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Hubble Space Telescope - Geschichte

Frühe Pläne
– Erste Ideen für ein ”Large Space Telescope” in 1946 

• Lyman Spitzer

– ”Scientific Uses of the Large Space Telescope” 
erscheint 1969

– Erste Design Arbeiten in 1974
– 1. Oktober 1977 

Bewilligung durch US Congress

Image credits: Denise Applewhite/Princeton University

Image credits: NASA/ESA
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Hubble Space Telescope Design

Pläne 1981
Credit:Lockheed Missiles and Space Company (Lockheed Martin).
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Hubble Space Telescope - Geschichte

Teleskop Konstruktion
– Dezember 1978 Start der Spiegelproduktion
– Astronauten beginnen mit dem Training in 1979
– Das Teleskop erhält seinen Namen in 1983
– Challenger Desaster am 28 Januar 1986

• HST war für den folgenden Space Shuttle Flug 
geplant

– Start am 24. April 1990

Im
ag

e 
cr

ed
its

: N
A

S
A

/E
S

A



6. März 2023 Bruno Leibundgut

Hubble Space Telescope - Geschichte

Früher Betrieb (1990 – 2000)

Credits: NASA's Goddard Space Flight Center
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Hubble Fakten

• Länge: 13.3m, Durchmesser: 4.3m

• Umlaufbahn: 535km
• Umlaufzeit: 95 Minuten 

• Geschwindigkeit: ca. 27000 km/h

• Gewicht: ca. 12000 kg
• Kosten (insgesamt seit 1977): 16 Mia US$ (2021)

• Mehr als 19000 wissenschaftliche Publikationen

Credits: NASA
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Instrumente

Credits: NASA's Goddard Space Flight Center
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Servicing Missions
• Servicing Mission 1 (STS-61): Dezember 1993

– COSTAR, WFPC2, Solar Arrays (HSP, WFPC)

• Servicing Mission 2 (STS-82): Februar 1997 
– STIS, NICMOS (FOS, GHRS)

• Servicing Mission 3A (STS-103): Dezember 1999
– Gyroskope, Fine Guidance Sensor

• Servicing Mission 3B (STS-109): Februar 2002
– ACS (FOC)

• Servicing Mission 4 (STS-125): Mai 2009
– COS, WFC3, ACS and STIS repariert (COSTAR)
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Bildqualität

Credit: NASA, ESA, STScI and Judy Schmidt
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Woher der Name?
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HST PHAT Survey; Riess et al. 2011 

Inclination ! crowding of more distant host 

Random phase, NIR 

WFC3$IR$sees$through$dust$in$front$of$Cepheids;$e.g.,$M31$

Results 

•  Using Wesenheit magnitudes to reduce reddening effects, we find an rms 
dispersion of 0.249 mag for 62 Cepheids, almost three times smaller than the 
dispersion of the HST random phase Period-Luminosity relation. 

•  With a significantly smaller rms, we will better constrain the distance estimate to 
M31, thereby improving estimates of the Hubble Constant. 
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Motivation 
•  With observations from the Hubble Space Telescope as part of  
the Panchromatic Hubble Andromeda Treasury survey (PHAT), we 
examine Cepheid variables in M31 in order to improve the Period-
Luminosity Relation. 

•  By significantly improving the Cepheid Period-Luminosity relation, 
we will obtain a more accurate distance to M31 and refine the value of 
the Hubble Constant. 

Method 

•  We obtained V and I band photometry of Cepheids from the DIRECT survey (Stanek et al. 1999). 

•  The DIRECT photometry was fit to light curve templates (Pejcha & Kochanek 2012).  

•  The period of variability and the fit template were extrapolated to determine the phase of variability 
at the HST epoch of observation. 

•  The light curves were calibrated at the phase of the HST observation with PHAT photometry. The 
light curves were then de-phased to obtain a mean magnitude. 

The HST calibrated magnitudes in the F814W filter 
are presented for 62 Cepheids at the random phase of 
the HST observations. The linear fit is taken from 
Gerke et al. (2011) and the root mean square deviation 
from this line is 0.717 mag. The two dotted lines 
indicate this deviation. 
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RMS=0.717 mag

The HST calibrated and de-phased magnitudes in the 
F814W filter are presented for 62 Cepheids. The linear 
fit is taken from Gerke et al. (2011) and the root mean 
square deviation is 0.350 mag. The two dotted lines 
indicate this deviation. 
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The HST calibrated and de-phased magnitudes in the 
F475W and F814W filters are used to determine the 
Wesenheit magnitude = I – 1.55(V–I) (Ngeow 2012), 
where I is approximately the F814W filter and V is an 
average of the two filters. The linear fit is taken from 
Gerke et al. (2011) and the root mean square deviation is 
0.249 mag. The two dotted lines indicate this deviation. 
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Future Work 

•  We will complete the sample of Cepheids once all 
of the PHAT data has been obtained. 

•  The final Period-Luminosity relation will be used to 
estimate a more accurate distance to M31. 

The PHAT fields in M31 are indicated by the blue boxes and the 
Cepheid variables are shown as red circles. 

For more information on the 
PHAT collaboration and to access 

an online version of this poster 

Mean phase, I-band 

HST PHAT Survey; Wagner-Kaiser et al 2014 

RMS=0.17 mag 

Entdeckung von Cepheiden in Andromeda
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Die Expansion 
des Universums
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Hubble 1929

Das expandierende Universum
Hubbles Hubble-Lemaître Diagramm
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Wo ist Hubble?
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Hubble Key Projects

• Intergalaktisches Medium und Gas zwischen den 
Galaxien
– UV Beobachtungen von Quasar Spektren

• Medium-deep Survey
– Bilder von verschiedenen Himmelsregionen

• Messung der Hubble Konstante
– Angepeilte Ungenauigkeit besser als 10%

Credit: ESA/Hubble & NASA, C. Murray, E. Sabbi
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Hubble Key Project
Bestimmung von verschiedenen 
Eichungen in der 
Entfernungsleiter

– Galaxien
– Supernovae

Jeremy Mould
Wendy Freedman
Robert Kennicutt
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Figure 10
Graphical results of the Hubble Space Telescope Key Project (Freedman et al. 2001). (Top) The Hubble
diagram of distance versus velocity for secondary distance indicators calibrated by Cepheids. Velocities are
corrected using the nearby flow model of Mould et al. (2000). Dark yellow squares, Type Ia supernovae;
filled red circles, Tully-Fisher (TF) clusters (I-band observations); blue triangles, fundamental plane clusters;
purple diamonds, surface brightness fluctuation galaxies; open black squares, Type II supernovae. A slope of
H o = 72 ± 7 km s−1 Mpc−1 is shown (solid and dotted gray lines). Beyond 5,000 km s−1 (vertical dashed line),
both numerical simulations and observations suggest that the effects of peculiar motions are small. The Type
Ia supernovae extend to about 30,000 km s−1, and the TF and fundamental plane clusters extend to velocities
of about 9,000 and 15,000 km s−1, respectively. However, the current limit for surface brightness
fluctuations is about 5,000 km s−1. (Bottom) The galaxy-by-galaxy values of Ho as a function of distance.

We update this analysis using the new HST-parallax Galactic calibration of the Cepheid zero
point (Benedict et al. 2007) and the new supernova data from Hicken et al. (2009). We find
a similar value of Ho, but with reduced systematic uncertainty, of Ho = 73 ± 2 (random) ±
4 (systematic) km s−1 Mpc−1. The reduced systematic uncertainty, discussed further in Section 4.1
below, results from having a more robust zero-point calibration based on the Milky Way Galaxy
with comparable metallicity to the spiral galaxies in the HST Key Project sample. Although, the
new parallax calibration results in a shorter distance to the LMC (which is no longer used here
as a calibrator), the difference in Ho is nearly offset by the fact that no metallicity correction is
needed to offset the difference in metallicity between the LMC and calibrating galaxies.

696 Freedman · Madore
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Hubble Resultate

• Hubble Konstante

• Beschleunigte Expansion des Universums
• Galaxienentstehung und -entwicklung/Deep Fields

• Dunkle Materie

• Sonnensystem
• Exoplaneten

• Explodierende Sterne

NASA, ESA, Adam G. Riess (STScI, JHU) 
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1 Mpc

Lokale Gruppe

Hubble ExpansionLokale Kalibrierung
(Cepheiden, TRGB)

Supernova Kalibration

v>7000 km/s

30 Mpc

100 Mpc

Die Cepheiden und Supernova Distanzleiter
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Cepheiden Sterne
Henrietta Leavitt entdeckt eine Leuchtkraft-Perioden 
Relation

Cepheid Parameters: 
Optimizing Searches

• Cepheid amplitudes 
decrease with increasing 
O

• Interstellar reddening 
decreases as O��

For detection: Cepheid 
searches best undertaken in 
the blue

To minimize the effects of dust: 
observations best in the red

HST: V and I
Madore & Freedman (1991)  

Madore & Freedman (1991)
Harvard University  Plate Stacks

W
ikipedia

Leavitt & Pickering 1912
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Cepheiden Sterne

Mehrfache Beobachtung einer 
Galaxie 

→Cepheiden Lichtkurven
→Entfernung zur Galaxie/Supernova
→Kalibration der Supernova 

Leuchtkraft
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Die Hubble Konstante (Entfernungsleiter)

Eichung der Leuchtkraft von Typ Ia Supernovae 
am Maximum (SN Ia @ max)

Eliminating sources of systematic error between anchor and calibrator:   

1) use same instrument 2) same Cepheid parameters (Period,Z)  3) better anchor 

HUBBLE CONSTANT: REBUILD DISTANCE LADDER 

3% Anchor: 

NGC4258 

Hubble Flow 

 4 % 

error 
____ ____ 

 1% 

 2% 

Calibrator 

NA 

NEW LADDER (100 Mpc) 

Hubble Flow 

5% Anchor: LMC  

3.5% SN Ia hosts,  

Metallicity change 

11% error 
____ ____ 

 1% # Modern, distant SNe Ia 

 3% # Modern, local hosts 

4% long to short Period Cepheids 

4.5% Ground to HST 

PAST DISTANCE LADDER (100 Mpc)   

Eliminating sources of systematic error between anchor and calibrator:   

1) use same instrument 2) same Cepheid parameters (Period,Z)  3) better anchor 

HUBBLE CONSTANT: REBUILD DISTANCE LADDER 

3% Anchor: 

NGC4258 

Hubble Flow 
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error 
____ ____ 

 1% 

 2% 

Calibrator 

NA 

NEW LADDER (100 Mpc) 

Hubble Flow 

5% Anchor: LMC  

3.5% SN Ia hosts,  

Metallicity change 

11% error 
____ ____ 

 1% # Modern, distant SNe Ia 

 3% # Modern, local hosts 

4% long to short Period Cepheids 

4.5% Ground to HST 

PAST DISTANCE LADDER (100 Mpc)   

Adam Riess
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Hubble Konstante

Supernova Ia
Hubble-Lemaître diagram

1 Mpc

Lokale Gruppe

Hubble ExpansionLokale Kalibrierung
(Cepheiden, TRGB)

Supernova Kalibration

v>7000 km/s

30 Mpc

100 Mpc

Riess et al. 2022
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Ist unser kosmologisches Modell verstanden?

Freedman 2021
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Beschleunigte Expansion

• Entfernte Supernovae 
erscheinen schwächer als in 
einem ungebremsten 
Universum
→Zusätzliche Komponente in 

den kosmologischen Modellen 
benötigt à Dunkle Energie

• Beitrag zu bodenbezogenen 
Beobachtungen
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Tiefste Bilder des Universums

Credit: NASA/JPL/STScI Hubble Deep Field Team

1996 2004

Credits: NASA
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Tiefste Bilder des Universums
2012

Credits: NASA Credit: NASA, ESA, CSA, and STScI

2022
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Credits: NASA
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Dunkle Materie

Gravitationslinsen

Credit:NASA, ESA, and Johan 
Richard (Caltech, USA)
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Mehrfach Sichtungen

Credits: NASA, ESA, STScI, Wenlei Chen (UMN), Patrick Kelly (UMN), Hubble Frontier Fields 
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SN Refsdal

Credit: NASA, ESA, S. Rodney 
(John Hopkins University, USA) 
and the FrontierSN team

http://www.nasa.gov/
http://www.spacetelescope.org/
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SN Refsdal

Credit: NASA & ESA and 
P. Kelly (University of California, 
Berkeley)

http://www.nasa.gov/
http://www.spacetelescope.org/
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SN Refsdal

Credit:NASA & ESA

http://www.nasa.gov/
http://www.spacetelescope.org/


6. März 2023 Bruno Leibundgut

SN Refsdal
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Sonnensystem

Credits: NASA, ESA, Amy Simon 
(NASA-GSFC), Michael H. Wong 
(UC Berkeley) 
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Jupiter

Credit: NASA, ESA, and A. 
Simon (GSFC)

http://www.nasa.gov/
http://www.spacetelescope.org/
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Saturn

Credit: NASA, ESA and the
Hubble Heritage Team 
(STScI/AURA). 
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Neptun

NASA, ESA, and 
M. Showalter (SETI Institute) 

http://www.nasa.gov/
http://www.spacetelescope.org/
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Exoplaneten

Credits: NASA, ESA, and Leah Hustak (STScI)
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PDS 70

Credit: NASA, ESA, McDonald Observatory–University of Texas, 
Yifan Zhou (UT) 

Credit: ESO, VLT, André B. Müller (ESO) 

VLT
HST
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Explodierende Sterne

Credit: NASA, ESA and Allison 
Loll/Jeff Hester (Arizona State 
University). 
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Supernova 1987A

Credit: Anglo-Australian Telescope
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SN 1987A

Jakobsen et al. 1991

F275W F510N

Jakobsen et al. 1994
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SN 1987A

Larsson et al. 2019
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Park et al
Manchester et al

Optical, X-rays and Radio
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HST und JWSTCredits: NASA-GSFC, STScI
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HST und JWST

Credits: NASA, J. Olmsted (STScI)
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HST, Herschel und JWST

Credit: ESA
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Credit:NASA, ESA, and The 
Hubble Heritage (STScI/AURA)-
ESA/Hubble Collaboration

http://www.nasa.gov/
http://www.esa.int/
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Credit:ESA/Webb, NASA & CSA, J. Lee and the PHANGS-JWST Team.
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Credit:ESA/Webb, NASA & CSA, J. Lee and the PHANGS-JWST Team; ESA/Hubble & NASA, R. Chandar, N. Bartmann
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Hubble News: 3 März 2023

Credit: ESA/Hubble & NASA, M. Gullieuszik
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Quellen

• ESA Webseite https://esahubble.org/

• NASA Webseite 
https://www.nasa.gov/mission_pages/hubble/about

• Space Science Institute Webseite 
https://www.stsci.edu/hst

• Öffentliche Webseite STScI https://hubblesite.org/

• ESA JWST https://esawebb.org/

https://esahubble.org/
https://www.nasa.gov/mission_pages/hubble/about
https://www.stsci.edu/hst
https://hubblesite.org/
https://esawebb.org/

