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And what do you work on?
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Naked-Eye Stars (10s to 100s of Light Years)




Andromeda Galaxy (M31) 2 5 Milllan nght Years Away
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VV 191a/b - 700 Million Light Years Away
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Hﬁbble‘uiltra Deep Field - Out to 14 Billion Light Years
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Chemical Fingerprints
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hydrogen lines

Observing the fingerprints in a spectrum tells
us which kinds of atoms are present




THE DOPPLER EFFECT
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Measuring the Shift

Laboratory spectrum

Object 1

Object 2

Object 3

Object 4

Stationary

Moving Away

Away Faster

Moving Toward

Toward Faster

We generally measure the Doppler Effect
from shifts in the wavelengths of spectral lines
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Distance (millions of ly)

Hubble plot using Tully - Fisher relation and infrared fluxes for nearby
calibrating galaxies to estimate the distances 10 eleven clusters of galaxies.
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The Electromagnetic Spectrum

X-rays ultraviolet
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Baryons
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180 covmoving Mpc
25 Mpc

Redshift of é
. 1 Billion Years Since the Big Bang

Springel et al. (2005)
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Redshiﬂ of 1.5
4 4 Billion Years Since the Big Bang
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Baryons
4.540.5%

Dark
Matter
23+3%
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The Dark Ages




Gigayears after the Big Bang
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A Classic Answer
Rees & Ostriker (1977) Silk (1977)




A Classic Answer
Rees & Ostriker (1977) Silk (1977)




Problem #1 Overcooling

On paper this look like it might work, but
with full simulations, it gives supermassive
galaxies that don’'t exist!




Prob # 2: Antihierarchical Evolution
“Downsizing”
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Messier 49- 56 Million Light Years Away




VV 191a/b - 700 Million Light Years Away
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A Mystery

How Can‘Hierarchical DarkeMatter
Struecture Eoimation
+

Hierarchical'Cooling

Antihierarchical History*for
Galaxies?




The more massive the merger, the more
massive the Black Hole
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Stellar System Mass (in solar masses)

NASA/ESA & A. Feild







The M8/ Jet
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Active Black Hole Feedback
ES & Oh (2004) / Thacker, ES & Couchman (2006)

« Assume some small fraction, of an active black hole’s
luminosity is converted to mechanical input

* Energy deposited as heat into surrounding medium.
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z = 10.000

icker, ES & Couchman (2006)




Downsizing
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Thermal Sunyaev-Zel’dovich Effect

Signal o Gas Density Along Sightline
x Temperature Along Sightline

= Pressure Along Sightline
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6 arcmin
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Sensitivity: 10 pK
Beam: 1 arcmin




Selection and Sample

age >1 Gyr SSFR <0.01 Gyr

Catalog ' N | z :logm(M.,"Mv.

SPT + ACT Overlap | 94452 | 1.06 11.41
ACT Only 387627 | 1.07 11.44
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DES/SDSS 2600 deg?
18,000 deg?

einke, et al. (2021; 2022)



Stacked Signals
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Stacked SZ Profiles
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Preliminary Stacking SZ Data from SIMBA / 300 Project




arge Millimeter Telescope (LMT)

50-m diameter single dish telescope

Located at 15,000 ft (4672 m)
Site on Sierra Negra in Puebla, MX

Facility first light in 2011

Image credit. Dario Lopez-Mliis/AP




Pl: Grant Wilson (UMass)
ASU-PI: Phil Masukopf
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rom: N. Denigris




Installing ToITEC

Observations start this fall

rom: N. Denigris




Thank you! |




