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Hubble Space Telescope  

 America’s space telescope 



Hubble Space Telescope  

MOST  

Canada’s space telescope  
shown to scale 



Hubble Space Telescope  

MOST  

Canada’s space telescope  
Microvariability & Oscillations of STars 

Microvariabilité et Oscillations STellaire 



Space Telescope  The “Humble” 

MOST  

Hubble Space Telescope  

Canada’s space telescope  



Space Telescope  The “Humble” Squarepants  

Canada’s space telescope  



University of British Columbia 

CRESTech, Spectral Applied Research 

Ceravolo Optical Systems 

which can see  
oscillations in starlight  

as small as  
1 part per million  

( 0.0001% )  

 An ultraprecise    photometer  in space 
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To see a drop in brightness of only  
1 part per million … 
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To see a drop in brightness of only  
1 part per million  

Imagine looking at the 

Empire State Building 

 at night with 

all the lights on and 

office blinds open 
 

 

and having one person 
pull down one blind 

 3 centimetres 
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Satellite 
      54 kg, 60×60×30 cm 

  Power: solar panels  
    peak ~ 38 W 

  Attitude Control System: 
    reaction wheels 

    pointing accuracy ~ 1”  

  Communication: S-band 
    frequency ~ 2 GHz  

  Lifetime: 9 – 12 years +?  

CONTRACTORS: Dynacon Inc. 

U of T Institute for Aerospace Studies 
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 ~ US$7M 
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  Power: solar panels  
    peak ~ 38 W 

  Attitude Control System: 
    reaction wheels 

    pointing accuracy ~ 1”  
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    frequency ~ 2 GHz  

  Lifetime: 8 – 12 years +?  

CONTRACTORS: Dynacon Inc. 

U of T Institute for Aerospace Studies 

H.M.C.S. Observatory 

Imagine trying to observe 

 a star with a telescope 

 from a dinghy on 

 a choppy sea 

Now imagine trying 

with handheld binoculars 

That’s what it’s like 

to point a microsat 
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Satellite 
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Mission Scientist 
  > 54 kg, 182 cm high 

  Power: hydrocarbons   
    peak ~12 MW at disco/pub   

  Attitude uncontrolled 
    reactions slow 

    doesn’t always have a point  

  Communication: loud 
    high-frequency 

  Lifetime: fun while it lasts 

CONTRACTORS:  my parents 

Mr. & Mrs. Matthews 

MY                 
SALARY                 

 ‹< US$7M 

                            Me at a glance 



proposed in 1997 → launched in 2003 

D
e
c
 2

0
0
2
 

La
un

ch
  

     MOST’s short route to space 





3-stage former ICBM.  

(SS –19) with low-orbit lift.  

 capacity of about 1900 kg.  

  ROCKOT   

2
9

 m
e

tr
e

s
 

  mass = 

107 tonnes 
Eurockot = Astrium +  

Khrunichev Space Research Centre 

3rd stage 



Jaymie M. George W. 



Jaymie M. George W. 



Jaymie M. George W. 

as of 20 Jan 2009 



 Launch: 30 June 2003 – 16:15:00.323 UTC  

Plesetsk Cosmodrome 



Launch +  7 hr  



Launch +  7 hr + 1 ns  



Launch + 12 hr  



  circular polar orbit 
    altitude  h = 820 km  

    period     P = 101 min 

    inclination  i = 98.6º 

  Sun-synchronous 
    stays over terminator 

  Continuous Viewing Zone 

    CVZ ~ 54° wide  
    -18º < δ < +36º 

   stars visible for up to 8 weeks    
without interruption 

 

MOST 
CVZ = 
Continuous 
Viewing Zone 

Orbit 

                     MOST at a glance 

launch  30 June 2003 
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What about today? 



  My pens to rewrite the textbooks 



                               Pens that draw light curves 



                               Pens that draw light curves 

ultraprecise 
 measurements 

of the brightnesses 
of stars and 
 exoplanets 



MOST 
microsat 

54 kg 

not to scale 

Canada 

designed, built 
 and operated 

 at UBC 

          Canada’s space telescope 



BRITE 
nanosat 

MOST 
microsat 

6  ×  8 kg 

54 kg 

http://www.univie.ac.at/ 

brite-constellation/main5.html 

not to scale 

Canada 
Canada 
Austria 
Poland 

          Our telescope’s having babies!  
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smallsat 

630 kg 

not to scale 

MOST 
microsat 

54 kg 

Canada 

BRITE 
nanosat 

http://www.univie.ac.at/ 

brite-constellation/main5.html 

Canada 
Austria 
Poland 

France 

6  ×  8 kg 

          Joining us in orbit  3½ years later 



BRITE 
nanosat 

http://www.univie.ac.at/ 

brite-constellation/main5.html 

not to scale 

Canada 
Austria 
Poland MOST 

microsat 
54 kg 

Canada 

CoRoT 
smallsat 

630 kg 

France 

6  ×  8 kg 

          And nearly 7 years later … 



not to scale 

MOST 
microsat 

54 kg 

Canada 

CoRoT 
smallsat 

630 kg 

France Kepler 
bigsat 

USA 

5100 kg 

          NASA’s exo-Earth hunter 



MOST  has been joined by  CoRoT and Kepler 

 and will be joined soon by BRITE Constellation 

 on this scientific frontier 
CoRoT 

BRITE 
MOST 

not to scale 

Kepler 

          Ultraprecise space photometry 



9¼, going on 10  



“Middle age. 

 in 2012 MOST years” 

operations 
currently 
planned 

until 2016 

9¼, going on 10  



“Advanced old age. 

 in 2003 MOST years” 

over 65 in  

microsat  

years 

9¼, going on 10  



“Over the hill?”. 

 in  CoRoT and  Kepler years” 

8 track iPod vs. ? 

9¼, going on 10  



                           CoRoT      

http://smsc.cnes.fr/COROT 



CoRoT CVZ     
Woman 

 with a 

 Pearl 

The “eyes” of CoRoT 

Annie Baglin 

CoRoT Mission Scientist 

Continuous 

 Viewing Zone 



Continuous 

observations 

The 
“beer belly” 

of MOST 

MOST CVZ     



kepler.nasa.gov  

                            Kepler 



Kepler CVZ     



MOST CVZ     

 Kepler 

 3½ years + ?  

 5 months  

 CoRoT 

 5 months  

 CoRoT 

 2 months  



MOST CVZ     

 Kepler 

 3½ years + ?  

 5 months  

 CoRoT 

 5 months  

 CoRoT 

 2 months  



                              Science fiction 30 years ago 

As a grad student, starting to explore 

 stellar pulsation, I couldn’t have imagined 

 there would some day be four space missions 

dedicated to optical photometry of stars 

two-channel photometer 
– my MSc thesis 

my going-
away party 

impersonating a 
reporter at the first 
space shuttle launch 



We are in an unprecedented era of probing 

the internal structures of stars and understanding 

the nature of exoplanets 
CoRoT 

BRITE 
MOST 

Kepler 

                              Science fact       today 



Arentoft et al. 2007, A&A, 465,965 

3 nights of photometry  

of a variable star from  

a single site on the ground  

                     Why go to space? 



Arentoft et al. 2007, A&A, 465,965 

3 nights of photometry 

of a variable star from  

a single site on the ground  

                     Why go to space? 
34 days of photometry 

 of the double-mode RR Lyrae star 

 AQ Leo from MOST in orbit 

Gruberbauer et al. 2007, MNRAS 



Kovacs & Buchler 

modeled the pulsations 

of  AQ Leo a decade before  

MOST observed it 

                     Why go to space? 
 a subset of 10 days of photometry 

 of the double-mode RR Lyrae star 

 AQ Leo from MOST in orbit 

Gruberbauer et al. 2007, MNRAS 

 SPOT THE 

SUPERCOMPUTER 

SIMULATION ! 



      The μmag & μHz challenge   ! 
 Fourier amplitude spectrum of the Sun’s 5-minute oscillations 

seen in integrated sunlight; i.e., the Sun as an unresolved star 

VIRGO photometry 

8
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• 8 hrs of data 

• no noise 

 poor frequency 

     resolution 

expanded view  

of 3 hrs of data 



• 10 d of data 

• no noise 

• daily gaps 

 good frequency 

     resolution 

   but aliasing 



0.01% 

• 10 d of data 

• photon noise 

• no gaps 

 good frequency 

     resolution 

  & no aliasing 



1% 

• 10 d of data 

• atmospheric 

 scintillation 

 

  NO DETECTION! 
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             Why I went into space 

in a virtual sense 
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51 Peg b 51 Peg a 

  Sun-like stars 
  asteroseismology 

  surface spots, activity 

  ancient halo intruders 

  magnetic (Ap) stars 

  massive evolved stars 
  wind turbulence 

  pulsations 

  exoplanet systems  

Procyon  

Wolf-Rayet star 

HD 56925 

  pulsating protostars 

  red giants … and more! 

 

                           MOST science 



Reka Moldovan   UBC 

         Undergraduate superstars 

Heather King-Kamps   UBC 
Dan Milisavljevic   McMaster  

                now at Dartmouth 
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Heather King-Kamps   UBC 

         Undergraduate superstars 

Dan Milisavljevic   McMaster  

                now at Dartmouth 

13 refereed 

papers based on 

 MOST research 

 have undergrads 

as first authors 
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Vancouver Sun 
Friday, 29 April 2011 
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time in days 

Predicted times of transits of “planet e” 

The MOST team put the star 

 55 Cancri A under an astronomical 

 “stake-out” for two weeks 

 in February 2011 

looking for tell-tale signs 

 of an elusive exoplanet  
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right orbital period ? 
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the star’s brightness during each passage of 

the planet in front of the star   becomes evident 
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planet orbital phase 
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We cornered the culprit! 
 

By ‘folding’ the “light curve” at the suspected 

orbital period of the planet, the subtle dip in 

the star’s brightness during each passage of 

the planet in front of the star   becomes evident 

of the planet 
  the transit   

planet orbital phase 

1/25th          
of a percent 



 star 
55 Cancri A 

 Sun 

 Earth 

 Jupiter 

 super-Earth 
55 Cancri e 

Family portrait of two neighbours 
simulated 
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We cornered the culprit! 
 

By ‘folding’ the “light curve” at the suspected 

orbital period of the planet, the subtle dip in 

the star’s brightness during each passage of 

the planet in front of the star   becomes evident 

planet orbital phase 

 

A year in under 18 hours ! 
 

17 hours  41 minutes 



Happy 

anniversary, 

honey! 

Romance 
on Earth 



Happy 

anniversary, 

honey! 

Romance 
on 55 Cnc e 



Earth 

Jupiter 

55 Cancri e 



Earth 

Uranus 

 denser  

than 

Earth 
 55 Cancri e 



Earth 

Uranus 

55 Cancri e 

 A sumo wrestler  

of a planet in 

 the body of 

 a super-Earth 

supermodel 



Josh Winn (MIT), Jaymie Matthews (UBC), Bekki Dawson (Harvard) 

Dan Fabrycky (UC Santa Cruz), Matt Holman (Harvard-Smithsonian) 

Thomas Kallinger (UBC, U. Vienna) and the rest of the MOST Team 



 Clearing extraterrestial customs 

Cancri  e      

55  (rho) 

M I L K Y  W A Y  G A L A X I A N 

5   B I L L I O N   Y E A R S   A G O ? 

55 Cancri A SYSTEM ? ? ? 

5 ,000,000,000   B C  L A W S  O F   G R A V  I T Y 

~5 ,000,000,000   A D  

superEarth 

S O  L A R  < T Y P E   

HD 75732 



          The outlier             



 The star 55 Cancri A 

is 4 times brighter 

than the next brightest  

 star hosting a 

transiting planet  



 The star 55 Cancri A 

is 100 times brighter 

than the next brightest  

 star hosting a 

transiting super-Earth  



 There are ,  

~ 271 stars 

known within 

33 light years 

of Earth 
 



 There are ,  

~ 271 stars 

known within 

33 light years 

of Earth 
 

 Only 20 of these.  

are like the Sun 
 



 There are ,  

~ 271 stars 

known within 

33 light years 

of Earth 
 

 Only 20 of these.  

are like the Sun 
 

 The odds: 55 Cnc e 

is likely to be the only 

transiting super-Earth 

within 40 light years 
 



          The outlier             



You can see 

 this star 

by eye 



See that star?  The planet circling 

 it is home to one of the greatest 

 poets in the entire Universe. 

Scene from the Star Trek episode The City of the Edge of Forever 

where Captain Kirk woos Edith Keeler on Earth in the 1930’s 

  Science fiction 

      40 years ago 



See that star?  The planet circling 

 it is a superexotic super-Earth 

 with a year only 18 hours long! 

Scene from the UBC Department of Physics & Astronomy        ……… 

      where Captain Jaymie introduces students to the cosmos  

  Science fact 

                                                               today 
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                                     Layout of the MOST bus 



                                     Layout of the MOST bus Vespa 



telescope 

CCD drive electronics 
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              mass and power budgets 

     instrument only 

mass                            power 

instrument  =  12.5 kg           CCD & TCS ~ 7 W 

electronics    =     0.5 kg 
 

 

 

                            13.0 kg 

peak power consumption 
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                                      Spacecraft block diagram 

RS-485 Bus A 

ACS 

ACS            

RS-485 Bus B 

RW #1 

RW #2 

RW #3 

ACS 

CCD 

ACS 
Node A 

Mag A Sun A 

Torq A 

ACS 
Node B 

Mag B Sun B 

Torq B 

Science 
CCD 

T&C 
Node A 

Power 
Side A 

T&C 
Node B 

Radios 
SQ V53 

HK 
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    Maksutov telescope 
  aperture = 15 cm 

  field of view = 2° diameter  

 

                                                                                          MOST instrument 

fed by 

entrance baffle 

and 

periscope 

mirror 





corrector 

primary 

secondary mirror field flattener 

Fabry 
microlens 

array 
mirror 

periscope 
mirror CCD 

focal 
plane 
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                                                                                          MOST optical design 

no 
moving parts 

athermal structure 
maintains focus 

  across 

           a wide 

                 range 

           of T  

–20°  
< T < 
+40°  
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                                                                     MOST structural design 

no 
moving parts 

no shutter 
exposures ended 

            by 

                      rapid 

                 frame 

 transfer  

E2V 

47-20 
1k  Χ 1k 



no separate startracker telescope 
guiding in the field of a single scope  

            by 

 second 

       twin 

        CCD  

SIDE 

TOP 

frame 
transfer 
buffers 

ACS CCD 

Science 
 CCD 

microlens 
array 

                                                                     MOST structural design 



no separate startracker telescope 
guiding in the field of a single scope  

            by 

 second 

       twin 

        CCD  

SIDE 

TOP 

frame 
transfer 
buffers 

ACS CCD 

Science 
 CCD 

microlens 
array 

separation of Science and 

ACS imaging areas = 3.5 mm 

                                                                     MOST structural design 
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                                                                     MOST CCD electronics 

  derived from design of                                   
.Magellan guide star camera 

 

  power consumption = 3 W for drive electronics      
.              + CCD pre-amplifiers + power supply 

  low noise: ~2 electrons per readout 
 

  DSP radiation-tested to 12.5 krad 

 equivalent to 10 years in orbit 

Greg Burley  
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filter 



                                                                     MOST filter bandpass 

  380 – 700 nm  

  wide bandpass takes       
,advantage of CCD QE 

  2.5 × throughput of  
.Johnson V filter 

  long λ cutoff near        
.700 nm reduces fringing 

  solar oscillation 
.amplitude large            
.in this λ range 

 

  space-qualified design   

CCD QE 

filter 

Custom Scientific 

Phoenix, Arizona, USA 



corrector 

primary 

secondary mirror field flattener 

mirror 

periscope 
mirror CCD 

focal 
plane 
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microlens 
Fabry 

array 



                                                                                          MOST optical design 

lens 
Fabry 

inside 

inspired by photoelectric photometry 

San  
Pedro  
Martir 

Jason  
Rowe 



                                                                                          MOST optical design 

open area 

 
 

 

6 Χ 6 Fabry array 

 

 
 

 

 

frame transfer area 

chromium 

mask 

Advanced Microoptic Systems 
Saarbrücken, Germany 
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0.75° 
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in focus Fabry image 



in focus Fabry image 



in focus Fabry image 



in focus Fabry image 



                                                                                          MOST optical design 

0.75° 
 = region 

 of CCD 

 read out 

 = 

subraster 

MOST 

Target Star 





30’ 

Target Star 

ACS 
CCD 

Science  
CCD 

Fabry lens array 

storage area  

storage area  

open field area  

30’ 

unvignetted 
field  

acquisition of solar-type target Procyon 

 



Fabry 

Imaging 

Direct 

Imaging 

Guide 

Star 

V ~ 0 – 4   V ~ 4 – 12  V ~ 6 – 14 

exposure times limited to a range of 0.1 – 3.0 sec 

S 

      MOST photometry 



      MOST photometric performance 

eps Oph 2010 

eps Oph 2005 

WASP-33  

2010 & 2011 
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matthews@astro.ubc.ca 
UBC Department of Physics & Astronomy 




