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This talk:

Work out the representation theory of BMS symmetries (and their QED analog)

        

                 rigid framework for flat space holography
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is a statement about the equivalence of 
2 quantum theories

an isomorphism between their Hilbert spaces

and their algebras of physical observables are equivalent

Symmetries play a fundamental role: fields in AdS and CFT operators
realize the same representations of the conformal algebra
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AdS / CFT
correspondence

is a statement about the equivalence of 
2 quantum theories

an isomorphism between their Hilbert spaces

and their algebras of physical observables are equivalent

In flat space holography

Symmetries play a fundamental role: fields in AdS and CFT operators
realize the same representations of the conformal algebra

 

Unitary Irreducible Representations of the boundary symmetry group??                      

≡  BMS particle* * See [Barnich, Oblak ’14 ‘15] for UIR of BMS3

What Hilbert space are we trying to map?
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 [Chung ‘65][Kibble ‘68][Dollard ‘71][Kulish, Faddeev ‘70] (see [Ashtekar ’84] for gravity)
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IR divergences arise, for conventional states, as a necessity to respect BMS conservation laws.
[Kapec, Perry, Raclariu, Strominger ‘17][Akhoury, Choi ‘17]
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Tightly connected to the issue of infrared divergences

What Hilbert space are we trying to map ?

QED: need to depart from the Hilbert space of the usual Fock representation  

 [Chung ‘65][Kibble ‘68][Dollard ‘71][Kulish, Faddeev ‘70] (see [Ashtekar ’84] for gravity)

 

Modern revisit: 
IR divergences arise, for conventional states, as a necessity to respect BMS conservation laws.
[Kapec, Perry, Raclariu, Strominger ‘17][Akhoury, Choi ‘17]

 

Flat space
holography

─ asymptotic states in the interacting theory ≠ states of the free theory ─ 

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

Faddeev-Kulish (FK) dressed states     enlarged Hilbert space



Outline

▪ BMS particles

─ hard UIRs

─ generic representations

▪ Outlook

▪ Relation with infrared physics
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Lorentz acts on the celestial sphere

Asymptotic symmetry group of gravity

Laura Donnay
Laura Donnay

= conformal
densities 

  of weight  ̶1 

supertranslations 

as

: conformal densities of weights



However, the inclusion is not unique                                                  

Important remarks

The Poincaré group sits inside BMS:                                                  

Infinitely many non-equivalent Poincaré groups inside BMS

Important reminder

Laura Donnay

But, there is a canonical inclusion of translations into supertranslations

▪  

▪  

[Ashtekar, 1984]  

choice of
                                     

= choice of ``gravity vacuum’’
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3. Poincaré particle 
= wavefunction with support on

+ spin (UIR of little group)
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Poincaré BMS

Define momenta as dual to translations

2.  Classify the orbits of the Lorentz group

In practice, fix a reference momentum       
and find its stabilizer.

BMS particles - Laura Donnay

3. Poincaré particle 
= wavefunction with support on

+ spin (UIR of little group)

little group

mass-shell

See [Mackey ’68] and [Piard ’77] for induced 
representations of groups of the form  
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Poincaré BMS

Define momenta as dual to translations supermomenta as dual to supertranslationsDefine

2.  Classify the orbits of the Lorentz group

In practice, fix a reference momentum       
and find its stabilizer.

Classify the orbits of the Lorentz group

In practice, fix a reference supermomentum    
and find its stabilizer.

BMS particles - Laura Donnay

Task: find them all

3. Poincaré particle 
= wavefunction with support on

+ spin (UIR of little group)

little group

mass-shell
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Poincaré BMS

Define momenta as dual to translations supermomenta as dual to supertranslationsDefine

2.  Classify the orbits of the Lorentz group

In practice, fix a reference momentum       
and find its stabilizer.

Classify the orbits of the Lorentz group

In practice, fix a reference supermomentum    
and find its stabilizer.

[McCarthy ‘70s] : there are 11 possible little groups

with mass-shell of dimensions

BMS particles - Laura Donnay
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= wavefunction with support on

+ spin (UIR of little group)



3. Poincaré particle 
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1. 

Poincaré BMS

Define momenta as dual to translations supermomenta as dual to supertranslationsDefine

In practice, fix a reference momentum       
and find its stabilizer.

In practice, fix a reference supermomentum    
and find its stabilizer.

[McCarthy ‘70s] : there are 11 possible little groups

with mass-shell of dimensions

BMS particle
= wavefunction with support on

+ BMS spin (UIR of BMS little group)

2.  Classify the orbits of the Lorentz group

BMS particles - Laura Donnay



taken from [LD, Herfray ‘26]
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Questions we would like to answer: 

What do BMS states look like? 
Where is the physics?
How do BMS particles differ from Poincaré particles? Extra IR degrees of freedom?



hard BMS UIR



taken from [LD, Herfray ‘26]
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Hard BMS UIRs

Among generic BMS reps, the ‘hard’ BMS UIRs play a privileged role: 
they are the ones that are 1:1 with the familiar Poincaré UIRs.
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they are the ones that are 1:1 with the familiar Poincaré UIRs.

 

Poincaré generators:

 

Poincaré algebra:
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Hard BMS UIRs

Each momentum can be associated to a hard supermomentum via Bekaert ─ LD ─ Herfray 
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Hard BMS UIRs

Hard supertranslation generator:

 
closes (with Lorentz) the algebra:

 

Each momentum can be associated to a hard supermomentum via

BMS
algebra

Bekaert ─ LD ─ Herfray 
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summary:
each familiar Poincaré particle           a hard BMS UIR of supermomentum

However: 
hard representations are not enough

because momentum-conservation 
does not imply conservation of hard supermomentum: 

obstruction to supermomentum conservation

BMS particles - Laura Donnay



(generic) BMS particles



Supermomenta decomposition

▪  Generic representations will have a generic supermomentum                  . 
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Supermomenta decomposition

Key result

[Bekaert, LD, Herfray ’24]

[Bekaert, Herfray ‘25]
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Key result
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▪  Generic representations will have a generic supermomentum                  . 

extra IR degrees
of freedom

Hard supermomentum
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‘soft ’ part

Supermomenta decomposition

Hard supermomentumKey result

[Bekaert, LD, Herfray ’24]

[Bekaert, Herfray ‘25]

 

▪  Generic representations will have a generic supermomentum                  . 

extra IR degrees
of freedom

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

BMS particles - Laura Donnay



BMS wavefunctions

BMS wavefunctions cf. usual wavefunctions

using

[Bekaert, LD, Herfray ’24]
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finite-dimensional integrals*

* see [Bekaert, Herfray ‘25] for explicit examples

wavefunctions with support
on a given orbit of the Lorentz group 



In QED

All these concepts also apply to the asymptotic symmetry group of QED

[LD, Herfray ’26]
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QED supermomentum infinite-dimensional U(1) transformations
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In QED

▪  

All these concepts also apply to the asymptotic symmetry group of QED

QED supermomentum infinite-dimensional U(1) transformations

pairing:

▪  Lorentz-invariant decomposition

hard part soft part

[LD, Herfray ’26]
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IR physics



Supermomenta and IR divergences (in QED and gravity)

▪  

is precisely Weinberg’s soft factor
      

Obstruction of supermomentum conservation:
      

BMS particles - Laura Donnay
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▪  

is precisely Weinberg’s soft factor
      

▪  

Obstruction of supermomentum conservation:
      

Its Lorentz-invariant norm
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▪  
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Obstruction of supermomentum conservation:
      

Its Lorentz-invariant norm
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Supermomenta and IR divergences (in QED and gravity)

▪  

is precisely Weinberg’s soft factor
      

▪  

Obstruction of supermomentum conservation:
      

Its Lorentz-invariant norm

gives the exponentiation formula for virtual divergences

[Yennie, Frautschi, Suura ‘61][Weinberg ‘65]
BMS particles - Laura Donnay

[LD, Herfray ‘26] 
see also [Agrawal, Nguyen ‘25]

 



UIR vs dressed states



FK dressed states

Comparison with Faddeev-Kulish dressed states

Infrared structure of QED from representation theory BMS particles - Laura Donnay



FK dressed states

Comparison with Faddeev-Kulish dressed states

photon momentum

in a neighborhood of

Infrared structure of QED from representation theory BMS particles - Laura Donnay



FK dressed states

Comparison with Faddeev-Kulish dressed states

c-vector should satisfy                    (gauge invariance)
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c-vector should satisfy                    (gauge invariance)

FK dressed states

▪  

Comparison with Faddeev-Kulish dressed states

photon momentum

IR divergences cancel [Chung ‘65] 

in a neighborhood of

[Kulish, Faddeev ‘70] took 
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▪  is an eigenstate of the soft part of the supermomentum [Gabai, Sever ‘16]
[Kapec, Perry, Raclariu, Strominger ‘17]

 
but it is not a momentum (nor supermomentum) eigenstate



How to turn FK into a supermomentum eigenstate:

Comparison with Faddeev-Kulish dressed states
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Comparison with Faddeev-Kulish dressed states

The resulting dressed state is now a supermomentum eigenstate

Eigenvalue: 

the dressing linearizes the hard supermomentum!

BMS particles - Laura Donnay



all       ‘s are equal

 

Comparison with Faddeev-Kulish dressed states

The resulting dressed state is now a supermomentum eigenstate

Eigenvalue: 

[Kulish, Faddeev ‘70] 

Key remarks:

▪  conservation of electric charge           conservation of supermomentum

IR finiteness

the dressing linearizes the hard supermomentum!

BMS particles - Laura Donnay
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Comparison with Faddeev-Kulish dressed states

The resulting dressed state is now a supermomentum eigenstate

Eigenvalue: 

[Kulish, Faddeev ‘70] 

Key remarks:

▪  conservation of electric charge           conservation of supermomentum

IR finiteness

▪  Generic case: choice of 

 conservation of supermomentum

[LD, Herfray ‘26]

IR finiteness

the dressing linearizes the hard supermomentum!

BMS particles - Laura Donnay

(see also [Gabai, Sever ‘16])
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Usual QFT asymptotic states are hard BMS/QED UIR :

They cannot satisfy supermomentum conservation

A fully BMS-invariant extension of QFT has a chance to define 
infrared finite S-matrix elements

BMS-matrix !

IR divergences           we need generic UIRs

Conclusions

▪  

▪  

Multi-particle states =

[Bekaert, LD, Herfray ’24]
[Bekaert, Herfray ‘25][LD, Herfray ‘26]…
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Usual QFT asymptotic states are hard BMS/QED UIR :

They cannot satisfy supermomentum conservation

A fully BMS-invariant extension of QFT has a chance to define 
infrared finite S-matrix elements

BMS-matrix !

IR divergences           we need generic UIRs

Conclusions

▪  

▪  

Multi-particle states =

[Bekaert, LD, Herfray ’24]
[Bekaert, Herfray ‘25][LD, Herfray ‘26]…

 

Thank you!

▪  Dressed states construction ≈ shoehorn BMS states into the conventional QFT language.

▪  Asymptotic one-particle states should belong to UIRs of the asymptotic symmetry group

▪  Extension of the Hilbert space (old idea): here realized as Fock space built from UIRs (new)

BMS particles - Laura Donnay
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