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Production in DIS
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Diffractive Photon-gluon fusion Resolved

z =
P · p 
P · p�

<latexit sha1_base64="QUbk01xDpiK7LQl9KmZohl0fsjY=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLEkVdCMU3bisYB/QhDCZTtqhM8kwMxFqyFe48VfcuFDErbjzb5y2WdjWAxcO59zLvfeEglGlHefHWlpeWV1bL22UN7e2d3btvf2WSlKJSRMnLJGdECnCaEyammpGOkISxENG2uHwZuy3H4hUNInv9UgQn6N+TCOKkTZSYJ8+XnmRRDhrQA/3Eg1FkHlC0TyfUfqIc5TngV1xqs4EcJG4BamAAo3A/vZ6CU45iTVmSKmu6wjtZ0hqihnJy16qiEB4iPqka2iMOFF+Nnkrh8dG6cEokaZiDSfq34kMcaVGPDSdHOmBmvfG4n9eN9XRpZ/RWKSaxHi6KEoZ1AkcZwR7VBKs2cgQhCU1t0I8QCYlbZIsmxDc+ZcXSatWdc+qtbvzSv26iKMEDsEROAEuuAB1cAsaoAkweAIv4A28W8/Wq/VhfU5bl6xi5gDMwPr6Bdkdn9E=</latexit>

arXiv: hep-ex/9603005 (H1)
Photo-production Lepto-production

Q > 2 GeV
<latexit sha1_base64="l329w144WiRJRHDSxYOo1hAx5SE=">AAAB+3icbVDJSgNBEO2JW4xbjEcvjUHwFGaioCBI0IMeEzALZELo6VSSJj0L3TWSMMyvePGgiFd/xJt/Y2c5aOKDgsd7VVTV8yIpNNr2t5VZW9/Y3Mpu53Z29/YP8oeFhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqju6nffAKlRRg84iSCjs8GgegLztBI3XyhRm9o2b2mLsIYk3topN180S7ZM9BV4ixIkSxQ7ea/3F7IYx8C5JJp3XbsCDsJUyi4hDTnxhoixkdsAG1DA+aD7iSz21N6apQe7YfKVIB0pv6eSJiv9cT3TKfPcKiXvan4n9eOsX/VSUQQxQgBny/qx5JiSKdB0J5QwFFODGFcCXMr5UOmGEcTV86E4Cy/vEoa5ZJzXirXLoqV20UcWXJMTsgZccglqZAHUiV1wsmYPJNX8mal1ov1bn3MWzPWYuaI/IH1+QMcZ5M2</latexit>

Q . 1 GeV
<latexit sha1_base64="u5fM1jebvutOBCnuOIqefxulL6c=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgET2EmCgpegh70mIBZIBNCT6eSNOlZ6K4RwxC8+CtePCji1a/w5t/YWQ6a+KDg8V4VVfX8WAqNjvNtZZaWV1bXsuu5jc2t7R17d6+mo0RxqPJIRqrhMw1ShFBFgRIasQIW+BLq/uB67NfvQWkRhXc4jKEVsF4ouoIzNFLbPqhQT4LWWgTU9S6ph/CA6Q3URm077xScCegicWckT2Yot+0vrxPxJIAQuWRaN10nxlbKFAouYZTzEg0x4wPWg6ahIQtAt9LJCyN6bJQO7UbKVIh0ov6eSFmg9TDwTWfAsK/nvbH4n9dMsHvRSkUYJwghny7qJpJiRMd50I5QwFEODWFcCXMr5X2mGEeTWs6E4M6/vEhqxYJ7WihWzvKlq1kcWXJIjsgJcck5KZFbUiZVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx8WJ5aZ</latexit>

Reduced statisticsMulti-differential 
measurements 

available although 
large binning is used 

z =
P · p 
P · p�

<latexit sha1_base64="QUbk01xDpiK7LQl9KmZohl0fsjY=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLEkVdCMU3bisYB/QhDCZTtqhM8kwMxFqyFe48VfcuFDErbjzb5y2WdjWAxcO59zLvfeEglGlHefHWlpeWV1bL22UN7e2d3btvf2WSlKJSRMnLJGdECnCaEyammpGOkISxENG2uHwZuy3H4hUNInv9UgQn6N+TCOKkTZSYJ8+XnmRRDhrQA/3Eg1FkHlC0TyfUfqIc5TngV1xqs4EcJG4BamAAo3A/vZ6CU45iTVmSKmu6wjtZ0hqihnJy16qiEB4iPqka2iMOFF+Nnkrh8dG6cEokaZiDSfq34kMcaVGPDSdHOmBmvfG4n9eN9XRpZ/RWKSaxHi6KEoZ1AkcZwR7VBKs2cgQhCU1t0I8QCYlbZIsmxDc+ZcXSatWdc+qtbvzSv26iKMEDsEROAEuuAB1cAsaoAkweAIv4A28W8/Wq/VhfU5bl6xi5gDMwPr6Bdkdn9E=</latexit>

Observables:

pT /p
?
T

<latexit sha1_base64="ouamcAvegaQD7e4lNDSI330xFTI=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInmpSBT0WvXis0C9oY9hsN+3SzSbsboQa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8IOFMacf5tgpr6xubW8Xt0s7u3n7ZPjhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3878ziOVisWiqScJ9SI8FCxkBGsj+XY58Zvnph6yvtJYTn274lSdOdAqcXNSgRwN3/7qD2KSRlRowrFSPddJtJdhqRnhdFrqp4ommIzxkPYMFTiiysvmh0/RqVEGKIylKaHRXP09keFIqUkUmM4I65Fa9mbif14v1eG1lzGRpJoKslgUphzpGM1SQAMmKdF8YggmkplbERlhiYk2WZVMCO7yy6ukXau6F9Xa/WWlfpPHUYRjOIEzcOEK6nAHDWgBgRSe4RXerCfrxXq3PhatBSufOYI/sD5/AL8OkyY=</latexit>

Energy fraction 

Transverse momentum w.r.t.  traget-hadron 
(Laboratory and  CM frames) γ*-p



NRQCD and NRQCD factorization conjecture 

Large-moderate  puzzle pT /p⋆
T

The small  puzzle pT /p⋆
T

Interaction with nuclear medium 



NRQCD degrees of freedom 
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cc̄ : v2 ⇠ 0.3

bb̄ : v2 ⇠ 0.1

Relative velocity of the heavy quark and 
antiquark in the quarkonium

bottomonium

charmonium

⇤QCD

mQv

mQv
2

mQ

µ

Perturbative 

Non-Perturbative 

|pQ| ⇠ mQv
<latexit sha1_base64="LsLNZUv0gVvHbQqi1OoBtvZceA4=">AAACGXicbVBNS8MwGE7n15xfVY9egkPwNFoR9Dj04nEDtwlrKWmabmFJU5J0MEr/hhf/ihcPinjUk//GdOtBN18IefI870ue9wlTRpV2nG+rtra+sblV327s7O7tH9iHR30lMolJDwsm5EOIFGE0IT1NNSMPqSSIh4wMwsltqQ+mRCoqkns9S4nP0SihMcVIGyqwHc+oGnqhYJGacXPlHkd6LHmeFkXQhZWuKIfcPKeB3XRazrzgKnAr0ARVdQL704sEzjhJNGZIqaHrpNrPkdQUM1I0vEyRFOEJGpGhgQniRPn5fLMCnhkmgrGQ5iQaztnfEzniqrRtOkvXalkryf+0Yabjaz+nSZppkuDFR3HGoBawjAlGVBKs2cwAhCU1XiEeI4mwNmE2TAju8sqroH/Rcp2W271stm+qOOrgBJyCc+CCK9AGd6ADegCDR/AMXsGb9WS9WO/Wx6K1ZlUzx+BPWV8/cZihJQ==</latexit><latexit sha1_base64="LsLNZUv0gVvHbQqi1OoBtvZceA4=">AAACGXicbVBNS8MwGE7n15xfVY9egkPwNFoR9Dj04nEDtwlrKWmabmFJU5J0MEr/hhf/ihcPinjUk//GdOtBN18IefI870ue9wlTRpV2nG+rtra+sblV327s7O7tH9iHR30lMolJDwsm5EOIFGE0IT1NNSMPqSSIh4wMwsltqQ+mRCoqkns9S4nP0SihMcVIGyqwHc+oGnqhYJGacXPlHkd6LHmeFkXQhZWuKIfcPKeB3XRazrzgKnAr0ARVdQL704sEzjhJNGZIqaHrpNrPkdQUM1I0vEyRFOEJGpGhgQniRPn5fLMCnhkmgrGQ5iQaztnfEzniqrRtOkvXalkryf+0Yabjaz+nSZppkuDFR3HGoBawjAlGVBKs2cwAhCU1XiEeI4mwNmE2TAju8sqroH/Rcp2W271stm+qOOrgBJyCc+CCK9AGd6ADegCDR/AMXsGb9WS9WO/Wx6K1ZlUzx+BPWV8/cZihJQ==</latexit><latexit sha1_base64="LsLNZUv0gVvHbQqi1OoBtvZceA4=">AAACGXicbVBNS8MwGE7n15xfVY9egkPwNFoR9Dj04nEDtwlrKWmabmFJU5J0MEr/hhf/ihcPinjUk//GdOtBN18IefI870ue9wlTRpV2nG+rtra+sblV327s7O7tH9iHR30lMolJDwsm5EOIFGE0IT1NNSMPqSSIh4wMwsltqQ+mRCoqkns9S4nP0SihMcVIGyqwHc+oGnqhYJGacXPlHkd6LHmeFkXQhZWuKIfcPKeB3XRazrzgKnAr0ARVdQL704sEzjhJNGZIqaHrpNrPkdQUM1I0vEyRFOEJGpGhgQniRPn5fLMCnhkmgrGQ5iQaztnfEzniqrRtOkvXalkryf+0Yabjaz+nSZppkuDFR3HGoBawjAlGVBKs2cwAhCU1XiEeI4mwNmE2TAju8sqroH/Rcp2W271stm+qOOrgBJyCc+CCK9AGd6ADegCDR/AMXsGb9WS9WO/Wx6K1ZlUzx+BPWV8/cZihJQ==</latexit><latexit sha1_base64="LsLNZUv0gVvHbQqi1OoBtvZceA4=">AAACGXicbVBNS8MwGE7n15xfVY9egkPwNFoR9Dj04nEDtwlrKWmabmFJU5J0MEr/hhf/ihcPinjUk//GdOtBN18IefI870ue9wlTRpV2nG+rtra+sblV327s7O7tH9iHR30lMolJDwsm5EOIFGE0IT1NNSMPqSSIh4wMwsltqQ+mRCoqkns9S4nP0SihMcVIGyqwHc+oGnqhYJGacXPlHkd6LHmeFkXQhZWuKIfcPKeB3XRazrzgKnAr0ARVdQL704sEzjhJNGZIqaHrpNrPkdQUM1I0vEyRFOEJGpGhgQniRPn5fLMCnhkmgrGQ5iQaztnfEzniqrRtOkvXalkryf+0Yabjaz+nSZppkuDFR3HGoBawjAlGVBKs2cwAhCU1XiEeI4mwNmE2TAju8sqroH/Rcp2W271stm+qOOrgBJyCc+CCK9AGd6ADegCDR/AMXsGb9WS9WO/Wx6K1ZlUzx+BPWV8/cZihJQ==</latexit>

KQ ⇠ mQv
2

<latexit sha1_base64="3s2i8J5AD2tfWgAHaapX0Tzk4Mo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBD0WvQheWrAf0Maw2W7apbtJ2N0Uaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59sqbGxube8Ud0t7+weHZfvouK3iVBLaIjGPZTfAinIW0ZZmmtNuIikWAaedYHw79zsTKhWLowc9Tagn8DBiISNYG8m3y/d+s6+YQMJvosljzbcrTtVZAK0TNycVyNHw7a/+ICapoJEmHCvVc51EexmWmhFOZ6V+qmiCyRgPac/QCAuqvGxx+AydG2WAwliaijRaqL8nMiyUmorAdAqsR2rVm4v/eb1Uh9dexqIk1TQiy0VhypGO0TwFNGCSEs2nhmAimbkVkRGWmGiTVcmE4K6+vE7atarrVN3mZaV+k8dRhFM4gwtw4QrqcAcNaAGBFJ7hFd6sJ+vFerc+lq0FK585gT+wPn8AatmSRA==</latexit><latexit sha1_base64="3s2i8J5AD2tfWgAHaapX0Tzk4Mo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBD0WvQheWrAf0Maw2W7apbtJ2N0Uaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59sqbGxube8Ud0t7+weHZfvouK3iVBLaIjGPZTfAinIW0ZZmmtNuIikWAaedYHw79zsTKhWLowc9Tagn8DBiISNYG8m3y/d+s6+YQMJvosljzbcrTtVZAK0TNycVyNHw7a/+ICapoJEmHCvVc51EexmWmhFOZ6V+qmiCyRgPac/QCAuqvGxx+AydG2WAwliaijRaqL8nMiyUmorAdAqsR2rVm4v/eb1Uh9dexqIk1TQiy0VhypGO0TwFNGCSEs2nhmAimbkVkRGWmGiTVcmE4K6+vE7atarrVN3mZaV+k8dRhFM4gwtw4QrqcAcNaAGBFJ7hFd6sJ+vFerc+lq0FK585gT+wPn8AatmSRA==</latexit><latexit sha1_base64="3s2i8J5AD2tfWgAHaapX0Tzk4Mo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBD0WvQheWrAf0Maw2W7apbtJ2N0Uaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59sqbGxube8Ud0t7+weHZfvouK3iVBLaIjGPZTfAinIW0ZZmmtNuIikWAaedYHw79zsTKhWLowc9Tagn8DBiISNYG8m3y/d+s6+YQMJvosljzbcrTtVZAK0TNycVyNHw7a/+ICapoJEmHCvVc51EexmWmhFOZ6V+qmiCyRgPac/QCAuqvGxx+AydG2WAwliaijRaqL8nMiyUmorAdAqsR2rVm4v/eb1Uh9dexqIk1TQiy0VhypGO0TwFNGCSEs2nhmAimbkVkRGWmGiTVcmE4K6+vE7atarrVN3mZaV+k8dRhFM4gwtw4QrqcAcNaAGBFJ7hFd6sJ+vFerc+lq0FK585gT+wPn8AatmSRA==</latexit><latexit sha1_base64="3s2i8J5AD2tfWgAHaapX0Tzk4Mo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBD0WvQheWrAf0Maw2W7apbtJ2N0Uaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59sqbGxube8Ud0t7+weHZfvouK3iVBLaIjGPZTfAinIW0ZZmmtNuIikWAaedYHw79zsTKhWLowc9Tagn8DBiISNYG8m3y/d+s6+YQMJvosljzbcrTtVZAK0TNycVyNHw7a/+ICapoJEmHCvVc51EexmWmhFOZ6V+qmiCyRgPac/QCAuqvGxx+AydG2WAwliaijRaqL8nMiyUmorAdAqsR2rVm4v/eb1Uh9dexqIk1TQiy0VhypGO0TwFNGCSEs2nhmAimbkVkRGWmGiTVcmE4K6+vE7atarrVN3mZaV+k8dRhFM4gwtw4QrqcAcNaAGBFJ7hFd6sJ+vFerc+lq0FK585gT+wPn8AatmSRA==</latexit>

typical momentum of heavy  quark:

typical kinetic energy of heavy  quark:

(soft)

(ultra-soft)

1.5 GeV
<latexit sha1_base64="KMf08kIYI9kuYhnzfpwPNjMm/ag=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInpZdUfQY9KDHCOYByRJmJ51kyOyDmV4xLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+t+W4WV1bX1jeJmaWt7Z7ds7+03dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxhdT/3mAygt4ugexwn4IRtEoi84QyN17bLnnNMOwiNm9AYak65dcR13BrpMvJxUSI5a1/7q9GKehhAhl0zrtucm6GdMoeASJqVOqiFhfMQG0DY0YiFoP5sdPqHHRunRfqxMRUhn6u+JjIVaj8PAdIYMh3rRm4r/ee0U+5d+JqIkRYj4fFE/lRRjOk2B9oQCjnJsCONKmFspHzLFOJqsSiYEb/HlZdI4dTzX8e7OKtWrPI4iOSRH5IR45IJUyS2pkTrhJCXP5JW8WU/Wi/VufcxbC1Y+c0D+wPr8AUaekjA=</latexit><latexit sha1_base64="KMf08kIYI9kuYhnzfpwPNjMm/ag=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInpZdUfQY9KDHCOYByRJmJ51kyOyDmV4xLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+t+W4WV1bX1jeJmaWt7Z7ds7+03dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxhdT/3mAygt4ugexwn4IRtEoi84QyN17bLnnNMOwiNm9AYak65dcR13BrpMvJxUSI5a1/7q9GKehhAhl0zrtucm6GdMoeASJqVOqiFhfMQG0DY0YiFoP5sdPqHHRunRfqxMRUhn6u+JjIVaj8PAdIYMh3rRm4r/ee0U+5d+JqIkRYj4fFE/lRRjOk2B9oQCjnJsCONKmFspHzLFOJqsSiYEb/HlZdI4dTzX8e7OKtWrPI4iOSRH5IR45IJUyS2pkTrhJCXP5JW8WU/Wi/VufcxbC1Y+c0D+wPr8AUaekjA=</latexit><latexit sha1_base64="KMf08kIYI9kuYhnzfpwPNjMm/ag=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInpZdUfQY9KDHCOYByRJmJ51kyOyDmV4xLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+t+W4WV1bX1jeJmaWt7Z7ds7+03dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxhdT/3mAygt4ugexwn4IRtEoi84QyN17bLnnNMOwiNm9AYak65dcR13BrpMvJxUSI5a1/7q9GKehhAhl0zrtucm6GdMoeASJqVOqiFhfMQG0DY0YiFoP5sdPqHHRunRfqxMRUhn6u+JjIVaj8PAdIYMh3rRm4r/ee0U+5d+JqIkRYj4fFE/lRRjOk2B9oQCjnJsCONKmFspHzLFOJqsSiYEb/HlZdI4dTzX8e7OKtWrPI4iOSRH5IR45IJUyS2pkTrhJCXP5JW8WU/Wi/VufcxbC1Y+c0D+wPr8AUaekjA=</latexit><latexit sha1_base64="KMf08kIYI9kuYhnzfpwPNjMm/ag=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInpZdUfQY9KDHCOYByRJmJ51kyOyDmV4xLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+t+W4WV1bX1jeJmaWt7Z7ds7+03dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxhdT/3mAygt4ugexwn4IRtEoi84QyN17bLnnNMOwiNm9AYak65dcR13BrpMvJxUSI5a1/7q9GKehhAhl0zrtucm6GdMoeASJqVOqiFhfMQG0DY0YiFoP5sdPqHHRunRfqxMRUhn6u+JjIVaj8PAdIYMh3rRm4r/ee0U+5d+JqIkRYj4fFE/lRRjOk2B9oQCjnJsCONKmFspHzLFOJqsSiYEb/HlZdI4dTzX8e7OKtWrPI4iOSRH5IR45IJUyS2pkTrhJCXP5JW8WU/Wi/VufcxbC1Y+c0D+wPr8AUaekjA=</latexit>

NRQCD = Non-Relativistic QCD 



The Lagrangian 
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ultra-soft

soft

subleading

arXiv:hep-ph/9910209 (M. E. Luke, A. V. Manohar, I. Z. Rothstein)

pµs ⇠ mQv(1, 1, 1, 1)
<latexit sha1_base64="+bwPetbiY7t8HTFolxDa0tIXGWM=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG5ct2Ad0xiGTZtrQJDMkmUIZunXjr7hxoYhb/8Cdf2M6nYW2nsuFwzn3ktwTJowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHtzO/MyZS0Vjc60lCfI4GgkYUI22kwIZJkKnpQ+bxdAo9RTnkQROOYdU9z+sssCtOzckBl4lbkAoo0AjsL68f45QToTFDSvVcJ9F+hqSmmJFp2UsVSRAeoQHpGSoQJ8rP8kum8NQofRjF0rTQMFd/b2SIKzXhoZnkSA/VojcT//N6qY6u/YyKJNVE4PlDUcqgjuEsFtinkmDNJoYgLKn5K8RDJBHWJryyCcFdPHmZtC9qrlNzm5eV+k0RRwkcgxNQBS64AnVwBxqgBTB4BM/gFbxZT9aL9W59zEdXrGLnCPyB9fkDN2OYCg==</latexit><latexit sha1_base64="+bwPetbiY7t8HTFolxDa0tIXGWM=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG5ct2Ad0xiGTZtrQJDMkmUIZunXjr7hxoYhb/8Cdf2M6nYW2nsuFwzn3ktwTJowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHtzO/MyZS0Vjc60lCfI4GgkYUI22kwIZJkKnpQ+bxdAo9RTnkQROOYdU9z+sssCtOzckBl4lbkAoo0AjsL68f45QToTFDSvVcJ9F+hqSmmJFp2UsVSRAeoQHpGSoQJ8rP8kum8NQofRjF0rTQMFd/b2SIKzXhoZnkSA/VojcT//N6qY6u/YyKJNVE4PlDUcqgjuEsFtinkmDNJoYgLKn5K8RDJBHWJryyCcFdPHmZtC9qrlNzm5eV+k0RRwkcgxNQBS64AnVwBxqgBTB4BM/gFbxZT9aL9W59zEdXrGLnCPyB9fkDN2OYCg==</latexit><latexit sha1_base64="+bwPetbiY7t8HTFolxDa0tIXGWM=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG5ct2Ad0xiGTZtrQJDMkmUIZunXjr7hxoYhb/8Cdf2M6nYW2nsuFwzn3ktwTJowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHtzO/MyZS0Vjc60lCfI4GgkYUI22kwIZJkKnpQ+bxdAo9RTnkQROOYdU9z+sssCtOzckBl4lbkAoo0AjsL68f45QToTFDSvVcJ9F+hqSmmJFp2UsVSRAeoQHpGSoQJ8rP8kum8NQofRjF0rTQMFd/b2SIKzXhoZnkSA/VojcT//N6qY6u/YyKJNVE4PlDUcqgjuEsFtinkmDNJoYgLKn5K8RDJBHWJryyCcFdPHmZtC9qrlNzm5eV+k0RRwkcgxNQBS64AnVwBxqgBTB4BM/gFbxZT9aL9W59zEdXrGLnCPyB9fkDN2OYCg==</latexit><latexit sha1_base64="+bwPetbiY7t8HTFolxDa0tIXGWM=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG5ct2Ad0xiGTZtrQJDMkmUIZunXjr7hxoYhb/8Cdf2M6nYW2nsuFwzn3ktwTJowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHtzO/MyZS0Vjc60lCfI4GgkYUI22kwIZJkKnpQ+bxdAo9RTnkQROOYdU9z+sssCtOzckBl4lbkAoo0AjsL68f45QToTFDSvVcJ9F+hqSmmJFp2UsVSRAeoQHpGSoQJ8rP8kum8NQofRjF0rTQMFd/b2SIKzXhoZnkSA/VojcT//N6qY6u/YyKJNVE4PlDUcqgjuEsFtinkmDNJoYgLKn5K8RDJBHWJryyCcFdPHmZtC9qrlNzm5eV+k0RRwkcgxNQBS64AnVwBxqgBTB4BM/gFbxZT9aL9W59zEdXrGLnCPyB9fkDN2OYCg==</latexit>

pµus ⇠ mQv
2(1, 1, 1, 1)

<latexit sha1_base64="69hjlnVxJCRdubFZyF4mNvEME4k=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBEqSNktgh6LXjy2YH+gu12yadqGJtklyRbKsg/gxVfx4kERrz6AN9/GdLsHbZ0QGGbmI/kmiBhV2ra/rbX1jc2t7cJOcXdv/+CwdHTcVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M39zpRIRUPxoGcR8TgaCTqkGGkj+aVy5CexSvuJy+MUuopyyP0mnPZrsOJcZufCpOyqnQGuEicnZZCj4Ze+3EGIY06Exgwp1XPsSHsJkppiRtKiGysSITxBI9IzVCBOlJdky6Tw3CgDOAyluULDTP09kSCu1IwHJsmRHqtlby7+5/ViPbzxEiqiWBOBFw8NYwZ1COfNwAGVBGs2MwRhSc1fIR4jibA2/RVNCc7yyqukXas6dtVpXpXrt3kdBXAKzkAFOOAa1ME9aIAWwOARPINX8GY9WS/Wu/WxiK5Z+cwJ+APr8wdZHZkt</latexit><latexit sha1_base64="69hjlnVxJCRdubFZyF4mNvEME4k=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBEqSNktgh6LXjy2YH+gu12yadqGJtklyRbKsg/gxVfx4kERrz6AN9/GdLsHbZ0QGGbmI/kmiBhV2ra/rbX1jc2t7cJOcXdv/+CwdHTcVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M39zpRIRUPxoGcR8TgaCTqkGGkj+aVy5CexSvuJy+MUuopyyP0mnPZrsOJcZufCpOyqnQGuEicnZZCj4Ze+3EGIY06Exgwp1XPsSHsJkppiRtKiGysSITxBI9IzVCBOlJdky6Tw3CgDOAyluULDTP09kSCu1IwHJsmRHqtlby7+5/ViPbzxEiqiWBOBFw8NYwZ1COfNwAGVBGs2MwRhSc1fIR4jibA2/RVNCc7yyqukXas6dtVpXpXrt3kdBXAKzkAFOOAa1ME9aIAWwOARPINX8GY9WS/Wu/WxiK5Z+cwJ+APr8wdZHZkt</latexit><latexit sha1_base64="69hjlnVxJCRdubFZyF4mNvEME4k=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBEqSNktgh6LXjy2YH+gu12yadqGJtklyRbKsg/gxVfx4kERrz6AN9/GdLsHbZ0QGGbmI/kmiBhV2ra/rbX1jc2t7cJOcXdv/+CwdHTcVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M39zpRIRUPxoGcR8TgaCTqkGGkj+aVy5CexSvuJy+MUuopyyP0mnPZrsOJcZufCpOyqnQGuEicnZZCj4Ze+3EGIY06Exgwp1XPsSHsJkppiRtKiGysSITxBI9IzVCBOlJdky6Tw3CgDOAyluULDTP09kSCu1IwHJsmRHqtlby7+5/ViPbzxEiqiWBOBFw8NYwZ1COfNwAGVBGs2MwRhSc1fIR4jibA2/RVNCc7yyqukXas6dtVpXpXrt3kdBXAKzkAFOOAa1ME9aIAWwOARPINX8GY9WS/Wu/WxiK5Z+cwJ+APr8wdZHZkt</latexit><latexit sha1_base64="69hjlnVxJCRdubFZyF4mNvEME4k=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBEqSNktgh6LXjy2YH+gu12yadqGJtklyRbKsg/gxVfx4kERrz6AN9/GdLsHbZ0QGGbmI/kmiBhV2ra/rbX1jc2t7cJOcXdv/+CwdHTcVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M39zpRIRUPxoGcR8TgaCTqkGGkj+aVy5CexSvuJy+MUuopyyP0mnPZrsOJcZufCpOyqnQGuEicnZZCj4Ze+3EGIY06Exgwp1XPsSHsJkppiRtKiGysSITxBI9IzVCBOlJdky6Tw3CgDOAyluULDTP09kSCu1IwHJsmRHqtlby7+5/ViPbzxEiqiWBOBFw8NYwZ1COfNwAGVBGs2MwRhSc1fIR4jibA2/RVNCc7yyqukXas6dtVpXpXrt3kdBXAKzkAFOOAa1ME9aIAWwOARPINX8GY9WS/Wu/WxiK5Z+cwJ+APr8wdZHZkt</latexit>

ultra-soft:

soft:

⇠ m(v2, v, v, v)
<latexit sha1_base64="2Y2QwHXIpzYkfxnDZbZzaERC0VQ=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBItQQYaZabXTXdGNywr2Ae1YMmnahiYzQ5IplKHgr7hxoYhbv8Odf2P6EFT0cC8czrmX3JwgZlQq2/4wlpZXVtfWMxvZza3tnV1zb78uo0RgUsMRi0QzQJIwGpKaooqRZiwI4gEjjWB4NfUbIyIkjcJbNY6Jz1E/pD2KkdJSxzxsS8ohh/nRnXsGR/M67Zg52yqXnaLnQts6vyh5tqOJXSiUvCJ0LHuGHFig2jHf290IJ5yECjMkZcuxY+WnSCiKGZlk24kkMcJD1CctTUPEifTT2fkTeKKVLuxFQneo4Ez9vpEiLuWYB3qSIzWQv72p+JfXSlTP81MaxokiIZ4/1EsYVBGcZgG7VBCs2FgThAXVt0I8QAJhpRPL6hC+fgr/J3XXcgqWe1PMVS4XcWTAETgGeeCAEqiAa1AFNYBBCh7AE3g27o1H48V4nY8uGYudA/ADxtsnSEeTxQ==</latexit>

⇠ m(v2, v, v, v)
<latexit sha1_base64="2Y2QwHXIpzYkfxnDZbZzaERC0VQ=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBItQQYaZabXTXdGNywr2Ae1YMmnahiYzQ5IplKHgr7hxoYhbv8Odf2P6EFT0cC8czrmX3JwgZlQq2/4wlpZXVtfWMxvZza3tnV1zb78uo0RgUsMRi0QzQJIwGpKaooqRZiwI4gEjjWB4NfUbIyIkjcJbNY6Jz1E/pD2KkdJSxzxsS8ohh/nRnXsGR/M67Zg52yqXnaLnQts6vyh5tqOJXSiUvCJ0LHuGHFig2jHf290IJ5yECjMkZcuxY+WnSCiKGZlk24kkMcJD1CctTUPEifTT2fkTeKKVLuxFQneo4Ez9vpEiLuWYB3qSIzWQv72p+JfXSlTP81MaxokiIZ4/1EsYVBGcZgG7VBCs2FgThAXVt0I8QAJhpRPL6hC+fgr/J3XXcgqWe1PMVS4XcWTAETgGeeCAEqiAa1AFNYBBCh7AE3g27o1H48V4nY8uGYudA/ADxtsnSEeTxQ==</latexit>
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<latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit>

For   :3S1 : (J/ψ and Υ)

arXiv: hep-ph/9407339 (G.T. Bodwin, E. Braaten, G.P. Lepage)
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<latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit>

For   :3S1 : (J/ψ and Υ)

arXiv: hep-ph/9407339 (G.T. Bodwin, E. Braaten, G.P. Lepage)
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<latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit>

For   :3S1 : (J/ψ and Υ)

arXiv: hep-ph/9407339 (G.T. Bodwin, E. Braaten, G.P. Lepage)

Leading

First subheading 



Transverse momentum spectrum
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µ(v)s = mQv
<latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit>

µ(v)s = mQv
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TMD Region NRQCD

Fragmentation 
Functions 

(NRQCD)

µc = µ(�)s = pT
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Quarkonium spectrum vs EFT regions

Expansion in     and in

Note: it is possible to probe TMDs in this region as well but the additional 
measurement introduces a new soft scale which changes the factorization: 
e.g., TMD fragmentation  

Expansion in the 
relative velocity 

�
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� = q?/M
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will properly incorporate
quarkonium recoiling 
against soft radiation

Matching



Large-moderate  puzzle pT /p⋆
T

The small  puzzle pT /p⋆
T

Interaction with nuclear medium 

NRQCD and NRQCD factorization conjecture 



Production at HERA
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CS-LO contribution under-predicts the data

CS-NLO enhances the contribution but still not 
there yet  

NRQCD-NLO overshoots the data (within the 
theory error)

arXiv:0909.2798 (M. Butenschoen, B.A. Kniehl)
For  :J/ψ



Production at HERA (revisit)
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arXiv:2009.08264 (C. Flore, J.-P. Lansberg, H.-S. Shao, Y. Yedelkina)arXiv:0909.2798 (M. Butenschoen, B.A. Kniehl)



Universality of LDMEs
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arXiv:1509.07904 (G.T. Bodwin, K.-T. Chao, H.S. Chung, U-R. Kim, J. Lee, and Y.-Q. Ma)

arX
iv:1104.3038 (AT

LA
S)



New observables (In-jet quarkonia) 
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arXiv:1702.05525 ( R. Bain, Y. Makris, T. Mehen, L. Dai and A.K. Leibovich)

z =
p T
pjetT

<latexit sha1_base64="BG+4furjJ7yNbtXei4o07LU3Jug=">AAACFHicbVDLSgNBEJz1GeNr1aOXwSAIQtiNgl6EoBePERIVsnGZnfTqmNkHM71iXPYjvPgrXjwo4tWDN//GSYzgq6Chpqqb6a4glUKj47xbY+MTk1PTpZny7Nz8wqK9tHysk0xxaPFEJuo0YBqkiKGFAiWcpgpYFEg4CXoHA//kCpQWSdzEfgqdiJ3HIhScoZF8e/Nmj3qhYjxP/bxZnOXUS7Uoiq+nh3CN+SVgURS+XXGqzhD0L3FHpEJGaPj2m9dNeBZBjFwyrduuk2InZwoFl1CUvUxDyniPnUPb0JhFoDv58KiCrhulS8NEmYqRDtXvEzmLtO5HgemMGF7o395A/M9rZxjudnIRpxlCzD8/CjNJMaGDhGhXKOAo+4YwroTZlfILZiJCk2PZhOD+PvkvOa5V3a1q7Wi7Ut8fxVEiq2SNbBCX7JA6OSQN0iKc3JJ78kierDvrwXq2Xj5bx6zRzAr5Aev1AxWgoCI=</latexit>
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Simulations under-estimate the effect of evolution 
both in color singlet and color octet mechanisms. 

New tools ? 

arXiv:1701.05116 (LHCb)

Nucl.Phys. A982 (2019) 186-188 (CMS)

New observables (In-jet quarkonia) 
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Jet energy, energy fraction

 arXiv:1406.2295 (M. Baumgarta , 

A. K. Leibovichb ,  T. Mehenc , 

and I.Z. Rothsteind)

Angularities, energy fraction

 arXiv:1603.06981 (R. Bain, 

L. Dai,  A. Hornig,  A.K. Leibovich, 

Y. Makris, and T. Mehen)

transverse momentum, 

energy fraction

 arXiv:1610.06508 (R. Bain, 

Y. Makris, and T. Mehen) 

Polarization, energy fraction

 arXiv:1702.03287 (Z.-B Kang, 

J.-W. Qiu, F. Ringer, H. Xing, and H. Zhang)

New observables (In-jet quarkonia) 



Large-moderate  puzzle pT /p⋆
T

The small  puzzle pT /p⋆
T

Interaction with nuclear medium 

NRQCD and NRQCD factorization conjecture 



Color-octet photon-gluon fusion

20

S-wave octet:

P-wave octet:

( †�
j
$
Pm

2
T a�)Sba

v Bc,i
n?S

cb
n ✏

k
?
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<latexit sha1_base64="FQtXuTY8umzJ/ztFFw0nVZbSuHA=">AAAB8nicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnIkevGIUZBkWUi3FGjotpu2a0I2/AwvHjTGq7/Gm//GAntQ8CWTvLw3k5l5YcyZNq777eTW1jc2t/LbhZ3dvf2D4uFRS8tEEdokkkvVDrGmnAnaNMxw2o4VxVHI6WM4vpn5j09UaSbFg5nENIjwULABI9hYye969z23m5Zr59NeseRW3DnQKvEyUoIMjV7xq9OXJImoMIRjrX3PjU2QYmUY4XRa6CSaxpiM8ZD6lgocUR2k85On6MwqfTSQypYwaK7+nkhxpPUkCm1nhM1IL3sz8T/PT8ygFqRMxImhgiwWDRKOjESz/1GfKUoMn1iCiWL2VkRGWGFibEoFG4K3/PIqaVUr3kWlendZql9nceThBE6hDB5cQR1uoQFNICDhGV7hzTHOi/PufCxac042cwx/4Hz+ALkMkDw=</latexit>

3P (8)
0/2

<latexit sha1_base64="+qQlTXEpgluwJV2dD7M36E9ZC4I=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXrAFEzkSvXjERD4SKM122cKG7bbZ3Zpgwy/x4kFjvPpTvPlvXKAHBV8yyct7M5mZ58eMSmXb30ZuY3Nreye/W9jbPzgsmkfHbRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4k9u533kkQtKIP6hpTNwQjTgNKEZKS55ZHNSaXmpfVmeDtFy/mHlmya7YC1jrxMlICTI0PfOrP4xwEhKuMENS9hw7Vm6KhKKYkVmhn0gSIzxBI9LTlKOQSDddHD6zzrUytIJI6OLKWqi/J1IUSjkNfd0ZIjWWq95c/M/rJSqouynlcaIIx8tFQcIsFVnzFKwhFQQrNtUEYUH1rRYeI4Gw0lkVdAjO6svrpF2tOLVK9f6q1LjJ4sjDKZxBGRy4hgbcQRNagCGBZ3iFN+PJeDHejY9la87IZk7gD4zPH95Wke0=</latexit>

d�(m, n)
<latexit sha1_base64="y3l4MikdZazE4qTT7QuzJC3w7SI=">AAACDnicbZDLSsNAFIYn9VbrpVGXboKlUkFKIoIuCy50WcFeoA1hMpm0Q2cmYWYilpB3cO9WX8GduPUVfAMfw0mbRW39YeDjP+fMOfx+TIlUtv1tlNbWNza3ytuVnd29/ap5cNiVUSIQ7qCIRqLvQ4kp4bijiKK4HwsMmU9xz5/c5PXeIxaSRPxBTWPsMjjiJCQIKm15ZjXw0uEtZAxmDXbOzzyzZjftmaxVcAqogUJtz/wZBhFKGOYKUSjlwLFj5aZQKIIozirDROIYogkc4YFGDhmWbjo7PLPq2gmsMBL6cWXN3MWJFDIpp8zXnQyqsVyu5eZ/tUGiwms3JTxOFOZovihMqKUiK0/BCojASNGpBogE0bdaaAwFREpnVakvrsk/jxV7ynQ0znIQq9C9aDqa7y9rrdMipDI4BiegARxwBVrgDrRBByCQgBfwCt6MZ+Pd+DA+560lo5g5An9kfP0C9HqcAA==</latexit><latexit sha1_base64="y3l4MikdZazE4qTT7QuzJC3w7SI=">AAACDnicbZDLSsNAFIYn9VbrpVGXboKlUkFKIoIuCy50WcFeoA1hMpm0Q2cmYWYilpB3cO9WX8GduPUVfAMfw0mbRW39YeDjP+fMOfx+TIlUtv1tlNbWNza3ytuVnd29/ap5cNiVUSIQ7qCIRqLvQ4kp4bijiKK4HwsMmU9xz5/c5PXeIxaSRPxBTWPsMjjiJCQIKm15ZjXw0uEtZAxmDXbOzzyzZjftmaxVcAqogUJtz/wZBhFKGOYKUSjlwLFj5aZQKIIozirDROIYogkc4YFGDhmWbjo7PLPq2gmsMBL6cWXN3MWJFDIpp8zXnQyqsVyu5eZ/tUGiwms3JTxOFOZovihMqKUiK0/BCojASNGpBogE0bdaaAwFREpnVakvrsk/jxV7ynQ0znIQq9C9aDqa7y9rrdMipDI4BiegARxwBVrgDrRBByCQgBfwCt6MZ+Pd+DA+560lo5g5An9kfP0C9HqcAA==</latexit><latexit sha1_base64="y3l4MikdZazE4qTT7QuzJC3w7SI=">AAACDnicbZDLSsNAFIYn9VbrpVGXboKlUkFKIoIuCy50WcFeoA1hMpm0Q2cmYWYilpB3cO9WX8GduPUVfAMfw0mbRW39YeDjP+fMOfx+TIlUtv1tlNbWNza3ytuVnd29/ap5cNiVUSIQ7qCIRqLvQ4kp4bijiKK4HwsMmU9xz5/c5PXeIxaSRPxBTWPsMjjiJCQIKm15ZjXw0uEtZAxmDXbOzzyzZjftmaxVcAqogUJtz/wZBhFKGOYKUSjlwLFj5aZQKIIozirDROIYogkc4YFGDhmWbjo7PLPq2gmsMBL6cWXN3MWJFDIpp8zXnQyqsVyu5eZ/tUGiwms3JTxOFOZovihMqKUiK0/BCojASNGpBogE0bdaaAwFREpnVakvrsk/jxV7ynQ0znIQq9C9aDqa7y9rrdMipDI4BiegARxwBVrgDrRBByCQgBfwCt6MZ+Pd+DA+560lo5g5An9kfP0C9HqcAA==</latexit><latexit sha1_base64="y3l4MikdZazE4qTT7QuzJC3w7SI=">AAACDnicbZDLSsNAFIYn9VbrpVGXboKlUkFKIoIuCy50WcFeoA1hMpm0Q2cmYWYilpB3cO9WX8GduPUVfAMfw0mbRW39YeDjP+fMOfx+TIlUtv1tlNbWNza3ytuVnd29/ap5cNiVUSIQ7qCIRqLvQ4kp4bijiKK4HwsMmU9xz5/c5PXeIxaSRPxBTWPsMjjiJCQIKm15ZjXw0uEtZAxmDXbOzzyzZjftmaxVcAqogUJtz/wZBhFKGOYKUSjlwLFj5aZQKIIozirDROIYogkc4YFGDhmWbjo7PLPq2gmsMBL6cWXN3MWJFDIpp8zXnQyqsVyu5eZ/tUGiwms3JTxOFOZovihMqKUiK0/BCojASNGpBogE0bdaaAwFREpnVakvrsk/jxV7ynQ0znIQq9C9aDqa7y9rrdMipDI4BiegARxwBVrgDrRBByCQgBfwCt6MZ+Pd+DA+560lo5g5An9kfP0C9HqcAA==</latexit>

d(0)
� (m, n)

<latexit sha1_base64="+Popw1cLUnfZn16ZpryLPCMBLXI=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKp2LfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9QvnRZ4T</latexit><latexit sha1_base64="+Popw1cLUnfZn16ZpryLPCMBLXI=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKp2LfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9QvnRZ4T</latexit><latexit sha1_base64="+Popw1cLUnfZn16ZpryLPCMBLXI=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKp2LfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9QvnRZ4T</latexit><latexit sha1_base64="+Popw1cLUnfZn16ZpryLPCMBLXI=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKp2LfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9QvnRZ4T</latexit>

d(1)
� (m, n)

<latexit sha1_base64="6i9fgoGAFT2aSB22qRkExNVIAGk=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKpOLfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9Qvo754U</latexit><latexit sha1_base64="6i9fgoGAFT2aSB22qRkExNVIAGk=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKpOLfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9Qvo754U</latexit><latexit sha1_base64="6i9fgoGAFT2aSB22qRkExNVIAGk=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKpOLfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9Qvo754U</latexit><latexit sha1_base64="6i9fgoGAFT2aSB22qRkExNVIAGk=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKpOLfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9Qvo754U</latexit>

p1
<latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit>

pm
<latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit>

p�
n

<latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit>

p�
1

<latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit>

· · ·<latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit>

· · ·<latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit>

+
<latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit><latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit><latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit><latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit>

(1 + O(�))
<latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit>

(1 + O(�))
<latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit>

+ · · ·
<latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit><latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit><latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit><latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit>

· · ·<latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> · · ·<latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit>

··· <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> ··· <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit>

(pQ + q)/2
<latexit sha1_base64="qsE6tO5Kuj2hKf7PMPCoqXVdZs0=">AAACFnicbVDLSsNAFJ3UV62vqAsXbgZLpSLUpAi6LLhx2YJ9QBvCZDpph84kcWYilpD/cO9Wf8GduHXrH/gZTtosavXAwOGc+5rjRYxKZVlfRmFldW19o7hZ2tre2d0z9w86MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUmN5nffSBC0jC4U9OIOByNAupTjJSWXPOoGrnJgCM1xoglrTSF5/D+7KLummWrZs0A/xI7J2WQo+ma34NhiGNOAoUZkrJvW5FyEiQUxYykpUEsSYTwBI1IX9MAcSKdZPaBFFa0MoR+KPQLFJypix0J4lJOuacrs1PlspeJ/3n9WPnXTkKDKFYkwPNFfsygCmGWBhxSQbBiU00QFlTfCvEYCYSVzqxUWVyTDY8Uf0x1NPZyEH9Jp16zNW9dlhuneUhFcAxOQBXY4Ao0wC1ogjbAIAXP4AW8Gk/Gm/FufMxLC0becwh+wfj8AVl5ntI=</latexit><latexit sha1_base64="qsE6tO5Kuj2hKf7PMPCoqXVdZs0=">AAACFnicbVDLSsNAFJ3UV62vqAsXbgZLpSLUpAi6LLhx2YJ9QBvCZDpph84kcWYilpD/cO9Wf8GduHXrH/gZTtosavXAwOGc+5rjRYxKZVlfRmFldW19o7hZ2tre2d0z9w86MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUmN5nffSBC0jC4U9OIOByNAupTjJSWXPOoGrnJgCM1xoglrTSF5/D+7KLummWrZs0A/xI7J2WQo+ma34NhiGNOAoUZkrJvW5FyEiQUxYykpUEsSYTwBI1IX9MAcSKdZPaBFFa0MoR+KPQLFJypix0J4lJOuacrs1PlspeJ/3n9WPnXTkKDKFYkwPNFfsygCmGWBhxSQbBiU00QFlTfCvEYCYSVzqxUWVyTDY8Uf0x1NPZyEH9Jp16zNW9dlhuneUhFcAxOQBXY4Ao0wC1ogjbAIAXP4AW8Gk/Gm/FufMxLC0becwh+wfj8AVl5ntI=</latexit><latexit sha1_base64="qsE6tO5Kuj2hKf7PMPCoqXVdZs0=">AAACFnicbVDLSsNAFJ3UV62vqAsXbgZLpSLUpAi6LLhx2YJ9QBvCZDpph84kcWYilpD/cO9Wf8GduHXrH/gZTtosavXAwOGc+5rjRYxKZVlfRmFldW19o7hZ2tre2d0z9w86MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUmN5nffSBC0jC4U9OIOByNAupTjJSWXPOoGrnJgCM1xoglrTSF5/D+7KLummWrZs0A/xI7J2WQo+ma34NhiGNOAoUZkrJvW5FyEiQUxYykpUEsSYTwBI1IX9MAcSKdZPaBFFa0MoR+KPQLFJypix0J4lJOuacrs1PlspeJ/3n9WPnXTkKDKFYkwPNFfsygCmGWBhxSQbBiU00QFlTfCvEYCYSVzqxUWVyTDY8Uf0x1NPZyEH9Jp16zNW9dlhuneUhFcAxOQBXY4Ao0wC1ogjbAIAXP4AW8Gk/Gm/FufMxLC0becwh+wfj8AVl5ntI=</latexit><latexit sha1_base64="qsE6tO5Kuj2hKf7PMPCoqXVdZs0=">AAACFnicbVDLSsNAFJ3UV62vqAsXbgZLpSLUpAi6LLhx2YJ9QBvCZDpph84kcWYilpD/cO9Wf8GduHXrH/gZTtosavXAwOGc+5rjRYxKZVlfRmFldW19o7hZ2tre2d0z9w86MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUmN5nffSBC0jC4U9OIOByNAupTjJSWXPOoGrnJgCM1xoglrTSF5/D+7KLummWrZs0A/xI7J2WQo+ma34NhiGNOAoUZkrJvW5FyEiQUxYykpUEsSYTwBI1IX9MAcSKdZPaBFFa0MoR+KPQLFJypix0J4lJOuacrs1PlspeJ/3n9WPnXTkKDKFYkwPNFfsygCmGWBhxSQbBiU00QFlTfCvEYCYSVzqxUWVyTDY8Uf0x1NPZyEH9Jp16zNW9dlhuneUhFcAxOQBXY4Ao0wC1ogjbAIAXP4AW8Gk/Gm/FufMxLC0becwh+wfj8AVl5ntI=</latexit>

(pQ � q)/2
<latexit sha1_base64="NZOP2JTxq+zAtOvAtCFUpgesztw=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaIqKgMlqZBgrMTC2Er0IbVR5LhOa9VOgu0gqij/wc4Kv8CGWFn5Az4Dp81QCkeydHTOffl4EaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOODGOBSRuHLBQ9D0nCaEDaiipGepEgiHuMdL3JTeZ3H4iQNAzu1DQiDkejgPoUI6Ul1zyqRm4y4EiNMWJJK03hObw/u6i7ZtmqWTPAv8TOSRnkaLrm92AY4piTQGGGpOzbVqScBAlFMSNpaRBLEiE8QSPS1zRAnEgnmX0ghRWtDKEfCv0CBWfqYkeCuJRT7unK7FS57GXif14/Vv61k9AgihUJ8HyRHzOoQpilAYdUEKzYVBOEBdW3QjxGAmGlMytVFtdkwyPFH1Mdjb0cxF/SqddszVuX5cZpHlIRHIMTUAU2uAINcAuaoA0wSMEzeAGvxpPxZrwbH/PSgpH3HIJfMD5/AFy3ntQ=</latexit><latexit sha1_base64="NZOP2JTxq+zAtOvAtCFUpgesztw=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaIqKgMlqZBgrMTC2Er0IbVR5LhOa9VOgu0gqij/wc4Kv8CGWFn5Az4Dp81QCkeydHTOffl4EaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOODGOBSRuHLBQ9D0nCaEDaiipGepEgiHuMdL3JTeZ3H4iQNAzu1DQiDkejgPoUI6Ul1zyqRm4y4EiNMWJJK03hObw/u6i7ZtmqWTPAv8TOSRnkaLrm92AY4piTQGGGpOzbVqScBAlFMSNpaRBLEiE8QSPS1zRAnEgnmX0ghRWtDKEfCv0CBWfqYkeCuJRT7unK7FS57GXif14/Vv61k9AgihUJ8HyRHzOoQpilAYdUEKzYVBOEBdW3QjxGAmGlMytVFtdkwyPFH1Mdjb0cxF/SqddszVuX5cZpHlIRHIMTUAU2uAINcAuaoA0wSMEzeAGvxpPxZrwbH/PSgpH3HIJfMD5/AFy3ntQ=</latexit><latexit sha1_base64="NZOP2JTxq+zAtOvAtCFUpgesztw=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaIqKgMlqZBgrMTC2Er0IbVR5LhOa9VOgu0gqij/wc4Kv8CGWFn5Az4Dp81QCkeydHTOffl4EaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOODGOBSRuHLBQ9D0nCaEDaiipGepEgiHuMdL3JTeZ3H4iQNAzu1DQiDkejgPoUI6Ul1zyqRm4y4EiNMWJJK03hObw/u6i7ZtmqWTPAv8TOSRnkaLrm92AY4piTQGGGpOzbVqScBAlFMSNpaRBLEiE8QSPS1zRAnEgnmX0ghRWtDKEfCv0CBWfqYkeCuJRT7unK7FS57GXif14/Vv61k9AgihUJ8HyRHzOoQpilAYdUEKzYVBOEBdW3QjxGAmGlMytVFtdkwyPFH1Mdjb0cxF/SqddszVuX5cZpHlIRHIMTUAU2uAINcAuaoA0wSMEzeAGvxpPxZrwbH/PSgpH3HIJfMD5/AFy3ntQ=</latexit><latexit sha1_base64="NZOP2JTxq+zAtOvAtCFUpgesztw=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaIqKgMlqZBgrMTC2Er0IbVR5LhOa9VOgu0gqij/wc4Kv8CGWFn5Az4Dp81QCkeydHTOffl4EaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOODGOBSRuHLBQ9D0nCaEDaiipGepEgiHuMdL3JTeZ3H4iQNAzu1DQiDkejgPoUI6Ul1zyqRm4y4EiNMWJJK03hObw/u6i7ZtmqWTPAv8TOSRnkaLrm92AY4piTQGGGpOzbVqScBAlFMSNpaRBLEiE8QSPS1zRAnEgnmX0ghRWtDKEfCv0CBWfqYkeCuJRT7unK7FS57GXif14/Vv61k9AgihUJ8HyRHzOoQpilAYdUEKzYVBOEBdW3QjxGAmGlMytVFtdkwyPFH1Mdjb0cxF/SqddszVuX5cZpHlIRHIMTUAU2uAINcAuaoA0wSMEzeAGvxpPxZrwbH/PSgpH3HIJfMD5/AFy3ntQ=</latexit>

=<latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit><latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit><latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit><latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit>

�
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p�
1

<latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit>

p�
1

<latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit>

p�
n

<latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit>

p�
n

<latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit>

p1
<latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit>

p1
<latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit>

pm
<latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit>

pm
<latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit>
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Factorization and the shape-functions 
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<latexit sha1_base64="vD1eW7+XrDJ0nCJlGkfmxkGmx+4="></latexit>

- Half the rapidity divergences 

- CO associated logarithms

- No operator mixing at NLL
The shape functions
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<latexit sha1_base64="jrACu0eIsjaK6NLwmdrqDvoCutE="></latexit>

Quarkonium TMD-shape functions* encode both soft and non-perturbative quarkonium related effects. Further 
factorization is not possible due to Coulomb-like interactions: 

*See: 
arXiv:1907.06494 (M. Echevarria)
arXiv:1910.03586 (S. Fleming, Y. Makris, T. Mehen)

heavy quark/antiquark

soft gluon

- No LDMEs

⇠ m(v2, v, v, v)
<latexit sha1_base64="2Y2QwHXIpzYkfxnDZbZzaERC0VQ=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBItQQYaZabXTXdGNywr2Ae1YMmnahiYzQ5IplKHgr7hxoYhbv8Odf2P6EFT0cC8czrmX3JwgZlQq2/4wlpZXVtfWMxvZza3tnV1zb78uo0RgUsMRi0QzQJIwGpKaooqRZiwI4gEjjWB4NfUbIyIkjcJbNY6Jz1E/pD2KkdJSxzxsS8ohh/nRnXsGR/M67Zg52yqXnaLnQts6vyh5tqOJXSiUvCJ0LHuGHFig2jHf290IJ5yECjMkZcuxY+WnSCiKGZlk24kkMcJD1CctTUPEifTT2fkTeKKVLuxFQneo4Ez9vpEiLuWYB3qSIzWQv72p+JfXSlTP81MaxokiIZ4/1EsYVBGcZgG7VBCs2FgThAXVt0I8QAJhpRPL6hC+fgr/J3XXcgqWe1PMVS4XcWTAETgGeeCAEqiAa1AFNYBBCh7AE3g27o1H48V4nY8uGYudA/ADxtsnSEeTxQ==</latexit>



Shape-functions@NLO
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<latexit sha1_base64="vD1eW7+XrDJ0nCJlGkfmxkGmx+4="></latexit>

- Half the rapidity divergences 

- CO associated logarithms

- No operator mixing at NLL

(a) (+ mirror diagram ) (b)

n̄
<latexit sha1_base64="DKD8hjqNxlaJxX/3MJ7YcGgaezg=">AAAB/XicbVDNS8MwHE3n15xf9ePmJTgUT6Odgh4HXjxOcB+wlpGm6RaWJiVJhVmK/4oXD4p49f/w5n9juvWgmw9CHu/9fuTlBQmjSjvOt1VZWV1b36hu1ra2d3b37P2DrhKpxKSDBROyHyBFGOWko6lmpJ9IguKAkV4wuSn83gORigp+r6cJ8WM04jSiGGkjDe0jLxAsVNPYXJkXIJnxPB/adafhzACXiVuSOijRHtpfXihwGhOuMUNKDVwn0X6GpKaYkbzmpYokCE/QiAwM5Sgmys9m6XN4apQQRkKawzWcqb83MhSrIqCZjJEeq0WvEP/zBqmOrv2M8iTVhOP5Q1HKoBawqAKGVBKs2dQQhCU1WSEeI4mwNoXVTAnu4peXSbfZcC8azbvLeuusrKMKjsEJOAcuuAItcAvaoAMweATP4BW8WU/Wi/VufcxHK1a5cwj+wPr8AZR6ld0=</latexit>

v
<latexit sha1_base64="GG5DWn68haDLBoTqCT52Lej/vpE=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIviqsxUQZcFNy4r2Ae0Y8lk0jY0kwxJplKG/ocbF4q49V/c+Tdm2llo64GQwzn3kpMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxbea3J1RpJsWDmcbUj/BQsAEj2FjpsRdIHuppZK90MuuXK27VnQOtEi8nFcjR6Je/eqEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10nnqGzqwSooFU9giD5urvjRRHOotmJyNsRnrZy8T/vG5iBjd+ykScGCrI4qFBwpGRKKsAhUxRYvjUEkwUs1kRGWGFibFFlWwJ3vKXV0mrVvUuq7X7q0r9PK+jCCdwChfgwTXU4Q4a0AQCCp7hFd6cJ+fFeXc+FqMFJ985hj9wPn8ASSSS7w==</latexit>
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Consistency check
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 arXiv:hep-ph/9708349 (F. Maltoni, M. L. Mangano, and A. Petrelli )
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The hard functions

The shape functions
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- Half the rapidity divergences 

- CO associated logarithms

- No operator mixing at NLL



Color-singlet: multiple operators 
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S-wave singlet: 3S(1)
1

<latexit sha1_base64="DG4Rf2kw6PIbVDXU9sC6ku6pIsI=">AAAB8nicbVBNTwIxEO3iF+IX6tFLIzHBC9kFEz0SvXjEKEiyLKRbCjR02007a0I2/AwvHjTGq7/Gm//GAntQ8CWTvLw3k5l5YSy4Adf9dnJr6xubW/ntws7u3v5B8fCoZVSiKWtSJZRuh8QwwSVrAgfB2rFmJAoFewzHNzP/8Ylpw5V8gEnMgogMJR9wSsBKfrd23/O6adk7n/aKJbfizoFXiZeREsrQ6BW/On1Fk4hJoIIY43tuDEFKNHAq2LTQSQyLCR2TIfMtlSRiJkjnJ0/xmVX6eKC0LQl4rv6eSElkzCQKbWdEYGSWvZn4n+cnMLgKUi7jBJiki0WDRGBQePY/7nPNKIiJJYRqbm/FdEQ0oWBTKtgQvOWXV0mrWvFqlerdRal+ncWRRyfoFJWRhy5RHd2iBmoiihR6Rq/ozQHnxXl3PhatOSebOUZ/4Hz+ALMGkDg=</latexit>

collinear-collinear arXiv:hep-ph/0211303 (S. 
Fleming and A. K. Leibovich)

The color singlet operators are 
suppressed in the  power 
counting but enhanced in the 
relative velocity,  .

λ

v

collinear-soft presented here for the first time 
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In progress: (S. Fleming, Y. Makris, T. Mehen, and J. Lieffers)
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The color-singlet “factorized” cross section
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<latexit sha1_base64="6d9stRw12DMAR2hbWozwY/FioAA="></latexit>

Note: the factorization for the cc-1 term 
does not involve any shape or soft function, 
only the standard quarkonium LDME.

For perturbative values of transverse momentum 
we can match onto the collinear PDF.

Leading order 
contributions suffer from rapidity divergences which 
cancel in the sum of all operators 
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Quarkonium TMD fragmentation: Q ≫ mH
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arXiv: 2007.05547 (M.G. Echevarria, Y. Makris, I. Scimemi)



Large-moderate  puzzle pT /p⋆
T

The small  puzzle pT /p⋆
T

Interaction with nuclear medium 

NRQCD and NRQCD factorization conjecture 



 @EICeA → J/ψ + X
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Interactions with nuclear matter 
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Leading contributions 

First sub-leading contributions 

LNRQCD ! LNRQCD + L(0) + L(1) + · · ·
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Interactions can be incorporated 
into the NRQCD Lagrangian 

This approach has been successfully applied for
jet in-medium propagation (SCET-G):

arXiv:1906.04186 (Y. Makris, I. Vitev)

arXiv:1103.1074 (G. Ovanesyan and I. Vitev)

arXiv:1405.4293 (Y.-T. Chien and I. Vitev)



Interactions with nuclear matter 
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Leading contributions 

First sub-leading contributions 

LNRQCD ! LNRQCD + L(0) + L(1) + · · ·
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Interactions can be incorporated 
into the NRQCD Lagrangian 

Open quantum systems: In principle adaptable to 
cold nuclear matter 

- No adaptations (currently) for EIC 

arXiv:2009.10559, arXiv:1403.5783 (Y. Akamatsu)

arXiv:1711.04515 (N. Brambilla, M. A. Escobedo, J. Soto, and A. Vairo )

arXiv:1811.07027, arXiv:2009.02408 (X. Yao and T. Mehen)

arXiv:1906.04186 (Y. Makris, I. Vitev)



Closing comments
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Lepton-nucleon/nucleus collisions constitute an excellent laboratory for the 
studies of quarkonium production (it is simplified and cleaner environment 
compared to hadronic colliders, yet far richer than in the electron-positron 
annihilation)

The various production channels can be disentangled by considering different 
kinematic regimes, establishing this way DIS as a prime framework for the 
study quarkonium production channels. 

The study of nuclear effects in quarkonium production it’s an emerging field 
of nuclear physics where EIC measurements are expected to play a major 
role in our understudying of these effects. 



Energy fraction spectrum 
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SCET resummed spectrum: pT > 0

arXiv: hep-ph/0607121 (S. Fleming, A.K. Leibovich, T. Mehen)


