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Quantum catalysis

<latexit sha1_base64="zXovWul4vturcIQuwVkfHzlIjY8="></latexit>

|ω1→
LOCC↑↑↑↑↓ |ω2→

<latexit sha1_base64="5GV6t8unsmq3JC/YknDrLPwkqlE="></latexit>

|ω1→ ↑ |ε→ LOCC↓↓↓↓↔ |ω2→ ↑ |ε→

D. Jonathan and M. B. Plenio, Phys. Rev. Lett 83, 3566 (1999)



Quantum catalysis

<latexit sha1_base64="zXovWul4vturcIQuwVkfHzlIjY8="></latexit>

|ω1→
LOCC↑↑↑↑↓ |ω2→

<latexit sha1_base64="5GV6t8unsmq3JC/YknDrLPwkqlE="></latexit>

|ω1→ ↑ |ε→ LOCC↓↓↓↓↔ |ω2→ ↑ |ε→

D. Jonathan and M. B. Plenio, Phys. Rev. Lett 83, 3566 (1999)

classical  
communication 



We are interested in detangling the role of classical communication from 
that of quantum catalysis in state transformations.



<latexit sha1_base64="bWM8xqvagNms6J/qDEB9VSfqyVM=">AAACAXicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSibNdEIzyZDcEcrQlXu3+gvuxK1f4h/4GWbaWdjWA4HDOfeVEySCG3Ddb2dtfWNza7u0U97d2z84rBwdt41KNWUtqoTS3YAYJrhkLeAgWDfRjMSBYJ1gfJf7nSemDVfyESYJ82MykjzklEAu9WnEB5WqW3NnwKvEK0gVFWgOKj/9oaJpzCRQQYzpeW4CfkY0cCrYtNxPDUsIHZMR61kqScyMn81uneJzqwxxqLR9EvBM/duRkdiYSRzYyphAZJa9XPzP66UQ3vgZl0kKTNL5ojAVGBTOP46HXDMKYmIJoZrbWzGNiCYUbDwLW/LZoJQwUxuNtxzEKmlf1rx6rf5wVW3cFiGV0Ck6QxfIQ9eoge5RE7UQRRF6Qa/ozXl23p0P53NeuuYUPSdoAc7XL+q+mAk=</latexit>ω

<latexit sha1_base64="tofVfAwGkbGcwVgaqRCF3tM1/f8=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXFje4q2AdMh5JJ0zY0kwzJHaEM/QH3bvUX3Ilb/8I/8DPMtLOwrQcCh3NfJyeMBTfgut9OYW19Y3OruF3a2d3bPygfHrWMSjRlTaqE0p2QGCa4ZE3gIFgn1oxEoWDtcHyb1dtPTBuu5CNMYhZEZCj5gFMCVvK7EYERJSK9mfbKFbfqzoBXiZeTCsrR6JV/un1Fk4hJoIIY43tuDEFKNHAq2LTUTQyLCR2TIfMtlSRiJkhnlqf4zCp9PFDaPgl4pv6dSElkzCQKbWdm0SzXMvG/mp/A4DpIuYwTYJLODw0SgUHh7P+4zzWjICaWEKq59YrpiGhCwaa0cCXbDUoJk0XjLQexSloXVa9WrT1cVur3eUhFdIJO0Tny0BWqozvUQE1EkUIv6BW9Oc/Ou/PhfM5bC04+c4wW4Hz9Ap1AmzU=</latexit>

A

<latexit sha1_base64="Pq2UbbTM7NS5dHA409whTv8CfWQ=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRje4q2AdMh5JJ0zY0kwzJHaEM/QH3bvUX3Ilb/8I/8DPMtLOwrQcCh3NfJyeMBTfgut9OYW19Y3OruF3a2d3bPygfHrWMSjRlTaqE0p2QGCa4ZE3gIFgn1oxEoWDtcHyb1dtPTBuu5CNMYhZEZCj5gFMCVvK7EYERJSK9mfbKFbfqzoBXiZeTCsrR6JV/un1Fk4hJoIIY43tuDEFKNHAq2LTUTQyLCR2TIfMtlSRiJkhnlqf4zCp9PFDaPgl4pv6dSElkzCQKbWdm0SzXMvG/mp/A4DpIuYwTYJLODw0SgUHh7P+4zzWjICaWEKq59YrpiGhCwaa0cCXbDUoJk0XjLQexSloXVa9WrT1cVur3eUhFdIJO0Tny0BWqozvUQE1EkUIv6BW9Oc/Ou/PhfM5bC04+c4wW4Hz9Ap7bmzY=</latexit>

B

Catalytic Local Operations

may be classically correlated
or entangled

<latexit sha1_base64="kVewUzXkRjHF4o04ZLepH/5pRH4="></latexit>

ωA→B→CACB →= εA→B→ ↑ ϑCACB



First result: A Catalytic Transformation

<latexit sha1_base64="K++CmykBOogu6IzJk3F6d7vqgZE="></latexit>

ωAB
CLO→→→↑ εA→B→ =

1

n
(ωAB)

→n ↓ [00]RARB +
n→ 1

n
(ϑA ↓ ϑB)

→n ↓ [11]RARB

<latexit sha1_base64="XRiL8Su7bH9fluzEOXRdyn6CR6U="></latexit>

→ ωAB ↑ L(Cd ↓ Cd), → n ↑ N

R. Duan, Y. Feng, X. Li, and M. Ying, Phys. Rev. A 71, 042319 (2005)
P. Lipka-Bartosik, P. Skrzypczyk, Phys. Rev. Lett. 127, 080502 (2021)
JB, N. Brunner, A. Girardin, P. Sekatski, P. Lipka-Bartosik,  Phys. Rev. Lett. 135, 220203 (2025)



deterministic 
no shared randomness 

no classical communication  

<latexit sha1_base64="K++CmykBOogu6IzJk3F6d7vqgZE="></latexit>

ωAB
CLO→→→↑ εA→B→ =

1

n
(ωAB)

→n ↓ [00]RARB +
n→ 1

n
(ϑA ↓ ϑB)

→n ↓ [11]RARB

<latexit sha1_base64="XRiL8Su7bH9fluzEOXRdyn6CR6U="></latexit>

→ ωAB ↑ L(Cd ↓ Cd), → n ↑ N

First result: A Catalytic Transformation

R. Duan, Y. Feng, X. Li, and M. Ying, Phys. Rev. A 71, 042319 (2005)
P. Lipka-Bartosik, P. Skrzypczyk, Phys. Rev. Lett. 127, 080502 (2021)
JB, N. Brunner, A. Girardin, P. Sekatski, P. Lipka-Bartosik,  Phys. Rev. Lett. 135, 220203 (2025)



deterministic 
no shared randomness 

no classical communication  

<latexit sha1_base64="K++CmykBOogu6IzJk3F6d7vqgZE="></latexit>

ωAB
CLO→→→↑ εA→B→ =

1

n
(ωAB)

→n ↓ [00]RARB +
n→ 1

n
(ϑA ↓ ϑB)

→n ↓ [11]RARB

<latexit sha1_base64="XRiL8Su7bH9fluzEOXRdyn6CR6U="></latexit>

→ ωAB ↑ L(Cd ↓ Cd), → n ↑ N

catalyst state

First result: A Catalytic Transformation

<latexit sha1_base64="PnTBEGx2pH+dBkb1l4rogXu93lk="></latexit>

ωCACB =
1

n

n→1∑

i=0

(εÃB̃)
↑i → (ϑÃ → ϑB̃)

↑(n→1→i) → [ii]R̃AR̃B

R. Duan, Y. Feng, X. Li, and M. Ying, Phys. Rev. A 71, 042319 (2005)
P. Lipka-Bartosik, P. Skrzypczyk, Phys. Rev. Lett. 127, 080502 (2021)
JB, N. Brunner, A. Girardin, P. Sekatski, P. Lipka-Bartosik,  Phys. Rev. Lett. 135, 220203 (2025)



probabilistic cloning?  

<latexit sha1_base64="K++CmykBOogu6IzJk3F6d7vqgZE="></latexit>

ωAB
CLO→→→↑ εA→B→ =

1

n
(ωAB)

→n ↓ [00]RARB +
n→ 1

n
(ϑA ↓ ϑB)

→n ↓ [11]RARB

<latexit sha1_base64="XRiL8Su7bH9fluzEOXRdyn6CR6U="></latexit>

→ ωAB ↑ L(Cd ↓ Cd), → n ↑ N

No! 
 catalyst not universal

First result: A Catalytic Transformation

<latexit sha1_base64="PnTBEGx2pH+dBkb1l4rogXu93lk="></latexit>

ωCACB =
1

n

n→1∑

i=0

(εÃB̃)
↑i → (ϑÃ → ϑB̃)

↑(n→1→i) → [ii]R̃AR̃B

R. Duan, Y. Feng, X. Li, and M. Ying, Phys. Rev. A 71, 042319 (2005)
P. Lipka-Bartosik, P. Skrzypczyk, Phys. Rev. Lett. 127, 080502 (2021)
JB, N. Brunner, A. Girardin, P. Sekatski, P. Lipka-Bartosik,  Phys. Rev. Lett. 135, 220203 (2025)



<latexit sha1_base64="bh5jjUIYNKKyQk/68vH8xPVMqXE=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4KjPTOq0LoejGZUX7gLaUTJppQzPJkGSEMnTj3q3+gjtx65/4B36GmbaCFT0QOJxzb+69x48YVdq2P6zMyura+kZ2M7e1vbO7l98/aCoRS0waWDAh2z5ShFFOGppqRtqRJCj0GWn546vUb90Tqajgd3oSkV6IhpwGFCNtpFt+4fbzBbt4XvXcMxfaRduuuCUvJW6l7JagY5QUBbBAvZ//7A4EjkPCNWZIqY5jR7qXIKkpZmSa68aKRAiP0ZB0DOUoJKqXzFadwhOjDGAgpHlcw5n6syNBoVKT0DeVIdIj9dtLxb+8TqyDai+hPIo14Xg+KIgZ1AKmd8MBlQRrNjEEYUnNrhCPkERYm3SWpqR/ayGYmppovu+H/5OmW3S8ondTLtQuFyFlwRE4BqfAARVQA9egDhoAgyF4BE/g2XqwXqxX621emrEWPYdgCdb7Fw6ql5A=</latexit>

n = 2
<latexit sha1_base64="uUd4ZfmSjXXUaeKJWJBjByTv8oo="></latexit>

ωAB → εCACB =
1

2

(
ωAB → ϑÃ → ϑB̃ → [00]R̃AR̃B

+ ωAB → ωÃB̃ → [11]R̃AR̃B

)
Proof: A Catalytic Transformation



1) Alice and Bob measure their local classical register R̃AR̃B

<latexit sha1_base64="bh5jjUIYNKKyQk/68vH8xPVMqXE=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4KjPTOq0LoejGZUX7gLaUTJppQzPJkGSEMnTj3q3+gjtx65/4B36GmbaCFT0QOJxzb+69x48YVdq2P6zMyura+kZ2M7e1vbO7l98/aCoRS0waWDAh2z5ShFFOGppqRtqRJCj0GWn546vUb90Tqajgd3oSkV6IhpwGFCNtpFt+4fbzBbt4XvXcMxfaRduuuCUvJW6l7JagY5QUBbBAvZ//7A4EjkPCNWZIqY5jR7qXIKkpZmSa68aKRAiP0ZB0DOUoJKqXzFadwhOjDGAgpHlcw5n6syNBoVKT0DeVIdIj9dtLxb+8TqyDai+hPIo14Xg+KIgZ1AKmd8MBlQRrNjEEYUnNrhCPkERYm3SWpqR/ayGYmppovu+H/5OmW3S8ondTLtQuFyFlwRE4BqfAARVQA9egDhoAgyF4BE/g2XqwXqxX621emrEWPYdgCdb7Fw6ql5A=</latexit>

n = 2
<latexit sha1_base64="uUd4ZfmSjXXUaeKJWJBjByTv8oo="></latexit>

ωAB → εCACB =
1

2

(
ωAB → ϑÃ → ϑB̃ → [00]R̃AR̃B

+ ωAB → ωÃB̃ → [11]R̃AR̃B

)
Proof: A Catalytic Transformation



1) Alice and Bob measure their local classical register R̃AR̃B

2) If in branch: [00]R̃AR̃B
⇢AB ⌦ �ÃB̃ ⌦ [00]R̃AR̃B

<latexit sha1_base64="bh5jjUIYNKKyQk/68vH8xPVMqXE=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4KjPTOq0LoejGZUX7gLaUTJppQzPJkGSEMnTj3q3+gjtx65/4B36GmbaCFT0QOJxzb+69x48YVdq2P6zMyura+kZ2M7e1vbO7l98/aCoRS0waWDAh2z5ShFFOGppqRtqRJCj0GWn546vUb90Tqajgd3oSkV6IhpwGFCNtpFt+4fbzBbt4XvXcMxfaRduuuCUvJW6l7JagY5QUBbBAvZ//7A4EjkPCNWZIqY5jR7qXIKkpZmSa68aKRAiP0ZB0DOUoJKqXzFadwhOjDGAgpHlcw5n6syNBoVKT0DeVIdIj9dtLxb+8TqyDai+hPIo14Xg+KIgZ1AKmd8MBlQRrNjEEYUnNrhCPkERYm3SWpqR/ayGYmppovu+H/5OmW3S8ondTLtQuFyFlwRE4BqfAARVQA9egDhoAgyF4BE/g2XqwXqxX621emrEWPYdgCdb7Fw6ql5A=</latexit>

n = 2
<latexit sha1_base64="uUd4ZfmSjXXUaeKJWJBjByTv8oo="></latexit>

ωAB → εCACB =
1

2

(
ωAB → ϑÃ → ϑB̃ → [00]R̃AR̃B

+ ωAB → ωÃB̃ → [11]R̃AR̃B

)
Proof: A Catalytic Transformation



1) Alice and Bob measure their local classical register R̃AR̃B

2) If in branch: [00]R̃AR̃B

(ii) Flip classical registers [00]R̃AR̃B
7! [11]R̃AR̃B

(iv) Prepare new classical registers [11]RARB

(i) Swap systems               and              A $ Ã B $ B̃

7! �A1B1 ⌦ �A2B2 ⌦ ⇢ÃB̃ ⌦ [11]R̃AR̃B

⇢AB ⌦ �ÃB̃ ⌦ [00]R̃AR̃B

7! �AB ⌦ ⇢ÃB̃ ⌦ [00]R̃AR̃B

7! �AB ⌦ ⇢ÃB̃ ⌦ [11]R̃AR̃B

(iii) Locally prepare system          
        in product state   �A1B1 ⌦ �A2B2

A0B0 = A1B1A2B2

7! �A1B1 ⌦ �A2B2 ⌦ [11]RARB ⌦ ⇢ÃB̃ ⌦ [11]R̃AR̃B

<latexit sha1_base64="bh5jjUIYNKKyQk/68vH8xPVMqXE=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4KjPTOq0LoejGZUX7gLaUTJppQzPJkGSEMnTj3q3+gjtx65/4B36GmbaCFT0QOJxzb+69x48YVdq2P6zMyura+kZ2M7e1vbO7l98/aCoRS0waWDAh2z5ShFFOGppqRtqRJCj0GWn546vUb90Tqajgd3oSkV6IhpwGFCNtpFt+4fbzBbt4XvXcMxfaRduuuCUvJW6l7JagY5QUBbBAvZ//7A4EjkPCNWZIqY5jR7qXIKkpZmSa68aKRAiP0ZB0DOUoJKqXzFadwhOjDGAgpHlcw5n6syNBoVKT0DeVIdIj9dtLxb+8TqyDai+hPIo14Xg+KIgZ1AKmd8MBlQRrNjEEYUnNrhCPkERYm3SWpqR/ayGYmppovu+H/5OmW3S8ondTLtQuFyFlwRE4BqfAARVQA9egDhoAgyF4BE/g2XqwXqxX621emrEWPYdgCdb7Fw6ql5A=</latexit>

n = 2
<latexit sha1_base64="uUd4ZfmSjXXUaeKJWJBjByTv8oo="></latexit>

ωAB → εCACB =
1

2

(
ωAB → ϑÃ → ϑB̃ → [00]R̃AR̃B

+ ωAB → ωÃB̃ → [11]R̃AR̃B

)
Proof: A Catalytic Transformation



⇢AB ⌦ ⇢ÃB̃ ⌦ [11]R̃AR̃B
[11]R̃AR̃B

1) Alice and Bob measure their local classical register R̃AR̃B

2) If in branch:

<latexit sha1_base64="bh5jjUIYNKKyQk/68vH8xPVMqXE=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4KjPTOq0LoejGZUX7gLaUTJppQzPJkGSEMnTj3q3+gjtx65/4B36GmbaCFT0QOJxzb+69x48YVdq2P6zMyura+kZ2M7e1vbO7l98/aCoRS0waWDAh2z5ShFFOGppqRtqRJCj0GWn546vUb90Tqajgd3oSkV6IhpwGFCNtpFt+4fbzBbt4XvXcMxfaRduuuCUvJW6l7JagY5QUBbBAvZ//7A4EjkPCNWZIqY5jR7qXIKkpZmSa68aKRAiP0ZB0DOUoJKqXzFadwhOjDGAgpHlcw5n6syNBoVKT0DeVIdIj9dtLxb+8TqyDai+hPIo14Xg+KIgZ1AKmd8MBlQRrNjEEYUnNrhCPkERYm3SWpqR/ayGYmppovu+H/5OmW3S8ondTLtQuFyFlwRE4BqfAARVQA9egDhoAgyF4BE/g2XqwXqxX621emrEWPYdgCdb7Fw6ql5A=</latexit>

n = 2
<latexit sha1_base64="uUd4ZfmSjXXUaeKJWJBjByTv8oo="></latexit>

ωAB → εCACB =
1

2

(
ωAB → ϑÃ → ϑB̃ → [00]R̃AR̃B

+ ωAB → ωÃB̃ → [11]R̃AR̃B

)
Proof: A Catalytic Transformation



7! ⇢A1B1 ⌦ ⇢A2B2 ⌦ �ÃB̃ ⌦ [11]R̃AR̃B

⇢AB ⌦ ⇢ÃB̃ ⌦ [11]R̃AR̃B
[11]R̃AR̃B

1) Alice and Bob measure their local classical register R̃AR̃B

2) If in branch:

[11]R̃AR̃B
7! [00]R̃AR̃B

(ii) Flip classical registers

[00]RARB(iii) Prepare new classical registers

ÃB̃

(i) Locally prepare system          
     in state                               and system
     in product state    

A0B0 = A1B1A2B2

⇢A1B1 ⌦ ⇢A2B2

�ÃB̃

7! ⇢A1B1 ⌦ ⇢A2B2 ⌦ �ÃB̃ ⌦ [00]R̃AR̃B

7! ⇢A1B1 ⌦ ⇢A2B2 ⌦ [00]RARB ⌦ �ÃB̃ ⌦ [00]R̃AR̃B

<latexit sha1_base64="bh5jjUIYNKKyQk/68vH8xPVMqXE=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4KjPTOq0LoejGZUX7gLaUTJppQzPJkGSEMnTj3q3+gjtx65/4B36GmbaCFT0QOJxzb+69x48YVdq2P6zMyura+kZ2M7e1vbO7l98/aCoRS0waWDAh2z5ShFFOGppqRtqRJCj0GWn546vUb90Tqajgd3oSkV6IhpwGFCNtpFt+4fbzBbt4XvXcMxfaRduuuCUvJW6l7JagY5QUBbBAvZ//7A4EjkPCNWZIqY5jR7qXIKkpZmSa68aKRAiP0ZB0DOUoJKqXzFadwhOjDGAgpHlcw5n6syNBoVKT0DeVIdIj9dtLxb+8TqyDai+hPIo14Xg+KIgZ1AKmd8MBlQRrNjEEYUnNrhCPkERYm3SWpqR/ayGYmppovu+H/5OmW3S8ondTLtQuFyFlwRE4BqfAARVQA9egDhoAgyF4BE/g2XqwXqxX621emrEWPYdgCdb7Fw6ql5A=</latexit>

n = 2
<latexit sha1_base64="uUd4ZfmSjXXUaeKJWJBjByTv8oo="></latexit>

ωAB → εCACB =
1

2

(
ωAB → ϑÃ → ϑB̃ → [00]R̃AR̃B

+ ωAB → ωÃB̃ → [11]R̃AR̃B

)
Proof: A Catalytic Transformation



2) Perform local operations

1) Alice and Bob measure their local classical register R̃AR̃B

<latexit sha1_base64="bh5jjUIYNKKyQk/68vH8xPVMqXE=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4KjPTOq0LoejGZUX7gLaUTJppQzPJkGSEMnTj3q3+gjtx65/4B36GmbaCFT0QOJxzb+69x48YVdq2P6zMyura+kZ2M7e1vbO7l98/aCoRS0waWDAh2z5ShFFOGppqRtqRJCj0GWn546vUb90Tqajgd3oSkV6IhpwGFCNtpFt+4fbzBbt4XvXcMxfaRduuuCUvJW6l7JagY5QUBbBAvZ//7A4EjkPCNWZIqY5jR7qXIKkpZmSa68aKRAiP0ZB0DOUoJKqXzFadwhOjDGAgpHlcw5n6syNBoVKT0DeVIdIj9dtLxb+8TqyDai+hPIo14Xg+KIgZ1AKmd8MBlQRrNjEEYUnNrhCPkERYm3SWpqR/ayGYmppovu+H/5OmW3S8ondTLtQuFyFlwRE4BqfAARVQA9egDhoAgyF4BE/g2XqwXqxX621emrEWPYdgCdb7Fw6ql5A=</latexit>

n = 2
<latexit sha1_base64="uUd4ZfmSjXXUaeKJWJBjByTv8oo="></latexit>

ωAB → εCACB =
1

2

(
ωAB → ϑÃ → ϑB̃ → [00]R̃AR̃B

+ ωAB → ωÃB̃ → [11]R̃AR̃B

)
Proof: A Catalytic Transformation



1) Alice and Bob measure their local classical register R̃AR̃B

3) Resulting state:

<latexit sha1_base64="bh5jjUIYNKKyQk/68vH8xPVMqXE=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4KjPTOq0LoejGZUX7gLaUTJppQzPJkGSEMnTj3q3+gjtx65/4B36GmbaCFT0QOJxzb+69x48YVdq2P6zMyura+kZ2M7e1vbO7l98/aCoRS0waWDAh2z5ShFFOGppqRtqRJCj0GWn546vUb90Tqajgd3oSkV6IhpwGFCNtpFt+4fbzBbt4XvXcMxfaRduuuCUvJW6l7JagY5QUBbBAvZ//7A4EjkPCNWZIqY5jR7qXIKkpZmSa68aKRAiP0ZB0DOUoJKqXzFadwhOjDGAgpHlcw5n6syNBoVKT0DeVIdIj9dtLxb+8TqyDai+hPIo14Xg+KIgZ1AKmd8MBlQRrNjEEYUnNrhCPkERYm3SWpqR/ayGYmppovu+H/5OmW3S8ondTLtQuFyFlwRE4BqfAARVQA9egDhoAgyF4BE/g2XqwXqxX621emrEWPYdgCdb7Fw6ql5A=</latexit>

n = 2
<latexit sha1_base64="uUd4ZfmSjXXUaeKJWJBjByTv8oo="></latexit>

ωAB → εCACB =
1

2

(
ωAB → ϑÃ → ϑB̃ → [00]R̃AR̃B

+ ωAB → ωÃB̃ → [11]R̃AR̃B

)

<latexit sha1_base64="LzrYIU4KInaNuAznL88cm5H8eC0="></latexit>

ωA→B→CACB =
1

2
(εA1B1 → εA2B2 → [00]RARB → ϑÃB̃ → [00]R̃AR̃B

+

ϑA1B1 → ϑA2B2 → [11]RARB → εÃB̃ → [11]R̃AR̃B
)

2) Perform local operations

Proof: A Catalytic Transformation



1) Alice and Bob measure their local classical register R̃AR̃B

Catalyst preserved!

X
Marginals:

<latexit sha1_base64="bh5jjUIYNKKyQk/68vH8xPVMqXE=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4KjPTOq0LoejGZUX7gLaUTJppQzPJkGSEMnTj3q3+gjtx65/4B36GmbaCFT0QOJxzb+69x48YVdq2P6zMyura+kZ2M7e1vbO7l98/aCoRS0waWDAh2z5ShFFOGppqRtqRJCj0GWn546vUb90Tqajgd3oSkV6IhpwGFCNtpFt+4fbzBbt4XvXcMxfaRduuuCUvJW6l7JagY5QUBbBAvZ//7A4EjkPCNWZIqY5jR7qXIKkpZmSa68aKRAiP0ZB0DOUoJKqXzFadwhOjDGAgpHlcw5n6syNBoVKT0DeVIdIj9dtLxb+8TqyDai+hPIo14Xg+KIgZ1AKmd8MBlQRrNjEEYUnNrhCPkERYm3SWpqR/ayGYmppovu+H/5OmW3S8ondTLtQuFyFlwRE4BqfAARVQA9egDhoAgyF4BE/g2XqwXqxX621emrEWPYdgCdb7Fw6ql5A=</latexit>

n = 2
<latexit sha1_base64="uUd4ZfmSjXXUaeKJWJBjByTv8oo="></latexit>

ωAB → εCACB =
1

2

(
ωAB → ϑÃ → ϑB̃ → [00]R̃AR̃B

+ ωAB → ωÃB̃ → [11]R̃AR̃B

)

<latexit sha1_base64="rmRDJAehi5iczRRH7p8cMu+THkM="></latexit>

trA→B→(ωA→B→CACB ) =
1

2
(εÃB̃ → [00]R̃AR̃B

+ ϑÃB̃ → [11]R̃AR̃B
) = ϖCACB

3) Resulting state:
<latexit sha1_base64="LzrYIU4KInaNuAznL88cm5H8eC0="></latexit>

ωA→B→CACB =
1

2
(εA1B1 → εA2B2 → [00]RARB → ϑÃB̃ → [00]R̃AR̃B

+

ϑA1B1 → ϑA2B2 → [11]RARB → εÃB̃ → [11]R̃AR̃B
)

2) Perform local operations

Proof: A Catalytic Transformation



1) Alice and Bob measure their local classical register R̃AR̃B

Target state achieved!

X
Final state:

<latexit sha1_base64="bh5jjUIYNKKyQk/68vH8xPVMqXE=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4KjPTOq0LoejGZUX7gLaUTJppQzPJkGSEMnTj3q3+gjtx65/4B36GmbaCFT0QOJxzb+69x48YVdq2P6zMyura+kZ2M7e1vbO7l98/aCoRS0waWDAh2z5ShFFOGppqRtqRJCj0GWn546vUb90Tqajgd3oSkV6IhpwGFCNtpFt+4fbzBbt4XvXcMxfaRduuuCUvJW6l7JagY5QUBbBAvZ//7A4EjkPCNWZIqY5jR7qXIKkpZmSa68aKRAiP0ZB0DOUoJKqXzFadwhOjDGAgpHlcw5n6syNBoVKT0DeVIdIj9dtLxb+8TqyDai+hPIo14Xg+KIgZ1AKmd8MBlQRrNjEEYUnNrhCPkERYm3SWpqR/ayGYmppovu+H/5OmW3S8ondTLtQuFyFlwRE4BqfAARVQA9egDhoAgyF4BE/g2XqwXqxX621emrEWPYdgCdb7Fw6ql5A=</latexit>

n = 2
<latexit sha1_base64="uUd4ZfmSjXXUaeKJWJBjByTv8oo="></latexit>

ωAB → εCACB =
1

2

(
ωAB → ϑÃ → ϑB̃ → [00]R̃AR̃B

+ ωAB → ωÃB̃ → [11]R̃AR̃B

)

<latexit sha1_base64="iuQTM7axgr4c9+z/+bn0BMpmiIk="></latexit>

trCACB (ωA→B→CACB ) =
1

2
(ε→2

AB → [00]RARB + (ϑA → ϑB)
→2 → [11]RARB ) = ϖA→B→

3) Resulting state:
<latexit sha1_base64="LzrYIU4KInaNuAznL88cm5H8eC0="></latexit>

ωA→B→CACB =
1

2
(εA1B1 → εA2B2 → [00]RARB → ϑÃB̃ → [00]R̃AR̃B

+

ϑA1B1 → ϑA2B2 → [11]RARB → εÃB̃ → [11]R̃AR̃B
)

2) Perform local operations

Proof: A Catalytic Transformation



<latexit sha1_base64="K++CmykBOogu6IzJk3F6d7vqgZE="></latexit>

ωAB
CLO→→→↑ εA→B→ =

1

n
(ωAB)

→n ↓ [00]RARB +
n→ 1

n
(ϑA ↓ ϑB)

→n ↓ [11]RARB

<latexit sha1_base64="PnTBEGx2pH+dBkb1l4rogXu93lk="></latexit>

ωCACB =
1

n

n→1∑

i=0

(εÃB̃)
↑i → (ϑÃ → ϑB̃)

↑(n→1→i) → [ii]R̃AR̃B

<latexit sha1_base64="XRiL8Su7bH9fluzEOXRdyn6CR6U="></latexit>

→ ωAB ↑ L(Cd ↓ Cd), → n ↑ N

catalyst state

JB, N. Brunner, A. Girardin, P. Sekatski, P. Lipka-Bartosik,  Phys. Rev. Lett. 135, 220203 (2025)

First result: A Catalytic Transformation



Activation of Bell Nonlocality



Bell-local quantum states

Bell-local states: A bipartite quantum state         is called Bell local if, 
for all sets of local measurements              and            , the correlations 

admit a local hidden variable model, according to

                                                             

<latexit sha1_base64="JHWwZRXvrlBn6Vda8GzjeXHHMng=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL1FvXiMYB6SLGF2MkmGzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KYs6M9f1vL7eyura+kd8sbG3v7O4V9w8aRiWa0DpRXOlWhA3lTNK6ZZbTVqwpFhGnzWh0O/WbT1QbpuSDHcc0FHggWZ8RbJ302NFD1U2vbybdYskv+zOgZRJkpAQZat3iV6enSCKotIRjY9qBH9swxdoywumk0EkMjTEZ4QFtOyqxoCZMZwdP0IlTeqivtCtp0Uz9PZFiYcxYRK5TYDs0i95U/M9rJ7Z/GaZMxomlkswX9ROOrELT71GPaUosHzuCiWbuVkSGWGNiXUYFF0Kw+PIyaZyVg0q5cn9eql5lceThCI7hFAK4gCrcQQ3qQEDAM7zCm6e9F+/d+5i35rxs5hD+wPv8AbOukFU=</latexit>ωAB
<latexit sha1_base64="a1F1pKie46kzodFDvmUfxQlX6Hs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4qXrwIFewHtLFstpt26WYTdzfFEvM7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPC/iTGnb/rZyS8srq2v59cLG5tb2TnF3r6HCWBJaJyEPZcvDinImaF0zzWkrkhQHHqdNb3g18ZsjKhULxZ0eR9QNcF8wnxGsjeR2kpv7y26Cnx7TTtotluyyPQVaJE5GSpCh1i1+dXohiQMqNOFYqbZjR9pNsNSMcJoWOrGiESZD3KdtQwUOqHKT6dEpOjJKD/mhNCU0mqq/JxIcKDUOPNMZYD1Q895E/M9rx9o/dxMmolhTQWaL/JgjHaJJAqjHJCWajw3BRDJzKyIDLDHRJqeCCcGZf3mRNE7KTqVcuT0tVS+yOPJwAIdwDA6cQRWuoQZ1IPAAz/AKb9bIerHerY9Za87KZvbhD6zPHwwfkkY=</latexit>

{MA
a|x}

<latexit sha1_base64="FFWwqZsrkg/DngLq3t7PyZxcnbQ=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KolI1VvRixehgv2AJi2b7aZdutmE3Y1SYv6HFw+KePW/ePPfuG1z0NYHA4/3ZpiZ58ecKW3b39bS8srq2npho7i5tb2zW9rbb6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYDlYpF4l6PY+qFeCBYwAjWRuq66W33qpf6T2OUuVmvVLYr9hRokTg5KUOOeq/05fYjkoRUaMKxUh3HjrWXYqkZ4TQruomiMSYjPKAdQwUOqfLS6dUZOjZKHwWRNCU0mqq/J1IcKjUOfdMZYj1U895E/M/rJDq48FIm4kRTQWaLgoQjHaFJBKjPJCWajw3BRDJzKyJDLDHRJqiiCcGZf3mRNE8rTrVSvTsr1y7zOApwCEdwAg6cQw1uoA4NICDhGV7hzXq0Xqx362PWumTlMwfwB9bnD2qMknM=</latexit>

{MB
b|y}

<latexit sha1_base64="MELFNVqxz8wFQv+0KgnoTFXHtz4="></latexit>

p(ab|xy) = tr[(MA
a|x →MB

b|y)ωAB ]

<latexit sha1_base64="w15r2hFdvrHoFzEqI4aKE8D9o3k=">AAACL3icbVDLSgMxFM34rPVVdekmWIQpSJkR8bEQqoK4VLBa6JThTppqMDMTkox0aPtHbvwVNyKKuPUvTNtBauuBwOGce7i5JxCcKe04b9bU9Mzs3HxuIb+4tLyyWlhbv1FxIgmtkpjHshaAopxFtKqZ5rQmJIUw4PQ2eDjr+7ePVCoWR9c6FbQRwl3EWoyANpJfOBc2BN12WsLH2FNJ6HvchJuAPcHsjJew8E9s6LZ3RoRTO+imv4JfKDplZwA8SdyMFFGGS7/w4jVjkoQ00oSDUnXXEbrRAakZ4bSX9xJFBZAHuKN1QyMIqWp0Bvf28LZRmrgVS/MijQfqaKIDoVJpGJjJEPS9Gvf64n9ePdGtw0aHRSLRNCLDRa2EYx3jfnm4ySQlmqeGAJHM/BWTe5BAtKk4b0pwx0+eJDe7ZXe/vH+1V6wcZXXk0CbaQjZy0QGqoAt0iaqIoCf0gt7Rh/VsvVqf1tdwdMrKMhvoD6zvH4lPp4g=</latexit>

p(ab|xy) =
∑

ω

ω(ε)pA(a|x,ε)pB(b|y,ε)

<latexit sha1_base64="E5/D8fUR7ml8bpRifzTt77omLkk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxjIB8wHJEfY2c8mavb1jd08MR8DexkIRW3+Snf/GzUehiQ8GHu/NMDMvSATXxnW/ndza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqP/aKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUrT/N48jDCZzCOXhwBVW4hRo0gAHCM7zCm3PvvDjvzse8NecsIjyGP3A+fwAUXY2W</latexit>x

<latexit sha1_base64="KfFSke24gUzcH7Ifh0PLzrTuvAI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUoP1iyS27c5B14i1JCZao94tfvUHM0gilYYJq3fXcxPgZVYYzgdNCL9WYUDamQ+xaKmmE2s/mh07JhVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9Wbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNgUbgrf68jppXZW9SrnSuC7VGk+LOPJwBudwCR5UoQZ3UIcmMEB4hld4cx6cF+fd+Vi05pxlhKfwB87nD/FyjX8=</latexit>a

<latexit sha1_base64="7NJQ7mQa0MbuARoCPUzKCSq5ces=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItAzYWCZgPiA5wt5mLlmzt3fs7gnHEbC3sVDE1p9k579x81Fo4oOBx3szzMwLEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nfrtR1Sax/LeZAn6ER1KHnJGjZUaWb9UdivuDGSVeAtShgXq/dJXbxCzNEJpmKBadz03MX5OleFM4KTYSzUmlI3pELuWShqh9vPZoRNybpUBCWNlSxoyU39P5DTSOosC2xlRM9LL3lT8z+umJrzxcy6T1KBk80VhKoiJyfRrMuAKmRGZJZQpbm8lbEQVZcZmU7QheMsvr5LWZcWrVqqNq3Kt8TSPowCncAYX4ME11OAO6tAEBgjP8ApvzoPz4rw7H/PWNWcR4Qn8gfP5AxXhjZc=</latexit>y

<latexit sha1_base64="7IIZ/+nDl3pjdH0uO9aDI8TGq1M=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUCPrFklt25yDrxFuSEixR7xe/eoOYpRFKwwTVuuu5ifEzqgxnAqeFXqoxoWxMh9i1VNIItZ/ND52SC6sMSBgrW9KQufp7IqOR1pMosJ0RNSO96s3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbAo2BG/15XXSuip7lXKlcV2qNZ4WceThDM7hEjyoQg3uoA5NYIDwDK/w5jw4L86787FozTnLCE/hD5zPH/L2jYA=</latexit>

b

Bell scenario

.



Activation of Bell nonlocality

Filtering
(SLOCC, “hidden nonlocality”)

Broadcasting
J. Bowles, F. Hirsch, D. Cavalcanti, Quantum 5, 499 (2021)

…
J. Pauwels, P. Sekatski, arXiv:2512.15656 [quant-ph]

Networks
D. Cavalcanti, M. L. Almeida, V. Scarani, A. Acin, 

Nat. Commun. 2, 184 (2011)
…

S. Popescu, Phys. Rev. Lett. 74, 2619 (1995)
N. Gisin, Phys. Lett. A 210, 151 (1996)

…
F. Hirsch, M.T. Quintino, J. Bowles, N. Brunner, 

Phys. Rev. Lett. 111, 160402 (2013) 
…



Many-copy

Activation of Bell nonlocality

<latexit sha1_base64="DSARW92FPw+WMh8FIvSQpbN2Sb4=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KolI1VvBi8cK9gOaWDbbTbt0sxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqRFhTzgRtGmY47aSK4iTitB2N7mZ+e0yVZlI8mklKwwQPBIsZwcZKPdcN1FA+5YE0LKEaiWnPrXhVbw60SvyCVKBAo+d+BX1JsoQKQzjWuut7qQlzrAwjnE7LQaZpiskID2jXUoHtnjCfXz5F51bpo1gqW8Kgufp7IseJ1pMksp0JNkO97M3E/7xuZuKbMGcizQwVZLEozjgyEs1iQH2mKDF8YgkmitlbERlihYmxYZVtCP7yy6ukdVn1a9Xaw1WlflvEUYJTOIML8OEa6nAPDWgCgTE8wyu8Obnz4rw7H4vWNaeYOYE/cD5/AM/Kk8M=</latexit>

ω→n

<latexit sha1_base64="E5/D8fUR7ml8bpRifzTt77omLkk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxjIB8wHJEfY2c8mavb1jd08MR8DexkIRW3+Snf/GzUehiQ8GHu/NMDMvSATXxnW/ndza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqP/aKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUrT/N48jDCZzCOXhwBVW4hRo0gAHCM7zCm3PvvDjvzse8NecsIjyGP3A+fwAUXY2W</latexit>x

<latexit sha1_base64="KfFSke24gUzcH7Ifh0PLzrTuvAI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUoP1iyS27c5B14i1JCZao94tfvUHM0gilYYJq3fXcxPgZVYYzgdNCL9WYUDamQ+xaKmmE2s/mh07JhVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9Wbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNgUbgrf68jppXZW9SrnSuC7VGk+LOPJwBudwCR5UoQZ3UIcmMEB4hld4cx6cF+fd+Vi05pxlhKfwB87nD/FyjX8=</latexit>a

<latexit sha1_base64="7IIZ/+nDl3pjdH0uO9aDI8TGq1M=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUCPrFklt25yDrxFuSEixR7xe/eoOYpRFKwwTVuuu5ifEzqgxnAqeFXqoxoWxMh9i1VNIItZ/ND52SC6sMSBgrW9KQufp7IqOR1pMosJ0RNSO96s3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbAo2BG/15XXSuip7lXKlcV2qNZ4WceThDM7hEjyoQg3uoA5NYIDwDK/w5jw4L86787FozTnLCE/hD5zPH/L2jYA=</latexit>

b

<latexit sha1_base64="7NJQ7mQa0MbuARoCPUzKCSq5ces=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItAzYWCZgPiA5wt5mLlmzt3fs7gnHEbC3sVDE1p9k579x81Fo4oOBx3szzMwLEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nfrtR1Sax/LeZAn6ER1KHnJGjZUaWb9UdivuDGSVeAtShgXq/dJXbxCzNEJpmKBadz03MX5OleFM4KTYSzUmlI3pELuWShqh9vPZoRNybpUBCWNlSxoyU39P5DTSOosC2xlRM9LL3lT8z+umJrzxcy6T1KBk80VhKoiJyfRrMuAKmRGZJZQpbm8lbEQVZcZmU7QheMsvr5LWZcWrVqqNq3Kt8TSPowCncAYX4ME11OAO6tAEBgjP8ApvzoPz4rw7H/PWNWcR4Qn8gfP5AxXhjZc=</latexit>y
<latexit sha1_base64="r8W2eYnoFQcqPN4bL6QPXfDdmDA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALHpjzo=</latexit>· · ·

<latexit sha1_base64="r8W2eYnoFQcqPN4bL6QPXfDdmDA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALHpjzo=</latexit> ··
·

<latexit sha1_base64="r8W2eYnoFQcqPN4bL6QPXfDdmDA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALHpjzo=</latexit> ··
·

C. Palazuelos, Phys. Rev. Lett. 109, 190401 (2012)



<latexit sha1_base64="94We0h+qKE12SdBqX6M32hljqqY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVN1V3LisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtO7nK/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz25ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu616g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/cSuRWQ==</latexit>

A

<latexit sha1_base64="umJdvT3PV8TtgC3Nk0swyJl15NA=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVN0V3bisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtO7nK/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz25ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu616g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/crCRWg==</latexit>

B

<latexit sha1_base64="7NJQ7mQa0MbuARoCPUzKCSq5ces=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItAzYWCZgPiA5wt5mLlmzt3fs7gnHEbC3sVDE1p9k579x81Fo4oOBx3szzMwLEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nfrtR1Sax/LeZAn6ER1KHnJGjZUaWb9UdivuDGSVeAtShgXq/dJXbxCzNEJpmKBadz03MX5OleFM4KTYSzUmlI3pELuWShqh9vPZoRNybpUBCWNlSxoyU39P5DTSOosC2xlRM9LL3lT8z+umJrzxcy6T1KBk80VhKoiJyfRrMuAKmRGZJZQpbm8lbEQVZcZmU7QheMsvr5LWZcWrVqqNq3Kt8TSPowCncAYX4ME11OAO6tAEBgjP8ApvzoPz4rw7H/PWNWcR4Qn8gfP5AxXhjZc=</latexit>y

<latexit sha1_base64="7IIZ/+nDl3pjdH0uO9aDI8TGq1M=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUCPrFklt25yDrxFuSEixR7xe/eoOYpRFKwwTVuuu5ifEzqgxnAqeFXqoxoWxMh9i1VNIItZ/ND52SC6sMSBgrW9KQufp7IqOR1pMosJ0RNSO96s3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbAo2BG/15XXSuip7lXKlcV2qNZ4WceThDM7hEjyoQg3uoA5NYIDwDK/w5jw4L86787FozTnLCE/hD5zPH/L2jYA=</latexit>

b

<latexit sha1_base64="E5/D8fUR7ml8bpRifzTt77omLkk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxjIB8wHJEfY2c8mavb1jd08MR8DexkIRW3+Snf/GzUehiQ8GHu/NMDMvSATXxnW/ndza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqP/aKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUrT/N48jDCZzCOXhwBVW4hRo0gAHCM7zCm3PvvDjvzse8NecsIjyGP3A+fwAUXY2W</latexit>x

<latexit sha1_base64="KfFSke24gUzcH7Ifh0PLzrTuvAI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUoP1iyS27c5B14i1JCZao94tfvUHM0gilYYJq3fXcxPgZVYYzgdNCL9WYUDamQ+xaKmmE2s/mh07JhVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9Wbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNgUbgrf68jppXZW9SrnSuC7VGk+LOPJwBudwCR5UoQZ3UIcmMEB4hld4cx6cF+fd+Vi05pxlhKfwB87nD/FyjX8=</latexit>a

Theorem 1. Catalytic activation of Bell NL is possible.

JB, N. Brunner, A. Girardin, P. Sekatski, P. Lipka-Bartosik,  Phys. Rev. Lett. 135, 220203 (2025)

Second result: Catalytic Activation of Bell NL



<latexit sha1_base64="DSARW92FPw+WMh8FIvSQpbN2Sb4=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KolI1VvBi8cK9gOaWDbbTbt0sxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqRFhTzgRtGmY47aSK4iTitB2N7mZ+e0yVZlI8mklKwwQPBIsZwcZKPdcN1FA+5YE0LKEaiWnPrXhVbw60SvyCVKBAo+d+BX1JsoQKQzjWuut7qQlzrAwjnE7LQaZpiskID2jXUoHtnjCfXz5F51bpo1gqW8Kgufp7IseJ1pMksp0JNkO97M3E/7xuZuKbMGcizQwVZLEozjgyEs1iQH2mKDF8YgkmitlbERlihYmxYZVtCP7yy6ukdVn1a9Xaw1WlflvEUYJTOIML8OEa6nAPDWgCgTE8wyu8Obnz4rw7H4vWNaeYOYE/cD5/AM/Kk8M=</latexit>

ω→n

<latexit sha1_base64="E5/D8fUR7ml8bpRifzTt77omLkk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxjIB8wHJEfY2c8mavb1jd08MR8DexkIRW3+Snf/GzUehiQ8GHu/NMDMvSATXxnW/ndza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqP/aKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUrT/N48jDCZzCOXhwBVW4hRo0gAHCM7zCm3PvvDjvzse8NecsIjyGP3A+fwAUXY2W</latexit>x

<latexit sha1_base64="KfFSke24gUzcH7Ifh0PLzrTuvAI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUoP1iyS27c5B14i1JCZao94tfvUHM0gilYYJq3fXcxPgZVYYzgdNCL9WYUDamQ+xaKmmE2s/mh07JhVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9Wbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNgUbgrf68jppXZW9SrnSuC7VGk+LOPJwBudwCR5UoQZ3UIcmMEB4hld4cx6cF+fd+Vi05pxlhKfwB87nD/FyjX8=</latexit>a

<latexit sha1_base64="7IIZ/+nDl3pjdH0uO9aDI8TGq1M=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUCPrFklt25yDrxFuSEixR7xe/eoOYpRFKwwTVuuu5ifEzqgxnAqeFXqoxoWxMh9i1VNIItZ/ND52SC6sMSBgrW9KQufp7IqOR1pMosJ0RNSO96s3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbAo2BG/15XXSuip7lXKlcV2qNZ4WceThDM7hEjyoQg3uoA5NYIDwDK/w5jw4L86787FozTnLCE/hD5zPH/L2jYA=</latexit>

b

<latexit sha1_base64="7NJQ7mQa0MbuARoCPUzKCSq5ces=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItAzYWCZgPiA5wt5mLlmzt3fs7gnHEbC3sVDE1p9k579x81Fo4oOBx3szzMwLEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nfrtR1Sax/LeZAn6ER1KHnJGjZUaWb9UdivuDGSVeAtShgXq/dJXbxCzNEJpmKBadz03MX5OleFM4KTYSzUmlI3pELuWShqh9vPZoRNybpUBCWNlSxoyU39P5DTSOosC2xlRM9LL3lT8z+umJrzxcy6T1KBk80VhKoiJyfRrMuAKmRGZJZQpbm8lbEQVZcZmU7QheMsvr5LWZcWrVqqNq3Kt8TSPowCncAYX4ME11OAO6tAEBgjP8ApvzoPz4rw7H/PWNWcR4Qn8gfP5AxXhjZc=</latexit>y
<latexit sha1_base64="r8W2eYnoFQcqPN4bL6QPXfDdmDA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALHpjzo=</latexit>· · ·

<latexit sha1_base64="r8W2eYnoFQcqPN4bL6QPXfDdmDA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALHpjzo=</latexit> ··
·

<latexit sha1_base64="r8W2eYnoFQcqPN4bL6QPXfDdmDA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALHpjzo=</latexit> ··
·

<latexit sha1_base64="94We0h+qKE12SdBqX6M32hljqqY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVN1V3LisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtO7nK/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz25ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu616g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/cSuRWQ==</latexit>

A

<latexit sha1_base64="umJdvT3PV8TtgC3Nk0swyJl15NA=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVN0V3bisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtO7nK/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz25ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu616g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/crCRWg==</latexit>

B

<latexit sha1_base64="7NJQ7mQa0MbuARoCPUzKCSq5ces=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItAzYWCZgPiA5wt5mLlmzt3fs7gnHEbC3sVDE1p9k579x81Fo4oOBx3szzMwLEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nfrtR1Sax/LeZAn6ER1KHnJGjZUaWb9UdivuDGSVeAtShgXq/dJXbxCzNEJpmKBadz03MX5OleFM4KTYSzUmlI3pELuWShqh9vPZoRNybpUBCWNlSxoyU39P5DTSOosC2xlRM9LL3lT8z+umJrzxcy6T1KBk80VhKoiJyfRrMuAKmRGZJZQpbm8lbEQVZcZmU7QheMsvr5LWZcWrVqqNq3Kt8TSPowCncAYX4ME11OAO6tAEBgjP8ApvzoPz4rw7H/PWNWcR4Qn8gfP5AxXhjZc=</latexit>y

<latexit sha1_base64="7IIZ/+nDl3pjdH0uO9aDI8TGq1M=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUCPrFklt25yDrxFuSEixR7xe/eoOYpRFKwwTVuuu5ifEzqgxnAqeFXqoxoWxMh9i1VNIItZ/ND52SC6sMSBgrW9KQufp7IqOR1pMosJ0RNSO96s3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbAo2BG/15XXSuip7lXKlcV2qNZ4WceThDM7hEjyoQg3uoA5NYIDwDK/w5jw4L86787FozTnLCE/hD5zPH/L2jYA=</latexit>

b

<latexit sha1_base64="E5/D8fUR7ml8bpRifzTt77omLkk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxjIB8wHJEfY2c8mavb1jd08MR8DexkIRW3+Snf/GzUehiQ8GHu/NMDMvSATXxnW/ndza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqP/aKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUrT/N48jDCZzCOXhwBVW4hRo0gAHCM7zCm3PvvDjvzse8NecsIjyGP3A+fwAUXY2W</latexit>x

<latexit sha1_base64="KfFSke24gUzcH7Ifh0PLzrTuvAI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUoP1iyS27c5B14i1JCZao94tfvUHM0gilYYJq3fXcxPgZVYYzgdNCL9WYUDamQ+xaKmmE2s/mh07JhVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9Wbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNgUbgrf68jppXZW9SrnSuC7VGk+LOPJwBudwCR5UoQZ3UIcmMEB4hld4cx6cF+fd+Vi05pxlhKfwB87nD/FyjX8=</latexit>a
<latexit sha1_base64="cPzcdOsOi32ALe9eNyeAUlqlrH8=">AAACB3icbVDLSsNAFJ3UV42vqks3wSK4KolIdVl047KCfWAbymR60w6dR5iZCKX0A9y71V9wJ279DP/Az3DSZmFbDwwczn2cOydKGNXG97+dwtr6xuZWcdvd2d3bPygdHjW1TBWBBpFMqnaENTAqoGGoYdBOFGAeMWhFo9us3noCpakUD2acQMjxQNCYEmys9Oh2Kbc2oN1eqexX/Bm8VRLkpIxy1Huln25fkpSDMIRhrTuBn5hwgpWhhMHU7aYaEkxGeAAdSwXmoMPJ7OKpd2aVvhdLZZ8w3kz9OzHBXOsxj2wnx2aol2uZ+F+tk5r4OpxQkaQGBJkbxSnzjPSy73t9qoAYNrYEE0XtrR4ZYoWJsSEtuGS7jZRMT200wXIQq6R5UQmqler9Zbl2k4dURCfoFJ2jAF2hGrpDddRABAn0gl7Rm/PsvDsfzue8teDkM8doAc7XL8HDmhg=</latexit>

=→

Theorem 1. In particular, many-copy activation implies catalytic activation.

JB, N. Brunner, A. Girardin, P. Sekatski, P. Lipka-Bartosik,  Phys. Rev. Lett. 135, 220203 (2025)

Second result: Catalytic Activation of Bell NL



<latexit sha1_base64="K++CmykBOogu6IzJk3F6d7vqgZE="></latexit>

ωAB
CLO→→→↑ εA→B→ =

1

n
(ωAB)

→n ↓ [00]RARB +
n→ 1

n
(ϑA ↓ ϑB)

→n ↓ [11]RARB

Observation 1. If              is Bell nonlocal,              is also Bell nonlocal.
<latexit sha1_base64="nVGufFNYx0Gq5JuxEnIaMvsQ8kU=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj1GvXhMwDwgG8PsZDYZMjuzzMwKYQnkV7x4UMSr3+HNv3HyOGhiQUNR1U13V5hwpo3nfTsrq2vrG5u5rfz2zu7evntwWNcyVYTWiORSNUOsKWeC1gwznDYTRXEcctoIB3cTv/FElWZSPJhhQtsx7gkWMYKNlTrucaD6spPd3I4es0AaFlONxKjjFryiNwVaJv6cFGCOSsf9CrqSpDEVhnCsdcv3EtPOsDKMcDrKB6mmCSYD3KMtSwW2e9rZ9PwROrNKF0VS2RIGTdXfExmOtR7Goe2MsenrRW8i/ue1UhNdtzMmktRQQWaLopQjI9EkC9RlihLDh5Zgopi9FZE+VpgYm1jehuAvvrxM6hdFv1QsVS8L5ep4FkcOTuAUzsGHKyjDPVSgBgQyeIZXeHPGzovz7nzMWleceYRH8AfO5w+ngZZn</latexit>

ω→n
AB

<latexit sha1_base64="UtKN+bYcZWnxi+mhe0fYg9lCk3g=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPEU9gViR6jXjwmYB6wWcLsZDYZMjuzzPQKYQn4E148KOLVr/Hm3zh5HDSxoKGo6qa7K0wEN+C6305ubX1jcyu/XdjZ3ds/KB4etYxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wdDf1249MG67kA4wTFsRkIHnEKQEr+V0gaS+7Kd+WJ71iya24M+BV4i1ICS1Q7xW/un1F05hJoIIY43tuAkFGNHAq2KTQTQ1LCB2RAfMtlSRmJshmJ0/wmVX6OFLalgQ8U39PZCQ2ZhyHtjMmMDTL3lT8z/NTiK6DjMskBSbpfFGUCgwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKBRuCt/zyKmldVLxqpdq4LNUaT/M48ugEnaJz5KErVEP3qI6aiCKFntErenPAeXHenY95a85ZRHiM/sD5/AGo/ZFQ</latexit>ωA→B→

If the NL of a Bell-local state is activatable with n copies, 
it can also be catalytically activatable, “consuming” only 1 copy.

Second result: Catalytic Activation of Bell NL



<latexit sha1_base64="K++CmykBOogu6IzJk3F6d7vqgZE="></latexit>

ωAB
CLO→→→↑ εA→B→ =

1

n
(ωAB)

→n ↓ [00]RARB +
n→ 1

n
(ϑA ↓ ϑB)

→n ↓ [11]RARB

<latexit sha1_base64="PnTBEGx2pH+dBkb1l4rogXu93lk="></latexit>

ωCACB =
1

n

n→1∑

i=0

(εÃB̃)
↑i → (ϑÃ → ϑB̃)

↑(n→1→i) → [ii]R̃AR̃B

Observation 1. If              is Bell nonlocal,              is also Bell nonlocal.
<latexit sha1_base64="nVGufFNYx0Gq5JuxEnIaMvsQ8kU=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj1GvXhMwDwgG8PsZDYZMjuzzMwKYQnkV7x4UMSr3+HNv3HyOGhiQUNR1U13V5hwpo3nfTsrq2vrG5u5rfz2zu7evntwWNcyVYTWiORSNUOsKWeC1gwznDYTRXEcctoIB3cTv/FElWZSPJhhQtsx7gkWMYKNlTrucaD6spPd3I4es0AaFlONxKjjFryiNwVaJv6cFGCOSsf9CrqSpDEVhnCsdcv3EtPOsDKMcDrKB6mmCSYD3KMtSwW2e9rZ9PwROrNKF0VS2RIGTdXfExmOtR7Goe2MsenrRW8i/ue1UhNdtzMmktRQQWaLopQjI9EkC9RlihLDh5Zgopi9FZE+VpgYm1jehuAvvrxM6hdFv1QsVS8L5ep4FkcOTuAUzsGHKyjDPVSgBgQyeIZXeHPGzovz7nzMWleceYRH8AfO5w+ngZZn</latexit>

ω→n
AB

<latexit sha1_base64="UtKN+bYcZWnxi+mhe0fYg9lCk3g=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPEU9gViR6jXjwmYB6wWcLsZDYZMjuzzPQKYQn4E148KOLVr/Hm3zh5HDSxoKGo6qa7K0wEN+C6305ubX1jcyu/XdjZ3ds/KB4etYxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wdDf1249MG67kA4wTFsRkIHnEKQEr+V0gaS+7Kd+WJ71iya24M+BV4i1ICS1Q7xW/un1F05hJoIIY43tuAkFGNHAq2KTQTQ1LCB2RAfMtlSRmJshmJ0/wmVX6OFLalgQ8U39PZCQ2ZhyHtjMmMDTL3lT8z/NTiK6DjMskBSbpfFGUCgwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKBRuCt/zyKmldVLxqpdq4LNUaT/M48ugEnaJz5KErVEP3qI6aiCKFntErenPAeXHenY95a85ZRHiM/sD5/AGo/ZFQ</latexit>ωA→B→

Observation 2. If                  is Bell local,                is also Bell local.
<latexit sha1_base64="JP5JynCRoMBd2XiBJxV1wLnFFaU=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEurDMiFSXVTcuW7AP6IxDJs20oZlkSDJCGYou/BU3LhRx61e4829MHwutHrhwOOde7r0nTBhV2nG+rNzC4tLySn61sLa+sbllb+80lUglJg0smJDtECnCKCcNTTUj7UQSFIeMtMLB1dhv3RGpqOA3epgQP0Y9TiOKkTZSYO95si+C7OJydJt5QtOYKFjix+7RKLCLTtmZAP4l7owUwQy1wP70ugKnMeEaM6RUx3US7WdIaooZGRW8VJEE4QHqkY6hHJldfjZ5YQQPjdKFkZCmuIYT9edEhmKlhnFoOmOk+2reG4v/eZ1UR+d+RnmSasLxdFGUMqgFHOcBu1QSrNnQEIQlNbdC3EcSYW1SK5gQ3PmX/5LmSdmtlCv102K1/jCNIw/2wQEoARecgSq4BjXQABjcgyfwAl6tR+vZerPep605axbhLvgF6+MbZkuXPg==</latexit>

ω→(n↑1)
AB

<latexit sha1_base64="2IwEk2MnYP2+TegEbsu0hXpyudw=">AAAB+HicbZBLSwMxFIXv+Kz10VGXbgaL4KrMiFSX1W5ctmAf0A5DJk3b0DyGJCPUoeD/cONCEbf+FHf+G9PHQlsPBD7OuSE3J04Y1cb3v5219Y3Nre3cTn53b/+g4B4eNbVMFSYNLJlU7RhpwqggDUMNI+1EEcRjRlrxqDrNWw9EaSrFvRknJORoIGifYmSsFbmFruRkgKKsGt1Uo9tJ5Bb9kj+TtwrBAoqwUC1yv7o9iVNOhMEMad0J/MSEGVKGYkYm+W6qSYLwCA1Ix6JAnOgwmy0+8c6s0/P6UtkjjDdzf9/IENd6zGM7yZEZ6uVsav6XdVLTvw4zKpLUEIHnD/VT5hnpTVvwelQRbNjYAsKK2l09PEQKYWO7ytsSguUvr0LzohSUS+X6ZbFSf5rXkYMTOIVzCOAKKnAHNWgAhhSe4RXenEfnxXl3Puaja86iwmP4I+fzB16ek14=</latexit>ωCACB

If the NL of a Bell-local state is activatable with n copies, 
it can also be catalytically activatable, “consuming” only 1 copy.

Catalytic activation of Bell NL is possible even with a local catalyst!

Second result: Catalytic Activation of Bell NL



<latexit sha1_base64="94We0h+qKE12SdBqX6M32hljqqY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVN1V3LisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtO7nK/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz25ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu616g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/cSuRWQ==</latexit>

A

<latexit sha1_base64="umJdvT3PV8TtgC3Nk0swyJl15NA=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVN0V3bisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtO7nK/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz25ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu616g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/crCRWg==</latexit>

B

<latexit sha1_base64="7NJQ7mQa0MbuARoCPUzKCSq5ces=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItAzYWCZgPiA5wt5mLlmzt3fs7gnHEbC3sVDE1p9k579x81Fo4oOBx3szzMwLEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nfrtR1Sax/LeZAn6ER1KHnJGjZUaWb9UdivuDGSVeAtShgXq/dJXbxCzNEJpmKBadz03MX5OleFM4KTYSzUmlI3pELuWShqh9vPZoRNybpUBCWNlSxoyU39P5DTSOosC2xlRM9LL3lT8z+umJrzxcy6T1KBk80VhKoiJyfRrMuAKmRGZJZQpbm8lbEQVZcZmU7QheMsvr5LWZcWrVqqNq3Kt8TSPowCncAYX4ME11OAO6tAEBgjP8ApvzoPz4rw7H/PWNWcR4Qn8gfP5AxXhjZc=</latexit>y

<latexit sha1_base64="7IIZ/+nDl3pjdH0uO9aDI8TGq1M=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUCPrFklt25yDrxFuSEixR7xe/eoOYpRFKwwTVuuu5ifEzqgxnAqeFXqoxoWxMh9i1VNIItZ/ND52SC6sMSBgrW9KQufp7IqOR1pMosJ0RNSO96s3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbAo2BG/15XXSuip7lXKlcV2qNZ4WceThDM7hEjyoQg3uoA5NYIDwDK/w5jw4L86787FozTnLCE/hD5zPH/L2jYA=</latexit>

b

<latexit sha1_base64="E5/D8fUR7ml8bpRifzTt77omLkk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxjIB8wHJEfY2c8mavb1jd08MR8DexkIRW3+Snf/GzUehiQ8GHu/NMDMvSATXxnW/ndza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqP/aKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUrT/N48jDCZzCOXhwBVW4hRo0gAHCM7zCm3PvvDjvzse8NecsIjyGP3A+fwAUXY2W</latexit>x

<latexit sha1_base64="KfFSke24gUzcH7Ifh0PLzrTuvAI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEsuAjWUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUoP1iyS27c5B14i1JCZao94tfvUHM0gilYYJq3fXcxPgZVYYzgdNCL9WYUDamQ+xaKmmE2s/mh07JhVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9Wbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNgUbgrf68jppXZW9SrnSuC7VGk+LOPJwBudwCR5UoQZ3UIcmMEB4hld4cx6cF+fd+Vi05pxlhKfwB87nD/FyjX8=</latexit>a

Catalytic super-activation of Bell NL is possible.

Bell local

Bell local

Bell local

Bell nonlocal !

deterministic 
LO 

no SR 
no CC

Second result: Catalytic Activation of Bell NL



Quantum state transformations



CLO(d)

CLO(d): Catalytic Local Operations. The class of 
dimension-bounded catalytic local operations contains all 
transformations of a bipartite state into another that can 
be implemented via local CPTP maps with the assistance 
of a catalyst state whose marginal is preserved and which 
has Schmidt number respecting

<latexit sha1_base64="46i5NWM8F1geO3qx6io2j0Pvlck=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAixCbsiUbtoGiuJaB6QDcvs5CYZMrO7zswKYUlr46/YWChi6x/Y+TdOHoUmHrhwOOde7r0niDlT2nG+rYXFpeWV1cxadn1jc2vb3tmtqSiRFKo04pFsBEQBZyFUNdMcGrEEIgIO9aBfHvn1B5CKReGdHsTQEqQbsg6jRBvJt3HqSYFvr4d5LxLQJX5a9i9w2b8cHnkc7nHbt3NOwRkDzxN3SnJoiopvf3ntiCYCQk05UarpOrFupURqRjkMs16iICa0T7rQNDQkAlQrHX8yxIdGaeNOJE2FGo/V3xMpEUoNRGA6BdE9NeuNxP+8ZqI7Z62UhXGiIaSTRZ2EYx3hUSy4zSRQzQeGECqZuRXTHpGEahNe1oTgzr48T2rHBbdYKN6c5Ern0zgyaB8doDxy0SkqoStUQVVE0SN6Rq/ozXqyXqx362PSumBNZ/bQH1ifP5K/mPc=</latexit>

SN(ωCACB ) → d

P. Lipka-Bartosik, J.B., N. Brunner, P. Sekatski, arXiv:2510.08320 [quant-ph]

.



SLOCCQ(d)

SLOCCQ(d): Stochastic Local Operations with Classical 
Communication and Quantum communication. This 
class of transformations contains all sequences of 
stochastic local operations, classical communication, and 
dimension-bounded quantum communication, where the 
dimension of the quantum communication is bounded in 
the following way. Let di be the dimension of the quantum 
system sent from one party to another in round i. We 
require that

<latexit sha1_base64="QJO+R7FKsQKTWkStn3FoIKdVfsU=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSkaq7ghuXFewF2lAmk0k7dDKJMxOxhL6KGxeKuPVF3Pk2TtostPWHAx//OYc58/sJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDakfFqSS0TWIey56PFeVM0LZmmtNeIimOfE67/uQm73cfqVQsFvd6mlAvwiPBQkawNtbQrg4SGQdDhvIacPpgwK45dWcutApuATUo1BraX4MgJmlEhSYcK9V3nUR7GZaaEU5nlUGqaILJBI9o36DAEVVeNr99hk6NE6AwlqaERnP390aGI6WmkW8mI6zHarmXm//1+qkOr7yMiSTVVJDFQ2HKkY5RHgQKmKRE86kBTCQztyIyxhITbeKqmBDc5S+vQue87jbqjbuLWvO6iKMMx3ACZ+DCJTThFlrQBgJP8Ayv8GbNrBfr3fpYjJasYucI/sj6/AELSpPI</latexit>∏

i

di → d

P. Lipka-Bartosik, J.B., N. Brunner, P. Sekatski, arXiv:2510.08320 [quant-ph]

.



State transformations

Observation 3.
<latexit sha1_base64="K5AUckmI7g3TQPfYvS+zd50aGOk=">AAACM3icdZBNSwMxEIazflu/qh69BItQL2VXRD2JUASRQltqq9DWkk2nNpj9MJkVy9L/5MU/4kEQD4p49T+YtntQqwOBl/eZYTKvG0qh0bafrYnJqemZ2bn51MLi0vJKenWtpoNIcajyQAbqwmUapPChigIlXIQKmOdKOHev8wN+fgtKi8A/w14ITY9d+aIjOENjtdKnDYQ7jPOFYv8yzra3+7ShI1cDwg0doUKxcvwfqxSK+Xw5oa10xs7Zw6LjwklEhiRVaqUfG+2ARx74yCXTuu7YITZjplBwCf1UI9IQMn7NrqBupM880M14eHOfbhmnTTuBMs9HOnS/T8TM07rnuabTY9jVv9nA/IvVI+wcNGPhhxGCz0eLOpGkGNBBgLQtFHCUPSMYV8L8lfIuU4yjiTllQnB+nzwuajs5Zy+3V97NHB0mccyRDbJJssQh++SInJASqRJO7skTeSVv1oP1Yr1bH6PWCSuZWSc/yvr8Aqjzqug=</latexit>

CLO
(d) → LOSE

(d) → SLOCCQ
(d)

P. Lipka-Bartosik, J.B., N. Brunner, P. Sekatski, arXiv:2510.08320 [quant-ph]



State transformations

Observation 3.
<latexit sha1_base64="K5AUckmI7g3TQPfYvS+zd50aGOk=">AAACM3icdZBNSwMxEIazflu/qh69BItQL2VXRD2JUASRQltqq9DWkk2nNpj9MJkVy9L/5MU/4kEQD4p49T+YtntQqwOBl/eZYTKvG0qh0bafrYnJqemZ2bn51MLi0vJKenWtpoNIcajyQAbqwmUapPChigIlXIQKmOdKOHev8wN+fgtKi8A/w14ITY9d+aIjOENjtdKnDYQ7jPOFYv8yzra3+7ShI1cDwg0doUKxcvwfqxSK+Xw5oa10xs7Zw6LjwklEhiRVaqUfG+2ARx74yCXTuu7YITZjplBwCf1UI9IQMn7NrqBupM880M14eHOfbhmnTTuBMs9HOnS/T8TM07rnuabTY9jVv9nA/IvVI+wcNGPhhxGCz0eLOpGkGNBBgLQtFHCUPSMYV8L8lfIuU4yjiTllQnB+nzwuajs5Zy+3V97NHB0mccyRDbJJssQh++SInJASqRJO7skTeSVv1oP1Yr1bH6PWCSuZWSc/yvr8Aqjzqug=</latexit>

CLO
(d) → LOSE

(d) → SLOCCQ
(d)

Observation 4.
<latexit sha1_base64="kxlFPb2S0wA4SC9jmI01K8uI4Kc=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoMQL2FGJHpRArl4CCQuWSCJoafTSZr0LHTXiGGYmxd/xYsHRbz6C978GzvLQRMfFDzeq6KqnhMIrsCyvo3EwuLS8kpyNbW2vrG5ZW7vVJUfSsoq1Be+rDtEMcE9VgEOgtUDyYjrCFZzBoWRX7tnUnHfu4VhwFou6Xm8yykBLbXN/SawB4gKxVJ8F2Xsoxif44lULN1cx20zbWWtMfA8sackjaYot82vZsenocs8oIIo1bCtAFoRkcCpYHGqGSoWEDogPdbQ1CMuU61o/EeMD7XSwV1f6vIAj9XfExFxlRq6ju50CfTVrDcS//MaIXTPWhH3ghCYRyeLuqHA4ONRKLjDJaMghpoQKrm+FdM+kYSCji6lQ7BnX54n1eOsncvmrk7S+YtpHEm0hw5QBtnoFOXRJSqjCqLoET2jV/RmPBkvxrvxMWlNGNOZXfQHxucPnOiYgw==</latexit>

CLO
(1)

= LOSR

P. Lipka-Bartosik, J.B., N. Brunner, P. Sekatski, arXiv:2510.08320 [quant-ph]



State transformations

Observation 3.
<latexit sha1_base64="K5AUckmI7g3TQPfYvS+zd50aGOk=">AAACM3icdZBNSwMxEIazflu/qh69BItQL2VXRD2JUASRQltqq9DWkk2nNpj9MJkVy9L/5MU/4kEQD4p49T+YtntQqwOBl/eZYTKvG0qh0bafrYnJqemZ2bn51MLi0vJKenWtpoNIcajyQAbqwmUapPChigIlXIQKmOdKOHev8wN+fgtKi8A/w14ITY9d+aIjOENjtdKnDYQ7jPOFYv8yzra3+7ShI1cDwg0doUKxcvwfqxSK+Xw5oa10xs7Zw6LjwklEhiRVaqUfG+2ARx74yCXTuu7YITZjplBwCf1UI9IQMn7NrqBupM880M14eHOfbhmnTTuBMs9HOnS/T8TM07rnuabTY9jVv9nA/IvVI+wcNGPhhxGCz0eLOpGkGNBBgLQtFHCUPSMYV8L8lfIuU4yjiTllQnB+nzwuajs5Zy+3V97NHB0mccyRDbJJssQh++SInJASqRJO7skTeSVv1oP1Yr1bH6PWCSuZWSc/yvr8Aqjzqug=</latexit>

CLO
(d) → LOSE

(d) → SLOCCQ
(d)

Observation 4.
<latexit sha1_base64="kxlFPb2S0wA4SC9jmI01K8uI4Kc=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoMQL2FGJHpRArl4CCQuWSCJoafTSZr0LHTXiGGYmxd/xYsHRbz6C978GzvLQRMfFDzeq6KqnhMIrsCyvo3EwuLS8kpyNbW2vrG5ZW7vVJUfSsoq1Be+rDtEMcE9VgEOgtUDyYjrCFZzBoWRX7tnUnHfu4VhwFou6Xm8yykBLbXN/SawB4gKxVJ8F2Xsoxif44lULN1cx20zbWWtMfA8sackjaYot82vZsenocs8oIIo1bCtAFoRkcCpYHGqGSoWEDogPdbQ1CMuU61o/EeMD7XSwV1f6vIAj9XfExFxlRq6ju50CfTVrDcS//MaIXTPWhH3ghCYRyeLuqHA4ONRKLjDJaMghpoQKrm+FdM+kYSCji6lQ7BnX54n1eOsncvmrk7S+YtpHEm0hw5QBtnoFOXRJSqjCqLoET2jV/RmPBkvxrvxMWlNGNOZXfQHxucPnOiYgw==</latexit>

CLO
(1)

= LOSR

Observation 5.
<latexit sha1_base64="NwdX/8oLhpnZHTT/sguTa+/nEdo=">AAACD3icbVBNS8NAEN34WetX1aOXYFHqpSQi6kmEXjwUVLAqNLFsttN26WYTdidiCfkHXvwrXjwo4tWrN/+N2zYHrT4YeLw3w8y8IBZco+N8WVPTM7Nz84WF4uLS8spqaW39SkeJYtBgkYjUTUA1CC6hgRwF3MQKaBgIuA76taF/fQdK80he4iAGP6RdyTucUTRSq7TjIdxjWj+r1TJPRujpJNCAY7VWP8tu00p7N2uVyk7VGcH+S9yclEmO81bp02tHLAlBIhNU66brxOinVCFnArKil2iIKevTLjQNlTQE7aejfzJ72yhtuxMpUxLtkfpzIqWh1oMwMJ0hxZ6e9Ibif14zwc6Rn3IZJwiSjRd1EmFjZA/DsdtcAUMxMIQyxc2tNutRRRmaCIsmBHfy5b/kaq/qHlQPLvbLJ8d5HAWySbZIhbjkkJyQU3JOGoSRB/JEXsir9Wg9W2/W+7h1yspnNsgvWB/fpTWdCQ==</latexit>

LOCC →↑ CLO
(d)

P. Lipka-Bartosik, J.B., N. Brunner, P. Sekatski, arXiv:2510.08320 [quant-ph]



State transformations

Observation 3.
<latexit sha1_base64="K5AUckmI7g3TQPfYvS+zd50aGOk=">AAACM3icdZBNSwMxEIazflu/qh69BItQL2VXRD2JUASRQltqq9DWkk2nNpj9MJkVy9L/5MU/4kEQD4p49T+YtntQqwOBl/eZYTKvG0qh0bafrYnJqemZ2bn51MLi0vJKenWtpoNIcajyQAbqwmUapPChigIlXIQKmOdKOHev8wN+fgtKi8A/w14ITY9d+aIjOENjtdKnDYQ7jPOFYv8yzra3+7ShI1cDwg0doUKxcvwfqxSK+Xw5oa10xs7Zw6LjwklEhiRVaqUfG+2ARx74yCXTuu7YITZjplBwCf1UI9IQMn7NrqBupM880M14eHOfbhmnTTuBMs9HOnS/T8TM07rnuabTY9jVv9nA/IvVI+wcNGPhhxGCz0eLOpGkGNBBgLQtFHCUPSMYV8L8lfIuU4yjiTllQnB+nzwuajs5Zy+3V97NHB0mccyRDbJJssQh++SInJASqRJO7skTeSVv1oP1Yr1bH6PWCSuZWSc/yvr8Aqjzqug=</latexit>

CLO
(d) → LOSE

(d) → SLOCCQ
(d)

Observation 4.
<latexit sha1_base64="kxlFPb2S0wA4SC9jmI01K8uI4Kc=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoMQL2FGJHpRArl4CCQuWSCJoafTSZr0LHTXiGGYmxd/xYsHRbz6C978GzvLQRMfFDzeq6KqnhMIrsCyvo3EwuLS8kpyNbW2vrG5ZW7vVJUfSsoq1Be+rDtEMcE9VgEOgtUDyYjrCFZzBoWRX7tnUnHfu4VhwFou6Xm8yykBLbXN/SawB4gKxVJ8F2Xsoxif44lULN1cx20zbWWtMfA8sackjaYot82vZsenocs8oIIo1bCtAFoRkcCpYHGqGSoWEDogPdbQ1CMuU61o/EeMD7XSwV1f6vIAj9XfExFxlRq6ju50CfTVrDcS//MaIXTPWhH3ghCYRyeLuqHA4ONRKLjDJaMghpoQKrm+FdM+kYSCji6lQ7BnX54n1eOsncvmrk7S+YtpHEm0hw5QBtnoFOXRJSqjCqLoET2jV/RmPBkvxrvxMWlNGNOZXfQHxucPnOiYgw==</latexit>

CLO
(1)

= LOSR

Observation 5.
<latexit sha1_base64="NwdX/8oLhpnZHTT/sguTa+/nEdo=">AAACD3icbVBNS8NAEN34WetX1aOXYFHqpSQi6kmEXjwUVLAqNLFsttN26WYTdidiCfkHXvwrXjwo4tWrN/+N2zYHrT4YeLw3w8y8IBZco+N8WVPTM7Nz84WF4uLS8spqaW39SkeJYtBgkYjUTUA1CC6hgRwF3MQKaBgIuA76taF/fQdK80he4iAGP6RdyTucUTRSq7TjIdxjWj+r1TJPRujpJNCAY7VWP8tu00p7N2uVyk7VGcH+S9yclEmO81bp02tHLAlBIhNU66brxOinVCFnArKil2iIKevTLjQNlTQE7aejfzJ72yhtuxMpUxLtkfpzIqWh1oMwMJ0hxZ6e9Ibif14zwc6Rn3IZJwiSjRd1EmFjZA/DsdtcAUMxMIQyxc2tNutRRRmaCIsmBHfy5b/kaq/qHlQPLvbLJ8d5HAWySbZIhbjkkJyQU3JOGoSRB/JEXsir9Wg9W2/W+7h1yspnNsgvWB/fpTWdCQ==</latexit>

LOCC →↑ CLO
(d)

P. Lipka-Bartosik, J.B., N. Brunner, P. Sekatski, arXiv:2510.08320 [quant-ph]

<latexit sha1_base64="imVrzX2RiqtmzqXMYhNttXn5Gf4=">AAACGXicbVDLSgMxFM3UV62vUXe6CRbBVZkRqS6LIrgQrGgf0JaSSdM2NDMZkjvaMgz4H+7d6i+4E7eu/AM/w/SxsK0HLhzOuTc393ih4Boc59tKLSwuLa+kVzNr6xubW/b2TlnLSFFWolJIVfWIZoIHrAQcBKuGihHfE6zi9S6GfuWBKc1lcA+DkDV80gl4m1MCRmrae/W+4p0uEKXkY1wH1of4+ubuMklw0846OWcEPE/cCcmiCYpN+6fekjTyWQBUEK1rrhNCIyYKOBUsydQjzUJCe6TDaoYGxGe6EY9uSPChUVq4LZWpAPBI/TsRE1/rge+ZTp9AV896Q/E/rxZB+6wR8yCMgAV0vKgdCQwSDwPBLa4YBTEwhFDFzV8x7RJFKJjYprYM3wYphU5MNO5sEPOkfJxz87n87Um2cD4JKY320QE6Qi46RQV0hYqohCh6Qi/oFb1Zz9a79WF9jltT1mRmF03B+voFb+KiBw==</latexit>

LOSE→→→→↑

<latexit sha1_base64="znOiuip3sMp+GJlx8xMngyBNxUM="></latexit>

ωABC =
1∑

i=0

1

2
[0]A → [i]B → [i]C

<latexit sha1_base64="udISD9Ewyqw62k20+FeZcklMVc0="></latexit>

ωABR =
1∑

i=0

1

2
[i]A → [0]B → [i]C

<latexit sha1_base64="Nm5NyuxDBayjQZFgk8+2q8pYzCg=">AAACGXicbVDLSgMxFM34rPVVdaebYBFclRmR6rLYjQvBCvYBnVIyadqGZiZDckdbhgH/w71b/QV34taVf+BnmLazsK0HLhzOuTc393ih4Bps+9taWl5ZXVvPbGQ3t7Z3dnN7+zUtI0VZlUohVcMjmgkesCpwEKwRKkZ8T7C6NyiP/foDU5rL4B5GIWv5pBfwLqcEjNTOHbpDxXt9IErJx9gFNoT45rZcThLczuXtgj0BXiROSvIoRaWd+3E7kkY+C4AKonXTsUNoxUQBp4IlWTfSLCR0QHqsaWhAfKZb8eSGBJ8YpYO7UpkKAE/UvxMx8bUe+Z7p9An09bw3Fv/zmhF0L1sxD8IIWECni7qRwCDxOBDc4YpRECNDCFXc/BXTPlGEgoltZsv4bZBS6MRE48wHsUhqZwWnWCjenedLV2lIGXSEjtEpctAFKqFrVEFVRNETekGv6M16tt6tD+tz2rpkpTMHaAbW1y9SyKH1</latexit>

LOCC→→→→↑



Third result: State transformations

CLO(d)

SLOCCQ(d)
SLOCCQ(d-1)

LOCC
<latexit sha1_base64="9oYLWPMZOMgNb5hO830YJgx8nAk=">AAACG3icbVA9SwNBEN3zM8avqKXNYhC0MNyJqJUIaSwCGjQmkIthbzPRxb29Y3dODMf9Dxv/io2FIlaChf/GzUehxgcDj/dmmJkXxFIYdN0vZ2JyanpmNjeXn19YXFourKxemijRHGo8kpFuBMyAFApqKFBCI9bAwkBCPbgt9/36HWgjInWBvRhaIbtWois4Qyu1C7s+wj2m5cppdpVudbYz6qsIfZMEBpAOzfPKablcHfg73nbWLhTdkjsAHSfeiBTJCGftwoffiXgSgkIumTFNz42xlTKNgkvI8n5iIGb8ll1D01LFQjCtdPBbRjet0qHdSNtSSAfqz4mUhcb0wsB2hgxvzF+vL/7nNRPsHrZSoeIEQfHhom4iKUa0HxTtCA0cZc8SxrWwt1J+wzTjaOPM2xC8vy+Pk8vdkrdf2q/uFY+PRnHkyDrZIFvEIwfkmJyQM1IjnDyQJ/JCXp1H59l5c96HrRPOaGaN/ILz+Q0bi6DO</latexit>

CLO
(d) →↑ SLOCCQ

(d→1)

Theorem 2. 

P. Lipka-Bartosik, J.B., N. Brunner, P. Sekatski, arXiv:2510.08320 [quant-ph]



Third result: State transformations

CLO(d)

SLOCCQ(d)
SLOCCQ(d-1)

LOCC
<latexit sha1_base64="9oYLWPMZOMgNb5hO830YJgx8nAk=">AAACG3icbVA9SwNBEN3zM8avqKXNYhC0MNyJqJUIaSwCGjQmkIthbzPRxb29Y3dODMf9Dxv/io2FIlaChf/GzUehxgcDj/dmmJkXxFIYdN0vZ2JyanpmNjeXn19YXFourKxemijRHGo8kpFuBMyAFApqKFBCI9bAwkBCPbgt9/36HWgjInWBvRhaIbtWois4Qyu1C7s+wj2m5cppdpVudbYz6qsIfZMEBpAOzfPKablcHfg73nbWLhTdkjsAHSfeiBTJCGftwoffiXgSgkIumTFNz42xlTKNgkvI8n5iIGb8ll1D01LFQjCtdPBbRjet0qHdSNtSSAfqz4mUhcb0wsB2hgxvzF+vL/7nNRPsHrZSoeIEQfHhom4iKUa0HxTtCA0cZc8SxrWwt1J+wzTjaOPM2xC8vy+Pk8vdkrdf2q/uFY+PRnHkyDrZIFvEIwfkmJyQM1IjnDyQJ/JCXp1H59l5c96HrRPOaGaN/ILz+Q0bi6DO</latexit>

CLO
(d) →↑ SLOCCQ

(d→1)

Theorem 2. 

P. Lipka-Bartosik, J.B., N. Brunner, P. Sekatski, arXiv:2510.08320 [quant-ph]

<latexit sha1_base64="UbogMnHl/ekAgkso5kTD70XNYis=">AAACJ3icbVDLSgMxFM3UV62vqks3wSIUhDIjUt0ItW5cVrAP6Iwlk6ZtaCYZkoxQpv0F/8O9W/0Fd6JLd36G6XQWtvVAyOGc+0iOHzKqtG1/WZmV1bX1jexmbmt7Z3cvv3/QUCKSmNSxYEK2fKQIo5zUNdWMtEJJUOAz0vSHN1O/+UikooLf61FIvAD1Oe1RjLSROvmiKweiE19XJ/AKjt3agD6cuhLxPiMum12JNu7kC3bJTgCXiZOSAkhR6+R/3K7AUUC4xgwp1XbsUHsxkppiRiY5N1IkRHiI+qRtKEcBUV6c/GgCT4zShT0hzeEaJurfjhgFSo0C31QGSA/UojcV//Pake5dejHlYaQJx7NFvYhBLeA0HtilkmDNRoYgLKl5K8QDJBHWJsS5LdPZWgimJiYaZzGIZdI4KznlUvnuvFCppiFlwRE4BkXggAtQAbegBuoAgyfwAl7Bm/VsvVsf1uesNGOlPYdgDtb3L6vTprY=</latexit>

ωAB = |!+→↑!+|
<latexit sha1_base64="2sGerM9othYcfEQh3bE1kCI8zg8=">AAACF3icbVDLSgMxFM3UV62vqhvBTbAIdVNmilQ3Qq0bV1LRPqAtJZOmbWhmMiR3xDKM/+Herf6CO3Hr0j/wM0wfC9t64MLhnHtzc48bCK7Btr+txNLyyupacj21sbm1vZPe3atqGSrKKlQKqeou0Uxwn1WAg2D1QDHiuYLV3MHVyK89MKW59O9hGLCWR3o+73JKwEjt9EET2CNEdzdxtqn6sh1dluITfIHz7XTGztlj4EXiTEkGTVFup3+aHUlDj/lABdG64dgBtCKigFPB4lQz1CwgdEB6rGGoTzymW9H4ghgfG6WDu1KZ8gGP1b8TEfG0Hnqu6fQI9PW8NxL/8xohdM9bEfeDEJhPJ4u6ocAg8SgO3OGKURBDQwhV3PwV0z5RhIIJbWbL6G2QUujYROPMB7FIqvmcU8gVbk8zxdI0pCQ6REcoixx0horoGpVRBVH0hF7QK3qznq1368P6nLQmrOnMPpqB9fULX2mfqw==</latexit>

SN(ωAB) = 2

<latexit sha1_base64="X+4fBLSEn+FmQBdQ3Nir1NMc9mo=">AAACH3icbVDLSsNAFJ34tr6qLt0MFrEilKSIuhF8bFxJRatCG8NkOtGhk5kwcyOWkK3/4d6t/oI7cds/8DNM2iy0euDC4Zx75849fiS4AdvuW2PjE5NT0zOzpbn5hcWl8vLKlVGxpqxJlVD6xieGCS5ZEzgIdhNpRkJfsGu/e5L71w9MG67kJfQi5obkTvKAUwKZ5JVxG9gjJBdnabUNJPaSo83jzXQLH+D6bSK3ndQrV+yaPQD+S5yCVFCBhlf+ancUjUMmgQpiTMuxI3ATooFTwdJSOzYsIrRL7lgro5KEzLjJ4JIUb2RKBwdKZyUBD9SfEwkJjemFftYZErg3o14u/ue1Ygj23YTLKAYm6XBREAsMCuex4A7XjILoZYRQzbO/YnpPNKGQhfdrS/42KCVMHo0zGsRfclWvObu13fOdyuFxEdIMWkPrqIoctIcO0SlqoCai6Am9oFf0Zj1b79aH9TlsHbOKmVX0C1b/G7heomo=</latexit>

SN(ωA→B→) = 2n+1
<latexit sha1_base64="Ny6FU0QwMTJabHkCa7V8XiXUx5g=">AAACEnicbVDLSgMxFM34rPU12qWbYBHqpswUUZdiNy4EK9gH9EUmTTU0kwzJHbEM8xfu3eovuBO3/oB/4GeYPha29cCFwzn3xQkiwQ143reztLyyurae2chubm3v7Lp7+zWjYk1ZlSqhdCMghgkuWRU4CNaINCNhIFg9GJRHfv2RacOVvINhxNohuZe8zykBK3XdXAvYEyTl65u0kxRKHXmc4q6b94reGHiR+FOSR1NUuu5Pq6doHDIJVBBjmr4XQTshGjgVLM22YsMiQgfknjUtlSRkpp2Mn0/xkVV6uK+0LQl4rP6dSEhozDAMbGdI4MHMeyPxP68ZQ/+8nXAZxcAknRzqxwKDwqMkcI9rRkEMLSFUc/srpg9EEwo2r5kro92glDCpjcafD2KR1EpF/7R4enuSv7ichpRBB+gQFZCPztAFukIVVEUUDdELekVvzrPz7nw4n5PWJWc6k0MzcL5+ARobnfw=</latexit>

CLO
(2n)

<latexit sha1_base64="HvvGj246n07jJfstXBeXl/x4tC0="></latexit>

SN(ωAB)

SN(εA→B→)
= 2n > d = 2n → 1

Take with

Via it can be transformed into 
<latexit sha1_base64="FbNlzyVCHtw3TvJZhp79noGFG3U=">AAACCHicbVC7TsMwFHV4lvIqMLJEVKhMVYJQYSxlYSwSfUhpVDmu01p17Mi+Qaqi/gA7K/wCG2LlL/gDPgOnzUBbjmTp6Jz78glizjQ4zre1tr6xubVd2Cnu7u0fHJaOjttaJorQFpFcqm6ANeVM0BYw4LQbK4qjgNNOML7L/M4TVZpJ8QiTmPoRHgoWMoLBSF4PcNJPbyuNyrRfKjtVZwZ7lbg5KaMczX7ppzeQJImoAMKx1p7rxOCnWAEjnE6LvUTTGJMxHlLPUIEjqv10dvLUPjfKwA6lMk+APVP/dqQ40noSBaYywjDSy14m/ud5CYQ3fspEnAAVZL4oTLgN0s7+bw+YogT4xBBMFDO32mSEFSZgUlrYks0GKbnOonGXg1gl7cuqW6vWHq7K9UYeUgGdojN0gVx0jeroHjVRCxEk0Qt6RW/Ws/VufVif89I1K+85QQuwvn4Bl+majQ==</latexit>ωA→B→ with

<latexit sha1_base64="gbYiZBHwTDzAk+xaBdyOBxO7cnA=">AAACFnicbVC7TgJBFJ3FF+ILtbCw2UhMsJDsEoOWRBoLEyHKI+GV2WGACbMzm5m7RrLZ/7C31V+wM7a2/oGf4S5QCHiSm5ycc+/cucfxONNgWd9GYmV1bX0juZna2t7Z3UvvH9S09BWhVSK5VA0Ha8qZoFVgwGnDUxS7Dqd1Z1SK/fojVZpJ8QBjj7ZdPBCszwiGSOqmj1pAnyC4v70rlSphJ8jmO+LcPgu76YyVsyYwl4k9Ixk0Q7mb/mn1JPFdKoBwrHXTtjxoB1gBI5yGqZavqYfJCA9oM6ICu1S3g8kBoXkaKT2zL1VUAsyJ+nciwK7WY9eJOl0MQ73oxeJ/XtOH/lU7YMLzgQoyXdT3uQnSjNMwe0xRAnwcEUwUi/5qkiFWmECU2dyW+G2Qkus4GnsxiGVSy+fsQq5QucgUr2chJdExOkFZZKNLVEQ3qIyqiKAQvaBX9GY8G+/Gh/E5bU0Ys5lDNAfj6xegKJ9J</latexit>

SLOCCQ
(2n→1)<latexit sha1_base64="/Ja0OHSl9375/jSDHphCghrCRYg=">AAACBXicbVC7SgNBFJ31GeMramkzGASrsCsSLYM2lhHMA5IlzE4myZB5LDN3hbCktrfVX7ATW7/DP/AznE22MIkHBg7nPs6dE8WCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODGUNqoU27YhYJrhiDeAgWDs2jMhIsFY0vsvqrSdmLNfqESYxCyUZKj7glICT2l0unQuzvVLZr/gz4FUS5KSMctR7pZ9uX9NEMgVUEGs7gR9DmBIDnAo2LXYTy2JCx2TIOo4qIpkN09m9U3zulD4eaOOeAjxT/06kRFo7kZHrlARGdrmWif/VOgkMbsKUqzgBpujcaJAIDBpnn8d9bhgFMXGEUMPdrZiOiCEUXEQLLtlu0FrYqYsmWA5ilTQvK0G1Un24Ktdu85AK6BSdoQsUoGtUQ/eojhqIIoFe0Ct68569d+/D+5y3rnn5zAlagPf1C1QAmfA=</latexit>

=→ not possible with 

.

.



Summary

Theorem 1. Many-copy activation implies catalytic activation with a local catalyst.

<latexit sha1_base64="K++CmykBOogu6IzJk3F6d7vqgZE="></latexit>

ωAB
CLO→→→↑ εA→B→ =

1

n
(ωAB)

→n ↓ [00]RARB +
n→ 1

n
(ϑA ↓ ϑB)

→n ↓ [11]RARBLemma 1.

Observation 1. If              is Bell nonlocal,              is also Bell nonlocal.
<latexit sha1_base64="nVGufFNYx0Gq5JuxEnIaMvsQ8kU=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj1GvXhMwDwgG8PsZDYZMjuzzMwKYQnkV7x4UMSr3+HNv3HyOGhiQUNR1U13V5hwpo3nfTsrq2vrG5u5rfz2zu7evntwWNcyVYTWiORSNUOsKWeC1gwznDYTRXEcctoIB3cTv/FElWZSPJhhQtsx7gkWMYKNlTrucaD6spPd3I4es0AaFlONxKjjFryiNwVaJv6cFGCOSsf9CrqSpDEVhnCsdcv3EtPOsDKMcDrKB6mmCSYD3KMtSwW2e9rZ9PwROrNKF0VS2RIGTdXfExmOtR7Goe2MsenrRW8i/ue1UhNdtzMmktRQQWaLopQjI9EkC9RlihLDh5Zgopi9FZE+VpgYm1jehuAvvrxM6hdFv1QsVS8L5ep4FkcOTuAUzsGHKyjDPVSgBgQyeIZXeHPGzovz7nzMWleceYRH8AfO5w+ngZZn</latexit>

ω→n
AB

<latexit sha1_base64="UtKN+bYcZWnxi+mhe0fYg9lCk3g=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPEU9gViR6jXjwmYB6wWcLsZDYZMjuzzPQKYQn4E148KOLVr/Hm3zh5HDSxoKGo6qa7K0wEN+C6305ubX1jcyu/XdjZ3ds/KB4etYxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wdDf1249MG67kA4wTFsRkIHnEKQEr+V0gaS+7Kd+WJ71iya24M+BV4i1ICS1Q7xW/un1F05hJoIIY43tuAkFGNHAq2KTQTQ1LCB2RAfMtlSRmJshmJ0/wmVX6OFLalgQ8U39PZCQ2ZhyHtjMmMDTL3lT8z/NTiK6DjMskBSbpfFGUCgwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKBRuCt/zyKmldVLxqpdq4LNUaT/M48ugEnaJz5KErVEP3qI6aiCKFntErenPAeXHenY95a85ZRHiM/sD5/AGo/ZFQ</latexit>ωA→B→

Observation 2. If                  is Bell local,                is also Bell local.
<latexit sha1_base64="JP5JynCRoMBd2XiBJxV1wLnFFaU=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEurDMiFSXVTcuW7AP6IxDJs20oZlkSDJCGYou/BU3LhRx61e4829MHwutHrhwOOde7r0nTBhV2nG+rNzC4tLySn61sLa+sbllb+80lUglJg0smJDtECnCKCcNTTUj7UQSFIeMtMLB1dhv3RGpqOA3epgQP0Y9TiOKkTZSYO95si+C7OJydJt5QtOYKFjix+7RKLCLTtmZAP4l7owUwQy1wP70ugKnMeEaM6RUx3US7WdIaooZGRW8VJEE4QHqkY6hHJldfjZ5YQQPjdKFkZCmuIYT9edEhmKlhnFoOmOk+2reG4v/eZ1UR+d+RnmSasLxdFGUMqgFHOcBu1QSrNnQEIQlNbdC3EcSYW1SK5gQ3PmX/5LmSdmtlCv102K1/jCNIw/2wQEoARecgSq4BjXQABjcgyfwAl6tR+vZerPep605axbhLvgF6+MbZkuXPg==</latexit>

ω→(n↑1)
AB

<latexit sha1_base64="2IwEk2MnYP2+TegEbsu0hXpyudw=">AAAB+HicbZBLSwMxFIXv+Kz10VGXbgaL4KrMiFSX1W5ctmAf0A5DJk3b0DyGJCPUoeD/cONCEbf+FHf+G9PHQlsPBD7OuSE3J04Y1cb3v5219Y3Nre3cTn53b/+g4B4eNbVMFSYNLJlU7RhpwqggDUMNI+1EEcRjRlrxqDrNWw9EaSrFvRknJORoIGifYmSsFbmFruRkgKKsGt1Uo9tJ5Bb9kj+TtwrBAoqwUC1yv7o9iVNOhMEMad0J/MSEGVKGYkYm+W6qSYLwCA1Ix6JAnOgwmy0+8c6s0/P6UtkjjDdzf9/IENd6zGM7yZEZ6uVsav6XdVLTvw4zKpLUEIHnD/VT5hnpTVvwelQRbNjYAsKK2l09PEQKYWO7ytsSguUvr0LzohSUS+X6ZbFSf5rXkYMTOIVzCOAKKnAHNWgAhhSe4RXenEfnxXl3Puaja86iwmP4I+fzB16ek14=</latexit>ωCACB

Observation 3.
<latexit sha1_base64="K5AUckmI7g3TQPfYvS+zd50aGOk=">AAACM3icdZBNSwMxEIazflu/qh69BItQL2VXRD2JUASRQltqq9DWkk2nNpj9MJkVy9L/5MU/4kEQD4p49T+YtntQqwOBl/eZYTKvG0qh0bafrYnJqemZ2bn51MLi0vJKenWtpoNIcajyQAbqwmUapPChigIlXIQKmOdKOHev8wN+fgtKi8A/w14ITY9d+aIjOENjtdKnDYQ7jPOFYv8yzra3+7ShI1cDwg0doUKxcvwfqxSK+Xw5oa10xs7Zw6LjwklEhiRVaqUfG+2ARx74yCXTuu7YITZjplBwCf1UI9IQMn7NrqBupM880M14eHOfbhmnTTuBMs9HOnS/T8TM07rnuabTY9jVv9nA/IvVI+wcNGPhhxGCz0eLOpGkGNBBgLQtFHCUPSMYV8L8lfIuU4yjiTllQnB+nzwuajs5Zy+3V97NHB0mccyRDbJJssQh++SInJASqRJO7skTeSVv1oP1Yr1bH6PWCSuZWSc/yvr8Aqjzqug=</latexit>

CLO
(d) → LOSE

(d) → SLOCCQ
(d)

Observation 4.
<latexit sha1_base64="kxlFPb2S0wA4SC9jmI01K8uI4Kc=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoMQL2FGJHpRArl4CCQuWSCJoafTSZr0LHTXiGGYmxd/xYsHRbz6C978GzvLQRMfFDzeq6KqnhMIrsCyvo3EwuLS8kpyNbW2vrG5ZW7vVJUfSsoq1Be+rDtEMcE9VgEOgtUDyYjrCFZzBoWRX7tnUnHfu4VhwFou6Xm8yykBLbXN/SawB4gKxVJ8F2Xsoxif44lULN1cx20zbWWtMfA8sackjaYot82vZsenocs8oIIo1bCtAFoRkcCpYHGqGSoWEDogPdbQ1CMuU61o/EeMD7XSwV1f6vIAj9XfExFxlRq6ju50CfTVrDcS//MaIXTPWhH3ghCYRyeLuqHA4ONRKLjDJaMghpoQKrm+FdM+kYSCji6lQ7BnX54n1eOsncvmrk7S+YtpHEm0hw5QBtnoFOXRJSqjCqLoET2jV/RmPBkvxrvxMWlNGNOZXfQHxucPnOiYgw==</latexit>

CLO
(1)

= LOSR

Observation 5.
<latexit sha1_base64="NwdX/8oLhpnZHTT/sguTa+/nEdo=">AAACD3icbVBNS8NAEN34WetX1aOXYFHqpSQi6kmEXjwUVLAqNLFsttN26WYTdidiCfkHXvwrXjwo4tWrN/+N2zYHrT4YeLw3w8y8IBZco+N8WVPTM7Nz84WF4uLS8spqaW39SkeJYtBgkYjUTUA1CC6hgRwF3MQKaBgIuA76taF/fQdK80he4iAGP6RdyTucUTRSq7TjIdxjWj+r1TJPRujpJNCAY7VWP8tu00p7N2uVyk7VGcH+S9yclEmO81bp02tHLAlBIhNU66brxOinVCFnArKil2iIKevTLjQNlTQE7aejfzJ72yhtuxMpUxLtkfpzIqWh1oMwMJ0hxZ6e9Ibif14zwc6Rn3IZJwiSjRd1EmFjZA/DsdtcAUMxMIQyxc2tNutRRRmaCIsmBHfy5b/kaq/qHlQPLvbLJ8d5HAWySbZIhbjkkJyQU3JOGoSRB/JEXsir9Wg9W2/W+7h1yspnNsgvWB/fpTWdCQ==</latexit>

LOCC →↑ CLO
(d)

Theorem 2.
<latexit sha1_base64="9oYLWPMZOMgNb5hO830YJgx8nAk=">AAACG3icbVA9SwNBEN3zM8avqKXNYhC0MNyJqJUIaSwCGjQmkIthbzPRxb29Y3dODMf9Dxv/io2FIlaChf/GzUehxgcDj/dmmJkXxFIYdN0vZ2JyanpmNjeXn19YXFourKxemijRHGo8kpFuBMyAFApqKFBCI9bAwkBCPbgt9/36HWgjInWBvRhaIbtWois4Qyu1C7s+wj2m5cppdpVudbYz6qsIfZMEBpAOzfPKablcHfg73nbWLhTdkjsAHSfeiBTJCGftwoffiXgSgkIumTFNz42xlTKNgkvI8n5iIGb8ll1D01LFQjCtdPBbRjet0qHdSNtSSAfqz4mUhcb0wsB2hgxvzF+vL/7nNRPsHrZSoeIEQfHhom4iKUa0HxTtCA0cZc8SxrWwt1J+wzTjaOPM2xC8vy+Pk8vdkrdf2q/uFY+PRnHkyDrZIFvEIwfkmJyQM1IjnDyQJ/JCXp1H59l5c96HrRPOaGaN/ILz+Q0bi6DO</latexit>

CLO
(d) →↑ SLOCCQ

(d→1)

CLO(d)

SLOCCQ(d)
SLOCCQ(d-1)

LOCC



Future directions

• State activation: can quantum states be 
catalytically activated even when they cannot 
be many-copy activatable?

• Other forms of catalysis: can other quantum 
states be activated in different catalysis 
activation scenarios?

- Bell nonlocality

- Entanglement theory

• Monotones: which entanglement measures are monotonic under CLO and which 
(such as the Schmidt number) are not?



Thank you!


