
<latexit sha1_base64="VP0o8qD4HxRclSP5ZA4uoe2DPjQ=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SRMugFpYRzAdejrC32UuW7O0eu3uBI+Rf2FgoYuu/sfPfuEmu0MQHA4/3ZpiZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftLVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbC8e3c70yo0kyKR5MlNIjxULCIEWys9OTfpaGc6HEW9MsVt+ougNaJl5MK5Gj2y1+9gSRpTIUhHGvte25igilWhhFOZ6VeqmmCyRgPqW+pwDHVwXRx8QxdWGWAIqlsCYMW6u+JKY61zuLQdsbYjPSqNxf/8/zURNfBlIkkNVSQ5aIo5chINH8fDZiixPDMEkwUs7ciMsIKE2NDKtkQvNWX10m7VvXq1fpDrdK4yeMowhmcwyV4cAUNuIcmtICAgGd4hTdHOy/Ou/OxbC04+cwp/IHz+QO4OZD2</latexit>

[Dubovsky]

Alexandre Homrich

<latexit sha1_base64="z0zpWXmGiKxeR6tXw64H7t1QtvU=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJKi6LHqpccK9gPaUDabSbt0swm7G7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTzhT2nG+rZXVtfWNzcJWcXtnd2/fLh20VJxKCk0a81h2fKKAMwFNzTSHTiKBRD6Htj+6mfrte5CKxeJOjxPwIjIQLGSUaCP17dIVh0ciAgm4HkeS0WHfLjsVZwa8TNyclFGORt/+6gUxTSMQmnKiVNd1Eu1lRGpGOUyKvVRBQuiIDKBrqCARKC+bnT7BJ0YJcBhLU0Ljmfp7IiORUuPIN50R0UO16E3F/7xuqsNLL2MiSTUIOl8UphzrGE9zwAGTQDUfG0KoZOZWTIdEEqpNWkUTgrv48jJpVSvuWeX8tlquXedxFNAROkanyEUXqIbqqIGaiKIH9Ixe0Zv1ZL1Y79bHvHXFymcO0R9Ynz8Eg5PZ</latexit>

<latexit sha1_base64="LHlpHZSeDd2tPTQ1xdT8DQJasx0=">AAACHHicbVDJSgNBFOxxjXGLevTSGARPYSaCenQB0VtEE4UYQk/nTdKkl6H7jRCCH+LFX/HiQREvHgT/xs5yUGNBQ1FVj9ev4lQKh2H4FUxNz8zOzecW8otLyyurhbX1mjOZ5VDlRhp7EzMHUmiookAJN6kFpmIJ13H3ZOBf34F1wugr7KXQUKytRSI4Qy81C7vnKrVCo6MmoUeup1I0KDg9tQAto6jR9MToRGih2/QSfbTtmoViWAqHoJMkGpMiGaPSLHzctgzPFGjkkjlXj8IUG31m/SYJ9/nbzEHKeJe1oe6pZgpcoz887p5ue6VFE2P900iH6s+JPlPO/zv2ScWw4/56A/E/r55hctDoC51mCJqPFiWZpGjooCnaEhY4yp4njFsxaIV3mGUcfZ95X0L09+RJUiuXor3S3kW5eHg8riNHNskW2SER2SeH5IxUSJVw8kCeyAt5DR6D5+AteB9Fp4LxzAb5heDzG/Zeoe4=</latexit>

Imprints of Asymptotic Freedom on Confining Strings

<latexit sha1_base64="JfZeEoWD8kstteQJdcO5+7X+DMw=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hd0cosegF48RzEOSJcxOepMhM7PLPMSw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFoUkTnqhORDRwJqFpmOHQSRUQEXFoR+Obmd9+BKVZIu/NJIVQkKFkMaPEOOkh5vYJGxtBv1T2K/4ceJUEOSmjHI1+6as3SKgVIA3lROtu4KcmzIgyjHKYFntWQ0romAyh66gkAnSYzQ+e4nOnDHCcKFfS4Ln6eyIjQuuJiFynIGakl72Z+J/XtSa+CjMmU2tA0sWi2HJsEjz7Hg+YAmr4xBFCFXO3YjoiilDjMiq6EILll1dJq1oJapXaXbVcv87jKKBTdIYuUIAuUR3dogZqIooEekav6M1T3ov37n0sWte8fOYE/YH3+QPOG5Bs</latexit>

flux tube

<latexit sha1_base64="cjYqrxiZGMG9ehD/szYM6d8fHK8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2Q8mkaRuayQzJHaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPEEth0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPdCajhUijeRIGSd2LNaRhI3g4mt5nffuLaiEg94DTmfkhHSgwFo2ilx15IcRwEaXvWL1fcqjsHWSVeTiqQo9Evf/UGEUtCrpBJakzXc2P0U6pRMMlnpV5ieEzZhI5411JFQ278dJ54Rs6sMiDDSNunkMzV3xspDY2ZhoGdzBKaZS8T//O6CQ6v/VSoOEGu2OKjYSIJRiQ7nwyE5gzl1BLKtLBZCRtTTRnakkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kDyIqRAg==</latexit>

W
<latexit sha1_base64="d05v7EKVE+zC7M6Wik2Wkf+/PLc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsK9gFNKJPppB06mYSZSaGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hd+b0alYrF40vOE+hEeCxYygrWRhrbtBVhmXoT1JAiyXp4P7brTcBZA68QtSR1KtIf2lzeKSRpRoQnHSg1cJ9F+hqVmhNO85qWKJphM8ZgODBU4osrPFslzdGGUEQpjaZ7QaKH+3shwpNQ8CsxkEVGteoX4nzdIdXjrZ0wkqaaCLA+FKUc6RkUNaMQkJZrPDcFEMpMVkQmWmGhTVs2U4K5+eZ10rxpus9F8vK637so6qnAG53AJLtxACx6gDR0gMINneIU3K7NerHfrYzlascqdU/gD6/MHFKWT+A==</latexit>

W̄

<latexit sha1_base64="CW0HwFmi9Wn298EIv8cQRFvQn0A=">AAACDXicbVDLSgMxFM34rPVVdekmWAVXw0zBVne1bsRVBfuAdiiZNG1DM8mQ3FFK6Q+48VfcuFDErXt3/o3pY6GtBwKHc+4h954wFtyA5307S8srq2vrqY305tb2zm5mb79qVKIpq1AllK6HxDDBJasAB8HqsWYkCgWrhf2rsV+7Z9pwJe9gELMgIl3JO5wSsFIrc1yy4TZWEufyXs71z7yLAn7g0MM3ROJLETINbiuT9VxvArxI/BnJohnKrcxXs61oEjEJVBBjGr4XQzAkGjgVbJRuJobFhPZJlzUslSRiJhhOrhnhk2S8UUdp+yTgifo7MSSRMYMotJMRgZ6Z98bif14jgc55MOQyToBJOv2okwgMCo+rwW2uGQUxsIRQze2umPaIJhRsgWlbgj9/8iKp2g7zbv42ly2WZnWk0CE6QqfIRwVURNeojCqIokf0jF7Rm/PkvDjvzsd0dMmZZQ7QHzifP7EMmNM=</latexit>

Based on 2602.15097 with Jan Albert. 1

<latexit sha1_base64="VnJEWWC70bwhTiA1uYo9lODRa1o=">AAAB9XicbVA9TwJBEN3DL8Qv1NJmIzGxIndXoCXBxhIT+UjgJHvLHmzY273szmnIhf9hY6Extv4XO/+NC1yh4EsmeXlvJjPzwkRwA6777RQ2Nre2d4q7pb39g8Oj8vFJ26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gknN3O/88i04UrewzRhQUxGkkecErDSQ0MpMKBJgn3Xrw3KFbfqLoDXiZeTCsrRHJS/+kNF05hJoIIY0/PcBIKMaOBUsFmpnxqWEDohI9azVJKYmSBbXD3DF1YZ4khpWxLwQv09kZHYmGkc2s6YwNisenPxP6+XQnQdZFwmKTBJl4uiVGBQeB4BHnLNKIipJYRqbm/FdEw0oWCDKtkQvNWX10nbr3q1au3Or9QbeRxFdIbO0SXy0BWqo1vURC1EkUbP6BW9OU/Oi/PufCxbC04+c4r+wPn8AUVkkbc=</latexit>

Bootstrap 2026



<latexit sha1_base64="AMa5mycT43OAqhrr42UzDJg4G0o=">AAACIHicbVC7TgMxEPTxJrwClDQWERJVdEcBiApBQwkSAaQkivacvZyFzz7Ze4jolE+h4VdoKEAIOvganJCC11SjmV3tzsS5ko7C8D2YmJyanpmdm68sLC4tr1RX1y6cKazAhjDK2KsYHCqpsUGSFF7lFiGLFV7G18dD//IGrZNGn1M/x3YGPS0TKYC81KnutQhvqTxOQSnUPTzgFhUQckqRx5jCjTSWm4QnqrjlVMToOBk+6FRrYT0cgf8l0ZjU2Binnepbq2tEkaEmocC5ZhTm1C7BkhQKB5VW4TAHcQ09bHqqIUPXLkcBB3zLK12e+E8So4mP1O8bJWTO9bPYT2ZAqfvtDcX/vGZByX67lDovCLX4OpQUahhx2BbvSouCVN8TEFb6X7lIwYIg32nFlxD9jvyXXOzUo9367tlO7fBoXMcc22CbbJtFbI8dshN2yhpMsDv2wJ7Yc3AfPAYvwevX6EQw3llnPxB8fALIfaNY</latexit>

Challenge: relate the behavior of flux tubes to
<latexit sha1_base64="ARnc14LXOes8eX5uweWO2aly7D0="></latexit>

that of almost-free gluons controlling short distance physics.

<latexit sha1_base64="UQDH5h1xaE6z4JfcbEGaVt7tYNQ=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUYKyIFlpi4gEJXMjesgcb9nYvu3sm5MJvsLHQGFt/kJ3/xgWuUPAlk7y8N5OZeWHCmTau++0UNja3tneKu6W9/YPDo/LxSVvLVBHqE8ml6oZYU84E9Q0znHYTRXEcctoJJ7dzv/NElWZSPJppQoMYjwSLGMHGSv6dxPx6UK64VXcBtE68nFQgR2tQ/uoPJUljKgzhWOue5yYmyLAyjHA6K/VTTRNMJnhEe5YKHFMdZItjZ+jCKkMUSWVLGLRQf09kONZ6Goe2M8ZmrFe9ufif10tNdBVkTCSpoYIsF0UpR0ai+edoyBQlhk8twUQxeysiY6wwMTafkg3BW315nbRrVa9erT/UKs2bPI4inME5XIIHDWjCPbTABwIMnuEV3hzhvDjvzseyteDkM6fwB87nD20fjnI=</latexit>

Goal:

<latexit sha1_base64="qJk4sGvCUJhkDZQXlblnGdUuSGM="></latexit>

that follow from weakly coupled short distance physics.

<latexit sha1_base64="49FrJM1zOzjagImfMLopZS1S8FU=">AAACInicbVBNSwMxEM36WetX1aOXYBE8SNn1UPUmevFYwarQljKbTjU0ya7JrFiW/hYv/hUvHhT1JPhjTGsPfj0Iebw3M8m8OFXSURi+BxOTU9Mzs4W54vzC4tJyaWX1zCWZFVgXiUrsRQwOlTRYJ0kKL1KLoGOF53HvaOif36B1MjGn1E+xpeHSyK4UQF5ql/abhLeUa+ghd1KnCre5uwKbbvPrDIyf6AtvvOdv1GjIcYiTjPigXSqHlXAE/pdEY1JmY9TapddmJxHZcIhQ4FwjClNq5WBJCoWDYjNzmILowSU2PDWg0bXy0YoDvumVDu8m1h9DfKR+78hBO9fXsa/UQFfutzcU//MaGXX3Wrk0aUZoxNdD3UxxSvgwL96RFgWpvicgrPR/5cLnA4J8qkUfQvR75b/kbKcSVSvVk53yweE4jgJbZxtsi0Vslx2wY1ZjdSbYHXtgT+w5uA8eg5fg7at0Ihj3rLEfCD4+AYbppOc=</latexit>

make simple, sharp, quantitative statements about
<latexit sha1_base64="STcp983GO2cVzOeK9qL0GrFmXD4="></latexit>

high-energy dynamics of confining flux tubes in 3d and 4d large N Yang-Mills

<latexit sha1_base64="ZNZnv5LxQxuocQlrgATuXyU4FMQ="></latexit>

In pure Yang-Mills, when probe quarks are far separated, they source confining flux tubes.

<latexit sha1_base64="JfZeEoWD8kstteQJdcO5+7X+DMw=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hd0cosegF48RzEOSJcxOepMhM7PLPMSw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFoUkTnqhORDRwJqFpmOHQSRUQEXFoR+Obmd9+BKVZIu/NJIVQkKFkMaPEOOkh5vYJGxtBv1T2K/4ceJUEOSmjHI1+6as3SKgVIA3lROtu4KcmzIgyjHKYFntWQ0romAyh66gkAnSYzQ+e4nOnDHCcKFfS4Ln6eyIjQuuJiFynIGakl72Z+J/XtSa+CjMmU2tA0sWi2HJsEjz7Hg+YAmr4xBFCFXO3YjoiilDjMiq6EILll1dJq1oJapXaXbVcv87jKKBTdIYuUIAuUR3dogZqIooEekav6M1T3ov37n0sWte8fOYE/YH3+QPOG5Bs</latexit>

flux tube

<latexit sha1_base64="cjYqrxiZGMG9ehD/szYM6d8fHK8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2Q8mkaRuayQzJHaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPEEth0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPdCajhUijeRIGSd2LNaRhI3g4mt5nffuLaiEg94DTmfkhHSgwFo2ilx15IcRwEaXvWL1fcqjsHWSVeTiqQo9Evf/UGEUtCrpBJakzXc2P0U6pRMMlnpV5ieEzZhI5411JFQ278dJ54Rs6sMiDDSNunkMzV3xspDY2ZhoGdzBKaZS8T//O6CQ6v/VSoOEGu2OKjYSIJRiQ7nwyE5gzl1BLKtLBZCRtTTRnakkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kDyIqRAg==</latexit>

W
<latexit sha1_base64="d05v7EKVE+zC7M6Wik2Wkf+/PLc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsK9gFNKJPppB06mYSZSaGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hd+b0alYrF40vOE+hEeCxYygrWRhrbtBVhmXoT1JAiyXp4P7brTcBZA68QtSR1KtIf2lzeKSRpRoQnHSg1cJ9F+hqVmhNO85qWKJphM8ZgODBU4osrPFslzdGGUEQpjaZ7QaKH+3shwpNQ8CsxkEVGteoX4nzdIdXjrZ0wkqaaCLA+FKUc6RkUNaMQkJZrPDcFEMpMVkQmWmGhTVs2U4K5+eZ10rxpus9F8vK637so6qnAG53AJLtxACx6gDR0gMINneIU3K7NerHfrYzlascqdU/gD6/MHFKWT+A==</latexit>

W̄

<latexit sha1_base64="1B4z95zI37hXlbr9dH5jbHrpO34="></latexit>

At large N, it does not interact with the bulk degrees of freedom, and thus defines a decoupled 2D theory.

<latexit sha1_base64="O5doub0/pgtUj0kjfopMwgleXDs=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8rbtBo96CXjxGMA9IljA7mU2GzMwuM7NCWPILXjwo4tUf8ubfOJsE8VnQUFR1090VJpxp43nvzsLi0vLKamGtuL6xubVd2tlt6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOrnK/dUeVZrG8NeOEBgIPJIsYwSaX/OOK1yuVPfcixynyXW+K36QMc9R7pbduPyapoNIQjrXu+F5iggwrwwink2I31TTBZIQHtGOpxILqIJveOkGHVumjKFa2pEFT9etEhoXWYxHaToHNUP/0cvEvr5Oa6DzImExSQyWZLYpSjkyM8sdRnylKDB9bgoli9lZEhlhhYmw8RRvC/79/kmbF9atu9eakXLucx1GAfTiAI/DhDGpwDXVoAIEh3MMjPDnCeXCenZdZ64Izn9mDb3BePwAW9I2j</latexit>

1/20

<latexit sha1_base64="p9HJDk2PhowiZoko1MVIGMAFDos=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBA8rbtBo94CuXiMYB6QLGF2MpsMmZldZmaFsOQXvHhQxKs/5M2/cTYJ4rOgoajqprsrTDjTxvPenaXlldW19cJGcXNre2e3tLff0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTsc13O/fUeVZrG8NZOEBgIPJYsYwSaX/NOK1y+VPfcqxznyXW+G36QMCzT6pbfeICapoNIQjrXu+l5iggwrwwin02Iv1TTBZIyHtGupxILqIJvdOkXHVhmgKFa2pEEz9etEhoXWExHaToHNSP/0cvEvr5ua6DLImExSQyWZL4pSjkyM8sfRgClKDJ9Ygoli9lZERlhhYmw8RRvC/79/klbF9atu9easXKsv4ijAIRzBCfhwATW4hgY0gcAI7uERnhzhPDjPzsu8dclZzBzANzivHxdBjaQ=</latexit>

1/20

<latexit sha1_base64="yhqFVoTwAMcNQVOig5xY4xxNDgs=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOm2HTiZhZiKU0F9w40IRt/6QO//GSRtBRQ9cOJxzL/fe40ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFUYS0I7JOSh7PtYUc4E7WimOe1HkuLA57Tnz1up37unUrFQ3OlFRL0ATwWbMIJ1KrlXZWdULDl2w3Eb1zW0JvVKRqoN5NrOCiXI0B4V34fjkMQBFZpwrNTAdSLtJVhqRjhdFoaxohEmczylA0MFDqjyktWtS3RhlDGahNKU0Gilfp9IcKDUIvBNZ4D1TP32UvEvbxDrSd1LmIhiTQVZL5rEHOkQpY+jMZOUaL4wBBPJzK2IzLDERJt4CiaEr0/R/6Rbtt2qXb2tlJqtLI48nME5XIILNWjCDbShAwRm8ABP8GwF1qP1Yr2uW3NWNnMKP2C9fQJU8Y3Q</latexit>

1/20



<latexit sha1_base64="+J9K3XkaL+z78aBpqNLseuUN5fA=">AAAB73icbVDLSsNAFL2pr1pfVZdugkVwVZIuqrgqunFnBfuANpTJdNIOnUzizI1QQn/CjQtF3Po77vwbJ20W2npg4HDOPcy9x48F1+g431ZhbX1jc6u4XdrZ3ds/KB8etXWUKMpaNBKR6vpEM8ElayFHwbqxYiT0Bev4k5vM7zwxpXkkH3AaMy8kI8kDTgkaqXuXYJa8GpQrTtWZw14lbk4qkKM5KH/1hxFNQiaRCqJ1z3Vi9FKikFPBZqV+ollM6ISMWM9QSUKmvXS+78w+M8rQDiJlnkR7rv5OpCTUehr6ZjIkONbLXib+5/USDC69lMs4QSbp4qMgETZGdna8PeSKURRTQwhV3Oxq0zFRhKKpqGRKcJdPXiXtWtWtV+v3tUrjOq+jCCdwCufgwgU04Baa0AIKAp7hFd6sR+vFerc+FqMFK88cwx9Ynz/0u4/t</latexit>

Outline:

<latexit sha1_base64="2cOT3/nkHId1GK9PWtFG92q2s+4="></latexit>

Briefly review some of what we know about confining strings.

<latexit sha1_base64="kte3XRs+JqL1Dkvu674fbsF+Ihk="></latexit>

Introduce the Polyakov correlator as a bridge connecting short-distance physics to flux-tube data.

<latexit sha1_base64="ERT69LBNiKfIW7VYIi2rWiDRxyc="></latexit>

Constrain the spectral density of very massive closed flux tubes sourced by the Polyakov lines.

<latexit sha1_base64="TXv8jDFWbKBCo74vuYY6o2DoXNw="></latexit>

Develop a more microscopic understanding of these results by constructing a toy model
<latexit sha1_base64="T3ykDJ8kf7Ri337GMPKeNyvI0Fw=">AAACHXicbVDLSgMxFM34tr6qLt0Ei+CqzIioS0EElwq2FdpSMpk7bTCTDMkdtQ4Fv8ONv+LGhSIu3Ih/Y6btwtdZHc659ybnhKkUFn3/05uYnJqemZ2bLy0sLi2vlFfX6lZnhkONa6nNRcgsSKGghgIlXKQGWBJKaISXR4XfuAJjhVbn2E+hnbCuErHgDJ3UKe+2EG4wj7Wh2AN6rY2MbA8Aqbsixa1Q3cKwQCNQVqAAWx10yhW/6g9B/5JgTCpkjNNO+b0VaZ4loJBLZm0z8FNs58yg4BIGpVZmIWX8knWh6ahiCdh2Pkw3oFtOiWjxw1grpEP1+0bOEmv7SegmE4Y9+9srxP+8ZobxQTsXKs0QFB89FGeSoqZFVTQSBjjKviOMG5edU95jhnF0hZZcCcHvyH9Jfaca7FX3znYqh8d3ozrmyAbZJNskIPvkkJyQU1IjnNyTR/JMXrwH78l79d5GoxPeuMJ18gPexxcZhqOV</latexit>

for the worldsheet realizing these densities.

<latexit sha1_base64="62q0H6ewZDk4QUdR5NZK8ZAzEL4=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOm2HziRhZiKU0F9w40IRt/6QO//GSRtBRQ9cOJxzL/fe40ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFUYS0I7JOSh7PtYUc4C2tFMc9qPJMXC57Tnz1up37unUrEwuNOLiHoCTwM2YQTrVCpflZ1RseTYDcdtXNfQmtQrGak2kGs7K5QgQ3tUfB+OQxILGmjCsVID14m0l2CpGeF0WRjGikaYzPGUDgwNsKDKS1a3LtGFUcZoEkpTgUYr9ftEgoVSC+GbToH1TP32UvEvbxDrSd1LWBDFmgZkvWgSc6RDlD6OxkxSovnCEEwkM7ciMsMSE23iKZgQvj5F/5Nu2XardvW2Umq2sjjycAbncAku1KAJN9CGDhCYwQM8wbMlrEfrxXpdt+asbOYUfsB6+wRWeI3R</latexit>
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<latexit sha1_base64="hwIgWbQ285xUh5aDbtaCR5twEHk="></latexit>

Useful to think of the worldsheet theory as an expansion around the long string background.

<latexit sha1_base64="y7bx9/uhPaDP48XCnLGdmuzwPdY="></latexit>

The low energy structure around this background is quite constrained:
<latexit sha1_base64="rMoXF9UVbN3DjOK8BgcqrXye3hw=">AAACF3icbVDLSgMxFM3UV62vUZdugkVoQYeZItVlURe6sqJ9QFtKJs20oZkHyR2llP6FG3/FjQtF3OrOvzHTdqGtBwKHc87l5h43ElyBbX8bqYXFpeWV9GpmbX1jc8vc3qmqMJaUVWgoQll3iWKCB6wCHASrR5IR3xWs5vbPE792z6TiYXAHg4i1fNINuMcpAS21Tevq9jp3ceQcOnnclLzbAyJl+IATeSIC95nC41Qh3zaztmWPgeeJMyVZNEW5bX41OyGNfRYAFUSphmNH0BoSCZwKNso0Y8UiQvukyxqaBkQvaw3Hd43wgVY62AulfgHgsfp7Ykh8pQa+q5M+gZ6a9RLxP68Rg3faGvIgioEFdLLIiwWGECcl4Q6XjIIYaEKo5PqvmPaIJBR0lRldgjN78jypFiynaBVvjrOls2kdabSH9lEOOegEldAlKqMKougRPaNX9GY8GS/Gu/ExiaaM6cwu+gPj8wdz9JvA</latexit>

ISO(D � 1, 1) ! ISO(1, 1)⇥ SO(D � 2)
<latexit sha1_base64="ZkG5oEUesgmf5+jwO4gBlA37iq0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZnporosunHhooJ9QDuUTJq2oZlkSO6IZSi48VfcuFDErT/hzr8xbWehrQdCDufcQ3JPGAtuwPO+ndzK6tr6Rn6zsLW9s7vn7h80jEo0ZXWqhNKtkBgmuGR14CBYK9aMRKFgzXB0NfWb90wbruQdjGMWRGQgeZ9TAlbqukcdYA+Q3ig5wAY0t1do8yODJ1236JW8GfAy8TNSRBlqXfer01M0iZgEKogxbd+LIUiJBk4FmxQ6iWExoSMyYG1LJYmYCdLZDhN8apUe7ittjwQ8U38nUhIZM45COxkRGJpFbyr+57UT6F8EKZdxAkzS+UP9RGBQeFoI7nHNKIixJYRqbv+K6ZBoQsHWVrAl+IsrL5NGueRXSpXbcrF6mdWRR8foBJ0hH52jKrpGNVRHFD2iZ/SK3pwn58V5dz7mozknyxyiP3A+fwAX/pfQ</latexit>

Long string breaks
<latexit sha1_base64="UBOxBjoaxC/x+wUYaVfPe3ORUxU="></latexit>

Transverse modes form a set of D → 2 massless Goldstone modes on the flux tube.
<latexit sha1_base64="AmIMqXeTMKVMlB7YfqVo44aGq+U="></latexit>

In pure Yang-Mills, these are the only massless modes.

<latexit sha1_base64="EZGX/tcRG/vzsOnLirRsVcsHWH4=">AAACCXicbVA9SwNBEJ3zM8avU0ubxSBYSLhLES2DNhYiEcwHXI6wt9lLluzdHrt7QjjS2vhXbCwUsfUf2PlfLNwkV2jig4HHezPMzAsSzpR2nC9raXlldW29sFHc3Nre2bX39ptKpJLQBhFcyHaAFeUspg3NNKftRFIcBZy2guHlxG/dU6mYiO/0KKF+hPsxCxnB2kjCtsGDG8AQQQApnAKCa/gGBQQGQEGC37VLTtmZAi0SNyclyFHv2p+dniBpRGNNOFbKc51E+xmWmhFOx8VOqmiCyRD3qWdojCOq/Gz6yRgdG6WHQiFNxRpN1d8TGY6UGkWB6YywHqh5byL+53mpDs/9jMVJqmlMZovClCMt0CQW1GOSEs1HhmAimbkVkQGWmGgTXtGE4M6/vEialbJbLVdvK6XaRR5HAQ7hCE7AhTOowRXUoWGifYAneIFX69F6tt6s91nrkpXPHMAfWB8/GwCUSA==</latexit>

[Nambu, Lüscher]

<latexit sha1_base64="UAMl27Ls87sBA4g0eYVUwNx6tBU="></latexit>

Review: what do we know about the confining strings of pure Yang-Mills?

<latexit sha1_base64="rXk3Mtl6Y7IvLmqt/pbrQTadFa0="></latexit>

We consider Yang-Mills in RD→1 → S1.

<latexit sha1_base64="lUCC+ldTazaS3Q4rsPot0yTPJE4=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFcxaTWPnaFblxWsA9oQ5lMJ+3QmSTMTIQS+gtuXCji1h9y5984bSOo6IELh3Pu5d57/JgzpR3nw1pb39jc2s7t5Hf39g8OC0fHHRUlktA2iXgkez5WlLOQtjXTnPZiSbHwOe360+bC795TqVgU3ulZTD2BxyELGMF6IV1dlpxhoejYdcetX1fRitTKGanUkWs7SxQhQ2tYeB+MIpIIGmrCsVJ914m1l2KpGeF0nh8kisaYTPGY9g0NsaDKS5e3ztG5UUYoiKSpUKOl+n0ixUKpmfBNp8B6on57C/Evr5/ooOalLIwTTUOyWhQkHOkILR5HIyYp0XxmCCaSmVsRmWCJiTbx5E0IX5+i/0mnZLsVu3JbLjaaWRw5OIUzuAAXqtCAG2hBGwhM4AGe4NkS1qP1Yr2uWtesbOYEfsB6+wRX/43S</latexit>
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<latexit sha1_base64="JfZeEoWD8kstteQJdcO5+7X+DMw=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hd0cosegF48RzEOSJcxOepMhM7PLPMSw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFoUkTnqhORDRwJqFpmOHQSRUQEXFoR+Obmd9+BKVZIu/NJIVQkKFkMaPEOOkh5vYJGxtBv1T2K/4ceJUEOSmjHI1+6as3SKgVIA3lROtu4KcmzIgyjHKYFntWQ0romAyh66gkAnSYzQ+e4nOnDHCcKFfS4Ln6eyIjQuuJiFynIGakl72Z+J/XtSa+CjMmU2tA0sWi2HJsEjz7Hg+YAmr4xBFCFXO3YjoiilDjMiq6EILll1dJq1oJapXaXbVcv87jKKBTdIYuUIAuUR3dogZqIooEekav6M1T3ov37n0sWte8fOYE/YH3+QPOG5Bs</latexit>

flux tube

<latexit sha1_base64="FlK0l/A4/xCCW0JlPGwSr6O8HzE=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaEm0sQQjHwlcyN4yByt7e5fdPRNC+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/fbT6g0j+WDmSToR3QoecgZNVZq3PeLJbfsLkDWiZeREmSo94tfvUHM0gilYYJq3fXcxPhTqgxnAmeFXqoxoWxMh9i1VNIItT9dHDojF1YZkDBWtqQhC/X3xJRGWk+iwHZG1Iz0qjcX//O6qQmv/SmXSWpQsuWiMBXExGT+NRlwhcyIiSWUKW5vJWxEFWXGZlOwIXirL6+TVqXsVcvVRqVUu8niyMMZnMMleHAFNbiDOjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPr5OM3w==</latexit>

R

<latexit sha1_base64="vEpMggCpXR3vYi6VRU8Q3f7OdBU="></latexit>

Source a winding flux tube and take R → ωs ↑ !→1
QCD.



<latexit sha1_base64="9krulNS0gtO/oTPxHSZ3UGrLZTU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKe76iB6DXjxGMA9IljA7mU2GzMwuM7NCWPILXjwo4tUf8ubfOJvsQRMLGoqqbrq7gpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+C7z209UaRbJRzOJqS/wULKQEWwy6erswu2XK27VnQEtEy8nFcjR6Je/eoOIJIJKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupRILqv10dusUnVhlgMJI2ZIGzdTfEykWWk9EYDsFNiO96GXif143MeGNnzIZJ4ZKMl8UJhyZCGWPowFTlBg+sQQTxeytiIywwsTYeEo2BG/x5WXSOq96tWrt4bJSv83jKMIRHMMpeHANdbiHBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucP0XiNdA==</latexit>
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<latexit sha1_base64="a/AizP3LXmSEfYltBx30mHsN8FU="></latexit>

S =

∫
dtdω

√
det εωXµεεXµ

(
ϑ→2
s + ϖ3ϑ

2
sK

4 + . . .
)

<latexit sha1_base64="4LvNzHU3IcknIz1RFSPrm4nvIzA=">AAACJnicbVDLSgMxFM3UV62vUZdugkVwIWWmi+pGKLpxWcE+oC0lk95pQzPJkGQqtfRr3PgrblxURNz5KWbaLrT1QOBwzrnc3BPEnGnjeV9OZm19Y3Mru53b2d3bP3APj2paJopClUouVSMgGjgTUDXMcGjECkgUcKgHg9vUrw9BaSbFgxnF0I5IT7CQUWKs1HGv64ApEVjIRyxVjwj2BJgJA4rQNKGx6SuZ9PrYhiAMwapDwHPzouPmvYI3A14l/oLk0QKVjjttdSVNIhCGcqJ10/di0x4TZRjlMMm1Eg0xoQPSg6algkSg2+PZmRN8ZpUuDqWyTxg8U39PjEmk9SgKbDIipq+XvVT8z2smJrxqj5mIEwOCzheFCcdG4rQz3GXK3s1HlhCqmP0rpn2SNmSbzdkS/OWTV0mtWPBLhdJ9MV++WdSRRSfoFJ0jH12iMrpDFVRFFD2jVzRF786L8+Z8OJ/zaMZZzByjP3C+fwC6fKX1</latexit>

We can now organize interactions through an e!ective action,
<latexit sha1_base64="N9rzxMowN1UmimwRM+vXixNBksk="></latexit>

expressed through curvature invariants thanks to Poincaré.
<latexit sha1_base64="pBRNoyr4L+ncREuIWnxxnM4T9s4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LLaCp5BUqF6Eoh48VrAf0Iay2W7apZtN3N0USujv8OJBEa/+GG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B8XDo6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHtzG+NqVQsEo96ElMvxAPBAkawNpJH7YGNmEDlu+uLcq9YcmxnDrRK3IyUIEO9V/zq9iOShFRowrFSHdeJtZdiqRnhdFroJorGmIzwgHYMFTikykvnR0/RmVH6KIikKaHRXP09keJQqUnom84Q66Fa9mbif14n0cGVlzIRJ5oKslgUJBzpCM0SQH0mKdF8YggmkplbERliiYk2ORVMCO7yy6ukWbHdql19qJRqN1kceTiBUzgHFy6hBvdQhwYQeIJneIU3a2y9WO/Wx6I1Z2Uzx/AH1ucP6buQQA==</latexit>

e.g. in D = 3

<latexit sha1_base64="S8+pSCTxoFeX1ZkU5mTyOZZHu5Q=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISXporosuhHcVLAPSEOZTG/aoZNMmJkUYij+ihsXirj1P9z5N04fC209cOFwzr0z954g4Uxpx/m2VlbX1jc2C1vF7Z3dvX374LCpRCopNKjgQrYDooCzGBqaaQ7tRAKJAg6tYHgz8VsjkIqJ+EFnCfgR6ccsZJRoI3XtY68ueEaGYnSB7ziYV6T2u3bJKTtT4GXizkkJzVHv2l+dnqBpBLGmnCjluU6i/ZxIzSiHcbGTKkgIHZI+eIbGJALl59Ptx/jMKD0cCmkq1niq/p7ISaRUFgWmMyJ6oBa9ifif56U6vPJzFiephpjOPgpTjrXAkyhwj0mgmmeGECqZ2RXTAZGEahNY0YTgLp68TJqVslstV+8rpdr1PI4COkGn6By56BLV0C2qowai6BE9o1f0Zj1ZL9a79TFrXbHmM0foD6zPHzMClRM=</latexit>

[Polyakov, Kleinert]

<latexit sha1_base64="pOVTENQgBviiY1q23kjXnvzxXH8=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAiuSiJSXYloFy4rWC20pUymN3XoZBJmbsQS+jdu/BU3goro0j9x0mbh68DA4Zx7z3BPkEhh0PM+nJnZufmFxdJSeXlldW3d3di8MnGqOTR5LGPdCpgBKRQ0UaCEVqKBRYGE62B4lvvXt6CNiNUljhLoRmygRCg4Qyv13OMOwh1m9RQoxnRoUyLrcIpa3AomBY5oHNKIGSPBGJowbV1LqVB0vz7uuRWv6k1A/xK/IBVSoNFznzv9mKcRKOTSprZ9L8FuVsSOy53UQML4kA2gbaliEZhuNrlzTHet0qdhrO1TSCfq942MRcaMosBO2ituzG8vF//z2imGR91MqCRFUHz6UZjKvJK8NNoXGjjKkSWMa5EXxG+YZhxttWVbgv/75L/kar/q16q1i4PKyWlRR4lskx2yR3xySE7IOWmQJuHknjySF/LqPDhPzpvzPh2dcYqdLfIDzucX8smmlg==</latexit>

Due to kinematic triviality of massless particles in 2D
<latexit sha1_base64="Luyzw4In8fB1iNWmqQd9nvVLsss="></latexit>

one can control enough analyticity and unitarity of n → m
<latexit sha1_base64="JL9P4sRvZ5OxMQ24o4NWckVO0sM=">AAACH3icbVBNSwMxEM36bf2qevQSLIIXy65I9Sh68VjB2kJbSjadajCbhGS2WJb+Ey/+FS8eFBFv/TemdQ/a+mDg8d5MMvNiI4XDMBwFc/MLi0vLK6uFtfWNza3i9s6t06nlUONaatuImQMpFNRQoISGscCSWEI9frgc+/U+WCe0usGBgXbC7pToCc7QS51ipYXwiBlq2tVUaXVkwGJqY2/3gSapRGGYRcEl0FhrdGiZKQ87xVJYDiegsyTKSYnkqHaKX62u5mkCCrlkzjWj0GA7y58eFlqpA8P4A7uDpqeKJeDa2eS+IT3wSpf2tPWlkE7U3xMZS5wbJLHvTBjeu2lvLP7nNVPsnbUzoUyKoPjPR71UUh/HOCzaFRY4yoEnjFvhd6X8nlnG0Uda8CFE0yfPktvjclQpV65PSucXeRwrZI/sk0MSkVNyTq5IldQIJ0/khbyR9+A5eA0+gs+f1rkgn9klfxCMvgETZ6RB</latexit>

to do non-perturbative multiparticle bootstrap.
<latexit sha1_base64="CnKuMvg/0R+PG38RakHECwdUFxI=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAhhN0W0jFqYMoJ5wGYJs5O7yZDZ2WVmVghLGn/FxkIRWz/Dzr9x8ig08cCFwzn3cu89QcKZ0o7zbeXW1jc2t/LbhZ3dvf0D+/CopeJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPR7dRvP4JULBYPepyAH5GBYCGjRBupZ594dylIyUCyEr6ul3CLAZPE79lFp+zMgFeJuyBFtECjZ391+zFNIxCacqKU5zqJ9jMiNaMcJoVuqiAhdEQG4BkqSATKz2YPTPC5Ufo4jKUpofFM/T2RkUipcRSYzojooVr2puJ/npfq8MrPmEhSDYLOF4UpxzrG0zRwn0mgmo8NIVQycyumQyIJ1SazggnBXX55lbQqZbdart5XirWbRRx5dIrO0AVy0SWqoTpqoCaiaIKe0St6s56sF+vd+pi35qzFzDH6A+vzBy07lYE=</latexit>

[Guerrieri, AH, Vieira]

<latexit sha1_base64="iYBXJsLtDkGD+M5Cc+7KqEDYynU="></latexit>

The coe!cients ωn and other low energy parameters can be bound by S-matrix bootstrap methods.

<latexit sha1_base64="ethI5KtDsmXLA0pbgIjnzOB9vj0=">AAACEnicbVC7TsNAEDzzDOEVoKQ5EZCgwNggBcoIGkqQCCDFwTpfNubEnW3u1ojIyjfQ8Cs0FCBES0XH33AJKXiNtNJoZle7O1EmhUHP+3BGRsfGJyZLU+Xpmdm5+crC4qlJc82hwVOZ6vOIGZAigQYKlHCeaWAqknAWXR30/bMb0EakyQl2M2gpFieiIzhDK4WVjQDhFgtwY5euBjFTioU7NIjhmm4GIGVoLmpbu7W91V5YqXquNwD9S/whqZIhjsLKe9BOea4gQS6ZMU3fy7BVMI2CS+iVg9xAxvgVi6FpacIUmFYxeKlH16zSpp1U20qQDtTvEwVTxnRVZDsVw0vz2+uL/3nNHDt7rUIkWY6Q8K9FnVxSTGk/H9oWGjjKriWMa2FvpfySacbRpli2Ifi/X/5LTrddv+bWjrer9f1hHCWyTFbIOvHJLqmTQ3JEGoSTO/JAnsizc+88Oi/O61friDOcWSI/4Lx9AvZHm8E=</latexit>

e.g. ω3 → ↑ε6s/768

<latexit sha1_base64="wC8ZVKqlcAPBYklj0gn76QVJ/YA="></latexit>

[Miró, Guerrieri, Hebbar, Penedones, Vieira]

<latexit sha1_base64="WvKCvLqtUvys5UrPfpRTYRcEGYw=">AAACIXicbVDLSgMxFM3UV62vqks3wSK4KGWmi+pS7MaNUsFWoQ7lTnrHBjPJkGSEWvorbvwVNy4U6U78GdPahbZeCDmcB8k9USq4sb7/6eUWFpeWV/KrhbX1jc2t4vZOy6hMM2wyJZS+icCg4BKblluBN6lGSCKB19F9faxfP6A2XMkr208xTOBO8pgzsI7qFI/b9XFaYJmeO0UJXqYX0IUybYBErSZ3DEJJ52ihfuSs5+w87BRLfsWfDJ0HwRSUyHQaneLotqtYlqC0TIAx7cBPbTgAbTkTOCzcZgZTYPdwh20HJSRowsFkwyE9cEyXxkq7Iy2dsL8TA0iM6SeRcyZge2ZWG5P/ae3MxsfhgMs0syjZz0NxJqhVdFwX7XKNzIq+A8A0d3+lrAcamHWlFlwJwezK86BVrQS1Su2yWjo5ndaRJ3tknxySgByRE3JGGqRJGHkiL+SNvHvP3qv34Y1+rDlvmtklf8b7+gZ51KKG</latexit>

[Caselle, Magnoli, Nada, Panero, Panfalone, Verzichelli]

<latexit sha1_base64="IfFw4fM7WjuMO6szJIjmxeQK4KA="></latexit>

S2→2(s) = exp i
(s
4
+ ω3s

3 + ω5s
5 + ω7s

7 + . . .
)

<latexit sha1_base64="i6x80BRxknp71atwZB1Xsj4oAA0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoRgl48RjAPyC5hdtKbDJl9MDMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPd5SeCK23b31ZhbX1jc6u4XdrZ3ds/KB8etVWcSoYtFotYdn2qUPAIW5prgd1EIg19gR1/fDfzO08oFY+jRz1J0AvpMOIBZ1Qbya26KERfkRvinPfLFbtmz0FWiZOTCuRo9stf7iBmaYiRZoIq1XPsRHsZlZozgdOSmypMKBvTIfYMjWiIysvmN0/JmVEGJIilqUiTufp7IqOhUpPQN50h1SO17M3E/7xeqoNrL+NRkmqM2GJRkAqiYzILgAy4RKbFxBDKJDe3EjaikjJtYiqZEJzll1dJ+6Lm1Gv1h8tK4zaPowgncApVcOAKGnAPTWgBgwSe4RXerNR6sd6tj0VrwcpnjuEPrM8fDIiQZw==</latexit>

(ωs = 1)

<latexit sha1_base64="BEhffFgDa5VDW+mn1lPndst1gV8="></latexit>

The S-matrix of Goldstones are incredibly simple at low energies:

<latexit sha1_base64="eHxrNfN2A0m/M8n182fydhJozBI=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVUmHwljBwlgk+pDaqHKcm9aq40S2gxRF/QEWfoWFAYRY2dn4G9w2A7QcydLROffhe/yEM6Ud59sqra1vbG6Vtys7u3v7B/bhUUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j6k5uZ330AqVgs7nWWgBeRkWAho0QbaWifmT5OlGaU6QwTEWAejxQmErBKEzNKKQiGdtWpOXPgVeIWpIoKtIb21yCIaRqB0NRMV33XSbSXE2n2cJhWBqmChNAJGUHfUEEiUF4+v2aKz40S4DCW5gmN5+rvjpxESmWRbyojosdq2ZuJ/3n9VIdXXs5EkmoQdLEoTDnWMZ5FgwMmgWqeGUKoZOavmI6JJFSbACsmBHf55FXSqdfcRq1xV682r4s4yugEnaIL5KJL1ES3qIXaiKJH9Ixe0Zv1ZL1Y79bHorRkFT3H6A+szx/sD5wc</latexit>

inelasticity and logs are suppressed

<latexit sha1_base64="Zk8k3B5hQB2lIJCugqm1wv7RSGA=">AAACBnicbVBNS0JBFJ1nX2ZfVssIhiRoIfKeC2spFdXSID9AHzJvvOrgvJnHzDxBxFWb/kqbFkW07Te069806luUduDC4Zx7ufeeIOJMG9f9dlIrq2vrG+nNzNb2zu5edv+gpmWsKFSp5FI1AqKBMwFVwwyHRqSAhAGHejC4mvr1ISjNpHgwowj8kPQE6zJKjJXa2ePmdRzIoR6M8viGk7gHKo9vpQpADKTfzubcgjsDXiZeQnIoQaWd/Wp1JI1DEIZyonXTcyPjj4kyjHKYZFqxhojQAelB01JBQtD+ePbGBJ9apYO7UtkSBs/U3xNjEmo9CgPbGRLT14veVPzPa8ame+GPmYhiA4LOF3Vjjo3E00xwhymgho8sIVQxeyumfaIINTa5jA3BW3x5mdSKBa9UKN0Xc+XLJI40OkIn6Ax56ByV0R2qoCqi6BE9o1f05jw5L8678zFvTTnJzCH6A+fzB27CmHo=</latexit>

[Dubovsky, Flauger, Gorbenko]

<latexit sha1_base64="YwkOeL31JV1AcILrJTjW5nM8LBA=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOm2HziRhZiKU0F9w40IRt/6QO//GSRtBRQ9cOJxzL/fe40ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFUYS0I7JOSh7PtYUc4C2tFMc9qPJMXC57Tnz1up37unUrEwuNOLiHoCTwM2YQTrVKpclZ1RseTYDcdtXNfQmtQrGak2kGs7K5QgQ3tUfB+OQxILGmjCsVID14m0l2CpGeF0WRjGikaYzPGUDgwNsKDKS1a3LtGFUcZoEkpTgUYr9ftEgoVSC+GbToH1TP32UvEvbxDrSd1LWBDFmgZkvWgSc6RDlD6OxkxSovnCEEwkM7ciMsMSE23iKZgQvj5F/5Nu2XardvW2Umq2sjjycAbncAku1KAJN9CGDhCYwQM8wbMlrEfrxXpdt+asbOYUfsB6+wRZho3T</latexit>
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<latexit sha1_base64="+Y8Y/zz0ltXb3lmWfIr1KBdWSpw=">AAACF3icbVA9T8MwEHX4pnwFGFksKiSmKOlQGBEsjCCRUqmtKse5UAsnjuwLUEX9Fyz8FRYGEGKFjX+D03bg60knPb93J9+9KJfCoO9/OjOzc/MLi0vLtZXVtfUNd3OrZVShOYRcSaXbETMgRQYhCpTQzjWwNJJwGV2fVP7lDWgjVHaBwxx6KbvKRCI4Qyv1Xa+LcIdl2KJcpbmESqUqoTgAequ0jM0AAKun0kNv1HfrvuePQf+SYErqZIqzvvvRjRUvUsiQS2ZMJ/Bz7JVMo+ASRrVuYSBn/JpdQcfSjKVgeuX4rhHds0pME6VtZUjH6veJkqXGDNPIdqYMB+a3V4n/eZ0Ck8NeKbK8QMj45KOkkBQVrUKisdDAUQ4tYVwLuyvlA6YZRxtlzYYQ/D75L2k1vKDpNc8b9aPjaRxLZIfskn0SkANyRE7JGQkJJ/fkkTyTF+fBeXJenbdJ64wzndkmP+C8fwGoRKA+</latexit>

UV completion of the worldsheet theory.
<latexit sha1_base64="eKKzkYlt7EMtDITgCCfh65mkhdE=">AAACLHicbVDLSgNBEJz1GeMr6tHLYBA8hV0P6lEiiscIRoUkhN5JxwzOziwzvWJY8kFe/BVBPCji1e9wsubgq2CgqOruoSpOlXQUhq/B1PTM7Nx8aaG8uLS8slpZW79wJrMCm8IoY69icKikxiZJUniVWoQkVngZ3xyN/ctbtE4afU7DFDsJXGvZlwLIS93KUZvwjvK6oQGnAfLjk3MOGtTQSedJrxDrxpAjCykHi9wfMI6k4GQKd9StVMNaWID/JdGEVNkEjW7lqd0zIktQk1DgXCsKU+rkYP1VhaNyO3OYgriBa2x5qiFB18mLsCO+7ZUe7xvrnyZeqN83ckicGyaxn0yABu63Nxb/81oZ9Q86udRpRqjF10f9TBUxfXO8Jy0KUkNPQFg5bkAMwIIg32/ZlxD9jvyXXOzWor3a3tlu9bA+qaPENtkW22ER22eH7JQ1WJMJds8e2Qt7DR6C5+AteP8anQomOxvsB4KPT3vfp8I=</latexit>

Both the EFT analysis and the Bootstrap are agnostic to the
<latexit sha1_base64="Xbbev+tozxlQbQzTzecSmFeCfEI="></latexit>

They apply to most theories with long, stable, string-like excitations.

<latexit sha1_base64="VGiNM+7hiokeT6kHYu+uAwvD/0Y=">AAACCnicbVC7TgJBFJ31ifhCLW1GiYnVZpcCLYk2lpjIIwFCZmcvMGH24cxdlWyobfwVGwuNsfUL7PwbB9hCwZNM5uScezNzjhdLodFxvq2l5ZXVtfXcRn5za3tnt7C3X9dRojjUeCQj1fSYBilCqKFACc1YAQs8CQ1veDnxG3egtIjCGxzF0AlYPxQ9wRkaqVs4aiM8YAp236YsjuWIwm3CpLnvQUqK0bhbKDq2MwVdJG5GiiRDtVv4avsRTwIIkUumdct1YuykTKHgEsb5dqIhZnzI+tAyNGQB6E46jTKmJ0bxaS9S5oRIp+rvjZQFWo8Cz0wGDAd63puI/3mtBHvnnVSEcYIQ8tlDvWSSkE56ob5QwNHk9gXjSpi/Uj5ginE07eVNCe585EVSL9lu2S5fl4qVi6yOHDkkx+SUuOSMVMgVqZIa4eSRPJNX8mY9WS/Wu/UxG12ysp0D8gfW5w//ypp5</latexit>

e.g. apply equally well to

<latexit sha1_base64="qwGrB+nstIY8U3fomBjC9he7VCQ=">AAACFnicbVDLTgIxFO3gC/GFunTTSEzcQGYwQZdEWegOE3kkQEin3IGGTjtpOxpC+Ao3/oobFxrj1rjzb+wACwVP0uTknHNvc48fcaaN6347qZXVtfWN9GZma3tndy+7f1DXMlYUalRyqZo+0cCZgJphhkMzUkBCn0PDH14lfuMelGZS3JlRBJ2Q9AULGCXGSt1sPo8rMiRM4AfCucaWmAHgAJSSSRQMo/isgm80E/1CN5tzC+4UeJl4c5JDc1S72a92T9I4BGEoJ1q3PDcynTFRdi2HSaYda4gIHZI+tCwVJATdGU/PmuATq/RwIJV9wuCp+ntiTEKtR6FvkyExA73oJeJ/Xis2wUVnzEQUGxB09lEQc2wkTjrCPaaAGj6yhFDFkgrogChCjW0yY0vwFk9eJvViwSsVSrfFXPlyXkcaHaFjdIo8dI7K6BpVUQ1R9Iie0St6c56cF+fd+ZhFU8585hD9gfP5Axxlnhs=</latexit>

- Domain walls in the ferromagnetic 3D Ising.
<latexit sha1_base64="F2jg6JSahyBGaSoe/d13UE6kbm0=">AAACFHicbVA9SwNBEN3zM8avqKXNYhAEMdyliJZRm5QRTBTiEfY2k2Rxb/fYnRNDyI+w8a/YWChia2Hnv3ETr9DEBwOP92Z2Z16USGHR97+8ufmFxaXl3Ep+dW19Y7Owtd20OjUcGlxLba4jZkEKBQ0UKOE6McDiSMJVdHs+9q/uwFih1SUOEghj1lOiKzhDJ7ULh0e0qQ3CPbVohOpZKhTFPtDTyL3JFK2JnhNj3QHZLhT9kj8BnSVBRookQ71d+LzpaJ7GoJBLZm0r8BMMh8yg4BJG+ZvUQsL4LetBy1HFYrDhcHLUiO47pUO72rhSSCfq74khi60dxJHrjBn27bQ3Fv/zWil2T8KhUEmKoPjPR91UUtR0nBDtCAMc5cARxo1wu1LeZ4ZxdDnmXQjB9MmzpFkuBZVS5aJcrJ5lceTILtkjByQgx6RKaqROGoSTB/JEXsir9+g9e2/e+0/rnJfN7JA/8D6+AVoKncg=</latexit>

- Vortex strings in the Abelian Higgs model

<latexit sha1_base64="hPwnGDmEsomNj7XlAFgTmq9b17E=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSbhLkW0DNrYCBHMhyRH2NvMJUv29o7dPTEcafwrNhaK2Poz7Pw3bpIrNPHBwOO9GWbm+TFnSjvOt5VbWV1b38hvFra2d3b37P2DpooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PJHV1O/9QBSsUjc6XEMXkgGggWMEm2knn1UwvdEDEo3jHOFA548Yp34oHp20Sk7M+Bl4makiDLUe/ZXtx/RJAShKSdKdVwn1l5KpGaUw6TQTRTEhI7IADqGChKC8tLZAxN8apQ+DiJpSmg8U39PpCRUahz6pjMkeqgWvan4n9dJdHDhpUzEiQZB54uChGMd4WkauM8kUM3HhhAqmbkV0yGRhGqTWcGE4C6+vEyalbJbLVdvK8XaZRZHHh2jE3SGXHSOauga1VEDUTRBz+gVvVlP1ov1bn3MW3NWNnOI/sD6/AGP9ZXG</latexit>

- Yang-Mills flux tubes

<latexit sha1_base64="cZdl2m29MQa++1F8AqEYKcZUEuA="></latexit>

This is quite unsatisfactory if you want to learn about confining strings in gauge theory.

<latexit sha1_base64="rBgAq6gaQsR6IlKJut/3FTXFVnY=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0xKP2+FXjxWsLbQhrLZbtulu0nY3Qgl9C948aCIV/+QN/+NmzaCij4YeLw3w8w8P+JMacf5sHIbm1vbO/ndwt7+weFR8fjkToWxJLRLQh7Kvo8V5SygXc00p/1IUix8Tnv+vJ36vXsqFQuDW72IqCfwNGATRrBOpepV2RkVS47ddNxmtY7WpFHJSK2JXNtZoQQZOqPi+3AckljQQBOOlRq4TqS9BEvNCKfLwjBWNMJkjqd0YGiABVVesrp1iS6MMkaTUJoKNFqp3ycSLJRaCN90Cqxn6reXin95g1hPGl7CgijWNCDrRZOYIx2i9HE0ZpISzReGYCKZuRWRGZaYaBNPwYTw9Sn6n9yVbbdm124qpVY7iyMPZ3AOl+BCHVpwDR3oAoEZPMATPFvCerRerNd1a87KZk7hB6y3T1sNjdQ=</latexit>
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<latexit sha1_base64="wgZN8Mq6FqgaU24l9QWrTj8+kiM="></latexit>

Challenge: find flux tube observables that are genuinely controlled by weakly coupled Yang-Mills physics.



<latexit sha1_base64="Lr51v5CqTwQWRnYmkUUcqr5QipU=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR5LvXisYD+gXUo2zbah2WRNsmJZ+ie8eFDEq3/Hm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GR+55EqzaS4N9OY+hEeCRYygo2Vup1B2m/Ip9mgXHGr7hxolXg5qUCO5qD81R9KkkRUGMKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LBU4otpP5/fO0JlVhiiUypYwaK7+nkhxpPU0CmxnhM1YL3uZ+J/XS0x47adMxImhgiwWhQlHRqLseTRkihLDp5Zgopi9FZExVpgYG1HJhuAtv7xK2hdVr1at3V1W6o08jiKcwCmcgwdXUIdbaEILCHB4hld4cx6cF+fd+Vi0Fpx85hj+wPn8ARqFkAg=</latexit>

W↭

<latexit sha1_base64="1Lym2pIKMt9vtZz8fhSf8X6lEpk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrI0fBeolmRIaCdcPpbe53H5k2PFYPOEtYIMlY8YhTgrk0QJIOqzWv7i3g/iV+QWpQoDWsfg5GMU0lU0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kikpkgW9w6d8+sMnKjWNtS6C7UnxMZkcbMZGg7JcGJWfVy8T+vn2J0HWRcJSkyRZeLolS4GLv54+6Ia0ZRzCwhVHN7q0snRBOKNp6KDcFfffkv6VzU/Ua9cX9Za94UcZThBE7hHHy4gibcQQvaQGECT/ACr450np03533ZWnKKmWP4BefjGyS/jlM=</latexit>ω
<latexit sha1_base64="gA+KaQ8q4BwMGmTB+QI+KZDk2aQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALAzjOE=</latexit>

R
<latexit sha1_base64="CGjwn2+Rqt3hp+hmS2Bo3vOYM/Q="></latexit>

→W↭(ω,ε0)W↭(0,ε0)↑ =

<latexit sha1_base64="cVj7ndeWifI2byNP9zFnIGo+4Qs=">AAAB/HicbVDNS8MwHE39nPOruqOX4BA8jVZkehzz4nGC+4CtlDRLt7A0KUkqllL/FS8eFPHqH+LN/8Z060E3HwQe771f8ssLYkaVdpxva219Y3Nru7JT3d3bPzi0j457SiQSky4WTMhBgBRhlJOuppqRQSwJigJG+sHspvD7D0QqKvi9TmPiRWjCaUgx0kby7Vrfz0bCJIoLslFbPOa5b9edhjMHXCVuSeqgRMe3v0ZjgZOIcI0ZUmroOrH2MiQ1xYzk1VGiSIzwDE3I0FCOIqK8bL58Ds+MMoahkOZwDefq74kMRUqlUWCSEdJTtewV4n/eMNHhtZdRHieacLx4KEwY1AIWTcAxlQRrlhqCsKRmV4inSCKsTV9VU4K7/OVV0rtouM1G8+6y3mqXdVTACTgF58AFV6AFbkEHdAEGKXgGr+DNerJerHfrYxFds8qZGvgD6/MHjCKVXw==</latexit>

W↭

<latexit sha1_base64="3nUE0RHz4GnoTNjQVe1tO2Ufe+I=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahgpREpHosevFYxX5gE8pmu22XbjZxd1Ioof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMC2LBNTjOt5VbWV1b38hvFra2d3b37P2Dho4SRVmdRiJSrYBoJrhkdeAgWCtWjISBYM1geDP1myOmNI/kA4xj5oekL3mPUwJG6ti2x54SPsKPJQ9IcnZ/2rGLTtmZAS8TNyNFlKHWsb+8bkSTkEmggmjddp0Y/JQo4FSwScFLNIsJHZI+axsqSci0n84un+ATo3RxL1KmJOCZ+nsiJaHW4zAwnSGBgV70puJ/XjuB3pWfchknwCSdL+olAkOEpzHgLleMghgbQqji5lZMB0QRCiasggnBXXx5mTTOy26lXLm7KFavszjy6AgdoxJy0SWqoltUQ3VE0Qg9o1f0ZqXWi/Vufcxbc1Y2c4j+wPr8AUgpkss=</latexit>

→ Z(ω, R)

<latexit sha1_base64="Rv1Dd3FH2u2lQKILLz5Dxpn+o24=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZIuqrgqiODOKvYBbSiTyaQdOpmEmZtCCQU/xI0LRdz6J+78GydtF9p64MLhnHtn7j1+IrgGx/m2CmvrG5tbxe3Szu7e/oF9eNTScaooa9JYxKrjE80El6wJHATrJIqRyBes7Y+uc789ZkrzWD7CJGFeRAaSh5wSMFLfth9YaEYDfJdC/sZV3y47FWcGvErcBSmjBRp9+6sXxDSNmAQqiNZd10nAy4gCTgWblnqpZgmhIzJgXUMliZj2stnmU3xmlACHsTIlAc/U3xMZibSeRL7pjAgM9bKXi/953RTCSy/jMkmBSTr/KEwFhhjnMeCAK0ZBTAwhVHGzK6ZDoggFE1bJhOAun7xKWtWKW6vU7qvl+s3TPI4iOkGn6By56ALV0S1qoCaiaIye0St6szLrxXq3PuatBWsR4TH6A+vzBzQ5k84=</latexit>

Refined Outline:

<latexit sha1_base64="Yy0Xsibc03wzCQpeyTTZA56/PXE="></latexit>

The leading asymptotics is completely perturbative and can be computed.

<latexit sha1_base64="NUYd5fmhO3n5L6pXHVLDVgBaLBU="></latexit>

1→ At small ω/εs ↑ 1, with R/εs fixed, the correlator diverges.

<latexit sha1_base64="46gYRSEHn6CLivWxw8sjzaWmksM=">AAACJXicbZA9TwJBEIb3/ET8Qi1tNhITK3JnoRYWJjYWFpgIkgAhe3tzsGFv97I7p5ILf8bGv2JjITEmVv4VF6RQcKon7zuzO/OGqRQWff/TW1hcWl5ZLawV1zc2t7ZLO7t1qzPDoca11KYRMgtSKKihQAmN1ABLQgl3Yf9y7N/dg7FCq1scpNBOWFeJWHCGTuqUzlsIj5hfa92nDCmjqAc00RFIGmtDsQf0QRsZ2R6As1VEMxW599DhsFMq+xV/UnQegimUybSqndKoFWmeJaCQS2ZtM/BTbOfMoOAShsVWZiFlvM+60HSoWAK2nU+uHNJDp0STrWKtkE7U3xM5S6wdJKHrTBj27Kw3Fv/zmhnGZ+1cqDRDUPznoziTLgo6joxGwgBHOXDAuBFuV8p7zDCOLoiiCyGYPXke6seV4KRycnNcvricxlEg++SAHJGAnJILckWqpEY4eSIv5I2MvGfv1Xv3Pn5aF7zpzB75U97XNyVXpbI=</latexit>

Look at a toy model for the worldsheet and understand
<latexit sha1_base64="Qmc2IDACcOhPw3+zZ/IlM32DhcE=">AAACKHicbVDLSgMxFM34rPVVdekmWARXZaaL6s5CNy4r2Ae0pWQyt53QTGZI7ohl6Oe48VfciCjSrV9i+lho64HAyTn3kpzjJ1IYdN2ps7G5tb2zm9vL7x8cHh0XTk6bJk41hwaPZazbPjMghYIGCpTQTjSwyJfQ8ke1md96BG1ErB5wnEAvYkMlBoIztFK/cNtFeMKMmjgCGowViwQ3FEOGVAILKMb2AgZoKIYhBQV6OKYBKCNQgClN+oWiW3LnoOvEW5IiWaLeL7x3g5inESjkkhnT8dwEexnTKLiESb6bGkgYH7EhdCy1HwLTy+ZBJ/TSKgEdxNoehXSu/t7IWGTMOPLtZMQwNKveTPzP66Q4uOllQiUpguKLhwapnMe3rdFAaOAobXTBuLbZOeUh04yj7TZvS/BWI6+TZrnkVUqV+3KxWlvWkSPn5IJcEY9ckyq5I3XSIJw8k1fyQT6dF+fN+XKmi9ENZ7lzRv7A+f4Ba2ym0w==</latexit>

some dynamics that lead to these high energy densities.
<latexit sha1_base64="esYQOjMjoGjfUhbqEN/ZXfo0qtU=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArIXoMevEYxTwgWcLsZDYZMju7zPQKIeQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup35rSeujYjVI44T7kd0oEQoGEUrPVQuesWSW3bnIKvEy0gJMtR7xa9uP2ZpxBUySY3peG6C/oRqFEzyaaGbGp5QNqID3rFU0YgbfzK/dErOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uw2t/IlSSIldssShMJcGYzN4mfaE5Qzm2hDIt7K2EDammDG04BRuCt/zyKmlelr1quXpfKdVusjjycAKncA4eXEEN7qAODWAQwjO8wpszcl6cd+dj0Zpzsplj+APn8wfsB4z6</latexit>

4→

<latexit sha1_base64="DIAdPRd3HXEm2wubHkbI0plcR0s="></latexit>

2→ At large N and R > RD, the correlator only receives contributions from single string exchange.

<latexit sha1_base64="/z6CU5L4xSc1kGTJDV2z7I62MCM=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOm2HzkzCzEQoob/gxoUibv0hd/6NSRtBRQ9cOJxzL/fe44ecaeM4H1ZuY3Nreye/W9jbPzg8Kh6fdHUQKUI7JOCB6vtYU84k7RhmOO2HimLhc9rz563U791TpVkg78wipJ7AU8kmjGCTSrWrsjMqlhy74biN6xpak3olI9UGcm1nhRJkaI+K78NxQCJBpSEcaz1wndB4MVaGEU6XhWGkaYjJHE/pIKESC6q9eHXrEl0kyhhNApWUNGilfp+IsdB6IfykU2Az07+9VPzLG0RmUvdiJsPIUEnWiyYRRyZA6eNozBQlhi8Sgoliya2IzLDCxCTxFJIQvj5F/5Nu2XardvW2Umq2sjjycAbncAku1KAJN9CGDhCYwQM8wbMlrEfrxXpdt+asbOYUfsB6+wReG43W</latexit>
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<latexit sha1_base64="BmpezAOxWwKbUkWAi3BPqeW/Cb4=">AAACHnicbVDJSgNBEO1xjXGLevTSGARPYUZwwZMggt4imCjEEGo6FdOkp3vorlFDEPwPL/6KFw+KCJ70b+wsB7cHBY/3qqq7Xpwq6SgMP4Ox8YnJqencTH52bn5hsbC0XHUmswIrwihjz2NwqKTGCklSeJ5ahCRWeBZ3Dvr+2RVaJ40+pW6K9QQutWxJAeSlRmHrWHNqS8cJVIdfI8cbSPwuLyIvG9WFjrniypiUC2MtKiBj9xqFYlgKB+B/STQiRTZCuVF4v2gakSWoSShwrhaFKdV7YEkKhbf5i8xhCqIDl1jzVEOCrt4bnHfL173S5C1jfWniA/X7RA8S57pJ7DsToLb77fXF/7xaRq3dek/qNCPUYvhQK1OcDO9nxZvSoiDV9QSElf6vXLTBgiCfaN6HEP0++S+pbpai7dL2yWZx//BuGEeOrbI1tsEitsP22RErswoT7J49smf2EjwET8Fr8DZsHQtGEa6wHwg+vgAZy6Lu</latexit>

In this talk we examine the Polyakov loop correlator:

<latexit sha1_base64="PFj5w6IMTjzBVLZDbEqUVJQ/KME=">AAACKXicbVDLSgMxFM3Ud31VXboJFsFVmXFRXRbduFSwrVBLyaR3ZoKZZEjuqEPp77jxV9woKOrWHzGts/B1IHA451xu7gkzKSz6/ptXmZmdm19YXKour6yurdc2NjtW54ZDm2upzUXILEihoI0CJVxkBlgaSuiGV8cTv3sNxgqtzrHIoJ+yWIlIcIZOGtRaTEp9Q3NLUdNI3FJMgCYiTigoMHFBbQYcDZN0CMoKLKiOphmLRqjYNga1ut/wp6B/SVCSOilxOqg9XQ41z1NQyCWzthf4GfZHzKDgEsbVy9xCxvgVi6HnqGIp2P5oeumY7jplSCNt3FNIp+r3iRFLrS3S0CVThon97U3E/7xejtFhfyRUliMo/rUoyuWklUltdCiM60EWjjBuhPsr5QkzjKMrt+pKCH6f/Jd09htBs9E826+3jso6Fsk22SF7JCAHpEVOyClpE07uyAN5Ji/evffovXrvX9GKV85skR/wPj4Blkqm3A==</latexit>

allow us to fix the high energy spectral density of the strings.
<latexit sha1_base64="n0VdbddwJWKl7Rto0Gno57pTqk8="></latexit>

Here, asymptotic freedom plays the role of the modular transform in CFT

<latexit sha1_base64="s5YQQPQB2PuKy5UjPi0EAg0cSPI="></latexit>

3→ Cardy trick of sorts: reproducing the divergence from string-exchange allows us



<latexit sha1_base64="1Lym2pIKMt9vtZz8fhSf8X6lEpk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrI0fBeolmRIaCdcPpbe53H5k2PFYPOEtYIMlY8YhTgrk0QJIOqzWv7i3g/iV+QWpQoDWsfg5GMU0lU0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kikpkgW9w6d8+sMnKjWNtS6C7UnxMZkcbMZGg7JcGJWfVy8T+vn2J0HWRcJSkyRZeLolS4GLv54+6Ia0ZRzCwhVHN7q0snRBOKNp6KDcFfffkv6VzU/Ua9cX9Za94UcZThBE7hHHy4gibcQQvaQGECT/ACr450np03533ZWnKKmWP4BefjGyS/jlM=</latexit>ω

<latexit sha1_base64="gA+KaQ8q4BwMGmTB+QI+KZDk2aQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALAzjOE=</latexit>

R

<latexit sha1_base64="E23k+OqiH63tPa3rDiJreNJhKFg=">AAAB+XicbVA9TwJBEN3DL8SvU0ubjcTEitxRoCWRQkuMgiRwIXvLAhv2di+7cyTkwj+xsdAYW/+Jnf/GPbhCwZdM8vLeTGbmhbHgBjzv2ylsbG5t7xR3S3v7B4dH7vFJ26hEU9aiSijdCYlhgkvWAg6CdWLNSBQK9hROGpn/NGXacCUfYRazICIjyYecErBS33UbQhk2wAY0lyN8+9B3y17FWwCvEz8nZZSj2Xe/egNFk4hJoIIY0/W9GIKUaOBUsHmplxgWEzohI9a1VJKImSBdXD7HF0m2fKi0LQl4of6eSElkzCwKbWdEYGxWvUz8z+smMLwOUi7jBJiky0XDRGBQOIsBD7hmFMTMEkI1t7diOiaaULBhlWwI/urL66Rdrfi1Su2+Wq7f5HEU0Rk6R5fIR1eoju5QE7UQRVP0jF7Rm5M6L86787FsLTj5zCn6A+fzB8rKkx8=</latexit>

C
losed

strin
g
G
S

<latexit sha1_base64="DeInfBHFnl2WpwwEgdBoofhSWVY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKezmED0GRfAYycNAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnbR2nimGLxSJWnYBqFFxiy3AjsJMopFEg8DEY3879xydUmseyaSYJ+hEdSh5yRo2VGneNZr9YcsvuAmSdeBkpQYZ6v/jVG8QsjVAaJqjWXc9NjD+lynAmcFbopRoTysZ0iF1LJY1Q+9PFqTNyYZUBCWNlSxqyUH9PTGmk9SQKbGdEzUivenPxP6+bmvDan3KZpAYlWy4KU0FMTOZ/kwFXyIyYWEKZ4vZWwkZUUWZsOgUbgrf68jppV8petVx9qJRqN1kceTiDc7gED66gBvdQhxYwGMIzvMKbI5wX5935WLbmnGzmFP7A+fwB47GNjQ==</latexit>

EST

<latexit sha1_base64="oVtDY0IYqGTs25m38oIgKQy64mw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0l6qB6rgnisYGuhDWWzmbRLd7NhdyOW0L/ixYMiXv0j3vw3btoctPXBwOO9md2ZFySMKu2631ZpbX1jc6u8XdnZ3ds/sA+rXSVSSaBDBBOyF2AFjMbQ0VQz6CUSMA8YPAST69x/eASpqIjv9TQBn+NRTCNKsDbS0K5eqilPtNCUODcSIBR8aNfcujuHs0q8gtRQgfbQ/hqEgqQcYk0YVqrvuYn2MyzNowxmlUGqIMFkgkfQNzTGHJSfzXefOadGCZ1ISFOxdubq74kMc2VWDEwnx3qslr1c/M/rpzq68DMaJ6mGmCw+ilLmaOHkQTghlUA0mxqCiaR5AGSMJSbaxFUxIXjLJ6+SbqPuNevNu0atdVXEUUbH6ASdIQ+doxa6RW3UQQQ9oWf0it6smfVivVsfi9aSVcwcoT+wPn8AD5uUdw==</latexit>

A
sym

p
totic

F
reed

om

<latexit sha1_base64="bqJoN532itD7Wi4fiSXPxe5wA4A=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHY5oEeiB72JUR4JrGR26IUJs7ObmV4NIfyHFw8a49V/8ebfODwOClbSSaWqO91dQSKFQdf9djIrq2vrG9nN3Nb2zu5efv+gbuJUc6jxWMa6GTADUiiooUAJzUQDiwIJjWBwOfEbj6CNiNU9DhPwI9ZTIhScoZUebhJQ1KAWqkev7jr5glt0p6DLxJuTApmj2sl/tbsxTyNQyCUzpuW5CfojplFwCeNcOzWQMD5gPWhZqlgExh9Nrx7TE6t0aRhrWwrpVP09MWKRMcMosJ0Rw75Z9Cbif14rxfDcHwmVpAiKzxaFqaQY00kEtCs0cJRDSxjXwt5KeZ9pxtEGlbMheIsvL5N6qeiVi+XbUqFyMY8jS47IMTklHjkjFXJNqqRGONHkmbySN+fJeXHenY9Za8aZzxySP3A+fwDOhZIS</latexit>

Open string GS

<latexit sha1_base64="UlTJ4Jgs+2mVyi+j3AFlspBh1Oc=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsx0UV0WuhHcVLAPaIeSyWTa0EwyTTJCGfoTblwo4tbfceffmLaz0NYDgcM595B7T5Bwpo3rfjuFre2d3b3ifung8Oj4pHx61tEyVYS2ieRS9QKsKWeCtg0znPYSRXEccNoNJs2F332iSjMpHs0soX6MR4JFjGBjpV5Tisgmw2G54lbdJdAm8XJSgRytYflrEEqSxlQYwrHWfc9NjJ9hZRjhdF4apJommEzwiPYtFTim2s+W+87RlVVCFEllnzBoqf5OZDjWehYHdjLGZqzXvYX4n9dPTXTrZ0wkqaGCrD6KUo6MRIvjUcgUJYbPLMFEMbsrImOsMDG2opItwVs/eZN0alWvXq0/1CqN+7yOIlzAJVyDBzfQgDtoQRsIcHiGV3hzps6L8+58rEYLTp45hz9wPn8ACQGQAg==</latexit>

Confined

<latexit sha1_base64="2DdAcX1I1cJpn866e4JuUnZKlyE=">AAAB8XicbVA9SwNBFHwXv2L8ilraLAbBKtyliJYBLQSbCCYRkyPs7b1LluztHbt7Qgj5FzYWitj6b+z8N26SKzRxYGGYecO+N0EquDau++0U1tY3NreK26Wd3b39g/LhUVsnmWLYYolI1ENANQousWW4EfiQKqRxILATjK5mfucJleaJvDfjFP2YDiSPOKPGSo/XyBIZ2WzYL1fcqjsHWSVeTiqQo9kvf/XChGUxSsME1brruanxJ1QZzgROS71MY0rZiA6wa6mkMWp/Mt94Ss6sEpIoUfZJQ+bq78SExlqP48BOxtQM9bI3E//zupmJLv0Jl2lmULLFR1EmiEnI7HwScoXMiLEllCludyVsSBVlxpZUsiV4yyevknat6tWr9btapXGb11GEEziFc/DgAhpwA01oAQMJz/AKb452Xpx352MxWnDyzDH8gfP5A4oGkN8=</latexit>

Deconfined

<latexit sha1_base64="HuKsAep+VU/JVyWGuG4gPSIjsHI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBi2VXpHos6sFjhX5Bu5Zsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777eRWVtfWN/Kbha3tnd294v5BU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDP1W09UaRbJuhnH1Bd4IFnICDZWatd7tw/pmTfpFUtu2Z0BLRMvIyXIUOsVv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCKz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSfO87FXKlfuLUvU6iyMPR3AMp+DBJVThDmrQAAIcnuEV3pxH58V5dz7mrTknmzmEP3A+fwBLFo+A</latexit>

T→1
D

<latexit sha1_base64="X4cc1wjl7M/acJQ7JUgGxxW0AYg="></latexit>

1

R
logZ(ω, R) →→→→→↑

ω/εs→0
→Vqq̄(ω)

<latexit sha1_base64="l5BmU4FSHpWGkmCQOIUrDYq7CxY="></latexit>

=

{
ω
4ε log(ω) +O(ω0) D = 3,
3ε
11

1
ϑ log(ϑ) +O

(
log(log(ϑ))
ϑ log(ϑ)2

)
D = 4 .

<latexit sha1_base64="ccSubeHLzAyJqrINwrGH71WwZho=">AAACK3icbZC7TgMxEEW9vAmvACWNRYREFe1SAGUEDSVIBCIlUeT1ziYW9tqyZxHRKv9Dw69QQMFDtPwH3iQFr6mu7p2xZ05spHAYhm/BzOzc/MLi0nJlZXVtfaO6uXXldG45NLmW2rZi5kCKDJooUELLWGAqlnAd35yW+fUtWCd0dolDA13F+plIBWforV71pINwh8WpVkYCghxSwyxTXlqaWgDqX0sEL5upTilzQ2VQo+DjNNGqPupVa2E9HBf9K6KpqJFpnfeqT51E81xBhlwy59pRaLBbMOuflTCqdHIHhvEb1oe2l5lfx3WL8a0juuedhKbar6czpGP3+0TBlPNLxr5TMRy431lp/pe1c0yPu4XITI6Q8clHaS4palqCo4mwwNEDSgTjVpQI+MCz4h6Vq3gI0e+T/4qrg3p0WD+8OKg1TqY4lsgO2SX7JCJHpEHOyDlpEk7uySN5Ia/BQ/AcvAcfk9aZYDqzTX5U8PkFc+apBQ==</latexit>

Completely parameter free prediction of asymptotic freedom.

<latexit sha1_base64="cZPU4U0hyaVdNKIopwPXMyBJxug="></latexit>

ω = 4.8ε→1
s for SU(3). At large N, ω = g2N .

<latexit sha1_base64="sausyqaxdNJ9kJ7A25Mq0zstQBk=">AAAB+HicbVBNTwIxEO3iF+IHqx69NBITT2SXA3okGo0HD5gAksCGdEsXGrrtpp01QcIv8eJBY7z6U7z5byywBwVfMpmX92bS6QsTwQ143reTW1vf2NzKbxd2dvf2i+7BYcuoVFPWpEoo3Q6JYYJL1gQOgrUTzUgcCvYQjq5m/sMj04Yr2YBxwoKYDCSPOCVgpZ5bvFNygA1obtv1TaPnlryyNwdeJX5GSihDved+dfuKpjGTQAUxpuN7CQQTooFTwaaFbmpYQuiIDFjHUkliZoLJ/PApPrVKH0dK25KA5+rvjQmJjRnHoZ2MCQzNsjcT//M6KUQXwYTLJAUm6eKhKBUYFJ6lgPtcMwpibAmhmttbMR0STSjYrAo2BH/5y6ukVSn71XL1vlKqXWZx5NExOkFnyEfnqIZuUR01EUUpekav6M15cl6cd+djMZpzsp0j9AfO5w/VrZKQ</latexit>

Long string EFT
<latexit sha1_base64="ejmBtBwohGvyPYaNqsIBbFuPrU4="></latexit>

Area law: logZ(ω, R) → ↑Rω/ε2s

<latexit sha1_base64="j5PmQkA+30W9ULnicLutXCNE5Dk=">AAACDnicbVA9TwJBEN3zE/ELtbTZSEisyB0FWhJpLDGRjwQuZG9vgA17u5fdORNC+AU2/hUbC42xtbbz33gHFAq+ZJO3781kZl4QS2HRdb+djc2t7Z3d3F5+/+Dw6LhwctqyOjEcmlxLbToBsyCFgiYKlNCJDbAokNAOxvXMbz+AsUKre5zE4EdsqMRAcIap1C+U6lJbCKlFI9SQDo1OVPZjCDTUkVApsfl+oeiW3TnoOvGWpEiWaPQLX71Q8yQChVwya7ueG6M/ZQYFlzDL9xILMeNjNoRuShWLwPrT+TkzWkqyjQbapE8hnau/O6YssnYSBWllxHBkV71M/M/rJji49qdCxQmC4otBg0RS1DTLhobCAEc5SQnjRqS7Uj5ihnFME8xC8FZPXietStmrlqt3lWLtZhlHjpyTC3JJPHJFauSWNEiTcPJInskreXOenBfn3flYlG44y54z8gfO5w8AGJwV</latexit>

Closed string ground state dominates
<latexit sha1_base64="yLCuz9agUOHrT2NDgHm6njq2YiA=">AAACFXicbVDLSgNBEJyNrxhfqx69DAYhQgy7ItFjUASPUcwDsyHMTibJkNmdZaZXCUt+wou/4sWDIl4Fb/6Nk8dBEwsaiqpuurv8SHANjvNtpRYWl5ZX0quZtfWNzS17e6eqZawoq1AppKr7RDPBQ1YBDoLVI8VI4AtW8/sXI792z5TmMryFQcSaAemGvMMpASO17LwnZBff5TwgcR7fHGJP8W4PiFLyASdHeKTjy5aTM9awZWedgjMGnifulGTRFOWW/eW1JY0DFgIVROuG60TQTIgCTgUbZrxYs4jQPumyhqEhCZhuJuOvhvjAKG3ckcpUCHis/p5ISKD1IPBNZ0Cgp2e9kfif14ihc9ZMeBjFwEI6WdSJBQaJRxHhNleMghgYQqji5lZMe0QRCibIjAnBnX15nlSPC26xULw+yZbOp3Gk0R7aRznkolNUQleojCqIokf0jF7Rm/VkvVjv1sekNWVNZ3bRH1ifP6wPnKI=</latexit>

logZ(ω, R) → ↑ωE0(R)

<latexit sha1_base64="KkPT/v6baPHncUsq1wlbYBgwxl8=">AAACH3icbVDLSgMxFM34tr6qLt0Ei6CgZUakuiy6calia7FTyp00bUMzk2lyRynD/Ikbf8WNC0XEnX9j+lj4OhA4nHMuN/cEsRQGXffTmZqemZ2bX1jMLS2vrK7l1zeqRiWa8QpTUulaAIZLEfEKCpS8FmsOYSD5TdA7G/o3d1wboaJrHMS8EUInEm3BAK3UzJd8qTr0dtdHSPbp1R71teh0EbRW9zQ9oFe02kz71A9Ap/0sG+X2aNbMF9yiOwL9S7wJKZAJLpr5D7+lWBLyCJkEY+qeG2MjBY2CSZ7l/MTwGFgPOrxuaQQhN410dF9Gd6zSom2l7YuQjtTvEymExgzCwCZDwK757Q3F/7x6gu2TRiqiOEEesfGidiIpKjosi7aE5gzlwBJgWti/UtYFDQxtpTlbgvf75L+kelj0SsXS5VGhfDqpY4FskW2ySzxyTMrknFyQCmHkgTyRF/LqPDrPzpvzPo5OOZOZTfIDzucXcayhag==</latexit>

logZ(ω, R) → ↑RVqq̄(ω)

<latexit sha1_base64="La1BqIRhH34Vlz3pjwNryuWjvNw=">AAACC3icbZDLSgMxFIYzXmu9VV26CS2CqzLTRXVZdOPOCvYCbSmZzGkbmkmG5IxQSvdufBU3LhRx6wu4821MLwtt/SHw5T/nkJw/TKSw6Pvf3tr6xubWdmYnu7u3f3CYOzquW50aDjWupTbNkFmQQkENBUpoJgZYHEpohMPrab3xAMYKre5xlEAnZn0leoIzdFY3l79NQFGLRqg+7RudqsjdGAKNdCyUA9vNFfyiPxNdhWABBbJQtZv7akeapzEo5JJZ2wr8BDtjZlBwCZNsO7WQMD5kfWg5VCwG2xnPdpnQM+dEtKeNOwrpzP09MWaxtaM4dJ0xw4Fdrk3N/2qtFHuXnbFQSYqg+PyhXiopajoNhkbCAEc5csC4Ee6vlA+YYRxdfFkXQrC88irUS8WgXCzflQqVq0UcGXJK8uScBOSCVMgNqZIa4eSRPJNX8uY9eS/eu/cxb13zFjMn5I+8zx8pI5sl</latexit>

Open string ground state dominates

<latexit sha1_base64="v91syUuVUJowi6B4cB0dv6zafPQ=">AAACCnicbVC7TgJBFJ3FF+Jr1dJmEEysyC4FWqI2lpjIIwFCZmcHmDCPZWbWhGyobfwVGwuNsfUL7PwbB9hCwZPc5OSce3PvPUHEqDae9+1k1tY3Nrey27md3b39A/fwqKFlrDCpY8mkagVIE0YFqRtqGGlFiiAeMNIMRjczv/lAlKZS3JtJRLocDQTtU4yMlXpu/oppCUPJqUCGhDCYwGKjl4w7AVLJeDot5ntuwSt5c8BV4qekAFLUeu5XJ5Q45kQYzJDWbd+LTDdBylDMyDTXiTWJEB6hAWlbKhAnupvMX5nCM6uEsC+VLWHgXP09kSCu9YQHtpMjM9TL3kz8z2vHpn/ZTaiIYkMEXizqxwwaCWe5wJAqgg2bWIKwovZWiIdIIWxsejkbgr/88ipplEt+pVS5Kxeq12kcWXACTsE58MEFqIJbUAN1gMEjeAav4M15cl6cd+dj0Zpx0plj8AfO5w9AIJn+</latexit>

Also dominated by Vqq̄!
<latexit sha1_base64="XQYB6uRwVYsRH6/8MoEaynsQVsw=">AAACBHicbVA9TwJBEN3DL8SvU0uajWBiRe4o0JJoY4lRwAQImVv2YMPe7WV3zoQQChv/io2Fxtj6I+z8Ny4fhYIv2eTlvZnZmRckUhj0vG8ns7a+sbmV3c7t7O7tH7iHRw2jUs14nSmp9H0AhksR8zoKlPw+0RyiQPJmMLya+s0Hro1Q8R2OEt6JoB+LUDBAK3Xd/G0EUtJiGyEtUjCjKEGFghmqwq5b8EreDHSV+AtSIAvUuu5Xu6dYGvEYmQRjWr6XYGcM2g6UfJJrp4YnwIbQ5y1LY4i46YxnR0zoqVV6NFTavhjpTP3dMYbI2PUCWxkBDsyyNxX/81ophhedsYiTFHnM5h+FqaSo6DQR2hOaM5QjS4BpYXelbAAaGNrccjYEf/nkVdIol/xKqXJTLlQvF3FkSZ6ckDPik3NSJdekRuqEkUfyTF7Jm/PkvDjvzse8NOMseo7JHzifP9ybl54=</latexit>

Small ω asymptotics of
<latexit sha1_base64="Yj9DMd+rXs9WCJUC2V3y/v1ojYQ=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIOhbGChbFI9CG1UeS4N61V51HbqVRFWVn4FRYGEGLlD9j4G9w2A7QcydLROefq+h4v5kwqy/o2ChubW9s7xd3S3v7B4ZF5fNKWUSIotGjEI9H1iATOQmgppjh0YwEk8Dh0vPHt3O9MQUgWhQ9qFoMTkGHIfEaJ0pJrYlxpu+mk7xGRTrKsgpnEMQiVCE8nplB1zbJVtRbA68TOSRnlaLrmV38Q0SSAUFFOpOzZVqyclAjFKIes1E8kxISOyRB6moYkAOmki0syfKGVAfYjoV+o8EL9PZGSQMpZ4OlkQNRIrnpz8T+vlyj/2klZGCcKQrpc5CccqwjPa8EDJoAqPtOEUMH0XzEdEUGo0uWVdAn26snrpF2r2vVq/b5WbtzkdRTRGTpHl8hGV6iB7lATtRBFj+gZvaI348l4Md6Nj2W0YOQzp+gPjM8f5gGZ2w==</latexit>

Vqq̄ is perturbative.
<latexit sha1_base64="RRME8Ki+KCnf1luHK5r9K5xpFvs=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhBsPO5SRMtgGssI5gOSI+xt9pIlu7fn7l4gHPkdNhaK2Ppj7Pw3bpIrNPHBwOO9GWbmhQln2njet7OxubW9s1vYK+4fHB4dl05OW1qmitAmkVyqTog15SymTcMMp51EUSxCTtvhuD732xOqNJPxo5kmNBB4GLOIEWysFNRlyqUIrzkbU7dfKnuutwBaJ35OypCj0S999QaSpILGhnCsddf3EhNkWBlGOJ0Ve6mmCSZjPKRdS2MsqA6yxdEzdGmVAYqkshUbtFB/T2RYaD0Voe0U2Iz0qjcX//O6qYlug4zFSWpoTJaLopQjI9E8ATRgihLDp5Zgopi9FZERVpgYm1PRhuCvvrxOWhXXr7rVh0q5dpfHUYBzuIAr8OEGanAPDWgCgSd4hld4cybOi/PufCxbN5x85gz+wPn8AVnXkdY=</latexit>

Coulomb-like.

<latexit sha1_base64="TQJ3uwUvfYKimO/WX8qtVKvZy9E="></latexit>

Next let us examine →W↭(ω)W↭(0)↑ as a function of ω and R.

<latexit sha1_base64="t9a0GldCkfbEblVR3+dbFQisXkk=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOm2HziRhZiKU0F9w40IRt/6QO//GSRtBRQ9cOJxzL/fe40ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFUYS0I7JOSh7PtYUc4C2tFMc9qPJMXC57Tnz1up37unUrEwuNOLiHoCTwM2YQTrVKpflZ1RseTYDcdtXNfQmtQrGak2kGs7K5QgQ3tUfB+OQxILGmjCsVID14m0l2CpGeF0WRjGikaYzPGUDgwNsKDKS1a3LtGFUcZoEkpTgUYr9ftEgoVSC+GbToH1TP32UvEvbxDrSd1LWBDFmgZkvWgSc6RDlD6OxkxSovnCEEwkM7ciMsMSE23iKZgQvj5F/5Nu2XardvW2Umq2sjjycAbncAku1KAJN9CGDhCYwQM8wbMlrEfrxXpdt+asbOYUfsB6+wRfoo3X</latexit>
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<latexit sha1_base64="cEU1/bdgvYQ1a/g0alhI/vd9MpA=">AAACGXicbVDLSgMxFM34rPVVdekmWARXZcaFiivRjcsKtgrtUDKZOzaYSYbkTrEM/Q03/oobF4q41JV/Y/pYaOuBwOGce5OcE2VSWPT9b29ufmFxabm0Ul5dW9/YrGxtN63ODYcG11Kb24hZkEJBAwVKuM0MsDSScBPdXwz9mx4YK7S6xn4GYcrulEgEZ+ikTsVvIzxgca6xSyNgOYokl7JPdWTB9CCmQlHsApUMUXA4HXQqVb/mj0BnSTAhVTJBvVP5bMea5yko5JJZ2wr8DMOCGXefhEG5nVvIGL9nd9ByVLEUbFiMkg3ovlNimmjjjkI6Un9vFCy1tp9GbjJl2LXT3lD8z2vlmJyEhVBZjqD4+CGXnKKmw5poLAxwdEXEgnEj3F8p7zLDOLoyy66EYDryLGke1oKj2tHVYfXsYlJHieySPXJAAnJMzsglqZMG4eSRPJNX8uY9eS/eu/cxHp3zJjs75A+8rx9BJKET</latexit>

Both beautifully observed in the lattice:
<latexit sha1_base64="yYBaCckQavu2b7XLea6s27YYRlQ=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJlgEV2Wmiyquim5cjmAf0A4lk2ba0MxkSDKFMhTc+CtuXCji1p9w59+YtrPQ1gOBk3PvITknSDhT2nG+rcLa+sbmVnG7tLO7t39gHx41lUgloQ0iuJDtACvKWUwbmmlO24mkOAo4bQWj29m8NaZSMRE/6ElC/QgPYhYygrWRevaJR6VOZTC/orFCntA01gzz655ddirOHGiVuDkpQw6vZ391+4KkkfETjpXquE6i/QxLzQin01I3VTTBZIQHtGNojCOq/GyeYYrOjdJHoZDmxBrN1d+ODEdKTaLAbEZYD9XybCb+N+ukOrzyMxYnqQlGFg+FKUdaoFkhqM8kJZpPDMFEMvNXRIZYYqJNbSVTgrsceZU0qxW3VqndV8v1m7yOIpzCGVyAC5dQhzvwoAEEHuEZXuHNerJerHfrY7FasHLPMfyB9fkDDc+Xyg==</latexit>

Perturbation vs Potential:

<latexit sha1_base64="4XQPYMpOh73urkYt673+nb7CYYg=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4qjMi1WXRjcsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64GEwzn3cu89YSK4Adf9dkpr6xubW+Xtys7u3v5B9fCoY1SqKWtTJZTuhcQwwSVrAwfBeolmJA4F64aTu9zvPjFtuJKPME1YEJOR5BGnBKzk94GkF/k3cAfVmlt358CrxCtIDRVoDapf/aGiacwkUEGM8T03gSAjGjgVbFbpp4YlhE7IiPmWShIzE2TzlWf4zCpDHCltnwQ8V393ZCQ2ZhqHtjImMDbLXi7+5/kpRDdBxmWSApN0MShKBQaF8/vxkGtGQUwtIVRzuyumY6IJBZtSxYbgLZ+8SjqXda9Rbzxc1Zq3RRxldIJO0Tny0DVqonvUQm1EkULP6BW9OeC8OO/Ox6K05BQ9x+gPnM8f2ceQ/Q==</latexit>

ω/ω0

<latexit sha1_base64="T9lVYrnHIeNgr97LUgTLPBLRMHs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRC9C0IsniWgekCxhdjJJhszOLjO9QljyCV48KOLVL/Lm3zhJ9qDRgoaiqpvuriCWwqDrfjm5peWV1bX8emFjc2t7p7i71zBRohmvs0hGuhVQw6VQvI4CJW/FmtMwkLwZjK6nfvORayMi9YDjmPshHSjRF4yile5vL0+7xZJbdmcgf4mXkRJkqHWLn51exJKQK2SSGtP23Bj9lGoUTPJJoZMYHlM2ogPetlTRkBs/nZ06IUdW6ZF+pG0pJDP150RKQ2PGYWA7Q4pDs+hNxf+8doL9Cz8VKk6QKzZf1E8kwYhM/yY9oTlDObaEMi3srYQNqaYMbToFG4K3+PJf0jgpe5Vy5e6sVL3K4sjDARzCMXhwDlW4gRrUgcEAnuAFXh3pPDtvzvu8NedkM/vwC87HN56VjWE=</latexit>

N = 3
<latexit sha1_base64="rus3QpO3VA8vDieNdzl73aFnfzQ=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIFhLuUkTLoI2VRDQfcDnC3maSLNm9PXb3hBjyS2wsFLH1p9j5b9wkV2jig4HHezPMzIsSzrTxvG8nt7a+sbmV3y7s7O7tF92Dw6aWqaLQoJJL1Y6IBs5iaBhmOLQTBUREHFrR6Hrmtx5BaSbjBzNOIBRkELM+o8RYqesWg1ugVJ7jeykEqLDrlryyNwdeJX5GSihDvet+dXqSpgJiQznROvC9xIQTogyjHKaFTqohIXREBhBYGhMBOpzMD5/iU6v0cF8qW7HBc/X3xIQIrccisp2CmKFe9mbif16Qmv5lOGFxkhqI6WJRP+XYSDxLAfeYAmr42BJCFbO3YjokilBjsyrYEPzll1dJs1L2q+XqXaVUu8riyKNjdILOkI8uUA3doDpqIIpS9Ixe0Zvz5Lw4787HojXnZDNH6A+czx/5BpKp</latexit>

[Necco, Sommer]

<latexit sha1_base64="EO+CLDfj8DW1SD/P4bcksL2UTUc=">AAACGHicbVC7SgNBFJ31bXxFLW0Go2AVdy1UrII2FhYKJhGSEO7O3tXBmdll5q4QQj7Dxl+xsVDE1s6/cRJT+DowcDjnXuaeE+dKOgrDj2Bicmp6ZnZuvrSwuLS8Ul5da7issALrIlOZvYrBoZIG6yRJ4VVuEXSssBnfngz95h1aJzNzSb0cOxqujUylAPJSt7x7BuKWZykn1DlaoMIiTzBHk6ARyIG406AU32oTFFtH3XIlrIYj8L8kGpMKG+O8W35vJ5koNBoSCpxrRWFOnT5YkkLhoNQuHOb+BrjGlqcGNLpOfxRswLe9kvA0s/4Z4iP1+0YftHM9HftJDXTjfntD8T+vVVB62OlLkxfkY359lBaKU8aHLfFEWhSkep6AsNLfysUNWBDkuyz5EqLfkf+Sxl412q/uX+xVasfjOubYBttkOyxiB6zGTtk5qzPB7tkje2YvwUPwFLwGb1+jE8F4Z539QPD+CXpon2k=</latexit>

Lack of temperature dependence at small ω :

<latexit sha1_base64="4XQPYMpOh73urkYt673+nb7CYYg=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4qjMi1WXRjcsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64GEwzn3cu89YSK4Adf9dkpr6xubW+Xtys7u3v5B9fCoY1SqKWtTJZTuhcQwwSVrAwfBeolmJA4F64aTu9zvPjFtuJKPME1YEJOR5BGnBKzk94GkF/k3cAfVmlt358CrxCtIDRVoDapf/aGiacwkUEGM8T03gSAjGjgVbFbpp4YlhE7IiPmWShIzE2TzlWf4zCpDHCltnwQ8V393ZCQ2ZhqHtjImMDbLXi7+5/kpRDdBxmWSApN0MShKBQaF8/vxkGtGQUwtIVRzuyumY6IJBZtSxYbgLZ+8SjqXda9Rbzxc1Zq3RRxldIJO0Tny0DVqonvUQm1EkULP6BW9OeC8OO/Ox6K05BQ9x+gPnM8f2ceQ/Q==</latexit>

ω/ω0

<latexit sha1_base64="LJyDgDc9RnCbSwXTeGUxDTBX/6I=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqewWqV6EohdPUsFtC+1Ssmm2Dc1mlyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsSwbVxnG9UWFvf2Nwqbpd2dvf2D8qHRy0dp4oyj8YiVp2AaCa4ZJ7hRrBOohiJAsHawfh25refmNI8lo9mkjA/IkPJQ06JsZKX3U+va/1yxak6c+BV4uakAjma/fJXbxDTNGLSUEG07rpOYvyMKMOpYNNSL9UsIXRMhqxrqSQR0342P3aKz6wywGGsbEmD5+rviYxEWk+iwHZGxIz0sjcT//O6qQmv/IzLJDVM0sWiMBXYxHj2OR5wxagRE0sIVdzeiumIKEKNzadkQ3CXX14lrVrVrVfrDxeVxk0eRxFO4BTOwYVLaMAdNMEDChye4RXekEQv6B19LFoLKJ85hj9Anz9iFY5s</latexit>

N = 2<latexit sha1_base64="UB9bHhtlYcuXSBB+29RYcsQxAnQ=">AAACB3icbVC7SgNBFJ2NrxhfUUtBBoNgEcJuimgZYmMZwTwgWcLs5CYZMvtg5m5gE9LZ+Cs2ForY+gt2/o2TR6GJBwYO59zLnXO8SAqNtv1tpTY2t7Z30ruZvf2Dw6Ps8Uldh7HiUOOhDFXTYxqkCKCGAiU0IwXM9yQ0vOHtzG+MQGkRBg+YROD6rB+InuAMjdTJnrcqbMxG4ShPq4AK+HiY5GkdZIJ6mLidbM4u2HPQdeIsSY4sUe1kv9rdkMc+BMgl07rl2BG6E6ZQcAnTTDvWEDE+ZH1oGRowH7Q7meeY0kujdGkvVOYFSOfq740J87VOfM9M+gwHetWbif95rRh7N+5EBFGMEPDFoV4sKYZ0VgrtCpMcZWII40qYv1I+YIpxNNVlTAnOauR1Ui8WnFKhdF/MlSvLOtLkjFyQK+KQa1Imd6RKaoSTR/JMXsmb9WS9WO/Wx2I0ZS13TskfWJ8/rBuZNQ==</latexit>

[Bazavov, Petreczky, Velytsky]

<latexit sha1_base64="mHiHkZeLPRJPRZAAXzVR7LYrH1Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01UqseiF48VTFtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfmtR1SaJ/LBjFMMYjqQPOKMGiv5nnt24fbKFbfqzkH+Ei8nFcjR6JU/u/2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKTqzSJ1GibElD5urPiQmNtR7Hoe2MqRnqZW8m/ud1MhNdBxMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX/5LmudVr1at3V9W6jd5HEU4gmM4BQ+uoA530AAfGHB4ghd4daTz7Lw574vWgpPPHMIvOB/fOdaNqg==</latexit>

10/30

<latexit sha1_base64="jy6uUwDJ1sgNkB/+QL5q6rZkKFo="></latexit>

We are claiming two facts: 1) leading small ω is perturbative 2) leading small ω is independent of R.

<latexit sha1_base64="fJn9Je3sqq0m1FL7u++WOO6K4tI=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZNS22ZX6MZlBfuANpTJdNIOnZmEmYlQQn/BjQtF3PpD7vwbJ20EFT1w4XDOvdx7TxAzqrTjfFiFjc2t7Z3ibmlv/+DwqHx80lNRIjHp4ohFchAgRRgVpKupZmQQS4J4wEg/mLczv39PpKKRuNOLmPgcTQUNKUY6k7yrqjMuVxzbc1zvugHXpFnLSd2Dru2sUAE5OuPy+2gS4YQToTFDSg1dJ9Z+iqSmmJFlaZQoEiM8R1MyNFQgTpSfrm5dwgujTGAYSVNCw5X6fSJFXKkFD0wnR3qmfnuZ+Jc3THTY9FMq4kQTgdeLwoRBHcHscTihkmDNFoYgLKm5FeIZkghrE0/JhPD1Kfyf9Kq2W7frt7VKq53HUQRn4BxcAhc0QAvcgA7oAgxm4AE8gWeLW4/Wi/W6bi1Y+cwp+AHr7RNhKY3Y</latexit>
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<latexit sha1_base64="C8ok4rDMJ5ycMGPdmt/BH7mVaPA=">AAACD3icbVC7TgJBFJ3FF+ILtbSZCBorskuBNiZEG0t88EhgQ2aHWZgwO7uZuavZEP7Axl+xsdAYW1s7/8YBtlDwJJOcnHNv7pzjRYJrsO1vK7O0vLK6ll3PbWxube/kd/caOowVZXUailC1PKKZ4JLVgYNgrUgxEniCNb3h5cRv3jOleSjvIImYG5C+5D6nBIzUzR/fAlGAHzgMMAwYLt6cd7j0ISliGgZRDNO5UjdfsEv2FHiROCkpoBS1bv6r0wtpHDAJVBCt244dgTsytzgVbJzrxJpFhA5Jn7UNlSRg2h1N84zxkVF62A+VeRLwVP29MSKB1kngmcmAwEDPexPxP68dg3/mjrg0uZiks0N+LDCEeFIO7nHFKIjEEEIVN3/FdEAUoWAqzJkSnPnIi6RRLjmVUuW6XKhepHVk0QE6RCfIQaeoiq5QDdURRY/oGb2iN+vJerHerY/ZaMZKd/bRH1ifP+oCm/k=</latexit>

Start with the R = → computation.

<latexit sha1_base64="i/yePvluYBlPGR7Xbmp4NMRpTn0="></latexit>

Let us briefly review how the perturbative computation works.

<latexit sha1_base64="hhXbmXymaqPtEhPQKYF0DqGRmRQ="></latexit>

=→ V (ω) =
3ε

11

1

ω log(ω)
+O

(
log(log(ω))

ω log(ω)2

)<latexit sha1_base64="HKGN1CNQ7WUlRBQeJcZkDlITLoo="></latexit>

Vqq̄(ω) =
ε(ω)

8ϑω
,

ωϖωε(ω) =
11

24ϑ2
ε(ω)2 +O(ε(ω)3) ,

<latexit sha1_base64="3M9JpMCSZBZ/x2moioo0jQ3yQD0=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYXe6IQRsTohaWmAgYgZC9ZYANe3uX3T0TQvgXNhYaY+u/sfPfuMAVCr5kkpf3ZjIzL4gF18bzvp3Myura+kZ2M7e1vbO7l98/qOsoUQxrLBKRegioRsEl1gw3Ah9ihTQMBDaC4fXUbzyh0jyS92YUYzukfcl7nFFjpUd0+y4p3lyeFTv5gud6M5Bl4qekACmqnfxXqxuxJERpmKBaN30vNu0xVYYzgZNcK9EYUzakfWxaKmmIuj2eXTwhJ1bpkl6kbElDZurviTENtR6Fge0MqRnoRW8q/uc1E9O7aI+5jBODks0X9RJBTESm75MuV8iMGFlCmeL2VsIGVFFmbEg5G4K/+PIyqZdcv+yW70qFylUaRxaO4BhOwYdzqMAtVKEGDCQ8wyu8Odp5cd6dj3lrxklnDuEPnM8f+/OPLA==</latexit>

e.g. D = 4

<latexit sha1_base64="ZD2pdupyuxmaCqJy/+8KD+mBcbQ=">AAACB3icbVC7SgNBFJ2NrxhfUUtBBoNgFXZTRMugTcoI5gHJEmYnN5shsw9m7ophSWfjr9hYKGLrL9j5N06SLTTxwMDhnHuZe44XS6HRtr+t3Nr6xuZWfruws7u3f1A8PGrpKFEcmjySkep4TIMUITRRoIROrIAFnoS2N76Z+e17UFpE4R1OYnAD5odiKDhDI/WLpz2EB0zrwh+BogPBfMUCTZkCKiN/2i+W7LI9B10lTkZKJEOjX/zqDSKeBBAil0zrrmPH6KZMoeASpoVeoiFmfMx86BoasgC0m85zTOm5UQZ0GCnzQqRz9fdGak7Tk8AzkwHDkV72ZuJ/XjfB4ZWbijBOEEK++GiYSIoRnZVicivgKCezArgS5lbKR0wxjqa6ginBWY68SlqVslMtV28rpdp1VkeenJAzckEccklqpE4apEk4eSTP5JW8WU/Wi/VufSxGc1a2c0z+wPr8ARMKmXI=</latexit>

Higher diagrams are log
<latexit sha1_base64="zyn2svcjSFGiS7LKzGyq1nxprtk=">AAACBHicbVC7TgJBFJ3FF+ILtaSZCCZWZJcCLYk2lpjII4ENuTvMwoTZR2bumBBCYeOv2FhojK0fYeffODwKBU8yyck592TuPUEqhUbX/XYyG5tb2zvZ3dze/sHhUf74pKkToxhvsEQmqh2A5lLEvIECJW+nikMUSN4KRjczv/XAlRZJfI/jlPsRDGIRCgZopV6+oE1qA1rzPgWkOgIpaamLYErlXr7olt056DrxlqRIlqj38l/dfsJMxGNkErTueG6K/gQUCib5NNc1mqfARjDgHUtjiLj2J/MjpvTczHYIE2VfjHSu/k5MINJ6HAV2MgIc6lVvJv7ndQyGV/5ExKlBHrPFR6GRFBM6a4T2heIM5dgSYErYXSkbggKGtrecLcFbPXmdNCtlr1qu3lWKtetlHVlSIGfkgnjkktTILamTBmHkkTyTV/LmPDkvzrvzsRjNOMvMKfkD5/MHs1uXeg==</latexit>

suppressed at small ω .

<latexit sha1_base64="WokJO53XTaqfYZ0b+YhG1o+xT5M=">AAACA3icbVDLSsNAFL2pr1pfVXe6GSyCCylJF63LoiAuK9oHpKFMJpN26GQSZiZCCQU3/oobF4q49Sfc+TdOHwttPXDhcM693HuPn3CmtG1/W7mV1bX1jfxmYWt7Z3evuH/QUnEqCW2SmMey42NFORO0qZnmtJNIiiOf07Y/vJr47QcqFYvFvR4l1ItwX7CQEayN1CseuXepUkMmAlSrnqNrpsiAU4lqNa9XLNllewq0TJw5KcEcjV7xqxvEJI2o0IRjpVzHTrSXYakZ4XRc6KaKJpgMcZ+6hgocUeVl0x/G6NQoAQpjaUpoNFV/T2Q4UmoU+aYzwnqgFr2J+J/npjq88DImklRTQWaLwpQjHaNJIChgkhLNR4ZgIpm5FZEBlphoE1vBhOAsvrxMWpWyUy1Xbyul+uU8jjwcwwmcgQM1qMMNNKAJBB7hGV7hzXqyXqx362PWmrPmM4fwB9bnD9JQlls=</latexit>

[Susskind 76, Fischler 77]

<latexit sha1_base64="L7Of9pGiltS0un5XVO1TZSI1r88="></latexit>

Sum over webs allow us to compute an RG equation for the potential:

<latexit sha1_base64="ISCCyc/oAHW7ZWzk7Yq4pq9JxxI="></latexit>

gluons with momenta |k| → 1
ω which are agnostic about the scale R.

<latexit sha1_base64="XIuZ/b0PtV+tzONqtovU6NIGwQ4=">AAACHXicbVA9SwNBEN3zM8avqKXNYhCswl2QaBm0sbCIYD4gCWFvby5Zsrd37M4JR8gfsfGv2FgoYmEj/hs3H4UmPpjh8d4Mwzw/kcKg6347K6tr6xubua389s7u3n7h4LBh4lRzqPNYxrrlMwNSKKijQAmtRAOLfAlNf3g98ZsPoI2I1T1mCXQj1lciFJyhlXqF81tggVB9amxLJdMCMxqHFAdAQw1AQYHuZ1QYOrsZUD/rFYpuyZ2CLhNvTopkjlqv8NkJYp5GoJBLZkzbcxPsjphGwSWM853UQML4kPWhbaliEZjuaPrdmJ5aJaBhrG0ppFP198aIRcZkkW8nI4YDs+hNxP+8dorhZXckVJIiKD47FKaSYkwnUdFAaOAoM0sYt8EITvmAacbRBpq3IXiLLy+TRrnkVUqVu3KxejWPI0eOyQk5Ix65IFVyQ2qkTjh5JM/klbw5T86L8+58zEZXnPnOEfkD5+sHXu+iGQ==</latexit>

Leading singularity of the free energy is sourced by

<latexit sha1_base64="xRgVKFCHFtdw/UZlk3ImGRXlIQs="></latexit>

Basic idea is to note that the diagrams reexponentiate into so called ‘webs’

<latexit sha1_base64="evF7HaagfGRLBlDYQ+m4Cqt2/QY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KolIdVl047KCfUATymR60w6dPJi5EWsI/oobF4q49T/c+TdO2i609cDA4Zx7uWeOnwiu0La/jaXlldW19dJGeXNre2fX3NtvqTiVDJosFrHs+FSB4BE0kaOATiKBhr6Atj+6Lvz2PUjF4+gOxwl4IR1EPOCMopZ65qEbUhwyKrJ27iI8YAZ+3jMrdtWewFokzoxUyAyNnvnl9mOWhhAhE1SprmMn6GVUImcC8rKbKkgoG9EBdDWNaAjKyybpc+tEK30riKV+EVoT9fdGRkOlxqGvJ4usat4rxP+8borBpZfxKEkRIjY9FKTCwtgqqrD6XAJDMdaEMsl1VosNqaQMdWFlXYIz/+VF0jqrOrVq7fa8Ur+a1VEiR+SYnBKHXJA6uSEN0iSMPJJn8krejCfjxXg3PqajS8Zs54D8gfH5A3JyleM=</latexit>

Web

<latexit sha1_base64="evF7HaagfGRLBlDYQ+m4Cqt2/QY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KolIdVl047KCfUATymR60w6dPJi5EWsI/oobF4q49T/c+TdO2i609cDA4Zx7uWeOnwiu0La/jaXlldW19dJGeXNre2fX3NtvqTiVDJosFrHs+FSB4BE0kaOATiKBhr6Atj+6Lvz2PUjF4+gOxwl4IR1EPOCMopZ65qEbUhwyKrJ27iI8YAZ+3jMrdtWewFokzoxUyAyNnvnl9mOWhhAhE1SprmMn6GVUImcC8rKbKkgoG9EBdDWNaAjKyybpc+tEK30riKV+EVoT9fdGRkOlxqGvJ4usat4rxP+8borBpZfxKEkRIjY9FKTCwtgqqrD6XAJDMdaEMsl1VosNqaQMdWFlXYIz/+VF0jqrOrVq7fa8Ur+a1VEiR+SYnBKHXJA6uSEN0iSMPJJn8krejCfjxXg3PqajS8Zs54D8gfH5A3JyleM=</latexit>

Web

<latexit sha1_base64="z81etR/I3MeZvVAMC3xX1NqkmqM="></latexit>

Z(R, ω) = e→RV (ω) = e→R
∑

W C̃(W)K(W)
<latexit sha1_base64="NayuVwrj8EveUvnD+D/HftczjVs=">AAACBnicbVA9TwJBEN3DL8Qv1NKYbAQTbPCOAi2JNpZo5CPhCNlb9mDD3t5ld05DLlQ2/hUbC42x9TfY+W9c4ApFXzLJy3szmZnnRYJrsO0vK7O0vLK6ll3PbWxube/kd/eaOowVZQ0ailC1PaKZ4JI1gINg7UgxEniCtbzR5dRv3TGleShvYRyxbkAGkvucEjBSL39YKt6cukyInnYVHwyBKBXeu1z6MC6e9PIFu2zPgP8SJyUFlKLey3+6/ZDGAZNABdG649gRdBOigFPBJjk31iwidEQGrGOoJAHT3WT2xgQfG6WP/VCZkoBn6s+JhARajwPPdAYEhnrRm4r/eZ0Y/PNuwmUUA5N0vsiPBYYQTzPBfa4YBTE2hFDFza2YDokiFExyOROCs/jyX9KslJ1quXpdKdQu0jiy6AAdoRJy0BmqoStURw1E0QN6Qi/o1Xq0nq03633emrHSmX30C9bHN3xamIY=</latexit>

(R/ωs → ↑)

<latexit sha1_base64="MccXsztGaljoGcLUTorRUb5I/kQ=">AAACDXicbVC7TsNAEDzzDOFloKQ5EZCoIhtQSIlAAsog5SU5VrS+rOGU89m6OyNFET9Aw6/QUIAQLT0df8PlUfCaajSzo92dKBNcG8/7dGZm5+YXFgtLxeWV1bV1d2OzqdNcMWywVKSqHYFGwSU2DDcC25lCSCKBrah/NvJbt6g0T2XdDDIME7iWPOYMjJW67m5wAeYGFQhaPQyDc4Wyj4KC7NE6DGyaVo/Crlvyyt4Y9C/xp6REpqh13Y9OL2V5gtIwAVoHvpeZcAjKcCbwrtjJNWbA+nCNgaUSEtThcPzNHd2zSo/GdnWcSkPH6vfEEBKtB0lkJxN7u/7tjcT/vCA3cTUccpnlBiWbLIpzQU1KR9XQHlfIjBhYAkxxeytlN6CAGVtg0Zbg/375L2kelP1KuXJ1UDo5ndZRINtkh+wTnxyTE3JJaqRBGLknj+SZvDgPzpPz6rxNRmecaWaL/IDz/gVkFJqA</latexit>

[Gatheral 83][Frenkel and Taylor 84]

<latexit sha1_base64="7Rx1tz8XGuFBJsazp78d/Sz1k84=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//GaRtBRQ9cOJxzL/fe48ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz1pLv3dPpWKRuNPzmHohnggWMIK1kTquc1V2RsWSYzcct3FdQ2tSr2Sk2kCu7axQggztUfF9OI5IElKhCcdKDVwn1l6KpWaE00VhmCgaYzLDEzowVOCQKi9dHbtAF0YZoyCSpoRGK/X7RIpDpeahbzpDrKfqt7cU//IGiQ7qXspEnGgqyHpRkHCkI7T8HI2ZpETzuSGYSGZuRWSKJSba5FMwIXx9iv4n3bLtVu3qbaXUbGVx5OEMzuESXKhBE26gDR0gwOABnuDZEtaj9WK9rltzVjZzCj9gvX0Cw1yOCg==</latexit>
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<latexit sha1_base64="G24QuLqgQXf0A5ZJQ5xvkIDL/zA="></latexit>

At finite R/ωs, the leading small ε singularity is unchanged.
<latexit sha1_base64="z3UTKX3M+OCdkKNbXV8lmxq7PGQ="></latexit>

R-dependent corrections are power-suppressed as ω/R → 0.



<latexit sha1_base64="COz0krYAwOgkwqcNg2KmnbvS4jE="></latexit>

At large N , glueballs decouple from the winding flux tube.
<latexit sha1_base64="B5DRdI6OiQSraGFZvf2JnRsxC3s="></latexit>

As a single trace, the Polyakov loop only sources single string states (of winding one).
<latexit sha1_base64="TgEGEi+vddLxkY15vfwtVcTPhls="></latexit>

From the worldsheet, we are computing a cylinder partition function.

<latexit sha1_base64="TbfVVYxrfVrEQS/bGsuFczSCgyw="></latexit>

=
∑

n

1

2ω
|→W |n↑|2

(mn

2ωε

)D→3
2

KD→3
2

(mnε)

<latexit sha1_base64="h+FS2nSMZEralzLYokYoM/PTtfU="></latexit>

→
∫

dmωB(m)
( m

2εϑ

)D→3
2

KD→3
2

(mϑ)

<latexit sha1_base64="ymVxxVot+lSwixy6Cmm5RdWSr7Y="></latexit>

Z(ω, R) → ↑W↭(ω,ε0)W↭(0,ε0)↓ =
∑

n

∫
dD→2εp↑
2ϑEn(εp)

↑W |n, εp↑↓↑n, εp↑|W ↓e→ωEn(εp)

<latexit sha1_base64="Dmu0x32nIrU5eLTjSYkUx8vybDk="></latexit>

Insert a complete basis of single string states |n, ωp→→ with energies En(ωp) =
√
m2

n + ωp2→

<latexit sha1_base64="Og0KSq0pZr1x0iuLFHTiQzyUiv4="></latexit>

We expect this representation to converge for any ω > 0 in the confining phase R > RD.
<latexit sha1_base64="CcyHm6N/JRhY1l6Xh8zyswBvE40="></latexit>

W↭ is just a probe which we are free to move around.

<latexit sha1_base64="Uu/3tkxIWXEY1haxd+uCS6hv6qo=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//GaRtBRQ9cOJxzL/fe48ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz1pLv3dPpWKRuNPzmHohnggWMIK1kTque1V2RsWSYzcct3FdQ2tSr2Sk2kCu7axQggztUfF9OI5IElKhCcdKDVwn1l6KpWaE00VhmCgaYzLDEzowVOCQKi9dHbtAF0YZoyCSpoRGK/X7RIpDpeahbzpDrKfqt7cU//IGiQ7qXspEnGgqyHpRkHCkI7T8HI2ZpETzuSGYSGZuRWSKJSba5FMwIXx9iv4n3bLtVu3qbaXUbGVx5OEMzuESXKhBE26gDR0gwOABnuDZEtaj9WK9rltzVjZzCj9gvX0CxOOOCw==</latexit>

11/20



<latexit sha1_base64="G89/HL3M0haqLGoiGiAi5twThCM="></latexit>

Z(ω, R) =

∫
dmεB(m)

( m

2ϑω

)D→3
2

KD→3
2

(mω)

<latexit sha1_base64="LTWomy6fGVLfXKEgqIIE8U9NZh4="></latexit>

= exp

(
→R↑

{
ω
4ε log(ω) + C +O(ω1) D = 3
3ε
11

1
ϑ log(ϑ) +O

(
log(log(ϑ))
ϑ log(ϑ)2

)
D = 4

)

<latexit sha1_base64="xHoAO8dbQYV7EUrg3E9/L9vRD6Q=">AAACBXicbVC7SkNBEN0bXzG+opZaLAbBQsK9FipWQRvLiOYBSQhzN5Nkye7ey+7eSAxpbPwVGwtFbP0HO//GzaPwdWDgcM4MM3PCWHBjff/TS83NLywupZczK6tr6xvZza2yiRLNsMQiEelqCAYFV1iy3AqsxhpBhgIrYe9i7Ff6qA2P1I0dxNiQ0FG8zRlYJzWzu9eJlKD5HVedQ3qLtAt9pKA7CbbOmtmcn/cnoH9JMCM5MkOxmf2otyKWSFSWCTCmFvixbQxBW84EjjL1xGAMrAcdrDmqQKJpDCdfjOi+U1q0HWlXytKJ+n1iCNKYgQxdpwTbNb+9sfifV0ts+7Qx5CpOLCo2XdROBLURHUdCW1wjs2LgCDDN3a2UdUEDsy64jAsh+P3yX1I+ygfH+eOro1zhfBZHmuyQPXJAAnJCCuSSFEmJMHJPHskzefEevCfv1Xubtqa82cw2+QHv/QvLO5gg</latexit>

Summarizing, we have argued:

<latexit sha1_base64="b1oj8XNEhhZj+A4v0HxSj3zrF4E=">AAAB9XicbVC7TgJBFJ3FF+ILtbSZSEysyC4FGiuijSUm8khgJbPDXZgwO7uZuashhP+wsdAYW//Fzr9xgC0UPMkkJ+ecm3vnBIkUBl3328mtrW9sbuW3Czu7e/sHxcOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILRzcxvPYI2Ilb3OE7Aj9hAiVBwhlZ6aAHlTFGhbAavesWSW3bnoKvEy0iJZKj3il/dfszTCBRyyYzpeG6C/oRpFFzCtNBNDSSMj9gAOpYqFoHxJ/Orp/TMKn0axto+hXSu/p6YsMiYcRTYZMRwaJa9mfif10kxvPQnQiUpguKLRWEqKcZ0VgHtCw0c5dgSxrWwt1I+ZJpxtEUVbAne8pdXSbNS9qrl6l2lVLvO6siTE3JKzolHLkiN3JI6aRBONHkmr+TNeXJenHfnYxHNOdnMMfkD5/MHxxuSDw==</latexit>

We can invert:

<latexit sha1_base64="p8SZ3p7IsyJMwF652SHTJKQsyVo=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsx0UV0W3bisYB/YDiWT3mlDk8yQZIRSiht/xY0LRdz6Fe78GzPtLLT1QOBwzr3cnBMmnGnjed/Oyura+sZmYau4vbO7t+8eHDZ1nCoKDRrzWLVDooEzCQ3DDId2ooCIkEMrHF1nfusBlGaxvDPjBAJBBpJFjBJjpZ57fA8qxkYRqbMxwCIWIE0qcM8teWVvBrxM/JyUUI56z/3q9mOaZuuUE607vpeYYEKUYZTDtNhNNSSEjsgAOpZKIkAHk1mEKT6zSh9HsbJPGjxTf29MiNB6LEI7KYgZ6kUvE//zOqmJLoMJk0lqQNL5oSjl2NjUtg/cZwqo4WNLCFXM/hXTIVGEGltH0ZbgL0ZeJs1K2a+Wq7eVUu0qr6OATtApOkc+ukA1dIPqqIEoekTP6BW9OU/Oi/PufMxHV5x85wj9gfP5A2BCl20=</latexit>

Zero transverse momentum

<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit> {<latexit sha1_base64="PI3xXSMN0VviNOZ7ns8Q2dAZ9cw="></latexit>

ωb(m) =
1

2εi

∫ ω0+i→

ω0↑i→
emω

∫
dD↑2ϑx↓Z

(√
ϖ2 + ϑx2

↓, R

)

<latexit sha1_base64="P6KFqFkg0u5Gpop10Jfz4L5yln0="></latexit>

At large m the integral is dominated by small ω , εx and evaluated by saddle point.

<latexit sha1_base64="iqHL7a5qJDbe0hw+IdDDRSjJtgU="></latexit>

ωB(m) =






C(R)m
ωR
4ε →2(1 +O(1/m)) D = 3

exp

(√
24ε
11 Rm
logm +O

(↑
mR log(logm)

(logm)
3
2

))
D = 4

<latexit sha1_base64="zCebbR3wOiOFrWPMj9+1tMWv5D4="></latexit>

This is a prediction from asymptotic freedom on the high-energy dynamics on the flux tube worldsheet.

<latexit sha1_base64="EVfN59mZobIz+20BWkwBezwEmdc=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//GaRtBRQ9cOJxzL/fe48ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz1pLv3dPpWKRuNPzmHohnggWMIK1kTpu+arsjIolx244buO6htakXslItYFc21mhBBnao+L7cByRJKRCE46VGrhOrL0US80Ip4vCMFE0xmSGJ3RgqMAhVV66OnaBLowyRkEkTQmNVur3iRSHSs1D33SGWE/Vb28p/uUNEh3UvZSJONFUkPWiIOFIR2j5ORozSYnmc0MwkczcisgUS0y0yadgQvj6FP1PumXbrdrV20qp2criyMMZnMMluFCDJtxAGzpAgMEDPMGzJaxH68V6XbfmrGzmFH7AevsExmqODA==</latexit>
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<latexit sha1_base64="SSWXKFJPK0C4w40Rh481VB1kX4g="></latexit>

ωB(m,R) =






C(R)m
ωR
4ε →2(1 +O(1/m)) D = 3

exp

(√
24ε
11 Rm
logm +O

(↑
mR log(logm)

(logm)
3
2

))
D = 4

<latexit sha1_base64="TX5avdjjCcla2s1k7p0aeLuxD98="></latexit>

ωB(m) = ω(m)→ |cW (m)|2

<latexit sha1_base64="R9I9lynvn4LwrKYvJz5uaN/AsDs="></latexit>

This suggests a big cancelation between the density of states ω(m) and the couplings cW !
<latexit sha1_base64="Gxur48rqcPl0AJjCRKDlY64IdFY=">AAACJHicbVDLSsNAFJ3Ud31VXboZLEJdWJMiKrgpdONSobWFJobJ9NYOnUnCzEQoIR/jxl9x48IHLtz4LU7aLrT1wMDhnHOZe08Qc6a0bX9ZhYXFpeWV1bXi+sbm1nZpZ/dWRYmk0KIRj2QnIAo4C6GlmebQiSUQEXBoB8NG7rcfQCoWhU09isET5D5kfUaJNpJfunTlIKqII+wqJjDcpanITtKmf5Vl2GXCrAAKU7/9O3IsTmp5wi+V7ao9Bp4nzpSU0RTXfund7UU0ERBqyolSXceOtZcSqRnlkBXdREFM6JDcQ9fQkAhQXjo+MsOHRunhfiTNCzUeq78nUiKUGonAJAXRAzXr5eJ/XjfR/QsvZWGcaAjp5KN+wrGOcN4Y7jEJVPORIYRKZnbFdEAkodr0WjQlOLMnz5PbWtU5q57dnJbrjWkdq2gfHaAKctA5qqMrdI1aiKJH9Ixe0Zv1ZL1YH9bnJFqwpjN76A+s7x+WtaOL</latexit>

ω(m) → em/TH =↑ cW (m) → e→m/2TH
<latexit sha1_base64="OAGMfGF1jymdlwetw7d7Qkgm6Ek=">AAACI3icbVC7TgMxEPTxJrwClDQWERJVdJcioFRINCmDRBKkJIp8vr3Ewmef7D1IdMq/0PArNBQgREPBv+A8Cl4jWRrP7Gp3J0ylsOj7H97S8srq2vrGZmFre2d3r7h/0LI6MxyaXEttbkJmQQoFTRQo4SY1wJJQQju8vZz67TswVmh1jeMUegkbKBELztBJ/WKtizDCvA0URilwpHU2gEgbRQdG3+OQ6pjiEGgEygocT78WGYKtTfrFkl/2Z6B/SbAgJbJAo19860aaZwko5JJZ2wn8FHs5Myi4hEmhm1lIGb91G3QcVSwB28tnN07oiVMiGmvjnkI6U7935CyxdpyErjJhOLS/van4n9fJMD7v5UKlGYLi80FxJilqOg2MRsK4XOTYEcaNcLtSPmSGcXSxFlwIwe+T/5JWpRxUy9WrSunichHHBjkix+SUBOSMXJA6aZAm4eSBPJEX8uo9es/em/c+L13yFj2H5Ae8zy+HFaTT</latexit>

We expect Hagedorn growth of the density of states:

<latexit sha1_base64="+iWQNx9HgcAEHO6Ax9QqpTTdBiw=">AAACGXicbVDLSgNBEJz1bXxFPXoZjIKnsKuiXgRBDx4VjApJCL2TjhmcnVlmeo1hyW948Ve8eFDEo578GycxB18FA0VVNz1VcaqkozD8CEZGx8YnJqemCzOzc/MLxcWlc2cyK7AijDL2MgaHSmqskCSFl6lFSGKFF/H1Yd+/uEHrpNFn1E2xnsCVli0pgLzUKIY1wlvKz9rY5QK0QMWbpqM5GQ48NR20XEGHS83Xjva31nrlRrEUlsMB+F8SDUmJDXHSKL7VmkZkCWoSCpyrRmFK9RwsSaGwV6hlDlMQ13CFVU81JOjq+SBZj697pclbxvqniQ/U7xs5JM51k9hPJkBt99vri/951Yxae/Vc6jQj1OLrUCtT/dz9mnhTWhSkup6AsNL/lYs2WBDkyyz4EqLfkf+S881ytFPeOd0uHRwO65hiK2yVbbCI7bIDdsxOWIUJdsce2BN7Du6Dx+AleP0aHQmGO8vsB4L3TzBQnx4=</latexit>

They cancel down to a power law in D = 3.
<latexit sha1_base64="eJtS0mVAwdqg9Exxd3Po/6vwjrc="></latexit>

They cancel down to a CFT like e
→

m/ logm in D = 4.

<latexit sha1_base64="FqCqXBWO5oEbaqV/iyb8RWNRDQk="></latexit>

Would be great to understand it microscopically from the worldsheet.

<latexit sha1_base64="Ffnt5cRXv28BzTCTQoiNc8lNlEc="></latexit>

to D-brane is independent of the mass level, ccritical = O(m0)

<latexit sha1_base64="ndCB6UA9DmY++t55bLBTcS56zGE="></latexit>

In contrast to the exponential decay cW → e→
m

2TH , the coupling of winding critical string

<latexit sha1_base64="sGooflmqQeEH7DYaSmjVYMOkidE="></latexit>

Hagedorn growth is not damped, and there is a critical finite ω associated to open string tachyon.

<latexit sha1_base64="Smr5tP9ljfjjD5fAuvXfYHGkAVk=">AAACG3icbZBNS8MwGMdTX+d8q3r0EhyCBxntwKq3wS4eJ7gX6MpIs7QLS9OSpMIo/R5e/CpePCjiSfDgtzHrKujmA4Ef///zJE/+fsKoVJb1Zaysrq1vbFa2qts7u3v75sFhV8apwKSDYxaLvo8kYZSTjqKKkX4iCIp8Rnr+pDXze/dESBrzOzVNiBehkNOAYqS0NDQb2aC4xBWh72VW3SrqfA52Q8OFZV87Tg5xnOqFeJgPzdpPH1wGu4QaKKs9ND8GoxinEeEKMySla1uJ8jIkFMWM5NVBKkmC8ASFxNXIUUSklxVr5fBUKyMYxEIfrmCh/p7IUCTlNPJ1Z4TUWC56M/E/z01VcOVllCepIhzPHwpSBlUMZ0HBERUEKzbVgLCgeleIx0ggrHScVR2CvfjlZeg26rZTd24btWarjKMCjsEJOAM2uARNcAPaoAMweABP4AW8Go/Gs/FmvM9bV4xy5gj8KePzG6vnnXg=</latexit>

coupling
<latexit sha1_base64="m/avuv6rc8Kbrg3rkowfPH8kqcw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsJsiWgbSWEYwD0hCmJ29mwyZnV1m7gph2dbGX7GxUMTWP7Dzb5w8Ck08cOFwzr0z9x4/kcKg6347G5tb2zu7hb3i/sHh0XHp5LRt4lRzaPFYxrrrMwNSKGihQAndRAOLfAkdf9KY+Z0H0EbE6h6nCQwiNlIiFJyhlYYlmvXnj2QagjwLQBmBUxqH1CBDMHk+LJXdijsHXSfekpTJEs1h6asfxDyNQCGXzJie5yY4yJhGwSXkxX5qIGF8wkbQs1SxCMwgmy+R00urBDSMtS2FdK7+nshYZMw08m1nxHBsVr2Z+J/XSzG8GWRCJSmC4ouPwlRSjOksFhoIDRzl1BLGtbC7Uj5mmnG04RVtCN7qyeukXa14tUrtrlquN5ZxFMg5uSBXxCPXpE5uSZO0CCeP5Jm8kjfnyXlx3p2PReuGs5w5I3/gfP4AGTWbPA==</latexit>

density of states

<latexit sha1_base64="jckDThpg94jKtoaWViT22teXMZk=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4ikmt/bgVevFYwbSFNpTNdtsu3WzC7kYoob/BiwdFvPqDvPlv3LYRVPTBwOO9GWbmBTFnSjvOh7W2vrG5tZ3bye/u7R8cFo6O2ypKJKEeiXgkuwFWlDNBPc00p91YUhwGnHaCaXPhd+6pVCwSd3oWUz/EY8FGjGBtJM+9uiw5g0LRseuOW7+uohWplTNSqSPXdpYoQobWoPDeH0YkCanQhGOleq4Taz/FUjPC6TzfTxSNMZniMe0ZKnBIlZ8uj52jc6MM0SiSpoRGS/X7RIpDpWZhYDpDrCfqt7cQ//J6iR7V/JSJONFUkNWiUcKRjtDiczRkkhLNZ4ZgIpm5FZEJlphok0/ehPD1KfqftEu2W7Ert+Vio5nFkYNTOIMLcKEKDbiBFnhAgMEDPMGzJaxH68V6XbWuWdnMCfyA9fYJx/GODQ==</latexit>
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<latexit sha1_base64="IHe0OIOsSR9a6Yz+CnLfer7ICDU="></latexit>

Can we understand the worldsheet interactions that lead to these results?

<latexit sha1_base64="E6tqxhZsI8K4b1U7M4RzDPWOtfI=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiCXf9QI9ELx4xcYEENqRbutDQbTdt14Rs+A1ePGiMV3+QN/+NBfag4EsmeXlvJjPzwoQzbVz32ymsrK6tbxQ3S1vbO7t75f2DppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWO7qZ+64kqzaR4NOOEBjEeCBYxgo2VfO/q7MLtlStu1Z0BLRMvJxXI0eiVv7p9SdKYCkM41rrjuYkJMqwMI5xOSt1U0wSTER7QjqUCx1QH2ezYCTqxSh9FUtkSBs3U3xMZjrUex6HtjLEZ6kVvKv7ndVIT3QQZE0lqqCDzRVHKkZFo+jnqM0WJ4WNLMFHM3orIECtMjM2nZEPwFl9eJs3zqler1h4uK/XbPI4iHMExnIIH11CHe2iADwQYPMMrvDnCeXHenY95a8HJZw7hD5zPH0F5ja8=</latexit>

15/30

<latexit sha1_base64="jH0sIQMA/ewaPuVTrpmd+6WoUJA=">AAACJnicbVA9SwNBEN3z2/gVtbRZDYJVuEuhIgiChZYKRgNJCHObuWTJ3u6xOyeE4K+x8a/YWCgidv4UN2cKv16zb9+bYWZenCnpKAzfg6npmdm5+YXF0tLyyupaeX3j2pncCqwLo4xtxOBQSY11kqSwkVmENFZ4Ew9Ox/7NLVonjb6iYYbtFHpaJlIAealTPj4zoI64QuK54w7Bij5PjOXAyQx5arqoij/1kQujE6ml7nFH1j/bnXIlrIYF+F8STUiFTXDRKT+3ukbkKWoSCpxrRmFG7RFYkkLhXamVO8xADKCHTU81pOjao+LMO77rlW6xTGI08UL93jGC1LlhGvvKFKjvfntj8T+vmVNy2B5JneWEWnwNSnLlE+DjzHhXWhSkhp6AsNLvykUfLAjyyZZ8CNHvk/+S61o12q/uX9YqJ6eTOBbYFttheyxiB+yEnbMLVmeC3bNH9sxegofgKXgN3r5Kp4JJzyb7geDjE/fxpOc=</latexit>

Goal: let us search for a toy model for the confining string!
<latexit sha1_base64="00SCjbnkH3/OkG1PIKkDuWHuWyY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLZCvZSkQvUiFOrBYwX7AW0om+2mXbrZhN2NUEJ/hBcPinj193jz37hpc9DWBwOP92aYmedFnClt299WbmNza3snv1vY2z84PCoen3RUGEtC2yTkoex5WFHOBG1rpjntRZLiwOO0602bqd99olKxUDzqWUTdAI8F8xnB2kjdSvnu9qp8OSyW7Kq9AFonTkZKkKE1LH4NRiGJAyo04VipvmNH2k2w1IxwOi8MYkUjTKZ4TPuGChxQ5SaLc+fowigj5IfSlNBoof6eSHCg1CzwTGeA9USteqn4n9ePtX/jJkxEsaaCLBf5MUc6ROnvaMQkJZrPDMFEMnMrIhMsMdEmoYIJwVl9eZ10alWnXq0/1EqNZhZHHs7gHCrgwDU04B5a0AYCU3iGV3izIuvFerc+lq05K5s5hT+wPn8ADeSOFw==</latexit>

(D = 3)

<latexit sha1_base64="5Dzr8wfHABghy6JF7hW63zNcEDI="></latexit>

Look for integrable worldsheet interactions so that Vopen-string(ω) =
ω
4ε log(ω) +O(ω0)

<latexit sha1_base64="yoOBVvQLHVuB1SLA7xy35zQATSI="></latexit>

Strategy: take R → ↑ so that we have very long strings in the closed channel.

S

<latexit sha1_base64="ubwbK8cGZkWbMLWFFThCwgBxy5s=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALC9jN8=</latexit>

<latexit sha1_base64="wzXxhEKvoVg/lmOAPMeErkZ4Dtw=">AAAB8HicbVDLTgIxFL2DL8QX6tJNIzFxI5lhgcYV0Y1LjPIwMCGd0oGGtjNpO0Yy4SvcuNAYt36OO//GArNQ8CRNTs65Nz33BDFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1SpVkk7804pr7AA8lCRrCx0sPdmcBGsafLXrHklt0Z0DLxMlKCDPVe8avbj0giqDSEY607nhsbP8XKMMLppNBNNI0xGeEB7VgqsaDaT2eBJ+jEKn0URso+adBM/b2RYqH1WAR20uYb6kVvKv7ndRITXvgpk3FiqCTzj8KEIxOh6fWozxQlho8twUQxmxWRIVaYGNtRwZbgLZ68TJqVslctV28rpdpVVkcejuAYTsGDc6jBDdShAQQEPMMrvDnKeXHenY/5aM7Jdg7hD5zPH2tvkCw=</latexit>

S-matrix:

<latexit sha1_base64="cjYqrxiZGMG9ehD/szYM6d8fHK8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2Q8mkaRuayQzJHaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPEEth0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPdCajhUijeRIGSd2LNaRhI3g4mt5nffuLaiEg94DTmfkhHSgwFo2ilx15IcRwEaXvWL1fcqjsHWSVeTiqQo9Evf/UGEUtCrpBJakzXc2P0U6pRMMlnpV5ieEzZhI5411JFQ278dJ54Rs6sMiDDSNunkMzV3xspDY2ZhoGdzBKaZS8T//O6CQ6v/VSoOEGu2OKjYSIJRiQ7nwyE5gzl1BLKtLBZCRtTTRnakkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kDyIqRAg==</latexit>

W
<latexit sha1_base64="8WvWyIU8+mQNbq6wsoj54ob/UZU=">AAAB8HicbVDLTgIxFL2DL8QX6tJNIzFxI5lhgcYV0Y1LNPIwMCGd0oGGtjNpO0Yy4SvcuNAYt36OO//GArNQ8CRNTs65Nz33BDFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1SpVkk7804pr7AA8lCRrCx0sPdmcBGsafLXrHklt0Z0DLxMlKCDPVe8avbj0giqDSEY607nhsbP8XKMMLppNBNNI0xGeEB7VgqsaDaT2eBJ+jEKn0URso+adBM/b2RYqH1WAR20uYb6kVvKv7ndRITXvgpk3FiqCTzj8KEIxOh6fWozxQlho8twUQxmxWRIVaYGNtRwZbgLZ68TJqVslctV28rpdpVVkcejuAYTsGDc6jBDdShAQQEPMMrvDnKeXHenY/5aM7Jdg7hD5zPH2njkCs=</latexit>

R-matrix: <latexit sha1_base64="gA+KaQ8q4BwMGmTB+QI+KZDk2aQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALAzjOE=</latexit>

R

<latexit sha1_base64="cjYqrxiZGMG9ehD/szYM6d8fHK8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2Q8mkaRuayQzJHaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPEEth0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPdCajhUijeRIGSd2LNaRhI3g4mt5nffuLaiEg94DTmfkhHSgwFo2ilx15IcRwEaXvWL1fcqjsHWSVeTiqQo9Evf/UGEUtCrpBJakzXc2P0U6pRMMlnpV5ieEzZhI5411JFQ278dJ54Rs6sMiDDSNunkMzV3xspDY2ZhoGdzBKaZS8T//O6CQ6v/VSoOEGu2OKjYSIJRiQ7nwyE5gzl1BLKtLBZCRtTTRnakkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kDyIqRAg==</latexit>

W

<latexit sha1_base64="P0R8H2DK859bHf1VReDhDE3rbQM="></latexit>

Integrability machinery allows us to describe the open string ground state in terms of the scattering data.

<latexit sha1_base64="KqJUbhqxTlt/LKlXEFSm54qH6lU=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VoEUoipXUjFLpxZwX7gCaWyWTSDp08mJkIJeRT3Pgrblwoojv9GqdpFtp6YOBwzrncuceJGBXSML60wtr6xuZWcbu0s7u3f6AfHvVEGHNMujhkIR84SBBGA9KVVDIyiDhBvsNI35m2537/gXBBw+BOziJi+2gcUI9iJJU00pu9iiVRXIVX0PI4wonF1LCL0qRuRTSFFgvHMI/Ac3iT0XujOtLLRs3IAFeJmZMyyNEZ6Z+WG+LYJ4HEDAkxNI1I2gnikmJG0pIVCxIhPEVjMlQ0QD4RdpIdmMIzpbjQC7l6gYSZ+nsiQb4QM99RSR/JiVj25uJ/3jCW3qWd0CCKJQnwYpEXMyhDOG8LupQTLNlMEYQ5VX+FeIJUT1J1WlIlmMsnr5LeRc1s1Bq39XKrnddRBCfgFFSACZqgBa5BB3QBBo/gGbyCN+1Je9HetY9FtKDlM8fgD7TvH9looOk=</latexit>

V (ω) =
ε

4ϑ
log(ω) +O(ω0)

<latexit sha1_base64="F+zgE2iOjyyLTE9wWL7CkUnziwg="></latexit>

The game is then to find a pair of S→ and R-matrices so that Thermodynamic Bethe Ansatz predicts

<latexit sha1_base64="J0YsgrWj+NNiyl6OxsnzHpXbO34=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//GaRtBRQ9cOJxzL/fe48ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz1pLv3dPpWKRuNPzmHohnggWMIK1kTpu5arsjIolx244buO6htakXslItYFc21mhBBnao+L7cByRJKRCE46VGrhOrL0US80Ip4vCMFE0xmSGJ3RgqMAhVV66OnaBLowyRkEkTQmNVur3iRSHSs1D33SGWE/Vb28p/uUNEh3UvZSJONFUkPWiIOFIR2j5ORozSYnmc0MwkczcisgUS0y0yadgQvj6FP1PumXbrdrV20qp2criyMMZnMMluFCDJtxAGzpAgMEDPMGzJaxH68V6XbfmrGzmFH7AevsEyXiODg==</latexit>
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<latexit sha1_base64="czpucoAFWi0gdgXJ7J9YrQrB23Y="></latexit>

Vqq̄(ω) = ω +
1

2ε

∫ →

0
dp log

(
1→ |R(ip)|2e↑ω(p)

)

<latexit sha1_base64="KN1X4a9D079v2e/JPr9oqGCxyXM="></latexit>

ω(p) = 2pε +

∫
dp→

2ϑi

ϖ logS (pp→)

ϖp→
log

(
1→ |R(ip→)|2e↑ω(p→)

)

<latexit sha1_base64="sQhbnOKmKIe/8tueOS7hbRwSfMg=">AAACCXicbVDLSgMxFM3UV62vUZdugkWooGVGpLoRSt24rGIf0BlKJs20oZlMSDJCqd268VfcuFDErX/gzr8xnc5CqwcuHM65l3vvCQSjSjvOl5VbWFxaXsmvFtbWNza37O2dpooTiUkDxyyW7QApwignDU01I20hCYoCRlrB8HLqt+6IVDTmt3okiB+hPqchxUgbqWvDmxIVh/ACegzxPiOwdg/FETwW0JOp0LWLTtlJAf8SNyNFkKHetT+9XoyTiHCNGVKq4zpC+2MkNcWMTApeoohAeIj6pGMoRxFR/jj9ZAIPjNKDYSxNcQ1T9efEGEVKjaLAdEZID9S8NxX/8zqJDs/9MeUi0YTj2aIwYVDHcBoL7FFJsGYjQxCW1NwK8QBJhLUJr2BCcOdf/kuaJ2W3Uq5cnxartSyOPNgD+6AEXHAGquAK1EEDYPAAnsALeLUerWfrzXqfteasbGYX/IL18Q0E15gK</latexit>

R(ip) = →B|p,↑p↓ <latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p <latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p
<latexit sha1_base64="gA+KaQ8q4BwMGmTB+QI+KZDk2aQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALAzjOE=</latexit>

R
<latexit sha1_base64="Bc/G4CrRc3CxGM2k0OxK+ScLzGs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQ9VI9FLx4r2FZoQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+N2zQHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJV8epotihMY/VY0g0ciaxY5jh+JgoJCLk2Auntwu/94RKs1g+mFmCgSBjySJGicklJnBYrXl1L4e7TvyC1KBAe1j9GoximgqUhnKidd/3EhNkRBlGOc4rg1RjQuiUjLFvqSQCdZDlt87dC6uM3ChWtqRxc/X3REaE1jMR2k5BzESvegvxP6+fmug6yJhMUoOSLhdFKXdN7C4ed0dMITV8ZgmhitlbXTohilBj46nYEPzVl9dJt1H3m/XmfaPWuiniKMMZnMMl+HAFLbiDNnSAwgSe4RXeHOG8OO/Ox7K15BQzp/AHzucPMgGOWg==</latexit>

time

<latexit sha1_base64="2rs0lYeEfi7vKleqJ5uFOYcJGRI=">AAAB+3icbVDLTgIxFL2DL8TXiEs3jcTEFZlhAS5J2LjERB4JTEindKChnU7ajpFM+BU3LjTGrT/izr+xwCwUPEmT03Pvyb33hAln2njet1PY2d3bPygelo6OT07P3PNyV8tUEdohkkvVD7GmnMW0Y5jhtJ8oikXIaS+ctZb13iNVmsn4wcwTGgg8iVnECDZWGrllMqXC/jhKpKGxYZiP3IpX9VZA28TPSQVytEfu13AsSSqsnXCs9cD3EhNkWBlGOF2UhqmmCSYzPKEDS2MsqA6y1e4LdG2VMYqksi82aKX+dmRYaD0Xoe0U2Ez1Zm0p/lcbpCa6DTIWJ6m9i6wHRSlHRqJlEGjMFCWGzy3BRDG7KyJTrDAxNq6SDcHfPHmbdGtVv16t39cqzVYeRxEu4QpuwIcGNOEO2tABAk/wDK/w5iycF+fd+Vi3FpzccwF/4Hz+ADI5lI8=</latexit>

chemical potential

<latexit sha1_base64="Jrd7zwT2PnnL9Kj8q4n2k9q7wBw=">AAACDHicbVC7SgNBFJ31GeMramkzGgSrsJsiWgbSWEbIC5Il3J3MJkPmsczMCiHkA2z8FRsLRWz9ADv/xkmyhSYeuHA4517uvSdKODPW97+9jc2t7Z3d3F5+/+Dw6LhwctoyKtWENoniSnciMJQzSZuWWU47iaYgIk7b0bg299sPVBumZMNOEhoKGEoWMwLWSf1CsTGiWACTeMSkxUQJanCslcAEUgOc2cmF6/JL/gJ4nQQZKaIM9X7hqzdQJBVUWsLBmG7gJzacgraMcDrL91JDEyBjGNKuoxLc0nC6eGaGr5wywLHSrhYXOfX3xBSEMRMRuU4BdmRWvbn4n9dNbXwbTplMUkslWS6KU46twvNk8IBpSiyfOAJEM3crJiPQQKzLL+9CCFZfXietcimolCr35WK1lsWRQ+foEl2jAN2gKrpDddREBD2iZ/SK3rwn78V79z6WrRteNnOG/sD7/AHhT5rn</latexit>

The main hint comes from causality!

<latexit sha1_base64="LrdLVjzQp7koEKLR1cwK4M14l8k=">AAAB/3icbZC7TsMwFIadcivlFkBiYTFUSExV0qEwVurCWAS9SG1UOc5Ja9VxIttBikoHXoWFAYRYeQ023ga3zQAtv2Tp03/O0Tn+/YQzpR3n2yqsrW9sbhW3Szu7e/sH9uFRW8WppNCiMY9l1ycKOBPQ0kxz6CYSSORz6PjjxqzeeQCpWCzudZaAF5GhYCGjRBtrYJ/cGdIgmRhizSLAAXCSnQ3sslNx5sKr4OZQRrmaA/urH8Q0jUBoyolSPddJtDchUjPKYVrqpwoSQsdkCD2DgkSgvMn8/im+ME6Aw1iaJzSeu78nJiRSKot80xkRPVLLtZn5X62X6vDamzCRpBoEXSwKU451jGdh4IBJoJpnBgiVzNyK6YhIQk0iqmRCcJe/vArtasWtVWq31XK9kcdRRKfoHF0iF12hOrpBTdRCFD2iZ/SK3qwn68V6tz4WrQUrnzlGf2R9/gB8BZXE</latexit>

Scattering time delay!

<latexit sha1_base64="+lw9zyPw6HX+vLofaPdeKrsJwdc=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GjoLceYWyMVjFLNAMoSeTk/SpGehu0cIQ/7AiwdFvPpH3vwbO4ugog8KHu9VUVXPTwRXGuMPK7exubW9k98t7O0fHB4Vj086Kk4lZW0ai1j2fKKY4BFra64F6yWSkdAXrOtPmwu/e8+k4nF0p2cJ80IyjnjAKdFGuh1kw2IJ267juNhB2K5hXHNcQ6qu69arqGzjJUqwRmtYfB+MYpqGLNJUEKX6ZZxoLyNScyrYvDBIFUsInZIx6xsakZApL1teOkcXRhmhIJamIo2W6veJjIRKzULfdIZET9RvbyH+5fVTHThexqMk1Syiq0VBKpCO0eJtNOKSUS1mhhAqubkV0QmRhGoTTsGE8PUp+p90Kna5btdvKqVGcx1HHs7gHC6hDFfQgGtoQRsoBPAAT/BsTa1H68V6XbXmrPXMKfyA9fYJOE6N2Q==</latexit> {
<latexit sha1_base64="+lw9zyPw6HX+vLofaPdeKrsJwdc=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GjoLceYWyMVjFLNAMoSeTk/SpGehu0cIQ/7AiwdFvPpH3vwbO4ugog8KHu9VUVXPTwRXGuMPK7exubW9k98t7O0fHB4Vj086Kk4lZW0ai1j2fKKY4BFra64F6yWSkdAXrOtPmwu/e8+k4nF0p2cJ80IyjnjAKdFGuh1kw2IJ267juNhB2K5hXHNcQ6qu69arqGzjJUqwRmtYfB+MYpqGLNJUEKX6ZZxoLyNScyrYvDBIFUsInZIx6xsakZApL1teOkcXRhmhIJamIo2W6veJjIRKzULfdIZET9RvbyH+5fVTHThexqMk1Syiq0VBKpCO0eJtNOKSUS1mhhAqubkV0QmRhGoTTsGE8PUp+p90Kna5btdvKqVGcx1HHs7gHC6hDFfQgGtoQRsoBPAAT/BsTa1H68V6XbXmrPXMKfyA9fYJOE6N2Q==</latexit>

{

<latexit sha1_base64="CR6Fw876C4PCp5AdL66Ag8hL2E4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXDxClEcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT2txvP6HSPJIPZhqjH9KR5EPOqLFS475fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMId1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/ALIEjOM=</latexit>

S

<latexit sha1_base64="i1UdSjPq4hcskD8uESHbh8VuzPE="></latexit>

The time delay 1
i ωp logS is positive.

<latexit sha1_base64="iXFVcW2bkL2b7zQuftIZs+zgyfg=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPIczkEMVTICIeI5gFkhB6OjVJk16G7h4lhPyEF3/FiwdFvAre/Bs7y0ETHxQ83quiql4Yc2as7397K6tr6xubqa309s7u3n7m4LBmVKIpVKniSjdCYoAzCVXLLIdGrIGIkEM9HJQnfv0etGFK3tlhDG1BepJFjBLrpE4md600FsQYDsbgwhU2zrGgmezlMLM4UpyrB4MjrcRlJ5P18/4UeJkEc5JFc1Q6ma9WV9FEgLSUuyXNwI9te0S0ZZTDON1KDMSEDkgPmo5KIsC0R9OvxvjUKV13gHYlLZ6qvydGRBgzFKHrFMT2zaI3Ef/zmomNLtojJuPEgqSzRVHCsVV4EhHuMg3U8qEjhGrmbsW0TzShLheTdiEEiy8vk1ohHxTzxdtCtlSex5FCx+gEnaEAnaMSukEVVEUUPaJn9IrevCfvxXv3PmatK9585gj9gff5A3Q9nmY=</latexit>

For massless 2D scattering, it follows from:
<latexit sha1_base64="Tjk0BFvL6h4a80UuTmVgoxzqc8o=">AAACEnicbZA7TwJBFIVnfSK+UEubiWACDdmlQGOiISEmlhjlkQAhs8MsTJid3czcNSHAb7Dxr9hYaIytlZ3/xgG2UPBWJ+fcm5P7uaHgGmz721pZXVvf2ExsJbd3dvf2UweHNR1EirIqDUSgGi7RTHDJqsBBsEaoGPFdweruoDzN6w9MaR7IexiGrO2TnuQepwSM1UnlrgXRwCmOJAeiOAwvcGZ8l9W5Mb7ETgZ7gcIZfWVnOqm0nbdng5eFE4s0iqfSSX21ugGNfCaBmhLddOwQ2iOiTJ1gk2Qr0iwkdEB6rGmkJD7T7dHspQk+NU53Vu4FEvDM/X0xIr7WQ981mz6Bvl7MpuZ/WTMC77w94jKMgEk6L/IigSHAUz64yxWjIIZGEGp4GDS0TxShYCgmDQRn8eVlUSvknWK+eFtIl8oxjgQ6Ricoixx0hkroBlVQFVH0iJ7RK3qznqwX6936mK+uWPHNEfoz1ucPFmKbLA==</latexit>

Elastic unitarity: |S(s)| = 1 for s > 0
<latexit sha1_base64="PAlZH5flmPKBc8RJXtPFCvrpGk0="></latexit>

Crossing Symmetry: S(s) = S(→s)→ for s ↑ R
<latexit sha1_base64="+DGltU3W+ONKutvgLnsz60rrLtk=">AAACHHicbVDLTsJAFJ36RHxVXbqZCCa4IS0maFxh2LDEKI8ECJkOU5gwnTYzt8am4UPc+CtuXGiMGxcm/o0FulDwrE7OuTf3nuMEgmuwrG9jZXVtfWMzs5Xd3tnd2zcPDpvaDxVlDeoLX7UdopngkjWAg2DtQDHiOYK1nHF16rfumdLcl3cQBaznkaHkLqcEEqlvnl9LIiLglEN0hfO3BX2WxyTVsOsrnNe4yyXuAnuAuFGrT/J9M2cVrRnwMrFTkkMp6n3zszvwaegxCVQQrTu2FUAvJiq5Idgk2w01CwgdkyHrJFQSj+lePAs3waeJMph94voS8Ez9vRETT+vIc5JJj8BIL3pT8T+vE4J72Yu5DEJgks4PuaHA4ONpU3jAFaMgooQQqvi0DzoiilBI+swmJdiLkZdJs1S0y8XyTSlXqaZ1ZNAxOkEFZKMLVEE1VEcNRNEjekav6M14Ml6Md+NjPrpipDtH6A+Mrx8ZYaAn</latexit>

Analyticity: S(s) analytic for s → UHP

<latexit sha1_base64="ONzlga8tND+5Bdluqk4apWu9S9I=">AAACGXicbVC7TgMxEPTxJrwClDQWCVJoorsUQImgoQyChEghivZ8e4kVn32yfUhRkt+g4VdoKECIEir+BudR8BpppdHMrnZ3wlRwY33/05ubX1hcWl5Zza2tb2xu5bd36kZlmmGNKaF0IwSDgkusWW4FNlKNkIQCb8Le+di/uUNtuJLXtp9iK4GO5DFnYJ3UzvtVJfpSJRwEPVOZjDCSaAxVMS1elcxhkYKlAnQHaXFohsVyO1/wy/4E9C8JZqRAZqi28++3kWJZgtIyAcY0Az+1rQFoy5nAUe42M5gC60EHm45KSNC0BpPPRvTAKRGNlXYlLZ2o3ycGkBjTT0LXmYDtmt/eWPzPa2Y2PmkNuEwzi5JNF8WZoFbRcUw04hqZFX1HgGnubqWsCxqYdWHmXAjB75f/knqlHByVjy4rhdPzWRwrZI/skxIJyDE5JRekSmqEkXvySJ7Ji/fgPXmv3tu0dc6bzeySH/A+vgDVa57o</latexit>

Polynomial Boundedness of S(s) at large |s|.

<latexit sha1_base64="OTh8rtqL1V5foXFA1ehABgDpfUQ=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0xKP2+FXjxWsLbQhrLZbtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8w8P+ZMacf5sHIbm1vbO/ndwt7+weFR8fjkTkWJJLRLIh7Jvo8V5UzQrmaa034sKQ59Tnv+rL30e/dUKhaJWz2PqRfiiWABI1gbqetWr8rOqFhy7KbjNqt1tCaNSkZqTeTazgolyNAZFd+H44gkIRWacKzUwHVi7aVYakY4XRSGiaIxJjM8oQNDBQ6p8tLVsQt0YZQxCiJpSmi0Ur9PpDhUah76pjPEeqp+e0vxL2+Q6KDhpUzEiaaCrBcFCUc6QsvP0ZhJSjSfG4KJZOZWRKZYYqJNPgUTwten6H9yV7bdml27qZRa7SyOPJzBOVyCC3VowTV0oAsEGDzAEzxbwnq0XqzXdWvOymZO4Qest0/K/44P</latexit>
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<latexit sha1_base64="7pmOHHHYpC6rT/4ENuNtcaPl3fU=">AAACA3icbVA9SwNBEN3zM8avqJ02i4lgFe5SRBshkMYygvmA5Ah7m0myZG/v2J0TQgjY+FdsLBSx9U/Y+W/cJFdo4oOBx3szzMwLYikMuu63s7a+sbm1ndnJ7u7tHxzmjo4bJko0hzqPZKRbATMghYI6CpTQijWwMJDQDEbVmd98AG1EpO5xHIMfsoESfcEZWqmbO20CNYA0UQINLXRAyq6hN9QrFLu5vFt056CrxEtJnqSodXNfnV7EkxAUcsmMaXtujP6EaRRcwjTbSQzEjI/YANqWKhaC8SfzH6b0wio92o+0LYV0rv6emLDQmHEY2M6Q4dAsezPxP6+dYP/anwgVJwiKLxb1E0kxorNAaE9o4CjHljCuhb2V8iHTjKONLWtD8JZfXiWNUtErF8t3pXylmsaRIWfknFwSj1yRCrklNVInnDySZ/JK3pwn58V5dz4WrWtOOnNC/sD5/AEZrJXj</latexit>

We set units ωs = 1.



<latexit sha1_base64="czpucoAFWi0gdgXJ7J9YrQrB23Y="></latexit>

Vqq̄(ω) = ω +
1

2ε

∫ →

0
dp log

(
1→ |R(ip)|2e↑ω(p)

)

<latexit sha1_base64="KN1X4a9D079v2e/JPr9oqGCxyXM="></latexit>

ω(p) = 2pε +

∫
dp→

2ϑi

ϖ logS (pp→)

ϖp→
log

(
1→ |R(ip→)|2e↑ω(p→)

)

<latexit sha1_base64="Jrd7zwT2PnnL9Kj8q4n2k9q7wBw=">AAACDHicbVC7SgNBFJ31GeMramkzGgSrsJsiWgbSWEbIC5Il3J3MJkPmsczMCiHkA2z8FRsLRWz9ADv/xkmyhSYeuHA4517uvSdKODPW97+9jc2t7Z3d3F5+/+Dw6LhwctoyKtWENoniSnciMJQzSZuWWU47iaYgIk7b0bg299sPVBumZMNOEhoKGEoWMwLWSf1CsTGiWACTeMSkxUQJanCslcAEUgOc2cmF6/JL/gJ4nQQZKaIM9X7hqzdQJBVUWsLBmG7gJzacgraMcDrL91JDEyBjGNKuoxLc0nC6eGaGr5wywLHSrhYXOfX3xBSEMRMRuU4BdmRWvbn4n9dNbXwbTplMUkslWS6KU46twvNk8IBpSiyfOAJEM3crJiPQQKzLL+9CCFZfXietcimolCr35WK1lsWRQ+foEl2jAN2gKrpDddREBD2iZ/SK3rwn78V79z6WrRteNnOG/sD7/AHhT5rn</latexit>

The main hint comes from causality!

<latexit sha1_base64="+lw9zyPw6HX+vLofaPdeKrsJwdc=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GjoLceYWyMVjFLNAMoSeTk/SpGehu0cIQ/7AiwdFvPpH3vwbO4ugog8KHu9VUVXPTwRXGuMPK7exubW9k98t7O0fHB4Vj086Kk4lZW0ai1j2fKKY4BFra64F6yWSkdAXrOtPmwu/e8+k4nF0p2cJ80IyjnjAKdFGuh1kw2IJ267juNhB2K5hXHNcQ6qu69arqGzjJUqwRmtYfB+MYpqGLNJUEKX6ZZxoLyNScyrYvDBIFUsInZIx6xsakZApL1teOkcXRhmhIJamIo2W6veJjIRKzULfdIZET9RvbyH+5fVTHThexqMk1Syiq0VBKpCO0eJtNOKSUS1mhhAqubkV0QmRhGoTTsGE8PUp+p90Kna5btdvKqVGcx1HHs7gHC6hDFfQgGtoQRsoBPAAT/BsTa1H68V6XbXmrPXMKfyA9fYJOE6N2Q==</latexit> {
<latexit sha1_base64="OPfNAMpMgFwAGxS+vqp+Ba+rg8o=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAhWYTdFtAyksYxgHpAsYXYymwyZnV1n7gbCkp+wsVDE1t+x82+cJFto4oGBwzn3cuecIJHCoOt+O1vbO7t7+4WD4uHR8clp6ey8beJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeYNBZ+Z8q1EbF6xFnC/YiOlAgFo2ilbhIbgWLKB6WyW3GXIJvEy0kZcjQHpa/+MGZpxBUySY3peW6CfkY1Cib5vNhPDU8om9AR71mqaMSNny3/OyfXVhmSMNb2KSRL9fdGRiNjZlFgJyOKY7PuLcT/vF6K4Z2fCZWkyBVbHQpTSTAmi/BkKDRnKGeWUKZtckbYmGrK0FZUtCV465E3Sbta8WqV2kO1XG/kdRTgEq7gBjy4hTrcQxNawEDCM7zCm/PkvDjvzsdqdMvJdy7gD5zPH3zVkEc=</latexit>

positive

<latexit sha1_base64="+lw9zyPw6HX+vLofaPdeKrsJwdc=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GjoLceYWyMVjFLNAMoSeTk/SpGehu0cIQ/7AiwdFvPpH3vwbO4ugog8KHu9VUVXPTwRXGuMPK7exubW9k98t7O0fHB4Vj086Kk4lZW0ai1j2fKKY4BFra64F6yWSkdAXrOtPmwu/e8+k4nF0p2cJ80IyjnjAKdFGuh1kw2IJ267juNhB2K5hXHNcQ6qu69arqGzjJUqwRmtYfB+MYpqGLNJUEKX6ZZxoLyNScyrYvDBIFUsInZIx6xsakZApL1teOkcXRhmhIJamIo2W6veJjIRKzULfdIZET9RvbyH+5fVTHThexqMk1Syiq0VBKpCO0eJtNOKSUS1mhhAqubkV0QmRhGoTTsGE8PUp+p90Kna5btdvKqVGcx1HHs7gHC6hDFfQgGtoQRsoBPAAT/BsTa1H68V6XbXmrPXMKfyA9fYJOE6N2Q==</latexit> {
<latexit sha1_base64="5aMoCfhNBVMsedc5POOA6YsJ1bw=">AAAB73icbZA9TwJBEIbn/ET8Qi1tNhITK3JHgZYkNJaYyEcCF7K3zMGGvb1zd4+EXPgTNhYaY+vfsfPfuMAVCr7JJk/emcnOvEEiuDau++1sbe/s7u0XDoqHR8cnp6Wz87aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJo1FvTNFpXksH80sQT+iI8lDzqixVlfiyMIUB6WyW3GXIpvg5VCGXM1B6as/jFkaoTRMUK17npsYP6PKcCZwXuynGhPKJnSEPYuSRqj9bLnvnFxbZ0jCWNknDVm6vycyGmk9iwLbGVEz1uu1hflfrZea8M7PuExSg5KtPgpTQUxMFseTIVfIjJhZoExxuythY6ooMzaiog3BWz95E9rViler1B6q5Xojj6MAl3AFN+DBLdThHprQAgYCnuEV3pwn58V5dz5WrVtOPnMBf+R8/gBLr5An</latexit>

negative

<latexit sha1_base64="vF5GLDYONUyMA/0MQ1DQVK6KC6M=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8EiuCozRarLggguK9gHdIaSSTNtaObR5E6hDAX/hRsXirj1x7jz35g+Ftp6IPBxzg25OX4ihUbb/rZyG5tb2zv53cLe/sHhUfH4pKnjVDHeYLGMVdunmksR8QYKlLydKE5DX/KWP7yd5a0xV1rE0SNOEu6FtB+JQDCKxvJcyUekQhLiIk27xZJdtuci6+AsoQRL1bvFL7cXszTkETJJte44doJeRhUKJvm04KaaJ5QNaZ93DEY05NrL5ktPyYVxeiSIlTkRkrn7+0ZGQ60noW8mQ4oDvZrNzP+yTorBjZeJKEmRR2zxUJBKgjGZNUB6QnGGcmKAMiXMroQNqKIMTU8FU4Kz+uV1aFbKTrVcfbgq1e6eFnXk4QzO4RIcuIYa3EMdGsBgBM/wCm/W2Hqx3q2PxWjOWlZ4Cn9kff4AqaCR0A==</latexit>→ 2pω

<latexit sha1_base64="3oKgaS8wWq2wXOEbQTWnoKZxY9k="></latexit>

This gives a bound on R-matrix in terms of the potential Vopen(ω):

<latexit sha1_base64="PqXZSRdoOmd+Xtn7vVM9IL1cvMA="></latexit>

→
∫ →

0

dp

2ω
|R(ip)|2e↑2ωp<latexit sha1_base64="sa2+SDuB+jfmjmhvW107bI0cH28=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKkJJRKrLohuXFewFmhAm05N26OTSmYlQQrdufBU3LhRx6xu4822ctllo6w8DH/85hzPn9xPOpLKsb6Owsrq2vlHcLG1t7+zumfsHLRmngkKTxjwWHZ9I4CyCpmKKQycRQEKfQ9sf3kzr7QcQksXRvRon4IakH7GAUaK05Zm45WUj7PhEZKPJpOIokp5ipw/a04jPsGeWrao1E14GO4cyytXwzC+nF9M0hEhRTqTs2lai3IwIxSiHSclJJSSEDkkfuhojEoJ0s9klE3yinR4OYqFfpPDM/T2RkVDKcejrzpCogVysTc3/at1UBVduxqIkVRDR+aIg5VjFeBoL7jEBVPGxBkIF03/FdEAEoUqHV9Ih2IsnL0PrvGrXqrW7i3L9Oo+jiI7QMaogG12iOrpFDdREFD2iZ/SK3own48V4Nz7mrQUjnzlEf2R8/gCz85kP</latexit>

Vqq̄(ω) → ω+

<latexit sha1_base64="M2rZxj6TIQwUpmTzdiglpbYmMYg="></latexit>

It would be fantastic if similar bounds could be sharply established beyond integrability.

<latexit sha1_base64="CNJ1RMAe01trheDHimbwNdPOu/E="></latexit>

Viewing V as a free energy, this is a causality bound on thermodynamic observables.

<latexit sha1_base64="2p20eLFXSLL+Sw1/HrfeiSBLrws=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU01KTdtboRePFUxbaEvZbDft0s0m7G6EEvobvHhQxKs/yJv/xm0bQUUfDDzem2Fmnh9zprRtf1i5jc2t7Z38bmFv/+DwqHh80lFRIgn1SMQj2fOxopwJ6mmmOe3FkuLQ57Trz1pLv3tPpWKRuNPzmA5DPBEsYARrI3mOe1WxR8WSXW7YTuO6htakXs2I20BO2V6hBBnao+L7YByRJKRCE46V6jt2rIcplpoRTheFQaJojMkMT2jfUIFDqobp6tgFujDKGAWRNCU0WqnfJ1IcKjUPfdMZYj1Vv72l+JfXT3RQH6ZMxImmgqwXBQlHOkLLz9GYSUo0nxuCiWTmVkSmWGKiTT4FE8LXp+h/0qmUHbfs3lZLzVYWRx7O4BwuwYEaNOEG2uABAQYP8ATPlrAerRfrdd2as7KZU/gB6+0TzIaOEA==</latexit>
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<latexit sha1_base64="OzTUaNFVXLvqv2VO4EyW7XCE0BY="></latexit>

→ω + Vopen(ω) ↑
∫ →

0

dp

2ε
|R(ip)|2e↑2ωp<latexit sha1_base64="mWgJ8Yclw0cL9NM7GsqsPVJHLUE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6qB4LInisYBuhDWWznbRLN5uwuymUUPAvePGgiFd/jzf/jduPg7Y+GHi8N8PMvDAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pK2TTDFssUQk6jGkGgWX2DLcCHxMFdI4FOiHo5uZ749RaZ7IBzNJMYjpQPKIM2qs5PtIhnSMvXLFrbpzkHXiLUkFlmj2yl/dfsKyGKVhgmrd8dzUBDlVhjOB01I305hSNqID7FgqaYw6yOfnTsmFVfokSpQtachc/T2R01jrSRzazpiaoV71ZuJ/Xicz0XWQc5lmBiVbLIoyQUxCZr+TPlfIjJhYQpni9lbChlRRZmxCJRuCt/ryOmnXql69Wr+vVRq3T4s4inAG53AJHlxBA+6gCS1gMIJneIU3J3VenHfnY9FacJYRnsIfOJ8/COaPzA==</latexit>

We have

<latexit sha1_base64="1EOXfzge7/lzbESBmM6qNPk1Soc="></latexit>

At small ω , Vopen(ω) =
ω
4ε log(ω) +O(ω)

<latexit sha1_base64="hqPjqRmbRz7A5blF6cCvLEiizfQ=">AAACHnicbVDLSgNBEJz1bXxFPXoZTAS9hN2Aj6PgxaOKUSGG0DvpzQ7OziwzvUKIfokXf8WLB0UET/o3TmIOvgoaiqpuurviXElHYfgRjI1PTE5Nz8yW5uYXFpfKyytnzhRWYEMYZexFDA6V1NggSQovcouQxQrP46uDgX9+jdZJo0+pl2Mrg66WiRRAXmqXt09T6bgw2pEFqR2nFLkC20Vezas8xhSupV/GTcKrNyebMt+6qdba5UpYC4fgf0k0IhU2wlG7/HbZMaLIUJNQ4FwzCnNq9cGSFApvS5eFwxzEFXSx6amGDF2rP3zvlm94pcMTY31p4kP1+0QfMud6Wew7M6DU/fYG4n9es6Bkr9WXOi8ItfhalBSKk+GDrHhHWhSkep6AsNLfykUKFgT5REs+hOj3y3/JWb0W7dR2juuV/YNRHDNsja2zTRaxXbbPDtkRazDB7tgDe2LPwX3wGLwEr1+tY8FoZpX9QPD+Cd0FoQs=</latexit>

This constrains the large p behaviour of |R(ip)|.
<latexit sha1_base64="qxyt9NT9YDhakxlOiyOdr7zNusc="></latexit>

If |R(ip)| decays too slowly, the RHS will generate divergences which dominate the log in the LHS.

<latexit sha1_base64="2Rgr5dOq2zV6ytTwxsM5XvJaBzo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6qB4LInisYJtCG8pmO2mXbjZhdyOUUPAvePGgiFd/jzf/jduPg7Y+GHi8N8PMvDAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pK2TTDFssUQkqhNSjYJLbBluBHZShTQOBfrh+Gbm+4+oNE/kg5mkGMR0KHnEGTVW8n0kEZeDfrniVt05yDrxlqQCSzT75a/eIGFZjNIwQbXuem5qgpwqw5nAaamXaUwpG9Mhdi2VNEYd5PNzp+TCKgMSJcqWNGSu/p7Iaaz1JA5tZ0zNSK96M/E/r5uZ6DrIuUwzg5ItFkWZICYhs9/JgCtkRkwsoUxxeythI6ooMzahkg3BW315nbRrVa9erd/XKo3bp0UcRTiDc7gED66gAXfQhBYwGMMzvMKbkzovzrvzsWgtOMsIT+EPnM8fBFyPyQ==</latexit>

We find
<latexit sha1_base64="k8iqsCLZwUUg/En5fCm28/VwTVM="></latexit>

|R(ip)| must decay as
√

ω
2p on average.

<latexit sha1_base64="8PVgatK9SU1qI5wyFcnZZrHPKr4="></latexit>

More sharply: ω → lim
x→↑

2
log x

∫ x
0 dp|R(ip)|2

<latexit sha1_base64="UNKVEcUTTbsi4orlRyWOzAZO4k4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLaBA8hd0coseACF6ECOaByRJmJ7PJkNnZZaZXCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXUEihUHX/XZWVtfWNzZzW/ntnd29/cLBYcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLya+M1Hro2I1T2OEu5HtK9EKBhFKz3cUqHIQCg86RaKbsmdgiwTb06KMEetW/jq9GKWRlwhk9SYtucm6GdUo2CSj/Od1PCEsiHt87alikbc+Nn04jE5s0qPhLG2pZBM1d8TGY2MGUWB7YwoDsyiNxH/89ophpd+JlSSIldstihMJcGYTN4nPaE5QzmyhDIt7K2EDaimDG1IeRuCt/jyMmmUS16lVLkrF6vXT7M4cnAMp3AOHlxAFW6gBnVgoOAZXuHNMc6L8+58zFpXnHmER/AHzucP+jeQ4w==</latexit>

Main hint!

<latexit sha1_base64="f2b4ExxStAvQirRek0zmTmLDjD0="></latexit>

Asymptotic freedom forces vanishing amplitude for the WL to emit a pair of high energy Goldstones.

<latexit sha1_base64="8GSMKfXVvgAYLHr19hdxTrRZK7c="></latexit>

Compare this with the critical bosonic string ending on D-brane:

<latexit sha1_base64="j7X8J7TArpkBG++tRGDQHhjB2Vo=">AAACDHicbVC7SgNBFJ2N7/iKWtoMBiEWxt0gaiMIaSyjmChko8xO7iaDs7vDzF0xLPkAG3/FxkIRWz/Azr9x8ig0emDgcM653LknUFIYdN0vJzc1PTM7N7+QX1xaXlktrK03TJJqDnWeyERfBcyAFDHUUaCEK6WBRYGEy+C2OvAv70AbkcQX2FPQilgnFqHgDK10Uyiel4TaOaY+3CtfQoilbJcKqq4re5W+r0Wnizs25ZbdIehf4o1JkYxRuyl8+u2EpxHEyCUzpum5ClsZ0yi4hH7eTw0oxm9ZB5qWxiwC08qGx/TptlXaNEy0fTHSofpzImORMb0osMmIYddMegPxP6+ZYnjUykSsUoSYjxaFqaSY0EEztC00cJQ9SxjXwv6V8i7TjKPtL29L8CZP/ksalbJ3UD442y+eVMd1zJNNskVKxCOH5ISckhqpE04eyBN5Ia/Oo/PsvDnvo2jOGc9skF9wPr4BzNqZmA==</latexit>

R(ip) = exp
(
→ip2/2

)
<latexit sha1_base64="IqqrMaYy7WRlOr/UUordLbPcPsI=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tDoNgIeEuRbQMpLGMkC9IjrC3mSRr9naP3T0hHPkPNhaK2Pp/7Pw3bpIrNPHBwOO9GWbmhTFn2njet5Pb2t7Z3cvvFw4Oj45PiqdnbS0TRbFFJZeqGxKNnAlsGWY4dmOFJAo5dsJpfeF3nlBpJkXTzGIMIjIWbMQoMVZqNyeo8GZQLHllbwl3k/gZKUGGxqD41R9KmkQoDOVE657vxSZIiTKMcpwX+onGmNApGWPPUkEi1EG6vHbuXlll6I6ksiWMu1R/T6Qk0noWhbYzImai172F+J/XS8zoLkiZiBODgq4WjRLuGukuXneHTCE1fGYJoYrZW106IYpQYwMq2BD89Zc3SbtS9qvl6kOlVKtnceThAi7hGny4hRrcQwNaQOERnuEV3hzpvDjvzseqNedkM+fwB87nDzCojuQ=</latexit>

There,
<latexit sha1_base64="yeKFGHfiLfAnonGZKSTnGpPRjI0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdCLx4r2A9oQ9lsJ+3S3STuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoJJY+53nlBpHkcPZpqgL+ko4iFn1Fip2+fSbkE9KFfcqrsAWSdeTiqQozkof/WHMUslRoYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ2lEJWo/W9w7IxdWGZIwVrYiQxbq74mMSq2nMrCdkpqxXvXm4n9eLzXhrZ/xKEkNRmy5KEwFMTGZP0+GXCEzYmoJZYrbWwkbU0WZsRGVbAje6svrpH1V9WrV2v11pd7I4yjCGZzDJXhwA3W4gya0gIGAZ3iFN+fReXHenY9la8HJZ07hD5zPH0YKkCU=</latexit>

=→ <latexit sha1_base64="l7U6fIbCaJJtWkdlM0Ha6A34wkk=">AAACBHicbVDLTsJAFJ3iC/FVdclmIjXBTdOyQDcmJGxcopFHAg2ZDlOYMJ02M1MTUli48VfcuNAYt36EO//GAbpQ8CQ3OTnn3tx7jx8zKpXjfBu5jc2t7Z38bmFv/+DwyDw+ackoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH9fnfvuBCEkjfq8mMfFCNOQ0oBgpLfXNojW9K9P4YgqvoWtBpCBDYkigFVt23yw5trMAXCduRkogQ6NvfvUGEU5CwhVmSMqu68TKS5FQFDMyK/QSSWKEx2hIuppyFBLppYsnZvBcKwMYREIXV3Ch/p5IUSjlJPR1Z4jUSK56c/E/r5uo4MpLKY8TRTheLgoSBlUE54nAARUEKzbRBGFB9a0Qj5BAWOncCjoEd/XlddKq2G7Vrt5WSrV6FkceFMEZKAMXXIIauAEN0AQYPIJn8ArejCfjxXg3PpatOSObOQV/YHz+AEkelVM=</latexit>

|R(ip)| = 1 at large p.
<latexit sha1_base64="81NjPdtgDLZy6B4lhC8WHIe1rGg=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//GaRtBRQ9cOJxzL/fe48ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz1pLv3dPpWKRuNPzmHohnggWMIK1kTpu7arsjIolx244buO6htakXslItYFc21mhBBnao+L7cByRJKRCE46VGrhOrL0US80Ip4vCMFE0xmSGJ3RgqMAhVV66OnaBLowyRkEkTQmNVur3iRSHSs1D33SGWE/Vb28p/uUNEh3UvZSJONFUkPWiIOFIR2j5ORozSYnmc0MwkczcisgUS0y0yadgQvj6FP1PumXbrdrV20qp2criyMMZnMMluFCDJtxAGzpAgMEDPMGzJaxH68V6XbfmrGzmFH7AevsEzg2OEQ==</latexit>
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0.002

0.004

0.006

0.008

0.010

0.012 <latexit sha1_base64="++uu4c5oZhDE2JARan5Tof1LMwY=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHok8cIRjQsksCHd0oWGbrtpuyZkw2/w4kFjvPqDvPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftLVMFaE+kVyqbog15UxQ3zDDaTdRFMchp51wcjf3O09UaSbFo5kmNIjxSLCIEWys5D9UWXI5KFfcmrsAWideTiqQozUof/WHkqQxFYZwrHXPcxMTZFgZRjidlfqppgkmEzyiPUsFjqkOssWxM3RhlSGKpLIlDFqovycyHGs9jUPbGWMz1qveXPzP66Umug0yJpLUUEGWi6KUIyPR/HM0ZIoSw6eWYKKYvRWRMVaYGJtPyYbgrb68TtpXNa9eq99fVxrNPI4inME5VMGDG2hAE1rgAwEGz/AKb45wXpx352PZWnDymVP4A+fzBwx0jjk=</latexit>

R(ip)

<latexit sha1_base64="7tv2WzW9ur2YxpHzKsOCufSDF28=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUTAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A33mNBQ==</latexit>p

<latexit sha1_base64="xA+5BOscQjwRqsGr5VZWBfSodLo="></latexit>

Recall we search for a pair of R/S-matrices. They must satisfy:
<latexit sha1_base64="OFG3seamHmO23ahkUX4bKzZZEQo="></latexit>

Elastic unitarity: |R(p)| = |S(s = 4p2)| = 1 for p > 0.
<latexit sha1_base64="8UY7YEks8Iz2jN9db7jt4Jm58sE="></latexit>

Analyticity: S(s), R(p) holomorphic in the upper-half p2 plane.
<latexit sha1_base64="eNorlRC9rtXOz//dUf6K98XH30g=">AAACDnicbVC7TgJBFJ3FF+ILtbSZyJKAiZtdCjQmGhIaSwzySADJ7DALE2ZnNjOzJoTwBTb+io2Fxtha2/k3Do9C0VOdnHNv7j3HjxhV2nW/rMTK6tr6RnIztbW9s7uX3j+oKxFLTGpYMCGbPlKEUU5qmmpGmpEkKPQZafjD8tRv3BOpqOC3ehSRToj6nAYUI22kbjpblkIpyvsX0K7mVB5ewmruVOXvTmwYCAltdeXaTjedcR13BviXeAuSAQtUuunPdk/gOCRcY4aUanlupDtjJDXFjExS7ViRCOEh6pOWoRyFRHXGszgTmDVKb3Y9EFzDmfpzY4xCpUahbyZDpAdq2ZuK/3mtWAfnnTHlUawJx/NDQcygFnDaDexRSbBmI0MQltT8CvEASYS1aTBlSvCWI/8l9YLjFZ3iTSFTKi/qSIIjcAxywANnoASuQQXUAAYP4Am8gFfr0Xq23qz3+WjCWuwcgl+wPr4BEG2YTw==</latexit>

Crossing: S(s) = S(→s)→ for s > 0.
<latexit sha1_base64="rUyWep4mx795U8CQq7xsLbDXSX0="></latexit>

R-matrix “t-channel unitarity”: S(s) = R(p)R(peiω)
<latexit sha1_base64="sQRRewCJNX00UL8VUS9Yxw4YamA="></latexit>

Main hint: ω → lim
x→↑

2
log x

∫ x
0 dp|R(ip)|2

<latexit sha1_base64="9nxwqECZ6zcbgZhJjwe1UH8cJE8="></latexit>

R(p) =
→∏

n=1

(
p→ i ω

2ε exp (2ω
↑
n))

p+ i ω
2ε exp (2ω

↑
n)

)2

<latexit sha1_base64="JAkTczYb/D6nC45STKB8gps+rIY=">AAACEHicbVDLSgMxFM3UV62vqks3wSK6KjNdVHFVEcFlBfuAtpQ76Z02NJMZkoxQS8EfcOOvuHGhiFuX7vwb08dCWw8kHM65yb33+LHg2rjut5NaWl5ZXUuvZzY2t7Z3srt7VR0limGFRSJSdR80Ci6xYrgRWI8VQugLrPn9y7Ffu0OleSRvzSDGVghdyQPOwFipnT2+kBSkBnNP7cV1MOCyS0EIGqsoRmU4asr1eTubc/PuBHSReDOSIzOU29mvZidiSYjSMAFaNzw3Nq0h2B+ZwFGmmWiMgfWhiw1LJYSoW8PJQiN6ZJUODSJljzR0ov5+MYRQ60Ho28oQTE/Pe2PxP6+RmOCsNeQyTgxKNm0UJIKaiI7ToR2ukBkxsASY4nZWynqggBmbYcaG4M2vvEiqhbxXzBdvCrnS1cM0jjQ5IIfkhHjklJTINSmTCmHkkTyTV/LmPDkvzrvzMS1NObMI98kfOJ8/wwedeg==</latexit>

An ansatz satisfying all properties is:

<latexit sha1_base64="3qwFGuv+7RdOTlzqWSyHWAtvDUs="></latexit>

R(ip) satisfies Main Hint, but envelope does not.

<latexit sha1_base64="x/ntxYkJsaM/sk4U8GZfr8ElPII=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//GaRtBRQ9cOJxzL/fe48ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz1pLv3dPpWKRuNPzmHohnggWMIK1kTpu/arsjIolx244buO6htakXslItYFc21mhBBnao+L7cByRJKRCE46VGrhOrL0US80Ip4vCMFE0xmSGJ3RgqMAhVV66OnaBLowyRkEkTQmNVur3iRSHSs1D33SGWE/Vb28p/uUNEh3UvZSJONFUkPWiIOFIR2j5ORozSYnmc0MwkczcisgUS0y0yadgQvj6FP1PumXbrdrV20qp2criyMMZnMMluFCDJtxAGzpAgMEDPMGzJaxH68V6XbfmrGzmFH7AevsEz5SOEg==</latexit>
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<latexit sha1_base64="69tFA4LwzS8m9EIiDpWFMJ5TtIY=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5SRMugjWUE8wHJEfY2c8mSvb1jd08JR/6GjYUitv4ZO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUSleSwfzDRBP6IjyUPOqLFSv4NExk/E0AmSQbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLmGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPYzLpPUoGTLRWEqiInJPAAy5AqZEVNLKFPc3krYmCrKjI2pZEPwVl9eJ+1a1atX6/e1SuMmj6MIZ3AOl+DBFTTgDprQAgYJPMMrvDmp8+K8Ox/L1oKTz5zCHzifPxCxkRA=</latexit>

We now take
<latexit sha1_base64="v9OxuQvl1LghlEZFhCHGEm3QgOg=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SRMsYG8sI+YLLEfY2e8mSvd1jd08IR36GjYUitv4aO/+Nm+QKTXww8Hhvhpl5YcKZNq777RS2tnd294r7pYPDo+OT8ulZV8tUEdohkkvVD7GmnAnaMcxw2k8UxXHIaS+c3i/83hNVmknRNrOEBjEeCxYxgo2V/BZPx4gJ1G7eDcsVt+ougTaJl5MK5GgNy1+DkSRpTIUhHGvte25iggwrwwin89Ig1TTBZIrH1LdU4JjqIFuePEdXVhmhSCpbwqCl+nsiw7HWszi0nTE2E73uLcT/PD810W2QMZGkhgqyWhSlHBmJFv+jEVOUGD6zBBPF7K2ITLDCxNiUSjYEb/3lTdKtVb16tf5YqzSaeRxFuIBLuAYPbqABD9CCDhCQ8Ayv8OYY58V5dz5WrQUnnzmHP3A+fwAPQpB3</latexit>

Plug in TBA

<latexit sha1_base64="NogZvbQ9CdvNdPzhrV1mvL5ZQJk=">AAACE3icbVDLTgIxFO3gC/GFunTTCCbGBZlhgS6JblxilEcCE3KndKCh007aDgkh/IMbf8WNC41x68adf2OBWSh4kiYn55zb9p4g5kwb1/12MmvrG5tb2e3czu7e/kH+8KihZaIIrRPJpWoFoClngtYNM5y2YkUhCjhtBsObmd8cUaWZFA9mHFM/gr5gISNgrNTNX9xLPqJYJBFVVuR8jEFjwGEiyCyBZYiLHQNJsdTNF9ySOwdeJV5KCihFrZv/6vQksTcLQzho3fbc2PgTUIYRTqe5TqJpDGQIfdq2VEBEtT+Z7zTFZ1bp4VAqe4TBc/X3xAQircdRYJMRmIFe9mbif147MeGVP2EiTgwVZPFQmHBsJJ4VhHtMUWJsDz0GRDH7V0wGoIAYW2POluAtr7xKGuWSVylV7sqF6nVaRxadoFN0jjx0iaroFtVQHRH0iJ7RK3pznpwX5935WEQzTjpzjP7A+fwBlC6dUg==</latexit>

Solve numerically as a function of ω .

<latexit sha1_base64="Hcv2gwnUnnV6ap7hlNGpvoqcS7Y=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxiv2AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySj2YaU1/gkWQhI9hk0kM1Ph+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Vr9/rLSuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHRT2NwA==</latexit>

R(p)
<latexit sha1_base64="rUyWep4mx795U8CQq7xsLbDXSX0="></latexit>

R-matrix “t-channel unitarity”: S(s) = R(p)R(peiω)

<latexit sha1_base64="8tXzagvUfx+HtgRy+W8b7b/y+i8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lEqseClx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+OxubW9s7u4W94v7B4dFx6eS0beJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M/9zhPXRsTqEacJ9yM6UiIUjKKVOu1KH2l6NSiV3aq7AFknXk7KkKM5KH31hzFLI66QSWpMz3MT9DOqUTDJZ8V+anhC2YSOeM9SRSNu/Gxx7oxcWmVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwzs/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahog3BW315nbSvq16tWnu4KdcbeRwFOIcLqIAHt1CHBjShBQwm8Ayv8OYkzovz7nwsWzecfOYM/sD5/AGW7o8e</latexit>

V (ω)

<latexit sha1_base64="AqBEUFHCZ+FfhmjpPINyEAskcNA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2FpoQ9lsN+3S3STsToQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSNXGqGe+wWMa6F1DDpYh4BwVK3ks0pyqQ/DGY3uX+4xPXRsTRA84S7is6jkQoGMVcGiBNh9WaW3cXIOvEK0gNCrSH1a/BKGap4hEySY3pe26CfkY1Cib5vDJIDU8om9Ix71saUcWNny1unZMLq4xIGGtbEZKF+nsio8qYmQpsp6I4MateLv7n9VMMb/1MREmKPGLLRWEqCcYkf5yMhOYM5cwSyrSwtxI2oZoytPFUbAje6svrpHtV9xr1xv11rdkq4ijDGZzDJXhwA01oQRs6wGACz/AKb45yXpx352PZWnKKmVP4A+fzByaNjlk=</latexit>ω10-4 0.001 0.010 0.100 1
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3

<latexit sha1_base64="ZIJ6y9izBSOvazRqL9Ma4NEWJwU=">AAACHXicbVDLSgMxFM34rPU16tJNsAgVocxIqW6EggguK9gHdMqQyWTa0MyD5I5QhgG/w42/4saFIi7ciH9j+lho64HA4ZyTm9zjJYIrsKxvY2l5ZXVtvbBR3Nza3tk19/ZbKk4lZU0ai1h2PKKY4BFrAgfBOolkJPQEa3vDq7HfvmdS8Ti6g1HCeiHpRzzglICWXLPacrNmKy87QNITfIkdCCShmSP0CJ/kWRU7Cc+xI+L+LHOKPdcsWRVrArxI7BkpoRkarvnp+DFNQxYBFUSprm0l0MuIBE4Fy4tOqlhC6JD0WVfTiIRM9bLJdjk+1oqPg1jqEwGeqL9vZCRUahR6OhkSGKh5byz+53VTCC56GY+SFFhEpw8FqcAQ43FV2OeSURAjTQiVXP8V0wHR9YAutKhLsOdXXiSts4pdq9Ruq6X69cO0jgI6REeojGx0juroBjVQE1H0iJ7RK3oznowX4934mEaXjFmFB+gPjK8fQ0KhMQ==</latexit>

VUV (ω) =
ω
4ε log(ω) + b

<latexit sha1_base64="7rkUSbdwCMiTX1lkI3Hxhh9JiSo=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi1Y1QEEF3VewD2hAm00k7dPJg5kYIoeKfuHGhiFs/xJ1/46TtQlsPXO7hnHuZO8eLBVdgWd/G0vLK6tp6YaO4ubW9s2vu7bdUlEjKmjQSkex4RDHBQ9YEDoJ1YslI4AnW9kaXud9+YFLxKLyHNGZOQAYh9zkloCXXLLXc7OZuXOkBSY7xBc67a5atqjUBXiT2jJTRDA3X/Or1I5oELAQqiFJd24rByYgETgUbF3uJYjGhIzJgXU1DEjDlZJPjx/hIK33sR1JXCHii/t7ISKBUGnh6MiAwVPNeLv7ndRPwz52Mh3ECLKTTh/xEYIhwngTuc8koiFQTQiXXt2I6JJJQ0HkVdQj2/JcXSeukateqtdvTcv3qaRpHAR2gQ1RBNjpDdXSNGqiJKErRM3pFb8aj8WK8Gx/T0SVjFmEJ/YHx+QNUCZRZ</latexit>

VIR(ω) = ω
<latexit sha1_base64="L56WlGX+r/E++c41N8lbVHNxbpg=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaInaUGIEJIEL2VvmYMPe3mV3z4QQfoKNhcbY+ovs/DcucIWCL5nk5b2ZzMwLEsG1cd1vJ7exubW9k98t7O0fHB4Vj0/aOk4VwxaLRaw6AdUouMSW4UZgJ1FIo0DgYzC+m/uPT6g0j2XTTBL0IzqUPOSMGis9NG9v+sWSW3YXIOvEy0gJMjT6xa/eIGZphNIwQbXuem5i/ClVhjOBs0Iv1ZhQNqZD7FoqaYTany5OnZELqwxIGCtb0pCF+ntiSiOtJ1FgOyNqRnrVm4v/ed3UhNf+lMskNSjZclGYCmJiMv+bDLhCZsTEEsoUt7cSNqKKMmPTKdgQvNWX10m7Uvaq5ep9pVSrZ3Hk4QzO4RI8uIIa1KEBLWAwhGd4hTdHOC/Ou/OxbM052cwp/IHz+QPFuI1+</latexit>

TBA

<latexit sha1_base64="czpucoAFWi0gdgXJ7J9YrQrB23Y="></latexit>

Vqq̄(ω) = ω +
1

2ε

∫ →

0
dp log

(
1→ |R(ip)|2e↑ω(p)

)

<latexit sha1_base64="KN1X4a9D079v2e/JPr9oqGCxyXM="></latexit>

ω(p) = 2pε +

∫
dp→

2ϑi

ϖ logS (pp→)

ϖp→
log

(
1→ |R(ip→)|2e↑ω(p→)

)

<latexit sha1_base64="REwuYjn8cGkT5lVmYjO8E4422/8=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//GaRtBRQ9cOJxzL/fe48ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz1pLv3dPpWKRuNPzmHohnggWMIK1kTpu46rsjIolx244buO6htakXslItYFc21mhBBnao+L7cByRJKRCE46VGrhOrL0US80Ip4vCMFE0xmSGJ3RgqMAhVV66OnaBLowyRkEkTQmNVur3iRSHSs1D33SGWE/Vb28p/uUNEh3UvZSJONFUkPWiIOFIR2j5ORozSYnmc0MwkczcisgUS0y0yadgQvj6FP1PumXbrdrV20qp2criyMMZnMMluFCDJtxAGzpAgMEDPMGzJaxH68V6XbfmrGzmFH7AevsE0RuOEw==</latexit>
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<latexit sha1_base64="YtyNVCZRMNhJFsPOHi8TLlUsEEA=">AAACEHicbZBLSwMxFIUzvq2vUZduglV0VWaKVDeCoIJLRWsLbSmZ9LaGZjJDckcdhoJ/wI1/xY0LRdy6dOe/MX0sfB0IfJxzQ3JPEEth0PM+nbHxicmp6ZnZ3Nz8wuKSu7xyaaJEcyjzSEa6GjADUigoo0AJ1VgDCwMJlaB72M8r16CNiNQFpjE0QtZRoi04Q2s13a06wi1m5yIUkmlqUDOETkpvIt01VCi6cbS/s9ErNN28V/AGon/BH0GejHTadD/qrYgnISjkkhlT870YGxnTKLiEXq6eGIgZ77IO1CwqFoJpZIOFenTTOi3ajrQ9CunA/X4jY6ExaRjYyZDhlfmd9c3/slqC7b1GJlScICg+fKidSIoR7bdDW0IDR5laYFwL+1fKr5hmHG2HOVuC/3vlv3BZLPilQumsmD84vhvWMUPWyDrZJj7ZJQfkhJySMuHknjySZ/LiPDhPzqvzNhwdc0YVrpIfct6/ANHAnNI=</latexit>

Similar strategy works in D = 4.



<latexit sha1_base64="vbwjlAFrLB8BAjaqPZtaarCtA70=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRdVJdFN+6saGuhDWUymbRD5xFmJkII9VfcuFDErR/izr9x2mahrQcuHM65l3vvCRNGtfG8b6e0tr6xuVXeruzs7u0fuIdHXS1ThUkHSyZVL0SaMCpIx1DDSC9RBPGQkYdwcjXzHx6J0lSKe5MlJOBoJGhMMTJWGrrVu5RzpDKIRARvUsOknAzdmlf35oCrxC9IDRRoD92vQSRxyokwmCGt+76XmCBHylDMyLQySDVJEJ6gEelbKhAnOsjnx0/hqVUiGEtlSxg4V39P5IhrnfHQdnJkxnrZm4n/ef3UxBdBTkWSGiLwYlGcMmgknCUBI6oINiyzBGFF7a0Qj5FC2Ni8KjYEf/nlVdJt1P1mvXnbqLUuizjK4BicgDPgg3PQAtegDToAgww8g1fw5jw5L86787FoLTnFTBX8gfP5A5jelMA=</latexit>

Summary and Outlook

<latexit sha1_base64="zDJQbzTbgOfEsk6GYJBlrKmNhiE="></latexit>

These spectral densities must be realized by any putative worldsheet completion of the long string EFT.

<latexit sha1_base64="BVgAP1K//SvOvECzIUv6+Tw585c=">AAACKHicbVBNSwMxEM36bf1a9eglWARPdbcH9aboxaOC/YC2lGw624Zms2syEUrx53jxr3gRUaRXf4lpuwdtfRB4vDczmXlRJoXBIBh5C4tLyyura+uFjc2t7R1/d69qUqs5VHgqU12PmAEpFFRQoIR6poElkYRa1L8e+7VH0Eak6h4HGbQS1lUiFpyhk9r+xVWKParBWImGMg30wQoE2hFxDBoUUkypKwFNDWqhuoOTSDMF1ADazJTafjEoBRPQeRLmpEhy3Lb992Yn5TZxo7lkxjTCIMPWkGkUXMJToWkNZIz3WRcajiqWgGkNJ4c+0SOndGicavfcahP1d8eQJcYMkshVJgx7ZtYbi/95DYvxeWsoVGYRFJ9+FFs5Pn6cmotDA0c5cIRxLdyulPeYZhxdtgUXQjh78jyplkvhaen0rly8vMrjWCMH5JAck5CckUtyQ25JhXDyTF7JB/n0Xrw378sbTUsXvLxnn/yB9/0Droum/g==</latexit>

Both results are quite di!erent to other stringy/brane setups.
<latexit sha1_base64="FofyAvrJll6+zX/Q9HiI6vjeI70="></latexit>

Highly excited flux tubes must couple very weakly to the Wilson lines.

<latexit sha1_base64="3oi+S836ilcyRF+DJsE3FaFIHDg="></latexit>

Reviewed that short distance asymptotics ω → 0 of ↑W (ω)W̄ (0)↓ is perturbatively controlled.

<latexit sha1_base64="qY6dVG/qODgpwPk20fdGAqHF4pk="></latexit>

ωv(m,R) = ε
e
C(R)

!
(
ωR
8ε

)2
(
m

2

)ωR
4ε →2 (

1 +O(1/m)
)
.

<latexit sha1_base64="p1DYCqFH2RoDUc40B5RfeJBpN+Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRC9CUA8eI5oHJEuYnUySIbOzy0yvEJZ8ghcPinj1i7z5N06SPWi0oKGo6qa7K4ilMOi6X05uaXlldS2/XtjY3NreKe7uNUyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go+up33zk2ohIPeA45n5IB0r0BaNopfuby9NuseSW3RnIX+JlpAQZat3iZ6cXsSTkCpmkxrQ9N0Y/pRoFk3xS6CSGx5SN6IC3LVU05MZPZ6dOyJFVeqQfaVsKyUz9OZHS0JhxGNjOkOLQLHpT8T+vnWD/wk+FihPkis0X9RNJMCLTv0lPaM5Qji2hTAt7K2FDqilDm07BhuAtvvyXNE7KXqVcuTsrVa+yOPJwAIdwDB6cQxVuoQZ1YDCAJ3iBV0c6z86b8z5vzTnZzD78gvPxDY9ZjVc=</latexit>

D = 3

<latexit sha1_base64="gM8yiTq2GLOocSNTurPbJJjSurw="></latexit>

ωv(m,R) = exp



2

√
3ω
11Rm

log
→
m

+O

(→
m log(logm)

(logm)
3
2

)

 ,
<latexit sha1_base64="XVLbOsXyFYd0NCE/H1kGQodIJ6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CUA8eI5oHJEuYnfQmQ2Znl5lZIYR8ghcPinj1i7z5N06SPWhiQUNR1U13V5AIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8GbqN59QaR7LRzNK0I9oX/KQM2qs9HB7dd4tltyyOwNZJl5GSpCh1i1+dXoxSyOUhgmqddtzE+OPqTKcCZwUOqnGhLIh7WPbUkkj1P54duqEnFilR8JY2ZKGzNTfE2MaaT2KAtsZUTPQi95U/M9rpya89MdcJqlByeaLwlQQE5Pp36THFTIjRpZQpri9lbABVZQZm07BhuAtvrxMGmdlr1Ku3J+XqtdZHHk4gmM4BQ8uoAp3UIM6MOjDM7zCmyOcF+fd+Zi35pxs5hD+wPn8AZDdjVg=</latexit>

D = 4

<latexit sha1_base64="fkiC/lxxzxt1reEpYQVvg9HfrkA="></latexit>

Fixed the large mass spectral density of closed flux tubes sourced by Polyakov lines at large N .

<latexit sha1_base64="0VSfHqTDJ31XBJ0YwOYxZYED4lw="></latexit>

Constructed an exact toy model interpolating between VUV (ω) → ω
4ε log ω and VIR(ω) → ω in D = 3

<latexit sha1_base64="uNoaKZlTdM7dzRBhk4ZbL64o46g=">AAACA3icbVDLSgNBEJyNrxhfUW96GUyEeAm7QaIXIRAPHiOYByRLmJ3MJkNmZ5eZXjEsAS/+ihcPinj1J7z5N04eB00saCiquunu8iLBNdj2t5VaWV1b30hvZra2d3b3svsHDR3GirI6DUWoWh7RTHDJ6sBBsFakGAk8wZresDrxm/dMaR7KOxhFzA1IX3KfUwJG6maPOsAeICloHnBBFOYS56+vzvNn42I3m7OL9hR4mThzkkNz1LrZr04vpHHAJFBBtG47dgRuQhRwKtg404k1iwgdkj5rGypJwLSbTH8Y41Oj9LAfKlMS8FT9PZGQQOtR4JnOgMBAL3oT8T+vHYN/6SZcRjEwSWeL/FhgCPEkENzjilEQI0MIVdzciumAKELBxJYxITiLLy+TRqnolIvl21KuUp3HkUbH6AQVkIMuUAXdoBqqI4oe0TN6RW/Wk/VivVsfs9aUNZ85RH9gff4A0eOWVg==</latexit>

(similar in D = 4).

<latexit sha1_base64="KXmkxqmZNgSR7CxtpGNWRkgA+A4="></latexit>

enhanced high-energy time delay relative to e.g. BCFT RG flows.

<latexit sha1_base64="e80qrGxF2+zx0kZIzdJLhw20Enk="></latexit>

Interesting structure, →-many boundary resonances

<latexit sha1_base64="3x6ZKb5it9zXVCWCQ1tkn4hrJXo=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKial9rErdOOygn1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//GaRtBRQ9cOJxzL/fe48ecKe04H1ZuY3Nreye/W9jbPzg8Kh6fdFWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz1pLv3dPpWKRuNPzmHohnggWMIK1kTpl56rsjIolx244buO6htakXslItYFc21mhBBnao+L7cByRJKRCE46VGrhOrL0US80Ip4vCMFE0xmSGJ3RgqMAhVV66OnaBLowyRkEkTQmNVur3iRSHSs1D33SGWE/Vb28p/uUNEh3UvZSJONFUkPWiIOFIR2j5ORozSYnmc0MwkczcisgUS0y0yadgQvj6FP1PumXbrdrV20qp2criyMMZnMMluFCDJtxAGzpAgMEDPMGzJaxH68V6XbfmrGzmFH7AevsExOSOCw==</latexit>
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