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EFTs & 
GW physics

An overview including 

some faults



A New Window on the Universe

•We’ve seen gravitational waves!!!

•More than once! In more than one way!

      What do we learn?

(fig science.com) LIGO/VIRGO/KAGRA

NANOGRAV (fig cornell.edu)
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What Do We Learn?

About how gravity itself works?
Woolthorpe Manor & The Apple Tree

Rowe (Roy Soc) 



The Core Theory (SM + GR)

Supremely successful Core Theory:
•Renormalizable SU3 x SU2 x U1 gauge theory
•Coupled to gravity described by GR

Which we believe is probably wrong
•Neutrino oscillations
•Gravity is not renormalizable
•Dark Matter and Dark Energy
•Primordial initial conditions

• Baryon asymmetry; primordial fluctuations (inflation);…
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EFTs Encode Decoupling

•Effective couplings generically depend on M as 
required by dimensional analysis
•Explains why ignorance about QG doesn’t ruin all 

predictions at ordinary energies

Decoupling: when 
p > 0 smallest mass 
consist w sym wins

BUT when p < 0 
biggest mass wins

M2

M1

GR+QM point to unprobed high-energy scales
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Core Theory: GREFT + SMEFT
•GR behaves like low-E limit of something fundamental

•  nonrenormalizability forces an EFT interpretation
• Possible UV completion (eg String Theory) exists
• Including SM fields too immediately gives n mass (SMEFT)  

(also as expected from heavy new physics) 
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New GREFT interactions
•Good news:  These almost certainly exist!

•Conceptually interesting:
•Quantify how well GR works
•New interactions (eg higher time derivatives) 

complicate numerical predictiveness

•Bad news:
• Influence arises as a series in 1/(mL) = l/L where 

L is a typical length scale in the process of interest 
and l = 1/m is a microscopic length scale



New Light States

•Requires:
• Introduce new boson (to mediate macroscopic force) 

with mass m < 10-10 eV so that l = 1/m > 1 km.

•Constrained:
• New states should not damage our understanding of 

why classical methods work in GR at low energies

•Potential opportunity:
• Scalars much lighter than this are often invoked in cosmology 

for phenomenological reasons

• Light scalar masses (and small potentials) are famously UV 
sensitive (ie rare in the low-energy limit of complicated 
systems, so their presence requires explanation)
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Clues from the UV?
Part I: Dropping apples in the Swamp



UV Robust vs UV Specific Predictions

UV insensitive prediction from QCD: 
soft pion theorems

String symmetry predictions should 
be much robust  

EFTs identify which predictions are UV sensitive and which are not          
(consider the QCD example) 

UV specific prediction from QCD: 
proton mass

Swampland program asserts eg 
rarity of dS is a UV sensitive 
prediction



UV Information from Gravity?

What can be learned from UV 
completions to gravity?

Examples exist! (in practice use 
string theory as a guide)

Some things also seem rare:

Global symmetries

Non-supersymmetric control

Standard Model & no extras

de Sitter solutions



Vafa 05

Swampland Program

Swampland Hypothesis:

dS solutions are UV informative (like proton mass in QCD)

Many EFTs (eg those with dS solutions) have no UV completion

(making it useful to identify which ones)

Principle of Swamplementarity:

A conjectured swampland 
feature’s plausibility is inversely 
proportional to its predictive 
power at low energies

0805.4037



Clues from the UV?
Part II: Accidental Symmetries

Adventure Sports Magazine

(Scaling the Landscape)



UV Strategies

What can be learned from UV completions to gravity?

Some things seem common:

Garden-variety low-spin fields (spins 0,1/2,1,3/2) 

Possibly extra dimensions (only down to eV energies)

Often find accidental approximate symmetries and these can 
lead to light fields (axions, dilatons, and often many of them)

Supersymmetry present but broken



Accidental symmetries from the UV 

Two other accidental symmetries 
equally generic & relevant to dS 
solutions but relatively poorly explored

Supersymmetry in gravity sector; 

Semiclassical scaling symmetries  

Similar to QCD, accidental low-energy string symmetries often 
provide natural candidates for new low-energy fields

Axions are a common example 



Supersymmetry of the gravity sector

How can supersymmetry play a role at low energies when 
LHC finds no evidence for supersymmetry?

SM sector gravity sector

Gravity multiplet typically split by less than 
others because gravity is weakest force



Supersymmetry of the gravity sector

How can supersymmetry play a role at low energies when 
LHC finds no evidence for supersymmetry?

SM sector gravity sector

Should expect gravity sector to 
be more supersymmetric at 

low energies than particle 
physics sector

UV cutoff

We now know how to couple 
supergravity to matter that is 

not supersymmetric
Komargodsky & Seiberg 09

Bergshoeff et al 15
Dallagata & Farakos 15

Schillo et al 15              
Antoniadis et al 21

Dudas et al 21

2110.13275ph/0404135
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Semiclassical Scaling Symmetries

Allows more traditional EFT approach to rarity of inflationary solutions 
in string theory: it is a reflection of robust low-energy ‘symmetries’?

String theory has no parameters 
so all perturbative expansions 

are in powers of fields 



Evidence for Accidental Scaling

11D SUGRA  admits single scaling 
corresponding to the a’ expansion

10D IIB SUGRA similarly admits 
single scaling corresponding to 
the a’ and gs expansions

and so on for IIA, heterotic and 
other perturbative vacua…



Accidental Scaling enforces V = 0 (so fights dS)

Does so despite symmetry being spontaneously broken!

Must quantify effects due to 
explicit symmetry breaking

Weinberg 89

Peccei et al 87 Wetterich 88



Symmetry Insights into rarity of dS solutions

Rigid scaling symmetries

Usual approach (for which dS is hard to obtain):                   
SCALE BREAKING >> susy breaking

Supersymmetry (especially 
of the gravity sector)

KKLT 03
LVS 05 



Rigid scaling symmetries

Usual approach (for which dS is hard to obtain):                   
SCALE BREAKING >> susy breaking

More promising approach:                                                       
SUSY BREAKING >> scale breaking

Supersymmetry (especially 
of the gravity sector)

KKLT 03
LVS 05 

2202.05344 

Symmetry Insights into rarity of dS solutions



Supersymmetry (especially 
of the gravity sector) Rigid scaling symmetries

MECHANISM FOR SUPPRESSING V: 

Together these can be more than the sum of their parts…

Symmetry Insights into rarity of dS solutions

Interplay of scaling and supersymmetry provides a new 
mechanism for suppressing vacuum energies:

Scale invariant 
with a flat scalar 
potential

Not scale invariant 
but still with a flat 
scalar potential

Not scale invariant 
& flatness of scalar 
potential is lifted

Berg, Haack & Kors 05    
Berg, Haack & Pajer 07

Cicoli, Conlon & Quevedo 08



Supersymmetry (especially 
of the gravity sector) Rigid scaling symmetries

Yoga Models: low-energy EFT exploiting this mechanism

2111.07286

Symmetry Insights into rarity of dS solutions

Expand in inverse powers of very large dilaton field t 

Imagine gravity sector (including dilaton) is more 
supersymmetric than the SM sector

Allows a relaxation mechanism



An example Low-energy framework 2111.07286

Yoga Models

Low-energy dynamics involves matter coupled to gravity 
and axio-dilaton (plus possible relaxon field)

2212.14870

axio-dilaton:  T = t  + i a

This works if



2111.07286

Yoga Models

2212.14870

Scalar Potential

1/t expansion 
still under control
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Scalar Potential



2111.07286

Yoga Models

2212.14870

Scalar Potential

Out of the box: Vmin = 10-91 Mp
4         (not quite 10-120, but…)



Both axions and dilatons are pseudo-Goldstone bosons and so can 
naturally be in low-energy theory

These model cry out for tests of GR

Any progress on the cosmological constant problem generically makes 
at least one dilaton extremely light:

2111.07286
Yoga Models

2212.14870

Unlike axions, low energy dilatons tend to couple to matter like Brans-
Dicke scalars and want to couple with gravitational strength (which is  
a problem if they are light enough to mediate macroscopic forces)

Technically natural: astro-ph/0107573

Not yet known whether screening mechanisms can allow them to have 
escaped detection (multiple scalars allow new possibilities) 



Best models of inflation (goldstone boson agreeing with data)

Many tantalizing low-energy implications

Novel approach to the Hubble problem (time-dependent m)

1603.06789 2202.05344

Yoga Models
2111.07286

2212.14870



Best models of inflation (goldstone boson agreeing with data)

Many tantalizing low-energy implications

Novel approach to the Hubble problem (time-dependent m)

1603.06789 2202.05344

Yoga Models
2111.07286

2212.14870

Implications for colliders (resemble SLED)

th/0304256 (SLED)

ph/0404135 (MSLED)

ph/0401125 (Higgs)

ph/0508156 (neutrinos)

and more

Recently rediscovered by swampland program

Montero, Vafa & Valenzuela 22

Require UV completion at eV scales, and match there to 
Supersymmetric Large Extra-Dimension models 
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Conclusions

Much to explore

GW and other GR tests can probe plausible physics well-motivated by 
UV completions, providing among the strongest constraints on models 
relevant to the cosmological constant problem

UV properties can be predictive

But it is robust properties like accidental scale invariance and 
supersymmetric gravity sector that are informative 

Remarkably rich physics possible at very low energies

EFT arguments are restrictive but not prohibitive for 
predicting things to be tested in GW (and other gravity) tests



Thanks for your time & attention!
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Scaling and 4D Supersymmetry

Can supersymmetry combine 
with scale invariance to 

suppress lifting of flat 
directions? 

4D susy specified by functions 
K(z,z*), W(z), fab(z)

Scale invariance implies rules 
for how W, fab and e-K/3 scale 

as the fields z scale  
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Scaling and 4D Supersymmetry

No-Scale supergravity: scalar 
potential has a flat direction 

along which susy breaks

Special things happen if e-K/3 is 
homogeneous degree 1

Sufficient condition for no-scale 
model, so provides flat directions 

along which susy is broken

Cremmer et al 83 
Barbieri et al 85 

0811.1503



Scaling and 4D Supersymmetry

Scale invariance is sufficient for no-
scale supergravity, but is not necessary.

2006.06694

No-scale condition is sufficient for flat 
directions, but is also not necessary
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A mechanism

Flat directions can persist in no-scale models to 
higher orders than naively expected

e.g. suppose F- -1 is an expansion field and scale 
invariance gives leading scale invariant result

Flat directions can persist at subleading 
order ‘by accident’

though are eventually lifted

scale invariant & no-scale

Not scale invariant 

but still no-scale

neither



Extended No-Scale Structure

This actually happens in some string 
compactifications

Berg, Haack & Kors 05    
Berg, Haack & Pajer 07

Cicoli, Conlon & Quevedo 08

corresponding to an a’2 string loop correction

These corrections preserve the flat direction for V 
to order a’3 when evaluated at DtW = DaW = 0



Relevance to the Hubble Tension



Axiodilaton cosmology

[m(a)-m0]/m0

5% increase in all masses at recombination helps with H0  

H0 Olympics: 2107.10291



Axiodilaton cosmology

Sekiguchi & Takahashi 2007.03381

CMB does not change (except small 
nonequilibrium effects) if:

Changes H0 because it changes epoch of 
recombination

Leaves BAO unchanged if small spatial 
curvature

Requires 10% reduction in t ; equal abundance-shifts automatic

Need not be bad news (relevance to Hubble tension?)

5% increase in all masses at recombination helps with H0  



Axiodilaton cosmology

Dilaton evolution constrained because it changes particle masses 
relative to the Planck mass, leaving mass ratios unchanged 

Log10 (a)

log10V(X)

X

BBN recomb now



Relevance to inflation



Practical consequences for 
inflationary models

Axions                     Dilatons

Two kinds of low-energy pseudo-Goldstone bosons with which 
to build technically natural inflationary string potentials, one 

class of which arises due to approximate scale invariances



Practical consequences for 
inflationary models

Axions                     Dilatons

Freese et.al. 90; Kachru et.al. 03; 
Silverstein & Westphal 08 and more 
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Practical consequences for 
inflationary models

Axions Dilatons

hep-th/0111025; 0808.0691; 1603.06789

Goncharov & Linde 84; Kallosh & Linde 13 & 15 



Practical consequences for 
inflationary models

Axions Dilatons

Planck collaboration



All This and More!

For microscopic inflationary models allows 

progress on the eta problem in two ways:

 

because of use of K for modulus stabilization

 

because flatness of potential is due to 

large field and not small parameter 
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