


FIR / (sub)mm specialties

Ongoing star formation
Structure formation / evolution

Flat selection
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FIR /| (sub)mm vs other bands

APEX+Planck/ATLASGAL/Submillimetre
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FIR /| (sub)mm vs X-ray

IRAM / GISMO 2 mm
reduced by CRUSH
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Galactic Center in radio / (sub)mm

IRAM /| GISMO 2 mm
APEX |/ LABOCA 870 um
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Galaxies
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Galaxies
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Cosmic backgrounds

The Cosmic Energy Density Spectrum
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Flat selection I: high-z galaxies

-1{]'4 T T LELILRRY | T LI} L | | 1[} I 1 1 I
SFR=500 M, yr™ gggpm —_—
=1.s 850 um =
v.=2000 GHz 1.2 r%m

10%F a=0.7

2.0 mm ——

10°

Flux Density [mJy]

1{]_4_ b i ia i ki iiiiil i Lilldlél I -
1 10 100 1000 10000
Observed Frequency [GHz]

Redshift

Attila Kovacs Frontier Science in the (Sub)millimeter and Far-infrared UMN, 4 November 2016



recent > future
mm-wave » far-infrared
astrophysics > |nstrumentation
extragalactic » Galactic
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GISMO @ IRAM 30m
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Flat selection II: Sunyaev-Zel’dovich effect

Wavelength (mm
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SZ Clusters with GISMO: PLCK G147.3-16.6

Mroczkowski, Kovacs, et al. (2015)

GISMO FluxMap__ GISMO Signal/Noise Map
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SZ Clusters with GISMO: PLCK G147.3-16.6

GISMO Flux Map
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The GISMO Deep Field
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The GISMO Deep Field

SEDs & FIR properties
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About SMGs
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GISMO: COSMOS field

84 hours

Alexander Karim (catalog and stacking)
Attila Kovacs (data reduction, P(D) analysis)
Johannes Staguhn

24’

SN

Signal-to-noise B coverage map
200 — 400 udy
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GISMO: COSMOS field
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Deep fields: P(D) analysis

Observed distribution is a product of the source
distribution and the underlying noise...

Many faint sources
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Deep fields: P(D) examples
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Deep fields: identification & redshifts

ACS

Attila Kovacs
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Deep fields: (sub)millimeter redshifts
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SuperSpec: a litographic spectrometer for the (sub)mm
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SuperSpec: team

Caltech
S0l

Jet Propulsion Laboratory
%

University
of Colorado
Boulder

(CARDIFF
UNIVERSITY
PRIFYSGOL
(CAFRDY

W 2

KICP
A\

Kavli Institute

for Cosmological Physic
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Caltech/JPL

C. M. Bradford

S. Hailey-Dunsheath

M. Hollister (-> Argonne)
A. Kovacs

H. G. LeDuc

R. O'Brient

T. Reck

C. Shiu (-> Princeton)

J. Zmuidzinas

University of Chicago

Cardiff University
S. Doyle
C. E. Tucker
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P. Mauskopf
G. Che
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R. McGeehan
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Dalhousie University
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SuperSpec: overview

* SuperSpec is an on-chip spectrometer we are developing for moderate resolution, large
bandwidth, (sub)millimeter astronomy
* Asingle chip integrates
— antenna

— moderate resolution (R ~ 100 - 500) filterbank with large BW (&v/v ~ 0.6)
— associated detectors (KIDs) and readout circuitry.

* Each chip is ~few cm? in size

* Prototype chips covering 200 - 300 GHz
range. Also looking to higher frequencies.
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SuperSpec: coupling structure
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SuperSpec: example full-die layout
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SuperSpec: 50-channel log-spaced filterbank
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Destination: LMT
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Destination: LMT

Improvements:

Colors: 2mm - 1mm & 2mm
Size: 8x16 —» 32 x40
Sensitivity: 8 mJy s%° - <~ 3 mJy s®°
Mapping Speed: 70x @ 2 mm

Resolution: 17" - 10”

GISMO-2 (PI: Staguhn)
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extragalactic » Galactic
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Dust grain alignment

* Dust grain alignment is an unsolved problem of astrophysics. Only

recently has radiative alignment become favored theory over 800 ———rrrr —t——1—Tr 5
paramagnetic relaxation. M17 pol. -
* No matter what, alignment is with respect to magnetic field: Larmor _ 4 S
precession (t = 10° s) washes out alignment with respect to any other % §_
direction. (Martin 1971) e 5 3
* Radiative alignment, requiring asymmetric grains and an asymmetric % 8
radiation field, is currently the leading theory (Dolginov & i ?U
Mytrophanov 1976; Draine & Weingartner 1996/7; Lazarian & Hoang % 2 S
2007). o 3
+ Test #1. Does the degree of grain alignment depend on the i 1 E’Oﬁ
strength of the radiation field? HAWC+ bands T—é
+  Test #2: Is there spectral evidence for better alignment of large 0 ———— — — —

30 50 100 200 300 500 1000

grains?

wavelength (um)

BLASTpol

5 —

—— 3 embedded stars, ISRF, AV =28,d = 0.14 pc
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—— Starless, ISRF, AV =28,d = 0.14 pc
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SOFIA | HAWC+ team

» JPL/Caltech: lead design, I1&T, commissioning, analysis software, management:
— D. Dowell, L. Hamlin, M. Hollister, A. Kovacs, M. Runyan, A. Toorian, G. Voellmer (w/ Neon)
U. Chicago: engineering support, I&T, control & analysis software

— M. Berthoud, A. Harper, J. Wirth

GSFC/JHU/NIST/Stanford: detector arrays, engineering support:

— S. Banks, D. Benford, E. Buchanan, D. Fixsen, G. Hilton, K. Irwin, C. Jhabvala, T. Miller, H. Moseley, E. Sharp, L. Sparr, J.
Staguhn, E. Wollack

SSAI: control software

— S. Maher

Northwestern U.: analysis software

— G. Novak, F. Santos, (N. Chapman)

U. British Columbia: readout electronics

— M. Amiri, M. Halpern

U. lllinois: cryogenic motor

— L. Looney

Villanova, NASA-Ames: I&T and commissioning support

— D. Chuss, J. Dotson

USRA/SOFIA: carts, commissioning, airworthiness & documentation support
— R. Hamilton, M. Kandlagunta, E. Lopez Rodriguez, E. Sandberg, (J. Vaillancourt)

plus thanks to SOFIA program for help Ieadl to commissioning

GODDARD e ‘
J pL @ SPACE FLIGHT CENTER T ler M
B, NORTHWESTERN
UNIVERSITY
THE UNIVERSITY OF /-j
CHICAGO 5A' c | MAR A
Ames Research Center
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SOFIA | HAWC+
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Inside SOFIA | HAWC+

(== polarizing beamsplitter
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detector array

HAWC+ detector arrays
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detector array
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SOFIA | HAWC+ (and GISMO-2) detectors
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SOFIA | HAWC+ scan-mode pipeline

; ‘Comprehensive Reduction Utility for SHARC-2 (and more...)
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SOFIA | HAWC+ scan-mode pipeline

| ©CRUSH

About CRUSH l

www.submm.caltech.edu/~sharc/crush | 1/f drift removal |

v

correlated sky removal
Iterated pipeline sky gain estimation
sky gain pixel flagging

state-of-the art reduction for several cameras
(e.g. SHARC-2, SCUBA-2, LABOCA, GISMO)

decorrelate MUX
parallellized, blazing-fast architecture MUX gain estimation

MUX gain pixel flagging

runs on all platforms (Java!)
(Mac OS, Linux, BSD, Windows, Solaris...)

FFT noise whitening

v

pixel noise weighting
pixel noise flagging

next iteration

| Despiking |

v

| 2D gradient removal |
MAP MAKING

map conditioning
1/f drift removal

The Galactic Center at 870um by LABOCA - reduced with CRUSH
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http://www.submm.caltech.edu/~sharc/crush

SOFIA | HAWC+ eyes on W3

Commissioning flights, 3-5 October 2016

88 uym

ar

2.2 min. (elapsed time) 4.1 min. (elapsed time) 3.0 min. (elapsed time)

Kovacs, 2008b
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SOFIA | HAWC+ eyes on W3

SOFIA/HAWCH+
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SOFIA | HAWCH+: first polarization results (214 um)

HAWC+ (214 um) W3
Preliminary Data
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SOFIA | HAWCH+: first polarization results (89 um)

Preliminary Data
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SOFIA | HIRMES Pl: S. H. Moseley,

NASA GSFC

High-Resolution Mid-infrarEd Spectrometer

Attila Kovacs

2NN T N T 2 e a7

Over ~ 10 million years, protoplanetary disks evolve into young planetary systems
Bulk of mass is cold molecular gas and ice — both hard to observe

Hinders testing & development of planet formation theories

Mid-IR bandpass contains features from key disk constituents

Molecular hydrogen and HD: Dominates the mass of disk

Neutral oxygen: Strong line used to trace the kinematics of the disk

Water vapor: How is it transported through the disk?

Water ice: Critical for giant planet cores and perhaps Earthlike planets
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Diffusive transport
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HIRMES: molecular and atomic lines
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HIRMES: ice
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HIRMES: capabilities
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HIRMES: overview

low finesse
versus
high finesse
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HIRMES: schematic
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HIRMES: how it works...
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Astrophysics landscape
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FIR / (sub)mm specialties

(Obscured) Star-formation
Structure formation / evolution

flat selection — from local Universe to high-z

Attila Kovacs Frontier Science in the (Sub)millimeter and Far-infrared UMN, 4 November 2016



THE END
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Dust life cycle

Active Stars
_ V' (esp. High Mass) *~ -

- ~

- A Dying Stars
Star Formation (Planetary Nebulae)

(Supernovae)

L T M
d d
Cooling & Collapse Dust
via Dust - _ » Production
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Dust Heating
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What we can learn from dust

Kin
high density

T

M T SFR

K.M /M d / heat source,
d’ gas d M L IMF’
d FIR stellar evolution

1 o

y N

D AGNI/SB

grain production,
evolution (perhaps...)
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Cosmic timeline
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Cosmic :
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