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Hubble Space Telescope - Geschichte

Fruhe Plane ,3
— Erste Ideen fUr ein "Large Space Telescope” in 1946 |
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— Erste Design Arbeiten in 1974

— 1. Oktober 1977
Bewiligung durch US Congress

Image credits: NASA/ESA
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Hubble Space Telescope Design

Plane 1981
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Hubble Space Telescope - Geschichte

Teleskop Konstruktion

— Dezember 1978 Start der Spiegelproduktion
— Astronauten beginnen mit dem Training in 1979

~ Das Teleskop erhalt seinen Namen in 1983 &
— Challenger Desaster am 28 Januar 1986

— Start am 24. April 1990

Image credits: NASA/ESA
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Hubble Space Telescope - Geschichte

Frilher Betrieb (1990 — 2000)

Credits: NASA's Goddard Space Flight Center
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Umlaufbahr’i 53
Umlaufzelt 95 |\/|I

Gev\ﬂc\t ca. 1200@ kg
Kosten Twsgesamt‘ selt 1@77) 1@ I\/l|a US$

Credits: NASA
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Instrumente

Fine Guidance Sensors

Space Telescope Imaging
Spectrograph

Cosmic Origins
Spectrograph

Advanced Camera
For Surveys

= . Near Infrared Camera
Credits: NASA's Goddard Space Flight Center Wide Field Camera3 / ' and Multi-Object Spectrometer
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Servicing Missions

e Servicing Mission 1 (STS-61)abezember 1993
—COSTAR, WFPC2, /Solar Arrays ( )

e Servicing Mission 2 (STS-82) Felruiar 1997
— STIS, NICMOS ( )

e Servicing MissiondA (STS-108): Dezember 1999
— Gyroskope, Fire Guidanece Sensor

e Servicing Missioni8B (S1S-109): Februar 2002
— ACS ( )

e Servicing MissiOor:.4 (STS-125): Mai 2009
— COS, WFCS, AGCS and STIS repariert.
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Woher der
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Entdeckung von Gepheiden in Andromeda

- “Edwin Hubble 1923
e O - 0 X - o e : . g Carnegie Observatories

. ‘Photo: R.-Gendler - - : ; S et o e - ™ ; 100-inch Telescope.
i et Bruno Leibundgut
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Die Expansion
des Universums
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THE'VELOCITY =DISTANCE"RELATION:
FOR EXTRA-GALACTIC NEBULAE

NGC 4473
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STScl

Das expandierende Universum

Hubbles Hubble-Lemaitre Diagramm

Hubble 1929 /l/
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F1a. 9. The Formulation of the Velocity-Distance Relation.
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Wo ist Hubble?”

y A . You should see a slowly moving 'star' (weather permitting). Ihe Departure entries
indicate where the spacecraft will be when it vanishes from sight. Sometimes an appearance or disappearance occurs
6. Marz 2023 well up in the sky when the satellite emerges into sunlight or slips into Earth's shadow, respectively. Bruno Leibundgut




Huleble Key DrOJec:ts

'f"*"'f_;ntl» alaktlsches I\/Ied1um und Gas zvvlschen den

»@é'en .

— U\/ Beobaehtungen von Quasar Spektren

m deep Survey

l:

T Credlt ESA/Hubee&NASA C. I\/Iurray = Sabbl
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Jeremy Mould
Wendy Freedman
Robert Kennicutt
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Gruber Cosmology Prize

Hubble Key

Project
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Eichungen in der

—ntfernungsleiter

— Galaxien
— Supernovae

Velocity (kms-! x 10%)

Hy(km s~' Mpc™1)

N

100

80

60

40

Freedman & Madore 2010

[ R

1 sosokme
S ETI

| I B R R

[ T T T T | T T T T T T T T | T T T .’l.." | |_
79 72/

- @ I-band Tully-Fisher 65
— A Fundamental plane m -
- @ Surface brightness . 1
~ ® Supernovae la . N
— O Supernovae I1 - |
- - ‘.‘-“,.' —
L s 4
— A‘“' * —
| E _

l “«‘ gm
B | il h
L A 4
Il | . | | | | | | | | | | | |
T | T T T T | T T T T | T L
H =72

R T

oII|III|III|III|III
@1 -

100 200 300
Distance (Mpc)

Bruno Leibundgut



Hubble Resultate

e Hubble Konstante

2 J Beschleumgte Expansion des Unlversums \
,

& .
. GaIaX|enentstehung und entwmklung/Deep F|elds

e Dunkle Materie P
e Sonhensystem .
o Exoglaneten

, * Explodierende Sterne
\ re . ?-‘.’?':.‘

e

NASA, ESA, Adam G. Riess (STScl, JHU)
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Die Cepheiden und Supernova Distanzleiter

Lokale Kalibrierung Supernova Kalibration Hubble Expansion
(Cepheiden, TRGB)

=
Lokale Gruppe
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Cepheiden Sterne

g Henrietta Leavitt entdeckt eine Leuchtkraft-Perioden
P 1 Relation
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Cepheiden Sterne

Mehrfache Beobachtung einer
Galaxie
—->Cepheiden Lichtkurven
—>Entfernung zur Galaxie/Supernova

—>Kalibration der Supernova
L euchtkraft

Cepheid Variable Stars in Spiral Galaxy NGC 3021
Hubble Space Telescope + ACS/WFC « NICMOS

NASA, ESA, and A. Riess (STScl/JHU) STScl-PRC09-08a
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Die Hubble Konstante (Entfernungsleiter)

WP Eichung der Leuchtkraft von Typ la Supernovae
Wz am Maximum (SN la @ max)

PAST DISTANCE LADDER (100 Mpc)

11% error

o0
M 1% # Modern, distant SNe la Hubble Flo
o %

3% # Modern, local hosts

SN la hosts,
Metallicity change

Calibrator
long to short Period Cepheids

Ground to HST

Adam Riess - Anchor: LMC Anchor:
NGC4258
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Type Ia Supernovae — redshift(z)

0=0.135 mag

42F -

Hubble Konstante 7

Supernova la

34t
pe Ia Supernovae
T T T

T T " I3
A~ . /Oﬁ)mag,NﬂZ , L§i04
Hubble-Lemaltre diagram - 73 0o B
& ] il itk ‘ <
E 3 Al e T TR N 04
S af . 1 u 36 38 40 4
= A SN Ia: m-M (mag)
Lokale Kalibrierung Supernova Kalibration Hubble Expansion < 3f * 3
(Cepheiden, TRGB) —
Z
2 30F E
GeomenyéW_ £ ]
30/' "Na258 2 F +*. jo4
— 3 g ® E <
= Al TR i i LY
E ] # 1 {-04
= 20k LMC 129 30 31 32 33 34
= Cepheid: m-M (mag)
% sk Milky Way 1
...... = 4
o8
(5}
U 10 4
osf 1l ' ' ' 3 04
2F °f ) 3 80
ool R & - - 00 E
iy S ! 04" Riess et al. 2022

10 15 20 25 30

Geometry: 5 log D [Mpc] + 25

6. Marz 2023 Bruno Leibundgut



Ist unser kosmologisches Modell verstanden®
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Hubble Constant Over Time

B Cepheids

¢ CMB (Planck, ACT+W)

Fréedman 2021 |

— Cepheids—

— TRGB
— CMB

® TRGB

2000 2005

2010 2015
Year of Publication

2020

2025 2030
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Supernova Primo in the Hubble Ultra Deep Field Hubble Space Telescope = WFC3 ACS

Beschleunigte Expansion

e Entfernte Supernovae
erscheinen schwacher als in
einem ungebremsten
Universum
—>/Zusatzliche Komponente in

den kosmologischen Modellen
bendctigt = Dunkle Energie

» Beitrag zu bodenbezogenen
Beobachtungen

No Supernova . Supernova Oct. 10, 2010 ‘

NASA, ESA, A. Riess (STScl and JHU), and S. Rodney (JHU) STScl-PRC12-05a
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- Hubble Probes the Early Universe

1990 Q ‘ _' WM I R |

Ground-based observatories #

1905 A

Hubble Deep Field .

200 <

Hubble Ultra Deep Field

| 2010

| Hubble Ultra Deep Field-IR ~ -
FUTURE&E
James Webb Space Telescopel

Redshift (2): R o | ] 8 10 >20

Time after  Present SRR R ty 16 . %A . *: 800 480 200
the Big Bang 2 billion g billion ' million million million
years years years years  years

Credits: NASA
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Taduey, © .
++» Dunkle Materie

L

4 - *+ -
Gravitationslinsen -~ -

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

. - A Combined Image (2011 to 2016) !:lg'upernova Detection (December 2010)
. F814W F814W

M

Lensed Galaxy Lensed Galaxy and Supernova

@3

C: Difference Image D: Color Difference Image
Image B minus Image A +F110W+

@2 ° @2 (day 2)

Ql Ql (day 0)
. ..

'Galaxy Cluster Aby376 : Supernova Supernova
\ 2 - ,
6. Marz 2023 Credits: NASA, ESA, STScl, Wenlei Chen (UMN), Patrick Kelly (UMN), Hubble Frontier Fields Bruno Leibundgut
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Credit: NASA, ESA, S. Rodney
(John Hopkins University, USA)
and the FrontierSN team
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http://www.nasa.gov/
http://www.spacetelescope.org/

Credit: NASA & ESA and
P. Kelly (University of California,
Berkeley)
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http://www.nasa.gov/
http://www.spacetelescope.org/

Refsdal

Eesa

www.spacetelescope.org

Credit:NASA & ESA
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http://www.nasa.gov/
http://www.spacetelescope.org/

Refsdal

December 11,2045
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Nsystem

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

WFC3/UVIS
April 21, 2014

2014 WFC3/UVIS

Credit: NASA, ESA, and A. Jupiter and the Great Red Spot
Simon (GSFC) Hubble Space Telescope WFC3/UVIS WFPC2

NASA and ESA STScl-PRC14-24 .
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http://www.nasa.gov/
http://www.spacetelescope.org/

Saturn

Credit: NASA, ESA and the
Hubble Heritage Team
(STScl/AURA).
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Neptune
HST WFC3/UVIS
11656

rings

:-.'fl $/2004 N 1
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30,800 mi
49,600 km

NASA, ESA, and
M. Showalter (SET! Institute)

F775W i
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http://www.nasa.gov/
http://www.spacetelescope.org/

—Xoplaneten

Credits: NASA, ESA, and Leah Hustak (STScl) , _ .
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HST PDS 70
HST WFC3/UVIS

blocked starlight

F656N

VA PDS 70b

approx
distance of Uranus

Credit: NASA, ESA, McDonald Observatory—University of Texas,

Credit: ESO, VLT, André B. Muller (ESO) Yifan Zhou (UT)
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Credit: NASA, ESA and Allison
Loll/Jeff Hester (Arizona State
University).
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Credit: Anglo-Austr'aIian Te1"esc'bpe-'.
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Jakobsen et al. 1991

F275W

Jakobsen et al. 1994

FEOTN
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SN 1987A
-

0.5 arcsec

-

.

Larsson et al. 2019
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Mar 1995

Dec 2001

&

Dec 2006 May 2007

Feb 2013
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Jan 2003

Feb 2008

May 2015

Aug 2017

Apr 1999

Apr 2006
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Credits: NASA-GSFC, STScl | |S | Uﬂd \.JWS |
]
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Light path

Equipment FGSSMIEC3  Instruments:
bays N, +STIS
«C0S
*ACS

* NICMOS

3 - g o Integrated Science
B . Light - Mm@ — | Instrument Module
3 . g . — o (1SIM)
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HST und JWST

VISIBLE

B
1] [

GAMMA X-RAY ULTRAVIOLET

<HUBBLE SPACE TELESCOPE> <JA|V|ES WEBB SPACE TELESCUPE>
90-2,500 NM 600-28,500 NM Credits: NASA, J. Olmsted (STScl)
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HST, Herschel und JWST

hubble herschel webb

HUBBLE SPACE TELESCOPE HERSCHEL SPACE OBSERVATORY JAMES WEBB SPACE TELESCOPE

five servicing missions were conducted

Observations at ultraviolet, Observations in the Observations in the near- and
optical and near-infrared far-infrared mid-infrared
wavelengths

Credit: ESA Primary mirror diameter 2.4 metres Primary mirror diameter 3.5 metres Primary mirror diameter 6.5 metres
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Credit:NASA, ESA, and The
Hubble Heritage (STScl/AURA)-
ESA/Hubble Collaboration
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http://www.nasa.gov/
http://www.esa.int/
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,. Hubblé[\lews: é Marz 2023

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

o ESA Webselte https //esahubble orq/

% « NASA Webseite = &=
~ https://www.n@sa. C]OV/m_ISSI‘Oﬂ Daqes/hubble/about

e Space Science Institute ¥ 29
. https://www.StSCi. edu/hst |

e Offentliche Webselte STSCI https: 7/hubbleS|te orq/
o ESA' JWST https: /fesawebb. orq/
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https://esahubble.org/
https://www.nasa.gov/mission_pages/hubble/about
https://www.stsci.edu/hst
https://hubblesite.org/
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