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We study the power of dimension-bounded catalytic local operations, a 
class of operations dubbed CLO(d), where d upper-bounds the Schmidt 
number of the catalyst state. First, we show how they can be used to 
activate Bell nonlocality: we present a protocol where an entangled Bell-
local state—which cannot violate any Bell inequality—combined with a 
catalyst, is transformed into a Bell-nonlocal state, while the catalyst is 
returned exactly in its initial state. Importantly, this transformation is 
deterministic and based only on local operations, without classical 
communication. Moreover, this procedure is possible even when the state 
of the catalyst is itself Bell local, demonstrating a new form of 
superactivation of Bell nonlocality. Second, we compare the class of 
operations CLO(d) with the class of local operations with classical 
communication LOCC and the class of stochastic local operations with 
classical communication and bounded quantum communication 
SLOCCQ(d), where d upper-bounds the total dimension of the quantum 
systems that are allowed to be communicated: here, we find that CLO(d) 
is not a subset of SLOCCQ(d-1), and additionally that LOCC is not a 
subset of CLO(d), demonstrating the surprising power of catalytic local 
operations bounded quantum communication and classical commu-
nication.

QUICK SUMMARY

DEFINITIONS
CLO(d): Catalytic Local Operations. The class of dimension-bounded 
catalytic local operations contains all transformations of a bipartite state  
         into            that can be implemented via local CPTP maps 

and                                 

that act locally also on a catalyst state             with Schmidt number 

such that 

  
with 

and 

preserving unchanged the marginal state of the catalyst.

<latexit sha1_base64="JHWwZRXvrlBn6Vda8GzjeXHHMng=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL1FvXiMYB6SLGF2MkmGzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KYs6M9f1vL7eyura+kd8sbG3v7O4V9w8aRiWa0DpRXOlWhA3lTNK6ZZbTVqwpFhGnzWh0O/WbT1QbpuSDHcc0FHggWZ8RbJ302NFD1U2vbybdYskv+zOgZRJkpAQZat3iV6enSCKotIRjY9qBH9swxdoywumk0EkMjTEZ4QFtOyqxoCZMZwdP0IlTeqivtCtp0Uz9PZFiYcxYRK5TYDs0i95U/M9rJ7Z/GaZMxomlkswX9ROOrELT71GPaUosHzuCiWbuVkSGWGNiXUYFF0Kw+PIyaZyVg0q5cn9eql5lceThCI7hFAK4gCrcQQ3qQEDAM7zCm6e9F+/d+5i35rxs5hD+wPv8AbOukFU=</latexit>ωAB
<latexit sha1_base64="V2pjlAQu+j2k7CU1DP7sULLdDjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSL1VHZFqt6qXjxWsB/QLiWbZtvQJLsm2UJZ+ju8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3NnNb+e2d3b39wsFhQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDf1myOqNIvkoxnH1Be4L1nICDZW8jua9QXupjel29KkWyi6ZXcGtEy8jBQhQ61b+Or0IpIIKg3hWOu258bGT7EyjHA6yXcSTWNMhrhP25ZKLKj209nRE3RqlR4KI2VLGjRTf0+kWGg9FoHtFNgM9KI3Ff/z2okJr/yUyTgxVJL5ojDhyERomgDqMUWJ4WNLMFHM3orIACtMjM0pb0PwFl9eJo3zslcpVx4uitXrLI4cHMMJnIEHl1CFe6hBHQg8wTO8wpszcl6cd+dj3rriZDNH8AfO5w/8hJGT</latexit>ωA→B→

<latexit sha1_base64="43L/zej7M/qcQXggBpmPZ8VdsMs=">AAACBHicbVC7TsMwFHV4lvIKMHaxqBBMVYJQeUyNujAWiT6kJooc12mtOk5kO0hV1IGFX2FhACFWPoKNv8FpM0DLkSwdnXOvfM8JEkalsqxvY2V1bX1js7RV3t7Z3ds3Dw47Mk4FJm0cs1j0AiQJo5y0FVWM9BJBUBQw0g3GzdzvPhAhaczv1SQhXoSGnIYUI6Ul36y4EVIjjFjmTG+g0/Qd6KoYOqea+WbVqlkzwGViF6QKCrR888sdxDiNCFeYISn7tpUoL0NCUczItOymkiQIj9GQ9DXlKCLSy2YhpvBEKwMYxkI/ruBM/b2RoUjKSRToyfxkuejl4n9eP1XhlZdRnqSKcDz/KEwZ1DHzRuCACoIVm2iCsKD6VohHSCCsdG9lXYK9GHmZdM5rdr1Wv7uoNq6LOkqgAo7BGbDBJWiAW9ACbYDBI3gGr+DNeDJejHfjYz66YhQ7R+APjM8fHmSWcg==</latexit>

A : ACA → A→CA

<latexit sha1_base64="owGEdhm+yu33yDlPa1LQCS1kAnE=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK6KolIfaxKunFZwT6gCWEynbRDJ5MwMxFKKLjxV9y4UMStP+HOv3HSZqGtBwYO59zL3HOChFGpLOvbWFpeWV1bL22UN7e2d3bNvf22jFOBSQvHLBbdAEnCKCctRRUj3UQQFAWMdIJRI/c7D0RIGvN7NU6IF6EBpyHFSGnJNw/dCKkhRixzJjdOw3egq2LonGrmmxWrak0BF4ldkAoo0PTNL7cf4zQiXGGGpOzZVqK8DAlFMSOTsptKkiA8QgPS05SjiEgvm2aYwBOt9GEYC/24glP190aGIinHUaAn84vlvJeL/3m9VIVXXkZ5kirC8eyjMGVQx8wLgX0qCFZsrAnCgupbIR4igbDStZV1CfZ85EXSPq/atWrt7qJSvy7qKIEjcAzOgA0uQR3cgiZoAQwewTN4BW/Gk/FivBsfs9Elo9g5AH9gfP4AyfaWTQ==</latexit>

B : BCB → B→CB

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

SN(ωCACB ) → d

<latexit sha1_base64="sD0Q81szTmYJZpPny/XC6EPk2O0="></latexit>

A→ B[ωAB → εCACB ] = ϑA→B→CACB

<latexit sha1_base64="ihSg8tCx18DO1iZ+Crh1lowlaPo="></latexit>

trCACB (ωA→B→CACB ) = εA→B→
<latexit sha1_base64="KJz8IrZR14Ojlt3zOm03I/3vwMg=">AAACIXicbVDJSgNBEO1xjXGLevTSGCR6CTMiLgfBJBePCkaFzDD0dGpiY89Cd40YhvkVL/6KFw+K5Cb+jJ0Ywe1Bwev3qqiuF6RSaLTtN2ticmp6ZrY0V55fWFxarqysXugkUxzaPJGJugqYBiliaKNACVepAhYFEi6Dm9bQv7wFpUUSn2M/BS9ivViEgjM0kl85cBHuMEdV+HmjRpu1gm65yLLhq1mjLb9hqllsH7lJBD3m51+KX6nadXsE+pc4Y1IlY5z6lYHbTXgWQYxcMq07jp2ilzOFgksoym6mIWX8hvWgY2jMItBePrqwoJtG6dIwUaZipCP1+0TOIq37UWA6I4bX+rc3FP/zOhmGB14u4jRDiPnnojCTFBM6jIt2hQKOsm8I40qYv1J+zRTjaEItmxCc3yf/JRc7dWevvne2Wz0+HMdRIutkg2wRh+yTY3JCTkmbcHJPHskzebEerCfr1Rp8tk5Y45k18gPW+wehDaFK</latexit>

trA→B→(ωA→B→CACB ) = εCACB

<latexit sha1_base64="PLoCV5ilosRn2PgIFk2YbLJac2I=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gViXqL5uIxgnlAsiyzk9lkyOzMMjMbCEv+xIsHRbz6J978GyePg0YLGoqqbrq7opQzbTzvyymsrW9sbhW3Szu7e/sH7uFRS8tMEdokkkvVibCmnAnaNMxw2kkVxUnEaTsa1Wd+e0yVZlI8mklKgwQPBIsZwcZKoev2ZEIHOMzr4S2qh3fT0C17FW8O9Jf4S1KGJRqh+9nrS5IlVBjCsdZd30tNkGNlGOF0WuplmqaYjPCAdi0VOKE6yOeXT9GZVfoolsqWMGiu/pzIcaL1JIlsZ4LNUK96M/E/r5uZ+DrImUgzQwVZLIozjoxEsxhQnylKDJ9Ygoli9lZEhlhhYmxYJRuCv/ryX9K6qPjVSvXhsly7WcZRhBM4hXPw4QpqcA8NaAKBMTzBC7w6ufPsvDnvi9aCs5w5hl9wPr4Bi6eS8A==</latexit>ωCACB

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     be the 
dimension of the quantum system sent from one party to another in 
round  . We require that  

                  .

<latexit sha1_base64="wIwM//nVRPMn8S/H63J+b2oow3M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWtB/QhrLZTNqlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAej25nffkKleSIfzThFP6YDySPOqLHSQ9jn/XLFrbpzkFXi5aQCORr98lcvTFgWozRMUK27npsaf0KV4UzgtNTLNKaUjegAu5ZKGqP2J/NTp+TMKiGJEmVLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ6NqfcJlmBiVbLIoyQUxCZn+TkCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QNC9Y3G</latexit>

di

<latexit sha1_base64="VAEuBr76VBBZXCQ+jhG/LDjdxG4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI1VvBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipwfulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0FqM7w==</latexit>

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

i

di → d

Bell-local states: Quantum states that admit a local hidden variable 
model. A bipartite quantum state         is called Bell local if, for all sets of 
local measurements              and            , the correlations  

admit a LHV 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)
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CONTACT:

 A CATALYTIC TRANSFORMATION

Lemma 1. CLO(d) allows any (single-copy) state         to be transformed into  

where                              and                              are composed of           copies of A and B and classical bits RA and RB, using a 
catalysis state given by     

                                                                                              .

<latexit sha1_base64="XURiRqUK/xzwQPdhc7C7RQooD9Y="></latexit>

ωA→B→ =
1

n
(εAB)

→n → [00]RARB +
n↑ 1

n
(ϑA → ϑB)

→n → [11]RARB

<latexit sha1_base64="EoVoyGbI/fazKBAfJ5OeqxyvQ68="></latexit>

ωCACB =
1

n

n→1∑

i=0

(εAB)
↑i → (ϑA → ϑB)

↑(n→1→i) → [ii]R̃AR̃B

<latexit sha1_base64="JHWwZRXvrlBn6Vda8GzjeXHHMng=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL1FvXiMYB6SLGF2MkmGzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KYs6M9f1vL7eyura+kd8sbG3v7O4V9w8aRiWa0DpRXOlWhA3lTNK6ZZbTVqwpFhGnzWh0O/WbT1QbpuSDHcc0FHggWZ8RbJ302NFD1U2vbybdYskv+zOgZRJkpAQZat3iV6enSCKotIRjY9qBH9swxdoywumk0EkMjTEZ4QFtOyqxoCZMZwdP0IlTeqivtCtp0Uz9PZFiYcxYRK5TYDs0i95U/M9rJ7Z/GaZMxomlkswX9ROOrELT71GPaUosHzuCiWbuVkSGWGNiXUYFF0Kw+PIyaZyVg0q5cn9eql5lceThCI7hFAK4gCrcQQ3qQEDAM7zCm6e9F+/d+5i35rxs5hD+wPv8AbOukFU=</latexit>ωAB

<latexit sha1_base64="E9ltp1Vg7fAnAAT8dKr5cZZpRfY=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbRVZkRqbprceOyin1AOwyZNNOGZjJjcqdQSsGNv+LGhSJu/Ql3/o3pY6GtBwKHc+7h5p4gEVyD43xbmaXlldW17HpuY3Nre8fe3avpOFWUVWksYtUIiGaCS1YFDoI1EsVIFAhWD3rXY7/eZ0rzWN7DIGFeRDqSh5wSMJJvH5RPcIs9pLyPy77basegDZH4zi/7dt4pOBPgReLOSB7NUPHtL5OnacQkUEG0brpOAt6QKOBUsFGulWqWENojHdY0VJKIaW84uWGEj43SxmGszJOAJ+rvxJBEWg+iwExGBLp63huL/3nNFMJLb8hlkgKTdLooTAWGGI8LwW2uGAUxMIRQxc1fMe0SRSiY2nKmBHf+5EVSOyu4xULx9jxfuprVkUWH6AidIhddoBK6QRVURRQ9omf0it6sJ+vFerc+pqMZa5bZR39gff4AT/SWBg==</latexit>

A→ → A1 . . . AnRA

<latexit sha1_base64="266sc8TNX8JAlvMmmAgcozf5ops=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbRVZkRqbordeOyin1AOwyZNNOGZjJjcqdQSsGNv+LGhSJu/Ql3/o3pY6GtBwKHc+7h5p4gEVyD43xbmaXlldW17HpuY3Nre8fe3avpOFWUVWksYtUIiGaCS1YFDoI1EsVIFAhWD3rXY7/eZ0rzWN7DIGFeRDqSh5wSMJJvH5RPcIs9pLyPy77basegDZH4zi/7dt4pOBPgReLOSB7NUPHtL5OnacQkUEG0brpOAt6QKOBUsFGulWqWENojHdY0VJKIaW84uWGEj43SxmGszJOAJ+rvxJBEWg+iwExGBLp63huL/3nNFMJLb8hlkgKTdLooTAWGGI8LwW2uGAUxMIRQxc1fMe0SRSiY2nKmBHf+5EVSOyu4xULx9jxfuprVkUWH6AidIhddoBK6QRVURRQ9omf0it6sJ+vFerc+pqMZa5bZR39gff4AVjKWCg==</latexit>

B→ → B1 . . . BnRB
<latexit sha1_base64="qqiI9RZTIT7K+VJ04KBPfp3Y0fs=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQiVXcFN66kgn1AE8tkOmmHTiZhZqKUkP9w40IRt/6LO//GSZuFth4YOJxzL/fM8WPOlLbtb6u0srq2vlHerGxt7+zuVfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1J9e5332kUrFI3OtpTL0QjwQLGMHaSA/CZcINsR77fnqbDao1u27PgJaJU5AaFGgNql/uMCJJSIUmHCvVd+xYeymWmhFOs4qbKBpjMsEj2jdU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lCtejl4n9eP9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4Kz+OVl0jmrO4164+681rwq6ijDERzDKThwAU24gRa0gYCEZ3iFN+vJerHerY/5aMkqdg7hD6zPH9bykrk=</latexit>

n → N

catalyst

resulting 
state

BELL NONLOCALITY

Fig. 01. Usual Bell scenario where Alice and 
Bob locally measure a quantum state. 

<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

Fig. 03. Catalytic activation scenario, where Alice and 
Bob first locally transform a quantum state together 
with a shared catalyst, which is returned unchanged 

before the measurements of the Bell test.

<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="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> ··
·

Fig. 02. Many-copy activation scenario where n 
copies of a Bell-local state, when measured 

together locally by Alice and Bob, violate a Bell 
inequality.

Theorem 1. Let       be a Bell-local entangled state, such that n copies exhibit Bell nonlocality, i.e., such that         violates a 
Bell inequality for some finite n. Then, the Bell nonlocality of one copy of        can be catalytically activated. That is, a single 
copy of a Bell-local state          can be catalytically transformed into             , a Bell-nonlocal state, via the local transformations 
and catalyst state of Lemma 1. Moreover, the state of the catalyst may itself be Bell-local.

<latexit sha1_base64="JHWwZRXvrlBn6Vda8GzjeXHHMng=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL1FvXiMYB6SLGF2MkmGzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KYs6M9f1vL7eyura+kd8sbG3v7O4V9w8aRiWa0DpRXOlWhA3lTNK6ZZbTVqwpFhGnzWh0O/WbT1QbpuSDHcc0FHggWZ8RbJ302NFD1U2vbybdYskv+zOgZRJkpAQZat3iV6enSCKotIRjY9qBH9swxdoywumk0EkMjTEZ4QFtOyqxoCZMZwdP0IlTeqivtCtp0Uz9PZFiYcxYRK5TYDs0i95U/M9rJ7Z/GaZMxomlkswX9ROOrELT71GPaUosHzuCiWbuVkSGWGNiXUYFF0Kw+PIyaZyVg0q5cn9eql5lceThCI7hFAK4gCrcQQ3qQEDAM7zCm6e9F+/d+5i35rxs5hD+wPv8AbOukFU=</latexit>ωAB

<latexit sha1_base64="nVGufFNYx0Gq5JuxEnIaMvsQ8kU=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj1GvXhMwDwgG8PsZDYZMjuzzMwKYQnkV7x4UMSr3+HNv3HyOGhiQUNR1U13V5hwpo3nfTsrq2vrG5u5rfz2zu7evntwWNcyVYTWiORSNUOsKWeC1gwznDYTRXEcctoIB3cTv/FElWZSPJhhQtsx7gkWMYKNlTrucaD6spPd3I4es0AaFlONxKjjFryiNwVaJv6cFGCOSsf9CrqSpDEVhnCsdcv3EtPOsDKMcDrKB6mmCSYD3KMtSwW2e9rZ9PwROrNKF0VS2RIGTdXfExmOtR7Goe2MsenrRW8i/ue1UhNdtzMmktRQQWaLopQjI9EkC9RlihLDh5Zgopi9FZE+VpgYm1jehuAvvrxM6hdFv1QsVS8L5ep4FkcOTuAUzsGHKyjDPVSgBgQyeIZXeHPGzovz7nzMWleceYRH8AfO5w+ngZZn</latexit>

ω→n
AB

<latexit sha1_base64="JHWwZRXvrlBn6Vda8GzjeXHHMng=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL1FvXiMYB6SLGF2MkmGzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KYs6M9f1vL7eyura+kd8sbG3v7O4V9w8aRiWa0DpRXOlWhA3lTNK6ZZbTVqwpFhGnzWh0O/WbT1QbpuSDHcc0FHggWZ8RbJ302NFD1U2vbybdYskv+zOgZRJkpAQZat3iV6enSCKotIRjY9qBH9swxdoywumk0EkMjTEZ4QFtOyqxoCZMZwdP0IlTeqivtCtp0Uz9PZFiYcxYRK5TYDs0i95U/M9rJ7Z/GaZMxomlkswX9ROOrELT71GPaUosHzuCiWbuVkSGWGNiXUYFF0Kw+PIyaZyVg0q5cn9eql5lceThCI7hFAK4gCrcQQ3qQEDAM7zCm6e9F+/d+5i35rxs5hD+wPv8AbOukFU=</latexit>ωAB
<latexit sha1_base64="JHWwZRXvrlBn6Vda8GzjeXHHMng=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL1FvXiMYB6SLGF2MkmGzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KYs6M9f1vL7eyura+kd8sbG3v7O4V9w8aRiWa0DpRXOlWhA3lTNK6ZZbTVqwpFhGnzWh0O/WbT1QbpuSDHcc0FHggWZ8RbJ302NFD1U2vbybdYskv+zOgZRJkpAQZat3iV6enSCKotIRjY9qBH9swxdoywumk0EkMjTEZ4QFtOyqxoCZMZwdP0IlTeqivtCtp0Uz9PZFiYcxYRK5TYDs0i95U/M9rJ7Z/GaZMxomlkswX9ROOrELT71GPaUosHzuCiWbuVkSGWGNiXUYFF0Kw+PIyaZyVg0q5cn9eql5lceThCI7hFAK4gCrcQQ3qQEDAM7zCm6e9F+/d+5i35rxs5hD+wPv8AbOukFU=</latexit>ωAB

<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 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

Many-copy activation 
of Bell nonlocality

Catalytic activation of 
Bell nonlocality

<latexit sha1_base64="rhpSnNFJM3NiXyE3/AfNW2bxG+M=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWMC5gHJEmYnvcmQmdl1ZlYIIeA3ePGgiFd/x5t/4+Rx0MSChqKqm+6uKBXcWN//9tbWNza3tnM7+d29/YPDwtFxwySZZlhniUh0K6IGBVdYt9wKbKUaqYwENqPh7dRvPqI2PFH3dpRiKGlf8Zgzap3U6nDptqDpFop+yZ+BrJJgQYqwQLVb+Or0EpZJVJYJakw78FMbjqm2nAmc5DuZwZSyIe1j21FFJZpwPLt3Qs6d0iNxol0pS2bq74kxlcaMZOQ6JbUDs+xNxf+8dmbjm3DMVZpZVGy+KM4EsQmZPk96XCOzYuQIZZq7WwkbUE2ZdRHlXQjB8surpHFZCsqlcu2qWKk9zePIwSmcwQUEcA0VuIMq1IGBgGd4hTfvwXvx3r2Peeuat4jwBP7A+/wBcECQsw==</latexit>=→

CLASSES OF OPERATIONS

Fig. 04. The relation between the classes of transformations of 
quantum states CLO(d), LOCC and SLOCCQ(d).

CLO(d)

SLOCCQ(d)
SLOCCQ(d-1)

LOCCObservation 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)

<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. There exist catalytic local operations CLO(d) that can be realized with a catalyst state of Schmidt number at most 
d = 2n, and which cannot be realized via stochastic local operations with unlimited classical communication and quantum 
communication of at most dimension d-1, i.e., SLOCCQ(d-1). Concretely, take       to be a maximally entangled two-qubit 
state, with Schmidt number 2. Via Lemma 1, it can be catalytically transformed into state          , which has Schmidt number 
2n+1. On the other hand, SLOCC transformations cannot increase Schmidt number, and quantum communication of at least 
dimension 2n is necessary to increase the Schmidt number of            to 2n+1, hence SLOCCQ(d-1) with d = 2n is not enough.

<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→

<latexit sha1_base64="JHWwZRXvrlBn6Vda8GzjeXHHMng=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL1FvXiMYB6SLGF2MkmGzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KYs6M9f1vL7eyura+kd8sbG3v7O4V9w8aRiWa0DpRXOlWhA3lTNK6ZZbTVqwpFhGnzWh0O/WbT1QbpuSDHcc0FHggWZ8RbJ302NFD1U2vbybdYskv+zOgZRJkpAQZat3iV6enSCKotIRjY9qBH9swxdoywumk0EkMjTEZ4QFtOyqxoCZMZwdP0IlTeqivtCtp0Uz9PZFiYcxYRK5TYDs0i95U/M9rJ7Z/GaZMxomlkswX9ROOrELT71GPaUosHzuCiWbuVkSGWGNiXUYFF0Kw+PIyaZyVg0q5cn9eql5lceThCI7hFAK4gCrcQQ3qQEDAM7zCm6e9F+/d+5i35rxs5hD+wPv8AbOukFU=</latexit>ωAB

for 
<latexit sha1_base64="3yw6+eCNzLx+hmQfiDrG1yZ4YMw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVC9C0YvHCqYttLFsNpt26WYTdjdCCf0NXjwo4tUf5M1/4zbNQVsfDDzem2Fmnp9wprRtf1ultfWNza3ydmVnd2//oHp41FFxKgl1Scxj2fOxopwJ6mqmOe0lkuLI57TrT27nfveJSsVi8aCnCfUiPBIsZARrI7nBdeNRDKs1u27nQKvEKUgNCrSH1a9BEJM0okITjpXqO3aivQxLzQins8ogVTTBZIJHtG+owBFVXpYfO0NnRglQGEtTQqNc/T2R4UipaeSbzgjrsVr25uJ/Xj/V4ZWXMZGkmgqyWBSmHOkYzT9HAZOUaD41BBPJzK2IjLHERJt8KiYEZ/nlVdJp1J1mvXl/UWvdFHGU4QRO4RwcuIQW3EEbXCDA4Ble4c0S1ov1bn0sWktWMXMMf2B9/gA/uY5W</latexit>

d = 2n

<latexit sha1_base64="JHWwZRXvrlBn6Vda8GzjeXHHMng=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL1FvXiMYB6SLGF2MkmGzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KYs6M9f1vL7eyura+kd8sbG3v7O4V9w8aRiWa0DpRXOlWhA3lTNK6ZZbTVqwpFhGnzWh0O/WbT1QbpuSDHcc0FHggWZ8RbJ302NFD1U2vbybdYskv+zOgZRJkpAQZat3iV6enSCKotIRjY9qBH9swxdoywumk0EkMjTEZ4QFtOyqxoCZMZwdP0IlTeqivtCtp0Uz9PZFiYcxYRK5TYDs0i95U/M9rJ7Z/GaZMxomlkswX9ROOrELT71GPaUosHzuCiWbuVkSGWGNiXUYFF0Kw+PIyaZyVg0q5cn9eql5lceThCI7hFAK4gCrcQQ3qQEDAM7zCm6e9F+/d+5i35rxs5hD+wPv8AbOukFU=</latexit>ωAB

RESULTS


