Galaxies point at each other and mess Up measurements of the Universe.
Now with cainbows*!
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INFORMATION-DENSE SUMMARY

There. will: be, an -unusual. clustering . pattern 1in: DESI's. map . of
galaxies)! It's  created by two ' effecte: " galaxy orientationsare
correlated , with  the  underlying  dark  matter, . and  galaxXy
orientations «are: biased by, the way ' we i choose  galaxies.  Both
effects are correlated with ‘galaxy distance, which we can'now
measure with DESI's spectra. This, clustering pattern is the same
pattern we use to measure how fast the cosmic web grows, and the
balance between dark energy and gravity! This is'a problem but we
can fix it with the results here.

*by “rainbows” | mean spectra. More on this later... | o



BACKGROUND INFO

You may have heard that telescopes are time machines because light takes < =1 4
time to travel. Light from a star that's one li ght year away takes a year to: i ,-_. g B
get to Earth, 0 we see that star as it existed one year in the past. . ~._* - ‘;,é'?
Cosmologists take this idea to the extreme and look at how DT s S

the Universe itself changes over millions of years. L
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We do this by mapping out the massive Earth TV 5:9/107//5562’;‘;5; L 0s o
web of dark matter in the Universe, as watch the fina

traced by glowing galaxies. Over time, - -EEE--
gravity draws stuff together and the

web becomes more webby,

However, it's  growing slightly slower than
you'd expect from gravity alone... To figure out more, we need a
So what's up? s gravity slacking? very big map of galaxies...
ls Einstein a liar?
This is where “DESI" comes in,

Probably not. the Dark Ener gy Spectroscopic
Instrument. We're measuring the
There's a mysterious force out there positions of HO million galaxies
acting against gravity: and making the most complete
map of ' the nearby Universe.
Dack Energy
DESI will measure how fast the
cosmic web grows, revealing the
D g balance between 'gravity and

theop, 3 56‘6’/;@4[‘0 dark ener gy. In this paper, we
- i explore an effect that will bias
mSla these important measurements,
LPT: Telescopes are by far the *
safest way to travel in time

For a similar paper summary on Dark Ener gy, see this link *
For a similar paper summary on a related paper, see this [ink.



https://cmlamman.github.io/doc/fakeRSD_summary.pdf
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GALAXY PICTURES

We have lovely pictures of each
galaxy, which is how we' get
information about their shape.

To vs, every galaxy is an oval and
this is the math we vse to describe

its shape and orientation. — ]

g GALAXY. RANBOWS

The Universe is eXpanding. As distant galaxies move away from vs, their
[ight becomes stretched and reddened. Generally:

Redder = farther away

But it's a little more complicated than that. DESI can gather the light of
each galaxy and split it up into a “rainbow”, or spectrum.

Rainbows are important because each galaxy has a “spectral fingerprint”
we can use to measure exactly how much the light is shifted and how far
away the galaxy is.
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.. galaxies are connected to the cosmic web, They typically
' point towards other galaxies and dense areas, aligning
along lar ge strands of dark matter.
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The math we yse to describe how

these shapes are Connected to DO BAD PICTURES =
the cosmic web, 3AD MEASUREMENTS?

We take care to describe other

Ways people measure this and how

‘ Unfortunately, real galaxies are
they re related to'our method, . huiink

more complicated than just ovals.

In this section we check that the way
we measure galaxy shapes won't
affect our results.

Galaxy NGC 56M:
“complicated”



r’leasurements Made with

gﬁalax:‘es that are dif ferent
distances from Earth
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HOW, THE MEASUREMENT CHANGES
WITH DIFFERENT GALAXY. SAMPLES

We split our galaxies into
three samples based on how far
away they are from Earth,

We see a slight dif ference in
the signal between these
samples, which we'll include in
our final results.
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Different types of galaxies trace the
cosmic web in dif ferent ways. For example,
big elliptical galaxies are more likely to be
found in very dense areas over spiral
galaxies,

Here we see how our results change if we
measure galaxXy shapes relative to the
positions of spiral galaxies.



Closer Galaxies A bit further Galaxies Really far Galaxies

Po'\ﬂted

oted More b acth

o\
Leso P Carth towordo

toward9

Brightness inside aperture

é

The redder, more distant galaxies are more
affected by the bias in shape orientations.

Galaxy total brightness

GALAXIES ARE
POINTING AT EARTH???

“"well, not becavse we're
special or anything.

There's 'a VERY small %

tendency for galaxies to /Q
be pointing at us, And it's

only in the sample of @
galaxies that DESI has

chosen to observe, @

You can read more about why this is in a previous paper.

We took the results of that paper and looked at how this effect changes
in samples of galaxies that are dif ferent distances away from Earth,

HOW IT_ALL COMES TOGETHER

This next section connects everything talked about so far with
the main thing we care about for this paper:
How are the measurements of structure growth affected?


https://cmlamman.github.io/doc/fakeRSD_summary.pdf

measurements of structure growth

Amount of bias this will create i

Here's a summary of all t
e need to put together

he main measurements
for our result

...and this is the main plot showing that result!
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Here we repeat some information from the last paper for easy reference. The
main idea i5 that the more galaxy correlation we see, and the more bias there is
in galaxy shapes, the more DESI's measurements will be af fected,

The fake’ How much. the shapes of:
clustering [0'd galaxies correlate with
pattern lar ge—scale structure

O °

The pattern it creates is the same pattern we
vse to measure how structure grows.

Galaxies fall towards dense region as the web
evolves, These motions af fect the positions of
galaxies we measure; creating a 'distortion”in
the galaxy map.

How much galaxies in the
X survey tend to be
pointed towards Earth

GalaXy map
without structure
growth

Structure growth
cavses it to looked
more'squished’



CONCLUSION

Correlations between galaxy orientations and the cosmic web combine with a bias in
galaxy orientations and mess with our measurements of how the cosmic web grows,

This is not a new idea, but we are able to measure this effect with some of DESI's first
data, allowing us to see how it changes with more distant galaxies. We find it's a bigger
deal for more distant galaxies, mostly becavse they're fainter and more likely to have
biased orientations.

Without the corrections in this paper, DESI could underestimate the growth rate of
structure, therefore overestimating the effects of dark energy.

.

Here we also discuss what we see
as the biggest sources of error
in our results and the ideas we
have for future improvements.
Mostly, we are very excited to
see all the data that DESI will
gather over the next few years!
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SEE THE DATA YOURSELF. -

\JE DIDN'T DO IT ALONE

You can find the publicly
available data we vsed here
This work received support
from many places, including
funding agencies and vseful
conversations with colleagues! WE DIDN'T START FROM SCRATCH

This project is built ypon the work
and ideas of others, and is part of
an ongoing scientific convérsation



To learn more about DESI,
check out desi.lbl.gov

| For a similar paper summary on Dark Ener gy, see this link
For'a similar paper summary on a related paper, see this link.

If . you've gotten this far, CONGRATULATIONS!
['hope my notes made it easier to digest this
pager, If you're a scientist, | would love to
read similar notes on one of your papers :)
— Claire Lamman

| made this in power, point using the XKCD font:
https:// github.com/ipython/Xkcd—font
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