
Origin, life, and pulsar evolution to 
millisecond  

Introduction to the International 
Space Science institute in Bern

M A U R I Z I O   F A L A N G A



These pulsars were proposed to be rapidly 
rotating neutron stars.

PULSARS are NEUTRON STARS 

Nobel Prize in Physics 1974. 

R  ~ 10 km 
!   ~1014g/cm3 
M  ~ 1.4 Msun

-! Magnetic dipole  
-! Electromagnetic radiation 
-! Pulsar slowdown 

Properties of neutron stars: 

.  1 67  s   s , 1.3372866576 s
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Data from ATNF Pulsar Catalogue, V1.33 

ms Pulsars 

Pulsars as Clocks 

Pspin ~ incredibly stable 
but not constant 

R  ~ 10 km 
!   ~1014g/cm3 
M  ~ 1.4 Msun 

Pulsars lose energy and slow down 

Pspin < µs/yr 
# 

Rotation-Powered Pulsars 

5.757451831072007 ± 
0.000000000000008 ms 

e.g., PSR J0437-4715 has a period of : 



(www.atnf.csiro.au/research/pulsar/psrcat) 

.



Recycling model for MSPs 

birth 

Spin up by
accretion

Young Pulsars 

We have to discover the first 
Accreting Millisecond X-ray Pulsar  

We have to discover an AMXP 
spinning-up  

2013 the first Accreting Millisecond 
X-ray  Pulsar Swinging between 
rotation and accretion power in a 
binary millisecond pulsar 



IGR J00291+5934



Young Pulsar 
high B-field
Why ?

Young Pulsar 
low B-field 
Why ?
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Compact Central (CCOs) X-ray sources in SNR
Cas A RCW 103

6.7 hour period
(de Luca et al. 2006)

Rapid cooling
(Heinke et al.1007.4719) 

Puppis A

High proper motion 
Velocity 672 km/s

Anti-magnetars:  Young pulsar with very week  B-Field 
Thermal-like soft X-ray emission (kTbb 0.2 - 0.5 keV) Lx 1033 erg/s;    radio-quiet INS



How the B-field can be buried

1212.0464For t=60 msec

See 1210.7112  for a review of CCOs magnetic fields



- lose- y radio uie  s
- Thermal spectrum

X-ray Dim Iolated Neutron Star (XDINS)
Discovery: Walter et al.(1996)

agnifi en  
e en

Proper motion  h

25.6 
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In 2008 Rutledge et al. reported the discovery of an enigmatic NS
candidated dubbed Calvera. It is high above the galactic plane

 

he firs  dire  o ser a ion of a 
neu ron s ar in isi le ligh
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Magnetars

n



dE/dt > dErot/dt
The energy of the magnetic field is released

Magnetic fields 1014–1015 G
Catalogue: http://www.physics.mcgill.ca/~pulsar/magnetar/main.html

Young objects (about 104 yr).





Magnetars in the Galaxy
(They are in highly absorbed regions in the galactic plane, in spial arms from massive star; SNR, they 
are young pulsars) 

Characteristic ages 103 - 105 yr).

Magnetat in a SNR



-  Concentrated in time (“outbursts”) 

-  Relatively simple profiles (faster rise than decay) 
-  Broad distribution of wait times (~7 decades) : similar to that of earthaukes: no
     waiting-time correlations

Bursts from SGR

 

In the field decay model it is possible to 
study burst activity. Bursts occur due to crust 
cracking. The decaying field produce 
stresses in the crust that are not 
compensated by plastic deformations. When 
the stress level reaches a critical value the 
crust cracks, and energy can be released.

Magnetars bursting activity due to 
decay



Soft Gamma Repeaters: main properties
Energetic “Giant Flares”
(GFs, L ≈ 1045-1047 erg/s)

Saturation of detectors

n agne ar odel  s due o large s ale 
rearrange en s of ore B-field

Periodi i y is well is ile

  oon re er era ion seen  

mfalanga
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Magnetars: Neutron Stars powered by magnetic energy 

-  “Magnetars” (MAGNEtic sTARS): neutron stars with very high magnetic fields (B>1014G)  
 Why magnetic energy ? (Magnetic energy propagating through fractures in the crust) 

Persistent luminosity  10-100 times higher than spin down power 
 ->  rotational energy ruled out 

Recurrent flares/Bursts reach 1041 erg/s ~ 1000 LEdd , giant flares 1044 erg/s ~ 106 LEdd  
 ->  accretion energy ruled out 

Fast spin (few ms) and  
differential rotation generate 
internal toroidal field B > 1015 G 



Discovery of radio transients

McLaughlin et al. (2006) discovered a new type of sources– RRATs
(Rotating Radio Transients). 
For most of the sources (around 100) periods about few seconds were
discovered. The result was obtained during the Parkes survey of the 
Galactic plane.

Burst duration 2-30 ms, interval 4 min-3 hr
Periods in the range 0.4-7 s

Thermal X-rays were observed from one of the RRATs
(Reynolds et al. 2006). This one seems to me the youngest.

See a review in: 1109.6896 

Catalogue: http://www.as.wvu.edu/~pulsar/rratalog/

Rotating radio transients (RRATs)



Magnetars: properties, origin and evolution 19

impurity content of the innermost part of the crust (the pasta region). The main findings can
be summarised as follows (see Figures 7 and 8):

– Dependence on the magnetic field strength: The comparison between a range of theo-
retical models and the observations (Viganò et al. 2013), has shown that, for the objects
born with relatively low fields (Bp . 1014 G), the magnetic field has little effect on the
luminosity. Sources of this group, which includes most of the “normal” radio pulsars,
have luminosities which are compatible with the predictions of standard cooling mod-
els. The bulk of the magnetars, with Bp ⇠ a few ⇥1014 G (as estimated from their tim-
ing parameters), display luminosities generally too high to be compatible with standard
cooling alone. The magneto-thermal evolutionary models with B0

p ⇠ (3� 5)⇥ 1014 G
can account for their range of luminosities at the corresponding inferred ages. As these
objects evolve and their magnetic fields dissipate, their observational properties (both
timing and luminosities) appear compatible with those of the XDINS9.

– Relevance of the Hall term: The Hall term plays a very important role in the overall mag-
netic field evolution, strongly enhancing the dissipation of energy over the first ⇠ 106 yr
of neutron star life, with respect to the purely resistive case. This is due to two main
effects: the generation of smaller structures and currents sheets, and the gradual com-
pression of currents and toroidal field towards the crust/core interface. Hence, the rate

9 X-ray Dim Isolated Neutron Stars, a class of relatively old, purely thermally emitting neutron stars
discovered by the ROSAT satellite (see, e.g., Turolla (2009), for a review of their properties).

agne i  field e olu ion in he P - do  P diagra



Conclusions

• Young isolated NSs appear as a very varied group of sources
• Main types are: radio pulsars, magnetars, CCOs, Magnificent seven, RRATs
• Observational appearances of NSs is significantly determined

by their magnetic fields
• The field can have a complicated topology and evolution
• It is necessary to create a unified model of evolution of young NSs
• Magnetic field evolution is one of the main ingredient of such model
• Normally, magnetic field decays
• In some cases external field can increase, if initially it has been

‘’screened’’ due to a fall-back
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1995 Institute founded by Prof. J. Geiss 
 Since 2003 Honorary Director   

History 
Late 1980s the idea: An International Space Science Institute to 

cooperate between Europe (ESA), USA (NASA), Russia (RKA), 
Japan (JAXA) in the study of the Solar-Terrestrial Physics  
 

2003 International Team Call 
 Executive Director R.-M. Bonnet    

2007 Earth-Science from Space ISSI/ESRIN 

2010 Russia (RAS) small contribution/year to ISSI 

2007 Young Scientists program 

2013 Executive Director R. Rodrigo   - 2018 Rudolf von Steiger 



The Staff 



ISSI Goals 

Cosmic Vision 



Science Activities 

Planets 

Solar Physics 

Astrophysics 
Astronomy 

Earth Science from Space 

Fundamental Physics 

Heliosphere  
Magnetosphere   
Plasma 

INTERNATIONAL 
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FORUMS 
Objectives: 
Participants: 
Duration: 
Output: 
Support: 

Open discussions 
20-30 scientists 
2 days 
Report 
Accommodation 

INTERNATIONAL TEAMS 
Objectives: 
Participants: 
Duration: 
Output: 
Support: 

Research on focused topics 
10-15 scientists 
2 years, 1-2 meetings/year 
Papers in scientific journals Per 
diem + accommodation  

VISITING SCIENTISTS 
Objectives: 
Duration: 
Output: 

Research (specific to visitor) As 
necessary 
Publications / Management 
tasks 
Travel + accommodation Support: 

WORKSHOPS 
Objectives: 
Participants: 
Duration: 
Output: 
Support: 

Broad scientific area 
~40 scientists One week 
Book (peer reviewed) 
Per diem + accommodation 
 Book publication cost 

ISSI Tools 
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FORUMS 
•!No annual call 
•!May be suggested any time  
•!Submit an idea on max 1 page 
•! Ideas evaluated by the Science Committee 

WORKSHOPS 
•!No annual call 
•!May be suggested any time  
•!Submit an idea on max 1 page 
•! Ideas evaluated by the Science Committee 

INTERNATIONAL 
TEAMS 
•!Call for proposals released every year 
on  January 
•!Proposals evaluated by the Science Committee 

VISITING 
SCIENTISTS 

•!Invited by the Directorate and External 
Scientists 
•!Selected by the Directorate 

How to use the Tools 



•!  60 Countries, and 

• 6000  Individual Scientists visited ISSI during the first 25rd years  

Statistics 



Books & Papers 

•! Peer-reviewed  international journals 
•! ISSI affiliation or with acknowledgement to ISSI 
•! ~300 publications in last year of activity  

SPACE SCIENCES SERIES OF ISSI 

ISSI SCIENTIFIC REPORT SERIES  

SPATIUM SERIES 

Individual Papers  

•! Volumes of  technical nature, published by the Springer  
•! 16 volumes available (several in preparation) 

•! Popular articles, published by the Association Pro ISSI 

•! Topical volumes resulting from ISSI workshops 
•! Publisher Springer, and as issues of Space Science  Reviews 
•! 73 volumes available (several in preparation) 




