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1. CubeHarmonic





l 
alla musica e molto altro ancora.

avevo notato un negozio che ven-



Cube Har moni c



Sendai (Japan), Prof. Kitamura Lab, 2017
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2. Voice



Renata Tebaldi

pitch



3. Neural activity





4. Memory





Musical matrices Analysis: pairs of parameters. 
A matrix for each musical sequence. 
An example with frequency-onset

<latexit sha1_base64="UzL+/GrEg5Y6s4ecGFKYFivS+yI=">AAACAHicbVA9SwNBEN2LXzF+nVpY2BwGwSrchfhRWARtLCOYRMiFY29vkizZ+3B3TghHGv+KjYUitv4MO/+Nm+QKTXww8Hhvhpl5fiK4Qtv+NgpLyyura8X10sbm1vaOubvXUnEqGTRZLGJ571MFgkfQRI4C7hMJNPQFtP3h9cRvP4JUPI7ucJRAN6T9iPc4o6glzzywXQEPbgACqZe5SNPxpV2pnnpm2a7YU1iLxMlJmeRoeOaXG8QsDSFCJqhSHcdOsJtRiZwJGJfcVEFC2ZD2oaNpRENQ3Wz6wNg61kpg9WKpK0Jrqv6eyGio1Cj0dWdIcaDmvYn4n9dJsXfRzXiUpAgRmy3qpcLC2JqkYQVcAkMx0oQyyfWtFhtQSRnqzEo6BGf+5UXSqlacs0rttlauX+VxFMkhOSInxCHnpE5uSIM0CSNj8kxeyZvxZLwY78bHrLVg5DP75A+Mzx+l4ZXM</latexit>

0 ! ! ! < 0.25
<latexit sha1_base64="jXaf5STpDDa7isFfz4M61cGqaCM=">AAACAnicbVDJSgNBEO1xjXGLehIvg0HwNMyERD14CHrxGMEskAmhp6cmadKz2F0jhCF48Ve8eFDEq1/hzb+xsxw08UHB470qqup5ieAKbfvbWFpeWV1bz23kN7e2d3YLe/sNFaeSQZ3FIpYtjyoQPII6chTQSiTQ0BPQ9AbXY7/5AFLxOLrDYQKdkPYiHnBGUUvdwqFtlSqugHvXB4G0m7lI09GlbVW6haJt2ROYi8SZkSKZodYtfLl+zNIQImSCKtV27AQ7GZXImYBR3k0VJJQNaA/amkY0BNXJJi+MzBOt+GYQS10RmhP190RGQ6WGoac7Q4p9Ne+Nxf+8dorBRSfjUZIiRGy6KEiFibE5zsP0uQSGYqgJZZLrW03Wp5Iy1KnldQjO/MuLpFGynDOrfFsuVq9mceTIETkmp8Qh56RKbkiN1Akjj+SZvJI348l4Md6Nj2nrkjGbOSB/YHz+AIu2lkM=</latexit>

0.25 ! ! ! < 0.5
<latexit sha1_base64="VcoDRIdJFXKjcRtapIhSL1ds8Dc=">AAACAnicbVDJSgNBEO1xjXEb9SReBoPgaZiRxHjwEPTiMYJZIBNCT6cmadKz2F0jhCF48Ve8eFDEq1/hzb+xsxw08UHB470qqur5ieAKHefbWFpeWV1bz23kN7e2d3bNvf26ilPJoMZiEcumTxUIHkENOQpoJhJo6Ato+IPrsd94AKl4HN3hMIF2SHsRDzijqKWOeejYJU/AvdcFgbSTeUjT0aVjl0sds+DYzgTWInFnpEBmqHbML68bszSECJmgSrVcJ8F2RiVyJmCU91IFCWUD2oOWphENQbWzyQsj60QrXSuIpa4IrYn6eyKjoVLD0NedIcW+mvfG4n9eK8Xgop3xKEkRIjZdFKTCwtga52F1uQSGYqgJZZLrWy3Wp5Iy1KnldQju/MuLpH5mu+d28bZYqFzN4siRI3JMTolLyqRCbkiV1Agjj+SZvJI348l4Md6Nj2nrkjGbOSB/YHz+AJcFlkg=</latexit>

0.5 ! ! ! < 0.75
<latexit sha1_base64="Kn8p8K4oX51X5+Aah7Nu0FKCC4c=">AAACBHicbVDJSgNBEO2JW4zbqMdcGoPgKcyIGo9BLx4jmAUyQ+jpVJImPYvdNUIYcvDir3jxoIhXP8Kbf2NnOWjig4LHe1VU1QsSKTQ6zreVW1ldW9/Ibxa2tnd29+z9g4aOU8WhzmMZq1bANEgRQR0FSmglClgYSGgGw+uJ33wApUUc3eEoAT9k/Uj0BGdopI5ddMqVc0/CvdcFiayTecjS8USgbscuOWVnCrpM3DkpkTlqHfvL68Y8DSFCLpnWbddJ0M+YQsEljAteqiFhfMj60DY0YiFoP5s+MabHRunSXqxMRUin6u+JjIVaj8LAdIYMB3rRm4j/ee0Ue5d+JqIkRYj4bFEvlRRjOkmEdoUCjnJkCONKmFspHzDFOJrcCiYEd/HlZdI4LbsX5bPbs1L1ah5HnhTJETkhLqmQKrkhNVInnDySZ/JK3qwn68V6tz5mrTlrPnNI/sD6/AGmv5d8</latexit>

0.75 ! ! ! ! 1

<latexit sha1_base64="DG75+ZjMRJ7zQUN6P01k7xGDMPY=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4ColU67LoxmUF+4CmlMnkth06mcSZiVBCwY2/4saFIm79CXf+jdM2C209cOHMOfcy954g4Uxp1/22lpZXVtfWCxvFza3tnV17b7+h4lRSqNOYx7IVEAWcCahrpjm0EgkkCjg0g+H1xG8+gFQsFnd6lEAnIn3BeowSbaSufeg6lXOfw70fAtekm/kiHU/e2OvaJddxp8CLxMtJCeWode0vP4xpGoHQlBOl2p6b6E5GpGaUw7jopwoSQoekD21DBYlAdbLpDWN8YpQQ92JpSmg8VX9PZCRSahQFpjMieqDmvYn4n9dOde+ykzGRpBoEnX3USznWMZ4EgkMmgWo+MoRQycyumA6IJFSb2IomBG/+5EXSOHO8C6d8Wy5Vr/I4CugIHaNT5KEKqqIbVEN1RNEjekav6M16sl6sd+tj1rpk5TMH6A+szx/br5cL</latexit>

0.75 ! ! ! ! 1

<latexit sha1_base64="RHX1vv8iVAGgPtB6ifFvFBe4x5s=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgKiTSWhcuim5cVrAPaEqZTG/aoZNJnJkIJRQ3/oobF4q49Svc+TdOHwttPXDhcM693HtPkHCmtOt+W0vLK6tr67mN/ObW9s6uvbdfV3EqKdRozGPZDIgCzgTUNNMcmokEEgUcGsHgeuw3HkAqFos7PUygHZGeYCGjRBupYx+6TsnncO93gWvSyXyRji6x65RLHbvgOu4EeJF4M1JAM1Q79pffjWkagdCUE6VanpvodkakZpTDKO+nChJCB6QHLUMFiUC1s8kLI3xilC4OY2lKaDxRf09kJFJqGAWmMyK6r+a9sfif10p1eNHOmEhSDYJOF4UpxzrG4zxwl0mgmg8NIVQycyumfSIJ1Sa1vAnBm395kdTPHO/cKd4WC5WrWRw5dISO0SnyUBlV0A2qohqi6BE9o1f0Zj1ZL9a79TFtXbJmMwfoD6zPHypAlgE=</latexit>

0.5 ! ! ! < 0.75

<latexit sha1_base64="hkTh91QoL6BGo6ipny69WW8vXec=">AAACAnicbVDLSsNAFJ34rPVVdSVuBovgKiSlVRcuim5cVrAPaEqZTG7aoZNJnJkIJRQ3/oobF4q49Svc+TdOHwttPXDhcM693HuPn3CmtON8W0vLK6tr67mN/ObW9s5uYW+/oeJUUqjTmMey5RMFnAmoa6Y5tBIJJPI5NP3B9dhvPoBULBZ3ephAJyI9wUJGiTZSt3Do2KWKx+HeC4Br0s08kY4usWNXuoWiYzsT4EXizkgRzVDrFr68IKZpBEJTTpRqu06iOxmRmlEOo7yXKkgIHZAetA0VJALVySYvjPCJUQIcxtKU0Hii/p7ISKTUMPJNZ0R0X817Y/E/r53q8KKTMZGkGgSdLgpTjnWMx3nggEmgmg8NIVQycyumfSIJ1Sa1vAnBnX95kTRKtntml2/LxerVLI4cOkLH6BS56BxV0Q2qoTqi6BE9o1f0Zj1ZL9a79TFtXbJmMwfoD6zPHx84lfw=</latexit>

0.25 ! ! ! < 0.5

<latexit sha1_base64="orRZz3eP+D742ZpgwjcWtqJeK0A=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrchfhRWARtLCOYRMiFY29vkizZ2zt394RwpPGv2FgoYuvPsPPfuEmu0MQHA4/3ZpiZFyScKe0431ZhaXllda24XtrY3NresXf3WipOJYUmjXks7wOigDMBTc00h/tEAokCDu1geD3x248gFYvFnR4l0I1IX7Aeo0QbybcPHI/DgxcC18TPPJGOL7FTqZ76dtmpOFPgReLmpIxyNHz7ywtjmkYgNOVEqY7rJLqbEakZ5TAueamChNAh6UPHUEEiUN1s+sAYHxslxL1YmhIaT9XfExmJlBpFgemMiB6oeW8i/ud1Ut276GZMJKkGQWeLeinHOsaTNHDIJFDNR4YQKpm5FdMBkYRqk1nJhODOv7xIWtWKe1ap3dbK9as8jiI6REfoBLnoHNXRDWqgJqJojJ7RK3qznqwX6936mLUWrHxmH/2B9fkDORyVhQ==</latexit>

0 ! ! ! < 0.25
fraction of notes 

with onset in [0, 0.25[ 
and pitch in [0, 0.25]



A toy example

<latexit sha1_base64="oObLRS4TRG5KzBbm6u3xsLRAtC4="></latexit>
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A less toy example

<latexit sha1_base64="5/vxvrAiX52JoUUg/w2couYngVs="></latexit>

! 2 =

!

"
"
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0.06 0 0.03 0.12
0.12 0.19 0.19 0.12

0 0.06 0.03 0.00
0.06 0 0 0
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Some results

M. C. Escher, Still Life with Spherical Mirror, 1934 Original code in C: M. Mannone 

Max MSP re-writing: O. C. Hamido



Liebestod Santa Rosalia [a keyboard 
improvisation]R. Wagner M. Mannone



Macro-sequences (halves) from midi Þles

<latexit sha1_base64="1NtqcOT1zMEu82QC1Kd9cnE5yi8=">AAACEnicbVDLSsNAFJ34rPUVdelmsAitaEikPjZCG124rGAf0IYymU7aoZMHMxOhhH6DG3/FjQtF3Lpy5984TbPQ1nO5cDjnXmbucSNGhTTNb21hcWl5ZTW3ll/f2Nza1nd2GyKMOSZ1HLKQt1wkCKMBqUsqGWlFnCDfZaTpDq8nfvOBcEHD4F6OIuL4qB9Qj2IkldTVS1UbXkHkimL1xC4dd7K6SWXTODuSHGFSrNqlrl4wDTMFnCdWRgogQ62rf3V6IY59EkjMkBBty4ykkyAuKWZknO/EgkQID1GftBUNkE+Ek6QnjeGhUnrQC7nqQMJU/b2RIF+Ike+qSR/JgZj1JuJ/XjuW3qWT0CCKJQnw9CEvZlCGcJIP7FFOsGQjRRDmVP0V4gFSIUiVYl6FYM2ePE8ap4Z1bpTvyoWKncWRA/vgABSBBS5ABdyCGqgDDB7BM3gFb9qT9qK9ax/T0QUt29kDf6B9/gAJN5i1</latexit>

AB = abs(A ! B ), DAB = 0 .5 " trace(AB )

<latexit sha1_base64="qFDu6+g7b/x/zhLvOMB9cv3cstk=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KGVXinqs9eKxgtsW2qVk02wbmk2WJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxPOtHHdb2dtfWNza7uwU9zd2z84LB0dt7RMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDfz209UaSbFo5kkNIjxULCIEWys5N9WepVGv1R2q+4caJV4OSlDjma/9NUbSJLGVBjCsdZdz01MkGFlGOF0WuylmiaYjPGQdi0VOKY6yObHTtG5VQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CbImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+RRuCt/zyKmldVr2rau2hVq438jgKcApncAEeXEMd7qEJPhBg8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gCgyY3s</latexit>

A, B e.g., frequency-start matrices of Þrst and second half of the piece

M. Mannone and O. C. Hamido, Quantum Memory: Measuring the Degree of Non-Markovianity of Orchestral Music, In: E. Miranda, 
Advances in Quantum Computer Music, WSPC Book Series in Unconventional Computing, World Scientific, Singapore, 2025



A density matrix ! (t) for a swarm at time t

Description of a swarm of robots as a whole physical system

M. Mannone, M. Anand, P. Fazio, A. Swikir, A Novel Theoretical Approach on Micro-Nano Robotic Networks Based on 
Density Matrices and Swarm Quantum Mechanics. Under review

Which density matrices?

Vice versa: from density matrices to music



M. Mannone, M. Anand, P. Fazio, A. Swikir, A Novel Theoretical Approach on Micro-Nano Robotic Networks Based on 
Density Matrices and Swarm Quantum Mechanics. Under review

Robot 1

A qubit for position along x, a qubit for position along y

! ! 1(t0)! =
1

2
( ! 00! + ! 11! )

! ! 2(t0)! = ! 00!Robot 2
"1(t0) =

1

2
( ! 00!" 00! + ! 11!" 11! ) =

1

2

1 0 0 1
0 0 0 0
0 0 0 0
1 0 0 1

"2(t0) = ! 00!" 00! =

1 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

Density matrices



M. Mannone, M. Anand, P. Fazio, A. Swikir, A Novel Theoretical Approach on Micro-Nano Robotic Networks Based on 
Density Matrices and Swarm Quantum Mechanics. Under review

"1(t0) =
1

2
( ! 00!" 00! + ! 11!" 11! ) =

1

2

1 0 0 1
0 0 0 0
0 0 0 0
1 0 0 1

"2(t0) = ! 00!" 00! =

1 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

"mix(t0) =
"1(t0) + "2(t0)

2
=

0.75 0. 0. 0.25
0. 0. 0. 0.
0. 0. 0. 0.

0.25 0. 0. 0.25

The toy swarm



Éand its soniÞcation.

A density matrix ! (t) for a swarm at time t



100 robots

"2(ti) =

0.237 + 0.j 0.174 + 0.009j 0.153# 0.007j 0.183 + 0.j
0.174# 0.009j 0.258 + 0.j 0.179# 0.022j 0.207# 0.007j
0.153 + 0.007j 0.179 + 0.022j 0.227# 0.j 0.188 + 0.014j

0.183# 0.j 0.207 + 0.007j 0.188# 0.014j 0.278# 0.j

With frequency modulation for the imaginary part



Using the fragments as themesÉ Éand getting new matrices.

Quantum Quartet

(Édistribution matrices, non ÒdensityÓ ones)





The piece played by Magdalena Chudy



2023

2021









Thank you for your attention!

maria.mannone@uni-potsdam.de
maria.mannone@icar.cnr.it


