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Magnetic field growth in PSR J1734—-3333

Zhifu Gao

Xingiang Astronomical Observatory, CAS, 150 Science 1-Street, Urumqi, Xinjiang,
China, 830011

Email: =zhifugao@xao.ac.cn

1 Introduction

PSR J1734—3333 is a high magnetic field pulsar with inferred dipole magnetic field
Bq =5.2x10" G , and the braking n = 0.9(2). Here we consider multipole magnetic
fields that were buried soon after birth and diffuse to the surface. We assume the
internal multipole magnetic fields B;, ~ 10*71¢ G, which are anchored in the inner
crust and extend to the core of the pulsar, and the surface dipole field By after NS
formation, but prior to mass accretion. Accretion then buries and compresses these
born multipole and dipole magnetic fields

2 Theoretical model

Here we assume that PSR J1734—3333 had magnetar-like internal magnetic fields at
the birth. These fields were constrained in the inner crust and the core after an early
episode of accretion and are slowly diffusing to the surface. We consider the evolu-
tion of the dipole magnetic field in the NS crust-core. Neglecting the hydrodynamic
motions, thermomagnetic effects, and anisotropy of the electrical conductivity, the
magnetic stream function S = S(r,t) follows
a8 2 (0*S OS ]
(87“2 r? ) ' (1)

At the surface (r = R), the standard boundary condition is imposed that the buried
fields merge continuously with an external vacuum field. This boundary condition
reads

oS

RS +5=0 (2)

for a dipole component. At the crust-core boundary, it is assumed that the magnetic
stream is conserved. In such cases, the surface field By is increasing with a power—law
form,

ot dmo \ 02 2

By(t) = Ba(0) x (fﬂ) : (3)

where € > 0 is the magnetic field index.



3 Numerical results

According to Blandford & Romani (1988), the braking law of the pulsar is reformu-

lated as
8m*ROsin*a

i 3
Integrating Eq.(4) gives the spin frequency,
t 872 RYsin’a '
2y +2/ S Byl (5)

where 14 is the initial spin frequency of the pulsar. Here and following, we adopt
a =90° and I = 10* g cm? for PSR J1734—3333. Then, we get the spin period,

1
1672 RS B2(0) (t/1yr)**! . yr] 2 .

| p2
P(t) = [PO * 31c3 2¢ +1

(6)

Then we can represent the characteristic age of the star as

-v P K L

= T = = = —5 < BQ t dt 7 7

w5 g gt .

Where K =[1 - (Py,/P)* . Since we have assumed By o< t°, then we obtain 7, ~
2€+1 -t, and the braking index n ~ 3 — 22;13

The initial spin period F, can be estimated by

1 3—n T
Py=P(1+ )" K= . 8
In the same way, the index ¢ is determined by
3—n
= ) 9
© T 2(n— 31 2K) )

Inserting the values of 7., n and By at the current age t,, = 20 — 23 kyrs (Gao et
al. 2017) into Egs.(8-9), we obtain Py = 65 — 62ms, B4(0) = (1.6 — 1.4) x 108G and
e~ (14-1.28).

Our results show that this pulsar will become a magnetar with the surface dipole
magnetic field By ~ 2.6(1) x 10 G, By ~ 5.3(2) x 10" G, By ~ 1.2(1) x 10'5 G, after
the next 50kyrs, 100 kys, and 200 kyrs, respectively. In addition, we show the long
term rotational evolution of the pulsar in Fig 1
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Figure 1: Long term rotational evolution of PSR J1734—3333.

4 Conclusions

In this work, we present a possible interpretation for very small braking index of
PSR J1734—3333, which challenges the current theories of braking mechanisms in
pulsars, and estimate some spin parameters. Keeping the current field-growth index,
the surface dipole field would reach magnetar-like strength in tens of millenniums,
which implies that this pulsar is a potential magnetar.

I am grateful to Prof. Ren-Xin Xu for arranging and conducting of FPS6 con-
ference. This work was supported by by National Basic Research Program of China
grants 973 Programs 2015CB&857100.
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1 Introduction

PSR J1705—1906, discovered in the second Molonglo pulsar survey in 1970s [1], is a
rotation-powered radio and 7-ray pulsar with a period of 0.299 s and period derivative
of 4.1 x 107*®ss~!. This pulsar has a characteristic age 7. ~ 1.16 x 10°yr, and it is
energetic with the spin-down energy loss rate of 6.11x10%3 ergs~!. Assuming magnetic
dipolar braking, PSR J1705—1906 has a dipole magnetic field By ~ 1.12 x 10*2 G.

2 Observations and data reduction

The timing irregularity of PSR J1705—1906 have been determined with fourteen year
pulse arrival time measurements using the Nanshan 25-m and the Parkes 64-m radio
telescopes. The timing model [2, 3] for barycentric pulse phase, ¢, as a function of
time ¢ is,

1 1
o(t) = ¢o +v(t —to) + 5’)(75 —1)* + 6’7(75 —to)°. (1)
A glitch will result in an additional pulse phase modeled by the equation:
1
g = AN+ Avy(t — t,) + iADp(t —tg)? + 1 — e T/ Ay, (2)
3 Results

Figure 1 and Figure 2 show that PSR J1705—1906 exhibited significant red timing
noise between MJD 51600 and MJD 55200, and it underwent two small glitches on
MJD 55199 and MJD 55953. In order to determine the “amount of timing noise”,
we calculate the Ag value, Ag = log(%t‘%). As this pulsar’s pre-glitch data-sets span
at least 10yr, we obtained the Ag value of —2.17(11), —2.65(22), —2.77(14) by fitting
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Figure 1: The timing residual of PSR J1705—1906 between MJD 51600 to MJD 55199.
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Figure 2: The variations of the spin-frequency residuals v shown two glitches occur
around MJD 55199 and MJD 55953

for v and ¥ in unique ~3yr segments. And, we use the Cholesky method [4] for the
analysis of correlated timing noise, which has a power-law spectra with spectral index
of ~ —3.4. The size of two glitches are Av/v ~ 2.9 x 1071 and Av/v ~ 2.7 x 10719,
these values are obtained by fitting for the glitch parameters using TEMPO2.
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800 MHz, LiE{1.4 GHzERSI EL2.4 GHz, FHEENLHIHATEATE R, Ritt+
S P DR S A s B TR R L

2 FRBIEE

ELERFPSS W EY, AT L@ MFRBE F 2 KRFHFATHR, B2kH
AN TE 2 RADMPIRE R % i 8 (PDF) . MIFRBAEE 2 ] DLE I e 1 o s 245
T, Hod 5 ER BRI R ATk, X ELERATTH B2 AN AN [E] AR T R T AR Y
[3]FA[4]. 4R 57T A ) € ik (LG B &R B A1 i [5) A g 32 2 R R 8 0 ) st vl CA R SR 1t
HERBFEARMIZFE /34T, W F:

o 3CH()Qbf1GM /Z [%ghXe,H(Z) + %yQXe,He(Z)] (1 + Z)dZ i fooo ne,hostdl
-~ 8rGm, o [Qm(1+z)3+QA]1/2 142

3 BRBEREERRFRE

N T B IAGTFFRBY B SR AR 22, FRATTX HLAE A DL S E 28 R 1 5 SRR R
B 52 F R V% 715 (MCMC), R S FRBIIG B8 200 2 % 50 K7 58 £ (Schechter func-
tion) LI, LIIMCOMCH IR MR (W Figure 1), HARNMEIAFLREN T
FIFRBOG S B £ 22 (W Table 1)

DM(z) (1)
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FRIE R (FEFNE2001) -1.501 (-1.995, -0.932)  42.900 (41.651, 43.358)
FRER FEFYMWI6) -1.500 (-2.008, -0.778)  42.897 (41.653, 43.451)
MR R (FETNE2001) -1.498 (-1.926, -0.779)  42.900 (41.835, 43.453)
AR R (FETFYMWI6) -1.498 (-1.936, -1.046) 43.150 (42.197, 43.727)

(- ) ( )
( )

iR R (ETNE2001) -1.501 (-2.008, -0.861)  42.901 (41.740, 43.443
iR R (ETYMWI6) -1.499 (-1.935, -0.963) 43.146 (42.105, 43.635

Table 1: YRS HG T

16



References

[1] Lorimer, D. R., Bailes, M., McLaughlin, M. A., Narkevic, D. J., & Crawford, F.
2007, Science, 318, 777

[2] Thornton, D., Stappers, B., Bailes, M., et al. 2013, Science, 341, 53

[3] Cordes, J. M., & Lazio, T. J. W. 2002, ArXiv Astrophysics e-prints, astro-
ph /0207156

[4] Yao J. M., Manchester R. N., Wang N., 2017, ApJ, 835, 29

[5] Deng, W., & Zhang, B. 2014, ApJ, 783, L35.

17



FAST/Future Pulsar Symposium 6 (FPS6)
June 28-30, 2017, Hubei University of Education, Wuhan - P. R. China
http://psr.pku.edu.cn/FPS/FPS6.html

Measuring the Surface Temperature of High
Magnetic Field Radio Pulsars

C.-Y. Ng

Department of Physics

The University of Hong Kong
Pokfulam Road

Hong Kong

Email: ncy@astro.physics.hku.hk

Over the past decades, several pulsar classes among the population have been
identified. The most extreme one is magnetars, which possess the strongest magnet-
ic fields, have X-ray luminosities generally higher then their spin-down power, and
occasionally exhibit violent outbursts. The birth and evolution of magnetars remain
unknown. Recently, there is increasing evidence suggesting that they could belong
to the same class as typical rotation-powered pulsars (aka “radio pulsars”) and be
drawn from the same birth distribution.

In this scenario, high magnetic field (> 10'® G) radio pulsars offer an important
transition class of objects to help understand the connection between magnetars and
radio pulsars. High-B radio pulsars occupy the same region in the P—P diagram as
some magnetars, but they behave like typical radio pulsars most of the time, including
pulsations from radio to gamma-rays and power pulsar wind nebulae [1]. This implies
that the dipole field is not the most critical parameter to distinguish these objects.

It was proposed that magnetars could have much stronger crustal B-fields, due to
either toroidal or higher multipole components which are not observable from timing.
The decay of the B-field would heat up the star, resulting in highest temperature
for magnetars, followed by high-B radio pulsars, and then typical radio pulsars [2].
To test this idea, it is the best to observe young, high-B radio pulsars, since their
surface temperature are generally high and not complicated by the cooling history
and composition.

We analyzed the X-ray spectra of three youngest youngest high- B pulsars, J1846—0258,
J1119—-6127, and B1509—58, using Chandra X-ray observations. We identified ther-
mal emission from two of them. The results are listed in Table 1 and plotted in
Figure 1. All the detections and limits are consistent with theoretical predictions [2],
giving support to the unification picture of magnetars and radio pulsars.
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Figure 1: Thermal luminosity of high-B radio pulsars compared with other pulsars
[5]. The theoretical cooling curves are from [2].

Pulsar P((s) B(G) Temp. (keV) Ref.
JI119-6127 | 041 4.9 x 107 0.21 3]
J1846—0258 | 0.33 4.1 x 10*3 < 0.25 4]
B1509—-58 0.15 1.5 x 10* 0.147 5]

Table 1: Surface temperature of young High-B radio pulsars.
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Evolution of the pulsar braking index
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The braking index of pulsars may be a good diagnosis of the underlying spin-
down mechanism. This is also true for magnetars. Previously, we developed our wind
braking model for pulsars (Kou & Tong 2015, MNRAS, 450, 1990), and wind braking
model for magnetars (Tong et al. 2013, ApJ, 746, 144). Recently, a pulsar with
braking index larger than three is claimed (Archibald et al. 2016, ApJL, 819, L16).
At the same time, more sources have braking index measured. The observational
progress motivated us to considered the possible evolution of pulsar braking index.

By employing the evolution of pulsar inclination angle, the previous wind braking
model can calculate the pulsar spin-down and inclination angle evolution simultane-
ously. The magnetic axis of a pulsar tends to align with its rotational axis. At the
same time, the pulsar braking index is expected to evolve from larger than three to
about one. This may explain pulsar braking index both larger three and smaller than
three. The general trend is for pulsar braking index to evolve from the Crab-like case
to the Vela-like case. Details can be found in Tong & Kou, 2017, ApJ, 837, 117.
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1 BRI R EEGER A

iR SRS (RFRTMRT) & ERFABE AT 20084 KB & 3200,
A A [ R 22 B . T R AR B R A TR T [ HY i 165K 148 4 5 AL
ATEN RS i iy . &0 — A A DR, A IhSEEl 11.25—50 GHz W
MG Wi R FEI AR A, RUE T &3 BAS AW A IR 28 2%
YW T50%. Rkip 2 2TMRTE ERE Bz Z —. 286 FEIKME R E KA =13
T s, KR I — R AE AR XA 3R 4T . TMRTAEL (1.25-1.75 GHz) . S (2.2-
2.4 GHz) . C (4-8 GHz) AIX (8.2-9.0 GHz) M}, H 2 48253007 8% 2 7l
939, 46 40F148 Jy. FEFR EFRIZEM G BEm ML, TMRTAA — & L
B OUHAECHEBD [1]. FN, ZHEEHE&NHEFILm RS (DIBAS) B
SRk 2 I PERE . DIBASE &40 178 C BRI AEM T-1H BN RE, SCRFAEZR B
AN TR X, He e i ) 8] 70 8 2R AT I8 40. 96 57D

2  TMRT kM 25t 7B Btk e R

ETMRTZ WSS, FRATE TR 28 3 R G A AAR 2N . Je 5 U R T H S RF
T 243 Bkrh B I TR s . BT SR B BN 2 AN TR T AR, BREE R RS
&, LERXE, HERAXE. MiRHERB. bR TTHRE. JINMTE K,
%o BIHATALE, TMRTHS— L hkf B 7R B R

2.1 HOERI1T45-290080 B 5%

TMRT X R Co i S J1745-2900 72X BOAT WA 78, BDhFfiPe 2 HaT gk . R
PEAI 25 B, A3 B 7% hE B AR 5 Fe BE UL R L 5 BE AR A A (] i AR A L, R B IR
e BRI E R RIZ AR L, Ho i AR IR rT A 1065 0L B [FIR, BRI
BEURIN A2 R A2 SR B R D AR N AR B R ko B R B S (W Figure 1) . N
RN T B2 000 2 B kb e 1, IR 9 N B30k ik o 5 8 RN Al AT B0 b, IFE R
T RO B L B B A o T S R R Bk HE R (2] i UM 5 2R B R AL AR S 1Y
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8-9 GHzE FI ki B R #CBRAE AR YK 1720%. 45 G AR I &5 3, #F 52 R I
O % 43 B A LR 43 0 8 B BE[3] . TMRT WM 35453 fik o £ PSR B1133+16 H
A m i (8.6 GHz) A Bkib#CEE . 45 & H e SHam SR A I K s, R B
P O IE N R K RE DL A AR o B T BN [E) A AR R R N A 2K
K7, $eHHEMNR AR BRI, MmIEZ X [4]. FIHTMRT & H & EixhE
XTPSR B0329+-54F1PSR B1642-031 22 AW I 25 5, X 5 L 4 5 110 Rs - in ook [X Aoz
B, BERNIE. BN E RS RATIR T . I IR v R B AR
th, B IAE TICSE R HA[5].

2.3 k2 VLBIW M 5%

Jik b 2 FTV LB IV A 5 A2 0 6 4 4 AL ) 38 O IF 9T #8022 173 S0 VLIBIWE i ] 465 4 1
S kR R R B . % B K T, REIER NWEZENE. ik
ZHURIN 5 ST T Kt R S A . s LR BT ALH . ST AR &R T AR
RIZEHEAG EEE . ST EadEhk 2, UUEHZEEVLBAMR BTN, 5232
IRV 7 ) 2R 2R 52 K B I PR, 0 52 B B R BR i1 o TMRTANA AN A £55¢
NVLBIM 3 28 K E 8600 kmBE N FE 11600 km, 85 F0G3E 7 IMUVEE o5 15 5.
R FAR S, HATTMRTA ZE [EVLBA M 5% T ik B & 00, B 10 st ik
SEMB512 Mbit /s#E & 22 Gbit /s, Bkyh 2467 BN EFS RS T3 A A

2.4 SRR K B 3R

9 R TMRT I R K v R SR RARBIE TR 5 22, 3RAT IR 17 0 Sk P ok o A A K
PEALFRIA . A T BT RN . DM S BIE vE M ILACIER . R
BRI S5 ThREAS H . ) FZ KA AL BETMRTA Crab ik 2 M A, eTh iR
MEFE R4S L Figure 2) [6].
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Scientific Program of FAST/Future Pulsar Symposium 6

June 28-30, 2017, Hetian Hotel/Hubei University of Education, Wuhan
(Language: English or Chinese; but the presentation is suggested to be written in English)

===== Wednesday, June 28 =====
10:00 -- 12:00 Registration (the lobby of Hetian Hotel, i H )5 K JT°)
13:30 To assemble at the lobby of Hetian Hotel and to leave for HUE

13:30 -- 14:00 Registration (#i1t —JfifTEU% 5 5 &%)

Conference Opening (in the No. 5 meeting room of Hubei University of Education)
14:00 -- 14:10 Taking a photograph of participants

14:10 -- 14:20 Welcome address

Chair: Renxin Xu (20min = 15+5)

14:20 -- 14:40 Hsiang-Kuang Chang: A next-generation Compton telescope: Compton Spectrometer & Imager
*14:40 -- 15:00 Hsiung-Tseng Chao: Observation of the Crab in the COSI 2016 flight

15:00 -- 15:20 Yuanjie Du: Long-term variations of X-ray pulse profiles for the Crab pulsar

*15:20 -- 15:40 Hancheng Li: POLAR: Crab Pulsar Detection

15:40 -- 16:00 Coffee Break

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

16:00 -- 16:20 Stephen Ng: Measuring the Surface Temperature of High Magnetic Field Radio Pulsars
*16:20 -- 16:40 Rushuang Zhao: TMRT observations of 26 pulsars at 8.6 GHz

*16:40 -- 17:00 Jie Liu: H maser residual correction for TMRT Timing

*17:00 -- 17:20 Zhichen Pan: #{7i&17T PRESTO #F RN =R AMLER

Banquet, 18:00 — 20:00 (in the dinning room of Hetian Hotel)

===== Thursday, July 29 =====
No.7 meeting room of Hetian Hotel

Chair: Stephen Ng (20min = 15+5)

08:30 -- 08:50 Li Zhang: TBD

*08:50 -- 09:10 Jing Zhao: Mode Change of the gamma-ray pulsar PSR J2021+4026

*09:10 -- 09:30 Yulan Liu: Astrometry, timing irregularities and pulse profile of the PSR J1705—1906
*09:30 -- 09:50 Enping Zhou: The properties of Hyper-/Supra-massive compact stars in BNS mergers

09:50 -- 10:20 Coffee Break

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

10:20 -- 10:40 Xiaoping Zheng: Neutron Stars Surrounded by Dark Matter

10:40 -- 11:00 Yongfeng Huang: Searching for strange quark planets around pulsars
*11:00 -- 11:20 Shuxu Yi: A new approach to the GeV flare of PSR B1259-63/L.52883
*11:20 -- 11:40 Mao Yuan: Supernova Neutrino in a Strangeon Star Model

*11:40 -- 12:00 Jiguang Lu: Why strangeon matter be “superluminal”?
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Chair: Yongfeng Huang (20min = 15+5)

14:00 -- 14:20 Chengmin Zhang: BRAELT 50 5, HLFESEEHR

*14:20 -- 14:40 Yuanpei Yang: Pulsars as Probes of Fundamental Physics

*14:40 -- 15:00 Zheng Wang: A Liquid Drop Model of Strangeon Matter

15:00 -- 15:20 Xiaofeng Cao: Modeling the Redshift and Energy Distributions of Fast Radio Bursts

*15:20 -- 15:40 Rui Luo: Simulating dispersion measure of FRB host galaxies to derive luminosity function

15:40 -- 16:10 Coffee Break

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

16:10 -- 16:30 Yunwei Yu: Constraining the Age of a Magnetar Possibly Associated with FRB 121102
16:30 -- 16:50 Hao Tong: Wind braking of pulsars: evolution of the braking index

16:50 -- 17:10 Lin Lin: Recent Research Achievements of Magnetars

17:10 -- 17:30 Hao Shan: Compressed sensing based Pulsar profiles denoising and de-dispersion

===== Friday, June 30 =====
No.7 meeting room of Hetian Hotel
Chair: Hsiang-Kuang Chang (20min = 15+5)
08:30 -- 08:50 Xia Zhou: Dependence of pulsar death line on the equation of state
08:50 -- 09:10 Zhifu Gao: The spin-down and magnetic field evolutions of PSR J1734-3333

09:10 - 09:50 Announcement of Crab and Vela Prizes

09:50 -- 10:20 Coffee Break

Chair: Xiaoping Zheng (20min = 15+5)

10:20 -- 10:40 Youling Yue: FAST: Recent Progress

10:40 -- 11:00 Zheng Yan: Pulsar Studies with Shanghai Tian Ma Radio Telescope

11:00 -- 11:20 Yan Wang: PTA-Based Search for Supermassive BH Binaries in Square Kilometer Array Era
11:20 -- 11:40 Weiwei Zhu: Testing Gravitational Symmetries with Pulsars

11:40 -- 12:00 Renxin Xu: Strangeness in Compact Stars

NOTE for talks (20min = 15+5)
The chair would remind the speaker “3 min” after talking for 12 minutes.

NOTE for Dining Service: at the first floor of Hetian Hotel  (fif FH J5 — A% 5 %5 1&%))
Buffet Breakfast: ~ 07:00—08:30
Buffet Lunch: 12:00—13:00
Buffet Dinner: 18:00—19:00

Score suggested for the members in ad hoc committee
Crab: 85~95, Vela: 75~85
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