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Classical novae
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are discovered every year (mainly by amateur astronomers), a much higher nova rate, around 30 

± 10 yr
−1

  (Shafter 2002), has been predicted by comparison with the number of events observed 

in other galaxies. The reason for the scarcity of detections in our Galaxy is the extinction by 

interstellar dust.  

Classical novae occur in short period (1 – 12 hr), stellar binary systems consisting of a 

white dwarf star and a low-mass main sequence (K-M dwarf) companion (although some 

evidences of more evolved companions exist). Contrary to type Ia supernovae, in which the 

white dwarf is fully disrupted by the violence of the explosion, all classical novae are expected 

to recur, with periodicities of the order of 10
4
–10

5
 yr (notice, however, that in the thermonuclear 

explosions that occur in very massive white dwarfs, the so called recurrent novae, the expected 

periodicities range typically between 10 – 100 yr). Both novae and supernovae are characterized 

by a remarkable energy output, with peak luminosities reaching 10
4
 and 10

10
 L⊙, respectively. A 

basic difference between both explosive phenomena is the amount of mass ejected (the whole 

star in a thermonuclear supernova versus 10
−4

–10
−5

 M⊙ in a nova) as well as the mean ejection 

velocity (> 10
4
 km s

−1
 in a supernova, and several 10

3
 km s

−1
 in a classical nova).  

 

Fig. 1. The main nuclear activity, shown in terms of reaction fluxes (number of reactions per unit volume 

and time), at Tpeak, for a nova model of 1.35 M⊙, with 50% ONe enrichment. The dominant nuclear 

reaction flow proceeds close to the valley of stability and is dominated by (p,γ), (p,α), and β-decays. See 

text for details.  
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1275 keV γ-ray line
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Main destruction mechanism: 22Na(p,γ)23Mg

Two direct measurements both show that the reaction is dominated
by a resonance at 206 keV (Ex = 7786 keV, Jπ = 7/2+).

But, the resonance strengths differ by a factor of 3:

ωγ = 1.8± 0.7 meV Bochum [1]

ωγ = 5.7+1.6
−0.9 meV Seattle [2]

[1] Stegmüller et al., NPA 601, 168 (1996)

[2] Sallaska et al., PRL 105, 152501 (2010); PRC 83, 034611 (2011)



Indirect determination of ωγ
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Indirect determination of ωγ

Total width: Γ = Γp + Γγ
Proton branching ratio: Bp = Γp/Γ

ΓpΓγ
Γp + Γγ

= Bp(1− Bp)Γ

Bp determined in recent 23Al β-decay experiment [3],

Bp = 0.037± 0.007

Γ deduced from the lifetime, τ , determined in a recent 12C(12C,n)23Mg
experiment [4], using the doppler-shift attenuation method,

τ = 10± 3 fs

[3] Saastamoinen et al., PRC 83, 045808 (2011)

[4] Jenkins et al., PRL 92, 031101 (2004)



Experimental situation

ωγ = 1.8+0.7
−0.7 meV direct (Bochum)

ωγ = 5.7+1.6
−0.9 meV direct (Seattle)

ωγ = 1.4+0.5
−0.4 meV indirect



Doppler-shift attenuation method (DSAM)

Principle:

γ	


γ	


τ = 1 fs – 10 ps

Previous experiment at TRIUMF (19Ne)
Mythili et al., PRC 77, 035803 (2008)

LIFETIMES OF STATES IN 19Ne ABOVE THE . . . PHYSICAL REVIEW C 77, 035803 (2008)

60

50

40

30

20

10
C

ou
nt

s 
/ 2

.5
 k

eV

423042204210420041904180

γ Energy (keV)

(a)

80

70

60

50

40

30

20

C
ou

nt
s 

/ 2
.5

 k
eV

26202610260025902580

γ Energy (keV)

(b)

FIG. 6. (Color online) Doppler-shifted line shapes due to two
transitions of the 4035 keV level. The experimental data are shown
along with the calculated line shape and background that best fit
them. (a) Decay to the ground state with a lifetime of 7.1+1.9

−1.9 ± 0.6 fs.
(b) Decay to the 1536 keV level with a lifetime of 6.6+2.4

−2.1 ± 0.7 fs.

Fig. 6(b); the lifetime is found to be 6.6+2.4
−2.1 ± 0.7 fs, consistent

with that obtained from the main decay branch.
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FIG. 7. (Color online) γ rays detected in coincidence with
α particles having kinetic energies between 11 and 14.5 MeV,
showing the Doppler-shifted γ ray due to the transition of the
4035 keV state to the 1536 keV state and that due to the the
deexcitation of the 4144 keV level to the 1508 keV state.
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FIG. 8. (Color online) Joint likelihood for the lifetime of the
4035 keV state in 19Ne, taking into account the two transitions of
the state observed in this experiment. The combined measurements
yield τ = 6.9+1.5

−1.5 ± 0.7 fs.

Using both transitions, the joint likelihood was computed,
and the lifetime of the 4035 keV state was found to be 6.9+1.5

−1.5 ±
0.7 fs. Figure 8 shows a plot of the joint likelihood for the
lifetime of this state.

C. The (9/2)− state at 4144 keV

This state decays to the level at 1508 keV [10]. The γ ray
of 2636 keV is Doppler-shifted to yield a line at 2748 keV.
This is one of the lines of interest in the Eγ = 2500 to
3000 keV region depicted in Fig. 7. Applying the appropriate
α particle energy and timing gates, this line is well separated
from the other γ rays in the region. The lifetime of this level
was determined to be 14.0+4.2

−4.0 ± 1.2 fs. Both the experimental
data and the best fitting line shape calculation are shown in
Fig. 9.

D. The (7/2)− state at 4200 keV

This state is known to decay via two branches: an (80 ± 5)%
branch to the level at 1508 keV and a (20 ± 5)% branch to the
level at 238 keV [10]. The former transition results in a γ ray
of 2693 keV, while the latter has a higher energy of 3962 keV.

The Doppler-shifted 2693 keV transition was identified
around 2810 keV, but interference from γ rays that were
seen with α particles of all energies contributed to a large
background underneath and around the line. This large,
irreducible background due to fusion evaporation residues
limited the precision of the measurement. The lifetime of this
level was determined to be 38+20

−10 ± 2 fs, in agreement with the
only other measurement [11].

035803-5

τ = 7.1± 1.9± 0.6 fs



Experimental setup

24Mg @ 75 MeV

3He

Au
25 µm

ΔE
100 µm

E
500 µm

collimator
GRIFFIN

Ge detector

15o

3He +24Mg→ α + 23Mg∗

Erel = 8.3 MeV, Q = 4.0 MeV

25 µm Au foil

3He implantation depth = 0.1 µm, area density = 6× 1017 cm−2

Clean γ-ray spectrum by gating on α particles.



Experimental setup



Run overview

Net beam time = 4.8 days (74%)

Av. FC0 = 1.6e10 pps (request 3.0e10 pps, min 0.6e10 pps)

Av. R = 68.5 Ω (−79.5◦ C)

Av. P = 1.2e-7 torr
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Gate on 3He loci
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α-particle energy spectrum
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Known states in 23Mg below 8 MeV



Known states in 23Mg below 8 MeV
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Gate on all α particles
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Gate on α2
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Gate on α3
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Identified γ transitions between low-lying states in 23Mg



23Mg(7786→ 451) transition

E ′γ ≈ Eγ (1 + v/c) ≈ 7335 keV (1 + 0.0654) = 7815 keV

Solid angle ⇒ δE ′γ ≈ ±7 keV

Attenuation ⇒ δE ′γ ≈ −9 keV (assuming τ = 10 fs)
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region of interest in gamma spectrum (7807-7822 keV)

background region (7860-7875 keV)



23Mg(7786→ 451) transition
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Summary

The 1275 keV γ-ray line from 22Na is considered the best known test of novae
models

Main destruction mechanism: 22Na(p, γ)

The two direct determinations of the 22Na(p, γ) rate disagree

A new measurement of the lifetime of the 7786 keV level is required to
establish confidence in the indirect determination of the rate

S1378: Attempt to determine lifetime using the DSAM method

75 MeV 24Mg beam on 3He implanted Au foil; coincident detection of α
particles and γ rays at 0◦

Preliminary result: γ line observed, but statistics are not overwhelming



Doppler shift

E ′γ = Eγ(1 + β cos θ)

In the limit t � tslow down,

∆β(t) ≈ t

Mc

(
dE

dx

)
t=0

Insert t = τ = 10 fs, M = 23 u, and
(dE/dx)t=0 = 8.0 MeV/µma,

∆β(τ) ≈ 0.0011

Estimated variation in doppler shift:

∆Eγ ≈ 0.0011× Eγ = 0.0011× 7.8 MeV = 8.6 keV

astopping power of 45 MeV 23Mg ions in Au
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