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Recent Calibration Files

Astrometry: Time Variable Boresight Update XMM_BORESIGHT 0024

Update of the RGS contamination correction RGS1_EFFAREACORR 0009, RGS2 EFFAREACORR 0009
Update of the RGS Gain and CTI RGS1_ADUCONV_ 0025, RGS1 CTI 0013,
RGS Bad Pixels RGS2_BADPIX 0033
Update of EPIC MOS Gain and CTI EMOS1_ADUCONV 0086, EMOS1 CTI 0074,

EMOS2_ADUCONV_0087, EMOS2_CTI_0075

Refinement of the EPIC-MOS QE at the Si Edge EMOS1_QUANTUMEF 0020, EMOS1 QUANTUMEF 0021,

EMOS2_QUANTUMEF_0020, EMOS2_QUANTUMEF_0021
RGS2_ADUCONV_0028, RGS2_CTI_0014

CORRAREA: Estimate of Aeff EPIC Inter-Calibration Uncertainties XRT1_XAEREAEF 0009, XRT2 XAEREAEF 0010,
Time-Dependent Width of the EPIC-pn Spectral Response EPN REDIST 0012
EPIC-pn Long-Term CTI and Energy Scale EPN_CTI_0045
EPIC MOS HK GTI Selection EMOS1 HKPARMINT 0011, EMOS2 HKPARMINT 0010
X-ray Loading and Rate-Dependent CTI Correction for EPIC-pn Burst Mode EPN_REJECT 0008, PN_CTI_ 0046

November 2014: SAS13.5 -> SAS 14.0
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Astrometry: Time-Variable Boresight Update

dcesa

% Time-dependent boresight AY
implemented in 2012 in order to
address variability in star-tracker

and instrument alignments.

arcsec

OM

L)

% Recent observations show slight

deviations of measured astrometry 00 02 04 06 08 10 12 14 16
Year

offsets with respect to model

predictions. AY

«» Deviations of the order of:

L)

arcsec

« 0.5 arcsec for OM, and EPIC
« 1-2 arcsec for EPIC and RGS

corrected in new CCF:

XMM_BORESIGHT_0024. 00 02 04 06 08 10 12 14 16

Year
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EPIC-MOS: Update of Gain and CTI

% Updated values of the EPIC- MOS1 Mn—K PATTERN in [0:12]

FF, LW, SW, T, non—standard mode + >= 15 peak cts,

MOS gain and CTI parameters s

HHIENEE: 4 | m
icend % HEE

based on recent sets of cal

source data.

% Gain and CTI parameters are
defined on an epoch-wise

basis. The changes affect the

most recent epoch.

% Overall, the EPIC-MOS Full

Frame mode energy

L)

reconstruction accuracy is 5
eV at 2 keV, and within 10 eV -

elsewhere.

Mon Agr & 10:25:13 2015
Mon Agr & 10:25:13 2015

0 500 1000 1500 2000 2500 ] 500 1000 1500 2000 2500
Time [revolutions] Time [revalutions]
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EPIC-MOS: Refinement of the QE at the Si

% Empirical correction driven by
e.g. Read et al. 2014 , A&A 564, 75 MOS1_P0_0-533

reported prominent emission-like |

feature in EPIC-MOS spectra not

seen in EPIC-pn.

1.2F
1108

1.08 :““ iy

Data/Model
Data/Model

% Feature could be caused by

residual inaccuracies of the MOS  °°"

A calibration at the Si 08

photoelectric absorption edge. Energy (keV) Energy (keV)

% Correction derived from targets

D)

MOS2_P0_0-533

MOS2_P0_534-3000

with featureless spectra in the
band of interest, and include

blazars and the Vela pulsar. $
s
a

Data/Model

% Data fit with absorbed powerlaw
models in the 0.85 - 4 keV band.

«» Data-to-model residuals were

stacked, and fit with a spline. Energy (kev) Energy (keV)
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L)

* Resulting spline fits used to empirically

)

adjust the EPIC-MOS quantum efficiency in E 100F
the 0.8 - 2.2 keV band: S 095/
EMOS1/2 QUANTUMEF 0020/21 090+
o 1.055

3 :

_ _ _ _ g 1.00

% Calibration files validated on < :
0.95:

v' a sample of blazars from the XMM- 0.90F
Newton cross calibration database 110F

3 105"

Q C

: : E 1.00Ff

v' a sample of non-piled-up on-axis g :
cources O 0.95F

ur :

6

% 1.05

<+ Residuals around the Si edge reduced from ~ g 100
v} r

QO 095F

5% to ~ 2% dynamical range.

0.90 C
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1.05

EMOS[ 12]_QUANTUMEF_0019.CCF
EMOS[ 12]_QUANTUMEF_002[01].CCF

1.0 1.2 1.4 1.6
Energy (keV)

1.8 20
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EPIC-pn: Time-Dependent Width of the Response

% Analysis of on-board calibration source and celestial sources indicates a gradual
widening of the EPIC-pn spectral response, mainly due to the degrading CTE.

% Implementation of a time-dependent width of the response function is implemented in
SAS 14.0

% The calibration was mainly based on two on-axis observations of the the Circinus
Galaxy in 2001 and 2014.

<+ New calibration contained in EPN_REDIST 0012.
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EPIC-pn: Time-Dependent Width of the Response &&iesa
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EPIC-pn: Time-Dependent Width of the Response \ cSa

ST Ma-Ka Line Sigmo (ADV) SAS 14.0: | 2001 L singles
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% SAS 14.0 contains two major modifications

to the EPIC-pn energy scale correction 38— __M-Ka_Line Centre (ADU) S e M-Ka _ Line Centre (ADV) .
methods: g m e st § bl i w—M*'ﬂ':td" 8 m e o e Lo 4 -s-.ijl*&#
2. o® |
. 3™ s Y ST . . L Ty o
< E-dependent long-term CTI correction: 8 | e ST " S Lia bl |
e Previously, LTCTI calibrated at Mn-Ka - |, |
§ 7 s AR R B s o A ]
e Now, trend at Al-Ka also taken into account B !
305 | 305: |
; — |
: :: powesin AR 4%‘*%—*&%*“";*‘ R g TR *1‘ *.f"; P
w ® |
g’“"; *q'i«{«.thé §’°° +j
ket A AU BMPSVES S ST MR S T T
N m TN TR T o © m Wt
g 295; MWM 9%‘* ‘*ﬁ *iﬁ’og 3“ g 2955 e itas Ramtan ] ‘m{q‘ Wi, ,*ﬂh* }#s*} L‘
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SAS 13.5 SAS 14.0

single events @ Al-Ka
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% SAS 14.0 contains two major modifications

to the EPIC-pn energy scale correction

methods: g nes

180
175
1195,

o 1190

2
8 1185

% E-dependent long-term CTI correction: e

175
1195

e Previously, LTCTI calibrated at Mn-Ka o 1150

8 1as
o

e Now, trend at Al-Ka also taken into account .

195
1190

g 1185

1180

% Doubles-to-singles energy offset: "

1195
190

e st WA G g st A

e Double-pixel event energies were known to g”“

1180

) ) 1175:
be overcorrected with respect to singles. 119a |

o 1190
[=]

8 1as
(=]

e The discrepancies were increasing in time. 1180

175

e Issue mitigated through the introduction of
empirical doubles-to-singles energy offsets,

together with E-dependent LTCTI.
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Circinus Galaxy 0111240101 Circinus Galaxy 0111240101
SAS 135

% New calibration in EPN_CTI_0045. P Clac), PN (e, M1 fyreer) M) s P 3 lacig, PV o), M1 green) MT"FQ’ e —
=t SAS 13.5 T & SAS 14.0
L singles — /' 1}
doubles i
< Validated on Circinus Galaxy: e !l
° 6 6.‘1 6‘.2 5‘.3 6‘.4 6‘.5 6.‘6 5.‘7 © 6 5!1 5{2 613 614 S‘.S 6.6 : Sf
Energy (keV) o Energy (keV)
B 1E0102.2—7219: mean line energies of 38 exposures
— 0
Z 105 wmgx
o _19F 13522 ev * % * * Mg XI
® -20
-30
30
z fhwes % Ne X
o 1021.7 eV * *
% And on SNR 1E 0102.2-7219 (38 | i
30
observations) using the IACHEC model T Rler ¥ ' ¥ Ne IX
(Plucinsky, P.P., et al., 2012, SPIE, 8443, 12) ° —§§
—_ 20
O] S 8 x " 0 VIII
© —20
=30
— 2
f,' _1§ i DS::I},G oV ¥ * ¥ O VII
= +

SAS: 13.5(s) 13.5(d) 14.0(s) 14.0(d)
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EPIC-pn: XRL & RDCTI Correction for Burst Mode

% Rate-dependent CTI parameters have

been recalibrated for Burst Mode after s . . U 17.00 37 . .
including a correction for X-ray loading: _ °% ObelD FO0BIZ040 T AL 170057 WA S—
EPN_CTI 0046, EPN REJECT 0008 %0 A —
% 57 Burst Mode exposures were used for 5 2;2
the RDPHA calibration. 0.50 2 . - - - -
< The empirical calibration is based on = 222: Dol 9.9 ke
measuring gain shifts as function of x 0.152— e
shifted electron rate at the instrumental Z;ZW | = ~‘!=_
Si edge (1.8 keV) and telescope Au Fel flour. (6.4keV) Residuals

3000 E-FeXXVl ’p, s5/, (6.952, 6.973)keV
FeXXv 2p P, (6.701, 6.668)keV

edge (2.2 keV).

2000

R i T e e e
—1000

Cts s7' kev™!

% Additional validation at higher energies

=
[s

(5-8 keV) was performed using sources

. . iy 55 6.0 6.5 7.0 7.5
with prominent Fe transition features. Energy (keV)

old calibration
new calibration
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EPIC: Tool to Estimate Effect of A+ Uncertainties

% As of SAS14.0 a new non-default option
(applyxcaladjustment) is available in the arfgen task to
empirically correct the EPIC effective areas by an energy-

dependent multiplicative factor.

«» This so-called “"CORRAREA" correction tool can be used to

L)

evaluate the impact that the current relative EPIC Agg
uncertainties have on astrophysical parameters derived

from spectral fitting.

% The correction is empirical and somewhat arbitrary, and
currently should not be used as replacement of the nominal

calibration.
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L)

L)

The CORRAREA calibration is based on spectral analysis of

46 bright non-piled-up sources.

The 0.7 - 7 keV EPIC-MOS stacked residuals against the

EPIC-pn best-fit models were derived.

This data was fit with a combination of a constant and

Gompertz functions:
_dle
—C. Xe

R,(E) = a; + a,; + b, x e ™

giving the MOS to pn empirical correction factors.

The EPIC-pn correction factor is E-independent, its value
motivated by the fact that EPIC-pn yields the lowest

2 — 10 keV flux of all operational CCD instruments.
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Normalised EPIC-MQOS data to EPIC-pn model ratio
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EPIC: Tool to Estimate Effect of A+ Uncertainties

N . . . 18 E 45120keV o MOS1 3
< The self-consistent implementation SE i o MOS2 E
o 4.5-12 keV % 4F o ] .
of the CORRAREA calibration has 18= . T - I
o _ = s ! =
been verified on the set of 46 bright 2.5-45keV =z S5 =
g ! 3
non-piled up sources. 15; —F E
_ 6 g_ Azl 055008 | T _g
1.5-2.5 keV g; LT E
E L [ a— N S R v
H H : 10E 5- 1.5 ke : :— =
% However, further validation is gi #t ey L 3
. _ _ _ 0.5-1.5kev z S§E 1 =
required before this correction will 8E H e E

be implemented as default. 08 0.9 10 11 12
B 18 = 45120key | ; MOS1 =
6 = ,’ffwozjfztfumes I I MOS2 3
4.5-12keV Z JE J— E
15 — l:,:ﬁ:*,: —— .3
e 2585 e L =
2.5-4.5kev z 62 T % E
After CORRAREA correction — 1Sf — - E
E 1=1.006+0.061 1l =
6 ;_ 3=1.009+0.056 “ 1 _;
1.5-2.5 keV < 4F [ =
3 ? L . :: I L L E
B esuser, ” =
0.5-1.5kev =z 8 T T E
. 6E I E

0.8 0.9 1.0 1.1 1.2

MOS/pn
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RGS: Contamination Model Update

250 T T T T T T T T ]

% Derived from the RX J1856 count 200:
rate at 35 A

L
=]

% Assuming that the contaminantis a

type of Hydrocarbon (CgHg) coming

o
o

wn
e e e

from the carbon-fibre structures of

the telescope tube.

CgHg contamination layer (nm)

of . . ]
2000 2002 2004 2006 2008 2010 2012 2014 2018
Year
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RGS: Comparison with EPIC-pn Fluxes

% 51 observations of PKS 2155-304, 3C 273
and H 1426+428 processed with SASv14

and calibrations available in November 2014 ' i

c
&
@]
R * sy
N N I R L e e
7-2354 23.5-38.5A 8 + X 1 "y .
e L ]
RGS1/ pn 0.98 +0.02 1.03 +0.01 o * ¢ ‘ + + } . *
RGS2 / pn 0.99 +0.01 1.03 +0.02 ° +
=) 0,95/
L
. ' , . RGS 1@ |
% Work in progress. Should lead to an update i (R. Gonzalez-Riestra) RGS 2 -
of the RGS-pn rectification parameters ’ " © “ovetength . ®

contained in the RGSn_EFFAREACORR CCFs
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XMM-Newton Cross Calibration Status

% Instrumental flux ratios derived from a SASv14.0
set of # 120 observations in the XMM- ML (et
N 4-10 keV (N=116) M-107 (G'=0.11)
ewton Cross-Cal Database. L [L _
I I_I l_'_ 1
A (oA

1.5-4.0 keV (N=117)
= Vel Wiy
M-':I‘J'iiﬂ-':lﬂ%:l

(0.85-1.50 keV {N:ll?] —l_l_L r.-'l :[I (o, (:l:n ]

] M=0.93 cul_,=l:|tﬁ';-
e b .

el LN (3 =002 )
r-1 I[L* G"-l[::[l!
b= L0
J'-'I-EI‘.'-IE IZI.'J-EIJI:I:I

% MOS1 / pn:

= =~ 0.98 (E < 0.54 keV)

= =~ 1.04 (E > 0.54 keV)

% MOS2/ pn:

1.00 (E < 0.54 keV)

Q

Q

1.06 (E > 0.54 keV)

M=100 (3,=0.11}

0.33-0.54 keV (N=108) | E E (}I.: Zau_.:.;l.q:
- ,_l:EE l = o

0.8 0.9 1.0 1.1 1.2
Ratio to joint fit flux (M. Stuhlinger)

T S R e R e T LR e R R EE T R e

» MOS / pn above > 3 keV under

investigation.

®OE D88 B8 B8 BBS

)
)
!
!
ly

* RGS / pn: From 1.01 to 0.95 with

increasing E (using x? statistic)
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