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Overview

Status
In April 2022 we published a new CCF to align the pn 
effective area better with NuSTAR. Corrections need to be 
activated by the user setting ‘applyabsfluxcorr=yes’ in 
arfgen.

Corrections are about ~5% at 9keV. 

Caveat
Correction only of the shape above 3keV.
No correction of the absolute flux
No correction/information below 3keV

Idea
Include Chandra HETG in the analysis, to tie things to lower 
energies and check for the absolute flux.

https://xmmweb.esac.esa.int/docs
/documents/CAL-TN-0230-1-3.pdf



Crab residuals 
show a “bump”

Data available for observations every 
~6 months between  2013-2021.

Fitted with same photon index for pn 
and NuSTAR.

Allowing for different 
cross-normalizations.



Crab residuals 
show a “bump”

Stacked residuals of 13 Crab 
observations between 2013-2021.

Fitted with same photon index for pn 
and NuSTAR.

Correct these residuals with a simple 
spline, anchored at 1keV and 12.5keV.



AGN Small Window mode Test Sample

Sample based on previous work by 
Andrea Gokus and Amy Joyce. 

All source rigorously checked for pile-up 
and variability (requiring strictly 
simultaneous GTIs).

Sources fit with best fit 
phenomenological model, based on 
Andrea’s and Amy’s work. 



Test with AGN/Small Window sample

All fitted individually, 
simultaneous for 
NuSTAR and EPIC-pn. 

Allowed for a free cross 
calibration.

Showing stacked 
residuals (𝛘2 and ratio).

No correction With correction



New data since release of CCF in 
2022



Monitoring the 
correction based 
on Crab spectra

15 datasets available for observations 
every ~6 months between  2013-2023.

Fitted with same photon index for pn 
and NuSTAR.

Made sure extraction region has the 
same footprint on the sky.

Allowing for different 
cross-normalizations.



15 datasets available for observations 
every ~6 months between  2013-2023.

Fitted with same photon index for pn 
and NuSTAR.

Made sure extraction region has the 
same footprint on the sky.

Allowing for different 
cross-normalizations.

Monitoring the 
correction based 
on Crab spectra



Crab residuals 
show a “bump”

Stacked residuals of 15 Crab 
observations between 2013-2023.

Fitted with same photon index for pn 
and NuSTAR.

Correct these residuals with a simple 
spline, anchored at 1keV and 12.5keV.

Correction function from the CCF (published) in red, with 
+/-1% range in orange.

New correction function in blue.

Differences only appreciable >10keV, but no uncertainties 
analysis performed yet.



Crab spectra 
with current 
correction.

Re-extracted all data with 
‘applyabsfluxcorr=yes’ and 
performed same fit method.

In particular, photon index across all 
instruments is fixed!



Crab spectra 
with current 
correction.

Re-extracted all data with 
‘applyabsfluxcorr=yes’ and 
performed same fit method.

In particular, photon index across all 
instruments is fixed!

Currently no update on CCF planned or 
needed.

CCF corrections still work very well!



3C 273, now including Chandra

3C 273 as second big 
calibration source, but spectrum 
much more complicated than 
that of the Crab.

But spectral fits show same 
residuals as in the Crab, and are 
solved by same correction 
function!

Adding Chandra to test 
corrections at energies <3keV.

Chandra data courtesy to Michael Smith



Apply Correction to 3C 273 with HETG data

8 epochs of 3C 273 data between 
2012-2022 (2021 missing due to some 
issues with the observation)

Fitted with cutoffpl + diskbb + 
xillver (xillver normalization fixed in all 
epochs, distant reflection, see Madsen et al. 
2015).

Using “applyabsflux=yes” to see the 
effect of the updated calibration.

Using HEG +/-1 and MEG +/-1 combined.

pn

FPMA

HEG

MEG

2022



pn  residuals

No strong systematic residuals 
after correction is applied.

Photon-index driven by high energy 
NuSTAR data.

Low energies dominated by 
‘diskbb’ component that does not 
show up in NuSTAR.



FPMA  residuals

No strong systematic residuals 
after correction is applied.

Photon-index drive by high energy 
NuSTAR data.

Low energies dominated by 
‘diskbb’ component that does not 
show up in NuSTAR.



HEG  residuals

Clear difference in spectral slope is 
evident (HEG seems to require 
harder spectrum than pn).



All combined residuals



Chandra/HETG 
impact

● We find a clear disagreement in slope and 
flux between NuSTAR, pn, and HETG

● NuSTAR and pn agree well, based on the 
empirical corrections

● Both HEG and MEG require harder 
spectra

● Both HEG and MEG absolute flux falls 
between pn and NuSTAR (pn =1.0, 
HEG/MEG ~ 1.1, NuSTAR ~ 1.2)

Checked influence of thermal disk 
component at low energies, but does 
not change the discrepancy between 
pn and HETG.
Results confirmed my Michael’s flux 
band analysis.



Conclusion and open questions

How can we proceed from here?

Chandra/HETG shows apparent disagreement in 
both, flux and slope. 

Because of that, and degeneracy between them, it is 
hard to judge which parameter is mostly driving the 
difference.

Any ideas welcome on how to proceed from here 
(besides adding more datasets, which is on the 
agenda).

Goal

We wanted to use Chandra as a gauge for the 
absolute flux calibration; now we see it falls right 
between pn and NuSTAR

Changing effective area of EPIC by ~10% is more 
reasonable than ~20%. Still investigating ideas how 
sucha a change in effective area could be feasible 
(e.g., PSF updates).



Appendix



Without diskbb & soft energies



Fit without pn, without diskbb



Test  and checks



Full Frame mode Test Sample

Long list of diverse source population in 
Full Frame mode. 

All source rigorously checked for pile-up 
and variability (requiring strictly 
simultaneous GTIs).



Full frame  mode test  sample

No correction With correction



Absolute flux calibration



Current situation (before Oct 2021)

EPIC-pn fluxes are typically 10%-15% 
lower than NuSTAR fluxes.

See also IACHEC paper 
(Madsen et al.,  2017a)

A. Joyce (priv. com
m

.)

AGN sample



NuSTAR’s new effective area

Old ARF
New ARF

New NuSTAR calibration (from 
October 2021) reduced the effective 
area by ~10%.

This change is based on 
comparisons with stray light 
observations of the Crab (absolute 
Crab flux) and better understanding 
of the detector.

A
Eff

 (
cm

2 )

This moves NuSTAR fluxes further 
away from XMM-Newton/EPIC-pn!



Test with AGN/Small Window sample

All fitted individually, 
simultaneous for 
NuSTAR and EPIC-pn. 

Cross calibration fixed 
at 1.

Showing stacked 
residuals (𝛘2 and ratio).

No correction With correction



Very large 
difference in 
absolute flux

● NuSTAR’s measurement of off-axis 
Crab are in line with historic 
measurements

● NuSTAR’s new ARF implies a 18% 
difference to EPIC-pn in the 3-12keV 
band

● Physical reason for a 18% change of 
EPIC-pn ARF unknown

● Implications below 3keV cannot be 
tested with NuSTAR



Crab is extended

EPIC-pn is operated in burst mode.

We need to make sure that NuSTAR 
data is extracted from same source 
region as CCD4 pn footprint on the 
sky.

Seasonal change between Northern 
and Southern are of the remnant.

NuSTAR FPMA



NuSTAR calibration update

NuSTAR calibration update in 
October 2021.

Based on “stray light observations” 
of the Crab, avoiding the 
uncertainties of the optics.

Only need to known photon 
response of the detector, which is 
well calibrated from on-ground 
calibration.



Updated correction function - shape

Based on Crab simultaneous 
observations.

Red line is moved so that below 
3keV we have no correction.

This is implemented in 
XRT3_XAREAEFF_14.CCF



Next source: 1ES 0229+200 

As a possible new good calibration source this BL 
Lac might be perfect:

- Not too bright / not too faint
- Rather hard power law( Γ ~ 1.8)
- Simple spectrum (power-law or log-parabola)
- Can even be extended down to UV 

wavelengths!

Existing data not simultaneously (2009 and 2013)


