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Mount Palomar Observatory




Mount Palomar Observatorv
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Supernovae: Explodierende Sterne

Beobachtung von Supernovae
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Supernovae: Explodierende Sterne

Unclassified SN Ib/c
3% 5%

SN Ia
68%6

ravitativer Kollaps
Supernova la J P

~3000 SNe in total so far from
Palomar Transient Factory

and the Supernova Factory ...,
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Fritz Zwicky (1898-1974)
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Zwicky Transient Facility
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% ' PBO: Followup

P200; Classification

Mount Palomar Obsérvatory
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Zwicky Transient Facilitv

Mount Palomar Obsérvatory
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Camera:
16 6k x 6k e2v CCDs |{jn—
30 s exposure '
15 s readout

1.8 m primary mirror ~_AR



Affordable wafer-scale CCDs make ZTF possible.

eV

dimension 9.2x9.2cm
pixels 6.1k x 6.1k
pixel size 15 micron
pixel scale L/pixel
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Moore’s Law reduziert auch die Auslesezeit

PTF ZTF
2000-era Leach Gen-ll controller STA Archon controller
36 s Auslese von 96 Mpx 10 s Auslese von 576 Mpx

bench'testing in-progre @ A



Palomar Sky Survey with photographic plates

achromatic
doublet Schmidt

/ corrector ‘
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physically-curved 14” primary mirror
photographic plate
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PTF replaced the plates with a CCD camera.

achromatic PTF Camera
doublet Schmidt (CFHT 12k)
corrector
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flat CCD interchangeable

focal plane filters (R & Q) primary mirror
powered dewar
window
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New optics enable ZTF’s unprecedented field of view.

achromatic

: ZTF Camera
doublet Schmidt )
corrector (47 deg ) ‘
1 . 
1
I
h
mterchangeable
re-figured singlet faceted CCD ters (R & Q)
Schmidt focal plane primary mirror
corrector powered dewar
window

field flatteners

ryostat window fabric t'ﬁa S
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Optischer Verschluss — der Shutter




Optischer Verschluss — der Shutter




Optischer Verschluss — der Shutter

In Zeuthen: Untersuchung, dass die sich bewegenden Verschlussplatten
keine stérenden Schwingungen auf das optische Teleskop lbertragen, um
die hohe optische Abbildungsqualitat des Teleskops zu erhalten & Test der

Lichtdichtigkeit.
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Zum Vergleich: Tischtennisplatte
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Fahrprofile

——acceleration —velocity ~—position
30.000 1.800
——acceleration —velocity ~—position
15.000 3.000
1.600
20.000
1.400
10.000 2.500
_
£
=
c —
10.000 1200 O £
—_ 5 £
d '; <
} o 5.000 2000 ©
‘B
S a - B
£ 1000 = > 8
c < 3
O  0.000 € - —_
.5 c v
£ 0.000 0.450 0.100 0.150 0.200 0.250 0300 0350 0.400 0.450 0.500 = 5 om0 1500 B
< 0.800 > B 0.000 0.050 0.100 0.150 0.200 0.250 0300 0350 0.400 0.450 0H00 £
Q ‘S c >
Q o ] E
< ] S o
-10.000 0600 = < &
-5.000 1.000 >
0.400
-20.000 -10.000 0.500
0.200
-30.000 0.000 -15.000 0.000
Time (seconds) TIme (seconds)

Marek Kowalski | ZTF @ DESY | June 2016 | Page 23




Requirements:
Reaktionskraft < 3N
Messgenauigkeit<0.5N




Messung am Prototype (ohne Blades)

avy




Messung am Prototype (ohne Blades)

Stange A+23 gr, Gewichtsunterschied 0,025 kg.

F=m*a =0,025 kg * 20,3 m/s?= 0,501 N > Gewichtsanderung 0,052 kg
Finden der Filterparameter, bis - 0,052 kg angezeigt wird in Messignal-Zeitreihe gefiltert
-FigureS . Datei Bearbeiten Format Ansicht 7 —
[

File Edit View Insert Tools Desktop Window Help T — i 5
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Messung am Prototype (ohne Blades)

Stange A+23 gr, Gewichtsunterschied 0,025 kg.
F=m*a =0,025 kg * 20,3 m/s?= 0,501 N > Gewichtsanderung 0,052 kg
Finden der Filterparameter, bis - 0,052 kg angezeigt wird in Messignal-Zeitreihe gefiltert

File Edit View I
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Shutter bereit!

Versand nach Zeuthen in KW25




Lichtdichtigkeit <0.1 photons / 15um pixel / sec




Fahrtests In der Kaltekammer

Survival Temperature: -20C < T < 50 C. Operating Temperature: -5C <T<30C




From the user manual

IMPORTANT:

After power on or reset the shutter is ready for operation.
Now the blades move with high speed and much more torque.
Nobody should try to stop the blades by hand arm or finger.

Nobody should work next to the aperture to avoid any accident.

Only trained stuff should have access to the shutter.
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ZTF & other wide field Imagers
e

HSC,
1.7 deg?
g_:_-:_ﬁ E PS1, 7 deg?
DES, H A
2.5 deg? T
PTF/iPTF, 7.3 deg? ZTF, 47 deg? LSST, 9.6 deg?
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ZTF versus PTF

PTF ZTF
Active Area |7.26 deg?| 47 deg?
ngrhead 46 sec | <15 sec
Time
Optimal
Exposure 60 sec | 30 sec
Time
Relative Areal
Survey Rate 1x 14.7x
Relative
Volumetric 1x 12.3x
Survey Rate

Existing PTF camera

MOSAIC 12k

3750 deg?/hour

= 311 survey in 8 hours
>250 observations/field/year
for uniform survey

New ZTF camera:
16 6k x 6k e2v CCDs .,
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ZTF versus other surveys

3750 deg?/hour
= 311 survey in 8 hours

>250 observations/field/year
Survey D Q- Etendue

Camera (m) (deg?) (m2deg?y) TOr uniform survey
PTF 1.2 7.3 8.2
DECam 4.0 7.0 37.7
PS1 1.8 3.0 17.8

ZTF 1.2 a7 53.1

New ZTF camera:

Existing PTF camera 16 6k x 6k e2v CCDs

MOSAIC 12k

LTS

°
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ZTF-Forschung am DESY & HU



Edwin Hubble (1929)

v

J Je groRer die Distanz einer Galaxie
i desto schneller entfernt sie sich voy
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Marek Kowalski | ZTF @ DESY | June 2016 | Page 36




Moderne Interpretation:
Die Galaxien fliegen nicht weg
sondern der Raum expandiert
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SNe la als Standardkerzen
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AT Dark Matter
constrains

U
Dark Energy
repels

BIG BANG



Heutige Zusammensetzung des Kosmos

Atoms

Dark

4.6% Energy
Dark 71.4%
Matter
24%

TODAY
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Das IceCube Observatorium

IceCube e e
* 86 Strings, 5360 DOMs \ s

® Ethresh —~ 100 Gev
-> astrophysical neutrinos




Quellen hochenergetischer Neutrinos?

Viele Kandidaten!

- 10.27 degree
| error circle
5 :@‘r

11.7

11.6} B %
-
2
o, t
& 1151
o
e
©
£
F
o 114t

11.3}

11.2¢

1101 1102 1103 110.4
Right ascension [deg]



lceCube Neutrino-Nachbeobachtungen

Swift (X-Ray)
a8 PTF (optical)

PALOMAR TRANSIENT
FACTORY

MAGIC ‘
(Gamma- Rayxﬁ

VERITAS

1 (Gamma-Ray) 0

ICECUBE

SOUTH POLE NEUTRINDO OBSERVATORY

a



lceCube Neutrino-Nachbeobachtungen

Swift (X-Ray)
: PTF (optical) *3¥

vall.e

PALOMAR TRANSIENT
FACTORY

Nachweis einer Supernova IIN:§ '
PTF12csy; chance coin. ~2%
Voge et al., Astrophys. J. (2015)
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