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Motivations

Efforts to use elementary quantum systems with spin number j > 1/2 for quantum technologies have
been intensified by the availability of such systems in experiments operating in the quantum regime.
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* Which states are more prone to (super)decoherence ? * How does decoherence scale with j ?
* How fast does non-classicality of a spin state  How long does it take before a spin state
fade over time ? becomes absolutely classical ?
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Master equation for depolarisation

Lindblad master equation for spin j :

@O =@ HI+ Y Delp(®)]

a=x,y,z
H = hw/, Da[p] = Va(zjap]a _]czrp — p]czr)
Purity: R = Tr(p?) decreases monotonically

Unique stationary state: maximally mixed state p

Examples of spin states: IDB) = |j, 0)

1 .
|GHZ) =§(Ij,j> +1,=/) W)HYy=1ij—-1)

N qubits

1 spin N/2

Depolarisation rates: Isotropic depolarisation:
Vx =Yy = Vz
Possible physical cause: Noisy Magnetic Field

Anisotropic depolarisation:

Yx =Vy FVz
High temperature bath
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Anticoherent states and entanglement

Anticoherent states to order q: Isotropic states for which the
moments of J - n up to order q are independent of n [1]:

Trlp(J -m)?] # f(n)

HOAP states: Highest-Order Anticoherent Pure states

j =2 [Wlnoar = %(|2,2> +iV22,00+12,-2)) (D=0 A #f(n)

[1] J. Zimba, Electr. J. Theor. Phys. 3, 143 (2006).

Separability criteria: Absolutely separable state:

p suchthat p’ = UpU*
is separable for any U

(I) Necessary criterion: pT4 > 0 (PPT)

(1) Sufficient criterion: Positive P function for all angles 6, @

: 3 .
2] +1 ~ jTa2-2j+D)

41T

rm ax

p = jP(H, ©)|6, )0, @] |0, @) = Coherent state

(Ill) Distance 7 = \/R(p) — R(9y) < Trmax
[2] O. Giraud, P. Braun and D. Braun Phys. Rev. A 78, 042112 (2008). arXiv:2106.11680

(111) Sufficient criterion: p € ball of absolutely separable states




Purity loss

Isotropic depolarisation || Superdecoherence: R(p) = —2yR(p)N — 2y[R(p) — R(py_1)]N?
HOAP states are the

most superdecoherent states: Separable Superdecoherence
. . : < R(py_1) = cannot occur
they lead to the minimal purity state = R(p) = R(pn—1 _
at any time without entanglement
Depolarisation rate of a pure state: 1 '
Separa‘t%\t; —
: N* 0.8 | GHZ ——
Rw,O) = =2y (N + 7ﬂ1> HOAP ——
I QSL
. . 1 < 0.6 F
with anticoherence measure : A; = —= (o] o) l?
Quantum speed limit (QSL): 0.4 L
1 1 J=2
> _- _ _~ Y\ ,-YyN(N+1)(N+2)t
R(t)_N+1+(1 N+1)e [3] 0.2 ] NS —
0.001 0.01 0.1 1

[3] R. Uzdin and R. Kosloff, EPL 115, 40003 (2016). 7t arXiv:2106.11680



Entanglement dynamics

Relevant times:

tgsr: time at which the state

becomes separable

tyer/tel tr,

: times at which the separability

criteria (1)/(11)/(l11) are fullfilled

Results:
tnpr ~ 1/N tr .. isindependent of the
(T R S — tggr ~1/N number of qubits for
tp ~1/N HOAP states
o T 420 . .
i N _
9 3 A E & D\g [ OOOOO
0 g [ ] <¢ o
0.1 - - 0.1 eg | 15 GH7Z & 00000 LR
HOAP [ ] OQOO o N
0000 o
E S E 10 OOOOO m -
e ' < +¢7 @ = T
- GHZ W < o
DB [ o° = g
B GHZ s 5 OOOOD ; ApABABAE L
DB = HOAP o OQOQD = oh Eagﬂﬂmm
HOAP ® OQEOD 8 QAEAQAQAQAQAQ
ABA
0.01 L P R N R 0.01 L L S| 0 O886oOOOgOoOOOOOOO(DOOOoOoOoOcDOoOoOoOOO(DOoOOOOOoO()
5 10 50 100 10 100 10 20 30 40 50
N N

arXiv:2106.11680




Anisotropic depolarisation

Anisotropic depolarisation

Viz=VYx=Vy FVz
Vz > Viz
Vz < Viz

HOAP states do no longer
minimize purity at any time

Extremal states at short times :

GHZ

Dicke balanced

Initial purity loss rate: Ry, , = —4 [y, A" + vi.(8)% + A),%)]

An appropriate squeezing
can reduce decoherence
on short time scales

Optimal purity loss at any time:

N= 2: )2 > Viz GHZ
Y, <Y,  Dicke balanced
N= 4: Short times : GHZ or Dicke balanced

Long times : |u) = NV (]2,2) + u|2,0) + |2,—2))

ith u = i 7(e8(4Y 123Vt _g8y7t")
with i =1 4 e*(7V1z+2Y2)t" _7 024V 128" 43 8V 2t"
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Conclusion and perspectives

Conclusion :

* Entanglement is a necessary condition for (isotropic) superdecoherence
* Direct link between isotropic depolarization rate and anticoherence measure for pure states
 The time at which entanglement is lost is inversely proportional to the quantum spin number

» Squeezing can be used to reduce decoherence of a spin system

Perspectives :

* Condition of superdecoherence in anisotropic depolarization ?
* Experimental investigation of large spin depolarization (e.g. with Dysprosium [4])

* Usefulness of anticoherent states for guantum sensing [5] or cryptography ?

[4] T. Satoor, A. Fabre, J.-B. Bouhiron, A. Evrard,R. Lopes, and S. Nascimbene, arXiv:2104.14389.
[5] F. Gebbia et al., Phys. Rev. A 101, 032112 (2020). arXiv:2106.11680



