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Abstract: <p><span style="display: inline !important; float: none; background-color: transparent; color: rgb(0, 0, 0); font-family: arial,sans-serif;
font-size: 12.8px; font-style: normal; font-variant: normal; font-weight: 400; letter-spacing: normal; orphans: 2; text-align: left; text-decoration:
none; text-indent: 0px; text-transform: none; -webkit-text-stroke-width: 0px; white-space: normal; word-spacing: 0px;">The entanglement
properties of random quantum states or dynamics are important to the study of a broad spectrum of disciplines of physics, ranging from quantum
information to high energy </span><span class="il" style="background-color: transparent; color: rgb(0, 0, 0); font-family: arial,sans-serif; font-size:
12.8px; font-style: normal; font-variant: normal; font-weight: 400; letter-spacing: normal; orphans: 2; text-align: left; text-decoration: none;
text-indent: 0px; text-transform: none; -webkit-text-stroke-width: 0px; white-space: normal; word-spacing: 0px;">and</span><span style="display:
inline !important; float: none; background-color: transparent; color: rgb(0, 0, 0); font-family: arial,sans-serif; font-size: 12.8px; font-style: normal;
font-variant: normal; font-weight: 400; letter-spacing: normal; orphans: 2; text-align: left; text-decoration: none; text-indent: 0px; text-transform:
none; -webkit-text-stroke-width: 0px; white-space: normal; word-spacing: 0px;"> many-body physics. This work investigates the interplay between
the degrees of entanglement </span><span class="il" style="background-color: transparent; color: rgb(0, 0, 0); font-family: arial,sans-serif;
font-size: 12.8px; font-style: normal; font-variant: normal; font-weight: 400; letter-spacing: normal; orphans: 2; text-align: left; text-decoration:
none; text-indent: 0px; text-transform: none; -webkit-text-stroke-width: 0px; white-space: normal; word-spacing: 0px;">and</span><span
style="display: inline !important; float: none; background-color: transparent; color: rgb(0, 0, 0); font-family: arial,sans-serif; font-size: 12.8px;
font-style: normal; font-variant: normal; font-weight: 400; letter-spacing: normal; orphans: 2; text-align: left; text-decoration: none; text-indent: 0px;
text-transform: none; -webkit-text-stroke-width: 0px; white-space: normal; word-spacing: 0px;"> randomness in pure states </span><span class="il"
style="background-color: transparent; color: rgb(0, 0, 0); font-family: arial,sans-serif; font-size: 12.8px; font-style: normal; font-variant: normal;
font-weight: 400; letter-spacing: normal; orphans: 2; text-align: left; text-decoration: none; text-indent: 0px; text-transform: none;
-webkit-text-stroke-width: 0px; white-space: normal; word-spacing: 0px;">and</span><span style="display: inline !important; float: none;
background-color: transparent; color: rgb(0, 0, 0); font-family: arial,sans-serif; font-size: 12.8px; font-style: normal; font-variant: normal;
font-weight: 400; letter-spacing: normal; orphans: 2; text-align: left; text-decoration: none; text-indent: 0px; text-transform: none;
-webkit-text-stroke-width: 0px; white-space: normal; word-spacing: 0px;"> unitary channels, by employing tools from random matrix theory,
representation theory, combinatorics, Weingarten calculus etc. We reveal strong connections between designs (distributions of states or unitaries that
match certain moments of the uniform Haar measure) </span><span class="il" style="background-color: transparent; color: rgb(0, 0, 0);
font-family: arial,sans-serif; font-size: 12.8px; font-style: normal; font-variant: normal; font-weight: 400; letter-spacing: normal; orphans: 2;
text-align: left; text-decoration: none; text-indent: 0px; text-transform: none; -webkit-text-stroke-width: 0px; white-space: normal; word-spacing:
0px;">and</span><span style="display: inline !important; float: none; background-color: transparent; color: rgb(0, 0, 0); font-family:
arial,sans-serif; font-size: 12.8px; font-style: normal; font-variant: normal; font-weight: 400; letter-spacing: normal; orphans: 2; text-align: left;
text-decoration: none; text-indent: 0px; text-transform: none; -webkit-text-stroke-width: 0px; white-space: normal; word-spacing: 0px;">
generalized entropies (entropic functions that depend on certain powers of the density operator), by showing that Renyi entanglement entropies
averaged over designs of the same order are almost maximal. This strengthens the celebrated Page's theorem. Moreover, we find that designs of an
order that is logarithmic in the dimension maximize all Renyi entanglement entropies, </span><span class="il" style="background-color:
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transparent; color: rgb(0, 0, 0); font-family: arial,sans-serif; font-size: 12.8px; font-style: normal; font-variant: normal; font-weight: 400;
letter-spacing: normal; orphans: 2; text-align: left; text-decoration: none; text-indent: 0px; text-transform: none; -webkit-text-stroke-width: 0px;
white-space: normal; word-spacing: 0px;">and</span><span style="display: inline !important; float: none; background-color: transparent; color:
rgb(0, 0, 0); font-family: arial,sans-serif; font-size: 12.8px; font-style: normal; font-variant: normal; font-weight: 400; letter-spacing: normal;
orphans: 2; text-align: left; text-decoration: none; text-indent: 0px; text-transform: none; -webkit-text-stroke-width: 0px; white-space: normal;
word-spacing: 0px;"> so are completely random in terms of the entanglement spectrum. Our results relate the behaviors of Renyi entanglement
entropies to the complexity beyond scrambling/thermalization/</span><wbr style="background-color: transparent; color: rgb(0, 0, 0); display:
inline-block; font-family: arial,sans-serif; font-size: 12.8px; font-style: normal; font-variant: normal; font-weight: 400; letter-spacing: normal;
orphans: 2; text-align: left; text-decoration: none; text-indent: 0px; text-transform: none; -webkit-text-stroke-width: 0px; white-space: normal;
word-spacing: 0px;" /><span style="display: inline !important; float: none; background-color: transparent; color: rgb(0, 0, 0); font-family:
arial,sans-serif; font-size: 12.8px; font-style: normal; font-variant: normal; font-weight: 400; letter-spacing: normal; orphans: 2; text-align: left;
text-decoration: none; text-indent: 0px; text-transform: none; -webkit-text-stroke-width: 0px; white-space: normal; word-spacing: 0px;">chaos in
terms of the degree of randomness, </span><span class="il" style="background-color: transparent; color: rgb(0, 0, 0); font-family: arial,sans-serif;
font-size: 12.8px; font-style: normal; font-variant: normal; font-weight: 400; letter-spacing: normal; orphans: 2; text-align: left; text-decoration:
none; text-indent: 0px; text-transform: none; -webkit-text-stroke-width: 0px; white-space: normal; word-spacing: 0px;">and</span><span
style="display: inline !important; float: none; background-color: transparent; color: rgb(0, 0, 0); font-family: arial,sans-serif; font-size: 12.8px;
font-style: normal; font-variant: normal; font-weight: 400; letter-spacing: normal; orphans: 2; text-align: left; text-decoration: none; text-indent: 0px;
text-transform: none; -webkit-text-stroke-width: 0px; white-space: normal; word-spacing: 0px;"> suggest a generalization of the fast scrambling
conjecture. &nbsp;(Refs: 1703.08104, 1709.04313)</span></p>
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