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When some of the parties of a multipartite entangled pure state are lost, the question arises whether the residual mixed state is also
entangled, in which case the initial entangled pure state is said to be robust against particle loss. Here, we investigate this entanglement
robustness for /N-qubit pure states. We identify exhaustively all entangled states that are fragile, i.e., not robust, with respect to the loss
of any single qubit of the system. We also study the entanglement robustness properties of symmetric states and put these properties
in the perspective of the classification of states with respect to stochastic local operations assisted with classic communication (SLOCC
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FRAGILITY (ROBUSTNESS) WITH RESPECT TO THE LOSS OF A FRAGILITY IN THE SYMMETRIC SUBSPACE

SUBSET OF AN N-PARTITE SYSTEM
Corollary 2 :
Definition [1] : . . . . .
A symmetric entangled N-qubit state |¢g) is fragile with re-

An N-partite entangled state |¢) is fragile (robust) with re- spect to the loss of any qubit iff

spect to the loss of a given subset S of the particles it

p-s(¥) = Trs([¥)(¥])

is separable (entangled).

W) =ale,...,e) +blet, ... e),
where |e) L |e) and a,b € C: |al? + |b]? = 1.

Theorem :

FRAGILITY WITH RESPECT TO THE LOSS OF A SINGLE QUBIT A symmetric entangled N-qubit state |tg) is fragile with re-
Theorem : spect to the loss of any qubit iff

An entangled N-qubit state |¢) is fragile with respect to the
loss of any qubit that is part of a given subset A of the qubits /.

it its Majorana points are at the ]

V) = \/plet,...,en) + /1 —plel,...,eN), vertices of a regular N-sided po- '
lygon in whichever plane inter-
secting the Bloch sphere.

where

o 0 <p<l,

e |e;), |e;) (i=1,...,N) are normalized single-qubit sta-
tes with |e;) L |e;),Vi € A and, if #A4 =1, |e}) # |ej)

for at least one qubit j ¢ A. ROBUSTNESS IN THE SYMMETRIC DICKE STATE SLOCC CLASSES

Corollary 1 : k-excitation N-qubit Dicke states (k =0, ..., N)

An entangled N-qubit state |¢) is fragile with respect to the N\
loss of any qubit ift \D](\lf)>:(k) Z\O,...,O,l,...,l),

‘¢> — a‘ela RIS €N> + b ‘ef_, Cees GJJ\}% where the multiqubit states in the sum contain k qubits in state |1), and 7
denotes all permutations of the qubits leading to different terms in the sum.

For k = 0,...,|N/2|, the Dicke states \D](\If)) are SLOCC inequivalent and
define in the symmetric subspace the SLOCC classes Dy _k k. |2].

where, Vi, |e;) L |e;-) and a,b € C : |a|* + [b]* = 1.

Theorem : Theorem [3] :

The entangled N-qubit states that are fragile with respect to All entangled Dicke states | DX?) are robust with respect to
the loss of any qubit all belong to the same SLOCC class, | | the 1oss of any number ¢ of qubits (£ < N — 2).

namely that of the |GHZ ) state
Theorem and conjecture :
IGHZN) = (|0,...,0) +1,...,1))/v2

This robustness property holds for all symmetric states in the
Not anymore true when considering fragility with Dicke state SLOCC class Dy_11. We conjecture based on
respect to the loss of more than one qubit: Fragile strong numerical evidence that the same holds for all sym-
states are NO'T restricted in a single SLOCC class metric states in all other Dicke state SLOCC classes Dy _p &
in this case. (k=2,...,|N/2|).
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