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LOFT Instruments  
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LAD – Large Area Detector 
Effective Area 4 m2  @ 2 keV 

8 m2  @ 5 keV 
10 m2 @ 8 keV 
1 m2   @ 30 keV 

Energy range 2-30 keV primary 
30-80 keV extended 

Energy resolution FWHM 260 eV @ 6 keV 
200 eV @ 6 keV (45% of area) 

Collimated FoV  1 degree FWHM 

Time Resolution 10 µs 

Absolute time accuracy 1 µs 

Dead Time <1% at 1 Crab 

Background <10 mCrab (<1% syst) 

Max Flux 500 mCrab full event info 
15 Crab binned mode 

WFM- Wide Field Monitor 
Energy range 
 

2-50 keV primary 
50-80 keV extended 

Active Detector Area 1820 cm2 

Energy resolution 300 eV FWHM @ 6 keV 

FOV (Zero Response)  180°x90° + 90°x90° 

Angular Resolution 5’ x 5’ 

Point Source Location Accuracy 
(10-σ) 

1’ x 1’ 

Sensitivity (5-σ, on-axis) 
Galactic Center, 3 s 

Galactic Center, 1 day 

 
270 mCrab 
2.1 mCrab 

Standard Mode 5-min, energy resolved images 

Trigger Mode Event-by-Event (10µs res) 
Realtime downlink of transient 
coordinates 



LOFT and ESA’s Cosmic Vision program 
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Relativistic Binary pulsars  
with at least 1 post-newtonian parameter measured 

- periastron advance,  
- orbital decay, 
- time-dilation and gravitational red-shift parameter,  
- sin of the inclination of the orbit (equal, in GR, to the shape parameter of the Shapiro delay)  
- mass of the companion star (equal, in GR, to the range parameter of the Shapiro delay) 

(Possenti Burgay 2011) 

Strong Gravity  

* Accurate test of gravity; several GR effects 
   confirmed with very good accuracy 
 
* BUT: direct measurements only at large radii  
   (R~106  Schwarzschild radii) 
 
* Shapiro delay: best GR test so far  



Strong Field Effects 

Need to sample Radii close to  
the horizon (Rg~ GM/c2):  
matter accretion into black  
holes and neutron stars  
provides the best tool. 

 
 
 
-     Last Stable Circular orbit, aka ISCO ( 6 Rg -> 1 Rg) 
-  Particle motion around ISCO and  
     fundamental frequencies of motion 
-  Dragging of inertial frame  
-  Strong field light deflection 
-  Black hole mass and spin  



Probing strong gravitational fields with  
Quasi Periodic Oscillations (QPOs)               Stong Field Diagnostic: Quasi Periodic Oscillations  

 
 
    Accreting neutron stars                      Accreting black hole candidates 

Sco X-1 

10                        100                     1000 
                         Frequency 



Generic Model for higher frequency kHz QPOs 

ν2    

 A 10 km radius, 1.4 M ¤ neutron star with the corrisponding innermost 
circular stable orbit ( ISCO; dashed circle ) and orbits ( drawn circles ) 
corresponding  to orbital frequencies of 1200 and 500 Hz, drawn to scale. 

ν2     = ν ϕ (ri)  =  Keplerian  (ϕ) frequency at inner disk radius ri 

 ri   ≅  15  ( M/M ¤ )                                  km 

 ri   =  f ( M )   to explain frequency variations 

(ν2  / 1000 Hz ) 
-2/3  

• 
( Alpar, Shaham 1985; 
Strohmayer et al. 1996; 
Lamb et al. 1985; 
 Miller et al. 1997 ) 



νθ 

νϕ 

νr 

Fundamental Frequencies of Particle Motion 

- Epicyclic Resonance (fixed radii)  

- Relativistic Precession: nodal and 
periastron (variable radius)      



Accretion Disk - Numerical Simulations 

(Fragile & Blaes 2008) 

-  No clear QPO signals yet 
-  Epicyclic frequencies play a role in some tilted disk simulations 



Example: high frequency QPOs in the BHC XTE J1550-564 

ν1=188 Hz, ν2=268 Hz, frac rms ν1= 2.8%, 
frac rms ν2=6.2% (Miller et al. 2001), 
flux = 1 Crab, RXTE Exposure 54 ks, 

significance ∼3-4σ 	  	   LOFT simulation: Texp=1 ks 



LOFT study of the QPO evolution with flux 

Different models still fit the available data.	  Once the ambiguity of the interpretation of the QPO phenomena is 
resolved, the frequency of the QPOs will provide access to general 
relativistic effects (e.g, Lense-Thirring or strong-field periastron 
precession) and to the mass and spin of the black hole. 	  



Blob orbiting a Kerr black hole 

-  Azimuthally-elongated, tilted and eccentric blob 
           to reproduce observed power spectra (GRO J1655–40)  
           within relativistic precession interpretation 
-  M = 7.1 Mo,  a/M =0.6,  I= 63 deg , variable R ~ 4-5 M 
      

(Bakala, Goluchová, Torok)  



Power spectrum for varying emission radii 

(Bakala, Goluchová, Torok)  

R = 3.97 M 

R = 4.23 M 

R = 4.46 M 

R = 4.86 M 

R = 4.98 M 



(Barret) 

LOFT simulation 



Rela%vis%c*precession*modelRela%vis%c*resonance*model

PCA/RXTE PCA/RXTE

LAD/LOFT LAD/LOFT

Azimuthal*frequency

Periastron*precession*frequency

Radial*epicylcic*frequency

Nodal*precession*frequencyLow*frequency*QPO

Radial*epicyclic*frequency*at*3:2*ra%o

Ver%cal*epicyclic*frequency**at*3:2*ra%o

Ver%cal*epicyclic*frequency*at*2:1*ra%o

Ver%cal*epicyclic*frequency*at*5:3*ra%o

Relativistic Epicyclic Resonance Interpretaion 

(Barret) 



kHz QPOs in Time Domain with LOFT 
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Strong Gravity diagnostic  
 Fe-lines from accretion disks 

 
-  Strong field relativistic effect: 

Doppler shifts and boosting, 
gravitational redshift, strong field 
lensing  

 
-  Observed in manyActive Galactic 

Nuclei and X-ray binaries  
 

Line profile and time variability 
     black hole mass and spin 
 
In situ probing of strong field gravity  
     (~few Rs) 
 
e.g. MCG 6-30-15:  
     - Kerr BH required to fit line profile  
        

MGC 6-30-15                        XMM 



Nandra et al. '98 

Very Broad Fe-K line  profiles in : 
                           AGNs                             X-ray Binaries  

LOFT Kick-off meeting - Rome A. De Rosa 



Reflection vs complex absorption:  

courtesy De Rosa 

Reflection + blurred Fe line 
Complex absorption + distant reflection 
 

MCG-6-30-15 
150 ks LOFT simulated observation 

90% 

95.5% 

99.7% 

99.7% 



Tomography: AGN: 3x107 Mo, 1mCrab, a=0.5, 
hot spot at r=risco, variable Fe-line 

A.	  De	  Rosa	  

LOFT	  

•  2	  orbits	  
•  10 phases:	  5x10^3	  s	  each	  
•  Rsp=Risco	  
•  θ=300	  
•  a=0.5	  
•  qin=qout=3	  
	  

rout 

rin 

rsp 

Courtesy De Rosa 

(see Simon Vaughan’s talk) 



2.	  Probing	  SG	  effects	  
with	  x-‐ray	  “eclipses”	  

LOFT	  

E=6.68+-‐0.03	  keV	  
EW=340+-‐35	  eV	  
Rin/Rout=2.7/400	  Rg	  
NH=1e25	  cm-‐2	  

T=25ks+25ks	  

Credits	  of	  G.	  Risali[	  

An	  obscuring	  cloud	  covers/uncovers	  
different	  parts	  of	  the	  accre[on	  disc	  at	  
different	  [mes,	  allowing	  a	  direct	  
check	  of	  the	  expected	  pa^ern	  of	  disc	  
emission	  



Low Frequency QPOs  
Relativistic nodal precession  

(from frame dragging) 
of the innermost disk regions ? 

10                        100                     1000 
                         Frequency 



θ=60o;	  φ=90o	  
Accre[on	  disk	  Hoot	  inner	  

Flow	  
Hot	  inner	  flow	  

Relativistic nodal precession (from frame dragging) of the innermost disk regions 
(Ingram & Done 2012)  
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LOFT LAD

(see Adam Ingram’s talk) 



Reverberation  

in the continuum 

in the Fe-line 
(see Phil Uttley’s talk) 



C
ur

va
tu

re
 

Potential 

Black hole no-hair theorem 

-  GR predicts that motion of matter is 
determined by M and a; space time 
curvature is irrelevant 

   
-  LOFT will study in detail the same 

phenomena (Fe-lines and QPOs) 
over a a factor of 108 in mass, or a 
factor of 1016 in space-time curvature 

 
-> Constrain further any violation of the  
       “no-hair theorem” 

1016 



Yellow Book Strong Gravity Section 


