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Overview

Introduction; a short history of
cosmological simulations

Physical motivation

What is a Lagrangian Region?

Gas: where did it come from, where
did it go?

Conclusion

In white, the region where the gas comes from for a z=0, 10" solar mass, halo.
In red/purple, we see the Lagrangian region defined by the dark matter that
will end up in the z=0 halo.




Back in the day...

® Everything was easy! ' T = 1 -

® Forces are all attractive (i.e. only ' i ‘
gravity)

® Dark matter follows a relatively 1 . .
simple path to it's final resting | | |
place at z=0. R A AV I

| ] 1

Frenk, N-Body Simulations of Galaxy Formation,
Proceedings of the 130th Symposium of the International Astronomical Union, 1988



Present day state-of-the-art

® Gas dynamics, feedback models, .

star formation... 4 /

® Forces are now repulsive as well as

attractive ' _

® Clearly all matter no longer follows

the same, simple, gravitational
path as before

Schaye+, The EAGLE Project, 2015




Physical Motivation

200 . . . . u
z = 0.65 ~
® Feedback causes gas to be blown 100 | :
out of galaxies
0 -
® This is especially true in ;5
simulations that include AGN ~ —100f -
feedback
—200 | -
® \Where does that gas go?
300 —3100 —2100 —1l00 6 160 200
X (kpc)

Angles-Alcazar+, Baryon Cycling and Galaxy Assembly on FIRE, 2017



Studying mass transfer




|[dentitying Lagrangian Regions

® Halos identitied at z=0 by AHF

® Dark matter defines LR

® For each gas particle, find
closest DM neighbour to find
appropriate LR.

Lagrangian region for a high-mass halo in the Simba 50 Mpc box.
Zoom-in shows the corresponding halo at z=0.
Note the actual dark matter is uniform density.




Computing transfer

® [or every gas and star particle at
z=0 we perform |ID matching with
the relevant z=99 progenitor.

® \We then know the LR it belonged
to, and the halo at z=0 that it
resides in.
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A closer look
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A halo-catalogue independent measure




Who ends up turther away?

1063

® Gas (and stars) end up significantly 10%
displaced from their original
neighbour

® Gas dynamics either prevent infall

(unlikely this is the major eftect at 102_5
z=0) or teedback blows gas out of
galaxies! 10t
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Distribution of distances
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Distribution of distances

® |nside galaxies, it doesn’t matter if a
particle has interacted with a
feedback process

® The gas and dark matter follow very
similar distributions
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Distribution of distances

® Qutside halos, we tind particles
blown out to many times the viral
radius!

® This very long tail shows more gas

that has been “touched” directly by
AGN and SNe

® Note that other particles could have
been dragged out and not be
marked
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Distribution of distances

® Qutside halos, we tind particles
blown out to many times the viral
radius!

® This very long tail shows more gas

that has been “touched” directly by
AGN and SNe

® Note that other particles could have
been dragged out and not be
marked




Do stars and gas behave ditterently?
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L TCaesar: Buy now!

000 < in — @ GitHub, Inc. ¢ O h a

Pull requests Issues Marketplace Explore

JBorrow / lagrangian-transfer @uUnwatch~ 1 sStar 0  Fork 0
° ° ° °
® [his analysis is completely general to particle- e
Some lagrangian transfer code written for the KSPA. Edit
| I I Add topics
a S e C O e S D 62 commits ¥ 2 branches © 0 releases 22 1 contributor
Branch: master v New pull request Create new file = Upload files = Find file
JBorrow Added ability to only parse the relevant halos Latest commit d4e2a3d 5 days ago
° ° B ltcaesar Included extra information in output of the distance metrics function... 6 days ago
. < l I r re |ﬂ -t ‘ W O r |<S W I -t h a n a d e‘t_ O I d i} scripts Added ability to only parse the relevant halos 5 days ago
i tests Added a passing version of the test to check for particle distances b... 7 days ago
£ .gitignore Added pickled objects to the gitignore 14 days ago
E) README.md Updated documentation to include using your own halo finder 17 days ago
[E) analyse.py Changed to using a non-test filename in the analysis script 19 days ago
° [E) analyse_fakecaesar.py Added minor change that ensures all of the particles that are really ... 12 days ago
‘ D O W n | O a d t h e < O d e a n d r l l n O l l r O W n a n a ‘ S I S I [E) requirements.txt Added module info and setup.py so this can actually be instaleld as a... 20 days ago
[
B setup.py Revved to 0.3.0 now that we have the distance diagnostics working, as... 7 days ago
README.md s

Lagrangian Transfer

® https://github.com/jborrow/lagrangian-

Josh Borrow, Daniel Angles-Alcazar, Romeel Dave

This small library is used to calculate the transfer of mass between lagrangian regions in cosmologcal simulations.

transfer

Requirements

e python3 - no attempts will be made to ensure that this code works with older versions of python .

e caesar -you will also need to generate the relevant halo catalogues for each snapshot that you would like to include
in the analysis. The version of caesar that we recommend is the custom version available here:
https://bitbucket.org/laskalam/caesar. You will need to run 2to3 on this, and then edit out references in the setup.py
to the hg version. This is a bit of a pain at the moment, sorry.

® Analysis is fast (less than 1 hour for 5123

e numpy for numerical routines.

e scipy forthe KDTree routines.

e tqdm (optional) for a status bar.



https://github.com/jborrow/lagrangian-transfer
https://github.com/jborrow/lagrangian-transfer

Ongoing questions

® \What happens in a simulation ran without feedback?
® |sthere a maximal scale for this transfer? (Need bigger boxes)

® \What happens with different teedback models? Mutasa, EAGLE, ...

® Should this have an observational signature?



Conclusions

® There is significant transfer between halos in cosmological simulations
® Gas and dark matter end up signitficantly displaced from each other

® The particles that transfer can form stars; up to 10% of a given halo’s
stellar mass can come from other LRs

® Code available for download and use by the community.



On not using the convex hull

® The purple hereisthe LR of a

single galaxy, with the white
region being made up of the
LR of another halo

® The holes/substructure in
these LR's is not a problem,
but a feature.

In white, the region where the gas comes from for a z=0, 10" solar mass, halo.
In red/purple, we see the Lagrangian region defined by the dark matter that
will end up in the z=0 halo.




Caesar v.s. AHF
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