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m monotones forv < ¢

m k-prod. states: Dj_prod
strictly k-prod. states: Cy.prod (class)

m depth of part., prod., and str.:

Dpart(p) - max{k € h ‘ P S Dk part}
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m state spaces: Dy ¢

(nested, LOCC closed)

m classes: Cy r
(disjoint, LOCC convertibility)
m f-entanglement depth: Dy
(index of the layer, LOCC monotone)

m further example: squareability, avg

2(8 =Y % =0 ~x=navg(d)
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average size of entangled subsystems (w.r.t. picking elementary subsys.)
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f-entanglement depth: Dy, discrete measure

pe = €|thonz) (Venz| + (1 — €)|sep) (Vsep| with (Ysep|thGHz) = 0
problem: D(p.) = n for all e > 0

f-entanglement depth of formation: convex/concave roof extension

DSF () — Min(p; x)1p 2_j PiDr (7)) if f is increasing
f max{(pjmj)},_p Zj ijf(Wj) if fis decreasing
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6/ 13



Metrological entanglement criteria

m Cramér-Rao bound (A0)? > m, on the precision

of parameter estimation by quantum Fisher information

7/ 13



Metrological entanglement criteria

m Cramér-Rao bound (A0)? > m, on the precision

of parameter estimation by quantum Fisher information

m bound on gFl for collective 1/2-spin-z observable
by one-parameter properties given by the generator function f

pEDrs: Falp,J*) < max s(é)
EF(€)Sk

7/ 13



Metrological entanglement criteria

, 2 l ..
m Cramér-Rao bound (A#)” > VFa(r A)" on the pI’ECISIOI.1 . .
of parameter estimation by quantum Fisher information

m bound on gFl for collective 1/2-spin-z observable
by one-parameter properties given by the generator function f

pEDir: Falp,J) < max (&) =: br(k)
EF(E)k

peD = Falp.J7) < be(Dr(p)) = Br(p)

7/13



Metrological entanglement criteria

, 2 l ..
m Cramér-Rao bound (A#)” > VFa(r A)" on the pI’ECISIOI.1 . .
of parameter estimation by quantum Fisher information

m bound on gFl for collective 1/2-spin-z observable
by one-parameter properties given by the generator function f

pEDir: Falp,J) < max (&) =: br(k)
EF(E)k

peD : Falp,J7) < be(De(p)) =: Br(p) = Dyor(p)

7/13



Metrological entanglement criteria

, 2 l ..
m Cramér-Rao bound (A#)” > VFa(r A)" on the pI’ECISIOI.1 . .
of parameter estimation by quantum Fisher information

m bound on gFl for collective 1/2-spin-z observable
by one-parameter properties given by the generator function f

pEDrr: Folp,J?) < max (&) =: be(k)
EF(E)k
peD  Falp,J?) < be(Dr(p)) =: Br(p) = Dior(p)

m partitionability p € Dxparr :  Fq(p, J?) < k? — k(2n+ 1) + n(n +2)

7/13



Metrological entanglement criteria

m Cramér-Rao bound (A0)? > m, on the precision

of parameter estimation by quantum Fisher information

bound on gFl for collective 1/2-spin-z observable
by one-parameter properties given by the generator function f

pEDir: Falp,J) < max (&) =: br(k)
EF(E)k

peD : Falp,J7) < be(De(p)) =: Br(p) = Dyor(p)

partitionability p € Dyxparr :  Fqlp, J?) < k? — k(2n+ 1) + n(n +2)
producibility  p € Dkprod :  Fqlp, J) < [n/k| k?> + (n— |n/k] k)?

7/13



Metrological entanglement criteria

m Cramér-Rao bound (A0)? > m, on the precision

of parameter estimation by quantum Fisher information

bound on gFl for collective 1/2-spin-z observable
by one-parameter properties given by the generator function f

pEDir: Falp,J) < max (&) =: br(k)
EF(€)Sk
peD : Falp,J7) < be(De(p)) =: Br(p) = Dyor(p)
partitionability p € Dyxparr :  Fqlp, J?) < k? — k(2n+ 1) + n(n +2)
producibility  p € Dkprod :  Fqlp, J) < [n/k| k?> + (n— |n/k] k)?
squareability pE€Disq: Fqlp,J?) <k

7/13
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squareability is natural from the p.o.v. of metrology

® avg: Sp = navg

m avg < w, 5o Dayg(p) < D(p) for the usual (producibility-) depth
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m (prod-)entanglement depth of formation
D°F(p) = ming(p, -0 22 P D())
m avg-entanglement depth
Davg(,o) = min{(pjmj)},_p max; Davg(ﬂ'j)
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m p. is not k’-producible for k' < k, so D(p.) = k

m p. is much less entangled as 7y itself, a much lower Fq/n is expected
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m at least 2g; weight of 4-producible states are needed for this

3<1q1+3q3+49s=q1+3(1 —q1— qa) +4qs leads to 2g1 < g4
m or at least the same ¢; weight of 5-producible states

3<1q1+393+5g5 = q1+3(1 —q1 —gs5) + 55 leads to g1 < g5
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m for example D°F(p) < D(p) (prod.)
VI VI
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