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ÑhÜ Ó'Î�È�ÊÚØ�ÇðÆHßi0 ù ã�2UÛJØYÏ¢È�É`Ñ±Ð²É`Ø�×ÚÑ±ÏeÎYÇ`îYÑ!ØYÛ¸ÝGÎY×ÖÓ`ÑhËUØYÛi�àæ-;'ØYÏ®È�É'Ñ!Ç Ó'Ô;ÑBÏeÊÖÕBÎY×jË�ÊÌÔ®Ó'×ÌÎ�È�ÊÌØ�Ç
È�É`Ñ�ÍDÎ�ÏeÎYÔ;ÑBÈÒÑBÏ�Ã�ÊÌÇ�È�É`Ñ�Ù`ÑfüàÇ'ÊÌÈ�ÊÚØ�Ç2ÆHß(0pã�2;ØYÛ�È�É`Ñ�×ÚÑhÎYÙ'ÊÌÇ'î%ÝYÑhÉ'ÊÌÕB×ÚÑ�Ù'ÊÌËÒÈÒÏeÊÌáDÓ`È�ÊÚØ�ÇÅÄéÉ'ÎYË
áNÑBÑhÇ ÕeÉ'Ø�Ø�ËÒÑhÇ�ÑhÜ Ó'ÎY×¸ÈÒØI7%ÎYÇ'Ù ù  @ÆBßºÐ²É`ÑBÏ�Ñ'Æ±ÊÌËÃËeÔÃÎY×Ì×pæx0±Ã ÙDÊÌÙ Ù`ÑhÇ`ØYÈÒÑ�È�É`Ñ�ÍDÎ�ÏeÈÃØYÛ
È�É`Ñ±ÝYÑhÉ'ÊÌÕB×ÚÑhË*É'ÎhÝvÊÌÇ`î�Î�ÛQØ�×Ì×ÚØ�Ð¨ÊÌÇ`î�áNÑhÉ'ÎhÝvÊÚØ�Ó`Ï�ßtËÒÑBÑ!ÎY×ÌËÒØéó ÑhÕfÈ�ÊÚØ�Ç2û æ ù æÇ2Hæ«çéÑ!Ï�ÑhÔÃÎ�Ï�ìÈ�É'Î�È
È�É`Ñ�ÏeÑhË�Ó'×ÚÈ�Ë;Î�Ï�Ñ�Ç`ØYÈÃËÒÑhÇ'ËeÊÚÈ�ÊÚÝYÑ�ÈÒØnÈ�É'Ñ�ÑfövÎYÕfÈ!ÕeÉ`Ø�ÊÖÕfÑ«ØYÛ%ÆBæRN�ØYÏ�ÑBØ[ÝYÑBÏhß¸È�É`Ñ«ÔZÊÌÕfÏ�Ø�Ë�ÕfØYÍDÊÖÕ
Û=Ó'Ç'Ù'ÎYÔ;ÑhÇ�È�ÎY×¥Ù'ÊÌÎ�îYÏHÎYÔ ÊÌË�ÍD×ÚØYÈÒÈÒÑhÙoæ¢ë¸É`Ñ¢ÍD×ÌØYÈ3ØYÛªÈ�É`Ñ;Ô;ÑhÎYÇ%ÝYÑh×ÚØ ÕBÊÌÈ�ñ�ØYá'È�ÎYÊÌÇ`ÑhÙéÛQÏ�Ø�Ô÷È�É`Ñ
ìvÊÌÇ`ÑBÈ�ÊÌÕ!Ô;ØvÙ`Ñh×èÐ²ÊÚÈ�ÉÈÃE� ù  6Æ;Î�îYÏeÑBÑhËÃÝYÑBÏ�ñðÐªÑh×Ì×èÐ²ÊÌÈ�ÉðÈ�É'Ñ�ÔÃÊÌÕfÏ�Ø�Ë�ÕfØYÍàÊÌÕZÛ=Ó'Ç'ÙDÎYÔ;ÑhÇ&È�ÎY×
Ù'ÊÌÎ�îYÏHÎYÔ�æ/ë¸É'ÊÌË�Ë�É`Ø[Ð²Ë�È�É'Î�È3ÊÌÇ�Ø�Ó`Ï/ÔÃÊÌÕfÏeØ�Ë�ÕfØYÍDÊÌÕ®Ë�ÊÌÔ®Ó'×ÌÎ�È�ÊÚØ�Ç«ÑhË�ËÒÑhÇ�È�ÊÌÎY×Ì×Úñ�ÎY×Ì×]ÕBÎ�ÏeË3É'ÎhÝYÑÃÎ
ÛQØ�×Ì×ÚØ�Ð¨ÊÌÇ`î¢áNÑhÉ'ÎhÝvÊÚØ�Ó`Ïhæ¥Æ¶Ç�ÍDÎ�ÏeÈ�ÊÌÕBÓ'×ÌÎ�Ïhß`ÛQØYÏ²Ù`ÑhÇDË�ÊÚÈ�ÊÚÑhËí×ÌÎ�ÏeîYÑBÏ²È�É'ÎYÇÉ�Q��7FW ù ûÃÈ�É`ÑUÎ�îYÏ�ÑBÑhÔ;ÑhÇ�È
ÊÌËZÝYÑBÏ�ñ�îYØ�ØvÙoæ�ë²É'ÊÌËÃÕfØYÏ�ÏeÑhËÒÍNØ�Ç'Ù'ËÃÈÒØðÈ�É`Ñ«Û=ÎYÕfÈ!È�É'Î�È±ÛQØYÏ¹É'ÊÚî�É`ÑBÏZÙ'ÑhÇ'Ë�ÊÚÈ�ÊÚÑhË±ÎY×Ì×¸ÕBÎ�ÏeË¹Î�Ï�Ñ
ÈÒÏeÎ�Í'ÍNÑhÙZá)ÑBÈ�ÐªÑBÑhÇ!á'ÏHÎ�ì ÊÌÇ'îUÎYÇ'Ù!ÎYÕBÕfÑh×ÚÑBÏeÎ�È�ÊÚØ�Ç¹×ÌÊÌÇ'ÑYætë¸ÉDÊÌË³áNÑhÉ'Î�Ý ÊÚØ�Ó'ÏªÊÌËjîYÑhÇ`ÑBÏeÎY×Ì×ÚñÃÇ'ØYÈjÈÒÏeÓ`Ñ
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Kinetic Model    
Microscopic Model

;]ÊÚî�Ó'Ï�ÑUø ò!Ê/ÊÌÇ'ÑBÈ�ÊÌÕ�0±Ãw�@7FA ù  ¬Æ�2íÎYÇ'Ù�ÔÃÊÌÕfÏeØ�Ë�ÕfØYÍDÊÌÕ�Û=Ó'Ç'Ù'ÎYÔ;ÑhÇ�È�ÎY×9Ù'ÊÖÎ�îYÏeÎYÔÃË

ÊÌÇ�Í'ÏeÎYÕfÈ�ÊÌÕfÑ¢ÛQØYÏ/Ë�ÔÃÎY×Ì×�Ý�ÎY×ÌÓ`ÑhË�ØYÛ5�DæUÆ�Ç'Ù'ÑBÍ)ÑhÇDÙ`ÑhÇ&È�ÕBÎ�ÏeË�Î�Í'ÍNÑhÎ�Ï3ÎYË�ÐªÑh×Ì×·æ%~¨Ç`ØYÈ�É'ÑBÏ�ÕHÉ`Ø�ÊÌÕfÑ
ØYÛ1Ã ÕfØ�ÓD×ÌÙ2áNÑ�Ô;ØYÏ�Ñ«Î�Í'ÍDÏ�ØYÍ'ÏeÊÌÎ�ÈÒÑ�ÊÌÇ2È�É'ÑhËÒÑ«Ë�ÊÚÈ�ÓDÎ�È�ÊÚØ�Ç'ËBæ2çéÑ�ÔÃÑhÇ&È�ÊÚØ�Ç9ßªÈ�É'Î�È±Ô;ÑhÎYË�Ó`Ï�ÑhÙ
Ù'Î�È�Î*ÛJØYÏèÈ�É`Ñ¨ÛQÓ'ÇDÙ'ÎYÔ;ÑhÇ�È�ÎY×DÙ'ÊÌÎ�îYÏHÎYÔ.Î�Ï�Ñ¨Ï�ÑBÍNØYÏ�ÈÒÑhÙoß ÑYæäî`æÚß`ÊÌÇ�â � å·æ5~�ËèÔ;ÑhÇ&È�ÊÌØ�Ç`ÑhÙZÎ�áNØ�ÝYÑ�È�É`Ñ
Ü Ó'ÎY×ÌÊÚÈ�Î�È�ÊÚÝYÑ/Î�îYÏeÑBÑhÔ;ÑhÇ&È¨Ð²ÊÚÈ�É¹È�É`ÑhË�ÑUÙ'Î�È�ÎÃÊÌË¸îYØ�ØvÙoæ
Æ¶Ç�ØYÏeÙ`ÑBÏ�ÈÒØ�ØYá'È�ÎYÊÌÇ0Î îYØ�ØvÙ0Î�îYÏ�ÑBÑhÔ;ÑhÇ�È�ØYÛ¢ÔÃÊÌÕfÏ�Ø�Ë�ÕfØYÍàÊÌÕÎYÇ'Ù�ì ÊÖÇ`ÑBÈ�ÊÌÕ�Ï�ÑhË�Ó'×ÌÈ�Ë!ÎYÇDÙ�ÛJØYÏ
Ï�ÑhÎYËÒØ�ÇDË²ØYÛ³Ë�ÊÖÔ;ÍD×ÌÊÌÕBÊÌÈ�ñYß`ÐèÑ*É'Î�ÝYÑ®ÕHÉ`Ø�Ø�Ë�ÑhÇ�ÊÌÇ�È�É`ÑUÛQØ�×Ì×ÚØ[Ð²ÊÌÇ`îwÃÉ� ù  ÅÆBæi;]ÊÚî�Ó`Ï�Ñw0Qú�2¸Ë�É'Ø�Ð²Ë
È�É`Ñ/ËÒÈ�Î�È�ÊÌØ�Ç'Î�Ï�ñ¹Ù'ÊÌËÒÈÒÏeÊÌáDÓ`È�ÊÚØ�Ç'Ë»[���0k�z2èØYÛ�È�É'Ñ/É`Ø�Ô;ØYîYÑhÇ`ÑBØ�Ó'Ë²ì ÊÖÇ`ÑBÈ�ÊÌÕ�ÑhÜ�ÓDÎ�È�ÊÚØ�Ç�ÛQØYÏ²Ù'Ê��NÑBÏ�ÑhÇ�È
Ý�ÎY×ÌÓ`ÑhËèØYÛË�àæ³ë¸É'ÊÌËèÔÃÎ�ñ±áNÑ3ÕfØ�Ô;ÍDÎ�Ï�ÑhÙ¹ÈÒØ;È�É'Ñ�ÔZÊÌÕfÏ�Ø�Ë�ÕfØYÍDÊÖÕ¨Ù'ÊÖËÒÈÒÏeÊÚáDÓ'È�ÊÚØ�ÇÃÛ=Ó'Ç'ÕfÈ�ÊÚØ�ÇDËèËeÉ`Ø�Ð²Ç
ÊÌÇ�;]ÊÚî�Ó`ÏeÑ10pô�2Hæ�{�Ç`ÑíØYáDËÒÑBÏeÝYÑhË³Î3îYØ Ø ÙÃÎ�îYîYÏeÑBÑhÔ;ÑhÇ&ÈªÛJØYÏªÔ;Ø�ËÒÈ³ØYÛ)È�É`Ñ¸Ý�ÎY×ÌÓ`ÑhË]ØYÛ��Dæ)�¨Ø�ÐèÑBÝYÑBÏhß
ÛQØYÏ<�«ÝYÑBÏ�ñË�ÔÃÎY×Ì×tØYÏ/ÝYÑBÏeñ�×ÌÎ�ÏeîYÑ®È�É'Ñ;ÛJØYÏeÔ÷ØYÛèÈ�É`ÑÃÔÃÊÖÕfÏ�Ø�Ë�ÕfØYÍDÊÌÕ¢ÎYÇ'ÙìvÊÌÇ`ÑBÈ�ÊÖÕ®ÙDÊÌËÒÈÒÏeÊÚáàÓ`È�ÊÚØ�Ç
Û=Ó'Ç'ÕfÈ�ÊÚØ�Ç'Ë�Ù`ÑBÝvÊÌÎ�ÈÒÑhËBæUë²É'ÊÌË²ÊÖËBßNÛJØYÏ�Ñfö`ÎYÔ;ÍD×ÚÑYß9Ù'Ó'Ñ*ÈÒØ¹È�É`Ñ;ÎYÙ'Ù'ÊÌÈ�ÊÚØ�Ç'ÎY×FÎYÕBÕfÑh×ÌÑBÏeÎ�È�ÊÚØ�Ç'Ë/ÊÖÇ«È�É`Ñ
ÔÃÊÌÕfÏeØ�Ë�ÕfØYÍDÊÌÕ3Ô;ØvÙ`Ñh×pæ
Æ¶ÇÈ�É`Ñ;ÛJØ�×Ö×ÚØ�Ð²ÊÖÇ`î�ÎY×Ì×¥Ü�ÓDÎYÇ&È�ÊÚÈ�ÊÌÑhË3Ù`ÑfüàÇ`ÑhÙéÊÌÇÆMß�ó ÑhÕfÈ�ÊÚØ�Ç%ú`æ ô�Î�Ï�ÑÃÙ`ÑBÈÒÑBÏeÔZÊÌÇ`ÑhÙoæ�;]ÊÚî�Ó`Ï�Ñ'0pû�2
Ë�É`Ø[Ð²Ë²ÎZÍD×ÚØYÈ¸ØYÛ¥È�É'Ñ/ÈÒÏeÎGÞ±ÕUÍ'Ï�ÑhË�Ë�Ó'Ï�Ñ»Ì � 0k�z2Hæ¸ë¸É`Ñ1ÍªÇ'ËÒìYØYî!ÕfØ�ÑfÞ±ÕBÊÌÑhÇ&È�Î � 0k�F2íÊÖË¸Ë�É`Ø[Ð²Ç«ÊÌÇ;]ÊÚî�Ó`Ï�Ñ-0pã�2Hæ±çéÑ¹Ô;ÑhÇ�È�ÊÚØ�ÇéÈ�É'Î�È*È�É`ÑÃÝ�ÎY×ÌÓ`ÑhË/ØYÛºÈ�É`ÑYÍjÇ'ËÒìYØYî�ÕfØ�ÑfÞ!ÕBÊÚÑhÇ&È®Î�Ï�ÑZÔ®Ó'ÕeÉð×ÌÎ�Ï�îYÑBÏ
È�É'ÎYÇ�È�É`Ø�Ë�ÑéØYÛ�Ì � 0k�z2HæÏ;]ÊÚî�Ó'Ï�ÑÈ0 � 2!Ë�É`Ø�Ð¨Ë�ÎðÍà×ÚØYÈ¹ØYÛUÈ�É`Ñ%×ÌÎYÇ'Ñ�ÕHÉ'ÎYÇ`î�ÊÌÇ`î2Í'ÏeØYáDÎ�áDÊÌ×ÌÊÌÈ�ÊÚÑhËÐ �Ñ 0k�F25�@Ð �K 0k�F25�@Ð �+ 0k�F2Hæ5ÍªÜ�Ó'ÎY×ÖÊÚÈ�ñ;ÊÌËªÙ'Ó`Ñ¸ÈÒØ*È�É`Ñ²Û=ÎYÕfÈªÈ�ÉDÎ�ÈªÐèÑ¨É'Î�ÝYÑ�ÕHÉ`Ø Ø�ËÒÑhÇY=�L+ �E=�LK æ;]ÊÚî�Ó`Ï�ÑÒ0 � 2;Ë�É`Ø�Ð¨Ë;È�É`Ñ«×ÌÎYÇ'Ñ¹ÕHÉ'ÎYÇ`î�ÊÌÇ'î%Í'Ï�ØYáDÎ�áàÊÌ×ÌÊÚÈ�ÊÚÑhË*Ù'Ó`Ñ�ÈÒØnÊÖÇ&ÈÒÑBÏeÎYÕfÈ�ÊÌØ�Ç'ËBæ�Æ¶Ç�îYÑhÇ`ÑBÏeÎY×pß
ÎY×ÌËÒØ�ËÒÍNØ�Ç&È�ÎYÇ`ÑBØ�ÓDË/×ÌÎYÇ`ÑÃÕHÉ'ÎYÇ`î�ÊÌÇ`î�É'ÎYË3ÈÒØ�áNÑ;È�Î�ìYÑhÇ5ÊÌÇ&ÈÒØ�ÎYÕBÕfØ�Ó'Ç&ÈBßtÐ²É'ÊÖÕeÉéÊÌË/Ç'ØYÈUÕBÎYÓ'ËÒÑhÙ
á ñÃÎYÇ`ØYÈ�É`ÑBÏíÕBÎ�Ïhæ³ë¸É'ÊÖË¥È�ñ ÍNÑ²ØYÛF×ÌÎYÇ'Ñ¨ÕeÉDÎYÇ`î�ÊÌÇ`î®É'ÎYËjÛQØYÏºË�ÊÌÔ;ÍD×ÖÊÌÕBÊÚÈ�ñ®Ç`ØYÈèá)ÑBÑhÇ±ÕfØ�Ç'Ë�ÊÌÙ'ÑBÏ�ÑhÙZÊÌÇ
È�É`ÑUÔÃØ Ù`Ñh×oÓ'Í�ÈÒØZÇ`Ø�ÐUßDËÒÑBÑUÎY×ÌË�ØQÓ¸ÑhÔÃÎ�Ï�ì�ø;ÊÖÇ¹ÆHßàó ÑhÕfÈ�ÊÌØ�Ç«ô æ!�¨Ø�ÐèÑBÝYÑBÏhß)ÊÖÇ¹ÍDÎ�Ï�È�ÊÌÕBÓ'×ÖÎ�ÏhßvÛJØYÏ
ÊÌÇ'É'Ø�Ô;ØYîYÑhÇ`ÑBØ�Ó'Ë*Ë�ÊÚÈ�Ó'Î�È�ÊÚØ�ÇDËU×ÌÊÚìYÑZÈ�É`ÑZØ�Ç`Ñ±ÈÒÏ�ÑhÎ�ÈÒÑhÙ2ÊÌÇ%È�É'Ñ±Ç`ÑfövÈ*ËÒÑhÕfÈ�ÊÌØ�Çoß¥ÊÚÈUÊÌË*ÊÌÔ;ÍNØYÏ�È�ÎYÇ�È
ÈÒØ%ÊÌÇ'ÕB×ÖÓ'Ù`ÑZÈ�ÉDÊÌË¢ì ÊÖÇ'ÙnØYÛ�×ÌÎYÇ`Ñ�ÕHÉ'ÎYÇ`î�ÊÌÇ`î`æÅ;]ÊÚî�Ó`Ï�Ñ#0gÔ�2¢Ë�É'Ø�Ð²Ë;ÎÍD×ÌØYÈ®ØYÛ¨È�É`Ñ�ÊÌÇ�ÈÒÑBÏeÎYÕfÈ�ÊÚØ�Ç
ÛQÏ�ÑhÜ�Ó'ÑhÇ'ÕBÊÚÑhË�Õ �> 0k�z2¸ÎYÇDÙoÕ �D 0k�z2HæíçéÑ*ÏeÑhÔÃÎ�Ï�ì�È�É'Î�È¨È�É`ÑUÏ�ÑhËeÓ'×ÚÈ�Ë¸ÛQØYÏ²È�É'ÑUÍ'Ï�ÑhËeË�Ó`Ï�ÑYß'È�É'Ñ*×ÌÎYÇ`Ñ
ÕeÉDÎYÇ`î�ÊÌÇ`î;Í'ÏeØYáDÎ�áDÊÌ×ÌÊÌÈ�ÊÚÑhËªÎYÇDÙ�È�É`ÑUÕfØ�×Ì×ÖÊÌË�ÊÚØ�Ç!ÛQÏ�ÑhÜ�Ó'ÑhÇ'ÕBÊÚÑhËíÉ'Î�ÝYÑUáNÑBÑhÇ�Ë�×ÌÊÚî�É�È�×Úñ!Ë�Ô;Ø ØYÈ�É`ÑhÙoæ
;]ÊÌÇ'ÎY×Ì×ÌñYß�ÐªÑ¨ÍD×ÚØYÈèÊÌÇQ;]ÊÚî�Ó`Ï�ÑO0g��2¥È�É`Ñ�×ÚÑhÎYÙ'ÊÌÇ'î/ÝYÑhÉ'ÊÌÕB×ÚÑ¨Ù'ÊÌËÒÈÒÏeÊÌáDÓ`È�ÊÚØ�Ç'ËtØYá'È�ÎYÊÖÇ`ÑhÙZÊÌÇZÈ�ÐèØ*ÐºÎhñvËBæ
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;]ÊÚî�Ó`Ï�Ñ/ã ò�ÍªÇ'ËÒìYØYîÃÕfØ ÑfÞ±ÕBÊÚÑhÇ�È�Î � 0k�z2
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;]ÊÚî�Ó`Ï�Ñ � ò�ÖFÎYÇ`ÑUÕHÉ'ÎYÇ`î�ÊÌÇ'î;Í'Ï�ØYáDÎ�áDÊÖ×ÌÊÚÈ�ÊÚÑhË|Ð%�Ñ 0k�F2ºÙ'Ó'Ñ3ÈÒØZÊÌÇ�ÈÒÑBÏeÎYÕfÈ�ÊÚØ�Ç'Ë

Ô



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0.018

0.02

ρ

νe X(ρ
)

νe
A
(ρ)

νe
B
(ρ)

;tÊÌî�Ó`Ï�Ñ1Ô ò³Æ¶Ç&ÈÒÑBÏHÎYÕfÈ�ÊÚØ�Ç�ÛQÏ�ÑhÜ Ó`ÑhÇ'ÕBÊÚÑhË�Õ �> 0k�z2�A�Õ �D 0k�z2
çéÑèü'ö%���@7FWäú�ÎYÇDÙ*Ù`Ø�Ç`ØYÈ]Ù'ÊÌËÒÈ�ÊÌÇ'î�Ó'ÊÌË�É�áNÑBÈ�ÐèÑBÑhÇ®ÝYÑhÉ'ÊÌÕB×ÚÑhËtÐ²ÊÌÈ�ÉUÙ'Ê��NÑBÏ�ÑhÇ�ÈFÝYÑh×ÚØvÕBÊÚÈ�ÊÚÑhËhæ¢;]ÊÚÏeË�È
È�É`Ñ/ÔÃÊÖÕfÏ�Ø�Ë�ÕfØYÍDÊÌÕ�Ô;ØvÙ`Ñh×NÊÌËíÓ'Ë�ÑhÙ�Ù'ÊÚÏ�ÑhÕfÈ�×ÚñZÈÒØ;ØYá'È�ÎYÊÌÇ¹È�É`Ñ/Ù'ÊÖËÒÈÒÏeÊÚáDÓ'È�ÊÚØ�ÇÃØYÛtÈ�É`Ñ/Ù'ÊÌË�È�ÎYÇ'ÕfÑhËºØYÛ
È�É`Ñ²×ÌÑhÎYÙ'ÊÌÇ`î3ÝYÑhÉ'ÊÖÕB×ÚÑYæ¥ë¸É'ÊÌË³ÊÖË³ÕfØ�Ô;ÍDÎ�Ï�ÑhÙZÈÒØ*Î/ÙDÊÌËÒÈÒÏeÊÚáàÓ`È�ÊÚØ�Ç®ØYá'È�ÎYÊÌÇ`ÑhÙÃá�ñ;Ó'Ë�ÊÖÇ`î3È�É`Ñ²ËÒÍNÑhÕBÊÌÎY×
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