Gravity reaches over massive distances

: big survey of
The data I use comes from a big '
ga/ax/eé, Tt takes a lot of peop/e to 'make it happen.

\ I
TL,DR There are some things in the universe that are so big,
theyre made of galaxies (and dark matter). These large
_structures create a 9mvitational field thrpughpufc space,
i >which influences the way galaxies cluster. together. By. ..
~ measuring this clustering, we find evidence of gravitational” '
o 'tidal forces' acting over: the largest distances ever measured. .

1 1%
k

1o e L

i
1 LS il u
[
S

Background

Everything with mass exerts a gravitational force: the sun, black
holes, my cat, 'you. Bigger things create more gravity, and the
closer: something is to us, the more of its gravity we feel. So when
we're on Earth, we mostly just feel our planet pulling us down.

Although there is another object that exerts a Although T am strongly

noticeable gravitational force on'us: The Moon. drawn to my cat, that has
nothing.to do with gravity.

/
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pulled =X I pulled

more

Since the closer you are to an object, the more
you feel its gravity, the side of Earth closest to
the moon gets pulled more than the other side.
This causes our planet and its oceans to get
squashed (just a little bit).

As the moon orbits the Earth,
different parts of the oceans get
pulled more, and all that water
sloshing around is what we call 'tides’.



distance between Moon and Earth relative to their sizes
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The Moon exerts a tidal force on the Earth, even
though it is 240,000 miles aww!

To help you think about how
crazy this is, here's a true-to-
scale drawing of the size of the
Moon, the size of the Earth, and

the distance between them.

Tidal forces are gnar,

The large-scale structure of .
the universe also exerts tidal Findina 'multiplets’ of 90|0Xle$
forces, and these extend over N

far larger distances.

In this paper we see just

how far this can be. Within the DEST dato’ T
find little groups of galaxies
that are close together. I

M call them 'multiplets'.
We use data from DEST (Dark Energy S
Spectroscopic' Instrument). DEST lives on Foiirdne!
a telescope on a mountain top in Arizona. Tl
(these galaxies are
a set that are close
L1t has precisely mapped out the positions =4 together).
of tens of millions' of galaxies, making the /

" largest ever map of the universe. S
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This was done in a previous paper of
mine. I found multiplets and showed i
mic origin®

U . ) i 5

that theB point" along the large-scale e o
structure of the universe. For, more -
g '..'-f e ).\‘ - )

information, see that paper summary! ZLIpR
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In this paper, I use more data.

I also take care to experiment
with different methods to see
what gives us the cleanest
version of our final measurement.

Once we find multiplets of galaxies, I
describe each one with a single number: it's
orientation. Which direction does it 'point?

This is like draw/hg a strait line
that connects all the galaxies and
seet'ng where (t po/n ts.

Figuring out where each
7 multiplet points

Ry


https://cmlamman.github.io/doc/multipletIA_summary.pdf
https://cmlamman.github.io/doc/multipletIA_summary.pdf
https://cmlamman.github.io/doc/multipletIA_summary.pdf
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The density of objects ->

ga/ax/es

This plot compares how many galaxies are in our
sample at different distances and how many
multiplets (there are less multiplets than galaxies).

multiplets of

\_fhese galaxies

Distance from Earth ->

what are multiplets angwogs?

We need to be careful with how we name
these things. “Galaxy group” and “galaxy
cluster” already have a specific meaning in
astronomy. Our sets of galaxies are
different - usually less galaxies but still
spread out over relatively large distances.

So we call them ’multiplets' -
Le. doublet, triplet, etc.

A visualization of what their shapes
look like (s on the next page.

Connecting multiplets to
lorge—scole structure

We'l also get into how we connect
these multiplet shapes with the large-
Scale structure of the universe.



Here is a visualization of the ’average' shape of each multiplet.
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Multiplets look different in different
parts of our data.
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Less dense samples, bigger multiplets

The denser the sample is, the smaller
the average multiplet shape.

In all samples, multiplets don't look like round

i i i two long
clusters of galaxies, but more like long filaments. Those plots /Oeo/:n /kt ipets

[
blobs becaus® 'th a yptca
es, wit
are two ef]?/ O each thec that
d:sta”rcles over. these 5¢4'e>
va

cluster group multiplet
big, lots and small lots big, usually just
lots of ga/aXIés of ga/axzés 2=3 ga/ax/es

Now we know what multiplets are and how
to ftgure out the orientations th69 point in.
How do we connect this to the large-scale

structure of the universe? The large-scale structure is

mostly made of dark matter,

but it's traced by galaxies.
We can use the same

galaxies that we used to find

/7 \_ multiplets as . tracers of the

underlging structure.

-

The relative ang/e between a multiplet
orientation and the direction to a nearb
a/axy 8''is 'the main value we care about We
measure this as a function of how. far away
the multiplet and galaxy are, R.

Smaller angle = multiplet points at nearby 9alaxies = multiplets are aligned with large structure.

what information does this
actually aive us?
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@’(\* the alignment amplitude with 7 rather than
"&mon Aja ‘used in most weak- lensing-related
Rile & King 2007; Joachimi et al. 2011; Johnston
0\;]9} as T is a more natural characterization of the pure
t1dL1| ‘response, although we report both here. The two are
related by
T D(z)

CI Pml2) ..

Apalz) = - (10$)

where C; = 5x10~"* MZ'h=—*Mpc? (Brown et al. 2002), p,, is
the matter density, and D(z) is the growth factor normalized
such that D(z) = (1 + z)D(z) is unity at 7 = 0. Note that
here we have changed the D(z) normalization from Lamman
et al. (2024b), which normalized at matter domination, to
match the majority of recent works. Since Ajs contains the
growth factor while T does not, the assumed cosmology enters
directly into A4 and is another reason to adopt T as our primary
parameterization.

The autocorrelation &, follows from the same framework
with two modifications. First, because both fields being corre-
lated are shapes rather than one shape and one density tracer,
the amplitude enters quadratically: &, o 7%, and the galaxy
bias does not appear, since neither field is a density tracer. The
relevant power spectrum is therefore P, (k), with the tidal
factor entering squared, (K?/k?)?. Second, the projection ge-
ometry changes. Correlating two spin-2 (shape) fields, rather
than a shape and a scalar, replaces the % kernel of the cross-
correlation with the sum ) + ;. This is the standard pro-
jection for shape—shape correlations (Singh & Mandelbaum
2016; Hervas Peters et al. 2025). The bin-averaged Bessel
kernels are defined as in Lamman et al. (2024b) for ‘A, with

1egf0f our multiplet samples and the galaxy catalogs they were identi
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cross-correlag \ree prediction
tlation amplitude: there is no\{r§e normaliza-
tion, the galaxy bias does not enter. If instead, 7 is
meagdred from the autocorrelation, the cross-correlation pro-
vides an independent measurement of the galaxy bias. In the
following sections, we adopt the 7 value from the &, fit and
overlay the resulting 7° prediction on the measured &, as a
consistency check of the alignment framework. We addition-
ally fit t directly to &;,, compare the two amplitude values,
and check consistency with the predicted galaxy bias.

How we measure this

MEASUREMENTS

1. Measurement Method

We measure both alignment estimators of Section 4.1 with
the pipeline introduced in Lamman et al. (2024b), updated for
the larger DR2 samples. The code is publicly available in the
spec-IA' repository. We summarize the procedure here and
describe the changes made for this work.

we compuie < The next sections detail how we

separation, where larger hin 1ed in
Section 4.1. The m me sure thlS On real dat tly

CdsUICIICL 1h CalTlcd Oul 1114.1\.,].;\.,11.\.1\.,11
in Ny, sky regions of equal multiplet count, divided in right
ascension and declination. Within each region, the multiplet
orientations are measured relative to the full tracer sample, or
full multiplet sample for autocorrelations. The average signal

and errors are then estimated from these regions. We increase

I github.com/cmlamman/spec-1A




the number of regions relative to Lamman et al. (2024b), using

Nieg = 2500 for BGS2 (which contains the largest number of

mu]t1pletaj Nreg = 2000 for the other BGS samples, and
Nieg = 1000 for LRG and ELG. The larger count for BGS
is driven by its much higher density, both to keep the per-
region pair count tractable in memory and because the denser
sample supports a finer region th"tqn" at fixed statistical
precision. Alongside this, we 102

the pair-counting code; the n large amounts of d om
the original implementation.

ata an
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presented in Lamman et al. (2024b). This is partially due to
improved measurement methods, but mostly due to more data
and adopting a larger linking length when identifying multi-
plets. This especially improved the ELG signal, which had
the largest increase in galaxy density from DRI and, as the
most diffuse sample, had the most to gain from a larger max-
imum linking lennt} Compared to DR1, the number of BGS

‘3 part lS on hOU) e dec ‘tHwﬂv doubled, while ELG increased by a

u[w ul uum L L0

measurlngnulnplets in each sample,
OL\) we 96": error erS t t“ed by factors of 3 for

Errors are estimated by boonpf,?P?I’yI@f‘ect all the uncertountte 1 md T

regions are drawn with replacement Npoor = 10 times and the
per-bin uncertainty is the standard deviation of the resampled
mean. The same resampling defines the covariance,

C = Cov[d®];™, (12)

where d'?) is the mean over the b-th resampling, so error bars
and covariance follow from a single procedure.

For some analysis, we combine the measurements for each
tracer across their redshift subsamples. For this, we use an
amplitude-based weighting: each subsample is divided by
its best-fit alignment amplitude T before the inverse-variance
combination. This weighting has little effect for the LRG and
ELG samples, whose subsamples have similar amplitudes, but
modestly improves the combined BGS signal-to-noise. When
combining, the bins are disjoint and treated as independent.
They are combined at the covariance level: the combined
inverse covariance is G~ mh =2.CC I'and the combined signal

is deomb = Ceomb 2. CZ 'd.. Imel se covariances are debiased
with the factor l\hm, - ;'vhl,, 2)/( Nyee — 1) before combination
(Hartlap et al. 2007). .

We validated the pipeline against an independent implemen-
tation built on TReeCorr (Jarvis et al. 2004), finding agree-
ment in the measured signal. We nonetheless retain our own
code for the production measurements, as TREECoRR does not
natively support the variable I1,,, ( Rpi,) binning or the three-
dimensional pair selection used here. and offers no sufficient

T Measuring the multi let-L
@M‘_ lations

For the cross-correlation &, , we compute the projected ori-
entation of each multiplet relative to each tracer as described
in Section 4.1. Jinless otherwise stated, the tra atalog is
the same catalofWised to identify the mul t_gle?@m ception
is the over 12 LRG and ELG)emn at 0.8
where we ¢ borrelate ths %0 samples.
measugam®nt, we also measure the multiplet ori=
i€ to DEST’s random catalogs, which are con-
natch the survey geometry, and subtract this from
The randoms subtraction differs from Lamman
). Previously, the meanggndom signal was sub-
rom the mean measured sign\l after averaging over
ns on a per-region
reg yield the same
removes the
ns before the
more accurate
eomelric term

basis before averaging. The two pro
combined gznal, but the per-region subt
coherent, geometry-sourced scattgb%\.fn
stnnated The resmlling errorg.:
Ter at lagge ‘!Bparanons where
tegsn® to the region-to-region vartmdg.
*Tesulting cross- -correlation measureméMs and NLA
it are shown in Figure 4. Across al] samples, we
ignificant improvement erHdu‘ DR l.measuremen

TenIties in our, Surve .G are consistent with the
NLA model in the large-scale linedr regime, generally agreeing
over the scales it is expected to be valid, R > 10h~'"Mpc
(Chisari 2025). However, Lamman et al. (2024b) found NLA
to break down for LRGs starting below 304~ 'Mpc, which
is similarly reflected in DR2 LRGs. This could be because
density is correlated with alignment strength in ways that NLA
does not capture (Ichikawa et al. 2026). In particular, the
observed shape field carries a density weighting factor of (1 +
6), which our 1/(1 + &) normalization (Equation 6) can only
partially account for. This increases the minimum valid NLA
scales for samples with higher clustering (Shi et al., in prep),
and would be especially pxonounced for highly biased tracers
like multiplets.

Within the BGS sample, signal amplitude is highly cor-
related with redshift. This is largely due to the clustering
differences between redshift bins, as the galaxy bias increases
significantly when fainter galaxies drop out of the more dis-
tant bins. Because of this, the maximum linking length set
for identifying multiplets also changes across the bins (Table
1). This difference in clustering and multiplet definition is
accounted for in the alignment amplitudes discussed in Sec-
tion 7.3; this plot should not be used to infer any redshift
dependence. Conversely, the LRG and ELG catalogs have a
more constant number density (Figure 2) and identical mul-
tiplet definitions within each sample, so the amplitude of the
correlations are similar across redshift bins.

The overlap of LRGs and ELGs in the redshift range 0.8 <
z < 1.1 provides an interesting opportunity to directly compare
the alignment of multiplets made with galaxies of different
morphologies, so the cross-correlation of ELG multiplets with
LRG tracers is also shown in Figure 4. This is discussed further
in Section 7.3.

Figure 6 shows the average multiplet alignment made with
BGS. LRG. and ELG. They are a combination of the measure-

- - < We talk about measurtng how multtpletsu errors taking
are correlated ‘with nearb

; 3 9010)(1 Iloas ll)ms as de-
Cribed dbove, DiHerences 1 ILUdEs O this plot are from
both clustering variations between the samples and differences
in the alignment strength of multiplets. These represent our
cleanest measurements of large-scale tidal shear with each
tracer. The correlation matrix of the combined LRG signal
is characteristic of all measurements and is shown in Figure
7. The diagonal of the underlying covariance reproduces the
standard errors in Figure 6. Adjacent R bins are positively

correlated, especially af lar: iplet=etails of this
Covarianc Measurin the multd rsizc, and detection

significance 2 14 let connectlon

5.3. Autocorrelations

The multiplet orientation autocorrelation &, (Section 4.1)
is‘ measured with the same infrastructure as &, differing only
1 the quantity correlated and in the absence of a random cat-

ALSO how multtplet ‘orientations
can be correlated with each other!



Here's what the
measurements look like!

- -C

-
-
-

-
- These are measurements of
multiplet-galaxy alignment for all
our galaxy samples.

And these are measurements of
- multiplet-multiplet alignment.

(they are much noiser because
this type of correlation (S weaker)

The next page has one grand
plot of the average signal for
each galaxg sample, so T'll
explain what the measurement
actuallg is on that one.



This plot shows how aligned multiplets are
with the gravitational field created by the
Iarge-scale structure of the universe.
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Nearby galaxies, @
a mix of types

Large red &
Distant blue galaxies
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More aligned

We find this alignment over
REALLY REALLY big distances!

- == No alignment — - —

Distance between multiplet and a 9alaxy trocing the lorge structure

How big?

Over 10,000,000,000,000,000x further than the distance between the Earth and the moon.
(that's 10 guadrillion)

Understanding hot
qalaxies trace LSS

Before we get too excited about
this, we're going to spend a bit
more time thinking about all the

ways we could be wrong. Mapping dark matter is

like chasing a ghost,

except you managed to

throw glitter on it and
are now chasing around a
We use the positions of galaxies totrace large-scale igtielcotdionsparsiylolss

structure. This section examines just how well we
understand the translation between galaxy map and
map of al matter (including all the dark stuff).
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These estimates and their uncertainties are also shown in Fig-
ure 8.

As an independent cross-check, we predict the relative
bias between bins using our own projected two-point cor-
relation function measurements, w,. In the linear regime,
by oc \fw,/D(z), where D(z) is the linear growth factor. We
use measurements of the average of our projected correlation
function, u-:u”. over R bins of 10 — 50 A~ 'Mpc. In Figure
8, this relation b(z) is shown, scaled to the average multi-
plet estimate. The shape of b(z) here depends only on our
own w,, measurements, and requires no assumption about the
alignment amplitude 7 or its evolution.

Figure 8 compares all three methods. At low redshift, the
multiplet autocorrelation and the Ucnuu-BGS fit agree to
within ~ 5%. At higher redshift, the UcHuu-BGS estimates
rise more steeply than the autocorrelation-derived values, with
the discrepancy sensitive to the extrapolation of Equation 13
into the bright end of the luminosity distribution. b(z), nor-
malized to the mean of the autocorrelation estimates, provides
a smooth interpolation that lies within the uncertainties of the
autocorrelation measurements.

We adopt these per-bin autocorrelation-derived values as our
fiducial bias estimates. This choice has three advantages: (1)
it is measured from the same data used for the alignment sig-
nal, avoiding any mismatch in sample selection or cosmology
relative to a mock calibration; (2) each per-bin estimate is inde-
pendent of T and its potential redshift evolution, which is a par-
ticular concern for BGS given the strong sample-composition
changes across our redshift range: and (3) the estimates are
consistent war 4lad i thlS b.)lth ing-based shape from

., Testin :
wp and D(z e ITernal validation.
fake universes

6. MOCK CATALOGS

We reproduce our measurements with mock catalogs built
from the ApacusSummit N-body simulations (Maksimova
et al. 2021), the same suite used to validate DESI’s cluster-
ing analysis. In Lamman et al. (2024b), multiplet alignment
measured in these mocks was found to reproduce the scale de-
pendence of the real signal, as expected if the alignment traces
the tidal field in the manner described by the NLA framework,

of distance. The meosure?nents in.eo;h_
' ':cjiistonce bin can't be combined as if they

rrelated with —04
independent. They are correlated v
i r, which wge need to c_o_‘rlStder
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m
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FiG. 7.— The correlation matrix of the combined signal from the three LRG

redshift bins, with the identity subtracted to highlight off-diagonal structure.
Our quoted significances consider this positive correlation between adjacent
bins, which is particularly pronounced at large separations.
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while under-predicting its amplitude by about 30% for LRGs.
The amplitnde ofWe also'make our measurements on

T T T T v T y y
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Effective redshift 2

ability to capture ’éimdld'ted“ddtd'i“Thié-helesl‘"(is ‘check

sources the multiplet orientation. Because the mu'tiple]s iden;

tified in this worktR@t,We K.QEQILQQI_QQHH measuring what

Lamman et al. (2024b) (we think we're mea’suring_this
behavior should persist.

We measure multiplet alignment in the LRG and ELG
mocks: no analogous BGS LSS m{We€ Gre) available. We
averaged over all 25 realizations and compared with the real
measurement by taking the ratio of the two averaged over
20 logarithmic bins in projected separation between 10 and
200 2~ 'Mpc. For the three LRG redshift bins the ratio of the
measured signal to the mock is 1.20 + 0.01, 1.28 + 0.01, and
1.33 £ 0.01 for LRG1, LRG2, and LRG3 respectively. Tqese
are marginally closer to unity than the ratio of 1.33 repw¥ted
for LRGs in Lamman et al. (2024b), consistent with tl ‘.\ X-
pectation that the larger multiplets used here are less djJ

TR \
_ HD
by the nonlinear effects the N-body simulation doe" JT;*;

ture. For the two ELG bins, the ratios are 1.97 + (353 )
1.80 + 0.05. The larger offset for ELGs follows tHe Same

trend: the ELG multiplets are on average snyyllerang gpareer
. o5 ost of the mul;
than the LRG multiplets, and so retain a I;Mu,v'vantr-n ition

FiG. 8.— Estimates of galaxy bias in our BGS redshift samples. The solid
lines show predictions from the Ucnuu simulations using the faintest P per-
centiles of galaxies in each bin. The dashed line shows the relative difference
in bias between each bin, as predicted from comparing their 2-point cluster-
ing, normalized to our estimates from multiplet correlations. These estimates
come from comparing the measured amplitude of the cross and auto correla-
tions. They are shown in black, with errors from the variance of determining
the amplitudes in independent R bins. The bias values estimated directly from
our sample are consistent with the trend expected from 2-point clustering and
are the ones we adopt for the rest of this work.

from the small-scale dynamics that the mocks under-represent.
ses, the scale dependence of the mock signal re-
istent with the measurement, as in Lamman et al.
though the amplitude does not match. We use
AT t in shape to validate the analytic model under-
lying our BAO analysis in Section 7.4, where it is the scale
dependence of the template rather than its overall amplitude
that determines the result.

tiplet T measure have

L R A A A
no idea they're living in a simulation...



How sure are we
. ? -
about this result? :

Once we think about all the ways we
could be wrong, we come up with a tion + * .
numerical estimate of ' just how sure . .

we are about our results. ) .

This'is especiallg trickg for our
project, because we're making
measurements over distances so
big, thexj approach the actual
boundaries of our survey!

Q)
We end up concluding; Yes! (2%

We have detected gravitational
tidal forces over very large
distances, with very high levels
of confidence.

How does it compare 1o
How does it com
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iwo cayeats apply to this comparison. First, the per-
bii Somethmg SiMilafends on the choice of binning; finer
binning divides a fixed signal among more bins. The cu-
mulative statistic in Figure 9 largely removes this sensitiv-
ity, since quadrature-summed signal-to-noise is approximately
conserved under rebinning of independent bins. Second, and
less tractably, neighboring bins are correlated, and the cumula-
tive statistic neglects this off-diagonal covariance; it therefore
overstates the trpe Lil['l'i vingd ‘:i”lllllt.dl]kL Bolh effgcts should
be borne insnind. b — es the com-

parison. These are the furthest-
The muiplet mc ”‘"'detectlons of the tiye Pmrge-

signal-to-ngige (EVer; ARtEiy. d lf ld' ufle =xbove the
strongest l’dld\\ gruwtatuonal 'tl Qi le syme range of

acpamlmn» ] ever, urar the galaxy-shape
]llL.d‘\I.IIL[I]LI][]« stowp ]thldla‘ dl!m | fom bar flu data sets;
a like-for-like comparison against galaxy intrinsic alignment
measured on DESI DR2 would be more equitable. We also
note that an ELG-like galaxy population has never yielded
a successful intrinsic-alignment detection, so the ELG multi-
plet measurement has no galaxy-shape counterpart to compare
against.
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the DESI DR1 red BGS and high-reds? mL u\u measurements
of Siegel et al. (2025). Agmmt these we plot our DESI DR1
LRG multiplet result (Lamman et al. 2024b) and the DESI
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with different methods and data, Figure 9 demonstrates the

markable growth of this field over the past decade. Im-
.u ovements are driven by new estimators, the use of multiplet
wailable from

O

ements

chanae over cosmic time?

tgiment dirength and Redshift

There is evidence, from both hydrodynamic simulations and
observations, that the intrinsic alignment umpliludc -11\ of

DR2 LRG, B(j% and ELG mul[ip[m measurements presented individual galaxies increases with redshift over 0 < l in
in thi “ h k e nse the rej \r'\[I al |‘ nment 5[&![1 A and its LRG-like .Hd['l'i])h_h (Samuroff et al. 2021; Herle et Lll, 2026
uncetts mtk [ meqrsur,?\meknlt% “ho_ for each measurement. Siegel et al. 2025). We might expect multiplet alignment to

compare to are made wlth e not shown. Fourier-

»de different methods Gf\d d]\ada (2023) report a high
s1onal-t insic-alignment power

dtfferent datq SO 1ts dtfﬂcult ulated across a broad

fto do a ]] comparlson of: Qnyllldkl nonlinear scales,
and a !L e tmprovemen |UL.‘: ndt correspond to a single
phy leLlI separatibn, so it canfiot be placed on the hor izontal
axis of F1guu, 9. The BAO-scale intrinsic alignment of Xu
et al. (2023) does reach large scales, but is measured in linear
three-dimensional bins around the BAO feature rather than in
projected separation, so it is not directly comparable; we note
that its signal-to-noise is comparable to the CMASS-UNIONS
measurement.
‘:\].lhﬁ}l.l“h the £ laxv-shape measurements report the pro-
However, all these measurements.
Sort &, the tweare of the large scale 9rov1tot¢onal

[hemeliel ©field and our methods 7 data have
over multiplet-tracer pgirs, w ar o

shape-density pai produced the clearest Stgnal getl
ciated two-point clustering term is negligible relative to that
on the alignment signal, so the per- _bin .klglldl to-noise values
are directly comparable even though the underlying estimators

follow a similar trend, though it is not obvious that it should
track the individual-galaxy result. Here we take an initial look
at the redshift dependence of multiplet alignment, although a
pure comparison across redshifis is limited by variations across
and within samples, particularly the fact that our multiplet
definitions vary between redshift bins in BGS. Figure 10 shows
the measured amplitude of multiplet alignment as a function
of redshift for all three tracers, reported both as the shear-
response parameter T and as the more common Ajy. For this
comparison, the important distinction between the two is that
Aja includes the growth factor, Ay o D(z)

For BGS the interpretation is complicated by the sample
itself. As described in Section 2, the flux-limited BGS sample
changes substantially in both density and intrinsic luminosity
across our five redshift bins, and we adopt a different multiplet
definition in each bin to track the changing density (Section 3).
The bias used to convert the measured signal to an amplitude
is determined directly from the data (Section 5.4, Figure 8),
and its uncertainty is propagated into the amplitude errors
shown here. To assess the sensitivity of the amplitude to the
multiplet definition, we additionally recompute it in each bin
over a range of linking lengths between 1.5 and R A~ "Mpc

(Figure 1); the resulting .\pluLNeXt we See lfuthe strength
error bars in Figure 10. E\-Of.multlplet thnment Chgnge
across our samples.

differ. The most significant difference between all measure-
ments is the choice of Il,,,. IA measurements are typically



Strength of multiplet alignment

We somewhat see
stronger a/{gnmem‘
as you get further

away from Earth and
back in time, however
there are too many

caveats to make a
strong conclusion.

Distance away from Earth and back in time >
Tt's difficult to measure this, because we have many correlated variables.
Although we make our measurements in samples which are at different
distances from Earth, the samples also vary in density, galaxy color, galaxy
size, and more properties that are connected to alignment.
Do we see evidence of

cosmic bubbles?

/ Patterns from the early universe create '‘oubbles'
of .overdensities, or.'BAQ". These grow predictably
with the expansion of  the universe, qllowing us to

M use it asa standard ruler to measure the
expansion rate..The bubbles leave an imprint on
the 'tidal field that causes our alignment. It would
/ be cool if we found evidence of  this.
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@ Measurements made Measurements made

Strength of multiplet alignment

@ with simulated data with real data

H*,

Lvidence of these bubbles ...but it looks like our
will look like a bump in the error bars are too large
s{gna( like this. to see this feature.
_—

Distance between multiplet' and a
9&!0)(9 tracing the large structure

Insome samples, it looks like we Le are ©
might be seeing the bump from
these BAO bubbles (like, the plot

on the next 'page).

Howeverin science'that's usually not good enough. Humans
are biased! We can't just pick out the 'sample where the
signal is best and call it a 'detection’.. We need to also
consider all the parts of our data 'where we don't see a
detection. Our final results need to honestl9 include all the
measurements and our careful characterization of the
biases that are part of it.-And there are some challenging
biases for this type of measurement.

So we end up NOT claiming a detection.

\
y

For now.:..
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angular systematic. Some residual geometric contamination

121 cannot be ruled out, but the excess is equally consistent with
I noise.

"""'T-‘.,'_ -— We conclude that a robust acoustic measurement in the

" o alignment signal for both LRG and BGS is better pursued

81 e b ] with 3D estimators and the greater statistical power of a future

Rt SO DESI data release.
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' It looks like there mlght be a bump 8. CONCLUSION

in this Slgna/ but it is not c/ear We present the largest-scale signal of intrinsic tidal shear yet
- Model with BAQ f ected. Multlplets of galaxies in DESI's DR2 LRG samples

Bre  [h

Strength of multiplet alignment

2{ ---- Model with mujungu 1(9@1({:?1\.\{;9 S,{‘?{’ﬂn? detec t’ﬁ’.’l rlay significant Llllonmem with the surrounding matter field
| BGS (combined) at separations over 200 h~'Mpc, and we find alignment of
04 BGS and ELG multiplets over 100 s~'Mpc. These represent
60 80 100 ]gg 140 180 .~ 180 an order of magnitude improvement over previous alignment
Projected sepax cl measurements, reflecting advancements in data, measurement

methods, and new multiplet definitions.

te 14— neDistance between multlplet and @ Anoush We also present a sample-dependent method for identifying

the measurement [ grect: ation,
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individual galaxy shapes. This unlocks the potential of intrin-
sic alignments as a practical cosmological probe. Especially
promising applications involve exploring primordial features
that have since inflated to the very large scales that multiplet
alignment is sensitive to.
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