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BVIT High Time Resolution Astronomy

BVIT on SALT is designed to provide observers vatkiery high
time resolution imaging photometer.

— Enables a new time domain for astronomical obsemnvaswith
full imaging capability

e Time resolution (time stamping for each photons1o
microsecond

e BVIT is a simple instrument with minimal obsenatal

setup requirements and a high degree of post atgnidata
flexibility.

This will be a unique user facility only availalde SALT

SAAO has historically shown excellence in photamet
BVIT will expand these capabillitieas a new domain.




High Time Resolution Astronomy

» Two scientific conferences have recently been spad by the European
Commission OPTICON Network dealing with the topictbe Universe at sub-
second timescales”

* Very little is known of high cadence (<< 1sec)aghysical phenomena such as:
— Short-period cataclysmic variable emission
— Periodic optical/polarized radiation from pulsars
— M-dwarf flare phenomena
— Low mass X-ray binary & AGN black hole “flickeriihg
— Stellar occultation of solar system planets, thatellites and asteroids
— Transit timing for extra-solar planets
— High precision astro-seismology

» Astronomical detectors ( CCD’s) normally suffesrft 2 major weaknesses for
observations of durations of several seconds er (@shey are slow to read out,
and/or (ii) they suffer from read-out noise at eased frame rates

» Therefore to explore astrophysical phenomenalassaond timescales, non-
standard optical detectors are required




High Time Resolution Detectors

There are basically two choices of visible imagilegectors for high time
resolution astronomy:

Classical photon counting devices (image tubes étgldiode arrays )
Specialized frame transfer CCD’s (with pre-selectstl-out intervals)

Although CCD’s normally have ~ factor 2 superiotes#ion quantum

efficiency over that of of image tubes, howeverlmh time resolution

observations photon counting image tubes havefgpadvantages:-
large imaging area (~ 25mm x 25mm)

time and position recorded for every photon all@msple pointed observations with
full post acquisition data flexibility (any positicand time selection is possible).

very high resolution photon event timing capabi({tyl microsec)
time-tagged sky-background photon subtraction cépab
minimal detector cooling requirement

non-contamination of data by cosmic ray events

The Berkeley Visible Image Tube (BVIT) is a seaglde microchannel plate
photon counting detector that is functionally sanilo the ultraviolet versions
presently operating on the NASA GALEX satellite




We have built & used a 25mm sealed
tube MCP detector with cross delay line
anode at the Lick Observatory Nickel
Telescopelm) to observe the Crab _
Pulsar. S20 photocathode is uncooled. @
Electronics records photon X,)Y,Tat @&
>1 MHz with 25ns time tagging, stamp

with absolute GPS time reference (1ps

The BVIT on the Lick 1m



BVIT 25mm detector

BVIT 25mm tube with amp
and (in rack) TDC and HVPS



Imaqging Photon Counting MCP Detector
Operation

Photocathode converts photon to electron

. g

Tube Window with
photocathode

MCP(s) amplify electrons by 10° to 107 =~

MCP
stack

Rear field accelerates electrons to anode —

Patterned anode measures charge centroid -~ Charge Cloud|

Charge distribution on strips
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Crab at peak luminosity

Crab Pulsar High Speed Imaging on 1m at Lick

Crab pulsar has a period of 33ms,

with two peaks each ~5ms wide.

Seeing was approximately 4 arcsec.
Photon events were time stamped to 25ns,
and accuracy of <1 us was maintained

with a GPS reference. Total of 1800 sec
of data was co-added for the light curve.
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BVIT OBSERVATIONS OF DWARF NOVAE

ubtracted cou

Sky s

A Fourier analysis of our present Lick data regeatlominant frequency of
913s, with a second lower power oscillation at 8%63owever, the limited
length of the observations precludes positive ifleation of any other
lower power frequencies.
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BVIT OBSERVATIONS OF FLARE STARS
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Sky

FL Vir

The micro-flare events show amplitude sub-strigcaitrtime periods < 1s,
and typically last for ~ 5 s each. SALT will impm®these observations
greatly (>100) to allow far better time structuegetmination.
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A Fourier analysis reveals no underlying oscillatperiod in these
data. In addition, since the data were recorded awhort time period
we are unable to assess whether FL Vir was in agongest flare state.
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Meteor & Satellite Detection

Several of our data sets contained significant

increases in the detector global countrate la-" .~ wosow

for a few milli-sec that show as streaks.
These are meteors travelling at ~9 km/sec
If at 30km (6ms to cross 6’ FOV).

My

Selection of a small slice of
the time record gives a clead
record of the meteor track.
With finer binning it can be
seen moving from the top tg
bottom of the FOV.




PLANS FOR BVIT ON SALT

We will provide SALT with a general user instrurhéor high time
resolution (t << 1sec) astronomical observations

The instrument will mount into the auxiliary poatyd includes a BVIT
photon counting imaging detector with selectablél¥, and neutral
density filters, plus a safety shutter

Data will be recorded on a dedicated PC which alsctions as GSE that
controls & selects the BVIT operational parameters

The BVIT system will be fully tested and functioypaady for integration
and characterization with the SALT by late Augu3®@. Our initial aim is
to record time resolved images from the Vela Pdlsathe first time.

We will train a dedicated SALT resident astronomermnow to operate an
observe with the BVIT system

d




Performance specs of the BVIT on SALT

Detector FOV
Spatial Resolution
Photocathode
Timing Resolution

25mm circular, 1.9 arc min diam
40 microns

S20 (upgradable to Supergen?2)
<1 micro-second

Filter selection
Neutral Density Filter
Max BVIT count rate
Max local count rate

U, B or V-band

NDO to ND4

2 MHz (whole detector)
20 kHz per arc sec

Stellar magnitude count rates U=175mag (1508&t3/
U =22.0 mag (25 cts/sec)
B=17.0mag (11000 cts/sec)
B =21.6mag (170 cts/sec)

Sky background count rates (Dark) = 25 cts/sec (Wpan
(in 1 arc se9 (Grey) = 170 cts/sec (B-band)



THE BVIT Instrument Package In its
SALT payload mock-up

Filter Wheels + Shutter
Shutter+ BVIT controller
TDC electronics ——
Filter wheel controllers——— PC

LVPS



THE BVIT ON SALT



THE BVIT GUI INTERFACE

BVIT GSE Screen GUI



