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But	isn’t	all	of	these	physics	can	be	studied	at	LEP?
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Dijet	Event	Shape	Observables
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Energy	flow	observable	which	
vanish	in	the	dijet	limit	

Example:	Thrust,	C	parameter,	
wide	and	total	jet	broadening,	
heavy	jet	mass,	et	al.

AbaJe	et	al.,	2010 Hoang	et	al.,	2015

↵s(mZ) = 0.1135± (0.0002)exp ± (0.0005)hadr ± (0.0009)pert
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See	also	Andrii	Verbytskyi’s	talk



Three	Jet	Event	Shape	Observables

10

Energy	flow	observable	which	
vanish	in	the	three	jet	limit	

• Expect	to	be	more	sensi;ve	to	αₛ	

• Much	less	studied	in	the	literature	before	

• Thrust	minor	[Banfi	et	al.,	2001];	D	parameter	[Banfi	et	al.,	2001;	Larkoski,	
Procita,	2018].	All	limited	to	NLL	study

Larkoski,	Procita,	2018



	Three-Point	Energy	Correlator

• Natural	generaliza5on	of	the	Energy-Energy	Correlator	[Basham,	Brown,	
Ellis,	Love,	1978]	

• Func5on	of	three	angle	χ₁,	χ2,	χ3
11
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<latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit><latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit><latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit><latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit>

�3
<latexit sha1_base64="3MYFEWOQA8sUf54cglbeLRYSOF8=">AAACJnicbVDLSsNAFJ34rPUVFdy4CRbBVUlU0GXRjcsK9gFNCZPppB06mQkzN0qM+RlXgn6LOxF3/oY707SIrT0wcDjn3jkzx48402Dbn8bC4tLyympprby+sbm1be7sNrWMFaENIrlUbR9rypmgDWDAaTtSFIc+py1/eDXyW3dUaSbFLSQR7Ya4L1jACIZc8sz91C0uSRPKubzPXDJg3mnmmRWnahewfok9q1TQBHXP/HZ7ksQhFUA41rrj2BF0U6yAEU6zshtrGmEyxH3ayanAIdXdtIjOrKNc6VmBVPkRYBXq340Uh1onoZ9PhhgGetYbifO8TgzBRTdlIoqBCjIOCmJugbRGZVg9pigBnuQEE8Xyt1pkgBUmkFc2lQJs+DD1izTqBxGXoOd39Y80T6qOXXVuziq1y0lrJXSADtExctA5qqFrVEcNRNAjekIv6NV4Nt6Md+NjPLpgTHb20BSMrx+zpaex</latexit><latexit sha1_base64="3MYFEWOQA8sUf54cglbeLRYSOF8=">AAACJnicbVDLSsNAFJ34rPUVFdy4CRbBVUlU0GXRjcsK9gFNCZPppB06mQkzN0qM+RlXgn6LOxF3/oY707SIrT0wcDjn3jkzx48402Dbn8bC4tLyympprby+sbm1be7sNrWMFaENIrlUbR9rypmgDWDAaTtSFIc+py1/eDXyW3dUaSbFLSQR7Ya4L1jACIZc8sz91C0uSRPKubzPXDJg3mnmmRWnahewfok9q1TQBHXP/HZ7ksQhFUA41rrj2BF0U6yAEU6zshtrGmEyxH3ayanAIdXdtIjOrKNc6VmBVPkRYBXq340Uh1onoZ9PhhgGetYbifO8TgzBRTdlIoqBCjIOCmJugbRGZVg9pigBnuQEE8Xyt1pkgBUmkFc2lQJs+DD1izTqBxGXoOd39Y80T6qOXXVuziq1y0lrJXSADtExctA5qqFrVEcNRNAjekIv6NV4Nt6Md+NjPLpgTHb20BSMrx+zpaex</latexit><latexit sha1_base64="3MYFEWOQA8sUf54cglbeLRYSOF8=">AAACJnicbVDLSsNAFJ34rPUVFdy4CRbBVUlU0GXRjcsK9gFNCZPppB06mQkzN0qM+RlXgn6LOxF3/oY707SIrT0wcDjn3jkzx48402Dbn8bC4tLyympprby+sbm1be7sNrWMFaENIrlUbR9rypmgDWDAaTtSFIc+py1/eDXyW3dUaSbFLSQR7Ya4L1jACIZc8sz91C0uSRPKubzPXDJg3mnmmRWnahewfok9q1TQBHXP/HZ7ksQhFUA41rrj2BF0U6yAEU6zshtrGmEyxH3ayanAIdXdtIjOrKNc6VmBVPkRYBXq340Uh1onoZ9PhhgGetYbifO8TgzBRTdlIoqBCjIOCmJugbRGZVg9pigBnuQEE8Xyt1pkgBUmkFc2lQJs+DD1izTqBxGXoOd39Y80T6qOXXVuziq1y0lrJXSADtExctA5qqFrVEcNRNAjekIv6NV4Nt6Md+NjPLpgTHb20BSMrx+zpaex</latexit><latexit sha1_base64="3MYFEWOQA8sUf54cglbeLRYSOF8=">AAACJnicbVDLSsNAFJ34rPUVFdy4CRbBVUlU0GXRjcsK9gFNCZPppB06mQkzN0qM+RlXgn6LOxF3/oY707SIrT0wcDjn3jkzx48402Dbn8bC4tLyympprby+sbm1be7sNrWMFaENIrlUbR9rypmgDWDAaTtSFIc+py1/eDXyW3dUaSbFLSQR7Ya4L1jACIZc8sz91C0uSRPKubzPXDJg3mnmmRWnahewfok9q1TQBHXP/HZ7ksQhFUA41rrj2BF0U6yAEU6zshtrGmEyxH3ayanAIdXdtIjOrKNc6VmBVPkRYBXq340Uh1onoZ9PhhgGetYbifO8TgzBRTdlIoqBCjIOCmJugbRGZVg9pigBnuQEE8Xyt1pkgBUmkFc2lQJs+DD1izTqBxGXoOd39Y80T6qOXXVuziq1y0lrJXSADtExctA5qqFrVEcNRNAjekIv6NV4Nt6Md+NjPLpgTHb20BSMrx+zpaex</latexit>

\

X

ijk

Z
d�

EiEjEk

Q3�tot
�(cos�1 � cos ✓ij)�(cos�2 � cos ✓ik)�(cos�3 � cos ✓jk)

<latexit sha1_base64="fMfD/BjcQ3auf2jn5FHtNQK3S2c="></latexit><latexit sha1_base64="fMfD/BjcQ3auf2jn5FHtNQK3S2c="></latexit><latexit sha1_base64="fMfD/BjcQ3auf2jn5FHtNQK3S2c="></latexit><latexit sha1_base64="fMfD/BjcQ3auf2jn5FHtNQK3S2c="></latexit>

X
<latexit sha1_base64="vQF5uyyMIiiwiHylcp5DYNaENLQ=">AAACFXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHghePFewHtKFstpt2yWYTdidCDf0RngT9Ld7Eq2d/ijeTNgfb+mDg8d4MM/O8WAqDtv1tldbWNza3ytuVnd29/YPq4VHbRIlmvMUiGemuRw2XQvEWCpS8G2tOQ0/yjhfc5n7nkWsjIvWAk5i7IR0p4QtGMZM6fZOEg3Q6qNbsuj0DWSVOQWpQoDmo/vSHEUtCrpBJakzPsWN0U6pRMMmnlX5ieExZQEe8l1FFQ27cdHbulJxlypD4kc5KIZmpfydSGhozCb2sM6Q4NsteLv7n9RL0r91UqDhBrth8kZ9IghHJfydDoTlDOckIZVpktxI2ppoyzBJa2IIieFr4Io1HfiwjNHlWznIyq6R9UXfsunN/WWvcFKmV4QRO4RwcuIIG3EETWsAggGd4hTfrxXq3PqzPeWvJKmaOYQHW1y9wcaDB</latexit><latexit sha1_base64="vQF5uyyMIiiwiHylcp5DYNaENLQ=">AAACFXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHghePFewHtKFstpt2yWYTdidCDf0RngT9Ld7Eq2d/ijeTNgfb+mDg8d4MM/O8WAqDtv1tldbWNza3ytuVnd29/YPq4VHbRIlmvMUiGemuRw2XQvEWCpS8G2tOQ0/yjhfc5n7nkWsjIvWAk5i7IR0p4QtGMZM6fZOEg3Q6qNbsuj0DWSVOQWpQoDmo/vSHEUtCrpBJakzPsWN0U6pRMMmnlX5ieExZQEe8l1FFQ27cdHbulJxlypD4kc5KIZmpfydSGhozCb2sM6Q4NsteLv7n9RL0r91UqDhBrth8kZ9IghHJfydDoTlDOckIZVpktxI2ppoyzBJa2IIieFr4Io1HfiwjNHlWznIyq6R9UXfsunN/WWvcFKmV4QRO4RwcuIIG3EETWsAggGd4hTfrxXq3PqzPeWvJKmaOYQHW1y9wcaDB</latexit><latexit sha1_base64="vQF5uyyMIiiwiHylcp5DYNaENLQ=">AAACFXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHghePFewHtKFstpt2yWYTdidCDf0RngT9Ld7Eq2d/ijeTNgfb+mDg8d4MM/O8WAqDtv1tldbWNza3ytuVnd29/YPq4VHbRIlmvMUiGemuRw2XQvEWCpS8G2tOQ0/yjhfc5n7nkWsjIvWAk5i7IR0p4QtGMZM6fZOEg3Q6qNbsuj0DWSVOQWpQoDmo/vSHEUtCrpBJakzPsWN0U6pRMMmnlX5ieExZQEe8l1FFQ27cdHbulJxlypD4kc5KIZmpfydSGhozCb2sM6Q4NsteLv7n9RL0r91UqDhBrth8kZ9IghHJfydDoTlDOckIZVpktxI2ppoyzBJa2IIieFr4Io1HfiwjNHlWznIyq6R9UXfsunN/WWvcFKmV4QRO4RwcuIIG3EETWsAggGd4hTfrxXq3PqzPeWvJKmaOYQHW1y9wcaDB</latexit><latexit sha1_base64="vQF5uyyMIiiwiHylcp5DYNaENLQ=">AAACFXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHghePFewHtKFstpt2yWYTdidCDf0RngT9Ld7Eq2d/ijeTNgfb+mDg8d4MM/O8WAqDtv1tldbWNza3ytuVnd29/YPq4VHbRIlmvMUiGemuRw2XQvEWCpS8G2tOQ0/yjhfc5n7nkWsjIvWAk5i7IR0p4QtGMZM6fZOEg3Q6qNbsuj0DWSVOQWpQoDmo/vSHEUtCrpBJakzPsWN0U6pRMMmnlX5ieExZQEe8l1FFQ27cdHbulJxlypD4kc5KIZmpfydSGhozCb2sM6Q4NsteLv7n9RL0r91UqDhBrth8kZ9IghHJfydDoTlDOckIZVpktxI2ppoyzBJa2IIieFr4Io1HfiwjNHlWznIyq6R9UXfsunN/WWvcFKmV4QRO4RwcuIIG3EETWsAggGd4hTfrxXq3PqzPeWvJKmaOYQHW1y9wcaDB</latexit>

X
<latexit sha1_base64="vQF5uyyMIiiwiHylcp5DYNaENLQ=">AAACFXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHghePFewHtKFstpt2yWYTdidCDf0RngT9Ld7Eq2d/ijeTNgfb+mDg8d4MM/O8WAqDtv1tldbWNza3ytuVnd29/YPq4VHbRIlmvMUiGemuRw2XQvEWCpS8G2tOQ0/yjhfc5n7nkWsjIvWAk5i7IR0p4QtGMZM6fZOEg3Q6qNbsuj0DWSVOQWpQoDmo/vSHEUtCrpBJakzPsWN0U6pRMMmnlX5ieExZQEe8l1FFQ27cdHbulJxlypD4kc5KIZmpfydSGhozCb2sM6Q4NsteLv7n9RL0r91UqDhBrth8kZ9IghHJfydDoTlDOckIZVpktxI2ppoyzBJa2IIieFr4Io1HfiwjNHlWznIyq6R9UXfsunN/WWvcFKmV4QRO4RwcuIIG3EETWsAggGd4hTfrxXq3PqzPeWvJKmaOYQHW1y9wcaDB</latexit><latexit sha1_base64="vQF5uyyMIiiwiHylcp5DYNaENLQ=">AAACFXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHghePFewHtKFstpt2yWYTdidCDf0RngT9Ld7Eq2d/ijeTNgfb+mDg8d4MM/O8WAqDtv1tldbWNza3ytuVnd29/YPq4VHbRIlmvMUiGemuRw2XQvEWCpS8G2tOQ0/yjhfc5n7nkWsjIvWAk5i7IR0p4QtGMZM6fZOEg3Q6qNbsuj0DWSVOQWpQoDmo/vSHEUtCrpBJakzPsWN0U6pRMMmnlX5ieExZQEe8l1FFQ27cdHbulJxlypD4kc5KIZmpfydSGhozCb2sM6Q4NsteLv7n9RL0r91UqDhBrth8kZ9IghHJfydDoTlDOckIZVpktxI2ppoyzBJa2IIieFr4Io1HfiwjNHlWznIyq6R9UXfsunN/WWvcFKmV4QRO4RwcuIIG3EETWsAggGd4hTfrxXq3PqzPeWvJKmaOYQHW1y9wcaDB</latexit><latexit sha1_base64="vQF5uyyMIiiwiHylcp5DYNaENLQ=">AAACFXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHghePFewHtKFstpt2yWYTdidCDf0RngT9Ld7Eq2d/ijeTNgfb+mDg8d4MM/O8WAqDtv1tldbWNza3ytuVnd29/YPq4VHbRIlmvMUiGemuRw2XQvEWCpS8G2tOQ0/yjhfc5n7nkWsjIvWAk5i7IR0p4QtGMZM6fZOEg3Q6qNbsuj0DWSVOQWpQoDmo/vSHEUtCrpBJakzPsWN0U6pRMMmnlX5ieExZQEe8l1FFQ27cdHbulJxlypD4kc5KIZmpfydSGhozCb2sM6Q4NsteLv7n9RL0r91UqDhBrth8kZ9IghHJfydDoTlDOckIZVpktxI2ppoyzBJa2IIieFr4Io1HfiwjNHlWznIyq6R9UXfsunN/WWvcFKmV4QRO4RwcuIIG3EETWsAggGd4hTfrxXq3PqzPeWvJKmaOYQHW1y9wcaDB</latexit><latexit sha1_base64="vQF5uyyMIiiwiHylcp5DYNaENLQ=">AAACFXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHghePFewHtKFstpt2yWYTdidCDf0RngT9Ld7Eq2d/ijeTNgfb+mDg8d4MM/O8WAqDtv1tldbWNza3ytuVnd29/YPq4VHbRIlmvMUiGemuRw2XQvEWCpS8G2tOQ0/yjhfc5n7nkWsjIvWAk5i7IR0p4QtGMZM6fZOEg3Q6qNbsuj0DWSVOQWpQoDmo/vSHEUtCrpBJakzPsWN0U6pRMMmnlX5ieExZQEe8l1FFQ27cdHbulJxlypD4kc5KIZmpfydSGhozCb2sM6Q4NsteLv7n9RL0r91UqDhBrth8kZ9IghHJfydDoTlDOckIZVpktxI2ppoyzBJa2IIieFr4Io1HfiwjNHlWznIyq6R9UXfsunN/WWvcFKmV4QRO4RwcuIIG3EETWsAggGd4hTfrxXq3PqzPeWvJKmaOYQHW1y9wcaDB</latexit>

Sum	over	all	
inequivalent	
configura;on,	
keeping	χ₁,	χ2,	
χ3	fixed

Sum	
over	all	
events



Energy	Triple-Product	Correlator

• The	three	angle	χ₁,	χ2,	χ3	can	also	be	specified	by	three	unit	vector	n1,	n2,	n3	

• The	Energy	Triple-Produc5on	Correlator	(ETPC):

12

⌧p = |~ni · (~nj ⇥ ~nk)|
<latexit sha1_base64="CbS8rRpUK9K6mG07VpLcuVX876U="></latexit><latexit sha1_base64="CbS8rRpUK9K6mG07VpLcuVX876U="></latexit><latexit sha1_base64="CbS8rRpUK9K6mG07VpLcuVX876U="></latexit><latexit sha1_base64="CbS8rRpUK9K6mG07VpLcuVX876U="></latexit>

O
n̂i

n̂j

n̂k

e
+

e
�

⌧p = Volhexahedron(~n1,~n2,~n3)
<latexit sha1_base64="RQqqLGHqXAcDvZNtZp4IQrPHVQ8="></latexit><latexit sha1_base64="RQqqLGHqXAcDvZNtZp4IQrPHVQ8="></latexit><latexit sha1_base64="RQqqLGHqXAcDvZNtZp4IQrPHVQ8="></latexit><latexit sha1_base64="RQqqLGHqXAcDvZNtZp4IQrPHVQ8="></latexit>



Rela;on	to	D	Parameter
• The	D	parameter	is	the	product	of	the	three	eigenvalues	of	the	

spherocity	tensor	[Parisi,	1978;	Donoghue	et	al.,	1979]

13

Massless	limit

Average	of	
D	parameter Third	moment	of	ETPC



ETPC	and	Three	Jet	Configura;on

14

3	jet	coplanar	
limit

Triple	collinear	
limit

Dijet	double	
collinear	limit

⌧p ! 0
<latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit><latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit><latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit><latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit>

⌧p ! 0
<latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit><latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit><latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit><latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit>

⌧p ! 0
<latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit><latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit><latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit><latexit sha1_base64="KTogL4RTLJsuo6S4PE4nog3O8XU=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMZwXxALoS9zV6yZG932Z0T4pG/YSXob7ETWxt/ip2b5AqT+GDg8d4MM/MiLbgF3//2CmvrG5tbxe3Szu7e/kH58KhpVWooa1AllGlHxDLBJWsAB8Ha2jCSRIK1otHt1G89MmO5kg8w1qybkIHkMacEnBSGQNKexiEo7PfKFb/qz4BXSZCTCspR75V/wr6iacIkUEGs7QS+hm5GDHAq2KQUppZpQkdkwDqOSpIw281mN0/wmVP6OFbGlQQ8U/9OZCSxdpxErjMhMLTL3lT8z+ukEF93My51CkzS+aI4Fdi9OA0A97lhFMTYEUINd7diOiSGUHAxLWwBPnpa+CLTg1gLBXbisgqWk1klzYtq4FeD+8tK7SZPrYhO0Ck6RwG6QjV0h+qogSjS6Bm9ojfvxXv3PrzPeWvBy2eO0QK8r18UTqIP</latexit>

See	also	Ian	
Moult’s	talk

We	are	interested	in	the	3	jet	coplanar	limit	only	in	this	talk



Phase	Space	Cut	for	3	Jet	Configura;on
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Pythia	simula;on	for	ETPC

• Substan5al	reduc5on	of	hadroniza5on	correc5ons	from	Z	pole	to	250	GeV	

• Pythia	simula5on	based	on	ee->qq	configura5on.	No	guarantee	to	get	the	
normaliza5on	and	shape	right	

• A	first	principle	perturba5ve	QCD	calcula5on	is	needed	
16

↵n
s lnk ⌧p

<latexit sha1_base64="mzLNQpc6Gdhet2cTpunI1fajp/M=">AAACJ3icbVA9SwNBEN3z+9tTCwubxSBYhTsRtLAI2FgqGBPIxWNus5cs2dtbdueEeOTXWAn6W+xES3+GnZuYwqgPBh7vzTAzL9FSWAyCd29mdm5+YXFpeWV1bX1j09/avrF5YRivs1zmppmA5VIoXkeBkje14ZAlkjeS/vnIb9xxY0WurnGgeTuDrhKpYIBOiv3dCKTuQWxvFY2kuu3TCKGIdexXgmowBv1LwgmpkAkuY/8z6uSsyLhCJsHaVhhobJdgUDDJhytRYbkG1ocubzmqIOO2XY4fGNIDp3RomhtXCulY/TlRQmbtIEtcZwbYs7+9kfif1yowPW2XQukCuWLfi9JCUszpKA3aEYYzlANHgBnhbqWsBwYYusymtqDo3099UepuqmWOduiyCn8n85fcHFXDoBpeHVdqZ5PUlsge2SeHJCQnpEYuyCWpE0aG5IE8kWfv0XvxXr2379YZbzKzQ6bgfXwBDhenPg==</latexit><latexit sha1_base64="mzLNQpc6Gdhet2cTpunI1fajp/M=">AAACJ3icbVA9SwNBEN3z+9tTCwubxSBYhTsRtLAI2FgqGBPIxWNus5cs2dtbdueEeOTXWAn6W+xES3+GnZuYwqgPBh7vzTAzL9FSWAyCd29mdm5+YXFpeWV1bX1j09/avrF5YRivs1zmppmA5VIoXkeBkje14ZAlkjeS/vnIb9xxY0WurnGgeTuDrhKpYIBOiv3dCKTuQWxvFY2kuu3TCKGIdexXgmowBv1LwgmpkAkuY/8z6uSsyLhCJsHaVhhobJdgUDDJhytRYbkG1ocubzmqIOO2XY4fGNIDp3RomhtXCulY/TlRQmbtIEtcZwbYs7+9kfif1yowPW2XQukCuWLfi9JCUszpKA3aEYYzlANHgBnhbqWsBwYYusymtqDo3099UepuqmWOduiyCn8n85fcHFXDoBpeHVdqZ5PUlsge2SeHJCQnpEYuyCWpE0aG5IE8kWfv0XvxXr2379YZbzKzQ6bgfXwBDhenPg==</latexit><latexit sha1_base64="mzLNQpc6Gdhet2cTpunI1fajp/M=">AAACJ3icbVA9SwNBEN3z+9tTCwubxSBYhTsRtLAI2FgqGBPIxWNus5cs2dtbdueEeOTXWAn6W+xES3+GnZuYwqgPBh7vzTAzL9FSWAyCd29mdm5+YXFpeWV1bX1j09/avrF5YRivs1zmppmA5VIoXkeBkje14ZAlkjeS/vnIb9xxY0WurnGgeTuDrhKpYIBOiv3dCKTuQWxvFY2kuu3TCKGIdexXgmowBv1LwgmpkAkuY/8z6uSsyLhCJsHaVhhobJdgUDDJhytRYbkG1ocubzmqIOO2XY4fGNIDp3RomhtXCulY/TlRQmbtIEtcZwbYs7+9kfif1yowPW2XQukCuWLfi9JCUszpKA3aEYYzlANHgBnhbqWsBwYYusymtqDo3099UepuqmWOduiyCn8n85fcHFXDoBpeHVdqZ5PUlsge2SeHJCQnpEYuyCWpE0aG5IE8kWfv0XvxXr2379YZbzKzQ6bgfXwBDhenPg==</latexit><latexit sha1_base64="mzLNQpc6Gdhet2cTpunI1fajp/M=">AAACJ3icbVA9SwNBEN3z+9tTCwubxSBYhTsRtLAI2FgqGBPIxWNus5cs2dtbdueEeOTXWAn6W+xES3+GnZuYwqgPBh7vzTAzL9FSWAyCd29mdm5+YXFpeWV1bX1j09/avrF5YRivs1zmppmA5VIoXkeBkje14ZAlkjeS/vnIb9xxY0WurnGgeTuDrhKpYIBOiv3dCKTuQWxvFY2kuu3TCKGIdexXgmowBv1LwgmpkAkuY/8z6uSsyLhCJsHaVhhobJdgUDDJhytRYbkG1ocubzmqIOO2XY4fGNIDp3RomhtXCulY/TlRQmbtIEtcZwbYs7+9kfif1yowPW2XQukCuWLfi9JCUszpKA3aEYYzlANHgBnhbqWsBwYYusymtqDo3099UepuqmWOduiyCn8n85fcHFXDoBpeHVdqZ5PUlsge2SeHJCQnpEYuyCWpE0aG5IE8kWfv0XvxXr2379YZbzKzQ6bgfXwBDhenPg==</latexit>

↵n
s lnk ⌧p

<latexit sha1_base64="mzLNQpc6Gdhet2cTpunI1fajp/M=">AAACJ3icbVA9SwNBEN3z+9tTCwubxSBYhTsRtLAI2FgqGBPIxWNus5cs2dtbdueEeOTXWAn6W+xES3+GnZuYwqgPBh7vzTAzL9FSWAyCd29mdm5+YXFpeWV1bX1j09/avrF5YRivs1zmppmA5VIoXkeBkje14ZAlkjeS/vnIb9xxY0WurnGgeTuDrhKpYIBOiv3dCKTuQWxvFY2kuu3TCKGIdexXgmowBv1LwgmpkAkuY/8z6uSsyLhCJsHaVhhobJdgUDDJhytRYbkG1ocubzmqIOO2XY4fGNIDp3RomhtXCulY/TlRQmbtIEtcZwbYs7+9kfif1yowPW2XQukCuWLfi9JCUszpKA3aEYYzlANHgBnhbqWsBwYYusymtqDo3099UepuqmWOduiyCn8n85fcHFXDoBpeHVdqZ5PUlsge2SeHJCQnpEYuyCWpE0aG5IE8kWfv0XvxXr2379YZbzKzQ6bgfXwBDhenPg==</latexit><latexit sha1_base64="mzLNQpc6Gdhet2cTpunI1fajp/M=">AAACJ3icbVA9SwNBEN3z+9tTCwubxSBYhTsRtLAI2FgqGBPIxWNus5cs2dtbdueEeOTXWAn6W+xES3+GnZuYwqgPBh7vzTAzL9FSWAyCd29mdm5+YXFpeWV1bX1j09/avrF5YRivs1zmppmA5VIoXkeBkje14ZAlkjeS/vnIb9xxY0WurnGgeTuDrhKpYIBOiv3dCKTuQWxvFY2kuu3TCKGIdexXgmowBv1LwgmpkAkuY/8z6uSsyLhCJsHaVhhobJdgUDDJhytRYbkG1ocubzmqIOO2XY4fGNIDp3RomhtXCulY/TlRQmbtIEtcZwbYs7+9kfif1yowPW2XQukCuWLfi9JCUszpKA3aEYYzlANHgBnhbqWsBwYYusymtqDo3099UepuqmWOduiyCn8n85fcHFXDoBpeHVdqZ5PUlsge2SeHJCQnpEYuyCWpE0aG5IE8kWfv0XvxXr2379YZbzKzQ6bgfXwBDhenPg==</latexit><latexit sha1_base64="mzLNQpc6Gdhet2cTpunI1fajp/M=">AAACJ3icbVA9SwNBEN3z+9tTCwubxSBYhTsRtLAI2FgqGBPIxWNus5cs2dtbdueEeOTXWAn6W+xES3+GnZuYwqgPBh7vzTAzL9FSWAyCd29mdm5+YXFpeWV1bX1j09/avrF5YRivs1zmppmA5VIoXkeBkje14ZAlkjeS/vnIb9xxY0WurnGgeTuDrhKpYIBOiv3dCKTuQWxvFY2kuu3TCKGIdexXgmowBv1LwgmpkAkuY/8z6uSsyLhCJsHaVhhobJdgUDDJhytRYbkG1ocubzmqIOO2XY4fGNIDp3RomhtXCulY/TlRQmbtIEtcZwbYs7+9kfif1yowPW2XQukCuWLfi9JCUszpKA3aEYYzlANHgBnhbqWsBwYYusymtqDo3099UepuqmWOduiyCn8n85fcHFXDoBpeHVdqZ5PUlsge2SeHJCQnpEYuyCWpE0aG5IE8kWfv0XvxXr2379YZbzKzQ6bgfXwBDhenPg==</latexit><latexit sha1_base64="mzLNQpc6Gdhet2cTpunI1fajp/M=">AAACJ3icbVA9SwNBEN3z+9tTCwubxSBYhTsRtLAI2FgqGBPIxWNus5cs2dtbdueEeOTXWAn6W+xES3+GnZuYwqgPBh7vzTAzL9FSWAyCd29mdm5+YXFpeWV1bX1j09/avrF5YRivs1zmppmA5VIoXkeBkje14ZAlkjeS/vnIb9xxY0WurnGgeTuDrhKpYIBOiv3dCKTuQWxvFY2kuu3TCKGIdexXgmowBv1LwgmpkAkuY/8z6uSsyLhCJsHaVhhobJdgUDDJhytRYbkG1ocubzmqIOO2XY4fGNIDp3RomhtXCulY/TlRQmbtIEtcZwbYs7+9kfif1yowPW2XQukCuWLfi9JCUszpKA3aEYYzlANHgBnhbqWsBwYYusymtqDo3099UepuqmWOduiyCn8n85fcHFXDoBpeHVdqZ5PUlsge2SeHJCQnpEYuyCWpE0aG5IE8kWfv0XvxXr2379YZbzKzQ6bgfXwBDhenPg==</latexit>



Short	Distance	Contribu;on

• Short	distance	correc5ons	from	O(Q)	hard	virtual	gluon	do	not	change	τₚ

17

⌧p ⌘ 0
<latexit sha1_base64="TJt1HNYKu9Tra7l6oX9uFzhvhX8=">AAACH3icbVA9SwNBEN3zM8aPnFraLAbBKtyJoIVFwMYygvmA5Ah7m71kyd7dujsbiEd+iZWgv8VObPNT7NwkV5jEBwOP92aYmRdKwTV43tTZ2Nza3tkt7BX3Dw6PSu7xSUOnRlFWp6lIVSskmgmesDpwEKwlFSNxKFgzHN7P/OaIKc3T5AnGkgUx6Sc84pSAlbpuqQPEdCXusGfDR9jrumWv4s2B14mfkzLKUeu6P51eSk3MEqCCaN32PQlBRhRwKtik2DGaSUKHpM/aliYkZjrI5odP8IVVejhKla0E8Fz9O5GRWOtxHNrOmMBAr3oz8T+vbSC6DTKeSAMsoYtFkREYUjxLAfe4YhTE2BJCFbe3YjogilCwWS1tAT58Wfoik/1IihT0xGblryazThpXFd+r+I/X5epdnloBnaFzdIl8dIOq6AHVUB1RZNArekcfzpvz6Xw534vWDSefOUVLcKa/MOajpQ==</latexit><latexit sha1_base64="TJt1HNYKu9Tra7l6oX9uFzhvhX8=">AAACH3icbVA9SwNBEN3zM8aPnFraLAbBKtyJoIVFwMYygvmA5Ah7m71kyd7dujsbiEd+iZWgv8VObPNT7NwkV5jEBwOP92aYmRdKwTV43tTZ2Nza3tkt7BX3Dw6PSu7xSUOnRlFWp6lIVSskmgmesDpwEKwlFSNxKFgzHN7P/OaIKc3T5AnGkgUx6Sc84pSAlbpuqQPEdCXusGfDR9jrumWv4s2B14mfkzLKUeu6P51eSk3MEqCCaN32PQlBRhRwKtik2DGaSUKHpM/aliYkZjrI5odP8IVVejhKla0E8Fz9O5GRWOtxHNrOmMBAr3oz8T+vbSC6DTKeSAMsoYtFkREYUjxLAfe4YhTE2BJCFbe3YjogilCwWS1tAT58Wfoik/1IihT0xGblryazThpXFd+r+I/X5epdnloBnaFzdIl8dIOq6AHVUB1RZNArekcfzpvz6Xw534vWDSefOUVLcKa/MOajpQ==</latexit><latexit sha1_base64="TJt1HNYKu9Tra7l6oX9uFzhvhX8=">AAACH3icbVA9SwNBEN3zM8aPnFraLAbBKtyJoIVFwMYygvmA5Ah7m71kyd7dujsbiEd+iZWgv8VObPNT7NwkV5jEBwOP92aYmRdKwTV43tTZ2Nza3tkt7BX3Dw6PSu7xSUOnRlFWp6lIVSskmgmesDpwEKwlFSNxKFgzHN7P/OaIKc3T5AnGkgUx6Sc84pSAlbpuqQPEdCXusGfDR9jrumWv4s2B14mfkzLKUeu6P51eSk3MEqCCaN32PQlBRhRwKtik2DGaSUKHpM/aliYkZjrI5odP8IVVejhKla0E8Fz9O5GRWOtxHNrOmMBAr3oz8T+vbSC6DTKeSAMsoYtFkREYUjxLAfe4YhTE2BJCFbe3YjogilCwWS1tAT58Wfoik/1IihT0xGblryazThpXFd+r+I/X5epdnloBnaFzdIl8dIOq6AHVUB1RZNArekcfzpvz6Xw534vWDSefOUVLcKa/MOajpQ==</latexit><latexit sha1_base64="TJt1HNYKu9Tra7l6oX9uFzhvhX8=">AAACH3icbVA9SwNBEN3zM8aPnFraLAbBKtyJoIVFwMYygvmA5Ah7m71kyd7dujsbiEd+iZWgv8VObPNT7NwkV5jEBwOP92aYmRdKwTV43tTZ2Nza3tkt7BX3Dw6PSu7xSUOnRlFWp6lIVSskmgmesDpwEKwlFSNxKFgzHN7P/OaIKc3T5AnGkgUx6Sc84pSAlbpuqQPEdCXusGfDR9jrumWv4s2B14mfkzLKUeu6P51eSk3MEqCCaN32PQlBRhRwKtik2DGaSUKHpM/aliYkZjrI5odP8IVVejhKla0E8Fz9O5GRWOtxHNrOmMBAr3oz8T+vbSC6DTKeSAMsoYtFkREYUjxLAfe4YhTE2BJCFbe3YjogilCwWS1tAT58Wfoik/1IihT0xGblryazThpXFd+r+I/X5epdnloBnaFzdIl8dIOq6AHVUB1RZNArekcfzpvz6Xw534vWDSefOUVLcKa/MOajpQ==</latexit>

Born	level	
3	jet	produc;on

�⇤ �⇤+ �⇤ + ...... �⇤ + ......

LO NLO NNLO

• Higher	order	correc5ons	are	important	to	get	the	normaliza5on	right



Sok/Collinear	Contribu;ons
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Factoriza;on	in	the	Coplanar	Limit
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O

bx̂

y

z

Matrix	Element	of	
3	jet	produc;on

VEV	of	semi-infinity	
Wilson	Loop Second	moment	of	quark/gluon	

TMD	fragmenta;on	func;on

Probe	the	TMD	gluon	fragmenta;on	at	CEPC!



Resumma;on	by	RGE
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RG

rapidity	
RG



RG	Evolu;on	in	both	Virtuality	and	Rapidity
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Valida;on	of	the	Factoriza;on	Formula

• Expand	the	factoriza5on	formula	to	NNLO,	and	compare	with	e+e-	to	4	
jet	produc5on	at	NLO	(NLOJet++)
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Resumma;on	Predic;on
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Resumma;on	Predic;on
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Summary

• A	new	three	jet	event	shape:	Energy	Triple-Product	Correlator	

• Singular	limit	controlled	by	off-plane	som/collinear	radia5on	

• All	order	factoriza5on	formula	in	terms	well	definite	operator	matrix	
element	

• Applica5on	at	the	CEPC:	αₛ	measurement,	TMD	fragmenta5on	func5on,	
tes5ng	parton	shower
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