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BRITE-Constellation: operating five nano-satellites
to serve one mission

picture: pre-launch lab at ISRO India, courtesy of SFL /
l

Rainer Kuschnig — University of Technology Graz / University Vienna

Rainer Kuschnig, 26 June 2017, EWASS, Prague ’
IKS



Ty

Why BRITE Constellation ?

* Collect time series photometry for some of the

brightest stars in the sky, mag(V)<4(..6) with
high precision ~0.1-0.5% (mmag)/orbit mean

e ~15-30 stars per observing field at once 15min/orbit

* Measurements in two colors: red and blue
(two wavelength well separated ranges)

* Time bases of up to 180 days for a single observing
campaign

Rainer Kuschnig, 26 June 2017, EWASS, Prague ’
IKS
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BRITE-Constellation: Data sampling
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BRITE - Constellation
3 countries — 6(5) satellites — ONE MISSION

Country Satellite Name ID Launch Orbit-P(min) Filter
AUT UniBRITE UBr 2013-02-25 100.37 red
AUT BRITE-Austria 'TUG-SAT-1' BAb 2013-02-25 100.36 blue
POL BRITE-PL2 'HeweliuszZ' BHr 2014-08-19 97.10 red
POL BRITE-PL1 'Lem’ BLb 2013-11-21 99.57 blue
CAN BRITE-CAl 'Toronto' BTr 2014-06-19 98.24 red
CAN

BRITE-CA2 “Montreal” was launched with the same rocket
as BRITE-CA1 “Toronto”,
but did not separate from the upper stage 83‘%

5 satellites collect science data

Rainer Kuschnig, 26 June 2017, EWASS, Prague ’
IKS




s
. Satellite Design — BRITE nano satellites

e 20cm cubes mass ~ 7kg

* Pre-deployed antennas
and booms

* Power (peak) 7 Watts

e Star tracker

* Three-axis attitude control
(~1.5 arcminute stability)

* UHF (up) and S-Band (down)
communication

all BRITE satellite have the same design
except instrument and star tracker

Rainer Kuschnig, 26 June 2017, EWASS, Prague ’
IKS
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* 3 cm aperture
* 5lenses telecentric design
* Daffle + filter

the optical design of the red and the blue telescope is slightly different

Rainer Kuschnig, 26 June 2017, EWASS, Prague
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ﬂ Satellite Design: Instrument Filters

|BRITE Filters and CCD response|
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« BLUE 400-450 nm ¢« RED 550-700 nm

Rainer Kuschnig, 26 June 2017, EWASS, Prague ,
IKS
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- Satellite Design: Instrument Detector
CCD : KODAK KA11002

4008 (H) x 2672 (V)
Active Pixels

20 Dark Columns
12 Buffer Col
13 Buffer Col
19 Dark Columns

4 Dummy Pixel
(e} o
5 |5

4 Dummy Pixel

good performance at high temperature (+10 to +30C)
+ no cooling system is required, low power consumption
very reasonable price

mm does not “like” low earth orbit radiation environment!

Rainer Kuschnig, 26 June 2017, EWASS, Prague ,
IKS
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~ 24 deg
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Satellite Design: Instrument Field of View

Orion red

Rainer Kuschnig, 26 June 2017, EWASS, Prague
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Satellite Design: Instrument Field of View

Orion blue

#  BRITE Orion-CF1 - BA

Rainer Kuschnig, 26 June 2017, EWASS, Prague
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Satellite Design: Instrument Imaging

‘ S5-HD 37468 15-HD 39801 8-HD 37043

6-HD 37742 13-HD 31237 9-HD 38771 12-HD 33111 3-HD 3 _HD 3123 11-HD 38771

4-HD 37128 10-HD 34503 2-HD 35411 2-HD 3 6 3 10-HD 35411

..lh .

1-HD 36486 11-HD 34085 3-HD 36861 7-HD 35715

15-HD 33111
14-HD 35

13-HD 35715

2

Rainer Kuschnig, 26 June 2017, EWASS, Prague
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Satellite Design: Attitude Control System

* is the most important subsystem and only if that
works to required limits then the measurement can
be of scientific quality

* we need to keep the instruments while observing
looking at the same orientation on the sky at the
level 1.5 arcmin (rms) — 1 pixel ~ 30 arcsec

Rainer Kuschnig, 26 June 2017, EWASS, Prague
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Satellite Design: Attitude Control System

e Sunsensors
 Magnetometers
o Startracker

* Magnetorquers
 Reactionwheels

+ Computer and Control Software

Rainer Kuschnig, 26 June 2017, EWASS, Prague
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Satellites Orbits: 98 -100min Period ~27,000 km/h

Tracker - [Cylindrical [14.09.2014 15:25:44 UTC]] - 7 IE3
ile View Edit Tools Window €l - & x

'GS Graz
GS Warsaw
GS Toronto

Rainer Kuschnig, 26 June 2017, EWASS, Prague
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BRITE-Austria Ground Station @ TU Graz
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BRITE Ground Station Requirements

* Professional ground segment approach
* Integration in a ground station network
« Tracking (LEQO), 6 contacts/day of 10-15min/each
« High performance for nanosatellites
« 2-10 Mbyte / day .... typical between16-20 Mbyte / day
- Data rate: 32 kbit/s
High reliability
- Data integrity and raw data storage

Rainer Kuschnig, 26 June 2017, EWASS, Prague
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Mission Organization

BEST:
MC.:
SatOps:
DataRed:

BIAST

~60

observmg program

formatted science data
light curves

BRITE Executive Science Team
Mission Control Team
Satellite Operations Team
Data Reduction Team

instrument setups

raw science data

light curves t l raw science data

BIAST: BRITE International Advisory Science Team

Rainer Kuschnig, 12.04.2016, Innsbruck

Data

Red

TU Graz

SatOps BAb
Austria UBr

SFL Toronto

SatOps
Canada BTr

CAMK Warsaw

SatOps BLb
BHr
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.
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BRITE: Target Stars — Observing Field Selection

BEST/BIAST

= 58 proposals have been submitted
= 26 Pl's and their teams from 16 countries

¥

BRITE TARGET STAR CATALOG: 6654 entries

» <=6 mag(V) with a priority targets <= 4.5 mag(V)
@ = many multiple nominations up 7 Pl for one star

BEST desides which fields are observed about 12 month
' before the observations are scheduled (GB support)

OBSERVING PLAN posted on WIKI site

Rainer Kuschnig, 26 June 2017, EWASS, Prague ’
IKS
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BRITE Constellation Observing Schedule
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Rainer Kuschnig, 26 June 2017, EWASS, Prague ,



field name centre coordinates, roll angle dates/ status/ sats

1 Dec 2014 - 28 May 2015
Vel/Pup RA 08 40 00 DEC -47 30 00 Roll 0 planned/BTr-BAb
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BRITE Post/Present/Pre-Observation Info:

Orion Field

Orion was the commissioning field for the BRITE mission. Therefore, it is
subject to large data gaps as well as pointing issues. The data is still usable
for science and the last 3 months of data for both UniBRITE and BRITE
Austria are mostly continuous. A secondary observation of Orion is cumently under-way.

Observational Details

Coordinates: @sh3emees : eed3emoes
Dates: September 12th, 2013 - March 18th, 2014
Status: Completed
Satellites: UBr, BAb
Targets
# HD Name V Sp.Type
1 31237 w°Ori 3.72 B3WM+B0V Handler
2 33111 BErM 279 A3l Moffat?)
3 34085 BOri 012 B8la Guinan
4 34503 vOri 3.60 B5II Pigulski
5 35411 nOri 336 B1V+B2 Pigulski
6 35468 yOri 1.64 B2l Handler
7 35715 @?Ori 4.59 B2IV Pigulski
8 36486 B50ri 223 0951 Moffat
9 36861 AOri 3.54 O8lIif Moffat
10 37043 1 0ri 277 091 Moffat
11 37128 €Ori  1.70 BOla Moffat
12 37468 oOri 3.81 095V Moffat
13 37742 {Ori 205 09.71b Moffat
14 38771 xOri 2.06 B05la Moffat
15 39801 aOri 050 M1-2ladab Guinan

Rainer Kuschnig, 26 June 2017, EWASS, Prague

ContactPl TNDP'

59622
59024
59123
59446
59370
59001
59860
59317
59382
59485
58977
59182
58853
59433
59071

Table of Contents

details on WIKI site:

http://brite.craq-astro.ca/doku.php

« observation period
 field centre coordinates
» stars information

- assigned satellites

* Principle Investigator(s)
« contact PI (if yet elected)




BRITE increasing efficiency: COMBINING TWO FIELDS Ty

Rainer Kuschnig, 26 June 2017, EWASS, Prague




BRITE increasing efficiency: COMBINING TWO FIELDS
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1 orbit (~100min)

Star _ . . Ry | ’
Field 1 " S &
Star - w -~ o &
Field2 | o ~
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Rainer Kuschnig, 26 June 2017, EWASS, Prague
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BRITE HRD Coverage To Date
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BRITE target stars statistics

O BI Be AI\
(Wr) (Be)

> 500 stars have been observed some 60 multiple times

Rainer Kuschnig, 26 June 2017, EWASS, Prague
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Main Issue: Radiation Damage

hot pixels warm columns CTIl domains

Y

“e m pty”

* Progressive damage
« Temperature dependence

“with star”
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Tracker - [Cylindrical [09.07.2015 07:55:34 UTC]]
(‘ File View Edit Tools Window Help

o

UNIBRITE

Rainer Kuschnig, 12.04.2016, Innsbruck
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Observing Strategy (since fall 2014) “Chopping”
CTI effects were mitigated with longer charge transfer time

‘image n’ “image n+1 “abs((n+1)-n)

Rainer Kuschnig, 12.04.2016, Innsbruck
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Satellite Hot Pixel Stats

Country Satellite Name ID in orbit[y] sciopsly]  hpix[%]  hpix/y[%] rpix/chop[%]
AUT UniBRITE UBr 3.5 2.7 6.3 1.8 0.21
AUT BRITE-Austria BAb 3.5 2.7 6.2 1.8 0.20
POL Heweliusz BHr 2.0 1.8 1.3 0.7 0.04
POL Lem BLb 2.7 2.2 4.5 1.7 0.15
CAN Toronto BTr 2.2 2.2 2.2 1.0 0.07
" +20 C CCD Temperature Strzttzl/year

S\

%

UBr

.

BAb

A\

’/h 7

.

BHr

BLb

Rainer Kuschnig, 26 June 2017, EWASS, Prague
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BRITE Data Processing: RAW DATA —- PHOTOMETRIC DATA BTy,

. w0 - EE e 0 0 @ B ateiensuchen | %=
© ° =1E] i}
Name G ecte

sftp BRITE_Chop Slence

) Sience _

Server

BRITE_Data

images/stars

BRITE_Analysis

photometric data/light curves

y

x: time, y: brightness

Rainer Kuschnig, 26 June 2017, EWASS, Prague
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BRITE Photometry Performance

YF ¢ BRITE-Austria (BLUE)
= UniBRITE (RED) o O
@
— M
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Rainer Kuschnig, 26 June 2017, EWASS, Prague




BRITE photometry examples Ty
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HD192685 mag(V)=4.78 B3Ve

|File| |Fourier Analysis| |Tools| |DataReduction| |Simulation| |Sat/Orientation| |Special|

C:\Users\Rainer\Desktop\BRITE\BRITE-OPS\PHOTT\Phot-Data\Cygnus\testichop\TO_HD192685_4.78_B3Ve_chop.dat

T S5.8E4

S.6E4

5.2E4 1%

5640 5660 = ' 5700 R 56926 56953 55980 57006
Yo| 569661768  Yp| 5331626953  Xs|id2000 | Ys|signal | Ms jd2000 | il d |Sig [25 Toff[ 140102 phshit[0.0080  PhFit | ThFit | ﬂ|5675.15 |5746A912

X1| 563966260  Xx2| 572759033 SetX |Y1| 5076801172 2| 5761311719 Set |Nd| 60381 pp[112547.384 ﬂ| ﬂIPMI0.0 Ph2[10  SelPh| CutPh bt[min]|10144 bin | TSP |§|o499 ﬂ ﬁc
[XY_INF > ndr% 60381. 15.9x1xndat xd[dm]: 5639.662515727.59016, 87.9276,  126615.8y1y2myysymsypoiyr: 507680132, 576131191, 535934281, 866504734, 723309059, 0016168, 0.010734, 0013319, 0.004148
ITS_ANA > Y axis: signal selected.

fourier analysis
L ‘ T T T ]
6000 '_— ! .
— |
. |
m4000 |
P |
|L \
2000 ’” :
IL || | | ______
TAHR A D s e T A T s el s
o LIil;..IL. T TR IO T, Jl.iﬁm._ A P
0.00 . B ) 004
frequency [mHz]




BRITE photometry examples Ty

37
& BRITE Time Series Analysis Tool - O
| File| |Fourier Analysis| |Tools| |DataReduction| |Simulation| |Sat/Orientation| |Special|

C:\Users\Rainer\Desktop\BRITE\BRITE-OPS\PHOTT\Phot-Data\Cygnus\testichop\TO_HD195068_5.69_F0_43Cyg_chop.dat
T T T

¢+ +

5720 57236 57263 5729.0 573156

5700

5640 5660 5680 42000
Yo| 572762207 o[ 2372778320  xs|ia2000 | Ys|signal | Msid2000 ] pL| av|sig [25 Tof[ 140102 phshift[0.0080 Pt | Torit | U[[S675.15  [5746.912

xi[ 563966260 x| 572759033  Setx|v1] 2513168750 Yo 3506764844  Sety |Nd| 57631  Pp[ 1151707  PH| PT|Ph1[00 Ph2[10  SelPh| CutPh bt minm)[1014 bin | TSP |Zzs|0s8  c1] 2|

[XY_INF > ndi% 57631. 15.2x1xndat xd[dm]: 5639.662515727.59016, 87.9276.  126615.8y1y2myysymsypoiyr: 251316871, 350676468, 267475296, 1290651172, 1077.215065, 0.0448%6, 0.026244, 0.036782, 0014345
|TS_ANA > Y axis: signal selected.

fourier analysis
T

0.04
frequency [mHz]




BRITE photometry examples
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29 Cyg mag(V)=4.97 A2V

|File| |Fourier Analysis| |Tools| |DataReduction| |Simulation| |Sat/Orientation| |Special|
C:\Users\Rainer\Desktop\BRITE\BRITE-OPS\PHOTT\Phot-Data\Cygnus\testichop\TO_HD192640_4.97_A2V_29Cyq_chop.dat
8.4 iy
- P A + -
864l | jffii:'i,'-
:*Z;xaii;.“‘-ili
e 1R TR4 VAT
.‘5; FEYRIIINY
3254:{11-;15" IR SR
. e & i1 4 3 =1
SCSEA A R & A
* ¢ 1 1
r . -
8.0E4F -
5640 5660 0 57100 57120 5693.04 56913.37 56913.70 5694.04
jd2000
Yo| 563353809  Yp| 8362995313  Xsfjd2000 | ¥s|signal | Ms[cCDTemp1 ] pL| d|sq 25 Toﬁ|1401 02 phshit[00080 Pt | TFit | u[[S675.15  [5746912
X1| 5639.66260 X2| 5727.59033 SetX |Y1| 80006.49219 Y2| 88087.81250 SetY NdI 60509 PPI 38.476 ﬂlP Ph1|0 Ph2|1 SelPthulPh bt min] {1014 bin | TSP |§ 0.99 JJ
IXY_INF> nd|% 60509. 15.9x1xndat xd[d.m]: 5639.66251,5727.59016, 87.9276,  126615.8y1y2myysymsypoiyr::  80006.4938, 8B087.8094, 83798.5072, 1187.503353, 600.937145, 0.014171, 0.009524, 0.007171,

ITS_ANA > OpAxis: CCDTemp1 selected.

fourier analysis

6000

a L
m4000

2000

0.4
frequency [mHz]
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Status Summary and Outlook

BRITE-Constellation is operating since Feb. 2013

5 satellites are collecting data every day

>500 stars in 23 campaigns almost 3 million images
have been collected ... and counting

data reduction and de-correlation is a complex task

chopping technique mitigates radiation degradation

expect at least 2 more years of quality data

Rainer Kuschnig, 26 June 2017, EWASS, Prague ’
IKS
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BRITE Constellation Main Information Sites

General info at: http://www.brite-constellation.at/

BRITE-Constellation

Welcome to the BRITE-Constellation website

Detailed info about observing program on WIKI site: nttp:/ibrite.crag-astro.caldoku.php

Recentchanges Media Manager Sitemap

i "% BRITE Photometry Wiki

Trace: - start

General Information

Brite Satellites Welcome to the BRITE Photometry Wiki. The purpose of this wiki is to give
UniBRITE information to all persons interested both in the BRITE-Constellation project and
BRITE Austria working with BRITE data. A summary of the observations and relevant information
Lem can be found in the table below.

Heweliusz
AU Field ID sat Start End Duration!) Stars Mode? Status
Principal Investigators ID Date Date

Rainer Kuschnig, 26 June 2017, EWASS, Prague




