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NANOGray has observed 67 millisecond pulsars
for 15 years to search for nanohertz gravitational
waves [GWs) In 2023, NANOGrav announced
evidence for a stochastic GW background (GWB),
believed to result from a  population of
supermassive black hole binaries (SMBHBs) [1].
Deterministic GW  signals  from  individual
SMBHBs, however, are too quiet to be resolved
from the background at low frequencies.

While previous searches for deterministic GW
signals have considered all frequencies across the
entire sky, targeted searches fix the frequency,
sky location, and distance of a potential GW
source and are expected to improve sensitivity
dramacically. This work is the first systemaric
| catalog of targeted searches.

EM Signatures

Hydrodynamic simulations predict that AGN
hosting SMBHBs  may  have periodic
variability in their optical light curves [3].

Optical periods can be anywhere from one ro six |

times the GW peried, depending on  orbiral
eccentricity. Other models predict periodic radio
variability in AGN with jers, again corresponding
loosely ta the GW peried [&].

Locating these signatures in optical and radio
surveys gives sky locations and distances at which
vo search, Using the EM period to predice the GW
frequency, we can further constrain our search
and potentially detect a quieter signal from a
particular source.

Binaries in the PTA band have orbital periods of
several years, so candidates require decades of
maonitaring to establish periodicity.
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) |For 111 rargers, the evidence disfavors or narrowly favors the binary model. “Gondor”™ (Fig. 1}and “Rohan™ (Fig. 2)

are two targets standing out at S¢ and 8¢ (Fig. 3), moderarely preferring the binary model. We highlight these
for further investigation. Figs. 1 and 2 show posterior distributions for inclination 1, phase @ , polarization ¥, strain
amplinude h, and chirp mass M_for these two targets. Uniform priors on all parameters are shown as colored lines.
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Targeted searches deliver more constraining mass upper limits: a median improvement of 57% over all-sky
searches. Three distinet classes of chirp mass posteriors are observed. Fig, 5 shows three examples from the 113
studied: “Peak™ (5a), “Hill™ (5b), and “CHff”" (5¢). Vertical lines represent the 95% mass upper limit.

SDSS J140704.43+2735

SNU J13120+0641

SDSS J131706.19+2714

Sa Sb
o 10 Fr PR 2 i & @8 10 o 10 2 30 40 %0

M [10% Mg] M [10% M) M [10% Mg]

Yale

Mingarelli et al. for the NANOGrav Collaboration

Targets

Wee perform targered searches for 111 AGN from
the Catalina Real-time Transient Survey (CRTS)
[5], plus two quasars with radio variability from
the Owens Valley Radio Observatory 40m
relescope monitoring program (OVRO) [6, 7).

Population models suggest that about 1% of AGN
may host binaries [4], and the CRTS sample in

particular might include around 1 genuine binary,
LS L

Conclusions & Qutlook

This caralog includes no confident derections, bur
vwo interesting candidares with Bayes factors of
2.4 and 3.3, at 57 and 8¢, suggest a need for more
investigation. Upper limits on binary masses for
individual cargers were also reduced by a median
of 57% over limits derived from all sky searches.
Improvements indicate thar derections could be
within reach in the near future. The upcoming
NANOGrav 20 year and IPTA DR3 data releases
will be the most sensitive PTAs to dare, and
upcoming EM surveys will produce many more
candidates,

1| Meanwhile, derection criteria have not been

established, and the significance of these results is
not known. Next steps include recovering injected
GW signals from simulated binaries to better
understand sensitivity, characterize signals, and
| caleulare false alarm probabilicies.
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NANOGray has observed 67 millisecond pulsars
for 15 years to search for nanohertz gravitational
waves (GWs). In 2023, NANOGrav announced
evidence for a stochastic GW background (GWB),
believed to result from a population of
supermassive black hole binaries (SMBHBs) [1].
Deterministic GW  signals  from
SMBHBs, however, are too quiet to be resolved
from the background at low frequencies.

individual

While previous searches for deterministic GW'
signals have considered all frequencies across the
entire sky, targeted searches fix the frequency,
sky location, and distance of a potential GW
source and are expected to improve sensitivity
dramatically. This work is the first systematic
catalog of targeted searches.

EM Signatures

Hydrodynamic simulations predict that AGN
hosting SMBHBs may have periodic
variability in their optical light curves [3].
Optical periods can be anywhere from one to six
times the GW period, depending on orbital
eccentricity. Other models predict periodic radio
variability in AGN with jets, again corresponding
loosely to the GW period [6].

Locating these signatures in optical and radio
surveys gives sky locations and distances at which
to search. Using the EM period to predict the GW
frequency, we can further constrain our search
and potentially detect a quieter signal from a
particular source.

Binaries in the PTA band have orbital periods of
several years, so candidates require decades of
monitoring to establish periodicity.
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For 111 targets, the evidence disfavors or narrowly favors the binary model. “Gondor” (Fig. 1) and “Rohan” (Fig. 2)
are two targets standing out at 5o and 8o (Fig. 3), moderately preferring the binary model. We highlig|
for further investigation. Figs. 1 and 2 show posterior distributions for inclination , phase @, polarization

t these
, strain

amplitude h , and chirp mass M_for these two targets. Uniform priors on all parameters are shown as colored lines.
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Targeted searches deliver more constraining mass upper limits: a median improvement of 57% over all-sky
searches. Three distinct classes of chirp mass posteriors are observed. Fig. 5 shows three examples from the 113
studied: “Peak” (5a), “Hill” (Sb), and “Cliff” (Sc). Vertical lines represent the 95% mass upper limit.
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‘We perform targeted searches for 111 AGN from
the Catalina Real-time Transient Survey (CRTS)
[5], plus two quasars with radio variability from
the Owens Valley Radio Observatory 40m
telescope monitoring program (OVRO) [6,7].

Population models suggest that about 1% of AGN
may host binaries [4], and the CRTS sample in
particular might include around 1 genuine binary.

Conclusions & Outlook

This catalog includes no confident detections, but
two interesting candidates with Bayes factors of
2.4 and 3.3, at 50 and 80, suggest a need for more
investigation. Upper limits on binary masses for
individual targets were also reduced by a median
of 57% over limits derived from all sky searches.
Improvements indicate that detections could be
within reach in the near future. The upcoming
NANOGrav 20 year and IPTA DR3 data releases
will be the most sensitive PTAs to date, and
upcoming EM surveys will produce many more
candidates.

Meanwhile, detection criteria have not been
established, and the significance of these results is
not known. Next steps include recovering injected
GW signals from simulated binaries to better
understand sensitivity, characterize signals, and
calculate false alarm probabilities.
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Self-Interacting Dark Matter, Core Collapse, and
the Galaxy-Galaxy Strong Lensing Discrepancy
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® Qur best models predict that galaxy-galaxy strong lensing (GGSL)
probability by cluster subhalos in the real universe is an order of
magnitude stronger than CDM simulations

® GGSL is extremely sensitive to the inner density profile shape
(how mass is distributed within the subhalos)

X, [arcsec]

® Enhancement of the mass density by four orders of magnitude in the
inner region appears to resolve this tension

® Core-collapsed SIDM offers a natural scenario for this level of
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Our best models predict that galaxy-galaxy strong lensing (GGSL) probability by cluster subhalos in the real universe is an order of magnitude stronger than CDM simulations

GGSL is extremely sensitive to the inner density profile shape (how mass is distributed within the subhalos)

Enhancement of the mass density by four orders of magnitude in the inner region appears to resolve this tension

Core-collapsed SIDM offers a natural scenario for this level of steepening



(Dutra et al 2024)
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Core-collapsed SIDM halos as massive SMBH seeds

Self-interacting dark matter originally proposed to explain diversity of halo density profiles 

Early stages: heat flows inward → create core

Conduction is collision-limited (O(tr))

Late stages: heat flows outward →gravothermal catastrophe

Conduction is mean free path-limited (O(100⨉tr))

Can core-collapsed SIDM halo populations in the early universe seed SMBHs?

How do encounters/interactions affect collapse timescales?

(figure: Pollack+15)

(Spergel & Steinhardt 2000)

(Jiang+25, Shen+25)
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Studying poplll feedback using ultra-faint galaxies
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Rydberg/Axions at Yale (RAY)

Building a microwave single-photon detector out of 39K Rydberg atoms for dark matter axion searches

E. Graham et al, Phys. Rev. D 109, 032009 (2024)
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Cryogenic Underground Observatory for Rare Events



Array of 988 TeO2 crystals (742 kg) at O(10 mK)

Neutrinoless double beta decay can help explain matter-

antimatter asymmetry and neutrino mass generation

CUORE is a search for neutrinoless double beta decay

Taking data since 2019, and

Setting the world-leading limit on 130Te 0νββ half-life: >3.8×1025 yr

Low backgrounds enable searches for other rare physics

e.g. axions, decay to excited nuclear states
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Searching for Dark Energy with Roman

High Latitude Wide Area Survey

2000 square degrees

Notably smaller than DESI or Euclid

Much greater number density
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Why are high-redshift JWST AGN so different?

JWST AGN (2 < z < 9) lack [NeV] A3426

We EXPECT high-z AGN to be heavily obscured, with

a major contribution coming from the host galaxy’s ISM

But is this enough to explain the X-ray weakness?
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NEXO: A Search for
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