EPIC BG working group: 2nd meeting 24/11/05-25s11 /05 MPE

Small new seminar room B MPE: Basement Mo, 1.1.18a
(There will he a heamer, an overhead projector and some
connections for laptops.)

The EPIC Background: Understand - Reduce - Model

Thurs 24/11/05 14:00-18.00

Fri  25/11/05 10:00-18:00 {Lunch 12:30-13:307)
(With coffeestea bresks at appropriate times)
Marcus & I shall try to take the minvtes, edit
them and distribute them.

1) - Action Ttems from meeting #1 (AMRE)
2} Progress Reports (Including Actions):

- Owerview, Meetings, Apologies, Web Pages, BG Components Synopsis Table (AMR)
O

- BG Blank Sky Data Analysis (JAC)

- Updates to prewious MIF presentation (MIF)
- pn BG Modelling/Suvbtraction at MPE (MJF)

- Web pages - ESAC (ME)
- Solar wind charge exchange (55)
- The temporal ewolution of the MOS particle hackground (55)
(-1 SP filtering task (55)
- Others?
3} New Items,/Tools:

- Other BG Tools (ANMR)
- Others 77

- Others 77
4} Final session: 05/11 Afternoon - Sunming-up

- &0E
- Mext meeting (andfor next progress [teleconf?] meeting)
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EPIC-BG Working Group

- At the end of the last UG meeting, and in line with the conclusions from
previous UG meetings, it was highlighted that thereis aneed for EPIC to
progress in the description and treatment of the EPIC-BG

- Setting-up (June 05) of EPIC-BG working group:
Andy Read (science chair), Jenny Carter, Wolfgang Pietsch,
Michael Freyberg, Steve Snowden, Matthias Ehle/Marcus Kirsch (SOC)

¢ Tasks:

+ Define requirements of BG material (s/'w, templates files) useful for general
user

+ Place general user BG material (tools, knowledge, files) on SOC web pages
+ Organize/monitor necessary work at the Pl institutes
+ Hold regular BG status meetings

+. Liaseith other groups workingean(dsf3eart cakcimateri al
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EPIC-BG Meeting June/July 05 - Introduction

1) We need to understand the components of the (EPIC) X-ray
background

2) We need to reduce as much as we can the (particle/instrumental)
components of the X-ray background. Thisis relevant not just for
EPIC, but for future missions also.

3) We need to model as correctly as possible the remaining components of
the X-ray background

Understand — Reduce — Modd
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Meetings

+ Report on BGWG at Calibration Meeting (ESAC, 04/10/05)

Apologies
+ Silvano Molendi
+ Juan Pradas & Juergen Kerp

+ Gabriel Pratt

(All would like to remain informed/involved and hope to possibly attend
the next meeting)

o
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Actions from 1%t meeting (taken from minutes)

AL EPIC_CAL_14_1: Additional time column wit other O point for ODF (RD, MK, MJF)
ALEPIC_BG_WG_01_01: S8 to provide by October 2005 to SOC

- proton screening tool
- use of multiple hight curves for screening

- BG tool
- provide list of st. candles for BG analysis comparison with different tools

AL EPIC_BG_WG_01_02: AMR to provide SOC with scripts for blank sky data by end of August

AL EPIC_BG_WG_G1_05: MK to implement AMR scripts for blank sky data at SOC for standard
processing atter CAL updates

Al EPIC_BG WG _01_04: AMR to invite other BG experts to next meetings and to provide possibly
scripts/tasks

AL EPIC_BG WG 01 _05: MIF to provide link to processed pn closed event files for all modes to MK

ALLEPIC_BG_WG_01_06: MK to provide prototvpe BG web page by End July

AL EPIC_BG_WG_G1_07: AMR to send up to date link to BG pages at Birmingham

AL EPIC_BG_WG_01_0%8: AMR to provide table for BG components to SOC

AL EPIC_BG_WG_G1_09: MIF to summarize the work done currently at MPE on pn BG
modelling/subtraction at next meeting

AL EPIC_BG_WG_G1_10: MK to put mmutes and AME to put presentations to Leicester page

AL EPIC_BG_WG_01_11: WNP to provide SOC with script for "good” image to be turned to a SAS
thread

AL EPIC_BG_WG_G1_12: TBD: Once any BG or Closed fits files had been obtained, the user can
change their CCF_PATH etc. setup so that a new citbuild would incorporate
these extra files. This enables the BG/Closed events files (e.g. the ones used in
S5's task) to be used in the SAS, without them having to be included in the
CCF files.
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The Xh-Mewton observatory provides wnrivalled capabiliies for detectng low surface brighmess emission fesatures from extended and diffuse galacte and extragalactc sources, by virme of the
large field of view of the X-ray telescopes and the high throughput yielded by the heavily nested telescope mirrors. In order to exploit the excellent EPIC data from extended objects, the EPIC
backgeound, now konown to be higher than estmared pre-lavnch, needs to be understood thoronghly.

There are seweral different compenents to the EPIC background:

1. Photons:
- The astrophysical backeround, dorinated by thermal emission at loweer energies (E<1 keW) and a poweer law at higher energles (primarily from vnresolved cosmological sources). This
background waries over the sky at lower energies.
- Bolar wind charge exchange.
- Bingle reflectons from outside the field of view, out-of-tme events etc.
2. Paricles:
- Joft provon flares with spectral variations from flare to flae. For weak sovrces the ornly option is to select quiet tme perdods from the data sweam for analysis.
- Internal {cosmic-ray indnced) background, creared directly by particles penetrating the CCDs and indirectly by the flnorescence of satellite material to which the detectors are exposed.
3. Electronic Moise:
- Bright pixels, colomns etc., readont noise et

A table surnarizing the temporal, spectral and spatial properties of these EPIC background components is available here,

There have been various attempts to describefmodel the EPIC B in the past. This page will provide an overviesr on all sovrces of BG analysis and modelling pointing out the recormmended
mainstres for BG wreatment by the EFIC consordum.

In 2005 the XMM EPIC BG working group has been founded as a steering and supervising committee to advise and organise the EPIC consortiumn to provide the
user with clear information on the EPIC BG and TBD (SAS}-tools to treat the EPIC BG correctly for varions TBD scenarios.

Cwrrent progress of the working group can be monitored here

Here, in the in the not to far future, you will find our {EPIC) recomendation for BG treatment.

The following sovrces of information (ncluding collectdons of BG blank sky fields) are also awailable:

1. Paper: " The WM M-Newton EPIC background: Production of backeround maps and event files”, AWM. Read & T.J. Ponman {University of Birmingham), A &4 409, 395
{2003}
Web site: Related EPIC backeround event files, maps, software, analysis techhigues efc
2. Paper: "XNM-Newton EPIC background medelling for extended sources”, J. Nevalainen (Helsinkd University Observatory) et al, Apl accepted (2005)
Web site; Supporting data, backeround event files etc.
3. Paper: "XH-ray background measurernents with XMM-Newton EPIC", DH, Lumb (ESTEC) et al, A& A 389,93 (2002)
Web site: Old background files
Web site: Old explanatory notes (ps.gz)
Web site: Explanatory notes regarding downleading the EPIC backeround files.
4. Paper: "The EPIC/MOS view of the 2-8 ke¥ Cosmic ¥-ray Background Spectrum”, A, De Luca & 5. Wolendi, &4&4 419, 837 (2004}
5. Paper; "XMM-Newton Data Processing for Faint Diffuse Ernission: Proton Flares, Exposure Maps and Report on EPIC MOS1 Bright CCDs Contarnination”, I Pradas &
I Eerp, &&A 443 721 (2005)
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XMM-Newton EPIC Background Components

Table summarizing the components within the XMM-Newton EPIC Background; ternporal, spectral and spatial properties.

PARTICLES

| PHOTONS

SOFT PROTONS

INTERNAL
{cosmic-ray induced)

ELECTRONIC NQISE

HARD Z-RAYS

SOFT X-RAYS

Few 100 ke'V solar protons, accelerated by

(1) Bright pixels & (parts of)
colurms.

shape (the higher the mtensity, the flater
the slope).

P 1.5ke ALK, Io 31 (self-absorbed).
Co-Ni-Zrn-K {~8keV). MIP noise <0.3ke'.

(2) low-E («300e%).
(3) low-E (<500eV).

over internal ¢omponent.

Interactdon of High Energy pardcles (cosmic (2) CAMEX readout noise (pn). H-ray background (AGH etc), single HaLiz célolB;b\E\}jifcaﬁiu; g:csc}ﬁag iacszfgle
Source magnetospheric reconnecton events. rays) with detector - associated instrumental | |(3) Artficial Low-E enhancements in [reflectons from outside FOV. OOT events Iefleétiuns i outsidg FOV OOgTJ Lt
Dorminate times of high-BG. fluorescence. MOB1CCDs2& 5 (pr) :
[Also dark current - thought {pn)
negligihle).
+-10%.
Flares (>1000%). Unpredictable, MOS: =2keV continmum unchanged, small
! significant quiescent component (long changes in fluorescence lines. <1.5keV (1) +-10%.
\éaé‘:;?l;:ﬁ?ne; flares) - sunvives GTI screening, (Also contnun varies - may be be due to Al (2] Very constant. Constant. T e macosnes;a;};éct of SWCE
addifonal pogsible irreducsble’ redistribudon. (3) Beliewed constant. g ahe Ay i
COCHPONENnt). pu: Difference between continmum and lines
(some correlaton).
(13 =1000% (pixels come and go, also
(micro-)meteotite damage). o ; i
Uspredictable. Affect30%A0% oftime, | o0 oo o g | (2 Mode-dependent (lowest GFF, — e e
Variable? (Obs. to || Flarng 3P getting worse? Guiescent 5P i oty & ds Moi i Tarfl. then FF, LW, highest 3% ooT sy d}fiff tl
Ohs,) not evolving, More far from apogee. Low-E fomatipn pend ,s QrCIEARE altex 2OACTRTES: (3) COL2: effects 50% of obs. _events (pn:.l 0 0E ePen ot STEnLY
P : Plus above 'per Observation’ warlatons. : i 3 (LW:0.16%, FF23%, eFF6.7 %) 00T events (pn) mode-dependent
ares torm on before high-E. (factor increases with high-BG rate); (LW:016%, FF23%, eFF6.7%)
CCDS: effects 15-20% of oba. (by Rk a R e
factor~2).
Wariable. Unpredictable. Continumm Flat (MO8 index~0.2) + fluorescence + Thermal with ~<1keV emission lines.
spectnum (no lines), fitted by unfolded detector noise. (1 low-E (<3006¥), tail moy reach Exgal =0 8keV spatially wnif o,
Spectral xspec PL model for E=0.5ke (E<0.5ke™, | MOE: 1.5keV ALK, 1 7keV 5i-K. Detnoise highex—é ¥ 1.4 power law. Below SkeV, dominates index=14.
legs fluxis seen). Warlable in intensiny + || <0.5ke". High-E lines (Cr, Mn, Fe-K, Au). ;

Gralact - emissionfabgorption waries.
SWCE very soft, with unmsual OvILOVIID
line ratios (plus others).

| Spatial - Vignetted?

"es (srattered) - vignerdng is flatter than
for photons.

Mo,

(1,2) Mo,

() Yes - evident in vignetting maps.
(sirndlar, smaller-maginmde vignetting
asymmetries seenin pu).

Yes.

Spatial - Structure?

Perhaps, in WMOS due to the RGA. Mo
strictire seen in pn. 3Ps observed andy
ingide FOV,

Yes. Detector + constucton,
WSS ourer CODs more Al less 31 CCD edges
more 31 Less 31 0u-FOV. Contnomm diff.

between out-FOV and in-FOV below Alline

(redistrbution?). More Au out-FCOV. Changes
in high-E lines. CCD-to-CCD: line intensity
variations, energies/widths stable.

P Line intensites show large spanal

variations from electronic board. Central "hole'

in high-E lines (~8ke"). Residual MIP

contabuton nesr CAMEX readout (low-E,

Yes.
(1) Individual pizels & colurmns.
[Also [pn] sections of colorms away
from CAWE X, near to FOV centre)
(2} Mear poreadout (CAMEX),
perpendicular to readont.
(3) Confined to MCO31 CCDs 2 & 5.

non-singles, parallel to readont).

| Patterns

| Digtibuton sirilar to genuine X-rays. |

Distabuton different from genmine X-rays.

Mao.

Bingle reflections diffuse flux from 0.4-1.4
deg (out-FOWV) is ~7% of m-FOV signal.
0T events (pr) smeared along readout
from bright sovrces of Krays.
(exra BG in pn LW mode due to frame
store area).

Mo, apart from real astronomical objects.
Bingle reflections diffuse flux from 0.4-1 4
deg (ont-FOW) is ~7% of iIn-FOV signal.
OOT events (pn) smeared along readout
fromn bright sovrces of Krays.
(exra BG in pon LW mode due to frame
store area).

Genuine X-ray distribution.

Genuine K-ray distibution.

&§< X

MM

EPIC
MOS
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Table 1. Summary of the components within the XMM-Newton EPIC Background; temporal, spatial and spectral properties

Low-E flares turn
on before high-E

High-E — low-intensity
lines (Cr, Mn, Fe-K, An)

PARTICLES PHOTONS
SOFT PROTONS | INTERNAL ELECTRONIC HARD X-RAYS | SOFT X-RAYS
(Cosmic-ray induced) NOISE
Source Few 100 ke Interaction of High 1) Bright pixels X-ray Local Bubhble
solar protons Enecrgy particles 2) Elec. overshoot background Galactic Disk
with detector near po readout (AGN etc) Galactic Halo
Variable?
(per Obs) | Flares (=1000%) | £10% + 10% Constant Constant
(Obs to Unpredictable. +10% 1) >1000% (pixels | Constant Variation with
Ots) More far from No increase after come and go, also RA/Dec (£35%)
apogee. solar Hares meteor damage)
Low-E flares turn
on before high-E
Spatial
Vignetted? | Yes (scattered) No No Yes Yes
Structure? | Perhaps, Yes. Detector + Yes No No, apart from
nnpredictable construction 1) Individual pixels real astromoonical
MOS: outer CODs more | & columns ohjects
Al CCD edges more Si 2) Near pn
PN: Central hole in readout (CAMEX)
high-E lines (~8keV)
Spectral YVanable Flat + fluorescence + 1) low-E (<300eV), | ~1.4 power law. | Thermal with
Unpredictable detector noise tail may reach Below SkeV, ZlkeV emission
No correlation MOS: L5keV ALK higher-E dominates over | lines
between intensity | 1.7keV Si-K 2) low-E [<300eV) | internal
+ shape det. noise .5 kel ot ponent

PN: 1.5keV ALK Read &

o Si (self-absorbed)

Cu-Ni-Zn-K [~8keV) N

det.noise<0.3 keV Ponman 03
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XMM-NMewton is

currently on its

1056

orbit of the Earth

Home

EPIC outreach
EPIC instrument
EPIC calibration
EPIC consortium
Photo gallery

Links

Space Research
Cenire

& # University of

Leicester

XMM-Newton EPIC

at the University of Leicester

User Resources

Here you will find presentations from calibration meetings, background meetings, software and links to observational data from XMbA-Mewton.

attendees' presentations from past calibration meetings, The presentations are available in the following formats: postscript (ps), powerpoint
(ppty, or acroread (pdf). Presentations that comprize of several files are tape-archieved (farred), and often compressed (Using gzip).

o it L b o TR L Tt B R

Calibration Meeting Presentations

hdallorca, Fehruary 2005
Yilspa, March 2004
Saclay, September 2003
Tuehingen, February 2003
Vilspa, July 2002
Ringhery, April 200
kilan, Movember 2001
Leicester, June 2001
Faris, February 2001
Leicester, July 2000
Fariz, June 2000

# IS T e o R e S

Background WG Meeting Presentations

ESAC, June 2005
2 Meeting summary [pdf]
2 A Read
< EPIC-BG Meeting Junedduly 2005 - Introductionfppt, pdi]

Background talks are also included in the Calibration hestings above.

XMM
EPIC
MOS

Andy Read (amr30@star.le.ac.uk)
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Other BG Items

- BG Flare rgection

- We have recommended in the past, rejection to be made using
high-energy (~10-15 keV) lightcurves

- Blank-Sky BG event files use conservative thresholds on
emchain-, epchain-produced lightcurves (high-energy)

- Much BG-proficient research now makes use of not only high-
energy lightcurves, but lightcurves over the whole spectrum

- Pratt — 3 sigma clipping using high/full/high/full lightcurves
(high/full usually sufficient for normal observations)

- Temple — 3 sigma clipping using high/full lightcurves
- Nevaainen — Hard- and soft-band lightcurves
- Pradas & Kerp — Multi-band (0.2-5, 5-8, 8-12 keV) analysis

. & XMM Andy Read (amr30@gtar.le.ac.uk)
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Other BG Tools

- BGnearestExp

epicd fwork/amra0/BG > BGnearestExp

——————————————— EGHNEARESTEXF version 1,0 21711705

acript to find nearest EPIC exposure to that of a particular
user-given event file,

EGnearestExp Evfile Instr Mode Filter ExpTime Revhap Distance Moutput

Evfile - Uszers event file

Instr Feguired to b
Mocle - Feqguired to |t
- Reguired to
Lme - Hiﬂimum

. [B]ort by [I/5]

II II ¥ _'

e.g, BGnearestExp /mydirectory/mveventfile,fits ¥ 0000 100 5 20

& & XMM Andy Read (amr30@star.le.ac.uk) o «,ﬂg UnlverSIty Of
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e.g. > BGnearestExp myeventfile.fitsY Y Y 40000 200 S 20

..same instrument, same mode, same filter, exp>40000sec, within 200 Revs,
sorted by angular offset distance ...Top 20 matches...

BGHEARESTEXF wersion 1,0 21/11/08

SE7 0109070201 5001 A, 3997235850903 1E404 EMOSL Thinl PrimeFulllindow 2,07 145823000000E 402 2 6302611 1000000E+01 E1246+266
After instrument =election, Mo,of matches @ 3947

After mode =selection, MHo,of matches @ 2801

After filter Selectiun, Mo,of matches & 1142

After exposure time selection, Mo,of matches 3 194

After revolution gap selection, Mo.of matches 3 87

Sorting by angular offset distance,..
Index tabulated : »0,29538 0,2994-0,9295

Angular distance: <1 deg 1-2 deg 2-5 deg 9-10 deg 10-20 deg 20-45 deg

Printing first 20 matches,..

a7 QLO9070201 5001 6,3997235067 37 77E+04 EMOS1 Thinl PrimeFulllindow 2,07145533000000E+07 2,63680111000000E401 E1340+266 1

373 0092350501 5001 4,14211R89250633E+04 EMOS1 Thinl PrimeFulllindow 2, 12349333000000E4+02 2, 630577 78000000E+01 PG_1407+265 0,99605
452 0111290601 5001 5,271080304347 286404 EMOS1 Thinl PrimeFulllindow 2, 16897916500000E402 2, 65372222000000E+01 PR1425+267 0,8958412
250 0020540401 5001 4,9166645860614514E+04 EMOS1 Thinl PrimeFulllindow 1,97451666000000E402 3, 237527 78000000E+01 BXI1309, 943222 0,9583771
250 Q02990101 S001 4,76092443232534E+04 EMOS1 Thinl PrimeFulllindow 1,933587500000000E+02 1,57080850000000E+01 3C_277,2 0,957993

o84 0145020101 S001 4,17124017615640E+04 EMOS1 Thinl PrimeFulllindow 2,23633333500000E+02 1,50422222000000E+01 A_1991 0,956014

473 0103660101 S002 4, 1496557 14089636 +04 EMOS1 Thinl PrimeFulllindow 2, 13451251000000E+02 4, 40035859000000E+01 PG_1411+442 0,949105
dpb Q1043R0501 5001 4,20841011191332E+04 EMOS1 Thinl PrimeFulllindow 1,85398333500000E+02 2, 81038889000000E+01 BX_J122135,6+2580613 0,5943291
bad 0150650101 S001 4, 28901727838814E+04 EMOS1 Thinl PrimeFulllindow 2,29451250000000E+02 3, 14630556000000E+01 ROCS1517+3127 0,935714
BRO 0152940101 5001 6,285581552305180E+04 EMOS1 Thinl PrimeFulllindow 2,04566250000000E+02 4, 54250000000000E 400 HEC_5252 0,927412

BEE 0141570101 S001 4,24325657200516E+04 EMOS1 Thinl PrimeFulllindow 1,85315955000000E+02 1,28562500000000E4+01 HGC_4552 0,92719

BRE 0147330201 U002 8,27174516802333E+04 EMOS1 Thinl PrimeFulllindow 2, 10253167000000E4+02 2 8777 7780000000E+00 Abell_ 1835 0,915803
51 0147610101 U002 4,45657513601357E+04 EMOS1 Thinl PrimeFulllindow 1,284706500500000E+02 1,44165000000000E401 HEC_4254 0,912619

455 Q04190201 S001 4, 793423838123658E+04 EMOS1 Thinl PrimeFulllindow 2,04171250500000E+02 5,19136111000000E 401 UX_UMa 0,901502

FA4 0200130101 U002 9,41992137198180E+04 EMOS1 Thinl PrimeFulllindow 1,87444833000000E+02 7, 99097220000000E 400 HEC_4472 0,897114

B42 01BA3R0101 S001 5, 18836750E0E167E+04 EMOS1 Thinl PrimeFulllindow 1,81468166000000E+02 4,44561111000000E401 r= j1205 0,587302

BRE 0150350101 S001 4, 113774243055 73E+04 EMOS1 Thinl PrimeFulllindow 2, 234858090500000E+02 3,54444440000000E 400 HECEFYS 0,585562

AR7 0110980201 S001 57785748054 3425E+04 EMOS1 Thinl PrimeFulllindow 1,31287083000000E+0% -4 ,60555600000000E-01 HGC_4dae6E 0, 355256

290 0145190101 S001 4,55464026193321E+04 EMOS1 Thinl PrimeFulllindow 2, 285973333800000E+02 5, 63285850000000E 401 HECRI0F 0,5307559

DEE 0145190201 S001 4,24168065556250E+04 EMOS1 Thinl PrimeFulllindow 2, 285973333000000E+02 5, 63288850000000E 401 HECRI0F 0,530759

0,9862-0,9554

0,9845-0, 9562

0,357 -0,9548

QL7010 2387

..remaining matches have too large an angular distance offset...

épicd Jwaork  anr30/EG s ]
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Closed files

- Closed blank-sky (particle) event files also exist (e.g. PM). Where? (I have
copies)

-SS7?

- Collect together? Point to via SOC BG-webpage?

& & XMM Andy Read (amr30@gtar.le.ac.uk)
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Blank-Sky Event files

- Used extensively. Improvements made and ongoing via users suggestions.
(AMR blank sky files very much * easier to use’ than e.g. Nevalainen files).

- Subtle differences in obtained results due to differences in BG cleaning. i.e. due
to differences in BG count rate.

- Could make BG Blank-sky event files available also in terms of count rate
boundaries, e.g. (c.f. Temple, 0.4-0.6 c¢/s, 0.2-0.4 ¢/s, 0.1-0.2 ¢/s).

- Also in terms of Galactic latitude (e.g. in Galactic plane and out of Galactic
plane).

& & XMM Andy Read (amr30@gtar.le.ac.uk)
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