D2
B mKAAR, AR B AR T, B E RS IR &)=
N AESE B T EAR BRI, EARREARIFAN AT BE 56 4 HE R i B AR 0 R4 AR
SEPREAL, ERXMEE T, REERH BT i ISR, SRR KE
IFpTERE. BEEANEELT, BB BRI, FaikRef BB ok S, 2 5
RN SRR, AR R AR, A BARRIEARAS N e 0TI — 200 i IR AR
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551 IR R kN B T () 22 BRIRGE I K. T4 K2 BAXP /SGR 1) B #IR
2 i B KT 3 R0 51 70~ 6 R 0. Tms, R R BER AR ik FE b, B B R A3
N5 51 JTRERIRETBUR ELJLF- 7T LA, SO IR IR AR, & KR RE R R
THRS IR A Lk, BEER 2 D BT IR AL IR R

RS R ARR S A B B Rie A k. RN, AN iR A 2
B, FOPHTALE R %o — A D s IS AREER . TR IR AR I R Y ) JE I ke B, T
VEEYINR AR =, ATBLUO AR, R R alRe B A I Rerh, HoP 4
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W1k, ZJa BARIIALE AN RE S A% I B SOy M Bk 2e t O R R A2 AR A, R K
THIE LA RIMR, SRR ERE. MR 2RI aie B AL, 2
RSEPRALIE 5 S S s A ER 25 tH AL i 2 B A8 K, M Re A R 21— e R JE
I, RESRAEBR, RSN, RAEMPRAERS . bTEERBERABA
WIHAZ, SITIREMBERUFAZ, M5 SRR T BRI, W LUE EATHE W
FERXR A WA I R e RE . 9] JIRER)D> E SRl eI I B 2 M iR &, it
SRR, BIAEXT T Velaik b 25 H R — SEBOR A JHERAE , ) DU LAV
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Scientific Program of FAST Pulsar Symposium 2

July 1-3, 2013, Kunming, China
(Language: English or Chinese; but the presentation should be written in English)

===== Monday, July 1 =====
8:30 -- 11:30 Registration (Dian Chi Hotel, Kunming)

Conference Opening

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

14:00 -- 14:10: Welcome addresses by Dr. Jiancheng Wang

14:10 -- 14:20: LOC message by Dr. Min Wang

14:20 -- 14:50 Fredrick Jenet: Pulsars, Radio Transients, the center for advanced radio
astronomy, and FAST

14:50 -- 15:20 Andrew Siemion: The CASPER approach to open-source radio astronomy
instrument design

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

Session 1: Pulsar observations |

Chair: Min Wang (20min = 15+5)

16:00 -- 16:20 Guojun Qiao: To test pulsar radiation models by Chinese telescopes

16:20 -- 16:40 Lin Li: Positions and proper motions for 20 pulsars

16:40 -- 17:00 Meng Yu: Re-processing for the archival Parkes survey data

17:00 -- 17:20 Youling Yue: A pulsar backend for YNAO telescope based on CASPER hardware
17:20 -- 17:40 Jintao Luo: Accelerate pulsar searching with GPU

18:00 -- 20:00 Banquet

Session 2: Pulsar observations 11

Chair: Hongguang Wang (20min = 15+5)

08:00 -- 08:20 Andrew Siemion: Exploring the Galactic center neutron star population

08:20 -- 08:40 Biping Gong: On the timing behavior of 4U 1627-67

08:40 -- 09:00 Zhigang Wen (J. Yuan): Detection of strong pulses from PSR J1239 at 1540 MHz
09:00 -- 09:20 Zhixuan Li: Coherent de-dispersion pulsar backend project at YNAO

09:20 -- 10:00 Coffee Break

Session 3: Pulsar astronomy and astrophysics |

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

10:00 -- 10:20 Hongguang Wang: New insight to the radio emission beam of pulsars

10:20 -- 10:40 Jianping Yuan: Pulse nulling of three pulsars

10:40 -- 11:00 Yuanjie Du: Multi-wavlength pulsed emission from millisecond pulsars

11:00 -- 11:20 Zhigiang Yan (B. Gong): Precession induced slow glitches on pulsar B1822—-09?
11:20 -- 11:40 Zhibing Li: Energy dependence of LF QPOs for BH H1743-322 and NS Cyg X-2



Session 4: Pulsar astronomy and astrophysics 11

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

14:00 -- 14:20 Zhaosheng Li: The accretion rate independence of horizontal branch oscillation
14:20 -- 14:40 Zhibing Li: Alfven wave model for correlations between kHz QPO and LF QPOs
14:40 -- 15:00 Guo-Jie Cao: The effect of differential rotation on the magnetic field

15:00 -- 15:20 Zhifu Gao: Constraining braking indexes of magnetars by supernova remnants

15:20 -- 16:00 Coffee Break

Session 5: Pulsar astronomy and astrophysics 111

Chair: Biping Gong (20min = 15+5)

16:00 -- 16:20 Weiwei Zhu: Testing gravity theories with high-precision pulsar timing

16:20 -- 16:40 Dehua Wang: The constrain of NS Mass-Radius by kHz QPOs

16:40 -- 17:00 Shi Dai: Pulsar mass measurements with gravitational microlensing

17:00 -- 17:20 Jiguang Lu: To differentiate neutron star models by X-ray polarimetry

17:20 -- 17:40 Liang Dong: Under sampling technology: a new design idea for radio terminals

Session 6: Magnetars

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

08:00 -- 08:20 Hao Tong: Low magnetic field magnetars

08:20 -- 08:40 Cong Yu: Magnetar giant flares and their precursors

08:40 -- 09:00 Yanjun Guo: X-ray spectra of magnetars

09:00 -- 09:20 Wei Wang: Understanding accreting and isolated magnetars in hard X-rays
09:20 -- 09:40 Xiongwei Liu: Braking pulsars by fossil disk: from radio pulsar to magnetar

09:40 -- 10:20 Coffee Break

Session 7: Free Discussions
Chair: Renxin Xu

10:20 --10:40 Zhen Yan: Pulsar Science with Shanghai 65m Radio Telescope
10:40 -- 12:00 Discussions: science, cooperation and others
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