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Color coherence in vacuum jets
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Radiation pattern of soft photons in e++e-

[Dokshitzer et al. ’Basics of pQCD’]

tf ∼
λ⊥

θe−γ

ρe+e−

⊥ ∼ tfθe+e− = λ⊥
θe+e−

θe−γ

Similarly, in QCD wide-angle, soft radiation is sensitive to the parent color charge 

Color coherence leads to angular ordering in QCD showers

+ =

Emitted photon cannot resolve 
the e+e- pair when                , 
i.e.                        suppressionλ⊥ ρe+e−

⊥>
θe−γ θe+e−>
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Elastic scattering amplitude has a (small) real part
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Theory



Color (de)coherence in medium jets

4

[Casalderrey, Mehtar-Tani, Tywoniuk, Salgado’12]
[Mehtar-Tani, Tywoniuk, Salgado’11]

New phenomena enter into play when embedding QCD jets in a QGP

k⊥ = 1/θtf k2
⊥,dif = ̂qtf

Decoherence time: vacuum like splittings vs. medium-dominated regime   

tD ∼ ( ̂qθ2)−1/3k2
⊥,dif = k2

⊥

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

Minimal decoherence angle: scale at which the medium resolves the splitting

tf = tD = L

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

θc = ( ̂qL3)−1/2

Can we measure the QGP resolution angle     ?  θc

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
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Figure 7: RAA of R = 1.0 jet yields as function of kt splitting scale,
p

d12, in five centrality and four jet pT intervals.
The vertical bars on the data points indicate statistical uncertainties, while the shaded boxes indicate systematic
uncertainties. The colored boxes at RAA = 1 represent fractional uncertainty on hTAAi and pp luminosity (cyan),
which both a�ect the overall normalisation. The widths of the boxes are not indicative of the bin size. The first
interval is populated only by large-radius jets with a single sub-jet and labeled as “SSJ”.

certain transverse scale [10]. However, the magnitude of the suppression is expected to depend no only on
the energy loss but also on the shape of the initial jet production pT spectrum. This result is also consistent
with the previous measurement of correlated production of pairs of nearby jets in Pb+Pb collisions [5].
The measurement reported suppression of yields of neighboring jets by 30% to 50% in the most central
collisions with respect to the pp reference which suggests even larger suppression of per-event yields when
the suppression of inclusive jet yields is taken into account.

The nuclear modification factor, evaluated as a function of hNparti, is shown in Figure 8 for four jet pT andp
d12 intervals. The systematic uncertainties on data points include also the uncertainty from the hTAAi. A
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Elastic scattering amplitude has a (small) real part
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ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>

p<latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit><latexit sha1_base64="RMLzdPyT2tgmaFX3Ws1pguZMKZE=">AAAB4XicdVDLSgNBEOzxGeMr6tHLYBA8LbtBUG8BLx4TcE0gWcLspDcZMvtgZlYIS35ALyJ68pf8Af/G2RjBZ126uqsaujrMpNDGdd/I0vLK6tp6ZaO6ubW9s1vb27/Raa44+jyVqeqGTKMUCfpGGIndTCGLQ4mdcHJZ6p1bVFqkybWZZhjEbJSISHBm7KidDWp112m4Jehv4jnz6tZhgdag9tofpjyPMTFcMq17npuZoGDKCC5xVu3nGjPGJ2yEPUsTFqMOivmhM3ocpYqaMdJ5/9VbsFjraRxaT8zMWP/UyuFfWi830XlQiCTLDSbcWqwW5ZKalJZ56VAo5EZOLWFcCXsl5WOmGDf2K1Ub/zMj/Z/4DefC8dqn9WZz8YcKHMIRnIAHZ9CEK2iBDxwQ7uEJnsmQ3JEH8vhhXSKLnQP4BvLyDkf+imE=</latexit>

✓<latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit><latexit sha1_base64="lVVhoqscyTc7RW5iGB+QGiKFgRs=">AAAB5nicdVDLTsJAFL3FF+ILdelmIjFx1bQNUNyRuHGJiQUSaMh0mMLI9JGZqQlp+AbdGKMrP8gf8G8cKiZq9KzOvefc3HtukHImlWW9G6W19Y3NrfJ2ZWd3b/+genjUlUkmCPVIwhPRD7CknMXUU0xx2k8FxVHAaS+YXS713h0VkiXxjZqn1I/wJGYhI1jpVneoplThUbVmmY7j1hs2ssyG26y7BWm2mo6LbNMqUIMVOqPq23CckCyisSIcSzmwrVT5ORaKEU4XlWEmaYrJDE/oQNMYR1T6eXHtAp2FiUB6Lyrq794cR1LOo0B7Iqym8re2bP6lDTIVtvycxWmmaEy0RWthxpFK0DI0GjNBieJzTTARTF+JyBQLTJR+TUXH/8qI/ieeY16Y9nW91m6v/lCGEziFc7DBhTZcQQc8IHALD/AMLwYz7o1H4+nTWjJWM8fwA8brB3NgjOQ=</latexit> d�el

dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

⟨ε⟩ ∝ Ci



Dynamical grooming

2) Drop all branches at larger angles, i.e.

1) Find hardest branch in the C/A sequence, i.e.

Physical interpretation: • a=2: • a=1: • a~0:

6

θi > θg

κ(a) =
1
pT

max
i∈C/A

zi(1 − zi)pT,i(θi/R)a

[Mehtar-Tani, ASO, Tywoniuk PRD’20]

κmax

κ ∼ m2 κ ∼ kt κ ∼ z



Dynamically groomed Lund planes
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Dynamically groomed jet radius: vacuum baseline
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Theoretical uncertainties on the vacuum benchmark under control

[Caucal, ASO, Takacs to appear]
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DyG – a = 2
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Dynamically groomed jet radius: quenched MCs

9

[Caucal, ASO, Takacs to appear]
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DyG(a=1)–JetMed

Vacuum
Medium

Sharp contrast between vacuum and medium distributions

[Hybrid: D.Pablos et al. 2014-2021][JetMed: P.Caucal et al. 2018-2021]
Lres

7

√s

~b<latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit><latexit sha1_base64="WcQViw92bk1sTDeYIg+Q3vxqyPY=">AAAB5nicdVDLTgJBEJzFF+IL9ehlIjHxtJlFBPZG4sUjJi6QwIbMDg2MzD4yM0tCNnyDXozRkx/kD/g3DoiJGq1TdVd1UtVBIrjShLxbubX1jc2t/HZhZ3dv/6B4eNRScSoZeCwWsewEVIHgEXiaawGdRAINAwHtYHK10NtTkIrH0a2eJeCHdBTxIWdUm1WrNwWGg36xRGy3XnWdCiZ2mRC3WjPkwnXdywvs2GSJElqh2S++9QYxS0OINBNUqa5DEu1nVGrOBMwLvVRBQtmEjqBraERDUH62TDvHZ8NYYj0GvJy/ezMaKjULA+MJqR6r39pi+ZfWTfWw7mc8SlINETMWow1TgXWMF6XxgEtgWswMoUxykxKzMZWUafOagqn/1RH/T7yy7drOTaXUaKz+kEcn6BSdIwfVUANdoybyEEN36AE9oxeLW/fWo/X0ac1Zq5tj9APW6wcHS4yc</latexit>
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dt
=

1

4⇡ |Tel(s, t)|
2

<latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit><latexit sha1_base64="2ttpSBrMgCWTfDqje7QiuDagczE="></latexit>

t = �2p
2
(1� cos ✓)<latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit><latexit sha1_base64="4vaTxut6VGMKSrnUg58FdeqCYeQ="></latexit>with

Elastic scattering amplitude has a (small) real part

is the main building block of scattering theoryTel(s, t)<latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit><latexit sha1_base64="X7dnjtHQY8gEU/eNaqV7vXruqio=">AAAB83icdVDLSsNAFJ34rPWV6tLNYBEqSEiKoO4KblxWaGyhDWEyvWmHTh7MTCol5E90I6Ir/8Qf8G+c1Ao+z+aee8+5cO8JUs6ksu03Y2l5ZXVtvbJR3dza3tk1a3s3MskEBZcmPBG9gEjgLAZXMcWhlwogUcChG0wuS707BSFZEnfULAUvIqOYhYwSpUe+Wcs7fj4QEQZeNOSJOi58s25bTbsE/k0ca17tOlqg7Zuvg2FCswhiRTmRsu/YqfJyIhSjHIrqIJOQEjohI+hrGpMIpJfPTy/wUZgIrMaA5/1Xb04iKWdRoD0RUWP5UyuHf2n9TIXnXs7iNFMQU23RWphxrBJcJoCHTABVfKYJoYLpKzEdE0Go0jlV9fufP+L/idu0Lizn+rTeai1yqKADdIgayEFnqIWuUBu5iKJbdI+e0LMxNe6MB+Pxw7pkLHb20TcYL+/VjJD1</latexit>

⇢(s, t) =
ReTel(s, t)

ImTel(s, t)<latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit><latexit sha1_base64="/MLMc5bO1IkSj/kALiRP36oZmTw="></latexit>

Coulomb scattering ~ strong interaction at
t0⇠1/(14�tot)<latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit><latexit sha1_base64="Hor3GSyr2maJJUvUzZoWknia+sw=">AAACBHicdVDLSsNAFJ3UV62vqEs30xahbmpSCuqu4MZlBauFJoTJdNIOnUnCzI1QQtf6M7oR0ZVf4A/4N05rBZ9nc8+95wzMOWEquAbHebMKC4tLyyvF1dLa+sbmlr29c6mTTFHWoYlIVDckmgkesw5wEKybKkZkKNhVODqd6lfXTGmexBcwTpkvySDmEacEzCmwKxA4XtnTXHpl7B7W3KbhA0mC3FMSQwKTg8CuOvWGMwX+Tdz6bDpVNEc7sF+9fkIzyWKggmjdc50U/Jwo4FSwScnLNEsJHZEB6xkaE8m0n8+yTPB+lCgMQ4Zn+1dvTqTWYxkajyQw1D+16fEvrZdBdOznPE4zYDE1FqNFmTDp8LQS3OeKURBjQwhV3PwS0yFRhIIprmTif2bE/5NOo35Sd8+b1VZr3kMR7aEKqiEXHaEWOkNt1EEU3aJ79ISerRvrznqwHj+sBWv+Zhd9g/XyDmR3lro=</latexit> 10-4 GeV2 at √s=7 TeV   

Theory

New window into color decoherence with jet substructure observables
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DyG(a=1)–JetMed

Vacuum
Medium

Convergence of several dynamical processes in the medium at θg = θc

Dynamically groomed jet radius: analytical insight


