
Probing charming and beautiful dynamics 
with energy correlators

Kyle Lee
CTP, MIT

In collaboration with 

Evan Craft,  Mark Gonzalez,  Bianka Meçaj,  and Ian Moult 

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?
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Energy Correlators in various region
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Cosmology

High Energy Collider
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Energy Correlators mapping high energy collider events
General angle region Back-to-back regionCollinear limit

<latexit sha1_base64="IyaFioYAvAjMW/BPNTlOCF1Ksbs=">AAACLHicbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXRjcsK9gGdoWQymTY0yQxJRixDf8OtfoFf40bErd9hpp2FbT0QOJxzL/fkBAln2jjOJyxtbG5t75R3K3v7B4dH1dpxV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gcpf7vSeqNIvlo5km1Bd4JFnECDZW8jwyZsgzMfISNqzWnYYzB1onbkHqoEB7WIMVL4xJKqg0hGOtB66TGD/DyjDC6azipZommEzwiA4slVhQ7Wfz0DN0bpUQRbGyTxo0V/9uZFhoPRWBnRTYjPWql4v/es+LA0taqPMjy1ogVhKa6MbPmExSQyVZBIxSjmw7eXMoZIoSw6eWYKKY/SMiY6wwMbbfim3PXe1qnXQvG+5Vo/nQrLduix7L4BScgQvggmvQAvegDTqAgAS8gFfwBt/hB/yC34vREix2TsAS4M8vOGGn7w==</latexit>
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<latexit sha1_base64="ueJMYoF/CDv3owVW5b9KG52p4uk=">AAACKnicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsK9oGdoWQymTY0yQxJRixD/8KtfoFf46649UNM21nY1gOBwzn3ck9OmHKmjetOYWljc2t7p7zr7O0fHB5VqsdtnWSK0BZJeKK6IdaUM0lbhhlOu6miWIScdsLR/czvvFClWSKfzDilgcADyWJGsLHSs0+GDPkmQW6/UnPr7hxonXgFqYECzX4VOn6UkExQaQjHWvc8NzVBjpVhhNOJ42eappiM8ID2LJVYUB3k88gTdG6VCMWJsk8aNFf/buRYaD0WoZ0U2Az1qjcT//VeFweWtEjPjixroVhJaOLbIGcyzQyVZBEwzjiy3cx6QxFTlBg+tgQTxewfERlihYmx7Tq2PW+1q3XSvqx71/Wrx6ta467osQxOwRm4AB64AQ3wAJqgBQiQ4A28gw/4Cb/gFH4vRkuw2DkBS4A/vyDsptY=</latexit>

� ! 0

<latexit sha1_base64="BOVr4Ak+rFOvRzZrU5YJ3mWU/Ug="></latexit>
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0
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<latexit sha1_base64="Rn0WhyrUeuHwpyjLZBJixlUmmGI=">AAACIXicbVDLSgMxFM34rPU1PnZugkWomzIjRV0WRXBZwT6gM5RMmmlDk8yQZMQ69F8EV/on7sSd+B+uzbSzsK0HAodz7uWenCBmVGnH+bKWlldW19YLG8XNre2dXXtvv6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLzO/NYDkYpG4l6PYuJz1Bc0pBhpI3XtQ48jPcCIpTfjsjdAOhXj065dcirOBHCRuDkpgRz1rv3j9SKccCI0ZkipjuvE2k+R1BQzMi56iSIxwkPUJx1DBeJE+ekk/RieGKUHw0iaJzScqH83UsSVGvHATGZZ1byXif96j9MDM1rA59Lo8NJPqYgTTQSehgkTBnUEs7pgj0qCNRsZgrCk5j8QD5BEWJtSi6Yod76WRdI8q7jnlepdtVS7yisrgCNwDMrABRegBm5BHTQABk/gGbyCN+vFerc+rM/p6JKV7xyAGVjfv4SopGs=</latexit>

E(n̂)
<latexit sha1_base64="bhm7SkpGgZa8bWiLz/xwdnK2Mls=">AAACE3icbVDLSgMxFL3js9ZX1aWbYBF0U2akqMuiG5cV7APaoWTStA3NZIbkjliG/oTgSv/Enbj1A/wR16btLGzrgcDhnHu5JyeIpTDout/Oyura+sZmbiu/vbO7t184OKybKNGM11gkI90MqOFSKF5DgZI3Y81pGEjeCIa3E7/xyLURkXrAUcz9kPaV6AlG0UrN9oBiqsbnnULRLblTkGXiZaQIGaqdwk+7G7Ek5AqZpMa0PDdGP6UaBZN8nG8nhseUDWmftyxVNOTGT6d5x+TUKl3Si7R9CslU/buR0tCYURjYyZDiwCx6E/Ff72l2YE4LwoU02Lv2U6HiBLliszC9RBKMyKQg0hWaM5QjSyjTwv6HsAHVlKGtMW+L8hZrWSb1i5J3WSrfl4uVm6yyHBzDCZyBB1dQgTuoQg0YSHiGV3hzXpx358P5nI2uONnOEczB+foFadSfJw==</latexit>
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<latexit sha1_base64="jYTQL9t25G3vg2IaCYvvOl5rD8g=">AAACIHicbVBNS8NAFNzUr1q/oj16CRbBU0mkqMeiFw8eKthWaEPZbDfp0s1u2H1RQ+lvETzpP/EmHvWHeHbb5mBbBxaGmfd4sxMknGlw3S+rsLK6tr5R3Cxtbe/s7tn7By0tU0Vok0gu1X2ANeVM0CYw4PQ+URTHAaftYHg18dsPVGkmxR1kCfVjHAkWMoLBSD273L2RIuI0BMWiAWCl5GPPrrhVdwpnmXg5qaAcjZ790+1LksZUAOFY647nJuCPsAJGOB2XuqmmCSZDHNGOoQLHVPujafixc2yUvhNKZZ4AZ6r+3RjhWOssDsxkjGGgF72J+K/3NDswpwXxQhoIL/wRE0kKVJBZmDDlDkhn0pbTZ4oS4JkhmChm/uOQAVaYgOm0ZIryFmtZJq3TqndWrd3WKvXLvLIiOkRH6AR56BzV0TVqoCYiKEPP6BW9WS/Wu/Vhfc5GC1a+U0ZzsL5/AYlKpH4=</latexit>()
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General angle region Back-to-back regionCollinear limit

Energy Correlators mapping high energy collider events

<latexit sha1_base64="IyaFioYAvAjMW/BPNTlOCF1Ksbs=">AAACLHicbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXRjcsK9gGdoWQymTY0yQxJRixDf8OtfoFf40bErd9hpp2FbT0QOJxzL/fkBAln2jjOJyxtbG5t75R3K3v7B4dH1dpxV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gcpf7vSeqNIvlo5km1Bd4JFnECDZW8jwyZsgzMfISNqzWnYYzB1onbkHqoEB7WIMVL4xJKqg0hGOtB66TGD/DyjDC6azipZommEzwiA4slVhQ7Wfz0DN0bpUQRbGyTxo0V/9uZFhoPRWBnRTYjPWql4v/es+LA0taqPMjy1ogVhKa6MbPmExSQyVZBIxSjmw7eXMoZIoSw6eWYKKY/SMiY6wwMbbfim3PXe1qnXQvG+5Vo/nQrLduix7L4BScgQvggmvQAvegDTqAgAS8gFfwBt/hB/yC34vREix2TsAS4M8vOGGn7w==</latexit>

� ! ⇡
<latexit sha1_base64="ueJMYoF/CDv3owVW5b9KG52p4uk=">AAACKnicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsK9oGdoWQymTY0yQxJRixD/8KtfoFf46649UNM21nY1gOBwzn3ck9OmHKmjetOYWljc2t7p7zr7O0fHB5VqsdtnWSK0BZJeKK6IdaUM0lbhhlOu6miWIScdsLR/czvvFClWSKfzDilgcADyWJGsLHSs0+GDPkmQW6/UnPr7hxonXgFqYECzX4VOn6UkExQaQjHWvc8NzVBjpVhhNOJ42eappiM8ID2LJVYUB3k88gTdG6VCMWJsk8aNFf/buRYaD0WoZ0U2Az1qjcT//VeFweWtEjPjixroVhJaOLbIGcyzQyVZBEwzjiy3cx6QxFTlBg+tgQTxewfERlihYmx7Tq2PW+1q3XSvqx71/Wrx6ta467osQxOwRm4AB64AQ3wAJqgBQiQ4A28gw/4Cb/gFH4vRkuw2DkBS4A/vyDsptY=</latexit>
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[Hua Xing’s talk]

[Haotian’s talk]

Dixon, Moult, Zhu, `19

<latexit sha1_base64="RZMm4U7WHHkbWPbQ6Sp4dMIgj3Y=">AAACH3icbVBLSwMxGMzWV62vtR69BIsgCGVXinosevFQagX7gHYp2TRtQ5PskmSlZelfETzpP/EmXvtHPJtt92BbBxKGme8jk/FDRpV2nJmV2djc2t7J7ub29g8Oj+zjfEMFkcSkjgMWyJaPFGFUkLqmmpFWKAniPiNNf3Sf+M0XIhUNxLOehMTjaCBon2KkjdS18x2O9FDyuFqtPF6aqzLt2gWn6MwB14mbkgJIUevaP51egCNOhMYMKdV2nVB7MZKaYkamuU6kSIjwCA1I21CBOFFePM8+hedG6cF+IM0RGs7Vvxsx4kpNuG8mk6Rq1UvEf73x4oElzecraXT/1oupCCNNBF6E6UcM6gAmZcEelQRrNjEEYUnNfyAeIomwNpXmTFHuai3rpHFVdK+LpadSoXyXVpYFp+AMXAAX3IAyeAA1UAcYjMEreAcf1pv1aX1Z34vRjJXunIAlWLNf/K+jBw==</latexit>

NNLO+NNLL

<latexit sha1_base64="VOVMXQuiXp6Sq8qJESbKeIoIuWI=">AAACIXicbVDLSgMxFM34rPU1PnZuBosgCGVGi7osunFRagX7gHZaMmmmDU0yQ5IR69B/EVzpn7gTd+J/uDbTzsK2HggczrmXe3K8kBKpbPvLWFhcWl5Zzaxl1zc2t7bNnd2aDCKBcBUFNBAND0pMCcdVRRTFjVBgyDyK697gOvHrD1hIEvB7NQyxy2CPE58gqLTUMfdbDKq+YHG5fVa6PSm3C6XSqGPm7Lw9hjVPnJTkQIpKx/xpdQMUMcwVolDKpmOHyo2hUARRPMq2IolDiAawh5uacsiwdONx+pF1pJWu5QdCP66ssfp3I4ZMyiHz9GSSVc56ifiv9zg5MKV5bCaN8i/dmPAwUpijSRg/opYKrKQuq0sERooONYFIEP0fC/WhgEjpUrO6KGe2lnlSO8075/nCXSFXvEory4ADcAiOgQMuQBHcgAqoAgSewDN4BW/Gi/FufBifk9EFI93ZA1Mwvn8BM5qjog==</latexit>
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Duhr, Mistlberger, Vita, `22

Dixon, Luo, Shtabovenko, Yang, Zhu, `18

Henn, Sokatchev, Yan, Zhiboedov, `19
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How does intrinsic heavy quark mass affect each of these regions of particle collisions?

Energy Correlators mapping high energy collider events

BeautyCharm

General angle region Back-to-back regionCollinear limit
<latexit sha1_base64="IyaFioYAvAjMW/BPNTlOCF1Ksbs=">AAACLHicbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXRjcsK9gGdoWQymTY0yQxJRixDf8OtfoFf40bErd9hpp2FbT0QOJxzL/fkBAln2jjOJyxtbG5t75R3K3v7B4dH1dpxV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gcpf7vSeqNIvlo5km1Bd4JFnECDZW8jwyZsgzMfISNqzWnYYzB1onbkHqoEB7WIMVL4xJKqg0hGOtB66TGD/DyjDC6azipZommEzwiA4slVhQ7Wfz0DN0bpUQRbGyTxo0V/9uZFhoPRWBnRTYjPWql4v/es+LA0taqPMjy1ogVhKa6MbPmExSQyVZBIxSjmw7eXMoZIoSw6eWYKKY/SMiY6wwMbbfim3PXe1qnXQvG+5Vo/nQrLduix7L4BScgQvggmvQAvegDTqAgAS8gFfwBt/hB/yC34vREix2TsAS4M8vOGGn7w==</latexit>

� ! ⇡
<latexit sha1_base64="ueJMYoF/CDv3owVW5b9KG52p4uk=">AAACKnicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsK9oGdoWQymTY0yQxJRixD/8KtfoFf46649UNM21nY1gOBwzn3ck9OmHKmjetOYWljc2t7p7zr7O0fHB5VqsdtnWSK0BZJeKK6IdaUM0lbhhlOu6miWIScdsLR/czvvFClWSKfzDilgcADyWJGsLHSs0+GDPkmQW6/UnPr7hxonXgFqYECzX4VOn6UkExQaQjHWvc8NzVBjpVhhNOJ42eappiM8ID2LJVYUB3k88gTdG6VCMWJsk8aNFf/buRYaD0WoZ0U2Az1qjcT//VeFweWtEjPjixroVhJaOLbIGcyzQyVZBEwzjiy3cx6QxFTlBg+tgQTxewfERlihYmx7Tq2PW+1q3XSvqx71/Wrx6ta467osQxOwRm4AB64AQ3wAJqgBQiQ4A28gw/4Cb/gFH4vRkuw2DkBS4A/vyDsptY=</latexit>
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Energy-Energy Correlators at general angle with mass
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Energy-Energy Correlators at general angle with mass

Collinear

<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

Back-to-back

<latexit sha1_base64="ltlHKtBCvpWTqGXcira9KqeO9H0=">AAACJHicbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXRjcsK9gHtUDKZTCc0yQxJRixDf8GtfoFf405cuPFbzLSzsK0HAodz7uWeHD/hTBvH+Yaljc2t7Z3ybmVv/+DwqFo77uo4VYR2SMxj1fexppxJ2jHMcNpPFMXC57TnT+5yv/dElWaxfDTThHoCjyULGcEml4YkYqNq3Wk4c6B14hakDgq0RzVYGQYxSQWVhnCs9cB1EuNlWBlGOJ1VhqmmCSYTPKYDSyUWVHvZPOwMnVslQGGs7JMGzdW/GxkWWk+FbycFNpFe9XLxX+95cWBJC3R+ZFnzxUpCE954GZNJaqgki4BhypGJUd4YCpiixPCpJZgoZv+ISIQVJsb2WrHtuatdrZPuZcO9ajQfmvXWbdFjGZyCM3ABXHANWuAetEEHEBCBF/AK3uA7/ICf8GsxWoLFzglYAvz5BUbDpOs=</latexit>�
<latexit sha1_base64="lyFtVViUrR2nWR3cE6PRQkM6zNQ=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG3HVgn1AO5RMJtOGJpkhyYil9Avc6hf4Ne7EnfgzZtpZ2NYDgcM593JPTpBwpo3rfsPCxubW9k5x19nbPzg8KpWP2zpOFaEtEvNYdQOsKWeStgwznHYTRbEIOO0E47vM7zxRpVksH80kob7AQ8kiRrCxUvNhUKq4VXcOtE68nFRAjsagDJ1+GJNUUGkIx1r3PDcx/hQrwwinM6efappgMsZD2rNUYkG1P50nnaFzq4QoipV90qC5+ndjioXWExHYSYHNSK96mfiv97w4sKSFOjuyrAViJaGJbvwpk0lqqCSLgFHKkYlRVhcKmaLE8IklmChm/4jICCtMjC3Vse15q12tk/Zl1buq1pq1Sv0277EITsEZuAAeuAZ1cA8aoAUIoOAFvII3+A4/4Cf8WowWYL5zApYAf34Bnkmjhw==</latexit>

J
<latexit sha1_base64="lyFtVViUrR2nWR3cE6PRQkM6zNQ=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG3HVgn1AO5RMJtOGJpkhyYil9Avc6hf4Ne7EnfgzZtpZ2NYDgcM593JPTpBwpo3rfsPCxubW9k5x19nbPzg8KpWP2zpOFaEtEvNYdQOsKWeStgwznHYTRbEIOO0E47vM7zxRpVksH80kob7AQ8kiRrCxUvNhUKq4VXcOtE68nFRAjsagDJ1+GJNUUGkIx1r3PDcx/hQrwwinM6efappgMsZD2rNUYkG1P50nnaFzq4QoipV90qC5+ndjioXWExHYSYHNSK96mfiv97w4sKSFOjuyrAViJaGJbvwpk0lqqCSLgFHKkYlRVhcKmaLE8IklmChm/4jICCtMjC3Vse15q12tk/Zl1buq1pq1Sv0277EITsEZuAAeuAZ1cA8aoAUIoOAFvII3+A4/4Cf8WowWYL5zApYAf34Bnkmjhw==</latexit>

J

<latexit sha1_base64="3IJaz4mxq0dH4Xooh7RN9OO/McE="></latexit>

d⌃

d�
=

X

i,j

Z
d�

EiEj

Q2
� (�� �ij)

<latexit sha1_base64="YoxIXmZFgXSnxVjhMjhvUdded+A="></latexit>Z ⇡

0
d�

d⌃

d�
= �tot

• Opportunity to explore the function space of  the observable, and also with              data

<latexit sha1_base64="IyaFioYAvAjMW/BPNTlOCF1Ksbs=">AAACLHicbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXRjcsK9gGdoWQymTY0yQxJRixDf8OtfoFf40bErd9hpp2FbT0QOJxzL/fkBAln2jjOJyxtbG5t75R3K3v7B4dH1dpxV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gcpf7vSeqNIvlo5km1Bd4JFnECDZW8jwyZsgzMfISNqzWnYYzB1onbkHqoEB7WIMVL4xJKqg0hGOtB66TGD/DyjDC6azipZommEzwiA4slVhQ7Wfz0DN0bpUQRbGyTxo0V/9uZFhoPRWBnRTYjPWql4v/es+LA0taqPMjy1ogVhKa6MbPmExSQyVZBIxSjmw7eXMoZIoSw6eWYKKY/SMiY6wwMbbfim3PXe1qnXQvG+5Vo/nQrLduix7L4BScgQvggmvQAvegDTqAgAS8gFfwBt/hB/yC34vREix2TsAS4M8vOGGn7w==</latexit>

� ! ⇡
<latexit sha1_base64="ueJMYoF/CDv3owVW5b9KG52p4uk=">AAACKnicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsK9oGdoWQymTY0yQxJRixD/8KtfoFf46649UNM21nY1gOBwzn3ck9OmHKmjetOYWljc2t7p7zr7O0fHB5VqsdtnWSK0BZJeKK6IdaUM0lbhhlOu6miWIScdsLR/czvvFClWSKfzDilgcADyWJGsLHSs0+GDPkmQW6/UnPr7hxonXgFqYECzX4VOn6UkExQaQjHWvc8NzVBjpVhhNOJ42eappiM8ID2LJVYUB3k88gTdG6VCMWJsk8aNFf/buRYaD0WoZ0U2Az1qjcT//VeFweWtEjPjixroVhJaOLbIGcyzQyVZBEwzjiy3cx6QxFTlBg+tgQTxewfERlihYmx7Tq2PW+1q3XSvqx71/Wrx6ta467osQxOwRm4AB64AQ3wAJqgBQiQ4A28gw/4Cb/gFH4vRkuw2DkBS4A/vyDsptY=</latexit>

� ! 0

<latexit sha1_base64="F4c21Ff48sC7zizwJfZcczQDuVQ="></latexit>

and
X

i,j

EiEj = Q2 <latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

• Sum rule connects different singular regions

• Provides the means to study both collinear and back-to-back limits beyond leading power

Sum rule

• Useful for developing / testing consistency of  factorization formalism

<latexit sha1_base64="1O7tVdC0QTHetYLXWS6ouJSCZrk="></latexit>

e+e�

Dixon, Moult, Zhu, `19
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<latexit sha1_base64="yzvL8hpbLsn5CGRgexjUCRdhgRU=">AAACMXicbVDLSsNAFJ3UV42Ptrp0EyyCq5JIUZdFNy5bsA9oQphMJu3QmUmYmYgl5Evc6hf4Nd2JW3/CSZuFbT0wcDjnXu6ZEySUSGXbC6Oys7u3f1A9NI+OT05r9cbZQMapQLiPYhqLUQAlpoTjviKK4lEiMGQBxcNg9lj4wxcsJIn5s5on2GNwwklEEFRa8us1F02Jn/XcAIqsl+d+vWm37CWsbeKUpAlKdP2GYbphjFKGuUIUSjl27ER5GRSKIIpz000lTiCawQkea8ohw9LLlslz60oroRXFQj+urKX6dyODTMo5C/Qkg2oqN71C/Nd7XR1Y00JZHFnXAraRUEX3XkZ4kirM0SpglFJLxVZRnxUSgZGic00gEkT/0UJTKCBSumRTt+dsdrVNBjct57bV7rWbnYeyxyq4AJfgGjjgDnTAE+iCPkAgBW/gHXwYn8bC+DK+V6MVo9w5B2swfn4BW6yqDA==</latexit>�QQ̄<latexit sha1_base64="j66J7WYtZlMpJcwtPUj1zlR1HL8=">AAACOHicbZDNSsNAEMc39avGr1bBi5fFIngqSSnqQaHoxWML9gPaUDbbTbt0Nwm7GzHEvIxXfQLfxJs38eoTuGlzsK0DA39+M8PM/N2QUaks68MorK1vbG4Vt82d3b39g1L5sCODSGDSxgELRM9FkjDqk7aiipFeKAjiLiNdd3qX1buPREga+A8qDonD0dinHsVIaTQsHVvwGsY3A08gnNR4mrRSDexhqWJVrVnAVWHnogLyaA7LhjkYBTjixFeYISn7thUqJ0FCUcxIag4iSUKEp2hM+lr6iBPpJLMHUnimyQh6gdDpKzijfycSxKWMuas7OVITuVzL4L+1p/mCBTaS2ZJF5vKlC5V35STUDyNFfDw/0IsYVAHMXIQjKghWLNYCYUH1jxBPkPZQaa9N7Z697NWq6NSq9kW13qpXGre5j0VwAk7BObDBJWiAe9AEbYDBM3gBr+DNeDc+jS/je95aMPKZI7AQxs8v8d+rJw==</latexit>

0 < y =
2m

Q
< 1

I II III III

I Phase space

<latexit sha1_base64="SAczW/lshzJLRKb/n7TP99ZR1cI=">AAACKXicbVDLTgIxFG3xheMLdOmmkZi4IjOGqEuiG5eQyMPAhHQ6HWhoO5O2YyQTvsKtfoFf407d+iMWmIWAJ2lycs69uacnSDjTxnW/YGFjc2t7p7jr7O0fHB6VysdtHaeK0BaJeay6AdaUM0lbhhlOu4miWAScdoLx3czvPFGlWSwfzCShvsBDySJGsLHSY5+M2CBrDqeDUsWtunOgdeLlpAJyNAZl6PTDmKSCSkM41rrnuYnxM6wMI5xOnX6qaYLJGA9pz1KJBdV+Nk88RedWCVEUK/ukQXP170aGhdYTEdhJgc1Ir3oz8V/veXFgSQv17MiyFoiVhCa68TMmk9RQSRYBo5QjE6NZbShkihLDJ5Zgopj9IyIjrDAxtlzHtuetdrVO2pdV76paa9Yq9du8xyI4BWfgAnjgGtTBPWiAFiBAgBfwCt7gO/yAn/B7MVqA+c4JWAL8+QWgm6cs</latexit>�Qg

<latexit sha1_base64="blSP+BusfZQD+w16WorhNDI1Ua8=">AAACMXicbVDLSsNAFJ3UV42Ptrp0EyyCq5JIUZdFNy5bsA9oQphMJu3QmUmYmYgl5Evc6hf4Nd2JW3/CSZuFbT0wcDjnXu6ZEySUSGXbC6Oys7u3f1A9NI+OT05r9cbZQMapQLiPYhqLUQAlpoTjviKK4lEiMGQBxcNg9lj4wxcsJIn5s5on2GNwwklEEFRa8us1F02Jn7kBFFkvn+R+vWm37CWsbeKUpAlKdP2GYbphjFKGuUIUSjl27ER5GRSKIIpz000lTiCawQkea8ohw9LLlslz60oroRXFQj+urKX6dyODTMo5C/Qkg2oqN71C/Nd7XR1Y00JZHFnXAraRUEX3XkZ4kirM0SpglFJLxVZRnxUSgZGic00gEkT/0UJTKCBSumRTt+dsdrVNBjct57bV7rWbnYeyxyq4AJfgGjjgDnTAE+iCPkAgBW/gHXwYn8bC+DK+V6MVo9w5B2swfn4BgqOqIg==</latexit>�Q̄g

<latexit sha1_base64="WQZp19YEdwUSs3Xrq8g8ckPPX/Q="></latexit>

}

<latexit sha1_base64="WQZp19YEdwUSs3Xrq8g8ckPPX/Q="></latexit>

}

<latexit sha1_base64="Iq9tXbNt16ECb9PLevJKHTLfxck="></latexit>xQ̄

<latexit sha1_base64="dMyWptiXcIos6azo7u4ZFZUgEXY="></latexit> x
Q

• Phase space suppression for massive final states

<latexit sha1_base64="wdvbM10rFqxpjj1zeNk7pX/HomE="></latexit>

d⌃(1)
M

d�

�����
e+e�

⇠
Z

dxQdxQ̄H
�
xQ, xQ̄, y

� ⇥
2xQxQ̄�

�
�QQ̄ � fQQ̄

�
xQ, xQ̄, y

��
+ 2xQxg�

�
�Qg � fQg

�
xQ, xQ̄, y

��
+ Q̄gcase

⇤
<latexit sha1_base64="aOB9heLNL6cYOySCUD0IsBAlgP0="></latexit>

d⌃(1)
M

d�

�����
e+e�

⇠
Z

dxQdxQ̄H
�
xQ, xQ̄, y

� ⇥
+Q̄gcase

⇤
<latexit sha1_base64="6N2Q57JtySOiU6cs/Zoax/GtohI=">AAACO3icbVDLSsNAFJ2prxpfra7EzWARXJWkFHVZLIjLCvYBJoTJdNIOnTyYmYglBL/GrX6BH+Lanbh176TNwrYeuHA4517uvceLOZPKND9gaW19Y3OrvG3s7O7tH1Sqhz0ZJYLQLol4JAYelpSzkHYVU5wOYkFx4HHa9ybt3O8/UiFZFN6raUydAI9C5jOClZbcyrHtC0xSG/N4jF2J2u5NljbsmGVupWbWzRnQKrEKUgMFOm4VGvYwIklAQ0U4lvLBMmPlpFgoRjjNDDuRNMZkgkf0QdMQB1Q66eyHDJ1pZYj8SOgKFZqpfydSHEg5DTzdGWA1lsteLv7rPc0XLGhDmS9Z1Lxg6ULlXzkpC+NE0ZDMD/QTjlSE8iDRkAlKFJ9qgolg+kdExliHqXTchk7PWs5qlfQadeui3rxr1lrXRY5lcAJOwTmwwCVogVvQAV1AwDN4Aa/gDb7DT/gFv+etJVjMHIEFwJ9fJc2t6Q==</latexit>

↵sCF

2⇡

<latexit sha1_base64="wdvbM10rFqxpjj1zeNk7pX/HomE="></latexit>

d⌃(1)
M

d�

�����
e+e�

⇠
Z

dxQdxQ̄H
�
xQ, xQ̄, y

� ⇥
2xQxQ̄�

�
�QQ̄ � fQQ̄

�
xQ, xQ̄, y

��
+ 2xQxg�

�
�Qg � fQg

�
xQ, xQ̄, y

��
+ Q̄gcase

⇤

Energy-Energy Correlators at general angle with mass
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<latexit sha1_base64="yzvL8hpbLsn5CGRgexjUCRdhgRU=">AAACMXicbVDLSsNAFJ3UV42Ptrp0EyyCq5JIUZdFNy5bsA9oQphMJu3QmUmYmYgl5Evc6hf4Nd2JW3/CSZuFbT0wcDjnXu6ZEySUSGXbC6Oys7u3f1A9NI+OT05r9cbZQMapQLiPYhqLUQAlpoTjviKK4lEiMGQBxcNg9lj4wxcsJIn5s5on2GNwwklEEFRa8us1F02Jn/XcAIqsl+d+vWm37CWsbeKUpAlKdP2GYbphjFKGuUIUSjl27ER5GRSKIIpz000lTiCawQkea8ohw9LLlslz60oroRXFQj+urKX6dyODTMo5C/Qkg2oqN71C/Nd7XR1Y00JZHFnXAraRUEX3XkZ4kirM0SpglFJLxVZRnxUSgZGic00gEkT/0UJTKCBSumRTt+dsdrVNBjct57bV7rWbnYeyxyq4AJfgGjjgDnTAE+iCPkAgBW/gHXwYn8bC+DK+V6MVo9w5B2swfn4BW6yqDA==</latexit>�QQ̄<latexit sha1_base64="j66J7WYtZlMpJcwtPUj1zlR1HL8=">AAACOHicbZDNSsNAEMc39avGr1bBi5fFIngqSSnqQaHoxWML9gPaUDbbTbt0Nwm7GzHEvIxXfQLfxJs38eoTuGlzsK0DA39+M8PM/N2QUaks68MorK1vbG4Vt82d3b39g1L5sCODSGDSxgELRM9FkjDqk7aiipFeKAjiLiNdd3qX1buPREga+A8qDonD0dinHsVIaTQsHVvwGsY3A08gnNR4mrRSDexhqWJVrVnAVWHnogLyaA7LhjkYBTjixFeYISn7thUqJ0FCUcxIag4iSUKEp2hM+lr6iBPpJLMHUnimyQh6gdDpKzijfycSxKWMuas7OVITuVzL4L+1p/mCBTaS2ZJF5vKlC5V35STUDyNFfDw/0IsYVAHMXIQjKghWLNYCYUH1jxBPkPZQaa9N7Z697NWq6NSq9kW13qpXGre5j0VwAk7BObDBJWiAe9AEbYDBM3gBr+DNeDc+jS/je95aMPKZI7AQxs8v8d+rJw==</latexit>

0 < y =
2m

Q
< 1

I II III III

Matrix Elements

<latexit sha1_base64="SAczW/lshzJLRKb/n7TP99ZR1cI=">AAACKXicbVDLTgIxFG3xheMLdOmmkZi4IjOGqEuiG5eQyMPAhHQ6HWhoO5O2YyQTvsKtfoFf407d+iMWmIWAJ2lycs69uacnSDjTxnW/YGFjc2t7p7jr7O0fHB6VysdtHaeK0BaJeay6AdaUM0lbhhlOu4miWAScdoLx3czvPFGlWSwfzCShvsBDySJGsLHSY5+M2CBrDqeDUsWtunOgdeLlpAJyNAZl6PTDmKSCSkM41rrnuYnxM6wMI5xOnX6qaYLJGA9pz1KJBdV+Nk88RedWCVEUK/ukQXP170aGhdYTEdhJgc1Ir3oz8V/veXFgSQv17MiyFoiVhCa68TMmk9RQSRYBo5QjE6NZbShkihLDJ5Zgopj9IyIjrDAxtlzHtuetdrVO2pdV76paa9Yq9du8xyI4BWfgAnjgGtTBPWiAFiBAgBfwCt7gO/yAn/B7MVqA+c4JWAL8+QWgm6cs</latexit>�Qg

<latexit sha1_base64="blSP+BusfZQD+w16WorhNDI1Ua8=">AAACMXicbVDLSsNAFJ3UV42Ptrp0EyyCq5JIUZdFNy5bsA9oQphMJu3QmUmYmYgl5Evc6hf4Nd2JW3/CSZuFbT0wcDjnXu6ZEySUSGXbC6Oys7u3f1A9NI+OT05r9cbZQMapQLiPYhqLUQAlpoTjviKK4lEiMGQBxcNg9lj4wxcsJIn5s5on2GNwwklEEFRa8us1F02Jn7kBFFkvn+R+vWm37CWsbeKUpAlKdP2GYbphjFKGuUIUSjl27ER5GRSKIIpz000lTiCawQkea8ohw9LLlslz60oroRXFQj+urKX6dyODTMo5C/Qkg2oqN71C/Nd7XR1Y00JZHFnXAraRUEX3XkZ4kirM0SpglFJLxVZRnxUSgZGic00gEkT/0UJTKCBSumRTt+dsdrVNBjct57bV7rWbnYeyxyq4AJfgGjjgDnTAE+iCPkAgBW/gHXwYn8bC+DK+V6MVo9w5B2swfn4BgqOqIg==</latexit>�Q̄g

<latexit sha1_base64="wdvbM10rFqxpjj1zeNk7pX/HomE="></latexit>

d⌃(1)
M

d�

�����
e+e�

⇠
Z

dxQdxQ̄H
�
xQ, xQ̄, y

� ⇥
2xQxQ̄�

�
�QQ̄ � fQQ̄

�
xQ, xQ̄, y

��
+ 2xQxg�

�
�Qg � fQg

�
xQ, xQ̄, y

��
+ Q̄gcase

⇤
<latexit sha1_base64="aOB9heLNL6cYOySCUD0IsBAlgP0="></latexit>

d⌃(1)
M

d�

�����
e+e�

⇠
Z

dxQdxQ̄H
�
xQ, xQ̄, y

� ⇥
+Q̄gcase

⇤

<latexit sha1_base64="WQZp19YEdwUSs3Xrq8g8ckPPX/Q="></latexit>

}

<latexit sha1_base64="WQZp19YEdwUSs3Xrq8g8ckPPX/Q="></latexit>

}
II

<latexit sha1_base64="HoS0ZoEEiurZ3RrMrGwlGMmF/zg="></latexit>

H0(xQ, xQ̄) ⇠
x
2
Q + x

2
Q̄

(1� xQ)(1� xQ̄)

<latexit sha1_base64="1P+Cqrg0FK6fXuzHjSB+DgtT/LU="></latexit>

H(xQ, xQ̄, y) = H0(xQ, xQ̄) + y
2
H2(xQ, xQ̄) + y

4
H4(xQ, xQ̄)

The usual massless one

<latexit sha1_base64="6N2Q57JtySOiU6cs/Zoax/GtohI=">AAACO3icbVDLSsNAFJ2prxpfra7EzWARXJWkFHVZLIjLCvYBJoTJdNIOnTyYmYglBL/GrX6BH+Lanbh176TNwrYeuHA4517uvceLOZPKND9gaW19Y3OrvG3s7O7tH1Sqhz0ZJYLQLol4JAYelpSzkHYVU5wOYkFx4HHa9ybt3O8/UiFZFN6raUydAI9C5jOClZbcyrHtC0xSG/N4jF2J2u5NljbsmGVupWbWzRnQKrEKUgMFOm4VGvYwIklAQ0U4lvLBMmPlpFgoRjjNDDuRNMZkgkf0QdMQB1Q66eyHDJ1pZYj8SOgKFZqpfydSHEg5DTzdGWA1lsteLv7rPc0XLGhDmS9Z1Lxg6ULlXzkpC+NE0ZDMD/QTjlSE8iDRkAlKFJ9qgolg+kdExliHqXTchk7PWs5qlfQadeui3rxr1lrXRY5lcAJOwTmwwCVogVvQAV1AwDN4Aa/gDb7DT/gFv+etJVjMHIEFwJ9fJc2t6Q==</latexit>

↵sCF

2⇡

<latexit sha1_base64="wdvbM10rFqxpjj1zeNk7pX/HomE="></latexit>

d⌃(1)
M

d�

�����
e+e�

⇠
Z

dxQdxQ̄H
�
xQ, xQ̄, y

� ⇥
2xQxQ̄�

�
�QQ̄ � fQQ̄

�
xQ, xQ̄, y

��
+ 2xQxg�

�
�Qg � fQg

�
xQ, xQ̄, y

��
+ Q̄gcase

⇤

Energy-Energy Correlators at general angle with mass

7/17



 Kyle Lee

<latexit sha1_base64="yzvL8hpbLsn5CGRgexjUCRdhgRU=">AAACMXicbVDLSsNAFJ3UV42Ptrp0EyyCq5JIUZdFNy5bsA9oQphMJu3QmUmYmYgl5Evc6hf4Nd2JW3/CSZuFbT0wcDjnXu6ZEySUSGXbC6Oys7u3f1A9NI+OT05r9cbZQMapQLiPYhqLUQAlpoTjviKK4lEiMGQBxcNg9lj4wxcsJIn5s5on2GNwwklEEFRa8us1F02Jn/XcAIqsl+d+vWm37CWsbeKUpAlKdP2GYbphjFKGuUIUSjl27ER5GRSKIIpz000lTiCawQkea8ohw9LLlslz60oroRXFQj+urKX6dyODTMo5C/Qkg2oqN71C/Nd7XR1Y00JZHFnXAraRUEX3XkZ4kirM0SpglFJLxVZRnxUSgZGic00gEkT/0UJTKCBSumRTt+dsdrVNBjct57bV7rWbnYeyxyq4AJfgGjjgDnTAE+iCPkAgBW/gHXwYn8bC+DK+V6MVo9w5B2swfn4BW6yqDA==</latexit>�QQ̄<latexit sha1_base64="j66J7WYtZlMpJcwtPUj1zlR1HL8=">AAACOHicbZDNSsNAEMc39avGr1bBi5fFIngqSSnqQaHoxWML9gPaUDbbTbt0Nwm7GzHEvIxXfQLfxJs38eoTuGlzsK0DA39+M8PM/N2QUaks68MorK1vbG4Vt82d3b39g1L5sCODSGDSxgELRM9FkjDqk7aiipFeKAjiLiNdd3qX1buPREga+A8qDonD0dinHsVIaTQsHVvwGsY3A08gnNR4mrRSDexhqWJVrVnAVWHnogLyaA7LhjkYBTjixFeYISn7thUqJ0FCUcxIag4iSUKEp2hM+lr6iBPpJLMHUnimyQh6gdDpKzijfycSxKWMuas7OVITuVzL4L+1p/mCBTaS2ZJF5vKlC5V35STUDyNFfDw/0IsYVAHMXIQjKghWLNYCYUH1jxBPkPZQaa9N7Z697NWq6NSq9kW13qpXGre5j0VwAk7BObDBJWiAe9AEbYDBM3gBr+DNeDc+jS/je95aMPKZI7AQxs8v8d+rJw==</latexit>

0 < y =
2m

Q
< 1

I II III III

Measurements

<latexit sha1_base64="SAczW/lshzJLRKb/n7TP99ZR1cI=">AAACKXicbVDLTgIxFG3xheMLdOmmkZi4IjOGqEuiG5eQyMPAhHQ6HWhoO5O2YyQTvsKtfoFf407d+iMWmIWAJ2lycs69uacnSDjTxnW/YGFjc2t7p7jr7O0fHB6VysdtHaeK0BaJeay6AdaUM0lbhhlOu4miWAScdoLx3czvPFGlWSwfzCShvsBDySJGsLHSY5+M2CBrDqeDUsWtunOgdeLlpAJyNAZl6PTDmKSCSkM41rrnuYnxM6wMI5xOnX6qaYLJGA9pz1KJBdV+Nk88RedWCVEUK/ukQXP170aGhdYTEdhJgc1Ir3oz8V/veXFgSQv17MiyFoiVhCa68TMmk9RQSRYBo5QjE6NZbShkihLDJ5Zgopj9IyIjrDAxtlzHtuetdrVO2pdV76paa9Yq9du8xyI4BWfgAnjgGtTBPWiAFiBAgBfwCt7gO/yAn/B7MVqA+c4JWAL8+QWgm6cs</latexit>�Qg

<latexit sha1_base64="blSP+BusfZQD+w16WorhNDI1Ua8=">AAACMXicbVDLSsNAFJ3UV42Ptrp0EyyCq5JIUZdFNy5bsA9oQphMJu3QmUmYmYgl5Evc6hf4Nd2JW3/CSZuFbT0wcDjnXu6ZEySUSGXbC6Oys7u3f1A9NI+OT05r9cbZQMapQLiPYhqLUQAlpoTjviKK4lEiMGQBxcNg9lj4wxcsJIn5s5on2GNwwklEEFRa8us1F02Jn7kBFFkvn+R+vWm37CWsbeKUpAlKdP2GYbphjFKGuUIUSjl27ER5GRSKIIpz000lTiCawQkea8ohw9LLlslz60oroRXFQj+urKX6dyODTMo5C/Qkg2oqN71C/Nd7XR1Y00JZHFnXAraRUEX3XkZ4kirM0SpglFJLxVZRnxUSgZGic00gEkT/0UJTKCBSumRTt+dsdrVNBjct57bV7rWbnYeyxyq4AJfgGjjgDnTAE+iCPkAgBW/gHXwYn8bC+DK+V6MVo9w5B2swfn4BgqOqIg==</latexit>�Q̄g

<latexit sha1_base64="WQZp19YEdwUSs3Xrq8g8ckPPX/Q="></latexit>

}

<latexit sha1_base64="WQZp19YEdwUSs3Xrq8g8ckPPX/Q="></latexit>

}
III

<latexit sha1_base64="173IbWclJidsmGpV4bmdUOEc9II="></latexit>

fQg ⇠ 1

xg

q
x2
Q � y2

<latexit sha1_base64="qXp6w6FPECQJwIQjGcDjaK7VbXg=">AAACZXicbZHdSsMwFMez+jXr1/zAGy8MDsEbRzuGejn0xssN3CbYraRZqmFJW5NULKEP5NN4q0/ga5htHbjNA4F/fucczsk/QcKoVI7zXbJWVtfWN8qb9tb2zu5eZf+gK+NUYNLBMYvFY4AkYTQiHUUVI4+JIIgHjPSC0d0433sjQtI4elBZQvocPUc0pBgpg/zKXejrthcgodt57knKoRcKhLWba0++CqXf/fagfpkN6vnsrm flBc/9StWpOZOAy8ItRBUU0fL3S7Y3jHHKSaQwQ1I+uU6i+hoJRTEjue2lkiQIj9AzeTIyQpzIvp68NofnhgxhGAtzIgUn9G+HRlzKjAemkiP1IhdzY/hv7n06YI4N5XjIPAv4woYqvOlrGiWpIhGeLhimDKoYji2HQyoIViwzAmFBzRshfkHGZWU+xjbuuYteLYtuveZe1RrtRrV5W/hYBifgDFwAF1yDJrgHLdABGHyAT/AFvks/1o51ZB1PS61S0XMI5sI6/QUggbxl</latexit>

fQQ̄ ⇠ 1q
x2
Q � y2

q
x2
Q̄
� y2

<latexit sha1_base64="wdvbM10rFqxpjj1zeNk7pX/HomE="></latexit>

d⌃(1)
M

d�

�����
e+e�

⇠
Z

dxQdxQ̄H
�
xQ, xQ̄, y

� ⇥
2xQxQ̄�

�
�QQ̄ � fQQ̄

�
xQ, xQ̄, y

��
+ 2xQxg�

�
�Qg � fQg

�
xQ, xQ̄, y

��
+ Q̄gcase

⇤
<latexit sha1_base64="aOB9heLNL6cYOySCUD0IsBAlgP0="></latexit>

d⌃(1)
M

d�

�����
e+e�

⇠
Z

dxQdxQ̄H
�
xQ, xQ̄, y

� ⇥
+Q̄gcase

⇤
<latexit sha1_base64="6N2Q57JtySOiU6cs/Zoax/GtohI=">AAACO3icbVDLSsNAFJ2prxpfra7EzWARXJWkFHVZLIjLCvYBJoTJdNIOnTyYmYglBL/GrX6BH+Lanbh176TNwrYeuHA4517uvceLOZPKND9gaW19Y3OrvG3s7O7tH1Sqhz0ZJYLQLol4JAYelpSzkHYVU5wOYkFx4HHa9ybt3O8/UiFZFN6raUydAI9C5jOClZbcyrHtC0xSG/N4jF2J2u5NljbsmGVupWbWzRnQKrEKUgMFOm4VGvYwIklAQ0U4lvLBMmPlpFgoRjjNDDuRNMZkgkf0QdMQB1Q66eyHDJ1pZYj8SOgKFZqpfydSHEg5DTzdGWA1lsteLv7rPc0XLGhDmS9Z1Lxg6ULlXzkpC+NE0ZDMD/QTjlSE8iDRkAlKFJ9qgolg+kdExliHqXTchk7PWs5qlfQadeui3rxr1lrXRY5lcAJOwTmwwCVogVvQAV1AwDN4Aa/gDb7DT/gFv+etJVjMHIEFwJ9fJc2t6Q==</latexit>

↵sCF

2⇡

<latexit sha1_base64="wdvbM10rFqxpjj1zeNk7pX/HomE="></latexit>

d⌃(1)
M

d�

�����
e+e�

⇠
Z

dxQdxQ̄H
�
xQ, xQ̄, y

� ⇥
2xQxQ̄�

�
�QQ̄ � fQQ̄

�
xQ, xQ̄, y

��
+ 2xQxg�

�
�Qg � fQg

�
xQ, xQ̄, y

��
+ Q̄gcase

⇤

Energy-Energy Correlators at general angle with mass

can be rationalized, usual logarithmic structure

cannot be rationalized

<latexit sha1_base64="4XVSFx4k+eDrlOW9x/5QsRCwAwg="></latexit>

⇠
Z

dx⇤ 1p
P4(x⇤)

<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=) Elliptic integrals Dixon et al,  Henn et al, …
Amplitude bootstrap

(Study of function space of Energy-Energy Correlators)
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7-loops
<latexit sha1_base64="9UDetzlXEJfL3TfMYSMVaRiG4cM="></latexit>

N = 4
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<latexit sha1_base64="SC617PkmpDPBxRiCs33m8dktmN0=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsW7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrQcCh3Pu5Z6cIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTx9zvvlClWSyfzTShvsAjySJGsLFSrzUIsMpas2Gl5tbdBdAm8QpSAwWawyp0BmFMUkGlIRxr3ffcxPgZVoYRTmfOINU0wWSCR7RvqcSCaj9bBJ6hS6uEKIqVfdKghfp3I8NC66kI7KTAZqzXvVz813tdHljRQp0fWdUCsZbQRPd+xmSSGirJMmCUcmRilLeGQqYoMXxqCSaK2T8iMsYKE2O7dWx73npXm6RzXfdu6zetm1rjoeixDM7BBbgCHrgDDfAEmqANCODgDbyDD/gJv+A3nC9HS7DYOQMrgD+/rh+mrg==</latexit>

QQ̄

<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)<latexit sha1_base64="ltlHKtBCvpWTqGXcira9KqeO9H0=">AAACJHicbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXRjcsK9gHtUDKZTCc0yQxJRixDf8GtfoFf405cuPFbzLSzsK0HAodz7uWeHD/hTBvH+Yaljc2t7Z3ybmVv/+DwqFo77uo4VYR2SMxj1fexppxJ2jHMcNpPFMXC57TnT+5yv/dElWaxfDTThHoCjyULGcEml4YkYqNq3Wk4c6B14hakDgq0RzVYGQYxSQWVhnCs9cB1EuNlWBlGOJ1VhqmmCSYTPKYDSyUWVHvZPOwMnVslQGGs7JMGzdW/GxkWWk+FbycFNpFe9XLxX+95cWBJC3R+ZFnzxUpCE954GZNJaqgki4BhypGJUd4YCpiixPCpJZgoZv+ISIQVJsb2WrHtuatdrZPuZcO9ajQfmvXWbdFjGZyCM3ABXHANWuAetEEHEBCBF/AK3uA7/ICf8GsxWoLFzglYAvz5BUbDpOs=</latexit>�
<latexit sha1_base64="lyFtVViUrR2nWR3cE6PRQkM6zNQ=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG3HVgn1AO5RMJtOGJpkhyYil9Avc6hf4Ne7EnfgzZtpZ2NYDgcM593JPTpBwpo3rfsPCxubW9k5x19nbPzg8KpWP2zpOFaEtEvNYdQOsKWeStgwznHYTRbEIOO0E47vM7zxRpVksH80kob7AQ8kiRrCxUvNhUKq4VXcOtE68nFRAjsagDJ1+GJNUUGkIx1r3PDcx/hQrwwinM6efappgMsZD2rNUYkG1P50nnaFzq4QoipV90qC5+ndjioXWExHYSYHNSK96mfiv97w4sKSFOjuyrAViJaGJbvwpk0lqqCSLgFHKkYlRVhcKmaLE8IklmChm/4jICCtMjC3Vse15q12tk/Zl1buq1pq1Sv0277EITsEZuAAeuAZ1cA8aoAUIoOAFvII3+A4/4Cf8WowWYL5zApYAf34Bnkmjhw==</latexit>

J
<latexit sha1_base64="lyFtVViUrR2nWR3cE6PRQkM6zNQ=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG3HVgn1AO5RMJtOGJpkhyYil9Avc6hf4Ne7EnfgzZtpZ2NYDgcM593JPTpBwpo3rfsPCxubW9k5x19nbPzg8KpWP2zpOFaEtEvNYdQOsKWeStgwznHYTRbEIOO0E47vM7zxRpVksH80kob7AQ8kiRrCxUvNhUKq4VXcOtE68nFRAjsagDJ1+GJNUUGkIx1r3PDcx/hQrwwinM6efappgMsZD2rNUYkG1P50nnaFzq4QoipV90qC5+ndjioXWExHYSYHNSK96mfiv97w4sKSFOjuyrAViJaGJbvwpk0lqqCSLgFHKkYlRVhcKmaLE8IklmChm/4jICCtMjC3Vse15q12tk/Zl1buq1pq1Sv0277EITsEZuAAeuAZ1cA8aoAUIoOAFvII3+A4/4Cf8WowWYL5zApYAf34Bnkmjhw==</latexit>

J

<latexit sha1_base64="SAczW/lshzJLRKb/n7TP99ZR1cI=">AAACKXicbVDLTgIxFG3xheMLdOmmkZi4IjOGqEuiG5eQyMPAhHQ6HWhoO5O2YyQTvsKtfoFf407d+iMWmIWAJ2lycs69uacnSDjTxnW/YGFjc2t7p7jr7O0fHB6VysdtHaeK0BaJeay6AdaUM0lbhhlOu4miWAScdoLx3czvPFGlWSwfzCShvsBDySJGsLHSY5+M2CBrDqeDUsWtunOgdeLlpAJyNAZl6PTDmKSCSkM41rrnuYnxM6wMI5xOnX6qaYLJGA9pz1KJBdV+Nk88RedWCVEUK/ukQXP170aGhdYTEdhJgc1Ir3oz8V/veXFgSQv17MiyFoiVhCa68TMmk9RQSRYBo5QjE6NZbShkihLDJ5Zgopj9IyIjrDAxtlzHtuetdrVO2pdV76paa9Yq9du8xyI4BWfgAnjgGtTBPWiAFiBAgBfwCt7gO/yAn/B7MVqA+c4JWAL8+QWgm6cs</latexit>�Qg

<latexit sha1_base64="blSP+BusfZQD+w16WorhNDI1Ua8=">AAACMXicbVDLSsNAFJ3UV42Ptrp0EyyCq5JIUZdFNy5bsA9oQphMJu3QmUmYmYgl5Evc6hf4Nd2JW3/CSZuFbT0wcDjnXu6ZEySUSGXbC6Oys7u3f1A9NI+OT05r9cbZQMapQLiPYhqLUQAlpoTjviKK4lEiMGQBxcNg9lj4wxcsJIn5s5on2GNwwklEEFRa8us1F02Jn7kBFFkvn+R+vWm37CWsbeKUpAlKdP2GYbphjFKGuUIUSjl27ER5GRSKIIpz000lTiCawQkea8ohw9LLlslz60oroRXFQj+urKX6dyODTMo5C/Qkg2oqN71C/Nd7XR1Y00JZHFnXAraRUEX3XkZ4kirM0SpglFJLxVZRnxUSgZGic00gEkT/0UJTKCBSumRTt+dsdrVNBjct57bV7rWbnYeyxyq4AJfgGjjgDnTAE+iCPkAgBW/gHXwYn8bC+DK+V6MVo9w5B2swfn4BgqOqIg==</latexit>�Q̄g

<latexit sha1_base64="yzvL8hpbLsn5CGRgexjUCRdhgRU=">AAACMXicbVDLSsNAFJ3UV42Ptrp0EyyCq5JIUZdFNy5bsA9oQphMJu3QmUmYmYgl5Evc6hf4Nd2JW3/CSZuFbT0wcDjnXu6ZEySUSGXbC6Oys7u3f1A9NI+OT05r9cbZQMapQLiPYhqLUQAlpoTjviKK4lEiMGQBxcNg9lj4wxcsJIn5s5on2GNwwklEEFRa8us1F02Jn/XcAIqsl+d+vWm37CWsbeKUpAlKdP2GYbphjFKGuUIUSjl27ER5GRSKIIpz000lTiCawQkea8ohw9LLlslz60oroRXFQj+urKX6dyODTMo5C/Qkg2oqN71C/Nd7XR1Y00JZHFnXAraRUEX3XkZ4kirM0SpglFJLxVZRnxUSgZGic00gEkT/0UJTKCBSumRTt+dsdrVNBjct57bV7rWbnYeyxyq4AJfgGjjgDnTAE+iCPkAgBW/gHXwYn8bC+DK+V6MVo9w5B2swfn4BW6yqDA==</latexit>�QQ̄

CollinearBack-to-back

Energy-Energy Correlators at general angle with mass
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<latexit sha1_base64="gn7vf6Sg6MVbAbapFtMrtgSs5dw=">AAACInicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5et2Ae0Q8lkMm1okhmSjFiG/oFb/QK/xp24EvwY03YWtvVA4HDOvdyTEyScaeO637Cwsbm1vVPcdfb2Dw6PSuXjto5TRWiLxDxW3QBrypmkLcMMp91EUSwCTjvB+G7md56o0iyWj2aSUF/goWQRI9hY6aE5HJQqbtWdA60TLycVkKMxKEOnH8YkFVQawrHWPc9NjJ9hZRjhdOr0U00TTMZ4SHuWSiyo9rN51Ck6t0qIoljZJw2aq383Miy0nojATgpsRnrVm4n/es+LA0taqGdHlrVArCQ00Y2fMZmkhkqyCBilHJkYzfpCIVOUGD6xBBPF7B8RGWGFibGtOrY9b7WrddK+rHpX1VqzVqnf5j0WwSk4AxfAA9egDu5BA7QAARF4Aa/gDb7DD/gJvxajBZjvnIAlwJ9fgvyj/w==</latexit>

Qg
<latexit sha1_base64="Cxa34DMfZq+F2qvNTOG1untT9AA=">AAACKnicbVBLTsMwFLT5lvBrYcnGogKxqhJUAcsKNixbiX5EE1WO47RWHSeyHUQV9RZs4QSchl3FloPgtFnQlpEsjWbe0xuPn3CmtG3P4Mbm1vbObmnP2j84PDouV046Kk4loW0S81j2fKwoZ4K2NdOc9hJJceRz2vXHD7nffaFSsVg86UlCvQgPBQsZwdpIz+6l62OZtabDQblq1+w50DpxClIFBZqDCrTcICZpRIUmHCvVd+xEexmWmhFOp5abKppgMsZD2jdU4IgqL5tHnqILowQojKV5QqO5+ncjw5FSk8g3kxHWI7Xq5eK/3uviwJIWqPzIsuZHKwl1eOdlTCSppoIsAoYpRzpGeW8oYJISzSeGYCKZ+SMiIywx0aZdy7TnrHa1TjrXNeemVm/Vq437oscSOAPn4Ao44BY0wCNogjYgQIA38A4+4Cf8gjP4vRjdgMXOKVgC/PkFBdynWg==</latexit>

&Q̄g
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Back-to-back Energy-Energy Correlators with mass

<latexit sha1_base64="ltlHKtBCvpWTqGXcira9KqeO9H0=">AAACJHicbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXRjcsK9gHtUDKZTCc0yQxJRixDf8GtfoFf405cuPFbzLSzsK0HAodz7uWeHD/hTBvH+Yaljc2t7Z3ybmVv/+DwqFo77uo4VYR2SMxj1fexppxJ2jHMcNpPFMXC57TnT+5yv/dElWaxfDTThHoCjyULGcEml4YkYqNq3Wk4c6B14hakDgq0RzVYGQYxSQWVhnCs9cB1EuNlWBlGOJ1VhqmmCSYTPKYDSyUWVHvZPOwMnVslQGGs7JMGzdW/GxkWWk+FbycFNpFe9XLxX+95cWBJC3R+ZFnzxUpCE954GZNJaqgki4BhypGJUd4YCpiixPCpJZgoZv+ISIQVJsb2WrHtuatdrZPuZcO9ajQfmvXWbdFjGZyCM3ABXHANWuAetEEHEBCBF/AK3uA7/ICf8GsxWoLFzglYAvz5BUbDpOs=</latexit>�
<latexit sha1_base64="lyFtVViUrR2nWR3cE6PRQkM6zNQ=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG3HVgn1AO5RMJtOGJpkhyYil9Avc6hf4Ne7EnfgzZtpZ2NYDgcM593JPTpBwpo3rfsPCxubW9k5x19nbPzg8KpWP2zpOFaEtEvNYdQOsKWeStgwznHYTRbEIOO0E47vM7zxRpVksH80kob7AQ8kiRrCxUvNhUKq4VXcOtE68nFRAjsagDJ1+GJNUUGkIx1r3PDcx/hQrwwinM6efappgMsZD2rNUYkG1P50nnaFzq4QoipV90qC5+ndjioXWExHYSYHNSK96mfiv97w4sKSFOjuyrAViJaGJbvwpk0lqqCSLgFHKkYlRVhcKmaLE8IklmChm/4jICCtMjC3Vse15q12tk/Zl1buq1pq1Sv0277EITsEZuAAeuAZ1cA8aoAUIoOAFvII3+A4/4Cf8WowWYL5zApYAf34Bnkmjhw==</latexit>

J
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Disfavored contribution

Light hadron contribution
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von Kuk, Michel, Sun `23
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Taking the back-to-back limit of  the general angle result,
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+ · · ·
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Q2(1� z) ⇠ m2

From the back-to-back factorization, at this order, we can simply look at 
<latexit sha1_base64="z556HRm5YyIud8sXzakHk0z9Nxs="></latexit>

I(1)
Qg

Assuming the reciprocity relation holds even with mass at this order using the known result from DY case, one finds
<latexit sha1_base64="CkM167rjTcF6hyXp9x8PQ9bgaAY="></latexit>
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◆
Reciprocity relation broken with mass!

• Expansion of  the 
<latexit sha1_base64="EpdRZjyTWaC+rFl/S+3eCO6hLqk="></latexit>

QQ̄ is less trivial, but is interesting how the elliptic structure is expected to simplify.

Gribov, Lipatov `72, 
 Chen, Yang, Zhu, Zhu `20

11/17

Pietrulewicz, Samitz, Spiering, Tackmann `17
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Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?
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Collinear Energy-Energy Correlators with mass
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Collinear dynamics factorize identically for different collider environment
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• The universal scaling behavior is given by the Light-Ray OPE  
in the conformal region.

• QCD isn’t exactly conformal, we see sensitivity to the IR scale through 
confinement.
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Collinear Energy-Energy Correlators with mass

Collinear dynamics factorize identically for different collider environment
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+MQvirtuality ~ 
<latexit sha1_base64="KYXmGs6EYN6vq81V7mS2QCFl/3E=">AAACEnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGxcuqvQF7TBk0kwbmmSGJCOW0o8QXOmfuBO3/oA/4tq0nYVtPRA4nHMv9+SECWfauO63k1tZXVvfyG8WtrZ3dveK+wcNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPBzcRvPlKlWSxrZphQX+CeZBEj2FipmQQ19BDcBcWSW3anQMvEy0gJMlSD4k+nG5NUUGkIx1q3PTcx/ggrwwin40In1TTBZIB7tG2pxIJqfzSNO0YnVumiKFb2SYOm6t+NERZaD0VoJwU2fb3oTcR/vafZgTktFAtpTHTlj5hMUkMlmYWJUo5MjCb9oC5TlBg+tAQTxex/EOljhYmxLRZsUd5iLcukcVb2Lsrn9+elynVWWR6O4BhOwYNLqMAtVKEOBAbwDK/w5rw4786H8zkbzTnZziHMwfn6BcAdnjU=</latexit>

pTRL

• Presence of the mass forces heavy flavor hadrons to be  
formed at an earlier time. This is clearly probed via energy correlators!
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 Kyle Lee

Collinear Energy-Energy Correlators with mass

Collinear dynamics factorize identically for different collider environment

SCET definition

<latexit sha1_base64="oxhhrzPZu57gjMLdVAXXtMrOz5Y="></latexit>
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At NLO,

where
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J [2]
Q

���
� 6=0

=
↵sCF

4⇡

⇢⇥
�4 + 4i�3 � 2�2 � 3

⇤
ln

✓
i�

1 + i�

◆
+

1

2

✓
9�2 � 31

6

◆�
+ c.c

<latexit sha1_base64="AuBvgwh74OwkF/VvYVQZTGjvhEs="></latexit>

� =
m

pT�

<latexit sha1_base64="nrUWHu0nELiXRHiLG8tbux/oj70="></latexit>

JQ|� 6=0 (�,m)
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Collinear Energy-Energy Correlators with mass

<latexit sha1_base64="QPdvqYWsxERZ9I5y2rRHbHhCIRg="></latexit>
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Making contact with the general angle result:

<latexit sha1_base64="IyaFioYAvAjMW/BPNTlOCF1Ksbs=">AAACLHicbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXRjcsK9gGdoWQymTY0yQxJRixDf8OtfoFf40bErd9hpp2FbT0QOJxzL/fkBAln2jjOJyxtbG5t75R3K3v7B4dH1dpxV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gcpf7vSeqNIvlo5km1Bd4JFnECDZW8jwyZsgzMfISNqzWnYYzB1onbkHqoEB7WIMVL4xJKqg0hGOtB66TGD/DyjDC6azipZommEzwiA4slVhQ7Wfz0DN0bpUQRbGyTxo0V/9uZFhoPRWBnRTYjPWql4v/es+LA0taqPMjy1ogVhKa6MbPmExSQyVZBIxSjmw7eXMoZIoSw6eWYKKY/SMiY6wwMbbfim3PXe1qnXQvG+5Vo/nQrLduix7L4BScgQvggmvQAvegDTqAgAS8gFfwBt/hB/yC34vREix2TsAS4M8vOGGn7w==</latexit>
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LP

<latexit sha1_base64="yQo2BkjYChjtqi2cFZdmGGMMIDc="></latexit>

NLP

<latexit sha1_base64="4rvjWrc5UuJfCQ+6yhPxd9/gMI4="></latexit>· · ·

Leading power agrees and one can obtain higher power results from expanding the general angle result!

Pr
im

ord
ial

 fl
uc

tu
at

ion
s W
ha

t c
os

mi
c h

ist
ory

 g
av

e r
ise

 to
 pr

im
ord

ial
 fl

uc
tu

at
ion

s?

t<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10
�
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

15/17



 Kyle Lee

Energy-Energy Correlators meet the high-energy colliders

ALI-PREL-539525

ALI-PREL-539525

<latexit sha1_base64="SlOzgUuLqsZS17hgWPKnbo8p6Ek=">AAACDnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGxcu6qMPaIeSSTNtaJIZkoxYhn6C4Er/xJ249Rf8Edem7Sxs64HA4Zx7uScniDnTxnW/ndzS8srqWn69sLG5tb1T3N2r6yhRhNZIxCPVDLCmnElaM8xw2owVxSLgtBEMrsZ+45EqzSL5YIYx9QXuSRYygo2V7u86N51iyS27E6BF4mWkBBmqneJPuxuRRFBpCMdatzw3Nn6KlWGE01GhnWgaYzLAPdqyVGJBtZ9Ooo7QkVW6KIyUfdKgifp3I8VC66EI7KTApq/nvbH4r/c0PTCjBWIujQkv/JTJODFUkmmYMOHIRGjcDeoyRYnhQ0swUcz+B5E+VpgY22DBFuXN17JI6idl76x8entaqlxmleXhAA7hGDw4hwpcQxVqQKAHz/AKb86L8+58OJ/T0ZyT7ezDDJyvXw6gnMo=</latexit>
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Energy-Energy Correlators meet the high-energy colliders

ALI-PREL-539525

ALI-PREL-539525

<latexit sha1_base64="SlOzgUuLqsZS17hgWPKnbo8p6Ek=">AAACDnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGxcu6qMPaIeSSTNtaJIZkoxYhn6C4Er/xJ249Rf8Edem7Sxs64HA4Zx7uScniDnTxnW/ndzS8srqWn69sLG5tb1T3N2r6yhRhNZIxCPVDLCmnElaM8xw2owVxSLgtBEMrsZ+45EqzSL5YIYx9QXuSRYygo2V7u86N51iyS27E6BF4mWkBBmqneJPuxuRRFBpCMdatzw3Nn6KlWGE01GhnWgaYzLAPdqyVGJBtZ9Ooo7QkVW6KIyUfdKgifp3I8VC66EI7KTApq/nvbH4r/c0PTCjBWIujQkv/JTJODFUkmmYMOHIRGjcDeoyRYnhQ0swUcz+B5E+VpgY22DBFuXN17JI6idl76x8entaqlxmleXhAA7hGDw4hwpcQxVqQKAHz/AKb86L8+58OJ/T0ZyT7ezDDJyvXw6gnMo=</latexit>
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Beautiful and Charming future ahead!


