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100.000.000 NSs in Milky Way 

2500 radio pulsars 

28 
magnetars 

300 
MSPs 

8 
XDINS 

300 
X-ray binaries 

The NS population 

tip of the iceberg: 
- strong B-fields 

- rapid spin 

- accreting 

- hot (newborn) 
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AXMSPs 

He WDs 

CO/ONeMg WDs 

Spiders 

t  MSPs 

- redbacks 
- black widows 
- planets 

~200 binary MSPs 

95  

25  

39  

3+1  
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The MSP population - companion stars 
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The MSP population  - The P-Pdot diagram 
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Graveyard 

Tauris, Kaspi, Breton, Deller, et al. (2015) 
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Tauris (2011) 

redbacks 
black widows 
planets 

1-2 Msun  3-7 Msun  

? 
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Å  Rapid spin:  
Å  Small period derivative:  
 

 

Ingridients needed for recycling: 
 

Å   Increase of spin ang. mom. 
Å   Decrease of period derivative 
 

Solution: 
 

Å   Accretion of mass 

PP
R

Ic
B

NS

NS "
62

3

8

3

p
=( )

2
1

4

B c
v B B

t sp

µ å õ
=Ð³ ³ - Ð³ ³Ð³æ ö

µ ç ÷

Geppert & Urpin (1994);  Konar & Bhattacharya (1997)           Magnetic-dipole model 
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The MSP population  - The standard formation scenario 



The MSP population  - The Spiders 

Black widows Redbacks 

B1957+20 

J2051-0827 

GWR 

dominates 

evaporation 

dominates 

Black 
widows 

Redbacks 

J1023+0038 

Chen, Chen, Tauris & Han (2013) 

òItôs simply a matter of beaming  

 and geometryéò 

Start 
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MSP turn-on 

? 



The MSP population  - The Spiders 

Å   Geometric beaming is likely to be causing the  
    difference between Black widows and Redbacks 
       (Chen, Chen, Tauris & Han, 2013, ApJ 775, 27) 

 

Å   Redbacks do not  evolve into black widows 
    (two distinct populations) but see also Benvenuto et al. (2014).  

       Other recent papers: Ablimit & Li (2014), Smedley et al. (2015).  
 

Å   Do Redbacks eventually produce WDs?  Probably noté 
    (competition between evaporation and burning of hydrogen)  
 

Å   Problem:  poor understanding of magnetic braking 
 

Å   Problem:  how/when the radio MSP turns on? 
 

Å   Problem:  understanding the accretion and the 
    mechanism of transitional MSPs 

 Archibald et al. (2009) 
Papitto et al. (2013)  
Stappers et al. (2014)  
Bassa et al. (2014)  
 

and review by Jason Hessels (2015, BONN VII. NS workshop) 
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3FGL J1417.5-4402     The first Red-Bump Spider?  

The óHuntsmanô spider: 1FGL J1417.7-4407    (Strader et al. 2015) 
 

Camilo et al. (2016): 
  Porb = 5.4 days 

  M2 = 0.33 +/- 0.03 Msun   (MNS = 1.77-2.13 Msun) 

  P = 2.66 ms  

Discovery of the first Red-Bump Spider? 

Their existence was predicted  theoretically in 1999.... 

time ­ 

mass ¬ 

Istrate, Tauris & Langer (2014) 

  Red-bump MSPs decouple from RLO because of a chemical discontinuity. 

  (Tauris & Savonije 1999,   see also DôAntona et al. 2006). Only for Porb > 3 days. 

Teff­ 

Lum 
zoom-in on 

RGB­ 



Detach for 30 Myr 

Tauris  & Savonije (1999)        

3FGL J1417.5-4402      The first Red-Bump Spider?  

5.1 days ! 

0.32 Msun ! 

3FGL J1417.5-4402  (Camilo et al. 2016): 
 

 Porb = 5.4 days 

 M2 = 0.33 +/- 0.03 Msun 



Phinney (1992) 

Phinney & Kulkarni (1994) 

no  mass transfer after SN  

Circularization 

by tidal forces  

WDNS systems:  PSR B2303+46 

                            PSR J1141-6545 

PSR J2234+06       (Deneva et al. 2013) 

PSR J1946+3417   (Barr et al. 2015) 

PSR J1950+2414   (Knispel et al. 2015) 

PSR J0955-6150    (Camilo et al. 2015) 

PSR J1618-3921    (Bailes 2010; Octau et al. 2016) 

The MSP population  - The eccentric MSPs 

(Tauris & Sennels, 2000) 

Proposed hypothesis 
for eccentric MSPs:  
 

-  Freire et al. (2011)  
-  Freire & Tauris (2014) 
-  Antoniadis (2014) 
- Jiang, Li, Dey & Dey (2015) 
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Eccentric MSPs: 



LMXB  

PSR J2234+06 
PSR J1946+3417 
PSR J1950+2414 
PSR J0955-6150 
PSR J1618-3921 

2nd star ejected 
­ ecc MSP + MS  

NS + MS + MS 

PSR J1903+0327 
 

95 days, e=0.44, M2= 1 M sun 

Champion et al. (2008) 
Freire et al. (2011)  

The MSP population  - The eccentric MSPs 

Do eccentric MSPs have a triple origin? .......difficult  

Puzzles: 
1) Why always near end of RLO? 
      (so orbit doesnót circularize again) 
2) Why is ecc. always ~0.1? 
3) Why do all systems have Porb=20-30 days? 

MS ejected 
­ ecc MSP + WD  


