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Covering	both	spacelike	and	timelike	regions	of	
transition	form	factors	in	the	light-front	quark	
model
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Frame-independent	LF	formulation	
	Process-indepenent	matching	condition
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1.	Motivation



2)	For	the	high-energy	regime:		TFFs	can	be	calculated	from	pQCD

 

 

 

 

 

 

 

 

 

 

 

At	leading	twist:

   
 
In	theory	(pQCD):	

                       e.g.) ⇡ ! �⇤� TFF

[BL	PRD	(1980)]
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Analyzing	both	the	spacelike	and	timelike	
regions	appears	important	to	examine	the	
issue	of	scaling	behavior.

We	shall	explore	both	spacelike	and	timelike	
regions	using	the	LFQM!



 

 

 

                                                                          

 

2.	Manifestly	Covariant	Model	for	Meson-Photon	Transition
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2.	Manifestly	Covariant	Model	for	Meson-Photon	Transition

 

1)	Covariant	Calculation 



2)		Light-Front	Calculation

P = (P+,
M2

P+
,0?), q = (↵P+,

M2

P+
,0?), P

0 = ((1� ↵)P+, 0,0?)

(I)	                                                         q+ 6= 0 frame : (0 < ↵ =
q+

P+
< 1)
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<latexit sha1_base64="mwLdDewMTNhEP1/80P82yWJS90g=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBEiGE3CNoIARvLCOYB2TXMTu4mg7OPzMwKYdk/sPFXbCwUsbW182+cJFto4oELh3Punbn3uBFnUpnmt5FbWl5ZXcuvFzY2t7Z3irt7LRnGgkKThjwUHZdI4CyApmKKQycSQHyXQ9u9v5r47QcQkoXBrRpH4PhkEDCPUaK01CseJ/b0kcTlMaR4dFk2K6O700piux4epT07AhGdpL1iyayaU+BFYmWkhDI0esUvux/S2IdAUU6k7FpmpJyECMUoh7RgxxIiQu/JALqaBsQH6STTVVJ8pJU+9kKhK1B4qv6eSIgv5dh3dadP1FDOexPxP68bK+/CSVgQxQoCOvvIizlWIZ6Eg/tMAFV8rAmhguldMR0SQajSERZ0CNb8yYukVataZtW6OSvVa1kceXSADlEZWegc1dE1aqAmougRPaNX9GY8GS/Gu/Exa80Z2cw++gPj8wf9/Jvs</latexit><latexit sha1_base64="mwLdDewMTNhEP1/80P82yWJS90g=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBEiGE3CNoIARvLCOYB2TXMTu4mg7OPzMwKYdk/sPFXbCwUsbW182+cJFto4oELh3Punbn3uBFnUpnmt5FbWl5ZXcuvFzY2t7Z3irt7LRnGgkKThjwUHZdI4CyApmKKQycSQHyXQ9u9v5r47QcQkoXBrRpH4PhkEDCPUaK01CseJ/b0kcTlMaR4dFk2K6O700piux4epT07AhGdpL1iyayaU+BFYmWkhDI0esUvux/S2IdAUU6k7FpmpJyECMUoh7RgxxIiQu/JALqaBsQH6STTVVJ8pJU+9kKhK1B4qv6eSIgv5dh3dadP1FDOexPxP68bK+/CSVgQxQoCOvvIizlWIZ6Eg/tMAFV8rAmhguldMR0SQajSERZ0CNb8yYukVataZtW6OSvVa1kceXSADlEZWegc1dE1aqAmougRPaNX9GY8GS/Gu/Exa80Z2cw++gPj8wf9/Jvs</latexit><latexit sha1_base64="mwLdDewMTNhEP1/80P82yWJS90g=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBEiGE3CNoIARvLCOYB2TXMTu4mg7OPzMwKYdk/sPFXbCwUsbW182+cJFto4oELh3Punbn3uBFnUpnmt5FbWl5ZXcuvFzY2t7Z3irt7LRnGgkKThjwUHZdI4CyApmKKQycSQHyXQ9u9v5r47QcQkoXBrRpH4PhkEDCPUaK01CseJ/b0kcTlMaR4dFk2K6O700piux4epT07AhGdpL1iyayaU+BFYmWkhDI0esUvux/S2IdAUU6k7FpmpJyECMUoh7RgxxIiQu/JALqaBsQH6STTVVJ8pJU+9kKhK1B4qv6eSIgv5dh3dadP1FDOexPxP68bK+/CSVgQxQoCOvvIizlWIZ6Eg/tMAFV8rAmhguldMR0SQajSERZ0CNb8yYukVataZtW6OSvVa1kceXSADlEZWegc1dE1aqAmougRPaNX9GY8GS/Gu/Exa80Z2cw++gPj8wf9/Jvs</latexit><latexit sha1_base64="mwLdDewMTNhEP1/80P82yWJS90g=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBEiGE3CNoIARvLCOYB2TXMTu4mg7OPzMwKYdk/sPFXbCwUsbW182+cJFto4oELh3Punbn3uBFnUpnmt5FbWl5ZXcuvFzY2t7Z3irt7LRnGgkKThjwUHZdI4CyApmKKQycSQHyXQ9u9v5r47QcQkoXBrRpH4PhkEDCPUaK01CseJ/b0kcTlMaR4dFk2K6O700piux4epT07AhGdpL1iyayaU+BFYmWkhDI0esUvux/S2IdAUU6k7FpmpJyECMUoh7RgxxIiQu/JALqaBsQH6STTVVJ8pJU+9kKhK1B4qv6eSIgv5dh3dadP1FDOexPxP68bK+/CSVgQxQoCOvvIizlWIZ6Eg/tMAFV8rAmhguldMR0SQajSERZ0CNb8yYukVataZtW6OSvVa1kceXSADlEZWegc1dE1aqAmougRPaNX9GY8GS/Gu/Exa80Z2cw++gPj8wf9/Jvs</latexit>

q2 = �q2
? = �Q2

<latexit sha1_base64="f5KIIVH8UAJi44mIsuJ5tUn1aXo=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAhpEnYXQZtAwMYyAfOAbBJmJ3eTIbOPzMwKYdlfsPFXbCwUsbWz82+cPApNPHDhcM69M/ceL+ZMKsv6NjY2t7Z3dnN7+f2Dw6Nj8+S0KaNEUGjQiEei7REJnIXQUExxaMcCSOBxaHnj25nfegAhWRTeq2kM3YAMQ+YzSpSW+mYxdeePpB5PIMOTnlMppa7n40nWc/puDCKulOo9J+ubBatszYHXib0kBbRErW9+uYOIJgGEinIiZce2YtVNiVCMcsjybiIhJnRMhtDRNCQByG46XybDl1oZYD8SukKF5+rviZQEUk4DT3cGRI3kqjcT//M6ifJvuikL40RBSBcf+QnHKsKzePCACaCKTzUhVDC9K6YjIghVOsS8DsFePXmdNJ2ybZXt+lWh6izjyKFzdIGKyEbXqIruUA01EEWP6Bm9ojfjyXgx3o2PReuGsZw5Q39gfP4AlECcww==</latexit><latexit sha1_base64="f5KIIVH8UAJi44mIsuJ5tUn1aXo=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAhpEnYXQZtAwMYyAfOAbBJmJ3eTIbOPzMwKYdlfsPFXbCwUsbWz82+cPApNPHDhcM69M/ceL+ZMKsv6NjY2t7Z3dnN7+f2Dw6Nj8+S0KaNEUGjQiEei7REJnIXQUExxaMcCSOBxaHnj25nfegAhWRTeq2kM3YAMQ+YzSpSW+mYxdeePpB5PIMOTnlMppa7n40nWc/puDCKulOo9J+ubBatszYHXib0kBbRErW9+uYOIJgGEinIiZce2YtVNiVCMcsjybiIhJnRMhtDRNCQByG46XybDl1oZYD8SukKF5+rviZQEUk4DT3cGRI3kqjcT//M6ifJvuikL40RBSBcf+QnHKsKzePCACaCKTzUhVDC9K6YjIghVOsS8DsFePXmdNJ2ybZXt+lWh6izjyKFzdIGKyEbXqIruUA01EEWP6Bm9ojfjyXgx3o2PReuGsZw5Q39gfP4AlECcww==</latexit><latexit sha1_base64="f5KIIVH8UAJi44mIsuJ5tUn1aXo=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAhpEnYXQZtAwMYyAfOAbBJmJ3eTIbOPzMwKYdlfsPFXbCwUsbWz82+cPApNPHDhcM69M/ceL+ZMKsv6NjY2t7Z3dnN7+f2Dw6Nj8+S0KaNEUGjQiEei7REJnIXQUExxaMcCSOBxaHnj25nfegAhWRTeq2kM3YAMQ+YzSpSW+mYxdeePpB5PIMOTnlMppa7n40nWc/puDCKulOo9J+ubBatszYHXib0kBbRErW9+uYOIJgGEinIiZce2YtVNiVCMcsjybiIhJnRMhtDRNCQByG46XybDl1oZYD8SukKF5+rviZQEUk4DT3cGRI3kqjcT//M6ifJvuikL40RBSBcf+QnHKsKzePCACaCKTzUhVDC9K6YjIghVOsS8DsFePXmdNJ2ybZXt+lWh6izjyKFzdIGKyEbXqIruUA01EEWP6Bm9ojfjyXgx3o2PReuGsZw5Q39gfP4AlECcww==</latexit><latexit sha1_base64="f5KIIVH8UAJi44mIsuJ5tUn1aXo=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAhpEnYXQZtAwMYyAfOAbBJmJ3eTIbOPzMwKYdlfsPFXbCwUsbWz82+cPApNPHDhcM69M/ceL+ZMKsv6NjY2t7Z3dnN7+f2Dw6Nj8+S0KaNEUGjQiEei7REJnIXQUExxaMcCSOBxaHnj25nfegAhWRTeq2kM3YAMQ+YzSpSW+mYxdeePpB5PIMOTnlMppa7n40nWc/puDCKulOo9J+ubBatszYHXib0kBbRErW9+uYOIJgGEinIiZce2YtVNiVCMcsjybiIhJnRMhtDRNCQByG46XybDl1oZYD8SukKF5+rviZQEUk4DT3cGRI3kqjcT//M6ifJvuikL40RBSBcf+QnHKsKzePCACaCKTzUhVDC9K6YjIghVOsS8DsFePXmdNJ2ybZXt+lWh6izjyKFzdIGKyEbXqIruUA01EEWP6Bm9ojfjyXgx3o2PReuGsZw5Q39gfP4AlECcww==</latexit>

↵ = 1
<latexit sha1_base64="6CYGjDSVqHdNc+xFkjs/G6WdVZc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpgm6EghuXFewDmlBuJpN26GQSZiZCCQV/xY0LRdz6He78G6dpFtp64MLhnHvnzj1BypnSjvNtVdbWNza3qtu1nd29/QP78KirkkwS2iEJT2Q/AEU5E7Sjmea0n0oKccBpL5jczv3eI5WKJeJBT1PqxzASLGIEtJGG9knuFY/kkoYzD3g6hht3NrTrTsMpgFeJW5I6KtEe2l9emJAspkITDkoNXCfVfg5SM8LprOZliqZAJjCiA0MFxFT5ebF5hs+NEuIokaaExoX6eyKHWKlpHJjOGPRYLXtz8T9vkOno2s+ZSDNNBVksijKOdYLnWeCQSUo0nxoCRDLzV0zGIIFok1jNhOAun7xKus2G6zTc+8t6q1nGUUWn6AxdIBddoRa6Q23UQQTl6Bm9ojfryXqx3q2PRWvFKmeO0R9Ynz+zNpXj</latexit><latexit sha1_base64="6CYGjDSVqHdNc+xFkjs/G6WdVZc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpgm6EghuXFewDmlBuJpN26GQSZiZCCQV/xY0LRdz6He78G6dpFtp64MLhnHvnzj1BypnSjvNtVdbWNza3qtu1nd29/QP78KirkkwS2iEJT2Q/AEU5E7Sjmea0n0oKccBpL5jczv3eI5WKJeJBT1PqxzASLGIEtJGG9knuFY/kkoYzD3g6hht3NrTrTsMpgFeJW5I6KtEe2l9emJAspkITDkoNXCfVfg5SM8LprOZliqZAJjCiA0MFxFT5ebF5hs+NEuIokaaExoX6eyKHWKlpHJjOGPRYLXtz8T9vkOno2s+ZSDNNBVksijKOdYLnWeCQSUo0nxoCRDLzV0zGIIFok1jNhOAun7xKus2G6zTc+8t6q1nGUUWn6AxdIBddoRa6Q23UQQTl6Bm9ojfryXqx3q2PRWvFKmeO0R9Ynz+zNpXj</latexit><latexit sha1_base64="6CYGjDSVqHdNc+xFkjs/G6WdVZc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpgm6EghuXFewDmlBuJpN26GQSZiZCCQV/xY0LRdz6He78G6dpFtp64MLhnHvnzj1BypnSjvNtVdbWNza3qtu1nd29/QP78KirkkwS2iEJT2Q/AEU5E7Sjmea0n0oKccBpL5jczv3eI5WKJeJBT1PqxzASLGIEtJGG9knuFY/kkoYzD3g6hht3NrTrTsMpgFeJW5I6KtEe2l9emJAspkITDkoNXCfVfg5SM8LprOZliqZAJjCiA0MFxFT5ebF5hs+NEuIokaaExoX6eyKHWKlpHJjOGPRYLXtz8T9vkOno2s+ZSDNNBVksijKOdYLnWeCQSUo0nxoCRDLzV0zGIIFok1jNhOAun7xKus2G6zTc+8t6q1nGUUWn6AxdIBddoRa6Q23UQQTl6Bm9ojfryXqx3q2PRWvFKmeO0R9Ynz+zNpXj</latexit><latexit sha1_base64="6CYGjDSVqHdNc+xFkjs/G6WdVZc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpgm6EghuXFewDmlBuJpN26GQSZiZCCQV/xY0LRdz6He78G6dpFtp64MLhnHvnzj1BypnSjvNtVdbWNza3qtu1nd29/QP78KirkkwS2iEJT2Q/AEU5E7Sjmea0n0oKccBpL5jczv3eI5WKJeJBT1PqxzASLGIEtJGG9knuFY/kkoYzD3g6hht3NrTrTsMpgFeJW5I6KtEe2l9emJAspkITDkoNXCfVfg5SM8LprOZliqZAJjCiA0MFxFT5ebF5hs+NEuIokaaExoX6eyKHWKlpHJjOGPRYLXtz8T9vkOno2s+ZSDNNBVksijKOdYLnWeCQSUo0nxoCRDLzV0zGIIFok1jNhOAun7xKus2G6zTc+8t6q1nGUUWn6AxdIBddoRa6Q23UQQTl6Bm9ojfryXqx3q2PRWvFKmeO0R9Ynz+zNpXj</latexit>

(III)					                q+ 6= 0 frame
<latexit sha1_base64="85JmI9yWSMxd9o0WeZA3NupR6U4=">AAACDHicbVDLSsNAFJ3UV62vqks3g0UQhJIUQcFNwY3LCvYBTSyTyU07dDJJZyZCCfkAN/6KGxeKuPUD3Pk3Th8LbT0wcDj33MccP+FMadv+tgorq2vrG8XN0tb2zu5eef+gpeJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h9aTefgCpWCzu9DgBLyJ9wUJGiTZSr1zJ3OmQTEKQj+7PXAEjbLtXmSsjHEoSQZ4bl121p8DLxJmTCpqj0St/uUFM0wiEppwo1XXsRHsZkZpRDnnJTRUkhA5JH7qGCrNFedn0jhyfGCXAYSzNExpP1d8dGYmUGke+cUZED9RibSL+V+umOrz0MiaSVIOgs0VhyrGO8SQZHDAJVPOxIYRKZm7FdEAkodrkVzIhOItfXiatWtWxq87teaVem8dRREfoGJ0iB12gOrpBDdREFD2iZ/SK3qwn68V6tz5m1oI17zlEf2B9/gD5EZt+</latexit><latexit sha1_base64="85JmI9yWSMxd9o0WeZA3NupR6U4=">AAACDHicbVDLSsNAFJ3UV62vqks3g0UQhJIUQcFNwY3LCvYBTSyTyU07dDJJZyZCCfkAN/6KGxeKuPUD3Pk3Th8LbT0wcDj33MccP+FMadv+tgorq2vrG8XN0tb2zu5eef+gpeJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h9aTefgCpWCzu9DgBLyJ9wUJGiTZSr1zJ3OmQTEKQj+7PXAEjbLtXmSsjHEoSQZ4bl121p8DLxJmTCpqj0St/uUFM0wiEppwo1XXsRHsZkZpRDnnJTRUkhA5JH7qGCrNFedn0jhyfGCXAYSzNExpP1d8dGYmUGke+cUZED9RibSL+V+umOrz0MiaSVIOgs0VhyrGO8SQZHDAJVPOxIYRKZm7FdEAkodrkVzIhOItfXiatWtWxq87teaVem8dRREfoGJ0iB12gOrpBDdREFD2iZ/SK3qwn68V6tz5m1oI17zlEf2B9/gD5EZt+</latexit><latexit sha1_base64="85JmI9yWSMxd9o0WeZA3NupR6U4=">AAACDHicbVDLSsNAFJ3UV62vqks3g0UQhJIUQcFNwY3LCvYBTSyTyU07dDJJZyZCCfkAN/6KGxeKuPUD3Pk3Th8LbT0wcDj33MccP+FMadv+tgorq2vrG8XN0tb2zu5eef+gpeJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h9aTefgCpWCzu9DgBLyJ9wUJGiTZSr1zJ3OmQTEKQj+7PXAEjbLtXmSsjHEoSQZ4bl121p8DLxJmTCpqj0St/uUFM0wiEppwo1XXsRHsZkZpRDnnJTRUkhA5JH7qGCrNFedn0jhyfGCXAYSzNExpP1d8dGYmUGke+cUZED9RibSL+V+umOrz0MiaSVIOgs0VhyrGO8SQZHDAJVPOxIYRKZm7FdEAkodrkVzIhOItfXiatWtWxq87teaVem8dRREfoGJ0iB12gOrpBDdREFD2iZ/SK3qwn68V6tz5m1oI17zlEf2B9/gD5EZt+</latexit><latexit sha1_base64="85JmI9yWSMxd9o0WeZA3NupR6U4=">AAACDHicbVDLSsNAFJ3UV62vqks3g0UQhJIUQcFNwY3LCvYBTSyTyU07dDJJZyZCCfkAN/6KGxeKuPUD3Pk3Th8LbT0wcDj33MccP+FMadv+tgorq2vrG8XN0tb2zu5eef+gpeJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h9aTefgCpWCzu9DgBLyJ9wUJGiTZSr1zJ3OmQTEKQj+7PXAEjbLtXmSsjHEoSQZ4bl121p8DLxJmTCpqj0St/uUFM0wiEppwo1XXsRHsZkZpRDnnJTRUkhA5JH7qGCrNFedn0jhyfGCXAYSzNExpP1d8dGYmUGke+cUZED9RibSL+V+umOrz0MiaSVIOgs0VhyrGO8SQZHDAJVPOxIYRKZm7FdEAkodrkVzIhOItfXiatWtWxq87teaVem8dRREfoGJ0iB12gOrpBDdREFD2iZ/SK3qwn68V6tz5m1oI17zlEf2B9/gD5EZt+</latexit>

q = (P+,
q2

P+
,0?)

<latexit sha1_base64="83tOV4mbuTZhuHXiDFnADQ69SM0=">AAACHHicbVDLSgMxFM34rPVVdekmWISKpcxUQTdCwY3LCvYBnVoy6Z02mHk0yQglzIe48VfcuFDEjQvBvzGddqHWA4GTc+69uTlezJlUtv1lLSwuLa+s5tby6xubW9uFnd2mjBJBoUEjHom2RyRwFkJDMcWhHQsggceh5d1dTvzWPQjJovBGjWPoBmQQMp9RoozUK5xoNxuiBfRTPLoo1W+Py64vCNWj22qqzTUta9fzsZ323BhEfJT2CkW7YmfA88SZkSKaod4rfLj9iCYBhIpyImXHsWPV1UQoRjmkeTeREBN6RwbQMTQkAciuzvZK8aFR+tiPhDmhwpn6s0OTQMpx4JnKgKih/OtNxP+8TqL8865mYZwoCOn0IT/hWEV4khTuMwFU8bEhhApmdsV0SEwyyuSZNyE4f788T5rVimNXnOvTYq06iyOH9tEBKiEHnaEaukJ11EAUPaAn9IJerUfr2Xqz3qelC9asZw/9gvX5DetJoS8=</latexit><latexit sha1_base64="83tOV4mbuTZhuHXiDFnADQ69SM0=">AAACHHicbVDLSgMxFM34rPVVdekmWISKpcxUQTdCwY3LCvYBnVoy6Z02mHk0yQglzIe48VfcuFDEjQvBvzGddqHWA4GTc+69uTlezJlUtv1lLSwuLa+s5tby6xubW9uFnd2mjBJBoUEjHom2RyRwFkJDMcWhHQsggceh5d1dTvzWPQjJovBGjWPoBmQQMp9RoozUK5xoNxuiBfRTPLoo1W+Py64vCNWj22qqzTUta9fzsZ323BhEfJT2CkW7YmfA88SZkSKaod4rfLj9iCYBhIpyImXHsWPV1UQoRjmkeTeREBN6RwbQMTQkAciuzvZK8aFR+tiPhDmhwpn6s0OTQMpx4JnKgKih/OtNxP+8TqL8865mYZwoCOn0IT/hWEV4khTuMwFU8bEhhApmdsV0SEwyyuSZNyE4f788T5rVimNXnOvTYq06iyOH9tEBKiEHnaEaukJ11EAUPaAn9IJerUfr2Xqz3qelC9asZw/9gvX5DetJoS8=</latexit><latexit sha1_base64="83tOV4mbuTZhuHXiDFnADQ69SM0=">AAACHHicbVDLSgMxFM34rPVVdekmWISKpcxUQTdCwY3LCvYBnVoy6Z02mHk0yQglzIe48VfcuFDEjQvBvzGddqHWA4GTc+69uTlezJlUtv1lLSwuLa+s5tby6xubW9uFnd2mjBJBoUEjHom2RyRwFkJDMcWhHQsggceh5d1dTvzWPQjJovBGjWPoBmQQMp9RoozUK5xoNxuiBfRTPLoo1W+Py64vCNWj22qqzTUta9fzsZ323BhEfJT2CkW7YmfA88SZkSKaod4rfLj9iCYBhIpyImXHsWPV1UQoRjmkeTeREBN6RwbQMTQkAciuzvZK8aFR+tiPhDmhwpn6s0OTQMpx4JnKgKih/OtNxP+8TqL8865mYZwoCOn0IT/hWEV4khTuMwFU8bEhhApmdsV0SEwyyuSZNyE4f788T5rVimNXnOvTYq06iyOH9tEBKiEHnaEaukJ11EAUPaAn9IJerUfr2Xqz3qelC9asZw/9gvX5DetJoS8=</latexit><latexit sha1_base64="83tOV4mbuTZhuHXiDFnADQ69SM0=">AAACHHicbVDLSgMxFM34rPVVdekmWISKpcxUQTdCwY3LCvYBnVoy6Z02mHk0yQglzIe48VfcuFDEjQvBvzGddqHWA4GTc+69uTlezJlUtv1lLSwuLa+s5tby6xubW9uFnd2mjBJBoUEjHom2RyRwFkJDMcWhHQsggceh5d1dTvzWPQjJovBGjWPoBmQQMp9RoozUK5xoNxuiBfRTPLoo1W+Py64vCNWj22qqzTUta9fzsZ323BhEfJT2CkW7YmfA88SZkSKaod4rfLj9iCYBhIpyImXHsWPV1UQoRjmkeTeREBN6RwbQMTQkAciuzvZK8aFR+tiPhDmhwpn6s0OTQMpx4JnKgKih/OtNxP+8TqL8865mYZwoCOn0IT/hWEV4khTuMwFU8bEhhApmdsV0SEwyyuSZNyE4f788T5rVimNXnOvTYq06iyOH9tEBKiEHnaEaukJ11EAUPaAn9IJerUfr2Xqz3qelC9asZw/9gvX5DetJoS8=</latexit>

P 0 = (0,
M2 � q2

P+
,0?)

<latexit sha1_base64="sFPholuZ3LHSM7GU7BPygwBtEfw="></latexit><latexit sha1_base64="sFPholuZ3LHSM7GU7BPygwBtEfw="></latexit><latexit sha1_base64="sFPholuZ3LHSM7GU7BPygwBtEfw="></latexit><latexit sha1_base64="sFPholuZ3LHSM7GU7BPygwBtEfw="></latexit>



  

2-I)	Light-Front	Calculation	(											frame	with																	)q+ 6= 0 0 < ↵ < 1
<latexit sha1_base64="UpfMsR9pwmtsHcPfK46H5K2w384=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoEWKgI1lBPOByRHmNnvJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqaKsRWMRq26AmgkuWctwI1g3UQyjQLBOMLmd+50npjSP5YOZJsyPcCR5yCkaKz269T6KZIx1b1CuuFV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4eEYurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwhs/4zJJDZN0uShMBTExmb9PhlwxasTUEqSK21sJHaNCamxIJRuCt/ryOmnXqp5b9e6vKo1aHkcRzuAcLsGDa2jAHTShBRQkPMMrvDnaeXHenY9la8HJZ07hD5zPH2wHkAk=</latexit><latexit sha1_base64="UpfMsR9pwmtsHcPfK46H5K2w384=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoEWKgI1lBPOByRHmNnvJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqaKsRWMRq26AmgkuWctwI1g3UQyjQLBOMLmd+50npjSP5YOZJsyPcCR5yCkaKz269T6KZIx1b1CuuFV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4eEYurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwhs/4zJJDZN0uShMBTExmb9PhlwxasTUEqSK21sJHaNCamxIJRuCt/ryOmnXqp5b9e6vKo1aHkcRzuAcLsGDa2jAHTShBRQkPMMrvDnaeXHenY9la8HJZ07hD5zPH2wHkAk=</latexit><latexit sha1_base64="UpfMsR9pwmtsHcPfK46H5K2w384=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoEWKgI1lBPOByRHmNnvJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqaKsRWMRq26AmgkuWctwI1g3UQyjQLBOMLmd+50npjSP5YOZJsyPcCR5yCkaKz269T6KZIx1b1CuuFV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4eEYurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwhs/4zJJDZN0uShMBTExmb9PhlwxasTUEqSK21sJHaNCamxIJRuCt/ryOmnXqp5b9e6vKo1aHkcRzuAcLsGDa2jAHTShBRQkPMMrvDnaeXHenY9la8HJZ07hD5zPH2wHkAk=</latexit><latexit sha1_base64="UpfMsR9pwmtsHcPfK46H5K2w384=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoEWKgI1lBPOByRHmNnvJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqaKsRWMRq26AmgkuWctwI1g3UQyjQLBOMLmd+50npjSP5YOZJsyPcCR5yCkaKz269T6KZIx1b1CuuFV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4eEYurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwhs/4zJJDZN0uShMBTExmb9PhlwxasTUEqSK21sJHaNCamxIJRuCt/ryOmnXqp5b9e6vKo1aHkcRzuAcLsGDa2jAHTShBRQkPMMrvDnaeXHenY9la8HJZ07hD5zPH2wHkAk=</latexit>

0 < k+ < P 0+
<latexit sha1_base64="+rVykj+wEvXPhJrJwNb7+bi5FQk=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSIKlbIrgh56KHjxWMF+YLst2TTbhibZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99tZWV1b39jMbeW3d3b39gsHhw0dJYrQOol4pFoB1pQzSeuGGU5bsaJYBJw2g9Ht1G8+UaVZJB/MOKa+wAPJQkawsdKjWxl1S5XaWbfUKxTdsjsDWiZeRoqQodYrfHX6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmIzygbUslFlT76eziCTq1Sh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv957cSEN37KZJwYKsl8UZhwZCI0fR/1maLE8LElmChmb0VkiBUmxoaUtyF4iy8vk8Zl2XPL3v1VsXqRxZGDYziBc/DgGqpwBzWoAwEJz/AKb452Xpx352PeuuJkM0fwB87nD3bWj2Q=</latexit><latexit sha1_base64="+rVykj+wEvXPhJrJwNb7+bi5FQk=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSIKlbIrgh56KHjxWMF+YLst2TTbhibZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99tZWV1b39jMbeW3d3b39gsHhw0dJYrQOol4pFoB1pQzSeuGGU5bsaJYBJw2g9Ht1G8+UaVZJB/MOKa+wAPJQkawsdKjWxl1S5XaWbfUKxTdsjsDWiZeRoqQodYrfHX6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmIzygbUslFlT76eziCTq1Sh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv957cSEN37KZJwYKsl8UZhwZCI0fR/1maLE8LElmChmb0VkiBUmxoaUtyF4iy8vk8Zl2XPL3v1VsXqRxZGDYziBc/DgGqpwBzWoAwEJz/AKb452Xpx352PeuuJkM0fwB87nD3bWj2Q=</latexit><latexit sha1_base64="+rVykj+wEvXPhJrJwNb7+bi5FQk=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSIKlbIrgh56KHjxWMF+YLst2TTbhibZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99tZWV1b39jMbeW3d3b39gsHhw0dJYrQOol4pFoB1pQzSeuGGU5bsaJYBJw2g9Ht1G8+UaVZJB/MOKa+wAPJQkawsdKjWxl1S5XaWbfUKxTdsjsDWiZeRoqQodYrfHX6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmIzygbUslFlT76eziCTq1Sh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv957cSEN37KZJwYKsl8UZhwZCI0fR/1maLE8LElmChmb0VkiBUmxoaUtyF4iy8vk8Zl2XPL3v1VsXqRxZGDYziBc/DgGqpwBzWoAwEJz/AKb452Xpx352PeuuJkM0fwB87nD3bWj2Q=</latexit><latexit sha1_base64="+rVykj+wEvXPhJrJwNb7+bi5FQk=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSIKlbIrgh56KHjxWMF+YLst2TTbhibZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99tZWV1b39jMbeW3d3b39gsHhw0dJYrQOol4pFoB1pQzSeuGGU5bsaJYBJw2g9Ht1G8+UaVZJB/MOKa+wAPJQkawsdKjWxl1S5XaWbfUKxTdsjsDWiZeRoqQodYrfHX6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmIzygbUslFlT76eziCTq1Sh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv957cSEN37KZJwYKsl8UZhwZCI0fR/1maLE8LElmChmb0VkiBUmxoaUtyF4iy8vk8Zl2XPL3v1VsXqRxZGDYziBc/DgGqpwBzWoAwEJz/AKb452Xpx352PeuuJkM0fwB87nD3bWj2Q=</latexit>

(↵ < x < 1)
<latexit sha1_base64="DIq2mkHfD57Lf41IOS/NIUFyA4w=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQQcquCHrooeDFYwX7Ad2lzKbZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVD0JQzQVuGGU67UlGIQ0474fh25nceqdIsEQ9mImkQw1CwiBEwVvKrPnA5gvpT3TvvlytuzZ0DrxIvJxWUo9kvf/mDhKQxFYZw0LrnudIEGSjDCKfTkp9qKoGMYUh7lgqIqQ6y+c1TfGaVAY4SZUsYPFd/T2QQaz2JQ9sZgxnpZW8m/uf1UhPdBBkTMjVUkMWiKOXYJHgWAB4wRYnhE0uAKGZvxWQECoixMZVsCN7yy6ukfVnz3Jp3f1VpXORxFNEJOkVV5KFr1EB3qIlaiCCJntErenNS58V5dz4WrQUnnzlGf+B8/gCkLZCw</latexit><latexit sha1_base64="DIq2mkHfD57Lf41IOS/NIUFyA4w=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQQcquCHrooeDFYwX7Ad2lzKbZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVD0JQzQVuGGU67UlGIQ0474fh25nceqdIsEQ9mImkQw1CwiBEwVvKrPnA5gvpT3TvvlytuzZ0DrxIvJxWUo9kvf/mDhKQxFYZw0LrnudIEGSjDCKfTkp9qKoGMYUh7lgqIqQ6y+c1TfGaVAY4SZUsYPFd/T2QQaz2JQ9sZgxnpZW8m/uf1UhPdBBkTMjVUkMWiKOXYJHgWAB4wRYnhE0uAKGZvxWQECoixMZVsCN7yy6ukfVnz3Jp3f1VpXORxFNEJOkVV5KFr1EB3qIlaiCCJntErenNS58V5dz4WrQUnnzlGf+B8/gCkLZCw</latexit><latexit sha1_base64="DIq2mkHfD57Lf41IOS/NIUFyA4w=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQQcquCHrooeDFYwX7Ad2lzKbZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVD0JQzQVuGGU67UlGIQ0474fh25nceqdIsEQ9mImkQw1CwiBEwVvKrPnA5gvpT3TvvlytuzZ0DrxIvJxWUo9kvf/mDhKQxFYZw0LrnudIEGSjDCKfTkp9qKoGMYUh7lgqIqQ6y+c1TfGaVAY4SZUsYPFd/T2QQaz2JQ9sZgxnpZW8m/uf1UhPdBBkTMjVUkMWiKOXYJHgWAB4wRYnhE0uAKGZvxWQECoixMZVsCN7yy6ukfVnz3Jp3f1VpXORxFNEJOkVV5KFr1EB3qIlaiCCJntErenNS58V5dz4WrQUnnzlGf+B8/gCkLZCw</latexit><latexit sha1_base64="DIq2mkHfD57Lf41IOS/NIUFyA4w=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQQcquCHrooeDFYwX7Ad2lzKbZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVD0JQzQVuGGU67UlGIQ0474fh25nceqdIsEQ9mImkQw1CwiBEwVvKrPnA5gvpT3TvvlytuzZ0DrxIvJxWUo9kvf/mDhKQxFYZw0LrnudIEGSjDCKfTkp9qKoGMYUh7lgqIqQ6y+c1TfGaVAY4SZUsYPFd/T2QQaz2JQ9sZgxnpZW8m/uf1UhPdBBkTMjVUkMWiKOXYJHgWAB4wRYnhE0uAKGZvxWQECoixMZVsCN7yy6ukfVnz3Jp3f1VpXORxFNEJOkVV5KFr1EB3qIlaiCCJntErenNS58V5dz4WrQUnnzlGf+B8/gCkLZCw</latexit>

P 0+ < k+ < P+
<latexit sha1_base64="aJORijK74DDlDIBzxBTvH8T4AfE=">AAAB83icbVBNSwMxEJ34WetX1aOXYBGFStkVQQ8eCl48rmA/oN2WbJptQ7PZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz84JEcG0c5xutrK6tb2wWtorbO7t7+6WDw4aOU0VZncYiVq2AaCa4ZHXDjWCtRDESBYI1g9Hd1G8+MaV5LB/NOGF+RAaSh5wSY6WOd9at3I5sed1Kr1R2qs4MeJm4OSlDDq9X+ur0Y5pGTBoqiNZt10mMnxFlOBVsUuykmiWEjsiAtS2VJGLaz2Y3T/CpVfo4jJUtafBM/T2RkUjrcRTYzoiYoV70puJ/Xjs14Y2fcZmkhkk6XxSmApsYTwPAfa4YNWJsCaGK21sxHRJFqLExFW0I7uLLy6RxWXWdqvtwVa5d5HEU4BhO4BxcuIYa3IMHdaCQwDO8whtK0Qt6Rx/z1hWUzxzBH6DPH8bZkCE=</latexit><latexit sha1_base64="aJORijK74DDlDIBzxBTvH8T4AfE=">AAAB83icbVBNSwMxEJ34WetX1aOXYBGFStkVQQ8eCl48rmA/oN2WbJptQ7PZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz84JEcG0c5xutrK6tb2wWtorbO7t7+6WDw4aOU0VZncYiVq2AaCa4ZHXDjWCtRDESBYI1g9Hd1G8+MaV5LB/NOGF+RAaSh5wSY6WOd9at3I5sed1Kr1R2qs4MeJm4OSlDDq9X+ur0Y5pGTBoqiNZt10mMnxFlOBVsUuykmiWEjsiAtS2VJGLaz2Y3T/CpVfo4jJUtafBM/T2RkUjrcRTYzoiYoV70puJ/Xjs14Y2fcZmkhkk6XxSmApsYTwPAfa4YNWJsCaGK21sxHRJFqLExFW0I7uLLy6RxWXWdqvtwVa5d5HEU4BhO4BxcuIYa3IMHdaCQwDO8whtK0Qt6Rx/z1hWUzxzBH6DPH8bZkCE=</latexit><latexit sha1_base64="aJORijK74DDlDIBzxBTvH8T4AfE=">AAAB83icbVBNSwMxEJ34WetX1aOXYBGFStkVQQ8eCl48rmA/oN2WbJptQ7PZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz84JEcG0c5xutrK6tb2wWtorbO7t7+6WDw4aOU0VZncYiVq2AaCa4ZHXDjWCtRDESBYI1g9Hd1G8+MaV5LB/NOGF+RAaSh5wSY6WOd9at3I5sed1Kr1R2qs4MeJm4OSlDDq9X+ur0Y5pGTBoqiNZt10mMnxFlOBVsUuykmiWEjsiAtS2VJGLaz2Y3T/CpVfo4jJUtafBM/T2RkUjrcRTYzoiYoV70puJ/Xjs14Y2fcZmkhkk6XxSmApsYTwPAfa4YNWJsCaGK21sxHRJFqLExFW0I7uLLy6RxWXWdqvtwVa5d5HEU4BhO4BxcuIYa3IMHdaCQwDO8whtK0Qt6Rx/z1hWUzxzBH6DPH8bZkCE=</latexit><latexit sha1_base64="aJORijK74DDlDIBzxBTvH8T4AfE=">AAAB83icbVBNSwMxEJ34WetX1aOXYBGFStkVQQ8eCl48rmA/oN2WbJptQ7PZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz84JEcG0c5xutrK6tb2wWtorbO7t7+6WDw4aOU0VZncYiVq2AaCa4ZHXDjWCtRDESBYI1g9Hd1G8+MaV5LB/NOGF+RAaSh5wSY6WOd9at3I5sed1Kr1R2qs4MeJm4OSlDDq9X+ur0Y5pGTBoqiNZt10mMnxFlOBVsUuykmiWEjsiAtS2VJGLaz2Y3T/CpVfo4jJUtafBM/T2RkUjrcRTYzoiYoV70puJ/Xjs14Y2fcZmkhkk6XxSmApsYTwPAfa4YNWJsCaGK21sxHRJFqLExFW0I7uLLy6RxWXWdqvtwVa5d5HEU4BhO4BxcuIYa3IMHdaCQwDO8whtK0Qt6Rx/z1hWUzxzBH6DPH8bZkCE=</latexit>

(0 < x < ↵)
<latexit sha1_base64="lYaRIpKTsktkp2H40rqkOcmywYk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfTQQ8GLxwr2A7pLyabZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVDrClngrYMM5x2paI4DjnthOPbmd95pEqzRDyYiaRBjIeCRYxgYyW/6taf6j7mcoTP++WKW3PnQKvEy0kFcjT75S9/kJA0psIQjrXuea40QYaVYYTTaclPNZWYjPGQ9iwVOKY6yOY3T9GZVQYoSpQtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xi810U2QMSFTQwVZLIpSjkyCZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdK+rHluzbu/qjQu8jiKcAKnUAUPrqEBd9CEFhCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gCfgJCv</latexit><latexit sha1_base64="lYaRIpKTsktkp2H40rqkOcmywYk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfTQQ8GLxwr2A7pLyabZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVDrClngrYMM5x2paI4DjnthOPbmd95pEqzRDyYiaRBjIeCRYxgYyW/6taf6j7mcoTP++WKW3PnQKvEy0kFcjT75S9/kJA0psIQjrXuea40QYaVYYTTaclPNZWYjPGQ9iwVOKY6yOY3T9GZVQYoSpQtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xi810U2QMSFTQwVZLIpSjkyCZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdK+rHluzbu/qjQu8jiKcAKnUAUPrqEBd9CEFhCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gCfgJCv</latexit><latexit sha1_base64="lYaRIpKTsktkp2H40rqkOcmywYk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfTQQ8GLxwr2A7pLyabZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVDrClngrYMM5x2paI4DjnthOPbmd95pEqzRDyYiaRBjIeCRYxgYyW/6taf6j7mcoTP++WKW3PnQKvEy0kFcjT75S9/kJA0psIQjrXuea40QYaVYYTTaclPNZWYjPGQ9iwVOKY6yOY3T9GZVQYoSpQtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xi810U2QMSFTQwVZLIpSjkyCZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdK+rHluzbu/qjQu8jiKcAKnUAUPrqEBd9CEFhCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gCfgJCv</latexit><latexit sha1_base64="lYaRIpKTsktkp2H40rqkOcmywYk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfTQQ8GLxwr2A7pLyabZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVDrClngrYMM5x2paI4DjnthOPbmd95pEqzRDyYiaRBjIeCRYxgYyW/6taf6j7mcoTP++WKW3PnQKvEy0kFcjT75S9/kJA0psIQjrXuea40QYaVYYTTaclPNZWYjPGQ9iwVOKY6yOY3T9GZVQYoSpQtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xi810U2QMSFTQwVZLIpSjkyCZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdK+rHluzbu/qjQu8jiKcAKnUAUPrqEBd9CEFhCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gCfgJCv</latexit>



  

2-I)	Light-Front	Calculation	(											frame	with																	)q+ 6= 0
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0 < ↵ < 1
<latexit sha1_base64="UpfMsR9pwmtsHcPfK46H5K2w384=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoEWKgI1lBPOByRHmNnvJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqaKsRWMRq26AmgkuWctwI1g3UQyjQLBOMLmd+50npjSP5YOZJsyPcCR5yCkaKz269T6KZIx1b1CuuFV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4eEYurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwhs/4zJJDZN0uShMBTExmb9PhlwxasTUEqSK21sJHaNCamxIJRuCt/ryOmnXqp5b9e6vKo1aHkcRzuAcLsGDa2jAHTShBRQkPMMrvDnaeXHenY9la8HJZ07hD5zPH2wHkAk=</latexit><latexit sha1_base64="UpfMsR9pwmtsHcPfK46H5K2w384=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoEWKgI1lBPOByRHmNnvJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqaKsRWMRq26AmgkuWctwI1g3UQyjQLBOMLmd+50npjSP5YOZJsyPcCR5yCkaKz269T6KZIx1b1CuuFV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4eEYurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwhs/4zJJDZN0uShMBTExmb9PhlwxasTUEqSK21sJHaNCamxIJRuCt/ryOmnXqp5b9e6vKo1aHkcRzuAcLsGDa2jAHTShBRQkPMMrvDnaeXHenY9la8HJZ07hD5zPH2wHkAk=</latexit><latexit sha1_base64="UpfMsR9pwmtsHcPfK46H5K2w384=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoEWKgI1lBPOByRHmNnvJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqaKsRWMRq26AmgkuWctwI1g3UQyjQLBOMLmd+50npjSP5YOZJsyPcCR5yCkaKz269T6KZIx1b1CuuFV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4eEYurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwhs/4zJJDZN0uShMBTExmb9PhlwxasTUEqSK21sJHaNCamxIJRuCt/ryOmnXqp5b9e6vKo1aHkcRzuAcLsGDa2jAHTShBRQkPMMrvDnaeXHenY9la8HJZ07hD5zPH2wHkAk=</latexit><latexit sha1_base64="UpfMsR9pwmtsHcPfK46H5K2w384=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoEWKgI1lBPOByRHmNnvJkr29Y3dPCEf+hY2FIrb+Gzv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqaKsRWMRq26AmgkuWctwI1g3UQyjQLBOMLmd+50npjSP5YOZJsyPcCR5yCkaKz269T6KZIx1b1CuuFV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4eEYurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwhs/4zJJDZN0uShMBTExmb9PhlwxasTUEqSK21sJHaNCamxIJRuCt/ryOmnXqp5b9e6vKo1aHkcRzuAcLsGDa2jAHTShBRQkPMMrvDnaeXHenY9la8HJZ07hD5zPH2wHkAk=</latexit>

0 < k+ < P 0+
<latexit sha1_base64="+rVykj+wEvXPhJrJwNb7+bi5FQk=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSIKlbIrgh56KHjxWMF+YLst2TTbhibZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99tZWV1b39jMbeW3d3b39gsHhw0dJYrQOol4pFoB1pQzSeuGGU5bsaJYBJw2g9Ht1G8+UaVZJB/MOKa+wAPJQkawsdKjWxl1S5XaWbfUKxTdsjsDWiZeRoqQodYrfHX6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmIzygbUslFlT76eziCTq1Sh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv957cSEN37KZJwYKsl8UZhwZCI0fR/1maLE8LElmChmb0VkiBUmxoaUtyF4iy8vk8Zl2XPL3v1VsXqRxZGDYziBc/DgGqpwBzWoAwEJz/AKb452Xpx352PeuuJkM0fwB87nD3bWj2Q=</latexit><latexit sha1_base64="+rVykj+wEvXPhJrJwNb7+bi5FQk=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSIKlbIrgh56KHjxWMF+YLst2TTbhibZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99tZWV1b39jMbeW3d3b39gsHhw0dJYrQOol4pFoB1pQzSeuGGU5bsaJYBJw2g9Ht1G8+UaVZJB/MOKa+wAPJQkawsdKjWxl1S5XaWbfUKxTdsjsDWiZeRoqQodYrfHX6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmIzygbUslFlT76eziCTq1Sh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv957cSEN37KZJwYKsl8UZhwZCI0fR/1maLE8LElmChmb0VkiBUmxoaUtyF4iy8vk8Zl2XPL3v1VsXqRxZGDYziBc/DgGqpwBzWoAwEJz/AKb452Xpx352PeuuJkM0fwB87nD3bWj2Q=</latexit><latexit sha1_base64="+rVykj+wEvXPhJrJwNb7+bi5FQk=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSIKlbIrgh56KHjxWMF+YLst2TTbhibZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99tZWV1b39jMbeW3d3b39gsHhw0dJYrQOol4pFoB1pQzSeuGGU5bsaJYBJw2g9Ht1G8+UaVZJB/MOKa+wAPJQkawsdKjWxl1S5XaWbfUKxTdsjsDWiZeRoqQodYrfHX6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmIzygbUslFlT76eziCTq1Sh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv957cSEN37KZJwYKsl8UZhwZCI0fR/1maLE8LElmChmb0VkiBUmxoaUtyF4iy8vk8Zl2XPL3v1VsXqRxZGDYziBc/DgGqpwBzWoAwEJz/AKb452Xpx352PeuuJkM0fwB87nD3bWj2Q=</latexit><latexit sha1_base64="+rVykj+wEvXPhJrJwNb7+bi5FQk=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSIKlbIrgh56KHjxWMF+YLst2TTbhibZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99tZWV1b39jMbeW3d3b39gsHhw0dJYrQOol4pFoB1pQzSeuGGU5bsaJYBJw2g9Ht1G8+UaVZJB/MOKa+wAPJQkawsdKjWxl1S5XaWbfUKxTdsjsDWiZeRoqQodYrfHX6EUkElYZwrHXbc2Pjp1gZRjid5DuJpjEmIzygbUslFlT76eziCTq1Sh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv957cSEN37KZJwYKsl8UZhwZCI0fR/1maLE8LElmChmb0VkiBUmxoaUtyF4iy8vk8Zl2XPL3v1VsXqRxZGDYziBc/DgGqpwBzWoAwEJz/AKb452Xpx352PeuuJkM0fwB87nD3bWj2Q=</latexit>

(↵ < x < 1)
<latexit sha1_base64="DIq2mkHfD57Lf41IOS/NIUFyA4w=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQQcquCHrooeDFYwX7Ad2lzKbZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVD0JQzQVuGGU67UlGIQ0474fh25nceqdIsEQ9mImkQw1CwiBEwVvKrPnA5gvpT3TvvlytuzZ0DrxIvJxWUo9kvf/mDhKQxFYZw0LrnudIEGSjDCKfTkp9qKoGMYUh7lgqIqQ6y+c1TfGaVAY4SZUsYPFd/T2QQaz2JQ9sZgxnpZW8m/uf1UhPdBBkTMjVUkMWiKOXYJHgWAB4wRYnhE0uAKGZvxWQECoixMZVsCN7yy6ukfVnz3Jp3f1VpXORxFNEJOkVV5KFr1EB3qIlaiCCJntErenNS58V5dz4WrQUnnzlGf+B8/gCkLZCw</latexit><latexit sha1_base64="DIq2mkHfD57Lf41IOS/NIUFyA4w=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQQcquCHrooeDFYwX7Ad2lzKbZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVD0JQzQVuGGU67UlGIQ0474fh25nceqdIsEQ9mImkQw1CwiBEwVvKrPnA5gvpT3TvvlytuzZ0DrxIvJxWUo9kvf/mDhKQxFYZw0LrnudIEGSjDCKfTkp9qKoGMYUh7lgqIqQ6y+c1TfGaVAY4SZUsYPFd/T2QQaz2JQ9sZgxnpZW8m/uf1UhPdBBkTMjVUkMWiKOXYJHgWAB4wRYnhE0uAKGZvxWQECoixMZVsCN7yy6ukfVnz3Jp3f1VpXORxFNEJOkVV5KFr1EB3qIlaiCCJntErenNS58V5dz4WrQUnnzlGf+B8/gCkLZCw</latexit><latexit sha1_base64="DIq2mkHfD57Lf41IOS/NIUFyA4w=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQQcquCHrooeDFYwX7Ad2lzKbZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVD0JQzQVuGGU67UlGIQ0474fh25nceqdIsEQ9mImkQw1CwiBEwVvKrPnA5gvpT3TvvlytuzZ0DrxIvJxWUo9kvf/mDhKQxFYZw0LrnudIEGSjDCKfTkp9qKoGMYUh7lgqIqQ6y+c1TfGaVAY4SZUsYPFd/T2QQaz2JQ9sZgxnpZW8m/uf1UhPdBBkTMjVUkMWiKOXYJHgWAB4wRYnhE0uAKGZvxWQECoixMZVsCN7yy6ukfVnz3Jp3f1VpXORxFNEJOkVV5KFr1EB3qIlaiCCJntErenNS58V5dz4WrQUnnzlGf+B8/gCkLZCw</latexit><latexit sha1_base64="DIq2mkHfD57Lf41IOS/NIUFyA4w=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQQcquCHrooeDFYwX7Ad2lzKbZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVD0JQzQVuGGU67UlGIQ0474fh25nceqdIsEQ9mImkQw1CwiBEwVvKrPnA5gvpT3TvvlytuzZ0DrxIvJxWUo9kvf/mDhKQxFYZw0LrnudIEGSjDCKfTkp9qKoGMYUh7lgqIqQ6y+c1TfGaVAY4SZUsYPFd/T2QQaz2JQ9sZgxnpZW8m/uf1UhPdBBkTMjVUkMWiKOXYJHgWAB4wRYnhE0uAKGZvxWQECoixMZVsCN7yy6ukfVnz3Jp3f1VpXORxFNEJOkVV5KFr1EB3qIlaiCCJntErenNS58V5dz4WrQUnnzlGf+B8/gCkLZCw</latexit>

P 0+ < k+ < P+
<latexit sha1_base64="aJORijK74DDlDIBzxBTvH8T4AfE=">AAAB83icbVBNSwMxEJ34WetX1aOXYBGFStkVQQ8eCl48rmA/oN2WbJptQ7PZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz84JEcG0c5xutrK6tb2wWtorbO7t7+6WDw4aOU0VZncYiVq2AaCa4ZHXDjWCtRDESBYI1g9Hd1G8+MaV5LB/NOGF+RAaSh5wSY6WOd9at3I5sed1Kr1R2qs4MeJm4OSlDDq9X+ur0Y5pGTBoqiNZt10mMnxFlOBVsUuykmiWEjsiAtS2VJGLaz2Y3T/CpVfo4jJUtafBM/T2RkUjrcRTYzoiYoV70puJ/Xjs14Y2fcZmkhkk6XxSmApsYTwPAfa4YNWJsCaGK21sxHRJFqLExFW0I7uLLy6RxWXWdqvtwVa5d5HEU4BhO4BxcuIYa3IMHdaCQwDO8whtK0Qt6Rx/z1hWUzxzBH6DPH8bZkCE=</latexit><latexit sha1_base64="aJORijK74DDlDIBzxBTvH8T4AfE=">AAAB83icbVBNSwMxEJ34WetX1aOXYBGFStkVQQ8eCl48rmA/oN2WbJptQ7PZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz84JEcG0c5xutrK6tb2wWtorbO7t7+6WDw4aOU0VZncYiVq2AaCa4ZHXDjWCtRDESBYI1g9Hd1G8+MaV5LB/NOGF+RAaSh5wSY6WOd9at3I5sed1Kr1R2qs4MeJm4OSlDDq9X+ur0Y5pGTBoqiNZt10mMnxFlOBVsUuykmiWEjsiAtS2VJGLaz2Y3T/CpVfo4jJUtafBM/T2RkUjrcRTYzoiYoV70puJ/Xjs14Y2fcZmkhkk6XxSmApsYTwPAfa4YNWJsCaGK21sxHRJFqLExFW0I7uLLy6RxWXWdqvtwVa5d5HEU4BhO4BxcuIYa3IMHdaCQwDO8whtK0Qt6Rx/z1hWUzxzBH6DPH8bZkCE=</latexit><latexit sha1_base64="aJORijK74DDlDIBzxBTvH8T4AfE=">AAAB83icbVBNSwMxEJ34WetX1aOXYBGFStkVQQ8eCl48rmA/oN2WbJptQ7PZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz84JEcG0c5xutrK6tb2wWtorbO7t7+6WDw4aOU0VZncYiVq2AaCa4ZHXDjWCtRDESBYI1g9Hd1G8+MaV5LB/NOGF+RAaSh5wSY6WOd9at3I5sed1Kr1R2qs4MeJm4OSlDDq9X+ur0Y5pGTBoqiNZt10mMnxFlOBVsUuykmiWEjsiAtS2VJGLaz2Y3T/CpVfo4jJUtafBM/T2RkUjrcRTYzoiYoV70puJ/Xjs14Y2fcZmkhkk6XxSmApsYTwPAfa4YNWJsCaGK21sxHRJFqLExFW0I7uLLy6RxWXWdqvtwVa5d5HEU4BhO4BxcuIYa3IMHdaCQwDO8whtK0Qt6Rx/z1hWUzxzBH6DPH8bZkCE=</latexit><latexit sha1_base64="aJORijK74DDlDIBzxBTvH8T4AfE=">AAAB83icbVBNSwMxEJ34WetX1aOXYBGFStkVQQ8eCl48rmA/oN2WbJptQ7PZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz84JEcG0c5xutrK6tb2wWtorbO7t7+6WDw4aOU0VZncYiVq2AaCa4ZHXDjWCtRDESBYI1g9Hd1G8+MaV5LB/NOGF+RAaSh5wSY6WOd9at3I5sed1Kr1R2qs4MeJm4OSlDDq9X+ur0Y5pGTBoqiNZt10mMnxFlOBVsUuykmiWEjsiAtS2VJGLaz2Y3T/CpVfo4jJUtafBM/T2RkUjrcRTYzoiYoV70puJ/Xjs14Y2fcZmkhkk6XxSmApsYTwPAfa4YNWJsCaGK21sxHRJFqLExFW0I7uLLy6RxWXWdqvtwVa5d5HEU4BhO4BxcuIYa3IMHdaCQwDO8whtK0Qt6Rx/z1hWUzxzBH6DPH8bZkCE=</latexit>

(0 < x < ↵)
<latexit sha1_base64="lYaRIpKTsktkp2H40rqkOcmywYk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfTQQ8GLxwr2A7pLyabZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVDrClngrYMM5x2paI4DjnthOPbmd95pEqzRDyYiaRBjIeCRYxgYyW/6taf6j7mcoTP++WKW3PnQKvEy0kFcjT75S9/kJA0psIQjrXuea40QYaVYYTTaclPNZWYjPGQ9iwVOKY6yOY3T9GZVQYoSpQtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xi810U2QMSFTQwVZLIpSjkyCZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdK+rHluzbu/qjQu8jiKcAKnUAUPrqEBd9CEFhCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gCfgJCv</latexit><latexit sha1_base64="lYaRIpKTsktkp2H40rqkOcmywYk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfTQQ8GLxwr2A7pLyabZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVDrClngrYMM5x2paI4DjnthOPbmd95pEqzRDyYiaRBjIeCRYxgYyW/6taf6j7mcoTP++WKW3PnQKvEy0kFcjT75S9/kJA0psIQjrXuea40QYaVYYTTaclPNZWYjPGQ9iwVOKY6yOY3T9GZVQYoSpQtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xi810U2QMSFTQwVZLIpSjkyCZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdK+rHluzbu/qjQu8jiKcAKnUAUPrqEBd9CEFhCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gCfgJCv</latexit><latexit sha1_base64="lYaRIpKTsktkp2H40rqkOcmywYk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfTQQ8GLxwr2A7pLyabZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVDrClngrYMM5x2paI4DjnthOPbmd95pEqzRDyYiaRBjIeCRYxgYyW/6taf6j7mcoTP++WKW3PnQKvEy0kFcjT75S9/kJA0psIQjrXuea40QYaVYYTTaclPNZWYjPGQ9iwVOKY6yOY3T9GZVQYoSpQtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xi810U2QMSFTQwVZLIpSjkyCZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdK+rHluzbu/qjQu8jiKcAKnUAUPrqEBd9CEFhCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gCfgJCv</latexit><latexit sha1_base64="lYaRIpKTsktkp2H40rqkOcmywYk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfTQQ8GLxwr2A7pLyabZNjSbDUlWLEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6SRWhLZLwRHVDrClngrYMM5x2paI4DjnthOPbmd95pEqzRDyYiaRBjIeCRYxgYyW/6taf6j7mcoTP++WKW3PnQKvEy0kFcjT75S9/kJA0psIQjrXuea40QYaVYYTTaclPNZWYjPGQ9iwVOKY6yOY3T9GZVQYoSpQtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xi810U2QMSFTQwVZLIpSjkyCZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdK+rHluzbu/qjQu8jiKcAKnUAUPrqEBd9CEFhCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gCfgJCv</latexit>



   

  

3)	Equivalence	between	Covariant	Calculation	and	Light-Front	Calculation

Covariant Calculation  LF  Calculations in different  reference frames

            Diagram (a)=
(b) + (c) for  0 <    <1 (              )  ↵ q+ 6= 0



   

  

3)		Equivalence	between	Covariant	Calculation	and	Light-Front	Calculation

Covariant Calculation  LF  Calculations in different  reference frames

            Diagram (a)=
(b) + (c) for  0 <    <1 (              )  ↵ q+ 6= 0

(b)        for                                           ↵ = 0 (q+ = 0): defined in q2 < 0

In              frame: q = (0, q�,q?) ! q2 = �q2
? ⌘ �Q2q+ = 0

[F⇡� ]
LF
↵=0(Q

2) /
Z 1

0

dx

x(1� x)

Z
d2k?

mQ

M
02
0

�(x,k?),

M 0
0 = M0(k ! k0

?) with k0
? = k? + (1� x)q?



   

  

3)	Equivalence	between	Covariant	Calculation	and	Light-Front	Calculation

 

(b) + (c)     for                                                    0 < ↵ < 1 (q+ 6= 0)

    (b)         for                                                           ↵ = 0 (q+ = 0): defined in q2 < 0

 (c)          for                                                              ↵ = 1(q+ 6= 0) : defined in q2 > 0

Covariant Calculation  LF  Calculations in different  reference frames

            Diagram (a)=
  

FCov
(a) (q2) = [FLF

(b) + FLF
(c) ]0<↵<1 = [FLF

(b) ]↵=0 = [FLF
(c) ]↵=1

In ↵ = 1 frame : q = (P+,
q2

P+
,0?) Our	New	findings!



 

 

 

 

   

4)	Direct	vs.	DR	Calculations

FCov
(a) (q2) = [FLF

(b) + FLF
(c) ]0<↵<1 = [FLF

(b) ]↵=0 = [FLF
(c) ]↵=1

⇡0 ! �⇤�

timelikespacelike



3.		Application	to	Light-Front	Quark	Model	(LFQM)

 

Manifestly	Covariant	Model	:

 

LFQM	: 

 
 

CJ:	PRD91,014018(15)	,	
							PRD89,033011(14)

Process-independent	
	correspondence:

 

 



 
 

 

 

 

 

where

 

: Twist-2 DA



   

 

 

 

 

 

 



   

 

 

 

 

 

 

 
We shall use

Quadratic(linear) 

Gell-Mann-Okubo 

mass formula:

 



Model

Linear 0.22 0.45 0.3659 0.4128

(in unit of GeV)

CJ: PRD59, 074015(99); PLB460, 461(99)

CJ: PRD91,014018(15)

1) Pion E&M form factor

3) Decay Constants

2) Pion Charge Radius

4.		Numerical	Results
mq ms �qq̄ �ss̄

[2] Leutwyler, Nucl. Phys. B (Proc. Suppl.) 64,223(98)
[1] Feldmann, Kroll, Stech, PRD58, 114006(98)

   LFQM Exp.

hr2⇡i1/2 [fm]  0.652  0.672(8)

   LFQM Exp.
f⇡ [MeV]

f0

f8

130       

1.16f⇡

1.32f⇡

130.41(23)

1.25f⇡ [2]

1.17f⇡ [1]

1.26f⇡ [1]
1.28f⇡ [2]



Transverse	momentum	dependent	DA(TDMA)																					:		                 2;P (x,k?)

�2;P (x) =

p
2Nc

fP 8⇡2

Z
d2k?

�R(x,k?)q
k2
? +m2

Q

mQ ⌘
Z

d2k?  2;P (x,k?) =

Z 1

0
dy  2;P (x, y)

                    k2
? =

y

1� y

 2;⇡  2;ss̄u(d) = 0.22 GeV s = 0.45 GeV

c = 1.3 GeV
b = 4.5 GeV

Radyushkin,	PLB(2014)



 

   

  

  

 

 

 

 

 

Twist-2	pion	DA

[Brodsky et al. 11] 

 

CJ,	PRD(2007)



 

 

 

Ours              

A2 at MAMI(16)

World average(PDG)

 

0.030± 0.010

0.032± 0.004

0.0355

CRJ, PRD 96, 056008(17)



 

 

 

 

 

CRJ, PRD 96, 056008(17)

2.112�0.031
+0.038 for � = 37�5�

+5

1.95± 0.15± 0.10

1.95± 0.17± 0.05

Ours

A2 at MAMI

NA2 at CERN

                          q2 = 4m2
Q(Q = u, d)

                     q2 = 4m2
s



 

Ours

BESIII (2015)

Lepton-Col.(1979)

 

 

 

 

                          q2 = 4m2
Q(Q = u, d)

                     q2 = 4m2
s

1.732�0.035
+0.031 for � = 37�5�

+5

1.60± 0.25

1.7± 0.4



                                         �⌘c!�� = 1.55 [4.88] keV

                                  for mc = 1.8 [1.3] GeV

�exp
⌘c�� = 5.1± 0.4 keV

�⌘b!�� = 0.128 [0.239] keV

for mb = 5.2 [4.5] GeV

�P!�� =
⇡

4
↵2M3

P |FP�(0)|2

Preliminary



5.		Conclusion

- Our	results	for																	are	consistent	with	the	PQCD	prediction	showing	a	scaling			
behavior	for	both	timelike	and	spacelike	regions.			            

Q2FP�(Q
2)

- Find	the	new	direct	method	to	explore	for	both	timelike		and	spacelike	region.	

⇢ F⇡� (⇢,�)- Observe	the	resonance	peaks	corresponding	to			-type	pole	for								and										meson	
type	poles	for		F(⌘,⌘0)�

•We	investigate	meson-photon	transitions	for	both	spacelike	and	timelike	regions	
using	the	LFQM

-	Apply	our	new	method	to	other	timelike	form	factor	calculations!	

 

•Future	works:


