Welcome/ Ov
Joaquin Vieira

Professor, Department of Astronomy, Depart
Director, Center for AstroPhysical Surveys (CAPS

Senior Astronomy Lead, National Center for Superco
University of lllinois Urbana-Champaign

ne X o
Transientand

Variable Universe

June 20-22. 2023 National Center for Supercomputing Applications
)

at the University of Illinois Urbana-Champaign

Event program can be found at publish.illinois.edu/transient-variable-2023

NANCY GRACE

ROMAN
UNIVERSITY OF W P
¥ ii(iNois €mBss ISST < szas=s
e, Mg >l ngvlia STGe] | e sscon gusssl
SCIENCE INSTITUTE SPACE TELESCOPE

Sponsored by NCSA, Center for AstroPhysical Surveys, and the Illinois Center for Advanced Studies of the Universe.

|



Al L

-
Sioux Falls i Dells = MICHIGAN Torgnto /
Q 3 ) 5
INDIA - N Madison Milwaukeé o ( Rochester Ssapr:
\TION ‘ ) o : Grand Rapids London  Hamilton 4 £
- : Lansing “pBuffalo NEW YORK Al
= o
"""""" Rockford =~ Kalamazoo Detroit
o} o o
Cedar Rapids i Ann Arbor =]
IOWA o Chicagolyy’ -~ = AN S i, :
Des Moines Davenport O ot D™~ Cleveland
NEBRASKA o B 2 0 >k : o
itte 9 Fort Wayne Akron _ ;
Grand Island Nincon (o) (o) f
Kearney ° o oAb PENNSYLVANIA o New )
- o M N 2 dittsbur
ILLINOIS o % S S
ILLINOISCh G INDIANA ' Philadelphia
"""""""""""""""""""""""""""""" 3 Springfield ampaign : Dayton o 0
ites ‘- S e o 1 Columbus . i -,
Indianapolis S "MARYLAND ¢ : NEW JERSEY
Kansas Cit ' WA P
* Manhattano o y Columbia ; J . Washington
] [o) 5. : 7 : )
Olhe St. Louis p i Joed 2@ T DELAWARE
Evansville 5 Lexi%gton
odge City i L T A 2
n chcr; ~ g i 7 F Richmond
! e - y (o]
vvvvvvvvv {oglm o ) Padycah Bowling Graen : _ - <Roanokeo GIN
Branson 7 e Norfolko oVirginia Beach
CHEROKEE®™ i ™ & i . . S - SR o T A Y R
Tucl)sa NATION ) Nasgwlle Nt S Greensboro
OKLAHOMA Jonesboro- o 4 3 9 oDurham
g TENNESSEE gigeon Forgeggp sheville NORTH
: S O™
o Conway Me%ph's Chattanooga/ (= B L ... . O
Norman o : Ay . -2 &=+ Greenville
CHOCTAW Huntsville o
CHICKASAW NATION SUUANSAS ¢
NATION _ Wilmg\gton
Atlanta g SOUTH 3
Birmingham o Augusta, CAROLINA MyrtieSeach
MISSISSIPPI o o
: o
Da!)las """"""""""" ALABAMA Charleston
Abilene O Shreveport GEORGIA o
o Fort Worth Tyler o fiackson Montgomery :
- > o Savannah
O
Waco
TEXAS o
Y e TS -‘ N
NP o * ot T ) ) -]
- Biloxi * Pensacola Tallahassee "~ - :
Augtm LOUISIANA P B namalCiy Jacksgnvulle
New Orleans™ " Gulf Shores O St. /Augustine
S HOUOSton = Gainesville ©
an onio Q
o Galvgston Daytona Beach
a

X

Corpus Christi

Orlando
Q

Tampa oKissimmee
Q



Al L

-
Sioux Falls i Dells = MICHIGAN Torgnto / '
0 : ; - '
INDIA . S aieon Milwaukeé o ( Rochester SSapr:
\TION ‘ ) o : Grand Rapids London  Hamilton 4 £
- : Lansing “pBuffalo NEW YORK Al
b 0
~~~~~~~~~ Rockford ™~~~ ¢ Kalamazoo Detroit
0 o o)
Cedar Rapids i Ann Arbor -
IOWA o Chicago A B
Des Moines Davenportgilii A NLEY -4 T <o o Cleveland
NEBRASKA o B 2 0 > : o
itte e Y 9 Fort Wayne Akron 3 _
rand Islan e 0 o) < Y
Kearney 5) Pittsburah PENNSYLVANIA ewo
b . N ZITISDUr
I L LI N O I S OHIO P2 : AL S : =
v ILLINOISC INDIANA : ' Philadelphia
"""""""""""""""""""""""""""" 3 Springfield paigs . Dayton o i 1o
ites * ; s e 1N Columbus ML L f s A w: P
Indianapolis S "MARYLAND ¢ : NEW JERSEY
Kansas Cit ' B B P .
* Manhattano o y Columbia ; y . Washington
! o) iyt B : 7 ; :
Olathe St. Louis 4 NEST W/’ o aitiax DELAWARE
NS MISSOURI Louisville VIRGINIA g ‘Ocean City
Evansville 5 Lexi%gton
odge City ichi O : 3
8 chcr)\ =~ g N 7 F Richmond
! 4 y O
_ Springfield , KENTUCKY. "%~ Roanokeo" VIRGINIA
Joglm o ~ Paducah Bowling Green .~ <Roanokeo GIN
Branson 7 ., " Norfolko oVirginia Beach
CHEROKEE® 36 =% i : Y o S T g A T ARY TR
Tu(l)sa NATION , Nasgwlle Nt S Greensboro
OKLAHOMA Jonesboro o L 5 9 oDurham
i TENNESSEE  5i9eon Forgeg g Asheville NORTH
: SE O
) Conway Meng)phls Chattanooga ; P Lo -~e--ss. 0, O
Norman o €-> oo -nceniioty .. ol . 505 . : & 08 === Greenville
CHOCTAW Huntsville )
CHICKASAW NATION ARKANSAS F
NATION _ wil mgigton
Atlanta g SOUTH b
Birmingham o Augusta, CAROLINA MyrtieSeach
MISSISSIPPI ‘o -ioosa © 0.
: )
oDa!)Ias 25 o n """"" ALABAMA Charlgston
: revepo
Ab|(l)ene Fort Worth Tyler o Jackson Montggmery GEORGIA :
- > o Savannah
O
Waco
TEXAS o
Y e TS -‘ ,
N gt s ) 4 —
- Biloxi * Pensacola Tallahassee " - :
Augtm LOUISIANA | —— o B namalCiy Jacksgnvnlle
New Orleans™ ~  Gulf Shores O St. Augustine
e HOUOSton = Gainesville ©
an onio Q
o Galvgston Daytona Beach
o

X

Corpus Christi

Orlando
Q

Tampa oKissimmee
Q



A g LU -
Sioux Falls ; Dells = MICHIGAN Torgnto /
o : !
N = i i E ( Rochester Sar:
TIrT Madcl)son Mllwgukee: Grand Rapids Longon Hamcilton ! o Spr
’ : Lansing “pBuffalo NEW YORK Al
o
""""" Rockford =~ Kalamazoo Detroit
o} o o
Cedar Rapids i Ann Arbor
IOWA b Chltc:)ago |
o T Davenport il Cleveland
NEBRASKA o S 0 - : o
itte o) Fort Wayne Akron : :
Grand Island Nincon o (o} >
Kearney 0 5 PENNSYLVANIA Neon
_ Pittsburgh :
ILLINOIS i SU I 5
ILLINOIS a INDIANA ' Philadelphia
"""""""""""""""""""""""""""""" 3 Springfield Champiign : Dayton o i o
ites ¢ N © e o0 columbus 2 .
" o Indianapolis 7 “MARYLAND ¢ : NEW JERSEY
ansas Ci o IR 2"
* Manhattano o y Columbia ; . Washington
o} : 4
A S5 /% . ®
Olathe St. LOOUIS p = e oA P/ Faif(ax DELAWARE
A [ 8 4 0 i
U MISSOURI Louisville VIRGINIA ceaniCly
Evansville Lexlggton
odge City Wichit P
- Icol - ) Richmond
§ o)
lioplint) SPanghed | KENTUCKY ~. ‘Roanokea’ VIRGINIA
o Bowling Green
Branson 7 3 Norfolko oVirginia Beach
CHEROKEE* 3lF "¢ = , : o A - e T T
Tucl)sa NATION 7 Nasgwlle Nt o Greensboro
OKLAHOMA Jonesboro o L : 2 oDurham
N/ TENNESSEE . Pigeon Forgez S Asheville NORTH
0 Conway M"’g"h's Chattanooga BTl Loy = o--=se - as, O
Norman o - - Wy o PR === Greenville
CHOCTAW Huntsville S o
CHICKASAW NATION ARKANSAS ¥
NATION _ Wilmington
o fo)
Atlanta it SOUTH i
B o) N CAROLINA MyrtIeOBeach
: g Augusta
MISSISSPPI e o
: o
oDa!)Ias i o n """"" ALABAMA Charlgston
i revepo
A Fort Worth Tyler o Jackson Montgomery GEORGIA :
- > o Savannah
¥ O
Waco
TEXAS o
BV e 1S .
e P A T A A
- Biloxi * Pensacola Tallahassee " - :
Augtln LOUISIANA P Y B namalCiy Jacksgnvulle
New Ofleans” = Gulf Shores O St. Augustine
S L Hougton = Gainesville ©
an onio Q
© Galvgston Daytona Beach
a
Orlando
(o}
4 Tampa oKissimmee
Corpus Christi [0}



Location

you are here

Downtown Urbana
Analog Wine Bar
Wed. night

Downtown
Champaign

1 mile radius
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Daily Schedule

time

9:00AM-10:30AM

10:30AM —11:00AM

11:00AM —12:40PM

12:40PM—2:00PM

2:00PM —3:30PM

3:30PM —4:00PM

4:00PM —5:40PM

6PM—

thing

plenary 1
coffee break

parallels 1

lunch

plenary 2
coffee break

parallels 2

social activity

what

3 talks
mingle

5talks x 3

eat

3 talks
mingle

5 talks x 3

mingle

where

main auditorium

atrium

auditorium, 1030, 1040

atrium

main auditorium

atrium

auditorium, 1030, 1040

depends




Social Activities

Day

Hors D'oeuvres

Tuesday reception & NCSA atrium
Drinks
conference dinner - '”Slt:ruc_lt_if”a'
acility
Wednesday .& and late night mingling &
drinks Analog Wine Bat

Thursday free — —

Also:
NCSA Visualization Lab Tours
VR headset demos



X ILLINOIS

NCSA
National Center for
Supercomputing Applications

 lllinois has always had a strong connection to computing, with the ILLIAC
supercomputers being built and operated here from 1952 —1972.

BN ic for MS Window
File Edit Options Navigate Hoflist Annotate

EERERE RS E]E) Help
e U. lllinois Astronomy & Physics Prof. Larry Smarr submitted an unsolicited proposal e e . | :S

Document URL: IhIIp:IIwww.nculincAaduISD" /M /NCS? htm!

to NSF in 1985. Started in 1986 with $42M. Smarr was NCSA'’s founding director. BB e e
e Between 1985—1986 NSF founded 5 supercomputing centers: M OSA 1 C

. X Window System « Mic:

e Cornell Theory Center (CTC) at Cornell University

Welcome to NCSA Mosaic, an Internet information browser and World Wide Web client. NCSA
Mosaic was developed at the National Center for Supercomputing Applications at the

* National Center for Supercomputing Applications (NCSA) at the el L B gm0 M e ey Db
University of lllinois at Urbana-Champaign

Jan '97

The Software Development Group at NCSA has worked on NCSA Mosaic for nearly four years
and we've learned a lot in the process. We are honored that we were able to help bring

L Pittsburgh Su percomputing Center (PSC) at Carnegie Me”on University this technology to the masses and appreciated all the support and feedback we have

received in return. However, the time has come for us to concentrate our limited
resources in other areas of interest and development on Mosaic is complete.

and the U nlverSIty Of PIttSburgh A1l Information about the Mosaic project 1s avarlable fram the hamepages. o
NCSA Mosaic Platforms:
@ NCSA Mosaic for the X Window System

e San Diego Supercomputer Center (SDSC) at UCSD

® NCSA Mosaic for Microsoft Windows

World Wide Web Resources The following resources are available to help introduce you to
cyberspace and keep track of its growth:

e John von Neumann Center at Princeton University e e s e

® An INDEX to Mosaic related documents
@ NCSA Mosaic Access Page for persons with disabilities

e Important legacy in the early history of the internet, with the first graphical web e e a
interface MOSAIC being built here. L

e 2007 NCSA was granted NSF’s Blue Waters, a $208M project, which was NSF’s
flagship supercomputer and operated from 2012 —2021.

e | eadership in computing continues with, e.g. DELTA

e Current NCSA Director is Prof. Bill Gropp. ~250 employees. ~$70—80M/yr
operating budget.

e Historically, Astronomy has been ~10% of NCSA'’s portfolio.




I ILLINOIS cCAPS | The Center for AstroPhysical Surveys

CAPS was started in 2020 and is housed within the National Center for
Supercomputing Applications (NCSA) at the University of lllinois.

The strategic goal for the CAPS is to provide intellectual and scientific leadership
for astrophysical surveys.

For more information, visit: caps.ncsa.illinois.edu

Projects we are actively engaged in: Resources Include:

e Dark Energy Survey (DES) e 5 graduate student fellowships per year
e  South Pole Telescope (SPT) e 3 postdoctoral fellowships

e Vera Rubin Observatory (VRO) e computing resources

e CMB-Stage IV (CMB-S4) e visitor program

e Scalable Cyberinfrastructure to
support Multi-Messenger
Astrophysics (SCIMMA)
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I ILLINOIS cCAPS | The Center for AstroPhysical Surveys

Scalable Cyberinfrastructure to support
Multi-Messenger Astrophysics (SCIMMA)

- Joint effort between UIUC/NCSA, LCO,
PSU, Cornell, and UCSB to develop
community infrastructure for time-domain
and multi-messenger astrophysics

- Funded by NSF HDR (PI: Patrick Brady)
and CSSI (Pl: Gautham Narayan)

* Actively serving LVK Run O4 alerts over
Hopskotch (https://scimma.org/)

- HERMES: User-friendly web-based Ul for
cross-platform community reports (https://
scimma.org/hermes.html)



X ILLINOIS

lllinois Center for Advanced Studies of the Universe (ICASU)
- Started in 2020, Founding Director Prof. Nico Yunes

« ICASU research sits at the intersection of mathematics,
computer science, astronomy and physics disciplines, such as
nuclear physics, high energy physics, gravitation and
cosmology.

Astrophysics

&

& A gy : - L " Relativity anag™s =
ol High Energy Physics Nuclear Physics " - Gravitation




Rational
for this M

The discussions that led to
Sources & Transients Worki
mm-wave transients.

It was clear to everyone that we a
event once VRO/LSST begins opera

It seemed like a good time to bring togeth
working in transients and variables and look
and look forward at the big picture.

The
Tran5|ent and

Variable Universe

National Center for Supercomputing Applications
June 20_22’ 2023 at the Unjyersity of Illinois Urbana-Champaign
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The ancilents
knew of
5 planets




The ancilents
knew of
5 planets

The fact that these moved both
synchronously and abnormally
across the celestial sphere
was a major clue to the
structure and nature of the
Solar System and the Universe




Charles Messier

e 1730-1817

e Devoted his life to
astronomy after
witnessing Haley’s
comet.

e \Worked for the French

Naval Observatory, used
a 4" refracting telescope.

e By 1789 he had found
between 13-21 comets.

e Made the first catalog of
the deep sky.

M1
NGC 1952
SUPERNOVA REMNANT
* TAURUS
(CRAB NEBULA)

M1l
NGC 6705
OPEN CLUSTER
* SCUTUM
(WILD DUCK CLUSTER)

M21
NGC 6531
OPEN CLUSTER
* SAGITTARIUS

M31
NGC 224
SPIRAL GALAXY
* ANDROMEDA
(ANDROMEDA GALAXY)

Mal
NGC 2287
OPEN CLUSTER
* CANIS MAJOR

&

M51
NGC 5194,5195
SPIRAL GALAXY
* CANES VENATICI
(WHIRLPOOL GALAXY)

M2
NGC 7089
GLOBULAR CLUSTER
* AQUARIUS

%

M12
NGC 6218
GLOBULAR CLUSTER
* OPIUCHUS

M22
NGC 6656
GLOBULAR CLUSTER
* SAGITTARIUS
(SAGITTARIUS CLUSTER)

M32
NGC 221
ELLIPTICAL
DWARF GALAXY
* ANDROMEDA

o
( 4

M42
NGC 1976
NEBULA. HII REGION
W/ CLUSTER
* ORION
(ORION NEBULA)

M52
NGC 7654
OPEN CLUSTER
* CASSIOPEIA

M3
NGC 5272
GLOBULAR CLUSTER
* CANES VENATICI

M13
NGC 6205
GLOBULAR CLUSTER
* HERCULES
(GREAT GLOBULAR
CLUSTER IN HERCULES)

M23
NGC 6494
OPEN CLUSTER
* SAGITTARIUS

M33
NGC 598
SPIRAL GALAXY
e TRIANGULUM
(TRIANGULUM GALAXY)

M43
NGC 1982
NEBULA. HIl REGION
W/ CLUSTER
* ORION
(DE MAIRAN'S NEBULA)

M53
NGC 5024
GLOBULA% CLUSTER
* COMA BERENICES

M4y
NGC 6121
GLOBULAR CLUSTER
= SCORPIUS

M14
NGC 6402
GLOBULAR CLUSTER
* OPIUCHUS

M24
IC 4715
MILKY WAY STAR CLOUD
* SAGITTARIUS
(SAGITTARIUS
STAR CLOUD)

M34
NGC 1039
OPEN CLUSTER
* PERSEUS

My4
NGC 2632
OPEN CLUSTER
* CANCER
(BEEHIVE CLUSTER)

M54
NGC 6715
GLOBULAR CLUSTER
* SAGITTARIUS

N5
NGC 5904
GLOBULAR CLUSTER
* SERPENS

M15
NGC 7078
GLOBULAR CLUSTER
* PEGASUS

M25
IC 4725
OPEN CLUSTER
* SAGITTARIUS

M35
NGC 2168
OPEN CLUSTER
* GEMINI

M45
NGC 1432
OPEN CLUSTER
* TAURUS
(PLEIADES)

M55
NGC 6809
GLOBULAR CLUSTER
* SAGITTARIUS

M6
NGC 6405
OPEN CLUSTER
* SCORPIUS
(BUTTERFLY CLUSTER)

H16
NGC 6611

NEBULA, HII REGION

W/ CLUSTER
* SERPENS
(EAGLE NEBULA)

M26

NGC 6694
OPEN CLUSTER
* SCUTUM

H36
NGC 2168
OPEN CLUSTER
* AURIGA

H46
NGC 2437
OPEN CLUSTER
* PUPPIS

H56
NGC 6779
GLOBULAR CLUSTER
* LYRA

M7
NGC 6475
OPEN CLUSTER
* SCORPIUS
(PTOLEMY CLUSTER)

M17
NGC 6618
NEBULA. HII REGION
W/ CLUSTER
* SAGITTARIUS
(OMEGA/SWAN/HORSE -
SHOE/LOBSTER NEBULA)

M27
NGC 6853
PLANETARY NEBULA
* VULPECULA
(DUMBELL NEBULA)

M8
NGC 6523
NEBULA W/ CLUSTER
* SAGITTARIUS
(LAGOON NEBULA)

M18
NGC 6613
OPEN CLUSTER
* SAGITTARIUS

H28
NGC 6626
GLOBULAR CLUSTER
* SAGITTARIUS

M37
NGC 2099
OPEN CLUSTER
* AURIGA

MNG7
NGC 2422
OPEN CLUSTER
* PUPPIS

M57
NGC 6720
PLANETARY NEBULA
* LYRA
(RING NEBULA)

M38
NGC 1912
OPEN CLUSTER
* AURIGA

H4g
NGC 2548
OPEN CLUSTER
* HYDRA

-

M58
NGC 4579
BARRED SPIRAL GALAXY
* VIRGO



Henrietta Swan Leavitt

Discovered Cepheid variable stars as standard candles

 Graduated from Radcliff College in 1892.

 Hired as a staff astronomer ("human
computer”) in 1902 at the Harvard College
Observatory

* Tasked with measuring photographic plates to
catalog the positions and brightness of stars in
the Magellanic Clouds.

 She cataloged 1,722 Cepheid variable stars i % "
and discovered the relation between the | . |
luminosity and the period of Cepheid variables § B J@““\ e ZEn

= ) /

* This paper (1912) provided the first standard > T g : //‘/ 1
candle to measure the distance to other : 5 H;,VV %’7 fs™ 15
galaxies. v ; P 6

16 |

00 02 04 06 08 10 12 14 16 18 20 22

log(period)
18



e |In 1917 the 100" (2.5m) Hooker
Telescope on Mt Wilson was
completed. It was the largest and
most powerful telescope in the
world until1949.

* |In 1923 Edwin Hubble used it to
measure the distance to
Andromeda. (1 million light years
away)

e This completely revolutionized our
understanding of the Universe.



The Universe is Expanding

In 1922 Edwin Hubble determined the distance to the nebulae
by observing cepheid variable stars.

He used the 100-inch Hooker Telescope on Mt. Wilson, which
was the most powerful telescope on Earth from 1917—1948

Hubble combined the distances from Cepheid variables and
the radial velocities from Vesto Slipher’s spectroscopic
redshifts.

In 1929 he reported the "redshift distance law of galaxies”
thereby demonstrating that the Universe, once assumed to be
unchanging, was expanding

1000

Velocity (km)

0 106 2 x 10°
Distance (parsecs)




Type Ia Supernovae — redshift(z)

The Expansion of the Universe . -
THE ASTROPHYSICAL JOURNAL, 826:56 (31pp), 2016 July 20 doi:10.3847 /0004-637X /826/1 /56 ’_O;Q .
© 2016. The American Astronomical Society. All rights reserved. . 38 -
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e |n 1967 Cambridge graduate student Jocelyn Bell Burnell discovered the first pulsar.

e [n 1974 Sir Martin Ryle and Antony Hewish shared the Nobel Prize in Physics -- Ryle
for interferometry and Hewish for the discovery of pulsars.

e |n 1974 Russell Hulse and Joe Taylor from U. Mass discovered a binary neutron star
system. They used Arecibo to measure the spin down, which was the first indirect
detection of gravitational waves, and won them a Nobel Prize in 1993.
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The beginning of
the universe ...

YOU ARE HERE

ACCELERATING EXPANSION

A little more than 5 billion years ago,
dark energy caused the universe

to expand increasingly fast.

INFLATION

In less than 10*° of a second after

the Big Bang, the universe burst open,
expanding faster than the speed of light
and flinging all the matter and energy in
the universe apart in all directions.

BIG BANG

The universe expanded violently from an
extremely hot and dense initial state some
13.7 billion years ago.

... and opening the mm- T
wave transient sky w

PT and CMB-54

UCAC3 53-72




Organize

Jay Alameda, U. lllinois / NCSA
Alisha Funkhouser-Walker, U. lllinois
Felipe Menanteau, U. lllinois / NCSA
Gautham Narayan, U. lllinois / NCSA
Nico Yunes, U. lllinois

Joaquin Vieira, U. lllinois / NCSA

The
Transient and

Variable Universe

June 20-22.2023 National Center for Supercomputing Applications
)

at the University of Illinois Urbana-Champaign

Joaquin Vieira,

Event program can be found at publish.illinois.edu/transient-variable-2023

NANCY GRACE

UNIVERSITY OF W o Rg).M.ﬁN

T ii(iNois €mBss ISST sgftes
URBANA-CHAMPAIGN %/ﬁ) ; g ST&I’SPACETELESCOPE .. ..

SCIENCE INSTITUTE SPACE TELESCOPE

Sponsored by NCSA, Center for AstroPhysical Surveys, and the Illinois Cent¢g4or Advanced Studies of the Universe.



Loose

Code of Conduct

* Any issues, co

COVID protocOIs

Slack (see email from Alisha
Live Zoom Webinar (see email fro

Space at NCSA is available for discuss
call. Just contact anyone on the LOC.

Twitter tag: #tvu23
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Our As

| hope this
and prepares us
era of time-domai

Let’s be visionary.
Let’s be nice.
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