
Tiny groups of galaxies remember their cosmic origins

We found a connection between little groups of galaxies, or 
“multiplets”,  and the largest structures in the universe. This is 
cool because usually stuff on small scales seems to forget the 

cosmic web it originated from. We find that all multiplets 
remember the same large-scale structure, regardless of the 
type of galaxies in them. This method doesn’t have the main 

issues that affect similar types of measurements, so it could be 
a useful way to measure the cosmic web.

As the universe evolves, gas and dust fall along 
massive structures of dark matter, forming 

galaxies and illuminating the cosmic web.

The gravity of the cosmic web affects 
the galaxies that form along it, creating 

correlations between the two. For 
instance, a long galaxy will tend to be 

aligned along a cosmic strand.

Although we can’t see 
dark matter (it’s dark!), 
we can look at galaxy 
shapes to figure out 
more about the invisible 
structure around it.

However, there are some 
issues with this approach….



(We’ll explain exactly what 
this means later)

Many people have measured connections 
between galaxy shapes and the large-scale 
structure of the universe. The two main 
difficulties they face are:

 1. You need really good pictures of 
galaxies to precisely measure their shapes 
(this is hard).

 2. Many galaxies show no correlation. 
No one has been able to make this 
measurement with spiral galaxies.

…so here’s our idea:

Instead of galaxy shapes, let’s try using 
the orientation of tiny groups of galaxies

This idea is built upon the work of past 
scientists and has many connections to it. 

Only the most AMAZING TELESCOPE EVER!!!! (although I may be a bit biased)

DESI, or the “Dark Energy Spectroscopic Instrument”, sits atop a mountain 
in Arizona. Inside it are 5000 individually-controlled robots. These allow us 
to measure the distances to thousands of galaxies in mere minutes. 

DESI is in the middle of its 5-year 
survey, but has already created 
the most detailed map of the 
nearby universe!

All galaxies are beautiful, but 
some aren’t very photogenic.
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Multiplets are little sets of galaxies: 
as in a doublet, triplet, quadruplet, etc.

We find them by using the 3D positions of 
galaxies measured by DESI. The basic idea 
is to find the closest neighbor to each 
galaxy and then use an algorithm to 
identify sets within those connections. 

This page shows information 
about the multiplets we find.

We found multiplets using samples of many types of galaxies!

We are careful to vary some of 
the algorithm parameters and 
make sure these choices don’t 
impact our final results.

These plots show information about the galaxy multiplets we find, 
which are described in the text below.

Type of Galaxy How far away they are How dense the sample is

bright, nearby galaxies

big elliptical galaxies

faint spiral galaxies

“close”

far away

REALLY far away

very dense (brownie)

less dense (cake)

sparse (chocolate mousse)E
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The measurements are…. on the next page! But there’s a sneak-peak here.

Our measurement comes down 
to two numbers: 

 1. The orientation of a multiplet 
relative to a tracer, θ

 2. The distance between a 
multiplet and a tracer, R

We find millions of multiplet-tracer 
pairs and find the average orientation 
as a function of separation.

How do we measure correlations 
between multiplets and the 

cosmic web if the web is 
invisible?

   Since galaxies cluster along 
the cosmic web, we can use other 

galaxies as “tracers” of the 
underlying dark matter.

We expect that multiplets will “point” 
towards areas of high density, as 
traced by other galaxies. And that 
the effect will be strongest when a 
multiplets is close to a tracer. 

Why so blue??
Here we show how we can detect a correlation to 
the cosmic web using multiplets of blue galaxies. 

This is much better than the alignment of 
individual blue galaxies, which is 0. 
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Now onto the hard part, 
interpreting the measurements… 

Our measurements reveal that multiplets 
are indeed aligned with the cosmic web!!

And these correlations happen even at 
150 Mpc/h, i.e. the size of the largest 
structures in the universe.

This shows that tiny groups of galaxies 
still remember the cosmic web connected 
to their formation in the early universe.

These plots are the result of us playing around and making 
this measurement with many types of galaxies. Here I’ve 

highlighted a few interesting results.

This is so far away that it’s hard to 
come up with a sensible comparison.

So I won’t try. This distance is equal 
to 1024 alligators laid end-to-end. 

Together they would weigh 10x more 
than the Earth.

The dense sample of 
nearby galaxies has a 

very clear signal.

Although not as clear, the 
distant spiral galaxies show a 
signal at very far distances 

away from Earth.

This means that multiplets were 
aligned with the cosmic web – 

even 9 billion years ago!

Although we usually see completely different 
alignment from red vs blue galaxies, this plot 

shows how they have the same multiplet alignment. 

red

blue

am
ou

nt
 o

f
 a

lig
nm

en
t

distance to tracers

Blue and red galaxies finally 
overcome their differences 

even though red is better



cute 

The rest of our paper explores what is 
actually happening in the universe to 
create these correlations. Our goal is to 
quantitatively connect our measurements 
to the cosmic web.

Our first step is to see what 
the alignment of multiplets looks 
like in simulated universes. 

The simulations we use are designed to 
reproduce statistics about the universe 
on very large scales. So they only include 
dark matter.

A challenging part of this is that stuff 
on small scales behaves differently than 
stuff on large scales.

The biggest things in the universe are surprisingly 
easy to predict. Dark matter doesn’t interact with 
itself, so most changes just come from gravity. 
However, the realm of galaxies and galaxy clusters is 
messy. Stuff is colliding, turning into stars, falling 
into black holes, condensing into people, becoming self-
aware and reading doodle summaries of papers…
It’s all very complicated.

You shouldn’t always trust computers….

To cosmologists, galaxies 
are just lil’ guys

We are measuring things on big scales, 
so typically these simulations work just 
fine. However, we find that multiplet 
correlations in the simulated universe 
are lower than in the real universe!

So how do we connect these tiny multiplets to 
the largest structures in the universe? 

I don’t know what 
you’re talking 
about, Dave.

real universe

simulated universe



The shape of our measurement is a result of the big 
stuff – cosmic web. The amplitude is a result of the 
small stuff – how galaxies move around each other. 

real universe

Simulated universe, but scaled to match 
the real one. The signals are not the same 
height, but have the same shape!

mathy prediction

Besides simulations, we can also use math! 
Here we model the 3D gravitational field 
created by large-scale structure and then 
derive an equation which describes how 
different components in the universe 
combine to produce our measurement.

This is not easy to do 
or explain, but I’ll break 
down the final equation 
on the next page.

caused by large stuff

ca
us

ed
 b

y 
sm

al
l s

tu
f
f

am
ou

nt
 o

f
 a

lig
nm

en
t

distance to tracers



multiplet orientation
(the signal we measure)

gravitational force 
created by the cosmic web

the variable which describes 
small-scale effects, or the 
extent to which a multiplet 
responds to the exterior 

gravitational forces

adjustment for 
how clustered 
galaxies are



The orientations of tiny groups of 
galaxies, or “multiplets”, trace out the 
largest structures in the universe.

We come up with a way to describe these 
correlations and make measurements using 
samples of different types of galaxies.

The shape of the resulting measurement is 
a result of the underlying cosmic web, and 
is the same regardless of what types of 
galaxies we use. We can predict this shape 
using simulations of dark matter.

The height of the measurement is a result 
of smaller effects: how galaxies move 
around each other in the little groups. This 
part is harder to model.

Unlike the orientations of individual galaxies, our method can 
be applied to any galaxy type and doesn’t rely on good 
pictures of galaxies. This could be a new way to map out the 
large-scale structures of the universe. It would require 
understanding the small effects or calibrating the amplitude 
of our signal. We have a few ideas for how to do this!

The next few years of DESI will fill out more gaps in our 
map of the universe – using galaxies that are especially 
well-suited for measuring multiplet alignment.

am
ou

nt
 o

f
 a

lig
nm

en
t

distance to tracers



You can find the publicly 
available data we used here

Our acknowledgement section is as long as the conclusions! 
It takes the support of many organizations and people to 
make a big survey like DESI possible.

Our work is one more step in a 
long line of papers building on 
each other!

These papers are all     OFFICIAL 
papers about the DESI Survey



Many people made this work 
possible – this is just a list of 
the universities they’re from!

33 institutions, 
10 different countries 



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

I made this in power point using the XKCD font: 
https://github.com/ipython/xkcd-font

If you’ve gotten this far, CONGRATULATIONS! 
I hope my notes made it easier to digest this 
paper. If you’re a scientist, I would love to 
read similar notes on one of your papers :)

- Claire Lamman

This is the fourth paper summary like this I’ve made.
For one on the discovery of dark energy, see this link.
For ones on how galaxy alignment messes up measurements 
of the universe, see this link and also this link.

https://www.desi.lbl.gov/
https://github.com/ipython/xkcd-font
https://pubs.aip.org/physicstoday/article-abstract/77/2/52/3230045/Translating-scientific-papers-for-the-publicEager?redirectedFrom=fulltext
https://cmlamman.github.io/doc/fakeRSD_summary.pdf
https://cmlamman.github.io/doc/fakeRSD_spectra_summary.pdf
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