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Motivation



CKM matrix 
element Vub

¥CKM matrix element relates to the 
differential decay rate!
!
!
!

d! (B ! !"# )
dq2 =

G2
F |Vub|2
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decay rate 
(experiment)

CKM matrix 
element

theory (lattice)
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q = momentum transfer
k!  = pion momentum



Form factors

¥For pseudoscalar to pseudoscalar decays!
!
!
!
!
-      and     are the B and !  four momenta!
-                     is the momentum transfer!
- kinematic constraint 
qµ = pµ

B � kµ
⇡

<latexit sha1_base64="mEWJjxdUA2VYmBT1n3eLfTDXqTM=">AAACBHicbZBNS8MwGMdTX+d8q3rcJTgEL45WBL0IY148TnAvsNaSZukWlqYxSYVRdvDiV/HiQRGvfghvfhvTbgfdfCDkx///PCTPPxSMKu0439bS8srq2nppo7y5tb2za+/tt1WSSkxaOGGJ7IZIEUY5aWmqGekKSVAcMtIJR1e533kgUtGE3+qxIH6MBpxGFCNtpMCu3N95cQovocjvoAFP4KggT9DArjo1pyi4CO4MqmBWzcD+8voJTmPCNWZIqZ7rCO1nSGqKGZmUvVQRgfAIDUjPIEcxUX5WLDGBR0bpwyiR5nANC/X3RIZipcZxaDpjpIdq3svF/7xeqqMLP6NcpJpwPH0oShnUCcwTgX0qCdZsbABhSc1fIR4iibA2uZVNCO78yovQPq25Ts29OavWG7M4SqACDsExcME5qINr0AQtgMEjeAav4M16sl6sd+tj2rpkzWYOwJ+yPn8A5cOW+A==</latexit><latexit sha1_base64="mEWJjxdUA2VYmBT1n3eLfTDXqTM=">AAACBHicbZBNS8MwGMdTX+d8q3rcJTgEL45WBL0IY148TnAvsNaSZukWlqYxSYVRdvDiV/HiQRGvfghvfhvTbgfdfCDkx///PCTPPxSMKu0439bS8srq2nppo7y5tb2za+/tt1WSSkxaOGGJ7IZIEUY5aWmqGekKSVAcMtIJR1e533kgUtGE3+qxIH6MBpxGFCNtpMCu3N95cQovocjvoAFP4KggT9DArjo1pyi4CO4MqmBWzcD+8voJTmPCNWZIqZ7rCO1nSGqKGZmUvVQRgfAIDUjPIEcxUX5WLDGBR0bpwyiR5nANC/X3RIZipcZxaDpjpIdq3svF/7xeqqMLP6NcpJpwPH0oShnUCcwTgX0qCdZsbABhSc1fIR4iibA2uZVNCO78yovQPq25Ts29OavWG7M4SqACDsExcME5qINr0AQtgMEjeAav4M16sl6sd+tj2rpkzWYOwJ+yPn8A5cOW+A==</latexit><latexit sha1_base64="mEWJjxdUA2VYmBT1n3eLfTDXqTM=">AAACBHicbZBNS8MwGMdTX+d8q3rcJTgEL45WBL0IY148TnAvsNaSZukWlqYxSYVRdvDiV/HiQRGvfghvfhvTbgfdfCDkx///PCTPPxSMKu0439bS8srq2nppo7y5tb2za+/tt1WSSkxaOGGJ7IZIEUY5aWmqGekKSVAcMtIJR1e533kgUtGE3+qxIH6MBpxGFCNtpMCu3N95cQovocjvoAFP4KggT9DArjo1pyi4CO4MqmBWzcD+8voJTmPCNWZIqZ7rCO1nSGqKGZmUvVQRgfAIDUjPIEcxUX5WLDGBR0bpwyiR5nANC/X3RIZipcZxaDpjpIdq3svF/7xeqqMLP6NcpJpwPH0oShnUCcwTgX0qCdZsbABhSc1fIR4iibA2uZVNCO78yovQPq25Ts29OavWG7M4SqACDsExcME5qINr0AQtgMEjeAav4M16sl6sd+tj2rpkzWYOwJ+yPn8A5cOW+A==</latexit><latexit sha1_base64="mEWJjxdUA2VYmBT1n3eLfTDXqTM=">AAACBHicbZBNS8MwGMdTX+d8q3rcJTgEL45WBL0IY148TnAvsNaSZukWlqYxSYVRdvDiV/HiQRGvfghvfhvTbgfdfCDkx///PCTPPxSMKu0439bS8srq2nppo7y5tb2za+/tt1WSSkxaOGGJ7IZIEUY5aWmqGekKSVAcMtIJR1e533kgUtGE3+qxIH6MBpxGFCNtpMCu3N95cQovocjvoAFP4KggT9DArjo1pyi4CO4MqmBWzcD+8voJTmPCNWZIqZ7rCO1nSGqKGZmUvVQRgfAIDUjPIEcxUX5WLDGBR0bpwyiR5nANC/X3RIZipcZxaDpjpIdq3svF/7xeqqMLP6NcpJpwPH0oShnUCcwTgX0qCdZsbABhSc1fIR4iibA2uZVNCO78yovQPq25Ts29OavWG7M4SqACDsExcME5qINr0AQtgMEjeAav4M16sl6sd+tj2rpkzWYOwJ+yPn8A5cOW+A==</latexit>

pB
<latexit sha1_base64="DxhR2N/QbMA7U4z6An18A4CJakc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdSLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o9LG5tb2Tnm3srd/cHhUPT7pmDjVlLVpLGLdC4lhgivWttwK1ks0IzIUrBtO73K/+8S04bF6tLOEBZKMFY84JTaXkmETD6s1r+4tgNeJX5AaFGgNq1+DUUxTyZSlghjT973EBhnRllPB5pVBalhC6JSMWd9RRSQzQba4dY4vnDLCUaxdKYsX6u+JjEhjZjJ0nZLYiVn1cvE/r5/a6DbIuEpSyxRdLopSgW2M88fxiGtGrZg5Qqjm7lZMJ0QTal08FReCv/ryOulc1X2v7j9c1xrNIo4ynME5XIIPN9CAe2hBGyhM4Ble4Q1J9ILe0ceytYSKmVP4A/T5A2+9jdM=</latexit><latexit sha1_base64="DxhR2N/QbMA7U4z6An18A4CJakc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdSLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o9LG5tb2Tnm3srd/cHhUPT7pmDjVlLVpLGLdC4lhgivWttwK1ks0IzIUrBtO73K/+8S04bF6tLOEBZKMFY84JTaXkmETD6s1r+4tgNeJX5AaFGgNq1+DUUxTyZSlghjT973EBhnRllPB5pVBalhC6JSMWd9RRSQzQba4dY4vnDLCUaxdKYsX6u+JjEhjZjJ0nZLYiVn1cvE/r5/a6DbIuEpSyxRdLopSgW2M88fxiGtGrZg5Qqjm7lZMJ0QTal08FReCv/ryOulc1X2v7j9c1xrNIo4ynME5XIIPN9CAe2hBGyhM4Ble4Q1J9ILe0ceytYSKmVP4A/T5A2+9jdM=</latexit><latexit sha1_base64="DxhR2N/QbMA7U4z6An18A4CJakc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdSLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o9LG5tb2Tnm3srd/cHhUPT7pmDjVlLVpLGLdC4lhgivWttwK1ks0IzIUrBtO73K/+8S04bF6tLOEBZKMFY84JTaXkmETD6s1r+4tgNeJX5AaFGgNq1+DUUxTyZSlghjT973EBhnRllPB5pVBalhC6JSMWd9RRSQzQba4dY4vnDLCUaxdKYsX6u+JjEhjZjJ0nZLYiVn1cvE/r5/a6DbIuEpSyxRdLopSgW2M88fxiGtGrZg5Qqjm7lZMJ0QTal08FReCv/ryOulc1X2v7j9c1xrNIo4ynME5XIIPN9CAe2hBGyhM4Ble4Q1J9ILe0ceytYSKmVP4A/T5A2+9jdM=</latexit><latexit sha1_base64="DxhR2N/QbMA7U4z6An18A4CJakc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdSLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o9LG5tb2Tnm3srd/cHhUPT7pmDjVlLVpLGLdC4lhgivWttwK1ks0IzIUrBtO73K/+8S04bF6tLOEBZKMFY84JTaXkmETD6s1r+4tgNeJX5AaFGgNq1+DUUxTyZSlghjT973EBhnRllPB5pVBalhC6JSMWd9RRSQzQba4dY4vnDLCUaxdKYsX6u+JjEhjZjJ0nZLYiVn1cvE/r5/a6DbIuEpSyxRdLopSgW2M88fxiGtGrZg5Qqjm7lZMJ0QTal08FReCv/ryOulc1X2v7j9c1xrNIo4ynME5XIIPN9CAe2hBGyhM4Ble4Q1J9ILe0ceytYSKmVP4A/T5A2+9jdM=</latexit>

k!
<latexit sha1_base64="Y2izrpRTLoPQvKS12tf2T7C3Rso=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbyJ4N+ygfVmlt3FyDrxCtIDQq0BtWv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+XmegmyLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w/Oj46r</latexit><latexit sha1_base64="Y2izrpRTLoPQvKS12tf2T7C3Rso=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbyJ4N+ygfVmlt3FyDrxCtIDQq0BtWv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+XmegmyLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w/Oj46r</latexit><latexit sha1_base64="Y2izrpRTLoPQvKS12tf2T7C3Rso=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbyJ4N+ygfVmlt3FyDrxCtIDQq0BtWv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+XmegmyLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w/Oj46r</latexit><latexit sha1_base64="Y2izrpRTLoPQvKS12tf2T7C3Rso=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbyJ4N+ygfVmlt3FyDrxCtIDQq0BtWv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+XmegmyLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w/Oj46r</latexit>

f0(0) = f+(0)
<latexit sha1_base64="ylZ213cE9jpQJJnNbv0+p2j+2sk=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiVISSEUE3QtGNywr2Au0wZNJMG5rJDElGqEOfxI0LRdz6KO58G9N2Ftr6Q+DjP+dwTv4gEVwbjL+dldW19Y3NwlZxe2d3r1TeP2jpOFWUNWksYtUJiGaCS9Y03AjWSRQjUSBYOxjdTuvtR6Y0j+WDGSfMi8hA8pBTYqzll0uhj6v4FF2j0D+z4JcruIZnQsvg5lCBXA2//NXrxzSNmDRUEK27Lk6MlxFlOBVsUuylmiWEjsiAdS1KEjHtZbPDJ+jEOn0Uxso+adDM/T2RkUjrcRTYzoiYoV6sTc3/at3UhFdexmWSGibpfFGYCmRiNE0B9bli1IixBUIVt7ciOiSKUGOzKtoQ3MUvL0PrvObimnt/Uanf5HEU4AiOoQouXEId7qABTaCQwjO8wpvz5Lw4787HvHXFyWcO4Y+czx/qy5Cl</latexit><latexit sha1_base64="ylZ213cE9jpQJJnNbv0+p2j+2sk=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiVISSEUE3QtGNywr2Au0wZNJMG5rJDElGqEOfxI0LRdz6KO58G9N2Ftr6Q+DjP+dwTv4gEVwbjL+dldW19Y3NwlZxe2d3r1TeP2jpOFWUNWksYtUJiGaCS9Y03AjWSRQjUSBYOxjdTuvtR6Y0j+WDGSfMi8hA8pBTYqzll0uhj6v4FF2j0D+z4JcruIZnQsvg5lCBXA2//NXrxzSNmDRUEK27Lk6MlxFlOBVsUuylmiWEjsiAdS1KEjHtZbPDJ+jEOn0Uxso+adDM/T2RkUjrcRTYzoiYoV6sTc3/at3UhFdexmWSGibpfFGYCmRiNE0B9bli1IixBUIVt7ciOiSKUGOzKtoQ3MUvL0PrvObimnt/Uanf5HEU4AiOoQouXEId7qABTaCQwjO8wpvz5Lw4787HvHXFyWcO4Y+czx/qy5Cl</latexit><latexit sha1_base64="ylZ213cE9jpQJJnNbv0+p2j+2sk=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiVISSEUE3QtGNywr2Au0wZNJMG5rJDElGqEOfxI0LRdz6KO58G9N2Ftr6Q+DjP+dwTv4gEVwbjL+dldW19Y3NwlZxe2d3r1TeP2jpOFWUNWksYtUJiGaCS9Y03AjWSRQjUSBYOxjdTuvtR6Y0j+WDGSfMi8hA8pBTYqzll0uhj6v4FF2j0D+z4JcruIZnQsvg5lCBXA2//NXrxzSNmDRUEK27Lk6MlxFlOBVsUuylmiWEjsiAdS1KEjHtZbPDJ+jEOn0Uxso+adDM/T2RkUjrcRTYzoiYoV6sTc3/at3UhFdexmWSGibpfFGYCmRiNE0B9bli1IixBUIVt7ciOiSKUGOzKtoQ3MUvL0PrvObimnt/Uanf5HEU4AiOoQouXEId7qABTaCQwjO8wpvz5Lw4787HvHXFyWcO4Y+czx/qy5Cl</latexit><latexit sha1_base64="ylZ213cE9jpQJJnNbv0+p2j+2sk=">AAAB+HicbZDLSgMxFIbPeK310qpLN8EiVISSEUE3QtGNywr2Au0wZNJMG5rJDElGqEOfxI0LRdz6KO58G9N2Ftr6Q+DjP+dwTv4gEVwbjL+dldW19Y3NwlZxe2d3r1TeP2jpOFWUNWksYtUJiGaCS9Y03AjWSRQjUSBYOxjdTuvtR6Y0j+WDGSfMi8hA8pBTYqzll0uhj6v4FF2j0D+z4JcruIZnQsvg5lCBXA2//NXrxzSNmDRUEK27Lk6MlxFlOBVsUuylmiWEjsiAdS1KEjHtZbPDJ+jEOn0Uxso+adDM/T2RkUjrcRTYzoiYoV6sTc3/at3UhFdexmWSGibpfFGYCmRiNE0B9bli1IixBUIVt7ciOiSKUGOzKtoQ3MUvL0PrvObimnt/Uanf5HEU4AiOoQouXEId7qABTaCQwjO8wpvz5Lw4787HvHXFyWcO4Y+czx/qy5Cl</latexit>

! ! (k! )|V µ |B (pB )" = f + (q2)
!
(pB + k! )µ #

M 2
B # M 2

!

q2 qµ
"

+ f 0(q2)
M 2

B # M 2
!

q2 qµ

<latexit sha1_base64="jFIvHrerZG0haG5gWG0FfO4/eBw="></latexit><latexit sha1_base64="jFIvHrerZG0haG5gWG0FfO4/eBw="></latexit><latexit sha1_base64="jFIvHrerZG0haG5gWG0FfO4/eBw="></latexit><latexit sha1_base64="jFIvHrerZG0haG5gWG0FfO4/eBw="></latexit>



Form factors

¥In the context of Heavy Quark Effective 
Theory (HQET), a useful parametrisation is!
!
!
!
-                    is the heavy quark velocity!
!
- pion energy

h⇡(k! )|V µ |B(pB )i = 2
p

MB


f1(v · k! )vµ + f2(v · k! )

kµ
!

v · k!

�

<latexit sha1_base64="YqO9oGp/R91mt1/lqgYTVb3N0FM="></latexit><latexit sha1_base64="YqO9oGp/R91mt1/lqgYTVb3N0FM="></latexit><latexit sha1_base64="YqO9oGp/R91mt1/lqgYTVb3N0FM="></latexit><latexit sha1_base64="YqO9oGp/R91mt1/lqgYTVb3N0FM="></latexit>

vµ = pµB/MB
<latexit sha1_base64="NIwiIYZ3q+5WkONoIHrPCazXUvU=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuKqJCLoRSt24ESrYC7QxTKaTdujMJMxMCiHUV3HjQhG3Pog738ZJm4VWfxj4+M85nDN/EDOqtON8WaWV1bX1jfJmZWt7Z3fP3j/oqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMrvN6d0qkopG412lMPI5GgoYUI20s365OHwY8gVcw9ps5nd76Td+uOXVnLvgX3AJqoFDLtz8HwwgnnAiNGVKq7zqx9jIkNcWMzCqDRJEY4Qkakb5BgThRXjY/fgaPjTOEYSTNExrO3Z8TGeJKpTwwnRzpsVqu5eZ/tX6iw0svoyJONBF4sShMGNQRzJOAQyoJ1iw1gLCk5laIx0girE1eFROCu/zlv9A5q7tO3b07rzWaRRxlcAiOwAlwwQVogBvQAm2AQQqewAt4tR6tZ+vNel+0lqxipgp+yfr4BhxWk8I=</latexit><latexit sha1_base64="NIwiIYZ3q+5WkONoIHrPCazXUvU=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuKqJCLoRSt24ESrYC7QxTKaTdujMJMxMCiHUV3HjQhG3Pog738ZJm4VWfxj4+M85nDN/EDOqtON8WaWV1bX1jfJmZWt7Z3fP3j/oqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMrvN6d0qkopG412lMPI5GgoYUI20s365OHwY8gVcw9ps5nd76Td+uOXVnLvgX3AJqoFDLtz8HwwgnnAiNGVKq7zqx9jIkNcWMzCqDRJEY4Qkakb5BgThRXjY/fgaPjTOEYSTNExrO3Z8TGeJKpTwwnRzpsVqu5eZ/tX6iw0svoyJONBF4sShMGNQRzJOAQyoJ1iw1gLCk5laIx0girE1eFROCu/zlv9A5q7tO3b07rzWaRRxlcAiOwAlwwQVogBvQAm2AQQqewAt4tR6tZ+vNel+0lqxipgp+yfr4BhxWk8I=</latexit><latexit sha1_base64="NIwiIYZ3q+5WkONoIHrPCazXUvU=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuKqJCLoRSt24ESrYC7QxTKaTdujMJMxMCiHUV3HjQhG3Pog738ZJm4VWfxj4+M85nDN/EDOqtON8WaWV1bX1jfJmZWt7Z3fP3j/oqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMrvN6d0qkopG412lMPI5GgoYUI20s365OHwY8gVcw9ps5nd76Td+uOXVnLvgX3AJqoFDLtz8HwwgnnAiNGVKq7zqx9jIkNcWMzCqDRJEY4Qkakb5BgThRXjY/fgaPjTOEYSTNExrO3Z8TGeJKpTwwnRzpsVqu5eZ/tX6iw0svoyJONBF4sShMGNQRzJOAQyoJ1iw1gLCk5laIx0girE1eFROCu/zlv9A5q7tO3b07rzWaRRxlcAiOwAlwwQVogBvQAm2AQQqewAt4tR6tZ+vNel+0lqxipgp+yfr4BhxWk8I=</latexit><latexit sha1_base64="NIwiIYZ3q+5WkONoIHrPCazXUvU=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuKqJCLoRSt24ESrYC7QxTKaTdujMJMxMCiHUV3HjQhG3Pog738ZJm4VWfxj4+M85nDN/EDOqtON8WaWV1bX1jfJmZWt7Z3fP3j/oqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMrvN6d0qkopG412lMPI5GgoYUI20s365OHwY8gVcw9ps5nd76Td+uOXVnLvgX3AJqoFDLtz8HwwgnnAiNGVKq7zqx9jIkNcWMzCqDRJEY4Qkakb5BgThRXjY/fgaPjTOEYSTNExrO3Z8TGeJKpTwwnRzpsVqu5eZ/tX6iw0svoyJONBF4sShMGNQRzJOAQyoJ1iw1gLCk5laIx0girE1eFROCu/zlv9A5q7tO3b07rzWaRRxlcAiOwAlwwQVogBvQAm2AQQqewAt4tR6tZ+vNel+0lqxipgp+yfr4BhxWk8I=</latexit>

!

!

B
<latexit sha1_base64="AuN0Oy3dVIJ8ZqPk4HtgBwiIaPQ=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrmFePGYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmd+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuuNVRw5OIUzuAACFajDDTShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnhV4z8</latexit><latexit sha1_base64="AuN0Oy3dVIJ8ZqPk4HtgBwiIaPQ=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrmFePGYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmd+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuuNVRw5OIUzuAACFajDDTShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnhV4z8</latexit><latexit sha1_base64="AuN0Oy3dVIJ8ZqPk4HtgBwiIaPQ=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrmFePGYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmd+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuuNVRw5OIUzuAACFajDDTShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnhV4z8</latexit><latexit sha1_base64="AuN0Oy3dVIJ8ZqPk4HtgBwiIaPQ=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrmFePGYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmd+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuuNVRw5OIUzuAACFajDDTShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnhV4z8</latexit>

⇡
<latexit sha1_base64="nPke7QpTgycpRgAsDWTFeID6Zbk=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNNLRL9YwmWMMSEEZYRUz7Ej9XqtQmqIZJZDCZZo9ovvvUHM0ogryyQ1pktwYv0p1VYwyWeFXmp4QtmYDnnXUUUjbvzp/NQZOnHKAIWxdqUsmqvfJ6Y0MmYSBa4zonZkfnuZ+JfXTW1Y86dCJanlii0WhalENkbZ32ggNGdWThyhTAt3K2IjqimzLp2CC+HrU/Q/uauUCS6T67NS42IZRx6O4BhOgUAVGnAFTWgBgyE8wBM8e9J79F6810VrzlvOHMIPeG+fnLOOAw==</latexit><latexit sha1_base64="nPke7QpTgycpRgAsDWTFeID6Zbk=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNNLRL9YwmWMMSEEZYRUz7Ej9XqtQmqIZJZDCZZo9ovvvUHM0ogryyQ1pktwYv0p1VYwyWeFXmp4QtmYDnnXUUUjbvzp/NQZOnHKAIWxdqUsmqvfJ6Y0MmYSBa4zonZkfnuZ+JfXTW1Y86dCJanlii0WhalENkbZ32ggNGdWThyhTAt3K2IjqimzLp2CC+HrU/Q/uauUCS6T67NS42IZRx6O4BhOgUAVGnAFTWgBgyE8wBM8e9J79F6810VrzlvOHMIPeG+fnLOOAw==</latexit><latexit sha1_base64="nPke7QpTgycpRgAsDWTFeID6Zbk=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNNLRL9YwmWMMSEEZYRUz7Ej9XqtQmqIZJZDCZZo9ovvvUHM0ogryyQ1pktwYv0p1VYwyWeFXmp4QtmYDnnXUUUjbvzp/NQZOnHKAIWxdqUsmqvfJ6Y0MmYSBa4zonZkfnuZ+JfXTW1Y86dCJanlii0WhalENkbZ32ggNGdWThyhTAt3K2IjqimzLp2CC+HrU/Q/uauUCS6T67NS42IZRx6O4BhOgUAVGnAFTWgBgyE8wBM8e9J79F6810VrzlvOHMIPeG+fnLOOAw==</latexit><latexit sha1_base64="nPke7QpTgycpRgAsDWTFeID6Zbk=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNNLRL9YwmWMMSEEZYRUz7Ej9XqtQmqIZJZDCZZo9ovvvUHM0ogryyQ1pktwYv0p1VYwyWeFXmp4QtmYDnnXUUUjbvzp/NQZOnHKAIWxdqUsmqvfJ6Y0MmYSBa4zonZkfnuZ+JfXTW1Y86dCJanlii0WhalENkbZ32ggNGdWThyhTAt3K2IjqimzLp2CC+HrU/Q/uauUCS6T67NS42IZRx6O4BhOgUAVGnAFTWgBgyE8wBM8e9J79F6810VrzlvOHMIPeG+fnLOOAw==</latexit>

Vub
<latexit sha1_base64="wt0C4NdudWWxME3ZNgf4eCRtbLk=">AAAB7XicdVBNSwMxEM36WetX1aOXYBE8laSIbW9FLx4r2G2hXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GbFtBRR8MPN6bYWZemAhuLEIf3srq2vrGZmGruL2zu7dfOjj0jUo1ZW2qhNLdkBgmuGRty61g3UQzEoeCdcLJVe537pk2XMlbO01YEJOR5BGnxDrJ9wdZGs4GpTKqIIQwxjAnuHaBHGk06lVchzi3HMpgidag9N4fKprGTFoqiDE9jBIbZERbTgWbFfupYQmhEzJiPUcliZkJsvm1M3jqlCGMlHYlLZyr3ycyEhszjUPXGRM7Nr+9XPzL66U2qgcZl0lqmaSLRVEqoFUwfx0OuWbUiqkjhGruboV0TDSh1gVUdCF8fQr/J361glEF35yXm5fLOArgGJyAM4BBDTTBNWiBNqDgDjyAJ/DsKe/Re/FeF60r3nLmCPyA9/YJDBmPcA==</latexit><latexit sha1_base64="wt0C4NdudWWxME3ZNgf4eCRtbLk=">AAAB7XicdVBNSwMxEM36WetX1aOXYBE8laSIbW9FLx4r2G2hXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GbFtBRR8MPN6bYWZemAhuLEIf3srq2vrGZmGruL2zu7dfOjj0jUo1ZW2qhNLdkBgmuGRty61g3UQzEoeCdcLJVe537pk2XMlbO01YEJOR5BGnxDrJ9wdZGs4GpTKqIIQwxjAnuHaBHGk06lVchzi3HMpgidag9N4fKprGTFoqiDE9jBIbZERbTgWbFfupYQmhEzJiPUcliZkJsvm1M3jqlCGMlHYlLZyr3ycyEhszjUPXGRM7Nr+9XPzL66U2qgcZl0lqmaSLRVEqoFUwfx0OuWbUiqkjhGruboV0TDSh1gVUdCF8fQr/J361glEF35yXm5fLOArgGJyAM4BBDTTBNWiBNqDgDjyAJ/DsKe/Re/FeF60r3nLmCPyA9/YJDBmPcA==</latexit><latexit sha1_base64="wt0C4NdudWWxME3ZNgf4eCRtbLk=">AAAB7XicdVBNSwMxEM36WetX1aOXYBE8laSIbW9FLx4r2G2hXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GbFtBRR8MPN6bYWZemAhuLEIf3srq2vrGZmGruL2zu7dfOjj0jUo1ZW2qhNLdkBgmuGRty61g3UQzEoeCdcLJVe537pk2XMlbO01YEJOR5BGnxDrJ9wdZGs4GpTKqIIQwxjAnuHaBHGk06lVchzi3HMpgidag9N4fKprGTFoqiDE9jBIbZERbTgWbFfupYQmhEzJiPUcliZkJsvm1M3jqlCGMlHYlLZyr3ycyEhszjUPXGRM7Nr+9XPzL66U2qgcZl0lqmaSLRVEqoFUwfx0OuWbUiqkjhGruboV0TDSh1gVUdCF8fQr/J361glEF35yXm5fLOArgGJyAM4BBDTTBNWiBNqDgDjyAJ/DsKe/Re/FeF60r3nLmCPyA9/YJDBmPcA==</latexit><latexit sha1_base64="wt0C4NdudWWxME3ZNgf4eCRtbLk=">AAAB7XicdVBNSwMxEM36WetX1aOXYBE8laSIbW9FLx4r2G2hXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GbFtBRR8MPN6bYWZemAhuLEIf3srq2vrGZmGruL2zu7dfOjj0jUo1ZW2qhNLdkBgmuGRty61g3UQzEoeCdcLJVe537pk2XMlbO01YEJOR5BGnxDrJ9wdZGs4GpTKqIIQwxjAnuHaBHGk06lVchzi3HMpgidag9N4fKprGTFoqiDE9jBIbZERbTgWbFfupYQmhEzJiPUcliZkJsvm1M3jqlCGMlHYlLZyr3ycyEhszjUPXGRM7Nr+9XPzL66U2qgcZl0lqmaSLRVEqoFUwfx0OuWbUiqkjhGruboV0TDSh1gVUdCF8fQr/J361glEF35yXm5fLOArgGJyAM4BBDTTBNWiBNqDgDjyAJ/DsKe/Re/FeF60r3nLmCPyA9/YJDBmPcA==</latexit>

E! = v ák! =
M 2

B + M 2
! ! q2

2M B
<latexit sha1_base64="emDMx562Mj7wfObjonO+YBgREwM="></latexit><latexit sha1_base64="emDMx562Mj7wfObjonO+YBgREwM="></latexit><latexit sha1_base64="emDMx562Mj7wfObjonO+YBgREwM="></latexit><latexit sha1_base64="emDMx562Mj7wfObjonO+YBgREwM="></latexit>



Form factors

¥These two form factor deÞnitions are 
related by!
!
!
!
!
!

!

!

B
<latexit sha1_base64="AuN0Oy3dVIJ8ZqPk4HtgBwiIaPQ=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrmFePGYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmd+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuuNVRw5OIUzuAACFajDDTShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnhV4z8</latexit><latexit sha1_base64="AuN0Oy3dVIJ8ZqPk4HtgBwiIaPQ=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrmFePGYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmd+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuuNVRw5OIUzuAACFajDDTShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnhV4z8</latexit><latexit sha1_base64="AuN0Oy3dVIJ8ZqPk4HtgBwiIaPQ=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrmFePGYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmd+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuuNVRw5OIUzuAACFajDDTShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnhV4z8</latexit><latexit sha1_base64="AuN0Oy3dVIJ8ZqPk4HtgBwiIaPQ=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZkgJrmFePGYgHlAsoTZyWwyZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmd+954rLaLw1sxi7gZ0HApfMGqs1GoMC0VcwhgTQlBGSOUKW1KrVcukikhmWRRhheaw8D4YRSwJeGiYpFr3CY6Nm1JlBJN8nh8kmseUTemY9y0NacC1my4OnaNzq4yQHylboUEL9ftESgOtZ4FnOwNqJvq3l4l/ef3E+FU3FWGcGB6y5SI/kchEKPsajYTizMiZJZQpYW9FbEIVZcZmk7chfH2K/iedcongEmldFuuNVRw5OIUzuAACFajDDTShDQw4PMATPDt3zqPz4rwuW9ec1cwJ/IDz9gnhV4z8</latexit>

⇡
<latexit sha1_base64="nPke7QpTgycpRgAsDWTFeID6Zbk=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNNLRL9YwmWMMSEEZYRUz7Ej9XqtQmqIZJZDCZZo9ovvvUHM0ogryyQ1pktwYv0p1VYwyWeFXmp4QtmYDnnXUUUjbvzp/NQZOnHKAIWxdqUsmqvfJ6Y0MmYSBa4zonZkfnuZ+JfXTW1Y86dCJanlii0WhalENkbZ32ggNGdWThyhTAt3K2IjqimzLp2CC+HrU/Q/uauUCS6T67NS42IZRx6O4BhOgUAVGnAFTWgBgyE8wBM8e9J79F6810VrzlvOHMIPeG+fnLOOAw==</latexit><latexit sha1_base64="nPke7QpTgycpRgAsDWTFeID6Zbk=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNNLRL9YwmWMMSEEZYRUz7Ej9XqtQmqIZJZDCZZo9ovvvUHM0ogryyQ1pktwYv0p1VYwyWeFXmp4QtmYDnnXUUUjbvzp/NQZOnHKAIWxdqUsmqvfJ6Y0MmYSBa4zonZkfnuZ+JfXTW1Y86dCJanlii0WhalENkbZ32ggNGdWThyhTAt3K2IjqimzLp2CC+HrU/Q/uauUCS6T67NS42IZRx6O4BhOgUAVGnAFTWgBgyE8wBM8e9J79F6810VrzlvOHMIPeG+fnLOOAw==</latexit><latexit sha1_base64="nPke7QpTgycpRgAsDWTFeID6Zbk=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNNLRL9YwmWMMSEEZYRUz7Ej9XqtQmqIZJZDCZZo9ovvvUHM0ogryyQ1pktwYv0p1VYwyWeFXmp4QtmYDnnXUUUjbvzp/NQZOnHKAIWxdqUsmqvfJ6Y0MmYSBa4zonZkfnuZ+JfXTW1Y86dCJanlii0WhalENkbZ32ggNGdWThyhTAt3K2IjqimzLp2CC+HrU/Q/uauUCS6T67NS42IZRx6O4BhOgUAVGnAFTWgBgyE8wBM8e9J79F6810VrzlvOHMIPeG+fnLOOAw==</latexit><latexit sha1_base64="nPke7QpTgycpRgAsDWTFeID6Zbk=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNNLRL9YwmWMMSEEZYRUz7Ej9XqtQmqIZJZDCZZo9ovvvUHM0ogryyQ1pktwYv0p1VYwyWeFXmp4QtmYDnnXUUUjbvzp/NQZOnHKAIWxdqUsmqvfJ6Y0MmYSBa4zonZkfnuZ+JfXTW1Y86dCJanlii0WhalENkbZ32ggNGdWThyhTAt3K2IjqimzLp2CC+HrU/Q/uauUCS6T67NS42IZRx6O4BhOgUAVGnAFTWgBgyE8wBM8e9J79F6810VrzlvOHMIPeG+fnLOOAw==</latexit>

Vub
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+
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#
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!
M B

M 2
B

M 2
B " M 2

!

"
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Lattice conÞgurations
Gauge Configurations

0 0.002 0.004 0.006 0.008

a2 [fm2]

0

0.05

0.1

0.15

0.2

0.25

0.3

m
2 !

[G
eV

2
]

a! 1 = 2.453(4) GeV

a! 1 = 3.610(9) GeV

a! 1 = 4.496(9) GeV

Physical

Möbius Domain Wall Fermions

Nf = 2 + 1
m! ! 225, 300, 400, 500 MeV
� = 4 .17, 4.35, 4.47
a ! 0.080, 0.055, 0.044 fm
a! 1 ! 2.453, 3.610, 4.496 GeV
L3 " T = 32 3 " 64, 483 " 96, 643 " 128
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Valence quarks
Valence Quarks

0 0.002 0.004 0.006 0.008

a2 [fm2]

0

0.2

0.4

0.6

0.8

1

1.2

m
c
/m

h

mh = mc

mh = 1.252 ! mc

mh = 1.254 ! mc

mh = mb

M¬obius Domain Wall Fermions
ml same values as sea quarks
mh ! {mc, 1.252mc, 1.254mc}

# mHl " 1.95, 2.55, 3.40 GeV

# Fully relativistic formalism
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2pt and 3pt correlators
¥Smeared sources with!

! 2 noise

¥Local and smeared sinks

¥1, 2 or 4 time sources

¥B and !  mesons separated!
by time T

¥Vector operator V# inserted!
at time 0 < t < T 

B B

t

V

B ⇡

T



Renormalisation
¥Renormalise with

¥Require 

¥ In the continuum limit !
!
!
!
!
!
!

ZV,bl =
!

ZV,bbZV,ll
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C3pt(t)/C 2pt(T) = Z�1
V,bb
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Renormalisation

! Renormalise withZV,bl =
p

ZV,bbZV,ll.
! RequireC3pt (t)/C 2pt (Text ) = Z ! 1

V,bb.
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ZV,bb = VV,ll
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Extrapolating to a! 0, 
mh! mb, ml! mu,d

Pole 
dominance

f1(v · k! ) + f2(v · k! ) = D0
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1 +
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Form factors vs m!
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Form factors vs a2
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Form factors vs mh
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Form factors f1+f2 and f2
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Systematic effects

¥Systematic effects vary across q2

¥Adding higher powers of      (     and      !
for f1+f2 and f2 respectively): a couple of %

¥Adding       terms: around -5%

¥Adding          terms: around +5%

¥No chiral log: <1%

E!
<latexit sha1_base64="KUfqZrzJmJki/SqLrifWQA+ckq0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkpr6xubW+Xtys7u3v5B9fCopZNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SjmaQYxHQoecQZNVby7/q9lPerNbfuzkFWiVeQGhRo9qtfvUHCshilYYJq3fXc1AQ5VYYzgdNKL9OYUjamQ+xaKmmMOsjnx07JmVUGJEqULWnIXP09kdNY60kc2s6YmpFe9mbif143M9F1kHOZZgYlWyyKMkFMQmafkwFXyIyYWEKZ4vZWwkZUUWZsPhUbgrf88ippXdQ9t+49XNYaN0UcZTiBUzgHD66gAffQBB8YcHiGV3hzpPPivDsfi9aSU8wcwx84nz+UX46F</latexit><latexit sha1_base64="KUfqZrzJmJki/SqLrifWQA+ckq0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkpr6xubW+Xtys7u3v5B9fCopZNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SjmaQYxHQoecQZNVby7/q9lPerNbfuzkFWiVeQGhRo9qtfvUHCshilYYJq3fXc1AQ5VYYzgdNKL9OYUjamQ+xaKmmMOsjnx07JmVUGJEqULWnIXP09kdNY60kc2s6YmpFe9mbif143M9F1kHOZZgYlWyyKMkFMQmafkwFXyIyYWEKZ4vZWwkZUUWZsPhUbgrf88ippXdQ9t+49XNYaN0UcZTiBUzgHD66gAffQBB8YcHiGV3hzpPPivDsfi9aSU8wcwx84nz+UX46F</latexit><latexit sha1_base64="KUfqZrzJmJki/SqLrifWQA+ckq0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkpr6xubW+Xtys7u3v5B9fCopZNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SjmaQYxHQoecQZNVby7/q9lPerNbfuzkFWiVeQGhRo9qtfvUHCshilYYJq3fXc1AQ5VYYzgdNKL9OYUjamQ+xaKmmMOsjnx07JmVUGJEqULWnIXP09kdNY60kc2s6YmpFe9mbif143M9F1kHOZZgYlWyyKMkFMQmafkwFXyIyYWEKZ4vZWwkZUUWZsPhUbgrf88ippXdQ9t+49XNYaN0UcZTiBUzgHD66gAffQBB8YcHiGV3hzpPPivDsfi9aSU8wcwx84nz+UX46F</latexit><latexit sha1_base64="KUfqZrzJmJki/SqLrifWQA+ckq0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkpr6xubW+Xtys7u3v5B9fCopZNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SjmaQYxHQoecQZNVby7/q9lPerNbfuzkFWiVeQGhRo9qtfvUHCshilYYJq3fXc1AQ5VYYzgdNKL9OYUjamQ+xaKmmMOsjnx07JmVUGJEqULWnIXP09kdNY60kc2s6YmpFe9mbif143M9F1kHOZZgYlWyyKMkFMQmafkwFXyIyYWEKZ4vZWwkZUUWZsPhUbgrf88ippXdQ9t+49XNYaN0UcZTiBUzgHD66gAffQBB8YcHiGV3hzpPPivDsfi9aSU8wcwx84nz+UX46F</latexit>

E 4
!

<latexit sha1_base64="MEKQWkaGijiQ1XrB0D4JpBBUeK8=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FETxWsB/QriWbZtvQbDYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7HNzO//cS04Yl8sBPFgpgMJY84JdZJ7dt+T/HHWr9c8areHHiV+DmpQI5Gv/zVGyQ0jZm0VBBjur6nbJARbTkVbFrqpYYpQsdkyLqOShIzE2Tzc6f4zCkDHCXalbR4rv6eyEhszCQOXWdM7MgsezPxP6+b2ugqyLhUqWWSLhZFqcA2wbPf8YBrRq2YOEKo5u5WTEdEE2pdQiUXgr/88ippXVR9r+rf1yr16zyOIpzAKZyDD5dQhztoQBMojOEZXuENKfSC3tHHorWA8plj+AP0+QO/oI8r</latexit><latexit sha1_base64="MEKQWkaGijiQ1XrB0D4JpBBUeK8=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FETxWsB/QriWbZtvQbDYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7HNzO//cS04Yl8sBPFgpgMJY84JdZJ7dt+T/HHWr9c8areHHiV+DmpQI5Gv/zVGyQ0jZm0VBBjur6nbJARbTkVbFrqpYYpQsdkyLqOShIzE2Tzc6f4zCkDHCXalbR4rv6eyEhszCQOXWdM7MgsezPxP6+b2ugqyLhUqWWSLhZFqcA2wbPf8YBrRq2YOEKo5u5WTEdEE2pdQiUXgr/88ippXVR9r+rf1yr16zyOIpzAKZyDD5dQhztoQBMojOEZXuENKfSC3tHHorWA8plj+AP0+QO/oI8r</latexit><latexit sha1_base64="MEKQWkaGijiQ1XrB0D4JpBBUeK8=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FETxWsB/QriWbZtvQbDYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7HNzO//cS04Yl8sBPFgpgMJY84JdZJ7dt+T/HHWr9c8areHHiV+DmpQI5Gv/zVGyQ0jZm0VBBjur6nbJARbTkVbFrqpYYpQsdkyLqOShIzE2Tzc6f4zCkDHCXalbR4rv6eyEhszCQOXWdM7MgsezPxP6+b2ugqyLhUqWWSLhZFqcA2wbPf8YBrRq2YOEKo5u5WTEdEE2pdQiUXgr/88ippXVR9r+rf1yr16zyOIpzAKZyDD5dQhztoQBMojOEZXuENKfSC3tHHorWA8plj+AP0+QO/oI8r</latexit><latexit sha1_base64="MEKQWkaGijiQ1XrB0D4JpBBUeK8=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FETxWsB/QriWbZtvQbDYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7HNzO//cS04Yl8sBPFgpgMJY84JdZJ7dt+T/HHWr9c8areHHiV+DmpQI5Gv/zVGyQ0jZm0VBBjur6nbJARbTkVbFrqpYYpQsdkyLqOShIzE2Tzc6f4zCkDHCXalbR4rv6eyEhszCQOXWdM7MgsezPxP6+b2ugqyLhUqWWSLhZFqcA2wbPf8YBrRq2YOEKo5u5WTEdEE2pdQiUXgr/88ippXVR9r+rf1yr16zyOIpzAKZyDD5dQhztoQBMojOEZXuENKfSC3tHHorWA8plj+AP0+QO/oI8r</latexit>

E2
⇡

<latexit sha1_base64="vrjYFwhtte2d0JpM2otC1Ly0FXM=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FETxWsB/QriWbZtvQbDYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7HNzO//cS04Yl8sBPFgpgMJY84JdZJ7dt+T/HHWr9c8areHHiV+DmpQI5Gv/zVGyQ0jZm0VBBjur6nbJARbTkVbFrqpYYpQsdkyLqOShIzE2Tzc6f4zCkDHCXalbR4rv6eyEhszCQOXWdM7MgsezPxP6+b2ugqyLhUqWWSLhZFqcA2wbPf8YBrRq2YOEKo5u5WTEdEE2pdQiUXgr/88ipp1aq+V/XvLyr16zyOIpzAKZyDD5dQhztoQBMojOEZXuENKfSC3tHHorWA8plj+AP0+QO8mI8p</latexit><latexit sha1_base64="vrjYFwhtte2d0JpM2otC1Ly0FXM=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FETxWsB/QriWbZtvQbDYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7HNzO//cS04Yl8sBPFgpgMJY84JdZJ7dt+T/HHWr9c8areHHiV+DmpQI5Gv/zVGyQ0jZm0VBBjur6nbJARbTkVbFrqpYYpQsdkyLqOShIzE2Tzc6f4zCkDHCXalbR4rv6eyEhszCQOXWdM7MgsezPxP6+b2ugqyLhUqWWSLhZFqcA2wbPf8YBrRq2YOEKo5u5WTEdEE2pdQiUXgr/88ipp1aq+V/XvLyr16zyOIpzAKZyDD5dQhztoQBMojOEZXuENKfSC3tHHorWA8plj+AP0+QO8mI8p</latexit><latexit sha1_base64="vrjYFwhtte2d0JpM2otC1Ly0FXM=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FETxWsB/QriWbZtvQbDYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7HNzO//cS04Yl8sBPFgpgMJY84JdZJ7dt+T/HHWr9c8areHHiV+DmpQI5Gv/zVGyQ0jZm0VBBjur6nbJARbTkVbFrqpYYpQsdkyLqOShIzE2Tzc6f4zCkDHCXalbR4rv6eyEhszCQOXWdM7MgsezPxP6+b2ugqyLhUqWWSLhZFqcA2wbPf8YBrRq2YOEKo5u5WTEdEE2pdQiUXgr/88ipp1aq+V/XvLyr16zyOIpzAKZyDD5dQhztoQBMojOEZXuENKfSC3tHHorWA8plj+AP0+QO8mI8p</latexit><latexit sha1_base64="vrjYFwhtte2d0JpM2otC1Ly0FXM=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FETxWsB/QriWbZtvQbDYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7HNzO//cS04Yl8sBPFgpgMJY84JdZJ7dt+T/HHWr9c8areHHiV+DmpQI5Gv/zVGyQ0jZm0VBBjur6nbJARbTkVbFrqpYYpQsdkyLqOShIzE2Tzc6f4zCkDHCXalbR4rv6eyEhszCQOXWdM7MgsezPxP6+b2ugqyLhUqWWSLhZFqcA2wbPf8YBrRq2YOEKo5u5WTEdEE2pdQiUXgr/88ipp1aq+V/XvLyr16zyOIpzAKZyDD5dQhztoQBMojOEZXuENKfSC3tHHorWA8plj+AP0+QO8mI8p</latexit>

1/m2
h

<latexit sha1_base64="WdmJo4prvYoICee2qB4p4gqBoes=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqe4WQY9FLx4r2A9o15JNs21okl2SrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJbf9C9kePtX654lW9OfAq8XNSgRyNfvmrN4hpKpmyVBBjur6X2CAj2nIq2LTUSw1LCB2TIes6qohkJsjm507xmVMGOIq1K2XxXP09kRFpzESGrlMSOzLL3kz8z+umNroOMq6S1DJFF4uiVGAb49nveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0alXfq/r3l5X6TR5HEU7gFM7Bhyuowx00oAkUxvAMr/CGEvSC3tHHorWA8plj+AP0+QNSq47k</latexit><latexit sha1_base64="WdmJo4prvYoICee2qB4p4gqBoes=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqe4WQY9FLx4r2A9o15JNs21okl2SrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJbf9C9kePtX654lW9OfAq8XNSgRyNfvmrN4hpKpmyVBBjur6X2CAj2nIq2LTUSw1LCB2TIes6qohkJsjm507xmVMGOIq1K2XxXP09kRFpzESGrlMSOzLL3kz8z+umNroOMq6S1DJFF4uiVGAb49nveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0alXfq/r3l5X6TR5HEU7gFM7Bhyuowx00oAkUxvAMr/CGEvSC3tHHorWA8plj+AP0+QNSq47k</latexit><latexit sha1_base64="WdmJo4prvYoICee2qB4p4gqBoes=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqe4WQY9FLx4r2A9o15JNs21okl2SrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJbf9C9kePtX654lW9OfAq8XNSgRyNfvmrN4hpKpmyVBBjur6X2CAj2nIq2LTUSw1LCB2TIes6qohkJsjm507xmVMGOIq1K2XxXP09kRFpzESGrlMSOzLL3kz8z+umNroOMq6S1DJFF4uiVGAb49nveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0alXfq/r3l5X6TR5HEU7gFM7Bhyuowx00oAkUxvAMr/CGEvSC3tHHorWA8plj+AP0+QNSq47k</latexit><latexit sha1_base64="WdmJo4prvYoICee2qB4p4gqBoes=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqe4WQY9FLx4r2A9o15JNs21okl2SrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJbf9C9kePtX654lW9OfAq8XNSgRyNfvmrN4hpKpmyVBBjur6X2CAj2nIq2LTUSw1LCB2TIes6qohkJsjm507xmVMGOIq1K2XxXP09kRFpzESGrlMSOzLL3kz8z+umNroOMq6S1DJFF4uiVGAb49nveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0alXfq/r3l5X6TR5HEU7gFM7Bhyuowx00oAkUxvAMr/CGEvSC3tHHorWA8plj+AP0+QNSq47k</latexit>

M 4
⇡

<latexit sha1_base64="0P48ortCqCGxDQX/21IZHokcJxU=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FL16ECvYD2rVk02wbms2GJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC5XgxnreNyqsrW9sbhW3Szu7e/sH5cOjlklSTVmTJiLRnZAYJrhkTcutYB2lGYlDwdrh+Gbmt5+YNjyRD3aiWBCToeQRp8Q6qX3X7yn+WOuXK17VmwOvEj8nFcjR6Je/eoOEpjGTlgpiTNf3lA0yoi2ngk1LvdQwReiYDFnXUUliZoJsfu4UnzllgKNEu5IWz9XfExmJjZnEoeuMiR2ZZW8m/ud1UxtdBRmXKrVM0sWiKBXYJnj2Ox5wzagVE0cI1dzdiumIaEKtS6jkQvCXX14lrYuq71X9+1qlfp3HUYQTOIVz8OES6nALDWgChTE8wyu8IYVe0Dv6WLQWUD5zDH+APn8Ay/CPMw==</latexit><latexit sha1_base64="0P48ortCqCGxDQX/21IZHokcJxU=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FL16ECvYD2rVk02wbms2GJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC5XgxnreNyqsrW9sbhW3Szu7e/sH5cOjlklSTVmTJiLRnZAYJrhkTcutYB2lGYlDwdrh+Gbmt5+YNjyRD3aiWBCToeQRp8Q6qX3X7yn+WOuXK17VmwOvEj8nFcjR6Je/eoOEpjGTlgpiTNf3lA0yoi2ngk1LvdQwReiYDFnXUUliZoJsfu4UnzllgKNEu5IWz9XfExmJjZnEoeuMiR2ZZW8m/ud1UxtdBRmXKrVM0sWiKBXYJnj2Ox5wzagVE0cI1dzdiumIaEKtS6jkQvCXX14lrYuq71X9+1qlfp3HUYQTOIVz8OES6nALDWgChTE8wyu8IYVe0Dv6WLQWUD5zDH+APn8Ay/CPMw==</latexit><latexit sha1_base64="0P48ortCqCGxDQX/21IZHokcJxU=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FL16ECvYD2rVk02wbms2GJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC5XgxnreNyqsrW9sbhW3Szu7e/sH5cOjlklSTVmTJiLRnZAYJrhkTcutYB2lGYlDwdrh+Gbmt5+YNjyRD3aiWBCToeQRp8Q6qX3X7yn+WOuXK17VmwOvEj8nFcjR6Je/eoOEpjGTlgpiTNf3lA0yoi2ngk1LvdQwReiYDFnXUUliZoJsfu4UnzllgKNEu5IWz9XfExmJjZnEoeuMiR2ZZW8m/ud1UxtdBRmXKrVM0sWiKBXYJnj2Ox5wzagVE0cI1dzdiumIaEKtS6jkQvCXX14lrYuq71X9+1qlfp3HUYQTOIVz8OES6nALDWgChTE8wyu8IYVe0Dv6WLQWUD5zDH+APn8Ay/CPMw==</latexit><latexit sha1_base64="0P48ortCqCGxDQX/21IZHokcJxU=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FL16ECvYD2rVk02wbms2GJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC5XgxnreNyqsrW9sbhW3Szu7e/sH5cOjlklSTVmTJiLRnZAYJrhkTcutYB2lGYlDwdrh+Gbmt5+YNjyRD3aiWBCToeQRp8Q6qX3X7yn+WOuXK17VmwOvEj8nFcjR6Je/eoOEpjGTlgpiTNf3lA0yoi2ngk1LvdQwReiYDFnXUUliZoJsfu4UnzllgKNEu5IWz9XfExmJjZnEoeuMiR2ZZW8m/ud1UxtdBRmXKrVM0sWiKBXYJnj2Ox5wzagVE0cI1dzdiumIaEKtS6jkQvCXX14lrYuq71X9+1qlfp3HUYQTOIVz8OES6nALDWgChTE8wyu8IYVe0Dv6WLQWUD5zDH+APn8Ay/CPMw==</latexit>



Systematic effects
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z-expansion
¥q2 range is large, and !

z is often used instead:!
!
!
where                          and we choose!

¥Full kinematic range is now -0.3 < z < 0.3

¥Fit functions for the form factors are!

z =

!
t+ ! q2 !

"
t+ ! t0!

t+ ! q2 +
"

t+ ! t0
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z-parameter expansion & Þt
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Combined Þt
¥Use z-expansion to Þt both lattice and exptl.  

data, including Vub as a Þt parameter

-0.3 -0.2 -0.1 0 0.1 0.2 0.3
z

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

!
1

!
q2

M
B

!

"
"

f +
# q2

$

Nz = 4
Nz = 5
Nz = 6

Lattice

Belle Õ13 taggedB0

Belle Õ13 taggedB+

Belle Õ10 untaggedB0

BaBar Õ12 untagged 12 bin
BaBar Õ10 untagged 6 bin

JLQCD Preliminary



Combined Þt
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Combined Þt
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Combined Þt

0 5 10 15 20 25
q2 [GeV]

0

2

4

6

8

10

12

!
B

(q
2
)/

!
q2

!
10

6
[G

eV
!

2
]

JLQCD Preliminary

|Vub| = 3.51(16)! 10! 3|Vub| = 3.51(16)! 10! 3

with sys. estimate
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CKM element Vub
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CKM element Vub
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Form factor comparison
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Summary

¥B !  !l"  using Mšbius Domain Wall 
fermions for all quarks!
- heavy quark treated relativistically!
- use multiple mh > mc and extrapolate to mb!

- use multiple light quark masses and!
  extrapolate to physical M!

¥Fit form factors calculated on the lattice 
together with experimental partial branching 
fractions to get |Vub|
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you!
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