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Novae and X-ray bursts

e Novae and X-ray bursts

e Thermo-nuclear run-away on
surface of white dwarf / neutron
star in binary system

e Fuelled by material from red-giant
companion

e Recurrent in time scales of hours-
days (X-ray bursts) up to 104-10°
years (classical novae)
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e Gamma-ray telescopes:
COMPTEL/INTEGRAL, FERMI/GLAST

Fermi two-year all-sky map
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Nuclear measurements of Hot-CNO breakout
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e Gamow-window: 0.7-2.0 MeV
e Followed by rp- and (x,p) processes:

resonance energy for a-induced (I'«—
e 23Mg(p,Y)?4Al limited) reactions at temperatures of
0.5-1.5 GK.
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Direct and indirect reaction rate studies

Direct measurement:

Uinitiat ! final E,
« Resonant reaction measurement 0(E) o (2J+1) m'r'é; exp(— =)
L s otal Ks
with intense RIB:
e Separator or silicon array depending on e Breakout from Hot-CNO cycles:

the reaction
e 5O(a,Y)1°Ne

e 18Ne(a,p)?Na
e Er, Jn from direct reaction studies e 140(cx,p)17F
(angular distributions) ’

e Widths (the smaller partial width):

Indirect, determining Er, Jm, I'x:

e Followed by rp- and (x,p) processes:
e 23Mg(p,y)?*Al

e Measuring both Bx and T for states S (16) [Te5 B
downto T~ 10 fs P (15) *[171819
i: 83 | [ 1516
e Deduced from time-reversed Mg (12)] TP br
reaction, e.g. (p,x) instead of (x,p) m&_ it |14
. . F (9) 111213
e Using measured a-spectroscopic 0 (8) g
factors in mirror a-transfer to infer g‘gg R0 10
[« from mirror symmetry B (5) 7 8\
_ Be(4) \ CNO cycle
e Measuring a-spectroscopic factors e £l Triple-o process
with RIB a-transfer to deduce I« Ho [ 137
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Utilising RIB transfer reactions in inverse kinematics

Inverse kinematics transfer
reactions to populate states of
interest in 2°Mg and %Al with
detection of subsequent decay
channels:

e For the 18Ne(x,p)2!Na reaction:
o °Li(?°Na,)**Mg(,py)*'Na

e For the 23Mg(p,y)?*Al reaction:
e 5Li(20Na,d)24Al(,y)%4Al

e 5Li(*Na,d)?*Al(,py)?3Mg e Compact particle detector array
around interaction point
e Measuring angular distributions e Particle spectroscopy
for the light ejectile e Ejectile PID from dE-E
e Potentially angular correlations
between the ejectile and the e HPGe y-ray spectrometer
secondary particle (p ory) e high-resolution spectroscopy

from y-ray detection
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RIB production at TRIUMF

e TRIUMF facility, Vancouver
(Cyclotron primary beam):

e 500-MeV 100-pA
continuous proton beam

e ISAC (Isotope Separator
and Accelerator):

e RIB production targets:
Ta, Ni, ZiC, SiC, UCx, UO

e Chemical selectivity from Sy ¥ E | e R
ion sources: Surface, : ‘
laser, electron plasma

e Magnetic separation of
beams (A/q)

e Super-conducting Linac
(10.0 MeV/u)

e Intense RIBs for direct
reactions

Bricault et al. NIMB, 126:231 (1997)

W Nuclear Astrophysics Laxdal, et al., proc. of LINACOS, p. 97 (2008)
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Compact setup for reaction studies: TIGRESS/SHARC
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The TIGRESS gamma-ray detector system

e TIGRESS: TRIUMF-ISAC Gamma-Ray
Escape-Suppressed Spectrometer:

e Array of 10-12 HPGe gamma
detectors.

e 4 crystals with segmented contacts.

e Doppler corrected energies from
position measurement.

e Efficiency: 5% at 4 MeV.

e Doppler corrected gamma resolution:
with pulse-shape analysis we have
FWHM < 1% for 10 MeV/u RIB.
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Sharc: Silicon Highly-segmented Array for Reactions and Coulex

5
-\

e SHARC: Silicon Highly-segmented Array #&§
for Reactions and Coulex:

e Upstream and downstream boxes
(45-80 and 95-135 deg).

e Upstream and downstream CDs
(10-40 and 140-170).

e dE-E for all angles 0-135 deg lab

e Ranges: 14 MeV, 35 MeV, 180 MeV,
600 MeV

e Energy resolution (Digital, Moving
Window Deconvolution):
25 keV FWHM.
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5Li(¢®Na,x)?°Mg(,py)?INa and °Li(*°Na,d)?*Al(,py)?3Mg

e SHARC+TIGRESS
e 200pum O6LIF target
¢ 20Na at 6MeV/u
e dE-E (140pm + 1000pum silicon)

e Ranges: 14 MeV, 35 MeV, 180 MeV,
600 MeV

Unadjusted particle-identification
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5Li(¢®Na,x)?°Mg(,py)?INa and °Li(*°Na,d)?*Al(,py)?3Mg

e SHARC+TIGRESS
e 200pum O6LIF target
¢ 20Na at 6MeV/u
e dE-E (140pm + 1000pum silicon)

e Ranges: 14 MeV, 35 MeV, 180 MeV,
600 MeV
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TIGRESS y-ray spectrometer, °Li(“°Na,x)??Mg:

e Alpha-gated y-ray spectrum
e 200um 6LIF target
e 20Na at 6MeV/u

Alpha-gated, addback, suppressed gamma spectrum &5

e BGO-suppressed
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TIGRESS y-ray spectrometer, °Li(“°Na,x)??Mg:

e Alpha-gated y-ray spectrum
e 200um 6LIF target
e 20Na at 6MeV/u

Alpha-gated, addback, suppressed gamma spectrum

e BGO-suppressed

©12000
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8000 :_ Alpha-gated doppler-corrected gamma spectrum
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Energy / keV

e Work on timing gates ongoing
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TIGRESS y-ray spectrometer, °Li(“°Na,x)??Mg:

e Alpha-gated y-ray spectrum

e 200um 6LIF target
e 20Na at 6MeV/u

e BGO-suppressed
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TIGRESS y-ray spectrometer, p(°Na,p’)?°Na(,y)

e Proton-gated y-ray spectrum:
*ONa(p,p’)?°Na*(,y)

e Adsorbed water

e Limited kinematic acceptance

Proton-gated doppler-corrected gamma spectrum
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TIGRESS y-ray spectrometer, p(¢°Na,p’)2°Na(,y)

e Proton-gated y-ray spectrum:
*ONa(p,p’)?°Na*(,y)

e Adsorbed water

e Limited kinematic acceptance

Proton-gated doppler-corrected gamma spectrum
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TIGRESS y-ray spectrometer, p(¢°Na,p’)2°Na(,y)

e Proton-gated y-ray spectrum:

20 N a(p P ’)20 N a*(1Y) Proton-kinematics for 596-keV 20Na state
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e Expected (p,p’) kinematics
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Li(%®Na,d)?*Al(,py)?3Mg for 23Mg(p,y)?*Al states

e Deuteron-gated y-ray spectrum:
6Li(2°Na,d)2*Al*(,p)23Mg*(,y)23Mg

e 23Mg first-excited state (451 keV)

Deuteron-gated doppler-corrected gamma spectrum
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Li(%®Na,d)?*Al(,py)?3Mg for 23Mg(p,y)?*Al states

e Deuteron-gated y-ray spectrum:
6Li(2°Na,d)2*Al*(,p)23Mg*(,y)23Mg

e 23Mg first-excited state (451 keV)

Deuteron-gated doppler-corrected gamma spectrum

2]

g S a—
3 100 I e
@) S
|
o || T
B Deuteron kinematics for 451-keV 23Mg state ..
40:_ > 20: ......... 3
B 218
20~ S YF 0 _ T
B : MMW ; 16;— ™ 2.5
OO 500 1C 09,’]‘2‘3_--,5: = - - - 2
e y-gated (451-keV), H10f == s T 1.5
deuteron kinematics-. 8F == = - =T -
corresponding to 2*Al states g ———F—=——-—"-" =~ 1
above 3MeV as expected~. 4F
0400 ~ 110 120 130 140

Indirect studies of astrophysical

Theta / degrees
P. Adsley, University of York

of York

reaction rates, C.Aa. Diget



Li(%®Na,d)?*Al(,py)?3Mg for 23Mg(p,y)?*Al states

Deuteron-energy-gated doppler-corrected gamma spectrum

e Deuteron-gated y-ray spectrum:

6Li(20Na,d)24Al*(,p)23Mg*(,y)23Mg *% 16%— E{;ficted low-lying
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Direct-reaction studies to determine 'y

Indirect reaction-rate studies,
determining [l: o(E) x (24 +

e Widths ([« is the smallest width):

e Using measured ax-spectroscopic
factors in mirror a-transfer to infer
[« from mirror symmetry

E,

1) Uinitial I finas exp(— - )

rt‘oz‘al

e Measuring a-spectroscopic factors
with RIB a-transfer to deduce I«

e Hot-CNO breakout reactions:
o 150(cx,y)1%Ne
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e Ne(x,p)*tNa 814 | 1
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o 1O(o,p)'"F  wmg2 kT
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Direct-reaction studies to determine 'y

Indirect reaction-rate studies,
determining [l: o(E) x (24 +

e Widths ([« is the smallest width):

E
exp(——7)

1) [ initial | final
rt‘oz‘al

e [« for Hot-CNO breakout reactions:

e Using measured ax-spectroscopic o 71i(15 19
factors in mirror a-transfer to infer Li(70,ty)"Ne
[« from mirror symmetry e ’Li(!8Ne,tp)?INa

e Measuring a-spectroscopic factors e 'Li(**O,tp)1’F

with RIB a-transfer to deduce I« e [ for (x,p) reactions up to 4°Ca

e Hot-CNO breakout reactions:
o 150(cx,y)1%Ne

e Parallel studies on mirror nuclei

e Possibly including (°Li,d)

18 21 P (15) R 17|18I19I
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Al (13) ¥ MTy’| 1516
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Direct-reaction studies to determine 'y

Indirect reaction-rate studies, oo [ E
. _ o(E) o< (2J + 1 initial! final exp(— —"
determining la: (E) ox (2J +1) [ rora/ p( P )
e Widths (T« is the smallest width): e [« for Hot-CNO breakout reactions:
e Using measured ax-spectroscopic o 71i(15 19
factors in mirror a-transfer to infer Li(0,ty) Ne
[« from mirror symmetry e ’Li(!8Ne,tp)?INa
e Measuring a-spectroscopic factors e 'Li(**O,tp)1’F

with RIB a-transfer to deduce I« e [ for (x,p) reactions up to 4°Ca

e Hot-CNO breakout reactions:
o 150(cx,y)1%Ne

e Parallel studies on mirror nuclei

e Possibly including (°Li,d)
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,P)**Na Si (14) | 1
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e SPIRAL-2
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Investigating stellar explosions

e United Kingdom:
University of York (particularly P. Adsley)
University of Manchester
University of Surrey
University of Edinburgh
University of Liverpool
» e Canada:
g e o o WF, Vancouvey, BC
- »- M) i Saint’Mary' rsity, NS
' 4 (\\k McMas&(lb ersity, ON
e States for the 18Ne(0(,p)21Na, \\3« .OJ aser University, BC
and 23Mg(p,Y)%*Al reacti iversité de Montréal, QC
searched for throu t\:@q\ \Oo(a‘ngiversity of Guelph, ON
6] i(20 i ° .
Li( a’X) reatln O\\a e Colorado School of Mines, CO
¥ g C e Louisiana State University, LA
e France:
e GANIL, Caen

e LPC, Université de Caen
e IPN-Orsay, Université Paris Sud

« Hot CNO breakout reaction
rates for X-ray bursts - and
possibly Novae

g

. Prospects for RIB cluster- * Spain: o |
transfers for astroph sics e IFC-CSIC, Universidad de Valencia
ySIes, e [taly:

particularly a-transfer o INFN, Laboratori Nazionali di Legnaro
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