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EPIC-PN FL
Dennerl et al. 2001

Credit: F. Haberl, M. Freyberg, C. Maitra



XMM-Newton

EPIC-PN FL
Dennerl et al. 2001

Dennerl et al. 2001



SN 1987A

EPIC-PN FL
Dennerl et al. 2001

Credit: F. Haberl, M. Freyberg, C. Maitra
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SN 1987A in the LMC
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SRG /eROSITA 0.2-2.2 keV
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utilizing subpixel
resolution

SRG /eROSITA 0.2-2.2 keV




=) Comparison with XMM-Newton cfosita
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MPE/KI ESA

XXL North Survey field
Image Credit: M. Ramos (MPE)



3 observing modes:
* pointing
* field scan
* survey




eFEDS: a preview of eRASS:8

“'?. ;
Wﬁ’g;m exposure ~2.5ks

Exposure corrected image in the 0.5 - 2.0 keV band Credit: H. Brunner, M. Ramos-Ceja



Isolated neutron star PSR B0656+14

SRG/eROSITA0.2/0.7/1.2/3keV
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PSR B0656+14

385 ms pulsar, 50 ms time resolution




Isolated neutron star PSR B0656+14

SRG/eROSITA0.2/0.7/1.2/3keV

100 ks exposure = ~ 1000 sources

v UHURU all-sky survey:
339 sources

el PSR B0656+14

385 ms pulsar, 50 ms time resolution




Abell 3391/3395

XMM-Newton
0.4 -1.25 keV



Abell 3391/3395

SRG/eROSITA
0.2-2.0 keV

eROSITA PV phase

T. Reiprich (Univ. Bonn), M. Ramos-Ceja (MPE),
F. Pacaud (Univ. Bonn), D. Eckert (Univ. Geneva),
J. Sanders (MPE), N. Ota (Univ. Bonn),

E. Bulbul (MPE), V. Ghirardini (MPE)
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SRG/eROSITA | - Vela and Friends

Vela Junior

2 degrees

MPE



SRG/eROSITA i e D 0.3-2.3 keV - RGB




Cygnus

Shapley Supercluster
Superbubble

Vlrgo Cluster

Orlon Nebula

G156.2+05.7 R v| -
SNR Perseus Cluster | ela

N ' Fornax Cluster
Cyg X-2 C

ygnus Loop Large Magellamc Cloud



(extended ROentgen Survey

ROSAT + XMM / EPIC-pn 9 EROSITA with an Imaging Telescope Array)
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7 telescope modules (TM)

54 nested gold-coated nickel mirror shells
focal length: 1600 mm

field of view: 1 deg diameter
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eROSITA on SRG (Spectrum-Roentgen-Gamma): Detector Side

* 7 pn-CCDs with framestore

e 5 CCDs with 200 nm Al filter, 2 without
* 384 x 384 pixels of 75um x 75 pum

* 50 ms cycle time

o 7 filter wheels with four positions:
open, closed, >>Fe cal, filter

filter: 5x 200 nm PI, 2 x 200 nm PI + 100 nm Al

Flex Lead Connector Bracket 1

Filter Wheel —)@

CCD-Module
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On-Axis Effective Area of eROSITA comparable to XMM-Newton
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X-ray test facility

PANTER
near Munich, Germany
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Determination of the eROSITA on-axis PSF

10/(
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N\ rd

HEW = 15

HEW = 16“

\

1px=9.6“x9.6"
=75 um x 75 um




Determination of the eROSITA on-axis PSF

10((

HEW = 15

HEW = 16

1px=9.6“x9.6"
=75 um x 75 um




HEW = 0.31 px

pixel size

using subpixel

information for all
valid patterns

Al-K
12 x 12 raster
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Determination of the eROSITA on-axis PSF

I I I I I
—+-8.05 keV Cu-K X1-ACC -u-1.49 keV Al-K X1-ACC -e-0.28 keV C-K X1-ACC
—-8.05 keV Cu-K X6-CAL -=-1.49 keV Al-K X6-CAL -0-0.28 keV C-K X6-CAL

¢ lo error:

0.25“ »

FM #

9]




Determination of the eROSITA off-axis PSF

1.5 keV 6.4 keV

1 pixel scan takes ~ 6-8 hours: how can we shorten the exposure time ?



Method : operate the CCD in ,,charge ac c,lmuhl‘lon morl@

Spectrum composed of the reconstructed

energies of all patterns (including invalid ones).
rjb This spectrum exhibits at least 13-fold pile-up!
L/\Mﬂﬂ MWMN N Mo

instrumental energy [keV]

1) utilize the fact that the dominant photon energy is known
2) analyse the accumulated charges (challenge: MIP suppression)
3) abandon subpixel resolution (not required for off-axis PSF)

photons / eV

0.

150 x higher efficiency !

Challenge: MIP suppression

200 min exposure 80 sec exposure




66.7 s accepted (95.0 %) 3.5 s rejected (5.0 %) Operating the CCD in

: = ' : ,charge accumulation
200 + e A 1 20F 1 “
it ! '
100 | 4 100 | .
N7 T | Challenge: Suppression
_ _ of MIPs in the case of
00 100 200 O0 100 200 extreme pile_up
image of accepted frames image of rejected frames
energy: Cu-K (8.04 keV) gain: "EC" (0.25 x "CC") . .
event threshold: 10.0 sigma CU'K split threshold: 32 adu SOIUtlon: reJeCt a"
total number of frames: 1403 total exposure: 70.2's frames WhiCh Contain
number of accepled frames: 1334 exposure used: 66.7 s o o {
number of rejected frames: 69 exposure lost: 3.5s ,SUSpICIOUS featu res
number of accepted photons: ~ 3612 --> rate: ~ 54.2 photons/s

number of photons in brightest PSF pixel: ~ 174



PSF Focal Plane Mapping

150 150
130 052 mm : mm - mm PANTER Geometry (overview)
mirror
#1 T

- » CCD
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#54 i -~ |

i 1620 mm !
: (image distance @ PANTER)

1089.5 mm




PSF Focal Plane Mapping

Scan #4: (1+5) x5 =30
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PSF Focal Plane Mapping
PANTER Geometry (details)

X-ray source distance to mirror center: S=123 822 mm
Xdet = "Yecd

ydetz chd tan|3=b/B
oa tan a=a/A
to X-ray source mior| e R
center ("""
R B D b (axis 01)
R =
- B l a (axis 02)
D =1622.2 mm 1step=62.5nm
A =3060.4 mm (62.5 nm/step) 4610017 steps > o = 5.37835 deg
— _ = a=288.126 mm
B =3270.0 mm (1.25 um/step) (+/- 10mm) /e e 3060

R =1089.5 mm

U; = G + X + (X-Xg) cos y — (y-y,) siny
v, = di +Yot (X-XO) sin Y+ (V-Yo) cosy

U = Ug + (uiug) cos & — (v-vp) sin 6
vi" = vy + (uiug) sin 6 + (v;-vy) cos &



y distance from center [y_det, arcmin]
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PSF Focal Plane Mapping

without geometric
correction

large circles: predicted PSF centers
small circles: corr. measured PSF centers
displacement lines enlarged by factor 10.0

A =3060.4 mm, B = 3270.0 mm, C = 1621.0 mm
gamma = 0.0 arcmin, delta= 0.0 arcmin
=(128.0-y ccd), y=(x_ccd-128.0)

mean positional 1o deviation: 20.6“




y distance from center [y_det, arcmin]
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original pixel size

photons per pixel
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400

200

PSF Focal Plane Mapping: additional challenges

original resolution 30
Bl | 10 +
20
5
o1 10
-5
0 -
-10
0 5 0 5 10 40 5 0 5 10 10
original pixel size original pixel size
T UL T 400 [ I T
i 10 A I -20
in 4 - }gﬂi‘ A
= ‘ - 200 |- L |
I [ Vol ’ A I -30 \
[TTTT] [T ‘ 0 [ [[TTT [TTTTT 30 -20 -10 0 10 20 30
10 5 0 5 10 10 5 0 5 10 o ) .
original pixel size original pixel size or|g|na| p|)(e| sSize
_ oL T O I L] .
0 50 100 150 200 250 300 350 where is the PSF center ?

photons / px



y distance from center [y_det, arcmin]

c-k

x distance from center [x_det, arcmin]

alk

agl

PSF Focal Plane
Mapping:
RGB images

eROSITA FoV

121 PSFs from scans 1 — 4,
each composed of 3 energies

brightest pixel of all PSFs at
each energy normalized to 1.0

transfer function: f(z) = z %4,
zoomed to [0.0, 0.4]

selected RGB energies



y distance from center [y_det, arcmin]

30 -
20 |

10 -

10 1
20

-30 |

-20 -10 0
x distance from center

10
[x_det, arcmin]

tik

20

fek

30

cuk

PSF Focal Plane
Mapping:
RGB images

eROSITA FoV

121 PSFs from scans 1 — 4,
each composed of 3 energies

brightest pixel of all PSFs at
each energy normalized to 1.0

transfer function: f(z) = z %4,
zoomed to [0.0, 0.4]

selected RGB energies



y distance from center [y_det, arcmin]

PSF Focal Plane
Mapping:
RGB images

eROSITA FoV

121 PSFs from scans 1 — 4,
each composed of 6 energies

brightest pixel of all PSFs at
each energy normalized to 1.0

transfer function: f(z) = z %4,
zoomed to [0.0, 0.4]

-30 -20 -10 0 10 20 30
x distance from center [x_det, arcmin]

4\

c-k alk agl tik fek cuk selected RGB energies
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EE 2 .
1 10 100 1000
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1 MA-FM2 FoV: r< 32 0.28keV C-K g
200 | .
150 |
100 f .
50 | 1
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50 f
-100 | .
-150 | y
N 1 arcmin
N >
-200 - ]
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full FoV (60 arcmin diameter)
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8.04 keV Cu-K
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MA-FM2 FoV: r< 32 8.04 keV Cu-K
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93 PSFs added O 1pixel [
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full FoV (60 arcmin diameter)
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scan at -30 arcmin

arcsec

MA-FM2 1.49keV AI-K

scan at -30’

200
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200 HEW ~ 68.8 arcsec

3 PSFs added 0O 1 pixel

200 -150 -100 -50 0 50 100 150 200

photons / subpixel

Al-K, 1.49 keV
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scan at -30’ 6.40 keV Fe-K

3 PSFs added 0O 1 pixel
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photons / subpixel

Fe-K, 6.40 keV




; . ;

T T T T T T T T T T T[T T T T T ITITT ylllli ||||||||||||||||||| illwllll_
N N NP RN N N e N N R

A o o o (N |

= NN

%
PR UNON

FM2, Al-K

PSF Focal Plane Mapping

after geometry correction

extraction radius: 4 arcmin

- vignetting



after geometry correction
extraction radius: 4 arcmin
- vignetting

PSF Focal Plane Mapping
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vignetting

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

PSF Focal Plane Mapping: vignetting curves

N

C-K
Cu-L
Al-K
Ag-L
Ti-K
Fe-K
Cu-K

0.28 keV
0.93 keV
1.49 keV
3.00 keV
451 keV
6.40 keV
8.04 keV

"1 \“M
T T

off-axis angle [arcmin]

40

vignetting defined here as

the relative encircled flux

within r = 4.0 arcmin for a
point source

derived from 1073 PSFs
covering the focal plane

empirical curves were
determined together with
the vignetting center

only assumption: azimuthal
symmetry in vignetting




Calibration observations during the CalPV phase

UGC 03957 A3158 NGC 2516
26\ Aze6 % %
RX J0720 3% >
Sco X-1 P
0%
G 0215 \ RX J2143
2%

Vela SNR
2%

The segments scale with the average exposure time per TM
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extent of charge cloud & 75 um pixel size . i :H:

- 4 pattern types

photons / eV photons / eV

photons / eV

photons / eV

1000

1000 |-

1000

1000

reconstructed spectral distributions

* charge splitting over several pixels

* charge transfer losses (CTI)
* gain differences between CCD columns

—
singles

£

observed pulse height distribution

£

tiles | —>

10 |

£ I ¢

0.1

100 500 1000 5000 10000

instrumental energy [ukeV”] example: Fe-K, measured with FM4 analog-dlgltal—unlt [adu]



Reconstructing the spectral distribution requires

* pattern recognition

e correction for gain variations between CCD channels
e correction for charge transfer loss (CTl)

1000 |-
10 |

0.1

all events

singles

raw data

1000

.

100

500 1000

adu

5000 10

raw data

000 100

pattern recognition

500 1000 5000 10000
adu



Reconstructing the spectral distribution requires

* pattern recognition

* correction for gain variations between CCD channels
e correction for charge transfer loss (CTI)

2 3 4 5 6 7 8 9 10

gain determination

example:
Fe-K, measured with FM4

| ] ! L | | | ! ! | | ! |
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x _- B et =~
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0

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
column number (RAWX)



Reconstructing the spectral distribution requires

* pattern recognition

* correction for gain variations between CCD channels
* correction for charge transfer loss (CTI)

CTI [107%]

CCD column 240 (arbitrary choice)

CTI determination

+r 4 1

it I* q 1 1 s H

+
oy PR

' bt 1
Lb CTlI=2.1x105

emission line determined in 130 (adaptively computed) macro pixels
containing a minimum of 30 first singles around the line

|||||||||||||||||

(8]
=

o

|||||||||||||||||

0 50 100 150 200 250 300 350
column number (RAWX)

1200 1300 1400 1500

Iteration #1

1200 1300 1400 1500

lteration #4



97 NNty 2.7 1671 st

O8 Wit amtipes, 2.2 162 T i,

99 T, 2.4 163 W it s
100 Fiiimomasiiins, 2.8 164 Sttt
101 sttty 2.1 165 mwriainsmsmainimmne
102 sbavimmmstimiiotor 1.9 166 bt
103 i, 2.5 167 e eis st sy,
105 “wmiwommsmsoitotiugn, 1.7 169 o immitinimzanais;
106 ermpmbinioisoms sy 170
107 sttt 171
109 Wi bt 173 rbeeminmans. ot
110 A emmmmmstimpiciio, L i s
LI T 175 ettt
112 oot 176 I
113 Hbesimpntictmnioitionin 177 v s,
114 o miniiont o 178 wetwmmtetinssomlysiimes
115 ettt 179 =sabmmebinmtniieigais
116 i thtt 180 ~omimatimmamnmninis’ s,
117 ettt ongmponiin, 181 ot isms o g
T8 ot m s st 182 T ramiiiinuspietsmttomstomeits.
119 R s it 183 ey R
120 SR S, 184 mtvtmimuistetiastvmaricn
101 et oo 185 Mt mongigingminiicio
122 At it o 186 sttt
103 = P— 187 Mommiimtduvatiomncsptapgnss

225
226
227
228
229
230
231
232
233
234
235
236
237
238
239

[240
241
24D
243 i
244
245
246
247
248
249
250
251

CTl determination

2971 T St Ao
292 TNt i,
203 T
DOY AN Ly Syt
DOB Hihimitwnini ey
206 Nt it gt i
297 s S g,
298 et it
209 RN U e et
SO0 mhtntgd oy,
3071 et ittt
302 s imineassonioss o,
303 ey,
304 ot e,
305 rtmbonstsiot s i
B06 vttt eimotist b,
BOT7 oo St i,
308 ettt
309 ertum i simtSeivtmpions
O 10 i R
BT 1 e
312 iwvttivmatnsomtsiniaiogt;
313 et
314 St bttty iy
315 Aivmmicetdeimonintmss

OO =2 O 2N DWWAWW=

—

NN =N =N -=-N=-N === =N

N
—

_ D) = = el N = = ) = = ) = =l = O N= =m, a NN -
WNPANUON—LO0OPANPOPRPRPOODOLW—=L—00PN~PND®

e L T 1S T S R e T N N S S N N A B S
NOON—-OCOONOOCUPAPOWSMOP

MRo==DPhhho=N
N UTOANMNONO©®

~woeN
NNow

—_ N = = PO MNN = = o A N = = =2 NONN=DN=N
- 0OIN == 00NOOXONOOOTOMNOON®N



—————

2RR2BILLRE LUK

e ———
et i,

it e

R TN

HEHONS N S s N =S ) s ot st S NN st S NN == S ==

CWHNRL NN TN DD WD DORDND UL DN =D DN -

Voot i 1.5
Nttt icniiry, 2.4

O ¥ -

A s 205

e ottt 1.4

., 3,0

Ve it 2.0
st Sumeiieeive, 0.8
R R |
e .1

A

B ) -

e oy 1.7
e 2.0
e e T I

iy . 2.0
ittt 1.8
v, 1.9

s, 1.7

Tt i

Ranar e IR X -
e i 2.7

bt oo ihating: 2.1

85
86
&7
88
69
70
71
72
73
74
75
7
77
78
7
50
81
52
83
o4
85
86
87
88
5
aan
a
a2
a3 -
™
a5
2%
a7
ag -
ag -

102 St 1.9
103 rmvmmnsirninsr. 2.5
104 S . 2.4
105 ~rescmmininsimione, 1.7

106 Sememsiramimiion. 14

107 osamiimmerinime, 1.0
108 i insm, 24

109 mmmimmns 1.3

M s, 14

112 it 1.5

116 oo
17 wemssingimmine 1.8
118 nimmmmipminss 1.9
119 ot 2.1
120 i 2.7
WL . 1,4

122 et 18

126 i, 1.8
127 —vmteitmsomsimpon 1.2

128 i, 1.9

129
130
131
132
133
134
135
1386
137
1340
139
140
141
142
143
144
145
146
147
140

149 -
150 -

151
152
153
154
155
156
157
150
159
160
161
162
163
164
165
166
167
168
169

170 -

171
172
173
174
1

176 -

177
178
179

180

181
182
183
184
AEE]
186

187 -

189
190
19
192

A s s s
o s,
S
B T
B,
i
et
e
N ——

st .
Nt i,
S 0
N P,

[

Ot 03

AN e,
Ny o i
e
R P
et o1,
N A

e o

et i

A v b,
R .

S e e
R

i Attt

S A

B
i W N e
.

N e

At .
S e et

1.8
28

198 rmsinmmntionss 16
194 St 12
195 i, 2.1

oo 14
14
18
24

200 T

201 ~rrsiocrsimi 18

202 s

s 2.1
203 e 14
204 i, 2.1
205 Ao 2.1
208 "
207 witrisini, 14
208 it 15
208 i 286
210 s, 20
211 i, 23
212 -
213 T, 2.0
214 s, 14
215 e,
216 “tnisin, ;
217 S - 18
218 e, 27
219 i 20
220 s 19
221 s, 13

ppp

e 2 ]
223 e, 17
224 i, 15
225 e, 19
226 i 14
227 s, 2.1
228 i 13
2 o mminic. 13
230 s
231 i
D30 B
233 i 22
234~ mtimos, 15
235 i, 2.1
236 miiinim 19
237 s 211
238 inmmrmmninn. 18

243 st i, 19
244 i, 22

250 " mnmeits 22
251 Wrstiam: 25
DED e D0
P T
254 vt 18
255 -
256 i 17

timimigisnpme, 1.7

1.5
i, 2.1
S i, 2.1
e, 2.5
iy i, 24
T (K]
Ve miniten o 2.3
e T <]
P B J
1.9
1.9

acntssmsintpiar, 1.4
e 1.8
sy 1.6
Nmmieirirmin. 2.1
16

1.6

28

= 1.5

1.5

St iy 2.1
N
1.3

23
i, 3.6
i~ B f

s, 1.7
St 2.2
SEURN— ]
i s gvnesr, 2.2

P 1.8

s sismitns 2.0
WAt
et ANt o

i

e

e

s AN it

A A A

e PR

e e g T X}
MNbhb=s swpDoNdbd~wThioN

e S

321
322
323
324
325
3286
327
328
329
230
331
332
333
334

335 ~

336
337
338
339
a40
3
342

343 ¥

i 2.7
Y
S 1.8
oo, 1.9
Y
it i 2.4
1.5
i 2.1
Y
-

Sy

e e 2.4
i i 2.9

Vehomi s, 1.5

i, 2.4
At e 2.1
N g 2.6
e B

A A e v,

AR AT it i,
izt g 1.3
o e, 24
s, 2.2

i ki o, 2

T B J
o~

N b i e

Aemdistiinenpneng, 2.3

CTl determination

example:
Fe-K, measured with
FM4

plot contains
47 267 data points

each data point is
the result of several
iterative template fits
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Reconstructing the spectral distribution requires

* pattern recognition

* correction for gain variations between CCD channels
* correction for charge transfer loss (CTI)

all events
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10 raw data
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FWHM = 132.5-143.1 eV, all photons: FWHM = 137.8 eV

accuracy of absolute energy scale: + 2 eV (+ 0.03%)
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instrumental energy [keV]

reconstructed spectral distribution

example: Fe-K, measured with FM4
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Energy calibration with the internal >>Fe source
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Energy Calibration: internal calibration source
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FWHM evolution (with long-term correction)
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Calibration observations during the CalPV phase
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Contamination Monitoring
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ROSITA-TM5 optical light leak 10 min time bins

all events all events with PHA > 140 adu
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Energy Calibration: optical light leak in TM5 and TM7
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Energy Calibration: optical light leak in TM5 and TM7

residual offset map caused by optical light after common mode subtraction observed event rate (TM7)
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? v’ detector noise: lower than expected
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— frequent camera resets required, may result in time shifts
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