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XMM-Newton vs. eROSITA detectors

Project

XMM-Newton PN detector

eROSITA detectors

CCD production

1996-1998

2007-2008

Sens. thickness

300 pm

450 pm (QE: E>7keV)

pixel size 150 pm x 150 pm 75 um x 75 um (split events)
CCD front side bare gates gates coated

image area 35 cm? 58 cm?

pixel process. rate: | 2.1 E6 pixel / s 20.6 E6 pixel /s

el. noise (rms) 5e- 25e ()

CTI (6 keV) 5E-4 3E5 (1) (CTI(t))

operating mode

full frame; OOT events: 6%

frame store; OOT: 4%o (1)

#pixel transfers

1-200

385-768

Filter

choice: thin/medium/thick

on-chip

instr. background

several fluorescence lines

graded shield (B,Clines)

split events

mainly singles

mainly split events (up to 4 pix.)

E < 0.5 keV

poor spectroscopy

excellent spectroscopy (!)
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CTI determination: Illustration of the Template Cross Correlation method (EPIC pn)

25 macro pixels, noisy
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Figure 9. Ilustration of the charge loss determination by the template cross correlation method, for the case of
low (left) and high (right) statistical qualitv. In both cases the two columns show the results of template fits to
spectra from selected macro pixels for the first (left) and last (right) iteration. The macro pixels are identified by
filled circles in the resultant charge loss curves at top. In the case at left only 631 events were recorded within the
whole CCD column, leaving only 2029 events for each of the 25 macro pizels, At right, 17 864 events were available
in total, sufficient for appling this technique to each individual pixel. Note how significantly the presence of a noisy
pixel reduces the charge loss for events which were shifted across this pixel during readout. In both cases Mn-K,
and K5 lines were analysed. (V9-74)
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Application of the
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correction derived
for singles

Cr-K (5.410 keV)
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kod - corfi2 1.ps (correction finder), 4-Feb-08/1538517. P 1

eROSITA/ TRoPIC HK070622.012 gain adjustment

e bl

Cr-K (5.410 keV):
gain adjustment for doubles
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eROSITA/ TRoPIC HK070704.979 gain adjustment eROSITA/ TRoPIC HK070622.012 gain adjustment
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eROSITA/TRoPIC HK071119.007 gain adjustment eROSITA / TRoPIC HK070622.015 gain adjustment
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eROSITA/TRoPIC Gain Correction

—> Patterns cannot be corrected by any gain(E)
function which is applied to their components
individually, even if this function is made
dependend on (x,y) and the pattern type.

—> If correction for singles is applied, then patterns
become overcorrected, with the amount of
overcorrection monotonically increasing with
pattern size

What is the reason ?

* why offset ?
* why overcorrection for patterns ?
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eROSITA/TRoPIC Gain Correction

* why offset ?
* why overcorrection for patterns ?

* nonlinear amplification ?
» of fset calculation ?

* common mode ?

» pileup with noise ?

» frame store ?

- partial events ?

Konrad Dennerl eROSITA Calibration Schloss Ringberg, 2008 May 20



Charge Loss due to Partial Events

J E=0.1keV ‘ E =6.0 keV
»
<= 0.1 keV
5.9 keV
E<0.1keV E=59keV E=0.1keV
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eROSITA/TRoPIC Gain Correction

* why offset ?
* why overcorrection for patterns ?

* nonlinear amplification ?
» of fset calculation ?

* common mode ?

* pileup with noise ?

» frame store ?

- partial events ?

 threshold |
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Low Energy Threshold

General consequences

data corrected with gain derived from singles

data set: HK070705.011 Macor, 15 kV, 4.2 V, EPIC-Filter, 5 Sigma, 20 adu

6.1 million events

Konrad Dennerl eROSITA Calibration Schloss Ringberg, 2008 May 20



kod - hksumt : homefkodidata?lerosita‘wor KHKOTOT 05_01 1. ps (eROSITA summary plot), 13-Feb-087 114459, P 1 - plsppt ‘homekod/dataierositaiwork/HKO7O705 011 _spel. ps (pattern spectra). 13-Feb-087 11:34.28,. P 1
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kod - hksumt : ‘fhome/koddata2ferostatwork/hk 0707 05030, ps (eROSITA summary plot), 13-Feb-08/ 103916, P ked - plsppt ‘Somekodidata2ferositatwork/hk 070705 030 spet. ps (pattern spectra), 13-Feb-D8/ 113442, P 1
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kod - hksumt : ‘fhome/koddata2ferostatwork/hk 0707 05040 ps (eROSITA summary plot), 13-Feb-08/ 103948, P ked - plsppt ‘Shomekodidata2ferositarwork/hk 070705 040 spet. ps (pattern spectra), 13-Feb-D8/ 113453, P 1
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kod - hksumt : ‘fhome/koddata2ferostatwork/hk 0707 05080, ps (eROSITA summary plot), 13-Feb-087 104140, P ked - plsppt ‘Somekodidata2ferositarwork/hk 070705 _DB0D spel. ps (pattern spectra), 13-Feb-D8/ 113534, P 1
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kod - hksumt : ‘home/koddata2ferostatwaork/hk 0707 05160, ps (eROSITA summary plot), 13-Feb-08/ 1045:23, P kod - plsppt fhomedkodidata2ferasita‘wor hk 070705 160 spel.ps (pattern spectra), 13-Feb-08/7 113656, P 1
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Low Energy Threshold

Dependence of the peak position derived from singles
on the low energy threshold

data corrected with gain derived from singles

data set: HK070705.011 Macor, 15 kV, 4.2 V, EPIC-Filter, 5 Sigma, 20 adu

6.1 million events

Konrad Dennerl eROSITA Calibration Schloss Ringberg, 2008 May 20



eROSITA/ TRoPIC HK070705.011 pattern spectra eROSITA / TRoPIC hk070705.080 pattern spectra eROSITA/ TRoPIC hk070705.140 pattern spectra

{x=0.127) (x=0..127) (x=0.127)
T T ' T T T T T T ' T 300 F T T T
3.305 singles ] 3.2 singles 3.288 singles
S " +-0.003 5w +-0.000 ] % a0l +-0.000
s 20 adu S w 80 adu 5 140 adu
2 5 3 10
o =% aQ
Ehs Il L L L L Il L L ot ] ot
28 3 31 3.2 3.3 34 385 36 a7 38 2.9 3 31 3.2 3.3 34 35 3.6 37 3.8 28 3 31 3.2 3.3 34 35 386 37 38
eROSITA/TRoPIC hk070705.030 pattern spectra eROSITA/ TRoPIC hk070705.080 pattern spectra eROSITA/TRoPIC hk070705.150 pattern spectra
(x=0..127) (x=0..127) (x=0..127)
o F . : : : : . : ! 3 | ! ! ! . | ! ! 300 F . : : . , . : :
£ 3.304 singles 3.204 singles 3.286 singles
3 +-0.001 El 3 0 +-0.000 k 3 | +-0.000
a Kev k| a B
- 30 adu E R - 90 adu 5 150 adu
2 E 2 £ w
o — Q. o
or : °T ] o } L L 1 L } L L
28 3 31 3.2 3.3 34 35 36 37 38 2.9 3 31 3.2 3.3 34 35 3.6 3.7 3.8 28 3 ad 3.2 3.3 34 35 36 37 3.8
eROSITA/ TRoPIC hk070705.040 pattern spectra eROSITA/ TRoPIC hk070705.100 pattern spectra eROSITA/TRoPIC hk070705.160 pattern spectra
(x=0..127) (x=0..127) (x=0..127)
' ) ' ) ) ] " i ! 300 F i ! i
150 3.303 singles 1 3.293 singles 3.286 singles
3 +-0.001 E % o0 +- 0,000 ] 3 a0l +-0.000
w100 kev E = M
s 40 adu S 100 adu 5 160 adu
2 5 3 i B 1w
o ] o a
! E Il L L L L Il L L E ot Il L L L L Il L L iy Il L L 1 L Il L L
29 3 34 3.2 3.3 34 35 36 a7 3.8 2.9 3 34 3.2 3.8 34 35 3.6 3.7 3.8 28 3 31 3.2 3.3 34 35 36 37 3.8
eROSITA/ TRoPIC hk070705.050 pattern spectra eROSITA/ TRoPIC hk070705.110 pattern spectra eROSITA/ TRoPIC hk070705.170 pattern spectra
(x=0..127) (x=0..127) (x=0.127)
. : : . . 5 300 F | ! ! ! . | ! ! | a0 F | : : : , . . : .
200 =
3.302 singles 3 3.291 singles 3.285 singles
% 150 +-0.000 E % | +/-0.000 ] 3 a0l +-0.000 ]
a KeV El % M
5 50adu 1 5. 110 adu £ w 170 adu
R ER £
29 3 A 3.2 3.3 3.4 35 36 37 38 2.8 3 EA 3.2 33 34 35 3.6 a7 3.8 29 3 34 32 33 34 3.5 3.6 37 38
eROSITA/ TRoPIC hk070705.060 pattern spectra eROSITA/ TRoPIC hk070705.120 pattern spectra eROSITA/ TRoPIC hk070705.180 pattern spectra
(x=0..127) (x=0..127) (x=0..127)
20r i j ] s00 " j ] 300 F " i
200 £ 3.300 singles ] 3290 singles 3.284 singles
? 150 £ +-0.000 ] ? 200 [ +-0.000 ] 3 00 - 0.001
u E keV 1 w 0
5o 60 adu 1 E. 120 adu kS 180 adu
2 ] B B 10
o 50 : o [
0 ] 0 3 0
28 3 31 3.2 3.3 34 35 36 37 38 28 3 31 3.2 3.3 34 35 36 37 38 2.8 3 31 3.2 3.3 34 35 386 37 3.8
eROSITA/ TRoPIC hk070705.070 pattern spectra eROSITA/ TRoPIC hk070705.130 pattern spectra eROSITA/ TRoPIC hk070705.190 pattern spectra
(x=0..127) (x=0..127) (x=0.127)
. | ! ! : . | ! ! . 300 F | ! ! : . | ! ! = a0 F | ! ! : . | . ! 5
E 3.208 ingl ] 3.280 ingl 3.283 ingl
3 ZWE +-0.000 o ] % a0l +-0.000 e 1 3 ol +-0.001 e ]
10 £ kev b » 2
5 70 adu I I 130 adu g 190 adu
S wf ] s £
LR ] 0 e 0t e
29 3 31 3.2 3.3 34 35 36 37 38 29 3 31 3.2 3.3 34 35 36 37 38 2.9 3 31 32 3.3 34 3.5 3.6 3.7 3.8

Konrad Dennerl eROSITA Calibration Schloss Ringberg, 2008 May 20



0.54

o
o1
@
o

0.53

peak position [keV]

o
o
%]
o

0.52

1.75

1.745

1.74

1.735

1.73

peak position [keV]

1.725

1.72

Konrad Dennerl

HK070705.011

Y
Ee =
= -
= €
= + 3
= * =
: ' E
C L ]
E ’0.,.““§+E
r|||||||||||\|I|I|I|I|I\I|I|I|I|I|I|I|I|IF
0 50 100 150 200
lower energy threshold [adu]
ERREEEE I I .
_E ' E_
— . —
Z ¢ —_
1 . 1
— + ]
— . —
[ . _
1 . 1
I “" _]
C Yo ]
i ’**,**.:_
:|I|I|I|I|I|\|I|I|I|I|I\I|I|I|I|I|I|I|I|I|:
0 50 100 150 200

lower energy threshold [adu]

peak position [keV]

peak position [keV]

3.31

3.3

3.29

3.28

6.38

6.36

6.34

6.32

eROSITA Calibration

L L L L L L L B L L L L AL I L B
NS
C L .
™ * ]
C + ]
C + -
E ‘4. E
C » ]
= te, E
= [3 .
_E|I|I|I|I|I|\|I|I|I|I|I\I|I|I|I|||||I|I|I|E
0 50 100 150 200
lower energy threshold [adu]
FTT T T T T T T T[T [T [T T T T T T[T T T[T T TTT T[T
3 HH+ + :
+ +++++ =
- N
E|I|I|I|I|I|\|I|I|I|I|I\I|I|I|I|I|I|I|I|I|E
0 50 100 150 200

lower energy threshold [adu]

Schloss Ringberg, 2008 May



Threshold Induced Charge Loss

threshold

zero level
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Threshold Induced Charge Loss

threshold

zero level
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eROSITA/TRoPIC Gain Correction

10000 | 4 1000 |

800 - Bi00 |

B00 , 00 |

adu

100 | 4 4000 |

- 2000

xm F

offset:
~-18adu@ 0 eV
Oadu @ ~ 14 eV
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eROSITA / TRoPIC calibration

[
=
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10

peak position: deviation
from nominal value [adu]
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x=0.127 x =128 .. 255
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XMM-Newton / EPIC pn
deviations of the Al-K and Mn-K, positions

peak position: deviation from nominal value [adu]
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Patterns, Borders, and Threshold Induced Charge Loss

Triple:
Single: 8 borders
- 3 singles: 12 borders
- border filling
factor: 8/12
Double: Quadruple:
6 borders 8 borders

2 singles: 8 borders

- border filling
factor: 6/8

4 singles: 16 borders

- border filling
factor: 8/16

Konrad Dennerl eROSITA Calibration Schloss Ringberg, 2008 May 20



Patterns, Borders, and Threshold Induced Charge Loss

Single: 4 borders
D correction for 4 borders
v
.E;. | Double.: 6 borders
but: correction for 8 borders > predicted
- overcorrection: -6/8 + 8/8 = +2/8 = +0.25 overcorrections:

d:t:q9q=3:4:6

Triple: 8 borders
.EE. but: correction for 12 borders

- overcorrection: -8/12 + 12/12 = +4/12 = +0.33
Quadruple: 8 borders

but: correction for 16 borders
- overcorrection: -8/16 + 16/16 = +8/16 = +0.50

Konrad Dennerl eROSITA Calibration Schloss Ringberg, 2008 May 20



eROSITA/ TRoPIC HK070622.015 pattern spectra
(x=0.. 127)
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instrumental energy [keV]

eROSITA Calibration

Cu-K:
doubles: +67 eV

triples: +95 eV
quadruples: +157 eV

measured:
d:t:q=26:36:60

predicted:
d:t:q=3:4:6

ratios somewhat

different for lower

energies: partial
event effect ?

Schloss Ringberg, 2008 May 20
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eROSITA / TRoPIC calibration
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eROSITA/TRoPIC Gain Correction

Implications for the gain correction algorithm
for pn CCDs:

1. apply first the "electronic” gain correction
to all events (i.e., singles and pattern
components)

2. recombine the events to photons

3. apply then the “cutoff” gain correction
(depending on energy and pattern size) to
all photons in order to recover the lost
charge and to linearize/adjust the energy
scale

- first results:

Konrad Dennerl eROSITA Calibration Schloss Ringberg, 2008 May 20



Macor B-K (0.183 keV)
eROSITA/ TRoPIC HK070705.011 pattern spectra  eROSITA/ TRoPIC HK070704.979 pattern spectra
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eROSITA/ TRoPIC HK071119.007 pattern spectra
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Al-K (1.486 keV) Cu-K (8.040 keV)
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