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«	U`��XmdP4r0e[2�_�OecJZ<mdUWfd_�afb_<��U`aP�Y�Z<fd\^U`j�fdj�Z<\d\^P�mdU`a� cmd_��JZ]�U`YWU`\�ie�G_}m fdY`_<£�f j�_�Y`Y`UWfdU`_�afbj�_�OecX\^P h �?i
�G_}m^O�XY�Zb¥^x /�¨�¥�j�U`mdj�Y`P�fg¨���XfdU`a� Zba?XO4P�m^U`j�Z<Y}U`az\dP���muZ<\dUW_}a�Z<a h \^LJZ]\'�zi�Z]ccm^_<k?U`O�Z]\^U`_�aNfJ©,x�¥ h Z<fdLP h
Y`U`aP�fu¨�Z<a h ©PJ�¥Òj�_�a?\dUWa?X_}Xf�Y`U`aP�¨��
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«	U`��XmdP V+e�2�_�OecJZ<mdU`f^_�a�_]����K�mgZ<\dP�j�_�afd\gZ<a?\df)�G_�mbf^Y`_<£Cj�_}YWY`U`f^U`_}af�_}�\gZ]UWaNP h XfdUWaN�4U`a?\^P��}mgZ<Y	�G_}m��
O�XY�Z Z]a h Z<ccNm^_<k?U`O�Z<\dU`_�af)©�x Z]a h ©PJN� K�LP�mgZ<\dP j�_}af^\uZ<a?\^f�Z<m^P��}UW{}P�a�Z<f,�GXNaj�\^U`_}af�_<�)\^LP
\dP�O4c6P�mgZ]\^XmdP��

Û	Û&Ã_^�û�û�û]æ



r&/ � ���������.%&�	���&��
�"��������� ����� ����" �

0 5 10 15 20 25 30 35 40

Quantum Level (QL)
1e-24

1e-23

1e-22

1e-21

1e-20

1e-19

1e-18

1e-17

1e-16

1e-15

1e-14

1e-13

1e-12

1e-11

1e-10

1e-09

1e-08

1e-07
Log(Kninf) (cm3/s) N2(QL)+N2-->N2(QL-1)+N2

Billing-Fisher

Numerical  Integration for slow collisions

Approximation  A1: Po computed with formula 53

Po computed using Newton method
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«	U`��XmdP \+eT2�_�O4c6Z<m^U`fd_�a _<��mgZ]\^P j�_�aNf^\gZ]a?\^fe�G_�mef^Y`_<£&j�_}YWY`U`f^U`_}af��CK�LNP h P�cJP�a h P�aj�P U`f4Xc6_�a Z
�?XJZ]az\dXO YWP�{�P�Y�Z]a h j�_�aj�P�m^afb_�aY`ie_�aP)Y`P�{�P�Y¤\^mgZ]af^U`\dUW_}af��
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«	U`��XmdP -+eP2�_}O4cJZ]m^U`f^_}a�_<���bKCmgZ<\dP�j�_�aNf^\gZ]a?\^f)j�_�OecX\dP h �E_�m���Z<f^\¸�³U`a?\^P�m^O4P h U�Z<\^Po�³fdYW_<£ j�_}YWY`U`f^U`_}af
¥Òj�U`m^j�Y`P�fu¨�Z]a h _}aY`i f^Y`_<£ j�_�Y`Y`U`f^U`_�aNf ¥�m^LN_�O��XfdP�fg¨�� 1�a��J_}\^L�j�Z<f^P�f�£�P LJZ�{}P�Xf^P h Z a?XO4P�m^U`j�Z<Y
U`a?\^P��}mgZ]\^U`_�a��'K�LNP muZ<\dP j�_�afd\gZ<a?\df Z<mdP)��U`{�P�a Z]f��GXaj�\dU`_�a4_]�9\^LP)\^P�O4c6P�mgZ]\^XmdP��
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«	U`��XmdP�~+e 2�_}O4cJZ]m^U`f^_}a _<���bKvmgZ]\^Pej�_�afd\gZ]az\df����G_�m h U��¤P�mdP�a?\�_}aPu��YWP�{�P�Y�\dmgZ<aNf^U`\^U`_�aNf��	j�_�OecX\^P h
£�U`\^L © h Z]O4_<{?U`juL�O4_ h P�Y�¥Òj�m^_}f^f^P�fg¨��[S)_}m^�JZ]jgLNP�{ Oe_ h P�Y�¥�£�LU`\dP�j�UWmdj�Y`P�fg¨eZ<a h �?i ª U`Y`YWU`a�]�¸«	U`f^LNP�m
Oe_ h P�Y9¥��Y�Z]j�0�c6_�U`a?\^fu¨��
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«	U`��XmdP�|0e52�_�OecJZ<mdUWfd_�a�_]� �bK muZ<\^Pbj�_�aNf^\gZ]a?\^f��]�G_}m h U�� P�m^P�a?\�r�Z]a h V�Y`P�{}P�Y6\^mgZ]af^U`\dUW_}af��]j�_�OecX\^P h
£�U`\^L�© h Z]O4_<{?U`juL�Oe_ h P�Y9¥�j�md_�fdf^P�fu¨ Z]a h S)_�md�JZ<juLP�{4O4_ h P�Y+¥Ò£�LU`\^P)j�U`m^j�Y`P�fu¨��
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«	U`��XmdP x /0e�2�_}O4cJZ]m^U`f^_}a _<���bK#mgZ]\^P j�_�aNf^\gZ]a?\^f h P�cJP�a h U`a� _�a�\dLP�U`aU`\^U�Z<Y�{?U`�mgZ]\^U`_�a6Z<Y�Y`P�{}P�Y
�G_}m h U�� P�mdP�a?\�O�XY`\^U���Y`P�{�P�Y¤\dmgZ]af^U`\^U`_}af���Z]a h �G_}m h U�� P�mdP�a?\�\^P�O4c6P�mgZ]\^XmdP�f��,© h Z]O4_<{?U`jgLem^P�fdXY`\^f�Z]m^P
mdP�cm^P�f^P�a?\^P h �zi h Z<fdLP h Y`U`aP�Z<a h S)_�md�JZ<juLP�{em^P�fdXY`\^fb�ziej�_�a?\dUWa?X_}Xf�Y`U`aP��
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«	U`��XmdP�x}x�e�2�_}O4cJZ]m^U`f^_}a�_<���b��muZ<\dP�j�_�afd\gZ]az\df��6�E_�m h U�� P�m^P�a?\)_�aPo�³Y`P�{}P�Y9\^muZ<afdU`\^U`_�af��6j�_�OecX\^P h
£�U`\^L�© h Z]O4_<{?U`juL�O4_ h P�Y9¥ h Z<fdLP h Y`U`aP�fu¨�� S _�m^�6Z<juLP�{eO4_ h P�Y'¥�fd_�Y`U h Y`U`aP�fu¨�Z<a h �?i ª U`Y`YWU`a�]�¸«	U`f^LNP�m
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