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Abstract: <span>We describe a new diagnostic for many-body wavefunctions which generalizes the spatial bipartite entanglement entropy. By was
of illustration, for a two-component wavefunction of heavy and light particles, a partial (projective) measurement of the coordinates of the heavy
(but not light) particlesisfirst performed, and then the entanglement entropy of the projected wavefunction for the light particles is computed. If the
two-component wavefunction has a volume law entanglement entropy, yet the post measurement wavefunction of the light particlesis disentangled
with an area law entanglement, we refer to the original wavefunction as a &€osQuantum Disentangled State&€s. This diagnostic can be generalized to
include other partial measurements, such as measuring the charge, but not spin, for finite-energy density eigenstates of Fermion Hubbard-type
model. Quantum disentanglement results if the post measurement spin-wavefunction has an area law entanglement entropy. Recent numerics
searching for such Quantum Disentangled States in 1d Hubbard-type models will be discussed in detail .</span>
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Entanglement, locality, information and measurement

Alice and Bob share two §=1/2 particles % E

Alice Bob

Oevctprodust:  [10) = [ DA @ | |) g o memwesr, vt snbics

Segwim: ) = Jgll V2 | R B e

Entanglement entropy quantifies local quantum information
p= o) (v #r = Tralp) Ma Tralpalup,)

Direct product state - complete local info: Sy = 5y «
Entangled Singlet state - no local info. b

Sy = Sy o= ln(2)

(Local) Measurement induces disentanglement

For singlat state Bob measures his spin;

“ = G Ns 81 0n =140 1)) mup -]:5';'-:;:{3':?333"
! A 3

S = Sp = nf) o
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Measurements {n extended systems

Ex: Heisenberg model, 2-eg ladder withis=1/2 4, AVAVE VAN gV AV /5
Jy

Mo Y S8 8, + o
"

E>) eigenstate wf volume law entanglement: [\l | Sar—
S = ~Tralpabn pa] = sl \ pa = Trp|V)(V|

Full Measurement: Measure spin (S, ) on every site, find { S}
) = [¥) = 1S) (a direct product state)
Postmeasurement w fully disentangled Sy = sL% — S, =)

(Global) Partial Measurement: By
; )
Measura spi one-leg of ladder 0
log 2. bul NOT onteg 3 beparocng
| ’
W) = W) =1Sy)g,

Wh
at is spatial entanglement entropy of past-partial measurement wf 77
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New wavefcn diagnostic: “Fost-measurement entanglement”

lMustrate w/ Atomic-liquid
€20 volume-law wavelcn, I (R?, 7°)

B Viltr) @ .

()  Measure positions of nuclel, but not electrons, .
(partial measurement) find B ‘

Consider wavetcn of (unmeasured) electrons,
0o(r) ~ B(R. 1) Y

Compute (spatial) bi-partition
mmmhdn;dm*mwd .

Repeat (i)-(if) and R
average, gives post-measurement

srlIR mrmmm

Can repeat wi R —r Sf‘r;r

Interest: Size scaling of S r:‘/ 5
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Scaling of post-measurment entanglement entropy?

Volume Law: Sr/ i

Ehmunwmmmmmuuﬂ nuclel positions,

Fully Thermalized Eigenstate h
-pasma,

'Quantul'l'l Dt“ﬂaﬂw mm‘.-
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Scaling of post-measurment entanglement entropy?

Volume Law: S:‘/ R I~ Ld

E"‘"""WMMMM

Fully Thermalized Eigenstate
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S:/H A% Lrl—!

Measuring (light) electrons does not disen

» @ n ‘
gle (heavy) nuclei, Volume law: S,qfr ~ L*

Quantum Disentangled States: General defn
Volume law entangled eigenstate (E >0) S:’ ~ L4

Perform (some) global partial-measurement, wl of un-measured d.o.. ilI:) —p |¢)
Entanglement-entropy of post-measurement w!

Quantum Disentangled State: post-measurement wf has area law
Partial Measurment induces full locality
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Do Quantum Disentangled States exist?
(as eigenstates of genje

Fermion Hubbard models: Partial measurerjents | /)

M- ’E“"" w Moo |-¢|En_ "o

(1) Measure Charge on each site, butnot shin |\/) — P|\) = [v)

IX b KXt xkxix

A B
Pmimlmmmtmpyol'spin-wr S,,/c

(2) Measure Spin on each site, but not charge| /) — P
After measurement, “holon/doublon” charge wt |22

}(-*ﬂo *.noYo

A B
Post-measurement entanglement entropy of “charge-wf® S

cfs

= |v)
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Do Quantum Dis
(as eigenstates of genje

Fermion Hubbard models; Partial

§ ) Xx?\&xwﬂx

A B
Post-measurement entanglement entropy of “spin-wi® .9

s/le

(2) Measure Spin on each site, but not charge|\!) — P|\) = [v)
After measurement, “holon/doublon” charge wt 5]

ﬂ-*n-ﬂx-n-w-

A B

Post-measurement entanglement entropy of “charge-wi® S

els
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“Doublons” in the Hubbard Model

Near-neighbor Hubbard, H, in any dinension

H= -t Z(él‘aﬁjﬂ' +h.e.) + J'Z niphy MacDonaid, Girvin, Yoshioka (1988)
B :

Order-by-order in YU, can perform a unitarjtransformation on H which elimina
terms coupling states w/ differing number of doubly occupied sites e

= eiSHe—iS

" s "block-diagonalized" into decoupled “doublon-sectors”

Example: At leading order in YU
iS5 = (T = T_)/U + O@/0)? Ty Temsinkinetc energy which change
) WUMWMW +l

In sector w/ zerg doublons, at leading order in YU, get t-J model H = [
w7 BN
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Sesn(U) = S,,.(-U)

Implication: Free Fermions are not in a QDL phase!

Se/s(0) = S,/0(0) ~ L

Large U>0; M i
Pos;m Mﬂ%*ﬁ;’mﬂmdﬂmmmmm

Large U<0, measy charge termines since
Possible :pin-diunmqhd QOT;'M i g mostly Cooper pairs
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“Doublons” in the Hubbard Model

Near-neighbor Hubbard, H, in any dinension

H = -:Z(é}”r‘-,,, + h.c.) + lel.:flq MacDonald, Girvin, Yoshioka (1988)
¥} i

Qrder-by-order in YU, can perform a unit transformation on H which eliminates
tmlmmmwdﬂmmmm«o!dwuyowum sites

T eiSHe—iS

H' is "block-diagonalized” into decoupled “doublon-sectors”

Example: At leading order in YU
iS= (T - T U +ouuye  Ta

In sector wi zero doublons, at leading order in YU, gett-J model gy
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“Doublons” in the Hubbard Model

Y Z(éfaéj, + h.c.) + J’Z nirng| MacOonald, Girvin, Yoshioka (1988)
] i

Qrder-by-order in YU, can perform a unit transformation on H which elimina
terms coupling states wi differing number of doubly occupied sites o

HI o eiSHe—‘iS

H' is "block-diagonalized” into decoupled “doublon-sectors”

Example: At leading order in YU

i = (T =T\ U + O/ Tiy Thmhmwm”. Ml
P ety oxcviet s byict . S

In sector w/ zero doublons, at leading order in YU, gett- model py H, |
0
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“Doublons] at half-filling

At half-filing get spin-model
H = 2y 3808+ I Y (P +hfi) + Ty ~ H(t/U)" "
"

ki

Naively, can transform spin-model eigenst ‘tn into Hubbard eigenstates with the unitary,

I"rhfﬂbbﬂrd} = eisl¢.93)in>

Questions:
*  Does the YU expansion

- for thermal eigenstates of spin-model??

* I the cperator § local in space -
ool tagrabity of 14 (lor U>>)? 15 exp(iS) a "tocal unitary™
mbtdmmuwnan

“If* a volume law Hubbard eigenstate can be transformed via a local

(volume law) spin-wf, then a spin-measurement of wf will disentang| ettt
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“Doublons’ at half-filling

Al half-filling get spin-model

H =By S8y I Y (P + 1)+ Ty~ t(E/U)
L apkd

Naively, can transform spin-model tes into Hubbard eigenstates with the unitary,

I'l.")H ubbard ) — eiS hbspi n >

Questions:
*  Doesthe

the cperator S local in space (for U»>1)?
Role ot Inkeprebilty of 14 U>>?  Is exp(iS) a "local unitary™

Mhtdmmogwnummv
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Large U “Bangs” and Mixing?

+  Start w/ infinite U

*  Spin-sector

Fa=0
) (G RO

*  Band wi a single doublon/holon
E\=Ey+U

PERE D

* Perturb in hopping 1. effective spin modal E()

Hy=hY 858 1 ~ /U
i

Does the spin band *mix” with doublon/holon
bands in the same energy range?
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Numerics on 1d “Hubbard” chains

J. Gamson, R. Mishmash, T. Grover, MPAF (in progress)

M=ty (e Girre+he) F U firiy + V'Y hiftigy
(N4 ] 1

b

* Repulsive interaction, U>0, at half-filling
* n.n.repulsion, V, destroys integrability

First: Extract mean-double occupancy for each eigenstate
(at many different values of U, V=0,3)

D = (fj1f;y)
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und state

Area-law

jh entropy state

Volume-law

1h entropy state
n "spin-band”

Volume-law
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n “charge-band”

Entropy

Full Entropy

S'(x)

scaling for 3 eigenstates
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“spin-band” of Quantum-disentangled states, area law

charge entropy post-spin-measurement

A
| |
I I
<
X

Area-law

Volume-law

Area-law!
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Focus on 3 eigenstates

0 site Hubbard chain

Full Entanglement entrop Post-spin-measurement entropy of “charge-wf"
1.n. repulsion V=3 : Py F Py C

S(L/2) i, Sess(L/2)

1h entropy state,
arge-band”

h entropy state
vin-band”

und state
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Summary

Possible “Hidden” Locality in (some) “"Thermal” eigenstates

New diagnostic for many-body wf: Partial-measurement,
followed by post-measurment entanglement entropy of un-measured dof

Quantum Disentangled States: Volume-law eigenstates w/
post-measurement area-law entanglement entropy — “induced-locality”

Possible Breakdown of ETH (“atomic” and “ionized” states co-exist
at same energies)

Challenge:

Identify Hamiltonians which exhibit Quantum-disentangled eigenstates?
(eg heavy/light particles)

Dynamics/transport in “Low-entanglement” “atomic” bands?

Other diagnostics to reveal hidden structure in volume-law entangled states?

Pirsa: 14050083 Page 54/57



Pirsa: 14050083 Page 55/57




Pirsa: 14050083 Page 56/57




Pirsa: 14050083 Page 57/57




