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asymptotic symmetry group of 4d 
asymptotically flat spacetimes

 

Definition: 

BMS particle = unitary irreducible representation of the BMS4 group

* the name BMS particle was introduced in [Barnich, Oblak ’14 ‘15] for BMS3
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The gravitational S-matrix is BMS invariant! [Strominger ‘14]

 

Why BMS representation theory? 

The equivalence between BMS and soft theorems implies that

IR divergences appear precisely because
the usual S-matrix elements fail to conserve BMS charges

Pushing this idea further:
states of the S-matrix should be BMS states!

Flat space holography?                              
AdS/CFT duality : bulk states and boundary operators organize into the same UIRs.
Maybe worth understanding the analogue statement for UIRs in flat space ! 

▪  

▪  



supertranslations = weight-1 densities on the 
                 celestial sphere

 

BMS symmetries
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4 Poincaré translations

∞ BMS supertranslations

                      

Symmetry 
enhancement

+ van der Burg

BMS group

BMS group = symmetry group of 4D asymptotically flat spacetimes
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However, the inclusion is not unique                                                  

Important remarks

The Poincaré group sits inside BMS:                                                  

Infinitely many non-equivalent Poincaré groups inside BMS

[Ashtekar, 1984]  

choice of
                                     

Important remarks on the BMS group

= choice of ``gravity vacuum’’

Laura Donnay

▪  



However, the inclusion is not unique                                                  

Important remarks

The Poincaré group sits inside BMS:                                                  

Infinitely many non-equivalent Poincaré groups inside BMS

[Ashtekar, 1984]  

choice of
                                     

Important remarks on the BMS group

= choice of ``gravity vacuum’’
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But, there is a canonical inclusion of translations into supertranslations

▪  

▪  



The notion of asymptotic states needs to be improved to obtain
 infrared finite amplitudes 
Faddeev — Kulish (1970), Kapec — Perry — Raclariu — Strominger (2017)
Choi—Akhoury (2017), Prabhu—Satishchandran—Wald (2022).

Taking this very seriously BMS particles

‘‘soft gravitons need to be added to ensure conservation of charges’’

IR divergences: a way out?

The equivalence between BMS and soft theorems implies that

Infrared divergences arise due to the impossibility
for the usual S-matrix elements to conserve BMS charges
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BMS UIRs



1. 

Poincaré

Define momenta as dual to translations
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Poincaré BMS

Define momenta as dual to translations supermomenta as dual to supertranslationsDefine

2.  Fix an orbit of the Lorentz group

In practice fix                        and consider                                                               

Fix an orbit of the Lorentz group

In practice fix                                       and consider                                                               

[McCarthy] : there are 10 possible little groups

with mass-shell of dimensions
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BMS particle = wavefunction with support on a 
given orbit of the Lorentz group

3. Poincaré particle = wavefunction with support 
on a given orbit of the Lorentz group

+ spin (UIR of little group) + BMS spin (UIR of BMS little group)
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But these works also raise more physics questions than they answer: 
What do BMS states look like? Where is the (IR) physics?
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massless scalar near 

Hard BMS UIRs

It is known since Sachs (1962) and Longhi—Materassi (1999) that 
usual Poincaré UIR lift to BMS reps: they give the hard BMS UIRs.
 

▪  

massive scalar near ▪  
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Hard massless

Hard massive

Hard rep



great but
 … what about soft stuff ?



soft vs hard



Soft part

Supermomenta decomposition

Hard part
Key result

[Bekaert, LD, Herfray ’24][Bekaert, Herfray ‘25]
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massive case (             )

Soft part

‘memory’

extra IR degrees
of freedom

Supermomenta decomposition

Hard part
Key result

massless case (              )

[Bekaert, LD, Herfray ’24][Bekaert, Herfray ‘25]

Laura Donnay



massive case (             )

Soft part

Supermomenta decomposition

Hard part
Key result

massless case (              )

[Bekaert, LD, Herfray ’24][Bekaert, Herfray ‘25]
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Supermomenta can be projected to momenta via

Important property:



Soft part

Supermomenta decomposition

Hard part

This decomposition is unique. It is Lorentz invariant and nonlinear.

[Bekaert, LD, Herfray ’24][Bekaert, Herfray ‘25]
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Hard part

This decomposition is unique. It is Lorentz invariant and nonlinear.
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One is forced to 
consider non hard 
representations



BMS wavefunctions
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eigenstate of the supertranslations generator
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eigenstate of the supertranslations generator

seems formal but the integrals*
are finite-dimensional

wavefunctions with support only on a given
orbit of the Lorentz group 

* see [Bekaert, Herfray ‘25] for explicit examples
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seems formal but the integrals*
are finite-dimensional

wavefunctions with support only on a given
orbit of the Lorentz group 

* see [Bekaert, Herfray ‘25] for explicit examples
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They are quantum superposition of usual particles
over the space of gravity vacua.

▪  All BMS particles can be given a physical interpretation: 



Usual QFT asymptotic states are UIR BMS* representations: the hard ones

Conclusion

▪  
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[Bekaert, LD, Herfray ’24]
[Bekaert, Herfray ‘25]

 

*here we focused on gravity but of course there is 
also a similar story for the gauge theory analogues

*as coined by Sasha Zhiboedov

This will necessarily require the notion of BMS particles.

Asymptotic one-particle states should belong to UIRs of the BMS group
Multi-particle states should be tensor products thereof:



More material discussion



[Hannesdottir, Schwartz ‘19]

 

Dressed states (``coherent states’’, ``attaching soft clouds’’, etc.)▪  

Contrasting with the literature
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Too restrictive! It is enough to require the total conservation of BMS charges.

Constructed eigenstates of the soft charge and showed the equivalence to FK construction.
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[Chung ‘65][Kibble ‘68]

[Dollard ‘71][Kulish, Fadeev ‘70]

 

✓ IR divergences cancel in S-matrix elements but
      - the construction has an intrinsic ambiguity
      - the states themselves are now IR divergent

Dressed states + BMS ▪  

Too restrictive! It is enough to require the total conservation of BMS charges.

Constructed eigenstates of the soft charge and showed the equivalence to FK construction.

From the BMS particle point of view

the dressed state construction ≈ shoehorn BMS states into the conventional QFT language.

Dressed states are not momentum eigenstates, and thus not supermomentum eigenstates.
They do not belong to a separable, Lorentz invariant, Hilbert space. [Prabhu, Satishchandran, Wald ’22]





Representatives                                   for the 
corresponding orbits are given by :

McCarthy (1975):
there are 10 possible connected little groups:

4 from Wigner

6 extra little groups
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