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1. Cosmic ray neutrons

Energetic cosmic ray neutrons are produced in hadronic interactions. At ultrahigh energies, the decay timescales of these neutrons is dilated, allowing them to traverse
distances on the scale of galactic and cosmological structures. Unlike charged cosmic rays, neutrons are not deflected by magnetic fields. They propagate ballistically at
the speed of light in straight lines. The presence of a neutral baryonic cosmic ray component formed in galaxies, groups, clusters, or cosmological filaments can facilitate
the escape and leakage of cosmic rays from magnetic structures that would otherwise confine them. This mechanism particularly impacts the exchange of ultrahigh-
energy particles across magnetic interfaces between galaxy groups, clusters, cosmological filaments and voids.

Cosmic rays are energetic, relativistic particles that include hadrons and leptons.
They are often considered to be charged, but some cosmic rays are actually neutral.
In certain situations, the amount of neutral cosmic-ray baryons can be substantial.
For instance, neutrons constitute a large fraction of the baryons in atmospheric
cosmic-ray showers (e.g. Schimassek et al. 2024), and most of the cosmic-ray
baryons detected at sea level on Earth are neutrons (see Ziegler 1998, Sato 2015).

Free neutrons have a lifetime of 879.6± 0.8 s (Particle Data Group, 2020) in their rest
frame. At ultrahigh energies, the measured lifetimes of neutrons by the observer can
be significantly longer due to relativistic time dilation. High-energy neutrons can
therefore propagate ballistically over large distances after they are produced. A 100
PeV neutron can easily cross galaxy-scale structures, and a 10 EeV neutron can
traverse a galaxy cluster or super cluster.
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<latexit sha1_base64="4iRTaTRKfMvdk8MTwgpVuMM61d8=">AAAB/3icbVBNS8NAEJ34WeNXVPDiZbEInkpSQT0We/FYwX5AG8pms2mXbjZhdyOU2IN/xYsHRbz6N7z5b9y2OWjrg4HHezPMzAtSzpR23W9rZXVtfWOztGVv7+zu7TsHhy2VZJLQJkl4IjsBVpQzQZuaaU47qaQ4DjhtB6P61G8/UKlYIu71OKV+jAeCRYxgbaS+c2znPRVFOGZ8jOpDLATlyJv0nbJbcWdAy8QrSBkKNPrOVy9MSBZToQnHSnU9N9V+jqVmhNOJ3csUTTEZ4QHtGipwTJWfz+6foDOjhChKpCmh0Uz9PZHjWKlxHJjOGOuhWvSm4n9eN9PRtZ8zkWaaCjJfFGUc6QRNw0Ahk5Ro83nIMJHM3IrIEEtMtInMNiF4iy8vk1a14l1WLu6q5dpNEUcJTuAUzsGDK6jBLTSgCQQe4Rle4c16sl6sd+tj3rpiFTNH8AfW5w/7aJVw</latexit>

Channel 1

<latexit sha1_base64="SSQ6W03QBEVAwzqOVSiDnFmEXYg=">AAAB/3icbVBNS8NAEJ34WeNXVPDiZbEInkpSQT0We/FYwX5AG8pms2mXbjZhdyOU2IN/xYsHRbz6N7z5b9y2OWjrg4HHezPMzAtSzpR23W9rZXVtfWOztGVv7+zu7TsHhy2VZJLQJkl4IjsBVpQzQZuaaU47qaQ4DjhtB6P61G8/UKlYIu71OKV+jAeCRYxgbaS+c2znPRVFOGZ8jOpDLATlqDrpO2W34s6AlolXkDIUaPSdr16YkCymQhOOlep6bqr9HEvNCKcTu5cpmmIywgPaNVTgmCo/n90/QWdGCVGUSFNCo5n6eyLHsVLjODCdMdZDtehNxf+8bqajaz9nIs00FWS+KMo40gmahoFCJinR5vOQYSKZuRWRIZaYaBOZbULwFl9eJq1qxbusXNxVy7WbIo4SnMApnIMHV1CDW2hAEwg8wjO8wpv1ZL1Y79bHvHXFKmaO4A+szx/87ZVx</latexit>

Channel 2

<latexit sha1_base64="cEvAFgchhE8vbB3irwCzjWEkLsw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTeCWgZtLCOYByRLmJ2dTYbMzC4zd4WwpLXxV2wsFLH1D+z8GyfJFpp44MLhnHu5nBOmghvwvG9nZXVtfWOztFXe3tnd23cPDlsmyTRlTZqIRHdCYpjgijWBg2CdVDMiQ8Ha4ehm6rcfmDY8UfcwTlkgyUDxmFMCVuq7uJz3TBwTycUYN6yEZSaA29eUA2dm0ncrXtWbAS8TvyAVVKDRd796UUIzyRRQQYzp+l4KQU40cCrYpNzLDEsJHZEB61qqiGQmyGdJJvjUKhGOE21HAZ6pvy9yIo0Zy9BuSgJDs+hNxf+8bgbxVZBzlWbAFJ0/ijOBIcHTWnDENaNgO4g4odpGp5gOiSYUbHllW4K/GHmZtGpV/6J6fler1K+LOkroGJ2gM+SjS1RHt6iBmoiiR/SMXtGb8+S8OO/Ox3x1xSlujtAfOJ8/06aacQ==</latexit>

Pion multiplicities
<latexit sha1_base64="hdPBFtWJZDxmo+QGwS9hkXyIC3M=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBKuxGUMugjWUE84BkCbOzd5MhM7PLzKwQlpQ2/oqNhSK2foKdf+PkUWjigQuHc+7l3nvClDNtPO/bKaysrq1vFDdLW9s7u3vu/kFTJ5mi0KAJT1Q7JBo4k9AwzHBopwqICDm0wuHNxG89gNIskfdmlEIgSF+ymFFirNRzj0t5V8cxEYyPMDF4wPoDUBgkqD4DPe65Za/iTYGXiT8nZTRHved+daOEZgKkoZxo3fG91AQ5UYZRDuNSN9OQEjokfehYKokAHeTTR8b41CoRjhNlSxo8VX9P5ERoPRKh7RTEDPSiNxH/8zqZia+CnMk0MyDpbFGccWwSPEkFR0wBNTaCiBGqmL0V0wFRhBqbXcmG4C++vEya1Yp/UTm/q5Zr1/M4iugInaAz5KNLVEO3qI4aiKJH9Ixe0Zvz5Lw4787HrLXgzGcO0R84nz9uPJme</latexit>

at higher energies
<latexit sha1_base64="7R8rgdcPob75eb9VZWmvIYbrTK4=">AAACBXicbVC7TsMwFHXKq4RXgBEGiwqpLFVSJGCsYGEsEn1IbVQ5jtNadezIdpCqqAsLv8LCAEKs/AMbf4PTZoCWI1k6OudeXZ8TJIwq7brfVmlldW19o7xpb23v7O45+wdtJVKJSQsLJmQ3QIowyklLU81IN5EExQEjnWB8k/udByIVFfxeTxLix2jIaUQx0kYaOMd21ldRhGLKJrAaCD2CeIQ4J0ydTQdOxa25M8Bl4hWkAgo0B85XPxQ4jQnXmCGlep6baD9DUlPMyNTup4okCI/RkPQM5Sgmys9mKabw1CghjIQ0j2s4U39vZChWahIHZjJGeqQWvVz8z+ulOrryM8qTVBOO54eilEEtYF4JDKkkWJv8IUVYUvPXvAOJsDbF2aYEbzHyMmnXa95F7fyuXmlcF3WUwRE4AVXggUvQALegCVoAg0fwDF7Bm/VkvVjv1sd8tGQVO4fgD6zPH6jEmAw=</latexit>

(both channels)

<latexit sha1_base64="2wZQwXbrO1RgIYiDhoL2LGjP+OU=">AAACC3icbVDLSgMxFM3UV62vUZduQlvBVZmpoC6LblxWsA9oS7mTZtrQJDMkGaEM3bvxV9y4UMStP+DOvzHTdqGtBwKHc87l5p4g5kwbz/t2cmvrG5tb+e3Czu7e/oF7eNTUUaIIbZCIR6odgKacSdowzHDajhUFEXDaCsY3md96oEqzSN6bSUx7AoaShYyAsVLfLRbSrg5DEIxPcFzuDkEIKGMmDVVAssy075a8ijcDXiX+gpTQAvW++9UdRCQRVBrCQeuO78Wml4IyjHA6LXQTTWMgYxjSjqUSBNW9dHbLFJ9aZYDDSNknDZ6pvydSEFpPRGCTAsxIL3uZ+J/XSUx41UuZjBNDJZkvChOOTYSzYvCAKUqMbWHAgChm/4rJCLISbH0FW4K/fPIqaVYr/kXl/K5aql0v6sijE1REZ8hHl6iGblEdNRBBj+gZvaI358l5cd6dj3k05yxmjtEfOJ8/d2qatQ==</latexit>

p� interaction

2. Neutron production in hadronic interactions

3. Cosmic rays in magnetized structures

4. Neutron escape channel

Cosmic rays are accelerated to relativistic energies in violent, magnetized
astrophysical environments. Standard acceleration scenarios generally require these
particles to be charged (e.g. Fermi 1949, Bell 1978). The fraction of neutral cosmic
rays at their sources is therefore typically small. As they propagate away from their
sources, cosmic-ray hadrons with energies above a threshold of ~280 MeV can
interact with ambient matter (via 𝑝𝑝 interactions), or radiation fields (via 𝑝𝛾
interactions). These interactions produce secondary particles, with a large fraction
being neutrons (see Figures 1 and 2).

<latexit sha1_base64="nb9k/K+6SgTn4766aL5QP9p4JMk=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsxUUJdFNy4r2Ae0Q8lkMm1okglJRihDF278FTcuFHHrR7jzb8y0s9DWA4HDOfdyc04oGdXG876d0tr6xuZWebuys7u3f+AeHnV0kipM2jhhieqFSBNGBWkbahjpSUUQDxnphpOb3O8+EKVpIu7NVJKAo5GgMcXIWGnoVivZQMcx4pRNoZSQCkMUwrk5G7o1r+7NAVeJX5AaKNAaul+DKMEpJ8JghrTu+540QYaUoZiRWWWQaiIRnqAR6VsqECc6yOYhZvDUKhGME2WfMHCu/t7IENd6ykM7yZEZ62UvF//z+qmJr4KMCpkaIvDiUJwyaBKYNwIjqgg2Nn5EEVbU/hXiMcpLsL1VbAn+cuRV0mnU/Yv6+V2j1rwu6iiDKjgBZ8AHl6AJbkELtAEGj+AZvII358l5cd6dj8VoySl2jsEfOJ8/z4yYOA==</latexit>

pp interaction

<latexit sha1_base64="QpG+/w+xD/4/CN+EZUliNqaUbFs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QLiWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfju5nffqLasEQ+2omiocBDyWJGsHVSO+tpgdS0X674VX8OtEqCnFQgR6Nf/uoNEpIKKi3h2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMSC2rCbH7uFJ05ZYDiRLuSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjUqWWSrJYFKcc2QTNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDa6qlw+1Sv02j6MIJ3AK5xDANdThHhrQBAJjeIZXePOU9+K9ex+L1oKXzxzDH3ifP0ivj4s=</latexit>p<latexit sha1_base64="QpG+/w+xD/4/CN+EZUliNqaUbFs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QLiWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfju5nffqLasEQ+2omiocBDyWJGsHVSO+tpgdS0X674VX8OtEqCnFQgR6Nf/uoNEpIKKi3h2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMSC2rCbH7uFJ05ZYDiRLuSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjUqWWSrJYFKcc2QTNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDa6qlw+1Sv02j6MIJ3AK5xDANdThHhrQBAJjeIZXePOU9+K9ex+L1oKXzxzDH3ifP0ivj4s=</latexit>p
<latexit sha1_base64="/ad4gPXzQmedv8O3XGK0FPGKtQM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQklU1GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGtxO/+cS1EbF6xFHC/Yj2lQgFo2ilh1PSLZXdijsFWSReTsqQo9YtfXV6MUsjrpBJakzbcxP0M6pRMMnHxU5qeELZkPZ521JFI278bHrpmBxbpUfCWNtSSKbq74mMRsaMosB2RhQHZt6biP957RTDaz8TKkmRKzZbFKaSYEwmb5Oe0JyhHFlCmRb2VsIGVFOGNpyiDcGbf3mRNM4q3mXl/P6iXL3J4yjAIRzBCXhwBVW4gxrUgUEIz/AKb87QeXHenY9Z65KTzxzAHzifP8mwjOE=</latexit>

+
<latexit sha1_base64="4OBPmYrMNBGUgUd8JL8e0FdyqAg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoYxnBmEByhL3NJlmyu3fszgnhyI+wsVDE1t9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x882jg1jDdYLGPTiqjlUmjeQIGStxLDqYokb0aj26nffOLGilg/4DjhoaIDLfqCUXRSM+sYRfSkW674VX8GskyCnFQgR71b/ur0YpYqrpFJam078BMMM2pQMMknpU5qeULZiA5421FNFbdhNjt3Qk6c0iP92LjSSGbq74mMKmvHKnKdiuLQLnpT8T+vnWL/OsyETlLkms0X9VNJMCbT30lPGM5Qjh2hzAh3K2FDaihDl1DJhRAsvrxMHs+qwWX1/P6iUrvJ4yjCERzDKQRwBTW4gzo0gMEInuEV3rzEe/HevY95a8HLZw7hD7zPH0Wlj4k=</latexit>n

<latexit sha1_base64="QpG+/w+xD/4/CN+EZUliNqaUbFs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QLiWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfju5nffqLasEQ+2omiocBDyWJGsHVSO+tpgdS0X674VX8OtEqCnFQgR6Nf/uoNEpIKKi3h2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMSC2rCbH7uFJ05ZYDiRLuSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjUqWWSrJYFKcc2QTNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDa6qlw+1Sv02j6MIJ3AK5xDANdThHhrQBAJjeIZXePOU9+K9ex+L1oKXzxzDH3ifP0ivj4s=</latexit>p
<latexit sha1_base64="/ad4gPXzQmedv8O3XGK0FPGKtQM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQklU1GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGtxO/+cS1EbF6xFHC/Yj2lQgFo2ilh1PSLZXdijsFWSReTsqQo9YtfXV6MUsjrpBJakzbcxP0M6pRMMnHxU5qeELZkPZ521JFI278bHrpmBxbpUfCWNtSSKbq74mMRsaMosB2RhQHZt6biP957RTDaz8TKkmRKzZbFKaSYEwmb5Oe0JyhHFlCmRb2VsIGVFOGNpyiDcGbf3mRNM4q3mXl/P6iXL3J4yjAIRzBCXhwBVW4gxrUgUEIz/AKb87QeXHenY9Z65KTzxzAHzifP8mwjOE=</latexit>

+

<latexit sha1_base64="/ad4gPXzQmedv8O3XGK0FPGKtQM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQklU1GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGtxO/+cS1EbF6xFHC/Yj2lQgFo2ilh1PSLZXdijsFWSReTsqQo9YtfXV6MUsjrpBJakzbcxP0M6pRMMnHxU5qeELZkPZ521JFI278bHrpmBxbpUfCWNtSSKbq74mMRsaMosB2RhQHZt6biP957RTDaz8TKkmRKzZbFKaSYEwmb5Oe0JyhHFlCmRb2VsIGVFOGNpyiDcGbf3mRNM4q3mXl/P6iXL3J4yjAIRzBCXhwBVW4gxrUgUEIz/AKb87QeXHenY9Z65KTzxzAHzifP8mwjOE=</latexit>

+

<latexit sha1_base64="+ZDDKSFdziH+zkQq6kcH2RJWFR8=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoYxnBmEByhL3NJlmyu3fszgnhyI+wsVDE1t9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x882jg1jDdYLGPTiqjlUmjeQIGStxLDqYokb0aj26nffOLGilg/4DjhoaIDLfqCUXRSM+sYRVqTbrniV/0ZyDIJclKBHPVu+avTi1mquEYmqbXtwE8wzKhBwSSflDqp5QllIzrgbUc1VdyG2ezcCTlxSo/0Y+NKI5mpvycyqqwdq8h1KopDu+hNxf+8dor96zATOkmRazZf1E8lwZhMfyc9YThDOXaEMiPcrYQNqaEMXUIlF0Kw+PIyeTyrBpfV8/uLSu0mj6MIR3AMpxDAFdTgDurQAAYjeIZXePMS78V79z7mrQUvnzmEP/A+fwAkN49z</latexit>

X
<latexit sha1_base64="yZ5hs30Q6SQDSfCJLSpcEFFBOkc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9pl5JNs21okg1JVihLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR7dRvPVFtWCIf7FjRUOCBZDEj2DqplXW1QI+TXrniV/0Z0DIJclKBHPVe+avbT0gqqLSEY2M6ga9smGFtGeF0UuqmhipMRnhAO45KLKgJs9m5E3TilD6KE+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMSZVaKsl8UZxyZBM0/R31mabE8rEjmGjmbkVkiDUm1iVUciEEiy8vk+ZZNbisnt9fVGo3eRxFOIJjOIUArqAGd1CHBhAYwTO8wpunvBfv3fuYtxa8fOYQ/sD7/AElvI90</latexit>

Y

<latexit sha1_base64="0EAEYGFKodmyfHDi8dNsl4AMTjI=">AAAB83icbVDLSgNBEJz1GeMr6tHLaBAEIeyqqMegHjxGMA/IrmF20psMmX0w0yuEJb/hxYMiXv0Zb/6Nk2QPmljQUFR1093lJ1JotO1va2FxaXlltbBWXN/Y3Nou7ew2dJwqDnUey1i1fKZBigjqKFBCK1HAQl9C0x/cjP3mEygt4ugBhwl4IetFIhCcoZFc9xYkssfMPTgZdUplu2JPQOeJk5MyyVHrlL7cbszTECLkkmndduwEvYwpFFzCqOimGhLGB6wHbUMjFoL2ssnNI3pklC4NYmUqQjpRf09kLNR6GPqmM2TY17PeWPzPa6cYXHmZiJIUIeLTRUEqKcZ0HADtCgUc5dAQxpUwt1LeZ4pxNDEVTQjO7MvzpHFacS4qZ/fn5ep1HkeB7JNDckwcckmq5I7USJ1wkpBn8krerNR6sd6tj2nrgpXP7JE/sD5/AFj1kT4=</latexit>

�+

<latexit sha1_base64="QpG+/w+xD/4/CN+EZUliNqaUbFs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QLiWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfju5nffqLasEQ+2omiocBDyWJGsHVSO+tpgdS0X674VX8OtEqCnFQgR6Nf/uoNEpIKKi3h2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMSC2rCbH7uFJ05ZYDiRLuSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjUqWWSrJYFKcc2QTNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDa6qlw+1Sv02j6MIJ3AK5xDANdThHhrQBAJjeIZXePOU9+K9ex+L1oKXzxzDH3ifP0ivj4s=</latexit>p

<latexit sha1_base64="VD6JimerMZXKJdyF1g5OR/AEKF8=">AAAB8HicbVBNSwMxEJ31s9avqkcv0SIIQtlVUY9FLx4r2A/priWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZemHCmjet+OwuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uBn7zSeqNIvlvRkmNBC4J1nECDZWevAT9pj5ByejTqnsVtwJ0DzxclKGHLVO6cvvxiQVVBrCsdZtz01MkGFlGOF0VPRTTRNMBrhH25ZKLKgOssnBI3RklS6KYmVLGjRRf09kWGg9FKHtFNj09aw3Fv/z2qmJroKMySQ1VJLpoijlyMRo/D3qMkWJ4UNLMFHM3opIHytMjM2oaEPwZl+eJ43TindRObs7L1ev8zgKsA+HcAweXEIVbqEGdSAg4Ble4c1Rzovz7nxMWxecfGYP/sD5/AFBnJAP</latexit>

⇡+

<latexit sha1_base64="qJ/CMqNVEX1cmTGOjla+cAI5IEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q0HGqGPosFrFqhVSj4BJ9w43AVqKQRqHAZji6nfrNJ1Sax/LBjBMMIjqQvM8ZNVbyOwl/dLvlilt1ZyDLxMtJBXLUu+WvTi9maYTSMEG1bntuYoKMKsOZwEmpk2pMKBvRAbYtlTRCHWSzYyfkxCo90o+VLWnITP09kdFI63EU2s6ImqFe9Kbif147Nf3rIOMySQ1KNl/UTwUxMZl+TnpcITNibAllittbCRtSRZmx+ZRsCN7iy8ukcVb1Lqvn9xeV2k0eRxGO4BhOwYMrqMEd1MEHBhye4RXeHOm8OO/Ox7y14OQzh/AHzucPdjqOdw==</latexit>

⇡0

<latexit sha1_base64="+ZDDKSFdziH+zkQq6kcH2RJWFR8=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoYxnBmEByhL3NJlmyu3fszgnhyI+wsVDE1t9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x882jg1jDdYLGPTiqjlUmjeQIGStxLDqYokb0aj26nffOLGilg/4DjhoaIDLfqCUXRSM+sYRVqTbrniV/0ZyDIJclKBHPVu+avTi1mquEYmqbXtwE8wzKhBwSSflDqp5QllIzrgbUc1VdyG2ezcCTlxSo/0Y+NKI5mpvycyqqwdq8h1KopDu+hNxf+8dor96zATOkmRazZf1E8lwZhMfyc9YThDOXaEMiPcrYQNqaEMXUIlF0Kw+PIyeTyrBpfV8/uLSu0mj6MIR3AMpxDAFdTgDurQAAYjeIZXePMS78V79z7mrQUvnzmEP/A+fwAkN49z</latexit>

X <latexit sha1_base64="Y3D20BBKXZcj+8h82/whqszB3RE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WL+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP47JjMc=</latexit>=
<latexit sha1_base64="QpG+/w+xD/4/CN+EZUliNqaUbFs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QLiWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfju5nffqLasEQ+2omiocBDyWJGsHVSO+tpgdS0X674VX8OtEqCnFQgR6Nf/uoNEpIKKi3h2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMSC2rCbH7uFJ05ZYDiRLuSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjUqWWSrJYFKcc2QTNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDa6qlw+1Sv02j6MIJ3AK5xDANdThHhrQBAJjeIZXePOU9+K9ex+L1oKXzxzDH3ifP0ivj4s=</latexit>p

<latexit sha1_base64="4OBPmYrMNBGUgUd8JL8e0FdyqAg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoYxnBmEByhL3NJlmyu3fszgnhyI+wsVDE1t9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x882jg1jDdYLGPTiqjlUmjeQIGStxLDqYokb0aj26nffOLGilg/4DjhoaIDLfqCUXRSM+sYRfSkW674VX8GskyCnFQgR71b/ur0YpYqrpFJam078BMMM2pQMMknpU5qeULZiA5421FNFbdhNjt3Qk6c0iP92LjSSGbq74mMKmvHKnKdiuLQLnpT8T+vnWL/OsyETlLkms0X9VNJMCbT30lPGM5Qjh2hzAh3K2FDaihDl1DJhRAsvrxMHs+qwWX1/P6iUrvJ4yjCERzDKQRwBTW4gzo0gMEInuEV3rzEe/HevY95a8HLZw7hD7zPH0Wlj4k=</latexit>n

<latexit sha1_base64="RFTG6R0K/bfmKz6H9Iwz0ZpqqgA=">AAACCnicbVDLSgMxFM34rPVVdekmWgRXZaaCuiy6cVnFPqAtJZO504ZmkiHJCGXo2o2/4saFIm79Anf+jZl2Ftp6IHA451xu7vFjzrRx3W9naXlldW29sFHc3Nre2S3t7Te1TBSFBpVcqrZPNHAmoGGY4dCOFZDI59DyR9eZ33oApZkU92YcQy8iA8FCRomxUr90VEy7OgxJxPgY34GWgggKOFYySGgWmfRLZbfiToEXiZeTMspR75e+uoGkSQTCUE607nhubHopUYZRDpNiN9EQEzoiA+hYKkgEupdOT5ngE6sEOJTKPmHwVP09kZJI63Hk22REzFDPe5n4n9dJTHjZS5mIEwOCzhaFCcdG4qwXHDAF1NgSAkaoYvavmA6JItTY9oq2BG/+5EXSrFa888rZbbVcu8rrKKBDdIxOkYcuUA3doDpqIIoe0TN6RW/Ok/PivDsfs+iSk88coD9wPn8AlCKa2Q==</latexit>

Resonance production

<latexit sha1_base64="/ad4gPXzQmedv8O3XGK0FPGKtQM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQklU1GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGtxO/+cS1EbF6xFHC/Yj2lQgFo2ilh1PSLZXdijsFWSReTsqQo9YtfXV6MUsjrpBJakzbcxP0M6pRMMnHxU5qeELZkPZ521JFI278bHrpmBxbpUfCWNtSSKbq74mMRsaMosB2RhQHZt6biP957RTDaz8TKkmRKzZbFKaSYEwmb5Oe0JyhHFlCmRb2VsIGVFOGNpyiDcGbf3mRNM4q3mXl/P6iXL3J4yjAIRzBCXhwBVW4gxrUgUEIz/AKb87QeXHenY9Z65KTzxzAHzifP8mwjOE=</latexit>

+
<latexit sha1_base64="/ad4gPXzQmedv8O3XGK0FPGKtQM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQklU1GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGtxO/+cS1EbF6xFHC/Yj2lQgFo2ilh1PSLZXdijsFWSReTsqQo9YtfXV6MUsjrpBJakzbcxP0M6pRMMnHxU5qeELZkPZ521JFI278bHrpmBxbpUfCWNtSSKbq74mMRsaMosB2RhQHZt6biP957RTDaz8TKkmRKzZbFKaSYEwmb5Oe0JyhHFlCmRb2VsIGVFOGNpyiDcGbf3mRNM4q3mXl/P6iXL3J4yjAIRzBCXhwBVW4gxrUgUEIz/AKb87QeXHenY9Z65KTzxzAHzifP8mwjOE=</latexit>

+
<latexit sha1_base64="bRqXwX/PAASp1LRNVP96zs6Vl/I=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lU1GPRi8cK9gPaUDbbSbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rEbQRsXrAcQJ+xAZKhIIztFKr+wTIem6vXHGr7gx0mXg5qZAc9V75q9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bnTuhJ1bp0zDWthTSmfp7ImORMeMosJ0Rw6FZ9Kbif14nxfDaz4RKUgTF54vCVFKM6fR32hcaOMqxJYxrYW+lfMg042gTKtkQvMWXl0nzrOpdVs/vLyq1mzyOIjkix+SUeOSK1MgdqZMG4WREnskreXMS58V5dz7mrQUnnzkkf+B8/gASTY9n</latexit>

⇣0
<latexit sha1_base64="f5CgMhslH+AQ7q/v0p21NJ0oPZ8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHbVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipXu4VS27FnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzfOKd1W5qF+WqrdZHHk4gVMogwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AG+VjLQ=</latexit>

(
<latexit sha1_base64="tt6//FjGc6rDwHkNg3hRwCCgBnA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7Croh6DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5onZZqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3EZjLU=</latexit>

)
<latexit sha1_base64="nwEnaAUQixbVolkPB0i9snRgA40=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KomKuiy6cVnBPiAJZTKdtEPnEWZuhBr6GW5cKOLWr3Hn3zhts9DWAxcO59zLvffEKWcGPO/bKa2srq1vlDcrW9s7u3vV/YO2UZkmtEUUV7obY0M5k7QFDDjtpppiEXPaiUe3U7/zSLVhSj7AOKWRwAPJEkYwWCkInyjgXh6mYtKr1ry6N4O7TPyC1FCBZq/6FfYVyQSVQDg2JvC9FKIca2CE00klzAxNMRnhAQ0slVhQE+WzkyfuiVX6bqK0LQnuTP09kWNhzFjEtlNgGJpFbyr+5wUZJNdRzmSaAZVkvijJuAvKnf7v9pmmBPjYEkw0s7e6ZIg1JmBTqtgQ/MWXl0n7rO5f1s/vL2qNmyKOMjpCx+gU+egKNdAdaqIWIkihZ/SK3hxwXpx352PeWnKKmUP0B87nD73TkZA=</latexit>

⇣±
<latexit sha1_base64="qJ/CMqNVEX1cmTGOjla+cAI5IEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q0HGqGPosFrFqhVSj4BJ9w43AVqKQRqHAZji6nfrNJ1Sax/LBjBMMIjqQvM8ZNVbyOwl/dLvlilt1ZyDLxMtJBXLUu+WvTi9maYTSMEG1bntuYoKMKsOZwEmpk2pMKBvRAbYtlTRCHWSzYyfkxCo90o+VLWnITP09kdFI63EU2s6ImqFe9Kbif147Nf3rIOMySQ1KNl/UTwUxMZl+TnpcITNibAllittbCRtSRZmx+ZRsCN7iy8ukcVb1Lqvn9xeV2k0eRxGO4BhOwYMrqMEd1MEHBhye4RXeHOm8OO/Ox7y14OQzh/AHzucPdjqOdw==</latexit>

⇡0
<latexit sha1_base64="VD6JimerMZXKJdyF1g5OR/AEKF8=">AAAB8HicbVBNSwMxEJ31s9avqkcv0SIIQtlVUY9FLx4r2A/priWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZemHCmjet+OwuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uBn7zSeqNIvlvRkmNBC4J1nECDZWevAT9pj5ByejTqnsVtwJ0DzxclKGHLVO6cvvxiQVVBrCsdZtz01MkGFlGOF0VPRTTRNMBrhH25ZKLKgOssnBI3RklS6KYmVLGjRRf09kWGg9FKHtFNj09aw3Fv/z2qmJroKMySQ1VJLpoijlyMRo/D3qMkWJ4UNLMFHM3opIHytMjM2oaEPwZl+eJ43TindRObs7L1ev8zgKsA+HcAweXEIVbqEGdSAg4Ble4c1Rzovz7nxMWxecfGYP/sD5/AFBnJAP</latexit>

⇡+
<latexit sha1_base64="GDwVv7hA3VEMJFB1Jvz1jcTK8zo=">AAAB8HicbVBNSwMxEJ31s9avqkcv0SJ4seyqqMeiF48V7Id015JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTDjTxnW/nYXFpeWV1cJacX1jc2u7tLPb0HGqCK2TmMeqFWJNOZO0bpjhtJUoikXIaTMc3Iz95hNVmsXy3gwTGgjckyxiBBsrPfgJe8z8g5NRp1R2K+4EaJ54OSlDjlqn9OV3Y5IKKg3hWOu25yYmyLAyjHA6KvqppgkmA9yjbUslFlQH2eTgETqyShdFsbIlDZqovycyLLQeitB2Cmz6etYbi/957dREV0HGZJIaKsl0UZRyZGI0/h51maLE8KElmChmb0WkjxUmxmZUtCF4sy/Pk8ZpxbuonN2dl6vXeRwF2IdDOAYPLqEKt1CDOhAQ8Ayv8OYo58V5dz6mrQtOPrMHf+B8/gBEppAR</latexit>

⇡�
<latexit sha1_base64="f5CgMhslH+AQ7q/v0p21NJ0oPZ8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHbVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipXu4VS27FnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzfOKd1W5qF+WqrdZHHk4gVMogwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AG+VjLQ=</latexit>

(
<latexit sha1_base64="tt6//FjGc6rDwHkNg3hRwCCgBnA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7Croh6DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5onZZqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3EZjLU=</latexit>

)
<latexit sha1_base64="cEvAFgchhE8vbB3irwCzjWEkLsw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTeCWgZtLCOYByRLmJ2dTYbMzC4zd4WwpLXxV2wsFLH1D+z8GyfJFpp44MLhnHu5nBOmghvwvG9nZXVtfWOztFXe3tnd23cPDlsmyTRlTZqIRHdCYpjgijWBg2CdVDMiQ8Ha4ehm6rcfmDY8UfcwTlkgyUDxmFMCVuq7uJz3TBwTycUYN6yEZSaA29eUA2dm0ncrXtWbAS8TvyAVVKDRd796UUIzyRRQQYzp+l4KQU40cCrYpNzLDEsJHZEB61qqiGQmyGdJJvjUKhGOE21HAZ6pvy9yIo0Zy9BuSgJDs+hNxf+8bgbxVZBzlWbAFJ0/ijOBIcHTWnDENaNgO4g4odpGp5gOiSYUbHllW4K/GHmZtGpV/6J6fler1K+LOkroGJ2gM+SjS1RHt6iBmoiiR/SMXtGb8+S8OO/Ox3x1xSlujtAfOJ8/06aacQ==</latexit>

Pion multiplicities

<latexit sha1_base64="4iRTaTRKfMvdk8MTwgpVuMM61d8=">AAAB/3icbVBNS8NAEJ34WeNXVPDiZbEInkpSQT0We/FYwX5AG8pms2mXbjZhdyOU2IN/xYsHRbz6N7z5b9y2OWjrg4HHezPMzAtSzpR23W9rZXVtfWOztGVv7+zu7TsHhy2VZJLQJkl4IjsBVpQzQZuaaU47qaQ4DjhtB6P61G8/UKlYIu71OKV+jAeCRYxgbaS+c2znPRVFOGZ8jOpDLATlyJv0nbJbcWdAy8QrSBkKNPrOVy9MSBZToQnHSnU9N9V+jqVmhNOJ3csUTTEZ4QHtGipwTJWfz+6foDOjhChKpCmh0Uz9PZHjWKlxHJjOGOuhWvSm4n9eN9PRtZ8zkWaaCjJfFGUc6QRNw0Ahk5Ro83nIMJHM3IrIEEtMtInMNiF4iy8vk1a14l1WLu6q5dpNEUcJTuAUzsGDK6jBLTSgCQQe4Rle4c16sl6sd+tj3rpiFTNH8AfW5w/7aJVw</latexit>

Channel 1

<latexit sha1_base64="SSQ6W03QBEVAwzqOVSiDnFmEXYg=">AAAB/3icbVBNS8NAEJ34WeNXVPDiZbEInkpSQT0We/FYwX5AG8pms2mXbjZhdyOU2IN/xYsHRbz6N7z5b9y2OWjrg4HHezPMzAtSzpR23W9rZXVtfWOztGVv7+zu7TsHhy2VZJLQJkl4IjsBVpQzQZuaaU47qaQ4DjhtB6P61G8/UKlYIu71OKV+jAeCRYxgbaS+c2znPRVFOGZ8jOpDLATlqDrpO2W34s6AlolXkDIUaPSdr16YkCymQhOOlep6bqr9HEvNCKcTu5cpmmIywgPaNVTgmCo/n90/QWdGCVGUSFNCo5n6eyLHsVLjODCdMdZDtehNxf+8bqajaz9nIs00FWS+KMo40gmahoFCJinR5vOQYSKZuRWRIZaYaBOZbULwFl9eJq1qxbusXNxVy7WbIo4SnMApnIMHV1CDW2hAEwg8wjO8wpv1ZL1Y79bHvHXFKmaO4A+szx/87ZVx</latexit>

Channel 2

<latexit sha1_base64="gGOYErrL9IymbxAPWygy8HiDwYA=">AAACFXicbZDLSsNAFIYnXmu8RV26GSyCCylJBXVZ1IXLCvYCbSiTyaQdOpkMMxOhhL6EG1/FjQtF3ArufBsnaRbaemDg5//P4cz5AsGo0q77bS0tr6yurVc27M2t7Z1dZ2+/rZJUYtLCCUtkN0CKMMpJS1PNSFdIguKAkU4wvs7zzgORiib8Xk8E8WM05DSiGGljDZxTO+urKEIxZRN4QyXBGgqTQCGTMMV5E8QjxDlhajpwqm7NLQouCq8UVVBWc+B89cMEpzHhGjOkVM9zhfYzJDXFjEztfqqIQHiMhqRnJEcxUX5WXDWFx8YJYZRI87iGhft7IkOxUpM4MJ0x0iM1n+Xmf1kv1dGln1EuUk04ni2KUgZ1AnNEMCwwGB4hRVhS89ccgURYG5C2geDNn7wo2vWad147u6tXG1cljgo4BEfgBHjgAjTALWiCFsDgETyDV/BmPVkv1rv1MWtdssqZA/CnrM8f10yfRg==</latexit>

Direct pion production channels

<latexit sha1_base64="QpG+/w+xD/4/CN+EZUliNqaUbFs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QLiWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfju5nffqLasEQ+2omiocBDyWJGsHVSO+tpgdS0X674VX8OtEqCnFQgR6Nf/uoNEpIKKi3h2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMSC2rCbH7uFJ05ZYDiRLuSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjUqWWSrJYFKcc2QTNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDa6qlw+1Sv02j6MIJ3AK5xDANdThHhrQBAJjeIZXePOU9+K9ex+L1oKXzxzDH3ifP0ivj4s=</latexit>p
<latexit sha1_base64="qJ/CMqNVEX1cmTGOjla+cAI5IEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q0HGqGPosFrFqhVSj4BJ9w43AVqKQRqHAZji6nfrNJ1Sax/LBjBMMIjqQvM8ZNVbyOwl/dLvlilt1ZyDLxMtJBXLUu+WvTi9maYTSMEG1bntuYoKMKsOZwEmpk2pMKBvRAbYtlTRCHWSzYyfkxCo90o+VLWnITP09kdFI63EU2s6ImqFe9Kbif147Nf3rIOMySQ1KNl/UTwUxMZl+TnpcITNibAllittbCRtSRZmx+ZRsCN7iy8ukcVb1Lqvn9xeV2k0eRxGO4BhOwYMrqMEd1MEHBhye4RXeHOm8OO/Ox7y14OQzh/AHzucPdjqOdw==</latexit>

⇡0

<latexit sha1_base64="VD6JimerMZXKJdyF1g5OR/AEKF8=">AAAB8HicbVBNSwMxEJ31s9avqkcv0SIIQtlVUY9FLx4r2A/priWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZemHCmjet+OwuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uBn7zSeqNIvlvRkmNBC4J1nECDZWevAT9pj5ByejTqnsVtwJ0DzxclKGHLVO6cvvxiQVVBrCsdZtz01MkGFlGOF0VPRTTRNMBrhH25ZKLKgOssnBI3RklS6KYmVLGjRRf09kWGg9FKHtFNj09aw3Fv/z2qmJroKMySQ1VJLpoijlyMRo/D3qMkWJ4UNLMFHM3opIHytMjM2oaEPwZl+eJ43TindRObs7L1ev8zgKsA+HcAweXEIVbqEGdSAg4Ble4c1Rzovz7nxMWxecfGYP/sD5/AFBnJAP</latexit>

⇡+
<latexit sha1_base64="GDwVv7hA3VEMJFB1Jvz1jcTK8zo=">AAAB8HicbVBNSwMxEJ31s9avqkcv0SJ4seyqqMeiF48V7Id015JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTDjTxnW/nYXFpeWV1cJacX1jc2u7tLPb0HGqCK2TmMeqFWJNOZO0bpjhtJUoikXIaTMc3Iz95hNVmsXy3gwTGgjckyxiBBsrPfgJe8z8g5NRp1R2K+4EaJ54OSlDjlqn9OV3Y5IKKg3hWOu25yYmyLAyjHA6KvqppgkmA9yjbUslFlQH2eTgETqyShdFsbIlDZqovycyLLQeitB2Cmz6etYbi/957dREV0HGZJIaKsl0UZRyZGI0/h51maLE8KElmChmb0WkjxUmxmZUtCF4sy/Pk8ZpxbuonN2dl6vXeRwF2IdDOAYPLqEKt1CDOhAQ8Ayv8OYo58V5dz6mrQtOPrMHf+B8/gBEppAR</latexit>

⇡�

<latexit sha1_base64="8azBWXRYGdcWFZnToK7EewpJb6Q=">AAAB/3icbVBNS8NAEN3Urxq/ooIXL4tF8FSSFtRjsRePFewHtKFMtpt26WYTdjdCiT34V7x4UMSrf8Ob/8Ztm4O2Phh4vDfDzLwg4Uxp1/22CmvrG5tbxW17Z3dv/8A5PGqpOJWENknMY9kJQFHOBG1qpjntJJJCFHDaDsb1md9+oFKxWNzrSUL9CIaChYyANlLfObGzngpDiBif4PoIhKAcV6d9p+SW3TnwKvFyUkI5Gn3nqzeISRpRoQkHpbqem2g/A6kZ4XRq91JFEyBjGNKuoQIiqvxsfv8UnxtlgMNYmhIaz9XfExlESk2iwHRGoEdq2ZuJ/3ndVIfXfsZEkmoqyGJRmHKsYzwLAw+YpESbzwcMiGTmVkxGIIFoE5ltQvCWX14lrUrZuyxX7yql2k0eRxGdojN0gTx0hWroFjVQExH0iJ7RK3qznqwX6936WLQWrHzmGP2B9fkD/nKVcg==</latexit>

Channel 3
<latexit sha1_base64="yZ5hs30Q6SQDSfCJLSpcEFFBOkc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9pl5JNs21okg1JVihLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR7dRvPVFtWCIf7FjRUOCBZDEj2DqplXW1QI+TXrniV/0Z0DIJclKBHPVe+avbT0gqqLSEY2M6ga9smGFtGeF0UuqmhipMRnhAO45KLKgJs9m5E3TilD6KE+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMSZVaKsl8UZxyZBM0/R31mabE8rEjmGjmbkVkiDUm1iVUciEEiy8vk+ZZNbisnt9fVGo3eRxFOIJjOIUArqAGd1CHBhAYwTO8wpunvBfv3fuYtxa8fOYQ/sD7/AElvI90</latexit>

Y
<latexit sha1_base64="eIu+qFGuzamoRaGqgbnCM8ACUHE=">AAAB+XicbVBNS8NAEN34WetX1KOX1VYQCiWpoB6LevBYwX5AE8tmu22XbjZhd1Ioof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMC2LBNTjOt7Wyura+sZnbym/v7O7t2weHDR0lirI6jUSkWgHRTHDJ6sBBsFasGAkDwZrB8HbqN0dMaR7JRxjHzA9JX/IepwSM1LHtonfHBJCn1DvBpdKk2LELTtmZAS8TNyMFlKHWsb+8bkSTkEmggmjddp0Y/JQo4FSwSd5LNIsJHZI+axsqSci0n84un+Azo3RxL1KmJOCZ+nsiJaHW4zAwnSGBgV70puJ/XjuB3rWfchknwCSdL+olAkOEpzHgLleMghgbQqji5lZMB0QRCiasvAnBXXx5mTQqZfeyfPFQKVRvsjhy6BidonPkoitURfeohuqIohF6Rq/ozUqtF+vd+pi3rljZzBH6A+vzB1Ggkig=</latexit>

�++

<latexit sha1_base64="VD6JimerMZXKJdyF1g5OR/AEKF8=">AAAB8HicbVBNSwMxEJ31s9avqkcv0SIIQtlVUY9FLx4r2A/priWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZemHCmjet+OwuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uBn7zSeqNIvlvRkmNBC4J1nECDZWevAT9pj5ByejTqnsVtwJ0DzxclKGHLVO6cvvxiQVVBrCsdZtz01MkGFlGOF0VPRTTRNMBrhH25ZKLKgOssnBI3RklS6KYmVLGjRRf09kWGg9FKHtFNj09aw3Fv/z2qmJroKMySQ1VJLpoijlyMRo/D3qMkWJ4UNLMFHM3opIHytMjM2oaEPwZl+eJ43TindRObs7L1ev8zgKsA+HcAweXEIVbqEGdSAg4Ble4c1Rzovz7nxMWxecfGYP/sD5/AFBnJAP</latexit>

⇡+

<latexit sha1_base64="QpG+/w+xD/4/CN+EZUliNqaUbFs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QLiWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfju5nffqLasEQ+2omiocBDyWJGsHVSO+tpgdS0X674VX8OtEqCnFQgR6Nf/uoNEpIKKi3h2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMSC2rCbH7uFJ05ZYDiRLuSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjUqWWSrJYFKcc2QTNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDa6qlw+1Sv02j6MIJ3AK5xDANdThHhrQBAJjeIZXePOU9+K9ex+L1oKXzxzDH3ifP0ivj4s=</latexit>p

<latexit sha1_base64="4OBPmYrMNBGUgUd8JL8e0FdyqAg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoYxnBmEByhL3NJlmyu3fszgnhyI+wsVDE1t9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x882jg1jDdYLGPTiqjlUmjeQIGStxLDqYokb0aj26nffOLGilg/4DjhoaIDLfqCUXRSM+sYRfSkW674VX8GskyCnFQgR71b/ur0YpYqrpFJam078BMMM2pQMMknpU5qeULZiA5421FNFbdhNjt3Qk6c0iP92LjSSGbq74mMKmvHKnKdiuLQLnpT8T+vnWL/OsyETlLkms0X9VNJMCbT30lPGM5Qjh2hzAh3K2FDaihDl1DJhRAsvrxMHs+qwWX1/P6iUrvJ4yjCERzDKQRwBTW4gzo0gMEInuEV3rzEe/HevY95a8HLZw7hD7zPH0Wlj4k=</latexit>n

<latexit sha1_base64="/ad4gPXzQmedv8O3XGK0FPGKtQM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQklU1GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGtxO/+cS1EbF6xFHC/Yj2lQgFo2ilh1PSLZXdijsFWSReTsqQo9YtfXV6MUsjrpBJakzbcxP0M6pRMMnHxU5qeELZkPZ521JFI278bHrpmBxbpUfCWNtSSKbq74mMRsaMosB2RhQHZt6biP957RTDaz8TKkmRKzZbFKaSYEwmb5Oe0JyhHFlCmRb2VsIGVFOGNpyiDcGbf3mRNM4q3mXl/P6iXL3J4yjAIRzBCXhwBVW4gxrUgUEIz/AKb87QeXHenY9Z65KTzxzAHzifP8mwjOE=</latexit>

+
<latexit sha1_base64="/ad4gPXzQmedv8O3XGK0FPGKtQM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQklU1GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGtxO/+cS1EbF6xFHC/Yj2lQgFo2ilh1PSLZXdijsFWSReTsqQo9YtfXV6MUsjrpBJakzbcxP0M6pRMMnHxU5qeELZkPZ521JFI278bHrpmBxbpUfCWNtSSKbq74mMRsaMosB2RhQHZt6biP957RTDaz8TKkmRKzZbFKaSYEwmb5Oe0JyhHFlCmRb2VsIGVFOGNpyiDcGbf3mRNM4q3mXl/P6iXL3J4yjAIRzBCXhwBVW4gxrUgUEIz/AKb87QeXHenY9Z65KTzxzAHzifP8mwjOE=</latexit>

+
<latexit sha1_base64="bRqXwX/PAASp1LRNVP96zs6Vl/I=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lU1GPRi8cK9gPaUDbbSbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rEbQRsXrAcQJ+xAZKhIIztFKr+wTIem6vXHGr7gx0mXg5qZAc9V75q9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bnTuhJ1bp0zDWthTSmfp7ImORMeMosJ0Rw6FZ9Kbif14nxfDaz4RKUgTF54vCVFKM6fR32hcaOMqxJYxrYW+lfMg042gTKtkQvMWXl0nzrOpdVs/vLyq1mzyOIjkix+SUeOSK1MgdqZMG4WREnskreXMS58V5dz7mrQUnnzkkf+B8/gASTY9n</latexit>

⇣0
<latexit sha1_base64="f5CgMhslH+AQ7q/v0p21NJ0oPZ8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHbVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipXu4VS27FnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzfOKd1W5qF+WqrdZHHk4gVMogwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AG+VjLQ=</latexit>

(
<latexit sha1_base64="tt6//FjGc6rDwHkNg3hRwCCgBnA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7Croh6DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5onZZqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3EZjLU=</latexit>

)
<latexit sha1_base64="nwEnaAUQixbVolkPB0i9snRgA40=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KomKuiy6cVnBPiAJZTKdtEPnEWZuhBr6GW5cKOLWr3Hn3zhts9DWAxcO59zLvffEKWcGPO/bKa2srq1vlDcrW9s7u3vV/YO2UZkmtEUUV7obY0M5k7QFDDjtpppiEXPaiUe3U7/zSLVhSj7AOKWRwAPJEkYwWCkInyjgXh6mYtKr1ry6N4O7TPyC1FCBZq/6FfYVyQSVQDg2JvC9FKIca2CE00klzAxNMRnhAQ0slVhQE+WzkyfuiVX6bqK0LQnuTP09kWNhzFjEtlNgGJpFbyr+5wUZJNdRzmSaAZVkvijJuAvKnf7v9pmmBPjYEkw0s7e6ZIg1JmBTqtgQ/MWXl0n7rO5f1s/vL2qNmyKOMjpCx+gU+egKNdAdaqIWIkihZ/SK3hxwXpx352PeWnKKmUP0B87nD73TkZA=</latexit>

⇣±
<latexit sha1_base64="qJ/CMqNVEX1cmTGOjla+cAI5IEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q0HGqGPosFrFqhVSj4BJ9w43AVqKQRqHAZji6nfrNJ1Sax/LBjBMMIjqQvM8ZNVbyOwl/dLvlilt1ZyDLxMtJBXLUu+WvTi9maYTSMEG1bntuYoKMKsOZwEmpk2pMKBvRAbYtlTRCHWSzYyfkxCo90o+VLWnITP09kdFI63EU2s6ImqFe9Kbif147Nf3rIOMySQ1KNl/UTwUxMZl+TnpcITNibAllittbCRtSRZmx+ZRsCN7iy8ukcVb1Lqvn9xeV2k0eRxGO4BhOwYMrqMEd1MEHBhye4RXeHOm8OO/Ox7y14OQzh/AHzucPdjqOdw==</latexit>

⇡0
<latexit sha1_base64="VD6JimerMZXKJdyF1g5OR/AEKF8=">AAAB8HicbVBNSwMxEJ31s9avqkcv0SIIQtlVUY9FLx4r2A/priWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZemHCmjet+OwuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uBn7zSeqNIvlvRkmNBC4J1nECDZWevAT9pj5ByejTqnsVtwJ0DzxclKGHLVO6cvvxiQVVBrCsdZtz01MkGFlGOF0VPRTTRNMBrhH25ZKLKgOssnBI3RklS6KYmVLGjRRf09kWGg9FKHtFNj09aw3Fv/z2qmJroKMySQ1VJLpoijlyMRo/D3qMkWJ4UNLMFHM3opIHytMjM2oaEPwZl+eJ43TindRObs7L1ev8zgKsA+HcAweXEIVbqEGdSAg4Ble4c1Rzovz7nxMWxecfGYP/sD5/AFBnJAP</latexit>

⇡+
<latexit sha1_base64="GDwVv7hA3VEMJFB1Jvz1jcTK8zo=">AAAB8HicbVBNSwMxEJ31s9avqkcv0SJ4seyqqMeiF48V7Id015JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTDjTxnW/nYXFpeWV1cJacX1jc2u7tLPb0HGqCK2TmMeqFWJNOZO0bpjhtJUoikXIaTMc3Iz95hNVmsXy3gwTGgjckyxiBBsrPfgJe8z8g5NRp1R2K+4EaJ54OSlDjlqn9OV3Y5IKKg3hWOu25yYmyLAyjHA6KvqppgkmA9yjbUslFlQH2eTgETqyShdFsbIlDZqovycyLLQeitB2Cmz6etYbi/957dREV0HGZJIaKsl0UZRyZGI0/h51maLE8KElmChmb0WkjxUmxmZUtCF4sy/Pk8ZpxbuonN2dl6vXeRwF2IdDOAYPLqEKt1CDOhAQ8Ayv8OYo58V5dz6mrQtOPrMHf+B8/gBEppAR</latexit>

⇡�
<latexit sha1_base64="f5CgMhslH+AQ7q/v0p21NJ0oPZ8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHbVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipXu4VS27FnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzfOKd1W5qF+WqrdZHHk4gVMogwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AG+VjLQ=</latexit>

(
<latexit sha1_base64="tt6//FjGc6rDwHkNg3hRwCCgBnA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7Croh6DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5onZZqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3EZjLU=</latexit>

)

<latexit sha1_base64="VD6JimerMZXKJdyF1g5OR/AEKF8=">AAAB8HicbVBNSwMxEJ31s9avqkcv0SIIQtlVUY9FLx4r2A/priWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZemHCmjet+OwuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uBn7zSeqNIvlvRkmNBC4J1nECDZWevAT9pj5ByejTqnsVtwJ0DzxclKGHLVO6cvvxiQVVBrCsdZtz01MkGFlGOF0VPRTTRNMBrhH25ZKLKgOssnBI3RklS6KYmVLGjRRf09kWGg9FKHtFNj09aw3Fv/z2qmJroKMySQ1VJLpoijlyMRo/D3qMkWJ4UNLMFHM3opIHytMjM2oaEPwZl+eJ43TindRObs7L1ev8zgKsA+HcAweXEIVbqEGdSAg4Ble4c1Rzovz7nxMWxecfGYP/sD5/AFBnJAP</latexit>

⇡+

<latexit sha1_base64="VD6JimerMZXKJdyF1g5OR/AEKF8=">AAAB8HicbVBNSwMxEJ31s9avqkcv0SIIQtlVUY9FLx4r2A/priWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZemHCmjet+OwuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uBn7zSeqNIvlvRkmNBC4J1nECDZWevAT9pj5ByejTqnsVtwJ0DzxclKGHLVO6cvvxiQVVBrCsdZtz01MkGFlGOF0VPRTTRNMBrhH25ZKLKgOssnBI3RklS6KYmVLGjRRf09kWGg9FKHtFNj09aw3Fv/z2qmJroKMySQ1VJLpoijlyMRo/D3qMkWJ4UNLMFHM3opIHytMjM2oaEPwZl+eJ43TindRObs7L1ev8zgKsA+HcAweXEIVbqEGdSAg4Ble4c1Rzovz7nxMWxecfGYP/sD5/AFBnJAP</latexit>

⇡+

<latexit sha1_base64="F6PIVRd7tM+dNDi3PAedW/64A2Y=">AAAB/3icbVBNS8NAEN3Urxq/ooIXL4tF8FSSKuqx2IvHCvYD2lA220m7dLMJuxuhxB78K148KOLVv+HNf+O2zUFbHww83pthZl6QcKa0635bhZXVtfWN4qa9tb2zu+fsHzRVnEoKDRrzWLYDooAzAQ3NNId2IoFEAYdWMKpN/dYDSMVica/HCfgRGQgWMkq0kXrOkZ11VRiSiPExrg2JEMDxxaTnlNyyOwNeJl5OSihHved8dfsxTSMQmnKiVMdzE+1nRGpGOUzsbqogIXREBtAxVJAIlJ/N7p/gU6P0cRhLU0Ljmfp7IiORUuMoMJ0R0UO16E3F/7xOqsNrP2MiSTUIOl8UphzrGE/DwH0mgWrzeZ8RKpm5FdMhkYRqE5ltQvAWX14mzUrZuyyf31VK1Zs8jiI6RifoDHnoClXRLaqjBqLoET2jV/RmPVkv1rv1MW8tWPnMIfoD6/MHAAaVcw==</latexit>

Channel 4

<latexit sha1_base64="cEvAFgchhE8vbB3irwCzjWEkLsw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYTeCWgZtLCOYByRLmJ2dTYbMzC4zd4WwpLXxV2wsFLH1D+z8GyfJFpp44MLhnHu5nBOmghvwvG9nZXVtfWOztFXe3tnd23cPDlsmyTRlTZqIRHdCYpjgijWBg2CdVDMiQ8Ha4ehm6rcfmDY8UfcwTlkgyUDxmFMCVuq7uJz3TBwTycUYN6yEZSaA29eUA2dm0ncrXtWbAS8TvyAVVKDRd796UUIzyRRQQYzp+l4KQU40cCrYpNzLDEsJHZEB61qqiGQmyGdJJvjUKhGOE21HAZ6pvy9yIo0Zy9BuSgJDs+hNxf+8bgbxVZBzlWbAFJ0/ijOBIcHTWnDENaNgO4g4odpGp5gOiSYUbHllW4K/GHmZtGpV/6J6fler1K+LOkroGJ2gM+SjS1RHt6iBmoiiR/SMXtGb8+S8OO/Ox3x1xSlujtAfOJ8/06aacQ==</latexit>

Pion multiplicities

<latexit sha1_base64="QpG+/w+xD/4/CN+EZUliNqaUbFs=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QLiWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfju5nffqLasEQ+2omiocBDyWJGsHVSO+tpgdS0X674VX8OtEqCnFQgR6Nf/uoNEpIKKi3h2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMSC2rCbH7uFJ05ZYDiRLuSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjUqWWSrJYFKcc2QTNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDa6qlw+1Sv02j6MIJ3AK5xDANdThHhrQBAJjeIZXePOU9+K9ex+L1oKXzxzDH3ifP0ivj4s=</latexit>p

<latexit sha1_base64="Y3D20BBKXZcj+8h82/whqszB3RE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WL+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP47JjMc=</latexit>=

<latexit sha1_base64="RFTG6R0K/bfmKz6H9Iwz0ZpqqgA=">AAACCnicbVDLSgMxFM34rPVVdekmWgRXZaaCuiy6cVnFPqAtJZO504ZmkiHJCGXo2o2/4saFIm79Anf+jZl2Ftp6IHA451xu7vFjzrRx3W9naXlldW29sFHc3Nre2S3t7Te1TBSFBpVcqrZPNHAmoGGY4dCOFZDI59DyR9eZ33oApZkU92YcQy8iA8FCRomxUr90VEy7OgxJxPgY34GWgggKOFYySGgWmfRLZbfiToEXiZeTMspR75e+uoGkSQTCUE607nhubHopUYZRDpNiN9EQEzoiA+hYKkgEupdOT5ngE6sEOJTKPmHwVP09kZJI63Hk22REzFDPe5n4n9dJTHjZS5mIEwOCzhaFCcdG4qwXHDAF1NgSAkaoYvavmA6JItTY9oq2BG/+5EXSrFa888rZbbVcu8rrKKBDdIxOkYcuUA3doDpqIIoe0TN6RW/Ok/PivDsfs+iSk88coD9wPn8AlCKa2Q==</latexit>

Resonance production

<latexit sha1_base64="5xYPr12EeLJBMP9ROgdj70A0BcM=">AAACDHicbVDLSgMxFM3UVx1fVZdugkVwVWYqqMuiLlxWsA9oh5LJZNrQZBKSjFCGfoAbf8WNC0Xc+gHu/Bsz7Sy09UDgcM653NwTSka18bxvp7Syura+Ud50t7Z3dvcq+wdtLVKFSQsLJlQ3RJowmpCWoYaRrlQE8ZCRTji+zv3OA1GaiuTeTCQJOBomNKYYGSsNKlU36+s4RpyyCbyhimADpXWgVCJKcR6a2pRX82aAy8QvSBUUaA4qX/1I4JSTxGCGtO75njRBhpShmJGp2081kQiP0ZD0LE0QJzrIZsdM4YlVIhgLZV9i4Ez9PZEhrvWEhzbJkRnpRS8X//N6qYkvg4wmMjUkwfNFccqgETBvBkaz620NEUVYUftXiEdIIWxsf64twV88eZm06zX/vHZ2V682roo6yuAIHINT4IML0AC3oAlaAINH8AxewZvz5Lw4787HPFpyiplD8AfO5w/TKpuA</latexit>

Direct pion production
<latexit sha1_base64="VD6JimerMZXKJdyF1g5OR/AEKF8=">AAAB8HicbVBNSwMxEJ31s9avqkcv0SIIQtlVUY9FLx4r2A/priWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZemHCmjet+OwuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uBn7zSeqNIvlvRkmNBC4J1nECDZWevAT9pj5ByejTqnsVtwJ0DzxclKGHLVO6cvvxiQVVBrCsdZtz01MkGFlGOF0VPRTTRNMBrhH25ZKLKgOssnBI3RklS6KYmVLGjRRf09kWGg9FKHtFNj09aw3Fv/z2qmJroKMySQ1VJLpoijlyMRo/D3qMkWJ4UNLMFHM3opIHytMjM2oaEPwZl+eJ43TindRObs7L1ev8zgKsA+HcAweXEIVbqEGdSAg4Ble4c1Rzovz7nxMWxecfGYP/sD5/AFBnJAP</latexit>

⇡+

Both 𝑝𝑝 and 𝑝𝛾 interactions can occur while
the invariant energy of cosmic-ray collisions
with photons and ambient baryons exceeds
the threshold energy. High energy hadronic
cosmic rays therefore continuously produce
neutrons along their propagation paths,
leading to the development of a non-
negligible neutron component in the
resulting cosmic-ray ensemble.

Figure 1: Photo-pion production occurs when hadrons (e.g. protons) collide with the photons of a radiation field. The dominant
interactions in photo-pion production are resonant single-pion production, direct single-pion production, and multiple-pion
production. Resonant single-pion production occurs through the formation of Δ+ particles. These decay through two major
channels that produce charged and neutral pions, secondary protons and neutrons. Adapted from Owen (2023).

Figure 2: These are the dominant pion production channels in the pp interaction. Here, 𝜉0 and 𝜉± are the multiplicities for
neutral and charged pions, respectively. The Δ+ and Δ++ baryons are the resonances. This interaction operates above a threshold
energy of ~280 MeV, which is the proton energy required for the production of a neutral pion through the channel ppàpp𝜋0.
Cosmic ray neutrons are produced directly as secondary baryons, and through resonance decays. Figure from Owen (2023).

Relativistic cosmic-ray particles propagate ballistically in free space, travelling close
to the speed of light. Charged cosmic rays are deflected by magnetic fields. In
regions with tangled magnetic fields (e.g. within a galaxy), deflections are
continuous and randomized, making charged cosmic ray propagation effectively
diffusive. Magnetic fields have structure on distinct scales, quantified by a coherence
length - the scale over which a magnetic field has a coherent structure. A charged
cosmic ray can be confined within a domain of coherent magnetic structure
depending on its energy and the characteristic field strength and structure. This
creates an energy-dependent sieve mechanism, where charged cosmic rays are
magnetically confined by astrophysical and large-scale structures (see Figure 3).

Figure 3: Schematic example of three specific situations for the confinement and propagation of energetic particles in cosmic
filament environments. Panel 1 shows the interweaving structure of magnetic field lines connected between a group of galaxies
embedded in a filament. Panel 2 shows the filament connecting two clusters/superclusters, where the filament magnetic field
lines have a concave configuration. Panel 3 shows the closed and open magnetic field lines in the interfacing regions of a
cosmic filament and a void. The gyration of the charged particles in the magnetic fields may be classified into three regimes
represented by the red ellipses, not to scale, marked with A (cases where particles are not confined), B (particles are weakly
confined) and C (particles are strongly confined). Adapted from Wu et al. (2024).
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The escape of cosmic rays from their host magnetized structures depends on their
ability to:
• Exceed the confinement energy through energization/acceleration (e.g., from
gyration radius B to A in Figure 3).

• Break magnetic confinement via cross-field particle diffusion or fast tracking.
• Escape via folded fields or magnetic topologies that allow for confinement
breaking (Figure 3, panel 3).

• Be directly removed by advection in magnetized flows.
The temporary conversion of charged cosmic rays to neutrons via hadronic
interactions provides another escape mechanism, as neutrons are not confined by
magnetic fields.

Secondary neutrons produced in hadronic interactions are not affected by magnetic
fields. Unless they undergo a further hadronic interaction, they propagate
ballistically until they decay (survival distances are shown in Figure 4). Neutrons
formed within galaxies typically experience a hadronic interaction before they
escape. In larger-scale structures, ultrahigh-energy neutrons can propagate up to a
few 10s of Mpc. This is sufficient to break magnetic confinement or traverse
boundaries between structures (e.g. connecting filaments/galaxy clusters).

Figure 4: Characteristic propagation
distances of hadronic cosmic-ray protons
and neutrons subject to pp and p𝞬
interactions and decays, compared to the
size of their magnetized host structures.
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