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Early Dark Energy and Lya Forest

Galaxy-Halo Connection

« SG, Hill, Irsic, and Sherwin,
* Phys Rev Lett. 131, 201001
- Editors’ Suggestion/Featured in Physics

Hll Base: CMB+BAO
Bl Base+XQ-100 Ly«
Bl Basc+eBOSS Lyo

Current Lya forest data disfavor EDE as a resolution to
Hubble tension

- Comparing simulations with
analytic models for LSS

- Galaxy bias models: SG,
Pandey, Slosar, Blazek, and

Galaxy-Matter

What | won’t talk about...

Jain,
- Splashback radius:
and
),
k (h/Mpc)
Angular Scale [aremin]
300 60 30 15 10 O
1 1 1
. | + ¢ No Deprojection
0.0 4 l Y/
+ { {  tSZ+CIB+d3 (T, =24 K; B =1.2)
0.4 4 + + + + *
|y
11 tyd
.:\: 0.2 | l I - /LF . s * + +
X /H’o : ()
T Ey e [ ALY L L
— ' 18 | (¥ | '
‘ | i ™ ; RN Y !“.v-!]_‘igl ‘_"_'-_
oo ik H- 1+ M P 1 CERRELREL T
( | be
0.2 |
unWISE Blue
_().l ] 1 1
10 H00 1000 1 500 2000

(

New physics from CMBxLSS




Note
Notation

Correlations between long and short wavelength cosmological
perturbations are highly constrained by symmetries

Soft/long wavelength mode: / \
Hard/short wavelength mode: /
D k
q
k/
“Squeezed” bispectrum (g K k =~ k')
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I nt ro d u Cti O n Large scales Small scales

 Upcoming large-scale structure (LSS)
surveys will measure many modes

o Stress test ACDM
* Provide insight into iInitial conditions
* Theoretical challenge: non-linearities
* |Impose scale cuts
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

* Particularly challenging for non-Gaussian/ k |h/Mpc]
higher-order statistics

BOSS galaxy power spectrum multipoles.
(Measurements from Philcox & Ivanov, 2021)




Non-linearities in LSS

px) —p
p

Goal: Constrain cosmology from o(x) =




Non-linearities in LSS

 Compress field into its correlation functions

E (X, ...X,) = (0(x))...0(x,))..




Non-linearities in LSS

 Compress field into its correlation functions | Measurement

 Power spectrum is lossless if field is Gaussian

0.01 0.10
k [h/Mpc]

(8(k)d(k")) = (2m)°6p(k + k')P(k)




Non-linearities in LSS

 Compress field into its correlation functions | Measurement

— Linear

 Power spectrum is lossless if field is Gaussian

* Need to model correlation functions with theory

0.01 0.10
k [h/Mpc]

(8(k)d(k")) = (2m)°6p(k + k')P(k)




Non-linearities in LSS

 Compress field into its correlation functions | Measurement

— Linear

One-loop

 Power spectrum is lossless if field is Gaussian

Sum

* Need to model correlation functions with theory

0.10

k |h/Mpc]

(3(K)&(KY)) = (2m)*ap(k + K)P(K)
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Consistency relations for LSS

Example of what CR violation looks like

| Equations of motion for ! V.|
(g |
+ =00 conservation of mass =
© +)) LI+ N F ( ) :
(Vo Wo . <
| conservation of momentum S
3
) 2] = ?* 9% (Poisson equation)

Soft Mode [q]

| Possess the following symmetry: "
Equal-Time LSS Bispectrum Consistency Relation

1. Shift in gravitational potential: ! " ! + "(#)
B(q, k, k& .
2. Time-dependent translation: x " X + n(#) T im - ————— has no (1/q)” poles
wol P(Q) |
L # 1 $(%n& n&'X, V# v+ n& .
* Assumes Gaussian ICOs/EquivalencédPrinciple

Kehagias & Riotto 2012;
Peloso & Pietroni, 2013
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Optimizing the estimator

B(c) [(Mpc/h)°]

I 10°
—+— 0.25<k < 0.50h/Mpc
1.2 1
1.0 1
©
=
8 0.8
>3
s | Yo
:@ 0.6
0.4 -
One Kk bin
0.2 1 1 1 1 1 1
0.01 0.02 0.03 0.04 0.05 0.06

q [h/ Mpc]

I 10°

0.25<k < 0.38h/ Mpc

1.2 1 —+— 0.38<k < 0.50h/Mpc
1.0 -
0.8 - .
—Preliminal
OV tay
b
0.4 1
Two k bins
0.2

B(c) [(Mpc/h)°]

©
o

0.01 0.02

0.03

0.04 0.05 0.06

q [h/ Mpc]

1.2

=
o
1

o
oo

0.4 -

0.2

1 10°
0.25<k < 0.31h/Mpc
0.31<k < 0.38h/Mpc
—+— 0.38<k < 0.44h/Mpc
—+— 0.44<k< 0.50h/Mpc
o
Four k bins

0.01 0.02

Instead of summing over all non-linear modes, we can split into k-bins.
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