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Pulsar : optical spectra 



Pulsars : what happens if  
we don't have good timing 
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Vela : K Band
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Pulsar P - Surface Field
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Anomalous X-ray Pulsars / Magnetars

Name P Bsurf dE/dt Lx{b} Opt
(s) (1014;G) (1033;erg/s) (1033;erg/s) (K;mag)

1E;2259+586 6.979 0.59 0.056 17 21.4
Swift;J1822.3L1606 8.438 0.14 0.0014 0.005
1E;1048.1L5937 6.458 3.9 3.3 49 20.5
1E;1841L045 11.789 7 0.99 184
4U;0142+61 8.689 1.3 0.12 105 20
SGR;1806L20 7.548 20 45 163 20
SGR;1900+14 5.200 7 26 90
SGR;0501+4516 5.762 1.9 1.2 0.81 19
1E;1547.0L5408 2.072 3.2 210 1.3
XTE;J1810L197 5.540 2.1 1.8 0.043 21
CXOU;J010043.1L721134 8.020 3.9 1.4 65
SGR;0418+5729 9.078 0.061 0.00021 0.001
SGR;0526L66 8.054 5.6 2.9 189
PSR;J1622L4950 4.326 2.7 8.3 0.44
SGR;1627L41 2.595 2.2 43 3.6
1RXS;J170849.0L400910 11.005 4.7 0.58 42
CXOU;J171405.7L381031 3.825 5 45 56
SGR;J1745L2900 3.764 2.3 10 <0.11
SGR;1833L0832 7.565 1.6 0.32 ...
PSR;J1846L0258‡ 0.327 0.49 8100 19
SGR;1935+2154† 3.245 ... ... ...



Review - Mereghetti, Pons and Metalos : arXiv:1503.06313v1 : X-ray observations



Optical/NIR Magnetars 
4U 01642+61 : Wang et al, 2006, Nature, 440, 772



4U0142+61 : Dhillon et al, 2005, MNRAS, 363, 609 

31,000 frames of (0.48s) 



SGR 0501+4516: 
Dhillon et al, 2011, 
MNRAS, 416, L16 

K band - on NIRI/Gemini 
but very poor absolute timing 



1E 1048.1-5937

Dhillon et al, 2009, MNRAS, 394, L112



Anomalous X-ray Pulsars / Magnetars



AO Observations of a Magnetar - VLT/NACO : Mignani 
et al,, 2009, A&A, 497, 451 



Millisecond Pulsars - see (e.g.) Paulo Freire’s page http://
www.naic.edu/~pfreire/GCpsr.html
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Gemini : Testa et al, 2015, MNRAS, 453, 4159

Radio discovery 
parameters 
field MSP

Follow up optical  
spectroscopy needed



Millisecond Pulsars
• Cadelano, et al, 2015, ApJ, 812, 63



• Cadelano, et al, 2015, ApJ, 
812, 63



Black Widow and 
Redback pulsars

• Close binary orbits 
• orbital periods from 

< 2 hours  
• companion mass 

down to 0.01 Mo, 
can be less 

• comprehensive 
evolutionary path 
unclear : 
spectroscopy 
needed

Movie credit : NASA's Goddard Space Flight 
Center/Cruz deWilde 



Terzan 5 : Archival : 
F606W / WFPC2
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HTRA Science Case II  
Close Binary Systems

X-ray-Optical cross-correlations 
observed by UltraCam and Optima 

Shown are UltraCam observations of 
the black-hole accretor GX339-4 - 
Gandhi et al (2008) 

Time scales < 1 sec 
Optical Autocorrelation indicated 
synchrotron emission from a possible 
jet structure rather than being driven 
by X-ray reprocessing. 

GX339-4 is reasonably bright V~17. 
Other objects considerably fainter - 
E-ELT required to look at spectral 
variability 



Erice 2015 

Casella et al, 2020,MNRAS, 404, L21 - RXTE + ISAAC : GX 339-4

Variable IR emission coming from jet near the 
BH, 100 ms delay wrt X-ray emission  
Time resolved polarimetry is important



E-ELT 0.004s-hours

Existing  
instruments  
~ ns - ms

thanks to  
G Kanbach



E-ELT 0.004s-hours

APDs

EMCCDs

MKIDs

frame transfer



ESO - HTRA  : Richichi et al 2009

Instrument Detector Group τ (ms) Type

UltraCam Frame 
Transfer

Sheffield/
Warwick

5ms Imager  (3-Band)

UltraSpec EMCCD Sheffield/
Warwick

1ms Spectrograph

GASP EMCCD Galway 600µs Polarimeter
Optima APD MPE 1 ns Photoncounter / 

polarimeter
Iqueye APD Padua 0.1 ns Photon counter

Arcons MKID UCSB 20 ns Imager



Taken from Kieran O Brien’s talk at Galway workshop



• Frame Transfer : UltraCam, tmin ~4 ms 
Dhillon et al, 2007, MNRAS, 378, 825 



• Electron Multiplying CCD, EMCCD or L3CCD :  
UltraSpec, GASP, LuckyCam, tmin ~600 µs

• Reduced noise by 
amplification during readout 

• see e.g. Basden et al, 2003, 
MNRAS, 345, 985 

• Subject to amplification noise 
and stability problems



Avalanche Photodiode (APD), Optima, Iqueye 
single pixel, tmin ~ ns, or arrays - eAPDs

Optima : Straubmeier et al, 2001, Exp. Ast, 11, 15 
Iqueye : Naletto et al, 2009, A&A, 508, 531 
APD arrays : Finger et al, 2014, SPIE, 9148, 17 

Fast - potentially low noise set 
by  dark current 

SAPHIRA detector initially for 
wave-front sense - sub-electron 
read noise 



Microwave Kinetic Induction Detectors MKIDs, tmin  ~ few ns 
ARCONS : Mazin et al, 2013, PASP, 125, 1348



Micado : HTRA Contribution

• High Sensitivity 
– optical pulsar detection down to mk ~ 30 [ maybe 

hundreds] 
• Timing  

– magnetar light curves down to mk ~ 25 [10s] 
– some pulsar timing 
–  correlated observations - needs absolute timing 

• Excellent Astrometry 
– pulsar proper motion 

• No polarimetry



Micado 

All 2.5 Hz Read Noise 
e- / frame

e- / frame 
mJHK=23.5

J 2x2 8.5 10

H 2x2 10.7 23.3

K 4x4 22.5 25



Micado 

1σ Limiting 
Magnitudes / frame:  

Band 0.25Hz 2.5Hz 25Hz 250Hz

I	
  (Z) 26.5 24.1 21.7 18.0

J 26.8 	
  	
  	
  24,9 22.4 18.9

H 26.2 24.6 22.1 18.9

K 25.3 23.9 21.9 18.3



Harmoni : 

• Spectroscopy of  MSP secondaries in GC 
• Magnetar/pulsar spectra down to m~25 
• But a frame transfer readout would give some time 

resolution

Thatte et al, 2014, Proc. SPIE, 9147, 25



• Summary 
–  Timing from Micado  

• noise limited  
• JHK observations of magnetars up to mk ~ 25 
• integrated observations of pulsars down to ~28/29 
• time tagging with GPS? 

–  Harmoni - frame transfer? 
–  Simultaneous or follow on observations 

• Polarisation / XIPE 
• SKA : pulsar population - MSP-Binary-GC 

spectroscopic and astrometric observations 
• Polarisation important for compact objects with high 

magnetic fields 



Thank you


