6 3. Saizar, P ., Starr�eld, S., F erland, G., J., W agner, R., M., T ruran, J., W., Ken y on, S., J., Sparks, W., M., Williams, R., E., & Stryk er, L., L. 1992, ApJ, 398, 651. 4. Shore, S. N., Sonneb orn, G., Starr�eld, S., Gonzalez-Riestra, R., & Ak e, T. B. 1993, AJ, 106, 2408. 5. Thielemann, F.-K. 1994, priv ate comm unication. 6. W allace, R. K., & W o osley , S. E. 1981, ApJS, 45, 389. 7. W ana jo, S., Hashimoto, M. & Nomoto, K. 1996, in preparation. 8. W ana jo, S., Nomoto, K., T ruran, J. W., & Hashimoto, M. 1996, in preparation.

5 Figure 4. The same as Figure 3, but for ( M WD = M � , M en v = M � ) = (1.4, 1 � 10 � 4 ). Our results suggest that the HCNO breaking via alpha captures of 14 ; 15 O is not of imp ortance on hea vy elemen t pro duction by the rp-pro cess nucleosyn thesis. The p eak burning temp eratures of � 3{4 � 10 8 K is not enough to ignite these reactions. Ev en in a higher temp erature case where the alpha captures of 14 ; 15 O are e�ective, the con tribution of n uclear ux via HCNO breaking is m uc h smaller than that of 20 Ne(p, ) as seen in Figure 4. Instead, the rp-pro cess n ucleosyn thesis starts b y the proton captures of 20 Ne as seen in Figure 3. The increasing n uclear energy generation �xes the progress of the shell ash to terminate the n uclear o w at sulfur. W e w ould lik e to thank F. -K. Thielemann and J. W. T ruran for their help. This researc h w as supp orted b y a gran t from Japan So ciet y for Promotion Science, the Univ ersit y of T oky o, and National Astronomical Observ atory . REFERENCES 1. F ujimoto, M. Y. 1982, ApJ, 257, 752. 2. P olitano, M., Starr�eld, S., T ruran, J. W., W eiss, A., & Sparks, W. M. 1995, ApJ, 448, 807.

4 Figure 3. A n uclear c hart for ( M WD = M � , M env = M � ) = (1.2, 3 � 10 � 4 ). The size of a circle indicates the yield at the �nal stage, and the length of an arro w the net nuclear o w in the same scale. Figure 1 sho ws the �nal mass fraction of 22 Na in the M WD { M env plane. 22 Na is greatly enhanced when the burning temp erature exceeds 4 � 10 8 K and the burning timescale is comparable to the b eta-deca y lifetime of 22 Mg ( � 6 s). It is due to the substan tial n uclear ux from 20 Ne, and the A = 22 progenitors that surviv e proton captures of 22 Na, as seen in Figure 3. This is a p ossible explanation for QU V ul. The resulting -ra y line ux is detectable for a no v a pro ducing � 10 � 7 M � of 22 Na within the distance of � 3 Kp c, with the sensitivit y of CGR O . Figure 2 sho ws the total amoun t of 22 Na par ev en t in the M WD { M env plane. Assuming that most part of the en v elop e is ev en tually blo wn a w a y , M env � 10 � 4 M � is needed for the -ra y detection. The -ra y ux from V1974 Cyg migh t ha v e b een just under the sensitivit y , whic h is consistent with the COMPTEL result. Ho w ev er, QU V ul m ust ha v e pro duced � 10 � 7 M � of 22 Na, though it app eared to o early for the CGRO surv ey . The next nearb y ONeMg no v a enhanced with sulfur in the ejecta will b e a promising target for 22 Na -ra y line detection b y CGRO or INTEGRAL .

3 3. Results and conclusions Our results sho w that there exist tw o t yp es of elemen ts based on their pro duction patterns in the M WD { M env plane [7]. The �rst, whic h sho ws a clear correlation b etw een the elemen t pro duction and the burning p eak temp eratures, includes oxygen, neon, and sulfur. Oxygen and neon are m uc h enhanced in the initial gas (T able 1), but decrease signi�can tly by proton captures when the burning temp erature exceeds � 3 � 10 8 K, and � 4 � 10 8 K, resp ectiv ely . In con trast, sulfur increases substan tially o v er � 3 � 10 8 K. Consequen tly , w e can constrain the p eak burning temp eratures ( T p eak ) for the observ ed six ONeMg no v ae listed in T able 1, considering that neon ma y not b e depleted signi�can tly for all no v ae: T p eak � 3{4 � 10 8 K for sulfur-enhanced or o xygen-depleted no v ae, V1370 Aql, QU V ul, V838 Her, and V1974 Cyg, and � 3 � 10 8 K for V693 CrA and V351 Pup. The second type of elemen ts, correlated with the burning timescale lik e carb on and magnesium, helps us to constrain the parameter ranges in the M WD { M en v plane, coupled with the ab o v e results [7]. Finally , w e get the ranges of these parameters for each no v a: ( M WD = M � , M en v = M � ) = (1.23{1.3, 3{6 � 10 � 5 ) for V1370 Aql, ( M WD = M � , M en v = M � ) = (1.18{1.27, 1{5 � 10 � 4 ) for QU V ul, ( M WD = M � , M env = M � ) = (1.15{1.22, 0.3{5 � 10 � 4 ) for V1974 Cyg. Indeed, these results suggest that these systems had massive en v elop es, in go o d agreement with observ ational estimates [3,4], without theory . W e cannot constrain these parameters strictly for the other three no v ae b ecause of the lac k of hea vy element data. Figure 1. Final pro duction of 22 Na b y mass fraction in logarithmic scale. Figure 2. T otal amoun t of 22 Na p er no v a ev en t in logarithmic scale.

2 It has b een suggested that HCNO breaking via alpha captures of 14 ; 15 O leads to hea vy elemen t pro duction b y the rp-pro cess n ucleosyn thesis [6]. These reactions, ho w ev er, need quite high temp eratures such as � 5 � 10 8 K. Th us it ma y b e more plausible to consider that the rp-pro cess n ucleosyn thesis starts from proton captures of initially enhanced 20 Ne. This reaction takes place for lo w er temp erature � 4 � 10 8 K. The purp ose of this pap er is to rep ort our results of n ucleosyn thesis calculations on ONeMg no v ae in terms of tw o parameters, i.e., white dwarf and en v elop e masses. It en- ables us to constrain these parameters through comparison of element pro duction with observ ational estimates. The detectabilit y of 22 Na -ra ys and the rp-pro cess nucleosyn- thesis in ONeMg no v ae are then discussed. 2. A quasi-analytic study of ONeMg no v ae The no v a mo del applied in this w ork is a quasi-analytic approac h for h ydrogen shell ashes on accreting white dw arfs [1]. The structure of an env elop e is determined uniquely when a white dw arf mass ( M WD ) and an en v elope mass ( M env ) are sp eci�ed, in assumption that the spatially adiabatic en v elope expands spherically in hydrostatic equilibrium. W e ha v e calculated � 50 sequences of M WD (= 1.1{1.4 M � ) and M env (= 10 � 6 {10 � 3 M � ). The progress of an en v elop e is deriv ed from the energy generation rate b y n uclear reactions in v olv ed. The n uclear reaction netw ork used here contains 77 stable and proton- ric h isotop es from h ydrogen to calcium, including all relev an t n uclear reactions. W e adopted the up-to-date n uclear reaction rate data [5]. The initial comp osition in the en v elop e is assumed to b e a mixture of the solar comp osition gas and the dredge-up matter from the surface of an ONeMg white dwarf. The mixing ratio of the core-surface matter is assumed to b e 0.5 b y mass, re ecting the a v erage metalicit y of h Z i � 0 : 45 in the ejecta for recen t ONeMg no v a observ ations (T able 1). Comparison of our results with h ydro dynamic calculations [2] sho ws there are no sig- ni�can t di�erences b etw een them for most element pro duction [7]. T able 1 Hea vy elemen t mass fractions in ONeMg nov ae Ob ject Y ear O Ne S CNO/Ne-F e Z V693 CrA 1 1981 0.12 0.17 1.3 0.39 V1370 Aql 2 1982 0.051 0.52 0.10 0.36 0.86 QU V ul 3 1984 0.017 0.086 0.012 0.67 0.40 V351 Pup 4 1991 0.19 0.11 2.5 0.38 V838 Her 5 1991 0.0032 0.068 0.57 0.11 V1974 Cyg 6 1992 0.25 0.10 0.011 2.3 0.54 This w ork � 0.28 0.17 0.0002 1.4 0.51 References: 1 Williams et al. 1985, 2 Snijders et al. 1987, 3 Andre� a et al. 1994, 4 Saizar et al. 1996, 5 V anlandingham et al. 1996, 6 Austin et al. 1996. � Initial comp osition

1 Explosiv e n ucleosyn thesis in ONeMg no v ae S. W ana jo a , K. Nomoto b , M. Hashimoto c , T. Ka jino d , and S. Kub ono e a Division of Theoretical Astrophysics, National Astronomical Observ atory , 2-21-1 Osa w a, Mitak a, T oky o 181, Japan b Departmen t of Astronomy , Sc ho ol of Science, Univ ersit y of T oky o, 7-3-1 Bunky o-ku, T oky o 113, Japan c Departmen t of Ph ysics, F acult y of Science, Kyush u Univ ersit y , F ukuok a 810, Japan d Division of Theoretical Astroph ysics, National Astronomical Observ atory , 2-21-1 Osa w a, Mitak a, T oky o 181, Japan e Institute for Nuclear Study , Univ ersit y of T oky o, 3-2-1 Midori-c ho, T anashi, T oky o 188 Japan A quasi-analytic study on ONeMg no v ae is p erformed to examine explosive n ucleosyn- thesis in wide range of white dw arf and en v elope masses. Comparing our results with recen t observ ations enables us to constrain those t w o parameters. Ab out a half of ob- serv ed ONeMg nov ae may ha v e attained high env elop e masses suc h as � 10 � 4 M � , then obtained high burning temp eratures � 3{4 � 10 8 K. Those ma y ha v e pro duced signi�can t amoun t of 22 Na. Leak age out of CNO material via alpha captures of 14 ; 15 O is not of imp ortance in our results but initially enhanced neon in the en v elope m ust b e seed nuclei for hea vy elemen t pro duction b y the rp-pro cess. 1. In tro duction Recen t observ ations sho w that � 25 % of w ell-studied no v ae are classi�ed to ONeMg novae , o ccurrences of outbursts with underlying ONeMg white dw arfs. As seen in T able 1, they are c haracterized b y highly enhanced neon and CNO/Ne{F e � 1, whic h comes from the core-material mixing on ONeMg white dw arfs [8]. T able 1 also sho ws that the no v ae enhanced with sulfur deplete o xygen in their ejecta. They ma y ha v e ac hiev ed rather high temp eratures during outbursts, whic h require massiv e white dw arfs or ignition en v elopes [7]. There is, how ev er, a serious disagreemen t on en v elop e masses b et w een observ ations and curren t theory [2]. The estimated ejecta masses for QU V ul and V1974 Cyg are � 10 � 4 {10 � 3 M � , 10{100 times larger than theoretical estimates [3,4]. ONeMg no v ae ma y b e imp ortant targets for the -ra y detection of 22 Na b y CGR O and INTEGRAL , as w ell as the sources of Ne-E in certain primitiv e meteorites. The pro duction of 22 Na m ust, how ev er, highly dep end on the burning temp eratures, therefore, the white dwarf and en v elop e masses [7].