
The Faint Intergalactic-medium redshifted Emission Balloon
FIREBall-2

A UV multi - object spectrograph designed to detect the low - z circumgalactic medium in emission 
via Lyman - alpha, CIV, and OIV.
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FIREBall would not be possible without its 
amazing Humans!



Outline
The science that motivates FIREBall

The FIREBall - 2 Instrument 

& New Technology

FIREBall - 2 2018 flight

Looking ahead: FIREBall - 2022



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 galaxies 
There is an evolution in 
cosmic star formation rates 
over time:

Madau & Dickinson 2014

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

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

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



Illustris



C. Martin, R. Hunt

Galactic Halo
(CGM)

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...



Tumlinson+ 2017

M82; (HST)

Galactic Halos are complex places!



Illustris

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

This is the faint, diffuse 
gas outside of galaxies

Galactic Halos:
The Key to Galaxy 
Formation

Present dayEarly
Universe



Why UV?

Hot, energetic, 
Ionizing;
Extreme conditions

Cold/cool/warm gas*, 
dust; low - mass stars

Multi - phase gas , from cold - > hot;
Hottest stars, ionizing sources 



Why UV?

adapted from
Tumlinson+2012



Tumlinson+2017

Why UV?



How do galaxies interact with their surroundings?
Insights from absorption line spectroscopy



Tumlinson , 2017



Looking back in time: Shifting the UV into the Optical 



First Direct Detections of galactic halos: Hydrogen-Lyὄ
First came narrow - band imaging
of the brightest nebulae
Τ͵1DM? ,=:MD9ͺͥ 3+͜͢͡Υ
Cantalupo+2014

Then integral field spectroscopy opened up the 
field to reveal emission
(QSO 1549+19) Martin+2014, CWI/KCWI



Then integral field spectroscopy opened up the 
field to reveal emission + kinematics
Martin+2019, KCWI (Nature)

First came narrow - band imaging
of the brightest nebulae
Τ͵1DM? ,=:MD9ͺͥ 3+͜͢͡Υ
Cantalupo+2014

First Direct Detections of galactic halos: Hydrogen-Lyὄ



Today, Direct Detection surveys of Hydrogen are possible
MUSEUM Survey (MUSE)
z ~ 3 - 3.5
Arrigoni Battaia+2018

FLASHES Survey ( CWI)
z ~ 2.3 - 3

-ʹ1MDDAN9Fэ͚͚͜͜



What we can learn about Halos from Direct Detections
Result #1:

Nebulae appear to get smaller
as the universe ages

5@9L @9HH=FK LG L@=K= *Qȗ
halos over time?

z ~ 3 - 3.5

z ~ 2.3 - 3

-ʹ1MDDAN9Fэ͚͚͜͜



Result #2:
Nebulae appear to become less 

circular over time

z ~ 3 - 3.5

z ~ 2.3 - 3

5@9L @9HH=FK LG L@=K= *Qȗ
halos over time?

-ʹ1MDDAN9Fэ͚͚͜͜

What we can learn about Halos from Direct Detections



RECAP: How does 
hydrogen , the 

pristine material 
from the cosmic 

web, in halos 
change over time?

Result #1:
Nebulae appear to get 

smaller as the universe 
ages

Result #2:
Nebulae appear to become 
less circular over time

Halo -> Galaxy Connection:



Accessing UV Light With Suborbital Balloons



Accessing UV Light With Suborbital Balloons

We have access to a 
narrow window between 
oxygen molecular 
bands very high up in 
the atmosphere 
(~40 km).



Accessing UV Light With Suborbital Balloons



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.



B a l l o o n i n g  a r o u n d
t h e  w o r l d



Test  out  new 
technology
Balloon telescopes are a 
perfect test bed for new 
L=;@FGDG?Qͤ 'LʹK 9 F=9J-
space environment, but 
ALʹK =9KA=J LG 9;;=KKͩ

Pi lo t  s tud ies for
new science
Balloon telescopes 
provide an avenue for 
experimental science with 
higher risk but higher 
rewards.

Scientific Benefits of
Balloon Astronomy
Balloons (and Rockets!) are used by NASA for a few reasons:

Cheaper than
space
Balloon missions usually 
cost a few million 
dollars at most (and can 
be re - flown), while a 
space telescope costs 
several hundreds of 
millions of dollars.

Access to  certa in
Wavelengths
Some wavelengths are not 
accessible from the 
ground, but are 
accessible from space or 
high altitudes.



FIREBall-2



FIREBall-2
Multi - object spectroscopy:
Observes >50 galaxies at once
with pre - made slit masks



FIREBall-2
Multi - object spectroscopy:
In practice -- >

Each line across 
the image is its 
own spectrum!

Illuminated with a Zinc lamp



A s p h e r i c  G r a t i n g E l e c t r o n  M u l t i p l y i n g
C C D s

H i g h  U V  Q E  C C D

FB-2 Technology Upgrades
There are several key technologies which contribute significantly 

to FB - 2 throughput improvements over FB - 1.

!
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Image
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Electron Multiplying CCDs

Our work: e2v CCD201 - 20 device
1k x 2k device
͛͝ Ѧm pixels
Engineering grade is a frame 
transfer
Delta - doped devices are full frame

604 multiplication pixels

Conventional

Photon counting

Figure from N. Konidaris
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EMCCD Layout Multiplication mechanism Histogram of a multiplied image



Ideally, this is 

your limiting 

noise source, but 

for very LOW 

signal, Read 

Noise is a 

significant source 

of excess noise

Dark Current (DC) 

and Clock induced 

charge (CIC) <<< 

RN

under the right 

conditions 

Normal 
CCD

EMCCD
CCD

EMCCDs effectively eliminate 

read noise, but then one must 

deal with DC & CIC 





erâP?ġƊƊ˝ǉGondola

1.2 mSiderostat
Provides x- y coarse 

pointing.

Rotat ion s tage
Tracks the sky for 

long exposures

1 m Primary Parabola
f/2.5, Stationary with 

Al/MgF2 coating

Tip/T i l t  sys tem
Provides focus 
adjustment and 

centering



THE INSTRUMENT


