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ABSTRACT

Since December 1999, ESA's large X-ray space obsematory Xhih-Mewton oporates in a highly eccentric 48-h orhit
which allows for long uniniermupied exposuse times. The three pavload instruments EPIC, RGE, and OM yield scientific
data of high gquality and sensitivity., We report hore on the current timing capabilities of all three instrumonts by
showing results from analyses on relative and absolute timing, In this context we discuss the prooess of come lating local
oqboard event arrival times to terrestrial time frames and present some detailed results from time cornelation anmalyses,
This invelves investigations pn the performance of the gnboand quartz oscillator that have been porfirmed. In addition
we deseribe problematic iming dats anpmalies in the EFIC-pn data and their reatment by the 5AS. We show recent
examples of timing analyses,

Eaywords: XMM-Mawton, timing, XTET] 807-2%, Crab
L INTRODUCTION

Since its launch in December 1999 theee instruments operaie onboard the Euwropesn X-ray Muhli Mirmer obsenvatory
XMM-MNewton., Three: Wolter type | telescopes with 58 nested mimor shells foous X-ray photons on the X-may
instruments. In addition a 30 cm Ritchey Cheétien optical telescope is used for optical observations in parallel.

The Ewropean Photn Imaging Camera (EPIC) consists of two parts; EPIC-MOG (Metal-Oxide Semi-conductor) and
EPIC-pat { pen-junction). The two EPTIC-MOS cameras use front illuminated MOS2CCIR as X-ray detectors while the
EPIC-pn camera is equipped with a novel pr-CCT, which has been specially developed for XMM-Newilon, EPIC
provides spatially resolved spectroscopy over the field-of-view of 30" with a maderate energy resplution. The EPIC
caméra can be operated in diffesent observation mud.ﬁ ralated to the different mduut in each mode. Fﬂl’ a detsiled
description of the modes see Kendzigrra et al, {I'}P‘T:l Kendziomra et al {IM} Kuster et al .rlwg“r Ehle et al.
{2003)°. The RGS spectrometers ane designed for high-reselution spoctroscopy of bright sources in the energy range
from 0.3 @ 26 ke, With the optical moniipr (006} the feld-pf-view can be coverad simulianeously at visible or LY
ENaTRies.

All instruments (EPIC, RS, OM) are able to perform timing analysis @ some extent, as discussed below, though the
leading nstrumeont for timing amalysis is the EPIC-pn camera Table | shows fe time resglution for the differemt
instruments and modes. The EPTC-pn camera  wes designed for imaging, high throughput spoctroscopy and timing
analysis, EPIC provides high time resolution (Timing .03 ms, Burst: T ps) combined with moderate energy resolution
{EAE = 10 te 50 in the nominal energy band from 0.1 to 15 ke, An overview of the curfent calibration status of the

* Marcus Kirschfess int; phone +34 01 8131 345; fax +34 01 8131 172



whole EFIC-pn camera is documented in Briel (2003)°. The cument calibration of the high time resolution modes
provides a relative sccuracy in the energy of 03 % for the Timing Mode and of about 5 % for the Burst Mode owver the
spoctral ranpe from 0.2 to 11 kel {Kisch etal. 2042

L TIME CORRELATION OF XMM-NEWTON

For timing studies it is important to know the absolwie phodon amrival time in a standand reference system of events that
occur gnboard the XMM-Newton saiellite. XMM-Newton operations ane performed in real ime fom the Mission
Operations Centre (MOC) at the European Space Oporations Centre {ESCC) in Darmstadt (Gemany) via a network of
Ground Stations {G/3) located arpund the Earth o provide almost
Tahle 1: MM i ki 0 A tacerk v continugus covermpe. Due 1o this coceptional coverane it is possible
- i i - e accurately messure the onboard time of the spacecraft (5/0) at all
;:n“ Tri—— times that it is performing scientific exposurss,
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A standard spacecraft revo lution wilises the Tollowing soquence of
- ground stations (from perigee to perigee), Perth, Kourou, Santiagn,
Iﬁ“ Perth, Kouwrow Oecasionally other ground stations can be
T mocros substitwed, for oxample Santiage for Kowrou to allow LEOP

16 (Launch and Early Orbit Phase) support for other missions or
:I'L;W VILSPA to cover the short perigoe gaps during oclipss.

(517
o The following describes the process of correlating onbeard events io
?—f;: the Tniversal Time reference system and presents some resulis from
LR amalysiz of this ime comrelation. As & consequence the performanas

afthe onbodrd escillator is determingd and discussed.
21 Reference Tlime systems

Time comelation is the process of accurataly esmblishing the relationship between a local time systan and a refenence
time system in order to allow the unequivocal referencing of evant arrival times. In the case of XMM-Newton the local
time system is known as onboard time (OBT) and the reference systam is the Universal Time Co-ordinated (LITC), All
gvents pocurmring onhboard are nofirenced to the DBT time system.

The OBT kcal time system is maintained by a erystal oscillator of 2" Hz {approximately 8 MH2) located in the Central
Datn Manspement Uinit {COMLIFA. The OBT is initialisoed at CDMLF swich on and continues 1o run frecly fom that
point The oscillator enperature is maintained above local ambient emperature with a constant heat supply, however it
is importnt i note that there is no focdback control of the oscillator environment or frequency. The OBT is oo-
ordinated betwoen onhboard 5u'hs£3‘tmsh}' the CDMLU by means of periodical broadeast pulses (BCP) on the spacecrafi
data bus (OBDH) issued every 27 oacillator oycles, squivalent to one onboand second,

All gther spacecraft subsystems maintain & local copy of the OBT and use this infomation for iming of internal events,
The subsystems are requined to have their local copy synchronised to the COMIT OBT when they are switched on and
to maintain it synchronized using the received BCPs, Additionally, because in some subsystems the local copy is
limited 4o 24 bits of time information, the subsystoms are resynehronised every 7 5 (ahout 194 days).

The OBT encoding is sandsndised as COSDE (Consultative Committes for Space Dat Systems) unscgmentad time
oode with 32 hits of soconds and 16 bis of fractional seconds, ig. a resplution of approccimately 15 ps and 8 unigue
identification of more than 130 years.

1.2 From OBT to UTC

XMM-Mewton operates with a packeied telemetry stream, where packets from the various subsystems are encapsulated
by the CDMI in frames of fixed size and continuously transmitted o ground at a fixed bit rate of
T0 kbv's (2= measured by the onboand escillator). Frames ane in fum omltiplexed in virual channel frames {(VCs),
nptably WOD Tor housekeeping and non-perisdic report packets and V7 for scientific data and idle frames. The instam



of ramamizsion of the firgt bit of every 16% V0D frame is timestamped
on boand in the kecal OHT system, this happons by means of an hardware  Teble 2: Delays in XXMM fme correlation

maechanizm that laiches and stores onbosrd the OBT at the right moment.
This time information {in the local time reforence OBT) of the evont Declay Time in micn sog
“first bit of the tramsmission of VO frame” is ransmited to ground later - -
ina perindic specific time packet {STSP) before the next 16™ VOO frame L) 62617
accurs again. With a standard XMM-Newton S'C configuration this  [SroLerih 497.33
process repeats approximaly at 120 He Note that bocause the timing S K ousou 491
sysiem is edge triggered the sccuracy of the OBT timostamp is not [0S Santiago 693
limited by the OBT resolution of 15 ps. 35 V12 4602
i :‘nfl-"li&ht Pl LETSELL T

Each 8 of XMM-Newton is operating in the reference time system
UTC and iz synchronised through a combination of a loesl oscillator and

aGPS cleck with a resolution of | ps, On the ground the G5 adds an Earth Received Time samp (ERT) {in the UTC
reference system) to the first bit of each frame it receives. As the time between the transmission and the reception of the
YOO frame is known within a opriain sccuracy it is possible to correlaie the occurrence of the two specific events in the
two time referenoes systems | see Figure 1)
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TFigurc | The Tinding Infarmaion Flow Diagram shows the DBT-U T time correlation . The formaulb 10 correlaie OBT and ERT
(UTC) & QBT = ERT - dt €35 - dt_FLIGHT + di_CDMLL The drawing in the lower pan shows tho comact time modd
for OBT propagation delayand ERT, where

= W{Il-Tx: e event ol stan tammesson ol he Arst bt ol YO0 ame usal Tor Bime conelation

- Db Latch: 1mme event of hiching an hoard of OBT

- WiIl-Ra: time event a1 which the G bit of V0O Frame used for fime canelation neachies the ground sketsan

- ERT: ime eveni at which the ground flation necogmses the [irst bat o W0 frame and perfommes the ERT bmesitamp



To comrelate the OBT to UTC it is sufficient to subiract from the ERT the signal travel time from e saiellite to the G5,
This time of flight iz caleulsted in real-time by the mission contral system at ESCC from knowledge of the pradicted
orhital position and the G8 location. Additionally the CDMU and 55 timing sysiems are not infinikly fast and
therefore fixed offsets and delays from these components are alin considered. To obtain UTC for any OBT it is
necezsary b Gt fee pais of OBT/UTC with a function and use this function i derive the UTC. Due i variations in the
OBT oscillator frequency & non-linear fitis required to achieve accurate timing conversion fem OBT to UTC over the
period of a typical exposure. There & a facility in the Science Analysis System (SAS) to achieve this; the reader is
refermod 1o the 5AS online documentation, (Package: Observation data file Access Layer library (DALY at the XhiM-
Kewion Science Operations Centre Home Page hiip omm vilapa o35 1),

The final times in the XMM-Newton Observation Data File package {ODF) are offsets in seconds of 1998-01-
0] TOelb: Oeb: b i T rresivial Time {TT),

2.3 Orbital Informa thon

The Mission Control System (MCS) uses an orbit prediction to caleulake the time of flight from 5/C to (WS, This file,
which is distributed with the ODF, is cumently updated every revalution shontly after perigee and thus represents a very
good prediction of the fortheoming orbit. The ODF alse includes an orbit file that & produced afier completion of the
relevant revolution and s known as the reeonstrucied orbit file bocause the dsia ane recenstructed from the continuous
ranging measurements that are made from the GUS o the S°C throughout te revalution,

The difference in the time correlation products =5 caleulated from the orbit prediction are generally the same as thoess
from the reconstructed orbit file, 10 an accuracy of 30 ps (Serpell et al 20037, Tt should be noted that following any
momaly, for exanple Emergency Safe Attitude Maode (ESAM]), there may have boon unfiresaen chanpes to the orbit
that reduce the accuracy of the prediction. Therefore observers are advisod to use the reconsinected orbit file for their
fimal analysis.

24 Measured System Performance

Due to the almost continuous coverage of the spacecraft, it is possible to make detmiled measurements of the sysiem
peer foemanc e aver both long and shon time scales.

» ﬂh‘
iy
o IJ“‘:F" )
g '*'ll.-.l
el
o i,

' ' ' '
T T T re r e e [} rr
P ek b LA |

Figune 2: OBT Oscilladnr Ageng, date 15 given m days fram 1.1 2004



B was observed carly in the mission that the relationship between OBT and TITC is not linear, as it would be for a
perfioct systent. This is not surprising, as the erystal gscillatr i susceptible to ageing snd drift Ageing is the change in
the oscillator freguency over time dwe 1o changes in the oscillaor mechaniam, such & outgassing or adsorption of pas.
Dirift is the change in oscillator frequency due to exiemal influences, for example fhermal and power cyeling

More than two years afier launch it has boen possible e accurately measure the oscillator porformance on both short
and long fime scales. The long-torm variation, on a ime scale of wars, s dominaed by apeing and the shon-term
variation, on & time scale of hours, s dominated by drift, due to mainly thermal offects

The frequency of the OBT oscillatr was measured for a period of 360 days from day 470 afier (.00 2000, Data was
taken froon STSP packes &t |5-minute inervals. The vecillair frequency was calculated as: F,. = 63536 * AQET
(AFRT. Figure 2 shows the frequency compared to the nominal frequency of 2% HE overlaid with the best fit. The long-
torm ageing is about (U016 Hziday,

k= CFT O e F-iin - anl T=: midian
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Figure 3: Comparson ol DBET Oenillator Drf end Temperatine

For short-term analysis the frequency of the OBT oscillator was measured for every STSP for § days from day 764 after
01.01,200). The data was averaged using o running average of width 5§ minutes as a low pass filier, The oscillator
frequency was caloulated as: F . = 635336 * ADBT JAERT. In addition the escillator temperature was measured fpr the
sam¢ time period and filkered in the same way. Figure 3 shows the varation of the frequency and temperature over the
peeriod analysed. There is a clear cormelation betwoon temperatune and frogquency, with a deviation of about £ (0.2 Hz
This variation is in good agreement with the residuals from the long-term ageing measued above, The variation of
oscillator frequency with temperature can be modelled with a quadratic polynomial. From the gradiemt of the
palynomial the emperaiune variation of the escillaks is measured a5 (.2537 Hz/ *C at 33 0

For both ageing and femperature effects of the OBT oscillator, comrections in the time comalation ane in place.



3 EPIC-PN DATA ANOMALIES AND THEIR TREATMENT IN THE SAS

The EPIC-pn event amalyser (EPEA) uses the COMIT 1 Hz clock pulse & incremend an internal 15 bit wide counter
(FTCOARSE) and to reset a 16 bit subscosnd (FTFINE) counter which is clocked with 48828.125 Hz, Thus the pn
CCD data frames ane time stampod with a resolution of 20 48 ps by FTODARSEFTFINE pairs. In an ODF they form
twor cplumns in the first table of the pn Auxiliary Data File (AUX) which are accesed by SAS in the process of
cpverling frame counters to absolule photon arrival times.

In onid-20W} it was first discoverad that the pn AUX data exhibit certain kinds of snomalies whose frequency of
oocumenc? is varisble and apparently unrelited to camora maode, observing time or duration. This remains valid until
tosday, o seme data sel are completely free of any problems others are heavily affocied. Table 3 lids all of the
anpmalies soen s far, Obvieusly all these problems neod 1o be comected for, as etherwise the ovent times tem out
wrpdg, This is espocially critical, as a single shift in FTCOARSE fime will cause all subsequent times to be wrongly
shifted by the same amount. Pulse profile analyses with a data set that contains a single or multiple undetectad and
unoorrected ach time jumps will thon be inconclusive becawse all phaotons after the instant of fhe time jumg will be ow-
of-phase. This can result in a pulse peak broadening, phase shift. or the arance of spurious pulse components, As
cuanmles Figure 4 shows the significant influence of time jumps on 3 -distributions and - distributions of epoch
fiolding period sesarch. Absolwke timing amlysis was likely impossible for obvious ressons,

The SAS since the early days can relishly detect and comract for the anomalies with the excoption that the detection
lpgic for case 4 in Tabloe 3 sometimes soenes o fail with the consequences described above, This, forunstely, iz als
true fipr the public SAS 5.4.1. However we have now been logking in depth at some cases of these jump-detection kegic
failures and beliewe & have found a good cune, The anomaly detection/cormection algorithm is part of the QAL -395 and
wi have improved it in several ways. With the new SAS reloase in awtumn 206G we are in a stte that all problems ane
nzliably found snd comracied and Turther modifications should not be nooded sy kn per.
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Figune 4: Lelt: Inflience al 2 time jumgp of 31 son the f—dim:lnu.inn al epach Takling perind scarch {pulsar period 150 ma)
Red: time jumpnot detecied. Black: time jump detecied and correcied. The time jump causes hroadenimg af the 3=
detritution and increases the presence of secondary maxima.

Right: Influence of'a Sme jumg af 1 5 an the Z -disirbaian af epach fokling period scarch {pulsar period 4 ms ). The
cxirapolaied radio periad i3 ndicated and agrees withihe period found 10 the 30dM-Newion data within the erram.
A5 annd I Or Iss MU appears .



Table F: Bummary al EPIC-pn time anomahcs

|anomaly Camse [signature correctiveaction
splurius values in buffer overflow in FTOOARSE==32T67 igmone a5 those frames are
FTCOARSE clectromics ot asspciated with real
gvont dats
wrong FTCOARSE valwes  [reset pule came o late  |fisst FTCOARSE valies find first ok FTCOARSE
fior first frames after |are =0 value and ap proximate all
MG Star proceding values
{+FTFINE]) by thiz godad
value minus inleper
{multipgle of nominal feeme
intenration time
premature FTCOARSE likely to be coused by ms-  |example correct one affected
i rements scale race condition in FTCOARSETFTFINE FTCOARSE value by -1
EPEA HAW; viery rare SBOLEIL0E |
542233 | GABR2R | 66595
which should have boen
S22 | S/A8RIR | BA6595
randiom negative or positive (unkmnown, bit-NipsBELT,  |time between consecutive  Jadjust FTCOARSE valuc

jumyps in FTCOARSE

EPEA/EPDH syne
problems?

events is megative or not an
indemer mukiple of frame
infegration time; all

wrndy undil the wext reset

{amd all subseguent omes
undil next reset) to make
time difference inioper

subsaquen FTCOARSE: srglmultiple of nominal

integration tine

blocks of frames stemming
from different quadrants

unknown - EPEAYEPDH,
ODF peneration?

the time jumps frwand or
backward by up to soveral
|soconds and some | {0 frames
later there is a jump in the
opposite direction; most
frequent jumps appear 1o be
+1s&-Ts

ipnore frames from other
|quadrant

4, RELATIVE AND ABSOLUTE TIMING OF XMM-NEWTON

In the last year two critical peins of te XMM-Newien timing accuracy have been solved, First, the rolative timing
epuld be improved up to the thepretically attainable accuracy. Socond, the origin of the long standing isue of a shift in
the abapluie timing scouracy was locagd.

4.1 Relative Thndeg

The EFIC-pn camera was designed to offer puistanding time resolutions of down i 30 and T ps for Timing and Burst
m.:.'uﬂ:i:.l:I respoctively, This makes accurate timing studics, even on a ms-scale, feasible {ef. Bocker and Aschenbach
202y,
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T the earlicr SAS releases the true poriod of 3
periodic source couki be only determined o
ot part in 1079 due to a coding ermor in the task
“herpeen®. The relkase of SAS 53 comprisod
for the first time all necesary compononts i
suppedt such timing analysis,

Toss on data from the Crab pulssr taken
duiring A -Mewion pef frmanoe
verification campaign in carly 208} indicate
theat the relative deviation in the observed pulse
priod w.ri the most acourate radio d.uia

available is mow comsiderably betier tham 10,
| Furthermore a dedicated calibration campaign
‘ b A fa. | in revolution 411, where the Crab was
M e R heorved at different periods of the orbit,
i ' ' shows even botier results The most accurate
period for the Crab-Pulsar has been derived by
using the epoch folding technique. The value
for the pericd P was derived for the
oacrvations i mewltions 234 and 411
separataly by using extrapolated data from the
Jodrell Bank Crab Pulsar Monthly Ephemeris
for P° (httpeywww jbooanacak). The most
securate found X -ray periods fom revolution 234 and 411 were 33 52130947 ms for epoch 51988 644057664 15 (I
annd 33534 15K ms for the 5234006825 136183 (MIDY). Thus the melative deviation in the observed pube poried

w.rL. the most accurate rad io data available (AP/P) was less than some 107 (Kisch 2003)°.
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Figure 5: Pulse pralile al the Crab-Pokar ol the 3 cheervahions 1n ree. 1 L
15) phase s inthe energyrange from 0.6-15 ke were wed
Two phase cycles ane shown for clanty.

For the Crab pulsar the new results now oonform with estimates of the theoretically attainable accuracy with XMM-
Newton and the expected statistical ernors. Further investigations for periods of other objects ane currenly underway.

4.2 Absolute Timbng
The varigus components m the ime cprmelation process all hayve some unocraintics. Table 4 sunmarises the accuracy of

the compoaenis;

Tahlc 4: Accuracy ol proossss n tme cormslabon

process accuracy ln
micro &
[Puhxmuun drifi in 'DET 'h-m'.'ci:n CimEEcutive STSP 4
Maximum enor in O BT disribulion oy WEETS 11
Maxinmm enmor botween hi::!uﬂ:g OBT and start of frame tramamission G
Mavinmim ergr due 10 orbit] wnoerainties { 10 km) L1
[Miaxinmm uncenEinty in ground station dalay 5
Maxinum interpolation errors 10

This results in & thopnetical overall accurscy of better than 10 ps, However, analysis on obserations of the Crab
pulsar with the EPIC-pn camera suggested till recently still a shift in absolute timing of the onder of 1.2-1.5 ms. Becker
and Aschenbach (2027 found the X-ray pulse leading the radio pulse by —1.5 ms, [t was discoverad very rocently that
this shift was caused by a wrongly comocied COMLY delay (626,17 ps) That delay was eronecusly subtracted instead
of added which acoounted for a shift of 1253 34 ps.



The XkM-Kowion absolute iming accuracy is now found & be in the range —300-00d ps, based on the available
calibration data. Thiz is in agoeement with Crab observations performed by RXTE and Chandra Regular calibration
messurements B monitor the absolute timing accursey of the enboard ¢lock will be performed throughout the mission

Tahle 5: Summary al pulss artival tme measwre ments using the Crab data aken with X MM-Nowion m 200K-
2. rad ® the radio frequency { Ifmotation period), | xmm the reguency determined from the
KM M -Mewton dats using a Z -search tochnijue. MXP gives the phase location al’ the mam X-ray
ek in the Crab pulsars pulse prolile. The radio petk & suppossd 1o be ot phase ( or, equivalen, 21
phase 1, 1-MXTisihe phass dilfifence o the cqpated radio peak n units of phase angle and

il hisecand s,

[ T rad [ xmm MXEF |-MXP |_I-MXP
[Orbif _ OBSTD [Hz] [Hz} [phase] [[phase]| [ms]
56 [0122330801] 2984375911 | 29.8437591143 | (L98174 | 001630 060350

234 (0135730701 2983195268 | 20831952685 | 098723 [0027T0] 044256
411 [0153 T50201] 298201 5493 | 29 B201549266 | 098845 [ 001150] 0.40233
411 [0153750001) 2082015493 | 20 B201549266 | 98910 [ 001000 036210
411 (0153 75001 ] 200801 5493 | 20 8201549266 | 09890 [ 0010 0.32187
411 (0153 T50501) 2080015493 | 20 8201549266 | 098989 [0 O1010] 0L321RY

5 EXAMPLE OF EPIC-PN TIMING ANALYSIS: XTEJS07-294

The accreting millisocond pulsar XTE TIRO7-294, discovercd by BXTE on Febriary 21 {Markwardt ot al. 2003)" was
obacrvoed by XhM-Newton Manch 22, 203 under Obsbd 001579600 in revolution numbor (6401 . The observation stanad
on 2 3-03-22T 13400272, The EPIC pon-CC D camera was operated in Timing mode with the thick filter, while the two
MOS cameras were in Small Window mode (MOS 1) and Full Frame mode {(MOS2), For this analysis only data from
the 9293 ka pn exposure were wsed. The count rate in® CCD eolumns {- 37 arcsoc) centred on the spurce was 33 ctsfs
in the (.5- 10 keV band (- 3.7 mCrab), This companes to a background of (4 ctaf's fora region of the same size,

|- = . | _ 052keV :
: : | s,'IIJfI T |H|
e 1 1
\[ | | | s 24 keV ;
3 | b _ &
FR - e A
| | il 410 ke -
Z |
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Figune 2 Lelft; €15 10 10 ke pulse prafile ol single and double cvenss of X TE J1507-29%4 fram EPIC pn Timing made.
Righi: Pulie praliles of XTE 11807-294 m three energy lends. Two phase oycles are shawn for clarmy.

Using the best-fit orbital poriod of 400741 + 6605 minutes found by Markwardt etal {2003 we orouped the cvents
ik 20 phase bins of the hinary orbit. f—muimnm epoch folding on individual phase bins revealed a clear modulation
of the spin poriod. Assuming as a firs approximation, a circular orbit, we derived 4.8 £ (] light-ns for the projocted



orbital radius. The baryeontric niean spin perigd of the pulsar was found at 5. 2459437 + (U MERER ms. The modulation
iz soen over the entire encrgy band Trom 65 o 10 kel The pulse profile shows a single pesak (- 1.5 ms FWHM], its
shape varies only slightly with energy. The combined pulse profile in the (5210 ke band shows a modulation of &0 +
{1 perocnt {9 porcent confidence lovel) (K rach and K endziorsa 200332,

6 TIMING CAPABILITIES OF THE OTHER XMM-NEWTON INSTRUMENTS

6.1 The Reflection Grating S pe ct rome ter

The RGS's nain function & high-resolution spectroscopy of conparatively bright objects. In its nornwml operational
musde, CCD readouk take phoe every 370 ms o flering useful fning information for many ebjecs excluding the fasest
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Figure T: Results of an epoch-folding best poriod search on

Her X-1 betwemn 5Sand 11 Angsiroms
6.2 The Optleal Monitor

The secallod Fast Mode of fewe Optical Moniior allows
the user o perform fast photometry, with & maximum
time resolution of 0.5 &, in any of its filters. Fast mode
can be uzed only in a small window (1010 ﬂ'mf}
lpcated snywhene within the OM field of view. Two of
such windows can be commanded, allowing thus io
perfiorm differential photometry. Any of the zix boad
band filiers, covering from the visible to the ulraviolet,
can b used. A photon inpinging in a fast mode
winbow within the selected fime slice (0.5 3 mikmum) iz
storod & am ovent with its arrival time and detector
position, The XMM-Mewton SAS will proceis the
corrogponding ovent list and & light curve will be
prodiced.

This fast mode capability can be wsed 1o perform multi-
wavelength {X-ray and optical o 11V) obsorvations of

Lonpotsisec | SHAA T

X-ray pulsars At typical detoctod oount rates,
inegration times of a fow thousand seconds o monc
are reguired to build enough statistics. In sddition, it
is also possible 10 operate the instrument 1o increase
the time resplution to 15 ms per CCD at the axpense
of one gatial coordinate, although this se-called
HTR msde has mot boon otfered to the community at
large bocause of increased sensitivity of this mode
for backoround fluctustions and the limibed number
of objocs whose siwdy might benefit

Fonetheless, test observations of Her K- have boen
a success Figure 7 shows s epoch-folding ¥™-
period search on data betwoon 5 and 1] Angsivpms.
The derived period is consisient with the period
found by RXTE.
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variable sources. Figure § (Mason et al. 2002)" gives an  Figure §; X1822-371 simultaneous X-ray (EPIC-PN) and

cxammple  of such an  application  showing  the
simultaneous H-ray and UV licht curves of the Low
Mass X-ray Binary X1822-371.

1% light curve,



REFERENCES

. E Kendziorma et al, PN-CCD armera Gv MM perfvman ce af high Sme reslulicenBeight svioee operaling
mendex, Proc. SPIE, 3114, 1997

. E. Kendzipma et al., Operafional aspects of the PN-COD camera for XM Newtoot and A BRIXAS, Proc. SPIE
I35, 199

. M. Kusteretal, Tione régobaion copability of the X8M EPIC pa-000 (e diflerent readoud modey , Proe, SPIE
IS5, 1999

. M. Ehle et al,, XMM-Kewion Users Handbook, Bsue 2.1, 20403

. LG Briel, Srafies of the corldwration of fe EPIC- pa-dede ctow gn b XMM-Newion, Proc. SPIE 5165 {this
vrlume), 263

M. G F. Kirsch ot al. {20602, Calibrasion af the XM M-Newion EPIC-pr camara i e fard mode g, Prosc,
Symposium "Mew Visions of the X-ray Universe in the XMM-Newton and Chandra Era®, ESA SP-488, eds. F,
Tansen, 20k

. E. Serpell and F. Possanzind, XMW Newdon Thoe Corvelanion, XMM-OPS-RP-AMQ6-TOS-0F Baue 1, 20603

M. G. F. Kirsch, fr-Ovbit- Kalibragon der EPIC-po-Kanéra aul XMM-Newion in hock selfaifidse sden Modes
i Pulspleevenspel o deapie des Crab-Pudsars, PhD thesis University of Tuebingen, [SEM 3 -R9959-07T0-8,
2003

. W. Becler and B, Aschenbach, X-mey Orbse rvations aff Newdean St and Pulvars: Fiea Resulis from YA
Mewdan, Proccedings of the 270, WE-Herseus Seminar on Neutron Stars, Pulsars and Supemova Femmants, Tan,
21-25, 2002, Physikzentrum Bad Honnef, ods W, Bocker, H. Lesch & I, Truempser, MPE-Repart 278, 2062

16, C B. Markwardit et al., T TRC B8R0, 2003

11. C. B. Markwardt etal. , ATEL # 127, 2003

12, M. {5 F. Kischand E. Kendricera, ATEL & 148, 2043

13, K. Mason, Proc. Symposium "MNew Visions of the X-ray Universe inthe XMM-Mewton and Chandra Ema®, ESA

SP-488, eds. F. Tansen, 2002



