The Nearby Supemova Factory

Beginning a New Era of
Supernova Cosmology Experiments
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How Type la SNe are Used

Scheduled Follow-Up
Spectroscopy gives Redshift

< L

time

Photometry gives SNe la Peak Brightness
and Lightcurve Width




SCPTypela Supemova Hubble Diagram
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70% of the UniverseDoesn’'t Fit the Standard Model

Naive estimate: =2 ~ m%,,.... Off by 120ordersof magnitude!

“This is theworstpredictionin all of physics’

— Michael Turner

Points to possiblenew physics.




A basicpropertyof Dark Enegy is its Equationof State:

w HEQ\E@

For the CosmologicalConstanty = —1.

If Dark Enegy is notthe CosmologicalConstanit may evolve with time:
w=wy+ Wiz + ...

PossiblecandidatesreDynamicalScalarFields,Branesgtc.

Thesearefundamentallydifferentthanthe CosmologicalConstant

Determinatiorthatwgy # —1 would be profound
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Dark Energy is both Exciting and Baffling

“... Maybethe mostfundamentallymysterioughingin basicsciencé.
— FrankWilczek

“Right now, notonly for cosmologybut for elementaryparticletheory

thisis thebonein ourthroat’
— Steven\Weinbeg

“... WouldbeNo. 1 onmy list of thingsto figure out’
— Edward Witten




Statistical Power of Nearby Supemovae
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SCP-II

SCP-IlI

CTIO-SS

CFHT-LS

SNAP

Curr ent & Future SN CosmologyExperiments

42 Typela superngaecollectedduring1992through1997
spanning).2 < z < 0.83, but concentratediearz ~ 0.5.
Obsenationsin two filters for most.

11 HST-obsened Typela supernea collectedduring 1997through1998
spanning).3 < z < 0.83. Excellentcolor measurement®r all

40 Typela supernea collectedfrom late 1998through2002
spanning).3 < z < 1.2. Excellentcolor measurement®r all.
Roughly1/3 obseredwith HST.

200-300Typela superneato becollectedbetweer?2002and2007,spanning
0.3 < z < 0.7 with full lightcurvesin two filtersfor all. (In proposalktage.)

750Typela supernwa spanningd°to be collectedbetweer?2003and2008,
spanning).3 < z < 0.9 with full lightcurvesin four filters for all.

2000Typela supern@ato becollectedoetweer?2009and2011,
spanning).3 < z < 1.7, with full lightcurvesin upto ninefilters for all.
(In proposalktage.)




Statistical Uncertainties with & without the SNfactory

flat

w1=0

Experiment DSE& Qps|we=—1 wo|

\EO||

without with | without with | without with
SCP 0.09 0.07 <1 <1 <04 <04
CTIO/CFHTLS| 0.05 0.05| 0.12 0.06| 0.29 0.11




Impact on CFHT LegacySurvey
w = Wy

= CFHLS
== CFHLS+SNH
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Impact on SuperNova/AccelerationProbe
W = Wy + W12

= SNAP
== SNAP+SNH




Systematicsmpr ovements




Matching SN Evolutionary States

History and Age of
Supemova's Host Galaxy

Differences in
SN Pogenitor Stars Composition

Differences in
SN Explosion Plysical Properties

SN Obsewrables Galaxy Obsewables
» Spectral feature widths & minima « Color vs. luminosity

» Spectral feature ratios Absorption/emission lines
* Lightcure rise time 4000A break

Lightcune stretch Galaxy morphology
Lightcune plateau feel SN location in hostajaxy

Luminosity at peak
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The time series of spectra is a “CAT Scan” of the Supernova
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SNfactory ExploresSN Parameter Space

1

Sort into Like Subsets

Group A:

* Si Il in spectrum: type la

* elliptical host

* bright UV: low metallicity

* fast rise timelow Ni56 mass
* spectral feature velocities

9000 <v < 10000 km/s

Host galaxy morphology

Neighboring galaxy distributio..

... restframeB Sill

Lightcurve Spectrum

Host galaxy morphology

Neighboring galaxy distributio..

..., restframeB Sill

50 100 day
Lightcurve Spectrum

Group C: ¢ee* GroupC:
* Si Il in spectrum: type la * Si Il in spectrum: type la
* in outskirts of late-type spiral hostin coreof late-type spiral host
* bright UV: low metallicity  * bright UV: low metallicity
* long rise time:high Ni56 mass * short rise timehigh Ni56 mass
* spectral feature velocities  * spectral feature velocities
8000 <v <9500 km/s 8000 <v <9500 km/s

Host galaxy morphology

Neighboring galaxy distributio..

..., restframeB Sill
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Lightcurve Spectrum
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Matching Lik esto Lik es

Each subset gets its own extinction-corrected Hubble diagram:

Group A: Group C: ¢¢¢ GroupC:
* Si Il in spectrum: type la * Si Il in spectrum: type la * Si Il in spectrum: type la
* elliptical host * in outskirts of late-type spiral hostin coreof late-type spiral host
* pbright UV: low metallicity * bright UV: low metallicity * bright UV: low metallicity
* fast rise timelow Ni56 mass * long rise time:high Ni56 mass * short rise timehigh Ni56 mass
* spectral feature velocities * spectral feature velocities  * spectral feature velocities
9000 <v <10000 km/s 8000 <v <9500 km/s 8000 < v <9500 km/s
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SNfactory Implementation




SNfactory Fills a Key Niche

The Issues:
e Thetechniqueof Typela supern@aeis the only methoddevelopedwell enoughto begin probingw.

e Low-redshiftSN searchesundamentallyincompatiblewith high-redshiftsearches
(deep& narraw field vs. shallov & wide field)

e Currentlow-redshiftSN searchesoncentrat®n galaxieswhich aretoo nearby
e Mostlow-redshiftSN searchesevisit fieldsinfrequentlyso mostSN areaftermaximumlight

e Intensve & homogeneouspectroscopessentialput rarelydone

A solution: The Nearby Supemova Factory
e Verywide-fieldsearcho z ~ 0.08 with weeklyrepeats

e Dedicatedspectrograploptimizedfor SN work with accessereraltimeseachweek




Primary Nearby Supemova Factory Goals

e calibrateSN brightnessisinglow-z portionof Hubblediagram

e testandrefinethe standardightcurve stretch—Dbrightnesielation
e refineK-correctionsasa functionof lightcurve phase

e determinantrinsic (unreddenedpNela color-curves

e testfor abnormahost-@glaxydustextinction laws

e constructearlytemplatelightcurves




Relative Brightness

The Pilot Program: The SCP Spring 1999Nearby Campaign

B—band Lightcurves

SCP Nearby Campaign
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SNfactory BaselineProgram

e 300 Typela supernwaover 3.5yrs

e Discovery via blind, wide-field CCD search

e Concentrat@n nearbysmoothHubble-flav 0.03 < z < 0.08
e Earlydiscovery, 10—15daysbeforemaximum

e Flux-calibratedbpticalspectroscopevery 3—5days
e Follow-up from —15 to +45 days;morefor nearerSNe
e Lightcurve follow-upfor 0.03 < z for peculiarvelocities

e UV spectroscopfor smallsubsetusingHubbleSpacelelescope

e Nearinfraredlightcurvesand/orspectraor smallsubset




SNfactory
Observing
Facilities




NEAT Searchacilities

Site:

Aperture:
Nights/Month:
ImagerFormat:
ImagerScale:
Field of View:
Filters:
Exposures:
Readout:
Nightly Coverage:
Staurt:

Data(compressed)

Haleakala Palomatrl
1.2m 1.2m
18 dark/gray 18 dark/gray
4k x 4k 3 x 4k x 4k
1.33'/pixel 1.01/pixel
1.5°x1.5° 1.1°x3.4
open open
3x20sec 3x60sec
20sec 20sec
3000° 5000°
Mar 2000 Apr 2001
12 Ghyte/night 40 Gbyte/night

Palomarll
1.2m
9 dark/gray
112 x 2.4k x 0.6k
0.87'/pixel
2.3 x4.F
open
TBD
40sec
(10000°)
~Aug 2002
(80 Ghyte/night)




& (12000)

Data Streamedto LBNL via Wir eless

| " Overlap:

News:
Refs:

Eits per Second

keek 48 Heek 41 Heek 42 Heek 43

a (J2000)

Search pipeline working




SNfactory
Search Flow
Schematic

Follow-Up <
Control

YALOII

SNIFS @
UH 2.2m
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Integral Field Unit Operating Principle

“Integral Field Unit" Spectrograph

Telescope Spectrograph Spectrograph
focal surface input output hﬁg

Spectral Time Series

Datacube

Light Curves (in any "filter")

obLLtr b b b Ly LLLLLL]
3000 4000 5000 6000 7000 8000

Wavelength in SN Rest Frame




SuperNova Integral Field Spectrograph Specifications

Integral Field Unit

Scale 0.4'/lens
Fieldof View 6’ x 6"

Spectrograph

Channel Blue Red
Coverage 3200-5500, 5500—10008
SpectraDispersion 2.3A/pixel 3.3A/pixel
Grism 300//mm Ap = 4200A  300//mm Ap = 6500A
Detector Marconi2k x 4k LBNL 2k x 4k
Calibration He/Hg/Cd+ flat Ne/Ar/Xe + flat

Auxillary Camera& Guider/FocuserCamera

Scale 0.14’/pixel
Field of View 4.7 x 9.4
Detector LBNL 2k x 4k

Filters u,g,ki,z,extinction monitor
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Project




SNfactory Major Project Milestones

Date Milestone

Summer Projectinception
Spring SNfactory operationdegin
Spring Discovery stagecompletedfinal refscontinue)

Spring Observingoperationscompleted

Spring Analysisoperationsompleted




SNfactory Project Construction Milestones

Date

Milestone

Summer
Summer
Summer
Fall
Summer
Summer
Fall

Fall
Winter
Winter
Winter

NIFS conceptuatiesignbegun
Agreemenfor useof UH 2.2-mreached
Palomartelecommunicationsstablished
Preliminarysearchpipelineoperational
Preliminaryspectrakreductionpipelineoperational
Final searclpipelineoperational
Completionof SNIFSCCD cameras
Completionof SNIFS opticalfabrication
NIFSintegration& test(Lyon)

Final datareductionpipelineoperational
NIFSintegration& test(Hawaii)




SNfactory Management

Person

Role

Position

G. Aldering

R. Pain

S. Perlmutter

P. Antilogus

E. Pecontal

J.P. Lemmonier
S.Loken

ExecComm/ ProjectLeader
ExecComm/ FrenchSpolesperson
ExecComm

ComputingScientist

NIFS InstrumentScientist

NIFS ProjectManager

LBNL ProjectManager

LBNL Staf Scientist
LPNHE Staf Scientist
LBNL Sr. Staf Scientist
IPNL Staf Scientist
CRAL Staf Scientist
CRAL Sr. Engineer
LBNL Sr. Staf Scientist




SNfactory Additional Scientific Manpower

Person

Role

Position

G. Adams

P. Astier

R. Bacon
S.Bongard

C. Bonnaud

Y. Copin

G. Goldhaber
D. Hardin

D. A. Howell
J.M. Levy

P. Nugent

R. Quimby
G.Smadja

G. Sainton

K. Schamananeche
W. Wood-\aseg

instrumentdesign
software
instrumentoversite
simulations
simulations
spectrunsoftware
scannesupervision
dataanalysis

SN matchingsoftware
dataanalysis

SN Theory
acquistionsoftware
simulations
spectrakeductions
observingcontrol
searchsoftware

CRAL staf scientist
LPNHE staf scientist
CRAL director

IPNL graduatestudent
CRAL graduatestudent
IPNL postdoc

UCB professor

LPNHE staf scientist
LBNL postdoc

LPNHE staf scientist
LBNL staf scientist
LBNL pre-graduatstudent
IPNL sr. staf scientist
LPNHE graduatestudent
LPNHE staf scientist
UCB graduatestudent




SNfactory Additional TechnicalManpower

Person Role

Position

C. Aufranc computing

D. Boudon fabrication

L. Capoani mechanical

R. Godon electronics

F. Henault optics

D. Imbault fabrication

A. Pecontal-Rousset instrumentsoftware

M. Rouxel instrumentControl

CCIN2P3computingscientist
CRAL machinist

CRAL mechanicakngineer
CRAL electricalengineer
CRAL engineer

IN2P3 mechanicaéngineer
CRAL computingscientist
CRAL technician




LBNL SNfactory Budget

FiscalYear | Amount | Source Purpose

2000 $300K | LDRD PD + commercialCCD

2001 $300K | LDRD PD+ 2 GSRA+ 1 camera

2002 $300K | LDRD PD+ 2 GSRA+ 2 cameras

2003 $488K | PhysDiv | UH 2.2m+ 2PD+ 2 GSRA+ S&E

2004 $675K | PhysDiv | UH 2.2m+ 2PD+ 2 GSRA+ S&E

2005 $675K | PhysDiv | UH 2.2m+ 2PD+ 2 GSRA+ S&E

2006 $583K | PhysDiv | UH 2.2m+ 2PD+ 2 GSRA+ S&E

2007 $415K | PhysDiv | UH 2.2m+ 2PD+ 2 GSRA+ S&E

2008 $340K | PhysDiv | 2PD+ 2 GSRA+ S&E

Total $4.08M
OutyearFunds | $3.18M

During 2003-2007#oughly half is for pro-ratedtelescopanaintenence.

Theotherhalf goestowardsPD’s andGSRASs.
In France:$400Kfor NIFS 1 PD, 3 GSRAs, 8 Techs, plusscientists.




LBNL Deliverables
¢ 4 CCD’s(1 commercial& 3 LBNL)
e 3cameragCCD’s, cryostatselectronics& coolers)
e UH 2.2-mtelescopeaccest20%share)
e NEAT dataaccess

e HPSSstorageof NEAT datase{via NERSC)

e SN searchipeline

e Parallel DistributedSystemd-acilities (PDSF)access
e SNIFStamgetacquisitionsoftware

e SNIFSspectraklassificatiorsoftware

¢ Follow-up control& monitoringpipeline

e EXxpertisein scienceanalysig(inc. lightcurve & spectralanalysis)




SNIF'S Detectors
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Summary
e Dark Enegy is a profoundmysteryfor particlephysics

e SNfactorydoublesaccurag on wg for next-genSN testsfor wg # —1

e SNfactorydoublesaccurag onwg for 3rd-genSN testsfor wq # 0

e SNfactoryis atremendousssefor addressingystematics
e Implementatiorplanin place& “construction”begun

e Ontheairin Spring2003




Endorsementsfrom Non-Cosmologists

“I amanenthusiasticupporteof this project.We still have alotto understandbothaboutsuperneae
themselesandtheir applicationto cosmology.. Therearetherareeventsthatmay prove quitecritical in
understandingovel kinds of superneaeandtheir relationto gamma-raybursts’

— StanWoosley, ProfessgrUniversity of Californiaat SantaCruz

“I stronglysupportthe goalsof the Supernea Factory’
— J.CraigWheeler RegentsProfessarUniversity of Texasat Austin

“The Supernwea Factorydatasetwill beagold-minefor understandinghe natureof supernvaeandfor
studyingtheir usein obsenationalcosmology

— Edward Baron,ProfessgrUniversity of Oklahoma

“... Supernwaeareperfectlaboratoriego testphysics,e.g. nucleamreactionscomhustionphysics,
radiationhydrodynamicssystemsout of thermodynamicagquilibrium... We needa projectsuchasthe
SuperneaeFactory’

— PeterHoeflich,Researclscientist,University of Texasat Austin

OthersupportersTony MezzacappaéORNL), Dimitri Mihalas(LANL), Mario Hamuy(OCIW), ...




LBNL BudgetBreakdown

FiscalYear

UH

PD’s

GSRAs

S&E

2003
2004
2005
2006
2007
2008

$150K
$300K
$300K
$225K
$75K
$0K

$200K
$200K
$200K
$200K
$200K
$200K

$100K
$100K
$100K
$100K
$100K
$100K

$38K
$75K
$75K
$58K
$40K
$40K




SNIFS Construction Costs

ltem Amount

Optics $350K
CalibrationAssembly $50K
MarconiCCD $87K
Camerattl (w/ electronics& cooler) | $85K
Camera#2 (w/ electronics& cooler) | $85K
Camera#3 (w/ electronics& cooler) | $85K
Total $742K




