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Outline

- Introduce entanglement asymmetry
- Provide interpretation in terms of (non) topological defects

- Show explicit calculation for Ising CFT



Entanglement asymmetry in
general
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Entanglement asymmetry

Ingredients: a state p and a group action on the Hilbert space Ug,g € G.

Q: Is the state symmetric under Ug? “How much”? And on a subsystem?
H=HrQHz pa=trap Ug=Ung ® Uz, pa = Uy ypalng

Symmetrized state:
—1
pA,G:/ Ua,gpaUy g
gee

Entanglement asymmetry = difference in Renyi entropy between pa ¢ and pa

1 , . ;
NS T—h (logTrph ¢ — logTr pz)



Entanglement asymmetry

AS, = - ! - (logTrpa g — logTr p7)

Properties '
+- AS, >0
c ASp =06 pa=pac

- AS, < log |G| for finite groups, unbounded for G continuous

TAres, Murciano, Calabrese Nat. Comm. (2023)
Ferro, Ares, Calabrese (2023)
Capizzi, Mazzoni (2023)



Interpretation with defects

“Modern language”: symmetries « topological operators/defects?

Ug

[Ug, Hl =0 & -

Ug/
space

On the contrary, if the symmetry is broken (explicitely or spontaneously), the defects are
not topological

2Gaiotto, Seiberg, Kapustin, Willett JHEP (2015)



Entanglement asymmetry with defects

1 Tr A6
AS, = ——10 :
n=7_p %8 Tr pf

Tr pj
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Entanglement asymmetry with defects
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Entanglement asymmetry with defects
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Entanglement asymmetry = how much the defects are not topological




Our case




LATTICE
L

State: |gs) of critical Ising chain: H=—37,; (o ( 0l + o7 ) <—>E

Group action: U, = exp ( ZjeA Z) rotation around Z.
Not a symmetry, unless o = 7 ( Z, symmetry)

3Ares, Murciano, Calabrese Nat. Comm. (2023)
Murciano, Ares, Klich, Calabrese in preparation



LATTICE
l
State: |gs) of critical Ising chain: H= -3, (ofaf+1 + of) P —

—

Group action: U, = exp (i% ZJEA a?) rotation around Z.
Not a symmetry, unless o = 7 ( Z, symmetry)

Known results: from lattice calculations?
1 1 4
AS, = 5 logt — > log; +0o(1)

Goal: access subleading terms with CFT

3Ares, Murciano, Calabrese Nat. Comm. (2023)
Murciano, Ares, Klich, Calabrese in preparation



CONTINUUM
State: ground state of the Majorana CFT: H = - [o dx (¥9p — ¥Okt))
Group action: Ua o = exp (—a [, dx¢i)

U, (1/_1) ol = ( cosa sin a) (z/_z)
Y —SinNa  CoS« P

I €50(2) I

again, not a symmetry unless a = 7 : ¥ = —1, ¥ > —1p



Conformal mappings

Ler
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Uo = eXp (—a/dx u;(x)z/_;(x))

transforms as a scalar




Hamiltonian with defects

X2

Xn

anti-Hermitian

: o /1 1
H =T /X(i/ﬁaw — oY) + ;O‘/w(xf)w(xj) T2 /XWTD\U

analytic continuation o = i

[ B Ok — > AO(X — X))
() ol )

Hamiltonian is quadratic — diagonalize kernel D — compute Egys



Diagonalized Hamiltonian

1 _t_
=5 D ROkme + i) Egs =) K

k k<0

n. defects momentum space Egs

2m 1 s

(7 + = -
0 L e 2) 121

2m 1 5i—5 1 (61 = 52)*
2 —(Z+ = =

L s 2 i 2m ) L { 12 7r

)\.
B; = 2arctantanh ?’

01 = Arg B (1 —v—-5—4/-3-5-— 2\/5)] s = sin fysin 5, 4+ cycl. perm.



2-asymmetry AS,

2.0

2.5

3.0

By(e) = % arctanh’ (tan 2)

By (a)
Egs ~» partition function 1.0¢
iaQ —iaQ from CFT 0.8r
r [/)Ae “Appe A} p™(e)e  yBa(a) 0.6l
2 1 1
o4 from lattice 04l
0.2}
05 10 15
AS, = —log [ e®(@)B(e)  saddle point around oo = 0
Az(Oé):CIQ()z + ... Bz(()():bz()é + ...
1 b, log¢ log?
AS, log /¢ a — = g ——
g+ log(—aom) + 5 - — (6)
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3-asymmetry AS;

. . . from CFT
T [pae ™ pae @@ ppe o] e o)
3 =
" Pa from lattice
1 .
ASy=—2 log/ e(@)¢yBs(e) _y saddle point around e = 0
A(a) = a3 (&2 + a3+ ajap) + ... Bs(a) = b3 - (af + a3 + ) + . ...

1 1 bs log¢ log/
AS; = > log ¢ + 5 log(—asm) + 20 ¢ 1° (ﬁ )

Same structure as n =2



Conclusions

- Entanglement asymmetry: how much the defects are not topological
- CFT approach — Egs of a system with defects

. @ corrections in AS,

Future directions

- Dirac CFT, same group action (again, not a symmetry)
- Extend to SU(N) (e.g. XXZ spin chain)
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Thank You!
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