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- Bt BFEHADER):
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<¢|0|7~/)> + tr( 0 Pthermal ) (1/)|0|1/J) = tI‘( 0 Pthermal )
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_ 2D k— 7 TDmotivation

1% 02 Fim(QFT) D IE B AR A 2L 872
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BEDHRWEFRIII =X KFEEREAX T 5.
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[Deutsch, Phys. Rev. A 43(1991); Srednicki, Phys. Rev. E 50(1994)...]
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- Our work
= (d+ DRITHEQFTH pRINMEZFHFH., WL DD DIRTE Z i
=9, LFZERL7Z(*):
(d-p)-RTTHI LG EVRIEAETHZ B 5

2T L, EBENLGH/  ZHALT Y TILIC
EFT 5 & TR S L,
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Let [W(0)) =Y cq |Ey) (H|Ey) = E4|E,): energy eigenstates),
(FEEOO, NILFZT Y OFBRIZEVWEIRET %, )
W = Zalca|2<Ea|0|Ea>
- (Diagonal) ETH

(Eq|O|Eg)(E) = tr( O pmicro canonical (E))

¢.g.) Hard core boson:
blue: integrable ETH X

red: non-integrable ETH \/

[Deutsch, 1805.01616]
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FRAYAHVEEF
= p- RPN (L codimension-(p + 1) DXIFNVEEE F TR D T oL b

(d + 1) RITDQFT Tl
(Ug(OW(C) ...y = e W (C) ...)

XA EE T Charged operator:
(d — p)-dimensional p-dimensional

~

~C

= e x

THEIBIEUICODER AL D T T,
= SRXIVIMEILG group structurez 2, (G: abelian group)

Ua(C)Up(C) = Ugsp(C)
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HilbertZE R~ D{ER
s SEETULC) ® W(C) BRI FEREANDIER%EEZ 5,
(space-like symmetry [ Goranta-Lam-Seiberg-Shao, 2201.10589]):

Ug
: 14
time 1 W/ = eld®

U; (COW(C,)Uy(Cy) = eiq“W(Cy) Cy» €y, © M space manifold

Topological nature of U, = [H,U,] =0
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Setup
RFZEZRIAM XR E CERINT=(d + 1)-RTTQFTZE X %,
NI b =7V HIZSERER,
%’375‘\ p-ZRITHRME with the symmetry operator U, (C) Z 152,
- Main claim
BEYRRE ) Mz SN TULhIE,
BETFUL(Y) D Uy(¥) (5 WL A)HDETHZ 5,
v,7: (d — p)-d manifold with boundary, st. yuy=Cc M

e.g) M =T? -
N7 <~

~

p=1 p=20

BEEFUQ)/UMIERT LEBEDH S/, ZALT P T7ILiC
AL AUy,
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Main claim
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BURIRE Z Mm-S TWniE, BEFU,(y) D Uy, ()
(5 W EMAF)HDETHZ # 5, yuy=_CcM)

Assumptions: 3
) EETFULC) BDRTED:Uy(C) = Ug()Ug (7).

ii) T3/ —EHIREE |E,), |E,), with E,, E,, € [E, E + 8E],
s.t. (En|Ug(C)|En) # (Em|U(C)|Em) DFET 55

~\\OF

iy x4 7 8h/ ZhLT oY 7L TOBFE (UL(C)) . #0.

mc

Energy level

OFE

Symmetry sector
q= 0 1
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Comments

« ZOWBRIEIp=10K, FICEBRATH S, R OETHOR
T “bath”D/NS D TR WD o,

~

. —fixfb:
AUy (y) D A(9)TU, () BETHZ B %,

A(g): operator defined on a region g(c M )withgnNy = ¢
HHEELIyIcH LT, £< DETHZ W 2 REFH
FET S,
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Model  (2+1)RTT Z, 18 F7 — 2 B Z, BRI -RIG IR & F:F D

CfEZ BRIR M 1E 2-torus T2
Hamiltonian  [Fradkin-Susskind, Phys. Rev. D, 17(1978)]

szz— 2 2 Abo'b

pE plaquette belink
B, = 1_[ of
beplaquette p i i E i
Physical Hilbert space Q.
Gauss law constraint: ; g ;
| ! B! i
Q= ]l ei=1 HERERE
b: spatial link . . : ;
b3 a i | a
¥IBR) A Hilbert space X9 A%k [ [ A R T
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* Wilson line Charged object under the Z, 1-form symmetry
W(C) = na,,z S W) =1
becC

* Symmetry operator (‘t Hooft operator)
u(cr) = T+ => U ) =1

U

T T T +
U(Cs) ...... % U
-1

W (C) : 5 5 _

___________________________________________________
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XIMEEE Fidima e D

o monopoles

U(y,) = 1_[ ap 7 : Open curve

breys _ NS
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Generalized Gibbs ensemble for
higher-form symmetry

« —i%1tGibbs 7 >t > 7 IL(GGE) & (4?

F )Y FILOGGEIFRIED A £V I L TEA I N,
[Pozsgay, 1304.5374; Ilievski et al., 1507.02993;...]
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(O)ge = tr 0 p(B,{4;})

p(B, (A1}) 1= eFH Tk Q7 (8, (1)),
Z(L,{A}) =tr e~ BH-X;4i Qi

Q;: (quasi-)local conserved quantity
A;: “chemical potential”

ABEDRICEWNT, GGENEN T L L TERI NS,



Generalized Gibbs ensemble for
higher-form symmetry

» Ly T — Y EFIZXT T 5 GGE

(O)gge = tr 0 p(B,{AiDz,

,0(,8, {Ai})ZZ — 6_'8 HZZ _Alpx_AZPxHZZ/Z(ﬂ, {Ai})Zza
Z(ﬁ: {Ai})zz =1r e_ﬁ Hz,—A1Px—22PxHzg,

p, = LU

>~ : projection to the sector U Cc,) =1

%é%}]ﬂwi (2339 2 (P Hy, ), (1 — P)Hy, (1 — Py)), (P& 15
TBEBICE. 3DDLEET Vo v LABEE KB,
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higher-form symmetry

- FRRREICX T 5 EBUBREN
7,7 — BT 2R T Y > T ILIEGGETE Z b b,
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1.0+ 1.0+
a b
( ) — GGE ( ) ‘ — GGE
0.81 Canonical ensemble 0.81 Canonical ensemble
N 0.6 1 N 0.61
5 53
& IS
S 0.4 = 0.4
~— ~—
0.21 0.5
0.0+ E: : A 0.0
—0.2+— - T T T T —0.2+— " T " " "
0.0 5.0 10.0 15.0 20.0 25.0 0.0 5.0 10.0 15.0 20.0 25.0
Time Time

FERIRRE: eigenstate of U(y,) / U(y,) = 1 ,with E € [-5.0,—3.0].
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s BARANMNMEIFRLICEE RS 5.
o BEECUMMEZEFEORIE. X0 T AGGEN EREMT 5,
Z?T%%’T ‘/EE;{H?@ 7/71_ =N _
I-dimensional
+ dipolez Fiicd 2BETUF) ST 2ETHAEN D,
o BAEEIREBIX. Z, I-RWEAMMEZEZR LT-GGE#H ./ ZHhILT >~
Hv7INTERZ SN,

Outlook

« Effect on entanglement spectrum

e Implication to finite-temperature phase transition

e Demonstration for other QFTs
Z, gauge theory, U(1) gauge theory, SU(N) gauge theory...
superconducter, super fluid...

Etc...




