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Probing light quark Yukawa couplings through 
angularities in Higgs boson decay
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Higgs	couplings	and	EWSB
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All	fundamental	particles	get	their	mass	
from	Higgs	boson	vev

How	about	light	quarks?
Does	Higgs	mechanism	still	work?



D.	Higgs	 							analysis:

Light	quark	Yukawa	couplings@LHC
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Soft	gluon	 radiationpT
<latexit sha1_base64="dQIfNHmBkIz5XBm7OfArpAgkyHs=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyYl/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Dr3u/dUKhaLlp4l1I/wWLCQEayNdJcMW8NyBdmX9arrVSGyEao5rpMTt+ZdeNAxSo4KWKE5LL8PRjFJIyo04VipvoMS7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPFqXN4ZpQRDGNpSmi4UL9PZDhSahYFpjPCeqJ+e7n4l9dPdVj3MyaSVFNBlovClEMdw/xvOGKSEs1nhmAimbkVkgmWmGiTTsmE8PUp/J90XNtBtnPrVRpXqziK4AScgnPggBpogBvQBG1AwBg8gCfwbHHr0XqxXpetBWs1cwx+wHr7BJSbjf0=</latexit><latexit sha1_base64="dQIfNHmBkIz5XBm7OfArpAgkyHs=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyYl/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Dr3u/dUKhaLlp4l1I/wWLCQEayNdJcMW8NyBdmX9arrVSGyEao5rpMTt+ZdeNAxSo4KWKE5LL8PRjFJIyo04VipvoMS7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPFqXN4ZpQRDGNpSmi4UL9PZDhSahYFpjPCeqJ+e7n4l9dPdVj3MyaSVFNBlovClEMdw/xvOGKSEs1nhmAimbkVkgmWmGiTTsmE8PUp/J90XNtBtnPrVRpXqziK4AScgnPggBpogBvQBG1AwBg8gCfwbHHr0XqxXpetBWs1cwx+wHr7BJSbjf0=</latexit><latexit sha1_base64="dQIfNHmBkIz5XBm7OfArpAgkyHs=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyYl/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Dr3u/dUKhaLlp4l1I/wWLCQEayNdJcMW8NyBdmX9arrVSGyEao5rpMTt+ZdeNAxSo4KWKE5LL8PRjFJIyo04VipvoMS7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPFqXN4ZpQRDGNpSmi4UL9PZDhSahYFpjPCeqJ+e7n4l9dPdVj3MyaSVFNBlovClEMdw/xvOGKSEs1nhmAimbkVkgmWmGiTTsmE8PUp/J90XNtBtnPrVRpXqziK4AScgnPggBpogBvQBG1AwBg8gCfwbHHr0XqxXpetBWs1cwx+wHr7BJSbjf0=</latexit><latexit sha1_base64="dQIfNHmBkIz5XBm7OfArpAgkyHs=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyYl/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Dr3u/dUKhaLlp4l1I/wWLCQEayNdJcMW8NyBdmX9arrVSGyEao5rpMTt+ZdeNAxSo4KWKE5LL8PRjFJIyo04VipvoMS7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPFqXN4ZpQRDGNpSmi4UL9PZDhSahYFpjPCeqJ+e7n4l9dPdVj3MyaSVFNBlovClEMdw/xvOGKSEs1nhmAimbkVkgmWmGiTTsmE8PUp/J90XNtBtnPrVRpXqziK4AScgnPggBpogBvQBG1AwBg8gCfwbHHr0XqxXpetBWs1cwx+wHr7BJSbjf0=</latexit>



Light	quark	Yukawa	couplings@

4J.	Gao,	JHEP	01	(2018)	038

H.	N.	Li,	Z.	Li	and	C.-P.	Yuan,	PRL	107	(2011)152001;					Y.	T.	Chien,	I.	Vitev,	JHEP	12(2014)061
J.	Isaacson,	H.N.	Li,	Z.	Li	and	C.-P.	Yuan,	PLB	771	(2017)619-623;	G.	X.	Li,	Z.	Li,	Y.D.	Liu,	Y.	Wang,	X.	R.	Zhao,	PRD	98	(2018)7,076010

T = max
~n

✓P
i |pi · ~n|P
i |pi|

◆

 J(r) =

P
i,di,n̂<r E

i
TP

i,di,n̂<R Ei
T

e+e�
<latexit sha1_base64="2nfXWo5cKQaWPQ0myKX8hg32GPM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QF7OT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h/UdZQohjUWiUg1fapRcIk1w43AZqyQhr7Ahj+6nfqNJ1SaR/LBjGPshHQgecAZNVaqY/cMu+e9YsktuzOQZeJlpAQZqr3iV7sfsSREaZigWrc8NzadlCrDmcBJoZ1ojCkb0QG2LJU0RN1JZ9dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eKzHBdSflMk4MSjZfFCSCmIhMXyd9rpAZMbaEMsXtrYQNqaLM2IAKNgRv8eVlUr8oe27Zu78sVW6yOPJwBMdwCh5cQQXuoAo1YPAIz/AKb07kvDjvzse8NedkM4fwB87nD8KgjpQ=</latexit><latexit sha1_base64="2nfXWo5cKQaWPQ0myKX8hg32GPM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QF7OT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h/UdZQohjUWiUg1fapRcIk1w43AZqyQhr7Ahj+6nfqNJ1SaR/LBjGPshHQgecAZNVaqY/cMu+e9YsktuzOQZeJlpAQZqr3iV7sfsSREaZigWrc8NzadlCrDmcBJoZ1ojCkb0QG2LJU0RN1JZ9dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eKzHBdSflMk4MSjZfFCSCmIhMXyd9rpAZMbaEMsXtrYQNqaLM2IAKNgRv8eVlUr8oe27Zu78sVW6yOPJwBMdwCh5cQQXuoAo1YPAIz/AKb07kvDjvzse8NedkM4fwB87nD8KgjpQ=</latexit><latexit sha1_base64="2nfXWo5cKQaWPQ0myKX8hg32GPM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QF7OT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h/UdZQohjUWiUg1fapRcIk1w43AZqyQhr7Ahj+6nfqNJ1SaR/LBjGPshHQgecAZNVaqY/cMu+e9YsktuzOQZeJlpAQZqr3iV7sfsSREaZigWrc8NzadlCrDmcBJoZ1ojCkb0QG2LJU0RN1JZ9dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eKzHBdSflMk4MSjZfFCSCmIhMXyd9rpAZMbaEMsXtrYQNqaLM2IAKNgRv8eVlUr8oe27Zu78sVW6yOPJwBMdwCh5cQQXuoAo1YPAIz/AKb07kvDjvzse8NedkM4fwB87nD8KgjpQ=</latexit><latexit sha1_base64="2nfXWo5cKQaWPQ0myKX8hg32GPM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QF7OT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h/UdZQohjUWiUg1fapRcIk1w43AZqyQhr7Ahj+6nfqNJ1SaR/LBjGPshHQgecAZNVaqY/cMu+e9YsktuzOQZeJlpAQZqr3iV7sfsSREaZigWrc8NzadlCrDmcBJoZ1ojCkb0QG2LJU0RN1JZ9dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eKzHBdSflMk4MSjZfFCSCmIhMXyd9rpAZMbaEMsXtrYQNqaLM2IAKNgRv8eVlUr8oe27Zu78sVW6yOPJwBMdwCh5cQQXuoAo1YPAIz/AKb07kvDjvzse8NedkM4fwB87nD8KgjpQ=</latexit>

Jet	energy	profile
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Event	shapes
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Q
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i2X

|pi?|fe(⌘i)

Examples:
Thrust	 f1�T (⌘) = e�|⌘|

fB(⌘) = 1

fC(⌘) =
3

cosh(⌘)

f⌧a(⌘) = e�|⌘|(1�a)

One	class	of	event	shapes:

Brandt,	Peyrou,	Sosnowski,	 Wroblewski,64;	 Farhi,	77

Jet	broadening

C-Parameter

Catani,	Turnock,	Webber,	 	92

Ellis,	 Ross,	Terrano,	81

Angularities Berger,	Kucs,	 Sterman,	03

G.	Bell,	A.	Hornig,	C.	Lee,	J.	Talbert,	JHEP01(2019)147
The	proportions	 of	two	jet-like	and	
three-or-more	jet	like	events

(relatively	new)



Why	Event	shapes?
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e(X) =
1

Q

X

i2X

|pi?|fe(⌘i)One	class	of	event	shapes:

A. Tests	the	PQCD

B. Extractions	of	strong	couplings

C. Substructure	of	jets

D. Quark-gluon	 discriminations

S.	D.	Ellis,	C.	K.	Vermilion,	J.	R.	Walsh,	A.	Hornig,	C.	Lee,	JHEP11	(2010)101

⌧a
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Jet	Angularities

↵s(MZ)
<latexit sha1_base64="2vj62D80zYLetnLs1M9xuC8x3w4=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegFy9CBPPAZFl6J7PJkNmHM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7/ERwpW3721pZXVvf2CxsFbd3dvf2SweHTRWnkrIGjUUs2z4qJnjEGpprwdqJZBj6grX84c3Ub42YVDyOHvQ4YW6I/YgHnKI2kttFkQzQU5U77/HMK5Xtqj0DWSZOTsqQo+6Vvrq9mKYhizQVqFTHsRPtZig1p4JNit1UsQTpEPusY2iEIVNuNjt6Qk6N0iNBLE1FmszU3xMZhkqNQ990hqgHatGbiv95nVQHV27GoyTVLKLzRUEqiI7JNAHS45JRLcaGIJXc3EroACVSbXIqmhCcxZeXSfO86thV5/6iXLvO4yjAMZxABRy4hBrcQh0aQOEJnuEV3qyR9WK9Wx/z1hUrnzmCP7A+fwDsU5GH</latexit><latexit sha1_base64="2vj62D80zYLetnLs1M9xuC8x3w4=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegFy9CBPPAZFl6J7PJkNmHM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7/ERwpW3721pZXVvf2CxsFbd3dvf2SweHTRWnkrIGjUUs2z4qJnjEGpprwdqJZBj6grX84c3Ub42YVDyOHvQ4YW6I/YgHnKI2kttFkQzQU5U77/HMK5Xtqj0DWSZOTsqQo+6Vvrq9mKYhizQVqFTHsRPtZig1p4JNit1UsQTpEPusY2iEIVNuNjt6Qk6N0iNBLE1FmszU3xMZhkqNQ990hqgHatGbiv95nVQHV27GoyTVLKLzRUEqiI7JNAHS45JRLcaGIJXc3EroACVSbXIqmhCcxZeXSfO86thV5/6iXLvO4yjAMZxABRy4hBrcQh0aQOEJnuEV3qyR9WK9Wx/z1hUrnzmCP7A+fwDsU5GH</latexit><latexit sha1_base64="2vj62D80zYLetnLs1M9xuC8x3w4=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegFy9CBPPAZFl6J7PJkNmHM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7/ERwpW3721pZXVvf2CxsFbd3dvf2SweHTRWnkrIGjUUs2z4qJnjEGpprwdqJZBj6grX84c3Ub42YVDyOHvQ4YW6I/YgHnKI2kttFkQzQU5U77/HMK5Xtqj0DWSZOTsqQo+6Vvrq9mKYhizQVqFTHsRPtZig1p4JNit1UsQTpEPusY2iEIVNuNjt6Qk6N0iNBLE1FmszU3xMZhkqNQ990hqgHatGbiv95nVQHV27GoyTVLKLzRUEqiI7JNAHS45JRLcaGIJXc3EroACVSbXIqmhCcxZeXSfO86thV5/6iXLvO4yjAMZxABRy4hBrcQh0aQOEJnuEV3qyR9WK9Wx/z1hUrnzmCP7A+fwDsU5GH</latexit><latexit sha1_base64="2vj62D80zYLetnLs1M9xuC8x3w4=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegFy9CBPPAZFl6J7PJkNmHM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7/ERwpW3721pZXVvf2CxsFbd3dvf2SweHTRWnkrIGjUUs2z4qJnjEGpprwdqJZBj6grX84c3Ub42YVDyOHvQ4YW6I/YgHnKI2kttFkQzQU5U77/HMK5Xtqj0DWSZOTsqQo+6Vvrq9mKYhizQVqFTHsRPtZig1p4JNit1UsQTpEPusY2iEIVNuNjt6Qk6N0iNBLE1FmszU3xMZhkqNQ990hqgHatGbiv95nVQHV27GoyTVLKLzRUEqiI7JNAHS45JRLcaGIJXc3EroACVSbXIqmhCcxZeXSfO86thV5/6iXLvO4yjAMZxABRy4hBrcQh0aQOEJnuEV3qyR9WK9Wx/z1hUrnzmCP7A+fwDsU5GH</latexit>

PDG2019

f⌧a(⌘) = e�|⌘|(1�a)

The	peak:
Approximate	CA/CF	scaling



What’s	the	impact	of	
angularities for	the	Yukawa	
coupling	measurements?

Event	shapes	and	Yukawa	couplings

7

J.	Gao,	JHEP	01	(2018)	038

Event	shapes	could	give	a	strong	constraint	
for	the	light	quark	Yukawa	couplings

H<latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit>

S.	D.	Ellis,	C.	K.	Vermilion,	J.	R.	Walsh,	A.	Hornig,	C.	Lee,	JHEP11	(2010)101

Angularities also	show	strong	
discriminatory	power	for	quark	
and	gluon	 jets



Factorization	for	event	shapes	in	Higgs	
decay

8

H
S

J2

J1

Fleming,	Hoang,	Mantry,	Stewart	(2007)
Bauer,	Fleming,	 Lee,	Sterman (2008)

d�i

H

�i

H0d⌧a
= H

i(mH , µ)Jn(⌧n)⌦ Jn̄(⌧n̄)⌦ S(⌧s)
<latexit sha1_base64="T1oy6pE/dRcLjkTM1P3CoN87PBY="></latexit><latexit sha1_base64="T1oy6pE/dRcLjkTM1P3CoN87PBY="></latexit><latexit sha1_base64="T1oy6pE/dRcLjkTM1P3CoN87PBY="></latexit><latexit sha1_base64="T1oy6pE/dRcLjkTM1P3CoN87PBY="></latexit>

H<latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit>

Hard	function,	 the	matching	
from	SCET	to	QCD

Jet	function,
Collinear	gluon	
emissionse.g.	Quark	Jet	function

Soft	function,
Soft	gluon	
radiation

Hornig,	Lee,	Ovanesyan (2009)

⌧a ⌧ 1
<latexit sha1_base64="jY2kuaQP45KBSZauZwNyHCokpHo=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT4gCWUynbRDJw9mboRS+hluXCji1q9x5984aSuo6IELh3Pu5d57wkxwBZb1YZTW1jc2t8rblZ3dvf2D6uFRV6W5pKxDU5HKfkgUEzxhHeAgWD+TjMShYL1wcl34vXsmFU+TO5hmLIjJKOERpwS05PlA8gHxhcD2oFqzzMtm3XHr2DItq2E7dkGchnvhYlsrBWpohfag+u4PU5rHLAEqiFKebWUQzIgETgWbV/xcsYzQCRkxT9OExEwFs8XJc3ymlSGOUqkrAbxQv0/MSKzUNA51Z0xgrH57hfiX5+UQNYMZT7IcWEKXi6JcYEhx8T8ecskoiKkmhEqub8V0TCShoFOq6BC+PsX/k65j2pZp37q11tUqjjI6QafoHNmogVroBrVRB1GUogf0hJ4NMB6NF+N12VoyVjPH6AeMt08IAJEV</latexit><latexit sha1_base64="jY2kuaQP45KBSZauZwNyHCokpHo=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT4gCWUynbRDJw9mboRS+hluXCji1q9x5984aSuo6IELh3Pu5d57wkxwBZb1YZTW1jc2t8rblZ3dvf2D6uFRV6W5pKxDU5HKfkgUEzxhHeAgWD+TjMShYL1wcl34vXsmFU+TO5hmLIjJKOERpwS05PlA8gHxhcD2oFqzzMtm3XHr2DItq2E7dkGchnvhYlsrBWpohfag+u4PU5rHLAEqiFKebWUQzIgETgWbV/xcsYzQCRkxT9OExEwFs8XJc3ymlSGOUqkrAbxQv0/MSKzUNA51Z0xgrH57hfiX5+UQNYMZT7IcWEKXi6JcYEhx8T8ecskoiKkmhEqub8V0TCShoFOq6BC+PsX/k65j2pZp37q11tUqjjI6QafoHNmogVroBrVRB1GUogf0hJ4NMB6NF+N12VoyVjPH6AeMt08IAJEV</latexit><latexit sha1_base64="jY2kuaQP45KBSZauZwNyHCokpHo=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT4gCWUynbRDJw9mboRS+hluXCji1q9x5984aSuo6IELh3Pu5d57wkxwBZb1YZTW1jc2t8rblZ3dvf2D6uFRV6W5pKxDU5HKfkgUEzxhHeAgWD+TjMShYL1wcl34vXsmFU+TO5hmLIjJKOERpwS05PlA8gHxhcD2oFqzzMtm3XHr2DItq2E7dkGchnvhYlsrBWpohfag+u4PU5rHLAEqiFKebWUQzIgETgWbV/xcsYzQCRkxT9OExEwFs8XJc3ymlSGOUqkrAbxQv0/MSKzUNA51Z0xgrH57hfiX5+UQNYMZT7IcWEKXi6JcYEhx8T8ecskoiKkmhEqub8V0TCShoFOq6BC+PsX/k65j2pZp37q11tUqjjI6QafoHNmogVroBrVRB1GUogf0hJ4NMB6NF+N12VoyVjPH6AeMt08IAJEV</latexit><latexit sha1_base64="jY2kuaQP45KBSZauZwNyHCokpHo=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT4gCWUynbRDJw9mboRS+hluXCji1q9x5984aSuo6IELh3Pu5d57wkxwBZb1YZTW1jc2t8rblZ3dvf2D6uFRV6W5pKxDU5HKfkgUEzxhHeAgWD+TjMShYL1wcl34vXsmFU+TO5hmLIjJKOERpwS05PlA8gHxhcD2oFqzzMtm3XHr2DItq2E7dkGchnvhYlsrBWpohfag+u4PU5rHLAEqiFKebWUQzIgETgWbV/xcsYzQCRkxT9OExEwFs8XJc3ymlSGOUqkrAbxQv0/MSKzUNA51Z0xgrH57hfiX5+UQNYMZT7IcWEKXi6JcYEhx8T8ecskoiKkmhEqub8V0TCShoFOq6BC+PsX/k65j2pZp37q11tUqjjI6QafoHNmogVroBrVRB1GUogf0hJ4NMB6NF+N12VoyVjPH6AeMt08IAJEV</latexit>



Accuracy	counting

9

From	NLL’		to	NNLL	accuracy:
Two-loop	soft	anomalous	dimensions	 provided	by	SoftSERVE
Two-loop	jet	anomalous	dimension	obtained	 from	consistency	relations

G. Bell, R. Rahn, and J. Talbert, NPB936(2018)520-541; JHEP 07 (2019) 101



Non-Perturbative	Model

10

Soft	function	as	convolution	of	Perturbative	and	Non-Perturbative	parts:

Korchemsky,	 hep-ph/9806537;	 		Korchemsky and	Sterman,	NPB555(1999)335-351
Hoang,	Stewart,	PLB660(2008)	 483-493

The	Non-Perturbative	 function	will	give	a	shift	of	the	angularity	distributions

d�i

H

d⌧a
! d�i

H

d⌧a
(⌧a � c⌧a

⌦1

mH

)
<latexit sha1_base64="mDu7XT3Y//PgZUdTeCO+f7krCI8="></latexit><latexit sha1_base64="mDu7XT3Y//PgZUdTeCO+f7krCI8="></latexit><latexit sha1_base64="mDu7XT3Y//PgZUdTeCO+f7krCI8="></latexit><latexit sha1_base64="mDu7XT3Y//PgZUdTeCO+f7krCI8="></latexit>

c⌧a =
2

1� a
<latexit sha1_base64="cJJHPFZRrsK8cruavQEPCSdtC1k=">AAACAXicbVBNS8NAEN34WetX1IvgZbEIXixJEfQiFL14rGA/oClhst20SzebsLsRSogX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBKAoZ4I2NdOcdhJJIQo4bQejm4nffqBSsVjc63FCexEMBAsZAW0k3z4kfuZpSH3Ir7xQAslqeeaeQe7bFafqTIEXiVuQCirQ8O0vrx+TNKJCEw5KdV0n0b0MpGaE07zspYomQEYwoF1DBURU9bLpBzk+MUofh7E0JTSeqr8nMoiUGkeB6YxAD9W8NxH/87qpDi97GRNJqqkgs0VhyrGO8SQO3GeSEs3HhgCRzNyKyRBMDtqEVjYhuPMvL5JWreo6VffuvFK/LuIooSN0jE6Riy5QHd2iBmoigh7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gBfc5bR</latexit><latexit sha1_base64="cJJHPFZRrsK8cruavQEPCSdtC1k=">AAACAXicbVBNS8NAEN34WetX1IvgZbEIXixJEfQiFL14rGA/oClhst20SzebsLsRSogX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBKAoZ4I2NdOcdhJJIQo4bQejm4nffqBSsVjc63FCexEMBAsZAW0k3z4kfuZpSH3Ir7xQAslqeeaeQe7bFafqTIEXiVuQCirQ8O0vrx+TNKJCEw5KdV0n0b0MpGaE07zspYomQEYwoF1DBURU9bLpBzk+MUofh7E0JTSeqr8nMoiUGkeB6YxAD9W8NxH/87qpDi97GRNJqqkgs0VhyrGO8SQO3GeSEs3HhgCRzNyKyRBMDtqEVjYhuPMvL5JWreo6VffuvFK/LuIooSN0jE6Riy5QHd2iBmoigh7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gBfc5bR</latexit><latexit sha1_base64="cJJHPFZRrsK8cruavQEPCSdtC1k=">AAACAXicbVBNS8NAEN34WetX1IvgZbEIXixJEfQiFL14rGA/oClhst20SzebsLsRSogX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBKAoZ4I2NdOcdhJJIQo4bQejm4nffqBSsVjc63FCexEMBAsZAW0k3z4kfuZpSH3Ir7xQAslqeeaeQe7bFafqTIEXiVuQCirQ8O0vrx+TNKJCEw5KdV0n0b0MpGaE07zspYomQEYwoF1DBURU9bLpBzk+MUofh7E0JTSeqr8nMoiUGkeB6YxAD9W8NxH/87qpDi97GRNJqqkgs0VhyrGO8SQO3GeSEs3HhgCRzNyKyRBMDtqEVjYhuPMvL5JWreo6VffuvFK/LuIooSN0jE6Riy5QHd2iBmoigh7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gBfc5bR</latexit><latexit sha1_base64="cJJHPFZRrsK8cruavQEPCSdtC1k=">AAACAXicbVBNS8NAEN34WetX1IvgZbEIXixJEfQiFL14rGA/oClhst20SzebsLsRSogX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBKAoZ4I2NdOcdhJJIQo4bQejm4nffqBSsVjc63FCexEMBAsZAW0k3z4kfuZpSH3Ir7xQAslqeeaeQe7bFafqTIEXiVuQCirQ8O0vrx+TNKJCEw5KdV0n0b0MpGaE07zspYomQEYwoF1DBURU9bLpBzk+MUofh7E0JTSeqr8nMoiUGkeB6YxAD9W8NxH/87qpDi97GRNJqqkgs0VhyrGO8SQO3GeSEs3HhgCRzNyKyRBMDtqEVjYhuPMvL5JWreo6VffuvFK/LuIooSN0jE6Riy5QHd2iBmoigh7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gBfc5bR</latexit>
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H ! qq̄
<latexit sha1_base64="xETac7mx5zXy3jOczBp3zZf2ToQ=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix66bGC/YAmlM122y7dbNLdSaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHD3O/NeHaiFg94TThQUQHSvQFo2iloOZjTMZ+SHU2nnVLZbfiLkDWiZeTMuSod0tffi9macQVMkmN6XhugkFGNQom+azop4YnlI3ogHcsVTTiJsgWR8/IpVV6pB9rWwrJQv09kdHImGkU2s6I4tCsenPxP6+TYv8uyIRKUuSKLRf1U0nsp/MESE9ozlBOLaFMC3srYUOqKUObU9GG4K2+vE6a1xXPrXiPN+XqfR5HAc7hAq7Ag1uoQg3q0AAGY3iGV3hzJs6L8+58LFs3nHzmDP7A+fwBt4mSDg==</latexit><latexit sha1_base64="xETac7mx5zXy3jOczBp3zZf2ToQ=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix66bGC/YAmlM122y7dbNLdSaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHD3O/NeHaiFg94TThQUQHSvQFo2iloOZjTMZ+SHU2nnVLZbfiLkDWiZeTMuSod0tffi9macQVMkmN6XhugkFGNQom+azop4YnlI3ogHcsVTTiJsgWR8/IpVV6pB9rWwrJQv09kdHImGkU2s6I4tCsenPxP6+TYv8uyIRKUuSKLRf1U0nsp/MESE9ozlBOLaFMC3srYUOqKUObU9GG4K2+vE6a1xXPrXiPN+XqfR5HAc7hAq7Ag1uoQg3q0AAGY3iGV3hzJs6L8+58LFs3nHzmDP7A+fwBt4mSDg==</latexit><latexit sha1_base64="xETac7mx5zXy3jOczBp3zZf2ToQ=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix66bGC/YAmlM122y7dbNLdSaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHD3O/NeHaiFg94TThQUQHSvQFo2iloOZjTMZ+SHU2nnVLZbfiLkDWiZeTMuSod0tffi9macQVMkmN6XhugkFGNQom+azop4YnlI3ogHcsVTTiJsgWR8/IpVV6pB9rWwrJQv09kdHImGkU2s6I4tCsenPxP6+TYv8uyIRKUuSKLRf1U0nsp/MESE9ozlBOLaFMC3srYUOqKUObU9GG4K2+vE6a1xXPrXiPN+XqfR5HAc7hAq7Ag1uoQg3q0AAGY3iGV3hzJs6L8+58LFs3nHzmDP7A+fwBt4mSDg==</latexit><latexit sha1_base64="xETac7mx5zXy3jOczBp3zZf2ToQ=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix66bGC/YAmlM122y7dbNLdSaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHD3O/NeHaiFg94TThQUQHSvQFo2iloOZjTMZ+SHU2nnVLZbfiLkDWiZeTMuSod0tffi9macQVMkmN6XhugkFGNQom+azop4YnlI3ogHcsVTTiJsgWR8/IpVV6pB9rWwrJQv09kdHImGkU2s6I4tCsenPxP6+TYv8uyIRKUuSKLRf1U0nsp/MESE9ozlBOLaFMC3srYUOqKUObU9GG4K2+vE6a1xXPrXiPN+XqfR5HAc7hAq7Ag1uoQg3q0AAGY3iGV3hzJs6L8+58LFs3nHzmDP7A+fwBt4mSDg==</latexit>

Shift	effect

Unphysical	results

Universal	non-
perturbative	parameter

Bell,	Hornig,	Lee,		Talbert,	JHEP01(2019)147

Lee,		Sterman,	PRD75(2007)014022

µH ⇠ mH
<latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit><latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit><latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit><latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit>

µJ ⇠ mH⌧1/(2�a)
a

<latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit><latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit><latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit><latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit>

µS ⇠ mH⌧a
<latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit><latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit><latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit><latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit>

�i
J(µ)

<latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit><latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit><latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit><latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit>

�i
S(µ)

<latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit><latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit><latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit><latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit>



Matching	to	Fixed	order
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d�i

H

�i

H0d⌧a
= H

i(mH , µ)Jn(⌧n)⌦ Jn̄(⌧n̄)⌦ S(⌧s)
<latexit sha1_base64="T1oy6pE/dRcLjkTM1P3CoN87PBY="></latexit><latexit sha1_base64="T1oy6pE/dRcLjkTM1P3CoN87PBY="></latexit><latexit sha1_base64="T1oy6pE/dRcLjkTM1P3CoN87PBY="></latexit><latexit sha1_base64="T1oy6pE/dRcLjkTM1P3CoN87PBY="></latexit>

⌧a ⌧ 1
<latexit sha1_base64="jY2kuaQP45KBSZauZwNyHCokpHo=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT4gCWUynbRDJw9mboRS+hluXCji1q9x5984aSuo6IELh3Pu5d57wkxwBZb1YZTW1jc2t8rblZ3dvf2D6uFRV6W5pKxDU5HKfkgUEzxhHeAgWD+TjMShYL1wcl34vXsmFU+TO5hmLIjJKOERpwS05PlA8gHxhcD2oFqzzMtm3XHr2DItq2E7dkGchnvhYlsrBWpohfag+u4PU5rHLAEqiFKebWUQzIgETgWbV/xcsYzQCRkxT9OExEwFs8XJc3ymlSGOUqkrAbxQv0/MSKzUNA51Z0xgrH57hfiX5+UQNYMZT7IcWEKXi6JcYEhx8T8ecskoiKkmhEqub8V0TCShoFOq6BC+PsX/k65j2pZp37q11tUqjjI6QafoHNmogVroBrVRB1GUogf0hJ4NMB6NF+N12VoyVjPH6AeMt08IAJEV</latexit><latexit sha1_base64="jY2kuaQP45KBSZauZwNyHCokpHo=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT4gCWUynbRDJw9mboRS+hluXCji1q9x5984aSuo6IELh3Pu5d57wkxwBZb1YZTW1jc2t8rblZ3dvf2D6uFRV6W5pKxDU5HKfkgUEzxhHeAgWD+TjMShYL1wcl34vXsmFU+TO5hmLIjJKOERpwS05PlA8gHxhcD2oFqzzMtm3XHr2DItq2E7dkGchnvhYlsrBWpohfag+u4PU5rHLAEqiFKebWUQzIgETgWbV/xcsYzQCRkxT9OExEwFs8XJc3ymlSGOUqkrAbxQv0/MSKzUNA51Z0xgrH57hfiX5+UQNYMZT7IcWEKXi6JcYEhx8T8ecskoiKkmhEqub8V0TCShoFOq6BC+PsX/k65j2pZp37q11tUqjjI6QafoHNmogVroBrVRB1GUogf0hJ4NMB6NF+N12VoyVjPH6AeMt08IAJEV</latexit><latexit sha1_base64="jY2kuaQP45KBSZauZwNyHCokpHo=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT4gCWUynbRDJw9mboRS+hluXCji1q9x5984aSuo6IELh3Pu5d57wkxwBZb1YZTW1jc2t8rblZ3dvf2D6uFRV6W5pKxDU5HKfkgUEzxhHeAgWD+TjMShYL1wcl34vXsmFU+TO5hmLIjJKOERpwS05PlA8gHxhcD2oFqzzMtm3XHr2DItq2E7dkGchnvhYlsrBWpohfag+u4PU5rHLAEqiFKebWUQzIgETgWbV/xcsYzQCRkxT9OExEwFs8XJc3ymlSGOUqkrAbxQv0/MSKzUNA51Z0xgrH57hfiX5+UQNYMZT7IcWEKXi6JcYEhx8T8ecskoiKkmhEqub8V0TCShoFOq6BC+PsX/k65j2pZp37q11tUqjjI6QafoHNmogVroBrVRB1GUogf0hJ4NMB6NF+N12VoyVjPH6AeMt08IAJEV</latexit><latexit sha1_base64="jY2kuaQP45KBSZauZwNyHCokpHo=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT4gCWUynbRDJw9mboRS+hluXCji1q9x5984aSuo6IELh3Pu5d57wkxwBZb1YZTW1jc2t8rblZ3dvf2D6uFRV6W5pKxDU5HKfkgUEzxhHeAgWD+TjMShYL1wcl34vXsmFU+TO5hmLIjJKOERpwS05PlA8gHxhcD2oFqzzMtm3XHr2DItq2E7dkGchnvhYlsrBWpohfag+u4PU5rHLAEqiFKebWUQzIgETgWbV/xcsYzQCRkxT9OExEwFs8XJc3ymlSGOUqkrAbxQv0/MSKzUNA51Z0xgrH57hfiX5+UQNYMZT7IcWEKXi6JcYEhx8T8ecskoiKkmhEqub8V0TCShoFOq6BC+PsX/k65j2pZp37q11tUqjjI6QafoHNmogVroBrVRB1GUogf0hJ4NMB6NF+N12VoyVjPH6AeMt08IAJEV</latexit>

Factorization	is	only	valid:	

1

�i

H0

d�i

H

d⌧a
=

1

�i

H0

d�i,resum

H

d⌧a
+

1

�i

H0

d�i,FO

H

d⌧a
� 1

�i

H0

d�i,sing

H

d⌧a
<latexit sha1_base64="GwPRyWmQLHNydEHvacNHK0yDBY4="></latexit><latexit sha1_base64="GwPRyWmQLHNydEHvacNHK0yDBY4="></latexit><latexit sha1_base64="GwPRyWmQLHNydEHvacNHK0yDBY4="></latexit><latexit sha1_base64="GwPRyWmQLHNydEHvacNHK0yDBY4="></latexit>

Matching	to	Fixed	order:

Resummation Fixed	order Singular	part

Non-singular/	 remainder	function
a=0

Quark
Gluon

��� ��� ��� ��� ��� ���

-��

-��

-�

�

τ�

� �
(τ
�)

Fixed	order	=0
Only	singular	part



Resummaton and	Pythia
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⌦q
1 = 0.4⌦g

1 = CA/CF⌦
q
1

a=-1.0 Gluon, parton
Gluon, Hadron
Gluon, NLL'+�(αS)
Gluon, NNLL+�(αS)
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�Γ
�
/�
τ �
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��
� a=-1.0 Quark, parton

Quark, Hadron
Quark, NLL'+�(αS)
Quark, NNLL+�(αS)
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a=0
Quark NLL'+�(αS)

Gluon NLL'+�(αS)

Quark NNLL+�(αS)

Gluon NNLL+�(αS)
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�
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��

τ�

�Γ
�
/�
τ �
�/
Γ �

��
�

Light	quark	Yukawa	couplings
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Angularity	distributions	 are	
very	different	for	quark	and	
gluon	 final	state

Analysis	region

Sensitive	to	Non-
perturbative	
assumptions

Sensitive	to	
multijet events

Probing	 the	light	quark	
Yukawa	couplings.



a=0
Quark NLL'+�(αS)

Gluon NLL'+�(αS)

Quark NNLL+�(αS)

Gluon NNLL+�(αS)

VV*

��� ��� ��� ���
�

��

��

��

τ�

�Γ
�
/�
τ �
�/
Γ �

��
�

Light	quark	Yukawa	couplings@CEPC
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H<latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit>

q̄
<latexit sha1_base64="CtkjbgkoMvY/OUhSXGfv2cOE2vk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp3Qupzh+n/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfnTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBOq2BC85ZdXSeui7rl17/6y1rgp4ijDCZzCOXhwBQ24gyb4wGAMz/AKb07qvDjvzseiteQUM8fwB87nD5lVj7o=</latexit><latexit sha1_base64="CtkjbgkoMvY/OUhSXGfv2cOE2vk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp3Qupzh+n/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfnTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBOq2BC85ZdXSeui7rl17/6y1rgp4ijDCZzCOXhwBQ24gyb4wGAMz/AKb07qvDjvzseiteQUM8fwB87nD5lVj7o=</latexit><latexit sha1_base64="CtkjbgkoMvY/OUhSXGfv2cOE2vk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp3Qupzh+n/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfnTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBOq2BC85ZdXSeui7rl17/6y1rgp4ijDCZzCOXhwBQ24gyb4wGAMz/AKb07qvDjvzseiteQUM8fwB87nD5lVj7o=</latexit><latexit sha1_base64="CtkjbgkoMvY/OUhSXGfv2cOE2vk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp3Qupzh+n/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfnTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBOq2BC85ZdXSeui7rl17/6y1rgp4ijDCZzCOXhwBQ24gyb4wGAMz/AKb07qvDjvzseiteQUM8fwB87nD5lVj7o=</latexit>

q = u, d, s
<latexit sha1_base64="wcVRu46LFA+YEjwVPQ81/aErKqk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KCURQS9C0YvHCvYD2lA2m027dLOJuxOhlP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ilMOi6387K6tr6xmZhq7i9s7u3Xzo4bJok04w3WCIT3Q6o4VIo3kCBkrdTzWkcSN4KhrdTv/XEtRGJesBRyv2Y9pWIBKNopdbjdVYJK6ZXKrtVdwayTLyclCFHvVf66oYJy2KukElqTMdzU/THVKNgkk+K3czwlLIh7fOOpYrG3Pjj2bkTcmqVkESJtqWQzNTfE2MaGzOKA9sZUxyYRW8q/ud1Moyu/LFQaYZcsfmiKJMEEzL9nYRCc4ZyZAllWthbCRtQTRnahIo2BG/x5WXSPK96btW7vyjXbvI4CnAMJ3AGHlxCDe6gDg1gMIRneIU3J3VenHfnY9664uQzR/AHzucPmXaPEg==</latexit><latexit sha1_base64="wcVRu46LFA+YEjwVPQ81/aErKqk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KCURQS9C0YvHCvYD2lA2m027dLOJuxOhlP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ilMOi6387K6tr6xmZhq7i9s7u3Xzo4bJok04w3WCIT3Q6o4VIo3kCBkrdTzWkcSN4KhrdTv/XEtRGJesBRyv2Y9pWIBKNopdbjdVYJK6ZXKrtVdwayTLyclCFHvVf66oYJy2KukElqTMdzU/THVKNgkk+K3czwlLIh7fOOpYrG3Pjj2bkTcmqVkESJtqWQzNTfE2MaGzOKA9sZUxyYRW8q/ud1Moyu/LFQaYZcsfmiKJMEEzL9nYRCc4ZyZAllWthbCRtQTRnahIo2BG/x5WXSPK96btW7vyjXbvI4CnAMJ3AGHlxCDe6gDg1gMIRneIU3J3VenHfnY9664uQzR/AHzucPmXaPEg==</latexit><latexit sha1_base64="wcVRu46LFA+YEjwVPQ81/aErKqk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KCURQS9C0YvHCvYD2lA2m027dLOJuxOhlP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ilMOi6387K6tr6xmZhq7i9s7u3Xzo4bJok04w3WCIT3Q6o4VIo3kCBkrdTzWkcSN4KhrdTv/XEtRGJesBRyv2Y9pWIBKNopdbjdVYJK6ZXKrtVdwayTLyclCFHvVf66oYJy2KukElqTMdzU/THVKNgkk+K3czwlLIh7fOOpYrG3Pjj2bkTcmqVkESJtqWQzNTfE2MaGzOKA9sZUxyYRW8q/ud1Moyu/LFQaYZcsfmiKJMEEzL9nYRCc4ZyZAllWthbCRtQTRnahIo2BG/x5WXSPK96btW7vyjXbvI4CnAMJ3AGHlxCDe6gDg1gMIRneIU3J3VenHfnY9664uQzR/AHzucPmXaPEg==</latexit><latexit sha1_base64="wcVRu46LFA+YEjwVPQ81/aErKqk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KCURQS9C0YvHCvYD2lA2m027dLOJuxOhlP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ilMOi6387K6tr6xmZhq7i9s7u3Xzo4bJok04w3WCIT3Q6o4VIo3kCBkrdTzWkcSN4KhrdTv/XEtRGJesBRyv2Y9pWIBKNopdbjdVYJK6ZXKrtVdwayTLyclCFHvVf66oYJy2KukElqTMdzU/THVKNgkk+K3czwlLIh7fOOpYrG3Pjj2bkTcmqVkESJtqWQzNTfE2MaGzOKA9sZUxyYRW8q/ud1Moyu/LFQaYZcsfmiKJMEEzL9nYRCc4ZyZAllWthbCRtQTRnahIo2BG/x5WXSPK96btW7vyjXbvI4CnAMJ3AGHlxCDe6gDg1gMIRneIU3J3VenHfnY9664uQzR/AHzucPmXaPEg==</latexit>

H<latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit> <latexit sha1_base64="HeoJW/RAGI+fwQf0gZ/+/fe+1SA=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrkFveSYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4Enedeb3mR+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuvXqzhycApncAEEKlCHBjShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnqb40C</latexit>

Signal:

Backgrounds:

q̄
<latexit sha1_base64="CtkjbgkoMvY/OUhSXGfv2cOE2vk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp3Qupzh+n/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfnTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBOq2BC85ZdXSeui7rl17/6y1rgp4ijDCZzCOXhwBQ24gyb4wGAMz/AKb07qvDjvzseiteQUM8fwB87nD5lVj7o=</latexit><latexit sha1_base64="CtkjbgkoMvY/OUhSXGfv2cOE2vk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp3Qupzh+n/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfnTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBOq2BC85ZdXSeui7rl17/6y1rgp4ijDCZzCOXhwBQ24gyb4wGAMz/AKb07qvDjvzseiteQUM8fwB87nD5lVj7o=</latexit><latexit sha1_base64="CtkjbgkoMvY/OUhSXGfv2cOE2vk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp3Qupzh+n/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfnTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBOq2BC85ZdXSeui7rl17/6y1rgp4ijDCZzCOXhwBQ24gyb4wGAMz/AKb07qvDjvzseiteQUM8fwB87nD5lVj7o=</latexit><latexit sha1_base64="CtkjbgkoMvY/OUhSXGfv2cOE2vk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqp3Qupzh+n/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOfnTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jsZCM0ZyokllGlhbyVsRDVlaBOq2BC85ZdXSeui7rl17/6y1rgp4ijDCZzCOXhwBQ24gyb4wGAMz/AKb07qvDjvzseiteQUM8fwB87nD5lVj7o=</latexit>

q = b, c
<latexit sha1_base64="zy9C8qZrg+uevIDZ0DCUGUYKpr4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBL0IRS8eK5i20Iay2W7bpZtN3J0IJfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGHiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR7dTv/nEtRGxesBxwoOIDpToC0bRSv7jdXjGuuWKW3VnIMvEy0kFctS75a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/lWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mTTOq55b9e4vKrWbPI4iHMExnIIHl1CDO6iDDwwEPMMrvDnKeXHenY95a8HJZw7hD5zPHzyJjks=</latexit><latexit sha1_base64="zy9C8qZrg+uevIDZ0DCUGUYKpr4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBL0IRS8eK5i20Iay2W7bpZtN3J0IJfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGHiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR7dTv/nEtRGxesBxwoOIDpToC0bRSv7jdXjGuuWKW3VnIMvEy0kFctS75a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/lWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mTTOq55b9e4vKrWbPI4iHMExnIIHl1CDO6iDDwwEPMMrvDnKeXHenY95a8HJZw7hD5zPHzyJjks=</latexit><latexit sha1_base64="zy9C8qZrg+uevIDZ0DCUGUYKpr4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBL0IRS8eK5i20Iay2W7bpZtN3J0IJfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGHiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR7dTv/nEtRGxesBxwoOIDpToC0bRSv7jdXjGuuWKW3VnIMvEy0kFctS75a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/lWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mTTOq55b9e4vKrWbPI4iHMExnIIHl1CDO6iDDwwEPMMrvDnKeXHenY95a8HJZw7hD5zPHzyJjks=</latexit><latexit sha1_base64="zy9C8qZrg+uevIDZ0DCUGUYKpr4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBL0IRS8eK5i20Iay2W7bpZtN3J0IJfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGHiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR7dTv/nEtRGxesBxwoOIDpToC0bRSv7jdXjGuuWKW3VnIMvEy0kFctS75a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/lWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mTTOq55b9e4vKrWbPI4iHMExnIIHl1CDO6iDDwwEPMMrvDnKeXHenY95a8HJZw7hD5zPHzyJjks=</latexit>

Analysis	region
C.	Bell,	A.	Hornig,	C.	Lee	and	
J.	Talbert,	19’:	NNLL’+NNLO
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Likelihood	analysis:

Analysis	region

1σ CL exclusion 1σ CL exclusion+th.unc.
2σ CL exclusion 2σ CL exclusion+th.unc.
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p
s = 250 GeV,L = 5 ab�1

<latexit sha1_base64="ZDCZTlAAb0E+u0cce+EC9RTvQ8s=">AAACG3icbVC7SgNBFJ31GeNr1dJmMAgWGnaDQZtA0EILiwjmAdk1zE4myZDZhzOzQhjW77DxV2wsFLESLPwbZ5MtNPHAhcM593LvPV7EqJCW9W3MzS8sLi3nVvKra+sbm+bWdkOEMcekjkMW8paHBGE0IHVJJSOtiBPke4w0veF56jfvCRc0DG7kKCKuj/oB7VGMpJY6ZskRd1wqkVRKZetBOdyHF6SRHDo+kgOMmLpKKuWJjrzkVh3ZSccsWEVrDDhL7IwUQIZax/x0uiGOfRJIzJAQbduKpKsQlxQzkuSdWJAI4SHqk7amAfKJcNX4twTua6ULeyHXFUg4Vn9PKOQLMfI93ZmeLKa9VPzPa8eyd+oqGkSxJAGeLOrFDMoQpkHBLuUESzbSBGFO9a0QDxBHWOo48zoEe/rlWdIoFW2raF8fF6pnWRw5sAv2wAGwwQmogktQA3WAwSN4Bq/gzXgyXox342PSOmdkMzvgD4yvH8JaoTc=</latexit><latexit sha1_base64="ZDCZTlAAb0E+u0cce+EC9RTvQ8s=">AAACG3icbVC7SgNBFJ31GeNr1dJmMAgWGnaDQZtA0EILiwjmAdk1zE4myZDZhzOzQhjW77DxV2wsFLESLPwbZ5MtNPHAhcM593LvPV7EqJCW9W3MzS8sLi3nVvKra+sbm+bWdkOEMcekjkMW8paHBGE0IHVJJSOtiBPke4w0veF56jfvCRc0DG7kKCKuj/oB7VGMpJY6ZskRd1wqkVRKZetBOdyHF6SRHDo+kgOMmLpKKuWJjrzkVh3ZSccsWEVrDDhL7IwUQIZax/x0uiGOfRJIzJAQbduKpKsQlxQzkuSdWJAI4SHqk7amAfKJcNX4twTua6ULeyHXFUg4Vn9PKOQLMfI93ZmeLKa9VPzPa8eyd+oqGkSxJAGeLOrFDMoQpkHBLuUESzbSBGFO9a0QDxBHWOo48zoEe/rlWdIoFW2raF8fF6pnWRw5sAv2wAGwwQmogktQA3WAwSN4Bq/gzXgyXox342PSOmdkMzvgD4yvH8JaoTc=</latexit><latexit sha1_base64="ZDCZTlAAb0E+u0cce+EC9RTvQ8s=">AAACG3icbVC7SgNBFJ31GeNr1dJmMAgWGnaDQZtA0EILiwjmAdk1zE4myZDZhzOzQhjW77DxV2wsFLESLPwbZ5MtNPHAhcM593LvPV7EqJCW9W3MzS8sLi3nVvKra+sbm+bWdkOEMcekjkMW8paHBGE0IHVJJSOtiBPke4w0veF56jfvCRc0DG7kKCKuj/oB7VGMpJY6ZskRd1wqkVRKZetBOdyHF6SRHDo+kgOMmLpKKuWJjrzkVh3ZSccsWEVrDDhL7IwUQIZax/x0uiGOfRJIzJAQbduKpKsQlxQzkuSdWJAI4SHqk7amAfKJcNX4twTua6ULeyHXFUg4Vn9PKOQLMfI93ZmeLKa9VPzPa8eyd+oqGkSxJAGeLOrFDMoQpkHBLuUESzbSBGFO9a0QDxBHWOo48zoEe/rlWdIoFW2raF8fF6pnWRw5sAv2wAGwwQmogktQA3WAwSN4Bq/gzXgyXox342PSOmdkMzvgD4yvH8JaoTc=</latexit><latexit sha1_base64="ZDCZTlAAb0E+u0cce+EC9RTvQ8s=">AAACG3icbVC7SgNBFJ31GeNr1dJmMAgWGnaDQZtA0EILiwjmAdk1zE4myZDZhzOzQhjW77DxV2wsFLESLPwbZ5MtNPHAhcM593LvPV7EqJCW9W3MzS8sLi3nVvKra+sbm+bWdkOEMcekjkMW8paHBGE0IHVJJSOtiBPke4w0veF56jfvCRc0DG7kKCKuj/oB7VGMpJY6ZskRd1wqkVRKZetBOdyHF6SRHDo+kgOMmLpKKuWJjrzkVh3ZSccsWEVrDDhL7IwUQIZax/x0uiGOfRJIzJAQbduKpKsQlxQzkuSdWJAI4SHqk7amAfKJcNX4twTua6ULeyHXFUg4Vn9PKOQLMfI93ZmeLKa9VPzPa8eyd+oqGkSxJAGeLOrFDMoQpkHBLuUESzbSBGFO9a0QDxBHWOo48zoEe/rlWdIoFW2raF8fF6pnWRw5sAv2wAGwwQmogktQA3WAwSN4Bq/gzXgyXox342PSOmdkMzvgD4yvH8JaoTc=</latexit>



(a) H→qq
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How	to	improve	results?
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yq
yb

<latexit sha1_base64="ztb5y4hDyFQAExUhTyGCiuXd+mo=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIY2rorunFZwT6gDWEynbRDJw9nJkIM+RI3LhRx66e482+ctBVU9MC9HM65l7lz/IRRIU3zQ1tZXVvf2KxsVbd3dvdq+v5BT8Qpx6SLYxbzgY8EYTQiXUklI4OEExT6jPT92WXp9+8IFzSObmSWEDdEk4gGFCOpJE+vjQKOcJ55t4VqfuHpddM4bzVspwFNwzSblm2VxG46Zw60lFKiDpboePr7aBzjNCSRxAwJMbTMRLo54pJiRorqKBUkQXiGJmSoaIRCItx8fngBT5QyhkHMVUUSztXvGzkKhchCX02GSE7Fb68U//KGqQxabk6jJJUkwouHgpRBGcMyBTimnGDJMkUQ5lTdCvEUqSSkyqqqQvj6Kfyf9GzDMg3r2qm3L5ZxVMAROAanwAJN0AZXoAO6AIMUPIAn8Kzda4/ai/a6GF3RljuH4Ae0t0/0BJPu</latexit><latexit sha1_base64="ztb5y4hDyFQAExUhTyGCiuXd+mo=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIY2rorunFZwT6gDWEynbRDJw9nJkIM+RI3LhRx66e482+ctBVU9MC9HM65l7lz/IRRIU3zQ1tZXVvf2KxsVbd3dvdq+v5BT8Qpx6SLYxbzgY8EYTQiXUklI4OEExT6jPT92WXp9+8IFzSObmSWEDdEk4gGFCOpJE+vjQKOcJ55t4VqfuHpddM4bzVspwFNwzSblm2VxG46Zw60lFKiDpboePr7aBzjNCSRxAwJMbTMRLo54pJiRorqKBUkQXiGJmSoaIRCItx8fngBT5QyhkHMVUUSztXvGzkKhchCX02GSE7Fb68U//KGqQxabk6jJJUkwouHgpRBGcMyBTimnGDJMkUQ5lTdCvEUqSSkyqqqQvj6Kfyf9GzDMg3r2qm3L5ZxVMAROAanwAJN0AZXoAO6AIMUPIAn8Kzda4/ai/a6GF3RljuH4Ae0t0/0BJPu</latexit><latexit sha1_base64="ztb5y4hDyFQAExUhTyGCiuXd+mo=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIY2rorunFZwT6gDWEynbRDJw9nJkIM+RI3LhRx66e482+ctBVU9MC9HM65l7lz/IRRIU3zQ1tZXVvf2KxsVbd3dvdq+v5BT8Qpx6SLYxbzgY8EYTQiXUklI4OEExT6jPT92WXp9+8IFzSObmSWEDdEk4gGFCOpJE+vjQKOcJ55t4VqfuHpddM4bzVspwFNwzSblm2VxG46Zw60lFKiDpboePr7aBzjNCSRxAwJMbTMRLo54pJiRorqKBUkQXiGJmSoaIRCItx8fngBT5QyhkHMVUUSztXvGzkKhchCX02GSE7Fb68U//KGqQxabk6jJJUkwouHgpRBGcMyBTimnGDJMkUQ5lTdCvEUqSSkyqqqQvj6Kfyf9GzDMg3r2qm3L5ZxVMAROAanwAJN0AZXoAO6AIMUPIAn8Kzda4/ai/a6GF3RljuH4Ae0t0/0BJPu</latexit><latexit sha1_base64="ztb5y4hDyFQAExUhTyGCiuXd+mo=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIY2rorunFZwT6gDWEynbRDJw9nJkIM+RI3LhRx66e482+ctBVU9MC9HM65l7lz/IRRIU3zQ1tZXVvf2KxsVbd3dvdq+v5BT8Qpx6SLYxbzgY8EYTQiXUklI4OEExT6jPT92WXp9+8IFzSObmSWEDdEk4gGFCOpJE+vjQKOcJ55t4VqfuHpddM4bzVspwFNwzSblm2VxG46Zw60lFKiDpboePr7aBzjNCSRxAwJMbTMRLo54pJiRorqKBUkQXiGJmSoaIRCItx8fngBT5QyhkHMVUUSztXvGzkKhchCX02GSE7Fb68U//KGqQxabk6jJJUkwouHgpRBGcMyBTimnGDJMkUQ5lTdCvEUqSSkyqqqQvj6Kfyf9GzDMg3r2qm3L5ZxVMAROAanwAJN0AZXoAO6AIMUPIAn8Kzda4/ai/a6GF3RljuH4Ae0t0/0BJPu</latexit>

A.		Moving	 to	small	angularities	 regions?	
Soft-Drop?

B.	Multiple	angularities?

C.	NNLL’	predictions?
Matching	to	NNLO

(b) H→gg
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a=0
Quark NLL'+�(αS)

Gluon NLL'+�(αS)

Quark NNLL+�(αS)

Gluon NNLL+�(αS)

VV*

��� ��� ��� ���
�

��

��

��

τ�

�Γ
�
/�
τ �
�/
Γ �

��
�



a=0
Quark NLL'+�(αS)

Gluon NLL'+�(αS)

Quark NNLL+�(αS)

Gluon NNLL+�(αS)

VV*
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Summary

17

A.	Light	quark	Yukawa	couplings	are	important	 for	us	to	verify	the	electroweak	symmetry	
breaking	mechanism	;

B.	Event	shapes	are	powerful	 tool	to	suppress	 the	gluon	background;

C.	We	use	angularities	 from	Higgs	decay	to	constrain	the	light	quark	Yukawa	couplings.

1σ CL exclusion 1σ CL exclusion+th.unc.
2σ CL exclusion 2σ CL exclusion+th.unc.
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Analysis	region

Thank	you!	



Backup
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Hard,	jet	and	soft	function@1	Loop

20

Hard	function:

Jet	function:

Soft	function:

Berger,		Marcantonini,	Stewart,	Tackmann,	Waalewijn,	2011

Hornig,	Lee,	Ovanesyan (2009)

Hornig,	Lee,	Ovanesyan (2009)



Evolution	and	Resummation

21

µ
dH

i

dµ
= �

i

H
(µ)Hi

<latexit sha1_base64="f2L/KV8Ugx287KSaiR8LiuF6BTo=">AAACEHicbVC7TsMwFHV4lvIKMLJYVIiyVAlCggWpgqVjkehDakLkOE5r1XYi20Gqon4CC7/CwgBCrIxs/A1umwFajmT53HPulX1PmDKqtON8W0vLK6tr66WN8ubW9s6uvbffVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCcc3kz8zgORiibiTo9S4nPUFzSmGGkjBfaJxzMvlgjnUeOejvPI1OMrr484R4FRqqY+NXdgV5yaMwVcJG5BKqBAM7C/vCjBGSdCY4aU6rlOqv0cSU0xI+OylymSIjxEfdIzVCBOlJ9PFxrDY6NEME6kOULDqfp7IkdcqREPTSdHeqDmvYn4n9fLdHzp51SkmSYCzx6KMwZ1AifpwIhKgjUbGYKwpOavEA+QiUebDMsmBHd+5UXSPqu5Ts29Pa/Ur4s4SuAQHIEqcMEFqIMGaIIWwOARPINX8GY9WS/Wu/Uxa12yipkD8AfW5w/hr50U</latexit><latexit sha1_base64="f2L/KV8Ugx287KSaiR8LiuF6BTo=">AAACEHicbVC7TsMwFHV4lvIKMLJYVIiyVAlCggWpgqVjkehDakLkOE5r1XYi20Gqon4CC7/CwgBCrIxs/A1umwFajmT53HPulX1PmDKqtON8W0vLK6tr66WN8ubW9s6uvbffVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCcc3kz8zgORiibiTo9S4nPUFzSmGGkjBfaJxzMvlgjnUeOejvPI1OMrr484R4FRqqY+NXdgV5yaMwVcJG5BKqBAM7C/vCjBGSdCY4aU6rlOqv0cSU0xI+OylymSIjxEfdIzVCBOlJ9PFxrDY6NEME6kOULDqfp7IkdcqREPTSdHeqDmvYn4n9fLdHzp51SkmSYCzx6KMwZ1AifpwIhKgjUbGYKwpOavEA+QiUebDMsmBHd+5UXSPqu5Ts29Pa/Ur4s4SuAQHIEqcMEFqIMGaIIWwOARPINX8GY9WS/Wu/Uxa12yipkD8AfW5w/hr50U</latexit><latexit sha1_base64="f2L/KV8Ugx287KSaiR8LiuF6BTo=">AAACEHicbVC7TsMwFHV4lvIKMLJYVIiyVAlCggWpgqVjkehDakLkOE5r1XYi20Gqon4CC7/CwgBCrIxs/A1umwFajmT53HPulX1PmDKqtON8W0vLK6tr66WN8ubW9s6uvbffVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCcc3kz8zgORiibiTo9S4nPUFzSmGGkjBfaJxzMvlgjnUeOejvPI1OMrr484R4FRqqY+NXdgV5yaMwVcJG5BKqBAM7C/vCjBGSdCY4aU6rlOqv0cSU0xI+OylymSIjxEfdIzVCBOlJ9PFxrDY6NEME6kOULDqfp7IkdcqREPTSdHeqDmvYn4n9fLdHzp51SkmSYCzx6KMwZ1AifpwIhKgjUbGYKwpOavEA+QiUebDMsmBHd+5UXSPqu5Ts29Pa/Ur4s4SuAQHIEqcMEFqIMGaIIWwOARPINX8GY9WS/Wu/Uxa12yipkD8AfW5w/hr50U</latexit><latexit sha1_base64="f2L/KV8Ugx287KSaiR8LiuF6BTo=">AAACEHicbVC7TsMwFHV4lvIKMLJYVIiyVAlCggWpgqVjkehDakLkOE5r1XYi20Gqon4CC7/CwgBCrIxs/A1umwFajmT53HPulX1PmDKqtON8W0vLK6tr66WN8ubW9s6uvbffVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCcc3kz8zgORiibiTo9S4nPUFzSmGGkjBfaJxzMvlgjnUeOejvPI1OMrr484R4FRqqY+NXdgV5yaMwVcJG5BKqBAM7C/vCjBGSdCY4aU6rlOqv0cSU0xI+OylymSIjxEfdIzVCBOlJ9PFxrDY6NEME6kOULDqfp7IkdcqREPTSdHeqDmvYn4n9fLdHzp51SkmSYCzx6KMwZ1AifpwIhKgjUbGYKwpOavEA+QiUebDMsmBHd+5UXSPqu5Ts29Pa/Ur4s4SuAQHIEqcMEFqIMGaIIWwOARPINX8GY9WS/Wu/Uxa12yipkD8AfW5w/hr50U</latexit>

µ
dJ̃ i

dµ
= �i

J(µ)J̃
i

<latexit sha1_base64="7PS6bClxsIwPfzb0Rk/381GEryk="></latexit><latexit sha1_base64="7PS6bClxsIwPfzb0Rk/381GEryk="></latexit><latexit sha1_base64="7PS6bClxsIwPfzb0Rk/381GEryk="></latexit><latexit sha1_base64="7PS6bClxsIwPfzb0Rk/381GEryk="></latexit>

µ
dS̃i

dµ
= �i

S(µ)S̃
i

<latexit sha1_base64="ZJGFwaKsA5AzxGSXYWS30toljrQ="></latexit><latexit sha1_base64="ZJGFwaKsA5AzxGSXYWS30toljrQ="></latexit><latexit sha1_base64="ZJGFwaKsA5AzxGSXYWS30toljrQ="></latexit><latexit sha1_base64="ZJGFwaKsA5AzxGSXYWS30toljrQ="></latexit>

Laplace	space
µH ⇠ mH

<latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit><latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit><latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit><latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit>

µJ ⇠ mH⌧1/(2�a)
a

<latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit><latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit><latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit><latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit>

µS ⇠ mH⌧a
<latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit><latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit><latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit><latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit>

�i
J(µ)

<latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit><latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit><latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit><latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit>

�i
S(µ)

<latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit><latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit><latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit><latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit>
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µH ⇠ mH
<latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit><latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit><latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit><latexit sha1_base64="0l6OpE9lGx2OCfwudQG+Qq6Yr2w=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ac0IWy2m3bp7ibubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJRyeZIrRNEp6oXoQ15UzStmGG016qKBYRp91ofD/3uxOqNEvko5mmNBB4KFnMCDZWCnyRhU1fM4FE2AyrNbfuLoDWiVeQGhRohdUvf5CQTFBpCMda9z03NUGOlWGE01nFzzRNMRnjIe1bKrGgOsgXR8/QhVUGKE6ULWnQQv09kWOh9VREtlNgM9Kr3lz8z+tnJr4NcibTzFBJlovijCOToHkCaMAUJYZPLcFEMXsrIiOsMDE2p4oNwVt9eZ10ruqeW/cermuNuyKOMpzBOVyCBzfQgCa0oA0EnuAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDOcSRug==</latexit>

µJ ⇠ mH⌧1/(2�a)
a

<latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit><latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit><latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit><latexit sha1_base64="fZkrynSHUvu6pPUeAR7JNwP0qL4=">AAACBnicdVBNSwMxEM36WetX1aMIwSLowZoUsfUmehFPClaFbl1m01SDye6SZIWy9OTFv+LFgyJe/Q3e/Ddm2woq+mDg8d4MM/PCRApjCfnwRkbHxicmC1PF6ZnZufnSwuKZiVPNeIPFMtYXIRguRcQbVljJLxLNQYWSn4c3B7l/fsu1EXF0arsJbym4ikRHMLBOCkorvkqDI98IhVVw6FtIA7jM6NZ6dRM2ekGpTCqEEEopzgmt7RBHdnfrVVrHNLccymiI46D07rdjlioeWSbBmCYliW1loK1gkveKfmp4AuwGrnjT0QgUN62s/0YPrzmljTuxdhVZ3Fe/T2SgjOmq0HUqsNfmt5eLf3nN1HbqrUxESWp5xAaLOqnENsZ5JrgtNGdWdh0BpoW7FbNr0MCsS67oQvj6FP9PzqoVSir0ZLu8tz+Mo4CW0SpaRxTV0B46RMeogRi6Qw/oCT17996j9+K9DlpHvOHMEvoB7+0To1+X8A==</latexit>

µS ⇠ mH⌧a
<latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit><latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit><latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit><latexit sha1_base64="GaG2XtjjTCZV4jdFk0F+00iSFLg=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgqiQxtHVXdNNlRfuApoTJdNIOnUnCPIRS6q+4caGIWz/EnX/jpK2gogcuHM65l3vvCVNGpbLtDyu3tr6xuZXfLuzs7u0fFA+POjLRApM2TlgieiGShNGYtBVVjPRSQRAPGemGk6vM794RIWkS36ppSgYcjWIaUYyUkYJiyec6uPEl5ZAHTV8hHaCgWLYrF/Wq61WhXbHtmuM6GXFr3rkHHaNkKIMVWkHx3R8mWHMSK8yQlH3HTtVghoSimJF5wdeSpAhP0Ij0DY0RJ3IwWxw/h6dGGcIoEaZiBRfq94kZ4lJOeWg6OVJj+dvLxL+8vlZRfTCjcaoVifFyUaQZVAnMkoBDKghWbGoIwoKaWyEeI4GwMnkVTAhfn8L/ScetOHbFufbKjctVHHlwDE7AGXBADTRAE7RAG2AwBQ/gCTxb99aj9WK9Lltz1mqmBH7AevsExq+U2g==</latexit>

�i
J(µ)

<latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit><latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit><latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit><latexit sha1_base64="HKmOGPXanmCrNTKVgrNuLXGb+Xo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3ZSkiG13RTfiqoJ9QGcsmTRtQ5OZIckItfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OFkVlbX1jeym7mt7Z3dvLu339JRoihr0khEqhMQzQQPWdNwI1gnVozIQLB2ML5I/fYdU5pH4Y2ZxMyXZBjyAafEWKnn5r0hkZL0rm550ZPJSc8toBJCCGMMU4IrZ8iSWq1axlWIU8uiAJZo9Nx3rx/RRLLQUEG07mIUG39KlOFUsFnOSzSLCR2TIetaGhLJtD+dHz6Dx1bpw0GkbIUGztXvE1MitZ7IwHZKYkb6t5eKf3ndxAyq/pSHcWJYSBeLBomAJoJpCrDPFaNGTCwhVHF7K6Qjogg1NqucDeHrU/g/aZVLGJXw9Wmhfr6MIwsOwREoAgwqoA4uQQM0AQUJeABP4Nm5dx6dF+d10ZpxljMH4Aect09EupLV</latexit>

�i
S(µ)

<latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit><latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit><latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit><latexit sha1_base64="78Zpf4ZsIliPwAAqfTu/UX0RINY=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN2QGJ4A7ohuXGOWRMCPplAINbWfSdkyQ8CVuXGiMWz/FnX9jBzBRoye5yck59+bee8KYUaUd58PKrKyurW9kN3Nb2zu7eXtvv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OL5I/fYdkYpG4kZPYhJwNBR0QDHSRurZeX+IOEe961ta9Hly0rMLTumsVil7FeiUHKfqlt2UlKveqQddo6QogCUaPfvd70c44URozJBSXdeJdTBFUlPMyCznJ4rECI/RkHQNFYgTFUznh8/gsVH6cBBJU0LDufp9Yoq4UhMemk6O9Ej99lLxL6+b6EEtmFIRJ5oIvFg0SBjUEUxTgH0qCdZsYgjCkppbIR4hibA2WeVMCF+fwv9Jq1xynZJ75RXq58s4suAQHIEicEEV1MElaIAmwCABD+AJPFv31qP1Yr0uWjPWcuYA/ID19glltpLq</latexit>

Typical	scales: Peak	Region:
µH � µJ � µS ⇠ ⇤QCD

Tail	Region:
µH � µJ � µS � ⇤QCD

Far	Tail	Region:
µH = µJ = µS � ⇤QCD

a=0
Quark NLL'+�(αS)

Gluon NLL'+�(αS)

Quark NNLL+�(αS)

Gluon NNLL+�(αS)
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a=0.5
Quark NLL'+�(αS)

Gluon NLL'+�(αS)

Quark NNLL+�(αS)

Gluon NNLL+�(αS)
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a=-1
Quark NLL'+�(αS)

Gluon NLL'+�(αS)

Quark NNLL+�(αS)

Gluon NNLL+�(αS)
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a=-1
Quark NLL'+�(αS)

Gluon NLL'+�(αS)

Quark NNLL+�(αS)

Gluon NNLL+�(αS)
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Numerical	Results							

23

⌦q
1 = 0.4⌦g

1 = CA/CF⌦
q
1

a=0.5
Quark NLL'+�(αS)

Gluon NLL'+�(αS)

Quark NNLL+�(αS)

Gluon NNLL+�(αS)
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Resummation and	fixed	order

24

Fixed	order	prediction	 is	from,	Gao,	Gong,	 Ju,	Yang,	JHEP03(2019)030

(b) H⟶gg
LO
NLO
NNLOA
NLL'+�(αS)
NNLL+�(αS)
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(a) H⟶qq
LO
NLO
NNLOA
NLL'+�(αS)
NNLL+�(αS)
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Thrust

NNLOA:	approximate	NNLO



Profile	function

25

Smooth	 transition	between	different	 scale	regions:

Non-singular	part:



Theoretical	uncertainty

26

a = 0
<latexit sha1_base64="AoRJ8oI/Y4Cn+a1Sobgk9UAATaA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSiT7aZdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPppJwvwIh5KHnKKx0gNeu/1yxa26c5BV4uWkAjka/fJXbxDTNGLSUIFadz03MX6GynAq2LTUSzVLkI5xyLqWSoyY9rP5qVNyZpUBCWNlSxoyV39PZBhpPYkC2xmhGellbyb+53VTE175GZdJapiki0VhKoiJyexvMuCKUSMmliBV3N5K6AgVUmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmkBhCM/wCm+OcF6cd+dj0Vpw8plj+APn8wezaY1m</latexit><latexit sha1_base64="AoRJ8oI/Y4Cn+a1Sobgk9UAATaA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSiT7aZdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPppJwvwIh5KHnKKx0gNeu/1yxa26c5BV4uWkAjka/fJXbxDTNGLSUIFadz03MX6GynAq2LTUSzVLkI5xyLqWSoyY9rP5qVNyZpUBCWNlSxoyV39PZBhpPYkC2xmhGellbyb+53VTE175GZdJapiki0VhKoiJyexvMuCKUSMmliBV3N5K6AgVUmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmkBhCM/wCm+OcF6cd+dj0Vpw8plj+APn8wezaY1m</latexit><latexit sha1_base64="AoRJ8oI/Y4Cn+a1Sobgk9UAATaA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSiT7aZdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPppJwvwIh5KHnKKx0gNeu/1yxa26c5BV4uWkAjka/fJXbxDTNGLSUIFadz03MX6GynAq2LTUSzVLkI5xyLqWSoyY9rP5qVNyZpUBCWNlSxoyV39PZBhpPYkC2xmhGellbyb+53VTE175GZdJapiki0VhKoiJyexvMuCKUSMmliBV3N5K6AgVUmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmkBhCM/wCm+OcF6cd+dj0Vpw8plj+APn8wezaY1m</latexit><latexit sha1_base64="AoRJ8oI/Y4Cn+a1Sobgk9UAATaA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSiT7aZdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPppJwvwIh5KHnKKx0gNeu/1yxa26c5BV4uWkAjka/fJXbxDTNGLSUIFadz03MX6GynAq2LTUSzVLkI5xyLqWSoyY9rP5qVNyZpUBCWNlSxoyV39PZBhpPYkC2xmhGellbyb+53VTE175GZdJapiki0VhKoiJyexvMuCKUSMmliBV3N5K6AgVUmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmkBhCM/wCm+OcF6cd+dj0Vpw8plj+APn8wezaY1m</latexit>



Evolution	and	Resummation

27



Event	number

28

A. Two	non-b/c	jets	in	final	state

B. Recoil	mass	constraint

p
s = 250 GeV,L = 5 ab�1

<latexit sha1_base64="ZDCZTlAAb0E+u0cce+EC9RTvQ8s=">AAACG3icbVC7SgNBFJ31GeNr1dJmMAgWGnaDQZtA0EILiwjmAdk1zE4myZDZhzOzQhjW77DxV2wsFLESLPwbZ5MtNPHAhcM593LvPV7EqJCW9W3MzS8sLi3nVvKra+sbm+bWdkOEMcekjkMW8paHBGE0IHVJJSOtiBPke4w0veF56jfvCRc0DG7kKCKuj/oB7VGMpJY6ZskRd1wqkVRKZetBOdyHF6SRHDo+kgOMmLpKKuWJjrzkVh3ZSccsWEVrDDhL7IwUQIZax/x0uiGOfRJIzJAQbduKpKsQlxQzkuSdWJAI4SHqk7amAfKJcNX4twTua6ULeyHXFUg4Vn9PKOQLMfI93ZmeLKa9VPzPa8eyd+oqGkSxJAGeLOrFDMoQpkHBLuUESzbSBGFO9a0QDxBHWOo48zoEe/rlWdIoFW2raF8fF6pnWRw5sAv2wAGwwQmogktQA3WAwSN4Bq/gzXgyXox342PSOmdkMzvgD4yvH8JaoTc=</latexit><latexit sha1_base64="ZDCZTlAAb0E+u0cce+EC9RTvQ8s=">AAACG3icbVC7SgNBFJ31GeNr1dJmMAgWGnaDQZtA0EILiwjmAdk1zE4myZDZhzOzQhjW77DxV2wsFLESLPwbZ5MtNPHAhcM593LvPV7EqJCW9W3MzS8sLi3nVvKra+sbm+bWdkOEMcekjkMW8paHBGE0IHVJJSOtiBPke4w0veF56jfvCRc0DG7kKCKuj/oB7VGMpJY6ZskRd1wqkVRKZetBOdyHF6SRHDo+kgOMmLpKKuWJjrzkVh3ZSccsWEVrDDhL7IwUQIZax/x0uiGOfRJIzJAQbduKpKsQlxQzkuSdWJAI4SHqk7amAfKJcNX4twTua6ULeyHXFUg4Vn9PKOQLMfI93ZmeLKa9VPzPa8eyd+oqGkSxJAGeLOrFDMoQpkHBLuUESzbSBGFO9a0QDxBHWOo48zoEe/rlWdIoFW2raF8fF6pnWRw5sAv2wAGwwQmogktQA3WAwSN4Bq/gzXgyXox342PSOmdkMzvgD4yvH8JaoTc=</latexit><latexit sha1_base64="ZDCZTlAAb0E+u0cce+EC9RTvQ8s=">AAACG3icbVC7SgNBFJ31GeNr1dJmMAgWGnaDQZtA0EILiwjmAdk1zE4myZDZhzOzQhjW77DxV2wsFLESLPwbZ5MtNPHAhcM593LvPV7EqJCW9W3MzS8sLi3nVvKra+sbm+bWdkOEMcekjkMW8paHBGE0IHVJJSOtiBPke4w0veF56jfvCRc0DG7kKCKuj/oB7VGMpJY6ZskRd1wqkVRKZetBOdyHF6SRHDo+kgOMmLpKKuWJjrzkVh3ZSccsWEVrDDhL7IwUQIZax/x0uiGOfRJIzJAQbduKpKsQlxQzkuSdWJAI4SHqk7amAfKJcNX4twTua6ULeyHXFUg4Vn9PKOQLMfI93ZmeLKa9VPzPa8eyd+oqGkSxJAGeLOrFDMoQpkHBLuUESzbSBGFO9a0QDxBHWOo48zoEe/rlWdIoFW2raF8fF6pnWRw5sAv2wAGwwQmogktQA3WAwSN4Bq/gzXgyXox342PSOmdkMzvgD4yvH8JaoTc=</latexit><latexit sha1_base64="ZDCZTlAAb0E+u0cce+EC9RTvQ8s=">AAACG3icbVC7SgNBFJ31GeNr1dJmMAgWGnaDQZtA0EILiwjmAdk1zE4myZDZhzOzQhjW77DxV2wsFLESLPwbZ5MtNPHAhcM593LvPV7EqJCW9W3MzS8sLi3nVvKra+sbm+bWdkOEMcekjkMW8paHBGE0IHVJJSOtiBPke4w0veF56jfvCRc0DG7kKCKuj/oB7VGMpJY6ZskRd1wqkVRKZetBOdyHF6SRHDo+kgOMmLpKKuWJjrzkVh3ZSccsWEVrDDhL7IwUQIZax/x0uiGOfRJIzJAQbduKpKsQlxQzkuSdWJAI4SHqk7amAfKJcNX4twTua6ULeyHXFUg4Vn9PKOQLMfI93ZmeLKa9VPzPa8eyd+oqGkSxJAGeLOrFDMoQpkHBLuUESzbSBGFO9a0QDxBHWOo48zoEe/rlWdIoFW2raF8fF6pnWRw5sAv2wAGwwQmogktQA3WAwSN4Bq/gzXgyXox342PSOmdkMzvgD4yvH8JaoTc=</latexit>
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