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Methods
• Quantum device certification will be of paramount importance with the 

advent of second quantum revolution
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Main Result

Here we provide some crucial definitions:
• In the semi -device independent scenario, the source generates a state 

𝜌𝜌𝐴𝐴𝐴𝐴 an d  on e par ty (Bob) can  fu lly ch ar acter ize  h is  s ide of th e  s tate
• How ever , w e tr eat Alice’s  m easu r em en ts  as  black box m easu r em en ts , 

iden tified  by 𝑥𝑥 = {0, … ,𝑚𝑚𝐴𝐴 − 1} an d  h er  ou tcom es  as  𝑎𝑎 = {0, … , 𝑜𝑜𝐴𝐴 − 1}

Background

• Self Tes tin g is  a device cer tification  m eth od  r equ ir in g w eaker  assu m ption s  
com par ed  to fu ll tom ogr aph y; h ow ever , th e  s tate  is  cer tified  u p  to local 
isom etr y

• Qu an tu m  Steer in g is  a ph en om en on  lyin g m idw ay betw een  En tan glem en t 
an d  Bell Non locality

• Self tes tin g via qu an tu m  s teer in g h elps  in  alleviatin g m ath em atical 
d ifficu lties  an d  th e sem i-device in depen den t scen ar io ar ises  n atu r ally in  
cases  su ch  as  delegated  qu an tu m  com pu tin g

• In  th is  w or k w e sh ow  self tes tin g of all pu r e  bipar tite  s tates  in  a sem i-device 
in depen den t scen ar io u s in g qu an tu m  s teer in g

Figu r e 1 : Device Cer tification  Sch em es  (sou r ce: Eiser t, J ., 
Han gleiter , D., Walk, N. et al. Quantum certification and 
benchmarking. Nat Rev Phys 2, 382–390 (2020)

Figure 2: Semi Device independent scenario; 
quantum assemblages 𝜎𝜎𝑎𝑎|𝑥𝑥 𝑎𝑎,𝑥𝑥

are the 
unnormalized states created on Bob’s side after 
Alice’s measurement 

• In the SDI scenario, self testing requires the existence of an isometry Φ such 
that the reference state and measurements { �𝜓𝜓 , �𝑀𝑀𝑎𝑎|𝑥𝑥} on Alice’s side can be 
extracted into the ancilla space from the real state and measurements 
𝜓𝜓 𝐴𝐴𝐴𝐴 ,𝑀𝑀𝑎𝑎|𝑥𝑥 ;

Φ( 𝜓𝜓 𝐴𝐴𝐴𝐴) = 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 𝐴𝐴 �𝜓𝜓 𝐴𝐴′𝐵𝐵
Φ(𝑀𝑀𝑎𝑎|𝑥𝑥 𝜓𝜓 𝐴𝐴𝐴𝐴) = 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 𝐴𝐴( �𝑀𝑀𝑎𝑎|𝑥𝑥 �𝜓𝜓 𝐴𝐴′𝐵𝐵)

• Since we are concerned with self testing all pure bipartite entangled states, 
we can express our target state, using Schmidt decomposition, as:

𝜓𝜓𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ≔ ∑𝑖𝑖=0𝑑𝑑−1 𝑐𝑐𝑖𝑖 𝑖𝑖𝑖𝑖 such that 0 < 𝑐𝑐𝑖𝑖 < 1 &∑𝑖𝑖=0𝑑𝑑−1 𝑐𝑐𝑖𝑖2 = 1
• To self test this 𝑑𝑑-dimensional state, we will use subspace projection method 

as previously done in Ref. 𝟏𝟏,𝟐𝟐
• First, we establish a Tilted Steering Inequality the maximal violation of which 

self tests any 2-qubit pure entangled state 𝜓𝜓 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 00 + 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠|11⟩;
𝐼𝐼𝛼𝛼,𝛽𝛽 ≡ 𝛼𝛼 𝐴𝐴0 + 𝛽𝛽⟨𝐴𝐴0 ⟩𝑍𝑍 + ⟨𝐴𝐴1 ⟩𝑋𝑋 ≤ 𝛼𝛼 + 1 + 𝛽𝛽2; where 𝛽𝛽2 = 1 + 𝛼𝛼2

• Then we impose a structure on the ideal set of assemblages 
𝜎𝜎𝑎𝑎|𝑥𝑥
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝑎𝑎,𝑥𝑥
generated on Bob’s side which when observed experimentally self 

tests the target state 𝜓𝜓𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
• The imposed structure is such that it enables us to certify 2 -dimensional 

subspace projected blocks of the form 𝑐𝑐2𝑚𝑚 2𝑚𝑚, 2𝑚𝑚 + 𝑐𝑐2𝑚𝑚+1|2𝑚𝑚 + 1,2𝑚𝑚 + 1⟩ of 
the d -dimensional target state 𝜓𝜓𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
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Figure 3: Self Testing scheme

• In the SDI scenario, for any bipartite pure entangled state 𝜓𝜓𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 , there 
exists an ideal set of assemblages 𝜎𝜎𝑎𝑎|𝑥𝑥 𝑎𝑎,𝑥𝑥

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, where 𝑥𝑥 ∈ {0,1,2} and 𝑎𝑎 ∈
{0,1, … ,𝑑𝑑 − 1} which when observed on Bob’s side after Alice performs black 
box measurements on their joint state 𝜌𝜌𝐴𝐴𝐴𝐴 self tests the target state 
𝜓𝜓𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 and ideal measurements on Alice’s side

• Further, for the case of maximally entangled states of any local dimension the
SDI certification can be made robust
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