
GSFC



2

Keith Gendreau
PI

Zaven Arzoumanian
Deputy PI

Craig Markwardt
Software/Calibration

Elizabeth Ferrara
NICER GOF



3

1) Accessing data

2) NICER software

3)Spectral extraction

3) Dealing with Background

4) Light curve extraction

5) Things to look out for
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https://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/caldb_supported_missions.html

Geomag path must be set for background models, unique to NICER
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New Workflow: Streamlined

NICER Data

nicerl2
(improved 
screening)

Spectrum

Responses & Bkg
Light Curve

nicerl3-spect
(extract, 

responses, bkg, 
syserr)

nicerl3-lc
(extract)

Level 1

Level 2

Level 3
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https://heasarc.gsfc.nasa.gov/docs/archive.html
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• Data downloadable from NASA’s HEASARC archive

– Searchable using Browse or Xamin interfaces

– Guest observers receive notification when data are ready

• A scientific observation is identified by its observational identifier (10-digit number)
PPPPTTVVss

– PPPP - Proposal number

– TT - Proposed target number (e.g., proposer asked for two neutron star targets)

– VV - Proposed visit number (e.g., proposer asked for five visits of 10 ks each)

– ss - Segment number (observations crossing calendar day boundaries are split 
into multiple segments)

– A day-long segment may have multiple “snapshots” or Good Time Intervals, 
since ISS is in a low-earth orbit, typically about 1000 seconds each

NICER Observational Data

https://heasarc.gsfc.nasa.gov/db-perl/W3Browse/w3browse.pl
https://heasarc.gsfc.nasa.gov/xamin/xamin.jsp
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New Workflow: Streamlined

NICER Data

nicerl2
(improved 
screening)

Spectrum

Responses & Bkg
Light Curve

nicerl3-spect
(extract, 

responses, bkg, 
syserr)

nicerl3-lc
(extract)

Level 1

Level 2

Level 3
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nicerl2
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• Use the ‘nicerl2’ processing tool for all data

– Applies calibration and standard processing

• Consult on-line NICER documentation for analysis issues

– Software guide overview

– Analysis “threads:” procedures for common issues

– Analysis tips for specific known problems or issues you may 
encounter

– Keep your CALDB up to date, and understand calibration limitations 
by reading calibration documents

– Systematic errors: Relative systematic errors can be expected to 
be less than 1.5% in the 0.4 - 10 keV range.

NICER High Level Recommendations

https://heasarc.gsfc.nasa.gov/docs/nicer/nicer_analysis.html
https://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/caldb_intro.html
https://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/nicer/docs/nicer_caldb_docs.html
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Analysis Threads

https://heasarc.gsfc.nasa.gov/docs/nicer/analysis_threads/
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• Use the ‘nicerl2’ processing task to process all NICER observations (part 
of standard HEASoft)

– nicerl2 applies standard calibrations and screenings
• Calibration: energy scale, timing offsets

• Screenings: pointing, optical light, high background, noisy detectors

– Use nicerl2 even if you freshly download data from the archive
• When new calibration becomes available, the NICER pipeline does not 

always reprocess old data or apply to immediately to new data, so you need 
to

– How to run nicerl2:
nicerl2 indir=./1234567890 clobber=YES

Data Processing Recommendations
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• While NICER has 52 operational detectors not all detectors are enabled for 
every observation.  This is occurring more often now compared to post-launch

– Occasionally, a detector auto-disables itself

– NICER ops may disable detectors for high rate targets

– Detectors may be disabled for maintenance activities (“annealing”)

• How to check using your filter file (.mkf file)

– Number of detectors:
ftstat niNNNNNNNNN.mkf

(and check median of NUM_FPM_ON column)

– Which detectors disabled:
fsumrows infile=niNNNNNNNNNN.mkf'[1][col F=(FPM_ON?1:0)]’ \
outfile=fpm_on.fits cols=F rows=- operation=sum

(and use ‘fv’ to view resulting fpm_on.fits table image)
DET_ID = (MPU x 10) + FPM

– DET_ID’s 11, 20, 22 and 60 are always disabled, as shown in figure

• When making ARFs and RMFs for spectra, be sure to follow instructions on 
NICER Response thread to include only enabled detectors

Common Issues: Disabled Detectors

FPM

M
P

U

0 7

0
6
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Undershoot
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• NICER’s detectors are negatively impacted by optical light

– Optical light measured by “undershoots” (FPM_UNDERONLY_COUNT in 
filter file)

• Standard screening requires undershoot rate < 200 ct/s

• If your observation is near the sun or has persistently high undershoots, 
most or all data may be excluded

– Filter file SUN_ANGLE < 60 or FPM_UNDERONLY_COUNT > 200 would 
indicate this

• Relax this screening criteria with nicerl2 parameter
underonly_range=0-600

• However, beware that high optical light is not accounted for in calibration 
and may also caused enhanced low energy noise

Where’s My Data? Undershoots
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Overshoot

• Also causes reset events

• Partial clipping CR events contribute to 
background!
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• Particle background likely correlated 
with “overshoots”
– FPM_OVERONLY_COUNT in filter file

• The standard screening excludes data 
with “high” overshoots, in an orbit 
dependent way (see orange line in 
figure)

• This can exclude too much data, 
especially near “polar horn” regions of 
high geomagnetic activity
– Shows up as data drop-outs at 

certain parts of orbit
• Some evidence that solar modulation of 

cosmic rays has changed since we 
designed this screening criterium

Where’s My Data? Overshoots

Time (seconds) courtesy Peter Bult
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Area above either orange line is screened out

Loosen this criterium with 
nicerl2 parameters:
overonly_range=*-2

Can also adjust norm of 
overonly_expr
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New Workflow: Streamlined

NICER Data

nicerl2
(improved 
screening)

Spectrum

Responses & Bkg
Light Curve

nicerl3-spect
(extract, 

responses, bkg, 
syserr)

nicerl3-lc
(extract)

Level 1

Level 2

Level 3
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Producing Spectra and Backgrounds

• Now two options to produce 
background spectra/model

• All automated by nicerl3

• Also produces script to load in 
spectrum and appropriate 
background

• Automatically bins spectrum 
“optimally” (see Kaastra & 
Bleeker 2016)
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nicerl3-spect
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• Flux 1-sigma range is 0.87 – 1.15 x 10-13 erg/s/cm2

(~4 µCrab; compare to ~300 µCrab RXTE PCA sensitivity)
• New SCORPEON model is adjustable to get ultimate fit to your data

NICER Example Faint Source
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Background Components
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Background Components
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Background Components
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Background Components
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Background
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Geographic Overview of Dominant 
NICER Background Contributors

SAA

Cosmic Rays (COR)

Precipitating Electrons
(PREL)

Trapped 
Electrons
(TREL)
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Library Models vs Template Models

IB
G

: 1
5

-1
7

 k
eV

 E
ve

n
ts

HREJ: PI Ratio-Rejected Events

• Break parameter space into cells, measure 
background in each shell (library of 
spectra)

• Application: calculate exposure in each 
shell, make weighted sum of library 
spectra 

Library Model: 3C50 Template Model: SCORPEON

• Measure ”basis vector” of each unique 
component

– Make smoothed version of template 
as XSPEC model

• Normalized based on known telemetry 
(overshoots, etc)

• Application: predict norms from telemetry 
& load into XSPEC

Remillard et al. 2022
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• SCORPEON Model

• Major goals

– Break down 
background into 
physically-
motivated 
components

– Separate “data 
modes” (slow-only, 
slow+fast event 
types), and both

– Assume that these 
components can 
be modeled with 
simple spectral 
models so they are 
easy to implement

Background: SCORPEON

Thorne et al 1980
Tyssoy presentation
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• S COR PE O N

– S = SAA

– COR = COsmic-Ray (COR_SAX)

– PE = Precipitating & trapped Electrons
• Precipitating electron population (PREL)

• Trapped electron population (TREL)

• Low energy electrons (LEEL) – solar storms

– O = cOnstant
• Astrophysical: CXB + Halo + LHB + SWCX

• Non-varying Non-X-ray background

– N = Noise peak (not dealt with here)

SCORPEON Name
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SCORPEON Background Components

SAA

Trapped 
Protons

COR

Cosmic Ray

TREL

Trapped 
Electrons

PREL

Precipitating 
Electrons

LEEL

Low-Energy 
Electrons

CON

Constant
NXB, Sky

Electron-
Dominated

Hadron-Dominated
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• Script will load the background 
model and source spectra

• Frozen and free components set 
by observing conditions

• nxb is the non-X-ray background

• Sky is anticipated X-ray 
background

• Better capture of covariance 
between background uncertainty 
and science model parameter 
uncertainty

Background: SCORPEON

IMPORTANT: Scorpeon should be fit in the 0.22-15.0 keV energy
range. Use “pgstat” or “cstat” when fitting.



37Remillard (2021)
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• Template library created from blank 
sky observations under different 
observing conditions

• Nicerl3 takes observing conditions 
from target observation, pulls 
appropriate 3C50 library model, 
rescales normalization (for e.g., for 
number of detectors, exposure time, 
etc).

• Background is then simply subtracted 
from source spectrum (should use 
standard energy cuts)

Background: 3C50

IB
G
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5

-1
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 k
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n
ts

HREJ: PI Ratio-Rejected Events
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Background Summary
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• Light curves are produced by the nicerl3-
lc pipeline

• PI range sets energy range, PI = 10 eV  
(ex. Below shows 3-15 keV)

• Default is to run with no background

• Space-weather is only background option 
currently available in nicerl3-lc

Producing Light Curves

Space weather background model:
uses blank sky observations under comparable
observing conditions to estimate the typical
background count rate
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• NICER energy scale

– After calibrations, all event files have “PI” column with common 
energy scale (“Pulse Invariant”)
• 1 PI = 10 eV (e.g. PI = 150 means E = 1.50 keV)
• Estimated error ~5 eV (0-10 keV)

• NICER on-axis response

– NICER calibrated against 
Crab nebula as a 
“smooth” continuum

– Systematic errors 
~1-2% (0.4-10 keV)

– Total effective area and 
slope comparable to 
Madsen et al. 2017 NuSTAR
(within ~5%)

– Often, residuals are due to 
difficiencies in model, not 
response

NICER Calibration Status

NICER Crab
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• ~2.2 keV – Gold M edge from XRC gold coating (actually a complex from 
2.1 – 4.5 keV)

• 1.840 keV – Silicon K edge (window & bulk detector)

• 1.56 – Aluminum K edge/fluorescence (window)

• ~0.3 keV – Trigger efficiency cut-off (varies by det)

• ~0.2 keV – Noise peak (varies by det & lighting)

• At high optical light levels response is broadened but this is not yet 
modeled (will be in RMF calculator - in work)

– Noise peak may intrude into spectrum

– Sharp lines may be degraded

Detector Features to Watch Out For
Crab (Old Calib)
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• The interstellar medium is often modeled with neutral N_H 
models such as wabs, tbabs (Wilms et al), etc.

• These models are general approximations to reality, especially 
with all parameters left at solar abundance

• Most common features: 

– Oxygen K edge (0.56 keV)

– Iron K edge (0.71 keV)

– Neon K edge (0.87 keV)

• If you see residuals in this consider using “tbfeo” or “tbvarabs” to 
allow abundances to vary; check literature for reported 
abundances

• Even so, actual line profiles may not match “perfect” profiles 
tabulated in tbabs model (due to ionization, molecular 
compound, or dust composition of ISM); See Crab to right

• Dust scattering halos – see bright target slide

Astrophysical Features to 
Watch Out For

Crab (Old Calib)

298 J. S. Kaastra et al.: X-ray spectroscopy of the Crab nebula

Table 2. Best fit parameters.

Parametera Model A Model B Model C
pure gas gas & dust pure gas

curv. corr. curv. corr no curv. corr

χ2 2341 2327 2366
d.o.f. 1316 1315 1316

f (5)b 1.056 ± 0.009 1.055 ± 0.009 1.035 ± 0.009

f (40)b 0.746 ± 0.016 0.762 ± 0.016 0.854 ± 0.019

column densitiesc:

H Id,e 31 750 ± 220 9700 ± 1700 31 280 ± 220

H Id, f − 22 300 ± 1800 −
H Id,g 31 750 ± 220 32 060 ± 220 31 280 ± 220

H IIh 1752 ± 4 1752 ± 4 1752 ± 4
N I 2.67 ± 0.24 2.72 ± 0.24 2.48 ± 0.25
O I 19.28 ± 0.18 19.83 ± 0.22 19.23 ± 0.18
O II 0.23 ± 0.14 0.25 ± 0.15 0.20 ± 0.14
Ne I 4.69 ± 0.21 4.66 ± 0.21 4.74 ± 0.21
Ne II 0.46 ± 0.25 0.52 ± 0.24 0.64 ± 0.25
Mg I 1.14 ± 0.28 1.20 ± 0.28 1.13 ± 0.28
Mg II 0.00 ± 0.09 0.00 ± 0.10 0.00 ± 0.09
Fe I 0.65 ± 0.05 0.77 ± 0.04 0.65 ± 0.05
Fe II 0.23 ± 0.06 0.14 ± 0.04 0.26 ± 0.07

a Error bars are all 1σ for one interesting parameter.
b f (5) and f (40) are the values of the effective area scale factor f (λ),
Eq. (5), at 5 and 40 Å.
c Ionic column densities are given in units of 1021 m−2. The column
densities of all metals include all phases (dust and gas).
d H I includes in the cross section contributions from neutral He, C, Si,
S, Ar, Ca and Ni assuming proto-solar abundances for these elements.
e For the pure gaseous phase only.
f For the gas & dust mixture with proto-solar abundances added to the
pure gaseous phase above.
g Total column: sum of contributions listed as b and c.
h For H II the column is derived from the pulsar dispersion measure
assuming that all free electrons originate from hydrogen (see text).

2p−3d excitations). Such transitions have first been identified in
an astrophysical source by Sako et al. (2001), and have subse-
quently been incorporated in our absorption models in SPEX.
Those transitions cause the two deep absorption troughs at 17.1

and 17.4 Å. They are also visible in the HETGS data of Juett
et al. (2006), at similar wavelengths. At our effective spectral
resolution it is not possible to separate the inner shell transitions
of Fe I from those of Fe II; the blends for these ions almost co-
incide. Therefore, the difference between the absorption by both
ions is mainly derived from the different location of the absorp-
tion edges (see Fig. 7).

Similar to the case of the neon edge, also here possible con-
tamination by highly ionised oxygen must be considered. Within
our effective resolution, the O VII K-edge is close to the Fe II
L3 edge (Fig. 7). Our model gives an optical depth of 0.019
for this Fe II L3 edge, while the O VII edge has a depth of at
most 0.002. Thus, contamination of the iron edge by highly
ionised oxygen is less than 10%, well below the statistical un-
certainty on the Fe II column density.

Although the column density of Fe is determined well from
the jump across the absorption edge, our fit is not optimal. At the

long wavelength side of the edge, between 17.5−18.0Å, there is
excess flux of the order of 5%. This excess extends downwards
to 17.1Å. Adopting a∼5% higher continuum between 17−18Å,
our absorption model provides a reasonable fit. Note that our
model B with dust provides a slightly better fit in the absorption
lines compared to model A; this is due to the high opacity of the

Fig. 7. Blow-up of Fig. 6 near the Ne I K-edge (top), Fe I L2,3-edge (mid-
dle) and O I K-edge (bottom). Crosses: RGS1; diamonds: RGS2; solid
line: model A (no dust); dotted line: model B (with dust).

lines, which results into stronger shielding effects by dust grains,
and therefore to a relatively lower line to continuum opacity than
for the pure atomic case.

The 5% amplitude of the excess is much higher than any
uncertainties in our cross-dispersion correction factor, excluding
therefore an origin in uncertainties of dust scattering near the

Wilms

Kaastra et al 2009

XMM RGS Crab

tbabs

https://pulsar.sternwarte.uni-erlangen.de/wilms/research/tbabs/
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• Deadtime correction affects all observations
– Team is working on documentation and 

tools for deadtime corrections
• Pile-up is a concern only for the brightest 

targets (>2 Crab); this is a difficult issue to 
model 

• Dust scattering halos have significant effects
– Energy dependent
– Aperture size dependent

• interferes with comparing observatories with 
different apertures (NICER 360”, RXTE 1°, 
Imagers ~few “)

– Halo is time dependent if source varies
– ‘xscat’ model in XSPEC recently updated by 

Randall Smith for larger radius apertures 
such as NICER.  Use radius=180”

NICER Concerns: Bright Targets

V404 Cyg
(Chandra ACIS)

Heinz & Corrales et al. 2016



45

• Consult on-line NICER documentation for analysis issues

– Software guide overview

– Analysis “Threads” - procedures for common tasks

– Analysis tips for specific known problems or issues you may 
encounter

• Send questions to the NICER helpdesk:
https://heasarc.gsfc.nasa.gov/cgi-bin/Feedback

Ways to Get Help

https://heasarc.gsfc.nasa.gov/docs/nicer/nicer_analysis.html
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NICER PSR J0030+0451


