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FROM GALAXY SURVEYS TO INFLATION

Summary statistics
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HOW CAN WE MEASURE fNL? BC(k17k2)”ngLPc(kl)Pc(@)Jr?perms.

Planck TTT Bispectrum
1. CMB Bispectrum 1
See Will’s talk!
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HOW CAN WE MEASURE fNL? BC(k17k2)%ngLPc(kl)Pc(@)Jr?perms.

Scale-Dependent Bias
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HOW CAN WE MEASURE fNL? BC(k17k2)”ngLPc(kl)Pc(b)Jr?perms.

1. CMB Bispecfrum 14 - BOSS'Iike GQIOXY BispeCTrum
3
2. Galaxy Power Spectrum <
3
=)
Q
. See also Hector’s &
3. Galaxy Bispectrum I
X
E
We need a good theory model!
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Philcox+21, Cabass+21,22



THE EFFECTIVE FIELD THEORY OF LSS

> Analytic theory for §(X), based on the y ; ; L
non-ideal fluid equations Vie Hy' + v 35 Vo=

e e

> A controlled Taylor series in k/ky.

(or kogog, KRuyalo) ’ '

™ Major Ingredient: Back-reaction of small- o
scale physics on large-scale modes

7

e.g. Baumann, Carrasco, Assassi, Senatore, Zaldarriaga, etc.



MODELLING PNG

BOSS-like Galaxy Bispectrum

Theory model requires:

—
N

> Primordial bispectrum:
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> Scale dependent bias:
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b1 (fnL) = by + (bqbeL)/kz

> Loop corrections:

10—6k1k2k389(k1, k>, k3)

0.0

0 50 100 150 200 250 300 350
Triangles

h ]
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See GitHub.com/michalychforever/CLASS-PT Cabass+21,22 (see also d’Amico+22)
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https://github.com/oliverphilcox/BOSS-Without-Windows
https://github.com/michalychforever/CLASS-PT
https://github.com/oliverphilcox/BOSS-Without-Windows

FROM GALAXY SURVEYS TO INFLATION
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HOW TO MEASURE A BISPECTRUM

We usually measure the window-convolved bispectrum

Survey Mask, W (r)

B, (ks ka) — / W(ky — p1)W (ks — pa)W(p1 + P2 — ki — ko) By (1, s)

P1P2

Understanding this is crucial for getting robust fy, bounds

‘ﬁ‘

10 Gil-Marin 16, Philcox 21 (see also Pardede+22)



HOW TO MEASURE A BISPECTRUM

We usually measure the window-convolved bispectrum

Survey Mask, W (r)

B, (ks ka) — / W(ky — p1)W (ks — pa)W(p1 + P2 — ki — ko) By (1, s)

P1P2

Understanding this is crucial for getting robust fy, bounds

Three options:

1. Explicitly perform convolution integral [very expensive!] ‘ﬁ‘

2. Make approximations [robust?]

3. Circumvent the problem!

M Gil-Marin 16, Philcox 21 (see also Pardede+22)



BISPECTRA WITHOUT WINDOWS

Estimate the unwindowed
bispectrum directly

By™ (ky, ko) =/ W (ki = p)W (ks — p2)W (p1 + P2 — ki — ka|By (P1, P2)]

P1P2

We use a maximume-likelihood :
estimator for the true bispectrum L el
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See GitHub.com /oliverphilcox /Spectra-Without-Windows 12 Philcox 20, 21



https://github.com/oliverphilcox/BOSS-Without-Windows

FROM GALAXY SURVEYS TO INFLATION
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CONSTRAINTS ON fn1.

— BOSSP

BOSS Power Spectrum + Bispectrum +
BOSS P+B

O(fnL) Theory Model

% local __ _33 + 28 Rec”y measuring

NL — by fL - see Alex’s talk!

Multi-Field Inflation
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All analysis is public:

github.com/oliverphilcox /full_shape_likelihoods
14 Cabass+21,22 (see also d’Amico+22)


https://github.com/oliverphilcox/full_shape_likelihoods
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https://github.com/oliverphilcox/full_shape_likelihoods

CONSTRAINING INFLATION

B BOSS DR12 (B)

We can relate fyr, to the couplings in the EFT of Inflation EEm EOSS DR12 (A)
Bl Simulation

Most general 3™ order single-field action:

M2H /. o (V)2
SEFT=/d433\/—g[— CP2 (7" —c ) ) : :
M2H (V)2 26 q oo :
()]
cs a 3 c2 ~
= -05Ff
|
D
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We find ¢g = 0.013 at 95% CL - G
See Ana’s talk! ! ,
—2 —1 -1.0 -05 0.0
l0g10(Cs) ¢3(c;2—1)x 107>

16 Senatore+09, Cabass+21



FUTURE PROSPECTS

MegaMapper
(Pessimistic)
Planck

O MegaMapper gets better non-
local PNG constraints than Planck

O Actual constraints will use higher

Kmax
O Higher redshift

O Better modelling

17 Cabass+21,22 (see also d’Amico+22)



> We can measure local fyy, from the non-
linear bispectrum using consistency relations

6fNLmoH; OP(k) P(q)

_ 2
Blg, k) = Dna(z)  dlogo? ¢?T(q) + O( NL

> This gives accurate a3 constraints for

matter at k = 0.6h/Mpc

18
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Sam Goldstein
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OTHER IDEAS: PARITY-ODD 4-POINT FUNCTIONS

Left-Handed Right-Handed

Conclusions
- Simulations do not capture noise properties of the data
- Or we have detected parity-violating inflation at 30222

19

BOSS Rank: 2040/2048 (99.6%)
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Philcox 22



BONUS: PARITY-ODD 4-POINT FUNCTIONS

NEWSLETTERS - -
Sign up to read our regular email newsletters ew CIen IS

News Podcasts Video Technology Space Physics Health More ¥ Shop Courses Events

The universe is surprisingly lopsided
and we don't know why

Two analyses of a million galaxies show that their distribution may not be
symmetrical, which may mean that our understandings of gravity and the early
universe are incorrect

Left-Handed Right-Handed

Conclusions
- Simulations do not capture noise properties of the data

- Or we have detected parity-violating inflation at 30222

20 Philcox 22
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CONCLUSIONS

O We can measure any type of 3-point PNG using the

galaxy power spectrum and bispectrum

o Constraints are weak compared to the CMB but will

get much stronger soon!

O We can learn more from non-perturbative physics

and higher-point functions!
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