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EPIC-pn discarded lines

Number of rejections of a CCD Row or Column (default) due to MIPs (minimum ionizing particle)
- onboard rejection (eFF, FF, LW)
DLI files present in the odf, per CCD
- software (SAS) rejection (eFF, FF, LW, SW, Tl, BU)

Value of discarded lines (NDSLIN) integrated over an exposure
- DLIODF column rejection in DLIMAP extension
- DLISAS column rejection in DLIMAP extension

Since SASv17 discarded lines available per CCD sampled over 20 frames
Aim
Remove Quiescent Particle Background (QPB) in a given science observation: images and spectra
How

Use full FWC repository for a given EPIC-pn mode (FF)
Use NDSLIN as a proxy to estimate the level of quiescent particle induced background rate



What is the Quiescent Particle Background ?

Internal background which is the result of the interaction of High Energy particles (cosmic rays) with the
structure surrounding the detectors and the detectors themselves

continuum + instrumental fluorescence
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This can be monitored during observations with the filter in the CLOSED position



What is Filter Wheel Close (FWC) data ?

Data gathered from calibration observations with the filter wheel in the closed position
Repository released in September 2006: stacked collections of FWC data available for MOS (FF) and pn (all modes)

The repository is maintained by the SOC, is updated on a yearly basis and reanalyzed continuously with latest SAS version

https://www.cosmos.esa.int/web/xmm-newton/filter-closed

Merged Event List ;:Izi Total Time Image Light Curve Radiation Monitor
(Rev.266 - Rev.1844) [MbB] [ks] [DETX/DETY] [cts/=ec] [cts/sec]
Merged Event File 715 421.1 =

Merged Event List: Merged Filter Wheel Closed event list. Mo filtering expression has been applied during the generation of the event lists. & column with the revolution number has been
added to the event list. The individual event lists that make up the merged file are listed below.

File Size[Mb]: Size of the Merged Filter Wheel Closed event list in units of megabyte.

Total Time[ks]: Duration of the merged Filter Wheel Closed exposures in units of kilozecond.

Image: Combined Filter Wheel Closed filtered image in detector coordinates (DETH, DETY). The filter expression used to create these images is (FLARG==0 z& DATTIAN <= 4). Four
images are shown corresponding to different energy ranges: Top Lsft, energy range 0.2-10 keV; Top Right, energy range 1-2 ke\/; Sottom Left, energy range 7.8-8.2 keV; Bottom Right,
energy range 7.3-7.6 keV. These energy ranges have been chosen to highlight known instrumental spectral features (see the EPIC background section of the XMM-Newton User Handbook
for more details).

Light Curve: Combined Filter Wheel Closed filtered 100 seconds bin light curves (green). The filter expression used to create these light curves is (FL
energy cut has been applied. The right figure shows the same but includes the light curves corresponding to the high and low energy Radiation Monitor )
Radiation Monitor: Radiaticn Monitor 100 seconds bin light curves for high (red) and low (gresn) energy over the correspending revelution. Overimpossed is the light curve of the
corresponding Filter Wheel Closed observation (bisck).

& DATTERN <= 4). No

Individual Event List Time Observation Start Image Light Curve Radiation Monitor
[kes] [UTC Date] [DETX/DETY] [cts/zed] [ctz/sec]
0266 0136750301 EPMN U002 28.1 2001-05-22T06:06:51.0 .
0363 0112830701 EPN S005 6.1 2001-12-01T19:37:07.0
0448 0153750701 EPMN S008 30.5 2002-05-20T19:59:40.0

0462 0134521601 EFN S005 23.2 2002-06-18T09:53:21.0 !—!



https://www.cosmos.esa.int/web/xmm-newton/filter-closed

What we need to know about the Quiescent Particle Background
EPIC-pn FF mode Filter Wheel Close data
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How about the spectrum, is it Spatial and Temporal dependant ?

Do NSDLIN correlate with background rates ?



NDSLIN

Based on the analysis of 552 EPIC-pn science observations taken in Full Frame (FF) mode (analysis with SASv17). The
observations are randomly choosen over 16 years (2002-2018).

EPIC-pn Event file including NDSLIN information HKAUXO1
O fv: Summary of PO780560101PNUOO2PIEVLIO000.FTZ in /lhome/pcms/workspace_bulk.2i|—||O||x |} & fv: Binary Table of PO780560101PN|—-|(O||X
File Edit Tools Help File Edit Tools Help
Index Extension Type Dimension Views B TIME B DSLIN
mo Primary Image ] Heatder &[] Select D E
Al 5
1 EENE By LD R o LRI it Header | Hist | Plot | an | Select Invert Modify Modify
| OFFSETS Binary Jcols X 14 rows Header | Hist | Piot | an | select 1 E.844823617553E+08 | 8. 000000E+01 /|
: 2 5. B44823627086E+08 | 3. 100000E+01
] BADPIX01 Binary a cols X 72 rows .
Header | Hist | Flot | Al | Select 3 5 844823636142E+08 | 5. 200000E+01
m4 EXPO3UM Binary 2 cols X 1032652 rows Header | Hist | Pot | Al Splect 4 C. 844023646151E+08 | 8. 100000E+01
: 5 C. B44823655684E+08 | &. 300000E+01
HS DLIMAPDT Binary 2 cols X 200 rows ;
Header | Hist | Flot | Al | Select 6 5 844823665217E+08 | 6. 0000O0E+DL
HG Binary Z cols X 54937 rows Header | Hist | Plot | Al 2alect 7 5. 844823674750E+08 | 7. 400000E+01
: i} C. B44823684282E+08 | 1. 150000E+02
my BADPI=DZ Binary a cols X 68 rows ;
nzanfEp () e ) i ] G ] EalEE 9 C.B44823693915E+08 | 6. 100000E+01
ma EXPO3U02 Binary 2 cols X 1032652 rows Header | Hist | Pot | Al Splect 10 5. 844023703348E+08 | 5. 600000E+01
12 extensions HKAUX01-HKAUX12 (one per CCD) One value every 20xFrametime, ~1.46 secs

DSLIN values stored per CCD, but equal within the CCDs in a quadrant (FF frametime 73 msec)
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Some Time values set to Null
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MEAN NDSLIN (per observation)

1000

Qo
=
lw)

[+7]
=)
o

.
(=)
L]

[l
L=l
o Q

1000

Qo
=
lw)

[+7]
=)
o

.
(=)
L]

[l
L=l
o Q

. coog 1 E
l [ ] - [ ] - _:
a" - .. II “."_.!M ‘-. « " A n '-.I.-'Ld*i
B --'-HL-JJ-'-- " gt =i, e b R ae s L e R
1x108 2108 3108 43108 5x108 63108
TIME
E . coof 4 E
. - . T =
- LR Aot - el th,.. Am L. . PP
— ‘. --.-““JJI.I- "J ——— ..#h H i P *.“ Lo ] --"”ﬁ —
1x10% 2x108 3x108 4x10% 5x10% Ex108
TIME
E M CCD# 7 E
—  am L - —— . - o : by =
- . " e . gl _H—.-l- - M-.| ‘ n e 1 gt
— L L --‘-“L“Jﬂl!ll 'IJ R .. "h"‘--’ *j‘ - . _--mf"'-'J -
1x105 2108 3%10 4x10 5x108 63108
TIME
. ceog 10 E
i n . [ ] " ' j
' . [ L [ ] L] - - L] —
L . i, il . . —
= ag "m .n ® stnn Sl ety St = o Wl e A -.-..:H"-l:
pLT I PR I i Pl - LI R P TR -

1x108

2x108

3x10°

TIME

4108

5x10° Ex108

Mean NDSLIN vs Time

Four quadrants represented
(CCD#1, CCD#4, CCD#7 and CCD#10)

Covered Period:
Rev. 400 — 2002-02-13

Rev. 3369 — 2018-05-02

Mean value across each observation

Rate {cts/sec)

Arbitrary time scale (sec)

Ein: 100 aac




STD NDSLIN {per observation) STD NDSLIN {per abservation) STD NDSLIN {per observation)

STD NDSLIN {per abservation)

n
L]
L]

-
=]
]

[}
]
]

[
=
L)

—
L=l
Lo ]

500

n
L]
L]

-
=]
]

[}
]
]

[
=
L)

—
L=l
Lo ]

500

coog 1

L LR T WY PL SN F P e = mmlcs’ i Sl e e o 8 e Sl Fu o e o ik -
L] ]
1x108 2108 3108 43108 5x108 63108
TIME
E coof 4 E
E FULE T W) LS S A e e - . Wl = 8 s g S e s " aidabl z
= - L 1 1 1 L =
1x108 2x108 3x10° 4108 5x10° Ex108
TIME
; coog 7 ;
% e iy L i kN v wl ol 2 LIL L ] T I S R | T L m—— z
= o i . . . . i =
1x108 2108 3108 43108 5x108 63108
TIME
E ceog 10 E
E W g b il i m LR L ] NS A R L] - Ll 2
= - L 1 1 1 1 L =
1x108 2x108 3x10° 4108 5x10° Ex108

TIME

STD NDSLIN vs Time

Four quadrants represented
(CCD#1, CCD#4, CCD#7 and CCD#10)

Covered Period:
Rev. 400 — 2002-02-13

Rev. 3369 — 2018-05-02

STD within each observation
(red: STD > 60)




Mean vs STD NDSLIN Image NDSLIN vs Time BKG Rate vs Time

Red: 8.5-12 keV Green: 2-6 keV Blue: 0.2-2 keV Full FOV, 0.5-7.5 keV
No BKG Filtered
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RADMON

Red: High Energy ; Blue: Low Energy

BKG Rate vs Time

Full FOV, 0.5-7.5 keV

NDSLIN vs Time

Image

Red: 8.5-12 keV Green: 2-6 keV Blue: 0.2-2 keV
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NDSLIN as a proxy for instrumental noise
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For each exposure:
Derive Mean Rate and Error from fit to GTlI BKG Rates
Derive Mean NDSLIN and Error from fit to GTlI BKG Rates

NDSLIN LC: rebin to match FL Background LC

FL Background LC: 100 sec bin, XMM_EP && 0.2-10. keV
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FWC Rate (cts/sec)

FWC NDSLIN
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Is the FWC spectrum stable with time ?
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Derive HR (2.5-5.0 keV)/(0.4-0.8 keV) Each spectra normalized to exposure time



Normalized Counts

Yariance

— Mean FWC Spectrum
0.0100 1 PN

- FF

: MWWNMWWMW/WMW
0.0010 —— T ,f'i‘

—(*) Mean +/- sqrt(Var) Normalized to counts in 3.-7. keV Nl
0.0001 . . . | . | . . . 1 . . |

2000 4000 £000 8OO0 16000
Energy (e\)

axin® | ' —

i RMS FWGC Spectrum ]
Ex10° —— B
4x10°|—— S
2x10° —— S —

2000 4000 6000 8000 10000
Energy (eV)

Lo
(=]

% Variation

=]
(=]

%
.
=)

I‘__'EI‘.HI‘II\‘I\I‘ILL

Qo
& o~

o

B
[=}
[ \II‘II\‘I\I‘II\
Ny Y

2000 4000 6000 8000 10000
Energy {eV)



PN
(== rev.1200- rev.2100

T T ‘ T T T T T T | T T T T T T
Averag ochs /
Y
!
& i |
> rev.2100 _
4“"4.!-,_. ‘ :: ) "\ . 1 ‘.
ot b J i \ ! 3
b Lo A B \ / 1 E f b
0.0010 : i N
il ity P T . ] f VYL
Hh P e {habiis -.!‘u"f "‘f}‘é bty o b Bt o r.-,.,-"!ﬁ'l{_ s .i‘.l T i
ey FNRAMERGP SRR R B W vt Pl & AP ¥ 5, L gt ; A g 1
TR Lk 'w.‘f""W' R i Wit A ) Py, “'eu}i"'m" S M PR ' j i
T W SRR A ;
v v
I

T TTITT]
-
<

| ‘ ‘ :‘-: | | ‘ | ‘

s S B

Change of intensity with time (?)

" .
(*) Ratio of epoch spectra / mean spectrum 8 keV
L 1 ‘ 1 L 1 | L 1 L | 1 L 1 1




Q.00 —— | —
B Average ALL CCD Spectrum B
Qoo —— —
0.0100 T T T Q.0100 T T T Q.0700 j T T Q.0100 j T T T Q.0100 j T T Q.0100 j T T B
fwerage Spectrum CCDA 3 Average Spectrum CCOY 2 Average Spectrum CCDH | Average Spectrum GCDA 4 Average Spectrum GCO4 B Average Spectrum CCO4 6
Q.0010F Q.0010F Q.00 Q0010 E Q.00 Q.0010E E
0.0007 = 5 0.0001 | 0.0001 ;i 0.0001 0.0001 N Q.0001
2000 4000 46000 8000 10000 2000 4000 6000 8000 10000 2000 4000 6000 8000 10000 2000 4000 6000 8000 10000 2000 4000 6000 B0a0 10000 2000 4000 6000 3000 10900
Q.0001
0‘0'\00_ i T T 0.0100 i T T Q.0100 J T T T Q.0100 T T T T Q.0100 T T T f Q.0100 T T T —
FAverage Specirum CCD# 12 Average Spectrum CCO# 11 Average Spectrurm CCO# 10 Average Spectrum CCD# 7 Average Spectrur CCO# 8 Average Spectrur CCO# 9 1
Q.0010F™ Q.0010F Q.0010F E Q.0010F Q0.0010F Q.0010F B
0.0007 h 0.0007 - 0.0001 £ = 0.0001 £ v 0.0001 4 0.0001
- . Lo . [ . L . n 1 | . . | . | [ . . i . L . . 1 | L . | . i
2000 4000 8000 8000 10000 Z0a0 Z000 4000 6000 8000 10000 28000 4000 6000 8000 10000 2000 40080006000 8000 10000 2000 4000 6000 8OECO0 10000 Zooo 4000 6000 8000 10000

Energy (a¥)






Application to Science data to correct images and spectra



Use science data to define GTI periods from background LC
(100 sec bin, XMMEA_EP && (Pl in [200:10000] &8& PATTERN==0))
Use science data to derive NDSLIN LC within GTI as defined from background LC,

Derive Mean NDSLIN ¢ gyce Within GTI

With Mean NDSLIN ¢ cnce @PpPly the following relation (derived from the FWC data):

Mean BKG Rate ¢ gnce (cts/sec) = 0.0154 * Mean NDSLIN ¢ ence + 0.3431 EPIC-pn FF

4 N

Mean BKG Rate ¢ enee ¥ EXposure Time ¢qience

Scale Factorqy,c =

Mean BKG Rate ,c * Exposure Time ¢

o J

Mean BKG Rate p,,c = 2.950 +0.002 cts/sec

Exposure Time . =5.97e+05 sec



Mean vs STD NDSLIN Image NDSLIN vs Time BKG Rate vs Time
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Conclusions



As of SASv17 NDSLIN is available on a time scale of 20 x frametime

SN1006-1
Rev.1594

NDSLIN provides a good trace of the Quiescent Particle Background (QPB) 0555630101

b

)

™ ™

There is a tight correlation betweén the QPB rates and NDSLIN as seen in Filter Wheel Close Data

The mean value of the NDSLIN across a science observation derived from periods of GTI can be used to determine
the level of QPB to be removed from the science observation: images and spectra



Extra Material
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Mean Rate (cts/sec)
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Slope; 0.0055 +/- 0.000025
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Slope; 0.0056 +/- 0.000022
Int; 0.3469 +/- 0.009854

Mean BKG Rate = 0.0055 * Mean NDSLIN + 0.3945)

(FF: Mean BKG Rate =0.0154 * Mean NDSLIN + 0.3431)

(*) Remove points where RedChi2 of fit to Rates > 1.5
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