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CED"FGDIH�JLKNM"JPO3JLQ�RTS UWVYX�K�Z\["]_^W`�H�a1b�ced1XgfhfiJLj�XgKNJkZ)lmX�Q
n\o6pPqsrutwvNr�x�tmyTtYrutwz|{3}1~ ����� tw�N�k���W�s�mtwz|{��P���$�k�:z|���s�Yz��\q|}2~ �|�=� tw�T�k��}��$���L�|�P�k��}=���g�

� x=�����w��z:��o�psqPrutwvNr2�|{�����r��m��z|{�z|�0q|}=�I{�thys���NrutY�mq�z:���Wz|�)�mpe�&�|�:zP� th{"�_�s����pg�\���N�3��tw�m� }���pg�\���N���1tw�h� }�� �¢¡��|£k¤P¤T}����g�

H1]sJL¥§¦0XLV�K)J�M�lhX�J�¨TZ\lh©�]�Q3ªI¨�fh]|l JLK)]«ª$¦\]¬M­JkZ¯®0^2b=°*± ¦�²�^W`�H�³,Z)X´¦�Z\ªIM�O¢Q-ª$¨|fm]¬l JLQ$Mµ¥¶]¬J�¦�ª"K)]¯¨|K\X3¦\¦ ¦\]¬¨�Z\lhXgQ$¦0XgV
lmQ3Z)]|K)]¬¦�Z_Z\X­Jg¦�Z\K)Xg·"[-O�¦�li¨¬¦�De`:Q¸·$JgK�Z)li¨�ª"fiJLK¬¹6·$K\XgZ\XgQ"º»K)li¨N[µj�]¬Jg¥§¦EJLK)]§ª$¦\]¬M¸lmQ¸¦)¨|JLZ�Z)]|K)lmQ$¼½JLQ$M¾Z)K)JgQ$¦�VY]|KEK)]¬J�¨TZ)lmX�Q
¦�Z)ª$M�lh]¬¦�lhQ¸XgKNM�]¬KEZ)X­ª$Q$M�]|KN¦�Z)JLQIM¸lh¥¶·IX�K�ZNJLQ3ZEK)]¬J�¨TZ\lhX�Q8K)JLZ\]¬¦�lhQ¸]|¿-·$fmX3¦�lh©�]¶]|Q-©-lmK)XgQ$¥¶]|Q3Z)¦¯¦�ª$¨N[�Jg¦¯Q"Xk©kJL]´JLQ$M
¿3ºuKNJPOej"ª"KN¦�ZN¦�D§H�]¬¨¬JLª$¦\]¯KNJgM"lmX3Jg¨�Z\lh©g]_j�]¬Jg¥§¦ JLK)]¯ª$¦\ª$JgfmfhO´XLV�fhXkÀÁlhQ3Z\]|QI¦�lmZ�OL¹�lmZ�li¦�lh¥¶·�XgK\Z)JgQ�Z0Z\[IJkZ Z\["]§M"]�Z\]s¨TZ)XgK
¦�O�¦�Z\]|¥ÂªI¦�]sM¢¨�Xk©�]|K0J§fiJLK)¼g]_¦\XgfhliMeJLQ"¼�fh]LD�³"ª"K\Z\["]¬K\¥¶X�K\]g¹�j�]¬Jg¥§¦=JgK\]¯XLViZ\]¬Qµ¨|XgQ3Z)Jg¥¶lmQIJkZ\]sMÃÀWlÄZ)[µ¦�Z)Jgj"fh]_li¦�X�j$JLKN¦�¹
JLQ$M«lmZ�li¦<Z)["]|K)]�VYX�K\]2M�]s¦�lhKNJLj"fh]1Z\X_·�]|K\VYXgK)¥AÅ3lhQ"]¬¥§JkZ)lh¨¬JLfhfhO3ºu¨|Xg¥«·"fm]�Z\] ¥¶]sJg¦\ª"K)]|¥¶]|Q3ZN¦�Z)XEM�li¦�Z\lhQ"¼gª$lh¦\[¯Z\["]2]¬©g]¬Q�ZN¦*XgV
lmQ3Z)]|K)]¬¦�Z|D�Æ�["lh¼g[�ºu]�Ç§¨�lh]¬Q$¨�O_¦\]|¼�¥¶]|Q3Z\]sMEM�]|Z\]¬¨�Z\X�K�¦�O�¦�Z\]¬¥Èli¦ J Q"]¬¨|]¬¦)¦�lmZ�O�Z)X�·I]¬K�VYX�K\¥A¦�ªI¨N[�¥¶]sJg¦\ª"K)]|¥¶]|Q3ZN¦�ÀWlmZ\[¶J
K\]sJg¦\XgQ$Jgj"fh]2]�Ç§¨�lh]¬Q$¨�O¶JLQIM§Z)X�©�]|K)lmVYOEZ)["]_¨�X�K\K)]¬¨�Z1Å-lhQ"]|¥§JLZ\li¨|Jgf"K\]¬fiJkZ\lhX�Q$¦�[$lm·I¦*JLK)]�¦)JkZ)lh¦�É$]sM�D<F­] [$JP©�]�M�]¬©g]|fhX�·I]sM
Z\["]«c-`�C2Æ=^Ê¦�lhfhli¨�X�QÃM�]|Z\]s¨TZ\X�K�JgK\KNJPOËª$¦\lhQ"¼§M�]|Z\]¬¨�Z\X�K)¦�¥§JLQ-ª�VwJ�¨TZ\ª$K\]sMÌj-OeÍeli¨�K)XgQ½c-]¬¥¶li¨�XgQIM�ª$¨TZ)XgK_ÎÄÏ�Ð JLQ$M½·"ª"fi¦�]
¦�[$Jg·"lhQ"¼0]|fh]¬¨�Z\K)XgQ"li¨|¦6VYK)Xg¥Èa1M�lhQ-j"ª"K)¼g[¯Ñ=Q"lh©g]¬K)¦\lmZ�O§Î ÒkÐ�D�F­]W[IJP©g]L¹�lmQ«JgM$M�lmZ\lhXgQ�¹gM"]|©g]¬fhXg·�]¬M�J ·"K\]sJL¥¶·"fhlmÉ$]¬K6¦\O-¦�Z\]¬¥
lmQÌ¨�XgfhfiJLj�XgKNJkZ)lhXgQ_ÀWlmZ\[Ì^W`�cÌd1X�K\·�XgKNJkZ)lmX�QeÎ ÓLÐ�D*Ô�["li¦�JgK\KNJPOE[IJg¦1jI]¬]|QËªI¦�]sM§lhQ§¨�X�QPÕ�ª"Q$¨�Z\lhXgQ§ÀWlmZ)[ËJ_¼3Jg¦*lhX�Q"lhÖ¬JkZ)lhXgQ
¨�Xgª$Q�Z)]|K¯lmQ¸¦\]|©�]|KNJLf*]|¿�·I]¬K\lh¥¶]|Q3ZN¦¶Î ×$¹ÙØ�¹ ÚLÐ�ÀWlmZ\[8KNJgM�lhX�J�¨TZ)lm©�]¯j�]¬Jg¥§¦_JkZ¯Z\["]Ã²=^W`�H�³1D C=]s¦�lh¼gQ8JgQ$M8·�]|K\VYXgK)¥§JLQ$¨|]
¨N[$JLKNJg¨�Z\]|K)li¦�Z)li¨|¦ XgV6Z)["]_JLK)K)JPO«ÀWlhfhf�jI]�·"K)]¬¦\]|Q3Z)]¬MÃJLfhXgQ"¼¯ÀWlmZ\[ÃVYª�Z\ª$K\]�·"fiJgQ$¦�D

ÎÛÏ|ÐIÍeli¨�K)XgQ¶c-]|¥¶li¨|XgQ$M�ªI¨TZ\X�K�°&Z)M�Dm¹�Ï�^2XkO�JLf"H�ª"lhfiM�lhQ"¼3¦�¹LÍ½JgK\fhj�XgK)Xgª"¼�[E^WX�J�M�¹�d1[-ª"KN¨N["lhfhf�`:QIM�ª$¦�Z\K)lhJgf"a�¦�Z)JLZ\]L¹-°�JgQ$¨Tº
lmQ$¼"¹Ic-ª$¦)¦\]�¿ÌH�b_ÏPØEÜ�Ñ=b_¹IÑ=Ý�D
Î ÒkÐ�Ô0DIC�JP©-lhQ$¦\XgQ¾Þ�ß�àkáÛâm¹�b2ª$¨|f�D `:Q$¦�Z\K)ª"¥´D*Íe]|Z\["X�M"¦2ã�[-O-¦|D*^W]¬¦|D�ÆGä�å"ä�¹$Ó�ØgæÌç»ÒLægæ�æ�èTD
Î ÓLÐ�^W`�ced1XgK)·IX�K)JLZ\lhXgQ�¹"ØLé�æ�Ø_F­]¬li¦�j"K)X-XgÅ¶°�JgQ"]L¹Ic�ª"lmZ\]¶Ï¬æ3Ò-¹"Ý Q"XP¿�©-lhfmfh]g¹�ÔWbGÓ3êLégægé"¹-Ñ0c�Æ�D
Î ×gÐ�C_DIFGDIH�JLKNM"JPO�JgQµÞ�ß�àkáÛâm¹�ã*[-O�¦�D*^W]¬©�D�°&]�Z\Z|D1ë�ì�¹"×-ØÃç�Ï¬é�égé3èND
Î ØkÐ�í"D�d=D�H1fiJ�¨NÅ3¥¶X�Q¢Þ�ß�àkáÛâm¹�b2ª$¨|f»D ã�[-O-¦|D*ÆîçYlhQÃ·"K\]s¦\¦NèND
Î ÚLÐ�C_DIFGDIH�JLKNM"JPO�JgQµÞ�ß�àkáÛâm¹�ã*[-O�¦�D*^W]¬©�D�d�ï�ð�¹$æL×-ÒLÜgæ3Ò"ç�^=è2ç»ÒLægæ�æ�èTD
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RTS=C�UrU�b_J]RTS=Uªb_C�A(E�P%§�R�UªE]C�Uª�TP%J@ADJ�£rU;��R�CTUªJ=«DR�SÖA%J�E]a3G�A%�[¡©­@£FS�A%��Ñ�¶©Á%UrÂáb_J]RTS=Uªb_C[Ur¦�£rbcR�A�R�b_P%J¢UrJ=UªCT«(G¬OQP%C[RTS=b`�
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Nuclear Reaction Rate Uncertainties and their effects on Nova
Nucleosynthesis Modeling
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The observable consequences of a nova outburst depend sensitively on the details of the thermonuclear
runaway which initiates the outburst. One of the more important sources of uncertainty is the nuclear
reaction data used as input for the evolutionary calculations. It has been demonstrated that changes in
the reaction rates used in a nova simulation can alter the production of individual isotopes (by an order
of magnitude) and change global observables such as the peak luminosity and the amount of mass ejected
by 10-30% [1].

We present the first systematic analysis of the full impact of reaction rate uncertainties on nova nucleo-
synthesis. The use of Monte Carlo techniques allows the translation of reaction rate uncertainties into
uncertainties in nova model nucleosynthesis (see Fig. 1) and thereby quantifies the extent of disagreement
between theory and observations.

By examining the relative importance of changes in individual reaction rates, our analysis can provide
guidance in the selection of reactions for further experimental study. We will demonstrate the usefulness
of this technique by determining the relative importance of the many individual reactions involved in the
production of 22Na. Our analysis not only confirms the important reactions identified in [2], but also
finds several additional reactions of similar importance.

FIG. 1. Final Abundances (elapsed time = 4.7 × 105 sec after peak) for the innermost ejecta of a model for a
nova outburst on a 1.25 M� ONeMg white dwarf. The error bars are derived from our Monte Carlo analysis.

[1] S. Starrfield, et al., MNRAS, 296, 502 (1998).
[2] J. José, A. Coc, & M. Hernanz, ApJ, 520, 347 (1999).
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