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Abstract

The Skham Digital Sky Survey [1 [SDES) & a 3 year evtension of a five year project
ta survey approximately a gquarter of the sky for astronomical objects. SDS5 1 has three
main caompanents; i) completion of the five year survey, (il) mapping structure and stellar
makeup of the Milky Way Galzor and (@) detect and mesiure light curves for a large sample
of supemovae [SMNel. With repeat imaging of a sirip of sky [about 2.5 deg wide by 110 deg
king) over the coumse of three 3-mmmth canpaigns [Sept- Nov, 2005-T), the search is intended
ta gather mukti- bemad light curves for 200 Type [a supernovae in the redshift mnge ==(.1-01.3.
Zoftware ha heen developed for rapid processing of inages that will identify 2tronomical
ahjects = possdble supernorse camdidates by subtracting new images from template images.
Further evaluation by the human e of the subtracted images & neomisary, = all abjects
detected by ths procoes will not be supemosvae. Thes paper will acguaint the reader with the
weh page we created so that collbamators from anywhene in the world, with Internet acoms,
will be able to participate n selecting interesting candidates for followroup abservation. The
weh page will display the template, search and subtmacted images in g, r and i fikers aling
with additiomal mformation to amst in thi determination. This method was used in an
engineering mun pedonned in the fall of 2004 which yielded 254 candidates and 41 comfirmed
SNe of varous types and 18 type la's.

1 Introduction

The mzsion of Fermi Mational Acoelerator Laboratory is to conduct msesrch to adwance
the mmdemitanding of the fimdanental nature of matter and energy. Long term planning of
Fermilab & to expand its leademship rale in Particde Astmophysics, which provides protes of
fundamental physis that complement acoclemtor experiments. [1]

1.1 Particle Astrophysics at Fermilab

In 2HH, partial implementation of this plan began with the formation of the Fermilab Particle
Astaphysis Center. This center incrpomtes the follwing: Theorstical Astrophysics Group,
Fieme Auger Observatary, CUyogenic Dark Matter Seanch, SupemovafAcceleration Probe,
Diark Energy Survey and the Sloan Digital Sky Survey.

1.1.1 Theoretlcal Astrophysics Growp

Founded in 1983, the Fermilab Theoretical Astrophysics Group pedarms research &t the con-
fluence of astroplysics, csmalogy, and particlk physks. The main enterprie & theoretical
cosmakgy. Waork are on topics mnging from eardy univeme stting theory to numerical simu-
ltwons of structure brmation H].



dietenmine the expanson hastary of the unoeerse aver the Izt L0 bdbhom years. SMNAF wall also
wie gravitational lemsing, the distortions of distamt galaodes by foreground matter in ather
galaodes amd dusters, as another measure of distances and growth of wnivwrsal structure [3].

1.1.5 Dark Energy Survey

The Dark Energy Survey [ DES), which will make precisiom measurments of dark energy using
fimr madependent astromomical techniques. The DES will wie the wodd’s biggest OO0 camera
memmied on a four-meter telescope at the Cemo Tolola [Inter- American Observatary in Chile
to measure the history of the expansion rate of the universe |3].

1.1.8 Sloan Digltal Sky Survey

Th stronmnical survey is syst ematically mapping one quarter of the sky. When completed |
it will provide scentists with a three-dimensiomal picture of the sky through a valume ane
hundred times larger than that ecplored to date. The surwey will mesare postions, absohte
brightneses of and detancs to millions of celeitial objects and galasxies |3].

1.2 Sloan Digital Sky Survey

The Slmn Digital Sky Survey (S055) has been operation since June 8, 1998, The SDES
will abtain high-reahtiom pictures of one quarter of the entire sky in five different colors.
From thesie pictures, advanced image processing software will measure the shape, brightness,
and calor of hundreds of milions of astronamical abjects meluding stars, galades, quasan
[compact but very bright objects thought to be powered by material falling into giant black
hales), amd an amay of other celestial exotica. Sclected galacies, gquasars, and stars will
b observed using an instroment called a spectrograph to determine acmmate dBtances o
a million galxis and WL gquasars, and to provide a wealth of mbrmation alsmt the
individual abjects [5].

1.2.1 Location amd Instruments

The S0ES telescopes are boated at Apache Paint Ohbservatory AP in Sunspot, New Bl
wa [See Fig L) The mam teleicape has a 2 5-meter primary mirmor reflecting to Li8-meter
secomdd ary mirmor. (see Figs, 2, 30

1.3 Sloan Digital Sky Survey 11

The 5088 five year plan has been completed and additional funding wes gramted to continue

th venture in S0ESI1 This new undertaking will run through the summer of 2008 amd hae
three main components; LEGACY, SEGUE and a supemovae surey.



2 Supernovae Survey

Every fall during 252007, the S0E8 25m telmcape will comtmuously scan 200 square
degrees of the sky near the south Galactic pale. This " movie of the sky™ will reveal asteraids,
conmets, galactic variable stars, edragalactic supernovae and bursts from. active galactic nuce.
Supemome are of special interest. The S0E3.00 survey will find explosions in the ™ supernova
desiert™: a distance range (L1 < 2z < (.3) that hes seen very few supemowm discoveries. [ See
Fig. 4) But SDES11 hae the inigue ahility to detect very faint events aver a large seanch area
and evpects find about 200 type [a supernovas in the deset.

2.1 What is a supernova?

They are giganitic thermonucdear encplesioms that signify the end life of cortain stans that reach
a critical mass. Thess occour when the star's nudlear fuel is exhansted and the squilibriom
bt ween the gravitaticmal inward force & no bnger supported by the release of nuclear encrgy.
If the star & particularly mamive, then its coe will collapse and in so doing will release a
huge amount of energy explosively. The rembiing explosion cam outshine a nearby galasy of
millioms of stars!

2.1.1 Type Ia Supernovee

Type [a Supemovae are of particnlar intersit since their ight curves, graph of hminosity 2 a
function of time after the moplosion, are all similar in shape for all known type [a's obserwed .
Theintersting part is that type [a's share uniform energy flux at maximum lonimosity. Ths
property has led their wie & a standand candle. [n 1998, the study of type [a's ked to the
discovery that the expansion mate of the universe & accclerating.

2.1.2 What can we study from Type Ia"sT

1) [he the supernova light cunees to mezsure the properties of dark energy that & accelemting
the expemsion of the universe. 2) Study the diversity of supemavae amd use that infarmation
to make them better distance indicatom and more reliable cmmalogical probes. 3) Compare
supsrmiva characteritis with properties of ther heost galades mchuling metallicty, star
firmation rate and star booation htory.

3 Supernovae Search Program

The search methad for the 8088 11 is autamated . Soffware compares sesrch images with
template images (using high-quality 5055 data from previous years). A computer cluster at
the alseratay will autanatically proosises the data: producing corrected frames with the



4 Manual Scan 2004

Far the 2004 engineering tesit run, a Gl interdace wa written to manually scan all abjects
detected by subtraction software. The GUI enviarnment was written m TE with tol emb edded
for contral of data, output and acomssing mySOL database The mterdface had three main booes;
image duplay, information on displayed object and amy h#tory about the poesition of the
abject (see Fig. 10 The image display was another softeare package, D89, which displayed
FITS images. The mivmation about abject was queried fom my 3L database and organized
to help i determining if object & a candidate for further inspection. This box held options for
gquerying mySEL; by search num, template run, ete. The hstory of the position & a neossany
aid to the wser to be able to determine if object & static. [f it was not static, then object
coukd be clamified 2 a transient. Onee the scanner makes a determimation of the abject, it
would be catergorized by the aptions avalable such as AGN, dipole, ete. or a SNe camdidate.
The dasification & then entersd mto the database.

5 Manual Sean 2005

Ta use the software developed fr manual scamning i 20, it was necessary to log on to
ane of the Fermilabs netwarks to acoms database, retrieve images and run D89, Speed was
dependent on connection, sipedally the dowmbading of the large FITS image fils.

The objective of creating a webpage is to be able to have any collabarator participate in
the damsihcation of objects detect ed and perform this task guickly and effeciently. To do this,
we ntilize the Internet.

5.1 Initialization Page

Manual scan has basically 3 different pagesiinitializaling page, manual scanning page and a
guide page. Upon entering URL, the fimt page & the mitialzation page(See Fig. 11). Here
the nser womld select their nser naane ma drop down menn and enter seanch amd template run
numbers, with some additional oriteria to acoss approprinte observation data amd Image.
Hit enter.

5.2 Manual Scanning Page

The brings yem to the manual scanning page.  This interface is similar to the one wTitten
fir the engineswing run. The page & divided into 4 framesjimage display, curment object
mrmation, hstory of position of object and the update frame. (S0 g, 12)



Thi is the defining fame of the manual scm for objects detected by the subtraction code.
Here the nser, npon catergareing objoct accarding to selectiom shown; e, transint, variable,
ENe GOLD, ete., will hit UPDATE buttem. Thi will update databzie and, if selected = a
SNe candidate, Blkowup comsideration will be determined.

5.3 Guide to Manual Scan

{m the infarmation frame there & a Enk to the Manual Scan Guide [See Fig. 130 Ths
page is for infarmation about the webpages and gives some description of different criteria of
selecting and defining objects.

6 Results

Manual Scan was anly recently completed and amilable to collabaratons for testing. %o no
actnal statitics cam be given on msiults. There is fecdback from usems which will be given
consideration to further deelbpment of pages. One of the testing mwethads is mserting fake
supETIovas imta testing images to see if scanners will identify them, The teting & being done
an images taken last year, Sinoe we know results, we will be able to compare efficacy of our
program by the accuracy of reprod weing resmbts of st year.

T Conclusion

Met hads of manual scamning were proven in 200H enginesring run. We will be able to compare
our testing with those resmlts. Mew handware was purchased with additional procesons run-
ning at higher Frequencies o that completion of a nights obserwation will finish more gquickly
sa that manual scamning can be started fster. We ako have the experience from =t years,
which will enable us to effidently determine f abjects are SNe candidatbes.
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Figure 3: Five Fllters, 30 CCD's
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Figure §: Tramslent: Search Image, Template Image, Subtracted Tmage

Figure T: Dipok: Search Image, Template Image, Subtracted Image

Flgure & Varlable: Search Image, Template Inmage, Subtracted Image



Flgure % Artifact: Search Image, Template Image, Sultracted Image
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Flgure 11: Manpal Scan HEi:Initalization Page HTML & PHP oode
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Figure 13: History Frame
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Figure 14: Object Infe Fame
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Figure 15%: Tpdate Frame
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Flgure 1f: Guilde 1o Manual Scan Page
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