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eXtreme Matter meets eXtreme Gravity Workshop, Bozeman, Montana, USA

“eXtreme Matter meets eXtreme Gravity” N

=

ontana State University will hold a workshop to discuss methods for constraining the properties of Neutron Stars

and the dense-matter equation of state. Like previous XGI workshops, the format will emphasize discussion and exchange of ideas over formal
presentations. Each session will be organized around a science question, with a moderator and two discussion leaders. Topics to be covered
include gravitational-wave observations of Neutron Star — Neutron Star and Neutron Star — Black Hole binaries, X-ray observations by the NICER
mission (set to launch very soon), theoretical calculations of the dense-matter equation of state, and numerical simulations of NS-NS and NS-BH
mergers.

The meeting is being held immediately prior to the HEAD meeting in Sun Valley, and participants may choose to drive between the meetings, or
simply head a little south of Bozeman to view the total eclipse on the 21st of August. Bozeman is a beautiful mountain town a one-hour drive from
the North entrance of Yellowstone National Park. The surrounding area offers great opportunities for hiking, fishing, white water rafting, and
mountain biking.
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Plan of Attack

\.open problems?




What are we testing?
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What well will we do?
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[Barausse, Yunes, Chamberlain, PRL *16] [Chamberlain & Yunes, submitted]




/#” GR Modeling B

What are the open problems?

Theory

Modified Gravity

New & Interesting Physical Mechanisms?

Cosmological Modified Theories?
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Spin Precession in Modified Gravity? \

Mergers in Modified Gravity?

Data Analysis

Efficient data analysis w/high D parameter space?
Reduced order methods for Modified gravity?

Pipelines for combined GW-+EM studies of modified gravity

Pipelines for stacking tests of gravity ?
(including e.g. coherent stacking and ringdown tests)

Community

Collaborative structure for theorists and data analysts?
Just releasing analysis “code” will not work

Support for both data analysis development and theory
development 1s needed.
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What Physics Regime do GWs Probe?
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The Parameterized post-Einsteinian Framework

[Yunes & Pretorius, PRD 2009]
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Theoretical Effect Theoretical Mechanism Theories ppE b| Order Mapping
: L Scalar Monopole Field Activation EdGB , : , —7 —1PN EdGRB
Scalar Dipolar Radiation BH FP)Iair Growth Scalar—TerEsor Theories | | ] —7 —1PN ,Bﬂsrp | ,[ ]]
, Extra Dimension Mass Leakage RS-II Braneworld [152, ] —13 | —4PN Bep [141]
Anomalous Acceleration , o _
Time-Variation of G Phenomenological [137, ] —13 | —4PN Beg [137]
Scalar Quadrupolar Radiation Scalar Dipole Field Activation
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Double Special Relativity [160—-163] +6 | +5.5PN
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Modified Dispersion Relation GW Propagation/Kinematics gravitational SME (d =4) | +3 +4PN BMDR

gravitational SME (d = 5) | +6 |+5.5PN | [145, ]

gravitational SME (d = 6) [179] +9 +7PN

Multifractional Spacetime [1658—170)] 3-6 |4-5.5PN

[MSU: Cornish et al PRD 84 (’11), Sampson et al PRD 87 (°13), Sampson, et al PRD 88 (*13), Sampson et al PRD 89 (°14),
Nikhef: Del Pozzo et al PRD 83 (°11), L1 et al PRD 85 (°12), Agathos et al PRD 89 (°14), Del Pozzo et al CQG (°14).]
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GR Consistency Implies Constraints on Modified
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Theory Implications of Published GW Observations
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GR Consistency Implies Constraints on Modified
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More on Robustness of Constraints
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But what about the higher PN order terms?
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Some Future Bounds
(Including With Lisa)
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Future ppE Constraints on GR
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Future Constraints on Violations of SEP

Extractable Physics:

Non-Schw BHs (yes-hair theorem in EAGB)
NSs have scalar charge (scalar-tensor)

Compact Object binaries inspiral faster
due to dipole radiation

Constraint on 6 E

Maximize Extraction:

Low-mass BH or NS
(long-inspiral) GWs

Binary with tiny mass ratio

Open Questions:

Merger?
Hybrid IMR wavetforms?
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Future Constraints on Gravitational LLorentz
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Future Constraints on the Variation of Newton’s G
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