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Introduction



Introduction: the Double Copy

Two central field theories in theoretical physics:

• Yang-Mills theories:
o Describe the (spin-1) mediator bosons of strong and electroweak interactions.
o Invariant under a (non-abelian) symmetry group.

• Gravitational theories:
o Describe the large-space structure of the Universe and of space-time itself.
o When linearized, describe a spin-2 particle called graviton.
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Introduction: the Double Copy

Scattering amplitudes provide a measure of the probability of a process involving the 
(asymptotic) particles described by the theory:

Scattering amplitudes are obtained from the so-called 𝑳𝒂𝒈𝒓𝒂𝒏𝒈𝒊𝒂𝒏 = 𝑬𝒌𝒊𝒏 − 𝑬𝒑𝒐𝒕

of the Quantum Field Theory through the Feynman diagrams technique.

𝐴𝑛 = 〈𝑓𝑖𝑛𝑎𝑙|𝑆|𝑖𝑛𝑖𝑡𝑖𝑎𝑙〉
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𝑖
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• 𝑐𝑖’s ⊂ gauge group information
• 𝑛𝑖’s ⊂ polarizations + momenta
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Introduction: the Double Copy
The Double Copy relations:

𝐴𝑛
𝑇𝐿 ∝ ෍

𝑖

𝑐𝑖𝑛𝑖

𝑃𝑖
𝑀𝑛

𝑇𝐿 ∝ ෍

𝑖∈Γ3

෤𝑛𝑖𝑛𝑖

𝑃𝑖

• Are a theorem at tree-level [Bern, Dennen, Huang, Kiermaier, 2010] and a well-
supported conjecture at loop-level.

• Hold for several extensions of  Yang-Mills and gravitational theories and also for a 
number of non-gravitational theories [Bern, Carrasco, Chiodaroli, Johansson, Roiban, 
2019].

𝑐𝑖 → ෤𝑛𝑖
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Introduction: the Double Copy

The Double Copy relations:

• Revealed a duality between Yang-Mills theories (basis of the Standard Model of 
particle physics) and gravitational theories (description of space-time itself) whose
depth is yet to be understood;

• Provide great simplifications in calculations for n-gravitons scattering amplitudes, 
which are often very difficult to obtain with Feynman diagrams;

• Allowed for a more in-depth investigation on the quantum behavior of many
Supergravity theories. 
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we would like to identify its possible Lagrangian origin.



We want to use the Double Copy to construct Lagrangians of 
gravitational theories from those of  Yang-Mills.
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Introduction: Our Work

Why a Lagrangian Double Copy?

• Bern, Dennen, Huang and Kiermaier (2010).

• Ferrero and Francia (2018-2020).

• Borsten, Jurco, Kim, Macrelli, Saemann and Wolf (2021).

• Díaz-Jaramillo, Hohm, Plefka (2022).

• Study of the Double Copy from the point of view of symmetries.

• Extension of the Double Copy to loop-level scattering amplitudes.

Four main approaches to a Lagrangian Double Copy:

Testing Quantum Foundations in the 2025 Quantum Year – INFN-LNF 2025 – Descontus Valerio



Introduction: Our Work

Why a Lagrangian Double Copy?

• Bern, Dennen, Huang and Kiermaier (2010).

• Ferrero and Francia (2018-2020).

• Borsten, Jurco, Kim, Macrelli, Saemann and Wolf (2021).

• Díaz-Jaramillo, Hohm, Plefka (2022).

• Study of the Double Copy from the point of view of symmetries.

• Extension of the Double Copy to loop-level scattering amplitudes.

Four main approaches to a Lagrangian Double Copy:

Testing Quantum Foundations in the 2025 Quantum Year – INFN-LNF 2025 – Descontus Valerio



Introduction: Our Work
We look for the Lagrangian Double Copy of  𝑁 = 1, 𝑫 = 𝟒 Supergravity

coupled to a chiral multiplet.
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×
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Introduction: Our Work

Our focus here:

• The free Lagrangian for 𝑁 = 1, 𝑫 = 𝟒 Supergravity coupled to a chiral multiplet.

• The corresponding global Supersymmetry transformations.

• The Supersymmetry algebra.

We look for the Lagrangian Double Copy of  𝑁 = 1, 𝑫 = 𝟒 Supergravity
coupled to a chiral multiplet.

It provides one of the simplest supersymmetric Double Copy constructions:

𝑁 = 1
Super Yang−Mills

×
Non−supersymmetric

Yang−Mills Double Copy

𝑁 = 1 Supergravity coupled
to a chiral multiplet
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Double Copy fields: Preliminaries
The physical degrees of freedom (d.o.f.) of particles are encoded in fields:
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Double Copy fields: Preliminaries
The physical degrees of freedom (d.o.f.) of particles are encoded in fields:

• 𝑁 = 1 Super Yang-Mills Theory:

➢ The field 𝐴𝜇
𝑎 encodes the d.o.f. of a (spin-1) gauge boson.

➢ The field 𝜆𝑎 encodes the d.o.f. of a spin-1/2 particle called Gaugino.
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Double Copy fields: Preliminaries
The physical degrees of freedom (d.o.f.) of particles are encoded in fields:

• 𝑁 = 1 Supergravity coupled to a chiral multiplet:

➢ The field ℎ𝜇𝜈 encodes the d.o.f. of a (spin-2) Graviton.

➢ The field 𝜓𝜇encodes the d.o.f. of a spin-3/2 particle called Gravitino.

➢ The field 𝐵𝜇𝜈 (Two-form) an 𝜑 (Dilaton) both encode the d.o.f. of spin-0 

particles.

➢ The field 𝜁 encodes the d.o.f. of a spin-1/2 particle called Dilatino.
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Double Copy fields: Definitions

Super Yang-Mills

𝐴𝜇
𝑎

𝜆𝑎

𝐻𝜇𝜈 𝑥 = (𝐴𝜇 ∗ ሚ𝐴𝜈)(𝑥): = 𝐴𝜇
𝑎  ∘ 𝜙𝑎𝑎′

−1 ∘ ሚ𝐴𝜈
𝑎′

𝑥

Ψ𝜇 𝑥 = 𝜆 ∗ ሚ𝐴𝜇 𝑥 : = 𝜆𝑎 ∘ 𝜙𝑎𝑎′
−1 ∘ ሚ𝐴𝜇

𝑎′
𝑥

We define two Double Copy fields [Anastasiou, Borsten, Duff, Hughes, Nagy, 2014]:

Where:

• 𝑓 ∘ 𝑔 𝑥 = ׬ 𝑑𝑦 𝑓 𝑥 𝑔 𝑥 − 𝑦 .

•  𝜙𝑎𝑎′
−1  is the convolutive inverse of a Yang-Mills “biadjoint” scalar field.

Yang-Mills

ሚ𝐴𝜇
𝑎′
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1

2
𝜂𝜇𝜈𝜑 + 𝐵𝜇𝜈

Ψ𝜇 = 𝜓𝜇 +
1

2
𝛾𝜇𝜁
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𝑎′

We define two Double Copy fields [Anastasiou, Borsten, Duff, Hughes, Nagy, 2014]:
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𝐻𝜇𝜈 , Ψ𝜇

Gauge symmetries and
free Equations of Motion of

ℎ𝜇𝜈 , 𝜓𝜇  and the chiral multiplet

We define two Double Copy fields [Anastasiou, Borsten, Duff, Hughes, Nagy, 2014]:
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𝑁 = 1 Supergravity: Lagrangian

Thus our goal is the construction of a Lagrangian for the Double Copy  fields 𝐻𝜇𝜈  and Ψ𝜇.

Lagrangian for 
𝐻𝜇𝜈  and Ψ𝜇

Linked to Yang-Mills 
because of

𝐻𝜇𝜈 𝑥 = 𝐴𝜇 ∗ ሚ𝐴𝜈 𝑥

Ψ𝜇 𝑥 = 𝜆 ∗ ሚ𝐴𝜇 𝑥

Linked to 𝑁 = 1
Supergravity because

𝐻𝜇𝜈 ⊂ ℎ𝜇𝜈, 𝐵𝜇𝜈, 𝜑

Ψ𝜇 ⊂ 𝜓𝜇 , 𝜁
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Double Copy Lagrangians



Double Copy Lagrangians
Free Lagrangians for the Double Copy fields are connected to the low energy limit of free
superstring theory [Francia, 2010].
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Double Copy Lagrangians
Free Lagrangians for the Double Copy fields are connected to the low energy limit of free 
superstring theory [Francia, 2010]. These Lagrangians are Maxwell-like and non-local:

𝐿 𝐻𝜇𝜈 = −
1

2
𝑅𝜇𝜈𝜌𝜎

1
𝑅𝜇𝜈𝜌𝜎

𝐿 𝛹𝜇 = −
𝑖

2
𝜕𝜇 ഥΨ𝜈 − 𝜕𝜇 ഥΨ𝜈

1
𝜕𝜇Ψ𝜈 − 𝜕𝜈Ψ𝜇

where 𝑅𝜇𝜈𝜌𝜎 is the field strength of 𝐻𝜇𝜈
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Double Copy Lagrangians
Free Lagrangians for the Double Copy fields are connected to the low energy limit of free 
superstring theory [Francia, 2010]. These Lagrangians are Maxwell-like and non-local:

𝐿 𝐻𝜇𝜈 = −
1

2
𝑅𝜇𝜈𝜌𝜎

1
𝑅𝜇𝜈𝜌𝜎
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𝑖
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𝜕𝜇 ഥΨ𝜈 − 𝜕𝜇 ഥΨ𝜈

1
𝜕𝜇Ψ𝜈 − 𝜕𝜈Ψ𝜇

where 𝑅𝜇𝜈𝜌𝜎 is the field strength of 𝐻𝜇𝜈

1
𝜕 ∙ 𝜕 ∙ 𝐻

1
𝜕 ∙ Ψ
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Double Copy Lagrangians
Free Lagrangians for the Double Copy fields are connected to the low energy limit of free 
superstring theory [Francia, 2010]. These Lagrangians are Maxwell-like and non-local:

𝐿 𝐻𝜇𝜈 = −
1

2
𝑅𝜇𝜈𝜌𝜎

1
𝑅𝜇𝜈𝜌𝜎

𝐿 𝛹𝜇 = −
𝑖

2
𝜕𝜇 ഥΨ𝜈 − 𝜕𝜇 ഥΨ𝜈

1
𝜕𝜇Ψ𝜈 − 𝜕𝜈Ψ𝜇

where 𝑅𝜇𝜈𝜌𝜎 is the field strength of 𝐻𝜇𝜈

1
𝜕 ∙ 𝜕 ∙ 𝐻

1
𝜕 ∙ Ψ

Alternatively: 
local theory 
with auxiliary
fields
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Double Copy Lagrangians
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Furthermore, these Lagrangians:

• Lead to the expected free equations for ℎ𝜇𝜈, 𝜓𝜇, 𝐵𝜇𝜈, 𝜑 and 𝜁.
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Furthermore, these Lagrangians:

• Lead to the expected free equations for ℎ𝜇𝜈, 𝜓𝜇, 𝐵𝜇𝜈, 𝜑 and 𝜁.

• Have a clear cut Double Copy interpretation in terms of the free (super) Yang-Mills 
Lagrangian.



Free Lagrangians for the Double Copy fields are connected to the low energy limit of free 
superstring theory [Francia, 2010]. These Lagrangians are Maxwell-like and non-local:

𝐿 𝐻𝜇𝜈 = −
1

2
𝑅𝜇𝜈𝜌𝜎

1
𝑅𝜇𝜈𝜌𝜎 = −

1

8
𝐹𝜇𝛼 ∗ ෨𝐹𝜈𝛽

1
𝐹𝜇𝛼 ∗ ෨𝐹𝜈𝛽 ,

𝐿 𝛹𝜇 = −
𝑖

2
𝜕𝜇 ഥΨ𝜈 − 𝜕𝜇 ഥΨ𝜈

1
𝜕𝜇Ψ𝜈 − 𝜕𝜈Ψ𝜇 = −

1

2
𝑖 ҧ𝜆 ∗ ෨𝐹𝜇𝜈

𝛾𝜌𝜕𝜌
𝜆 ∗ ෨𝐹𝜇𝜈 ,

Furthermore, these Lagrangians:

• Lead to the expected free equations for ℎ𝜇𝜈, 𝜓𝜇, 𝐵𝜇𝜈, 𝜑 and 𝜁.

• Have a clear cut Double Copy interpretation in terms of the free (super) Yang-Mills 
Lagrangian.

where 𝑅𝜇𝜈𝜌𝜎 is the field strenght of 𝐻𝜇𝜈  and 𝐹𝜇𝜈  ( ෨𝐹𝜇𝜈) the abelianized field strength of 𝐴𝜇 ( ሚ𝐴𝜇).

Double Copy Lagrangians
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The free Lagrangian

𝐿 𝐻𝜇𝜈 , 𝛹𝜇 = −
1

2
𝑅𝜇𝜈𝜌𝜎

1

□
𝑅𝜇𝜈𝜌𝜎 −

𝑖

2
𝜕𝜇 ഥΨ𝜈 − 𝜕𝜇 ഥΨ𝜈

1

□
(𝜕𝜇Ψ𝜈 − 𝜕𝜈Ψ𝜇)

provides the Lagrangian Double Copy of the extended free 𝑁 = 1 Supergravity 
comprising spin-2 and spin-3/2 particles together with the chiral supermultiplet.

Double Copy Lagrangians
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What is the Double Copy of 
Supersymmetry transformations?



Supersymmetry



Supersymmetry: Transformations

The Lagrangian of a supersymmetric field theory is invariant under a set of global 
transformations sending bosons into fermions and vice-versa.

For example, the transformations for 𝑁 = 1 super Yang-Mills are:

൞

𝛿𝐴𝜇
𝑎~ ҧ𝜉𝛾𝜇𝜆𝑎 − 𝜆𝑎𝛾𝜇𝜉,

𝛿𝜆𝑎~𝜉𝛾𝜇𝜈𝐹𝜇𝜈
𝑎 , 𝑎𝑎𝑎𝑎𝑎

We expect our Double Copy theory to be supersymmetric: is it possible to extend the 
Double Copy interpretation of 𝑁 = 1 Sugra to its Supersymmetry transformations?

Testing Quantum Foundations in the 2025 Quantum Year – INFN-LNF 2025 – Descontus Valerio



൞

𝛿𝐴𝜇
𝑎~ ҧ𝜉𝛾𝜇𝜆𝑎 − 𝜆𝑎𝛾𝜇𝜉,

𝛿𝜆𝑎~𝜉𝛾𝜇𝜈𝐹𝜇𝜈
𝑎 , 𝑎𝑎𝑎𝑎𝑎

We found a Double Copy map for global Supersymmetry transformations:

Supersymmetry: Transformations
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൞
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𝑎 , 𝑎𝑎𝑎𝑎𝑎

We found a Double Copy map for global Supersymmetry transformations:

𝐻𝜇𝜈 𝑥 , Ψ𝜇 𝑥

Supersymmetry: Transformations
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൞

𝛿𝐴𝜇
𝑎~ ҧ𝜉𝛾𝜇𝜆𝑎 − 𝜆𝑎𝛾𝜇𝜉,

𝛿𝜆𝑎~𝜉𝛾𝜇𝜈𝐹𝜇𝜈
𝑎 , 𝑎𝑎𝑎𝑎𝑎

We found a Double Copy map for global Supersymmetry transformations:

𝐻𝜇𝜈 𝑥 , Ψ𝜇 𝑥

• The sign difference is consistent with our choice of normalization.

Supersymmetry: Transformations
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൞

𝛿𝐻𝜇𝜈 = 𝛿𝐴𝜇 ∗ ሚ𝐴𝜈

𝛿𝛹𝜇 = − 𝛿𝜆 ∗ ሚ𝐴𝜇



൞
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𝑎 , 𝑎𝑎𝑎𝑎𝑎

We found a Double Copy map for global Supersymmetry transformations:

𝐻𝜇𝜈 𝑥 , Ψ𝜇 𝑥

• The sign difference is consistent with our choice of normalization.

Supersymmetry: Transformations
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൞

𝛿𝐻𝜇𝜈 = 𝛿𝐴𝜇 ∗ ሚ𝐴𝜈 = 2𝑖 ҧ𝜉𝛾𝜇𝛹𝜈 , 𝑎𝑎𝑎𝑎

𝛿𝛹𝜇 = − 𝛿𝜆 ∗ ሚ𝐴𝜇 = −𝛾𝛼𝛽 𝜕𝛼𝐻𝛽𝜇 𝜉,



൞

𝛿𝐴𝜇
𝑎~ ҧ𝜉𝛾𝜇𝜆𝑎 − 𝜆𝑎𝛾𝜇𝜉,

𝛿𝜆𝑎~𝜉𝛾𝜇𝜈𝐹𝜇𝜈
𝑎 , 𝑎𝑎𝑎𝑎𝑎

We found a Double Copy map for global Supersymmetry transformations:

𝐻𝜇𝜈 𝑥 , Ψ𝜇 𝑥

• The sign difference is consistent with our choice of normalization.

• The transformations for ℎ𝜇𝜈  and 𝜓𝜇  match the expected ones.

Supersymmetry: Transformations
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൞

𝛿𝐻𝜇𝜈 = 𝛿𝐴𝜇 ∗ ሚ𝐴𝜈 = 2𝑖 ҧ𝜉𝛾𝜇𝛹𝜈 , 𝑎𝑎𝑎𝑎

𝛿𝛹𝜇 = − 𝛿𝜆 ∗ ሚ𝐴𝜇 = −𝛾𝛼𝛽 𝜕𝛼𝐻𝛽𝜇 𝜉,



Supersymmetry: Algebra

Important information in the study of symmetry groups is obtained by considering its
commutators, i.e. the application of two transformations in different orders:

𝛿1, 𝛿2 𝜑 = 𝛿1 𝛿2𝜑 − 𝛿2 𝛿1𝜑 .

These objects constitute the “algebra” of the symmetry group.

The Supersymmetry algebra reveals the space-time origins of these transformations, as
their commutator result to be connected to space-time translations:

𝛿1
𝑆𝑢𝑠𝑦

, 𝛿2
𝑆𝑢𝑠𝑦

𝜑~𝜉𝛼 𝜕𝛼𝜑 .

Do we recover this information from single-copy data?
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Supersymmetry: Algebra

One can compute the algebra of our Supersymmetry transformations and write it in 
terms of the irreducible fields.

• The bosonic commutators match the expected translational structure.

• The fermionic commutators display the expected terms plus an anomalous term
whose origin is yet to be clarified.
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Conclusions: Summary
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Conclusions: Summary
• We constructed a Double Copy free Lagrangian describing the degrees of freedom of 

𝑁 = 1 Supergravity coupled to a chiral multiplet with a clear-cut Double Copy 
interpretation in terms of (super) Yang-Mills Lagrangians.
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Conclusions: Summary
• We constructed a Double Copy free Lagrangian describing the degrees of freedom of 

𝑁 = 1 Supergravity coupled to a chiral multiplet with a clear-cut Double Copy 
interpretation in terms of (super) Yang-Mills Lagrangians.

• We obtained Global Supersymmetry transformations for the free supersymmetric 
Lagrangian with:

o The expected structures for the graviton and the gravitino.

o A simple Double Copy interpretation.

o The expected algebra for the graviton and the gravitino.
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Conclusions: Summary
• We constructed a Double Copy free Lagrangian describing the degrees of freedom of 

𝑁 = 1 Supergravity coupled to a chiral multiplet with a clear-cut Double Copy 
interpretation in terms of (super) Yang-Mills Lagrangians.

• We obtained Global Supersymmetry transformations for the free supersymmetric 
Lagrangian with:

o The expected structures for the graviton and the gravitino.

o A simple Double Copy interpretation.

o The expected algebra for the graviton and the gravitino.

• We have one leftover issue: an anomalous term in the fermionic sector of the algebra.
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Conclusions: Outlook

What are the upcoming pathways of our work?

• Constructing a Double Copy supersymmetric Lagrangian at the interacting level starting from 
the cubic vertex, following the work done for 𝑁 = 0 Supergravity in [Ferrero, Francia, 2020]:

o Would provide a first step for a full off-shell Double Copy construction.

o Would introduce the first non-linear and local corrections to our global Supersymmetry
transformations.

• Extending the construction to Supergravities with 𝑁 ≥ 2 [V. D., Ferrero, Francia, In 
Preparation]. 
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Conclusions: Outlook
• Exploiting our approach to Lagrangian Double Copy to Higher Spin theories 

[Carducci, V. D., Francia, In Preparation].
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Conclusions: Outlook

We have seen spin-two from two spin-one’s:

• Exploiting our approach to Lagrangian Double Copy to Higher Spin theories 
[Carducci, V. D., Francia, In Preparation].
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Conclusions: Outlook

We have seen spin-two from two spin-one’s:

How about spin-three? It is either:

• Exploiting our approach to Lagrangian Double Copy to Higher Spin theories 
[Carducci, V. D., Francia, In Preparation].
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Conclusions: Outlook

We have seen spin-two from two spin-one’s:

How about spin-three? It is either:

• Spin-two × spin-one:

• Exploiting our approach to Lagrangian Double Copy to Higher Spin theories 
[Carducci, V. D., Francia, In Preparation].
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Conclusions: Outlook

We have seen spin-two from two spin-one’s:

How about spin-three? It is either:

• Spin-two × spin-one:

• Spin-one × spin-one × spin-one:

• Exploiting our approach to Lagrangian Double Copy to Higher Spin theories 
[Carducci, V. D., Francia, In Preparation].
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Thank you for your
attention!
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