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Motivation: Where do come from?

How do galaxies form?

How do they evolve
(change) with time?

How can we explain the
amazing diversity of
galaxies we see in the
universe?

Image from Galaxy Zoo



Motivation: Probing origins from gala:
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There is an evolution in
cosmic star formation rates
over time:

Star formation rates steadily
increases after the Big Bang
(13.8 billion years ago).

redshif

The rate of forming stars
peaks ~10 billion years ago.

Since ~10 billion years ago,
the rate that galaxies form
stars has steadily declined.

Madau & Dickinson 2014
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New gas inflow

along filaments

Protogalaxy

Simulation

C. Martin, R. Hunt

Matter is gravitationally
bound within the halo.

Matter flowing in from the
Cosmic Web wants to go to

the center of these halos,
where galaxies form, but...




Galactic Halos are co

M82;: (HST)

@)
¢E
O,
2
>

300 kpc Tumlinson+ 2017




Early
Universe

Galactic Halos
The Key to Ga
Formation

ity

Dark Matter

Dens

Gas Dénsity

Challenge:

We want to see how the
smallest particles come
together to form into the
brightest objects

Temperature

This is the faint, diffuse
gas outside of galaxies

Hlustris




wWhy UV?
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Why UV?-
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How do galsteiesct vilikisurroundings?
Insights from absorption line spectroscopy

) unresolved clouds, filamentary distribution
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Lookimgck tme: Shifting the UV Into the

Star Formation Dies
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First Direct Detections of gbladtmegieglos

First came narrow - band imaging
of the brightest nebulae

4.0110° 6.0+10° 8.0+10° 1.0-10* 1.2.10* 1.4410*

T,1DM? , =: MDY | N R g T
Cantalupo+2014 -y = A

Then integral field spectroscopy opened up the

field to reveal emission
(QSO 1549+19) Martin+2014, CWI/KCWI




First Direct Detections of gblpdtmejeslos

UmM287

First came narrow
Intensity Mean Velocity Velocity Error

of the brightest nebul

Cantalupo+2014
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field to reveal emission + kinematics

Martin+2019, KCWI (Nature)
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What we can learn about Halos from D

5@9L @9HH=FK LG L@=K= * Q0 Result#l:
halos over time? Nebulae appear to get smaller
as the universe ages

Comparison to Other Surveys (in Ryax)
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What we can learn about Halos from

5@9L @I9IHH=FK LG L @fK=
halos over time?

0.8
Result #2:
Nebulae appear to become less
circular ~ overtime 506
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Halo> Galaxy Connection:.

RECAP: How does lookba;,\"x,?—‘f-c (Gyr)

hydrogen , the 02 4 6?.&“?—3 10 12
pristine material N —0.4 0 T[T T I i
from the cosmic ? -
web, in halos g, 0.8 -
change over time? f [ o _Z
Result #1: S i
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Result #2: — " ‘1’:
Nebulae appear to become —-2.4 ' N S I I
less circular over time 0 1 2 3 4 56178
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Accessing UV Light With Suborbital Ba

Star Formation Dies
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Transmittance
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Accessing UV Light With Suborbital Ba
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Scientific
Ballooning

Conducted by the
Columbia Scientific
Balloon Facility.

Ballooning allows you
to test out new
technology and
scientific ideas at a
lower cost and risk
than going into space.



Ballooning around

the world
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Scientific Benefits of
Balloon Astronomy

Balloons (and Rockets!) are used by NASA for a few reasons:

Test out new Pilot studies fol

technology new science
Balloon telescopes are a Balloon telescopes

perfect test bed for new provide an avenue for

L=; @FGDG? Q¢ " L-- K 9exgerim@ntal science with
space environment, but higher risk but higher

AL K =9KA=J LG 9; ;rewards.
Cheaper than
Access to certaispace

Balloon missions usually

WaV9|engthS cost a few million

Some wavelengths are not dollars at most (and can
accessible from the be re - flown), while a
ground, but are space telescope costs
accessible from space or several hundreds of

high altitudes. millions of dollars.




FIREEA
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Figure 8: DEEP2 Field 2(ZVLE) Mask 2 - Detector Layout
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Multi - object spectroscopy:
Observes >50 galaxies at once
with pre - made slit masks
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FB? Technology Upgrades

There are several key technologies which contribute significantly

to FB - 2 throughput improvements over FB -1

&
g
=
@
2
9=
w
E
2
[ =
o
3
o

200 250
Wavelength (nm)

Aspheric Grating Electron MCu(I:t[i)pIying High UV QE CCD
s




Photon counting
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Conventional

Our work: e2v CCD201
1k x 2k device
N

- 20 device
7 mApixels

Engineering grade is a frame
transfer

Delta - doped devices are full frame

604 multiplication pixels



Image

>Area

~
[T T T T
\ J U J
Readout Multiplication
Register Register

63 ¢1 ¢dc 42 ¢3 ¢!
el Sl i e Nl s

S

63 ¢1 ¢dc 42 ¢3

1

(b) a
transfer
direction

Q0000

electron
potential

Number

0 500 1000 1500 2000 2500
Signal /DN

EMCCD Layout

Multiplication mechanism

Histogram of a multiplied image



Normal EMCCD
CCD | CCD

S _ Signak t S _ Signak t
N \Signak t+ Skyx t+ RN? 4, 8€x t+ G | N /Signak t+ Skyx t3# + DC x t+ CIC

W

Dark Current (DC) EMCCDs effectively eliminate
Ideally, this is and Clock induced read noise, but then one must
your limiting charge (CIC) <<< deal with DC & CIC
noise source, but RN _
for very LOW under the right
signal, Read conditions
Noise is a

significant source
of excess noise




FIREBALL-2 VS. FIREBALL-1

FB-1 FB-2 GAIN

DETECTOR QE 0.05 0.70 14
NET EFFICIENCY 0.001 0.03 30
SLIT WIDTH 8" 4" (2)
FIELD OF REGARD 8 SQ. ARCMIN 900 SQ. ARCMIN 110

BANDPASS 150A [0.12]
FIGURE OF MERIT 1
CGM REGIONS 1
SELECTION BLIND
SENSITIVITY 74000 LU
SENSITIVITY 8200 LU

75A [0.06]
1500
50/FIELD
PRESELECTED
1400 LU
200 LU

FIREBALL-2 CENTRAL WAVELENGTH: 205 NM, RESOLUTION:

2000, FOV: 35'x11"
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1.2mSiderostat

Provides x-y coarse
pointing.

ImPrimary Parabol

/2.5, Stationary with
Al/MgF2 coating

Tip/Tilt system

Provides focus
adjustment and
centering

Rotation stage

Tracks the sky for
long exposures







