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Motivation

● Gravity is related to many fundamental problems in physics

– Dark Matter

– Quantum Gravity

– Cosmological constant problem

– Electroweak hierarchy problem

➢ We should test gravity by all means possible!
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Motivation

● Experiments will be sensitive to low Λ

– Gravitational waves: BH mergers

– Torsion-balance detector

[Endlich, Gorbenko, Huang, Senatore 
1704.01590]

[Lee, Adelberger, Cook, Fleischer, 
Heckel 2002.11761]
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The GRSMEFT

• The most general EFT of gravity coupled to the SM
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The GRSMEFT

• Gravitational degrees of freedom in Riemann tensor

• Einstein equations (EOM)

➢ Operators with Ricci tensor and Ricci scalar can be redefined 
as pure matter operators

[Ruhdorfer, Serra, Weiler 1908.08050]
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Pure Gravity

Matter couplings 
beyond the SM

The GRSMEFT

• Operator terms of dimension 6

[Ruhdorfer, Serra, Weiler 1908.08050]
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● Heavy fermion and heavy scalar charged under SU(3)c

● After integrating out heavy d.o.f.s, GRSMEFT is an expansion 
in m and MPl

Matching to toy UV completion



9



10



11

● N copies of the heavy fermion / scalar with mass m

➢ In general we would like to be agnostic about the UV 
completion!

➢ We assume that GRSMEFT operators are the only generated 
operators

Matching to toy UV completion

Large coefficient / small Λ 
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p j

● Want to explore simple observable

● MPl is large!

● Real graviton emission

Testing GRSMEFT at the LHC

graviton
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Parton Level Amplitude
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CMS Search for jet + MET

[CMS Collaboration 1712.02345]
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Bounds from CMS

●

●

➢

➢ Gravitational waves:

➢ Torsion:
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p

p j

EFT Validity

● Discard all events with 

graviton
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➢ Test gravity in all possible ways

➢ Gravity coupled to the SM is parameterized in the GRSMEFT

➢ GRSMEFT is testable at the LHC

➢ Bound on     of                     from jet + MET searches for 
gravitational couplings to gluons 

Summary
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➢ Other observables

➢ Indirect tests 

Outlook
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Backup
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