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磁星简介
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www.science.org

（卢吉光《现代物理知识》2022）

超强磁场中子星

• 𝑃 = 2~12 + s,

• ሶ𝑃 = 10−10~10−13 s ∙ s−1

• 𝐵𝑠𝑢𝑟𝑓~10
14 − 1015 G

• 𝐿𝑋~10
33 − 1035erg/s >𝐿𝑟𝑜𝑡

• X-软伽马射线爆发

研究极端条件物理的天然实验室

性质极端

现象丰富

数量较少

磁场供能

https://www.science.org/news/2021/04/nature-s-most-magnetic-objects-ripped-apart-starquakes-can-unleash-powerful-flashes


EP时代磁星研究的观测机遇

发现新磁星

刻画磁星活跃期性质

补充短爆发的辐射性质

捕捉射电暴的X射线对应体

测绘磁星周边环境
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发现新磁星
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发现磁星的途径



“低磁场”磁星 3XMM J185246.6+003317

XMM-Newton 历史数据中发现一个暂现源

发现新磁星
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Zhou et al. 2014

• WXT 大视场，捕捉更多持
续辐射增亮现象

• 地面及时分析WXT叠加数据，尽早发现持续辐射增亮现象，触发FXT观
测，认证磁星

发现磁星的途径



河外磁星巨耀发GRB200415A发现新磁星
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• WXT 大视场，更灵敏。若
捕捉到与河外巨耀发伴随的
短爆发，则可以证实磁星起
源。也可捕捉到更远处的巨
耀发

• FXT 后随周期？

发现新磁星：
➢ 磁星基本性质
➢ 与其它中子星的关系
➢ 磁星的环境

发现磁星的途径



刻画活跃期性质
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活跃期性质（暂现源）
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探究磁星射电辐射 à自旋突变

Younes et al., N A， 2023

朱炜玮等， 2023， SA,审稿中
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T h e sh arp  an d  large p u lse-p h ase o ffset o b served  in  th e early O cto b er 

d ata is rem in iscen t o f th e g litch in g  b eh avio u r o b served  in  p u lsars an d  

m ag n etars w h en  th ey exh ib it a su d d en  ju m p  in  sp in  freq u en cy (th at is, 

∆ν) at a w ell-d efin ed  ep o ch  tg. In d eed , a tim in g  m o d el th at in clu d es a 

g litch  p ro vid es an  accu rate p red ictio n  o f th e p u lse T O A  fo r th e fu ll O cto -

b er an d  N o vem b er tim e p erio d  (Fig s. 2 an d  3 an d  Tab le 1). In  th is m o d el, 

w e fin d  th at a freq u en cy ju m p  o f Δν = 1.8+0.7

− 0.5
× 10 − 6 Hz (co rresp o n d in g  

to  a fractio n al ch an ge Δν/ν = 5.8+2.6

− 1.6
× 10 − 6) o ccu rred  at a g litch  ep o ch  

tg = 59,127.2+1.0

− 0.7
 m o d ified  Ju lian  d ate (M JD ) o r O cto b er 5th . W e n o te  

th at th e p o sitive freq u en cy ju m p  is req u ired  to  exp lain  th e early T O A s 

relative to  o u r referen ce ep o ch  (59,14 1.0  M JD ), im p lyin g  th at th e so u rce 

exp erien ced  a n egative ∆ν freq u en cy ju m p  at tg. T h is ab ru p t slo w -d o w n  

extrag alactic FR B s. T h is d isco very p ro vid ed  th e first evid en ce fo r th e 

n atu re o f th e p ro g en ito r o f at least so m e FR B s5,6.

Sin ce th is even t, w e h ave b een  m o n ito rin g  SG R  19 35+2154  reg u larly 

w ith  several X -ray in stru m en ts, m o st n o tab ly in  th e so ft, 1–3 keV  b an d  

w ith  th e N eu tro n  Star In terio r C o m p o sitio n  Exp lo rer (N IC ER ) an d  X -ray 

M u lti-m irro r (X M M )-N ew to n  telesco p es. In  th is b an d , X -rays fro m  

th e so u rce are d o m in ated  b y th e p u lsed , su rface th erm al em issio n , 

en ab lin g  u s to  track th e evo lu tio n  o f its sp in  ep h em erid es. D u rin g  a 

p articu larly h eavy-cad en ce o b servatio n al p erio d  co verin g  O cto b er 

1 to  N o vem b er 27, w e w ere ab le to  em p lo y a p h ase-co h eren t tim in g  

an alysis, th at is, trackin g  th e tim e o f arrival (T O A ) o f X -ray p u lses fro m  

th e so u rce w ith  a p recise tim in g  m o d el. T h e p u lse arrival tim e o f SG R  

19 35+2154  fro m  O cto b er 6  to  N o vem b er 27 is w ell p red icted , w ith  an  

accu racy th at is a few  p er cen t o f th e so u rce sp in -p erio d , fro m  a sim -

p le tim in g  m o d el th at in clu d es th e freq u en cy an d  its first an d  seco n d  

d erivatives. H o w ever, th is m o d el fails to  p red ict th e p u lse arrival tim e 

fro m  th e 1st an d  th e 2n d  o f O cto b er, sh o w in g  an  o ffset o f ab o u t h alf a 

ro tatio n  ju st 3.5 to  5 d ays later. A ttem p tin g  to  m o d el th ese resid u als 

w ith  th e in clu sio n  o f h ig h er-o rd er freq u en cy d erivatives fails to  p ro vid e 

a statistically accep tab le fit (Fig . 1 an d  M eth o d s).
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Fig . 1 | Tem p o ral evo lu tio n  o f th e SG R  1935+2154  X -ray p u lse p h ase. a, P h ase 

resid u als, in  ro tatio n al cycles, o f th e SG R  19 35+2154  X -ray p u lses, acco rd in g  to  th e 

b est-fit tim in g  m o d el th at exclu d es th e th ree earliest d ata p o in ts. B lack d o ts an d  

red  sq u ares rep resen t th e p u lse p h ases o f N IC ER  an d  X M M -N ew to n  d ata, 

resp ectively. T h e b lack d ash ed  lin e is th e b est-fit sm o o th  tim in g  m o d el to  all d ata 

p o in ts, acco rd in g  to  eq u atio n  (1) an d  in clu d in g  u p  to  −ν. T h e g rey lin es d elim it 1σ 

u n certain ty o f th e b est-fit tim in g  m o d el. b , R esid u als o f th e X -ray p u lse arrival 

tim es in  seco n d s fro m  th e latter. c, Sam e as a, excep t th at th e tim in g  m o d el 

in clu d es u p  to  −ν. N o te th at th is m o d el h as th e sam e n u m b er o f free p aram eters as 

th e o n e sh o w n  in  Fig . 2. d , R esid u als o f th e X -ray p u lse arrival tim es in  seco n d s 

fro m  th e b est-fit tim in g  m o d el sh o w n  in  c. In  all p an els, th e vertical lin e o n  each  

d ata p o in t is th e 1σ u n certain ty o n  th o se m easu rem en ts. In  all p an els, th e 

h o rizo n tal lin es o n  each  d ata p o in t in d icate th e tem p o ral exten t u tilized  to  

m easu re a p u lse T O A .
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Fig . 2 | Evo lu tio n  o f th e tem p o ral an d  sp ectral p ro p erties o f SG R  1935+2154  

d u rin g th e 1 O cto b er 20 20  to  27 N ovem b er 20 20  p erio d . a, P h ase resid u als, 

in  ro tatio n al cycles, o f th e SG R  19 35+2154  X -ray p u lses, acco rd in g  to  th e b est-fit 

tim in g  m o d el th at exclu d es th e th ree earliest d ata p o in ts. D ash ed  lin e is th e 

b est-fit tim in g  m o d el to  th e fu ll b aselin e, w h ich  in clu d es a sp in -d o w n  g litch  (a 

su d d en  ch an ge to  th e sp in  freq u en cy), alo n g  w ith  its 1σ u n certain ty (g rey lin es). 

T h e cyan  h o rizo n tal lin e m arks th e tim e p erio d  d u rin g  w h ich  FA ST  d etected  

rad io  p u lsatio n s (Z h u  et al., m an u scrip t in  p rep aratio n ; W . Z h u , p erso n al 

co m m u n icatio n ; I ag ree th at m an u scrip t in  p rep eratio n  is su fficien t at th is stage). 

B lack d o ts an d  red  sq u ares rep resen t th e p u lse p h ase o f N IC ER  an d  X M M -N ew to n  

d ata, resp ectively. In  a an d  b , th e h o rizo n tal lin es o n  each  d ata p o in t in d icate th e 

tem p o ral exten t u tilized  to  m easu re a p u lse T O A , w h ile in  c, th e h o rizo n tal lin es 

rep resen t th e tem p o ral exten t u tilized  to  d erive th e so u rce p u lsed  fractio n .  

b , P u lse resid u als in  seco n d s fro m  th e b est-fit tim in g  m o d el, in clu d in g  th e g litch , 

to  th e fu ll b aselin e. c, T h e r.m .s. p u lsed  fractio n  o f th e X -ray em issio n  in  th e 

en erg y ran g e 1–3 keV  d erived  b y co m b in in g  several in d ivid u al o b servatio n s, 

as sh o w n  w ith  th e h o rizo n tal b ars. d , T h e 1–10 keV  ab so rp tio n -co rrected  flu x 

fro m  in d ivid u al N IC ER  an d  X M M -N ew to n  o b servatio n s. In  all p an els, th e vertical 

d o tted  lin e is th e o ccu rren ce o f th e C H IM E b u rsts o n  8  O cto b er 20 20 , w h ile th e 

vertical lin e o n  each  d ata p o in t is th e 1σ u n certain ty o n  th o se m easu rem en ts. 

T h e X M M -N ew to n  o b servatio n  aro u n d  d ay 4 0  is co n sid ered  in  tan d em  w ith  th e 

n earb y N IC ER  d ata w h en  p erfo rm in g  th e tim in g  an alysis.

6

F ig u re 1 . T h e sp in evolu tion of S G R J1935+ 2154. P an el (a): T h e evolu tion of sp in frequ en cy ν by su b tractin g th e p olyn om ial
com p on ent as p aram eterized in T ab le 2 by P P C T m eth od . P an el (b ): T h e evolu tion of sp in -d ow n rate ν̇. T h e valu es of ν an d ν̇

are ob tain ed accord in g to P P C T an alysis an d listed in T ab le 1. P an el (c): T im in g resid u als of th e m od el fittin g w ith p aram eters
listed in T ab le 2 by F P C T m eth od . P an els (d ), (e) an d (f) illu strate th e corresp on d in g zoom ed in stru ctu res of (a), (b ) an d (c)
arou n d F R B 200428. T h e solid an d d ash ed red lin es rep resent th e fitted sp in evolu tion in clu d in g an d n ot in clu d in g th e d elayed
sp in -u p com p on ents. T h e vertical d ot-d ash ed green lin e rep resents th e ep och of F R B 200428 w h ile th e vertical th in d otted lin es
rep resent th e ep och s of G 1 an d G 2. T h e d otted b lu e an d m agenta lin es rep resent th e occu rren ce tim e of th e tw o w eak rad io
b u rsts d etected by FA S T an d W esterb ork (Z h an g et al. 2020; K irsten et al. 2021), resp ectively. T h e con fid en ce level for all th e
d ata p oints are 1-σ level in th is p ap er.
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F ig u re 2 . T h e tim in g resid u als of S G R J1935+ 2154 w ith tim in g p aram eters p re-G 2. P an el (a): th e resid u als b efore glitch
ep och of G 2. P an el (b ): resid u als w ith th e tim in g p aram eters p re G 2. T h e d ot d ash ed lin e rep resents th e glitch ep och of G 2.
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SGR1935+ 2154
射电爆发/射电脉冲星相之前： 自旋突然减慢
FRB200428之前： 自旋突然变快

葛明玉等, 2023， 审稿中射电噪磁星1E1547.0-5408反其道而行之？
（ Lower et al. 2023）

刻画活跃期性质



短爆发的辐射性质
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✓ WXT+GBM/GECAM等，
获得大量宽能段能谱

✓ WXT响应能段，有利于研究
不同尺度爆发的冷却尾巴

• WXT的50ms时间分辨率，不利于
研究爆发内部时变特点

• FXT对于短爆发观测可能会有较严
重的pile-up效应

GBM
XRT

Compt

BB+BB

Absorption ~ 

3.24×1022 cm-2

WXT观测短爆发的能谱
SGR 1806-20

Gogus et al. 2011



捕捉射电暴的X射线对应体
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• FRB 20200428 和 SGR 1935+2154的X射线爆发
✓ 发现：磁星活跃期，尤其是爆发森林
✓ 定位：WXT给出角分定位
✓ 能谱：WXT+GBM/GECAM等
 光变：WXT时间分辨50 ms，FXT的WF/TM？
 持续辐射信息：FXT？
 距离：临近FRB，～3Mpc？

• 对临近FRB开展后随观测
• 使用WXT监测已知FRB，得到长期光变

（上限，无额外观测成本）
• 使用FXT监测重复FRB



测绘磁星周围环境
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• 诞生环境：
超新星遗迹
星团
双星系统？

• 周围弥散辐射：
散射晕
磁星星风云：
Swift J1834.9−0846

空间尺度：角分
Flux：～10-12 erg/s/cm2

✓ FXT 定点观测
Younes et al. 2016



磁星有利的EP观测形式
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WXT FXT

磁星短爆发

磁星持续辐
射增亮

多波段
外部信息

在轨触发
地面搜索

自动后随

外部触发

磁星 FRB
s

重复FRBs亮磁星

无成本监测 申请监测

多波段
望远镜

触发后随



磁星有利的EP观测形式
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WXT FXT

磁星短爆发

磁星持续辐
射增亮

多波段
外部信息

在轨触发
地面搜索

自动后随

外部触发

磁星 FRB
s

重复FRBs亮磁星

无成本监测 申请监测
具体策略？

多波段
望远镜

触发后随

谢谢聆听！
请多指正！
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