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Cosmology and Partlcle PhySICS

Dark Sector Candidates, Anomalies, and Search Techniques
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Small Experiments: Coherent Field Searches, Direct Detection, Nuclear and Atomic Physics, Accelerators Microlensing
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Cosmology tied to many basic problems

» Cosmological Constant

. Dark Matter / Dark Sectors

 Solution to strong CP problem (axion)

« Cosmological solutions to Hierarchy Problem

« Relics from new symmetries (e.g. gravitino)

« Origin of structure, baryogenesis, B-fields, ...




Observations

Connections are essential for understanding data
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LSS is a key to our to understanding inflation
CMB

Py (k) [(Mpc/h)°]

10t

nN

Planck 2018 TT
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Planck 2018 ¢¢

DES Y1 cosmic shear
SDSS DR7 LRG

eBOSS DR14 Ly o forest
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Linear regime of LSS

Figure from Chabanier et al.
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Inflation

Look for novel signals: Improve accuracy: Protected quantities
Top down (QQG) N-body Locality
EFT/symmetries Sims with baryons Causality

New fields Machine learning Symmetries
Bootstrap

New mechanisms EFT / perturbative
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E.g. axion monodromy inspires features searches

Originated from string models

Silverstein & Westphal (2008)
McAllister, Silverstein, &« Westphal (2008)

anti-NSH-brane

Logarithmic oscillations tied to non-perturbative effects

Figure from Baumann & McAllister
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Oscillatory features in correlators
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Oscillatory signals in LSS are distinct from nonlinearity

0.05

0.04

0.03

0.02

0.01

Limit on feature amplitude

—— Cosmic microwave background (Planck) -
—— Galaxy clustering (BOSS, this work)

0.00

30

40 50 60 70 30

Primordial feature frequency

Beutler, Biagetti, DG, Slosar, & Wallisch (2019)
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Leaves unique signatures in the soft limits

Chen & Wang (2009); DG &« Baumann (2011); Chen &« Wang (2012); Noumi et al. (2012); Arkani-Hamed
& Maldacena (2015); Lee et al. (2016); + many many more

Violates the single-field consistency conditions
Maldacena (2002); Creminelli & Zaldarriaga (2004)
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Single field consistency can be applied directly to LSS
Creminelli et al. (2013 x 3)

Breaking of consistency-scale dependent bias, e.g.

Dalal et al. (2007)
Galaxies Matter

gG\M T 1240 T H?

N
il

Looks like a violation of equivalence principle

Does not arise from nonlinear dynamics



Running of the spectral index, o,
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Primordial non-Gaussianity, fy;

Doré et al. (2014) (SPHEREX ]
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Inflation is a pattern of symmetry breaking Cheungetal. (2007
—(O(x,t)) #0
It is also a period of quasi-de Sitter expansion
Inflation ends: requires a physical clock
e.g. o(t) = bt sets time in slow-roll inflation

No reason the clock must be a weakly coupled scalar
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Interactions = primordial Non-Gaussianity
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Courtesy of Fergusson & Shellard






The inflationary signal is nonlocal in space

Created at the past intersection of the light cones
DG & Porto (2020)
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Proportional to 3 commutators: uniquely quantum!



Dark matter is slow: late-time evolution is ultra-local*

S
SN

Primordial NG Late-time NG
Nonlinearity can never completely mimic the signal

Differences seen at map-level DG & Baumann (2021)
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Figure from Simmons-Duffin et al. Figure from Baumann

AdS/Conformal Bootstrap Cosmological bootstrap

nalytic structure tied to causality/locality

Error correction in AdS = Protection of pNG in LSS
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irst ever LSS constraints on pNG from the bispectrum

B BOSS DR12 (B)
Il BOSS DR12 (A)
B Simulation
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ar from competitive now;
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D’Amico et al. (2022)

proof of principle



Forecasts for future surveys

Euclid: 1%% = . max = O.l5hMpc_1/D Z
Euclid: ﬁfi = max = 0.1 AMpc ™' /D(z

21cm intensity mapping (e.g. PUMA

1%% — *- maX:O-thpC_l/Dz






We are all cosmologists






