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EPIC introduction and calibrationEPIC introduction and calibration

Presentation Presentation forfor thethe

XMMXMM--Newton Newton SAS WorkshopSAS Workshop

(Only slightly modified by M.Guainazzi(Only slightly modified by M.Guainazzi

on the basis of a presentation by)on the basis of a presentation by)

Marcus G. F. Kirsch (ESA)Marcus G. F. Kirsch (ESA)

EPIC calibration status document:
http://xmm2.esac.esa.int/docs/documents/CAL-TN-0018.pdf
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EPIC hardware featuresEPIC hardware features

•• 3 independent 3 independent 
CCDCCD--cameras (2 cameras (2 
MOS & 1 PN), MOS & 1 PN), 
observing observing 
simultaneously the simultaneously the 
same fieldsame field
–– MOS, 7CCDs, FIMOS, 7CCDs, FI

–– PN, 12CCDs, BIPN, 12CCDs, BI

•• 3 different light 3 different light 
filters for both filters for both 
camera types camera types 

•• different modesdifferent modes
–– imaging modes imaging modes --

to accommodate to accommodate 
brightness  brightness  

–– timing modes timing modes --
time resolution up time resolution up 
to 7 to 7 µµss (PN(PN--Burst)Burst)

Mirrors

RGS-Camera 1 RGS-Camera 2

EPIC-MOS-Camera 2 EPIC-MOS-Camera 1

EPIC-pn-Camera Optical Monitor

RGS
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What is a CCDWhat is a CCD

•• Charge Coupled DeviceCharge Coupled Device

•• You know that from your digital cam or mobile phoneYou know that from your digital cam or mobile phone
–– our CCDs however work also for Xour CCDs however work also for X--ray photonsray photons

•• Silicon device to measure photons energy, position Silicon device to measure photons energy, position 
and timeand time

n

p

1. Take 
positive and 
negative 
doped silicon

n

p
Depletion zone

2. Create 
depletion zone 
by adding 
voltage

Depleted 
pn-junction

photonphoton

am
plifier

3. Arrange pn-
junctions as 
pixels in 
structure, that 
can be read 
out by 
changing 
potentials

! During shifts some electrons may be lost

e
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PN operating modesPN operating modes

Full Frame/Ext. FFFull Frame/Ext. FF

Time Res: 73,4Time Res: 73,4/199/199 msms

Large WindowLarge Window Small WindowSmall Window

Time Res: 48 msTime Res: 48 ms Time Res: 6 msTime Res: 6 ms

TimingTiming BurstBurst

Time Res: 7 Time Res: 7 µµssTime Res: 0.03 msTime Res: 0.03 ms

Time Time

RAWX
RAWX
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Large WindowLarge Window
Time Res:
0.9 s central CCD
2.7 s outer CCDs

Small WindowSmall Window
Time Res.: 
0.3 s central CCD
2.7 s outer CCDs

TimingTiming
Time res. :
1.8 ms central CCD
2.6 s outer CCDs

Full FrameFull Frame
Time Res.: 2.6 s

MOS operating modesMOS operating modes

In MOS the external CCD are always used in the same way!

General truth: each mode can be combined with any 
of the optical blocking filter: THIN, MEDIUM, THICK
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Summary of modes propertiesSummary of modes properties

This table is extracted from the source of any wisdom 
as far as XMM-Newton instruments are concerned: 

the XMM-Newton Users Handbook
http://xmm.esac.esa.int/external/xmm_user_support/d ocumentation/uhb/index.html
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• Where are the photons coming 

from? 

• How many?

• Which “sort” (energy) of photons?

• When do the photons arrive?

• What is source and what is 

background?

What is eventually What is eventually calibration? calibration? 

In XIn X--ray astronomy we are measuring individual photonsray astronomy we are measuring individual photons

[Marcus Kirsch]
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•• Astrometry Astrometry 

•• Effective areaEffective area

•• Energy redistributionEnergy redistribution

•• Gain/CTIGain/CTI

•• TimingTiming

•• BackgroundBackground

Calibration topics Calibration topics 

wherewhere

whichwhich

whenwhen

whichwhich

whatwhat

how manyhow many

electronics:
Gain, Timing, Modes

CCD:
QE, CTI, Gain, redistribution, 

Astrometry

Mirrors:Mirrors:
Eff. Area

PSF
Astrometry
Vignetting

Filter:Filter: eff area
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•• Definition:Definition:
The precision with which The precision with which 
astronomical coordinates astronomical coordinates 
can be assigned to source can be assigned to source 
images in the EPIC focal images in the EPIC focal 
plane.plane.

•• Relative astrometryRelative astrometry within within 
each camera is accurate to each camera is accurate to 
better than 1better than 1--2 arcsec for 2 arcsec for 
all cameras and the full all cameras and the full 
FOVFOV

•• Absolute astrometryAbsolute astrometry now now 
limited only by S/C attitude limited only by S/C attitude 
accuracy: 2 arcsecaccuracy: 2 arcsec
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Point Spread Function:Point Spread Function:

Definition:Definition:
spatial distribution of light in the focal plane in response to spatial distribution of light in the focal plane in response to an an 
observed (monochromatic) point source. The PSF integrates to observed (monochromatic) point source. The PSF integrates to 
1 over the infinite focal plane.1 over the infinite focal plane.

The default model (The default model (ELLBETAELLBETA) is derived from the analysis of a stack of a ) is derived from the analysis of a stack of a 
large number of sources for different offlarge number of sources for different off--axis angles and energies.axis angles and energies.

For more details: For more details: Read et al., 2011, A&A, 534, 34Read et al., 2011, A&A, 534, 34

110 arcsec

MOS1 MOS2 PN
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Def.: the effective is the collecting area of Def.: the effective is the collecting area of 

the optical elements and detector the optical elements and detector 

system of the EPIC cameras as a system of the EPIC cameras as a 

function of energy.function of energy.

1.1. Collecting area of mirrorCollecting area of mirror

2.2. Filter transmissionFilter transmission

3.3. Quantum Efficiency of CCDsQuantum Efficiency of CCDs

4.4. Vignetting (shadowing) Vignetting (shadowing) 

1. Mirrors 2. Filter transmission 3. QE of CCDs 4. Vignetting

How many photons are focused 
by the mirrors (in units of area)

How many photons are not 
blocked by the filter

How many photons are detected 
as such by the camera

How many photons are 
prevented from reaching the 
focal plane due to shadowing



M.Kirsch & M.Guainazzi, “EPIC calibration status”, 14th SAS Workshop, 3rd June 2014

EPICEPIC
ESACESAC

Effective area calibration accuracyEffective area calibration accuracy

Summed (=stacked) residuals on a large sample of 
non-thermal AGN, each fit with its own best-fit model 
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Definition: The energy profile recorded by theDefinition: The energy profile recorded by the

detector system in response to a monochromatic input.detector system in response to a monochromatic input.

•• Mode/time dependent Mode/time dependent -- different redistribution matrices requireddifferent redistribution matrices required

•• Difficult to measure at low energy (large interplay between rediDifficult to measure at low energy (large interplay between redistribution and stribution and 
efficiency) efficiency) –– this limit the calibrated energy bandthis limit the calibrated energy band--pass to pass to ≥≥300 eV300 eV

CuCu--LL
pn response to monochromatic ground calibration  sourcepn response to monochromatic ground calibration  source

Main peak

Compton shoulder

Noise peak
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Instrument stabilityInstrument stability

EPICEPIC--pnpn EPICEPIC--MOSMOS

The difference in count rate among the MOS spectra is 
due to the time variability of the redistribution, which 
is also position dependent – SAS takes care of that 
(talk by Saxton)!
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EPIC patterns (=EPIC patterns (=““gradesgrades”” in ASCA/Chandra)in ASCA/Chandra)

The EPIC response depends also on patterns, i.e. the event shape

MOS
patterns
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•• Gain/CTI are well known so that Gain/CTI are well known so that 
line energies can be determined line energies can be determined 
with with ±±±±±±±±10 eV 10 eV in imaging modes in imaging modes 
under normal conditionsunder normal conditions

•• Accuracy of energy determination Accuracy of energy determination 
is poorer in Timing Modes: is poorer in Timing Modes: ±±±±±±±±2020--30 30 
eV eV 

•• MOS: CTI correction implemented MOS: CTI correction implemented 
in order to take energy in order to take energy 

degradation into accountdegradation into account

•• Gain / CTI long term monitoring Gain / CTI long term monitoring 
provided by regular internal provided by regular internal 
calibration source observations. calibration source observations. 

•• CTI (CTI (Charge Transfer InefficiencyCharge Transfer Inefficiency) is the imperfect transfer of charge as it is transported ) is the imperfect transfer of charge as it is transported 
through the CCD to the output amplifiers during readthrough the CCD to the output amplifiers during read--out.out.

•• Gain is the conversion (amplification) of the charge signal depoGain is the conversion (amplification) of the charge signal deposited by a detected photon, sited by a detected photon, 
from ADU (Analogue to digital unit) charge into energy (electronfrom ADU (Analogue to digital unit) charge into energy (electron--volts).volts).
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•• XMMXMM--Newton allows :Newton allows :

–– pulse analysispulse analysis

–– pulsepulse--phase resolved phase resolved 

spectral analysis for ms spectral analysis for ms 

pulsarspulsars

•• Current relative time Current relative time 

accuracy of EPICaccuracy of EPIC--pn: pn: ∆∆P/P P/P 

≈≈ 22××1010--99

•• Absolute Absolute accuracyaccuracy: 70 : 70 µµss

[based on analysis of the Crab pulsar]

EPICEPIC--pn is the fastest Xpn is the fastest X--ray CCD available at the momentray CCD available at the moment
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BackgroundBackground

•• Low energy electronic noise Low energy electronic noise 

•• Soft proton Soft proton ““flaresflares””
–– energy shape varying from flare to flareenergy shape varying from flare to flare

–– for weak sources for weak sources only solution: select quiet only solution: select quiet 
time periodstime periods

•• Quiet time high energy proton inducedQuiet time high energy proton induced
–– directly in the CCDdirectly in the CCD

–– indirectly via fluorescent lines (indirectly via fluorescent lines (strong metal 
line features make background subtraction 
complex especially for large clusters & radial 
temperature determination)

•• Astrophysical backgroundAstrophysical background

PN Cu KMOS Al K

Details: Details: 
http://xmm.esac.esa.int/external/xmm_sw_cal/backgro und/index.shthttp://xmm.esac.esa.int/external/xmm_sw_cal/backgro und/index.sht mlml

M1 particle BG subtractedM1 particle BG subtracted

M2 particle BG subtractedM2 particle BG subtracted

M1 particle M1 particle NOTNOT BG subtractedBG subtracted

M2 particle M2 particle NOTNOT BG subtractedBG subtracted
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CrossCross--calibrationcalibration

Flux ratios (as of SASv13)Flux ratios (as of SASv13)

•• RGS/pn (<0.54 keV) RGS/pn (<0.54 keV) ≅≅ 1.071.07

•• RGS/pn (RGS/pn (≥≥0.54 keV) 0.54 keV) ≅≅ 1.001.00

•• MOS/pn (<0.54 keV) MOS/pn (<0.54 keV) ≅≅ 0.950.95

•• MOS/pn (MOS/pn (≥≥0.54 keV) 0.54 keV) ≅≅ 1.051.05--.10.10

•• MOS1/MOS2 MOS1/MOS2 ≅≅ 1.001.00

•• Typical Typical σσ≅≅0.030.03--0.050.05

Cross-calibration status document (Stuhlinger et al.)
http://xmm2.esac.esa.int/docs/documents/CAL-TN-0052.ps.gz

For XMM-Newton versus other 
missions cross-calibration, look at: 
http://web.mit.edu/iachec/papers/index.htm
l

[I have a slide on this topic, but it takes further 
5 minutes …]
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Calibration summaryCalibration summary

Effect Max. Error Energy 
dependent

Off axis angle 
dependent

Relative Astrometry 1.2’’(r.m.s.) NO YES

Absolute Astrometry 1.5’’ NO YES

PSF 2 % YES YES

Relative Effective Area ±±±± 5 % YES YES

Absolute Effective 
Area

±±±±15 % YES YES

Line Energies ±±±± 10 eV YES YES

Relative Timing ΔΔΔΔP/P=2××××10-9 NO NO

Absolute Timing 70 µµµµs NO NO
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•• Meta task to process MOS and/or pn dataMeta task to process MOS and/or pn data

•• It generates calibrated, possibly filtered event listsIt generates calibrated, possibly filtered event lists

•• User remains in control data screeningUser remains in control data screening

•• How to run it:How to run it:
� emproc (MOS)(MOS)

� epproc (pn)(pn)

�� GUIGUI

�� A pair of Perl                                                  A pair of Perl                                                  

scripts doing                                                   scripts doing                                                   

exactly the                                                     exactly the                                                     

same job (no                                                    same job (no                                                    

GUI):GUI):
�� emchainemchain

�� epchainepchain
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Default or not default?Default or not default?

•• Exposure selectionExposure selection

–– by default all imaging and timing exposures are processedby default all imaging and timing exposures are processed

–– selection of data modes to be processedselection of data modes to be processed

– imaging

– timing 

– burst → epproc burst=YES

–– exposures to process can be selected individually via strings:exposures to process can be selected individually via strings:

epproc withinstexpids=yes instexpids=‘PNS001’

•• Attitude and housekeeping, GTIAttitude and housekeeping, GTI

�� atthkgenatthkgen is run by the is run by the procproc ss

� it produces a FITS file containing the entire attitude 
information for a complete observation

�� hkgtigenhkgtigen is run by the is run by the procproc ss

� It filters the event lists according to housekeeping parameters
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Bad pixelsBad pixels

•• Dead pixelDead pixel: no events are : no events are 
detecteddetected

•• Hot pixelHot pixel: pixel : pixel ““producesproduces”” ghost ghost 
events very oftenevents very often

•• By default the By default the procprocs will try to s will try to 
detect bad pixels for any imaging detect bad pixels for any imaging 
exposure. exposure. 

•• The new bad pixels are then used The new bad pixels are then used 
in the data reduction together in the data reduction together 
with any others known (via the with any others known (via the 
calibration files) bad pixels calibration files) bad pixels 

•• You may see You may see ““holesholes”” and and ““dark dark 
columnscolumns”” in your science images. in your science images. 
SAS corrects flux, effective area SAS corrects flux, effective area ……
due to their presencedue to their presence

bad

hot
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Data filteringData filtering

•• By default the event lists are filtered By default the event lists are filtered 

means that the filtered events are means that the filtered events are 

removedremoved

•• The filter expression can be controlled by The filter expression can be controlled by 

the userthe user
�� flagfilteredevents == trueflagfilteredevents == true

In this case all events are retained, and a In this case all events are retained, and a 

flag column will be set to indicate what events flag column will be set to indicate what events 

would have been removed.would have been removed.

�� Flagged events can be removed at a later Flagged events can be removed at a later 
stage via, e.g., stage via, e.g., fselectfselect (LHEASOFT)(LHEASOFT)
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•• 22--10 keV10 keV

–– Cluster temperatures:Cluster temperatures: consistent between ACIS, EPICconsistent between ACIS, EPIC--MOS, MOS, 

EPICEPIC--pn, XISpn, XIS

– Slight inconsistency (5%) among the XIS units

–– PowerPower--law indices in G21.5law indices in G21.5--0.90.9: if ACIS is the reference:: if ACIS is the reference:

– XRT, MOS1, pn: ≥ΓACIS-0.05; XIS, MOS2: ≤ ΓACIS+0.05

–– FluxesFluxes: If EPIC: If EPIC--MOS=1MOS=1

– EPIC-pn≅0.95-0.90; ACIS≅1.05-1.10 (also with L-HETG); HRCS-
LEGS≅1.05; 0.95≤XISi≤1.05

•• 0.50.5--10 keV10 keV

–– If EPICIf EPIC--pn is the reference (pn is the reference (TTpnpn=temperature measured in the =temperature measured in the 

0.50.5--7 keV)7 keV)

– TACIS≅1.2Tpn;  TXIS0≅0.9Tpn;  TXIS1-3≅1.2Tpn

– Relative ACIS to EPIC-pn difference @0.5 keV respect to @2 keV 
10%

–– ±±10% agreement between XMM10% agreement between XMM--Newton and Chandra gratingsNewton and Chandra gratings
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•• epframesepframes to process a CCD, to process a CCD, 

exposure and datamode exposure and datamode 

specific ODF file, creating the specific ODF file, creating the 

output raw event list and GTI output raw event list and GTI 

data set data set 

•• badpixfindbadpixfind to find new bad to find new bad 

pixelspixels

•• badpixbadpix to process the raw to process the raw 

event list, adding the BADPIX event list, adding the BADPIX 

extensionextension

•• epeventsepevents to process the to process the 

event list file, flagging trailing event list file, flagging trailing 

events, performing split events, performing split 

events pattern recognition CTI events pattern recognition CTI 

and gain correction to create and gain correction to create 

the calibrated event listthe calibrated event list

•• attcalcattcalc to calculate the X and to calculate the X and 

Y sky coordinates. Y sky coordinates. 

•• evlistcombevlistcomb, , the CCD specific 
data sets are merged into a 
single event list.


