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OUTLINE 
   

•  Why NICER? 
 

•  What: Absorption features during thermonuclear X-ray bursts 

 Models 

 Observations 
 

•  Prospects of detecting photoionization edges with NICER 

 and identifying the heavy elements as burning ashes 



3 

Launched June 3, 2017 

Neutron star Interior Composition ExploreR 

Installed on ISS mid-June 2017 
Science program start July 13, 2017 So far 64 burst detections from 13 sources 

https://youtu.be/sDd2PjbXEg8
https://heasarc.gsfc.nasa.gov/docs/nicer/ql/nicer_ql1.html


4 

• X-ray Timing Instrument (XTI) 

– Detects individual X-ray photons, reports 
energy & time traceable to UTC 

– 56 “concentrator” optics, SDD detectors 
radiation shielding held in the Optical Bench 

 

 

 

 

 

 

 

 

 

 

Flight Releasable  

Attachment  

Mechanism 
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• Spectral band: 0.2–12 keV 
– Well matched to neutron star emissions 
– Overlaps RXTE, XMM-Newton, Chandra, etc. 

• Timing resolution: 0.1 s RMS absolute 
– 50x better than RXTE 
–  >100x better than XMM-Newton 

• Energy resolution: <150 eV @ 6 keV 
– 10x better than RXTE 
– ~ XMM (EPIC/MOS) or Chandra (ACIS) 

• Sensitivity: 5.3 x 10–14 erg/s/cm2 (5σ, 
Crab-like spectrum, 0.5–10 keV in 10 ksec) 
– 10x better than RXTE (PCA) 
– ~3x better than XMM-Newton’s timing  

capability (PN clocked mode) 

• Max countrate: ~38,000 cps (3.5 Crab) 

– Background: ~ 0.3 cps 

– Deadtime accounted for in telemetry 

• Non-imaging FoV: 6 arcmin diameter 

A novel combination of sensitivity, timing, and energy resolution 
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Calibration 
Improvements of the response matrix 

Courtesy L. Keek 

Unusual low-energy coverage 

Absorption can be a real concern 

 



The rp- process:  

series of proton captures and b decays. 

Radioactive 

isotopes 

Heavy nuclei produced during X-ray bursts 

Burst nucleosynthesis 

Preliminary idea: try to 

detect radioactive lines 

during X-ray bursts   

with INTEGRAL … 

N 

Z 

Courtesy A.Cumming 



Photoionization edges from X-ray bursts 

Burst 

wind 
Photosphere 

  grav. z 

Weinberg, Bildsten, Schatz (2006) 

• Co @ 9.9 keV 

• Fe @ 9.2 keV 

• Cr @ 6.6 keV 

• S  @ 3.5 keV 

• Si @ 2.7 keV 

Heavy elements H-like recombination: 

13.6  Z2    

Courtesy A.Cumming 



RXTE/PCA Kajava+17 HETE J1900.1-2455 2010: 



NICER simulations of X-ray burst spectra 

UCXB 

4U 1820-30 
Motivated by in ‘t Zand & Weinberg (2010) 

observations of 4U 1820-30 (high burst 

rate in low state) 

 

 Simulations of a superexpansion burst 

(L > LEdd) as a 1.5 keV absorbed black-

body continuum with an edge @ 7 keV 

(t = 1) during 10 s : 

NICER 

Courtesy L. Keek 



Photoionization edges in X-ray burst spectra 

4U 1820-30 

Rotational broadening (E) 

(E, t) time-dependence 

Gravitational redshift  NS compactness 

 

 Simulation of a superexpansion burst  

(L > LEdd) during 1 s as a 1.5 keV absorbed black-

body continuum with an edge @ 2.7 keV (t = 0.6) : 

NICER 

Thermonuclear burning ashes: Heavy elements  

H-like recombination (13.6  Z2 eV) 

Yu & Weinberg arXiv:1806.00164 

Burst 

wind 

y2n21, t=10s 



(Super)expansion bursts from 4U 1820-30 

NICER MAXI Swift/BAT 

(See also in ‘t Zand et al. 2012) 

Low-hard state August 2017 





4U 1820-30 strong PRE burst 

in NICER on 2017-08-29 

Keek et al. 2018 



4U 1820-30 strong PRE burst in NICER on 2017-08-29 

2s after burst peak 

+2s  

+1s  

Observed spectrum 



SUMMARY 
•  Why NICER? 

High time resolution: t < 0.1 μs (50 RXTE) 

High spectral resolution: E < 150 eV @ 6 keV (~ XMM / Chandra) 

High sensitivity: 510–14 ergs s–1 cm–2 (0.5–10 keV, 5 in 10 ks; 20 RXTE, 4 XMM) 

 

• What: Absorption features during thermonuclear X-ray bursts 
 Models: Photoionization edges from burning ashes  

 Observations: Only a few detections with RXTE (NuSTAR?) during PRE 

 

• Why no detection with NICER so far? 

  The right bursts may have not been seen yet, 

  or the spectral response may still need improvements. 

 

• Prospects: 

  Simultaneous detections of multiple photoionization edges  

  should ease identifying the involved heavy elements  


