o Stellar Beacons e
CIassrcal Novae Type E Supernovae
e Ray Bursts & Stellar l\/lergers

c o T AR Jordr Jose oo
Dept F|S|ca| Engrnyerla Nuclear Univ. Polrtecnrca de CataIUnya (UPC)
. & Institut d Estudrs Espacrals de Catalunya (IEEC) Barcelona



‘Steltar Beacons:

L7 3 .

WD+WD, WD+NS, NS+NS:

Merging of two Compact Stars
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Type la (or thermonuclear) Supernovae [SN Ia]
Classical Nova Outbursts [CN] WD

X-Ray Bursts [XRBs]: NS
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NS+NS mergers

* On the astrophysical robustness of the neutron star merger r-process
Korobkin, O., Rosswog, S., Arcones, A., & Winteler, C. (2012), MNRAS 426, 1940

* r-process nucleosynthesis in dynamically ejected matter of neutron star mergers
Goriely, S., Bauswein, A., & Janka, H.-T. (2011), ApJL 738, L32

* Opacities and spectra of the r-process ejecta from neutron star mergers
Kasen, D., Badnell, N.R., & Barnes, J. (2013), ApJ, submitted

NS+WD mergers

* Nuclear-dominated accretion and subluminous supernovae from the merger of a white dwarf
with a neutron star or black hole
Metzger, B. D. (2012), MNRAS 419, 827

* Merger of binary white dwarf-neutron stars: Simulations in full general relativity
Paschalidis, V., Liu, Y.T., Etienne, Z., Shapiro, S.L. (2011), Phys. Rev. D 84, 104032
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Garcia-Berro’s talk, this Conference

Detonations in white dwarf dynamical interactions

G. Aznar-Siguan'?, E. Garcfa-Berro'?, P. Lorén-Aguilar®, J. José*? and J. Isern’?
! Departament de Fisica Aplicada, Universitat Politécnica de Catalunya, c¢/Esteve Terrades 5, 08860 Castelldefels, Spain

2 Institute for Space Studies of Catalonia, c/Gran Capitd 2-4, Edif. Nexus 104, 08034 Barcelona, Spain

3School of Physics, University of Exeter, Stocker Road, Exeter, UK EX4 4QL, United Kingdom

4 Departament de Fisica i Enginyeria Nuclear, Universitat Politécnica de Catalunya, c¢/Comte d’Urgell 187, 08036 Barcelona, Spain

S Institut de Ciéncies de I'Espai, CSIC, Campus UAB, Facultal de Ciéncies, Torre C-5, 08193 Bellaterra, Spain

High resolution simulations of the head-on collision of
white dwarfs

‘ . 1 - . .
D. Garcia-Senz'?*, R.M. Cabezon®, A. Arcones*”®, A. Relano ! and F.K. Thielemann?
' Departament de Fisica i Enginyeria Nuclear. Universitat Politécnica de Catalunya. ¢/Compte d’Urgell 187. 08036 Barcelona, Spain

2 Institut d’Estudis Espacials de Catalunya. c/Gran Capita 2-4, 08034 Barcelona, Spain

3 Departement Physik. Universitit Basel. Klingelbergstrasse, 82. 056 Basel, Switzerland

*Institut fir Kernphysik, Technische Universitit Darmstadt, 64289 Darmstadt, Germany

5 GSI Helmholtzzentrum fiir Schwerionenforschung, PlanckstrBe. 1. 6291 Darmstadt, Germany
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Peculiar abundances in some H-deficient stars with high C
abundances (e.g., HdC, RCB, and EHe stars).

* Can R Coronae Borealis stars form from the merger of two helium white dwarfs?
Zhang, X., & Jeffery, C.S. (2012), MNRAS 426, L81

* Do R Coronae Borealis stars Form from double white dwarf mergers?
Staff, J.E., Menon, A., Herwig, F., Even, W.,, Fryer, C.L., Motl, P.M., Geballe, T.,
Pignatari, M., Clayton, G., Tohline, J.E. (2012) , ApJ 757, 76

* The circumstellar environment of R Coronae Borealis: white dwarf merger or final-

helium-shell flash?

Clayton, G.C., Sugerman, B.E.K., Stanford, S.A., Whitney, B.A., Honor, J., Babler, B.,
Barlow, M.J., Gordon, K.D., Andrews, J.E., Geballe, T.R., Bond, H.E., De Marco, O.,

Lawson, W.A., Sibthorpe, B., Olofsson, G., Polehampton, E., Gomez, H.L., Matsuura,

M., Hargrave, P.C., Ivison, R.J., Wesson, R., Leeks, S.J., Swinyard, B.M., & Lim, T.L.
ApJ (2011), 743, 44

* Double white dwarf mergers and elemental surface abundances in extreme helium and
R Coronae Borealis stars

Jeffery, C.S., Karakas, A.l., & Saio, H. (2011), MNRAS 414, 3599
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© 2011. The American Astronomical Society. All rights reserved. Printed in the U.S.A.

NUCLEOSYNTHESIS DURING THE MERGER OF WHITE DWARFS AND THE ORIGIN
OF R CORONAE BOREALIS STARS

R. LONGLAND' %, P. LOREN-AGUILAR®?, J. JOSE'?, E. GARCIA-BERRO? Y, L. G. ALTHAUS?, AND J. ISERN?
. Depaltdment de Fisica i Enginyeria Nuclear, EUETIB, Universitat Politecnica de Catalunya, c/Comte d’Urgell 187,
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Longland’s talk, this Conference

A&A 542, A117 (2012) Astronomy
DOI: 10.1051/0004-6361/201219289

© ESO 2012 AStI’OphySiCS

Lithium production in the merging of white dwarf stars

R. Longland', P. Lorén-Aguilar®?, J. José"?, E. Garcia-Berro*?, and L. G. Althaus*

Departament de Fisica i Enginyeria Nuclear, EUETIB. Universitat Politecnica de Catalunya, C/ Comte d’Urgell 187,

08036 Barcelona, Spain
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Novae have been observed in all wavelengths (but never detected so
far in y-rays)

The Classical Nova ID Card
Moderate rise times (<1 — 2 days):

8 — 18 magnitude increase in brigthness
Lpesc ~ 104 —10° Lg
Stellar binary systems: WD + MS

(often, K-M dwarfs)
Recurrence time: ~ 10 yr (RNe) —
10° yr (CNe)

Frequency: 30 10 yrt

Observed frequency: ~ 5 yr
E ~ 10% ergs
Mass ejected: 104 —10° Mg  (~10° km s?)

Early TNR models: Starrfield et al. 1972; Prialnik, Shara & Shaviv 1978
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The Nova Nuclear Symphony

Classical Novae: ~100 relevant isotopes
(A<40) & a (few) hundred nuclear
reactions (T ., ~ 100 — 400 MK)

Nova Cygni 1992

Novae as unique stellar explosions for
which the nuclear physics input is (will
be) primarily based on experimental
Information (JJ, Hernanz & lliadis,
Nucl. Phys. A 2006)
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Charged-particle thermonuclear reaction rates:
II. Tables and graphs of reaction rates and probability
density functions

Charged-particle thermonuclear reaction rates:
I. Monte Carlo method and statistical distributions
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C. Iliadis ***, R. Longland *°, A.E. Champagne **, A. Coc*® C. Iliadis “™*, R. Longland *", A.E. Champagne *", A. Coc ¢

& Department of Physics and Astronomy, University of North Carolina, Chapel Hill, NC 27599-3255, USA * Department of Physics and Astronomy, University of North Carolina, Chapel Hill, NC 275993255, USA
Y Triangle Universities Nuclear Laboratory, Durham, NC 27708-0308, USA b Triangle Universities Nuclear Laboratory, Durham, NC 27708-0308, USA
¢ Centre de Spectrométrie Nucléaire et de Spectrométrie de Masse (CSNSM), UMR 8609, CNRS/IN2P3 ¢ Centre de Spectrométrie Nucléaire et de Spectrométrie de Masse (CSNSM), UMR 8609, CNRS/IN2P3
and Université Paris Sud 11, Batiment 104, 91405 Orsay Campus, France and Université Paris Sud 11, Bétiment 104, 91405 Orsay Campus, France
Received 21 December 2009; received in revised form 21 April 2010; accepted 22 April 2010 Received 21 December 2009; received in revised form 21 April 2010: accepted 22 April 2010

Available online 1 May 2010 Available online 1 May 2010



StellarBeacons .
gérs || Classical Novae ||

Nuclear Uncertainties

THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 142:105 137, 2002 September

) 2002. The American Astronomical Society. All rights reserved. Printed in U.S.A.

THE EFFECTS OF THERMONUCLEAR REACTION-RATE VARIATIONS ON NOVA
NUCLEOSYNTHESIS: A SENSITIVITY STUDY

CHRISTIAN ILIADIS AND ART CHAMPAGNE
Department of Physics and Astronomy, University of North Carolina, Chapel Hill, NC 27599-3255; and Triangle Universities
Nuclear Laboratory, Durham, NC 27708-0308; iliadis@unc.edu, aec@tunl.duke.edu
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AND

PauL TUPPER
Scientific Computing—Computational Mathematics Program, Stanford University, Stanford, CA 94305; tupper@sccm.stanford.edu
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~7350 nuclear reaction network calculations

Main nuclear uncertainties: [*8F(p,a)°O, 2>Al(p,y)?°Si, °P(p,y)3!S]
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MANY updates on reaction rates for nova nucleosynthesis
since then (and since May 2010...)

PHYSICAL REVIEW C 83, 034611 (2011)

Absolute determination of the 2Na(p,y)**Mg reaction rate in novae

A. L. Sallaska,"” C. Wrede,! A. Garcfa,! D. W. Storm,' T. A. D. Brown,"" C. Ruiz,” K. A. Snover.,' D. F. Ottewell,>
L. Buchmann,” C. Vockenhuber,>* D. A. Hutcheon,” J. A. Caggiano,>" and J. José’
' Department of Physics, University of Washington, Seattle, Washington 98195-1560, USA
2TRIUMEF, Vancouver, BC V6T 2A3, Canada
3Departament Fisica i Enginyveria Nuclear (UPC) and Institut d’Estudis Espacials de Catalunya (IEEC), E-08034 Barcelona, Spain
(Received 20 September 2010; revised manuscript received 18 December 2010; published 23 March 2011)

Underground measurement of '"O(p,~)'®*F for explosive H burning

A. Di Leva," 2 * D.A. Scott,® A. Caciolli,*® A. Formicola,% T F. Strieder,” M. Aliotta,® M. Anders.® D. Bemmerer,®
C. Broggini,* P. Corvisiero,” !” Z. Elekes,® Zs. Fiilop,'! G. Gervino,'? A. Guglielmetti,'** C. Gustavino,'® Gy.
Gyiirky,"! G. Imbriani,’2 J. José,'® M. Junker,® M. Laubenstein,® R. Menegazzo,* E. Napolit
Rigato,® V. Roca,"? E. Somorjai.'' C. Salvo,% Y O. Straniero,'®? T. Sziics,!' F. Terrasi,

(LUNA Collaboration)

—_




StellarBeacons .
gérs || Classical Novae ||

week ending

PRL 110, 032502 (2013) PHYSICAL REVIEW LETTERS 18 JANUARY 2013

Is y-Ray Emission from Novae Affected by Interference Effects in the '®F(p, «)*O Reaction?

A.M. Laird,"* A. Parikh,>” A.St.J. Murphy,” K. Wimmer,”® A. A. Chen,” C. M. Deibel,*” T. Faestermann,'®"’
S.P. Fox,' B.R. Fulton,' R. Hertenberger,'""'* D. Irvine,’ J. José,> R. Longland,*” D.J. Mountford,* B. Sambrook,’
D. Seiler,'”!! and H.-F. Wirth'"-'

'Department of Physics, University of York, York YO10 5DD, United Kingdom
*Departament de Fisica i Enginyeria Nuclear, EUETIB, Universitat Politécnica de Catalunya, ¢/ Comte d’Urgell 187,
E-08036 Barcelona, Spain
*Institut d’Estudis Espacials de Catalunya, ¢/Gran Capita 2-4, Ed. Nexus-201, E-08034 Barcelona, Spain
*SUPA, School of Physics and Astronomy, The University of Edinburgh, Edinburgh EH9 3JZ, United Kingdom
>National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, Michigan 48824, USA
®Department of Physics, Central Michigan University, Mount Pleasant, Michigan 48859, USA
"Department of Physics and Astronomy, McMaster University, Hamilton, Ontario L8S 4M1, Canada
SPhysics Division, Argonne National Laboratory, Argonne, Illinois 60439, USA
®Joint Institute for Nuclear Astrophysics, Michigan State University, East Lansing, Michigan 48824, USA
Physik Department E12, Technische Universitit Miinchen, DE-85748 Garching, Germany
""" Maier-Leibnitz-Laboratorium der Miinchner Universititen (MLL), DE-85748 Garching, Germany
" Fakulrt fiir Physik, Ludwig-Maximilians-Universitit Miinchen, DE-85748 Garching, Germany
(Received 11 October 2012; published 15 January 2013)




StellarBeacons .
gérs || Classical Novae ||

PHYSICAL REVIEW C 83, 045806 (2011)

Improving the **P(p,y)*'S rate in oxygen-neon novae: Constraints on J” values for
proton-threshold states in *'S

A. Parikh,'>**" K. Wimmer,**> T. Faestermann,** R. Hertenberger,*® J. José,"** R. Longland,' H.-F. Wirth,*®
V. Bildstein.** S. Bishop.** A. A. Chen.”® J. A. Clark.” C. M. Deibel,”!” C. Herlitzius,** R. Kriicken,**1
D. Seiler,** K. Straub,>* and C. Wrede''

'Departament de Fisica i Enginyeria Nuclear, Universitat Politécnica de Catalunya, E-08036 Barcelona, Spain
Institut d’Estudis Espacials de Catalunya, E-08034 Barcelona, Spain
3Physik Department E12, Technische Universitiit Miinchen, D-85748 Garching, Germany
*Maier-Leibnitz-Laboratorium der Miinchner Universitiiten (MLL), D-85748 Garching, Germany
3 National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, Michigan 48824, USA
® Fakulit fiir Physik, Ludwig-Maximilians-Universitit Miinchen, D-85748 Garching, Germany
"Department of Physics and Astronomy, McMaster University, Hamilton, Ontario L8S 4M1, Canada
8Excellence Cluster Universe, Technische Universitiit Miinchen, D-85748 Garching, Germany
YPhysics Division, Argonne National Laboratory, Argonne, Illinois 60439, USA
O Joint Institute for Nuclear Astrophysics, Michigan State University, East Lansing, Michigan 48824,

" Department of Physics, University of Washington, Seattle, Washington 98195, USA
(Received 7 February 2011; published 27 April 2011)
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Nuclear structure of *’S and its implications for nucleosynthesis in classical novae

K. Setoodehnia,>* A. A. Chen,! D. Kahl,? T. Komatsubara,? J. Jose ‘R. Lonwland 43Y. Abe,? D. N. Binh,2 J. Chen,!
S. Cherubini,®? J. A. Clark C. M Deibel,®”- " S. Fukuoka,® T. Hashlmoto T Hayakawa,’ J. Hendrlks .
Y. Ishibashi,? Y. Ito,? S. Kubono,> W. N. Lennard,'* T. Morwuchl D. Naoac R. Nishikiori,> T. Niwa,?
A. Ozawa,? P. D. Parker,!! D. Seiler,!? T. Shizuma,” H. Suzuki,? C. Wrede, 13, * H. Yamaguchi,? and T. Yuasa®

I Department of Physics & Astronomy, McMaster University, Hamilton, ON L8S 4M1, Canada
Center for Nuclear Study (CNS), the University of Tokyo,
Wako Branch at RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
3 Institute of Physics, University of Tsukuba, Tennodai 1-1-1, Tsukuba, Ibaraki 305-8577, Japan
*Departament de Fisica i Enginyeria Nuclear; Universitat Politécnica de Catalunya, ¢/Comte d’Urgell 187, 08036 Barcelona, Spain
> Institut d’Estudis Espacials de Catalunya, ¢/Gran Capita 2-4, Ed. Nexus 201, 08034 Barcelona, Spain
6 INFN-Laboratori Nazionali del Sud and Dipartimento di Fisica ed Astronomia Universita di Catania, Via S. Sofia 6, 95123 Catania, Italy
-P/n ssics Division, Argonne National Laboratory, Argonne, IL 60439, USA
SJoint Institute for Nuclear Astrophysics, Michigan State University, East Lansing, MI 48824, USA
9Japan Atomic Energy Agency (JAEA), Tokai-mura, Ibaraki 3191195, Japan
10Department of Physics & Astronomy, Western University, London, ON N6A4 5B7, Canada
Wright Nuclear Structure Laboratory, Yale University, New Haven, CT 06520, USA
12 Physik Department E12, Technische Universitit Miinchen, D-85748 Garching, Germany
I3 Department of Physics, University of Washington, Seattle, WA 98195, USA

(Dated: October 4, 2012)
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PHYSICAL REVIEW C 84, 065808 (2011)

Production of *°Al in stellar hydrogen-burning environments:
Spectroscopic properties of states in ?’Si

A. Parikh,'?3+" K. Wimmer,*>" T. Faestermann,** R. Hertenberger,*® H.-F. Wirth,*® A. A. Chen,”® J. A. Clark,’
C. M. Deibel.”!** C. Herlitzius.>* R. Kriicken,*** D. Seiler.>* K. Setoodehnia.” K. Straub.**! and C. Wrede''"!
'Departament de Fisica i Enginyeria Nuclear, Universitat Politécnica de Catalunya, ES-08036 Barcelona, Spain
*Institut d’Estudis Espacials de Catalunya, ES-08034 Barcelona, Spain
3Physik Department E12, Technische Universitit Miinchen, DE-85748 Garching, Germany
*Maier-Leibnitz-Laboratorium der Miinchner Universitiiten (MLL), DE-85748 Garching, Germany
SNational Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, Michigan 48824, USA
® Fakultt fiir Physik, Ludwig-Maximilians-Universitiit Miinchen, DE-85748 Garching, Germany
"Department of Physics and Astronomy, McMaster University, Hamilton, Ontario, Canada LSS 4M 1
8Excellence Cluster Universe, Technische Universitiit Miinchen, DE-85748 Garching, Germany
?Physics Division, Argonne National Laboratory, Argonne, Illinois 60439, USA
19 Joint Institute for Nuclear Astrophysics, Michigan State University, East Lansing, Michigan 48824, USA
" Department of Physics, University of Washington, Seattle, Washington 98195, USA
(Received 22 August 201 I published 27 December 2011)

PHYSICAL REVIEW C 82, 035805 (2010)

Properties of 2’Na, 2*Al, 2P, *2Cl, and **K for studies of explosive hydrogen burning

C. Wrede,'2 1. A. Clark.*? C. M. Deibel,?** T. Faestermann.’ R. Hertenberger,(’ A. Parikh,” H.-F. Wirth,® S. Bish@p,S
A. A. Chen,”® K. Eppinger.” B. M. Freeman.' R. Kriicken.” O. Lepyoshkina.” G. Rugel.” and K. Setoodehnia’
' Department of Physics, University of Washington, Seattle, Washington 98195, USA
2Wright Nuclear Structure Laboratory, Yale University, New Haven, Connecticut 06520, USA
3Physics Division, Argonne National Laboratory, Argonne, llinois 60439, USA
*Joint Institute for Nuclear Astrophysics, Michigan State University, East Lansing, Michigan 48824, USA
3Physik Department E12, Technische Universitét Miinchen, D-85748 Garching, Germany
6 Fakultdt fiir Physik, Ludwigs-Maximilians-Universitit Miinchen, D-85784 Garching, Germany
T Depariment of Physics and Astronomy, McMaster University, Hamilton, Ontario L8S 4M1, Canada
SDFG Clusier of Excellence Origin and Structure of the Universe, Technische Universiiit Miinchen, D-85748 Garching, Germany
(Received 10 August 2010; published 29 September 2010)
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Modeling the explosion: 1-D

nydrodynamics

Bull. Astr. Soc. India (2012) 40, 419-442

Theoretical studies of accretion of matter onto white dwarfs
and the single degenerate scenario for supernovae of Type Ia

S. Starrfield'”, C. Iliadis?, F. X. Timmes', W. R. Hix?, W. D. Arnett®,

C. Meakin® and W. M. Sparks®

'School of Earth and Space Exploration, P.O. Box 871404, Arizona State University, Tempe,

AZ 85287-1404, USA

*Dept. of Physics & Astronomy, University of North Carolina, Chapel Hill, NC 27599-3255, USA
*Dept. of Physics and Astronomy, University of Tennessee, Knoxville, TN 37996-1200, USA
*Dept. of Astronomy, Universiry of Arizona, Tucson, AZ, 85721, USA

5Los Alamos National Laboratory, Los Alamos, NM, 87545, USA

Bull. Astr. Soc. India (2012) 40, 443456
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Multidimensional Models

X

Consider a SPHerica,Q Cow
of radius K ... 7]
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A&A 527, A5 (2011) Astronomy
DOLI: 10.1051/0004-6361/201015895 & _
© ESO 2011 ASthphySICS

Mixing in classical novae: a 2-D sensitivity study™

J. Casanoval?, J. José!2, E. Garcia-Berro>2, A. Calder®, and S. N. Shore®

Model H Ry X R, ol ot Resolution  Computational  fgy ty Z
(km) (km) (s) (km) Domain (km) (s) (s)
A 0 1 x 1 5% 10" 1.56x 1.56 800 x 800 155 496 0.224
B 0 1 x 1 5% 10 1.56 x 1.56 800 x 800 28 347  0.212
C 0 1 x 1 05% 107" 1.56 x 1.56 800 x 800 155 493  0.209
D 5 1 x 1 5% 10719 1.56 x 1.56 800 x 800 154 496 0.235
E 5 5x5 5% 10719 1.56 x 1.56 800 x 800 156 486 0.209
F 0 2x1 5% 10719 1.56 x 1.56 1600 x 800 151 493  0.206
G 0 1 x 1.25 5% 10719 1.56 x 1.56 800 x 1000 156 526 0.291
H 0 1 x 1 5% [0~10 1 x1 800 x 800 162 384 0.201
I 0 1 x 1 5% 10-19  0.39 x 0.39 800 x 800 268 893  0.205
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Glasner, Livne & Truran (2012), MNRAS

2-D simulations for a wide range of possible compositions of the
layer underlying the accreted envelope: non-carbon cases

Computational domain: 0.1z, as in GLT97
Resolution: 1.4x1.4 km?

15 isotope network [up to 17F]
All simulations involve a 1.147 M, WD, with different substrates:

*CO * ONe - pure 160
* He [recurrent novae] * pure *Mg



,Steljlar'B’eacbns AR R SR “
ors || Classical Novae || Tyy ipen . ’ v —

I EFTTFR 3D Models of Mixing

Kelvin-Helmholtz instabilities as the source of
inhomogeneous mixing in nova explosions €

Jordi Casanova®?, Jordi Jose"?, Enrique Garcia-Berro®?, Steven N. Shore® & Alan C. Calder®

vvvvvvvvvvvvvvvv

6.2+a 1 Ib

X (x 107 cm) X (x 107 cm) X (x 107 cm) X (x 107 cm)

-3.0 25 20 -1.5-1.0 -05 -8.0-25-20-15-10-05 -30-25-20-15-1.0-05 -3.0-25-2.0-1.5-1.0-0.5

490 | NATURE | VOL 478 | 27 OCTOBER 2011
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3D Model of mixing in an ONe nova.
Casanova et al. (2013), in preparation
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Joke adapted
from T. O’Brien



| gMareNostrum II‘BSC 2006) o lops/s, 10,240 processors
- =i II

MareNostrum I1I (BSC, Jan. 2013) > ?ﬂms 48,000-processors ;«—"
[6,000 Intel SandyBridge ChIpS (2,6 GHz) WW e
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Andréa et al.
(1994)

H He C N O Ne Na-Fe Z
Observation 0.47 0.23 0.073 0.14 0.083 0.0040 0.0048 0.30
Theory 0.47 0.25 0.073 0.094 0.10 0.0036 0.0037 0.28

(JJ & Hernanz 1998)

I PW \Vul 1984
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PRESOLAR GRAINS FROM NOVAE

SACHIKO AMARL XIA GAo,! LARRY R. NITTLER,? AND ERNST ZINNER
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PRESOLAR GRAINS FROM NOVAE: EVIDENCE FROM NEON AND HELIUM ISOTOPES
IN COMET DUST COLLECTIONS

RoBERT O. PEPIN!, RUSSELL L. PALMA'?, ROBERT D. GEHRZ®, AND SUMNER STARRFIELD"
! Department of Physics, University of Minnesota, Minneapolis, MN 55455, USA: pepin001 @umn.edu
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42nd Lunar and Planetary Science Conference (2011) 2675.pdf

NEW REACTION RATES AND IMPLICATIONS FOR NOVA NUCLEOSYNTHESIS AND PRESOLAR
GRAINS. F. Gyngardl, L. R. Nittler!, E. Zinner’, J. Jose®, S. Cristallo®, Department of Terrestrial Magnetism,
Carnegie Institution of Washington, 5241 Broad Branch Road NW, Washington, DC 20015, USA, fgyn-
gard@dtm.ciw.edu, “Laboratory for Space Sciences and Department of Physics, Washington University, St. Louis,
MO 63130, USA, *Dept. Fisica i Enginyeria Nuclear, Universitat Politecnica de Catalunya & Institut d'Estudis Espa-

cials de Catalunya, Barcelona, Spain, 4Dept. de Fisica Teorica y del Cosmos, Universidad de Granada, Granada,
Spain.




StellarBeacons .
gers || Classical Novae |

PROCEEDINGS
S SCIENGE

Oxygen-rich Stardust Grains from Novae

Frank Gyngard'

Department of Terrestrial Magnetism, Carnegie Institution of Washington
5241 Broad Branch Road NW, Washington, DC 20015, USA

E-mail: fgyngard@dtm.ciw.edu

Larry R. Nittler

Department of Terrestrial Magnetism, Carnegie Institution of Washington
5241 Broad Branch Road NW, Washington, DC 20015, USA

E-mail: 1nittler@ciw.edu

Ernst Zinner

Laboratory for Space Sciences and Physics Department, Washington University
1 Brookings Drive, St. Louis, MO 63130 US4

E-mail: ekz@wustl.edu

Jordi Jose

Dept. Fisica i Enginyeria Nuclear, Universitat Politecnica de Catalunya & Institut d'Estudis Espacials de
Catalunya

Barcelona, Spain

E-mail: jordi. jose@upc.edu




StellarBeacons .
géers || Classical Novae |

v-Ray Emission from Classical Novae

Isotope Lifetime Disintegration Nova type
VIF 93 sec B*-decay CO & ONe
140 102 sec B*-decay CO & ONe
5O 176 sec B*-decay CO & ONe
BN 862 sec B*-decay CO & ONe
1BF 158 min B*-decay CO & ONe

Be 77 day e—capture CO
22Na 3.75 yr B*-decay ONe
6A| 1.0 Myr B*-decay ONe

* 14150, 1F (13N): Expansion and ejection stages
* BN, 18F: Early gamma-ray emission (511 keV plus continuum)
* Be, 2°Na, 2°Al: Gamma-ray lines
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18|:

* y-ray signature: ‘8F decay (T,, ~ 110 min) provides a source of
gamma-ray emission at 511 keV and below (related to electron-
positron annihilation).

But! Uncertainties in the rates )
translate into a factor ~ 5 - 10 R
uncertainty in the expected fluxes! < . 1.15 M, CO
£ 24 h
§ 10°°
ﬁ' 478 keV
é 10”7
107 48 h
170 keV feature
GOomez-Gomar, Hernanz, JJ, & | I

0.1 1.0

Isern (1998), MNRAS D=1 kpc E[MeV]
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Bull. Astr. Soc. India (2012) 40, 377-391

Novae in y-rays Hernanz’s talk, this Conference

M. Hernanz* |

4t Fermi Symposium : Monterey, CA : 28 Oct-2 Nov 2012

Fermi Discovers a New Population of Gamma-ray Novae

C.C. Cheung
Space Science Division, Naval Research Laboratory, Washington, DC 20375, USA
on behalf of the Fermi-LAT Collaboration

Imaging detector development for nuclear astrophysics using pixelated CdTe

J.M. Alvarez®*, J.L. Galvez?, M. Hernanz?, J. Isern?, M. Llopis?, M. Lozano®, G. Pellegrini
M. Chmeissani ©
@ Institut de Ciencies de I'Espai (CSIC-IEEC), Campus UAB, E-08193 Barcelona, Spain

b Centro Nacional de Microelectronica (IMB-CNM(CSIC)), Campus UAB, E-08193 Barcelona, Spain
€ Institut de Fisica d’Altes Energies (IFAE), Campus UAB, E-08193 Barcelona, Spain
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X-ray monitoring of classical novae in the central region of M 31
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Supernovae: the Mother of all Stellar Explosions

* Thermonuclear supernovae (SN la): exploding white dwarfs in

binary systems (no remnant IEft) . § PPSeTLp-2s : 0, PRTPes oy 1)
this Conference

* Core collapse supernovae (SN 11, SN Ib/c): exploding massive
stars (M > 10 M) (neutron star or black hole remnant)

Thielemann’s, Diehl’s, ...

talks, this Conference

v~ 10% km/s, E ~10° erg, M,; > Mg
7 SN 1994D (SNla)
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Thermonuclear Supernovae

Defined by the lack of H and the presence of a prominent,
blueshifted absorption Si 11 feature (around A6150) in the spectrum

* homogeneity: ~70% of all SN la have similar spectra, light curves
and peak absolute magnitudes: unique progenitor????

=) thermonuclear disruption of mass-accreting white dwarfs
* Scenario: not fully understood

- Single degenerate scenario: WD + ‘Normal’ companion
(H or He accretion)
- Double degenerate scenario: WD + WD
(He or C-O accretion)
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Ignition Mechanism

' Cei’{tral C-ignition in
Chandr.asekhar-,mass WDs

.'.‘.‘. :
' 4

- Detonation: supersonic fla

Deflagration: subsonic velocity

Deflagratlon <) detonatlon
Delayed detonation

J. José-
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Thermonuclear Supernovae: Nucleosynthesis

Supernovae are crucial for life... But never get too close!

Solar masses

10
10
10
10°
10°
10°
10°
10°
10°
10°

10-10

T I ! l l — Parikh, JJ, Seitenzahl & Ropke,
. & A&A (2013), submitted
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Type | X- Ray Bursts

First discovered in 1975 (Grindlay , Heise, et al. 1976) W|th the ANS
(also Belian, Conner & Evans 1976: Vela satellites)

The Type | XRB ID Card

Very fast rise times: 2 —-10s
Short duration: 10 — 100 s

L pea ~ 10%° erg s

Energy released: ~ 10%° erg

Progress in Particle and Nuclear Physics 69 (2013) 225-253

ks/ second

2000 § ¥ T T L] L]

Contents lists available at SciVerse ScienceDirect

Progress in Particle and Nuclear Physics

journal homepage: www.elsevier.com/locate/ppnp

Review
{ Nucleosynthesis in type I X-ray bursts
A. Parikh®"*, J. José ", G. Sala®P, C. Iliadis “¢

itat Politécnica de Catalunya (EUETIB), E-08036 Barcelona, Spain
b [nstitut d'Estudis Espacials de Catalunya (IEEC), E-08034 Barcelona, Spain

¢ Department of Physics and Astronomy, University of North Carolina at Chapel Hill, Chapel Hill, NC 27599, USA

ity, Durham, NC 27708, USA

9 Triangle Universities Nuclear Laboratory, Duke Universi

@ Departament de Fisica i Enginyeria Nuclear, Univers,
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The potential impact of XRB nucleosynthesis on Galactic
abundances is still a matter of debate:

Ejection from a NS unlikely because of its large gravitational
potential (ejection from the surface a NS of mass M and radius R
requires GMm /R ~200 MeV/nucleon, whereas only a few
MeV/nucleon are released from thermonuclear fusion)

However, it has been suggested that radiation-driven winds
during photospheric radius expansion may lead to the ejection of a
tiny fraction of the envelope (Weinberg et al. 2006a). Indeed, it
has been suggested that XRBs might account for the Galactic
abundances of the problematic light p-nuclei (Schatz et al. 1998)
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But no evidence for such spectral features was found neither In
GS 1826-24, from which 16 type | XRBs were detected (Kong et

al. 2007), nor after a 600 ks observation of the original source
EXO 0748-676 (Cottam et al. 2008; Rauch et aI 2008)
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High-resolution spectra (Cottam, Paerels, & Mendez 2002)
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The diversity of shapes in XRB light curves (Galloway et al. 2007,
Lewin et al. 1993, Kuulkers et al. 2003) is also likely due to
different nuclear histories (Heger et al. 2007: interplay between
long bursts and the extension of the rp-process in XRBS)

2.4

1.8

Strohmeyer &
Bildsten (2002)
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In Type | X-Ray Bursts

Santa Fe, NM

NS mmmd T .., > 10° K, p;o ~ 10° g.cM™

Detailed nucleosynthesis studies require hundreds of isotopes, up to
SnSbTe mass region (Schatz et al. 2001) or beyond (the flow in
Koike et al. 2004 reaches '%°Xe), and thousands of nuclear
Interactions

Main nuclear reaction flow driven by the rp-process (rapid p-captures
and f*-decays), the 3a-reaction, and the ap-process (a sequence of
(a,p) and (p,y) reactions), and proceeds away from the valley of
stability, merging with the proton drip-line beyond A = 38 (Schatz et
al. 1999), and fuel consumption halts the TNR.
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Recent attempts to couple 1-D hydrodynamic calculations [No
realistic multi-D simulation performed to date!] and detailed
networks include Fisker et al. (2004, 2006, 2007, 2008) and Tan
et al. (2007) (using networks of ~300 isotopes, up to 197Te), JJ et
al. (2010) using a network of 1400 nuclear reactions, and 325
Isotopes, up to Te) and Woosley et al. (2004), Heger et al. (2007)
(using up to 1300 isotopes with an adaptive network)
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THE EFFECTS OF VARIATIONS IN NUCLEAR PROCESSES
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~ 50,000 post-processing calculations [21 CPU months!]
606 isotopes (*H to 13Xe) and 3551 nuclear processes
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TABLE 19
SumMMary oF THE MosT InFLuentian Nuctear Processes, as Correcten rrom Tasres 1-10
Reaction Models Affected

2C (e, W00 o FO8, K04-B2, K04-B4, K04-B5
BNe( e, pPPINa® e K04-B1®
S TCE7) L L K04-B5
299 A l(ev, p)PSi..... FO8
(e, prcCl.... K04-B5
P(ex, PP2S e K04-B4
ST 7) ) K04-B4," K04-B5"
HCH p, vy Ar K04-B1
3G, “,-}'H_a‘\r _______ K04-B2
Ni(ee, py°Cu..... S01," Ko4-Bs
SCu(p, vy¥n..... FOR
MCu(p, 1)%Zn..... S01," Ko4-B5
81Ga( p, 7)%Ge..... FO8, K04-B1, K04-B2, K04-B3, K04-B6
5As(p, v)%Se ... K04," K04-BI, K04-B2,” K04-B3," K04-B4, K04-B35, K04-B6
B p, 1) Kr...... K04-B7
Rb( p, 4)5Sr...... K04-B2
B0 p, A IND e K04-B6
B VPIND K04-B2
BN 2 MO e K04-B6
EMOo( P, T e FOR
BEMO( 2, YFTTC et FO8, K04-B6
ol py ATC e K04-B6
PRu(p, RA e K04-B2, K04-B6
PRI P, AP K04-B2
YA p, VO o K04, K04-B2, K04-B3, K04-B7
2, VP80 e K04, K04-B3
B, ™80 e K04-B3, K04-B7
B8 n(ar, p)9Sb. e so1®

Nores.—These reactions affect the vields of at least three 1sotopes when their nominal rates are varied by a
factor of 10 up and/or down. See text for details.

* Reaction experimentally constrained to better than a factor of ~10 at XRB temperatures. See § 5.

® Reaction that affects the total energy generation rate by more than 5% at some time interval in this
model, when its rate is varied by a factor of 10 up and/or down. See text and Table 20 for details.

TABLE 20
NUCLEAR PROCESSES AFFECTING THE ToTAL ENERGY
QutpuT BY MORE THAN 5% AND AT LEAST ONE IsoTOPE

Reaction Models Affected
BO(o, )N oo K04, K04-B1, K04-B6
BNe(ar, pPINa® ... K04-B1, K04-B6
2Mg(ar, pPoAl . FO8
BAl p, M)*Si..... K04-B1
HMg(ar, py Al K04-B2
9A1( p, v)PTSI .. FO8
BSi(a, pPIP2....... K04-B4
08, p)3Cl...... K04-B4, K04-B5
SCU py DPAT K04-B3
2S(ar, prPCluiinn, K04-B2
BCU p, YA K04-B2
SNiar, p)Cu o So1
ICu( p, VOZn..en S01
SAS(p, 7)0SE v K04, K04-B2, K04-B3
OBr(p, V)Kr oo S01
Br(p, V) 2K K04-B7
1038n(a, p)'%Sb....ucce. S01




Few attempts to analyze the impact of a single nuclear reaction
rate (& uncertainty) into the overall nucleosynthesis
* 2INa(p,y)??Mg: D’Auria et al (2004)

1039

Model 1: Upper Limit
- - -~ Model 2: Recommended
———- Model 3: Lower Limit
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Mass measurements of isotopes of Nb, Mo, Te, Ru, and Rh along the vp- and r p-process paths using
the Canadian Penning trap mass spectrometer
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ARTICLE

doi:10.1038/nature11116

Superallowed Gamow-Teller decay of the
doubly magic nucleus '*°Sn
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THE JINA REACLIB DATABASE: ITS RECENT UPDATES AND IMPACT ON TYPE-I X-RAY BURSTS
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