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Motivation – High d Systems



Dimension Witnesses



Our Result

Assuming the dimension of a physical state is d, 
there is a witness that distinguishes between fully 
quantum and classical states, including separable 
partitions.

E.g. let 𝑑 = 𝑎𝑏, 
then the witness should distinguish between

𝑄𝑎𝑏 , 𝑄𝑎𝑄𝑏 , 𝐶𝑎𝑄𝑏 , 𝐶𝑏𝑄𝑎 , 𝐶𝑎𝑏



Random Access Codes     (RACs)

• Input for Alice
𝒙 = 𝑥0𝑥1…𝑥𝑛−1 ; 𝑥𝑖 ∈ {0,1,… , 𝑑 − 1}

• Input for Bob
𝑦 ∈ {0,1, … , 𝑛 − 1}

• Rules (Prepare & Measure)
Alice prepares and sends a d-dimensional state to Bob.
Bob measure the state and outputs 𝑏 ∈ {0,1, … , 𝑑 − 1}.

• Success Condition
𝑏 = 𝑥𝑦

• Figure of Merit
Average Success Probability
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22 → 1 QRAC ; An Example

Ambainis et al., Quantum Random Access Codes with Shared Randomnes, q-ph: 0810.2937

In general, for 2𝑑 → 1 RACS:
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For d=2,

ҧ𝑝𝑐 = 0.75 , ҧ𝑝𝑞 ≈ 0.854



Our Framework and non-Adaptive Strategies

• Let 𝑑 = 𝑑0𝑑1⋯𝑑𝑘−1 , and suppose we want to know the maximum ҧ𝑝, for  
𝑄𝑑0𝑄𝑑1 ⋯𝑄𝑑𝑘−1

• Alice sends | ۧψ = | ۧψ0 | ۧψ1 ⋯| ൿψ𝑘−1 to Bob. 

• Bob measures each qudit with projective measurements.

• In general, the choice of the jth measurement basis could depend on all 
previous measurement outcomes. We call this an Adaptive Strategy.

• Lemma: For an Adaptive Strategy there exists a non-Adaptive Strategy 
which has at least the same average success probability.



Magic Curves for 2𝑑 → 1 QRACs

• 𝑚𝑑 𝑥 = cos cos−1
1

𝑑
− cos−1( 𝑥)

2
=    𝑚𝑑 𝑥 = 1 −

𝑑−1

𝑑
𝑥 −

1−𝑥

𝑑−1

2



The Magic…
• ҧ𝑝 =

1

2
𝑝 correctly guessing 0th dit + 𝑝(correctly guessing 1st dit)

• Now, e.g., let 𝑑 = 𝑎𝑏, then write:

𝑥0 = 𝑥0
0𝑥0

1 , 𝑥1 = 𝑥1
0𝑥1

1 with  𝑥𝑖
0 ∈ 0,1, … , 𝑎 − 1 , 𝑥𝑖

1 ∈ 0,1, … , 𝑏 − 1

• 𝑢 = 𝑝 correctly guessing FIRST part of 0th dit
v = 𝑝 correctly guessing SECOND part of 0th dit

ҧ𝑝 =
1

2
max
𝑢,𝑣

𝑢𝑣 + 𝑚𝑎(𝑢)𝑚𝑏(𝑣)

• d=2*2                            d=8*8



Our Result Applied to Examples
d=4

𝑄4 0.75

𝑄2𝑄2 0.728553

𝐶2𝑄2 0.654508

𝐶4 0.625

d=6

𝑄6 0.704124

𝑄2𝑄3 0.673176

𝐶2𝑄3 0.614357

𝐶3𝑄2 0.596856

𝐶6 0.583333

d=8

𝑄8 0.676777

𝑄2𝑄4 0.640165

𝑄2𝑄2𝑄2 0.621859

𝐶2𝑄4 0.591506

𝐶2𝑄2𝑄2 0.582955

𝐶4𝑄2 0.570164

𝐶8 0.5625



Questions?


