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OMC: An Optical Monitoring Camera for INTEGRAL
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Abstract. The Optical Monitoring Camera (OMC) will observe the optical emission from the prime targets of the gamma-
ray instruments onboard the ESA mission INTEGRAL, with the support of the JEM-X monitor in the X-ray domain. This
capability will provide invaluable diagnostic information on the nature and the physics of the sources over a broad wavelength
range. Its main scientific objectives are: (1) to monitor the optical emission from the sources observed by the gamma- anc
X-ray instruments, measuring the time and intensity structure of the optical emission for comparison with variability at high
energies, and (2) to provide the brightness and position of the optical counterpart of any gamma- or X-ray transient taking plact
within its field of view. The OMC is based on a refractive optics with an aperture of 50 mm focused onto a large format CCD
(1024x 2048 pixels) working in frame transfer mode (1024024 pixels imaging area). With a field of view of & 5° it will

be able to monitor sources down to magnitile- 18. Typical observations will perform a sequence dfedient integration

times, allowing for photometric uncertainties below 0.1 mag for objects With16.

Key words. instrumentation: photometers — space vehicles: instruments — techniques: photometric — stars: variables: general

1. Introduction of 9000 km and a height of apogee of 154000 km. Ma

) ) details on the INTEGRAL mission can be found in Winkle
The International Gamma-Ray Astrophysics Laboratogy 5 (2003) and Jensen et al. (2003). The instrumentatior:
(INTEGRAL) is c!edlcated to the fine spectroscopy and imagy,des a Spectrometer (SPI) and an Imager (IBIS), both us
ing of sources in the energy range between 15 keV agq,qed-mask aperture. Two monitors provide additional d
10 MeV. INTEGRAL was launched on Oct. 17, 2002, fron, the hard X-ray and optical domains. The Optical Monitorir
B_alkqnur W|_th a PROTON rocket, into an |n|t|_al 72'hour_°rCamera (OMC) fiers the first opportunity to make photome
bit with an inclination of 52.5 degrees, a height of perigeg: gpservations of long duration in the optical band simultar
ously with those at X and gamma-rays. OMC has the same f
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(also using a coded-mask aperture), and is coaligned with {
central part of the larger fields of view of the Spectromet¢
and Imager. Detailed descriptions of the Spectrometer (SH
Imager (IBIS) and X-Ray Monitor (JEM-X) can be found
in this volume. Variability patterns ranging from minutes o
hours, up to months and years will be monitored. For brigls
sources, fast optical monitoring at intervals down to 3 s will b
possible.

Multiwavelength observations are particularly important i
high-energy astrophysics, where variability is typically rapid
unpredictable, and of large amplitude. In particular, tra
sient events are associated with many kinds of astrophysi 23
phenomena and are of paramount importance in the X agd 1. omc camera Unit Flight Model (before installation of the
gamma-ray Universe. On the other hand, arranging multifig | thermal insulation).
quency observations that are simultaneous for both ground-
based and space-borne instruments is extreméiguwlt due to

weather conditions, scheduling constraints, or technical prq+his paper we describe briefly the overall instrument design,
lems. Therefore, having onboard INTEGRAL an optical MORje nific performances and operations. Domingo et al. (2003)
itor !lke the OMC_:, adapted t_o the spatial _resolutlon and fle_ scuss the OMC Input Catalogue and associated Pointing
of view of the high-energy instruments, is a powerful addgqgare \Walton et al. (2003) present the design of the CCD

tional tool for the understanding of high-energy astrophysic&hd associated electronics and finally Mazy et al. (2003) de-

processes. scribe the properties of the OMC optics.
The main scientific objectives of the OMC are:

— To monitor during extended periods of time the optical )
emission of all high-energy targets within its field of view?- Camera design

simultaneously with the gamma and X-ray instrument§ne optical Montoring Camera (OMC) consists of an optical
This will allow the correlation of the optical lightcurvesgystem focused onto a large format CCD detector working in
with the variability patterns derived from the hard X-rayysme transfer mode (Fig. 1). The layout of the OMC camera
and gamma-ray measurements. unit is shown in Fig. 2. The optics is based on a refractive sys-
— To provide simultaneous and calibrated standdrtilter ey with entrance pupil of 50 mm, focal length of 154 mm,
photometry of the high-energy sources. This will allowiq 3 field of view of 5x 5°. The optical design consists of
the comparison of their behaviour with previous or futurgy radiation-hard glass lenseggFhoused in a titanium bar-
ground-based optical observations. _ rel (see Fig. 3). The filter assembly holds two colored filters
— To monitor serendipitously a large number of optically vVarkschott BG39 and GG495) defining\afilter (passband cen-
able sources within its field of view. This will allow the desgreq at 550 nm) to allow for a straightforward comparison
livery at the end of the mission of a catalogue of thousang{h previous photometric data of the observed targets obtained
of variable sources with a well calibrated optical monitokom ground. An additional BK7G18 glass plate protects the
ing, covering periods of minutes to weeks and months. fijters from radiation. The optical throughput of the system is
In addition, as a by-product, the OMC will provide the precisdghtly higher than 70% at this wavelength, and the CCE quan-
pointing of the instruments with an accuracy of few arcseconddm €ficiency within theV filter passband is around 88%. An
every 100 s. This information will be available on the grounED light source within the optical cavity provides *flat-field
to improve the image reconstruction of the coded-mask higliumination of the CCD for on-board spatial non-uniformities
energy instruments. The requirement on pointing stability Egllpratlon. Both the tl'Fanlum lens barrel and the focal plane
the spacecraftwas around'8(Lo- value), although the stability €2Vity where the CCD is mounted, made of Invar, were coated
measured during the first months of operations is much belfdfh black Chromium plating to minimize straylight. The com-
(aroundo = 6”), comparable to the accuracy of the OMC. bination of titanium for the lens barrel and Invar for the focal

OMC has been contributed by the following Europeawa”e cavity allowed to have an almost athermal design, with
the system focused over a wide range of temperatures. This al-

institutes: - ] )
lowed to avoid any focusing mechanism.
— Instituto Nacional de &nica Aeroespacial — Madrid, The stray-light requirements are very stringent and an op-
— Centre Spatial de kige, tical bafie has been designed using ray-tracing simulations to
— Mullard Space Science Laboratory — University Collegachieve the necessary reduction of scattered sunlight and also
London, the unwanted stray-light coming from non solar sources outside
— University College Dublin and Dunsink Observatoryhe field of view. A once-only deployable cover protected the
Dublin, optics from contamination during ground preparations (mostly
— Astronomical Institute Ondrejov, dust particles) and early operations in orbit (outgassing from

— University of Barcelona. the spacecraft).
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Fig.2. 3D cut of the OMC Camera unit showing its principal '
components.
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) ] TGS Fig. 5. The Qualification Model EEV 47-20 CCD mounted on its su|
I port. Note the reflections of container sides on top of the focal ple
N/ R . i i e surface. The conical structure on which the CCD is mounted is labe
i “Isolation cone” in Fig. 4.
N
is cooled by means of a passive radiator to an operational ti
195.2 X perature of around80 C degrees. We show in Fig. 4 the stru
i

ture of the Focal Plane Assembly where the CCD is support
Fig. 3. Layout of the optical system. The length is given in mm.  with the identification of the dierent components, and in Fig. !
the Qualification Model CCD mounted on its support structu

The OMC instrument includes also an Electronics Un

The CCD (1024« 2048 pixels) uses one section (1024 housing the CCD readout electronics, the necessary power |
1024 pixels) forimaging and the other for frame transfer befoditioning electronics and the corresponding interface with t
readout. The frame transfer time of around 0.2 ms avoids ttandard dedicated DPE (Data Processing Electronics) of
need for a mechanical shutter. The selected chip for the OMGacecraft. The readout mode allows the extraction of o
an EEV CCD 47-20, with an imaging area of.2% 13.3 mm. given sections from the CCD instead of the complete frame
It required a full qualification program for space applicationsrder to permit, when needed, fast monitoring of selected si
which was carried out by the OMC consortium. The CCD hedd/hile the CCD readout is at a frequency of 300 kHz, the tir
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Table 1. OMC scientific performances.

Parameter Value

Field of view 4979%x £979
Aperture 50 mm diameter
Focal length 153.7 mm/8.1)

Optical throughput

Straylight reduction factor

(within the unobstructed field of view)
Point spread function

Point source location accuracy
CCD pixels

Image area

Angular pixel size

CCD Quantum #iciency

Full well capacity

Analogue to digital converter levels

Frame transfer time

Time resolution

Typical integration times

Wavelength range

Limit magnitude (10x 100 s, 3)

(50x100 s, 3)

Sensitivity to variations (1& 100 s, )

Average number of stars per pixel
(my < 195)

>70% at 550 nm
<1075 (for diffuse background)

Gaussian wEhVHM ~ 1.4 pix
(corresponding te-24'5)
~6"

2061x 1056 (1024x 1024 image area)
(13 13 un? per pixel)

13.3 13.3 mn?

17504 x 17504

88% at 550 nm

120.000 electrons per pixel

12 bits:

~30 ctgdigital level (low gain)
~5 ctgdigital level (high gain)
~2ms
>3s

10-100 s
V filter (centered at 550 nm)
17.6 V)
18.2 )
émy < 0.1 mag forV < 16

0.6 (full sky)

200=0);<0.1 b > 40)

required to transfer a full image to the DPE memory is aroung
30 s). The Analogue to Digital Converters (ADC) work with
12 bits, providing a sampling of up to 4096 digital levels. )
Several trade4® studies had to be performed during the s
preliminary design of the OMC. First the field of view was §
adopted to fit the high-energy instruments, in spite of the los
of photometric accuracy by the increase in the background co R
tribution (diffuse light and source confusion). OMC is thus de-
signed as a monitoring camera adapted to the spatial and pFH#s
tometric resolution required by gamma-ray astronomy, rath
than a telescope with high optical performances. The field o@
view of the OMC complies with the requirement to monitor thef
main central region of both the Spectrometer and the Image =88
and is the same as the fully-coded field of view of the othe {ESE
monitor in the X-ray range, so that simultaneous optical angss
X-ray monitoring of the prime targets can be guaranteed. O
the other hand, important science results are expected from §
multaneous long-duratiod photometry and X-ray data of ad- |
ditional sources in a wide field of 5 5°.
The scientific performances and additional parameters q
the OMC are finally summarized in Table 1.

Fig. 6. Image of the Large Magellanic Cloud area. The image was ob-
tained by combining a set of 6 individual frames of 10 (2 frames) and
16 s integration time. No processing was made to the image, except
removal of the bias level.

3. OMC characteristics and scientific
performances

3.1. Optical performance corresponding to the Large Magellanic Cloud region. From the

We show in Fig. 6 one of the first full-field images obanalysis of the image it can be seen that the optical properties

tained with the OMC during commissioning of the instrumengf the instrument are very homogeneous, both on dféxas,
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Table 2. OMC plate scale as measured offelient images.

Image id. Count scale vertical scale horizontal — sky position
" [pix " [pix RA, Dec (deg)
OMC-first-light.fits 46 17.511 17.498 22870
OMC-second-light.fits 46 17.515 17.498 el
multiR6.9012-1.fits 46 17.499 17.506 26, 66
multiR6.9014-1.fit 50 17.506 17.501 26, 66
multiR6.9038-3.fit 67 17.505 17.505 223,62
multiR6.9039-1.fit 40 17.503 17.506 221,59
multiR6.9052-1.fit 42 17.502 17.506 219, 36

and that no straylight due to reflections within theffleawas
reaching the detector.

The astrometric analysis was performed on a set of full
field images obtained during the commissioning of the instru-
ment in October—November 2002. All images were processed
for the bias, the dark current and the flat-field correction. The
resulting images were used as an input to the astrometrical rou-
tine of the GAIA software version 2.3-3 (Central Laboratory
of the Research Councils), derived from SkyCat version 2.4
(European Southern Observatory).

To process these images, a set of well detected stars was
selected _by hand on ev_ery ex_posure. A matrix of 5 pixels Fig. 7. Image detail, showing the focusing properties of the OMC.
surrounding the central intensity peak for each star was used to
get the precise position of the centre of the star. The centre was
determined by the weighted arithmetic mean. The centroids,
derived in this way, were used as the input data to the astromet-
ric fitting procedure as described byfff61981). The pollution
of a measured star profile (and consequently of the star cen-*
troid) due to the presence of field stars was negligible thanks to
the careful selection of star candidates.
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The Guide Star Catalogue (GSC) was selected as the refer-
ence catalogue for this analysis. The equatorial coordinates of
the chosen stars were transformed to rectangular coordinate§5#8y8- Surface plot showing the Point Spread Function of the OM
the gnomonical projection. The standard astrometric transfgf€ axes scale corresponds to physical CCD pixels.
mation with the scale, the angle of rotation and the coordinate
shift was used to determine the parameters of the transformes  photometric performance

tion. The shear and other non-linear terms were excluded.
The dynamic range covered by the OMC for an integration

The re_su_lts of theifitting procgdure 'Fogether with the basl?) s is shown in Fig. 9. It can be seen that a single shot of 1
pharactensﬂc; of _the Images are listed in Table 2. T_he Co'“"}:ﬂﬁ)ws targets to be observed over a range covering 10
in the tabl_e give. image 'def“'f'e“ .number of qoordlnatg Palfe photometric performance of the instrument is largely lir
used, der|v<_ad image _s_cale in ve_rtlcal and horizontal d'reCt'ﬂBd by its large pixel angular size, which implies significa
and approximate position of the image centre. contributions by faint stars and zodiacal light. In the Galac

The properties of the OMC Point Spread Function (PSP)ane, especially, the background associated to faint stars
can be appreciated in Figs. 7 and 8, where we show the dellsignificant. At the 3r level, and assuming the minimun
of a star image, well centered on a specific pixel. The resultifeyel of expected background (outside the Galactic Plane),
PSF has a Full Width at Half MaximuiBWHM ~ 1.4 pix, limiting magnitude of the OMC will ban(V) = 182 (com-
so that most of the energy is contained within a matrix of 3 bining 50 images of 100 s integration each). Note that d
3 pixels. The PSF is constant over the whole field of view, withg a typical pointing of 30 min, the totalfective integration
no apparent aberrations (the images are monochromatic, wittime that can be achieved is around 1200 s. For the higt
the JohnsoW filter passband). OMC data can therefore be usedpected background level, i.e., within the Galactic Plane :
to derive the pointing of its optical axis with an accuracy closgith largest zodiacal light, the limiting magnitude will be be
to 5”. This information will be available on the ground and malow m(V) ~ 17.4 (also for 5000 sfective integrations).
be used to improve the coded masks image reconstruction onConcerning the bright limit, the full-well capacity of the
the ground in the future. CCD determines the brightest stars that can be measl

"
&
7

%
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8 \ ] Table 3. Photometric accuracy i magnitudes of the OMC for dif-

] ferentV values and variousfkective integration times. A typical ob-
servation totals 300 s offective integration time.

Minimum background

...... Maximum background|

6 V magnitude
couraton Effective 8 10 12 14 16
5 integration time
10s 0.007 0.02 0.1 - -
300s - 0.005 0.01 0.04 0.3
900 s - 0.003 0.006 0.026 0.17
3

Max. background T4y

ST
|
Min. background \\'\\

‘ Il Il ‘ Il Il ‘
5 10 15
V (mag)

magnitudeV = 17-18, photometric detections with Sicient
accuracy can be obtained in a similar time to that devoted to
the high-energy observations. Several individual photometric
points can be produced in the optical band during the gamma-
ray measurements and thus light variations as small as 0.5 mag
can be detected in those weak objects. In brighter sources, like
several of the objects to be observed by INTEGRAL, faster and
Fig. 9. Number of counts on the central (brightest) pixel as a functiamore accurate photometry can be obtained with the OMC.

of stellar magnitude for an integration tinig. = 10 s. The levels

corresponding to the maximum and minimum average backgrounds .

have been indicated, as well as the level at which the CCD saturafesScience with the OMC

Note that the Analogue to Digital Converters were tuned to samphe : . . .
. e observation of high-energy sources in the optical and
only the linear response of the CCD, so that the ADC saturates atxt g gy P

IfS ; . . . :
maximum level of 4095 DN before the CCD starts to lose linearity. : -ray domains, Slm.u“anGOUSIy with SPeCtm?COpIC and imag-
ing measurements in gamma-rays, will provide the necessary

tool for the detailed understanding of the underlying physical

without pixel saturation for a given integration time (seprocesses.
Fig. 9). OMC is following an observing strategy that combines Among the galactic objects to be monitored with the OMC,
consecutive integrations offfierent duration (presently in cy-itis clear that accretion driven binaries with a neutron star or, in
cles of 100, 100, 30, 100 and 10 s), thus allowing thieative particular, a black hole as the compact component, will dom-
dynamic range it magnitude to be extended. inate. Persistent sources hosting a candidate black hole may

The OMC is able to measure variations\insmaller than produce the observed high-energy radiation through the accre-
0.1 mag for objects brighter than magnitude 16-17 (dependimgn of matter in a deep potential well. Optical light coming
on background) and smaller than 0.03 mag for objects brighteym low-mass X-ray binaries is dominated by their luminous
than magnitude 14, as listed in Table 3. These values have baecretion disks whose variability can thus be compared with the
measured on the set of 10 photometric reference stars per fg@dnma-ray behaviour. In the case of transient events, X-ray no-
that are being continuously observed for photometric chara@e or soft X-ray transients will be given most of the attention,
terization of the instrument. These reference stars were seledtenligh in addition, Be systems showing outbursts in the accre-
to minimize the &ects of nearby overlapping stars. The phdion process on a neutron star will be observed. In the case of
tometric accuracy achievable on scientific targets will depebiharies with a white dwarf component, the most promising tar-
strongly on the crowding of the field: stars falling within lesgets for INTEGRAL are classical novae in which a thermonu-
than around 50 of the target source will contaminate the exelear runaway producing a luminous outburst is observed.
traction region of 3 3 pixels. Furthermore, a field with many  Concerning extragalactic research, the OMC will provide
stars will induce a highly structured background, leading algptotometric data for the multiwavelength analysis of time vari-
to lower photometric accuracy. Finally, the OMC CCD has suébility in AGNs. Of particular interest will be the optical vari-
fered the deposition of some contaminants on its surface, esalgility and periodicity analysis of Blazars, showing fast and
cially during the first months of operation. While thi#ext can unpredictable changes. The comparison of simultaneous mea-
be corrected through the flat-fielding process, some residualsatements in the fferent energy ranges will indicate the be-
the level of around 1% can still appear when a star is monitoredviour of diferent regions of the accretion disk around the
while the spacecraft is dithering from one position to anotheentral black hole, the relativistic jet, and the reprocessing of
every 30 min. The rate at which this contamination occurs hasliation. In this context, the observation of optical flares at the
been decreasing exponentially since launch. If deemed contmae of high energy bursts will also be one of the main objec-
nient, the CCD will be baked at 40 C in the future to try tdives in order to determine possible time delays.
remove the contaminants by using the built-in baking heaters Special mention should be made of gamma-ray Bursts.
foreseen for this activity. Though the OMC is not designed for the follow-up of GRBs,

In any case, very goo¥ photometry can be performedthey will be treated as any other fast high-energy transient by
with the OMC for objects of dierent brightnesses. For thethe INTEGRAL alert system. Thus, if one of these events hap-
faintest optical sources to be observed by the OMC, at aroyrhs in the field of view of the OMC, the instrument will be

Log (counts / pix)
N
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

N
o
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Fig. 10. Light curve of the Algol type eclipsing binary DY Age  Fig. 12. Light curve of the W UMa type eclipsing binary GK Aqr.

HD 211705. The derived period B = 2.1596922 days. The weak Derived period for this system B = 0.32740976 days.

secondary eclipse is clearly detected with a depth of only 0.04 mag.
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Fig. 13. Light curve of the W UMa type eclipsing binary Y Sex
Fig. 11. Light curve of the Algol type eclipsing binary V466 Cyg HD 87079. The period i® = 0.41981485. Note that the fiérence
HD 331473. The derived period B = 1.39156705 days. This well between the depths of the primary and secondary eclipses is of |
detached system is a potential candidate for absolute accurate dinfe®6 mag.
sion determination. The depths of the primary and secondary eclipses

are found to be 0.7 and 0.6 mag, respectively, in good agreement Vﬁﬂht curves are available. For the W UMa type system Y S
previous phot.ographic catalogue data — but not with more recent Hhotometric as well as spectroscopic measurements exist a
sual observations. light curve was obtained with the European satellite Hipparc
able to monitor in the optical an area of’3030 around its The orbital period variations could be monitored but the n¢
gamma-ray position within a very short time (few minutes). light curve obtained with the OMC clearly supersedes pre

In addition to the monitoring of high-energy sources, theus data. It can be seen that the sampling of the light cur
operation of INTEGRAL from a high orbit means that particuachieved with OMC is very complete, covering all phases
lar areas of the sky can be observed virtually continuously ftire orbits.
periods of several weeks (with the only interruptions originated OMC will be able to produce at the end of its lifetime a
by the radiation belts crossing). This will provide a unique ph@xtensive catalogue of all kind of variable objects, for many
tometric capability for the investigation of complex, perhapshich simultaneous light curves at hard X-rays and gamn
multiperiodic, light curves or those objects with periods thaays will also be available.
cannot be addressed by ground based observers.

At the time of writing this paper more than 20 000 scien;
tific targets have been monitored by the OMC. Out of thes€,
light curves with more than 100 points have been obtain&d order to optimize the scientific performance of the instr
for more than 1300 targets, sampled at intervals of 10 miment, the following scientific operating modes have been |
We show in Figs. 10-13 some examples dfetient kinds of fined:
eclipsing binaries. Among the eclipsing binaries, four of them a) Calibration mode The CCD is illuminated by a Light
are little known since they have been essentially neglected Byitting Diode (LED). The full unbinned frame is read int
ground-based photometric observers and only old photograpRisM memory and transferred to Earth.

OMC operations
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b) Normal Operation modeThe OMC monitors the completely processed in an automatic way. The principal steps
sources in its field of view by means of integrations of variabt#f this automatic pipeline processing are the following:
time. Typical values of 30 to 100 s are expected to optimize sen- The information in the telemetry packages is converted to
sitivity, readout noise, and cosmic ray§eets, though shorter CCD pixel values.
values (down to 1 s) are possible to monitor fast variable ob- The CCD windows are corrected from bias and dark cur-

jects. For the faintest objects, several 100 s exposures are addegent They are then convolved with the corresponding flat-
during data analysis on the ground. The number of integra- field-matrix

tions that can be added depends on the time during which trleA” CCD windows obtained within periods of around
spacecraft keeps the same pointing without dithering (typically 10 min are combined

30 min). The DPE process the image by firstrunning a fast cen- e hhotometric value for each source of interest is ob-
tering algorithm, based on the location of around 10 bright stars tained by applying an extraction mask ofx33 or 5x

with accu_rate coordlnates_ in the field. Then, a _numbgr of win- 5 pixels to the combined images. The local background, as
dows (typlzallygf 1]X1f1 plxgls) ahround each ?bJeCt ofllnterest measured on a corona around the extraction mask, is sub-
Is extracted and transferred to the spacecraft central COMputel 5 toq The position of the extraction mask is re-centered

for t.ransmission to gr.ound. Absolute photometric calibration is on the brightest pixel within thess5 pixel section. This ex-
achlevgd _by comparison with a nqmber of reference standard traction software can also be rufiline modifying the size
stars within the f_|e|d_ of view of the instrument. ) of the extraction masks, in order to minimize theets of
c) Fast Monltorlng modJeTh.e r!ormal operations mode background stars when needed.

does not allow continuous monitoring faster tha_m 10 s due to 10 photometric values are stored\Asnagnitudes, thus
the speed o_f the interfaces, the readout eIgctr_o_mc_s and the DPEcompiIing light curves with a sampling time of around
data handling. Therefore, when fast variability is expected, 14 min.
only the section of the CCD containing the target of interest o )
is read from the CCD and transmitted to the DPE. The bedi€ data products distributed to the observer are the following:
time resolution that can be achieved is around 3 s. — CCD raw image windows, without any correction.
— Processed and corrected CCD windows (in photoelectrons

per pixel).
— Photometric light curve with a sampling time of 10 min (in
Since only a number of windows (typically 100, and in any case V magnitude).
less than 228) of 1k 11 pixels can be downloaded to Earth,— Corresponding flat-field and photometric calibration
the targets to be monitored have to be pre-selected on ground matrices.
For this purpose, an OMC Input Catalogue has been compifpe pipeline processing can be performettime in an in-

5.1. The OMC input catalogue

containing: teractive way, with the capability of modifying some param-
eters, like the desired sampling or extraction box size 8or
— most gamma-ray sources, 5x 5 pixels).

most X-ray sources,
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11 pixels, are downloaded to Earth every 10 to 100 s, without | 275
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