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Constraining scalar-tensor theories



• Action in GR

𝑆 =
1

16𝜋𝐺∗
'𝑑"𝑥 𝑔 𝑅 + 𝑆#[𝜓#, 𝑔$%]

• Action in scalar tensor theories (scalar field 𝜑): Einstein frame

𝑆 =
1

16𝜋𝐺∗
'𝑑"𝑥 𝑔 [𝑅 − 2𝑔$%𝜕$𝜑𝜕&𝜑 − 4𝑉(𝜑)] + 𝑆#[𝜓#, 𝐴' 𝜑 𝑔$%]

Kinetic term Potential term Coupling term

Matter action
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Scalar-tensor theories
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Scalar dipole radiation and 𝑷̇𝒃

• Scalar charge (related to the sensitivity): 𝜑|!→# → $
!

• Quadrupole radiation in GR

• Scalar dipole radiation
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Constraining STT – straightforward approach

𝑆 =
1

16𝜋𝐺∗
'𝑑"𝑥 𝑔 [𝑅 − 2𝑔#$𝜕#𝜑𝜕%𝜑] + 𝑆& 𝜓&, 𝐴' 𝜑 𝑔#$

• Brans-Dicke + DEF terms: 𝐴 𝜑 = 𝑒(!&)
"!
# &

#

Freire, Wex, LRR (2024)
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Constraining STT – Bayesian analysis for several pulsars

Shao at al. RPX (2017)

• Even further: new pulsar timing models taking into account possible 
correlations between PK parameter  Batrakov et al. A&A (2024)



Scalarization in Gauss-Bonnet gravity
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scalar-Gauss-Bonnet gravity

𝑆 = *
*+, ∫𝑑

"𝑥 −𝑔<

=

𝑅 + 𝜆'𝑓 𝜑 𝑅' − 4𝑅$%𝑅$% + 𝑅$%(-𝑅$%(- −

2∇$𝜑∇$𝜑 + 𝑉(𝜑)

Gauss-Bonnet invariant 𝑹𝑮𝑩𝟐

Scalar field

GR

• Equations of motions are of second order!

• 𝑹𝑮𝑩𝟐 ∼ 𝟏
𝒓𝟔

: non-negligible only for very compact objects (neutron 
stars, black holes)

• BHs can carry scalar hair!

• Neutron stars with scalar hair also exist in this theory.
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scalar-Gauss-Bonnet gravity
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Expand 𝒇 𝝋 in series around 𝜑 = 0:
𝑓 𝜑 = 𝑓3 + 𝑓*𝜑 + 𝑓'𝜑' +⋯

Type I: Compact objects are always endowed with a scalar field)
• 𝑓* ≠ 0: shift-symmetric theory, NS do not have a scalar charge (𝐷 = 0)

Yagi at al. PRD (2025)

Type II: Scalar field develops ONLY when the spacetime curvature is strong 
enough
• 𝑓* = 0, 𝑓'> 0, 𝑅45' > 0 : spontaneous scalarization, Kerr unstable for 

small masses DD, Yazadjiev PRL (2018), Silva et al PRL (2018), Antoniou et al PRL (2018)

• 𝑓* = 0 , 𝑓'< 0, 𝑅45' < 0 : spin-induced scalarization, Kerr unstable for large 
spins Dima et al PRL (2020), DD et al RPD(2020), Berti at al PRL (2021), Herdeiro et al PRL (2021) 
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Scalar field coupling 𝒇(𝝋)

∇(∇(𝜑 = −
𝜆'

4
𝑑𝑓 𝜑
𝑑𝜑 𝑅45'



• WD-NS binary systems
• Most massive NS binary – strongest constraints (contrary to STT) 

WHY?

vs.
Gauss-Bonnet Scalar-tensor theories
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Constraints from binary pulsars



𝑓 𝜑 = 𝑓'𝜑' + 𝑓6𝜑6 + 𝑓"𝜑" +⋯
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Spontaneously scalarized stars
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Constraining sGB scalarization (Bayesian analysis)

𝜆%𝑓 𝜑 =
𝜆%

2𝛽
1 − 𝑒&'(!

Danchev, DD, Yazadjiev PRD (2022)

• J0348+0432 (NS-WD binary), MPA1 EoS
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Combines constraints from several pulsars and EOS

𝜆%𝑓 𝜑 = )!

%' 1 − 𝑒&'(! : Both NS and BH scalarize

Danchev, DD, Yazadjiev PRD (2022)

Vary pulsar system Vary EoS
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Flashback – Scalar-Tensor Theories

Shao at al. RPX (2017)

• Even further: new pulsar timing models taking into account possible 
correlations between PK parameter  Batrakov et al. A&A (2024)



• Constraints from J0348+0432 and different EOS

• Constraints from binary black hole mergers Wong et al. (2022)

Coupling function

𝜆'𝑓 𝜑 =
𝜆'

2𝛽 1 − 𝑒7-&#
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Induced constraints on black holes

V. Danchev, DD, S. Yazadjiev PRD (2022)



𝑓 𝜑 = 𝑓*𝜑 + 𝑓'𝜑' + 𝑓6𝜑6 +⋯
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Shift symmetric sGB and beyond
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Binary pusars – Einstein-dilaton-Gauss-Bonnet theory

• Coupling function

𝜆'𝑓 𝜑 =
𝜆'

2𝛽 𝑒
'-&

leading order ∼ 𝜆'𝜑

Yordanov, Staykov, DD, Yazadjiev (2024)

• Constrains from binary 
mergers 𝜆 < 3.01
Luy et al. (2022)



• Pulsars are a powerful tool to explore different sectors of 
the extended scalar-tensor theories.

• Pulsars compete with the binary merger constraints (apart 
from the massive scalar field sectors of the theory).

• sGB gravity is best constrained with binary pulsars if one 
assumes one of the established modern realistic EOS.
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Conclusions



THANK YOU!


