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Abstract

The analysis of near-infrared data of two high redshifted Type la Supernovae,
SN 2001t at a redshift of z = 1:05, and SN 2001gnat a redshift of z = 1:12is
preserted. The two supernovae were discovered on the CFHT telescope during
the Supernova CosmologyProject 2001 spring campaign and the near-infrared
data was obtained with ISAAC { Infrared Spectrometer And Array Cameraat
VLT. The goal of the campaignwasto nd and follow SNela at high redshift,
i.e. SNe la around the redshift where the transition betweenthe acceleration
and deceleration of the universetakesplace

These results can be used for constraining the cosmological parameters - 5
and - . The preseried data is consistert with the "concordance universe"
(- as-wm)=(0:7,0:3).

Sammanfattning

En preseration av den analys somgenomféts av infrarAd matdata fran tva su-
pernovor av typ la medkraftig rAdférskjuting. De tv@a supernovorna, SN 2001t
med en rAdférskjuting pa z = 1;05 och SN 2001gnmed rAdférskjuting z = 1;12,
upptAdktes av CFHT teleskopet under de obsenationer Supernova Cosmology
Project genomffde varen 2001 med malet att upptAdka och félja supernovor
inom det rAdférskjutingsomrade dar dvergangen mellan ett accelererandeoch
deaccelererandeuniversum sker. MAtdatan erhdlls fran det infrarAda matin-
strument ISAAC, placerati VLT.

Resultatet av analysenkan anvAndastill att begrénsade kosmologisk parame-
trarna -  och -  och i Averens@mmandemed de aktuella vArdena(- o;- v ) =
(0;7;0; 3).
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Chapter 1

Intro duction

Supernovae Type la (SNe la) are used as standard candlesfor measuring cos-
mological parameters,i.e the cosmologicalconstart energydensity, - - and the
massenergy density, - v . Recerily, measuremets have led to an unexpected
conclusion: the expansionof the universetoday is accelerating. This result is
consistert with the conceptthat one of the componerts that governs the uni-
verse has somesort of negative pressure. Such a type of componert is called
dark energy and led to the idea that the cosmologicalconstart, @, is non-zero
and positive.

Results from di®erent kind of obsenation are in agreemenm with ead other and
imply that the expansionof the universeindeedis accelerating. The cosmologi-
cal parametersderived from Type la SN measuremets are- o = 0:75/%%% 7403
and - v = 0:25'%0¢ 7404, where the st errors are statistical and the latter
systematic [1]. In this estimate, the geometry of the universewas assumedto

be °at, asshown by the CMB anisotropy obsenations.

Yet, improved measuremets of the dynamics of the universeare of signi cant
importance, sincethe characteristics of the dark energyis not well known. Also
critical is the need for improved measuremets to understand the properties
and ewlution of SNe and other e®ectsthat can bias the results. It is also
necessaryto study SNela at di®erer distances,or redshifts, in order to seeif
their properties ewolve with time. The progenitors of this kind of supernovae
at higher redshifts may have lower ratio of carbon-oxygen than progenitors at
lower redshifts, which could lead to a systematic evolution of the brightness[2].

1.1 Tools for studying Supernovae

Supernovae researders use mainly optical photometry and spectroscofy and,
in recert years, also at near-infrared wavelengths. Optical spectra are usedfor
classi cation of the SNe and its redshift, and to get information on the abun-
danceand velocity for the elemeris in the expanding photosphere. Photometry
is a technique for measuringthe brightnessof stars on imagesand it is usedfor
measuremers of the integrated °ux asa function of time.



Compared to the optical, the near-infrared light has the great advantage of
being least a®ectedby absorption by dust. Dust makesthe objects look fainter
which could be interpreted asif they were more distant.

In this paper, the reduction and analysis of near-infrared obsenations of two
SNe la, SN 2001t at a redshift of z = 1:05, and SN 2001gnat a redshift of
z = 1:12,is preserted. The analysis can be usedfor constraining - » and - y; .
The obsenations were obtained during the courseof the Supernova Cosmology
Project (SCP) 2001spring campaign,in order to nd and follow SNela at high
redshift. Both SNewere discoveredwithin somedays from their maximum in B
band® (Bmax ) and were followed with the Hubble SpaceTelescog (HST), the
Infrared Spectrometer And Array Camera(ISAAC) at the Very Large Telescog
(VLT) in Chile and the KECK telescopein Hawaii. The survey resulted in both
optical and near-infrared images,and spectral imagesfrom di®erert wavelength
bands. The near-infrared data in this paper, was obsened at VLTs ISAAC
detector with the Jg Tter. This TTter is cerntred around 1.241 m and having a
width of 0.161m.

1A band is a TTter that transmits light from a selected part of the wavelength's spectra.



Chapter 2

Theoretical Background

2.1 Why usea Supernova Type la asdistanceindicator?

SNela are amongthe most luminous stellar objects in the universe. They also
show a remarkable homogeneiy in the peak luminosity, spectral evolution and
light curve shape. All this together makesthe SNe la an excellert choice as
distance indicators. SNela at large distances,i.e. at high redshift, are believed
to behave in the sameway astheir nearby counterparts. The reasonfor this is
the assumption that they are the result of the sametype of physical reaction,
namely the violent thermonuclear explosionsof carbon-axygenwhite dwarfs with
the critical Chandrasekharmassof 1.37-1.381-.

The large sample of obsenational data on SNe la today, shows that the idea
of SNe la being a perfect standard candle is not quite true, since there is an
intrinsic scatter among SNe la. Howewer, it is found out that the absolute
magnitudes of SNela correlate very well with the declining rate after Byax , the
slower decliners being intrinsically brighter. It is this correlation that makes
it possibleto reducethe scatter of the absolute peak magnitudes of SNe la to
some0.15 magnitudes [3].

Type la SNe are believed to be the result of an explosion of a carbon-axygen
white dwarf in a binary system. In the binary system,a masstransfer may take
place betweenthe white dwarf and its donor companion. When the white dwarf
has received enough massto reach the critical masslimit, it explodes. In the
explosion, carbon and oxygen produce a wide array of radioactive isotopes of
heavier elemerts, especially abundart is one unstable isotope of Nickel, 6Ni.
It is the amount of carbon and oxygen in the progenitor and its companion
that determinesthe amourt of >6Ni producedin the explosion. Sincethe %°Ni
fuels the explosion, its amount could be the reasonfor the intrinsic scattering
in luminosity and in the light curve shape [4]. The carbon-oxygen ratio in
the white dwarfs may depend on environmental properties and the age of the
binary system. A largeratio givesa higher brightnessin the SNela. In an older
progenitor systemit is more likely to have smaller ratios of carbon-oxygen and
therefore, produce a dimmer SN la [4, 2, 5]. The type of host galaxy may also
a®ectthe result. In the local universe,it seemso be a di®erencen the intrinsic
scattering in a comparison between early-type host galaxiesand late-type host
galaxies,where the scatter is lessin the early-type system[5].



2.2 CosmologicalDistances

The universecan be described by the Robertson-Walker metric, a metric that
is homogeneousand isotropic. In this metric, Einstein's equation of General
Relativit y can be usedin order to derive an equation for the luminosity distance
D, [6, 7].

DL(Z;'M;?;p-;'ﬂF%FO'Q): ¢ . 01
= s Pl a0 a2, b @D

where the path length term S dependson the curvature - .
8

< sinr for-. <0
S=_r for-. =0
sinhr for-. >0

The standard model of cosmologyimplies a °at and @ dominated universe, a
model supported by experiments such as WMAP [8] among others. In a °at
universe,- . = 0,and- y + - . + - 5 = 1, therefore- . canbe expressedn the
form-. =1 -m i -a, andegn. 2.1 can be re-written,
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How can the above described analytical parametersfor cosmologybe used to-
gether with experimental data? The experimental measuremers of SNe la at
low redshift and an absolute distance scale, for example, the location of the
host galaxy or an absolute magnitude scale, can be used together to obtain a
value for the Hubble constart. The distance, d_, is calculated with help of the
obsened luminosity L, and °ux £ .

L
Lemited = Lo(1+ 2)2 and £, = m (2.3)
r—
d. = Lo _ (1+ 2)a(t)r (2.4)
LT oavE, T '

werera(t) is the physical distancethe light hastravelledin a °at universe,a(t)
is the scalefactor, or the expansionparameter, of universeat time t [9].

The measuredSN magnitude m(z) is usedin the equations below [7].

m(z) ° M + 5logD_(z;- m;-=a;Ho)+ 25 (2.5)
= M + 5logD_(z;- m;-=s)i SlogHg+ 25 (2.6)
= M + 5logD(Z;- m;- a) (2.7)

were M is the absolute magnitude { the apparert magnitude of an object at a
distance of 10 pc. D_ is the Hubble-free luminosity distanceand M = M j
5logHo + 25



The simultaneoustting of the measuredmagnitudesm(z) of nearby and distant
SNegivesa value of M in the eqn 2.7, which can be usedfor delimiting - » and
M-

It is necessaryto be able to compare supernovae without selection e®ectsthat
change with redshift. Sinceit is easierto obsene and get more accurate and
higher quality measuremets from nearby SNela, the understanding and knowl-
edgeof the SNein the optical light is quite good. But, when looking at more
distant SNe la, the light from them becomesmore and more redshifted. This
means,that at a certain redshift, the light obsened in one band correspndsto
another band in the supernova rest frame. The rest frame bands can at certain
redshift, mergetogether into the obsened band, see gure 2.1. This e®ectde-
mands a careful choice of "Tter to usefor obsenations, and it alsorequiresgood
knowledge of spectral properties. Integrating over the SNe spectral templates,
the obsened band can be corrected to be comparedto the nearestrest-frame
band.
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Figure 2.1: An example of how the observed Js band corresponds to the supernova rest
frame V band and R band at redshift of z = 1:12, plotted in blue. The rest frame band B, V
and R are plotted in red.

Eqgn. 2.7 can be adjusted for measuremets of SNe at higher redshift and for
the intrinsic spreadamongthe supernovae [10], through the following equation:

mg (2) mj + ®&si 1)i Keyi Aji A (2.8)

Mg + 5logD (Z;- m ;- a)i SlogHg+ 25 (2.9)

where m; is the measuredmagnitude in one band and Mg is the absolute B
band magnitude for a SN la with a stretch s equalto 1 at the date of maximum,
for a certain redshift.



The stretch factor s is a way to parameterisethe light curvesof SNe and make
it possibleto compare and usethem for further calculations even if the spread
in the light curve shapesamongthem is large. A stretch s equalto 1 in the B
band is said to be a "normal" SN la [7, 10].

The K-correction, Kg 3, in egn2.8is a cross- Iter correction that makeit feasible
to compare nearby SNe la with SNe la at higher redshift. The K- correction
allows to obsene the SNsredshifted light in di®erert bands and then transform
the obsened light into its optical rest frame band [11], taking the ageof the SN
into accourt. A; and A;, in eqgn 2.8 are corrections for the galactic extinction
from the Milky Way and the host galaxy.

2.3 Varying the cosmologicalparameters

The equationsabove make it possibleto set experimental limits on- , and - y .
In order to do this, eqn 2.8 can be usedto calculate an expected magnitude for
the supernova at a given redshift and various combinations of - ; and - . In
“gure 2.2, the expected magnitude in the rest frame V band versusredshift is
plotted for di®eren valuesof the cosmologicalparameters- 5 and - y .
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Figure 2.2: The expected magnitude, m(z) versus redshift, plotted for di®erent values of
the cosmological parameters - \y and - .. The dashed line correspondsto - y = 0; - o = 1,
the solid line corresponds to - y = 0:25; - 5 = 0:75, the dot- dashed line corresponds to
-m = 05, - » = 0:5 and the dotted line correspondsto - y = 1; - 5 = 0.



Chapter 3

Observing in the near-infrared

Observingin the near-infrared hasmany scierti ¢ advantagesover the optical; in
particular, it is lessa®ectedby extinction from interstellar medium. Moreover,
optical light from very distant stellar objects will be redshifted into the near-
infrared. Howewer, obsenations in the near-infrared are connectedwith some
major problemsdue to the earth atmosphere{ the sky absorption and emission.

3.1 Absorption

The transition in the atmosphereis wavelength dependert. The atmosphereis
more or lessopaquein someregionsbut haswide or narrow windows! in other
regionsthat allow photons to comethrough. The atmospheric transmission in
the rst part of the near-infrared wavelength spectra is depicted in "gure 3.1.
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Figure 3.1: Transmission versus wavelength in the near- infrared region 0.9-3.4tm. 11m
is equal to 10000 Angstrdm.

1Atmospheric windows { a regions where transition of photons through the atmosphere is
possible



In the near-infrared wavelengths, molecular transitions and emissionsmake the
atmospheree®ectiely opaque. The atmospherecortains many absorption fea-
tures, mainly due to water vapour and carbon dioxide. Those features vary
with time and depend on the airmass. The airmassis the height of atmosphere
through which an obsenation is being made, the airmass corresponding to an
obsenation in zenith is equal to 1 and varies with the angular distance to the
zenith as 1/cos. Sincethe absorption varies with water vapour content this
leadsto highly variable edgesof the atmospheric windows.

To get useful results from observingin the near-infrared, obsenations are made
through those atmospheric windows. The needfor accurate measuremets has
led to the construction of di®erert “Tters corresponding to thesewindows. Figure
3.2 shows the atmospheric transmission around 1.24 * m together with the Jg
“Tter, which was used during the obsenation resulting in the data analysedin
this paper.
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Figure 3.2: The Js TTter, marked in red, together with the atmospheric transmission around.
The e®ective wavelength for Js is 1.24 1 m and the width is 0.16 1 m

3.2 Sky emission

The near-infrared sky badground is much more intense than at optical wave-
lengths. It is dominated by the emissionlines primarily due to the vibrational
transitions of the hydroxyl radical, OH. The hydroxyl radical is the result of
reactions between H and O3 in the high atmosphereat an altitude of 90 km
above the earth's surface. The OH lines are variable on both shorter and longer
timescales. At wavelengthsgreaterthan 21 m, the e®ectof the thermal radiation
starts to be important; this is mostly due to the telescope and the surroundings
rather than to the sky.



3.3 Turbulencein the atmosphere

The atmospheric turbulence givesrise to a blurring of the image. This e®ectis
called seeing. The seeingquality is measuredin terms of the full width at half
of maximum (fwhm) of a Gaussianlight distribution from a point source. The
seeingin infrared is most of the time better then in the optical [12].



Chapter 4

Detector and image reduction

During the SCP spring campaign 2001, one of the units of VLT was used for
the near-infrared follow-up obsenations. VLT at Paranal in the northern part
of Chile is one of the European Southern Obsenatory's (ESO's) obsenatories,
located on a 2.600m high mountain.

4.1 ISAAC { Infrared Spectrometer And Array Camera

The ISAAC instrument, see gure 4.1, is located in the UT1 telescopein VLT.
ISAAC is equipped with a Hawaii 1024 1024 pixel HgCdTe array usedfor short
wavelengths obsenations, 1 - 2.51m, and an Aladdin 1024 1024 pixel I1sSb
array usedmainly for long wavelengthsobsenations, 3- 51 m. The pixel sizefor
the Hawaii array, is 18.5* m and for the Aladdin it is 27 * m. This corresponds
to a plate scaleof 0.1484and 0.071arcsecondsper pixel respectively.

Due to the very high level of the badground, all exposuretimes with a near-
infrared array needto be short in order to avoid saturation of the detector.
The exposuretime vary between5 - 40 seconds. The time scaleis wavelength
dependert, shorter wavelength allows longer exposure time. If the array is
heavily saturated, the quantum ezxciency and therefore the accuracy of the
measuremets, will decrease. This can a®ectthe measuremets for a longer
period of time. Another unwanted e®ectis the remnant that can appear on the
array after saturation. To getrid of the remnant the array needsto be heated.

10



Figure 4.1: The ISAA C instrument { At the top and bottom are the two arrays which are
optimized for the 1-2.5* m and 2-5 m ranges and used to either re-image the telescope focal
plane or the intermediate spectrum produced by the grating spectrometer [13].

4.2 Data reduction

Obsenations in the near-infrared are often performed on objects much fainter
than the sky background. This meansthat accurate and highly excient reduc-
tion of the sciertic data is very important. To reducethe sciertic data, the
needfor high quality calibration data is essetial. The calibration data includes
frames, necessaryto remove e®ectsfrom inherent defectsfrom the detector it-
self, and frameswith standard stars. The later is usedfor calibrating the object
of interest on the scierti ¢ data. The rst step in the reduction is to remove
the inherent defectsfrom the data.

4.2.1 Detector e®ects
Ghosts

The Hawaii SW array in ISAAC, generates'electrical ghosts" in terms of bright
lines along the frames. This e®ectis due to an additional signal from bright
objects on the frame and it is proportional to the intensity integrated along the
line and the row 512 rows away. In order to remove theselines from all frames,
part of the Eclipse' data reduction padage called isaacp has beenused.

1Eclipse { ESO C Library Image Processing Software Environment

11



The odd-even e®ect

The Hawaii SW array is also a®ectedby a time ewlving defect as an o®set
between the odd and even columns of the array. This e®ectseemsto be a
function of the °ux in the array.

To reduce this e®ectwhen it is noticeable, the detector read-out speedis low-
ered. During periods when the e®ectis strong, it is necessaryto both lower the
detector read-out speed during the obsenation and usea script called deodde-
ven.cl on all scienti ¢ data during the reduction. The deoddeven.clscript runs
under IRAF 2

In this paper part of the data is a®ectedby the odd-even e®ect. Therefore there
are a di®erencedetweenthe read-out speedamongthe data. Someimagesare
also corrected with deoddeven.cl

Dark current and bias

Dark current arisesfrom electrons produced by thermal excitation and elec-
tronical leakagewithin the array. Theseelectronsare created over time, that is,
independert of the light falling on the array and they are captured and detected
assignal. The dark current of the Hawaii SW array is small, so the dominant
feature in these framesis the detector bias, which is also called the zero level
o®set. The bias is a function of the detector integration time and the illumina-
tion. To remove this bias from the data, a set of dark frames, taken when the
array is not illuminated, are provided sothat the signal from the dark current
and the bias can be subtracted from all the other frames.

Linear responsein the detector pixels

The responsein the array pixels increasewith signal. To calculate the individual
responsefor ead pixel, a setof 10- 20twilight frameswill betakenjust after the
sunsetor beforethe sunrise. This will result in frameswith a rapidly changing
signal.

The responsefor eadh individual pixel is calculated from a plotted curve of the
median plane value against the individual pixel value in this plane. To derive
the pixel gain a linear regressionis used on the curve. The result will be a
frame showing all pixel gains, normalisedto have an averagevalue of 1. All the
scierti ¢ data is then divided by this "t wilight °at".

To create the twilight °at, part of the Eclipse data reduction padcage called
tw°at hasbeenusedon the set of twilight frames.

2IRAF { Image Reduction and Analysis Facility, is distributed by the National Optical
Astronom y Observatories (NO AO)

12



4.2.2 Reduction procedure

In this paper the XDIMSUM 2 packagehasbeenusedto perform the rest of the
reduction, which includes, among other steps, sky subtraction and alignment
of the framesin order to combine them into one deepimage. XDIMSUM is a
padkagethat runs under IRAF and is composedof individual tasks which can
be run separately

The XMOSAIC task in XDIMSUM is a driver script for a complete reduction
procedure. XMOSAIC works in two steps,the rst step, X rstpass isa rst, not
so detailed, reduction which results in masksfor the position of all the objects
in the frame, bad pixels and cosmicrays. In the secondstep, xmaskgass the
script usesthe provided masksand processa more detailed reduction.

Sky subtraction

One obsenation of a given object in near-infrared typically result in between25
- 100framesproducedwith a technique calledjittering . Jittering meansslightly

shifting the telescope position between di®erert exposures. This givesa series
of frames where the object position changes. These frames give the possibility
of calculating and subtracting the sky in a more excient way. It also minimize
the e®ectfrom bad pixels, cosmicrays etc.

As mertioned earlier, an e®ective sky subtraction is critical for the analysis of
the "nal result. In xrstpass the task for sky subtraction, calculatesa sky for
ead individual frame by averaging a number of neighboring frames. Sincethe
sky in the near-infrared changesvery rapidly, this method of using an average
of the frames taken just before and just after increasesthe reliability of the
estimated sky. The sky image is then subtracted from the original frame.

Bad pixels will beidenti ed on the framesand replacedby an averagecalculated
from the surrounding pixels. This task builds up a maskfor the bad pixels which
is usedlater in the procedure.

In order to remaove the cosmicray hits, pixels which deviate from the surround-
ings by more than a certain threshold value are identied and a cosmic ray
maskis built. Thesepixels are then replacedby the averagecalculated from the
surrounding pixels.

Images alignment

Next in the procedureis to align the frames. This is done by identifying the
samestar on all individual framesand useit as a reference,this referencestar
together with the positions of seweral bright stars in one frame are usedfor the
calculating of the shift betweenthe frames. The result is saved in a Te called
"shift Te".

3XDIMSUM { Experimental Deep Infrared Mosaicing Software

13



Combine images

The completing step of x rstpass is to combine all imagesinto one, deeper,
image using the "shift Te", the combined image is called nal fp.ts. Finally
xmaskmss will useall the provided masksand the "shift Te" to perform a more
thorough reduction which result in an image called nal _mp.ts.

In the nal _mp. ts, linesdueto poor correction of the biaswhenthe dark frames
were subtracted, can becomevisible after alignment of the frames. Theselines
will be removed with the script removelines.cl which runs under IRAF.

4.2.3 Reduction summary

The reduction can be summarisedin the following steps;

Remove electrical ghostsfrom the raw data.

Correct the scierti ¢ data for the odd-even e®ect,if needed.

- Remove the zero level o®set.

Correct for the linear responsein the detector.

- A “rst, rough, sky subtraction and creation of masksand a shift Te.

The detailed sky subtraction completethe reduction and producethe nal,
conbined, image.

14



Chapter 5

Analysis of SN 2001gn and SN 2001hb

The obsenations of SN 2001t at a redshift of z = 1:05 and SN 2001gnat a
redshift of z = 1:12, were made during the SCP's 2001 spring campaign. SNe
discovered during campaignsare usually given nicknamesfrom various themes,
and since this campaign favoured classical composers, SN 2001t was named
Satie and SN 2001gnbecameBoccherini. Those nicknamesare sometimesused
in this rapport together with their sciertic names. The near-infrared images
were obtained with a Js ‘Tter. The goal of the campaignwasto nd and follow
SNe la at high redshift, i.e. SNe la around the redshift where the transition

betweenthe accelerationand the decelerationtake place, see gure 6.4.

The two SNeweretreated di®erenly during the analysis since one of them was
located in a visible host and the other appearedto be "hostless". To analysea
SN located in a host galaxy, referencedata taken a year after the SN explosion
can be of signi cant importance. The referencedata is usedto subtract the
cortribution from the host galaxy in the detected signal, a cortribution that
sometimescan be troublesome to remove without very high ratio of signal to
noise (S/N) referenceimages.

5.1 Supernova 2001gn{ Bocdherini

Supernova 2001gnat redshift z = 1:12, was located in a host galaxy with a
distanceto the core of the galaxy of approximately 0.1 arcsecond.Therefore an
additional set of referenceframes were taken a year later, when there were no
trace of the SN left in the obsened band. It is preferableto have at least the
sameamourt of integration time for the referencesasfor the SN. Due to clouds
and bad seeing,the obsenation in June 2002, with an integration time of 140
minutes, turned out to be insutcient, thus two additional obsenations of the
host galaxy, with atotal integration time of 304 minutes, were made during the
spring 2003.
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Figure 5.1: The nal image of SN 2001gn { Boccherini.

The redshift of SN 2001gnwas determined from the SN spectral features, see
“gure 5.2. The spectra of SN 2001gn{ Boccherini in "gure 5.2 is a combination

of two spectra obtained the 23th and 24th of April 2001with a total integration

time of 203 minutes. The rest frame U band maximum occurred on the 3rd

of May, therefore the spectra were obtained approximately v e and four rest
frame days before U band maximum. The spectra has beensmaoothed in order
to emphasisthe broader characteristic lines for SNela with respect to the noise
from the sky and host galaxy. The spectral featuresof SN 2001gnwas compared
with two spectra of SN 1990N,at a redshift of z = 0:003369.In "gure 5.2the two
spectra of SN 1990N, se\en and fourteen days before maximum, are redshifted
to z= 1:12[14].

Figure 5.2: Smoothed spectra of SN 2001gn { Boccherini, marked in black, obtained the
23th and the 24th of April 2001, together with two spectra, sewen days before maximum
marked in red, and fourteen days before maximum, marked in blue, of the near by SN1990N.
The spectra of SN1990N are redshifted from the original z = 0:003369to z = 1:12 [14].
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All sciertic data, both data of the SN, hereafter called new data, table 5.1,
and the referencedata, table 5.2, has beenreducedaccording to the procedure
described in chapter 4. The dates in the tables are in Modi ed Julian Dates
(MJD) 1. One obsenation lasts for seweral hours and therefore the median date
for eadh night is given in the tables.

The reduction resulted in six imagesof the SN, spreadover ten days in obsener
frame, and eight referenceimages. Two of the referenceimages su®eredfrom
fringing that could not be removed. The amplitudes of the fringes on those two
imagesare 0.5 counts and 3.5 courts in the areawhere the SN is located. The
amplitudes are not too large, but sincethis fringe pattern persistedwhen all the
referenceimageswere combined into oneimage, thosetwo imageswere excluded
together with one other image with bad seeing. In the end, only 480 minutes
out of 620 minutes of total integration time for the referenceimages, has been
usedto subtract the host cortribution from the new data in order to measure
the magnitude of the SN. Seethe notesin table 5.2 for the excludedimages.

Table 5.1: New data for SN 2001gn.

Date of observation | Integration time Seeing Correction
[MJD] [Min utes] [Arcseconds] odd-even e®ect
52037.26 50 0.561 No
52038.21 50 0.649 No
52039.20 100 0.616 No
52040.20 150 0.479 No
52041.24 50 0.647 Yes
52046.11 150 0.624 Yes

Table 5.2: Reference data for SN 2001gn. The data marked with a was excluded because
bad seeingand data marked with b was excluded becauseof fringing.

Date of observation | Integration time Seeing Correction
[MJD] [Min utes] [Arcseconds] odd-even e®ect
52430.16 50 0.595 No
52435.20 90 0.704 No
52711.38 150 0.983 Yes
52712.40 22 0.625 Yes
52714.40 44 0.595 Yes
52716.22 38 0.443 Yes
52717.28 50 0.562 Yes
52790.13 176 0.569 No

1The Julian Date (JD) is a continuous count of days and fractions of days since noon
Univ ersal Time on January 1, 4713 BC. MJD= JD - 2400000.5.
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5.1.1 Standard stars and zeropoints

To calibrate images from di®erent nights, at least one of them needsto be
calibrated against a sourcewith known magnitude. For this purposestandard
stars, with well-known magnitude over seweral band passesare used. At least
one, often more, set of v e frames were taken on a standard star eac night of
obsenation. A standard star is much brighter than the sky, so the needfor a
detailed sky subtraction is lessimportant. It is enoughto subtract two of the
frames from ead other to get a useful result for measuremets. The resulting
sky level after the subtraction is about 10 counts per pixel and the number of
courts per pixel within the standard star is about 10 to 20 times higher. Since
the position of the standard star in those framesis jittered, the negative °ux
from the subtracted star will not a®ectthe result of the measuremen

The magnitudes of the standard star were obtained with a task that measures
aperture photometry, Phot. It is atask which runs under IRAF and canbe used
for measuringthe °ux of the star, i.e. the number of counts within apertures of

increasingradius minus the cortribution from the badkground. The background

is estimated from the sky level within an areajust outside the maximum aper-

ture. The result of the aperture photometry on the standard star is plotted in a
curve of growth, i.e. instrumental magnitude versusaperture radius in order to

ched that the result looks as expected. The instrumental magnitude is de ned

as-2.5log(°ux) and the curve is supposedto grow until it stabilisesaround the

value of the instrumental magnitude. The measured®ux on the image depends
on the exposuretime, soin order to obtain an time independert magnitude,

it is required to divide the °ux with the exposuretime. Figure 5.3 shows the

curve of growth for the standard star S705-D.
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Figure 5.3 Curve of growth for S705-D. The curves are the result of the aperture pho-
tometry on the set of v e standard stars, the instrumen tal magnitude versus aperture radius.
The di®erence between the highest and lowest value of the instrumen tal magnitude is 0.08
magnitude.
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The set of standard stars gives v e valuesof the instrumental magnitude. The
magnitudes can di®er, to some extent, due to di®eren responsein the four
parts of the detector. The reasonfor the di®erence,which is lessthan 5 %,
is that the correction for the linear responsein the detector in not complete.
This e®ectcan be taken care of, if necessarywith an extra calibration called
illumination correction. In this case,this extra calibration was not necessary
sincethe e®ectis negligibly small comparedto other e®ects.Those v e obtained
instrumental magnitudes are then averagedand usedin the calculation of the
zeropoint from which the new data is calibrated. The root meansquare(rms) of
these v e valuesis regarded as the uncertainty in the zeropoint. The obtained
instrumental magnitude together with the catalogue magnitude of the standard
star, from Perssonet al. [15], are usedin the equation below to derive the
zeropoint.

Zeropoint = Mecat i Mingt + K3 X + E; (5.1)

where the Mgy and Mj,g is the catalogue magnitude and the instrumental
magnitude. The k;, term is a correction for the atmospheric extinction due to
the airmassX. k;, is a constart evaluated for the location of the telescope and
the obsened band. The infrared extinction for Jg on Paranal is equal to 0.06.
The E term is a correction for the exposuretime in seconds,-2.5log(exposure
time).

As an example, the zeropoint for the standard star S705-Dis derived in the
following way. The exposuretime for the standard star frames were 2 seconds
the night of 52036.96MJD. The result is presenied in table 5.3.

Zeropoint = 12362+ 1315+ 0:06¢1:24 2:5log(2) = 24:968 0:03

Table 5.3: Result of the calculation of the zeropoint from the two standard stars used for
calibrating the new data. The standard stars were observed at 52036.96 MJD and 52037.42
MJD.

Standard star | Catalouge magnitude Instrumen tal magnitude Zeropoint
[J Tter] [Js Tter]
S705-D 12.362 13.15 24958 0.03
S234-E 12.464 13.05 24,968 0.01
ZPayerage 24.96§ 0.04

5.1.2 Measuremen of the SN magnitude

To measure the magnitude of SN 2001gn, a padage for image processing,
TOADS?, has been used simultaneously on all images, both on the new data
and the referenceimages. This givesthe possibility to measurethe changein
°ux and obtain information which can be usedfor building a lightcurve. From
the new data imagesand the referenceimages, TOADS selectsthe image with
the best seeingand useit asa geometrical referencein order to be able to align
all images.

2TOADS { TOols for Analysis and Detection of SNe
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In the next step, TOADS will usethe image with worst seeingand scale and
weigh all the other images. This scalingenablesTOADS to create Point Spread
Function (PSF) proles, using bright and isolated objects on the images, and
calculate the di®erencein courts within the PSFs, both for the SN in the new
data and for the host galaxy in the referencedata. The di®erencein counts
corresponds to the instrumental °ux. The magnitude is then derived from the
zeropoint (ZP) and the instrumental °ux as described in the equation below.

Magnitude = ZP + Minst | K3 X i E i Aj (5.2)

The A; term is a correction for the Milky Way extinction in the obsened band.
The value of the correction dependson the location of the SN in the sky. The
correction A; depends on the colour excess,E(B-V) 3, or the reddening, and
is obtained from NASA/IP AC Extragalactic Database (NED). The obtained
colour excesss basedon the result of [16]. For SN 2001gn,E(B-V) is 0.028and
correspondsto an extinction correction in the Js band equalto 0.025magnitudes.
A similar term can be added if the extinction due to the host galaxy can be
estimated.

The result from di®ererial photometry is presered in table 5.4 and the uncer-
tainties in the table are the result of an error propagation with the rms from
the zeropoint and the uncertainty in number of counts within the PSF.

Table 5.4: Magnitudes for SN 2001gn

Date of obsenation | Airmass Instrumental °ux Magnitude
[MJD] [Js Tter] [Js Tter]
52037.26 1.376 88.118 15.71 23.688 0.19
52038.21 1.193 83.088 17.07 23.758 0.22
52039.20 1.154 90.158 14.05 23.678 0.17
52040.20 1.151 89.488 11.07 23.678 0.14
52041.24 1.341 71.008 15.05 23.918 0.23
52046.11 1.281 75.568 11.95 23.858 0.17

5.2 Supernova 2001ib { Satie

SN 2001 was located at a redshift of z=1.05 and appearedto be "hostless".
When the scheduledreferenceobsenations were performedin the optical bands,
no trace of a host could be found and therefore no "nal referencedata wastaken
in Js. Extrap olation to expected brightnessin Js-band using galaxy templates
indicates that the residual host galaxy would not dominate the measuremen
uncertainty.

This made the analysis both easierand, at the sametime, more ditcult. For
SN 2001Hp, the colour excessE(B-V) is 0.032and correspond to an extinction
correctionin the Js band equalto 0.029magnitudes. The newdata of SN 2001
is presented in table 5.5.

SE(B-V)= (B-V) - (B-V) o, where (B-V) is the observed di®erence between B and V mag-
nitudes, and (B-V) ¢ is the emitted di®erence.
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Figure 5.4: The nal image of SN 2001hb { Satie, at a redshift of z=1.05.

Sincethe redshift could not be con rmed with spectrum of the host galaxy, the
redshift of SN 2001H was determined from the SN features. The smoothed
spectrum of SN 2001t { Satie in "gure 5.5 was obtained the 24th of April
2001 with a total integration time of 118 minutes. The rest frame U band
maximum occured on the 10th of May, therefore the spectrum was obtained
approximately eight rest frame days before U band maximum. The spectral
features of SN 2001hb was comparedwith two spectra of SN 1990N, seven and
fourteen days before maximum, at a redshift of z = 0:003369.In "gure 5.5 the
two spectra of SN 1990N are redshifted to z = 1:05 [14].

Figure 5.5: Smoothed spectra of SN 2001hb { Satie, marked in black, obtained the 24th
of April 2001, together with two spectra, seven days before maximum marked in blue, and
fourteen days before maximum, marked in red, of the near by SN1990N. The spectra of
SN1990N are redshifted from the original z = 0:003369to0 z = 1:05 [14]
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Table 5.5: New data for SN 2001hb { Satie

Date of observation | Integration time Seeing Correction
[MJD] [Min utes] [Arcseconds] odd-even e®ect
52048.16 | 200 0.806 Yes

5.2.1 Measuremeth of the SN magnitude

TouseTOADS, it is necessaryto have a referenceimage since TOADS compare
the number of counts in the PSFs. To circumvert this problem, a fake reference
image was created by replacing the SN and the surroundings with the mean

value of the sky. The result of the TOADS measuremeh is preseried in table
5.6.

Table 5.6: Result of SN 2001hb magnitude measurement with TO ADS

Airmass Zeropoint Instrumen tal °ux Magnitude
[Counts] [Js Tter]
1.19 \ 24,988 0.03 82.878 38.19 23.788 0.50

The uncertainty in the magnitude measuredby TOADS is unreasonablylarge
and thereforethe result wascomparedwith the result from aperture photometry
with Phot, which wasa straightforward aperture measuremen on the SN. Table
5.7 shows the result from the Phot measuremeh

Table 5.7: Result of SN 2001hb magnitude measuremert with Phot

Airmass Zeropoint Instrumen tal °ux Magnitude
[Counts] [Js Tter]
1.19 \ 24.988 0.03 129.468 11 23.358 0.16

The magnitude obtained from the TOADS measuremeh di®er from the Phot
magnitude, both the di®erencein magnitudes and uncertainties are too large
to be realistic. The uncertainties for the magnitudesin table 5.6 and table 5.7
are the result of an error propagation with the rms from the zeropoint and the
standard deviation in number of counts within the PSF for TOADS and in the
instrumental °ux for Phot. To investigate this discrepancyfurther, a third, ad-
ditional, method for magnitude measuremets was used, namely DAOPHOT “.
DAOPHOT is atask that alsoruns under IRAF. DOAPHOT createsa PSF, as
TOADS does,but it doesnot needa referenceimagefor measuringa magnitude,
seetable 5.8 for the result.

4DAOPHOT { Dominian Astroph ysical Observatory PHOT ometry
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Table 5.8: Result of SN 2001hb magnitude measurement with DAOPHOT.

Airmass Zeropoint Magnitude
[Js Tter]
1.19 \ 24988 0.03 23.438 0.14

5.3 A comparisonof the reduction method

To ched the result of the reduction, a comparisonwith an other method for data
reduction was performed. Later in this section, a comparison of how TOADS
treats imagesfrom the two di®erert reduction methods is carried out.

Data from one of the obsenations was reducedby a similar method, here called
CL, written in IRAF by Christopher Lidman, the former instrument sciertist
for ISAAC. The result of the comparison between dark images, twilight °ats
and standard star is preseried in table 5.9 and the comparison between the
combined imagesis shawn in table 5.10. In the comparison of the calibration
data, the two dark images, with a mean value of 401 respectively 412 counts
per pixel, were subtracted from ead other, and the two twilight °ats, which are
normalised to have an averagevalue of 1, were divided with ead other.

For the combined images,the rms of the sky value { the measuredsky noisein
a "clear" part of the sky wascomparedto the expected sky noise. The expected
noiseis calculated in the following way;

S

3 3
Mean value of one raw image 1
valu WImage 1+ = . (5.3)

Sky noise= gain¢NDIT 6NEXP N

The gain for the Hawaii detector is 4.5 for eady number of Detector Integration
Time (DIT), averagedout within the sameframe. NDIT is the number of DITs
and NEXP is the number of frames used in the combined image. N is the
number of frames usedfor the sky subtraction. The seeingin the two images
was measuredwith a task for examining imagesin IRAF, called imexamine.
The seeingvaries over the image. The quotient of the seeing,betweenthe two
images, for 20 stars equally spread on the images, was about 0.98 along the
edgesof the image but in the certral part the quotient was about 1.05.

Table 5.9: Comparison between di®erent reduction methods { Calibration images

Calibration image | Result
Dark { average of di®erence 11 counts/pixel
Twilight °at { The quotient 18 0.04
Standard star { zeropoint No di®erence
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Table 5.10: Comparison between di®erent reduction methods { Combined image

Method | Expected noise Measurednoise
XMOSAIC 1.45 1.04
CL 1.47 1.33

The main, identi ed, di®erencebetweenXMOSAIC and CL is that XMOSAIC
works with a sub pixel (SP) shift when aligning the frames before combining
them into one, deeper image, whereasCL usesan integer pixel (IP) shift. In the
SP shifted image, the sky becomescorrelated and therefore more homogeneous,
which givesa lower sky noise. The seeingis comparable although there was a
small di®erencebetweenthe edgesand the certral part of the image.

5.3.1 XMOSAIC with integer and sub pixel shift

In order to investigate the e®ecthetweenlP shift and SP shift for the result, all
sciertic data were reducedwith XMOSAIC but with an IP shift. XMOSAICs
IP shift givesa result of the measurednoise that di®ersfrom the CL method
to the sameextent asthe SP shift but in the opposite direction. The seeingin
the IP image is comparable with the one for the CL image. The di®erenceis
preseried in table 5.11.

Table 5.11: Comparison between images with integer pixel shift and sub pixel shift

Method \ Expectednoise Measurednoise
XMOSAIC sub pixel 1.45 1.04
XMOSAIC integer pixel 1.45 1.76

5.3.2 TOADS together with integer and sub pixel shifted XMOSAIC images

If TOADS is usedfor measuringthe magnitude on an IP shifted imageand on a

SP shifted image, the magnitudesand the corresponding uncertainties di®ers. A

di®erencethat can not be explained only with the identi ed, small, discrepancy
in sky noiseand seeingbetweenthe two shifts in previous section. The di®erence
seemsto depend on how TOADS treats an IP shifted image and a SP shifted

image.

The number of counts within the PSFs for the two shifts di®ers,a SP images
givesa PSF with 20 % more counts than for the corresponding IP images. An
other discrepancyis the seeing, TOADS usesSExtractor® code to calculate the
seeingbut somehav the seeingin IP imagesturned out to be larger than the
seeingin SP images.

5Source Extractor { a program that builds a catalouge of objects from an astronomical
image in order to perform data reduction.
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If Phot or imexamin is usedfor measurethe seeing,no di®erencelarger then

5 % can be detected while the seeingobtained with TOADS vary unreasonable
much. Table 5.12 shavs how the magnitude and seeingvarying for an IP shift

and a SP shift.

Table 5.12: Magnitudes for SN 2001gn with integer pixel shift and sub pixel shift

Date Airmass | Magnitude in Js Seeing Magnitude in Js Seeing
[MJD] [Integer pixel] [Arcseconds] [Sub pixel] [Arcseconds]

52037.26| 1.376 23.898 0.28 0.794 23.688 0.19 0.561
52038.21| 1.193 23.938 0.29 0.691 23.758 0.22 0.649
52039.20| 1.154 23.918 0.24 0.766 23.678§ 0.17 0.616
52040.20| 1.151 23.868 0.16 0.486 23.688 0.14 0.479
52041.24| 1.341 24.038 0.29 0.749 23.918 0.23 0.647
52046.11| 1.281 24.118 0.23 1.238 23.858 0.17 0.624

The di®eren shifts givesa fainter supernova with a larger uncertainty for the
IP shift than compared with the SP shift. Figure 5.6 depict the result of the
comparison. The magnitudes of SN 2001gnmeasuredon the IP shifted images,
marked in red and plotted with a small displacemer in time, are comparedto
the magnitudes measuredon the SP shifted images,marked in blue.
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Figure 5.6: The magnitudes of SN 2001gn from integer pixel shifted images, marked in red
and with a small displacement compared to the magnitudes from the sub pixel shifted images,
marked in blue.

To estimate if this discrepancy could be due to some systematic di®erencein
the reduction methods, SExtractor was usedto measurethe magnitude of all
stars within a certain magnitude range on both images. The magnitudes were
then subtracted from ead other and the di®erenceswere plotted against the
magnitudes. The result is presered in "gure 5.7.
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Figure 5.7: The magnitude di®erence between stars from an integer pixel shifted image and
stars from a sub pixel shifted image versus the magnitude.

Figure 5.7 shows that a non negligible di®erencebetween the two methods
appear for magnitudes larger than 21. For a magnitude near 24 this scatter is
§ 0.2 magnitudes. This scatter is most probably due to photometric dixculties
of measuringmagnitudes of very faint objects. This can not explain why an IP
image systematically gives a fainter SN than a SP image does. The sky level
in the area where the SN is located does not vary signi cantly betweenan IP
image and a SP image nor does the di®erencein intensity. The two kind of
images were subtracted from ead other and the average di®erencewas 0.02
courts per pixel. If the magnitudes of the SN is measuredwith an aperture of
1.2 arcsecondswhich is approximately 8 pixels, this will give a di®erencen the
areaof 4 courts. It should be mentioned, that DAOPHOT did not distinguish
betweenan IP shifted image and a SP shifted one, when DAOPHOT was used
for measuring the magnitudes of SN 2001th. DAOPHOT was not used for
measuring the magnitudes of SN 2001gnsince the task could not handle the
cortribution from the host galaxy very well.
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Chapter 6

Discussion and Conlusions

The result of the comparisonbetweenimagesaligned using two di®erert meth-
ods to make a deeper image, was preseried in table 5.12. It wasfound that the
magnitudes of SN 2001gnfrom SP shifted imageswere systematically brighter
and had smaller uncertainties than the magnitudes measuredon imageswith
an IP shift.

6.1 Discussion

The SP shift will result in a more accurate alignment of the frames used for
the combined image and is therefore expected to yield a more reliable magni-
tude. On the other hand, the IP shifted image will yield an uncorrelated sky
level which could contribute to a slightly larger but more realistic uncertainty.
Thus, to adopt a consenative approac to estimate magnitudes of SN 2001gn
basedon the result from TOADS, the result from the SP shifted imageswill be
usedtogether with the uncertainties obtained from the IP shifted images. The
magnitudes and uncertainties are preseried in table 6.1 and depicted in "gure
6.1.

As for the magnitude of SN 2001, seethe lower part of table 6.1 and "gure
6.1, the result from DAOPHOT is chosenprior to the Phot result. The two
magnitudes are consistert but DAOPHOT weighsthe counts according to the
°ux while Phot doesnot. The result from TOADS, seetable 5.6, was neglected
sincethe uncertainty estimate provided by the program is not plausible and the
reasonwhy is not fully understood.

Table 6.1: Result of the analysis of the magnitudes for SN 2001gn and SN 2001hb.

Date Airmass  Magnitude in Js Seeing Integration time
[MJD] [Arcseconds] [Min utes]
SN 2001gn | 52037.26 1.376 23.688 0.28 0.561 50
52038.21 1.193 23.758 0.29 0.649 50
52039.20 1.154 23.678 0.24 0.616 100
52040.20 1.151 23.688 0.16 0.479 150
52041.24 1.341 23918 0.29 0.647 50
52046.11 1.281 23.858 0.23 0.624 150
SN 2001hb | 52048.16 1.190 23.43§ 0.14 0.806 200
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Figure 6.1: The magnitudes for SN 2001gn and SN 2001hb in the Js band. The magnitude
marked with red belong to SN 2001hb.

6.1.1 Cross- Tter correction from obsened frame to the SNerest frame

The measuredmagnitudesfor SN 2001t and SN 2001gnin the Js band can be
transformed with a K-correction to a suitable choice of SN rest frame “Tter, see
egn. 2.8. The redshift for the SNeare z = 1:.05and z = 1:12 respectively, and
“gure 6.2(a) and 6.2(b) shaws how the optical B, V and R in the SN rest frame
are redshifted towards the Js band.
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Figure 6.2: lllustration of how the optical rest frame bands are redshifted into the observed
Js band.

In gure 6.2 it is possibleto seehow the e®ective wavelength of the V and
R band, 0.5541m and 0.657*m, correspndsto 1.1361m and 1.341t m for
z = 1:.05.
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For z = 1:12, the e®ective wavelengthscorrespondsto 1.175* m and 1.3931 m.
Sincethe "edges" of Js are located around 1.161 m and 1.331 m it meansthat
for SN 2001gn,the e®ective wavelength of V and R are very closeto the two
edgesof the Js band and for SN 2001tb the redshifted e®ective wavelength of
the R band is inside the Jg band, while for V it is just outside. The Js band
might not be the best choice for SNe at this redshift range if the goal is to
examine the ewolution of SN rest frame band or colour excess. On the other
hand, in this wavelength region it doesnot exist so many atmospheric windows
to obsene through, see gure 3.1.

6.1.2 Magnitudes obtained from the cross- Tter correction

The magnitudesof SN 2001t and SN 2001gnhasbeentransformed from the ob-
serned Js magnitude to both V and R magnitudeswith a calculated K-correction
in order to illustrate the method of how SNeobsened in one band can be trans-
formed to a rest frame band. Table 6.2 and table 6.3 preserns the V and R
magnitudes and the corresponding K-correction.

Table 6.2: Magnitudes in the Js band and the K-corrections between Js band and V band
together with the resulting magnitude in V band for SN 2001gn and SN 2001hb.

Date Magnitude in Js Kv i, Magnitude in V
[MJD]

SN 2001gn | 52037.26 23.688 0.28 -1.611 25.25§ 0.28
52038.21 23.758 0.29 -1.603 25.368 0.29
52039.20 23.678 0.24 -1.591 25.27§ 0.24
52040.20 23.688 0.16 -1.577 25.278 0.16
52041.24 23918 0.29 -1.564 25.498 0.29
52046.11 23.858 0.23 -1.535 25.428 0.23
SN 2001hb | 52048.16 23.43§ 0.14 -1.569 25.008 0.14

Table 6.3: Magnitudes in the Js band and the K-corrections between Js band and R band
together with the resulting magnitude in R band for SN 2001gn and SN 2001hb.

Date Magnitude in Js  Kry, Magnitude in R
[MJD]

SN 2001gn | 52037.26 23.688 0.28 -1.601 25.308 0.28
52038.21 23.758 0.29 -1.613 25.358 0.29
52039.20 23.678 0.24 -1.613 25.288 0.24
52040.20 23.688 0.16 -1.615 25.298 0.16
52041.24 23918 0.29 -1.617 25.538 0.29
52046.11 23.858 0.23 -1.633 25.478 0.23
SN 2001hb | 52048.16 23.43§ 0.14 -1.621 25.058 0.14
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6.1.3 Weighted averagefor the magnitudes

The new data was obtained during a time period of ten days and correspond to
light emitted in the SN rest frame during approximately four days, see gure
5.6. The changein the rest frame brightnesswithin four days is not too large
soit could be reasonableto calculate a weighted averagesincethe integration
time for the di®erer night of obsenation varies. The obtained magnitudes are
correlated sinceit is the samereferencedata usedfor all nights. To calculate
the weighted averagefor correlated data, the covariance matrix V is used to
calculate a weighted averagefor correlated data [17].

The covariance matrix consist of the variance derived during the processof
calculating the PSFs for the di®erent imageswith TOADS together with a
correlation coexcient % .

¥1¥s  Y22%Ys
V = %} Yor¥e¥s  ¥e¥e il g

The covariance matrix V, in counts squared,for the sub pixel shifted imagesis
here usedas an example of how the weighted averageis calculated.

0 1
1225452 688007 686873 690579 690729 687841
68:8007 2266142 685598 686394 685412 686307
V (SP) = 686873 685598 2914844 686549 685643 686770
- 690579 686394 686549 1428497 685997 688193
690729 685412 685643 685997 2469302 686280
687841 686307 686770 688193 686280 197:2749
X
L= Ny (6.1)
i=1
were , is the weighted average, corrected for the correlation of the measured
°ux, !; is the weight and y; is the measured°ux.
N AVARS Y XV M AVA R P
kil=1 (Vi Y =1 k=1 (Vi Y
i ¢
i = 01385 0:0803 0:0998 0:3289 0:1132 0:2392 ) , = 834 cournis

(6.3)

The variancein courts squared,for the weighted averageis equalto the standard
deviation squared.

X
V()= %%= LiVi ! = 86:6) %Y.9:3 courts (6.4)
i =1

30



Table 6.4: The weighted magnitude and K-corrections from the observed Js to the R and
V band for SN 2001gn.

Weighted Magnitude in Js | KRrys | Magnitude in R ‘ Kv i, | Magnitude in V
2375§ 0.15 [ -1.577| 25.32§0.15 | -1.619] 25.37§ 0.15

The uncertainty of the weighted magnitude in table 6.4 is the result of an
error propagation with the rms from the zeropoint and the derived standard
deviation.

6.2 Conclusion{ Cosmologicalconstrairts

The measuredmagnitudesof SN 2001t and 2001gnare hereusedasan example
how SNecan be usedfor the constraining of the cosmologicalparameters- , and
- m . The V band magnitude for SN 2001H and the weighted V band magnitude
for SN 2001gn, are plotted in "gure 6.3 together with m(z), obtained from a
simultaneous 't of nearby SNe, for di®erert models of cosmologyas shown in
“gure 2.2. The measuredmagnitudes of SN 2001tb and 2001gnare consister
with concordancecosmologyi.e. - » = 0:7and - y = 0:3.
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Figure 6.3: The magnitudes of SN 2001hb and SN 2001gn plotted with the m(z) obtained
from a simultaneous 't of nearby SNe plotted for di®erent values of the cosmological pa-
rameters - 5 and- y versus redshift. The dashed line correspond to - yy = 0; -5 = 1,
the solid line correspond to - y = 0:25; - » = 0:75, the dot- dashed line correspond to
-m = 0:28; - 5 = 0:72 and the dotted line correspondto - y = 1; - 5 = 0.
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The various models of cosmologyare equivalert for z = 0 and very small values
of z, the models start to divergearound z > 0:1, see gure 6.3. The di®erences
are not too large in the beginning but it is evidert that for a redshift around

z = 1, it is easierto tell the combinations of - \y and - 5 apart. It is in this

region wherethe transition betweenthe accelerationand the decelerationtakes
place. One way to illustrate how the di®erert models behave in this region is

the di®erertial Hubble diagram, gure 6.4 show the di®erenial Hubble diagram

corresponding to “gure 6.3. It is the di®erencebetweenthe models of cosmology
and an empty universe,were- yy = O and - » = 0, plotted versusthe redshift.

0.2 7

-03

-0.5 -l

10

Redshift
Figure 6.4: The di®erence between m(z) for di®erent values of the cosmological parameters
-m and - ; and an empty universe plotted versus redshift. The dashed line correspond to
-m = 0; -5 = 1, the solid line correspond to - v = 0:25; - » = 0:75, the dot- dashed line
correspond to - y = 0:28; - 5 = 0:72 and the dotted line correspond to - y = 1; - o = 0.
The di®erence between the magnitudes of SN 2001hb and SN 2001gn and an empty univ erse
is also plotted in the “gure.

Near-infrared obsenation is one important tool for detecting high-redshifted
SNeand constraining the cosmologicalparameters. However, a lager sample of
SNeat z > 0:8 is required to establishthis result.

The result of the analysisof the near-infrared data in this rapport indicates that
ground-basedobsenations of this redshift region is reaching its limit of what is
possibleto detect and measure.As gure 5.7 depict, the photometric dixculties
of measuring magnitudes of very faint objects increasesfor larger magnitudes.
For magnitudes closeto the onesof SN 2001tb and 2001gn, the scatter from
the di®erert reductions techniquesis signi cant comparedto di®rert models of
cosmologyin “gure 6.4.
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