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Scenario

Mass transfer from the
companion star onto

the white dwarf
(cataclysmic variable)

Hydrogen burning in
degenerate conditions on
top of the white dwarf

Decay of short-lived radioactive
* nuclei in the outer envelope
Thermonuciear runaway  (transported by convection)
\
Explosive H-burning Envelope expansion, L increase
and mass ejection
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Main radioactive isotopes
synthesized in classical novae

Nucleus T Type of emission  Nova type
511 keV i
13N 862 s { revine CO and ONe
continuum (E<511 keV)
511 keV line
18 158 mi { CO and ON
7 M1 continuum (E<511 keV) and ome
Be 77 days 478 keV line CO mainly
22Na 3.75 yr 1275 keV line ONe
26\ 1.0X108 yr 1809 keV line ONe
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Spectra of CO novae
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Spectra of ONe novae

0.001_ 1 Illlll'

0.0001 E

F(phot/cm?/s/keV)

d=1 kpc

1075
10-8

10-7;;

III| 3
511 keV:

1275 keV]

10-8

E(MeV)

Myp = 1.15 Mg (solid)
1.25 M, (dotted)

- » photoelectric absorption ==
1 cutoff at 30 keV

1 e continuum and 511 keV as in

CO novae

] «1275keV line from 22Na decay

1« similar behaviour for the 2

models, because of similar KE
and yields

MAX atelier, 23 Mars 2004

Novae — M. Hernanz



Observations: 1275 keV line (¢°Na)

Residual spectrum Nova Her 1991
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Fig. 1. Sum of residual spectra of Nova Her 1991 for the viewing pe-
riods 7.5, 13.0, 20 and 231. Statistical 1 o error bars are shown. The
dashed line represents the expected **Na line appearance according to
the ejecta mass derived by Woodward et al. 1992, with a ?Na mass
fraction of model 3 of Starrfield et al. 1992. This signal would have
been seen by COMPTEL at the significance level of ~ 8 o

150 . Residual spectrum [Nova Cyg 1992
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Fig. 2. Sum of the background-subtracted spectra of Nova Cyg 1992 for
the viewing periods 34, 203 and 212. Statistical error bars are shown.
The dashed line represents the expected >*Na line appearance according
to the predictions of Starrfield et al. 1992. This signal would have been
seen by COMPTEL at the significance level of ~ 17 o

CGRO/COMPTEL: no detection; upper limits

lyudin et al. 1995, A&A
=) predicted theoretically by Clayton & Hoyle, 1974
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Observations : 1275 keV line (#’Na)

Table 2. List of the recent novae searched for the presence of **Na line
emission and the derived upper limits,

Nova Galactic Date of Novy 2 o up. lim]
! T

mme 1 b maxm, type] phien’s Upper limits in agreement

Cen 1991  309.5" -1.04" 17-Mar-91 stand. 4.0E-D5 . .

Her 1991 433° 66° 24-Mar-91 neor 3.3E-05 W|th current theoretlcal

Sgr1991  0.18° -6.94° 29-Jul-91 neory 6.2E-05 .

Sct 1991 25.1° -2.80° 08-Aug-91 necor] 3.6E-05 pred|Ct|onS

Pup 1991 232.7° -0.72° 27-Dec-91  neon  5.5E-

Cyg 1992  89.14" 782" 20-Feb-92 neon 2.3E—US|

Sco 1992 343.8° -161° 26-May-92 stand. 5.9E-05

Sgr1992-1 4.75° -2.0° 06-Feb-92 stanf. 6.0E-05 ‘s : 22

Sgr 19922 456° 6.96° 19.Jul92 stanh. 3.0B.08 Table 3. COMPTEL limits on the ejected ““Na mass from recent novae.

Sgr1992-3 938" -4.54° 29-Sep-92 stand. 4.4E-05 —

Aql 1993 36.81° -4.10° 17-May-93 stand. 6.2E-05 |[Nova My M., t3 d 2 o up. limit

atmax atmax days kpc | to **Na mass ej.
Her 1991 5.3 95 4 34 |12-107" Mg
Sgr1991 ~7 95 47 125|24.107%Mg
. —6

|yud|n et al. 1995, A&A  Sct1991 105 -89 10 12 |2.0-10 ? Mg
Pup 1991 6.4 -8.5 26 3.5 | 1.5 107" Mg
Cygi992 44 76 47 23 | 3.0 10 °Mg]||
neon-type - - - 2 3.7-107° Mg
standard - - - 2 49-10* Mg
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Theoretical predictions: %°Na ejected
masses by ONe novae

WD mass Minimum = Best Maximum Max/Min
1.15 3.1:10°  7.0-107  1.4-10° 4.5
1.25 3.410° 63107  1.2:10° 3.5
1.35 34107  4.4-10° 62107 1.8

(all in Mg) José, Coc and Hernanz 1999, ApJ
" Coc and Smirnova 2000, Phys.Rev. C: smaller Max/Min

MAX atelier, 23 Mars 2004 Novae — M. Hernanz



Light curves: 1275 keV (#°Na) line

10-0 | 7 Only in
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t.. 20 days (1.15M,), 12 days (1.25 M), line width [120 keV

duration: some months Flux 02x10-° ph/cm?/s
=) predicted theoretically by Clayton & Hoyle, 1974
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Detectability with MAX of the 1275 keV (4?Na)
line from novae, if there was an “extra ring” with

the same sensitivity at 1275 keV that the current
one at 847 keV

> If MAX sensitivity at 1275 keV were ~3 107 ph/cm?/s
(extrapolated from figure 4b in the MAX concept document,
V2.0, 2/2003), it could detect the %2Na line from novae up to 8
kpc (ideal case of a narrow line; the line has a width around
20 keV).

» Number of novae per year at d<8 kpc: 16 every 5 years, i.e.
virtually all novae (or half of them, since only ONe emit
produce %°Na)
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Novae distances (observed)

Distances from Shafter 1997, ApJ

These data have been used to
estimate the previously mentioned
probabilities to have novae at
given distances
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Observations: 478 keV line (‘Be)

RESULTS FOR 478 keV LINE FLUXES AND 'Be YIELDS

FLux
(yem™?s71)
DISTANCE® ZENITH ANGLE IMPLIED "Be Mass®
TARGET (pc) (deg) Observed® Expected® (M, per Nova)
Individual Novae
Undiscovered nova...... 60 1.0 x 107#
BY Cir.oooveieeeea 3160 45 6.8 x 1077 1.1 x 10773 30 x 1078
VEER Cen..ovvvvinnnnnnns 4800 42 6.3 x 1073 49 % 107° 6.4 x 1078
TGRS V4361 Sgr...oooviiinnn 6700 95 1.1 x 10™# 25 % 107° 22 x 1077
CPCru.....ooovvvvvninnn. 31804 37 88 x 1077 22 x10°° 39 x 1078
V1141 Sco.ovvvvnnnnnn... 6120 97 1.6 x 107* 3.0 x 10°° 27 % 1077
VI3T0 Agl®....oooiiantt, 3500 1.2 x 107° 1.8 x 107° 6.3 x 1077
SMM |oUuvVul*.....oovneee... ... 3000 75x10°*  25x%10°° 31 x 10
VEB42 Cen®...ovvvvnnnnnnn 1100 96 x 107# 93 x 10°° 52 % 1078
GC Integrated
TGRS ... 8000 84.5 7.7 % 1073 7T.8R, x 107° 34 x 107%R,]
SMM .. 8000 1.5 x 107# 1.6R, x 1077 35 x I'IZI'_'E';]'\'E.,‘FE

Theory: F<2.5x10-°/d, .2
=) predicted theoretically by Clayton 1981

Harris et al. 1991 and 2001

MAX atelier, 23 Mars 2004

Novae — M. Hernanz



Theoretical predictions: ‘Be ejected
masses by novae

WD mass  Nova type Ejected mass of 'Be

0.8 CO 6.0-10™""
1.15 CO 1.1-101
1.15 O Ne 1.6-10!!
1.25 O Ne 1.2-10!!

(all in My)
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Light curves: 478 keV (’Be) line

100 e T
| 0 0.84 1 Mainly in CO novae
t.: 13 days (0.8My)
¢ 5 days (1.15 My)
Ee duration: some weeks
" 1 Flux O(1-2)x10-° ph/cm?/s
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1()_“ol - .10. - lzol - laol - 140' l 150 d=1 kpC
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=) predicted theoretically by Clayton 1981
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Detectability with MAX of the 478 keV
(‘Be) line from novae

> If MAX sensitivity at 478 keV is ~3 107 ph/cm?/s (taken
from figure 4a in the MAX concept document, V2.0,
2/2003), it could detect the 'Be line from novae up to 2
kKpc (ideal case of a narrow line; the line has a width
between 3 and 7 keV).

» Number of novae per year at d<2 kpc: 3 every 5 years
(small number statistics [J large fluctuations)
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Observations: 511 keV line

WIND/TGRS: no detection; upper limits

UpPPER LIMITS ON 511 keV LINE EMISSION FROM NOVAE

Mean 3 ¢ Upper

Angle of Incidence Limit in 6 hr
Nova (deg) (photon cm 2 s 1)
Nova Cir 1995 ...... 449 22 x 1073
Nova Cen 1995...... 420 20 x 1073
Nova Sgr 1996 ...... 95.2 28 x 1073
Nova Cru 1996...... 36.9 23 x 1073
Nova Sco 1997 ...... 83.4 29 x 1073

e Observation of 5 known Galactic novae in the broad TGRS FOV in
the period 1995 Jan - 1997 June

* High E-resolution Ge detector: ability to detect 511 keV line
blueshifted w.r.t. background line Harris et al. 1999, ApJ
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Observations: 511 keV line

WIND/TGRS: “constraining” the Galactic nova rate from
a survey of the Southern Sky during 1995-1997

From the non detection, an upper limit of the Galactic
nova rate was extracted:

— < 123 yrr'' (CO novae; rygoct - 0.9 kpc)
< 238 yr-' (ONe novae; rygi: 0.7 kpc)

Promising for future wide FOV instruments sensitive in
the soft y-ray range (20-511) keV

Harris et al. 2000, ApJ
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Summary of BATSE observations: 3-0 upper
limits to the fluxes (ph/cm?/s)

Nova Cyg 1992 (model: 1.25M ONe nova at d=1.7 kpc)

F(obs) F(model)
(250-511) keV 5.2:10 2.3:10
511 keV line (*) 1.0-107 4.810™
511 keV line (**) 24107 4.810™
Nova Sco 1992 (model: 1.15Mg CO nova at d=0.8 kpc)
F(obs) F(model)
(250-511) keV 3.6:10 5.3:10
511 keV line (*) 7.1-10™ 1.0-107°
511 keV line (**) 2.3:107 1.0-107°
Nova Vel 1999 (model: 1.25 M, ONe nova at d=2 kpc)
F(obs) F(model)
(250-511) keV 53107 1.7-10”
511 keV line (*) 1.0-107 3.510™
511 keV line (**) 1.6-107 3.510™

* using 250-511 keV data with assumed Comptonization; ** using 511 keV data only
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Summary of BATSE observations

- All upper limits are compatible with theory except for
Nova Sco92, which should either have M < 1.15 Mg,
d > 0.8 kpc, or both.

-The 3-0 sensitivity using the 511 keV line only is similar to

that of Harris et al. 1999 with Wind/TGRS. But the
sensitivity of Harris et al. requires a particular line blueshift,
whereas ours is independent on the blueshift.

- The 3-0 sensitivity using the 250-511 keV data with

assumed Comptonization is a little more than a factor of 2
better than Harris et al. 1999.
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Light curves:

511 keV line

In CO and ONe novae
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Model tmax (D) Frax (ph/c;mzls)**
CO, 0.8 M, --- 2.6 x 10
CO, 1.15 M, 6.5 53x 10"
ONe, 1.15 M, 6 1.0 x 10
ONe, 1.25M_ 5 1.9x10°

time (days)

* 511 keV line in ONe novae
remains after 2 days until [

1 week because of e* from
22Na

* Intense (but short duration)
* Very early appearence,
before visual maximum (i.e,
before discovery)
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Detectability with MAX of the 511 keV line

from novae

> If MAX sensitivity at 511 keV is ~10° ph/cm?/s (taken from
figure 4a in the MAX concept document, V2.0, 2/2003), it could
detect the 511 keV line from novae up to 14-5 kpc, with an
observation time of 10h, less than 24 h after outburst (ideal case
of a narrow line; the line has a width between 3 and 8 keV).

» Number of novae per year at: d<14 kpc: 16 every 5 years, i.e.
virtually all novae; d<5 kpc: 9 every 5 years, i.e., ~2 novae /year

» IMPORTANT: tail related to e* from 22Na has a longer duration
(~2 weeks) with F~3 10-° ph/cm?/s: detectable with MAX up to
~2kpc (like "Be line), i.e., ~3 every 5 years

» Cotinuum also very intense

MAX atelier, 23 Mars 2004 Novae — M. Hernanz



