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The Tololo Nearby Supernova Survey

First digital light curves of supernovae
(cz < 2000 km/sec)
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Supernova 1987A - 16" Telescope

National Geographic 1987




Supernova 1987A - Observations from Tololo
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Workshop Santa Cruz - California - 1989




Workshop Santa Cruz

Supernovae la as Standard Candles
Bruno Leibundgut
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The absolute magnitudes of supernovae

Baade 1938 -> Mpg = -14.3 +/- 1.1 mag

Van den Bergh 1960 -> Mpg = -18.7 +/- 1.1 mag (Type Ia)

Kowal 1968 - First Hubble Diagram

o = 0.61 mag




The Caldn/Tololo Project (1989-1996) - Members
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Cerro El Roble Supernova Search (1979-1984)

José Maza
Marina Wischnjewsky
Luis Gonzdlez
Juan Parra
Pedro Herndndez

50 supernovae!
SN 1980N (Fornax A)
SN 1983K Apoyo de:
Enrique d’Etigny
Claudio Anguita
Hugo Moreno

Maksutuv Telescope at El Roble Observatory
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RESUMI MZ:If you IOSe q CompeTiTion' eda esta pdgina )

you must perseverel

We propose to start a photographic search for supernovae in the southern
hemisphere for a period of three years. The survey will be carried out using the
Curtis Schmidt telescope at Cerro Tololo Inter-American Observatory (CTIO) with
1120 plates. A careful review of the plates will be performed at the Department
of Astronomy of the University of Chile (Cerro Calan). According to previous
tests of the Calan/CTIO survey performed between June 1990-June 1991, we should
be able to find one supernova brighter than B=19 every month. We will obtain
follow-up photometry and spectroscopy of these objects wusing other CTIO
telescopes for spectral classification and the measurement of the light curves.
In the course of the three years we expect to find 20-25 Type Ia events in the
redshift range 0.005-0.1, which will be used to study the Hubble diagram for

3 i i i i ing will be obtained
for 1-2 bright supernovae per year, in the optical and infrared wavelengths.




Calan/Tololo - Search

E=E

La Serena -> Santiago Photographic Plate

Camara Curtis-Schmidt
Cerro Tololo

Blink Comp:r&‘ror

Santiago 2> La Serena Supernoval )
Cerro Calan




Calan/Tololo - Followup

SN 1992bc

magnitud







(1) The discovery of 29 Type Ia supernovae
in the Hubble flow




(2) The recording of the most precise light
curves ever obtained at that time thanks to the
CCD technology
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(4) The demonstration that Phillip” s relationship
was qualitatively correct
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(5) The dependence of supernova luminosities
with host galaxy Hubble types

[ ® =Nearby

O = Calan/Tololo




(6) The establishment of a
method to correct
supernova luminosities for
host-galaxy reddening

A 1992bc (0.87)
v 1992al (1.11)
0 1994D (1.32)
0 1992A (1.47)
x 1992bo (1.69)
* 1991bg (1.93)

Days Since B Maximum



(7) The most precise calibration of the
supernova luminosities at that time (1994-1996)
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(8) The establishment of key tools to measure
distances with a precision never reached before

Calan/Tololo |
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OBSERVING TIME REQUEST
CERRD TOLOLO INTER-AMERICAN QOBESERVATORY

Frepare in dupficate and scnd one form each to: CTHO, Casilla 603, La Serena, Chile AND CTHD Sappart
Office, NOAD, PO Box 26732, Tucson, AZ 5726, Alternatively, the TgX file roay be sent directly to TTIO by
E-mail to ctiosked @ncac.edu. DEADLINES: The proposal must be received in Chile by Sept, 30 for the next
Feb.—Julv pericd and Mar. 31 far the next Aug.—Jan, peried. The E-mail deadline 13 3 duys sarlie

Title @fnlan;‘Tr_ﬁ!ﬁ;}_{g Suprrnovas Search Pragram

Cate:  Septeraber 30, 1991

Principal lInvestigator: _ Mario Harruy __ Telephone; 5651 23545

Address: _ CTIO - Casilla €03 - La Screna - Chile

Email: _mhbamuy@ncao.edu

Other Investigators: Nare, Address and Phane
Nicholas Suntzeff, Mark Phillips, Christapher Smith, Roberto Aviles, Mauricio Mavarreta, CTIO

lose Maza, Marina Wischnjewsky, Roberto Antezana, Univ. Chile s

Investigators planning to chserve at CTIO (limitof 2): M. Hareuy, R, Aviles
Grad, student! _no _ |5 propesed research part of Ph, D, thesis®_na
Travel support, as specified in the CTIO Facilities Manoal, will automatizally be awarded ko qualifying principal
observers,

Graduate Students: Applications will not be accested unless accoempanied by a letter from a responsible
faculty member certifying chservational competence and academic standing.

1) Abstract of Scientific Justification:

The Calan; Talala SN survey is a project to discaver supernovae of all classes near maximum light
in the redshift range (0,01 = 7 < 0 1) The gnals of the praject are te explore the general character stics
of supernovae near maximum hght, ta study the homogeneity of the subclasses of supernova types, and
to study the use the superncwae as distance indicators, To date, wa nave discoverad ~~30 Type 1a SHe
and have light eurves ta B = 22 for 12 objects. In order to finish the light curves for the remaining
ghiects, we need te cbtain deep CCD frame: of their parent galaxies with the 0.0-m Selescope for
Ea|a}x;f subtraction purposes, In addition, we propose to continue our observatisns 4::1 I'IE'JIE:,". ErlgHt

supernovae, Finally, we request telescope time en the Schmidt telescope to investigate the next stage
in the Calan/Talole oM survey: a deeper C D-based survey to = 0.25.

2) Observing runs requested Tor this project;

Instrurnents, detectors, gratings, filters, Leave
Fun  Telescope camera optics, photegraphic plates, et Blark
1 x CCD direct, TEK 1024 CCD, UBYRI filt.
z Schmidt CCD direet, 5TIS TEK 2048 CCD, BVERI filk.
3 N—]
% =

No. migh:s Max days fram
Run requested fEwW riSon Range of Cptimum Dates Range of Acceptable Diates

1 [ 1 ner kb E ¥~ LE = suare manth







Ohs=erving Proposal
Cerro Tolalo Inter-American Observatory

: Séptr':l"l-'ll:lél' 20 180 Mrogaesad riernbes:

TITLE: & Pilat, Fraject tn Search Tar Dislanl Type la Supersovae

PI: M. Suntzefl Grad student? ¥ asuntzefficsionea ey
CTIO, Casilla G03, La Serena Chi'e 5A-51-223415

Ciol: B, Schmidi Orad student? N brian® cfanewion harvard,ein
CIASMBSS0, 60 Garden St Camlivide=, B4 D2135 GLT 480 TAE0

Other Cols: O, Smich, B.Schommes, M. Fhillips, M. Tamuy, B Aviles (CTTO); I Maza (T Chile):
A Riess, B Kirchner (Harvard|: J. Spyromilic, H, Leibundgar (2500

Ahstract of Scientifle JTustifleatinn:

We propase to iniliats a search b " i - D
Felds using the ©110 4m celesenp® 'I'his program is the next step m L]l-: Cs |l.1  Tololo 31N survey,
where we have found ~ 30 Type Frem

prajecs to discover Zainter SN [a's wsing mLIth.r- r*:-c:-rh LU_J mugm from them tPlP*:m[P. W will
fullow up thess discoveres with CCT phetometry and spectroscopy both al CTI0 wad at several
oagervatories in hoth hemisphreres  With ~he aperteal elassification and lighs curve shanpes. we can
wae aug calibrations of the abealute mapnitudes of 5K [a%s ZTom the Calin Tolele survey Lo place
stringent lmits | Figure 2] on gn 1 2 reasonable tinge-frame, Hased on the statistios of -.|i..-:-.::n-1-.r:.'
from the €alan Tolole 3N survey, we can expest o fad about 3 53¢ Ta per month.

The goal af this plot project i: to obtain cnough imaging daza to allow us to verify that we can
A seomver faint supernovas at Lhe expected rales, The success cate of discovery Tor this program and
the related {but independent] progezm propozed for the J.9m reetz primarily in the software used
to scarch [or the supernoves o digital images. 1 he date ser from this pilot projece will allow us o
Lane Lo soliwar: Lo provide e et efficieat liqcovesy technigies.

w [s this proposel mari of @ PAD thesia? I 'V gouw masl send o fetler; soe mslmaclions. N

# At pou reguesting long-termn etatusT Y ploase give delueds on O boe below, N

Summary of observing runs requested for this project

Irstrumens, detectors, gratings, filters, camers oplics, ele,

FECCD Tox 048K, aur set of reshifted B filters

| 3

Hun Na. nights Moot ge (d) Oplirmal dalee Acgeplable dates
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Credit: Roger Smith/NOAO/AURA/NSF
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Search for distant supernovae

Supernova Cosmology Project (1988)
ernovaTeam 1994

SN 1998M  ==0.63 SN 1998] ==0.83

3 Weeks Supernova
Before D|scovery -

" F fa seen from
* telescopes
on Earth)

SN 1997¢j ==0.50 SN 1998[ »=0.89

Difference
L)
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Precision Cosmology from Type Ia supernovae

267

24

22

20

Perlmutter, ef al. (1998)

Supernova
Cosmology
Project

Calan/Tolola
(Hamuy er al,
Al 1996)

0.1

redshift

Independently confirmed by two groups:
Riess, Schmidt, Clocchiatti, Leibundgut et al. 1998
Perlmutter et al. 1999
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Cosmological Parameters (1998-1999)

Initially: acceleration modeled with Einstein’s cosmological constant




Two key results in cosmology from Caldan/Tololo:
(1) the Hubble constant

39

| I m=5log(cz)+ (M-5log Ho +25)

: ZP = M - 5 log Ho +25
= ‘ log HO = 0.2 x (M + 25 - ZP)

Ho = 63-72 km/s/Mpc
(Sandage et al., Freedman et al)

a7 | At Half of the data from HST data
| i _

gl AL Half of the data from supernovae

B . i in the Hubble flow

35 4 45
log(Czgye)



The Intrigue on the Hubble Constant
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outstanding scientist it means you are doing
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Two key results in cosmology from Caldan/Tololo:
(2) the deceleration parameter

The discovery of the accelerating Universe was a differential
measurement comparing low-z and high-z supernovae

The Caldn/Tololo data represent half of the measurements



The key role of CTIO in supernova science
The Tololo Nearby Supernova Program (Phillips, Suntzeff, et al): 1986-2000?

The Caldn/Tololo Program (Hamuy et al) : 1989-1993

The Supernova Cosmology Project (Perlmutter et al): 1992-1999
Blanco 4m, BTC

The High_Z Team (Schmidt, Suntzeff et al): 1994-1998
Blanco 4m, BTC

ESSENCE (Suntzeff et al): 2002-2005
Blanco 4m, MOSAIC IT

Dark Energy Survey (DES, Friemann et al): 2012-2016
Blanco, 4m, DECam

LSST 2022-2032
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Cerro Tololo Inter-American Observatory (est. 1962)
Association of Universities for Research in Astronomy







