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@ O(0,Y)'°Ne as the trigger of X-ray bursts
@ The present uncertainties in °O(a.,y)'°Ne

@ The experiment & new results for °O(a,y)'°Ne

@ Interpretation & Implication
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Burst is triggered by °O(a,y)"®Ne
and by generating additional
CNO fuel via the triple a process!



:*P Many proposals and atte
w430 (@, v )'°Ne by direct & |

# Direct measurement is difficult! R
= An intense (10" /s) radioactive '°O
beam gives a count rate of <1/hr
(estimated at ISAC, TRIUMF,
10%/s achieved at Louvain la Neuve)

KVI

# Indirect method has been
approached many times!
» Populate a -unbound states in °Ne
= Measure lifetimes or gamma widths 7O(°*He,n- Y )"®Ne
» Measure a -decay branching ratios B, 9F(3He,t- a )"®Ne




Reaction Rate of °O( a
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Lab Layout at Notre Dar-
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Alpha-decay bran

« Pursued at many places such as
Louvain-la-Neuve, KVI, TRIUMFE

« Dominant resonance of 4.03 Me
— lts branching ratio I' /'~ 104

Davids et al, 2003 at KVI 'H(*'Ne,’H)!?Ne* Rehm et al, 2003 at ANL 3He(*Ne,o)!"Ne*

1000 | —

T . I T T T T
1000 E T T T T T T T 1 3
- 50 concidence ago0 FE 1% 5002 sl Ne YV Vo .
- | (o-decay) A soo L " Ne-q, B
% 100} | -
g g g coincidence
=4 : ] 400 [~ -
= :
8 10 E_§ ” b s K """" T f L1 G ] T_E g = -
[ ] = 8] T T T T i T i T T T | L
.I< 4.3x104 { 4.379 ] e 100 :_ 154 VYW ¥ WY \ ’t.m‘ j
138 38 a0 42 44 a6 48 50 52 . ++“’*"+"’++ S ***E
'“Ne Excitation Energy (MeV) . ‘_ H.++ f+_“
Challenges for our experiment 19F(3He,t- a )'*Ne < 6x10+ ”tSO-a coincidence -
High statistics for coincidences e 3
Detect low energy alpha’s about 200-500keV 36 40 44 48 52 56 6.0

E, (MeV)



Experimental
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» Populate excited states in 1“Ne
» 3H-alpha coincidences = alpha-decay branching ratios




one million of °*H populating 4.03 M
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Alpha spectra from °Ne*
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Results of a -decay Branching Ratios

Ex
[Me | Magnus90 | RIKEN Laird02 | Rehm03 | Davids03 | Visser0O4
V]
<0.03 <0.01 <6x10- <4.3x10 2.9+2.1x1047?
<0.01 1.24+0.5x103
2'044i0'03 <0.04 16 +5x10-3 | <3.9x103 (>0.0027) 1.24+0.3x10-3
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5.09 | 0.90£0.09 |1.11%017 .. [18+£09 |0.8%01 |0.90£0.06 |0.75%0 _ |0.87+0.03
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Magnus90: Magnus et al, Nucl. Phys. A 506, 332 (1990)
RIKEN: private communication from T. Motobayashi

Laird02: Phys. Rev. C 66, 048801 (2002)
RehmO3: Phys. Rev. C 67, 065809 (2003)
Davids03: Phys. Rev. C 67, 012801R (2003)
Visser04: Phys. Rev. C 69, 048801 (2004)
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« More work needed for the near-threshold states
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The O(o.,y) breakout
: reaction rate plays a
e, critical role in the ignition

103k - phase of the X-ray burst!
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15O(a, y) Rat
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New limit of sensitivity for nuclear signatures has been reached!
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Conclusion

The reaction rate of 1°O( a , ¥ )’®Ne ha
by determining the lifetimes and bran
unbound states in °Ne

The results seem to provide more stringent limits on the
burst behavior of accreting neutron stars.

The results will be used to constrain other X-ray burst
model parameters such as accretion rate, ignition
conditions ...

Future steps towards improvement requires

— Pr%cl:\ilse measurement for the near threshold states (4.03, 4.14, & 4.20)
in ®Ne

— Direct measurement with intense radioactive beams”
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