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Local aspects of
generalized symmetries

(]
el nh
oet\\ Cre. e,
€n
<
W Y * ’
&8 5
ol N ; 8
NS w z ; 5> &
i ’ e - b w1
i (“-ﬁ..,_/:_—"‘ E
s ',’, U
& .
'
o, M L T
% '9)@ * F &
0.2, O &
O Qp {"b
Coleman-Mandula &

Javier M. Magan
Instituto Balseiro

In collaboration with Horacio Casini, Marina Huerta, Valentin Benedetti,
Diego Pontello, Pedro ]J. Martinez, Pablo Bueno

Pirsa: 24040081

Page 2/32



Context

® [andau paxadigm

® Classification of general phases of matter: generalized order parameters

® |[ntrinsic (non-Lagrangian) approaches

¢ Quantum Information

® Constraints/classification of the zoo of possibilities

® Confinement, mass gap, etc
® Bootstrap and modular invariance
® Folk theorems in quantum gravity
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Generalized Global Symmetries

Important progress in these directions was made by
considering the notion of generalized global symmetries

[Gaiotto, Kapustin, Seiberg, Willett, 2014]

Briefly, this proposal can be described by a certain classification of operators

Topological operators (generators of the symmetry)

Charged operators (genuine lines for example)

Global gauge group (algebra of charged operators)
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Plan of the talk

&
¢ Generalized order parameters and completeness in QFT

Examples

Entropic order parameters and the phases of QFT

e Universal charged density of states

o Discussion and outlook
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Generalized order parameters and completeness in QFT

Haag-Kastler approach to QFT

Locality
Ry = SRy

Einstein causality is written as

A (Rball) cd (R;;Jall)r

Pirsa: 24040081 Page 6/32



Generalized order parameters and completeness in QFT

Haag-Kastler approach to QFT

Locality
Ry — SRy

Einstein causality is written as

A (Rball) cd (R;;Jall)r

Minimalistic approach

Wightman implies Haag.
Other way around is an open problem.
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Generalized order parameters and completeness in QFT

Haag-Kastler approach to QFT

Locality
Ry = ARy

Einstein causality is written as

A Ryar) C ARpp)

Minimalistic approach

Wightman implies Haag.
Other way around is an open problem.
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Generalized order parameters and completeness in QFT

Haag-Kastler approach to QFT

AQF i Locality
Ry — A (Ryypp)

Einstein causality is written as

A Rya) C ARyp)

One typically ‘assumes’ Haag duality

A (Ryyy) = A (Rému)’

Valid in Rindler wedge through
Bisognano-Wichmann theorem.

Valid in CFT in balls
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Generalized order parameters and completeness in QFT

Exploripg the Haag-Kastler approach for topologically non-trivial regions

Does the Haag-Kastler approach assign
an unambiguous algebra to these regions!

Yes! ‘The additive algebra’

A= \/ B

Bball UB=R

Yields the additive net

Key question: Does the additive
algebra satisfy duality?
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Generalized order parameters and completeness in QFT

X
A simple intrinsic definition for generalized order parameters in QFT was proposed in

[Casini, Huerta, ].M.M, Pontello 2020]
[Casini, J.M.M 2021]

AN gencrahzecl order Parametcr in the space of AQFT is an oPcrator that violates clualftg

in a certain region. An order Parameter Is a Haag~dualit9-vfo|ating (HDV) oPerator.’

This also suggests an intrinsic definition of completeness in QFT

“AQFT s comP[cte if for an arbi’crarg reg’on of the space the observable algebra

gencratcd b9 the local degrces of freedom is the maximal one comPatib[e with causa[itg.”
Equivalently

“Coml:)letencss = uniqueness of the net = duality for the additive net = no order Paramcter.”
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Generalized order parameters and completeness in QFT

Exploripg the Haag-Kastler approach for topologically non-trivial regions

Does the Haag-Kastler approach assign
an unambiguous algebra to these regions!

Yes! ‘The additive algebra’

A= \/ 9B

Bball UB=R

Yields the additive net

Key question: Does the additive
algebra satisfy duality?
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Generalized order parameters and completeness in QFT

X
A simple intrinsic definition for generalized order parameters in QFT was proposed in

[Casini, Huerta, ].M.M, Pontello 2020]
[Casini, J.M.M 2021]

AN gencrahzecl order Parametcr in the space of AQFT is an oPcrator that violates clualftg

in a certain region. An order Parameter Is a Haag~dualit9-vfo|ating (HDV) oPerator.’

This also suggests an intrinsic definition of completeness in QFT

“AQFT s com[:)[cte if for an arbi’crarg reg’on of the space the observable algebra

gencratcd b9 the local degrces of freedom is the maximal one comPatib[e with causa[itg.”
Equivalently

“Coml:)letencss = uniqueness of the net = duality for the additive net = no order Paramcter.”
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Generalized order parameters and completeness in QFT

What can we say about non-complete theories?

A qdR) G A 1gsR) = A 1 (R)

max(

First, it must be the case that
‘Qfmax(R) = 'Q{add(R) Vv {a}

For some set of HDV operators {a}, the order parameters.
HDYV operators define classes of operators in the regions
a€lal»>d=) 0{a0} O}€ 4R
Important consequence: If duility is violated in R, it is also violated in R’
A 13d(R) G A gy (R) = A 13f(R) & A 1 (R')
And it implies the existence of further order (or disorder) parameters and classes in the QFT
A a(R) = H 4q4R) v {b}
The dual a'’s and b’s do not commute with each other (quantum complementarity)

2 2
0,0, ~ h
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Generalized order parameters and completeness in QFT

&
The dual a’s and b’s do not commute with each other (quantum complementarity)
c? 0'[;2 ~ h

The HDV operators generate local generalized symmetry transformations.
Unified view of order parameters and generalized symmetry transformations.

“Non—completeness EmPIies the existence of a generalized symmetrg.”

“Completeness = uniqueness of the net = dua|itg for unic]ue net = absence ofgenera]ized sgmmetries.”

[Casini, J.M.M 2021]

Unification of previous folk theorems in quantum gravity

[Polchinski, 2003] [Seiberg, Banks, 2010]

Final important remark: Haag duality for balls &/(R;,,;) = &?f(R];a”), implies all HDV operators,
namely all generalized order parameters, are generated by local operators in the QFT.
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Examples

Global symmetries

Theories with global symmetries display violation of duality
in regions with non trivial z(R) and gz, ,(R)

¥

e g1 s B
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Examples

Global symmetries

Theories with global symmetries display violation of duality
in regions with non trivial z(R) and gz, ,(R)

The generalized order parameters satisfy the following fusion rules

Tely = Tgg'
- _ v 78]
el = Z Tg > TaTen = Z N Tg
gelgl [g”]

ljﬁr > Z W{r (Wérﬁ S jrjr’ = Z N:pi: jr”
i

("]
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Examples

Global symmetries

Theories with global symmetries display violation of duality
in regions with non trivial z(R) and gz, ,(R)

The HDV operators can be seen to be locally generated since

T I 32 = D wl @ W) D vl 0) @) (@) = I, x.2)
i j

The 'locality’ of the twist follows easily if there is a Noether current.

If there is no Noether current, the locality of the twist follows from the one of the
intertwiner and Von Neumann double commutant theorem
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Examples

Symmetries in gauge theories:

Gauge theories with generalized symmetries violate of
duality in regions with non trivial #;(R) and m;_;(R")
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Examples

Symmetries in gauge theories:

Gauge theories with generalized symmetries violate of
duality in regions with non trivial 7;(R) and #;_3(R")

Non-abelian gauge theory

a, =W, =Tr.Pe'tc™4 277

e — — —
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Examples

Symmetries in gauge theories:

Gauge theories with generalized symmetries violate of
duality in regions with non trivial 7;(R) and #;_3(R")

Maxwell
— iq(DB — ig(I)E
a,=¢ b=

- = T . 2 They violate duality due to generalized

e '; current conservation
/ dF =0 d¥*F =0
7

. — /s L b

ol The algebra is that of R X R
— Ay = Qg g bgbg, = bg+g,

Together with

— 48
aqbga_q e bg

Generalized symmetry transformation

Page 21/32



Pirsa: 24040081

Examples

Symmetries in gauge theories:

Gauge theories with generalized symmetries violate of
duality in regions with non trivial 7;(R) and #;_3(R")

—_

—_— — -

Non-abelian gauge theory
a, =W, =Tr.Pe'fc®™4 277
WL in the adjoint can be broken
F,(x) Pe'h%"4 F_(y)
The HDV operators are labeled as

a, ~ N, /A A,

The dual ones are given by electric fluxes
over the center of the gauge group

~
root
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Examples

Symmetries in gauge theories:

Gauge theories with generalized symmetries violate of
duality in regions with non trivial #(R) and =z;_;(R")

Non-abelian gauge theory
a =W, =Tr.Petc™4 277

WL in the adjoint can be broken

o ) F () PedA F ()
4 /
g’ e ’ b The HDV operators are labeled as
Ph s L
] < e ~ i 7
\ e a, ~ A(u/Amot G AZ

e — The dual ones are given by electric fluxes
over the center of the gauge group

Showing the WL to be a local operator in a ball can be done explicitly in the lattice.

In the continuum follows from locality of the electric flux plus Von Neumann double commutant theorem
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Examples

Symmetries in gauge theories:

X
Gauge theories with generalized symmetries violate of
duality in regions with non trivial 7;(R) and #;_3(R")
The additive net does not satisfy duality.
-~ e Add maximal number of HDV operators compatible
o g ; with causality such that duality is restored
& /
4
/ o = / d (b l
] < . < - 4
\ T Haag-Dirac nets (Global gauge group)
~ S

l

Local physics is constrained by the

symmetries of all global gauge groups
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Examples

Symmetries in 2d CFTs:
X
Like global symmetries (violate duality in regions with non trivial ;)

Like symmetries in gauge theories (many different completions)
CFT’s withc =1/2

Fermion Ising

(1,1), (¢, &), (1,1), (e, 8),
(1,6),(e,1) (0,0)

p=1 a=1

\’/ﬂP N I S
3 <3 2

(1,1),(1,e) (1,1),(e,1) (1,1). (e, &)

pu=4 u=4 =4

/*2 ]E 1\4’}'
(1,1)

p=16

The Doplicher-Haag-Roberts reconstruction
theorem does not apply in two dimensions
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Entropic order parameters and the phases of QFT

» Quantum complementarity is nicely described as follows

A iRV {a} — o ,4y(R)

’ ] ’ Longo-Rehren type inclusion
[Longo, Rheren, 1995]

o, R <— o (R Vv {b}

The E are called conditional expectations. They are projections from the
maximal algebra to the additive algebra (they ‘integrate out’ the non-local operators).

This suggests defining the following entropic order parameters
[Casini, Huerta, J.M.M, Pontello 2020]

Set

Entropic Order Entropic Disorder

(R)(a) | o 8) and S&f (R:)(a) | w ° 8!)

max max

These are relative entropies measuring the difference between the actual state and a
state in which we have integrated out the non-local operators
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Entropic order parameters and the phases of QFT

L3

A certainty relation can be proven between the dual entropic order parameters
" —
Sa. @@ | 0o €)+ Sa. &)@ | wee") =log4,

[Casini, Huerta, ].M.M, Pontello 2019]

[J-M.M, D. Pontello, 2020]

Generalization to type Il algebras in  [S- Hollands, 2020]
[Feng Xu, 2018]

/18 = ﬂ,g. is the algebraic index of the conditional expectation.

[Jones, 1983] [Kosaki, 1986] [Longo, 1989]

It measures the size of the dual generalized symmetries
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Entropic order parameters and the phases of QFT

*  When characterizing phases we typically observe

Conformal phase (W) ~ et «—> (T) ~ et
Disorder symmetry breaking (Higgs) (T) ~e A «—> (W) = constant

Order symmetry breaking (Confinement) (W) ~e S (T) = constant
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