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Gravity and particle physics are exciting partners

Most successful theory… 

ever?
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Gravity and particle physics are exciting partners

– Quantum gravity?

– Black holes?

– Cosmological constant 

problem?

– (least successful 

prediction… ever?)

– Dark matter?

+
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You have to know a lot to make progress...
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Gravity + PP is a useful lens to study phenomenology
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Three questions for finding new physics
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1. What happens when we 

modify gravity?
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Three questions for finding new physics

1. What happens when we 

modify gravity?

2. What happens when we 

find new solutions within 

GR?

3. What happens when we 

add gravity to particle 

physics?
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1. What happens when we change gravity?
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Using observation to constrain theory...GWs

‘Quadratic gravity’: 

– Extra massive scalar and spin-2 gravitons

– BH Binaries deplete energy faster

⇒ tightests constraints on theory

arXiv:1906.12034, Kim, Kobakhidze, Picker



Zachary S. C. Picker, 
University of Sydney

14/37

Using theory to reexamine constraints...microlensing

Quadratic gravity

– Too constrained (by us!)

‘Bimetric gravity’

– Coupled to massive graviton

– Screened at close range

⇒ need much farther sources, 

or more massive lenses...
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arXiv:1906.12034
Probing Quadratic 
Gravity with 
Binary Inspirals

‘Null’ result...
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2. What happens when we find new solutions?
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Primordial black holes can’t be Schwarzschild BHs...



Zachary S. C. Picker, 
University of Sydney

18/37

Primordial black holes can’t be Schwarzschild BHs...



Zachary S. C. Picker, 
University of Sydney

19/37

The Thakurta metric 
is a simple cosmological black hole

a ↑
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Could LIGO-sized PBHs be dark matter?
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Thakurta black holes do not form binaries

Schwarzschild PBHs:

At matter-radiation equality:

Thakurta PBHs:

At matter-radiation equality:

𝜏max ~ 100 sec (!)Many of these coalesce ~today

arXiv:2008.10743, Boehm, Kobakhidze, O’Hare, Picker, Sakellariadou
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Asteroid-mass PBHs are not constrained
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Thakurta black holes evaporate extremely rapidly

arXiv:2103.02815, Picker
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arXiv:2008.10743
Eliminating the 
LIGO bounds on 
primordial black 
hole dark matter

arXiv:2103.02815
Navigating the asteroid 
field: new evaporation 
constraints for primordial 
black holes as dark matter
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3. What happens when we add gravity to PP?
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The ‘axion’ solves the strong-CP problem
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When we add gravity, we need a second axion

arXiv:2108.05549, Chen, Kobakhidze
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The second axion is coupled to the ‘usual’ one

arXiv:2109.12920, Chen, Kobakhidze, O’Hare, Picker, Pierobon
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Both axions couple to the photon

arXiv:2109.12920, Chen, Kobakhidze, 
O’Hare, Picker, Pierobon
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Both axions couple to the photon

– Axion production cools stars

arXiv:2109.12920, Chen, Kobakhidze, 
O’Hare, Picker, Pierobon
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Both axions couple to the photon
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resonant cavity
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Both axions couple to the photon

– Axion production cools stars

– Haloscopes: detect axions in 

dark matter halo using 

resonant cavity

– Helioscopes: detect stellar 

axions by converting back to 

photons

– Spin down black holes

arXiv:2109.12920, Chen, Kobakhidze, 
O’Hare, Picker, Pierobon
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Both axions can be DM, and produce GWs...
(and solve the domain wall problem)

Forthcoming, Chen, Kobakhidze, O’Hare, Picker, Pierobon
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arXiv:2109:12920
Phenomenology of the 
companion-axion model: 
photon couplings

Forthcoming… 
tomorrow??
Cosmology of the 
companion-axion 
model: dark matter, 
gravitational waves, and 
primordial black holes
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Morals and takeaways

– Frontier of physics 

between gravity and PP

– Lots of unanswered 

questions...

⇒ lots of surprising 

phenom

– Tweak any bit and see 

what happens!
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Thanks!
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Bonus: quadratic gravity
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Bonus: thakurta metric details
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Bonus: thakurta binary formation plot
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Bonus: thakurta hawking radiation plot
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Bonus: companion axion details

For gravity, ~ 0.04 — 0.6


