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Coordinated XMM-NuUSTAR & NUSTAR sample

I took over from Felix in mid (and
extremely hot) August 2023 at ESAC

Based on previous work by Felix

Fiierst. 26 obs - Thick Filter

12(10) obs — Medium
Filter

GOAL: Reduce and analyze a large 30 obs - Thin Filter

sample of “coordinated XMM-Newton
& NuSTAR" targets (mostly XRBs)
in @ semi-automated pipeline for
XMM-Newton (EPIC-pn in timing
mode) and NUSTAR
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Reduction and analysis approach \QN cSa

SAOImage Ds9-gmatzeu 5 O &

XMM-Ne Wton File Edit View Frame Bin Zoom Scale Color Region WCS Illustrate Analysis Help hist.fits (Y_1—64)
EPIC-pn = al o , . i

falue

Timing mode - !

RAWX =1-64 | = & o

file ‘ edit ‘ view ‘ frame | bin ‘ zoom ‘ scale | color ‘ region ‘ wes ‘ illustrate | analysis l help

Using 3_10 keV zoomin zoom out ‘ zoom fit ‘ zoom 1/4 z00m 1/2 ‘ zoom 1 ‘ z00m2 ‘ zoom4 2e+07 - -

J =pl=

In the Timing mode,
spatial information is
maintained only in
one dimension,
along the column

(RAWX) axis. e ~¢ QUASAR
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Reduction and analysis approach

hist.fits(Y _1-64)

XMM-Newton EPIC-pn ¥
Timing mode
RAWX by (central RAWX excl)

10byO ... 10by4 depending on pileup
Using 3-10 keV

.., | Peak RAWX=38

2e+07 —

Mincount=25 and oversample=3 se074 e.g.,10byl i
arfgen applyabsfluxcorr=yes RAr\éVn>1<OZEj39

1e+07

NuSTAR
Fitting FPMA and FPMB
90" extraction radius both
src and bkg L a— . . . :
Using 3-20keV % (pizel] oo

Mincount=50 ' QUASAR
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Example 1:

Cyg_X1 : NuSTAR 30002150004 (50.90 ks), XMM 0745250501 (137.71 ks 10by4)

>
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HMXRB: CYG X-1
1 AR .
- + + + : . + J. ]
1 r"":"ﬁ'-f"w* PR W “Mm MM
: | L AT |
0.9 |, cstyn i bigae ettt ¥ o
08 L - . . . _
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L Energy (keV)
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{zesa

Find best-fit continuum
model to NuSTAR data

only
(in this case:constant*pow)

(XMM EPIC-pn not fitted)

EPIC-pn photo-index wrt
NuSTAR: harder

(XMM EPIC-pn not fitted)

arfgen applyabsfluxcorr=yes

~¢ QUASAR
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Example 2 : {zesa

4)H_1743m322 : NuSTAR 80202012006 (65.71 ks), XMM 0783540401 (131.08 ks 10by2)

Find best-fit continuum
model to NuSTAR data only
(model:constant*Tbabs*pow)

counts s' keV-!

(XMM EPIC-pn not fitted)

EPIC-pn photo-index wrt
NuSTAR: harder

(XMM EPIC-pn not fitted)

ratio

09 | e 1 HH#W ~
e, ﬂ+++{+44+}f++#{’r A WMW arfgen a,pplya,bsﬂu%ccorr—yes
08 b ~ QUASAR
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More examples: gallery | |

counts s~ keV-!

ratio

counts s~ keV-!

ratio

: B
>Sad
- BL LAC: Mrk 501 i
* .:"” 1[
R PR il gluu.uih;!!I,',,h”u” | u“!I iu' )
l T T '- } il i ol , TR |
os | + _ ]l ’ ] || .._ J[ + j:—:
 HMXRB? MAXI J 1348-639',
L o w
#Rbf {Pl # veE % 0.6 | ]
o . ™ 0| JASAR
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TEST 1 example — EPIC-pn VARIABLE CONSTANT

CYG X-1; An accreting high
mass X-ray binary with strong
iron Ka line.

Fe Ka centroid energy lines is
shifted by ~10 eV

counts s~ keV-!

Aconst = 1 (FPMA) - constant
(EPIC-pn) = 0.09

ratio

-> work in progress.

Energy (keV)
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TEST 2 example — EPIC-pn VARIABLE I \\\K\\esa

CYG X-1; An accreting high mass
X-ray binary with strong iron Ka
line.

counts s-! keV-1

Fe Ka centroid energy lines is
shifted by ~10 eV

AT = T (FMPA) - T (pn) = 0.06

The majority of EPIC-pn slopes ares
softer w.r.t. NuSTAR FPMA/B

-> work in progress.
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Results Counts/s vs Aconstant (THICK) \\\QM esa

. o.sl* i
High S/N so 1-3% error . ® SMCX-I .
€® MAXIJ1348-630
2 4 B GX301-2
There is a considerable 5 oql ¥ 40163653 ]
. b7 X LMC X-1
scatter_W|thout any £ AU 1957411
recognizable correlation TRk o Swit11749.4-2807 |
I 04f A G}lll%221009A -
Work in progress! e 2 MRK 501
z (¥ 20%
EPIC-pn and NuSTAR S0 mmm oo O - L Bl
. [ ) .
differences not aIw_ay_s that wa g, OO
large but mostly within 20% -
0 .X L L | .<>. | L L L | L L L |
0 20 40 60 80
EPIC- / 3
pn cts/s ~¢ QUASAR
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Results Counts/s vs Aconstant (MEDIUM) i{\\\i\ﬁ esa

0.8 SMC X-1 (MED)

CXO0 J092418.2-314217 (MED)
H 1743-322 (MED)

XTE J1739-285 (MED)

XTE J1810-197 (MED)
SwiftJ1753.5-0127 (MED)

IGR J17062-6143 (MED) i

High S/N so 1-3% error

oeennom

There is a considerable
scatter without any
recognizable correlation

0.6

Work in progress!

A COHSt(EPIC_pn) =1- COHSt(EPIC_pn)

EPIC 20%
-pn and NUSTAR . R
differences not always that ' @ G
large but mostly within 20% : ® N a
00a I I I 2I0 I I I 4IO I I I 6IO I I I 8I0
EPIC-pn cts/s ~¢ QUASAR
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Results Counts/s vs Aconstant (BOTH) (= esa

0.8

SMC X-1

MAXI J1348-630
GX 301-2

H 1743-322

4U 1636-53
LMC X-1

4U 1957+11 -
Swift J1749.4-2807
Cyg X-1

GRB 221009A
HER X-1

MRK 501

SMC X-1 (MED)
CXO0 J092418.2-314217 (MED) | 7]
H 1743-322 (MED)

XTE J1739-285 (MED)
XTE J1810-197 (MED)
SwiftJ1753.5-0127 (MED)
IGR J17062-6143 (MED)

High S/N so 1-3% error

0.6

There is a considerable
scatter without any

recognizable correlation
04F

Work in progress!
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A CODSt(Eplc_pn) =1- COHSt(Eplc_pn)

EPIC-pn and NuSTAR
differences not always that
large but mostly within 20%

0 20 0o w0 %
EPIC-pn cts/s ~¢ QUASAR
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Results Counts/s vs Al (THICK) - | @:GS&

0.8 .
_ ¢ ® SMCX-I
High S/N so 1-3% error @  MAXIJ1348-630
B GX301-2
_ _ - 0 H1743-322 :
There is also a considerable zos} *  4U1636-53 -
: S| X  LMCX-I
scatter without any = < 4U1957+11
: : = A Swift ]1749.4-2807
recognizable correlation N F o Oygxel _
204f A GRB 221009A _
. = %  HER X-1
Work in progress! n N X MRK 501
—
< e _
EPIC-pn and NuSTAR 02} s -
differences not always that - o 0 10% 1
large, see GRS 1739-278 ELE "I I O
0 X. B R < ] . . ] . . . ]
0 20 40 60 80
EPIC-pn cts/s ~¢ QUASAR
ESA UNCLASSIFIED - For Official Use Gabriele Matzeu | Quasar Ltd for ESA | 04-Jun-2024 | Slide 13
= Il b 2= m W= SIS S 3 e ISR SE w14 European Space Agency



1\\
Results Counts/s vs AT (MEDIUM) ﬁ\\\fﬁ esa

. 0 0.81 BB SMCX-1(MED) 7
High S/N so 1-3% error O (X018 2 314217 (MED)
O XTEJ1739-285 (MED)
| ® XTE J1810-197 (MED)
There is also a considerable _,,| S R, |-
scatter without any 2|
recognizable correlation ~
|
50.4— .
Work in progress! i
—~
< i
EPIC-pn and NuSTAR 02} -
differences not always that e 10% |
large, see GRS 1739-278 N oA T g o
Oi . . . 1 . . . 1 . . . 1 . . . 1
0 20 40 60 80
EPIC-pn cts/s ~¢ QUASAR
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Results

High S/N so 1-3% error

There is also a considerable
scatter without any
recognizable correlation

Work in progress!

EPIC-pn and NuSTAR
differences not always that
large, see GRS 1739-278
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0.8

o
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L epmay - I'epic-pn
(]
=

AT

0.2

Counts/s vs Al' (BOTH)

SMC X-1

MAXI J1348-630
GX 301-2

H 1743-322

4U 1636-53
LMC X-1

4U 1957+11 i
Swift J1749.4-2807
Cyg X-1

GRB 221009A
HER X-1

MRK 501

SMC X-1 (MED)
CXO0 J092418.2-314217 (MED) | ]
H 1743-322 (MED)

XTE J1739-285 (MED)
XTE J1810-197 (MED)
Swift]1753.5-0127 (MED)
IGR J17062-6143 (MED)

OeeOOoEN ¥ >+ > () M xeHPO | |
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== N 11

40
EPIC-pn cts/s
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~¢ QUASAR
Gabriele Matzeu | Quasar Ltd for ESA | 04-Jun-2024 | Slide 15

European Space Agency

I+l



Current status and outlook g o e like MAXT J1348-

630, HER X-1, 4U1636-53

Flux difference of ~20% will make my life even
obvious in most of the 36 more complicated
sources with some outliers

_ w.r.t. NuSTAR
Slope difference of ~10% for |y pm f1ux typically lower by ~ 20%
most of the 36 targets_ with XMM spectrum softer (Al ~ 0.1)
some pronounced outliers

Work is ongoing to create
automated pipeline, add
more sources. Any change
to calibration can be
immediately checked.

As this is in working progress
we still have to find some form

of correlation (if any!).
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Conclusion

IACHEC cross-calibration
observations and XRBs provide a
good set to measure and test the
cross-calibration between EPIC-pn
in timing mode and NuSTAR.

Project only recently started (but
based on lots of previous work done
by Felix and IDT team).

Current cross-calibration is far from
perfect, but hopefully stable and
can be characterized well in the
short-term.

ESA UNCLASSIFIED - For Official Use

Short-term goal: Optimize the
analysis by considering COMMON GTIs
(when possible).

Investigate the Aconst, Al (and ANH)
behavior w.t.r. to the number of
columns removed for pileup sources
(most of them!)

Mid-term goal: Increase the sample
by adding the XMM-Newton EPIC-pn in
timing mode observed with Thin filter.

Long-term goal: Also investigate the
change in centroid energy of Feka
emission line.
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