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Valence PDF of ⇡+(ud)

We measure the valence PDF of charged pion: 

P. C. Barry et al, 2018

Flavor non-singlet           No mixing with glue                  
no disconnected fermion diagrams

f⇡
v (x) = fu(x)� fū(x) = fu(x)� fd(x), 0 < x < 1
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Lattice Set-up

• a=0.06 fm, 483 x 64 lattice (HotQCD ensemble) with HISQ sea quarks 
and Wilson-Clover valence quarks.


• Valence quark mass tuned to 


• Three-point function we compute:  real part of


• 1-HYP smeared Wilson line in quasi-PDF operator


• Boost smeared pion source and sink operator. 


• Statistics ~168 gauge configurations. All-Mode Averaging (AMA) using 
1-exact and 32 sloppy quark propagators.

m⇡ = 300 MeV
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Extraction of bare qPDF matrix element

h
B(z, Pz) = lim

t!1

⌦
⇡(t;Pz)O�(z; ⌧)⇡†(0;Pz)

↵

h⇡(t;Pz)⇡†(0;Pz)i
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Fit  and extrapolate

Matrix element after extrapolations
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Renormalization of bare qPDF matrix element
(Ishikawa et al ’17)



Renormalization of bare qPDF matrix element

hR
�t
(z;Pz, P

R) = Z�t�t(z;P
R) · hb

�t
(z;Pz, a)

bare hadron qPDFrenormalized hadron qPDF

qPDF can be multiplicatively renormalized: (Ishikawa et al ’17)



Renormalization scheme independent conditions:

Z�t�t(z;P
R) · hb

quark(z;P = PR, a) = hfree(z;P
R)

  qPDF with quark external 
states in full QCD

Tree level value 

Implementable in lattice as well as pert. theory with off shell quark with P2 >0 

Renormalization of bare qPDF matrix element

hR
�t
(z;Pz, P

R) = Z�t�t(z;P
R) · hb

�t
(z;Pz, a)

bare hadron qPDFrenormalized hadron qPDF

qPDF can be multiplicatively renormalized: (Ishikawa et al ’17)
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(“c” from non-perturbative  
static quark potential)
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<latexit sha1_base64="zsY9AHWUh9hUGPNouXNlui6BVQY=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoMegF48RzAOSNcxOepMhsw9mZgNxkz/x4kERr/6JN//GSbIHTSxoKKq66e7yE8GVdpxva2V1bX1js7BV3N7Z3du3Dw7rKk4lwxqLRSybPlUoeIQ1zbXAZiKRhr7Ahj+4nfqNIUrF4+hBjxL0QtqLeMAZ1Ubq2HZb8xAVwcfsnI2fxpOOXXLKzgxkmbg5KUGOasf+andjloYYaSaoUi3XSbSXUak5EzgptlOFCWUD2sOWoRE167xsdvmEnBqlS4JYmoo0mam/JzIaKjUKfdMZUt1Xi95U/M9rpTq49jIeJanGiM0XBakgOibTGEiXS2RajAyhTHJzK2F9KinTJqyiCcFdfHmZ1C/KrlN27y9LlZs8jgIcwwmcgQtXUIE7qEINGAzhGV7hzcqsF+vd+pi3rlj5zBH8gfX5A6MKk6Y=</latexit><latexit sha1_base64="zsY9AHWUh9hUGPNouXNlui6BVQY=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoMegF48RzAOSNcxOepMhsw9mZgNxkz/x4kERr/6JN//GSbIHTSxoKKq66e7yE8GVdpxva2V1bX1js7BV3N7Z3du3Dw7rKk4lwxqLRSybPlUoeIQ1zbXAZiKRhr7Ahj+4nfqNIUrF4+hBjxL0QtqLeMAZ1Ubq2HZb8xAVwcfsnI2fxpOOXXLKzgxkmbg5KUGOasf+andjloYYaSaoUi3XSbSXUak5EzgptlOFCWUD2sOWoRE167xsdvmEnBqlS4JYmoo0mam/JzIaKjUKfdMZUt1Xi95U/M9rpTq49jIeJanGiM0XBakgOibTGEiXS2RajAyhTHJzK2F9KinTJqyiCcFdfHmZ1C/KrlN27y9LlZs8jgIcwwmcgQtXUIE7qEINGAzhGV7hzcqsF+vd+pi3rlj5zBH8gfX5A6MKk6Y=</latexit><latexit sha1_base64="zsY9AHWUh9hUGPNouXNlui6BVQY=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoMegF48RzAOSNcxOepMhsw9mZgNxkz/x4kERr/6JN//GSbIHTSxoKKq66e7yE8GVdpxva2V1bX1js7BV3N7Z3du3Dw7rKk4lwxqLRSybPlUoeIQ1zbXAZiKRhr7Ahj+4nfqNIUrF4+hBjxL0QtqLeMAZ1Ubq2HZb8xAVwcfsnI2fxpOOXXLKzgxkmbg5KUGOasf+andjloYYaSaoUi3XSbSXUak5EzgptlOFCWUD2sOWoRE167xsdvmEnBqlS4JYmoo0mam/JzIaKjUKfdMZUt1Xi95U/M9rpTq49jIeJanGiM0XBakgOibTGEiXS2RajAyhTHJzK2F9KinTJqyiCcFdfHmZ1C/KrlN27y9LlZs8jgIcwwmcgQtXUIE7qEINGAzhGV7hzcqsF+vd+pi3rlj5zBH8gfX5A6MKk6Y=</latexit><latexit sha1_base64="zsY9AHWUh9hUGPNouXNlui6BVQY=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoMegF48RzAOSNcxOepMhsw9mZgNxkz/x4kERr/6JN//GSbIHTSxoKKq66e7yE8GVdpxva2V1bX1js7BV3N7Z3du3Dw7rKk4lwxqLRSybPlUoeIQ1zbXAZiKRhr7Ahj+4nfqNIUrF4+hBjxL0QtqLeMAZ1Ubq2HZb8xAVwcfsnI2fxpOOXXLKzgxkmbg5KUGOasf+andjloYYaSaoUi3XSbSXUak5EzgptlOFCWUD2sOWoRE167xsdvmEnBqlS4JYmoo0mam/JzIaKjUKfdMZUt1Xi95U/M9rpTq49jIeJanGiM0XBakgOibTGEiXS2RajAyhTHJzK2F9KinTJqyiCcFdfHmZ1C/KrlN27y9LlZs8jgIcwwmcgQtXUIE7qEINGAzhGV7hzcqsF+vd+pi3rlj5zBH8gfX5A6MKk6Y=</latexit>

(“c” from non-perturbative  
static quark potential)
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⇥e�c|z|
<latexit sha1_base64="zsY9AHWUh9hUGPNouXNlui6BVQY=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoMegF48RzAOSNcxOepMhsw9mZgNxkz/x4kERr/6JN//GSbIHTSxoKKq66e7yE8GVdpxva2V1bX1js7BV3N7Z3du3Dw7rKk4lwxqLRSybPlUoeIQ1zbXAZiKRhr7Ahj+4nfqNIUrF4+hBjxL0QtqLeMAZ1Ubq2HZb8xAVwcfsnI2fxpOOXXLKzgxkmbg5KUGOasf+andjloYYaSaoUi3XSbSXUak5EzgptlOFCWUD2sOWoRE167xsdvmEnBqlS4JYmoo0mam/JzIaKjUKfdMZUt1Xi95U/M9rpTq49jIeJanGiM0XBakgOibTGEiXS2RajAyhTHJzK2F9KinTJqyiCcFdfHmZ1C/KrlN27y9LlZs8jgIcwwmcgQtXUIE7qEINGAzhGV7hzcqsF+vd+pi3rlj5zBH8gfX5A6MKk6Y=</latexit><latexit sha1_base64="zsY9AHWUh9hUGPNouXNlui6BVQY=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoMegF48RzAOSNcxOepMhsw9mZgNxkz/x4kERr/6JN//GSbIHTSxoKKq66e7yE8GVdpxva2V1bX1js7BV3N7Z3du3Dw7rKk4lwxqLRSybPlUoeIQ1zbXAZiKRhr7Ahj+4nfqNIUrF4+hBjxL0QtqLeMAZ1Ubq2HZb8xAVwcfsnI2fxpOOXXLKzgxkmbg5KUGOasf+andjloYYaSaoUi3XSbSXUak5EzgptlOFCWUD2sOWoRE167xsdvmEnBqlS4JYmoo0mam/JzIaKjUKfdMZUt1Xi95U/M9rpTq49jIeJanGiM0XBakgOibTGEiXS2RajAyhTHJzK2F9KinTJqyiCcFdfHmZ1C/KrlN27y9LlZs8jgIcwwmcgQtXUIE7qEINGAzhGV7hzcqsF+vd+pi3rlj5zBH8gfX5A6MKk6Y=</latexit><latexit sha1_base64="zsY9AHWUh9hUGPNouXNlui6BVQY=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoMegF48RzAOSNcxOepMhsw9mZgNxkz/x4kERr/6JN//GSbIHTSxoKKq66e7yE8GVdpxva2V1bX1js7BV3N7Z3du3Dw7rKk4lwxqLRSybPlUoeIQ1zbXAZiKRhr7Ahj+4nfqNIUrF4+hBjxL0QtqLeMAZ1Ubq2HZb8xAVwcfsnI2fxpOOXXLKzgxkmbg5KUGOasf+andjloYYaSaoUi3XSbSXUak5EzgptlOFCWUD2sOWoRE167xsdvmEnBqlS4JYmoo0mam/JzIaKjUKfdMZUt1Xi95U/M9rpTq49jIeJanGiM0XBakgOibTGEiXS2RajAyhTHJzK2F9KinTJqyiCcFdfHmZ1C/KrlN27y9LlZs8jgIcwwmcgQtXUIE7qEINGAzhGV7hzcqsF+vd+pi3rlj5zBH8gfX5A6MKk6Y=</latexit><latexit sha1_base64="zsY9AHWUh9hUGPNouXNlui6BVQY=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKoMegF48RzAOSNcxOepMhsw9mZgNxkz/x4kERr/6JN//GSbIHTSxoKKq66e7yE8GVdpxva2V1bX1js7BV3N7Z3du3Dw7rKk4lwxqLRSybPlUoeIQ1zbXAZiKRhr7Ahj+4nfqNIUrF4+hBjxL0QtqLeMAZ1Ubq2HZb8xAVwcfsnI2fxpOOXXLKzgxkmbg5KUGOasf+andjloYYaSaoUi3XSbSXUak5EzgptlOFCWUD2sOWoRE167xsdvmEnBqlS4JYmoo0mam/JzIaKjUKfdMZUt1Xi95U/M9rpTq49jIeJanGiM0XBakgOibTGEiXS2RajAyhTHJzK2F9KinTJqyiCcFdfHmZ1C/KrlN27y9LlZs8jgIcwwmcgQtXUIE7qEINGAzhGV7hzcqsF+vd+pi3rlj5zBH8gfX5A6MKk6Y=</latexit>

(“c” from non-perturbative  
static quark potential)

⇠ O(1)
<latexit sha1_base64="NsM+qvldDhrmxNCcE7LteEi7wwg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE0GPRizcr2A9oQtlsN+3S3U3Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzopQzbTzv21lb39jc2i7tlHf39g8O3aPjlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6G7mt8dUaZbIJzNJaSjwQLKYEWys1HPdQDOB8oBgjh6mVf+i51a8mjcHWiV+QSpQoNFzv4J+QjJBpSEca931vdSEOVaGEU6n5SDTNMVkhAe0a6nEguown18+RedW6aM4UbakQXP190SOhdYTEdlOgc1QL3sz8T+vm5n4JsyZTDNDJVksijOOTIJmMaA+U5QYPrEEE8XsrYgMscLE2LDKNgR/+eVV0rqs+V7Nf7yq1G+LOEpwCmdQBR+uoQ730IAmEBjDM7zCm5M7L86787FoXXOKmRP4A+fzB+p9koU=</latexit><latexit sha1_base64="NsM+qvldDhrmxNCcE7LteEi7wwg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE0GPRizcr2A9oQtlsN+3S3U3Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzopQzbTzv21lb39jc2i7tlHf39g8O3aPjlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6G7mt8dUaZbIJzNJaSjwQLKYEWys1HPdQDOB8oBgjh6mVf+i51a8mjcHWiV+QSpQoNFzv4J+QjJBpSEca931vdSEOVaGEU6n5SDTNMVkhAe0a6nEguown18+RedW6aM4UbakQXP190SOhdYTEdlOgc1QL3sz8T+vm5n4JsyZTDNDJVksijOOTIJmMaA+U5QYPrEEE8XsrYgMscLE2LDKNgR/+eVV0rqs+V7Nf7yq1G+LOEpwCmdQBR+uoQ730IAmEBjDM7zCm5M7L86787FoXXOKmRP4A+fzB+p9koU=</latexit><latexit sha1_base64="NsM+qvldDhrmxNCcE7LteEi7wwg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE0GPRizcr2A9oQtlsN+3S3U3Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzopQzbTzv21lb39jc2i7tlHf39g8O3aPjlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6G7mt8dUaZbIJzNJaSjwQLKYEWys1HPdQDOB8oBgjh6mVf+i51a8mjcHWiV+QSpQoNFzv4J+QjJBpSEca931vdSEOVaGEU6n5SDTNMVkhAe0a6nEguown18+RedW6aM4UbakQXP190SOhdYTEdlOgc1QL3sz8T+vm5n4JsyZTDNDJVksijOOTIJmMaA+U5QYPrEEE8XsrYgMscLE2LDKNgR/+eVV0rqs+V7Nf7yq1G+LOEpwCmdQBR+uoQ730IAmEBjDM7zCm5M7L86787FoXXOKmRP4A+fzB+p9koU=</latexit><latexit sha1_base64="NsM+qvldDhrmxNCcE7LteEi7wwg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE0GPRizcr2A9oQtlsN+3S3U3Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzopQzbTzv21lb39jc2i7tlHf39g8O3aPjlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6G7mt8dUaZbIJzNJaSjwQLKYEWys1HPdQDOB8oBgjh6mVf+i51a8mjcHWiV+QSpQoNFzv4J+QjJBpSEca931vdSEOVaGEU6n5SDTNMVkhAe0a6nEguown18+RedW6aM4UbakQXP190SOhdYTEdlOgc1QL3sz8T+vm5n4JsyZTDNDJVksijOOTIJmMaA+U5QYPrEEE8XsrYgMscLE2LDKNgR/+eVV0rqs+V7Nf7yq1G+LOEpwCmdQBR+uoQ730IAmEBjDM7zCm5M7L86787FoXXOKmRP4A+fzB+p9koU=</latexit>
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⇣
<latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit>

One can think of     as the discrete analog of  
@ logZ(p)

@p
<latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit><latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit><latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit><latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit>

⇣(z, p, pR) ⌘ Z(z, p)� Z(z, pR)

Z(z, pR)
=

q(1)(z, p, pR)

qtree(z, pR)
<latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit><latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit><latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit><latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit>

??



Quark external states in RI-MOM 

Test validity of 1-loop results that enter matching

⇣
<latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit>

One can think of     as the discrete analog of  
@ logZ(p)

@p
<latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit><latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit><latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit><latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit>

⇣(z, p, pR) ⌘ Z(z, p)� Z(z, pR)

Z(z, pR)
=

q(1)(z, p, pR)

qtree(z, pR)
<latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit><latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit><latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit><latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit>

??

Compute on lattice



Quark external states in RI-MOM 

Test validity of 1-loop results that enter matching

1-loop pert. theory

⇣
<latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit>

One can think of     as the discrete analog of  
@ logZ(p)

@p
<latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit><latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit><latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit><latexit sha1_base64="LwIXxMdiyEok6DWGbHi24kQHeL0=">AAACDXicbVDLSgMxFM3UV62vUZduglWomzIjgi6LblxWsA/sDCWTZtrQzCQkGaEM8wNu/BU3LhRx696df2OmHURbD1w4nHNvcu8JBKNKO86XVVpaXlldK69XNja3tnfs3b224onEpIU547IbIEUYjUlLU81IV0iCooCRTjC+yv3OPZGK8vhWTwTxIzSMaUgx0kbq20deKBFOPYGkpoh5jA/hXU2cZD8SFFnfrjp1Zwq4SNyCVEGBZt/+9AYcJxGJNWZIqZ7rCO2n+YOYkaziJYoIhMdoSHqGxigiyk+n12Tw2CgDGHJpKtZwqv6eSFGk1CQKTGeE9EjNe7n4n9dLdHjhpzQWiSYxnn0UJgxqDvNo4IBKgjWbGIKwpGZXiEfIxKNNgBUTgjt/8iJpn9Zdp+7enFUbl0UcZXAADkENuOAcNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ay1Zxcw++APr4xu935v2</latexit>

⇣(z, p, pR) ⌘ Z(z, p)� Z(z, pR)

Z(z, pR)
=

q(1)(z, p, pR)

qtree(z, pR)
<latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit><latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit><latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit><latexit sha1_base64="MhoN7xk2yxeClvWsl8OmewivQAg="></latexit>

??

Compute on lattice



Lattice and 1-loop running of     at shorter z⇣
<latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit><latexit sha1_base64="3t0PGIpdBwOIjNcn57eYVQ5z1PI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J0IN/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z1xpP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHofo68</latexit>



Lattice and 1-loop running of     at shorter z⇣
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Is it OK to use 1-loop qPDF results at all z?
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Fourier

Interpolate z and  
extrapolate to larger z

Quasi PDF
q̃(x, Pz, P

R)
<latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit>

Inverse 1-loop matching PDF
f(x, µ)

<latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit>

Method 1:



Renormalized 
qPDF Matrix 

element 
hR(z, Pz, P

R)
<latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit>

Fourier

Interpolate z and  
extrapolate to larger z

Quasi PDF
q̃(x, Pz, P

R)
<latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit>

Inverse 1-loop matching PDF
f(x, µ)

<latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit>

Method 1:

Renormalized 
qPDF Matrix 

element 
hR(z, Pz, P

R)
<latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit>

Inv Fourier Quasi PDF 1-loop matching

Pheno 
inspired 

PDF
f(x, µ; a, b) =

Axa(1� x)b
<latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit><latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit><latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit><latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit>

q̃(x, Pz, P
R; a, b)

<latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit><latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit><latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit><latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit>

h(z, Pz, P
R; a, b)

<latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit>

Model  
qPDF Matrix 

element 
Fit over  

range of z

Method 2:



Renormalized 
qPDF Matrix 

element 
hR(z, Pz, P

R)
<latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit>

Fourier

Interpolate z and  
extrapolate to larger z

Quasi PDF
q̃(x, Pz, P

R)
<latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit>

Inverse 1-loop matching PDF
f(x, µ)

<latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit>

Method 1: Advantage:        Model independent(?) 
Disadvantages: No control over range of z

Renormalized 
qPDF Matrix 

element 
hR(z, Pz, P

R)
<latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit>

Inv Fourier Quasi PDF 1-loop matching

Pheno 
inspired 

PDF
f(x, µ; a, b) =

Axa(1� x)b
<latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit><latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit><latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit><latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit>

q̃(x, Pz, P
R; a, b)

<latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit><latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit><latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit><latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit>

h(z, Pz, P
R; a, b)

<latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit>

Model  
qPDF Matrix 

element 
Fit over  

range of z

Method 2:



Renormalized 
qPDF Matrix 

element 
hR(z, Pz, P

R)
<latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit>

Fourier

Interpolate z and  
extrapolate to larger z

Quasi PDF
q̃(x, Pz, P

R)
<latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit><latexit sha1_base64="r9Hur3MVLawUzA2IdHQr1Vj6xCA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoUEoigi6LblxGsQ9oY5hMJu3QySTOTMQ2FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jYWFpeWV1YLa8X1jc2tbXNntyHjVGBSxzGLRctHkjDKSV1RxUgrEQRFPiNNv3859psPREga81s1SIgboS6nIcVIackz9zuKsoBk96PyY8XxhhXn7ubYM0tW1ZoAzhM7JyWQw/HMr04Q4zQiXGGGpGzbVqLcDAlFMSOjYieVJEG4j7qkrSlHEZFuNrl+BI+0EsAwFrq4ghP190SGIikHka87I6R6ctYbi/957VSF525GeZIqwvF0UZgyqGI4jgIGVBCs2EAThAXVt0LcQwJhpQMr6hDs2ZfnSeOkaltV+/q0VLvI4yiAA3AIysAGZ6AGroAD6gCDIXgGr+DNeDJejHfjY9q6YOQze+APjM8ff2SUlA==</latexit>

Inverse 1-loop matching PDF
f(x, µ)

<latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit><latexit sha1_base64="mA6x3G2zHU7BPpr9otkMRX6OyXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iyS92YSU1/goWQhI9hYqRNWn856IjntlytuzZ0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbvFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlz6MBU5QYPrEEE8XsrYiMsMLE2IhKNgRv8eVl0jqveW7Nu7uo1K/zOIpwBMdQBQ8uoQ630IAmEODwDK/w5jw4L8678zFvLTj5zCH8gfP5AywTj2M=</latexit>

Method 1: Advantage:        Model independent(?) 
Disadvantages: No control over range of z

Renormalized 
qPDF Matrix 

element 
hR(z, Pz, P

R)
<latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit>

Inv Fourier Quasi PDF 1-loop matching

Pheno 
inspired 

PDF
f(x, µ; a, b) =

Axa(1� x)b
<latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit><latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit><latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit><latexit sha1_base64="pbeeJyiG2OXCR+Y1Fv90fi8emhg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQi2JCAoiVN24rGAf0KRlMp3YoZNJmJlIS+jOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxcxKpVlfRuZhcWl5ZXsam5tfWNzy9zeqcswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD61+P/cYDEZKG/E4NI+IG6J5Tn2KktNQx9/3CoOQE8TkqecULBwt4CQdtBAv20aDY9jpm3ipbE8B5YqckD1JUO+aX0w1xHBCuMENStmwrUm6ChKKYkVHOiSWJEO6je9LSlKOASDeZ/DGCh1rpQj8UuriCE/X3RIICKYeBpzsDpHpy1huL/3mtWPlnbkJ5FCvC8XSRHzOoQjgOBXapIFixoSYIC6pvhbiHBMJKR5fTIdizL8+T+nHZtsr27Um+cpXGkQV74AAUgA1OQQXcgCqoAQwewTN4BW/Gk/FivBsf09aMkc7sgj8wPn8A7YqWxw==</latexit>

q̃(x, Pz, P
R; a, b)

<latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit><latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit><latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit><latexit sha1_base64="eQwPJKhk96GtKf7WzFsHpQrPDZg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKpSSiKDgpujGZRT7gDaGyWTaDp1M4sxErKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JhRqSzr28jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpo8kYZSTmqKKkWYsCAp9Rhp+/3zkN+6IkDTi12oQEzdEXU47FCOlJc/caSvKApLeDkv3Zcd7KDs3V6eo7B94ZtGqWGPAWWJnpAgyOJ751Q4inISEK8yQlC3bipWbIqEoZmRYaCeSxAj3UZe0NOUoJNJNxx8M4b5WAtiJhC6u4Fj9PZGiUMpB6OvOEKmenPZG4n9eK1GdEzelPE4U4XiyqJMwqCI4igMGVBCs2EAThAXVt0LcQwJhpUMr6BDs6ZdnSf2wYlsV+/KoWD3L4siDXbAHSsAGx6AKLoADagCDR/AMXsGb8WS8GO/Gx6Q1Z2Qz2+APjM8f9oOV5g==</latexit>

h(z, Pz, P
R; a, b)

<latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit>
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Fit over  

range of z

Method 2:
Disadvantage:   Model dependent,  
                           but same as what expts do 
Advantage:        Control over range of z
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<latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit><latexit sha1_base64="BM7QzDArWBYrF05kPvfpxdh0pak=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisxX5Am5bNdtMu3WzC7kapof/DiwdFvPpfvPlv3KY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxjczv/VApWKhuNeTiLoBHgrmM4K1kXqjXr38dFbrm+rVT/vFkl2xU6Bl4mSkBBlq/eJXdxCSOKBCE46V6jh2pN0ES80Ip9NCN1Y0wmSMh7RjqMABVW6SXj1FJ0YZID+UpoRGqfp7IsGBUpPAM50B1iO16M3E/7xOrP0rN2EiijUVZL7IjznSIZpFgAZMUqL5xBBMJDO3IjLCEhNtgiqYEJzFl5dJ87zi2BXn7qJUvc7iyMMRHEMZHLiEKtxCDRpAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucP1nuRag==</latexit>

h(z, Pz, P
R; a, b)

<latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit><latexit sha1_base64="D4z1hbFNn+AeSLWLy3V+jL/7va4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCApeil48VrEf0Maw2W7bpZtN2N0Uaug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBm6jdHVCoWiQc9jqkX4r5gPUawNpJv24PSU7nmm3q8v8Ll4NS3i07FmQEtEzcjRchQ8+2vTjciSUiFJhwr1XadWHsplpoRTieFTqJojMkQ92nbUIFDqrx0dvkEnRili3qRNCU0mqm/J1IcKjUOA9MZYj1Qi95U/M9rJ7p36aVMxImmgswX9RKOdISmMaAuk5RoPjYEE8nMrYgMsMREm7AKJgR38eVl0jiruE7FvTsvVq+zOPJwBMdQAhcuoAq3UIM6EBjBM7zCm5VaL9a79TFvzVnZzCH8gfX5A1mKkik=</latexit>
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• Lot of progress in PDF extraction since the proposal of quasi distributions supplemented 
with LaMET matching. 


• We studied the methodology and assumptions that go into the LaMET formalism applied 
to the quasi-PDF approach using valence PDF of pion as a case study using a=0.06 fm 
(and partly using a=0.04 fm) fine lattices.


• At nonzero pion momentum, a double problem:  increase in noise and decrease in GS-
excited state gap          excited state extrapolations important and optimized boost 
smeared quark sources almost a requirement. 


• Quasi-PDF with off-shell quark external states         Consistency check for LaMET.  
Compared lattice and 1-loop running of quark quasi-PDF for z ~ 0.3 fm. Two competing 
effects — disagreement at larger z (improved by higher order?) and better agreement at 
finer lattice spacing (lattice spacing finer than 0.04 fm required?).  For z > 1fm, clear 
indications of nonperturbative screening effects seen in quark quasi-PDF.


• Using 1-loop matching, described the steps to obtain the valence PDF of 300 MeV pion by 
boosting it to 1.29 and 1.72 GeV momenta on 0.06fm lattice using only quasi-PDF with        
z < 1fm. A good agreement with the JAM data was found. We also described how to use 
multiple “quasi-PDF lattice cross-sections” to check for internal consistency of the 
framework.


• On going:  continuum limit is important =>  computation using a=0.04 fm lattice.

Conclusions


