We have an idea for improving
Measurements of Pointing galaxies
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We have ideas for improving measurements you've probably never heard of .
This paper was written for the tens of people who have. Although not
particularly glamorous, technical papers like these can end up being some of the
most vseful to other scientists, This annotation gives a glimpse at the types of
problems we need to think about for developing new methods,

TL,;DR: When measuring how much galaxies point at each other, you should care
more about galaxies that are close together, Except if they're too close, then
you should care about ones a bit further away.

WHY BOTHER? This i5 a real pain for people who care
about weak lensing: a way to measure
As the cosmic web of dark matter grows, dark matter by the tiny little ways that
the shapes and orientations of galaxies its gravity messes with the light of
tend to align with it. They point at each galaxies, Most of, the methods we vse
other (but really they re pointing at big to measure galaxy alignments come
invisible clumps of matter which tend to from trying to solve this problem.
form lots of galaxies). X
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~ ~ GINORMOUS surveys of  galaxies and we
- Q\\Q have a chance to be a little more clever
~ about how we make measurements....



Measurements of galaxy alignment are
tricky because we can only see the
pro jéected shape of galaxies, >>

Because of  this, people of ten measure

pro jected shapes relative to pro jected
separation (distance between galaxies on the
sky), a 2D measurement. But this throws out
vseful information, so some people have been
working on measuring pro jected shapes
relative to the full 3D separation between
galaxies, But this comes with its own
challenges ...

Here we come up with a method
that tries to get the
] best of both worlds 2.

EXISTNING METHODS

This section summarizes the main ways
that we make measurements now:

l. The average amount that a
galaxies tends to point
towards its neighborse.

Distance along our line of sight

What the galaxies What they look
look like in 3D from our POV
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Distancel on the sky —»

This diagram explains the setup: If you
have a galaxy in the center, galaxies
around it will tend to point at it. But we only
observe the shapes of. galaxies on the sky!
50 'you get'a weird angular dependence if
you try to measure this in 3D,

2. Kinda like #l, but taking into
account that you tend to see more
galaxies close together. The
Universe is clumpy.



3. A fancy way to measure alignments
in 3D, taking into account the weird
angular dependence that the
pro jection of shapes cauvses.

PROPOSED.METHODS

4. The new methods that we propose. #3 considers the shape
projection, but there’s an addition problem that we want to consider...

Redshift-Space Distortions (RSD)!

RSD is an ef fect we see'in galax G oo L

L B AR, ¥ T o
surveys due to how we measure their S .g.-.;, l fr-.;p,
distances, Basically, the positions we il B e
measure are squashed and squished Galaxy Map RSD causes the
from their real-space positions. without RSD  structure to looked

more ‘squished’

If you've seen my other paper summaries, you might notice
that my very first one was about how galaXy alignment can
bias RSP, Now I'm looking at how RSD can bias alignments!



https://cmlamman.github.io/doc/fakeRSD_summary.pdf
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Distance along our line of sight

Amount of alignment

These plots attempt to visualize how RSD af fects the 3D
behavior of galaxXy alignment.

What the correlations look What they look like in a
like in the req| Universe Map of galaxies
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Distance on the sky —» The measurements have
been SMEARED!
If you have a galaxy right here,
the color corresponds to how
much the (pro jected) shape of
another galaxXy would point at it.
Uflat _the correlations (ook What they look like in ”
like in the real universe Map of galaxies
—>
Angle between the galaxies, SMEARED again!

relative to the line of sight.

the full information from 3D?

These problems only really show up if you —
try to do 3D measurements. So do you \/\'L.
stick to 2D or try to model RSD and get — % @D
B0 2 Al

Here is our idea: keep making measurements as a function of distance on
the sky (2D) but incorporate more 3D information by giving extra weight
to pairs of galaxies that are close along the line of sight.



We propose giving more weight to galaxies
that are close along the line of sight... But when galaxies are also close on the
oky, ease vp! RSD can smear
measurements so try to be a bit more
generous and even out the weights,
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you should care about
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How far along the line of sight
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Distance on the sky
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Distance along the line of sight

The re gion where RSD
has a big effect

TESTING THE NEW METHODS

Now time to put our' galaxies where our
mouths are and see just how well these new
methods compare to traditional ones. ..

We do this by vsing 25 different simulated
universes (!) so we can get a very good idea of
the average performance of each method.

We re so close to figuring
aut the question:.

I am shamelessly stealing a cartoon about simulated universes from another annotation becavse |
am defending in two weeks and why did | commit to doing this for every paper in my phd ...



The top two plots show measurements
made with several dif ferent methods

Our methods
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Distance on the sky —— The lower two plots show how much signal we find
divided by how much statistical noise there is.
The higher a line is on this plot, the better.
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1 Look! There she is! My baby!
% Soaring above the rest! (OK,
‘9:) admittedly by a tiny amount but
(]

‘m sti ud of her)
Distance on the sky = 'm still pro

The fancy 3D measurement we mentioned before is
about 2x better than the “normal’. method. Our. 20—
3D hybrid is about the same improvement, but you

%Vion't need to worry about annoying RSD effects!

MODELING THE NEW METHODS

Now the mathy part —> explaining how people can build this measurement into
their theoretical models. This is the ve getables that even an observer like |
must take for a healthy science paper...
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Fortunately, it's not that different from the
vsual way that people model these correlations.
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..but that didn't mean it was easy to figure out!i i e 4 ¢

Fun fact: There is a “shortcut” that people
often use for modeling these measurements,
but it doesn't really work for ours. HOWEVER

our, math results in a DIFFERENT shortcut which
sort of cancels out the added complexity.



CONCLUSION

| am impressed that you made it this far in a rather specific,
technical paper. As a reward, | will now attempt to summarize it with
as much PIZZAZ and DRAMA as possible:

In a vast Kingdom of people who explore galaxy
alignments (a handful of researchers),
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 'there is a raging battle (mild discussion) about
if we should use 2D or 3D measurements.
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We come up with a completely new method
(based on lots of other people’s ideas) that

ANNIHILATES (works slightly better then) the
other measurement methods.

If anyone has a problem with this you can come say it to my face
(please feel free to take a look at the data yourself and email
me if you have questions).

Thank you for reading! Check out
ClaireLamman.com for other accessible
annotations made by myself and others!

— Claire

| made this in power point using the XKCD font:
https:// github.com/ipuython/xkcd—font



https://github.com/ipython/xkcd-font
https://cmlamman.github.io/
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