SOFIA: Basics
(Unique asset to astrophysics today)

Science

Dr. Kimberly Ennico Smith

NASA SOFIA Project Scientist
Kimberly.Ennico@nasa.gov
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Dr. Kimberly Ennico Sm|th SOEIA

= Started as SOFIA Project SC|ent|st, December 5, 2016

= My primary role is to “ensure the science potential of the Observatory through
appropriate oversight.”

» Based at NASA Ames Research Center, Moffett Field, California
= BA, Physics, Johns Hopkins
= MA, PhD, Astrophysics, Cambridge University, UK, Instrumentation focus

Stratospheric Observatory for Infrared Astronomy

Spitzer/MIPS i
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Stratospheric Observatory for Infrared Astronomy

Provides access to infrared to the worldwide astronomical community

« Collaboration between NASA and DLR
 Highly modified 747-SP aircraft with a 2.7 m telescope (2.5 m unobscured)

 Fliesup to 13.7 km (45,000 feet), above 99.9% of the water vapor in the
atmosphere

 Elevation range: 20 — 60 degrees

« Wavelength range 0.3 to 1600 microns

« Suite of infrared imagers, spectrometers and a polarimeter

» Operational capability:

May 2, 2018

> 8 research flight hours per flight
> 70 GO programs per year
> 800 research flight hours per year -

Global Operations occultations &
targets of opportunity
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NASA's Astrophysics Fleet i

1 1IENEEs B Stratospheric Observatory for Infrared Astronomy
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SOFIA Key Science Focus Areas SOEIA

Stratospheric Observatory for Infrared Astronomy

60) <

The Birth of Planets and Stars  Origins: Path to Life Extreme Environments
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Finally Charting the Infall Water, Stepping Stones to AGN
Organics, Dust and Starbursts
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SOFIA Key Science Focus Areas

The Birth of Planets and Stars  Origins: Path to Life

Stutzki et al in prep D/H on Mars

) Encrenaz et al 2016
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SOFIA

Stratospheric Observatory for Infrared Astronomy

Extreme Environments

SN2014J in M82

Vacca et al 2015

Dust in Supernova
Lau et al 2014
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SOFIA Key Science Focus Areas SOEIA

How did we get here? Are we alone? How does the universe work?

Mapping to NASA Astrophysics Roadmap “Enduring Quests — Daring Visions” 2013
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Telescope 3'1;'5;4!‘

= During flight, the telescope door is open and the telescope is exposed to the
atmosphere
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Telescope cF'E’::H‘

Stratospheric Observatory for Infrared Astronomy

= Telescope stays stable during ﬂlght locked onto its observing target

THE TELESCOPE IS HYDRAULICALLY AND
PNEUMATICALLY ISOLATED

107\
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Inside SOFIA

*(time-lapse video, not real time)
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Inside SOFIA

behind the scenes)
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Wide Range of Interchangeable Instruments Avaﬂable} 2= 7.

May 2, 2018

FPI+
Focal Plane
Imager

A=0.36-1.10 um
R =0.9-29.0

FORCAST
Faint Object Infrared
Camera for the SOFIA

Telescope

A =5-40 um
R =100-300
Grism Spectrometer

HAWC+
High-resolution

# % Airborne Wideband

Camera Plus

A =50-240 um
R=2.3-8.8

Far Infrared Camera
& Polarimeter

SOFIA/Workshop Stuttgart

Stratospheric Observatory for Infrared Astronomy

EXES

/ Echelon-Cross-Echelle
= Spectrometer

A=4.5-28.3 um
R = 1,000-105

YA FIFI-LS
“ Far Infrared

Field-Imaging Line
Spectrometer

A =51-203 um

R =600-2,000
Grating Spectrometer

GREAT

German Receiver for Astronomy

at Terahertz Frequencies
A=63-612 um

R =10%-108
Heterodyne Spectrometer
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SOFIA covers a lot of infrared real estate
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SOFIA covers unique & complementary infrared real estate

~ JWST ends ALMA begins
e Coman | rreanmo
SOFIA measures: SRR k ) To determine:
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Looking Back in 2017

Science

Band Dep(thbRati
" We observed everything from Venus to z=3.9 galaxy! | * =

* 1% time made large C+ and [Ol] programs across the
Galactic Center

" Observed destruction of dust in SN1987A

" Looked for water in Europa in coordination with HST
" Occultation measurements Triton & KBO 2014MU69

Instruments

" Commissioned dual 4K cryo-cooler capability

" Commissioned two new modes of GREAT

— 1" time parallel LFA (14 pix) & HFA (7 pix)
— 4-GREAT configuration

= 2" Gen HAWC+ Acceptance
* 3" Gen HIRMES Passed CDR

NGC 1068

Magnetic Field Map
53 um
May 2, 2018
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Global Reach of the Observatory in 2017 %’F’A

Stratospheric Observatory for Infrared Astronomy

Science Flights 2017
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GO Program Background oA

Stratospheric Observatory for Infrared Astrono:

* One Annual Call for Proposals for the General Observer (GO) Program

= SOFIA has two independent TACs (Telescope Allocation Committees),
US and German, that rank GO proposals scientifically, with a review of
their technical feasibility for the unique operational needs of an airborne
observatory.

— Proposers from other countries are part of the US-TAC time.
— US: German time is 80:20 ratio per NASA/DLR SOFIA Joint Program Plan.

= GO Program began with Basic Science (call released Apr 28, 2010).
= Full Operational Capacity reached in May 2014 during Cycle 2

= Increased funding for US GOs ($10,000/hr) began in Cycle 4

= Large Impact Programs began in Cycle 4* “Replaced by SOFIA
Legacy Science

= Introduction of Thesis Enabling Programs in Cycle 6 Program

= Cycle 6 starts May 2018
= Coming: Cycle 7 Call For Proposals

May 2, 2018 SOFIA/Workshop Stuttgart 19



GO Hours Available %

1 Stratospheric Observatory for Infrared Astronomy

= Time on the observatory with door open is split among General Observer (GO),
Instrument Guaranteed Time (GTO), Calibration/Engineering, and Director’s
Discretionary Time (DDT).

= Call for Proposals for GO time has had different allocations each Cycle.
700

600

500

400

300

GO Hours Offered

200 -

100 -

O - T
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6
(7 mo) (heavy
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General Observer Program %

11 Stratospheric Observatory for Infrared Astronomy

= Demand for SOFIA has outpaced available hours

“All Proposals Demand = Hours Avail

2500

2000

1500

1000

Number of GO Hours

Basic Cyclel Cycle2 Cycle3 Cycled4 Cycle5 Cycleb
Science

Full Operations began May 2014
Due Dates: Basic Science: July 2010  Cycle 1: Jan 2012  Cycle 2: June 2013
Cycle 3: June 2014  Cycle 4: June 2015 Cycle 5: June 2016  Cycle 6: June 2017
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Breadth of General Observer Science %

= Cycle 6 — Priority 1 & 2 Time Awarded (US+DE)

Stratospheric Observatory for Infrared Astronomy

W Interstellar Medium
W Extragalactic
Star Formation
M Stars, Circumstellar Matter

~ Solar System
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Tracking shifts in the science areas awarded %’F,LA

Stratospheric Observatory for Infrared Astronomy
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Our International User Base

= Cycle 6 — Pl & Co-l Institutions

Iceland

E[}] Canada

Mexico

Venezuela

Colombia

Brazil

Bolivia E

Chile

Argentina

Peru
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Norway ﬁ]
[
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Finland

Sweden

Ukraine
Kazakhstan

Turkey

Afghanistan
Iran
Egypt Pakistan

Iraq

Libya

Saudi Arabia %In(im
Niger Sudan

Chad

Nigeria Ethiopia

Kenya
DR Congo o
Tanzania

Angola

Namibia
Botswana

Smcﬂ:ﬁnca

Madagascar
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Stratospheric Observatory for Infrared Astronomy

Russia

Mongolia

. &P £,
China Sou |

o

Thailand

Indonesia Papua New
Guinea

Australia

P o &Y

New
Zealand
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European Cycle 6 — Pl & Co-I Institutions

May 2, 2018
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Stratospheric Observatory for Infrared Astronomy
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Majority of SOFIA data is now Public

= Access the Science Data Archive at https://dcs.sofia.usra.edu/
= Transition to Infrared Science Archive (IRSA) in 2019 http://irsa.ipac.caltech.edu/

PELA

wk

Stratospheric Observatory for Infrared Astronomy

oc-1B OC-1C OC-1D OC-1F OC-1G
Cycle 1 FORCAST GREAT FORCAST | FORCAST GREAT
Public Public Public Public Public
0OC-2A 0ocC-2B 0c-2C 0C-2D OC-2E OC-2F 0C-2G OC-2H
Cycle 2 FLIPO FORCAST FIFI-LS FORCAST GREAT FORCAST GREAT FORCAST
Public Public Public Public Public Public Public Public
OC-3A 0C-3B 0OC-3C 0C-3D OC-3E 0C-3G OC-3H OC-3I 0OC-3J 0OC-3K OC-3L OC-3M
Cycle 3 EXES FIFI-LS FORCAST | FORCAST FLIPO GREAT EXES FORCAST | FLITECAM FIFI-LS FORCAST GREAT
Public Public Public Public Public Public Public Public Public Public Public Public
OC-4A 0C-4B 0C4C 0C-4D OC4E OC-4F 0C-4G 0C-41 0OC-4J OC-4K OC-4L OC-4M OC-4N
Cycle 4 FORCAST FIFI-LS EXES GREAT GREAT FIFI-LS FORCAST | FORCAST | FLITECAM GREAT HAWC+ EXES GREAT
Public Public Public Public Public Public Public Public Public L3 L3 Public L3
OC-5A 0OC-58 0C-5C OC-5E OC-5F 0C-5G OC-5H oc-sl OC-5J OC-5K OC-5L OC-5N
Cycle 5 GREAT FIFI-LS HAWC+ EXES GREAT GREAT FIFI-LS FORCAST | FORCAST FLIPO HAWC+
L3 L3 L3 L1 L3 L3 L3 L3 L3 L3 L3 L1
| ! ! ! ! ! ! ! ! ! ! ! !
Cycle 6 : 0C-6E : OC-6F : 0C-6G : 0C-6H : oc-6l : 0c-6J : 0C-6K : oc-6L : 0C-6M : 0C-6N : 0C-60 : 0C-6P :
U SOOI SOOI SNSRI RO SEUR USSR FORURUNY AU SR S i
| I | | 13000 prs _
,,,,,,,,,, All Cycle 2 & 3 data went public June 26, 2017
Insst:;i;sent Series not yet flown, Draft schedule . t;/ga;:t::ncn'gwo::;ing late / expected late |"s::£,§im All L3 data public Al I CyCI e 4 d ata Wi I I b e p U b I iC by J u n e 14’ 20 18
Series L3 data processing late / expected late
Instrument | (best effort for newly commissioned
L1 instrument)
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Publications - Monitoring %’F,LA

i | 1l Stratospheric Observatory for Infrared Astronomy

= Science ApJL Focus Issue — submission July/Aug 2018 (POC Bill Reach, WReach@usra.edu)
= Technology JAI Special Issue — submission Apr/May (POC P. Temi, pasquale.temi@nasa.gov)

i Science M Instrument/Calibration Submitted

3> Source: ADS

w
o

N
(%2}

N
o
(=)
|

[N
(92

Publications Per Year
)

_
—

A B AR
2011 2012 2013 2014 2015 2016 2017 2018

If a paper has been submitted/under review the Project would like to know.
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Creating Future IR Leaders Sora

| PR LI | 1 A | Stratospheric Observatory for Infrared Astronomy
Aauthor . lvear! ... Tt
Fuller, Lindsay 2017 Observing cool dust in active galactic nuclei on the SOFIA telescope
McAdam, Maggie 2017 Water in the early solar system: Mid-infrared studies of aqueous alteration on asteroids
FLITECAM/SOFIA Commissioning and Early Science and A Study of Late-T Dwarf Color Outliers
Logsdon, Sarah 2017 with NIRSPEC/Keck
Blichel, Denis 2017 Hot Electron Bolometer Mixers for THz Arrays
Fast EMCCD Cameras for the Optical Characterization of the SOFIA Observatory and its
Pfiller, Enrico 2016 Telescope Subsystems
Wiedemann, Manuel 2016 Improving the Sensitivity of the SOFIA Target Acquisition and Tracking Cameras
Gluck, Christian 2016 A Study of the Distribution of Carbon in the nearby Universe
Kaswekar, Prashat 2016 Integrated motion measurement of three-dimensional lightweight structures
FIFI-LS — A Field-Imaging Far-Infrared Line Spectrometer for SOFIA: Completion of the
Colditz, Sebastian 2016 Instrument, Laboratory and In-flight Calibration and Characterization

A Study of Hypergiant Mass Loss in the Near-To-Mid Infrared: VY CMa, IRC +10420, mu Cep
Shenoy, Dinesh 2016 and rho Cas

Selig, Stefan 2016 Superconductor Insulator Superconductor Mixer Devices with Gold Energy Relaxation Layers
Guan, Xin 2015 Atmospheric calibration for sub-millimeter radio astronomy

Probing the Extreme Environment of the Galactic Center with Observations from
Lau, Ryan 2014 SOFIA/FORCAST

Setup, characterization and commissioning of the 1.4 THz channel of the heterodyne receiver
Ricken, Oliver 2011 GREAT

Spectroscopic characterization of extrasolar planets from ground-, space- and airborne-based
Angerhausen, Daniel 2010 observatories

Smith, Erin 2008 Investigation of PAHs in Planetary Nebulae using FLITECAM
Wagner-Gentner,
Armin 2007 SOFIA GREAT 1.9THz Heterodynereceiver, astigmatic optics, low loss THz windows
Waveguide Heterodyne Mixers at THz-Frequencies - Superconducting Hot Electron Bolometers
Munoz, Pedro 2007 on 2-micron Si3N4 Membranes for GREAT and CONDOR
Development and construction of a BWO-based 1.9 THz Local oscillators for the heterodyne -
Philipp, Martin 2007 receiver Hankinsp2018
Development of Ultrathin Niobium Nitride and Niobium Titanium Nitride Films for THz Hot- e
Bedorf, Sven 2005 Electron Bolometers

The High Resolution Spectrometer for SOFIA-GREAT: Instrumentation, Atmospheric Modeling
Villanueva, Geronimo 2004 and Observations
Mainzer, Amy 2003 Searching for Young Low Mass Objects Using FLITECAM
May 2, 2018 SOFIA/Workshop Stuttgart




May 2, 2018

Airborne Ambassador Programs

= US Airborne Astronomy
Ambassadors (AAA) program is
funded & managed via a
cooperative agreement between
NASA Science Mission Directorate
and the SETI Institute.

= POC Dana Backman
(dbackman@seti.org)

Home » NASA Airborme Astronomy Ambassador Program Donate to SET] institute )
NASA Airborne Astronomy Ambassador

Program

The SETI Institute is seeking school district partners for participation in the NASA Sclence _
Mission Directorate (SMD)'s Airborne Astronomy Ami bassador (AAA) program that provides

high school science teachers with content training, STEM immersion experiences including a
flight on SOFIA, the world's largest flying observatory, and 3-D dlassroom lessons.

® For more detalls, read the NASA AAA info.pdf and Sample MOU paf There are
District Administrators and/or Sclence Leaders wishing to Initiate the AAA partnershiy P bllllonS and bl"lons
process should contact us directly ASAP ... Of stars
Dr. Dana 650-604-2128 an@sati.org

in our universe.

Coral Clark coiark@seti.org
AND register via the online form linked here: hitps:/igoo glforms/OZErAqbgBcnpeAES

NOTE: District partnerships for AAA flights in 2019 must be in place by July 2018. This spring,
: !
- - eleltinle .

https://www.seti.org/AAA

SOFIA

Stratospheric Observatory for Infrared Astronomy

= SOFIA German Ambassador
Program (SGAP)

= POC Dorte Mehlert
(mehlert@dsi.uni-stuttgart.de) &
Antje Lischke-Weis (lischke@dsi.uni-
stuttgart.de)

% | institute | Research & Teaching | observatory | training program | Current | Downloads

Home Educational Program Teacher Training Program SGAP

SOFIA German Ambassador Program - SGAP: the slightly different teacher training

The SOFIA German Ambassador Program (SGAP) offers
teachers ' who teach at German schools the opportunity to
participate in a SOFIA research flight. The aim of this
program is to strengthen cooperation between research
institutes such as the DSI and schools. This is intended to
~ sustainably promote young scientists in the natural and
“i® engineering sciences. All further information about the SGAP
and the application process for a one-way flight can be found
on these pages.

Contact: 5 SGAP - What is behind it?
Dr. med. Antje Lischke-Weis

http://www.sofia-partnerschulen.de/
http://www.dsi.uni-
stuttgart.de/bildungsprogramm/SGA

soFiaworkshoPYiREex. html 29




Are you plugged in? %’FLIL

Stratospheric Observa

= SOFIA Community Forum Tele-talks (Wednesdays, 9-10am PT)

—Toll Free call-in number, download the PDF, follow along at home,
office, café.

— https://sofia.usra.edu/science/meetings-and-events/events/sofia-
community-forum-scf-teletalks

—Recorded, download the mp3 to meet your schedule
= SOFIA Colloquia (Wednesdays, 3:30-4:30pm PT)
—Held at NASA Ames, Building N232 plus Remote Access

— https://sofia.usra.edu/science/meetings-and-events/events/colloquia

—Sign up to get Webex access

— https://mail.sofia.usra.edu/cgi-bin/mailman/listinfo/colloquia

* Follow us: @SOF|Atelescope on Facebook, Twitter, Instagram, and
YouTube

May 2, 2018 SOFIA/Workshop Stuttgart 30



Latest updates at http //sofia.usra.edu/science FIA

Stratospheric Observatory for Infrared Astronomy

https://sofia.usra.edu/science/

SOFIA Science Center For Researchers ic/Medi
A\ O For the Public/Media
Smtnsptmw[)bsemtwyfwhﬂnmdkunnmy : :

SOFIA Overview  Proposi nd Observii Instrument Call  Instruments  Publications  Meetings and Events  Announcements Contact

e » Welcome to the SOFIA Science Center
Announcements

Welcome to the SOFIA Science Center

Instruments Update Search

Cycle 6

Call for Proposals

Community Days

Upcoming Events May 2 at University of Texas Austin in Austin TX — Register Here Stratospheric Observatory for Infrared Astronomy
Colloquium May 9 at NRAO/UVa in Charlottesville, VA — Register Her
N - ) May 23 at IPAC in Pasadena, CA — Register Here S M TV
- ' The Community Days Workshops will provide support for researchers who are interested in ; 52; ,3 Slg n u p for the SO F IA SClence e'NeWSIetter
S Dy proposing for SOFIA during the NASA funded SOFIA Cycle 7 Call for Proposals. In addition to 15 16 17
(4/10/2018) some SOFIA science highlights, the workshop will cover the observatory capabilities and the 22 23 24 -
) proposal preparation. Registration is free, and those with SOFIA related research are invited to 29 30 Sign up to get SOFIA science news and updates delivered to your inbox.
Colloquium give a short presentation during the workshop!
: = * Email Address
‘ Next Generation Science Instrument Pre-proposal Workshops
e Dates: April 3, April 16, May 17
(4/11/2018) Location: Webex and phone
Teletalk First Name
Teletalk - Title TDB NASA released the SOFIA Next Generation Inst tC f s on March 6, 2018
(4/18/2018) (ROSES-18 D1.14) to fund the development of new instrumentation or umplemenl upgrades to

existing instruments for the observatory. Three workshops will be held to aid in proposal

Colloquium submission. Join by phone or Webex. Workshops will be recorded and made available once

By submitting this form, you are granting: SOFIA Program, NASA Ames Research Center, Moffett Field, CA, 94035 United
States, http://sofia.usra.edu permission to email you. You can revoke permission to mail to your email address at any time
using the 4 SafeUnsubscribe® link, found at the bottom of every email. We take your privacy seriously (to see for
yourself, please read our Email Privacy Policy). Emails are serviced by Constant Contact.
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You are our ambassadors! %’Fll—r"‘!

Stratospheric Observatory for Infrared Astronomy

= SOFIA is preparing for its 15t Senior Review to be held in 2019.
= There are already realized results. There are new opportunities.
= There is tremendous potential in the years ahead.

= Give seminars, colloquia, and talks at conferences, get on LOC/SOCs
— Tell your story why SOFIA is valuable & essential to the astrophysical community today

= Propose to Cycle 7, DDT, & be part of Next Gen Science Instrument
Teams

= Write your science papers!
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