" The Red Sox willwin
. the world series =~ .

’ .
- .,
.
.
.’ .
.
.
.
e
.
-. ’.
L]
.
.
.
.
- -

.



from LENA

t Results

Firs




Why build a dedicated, low-energy
accelerator facility for nuclear astroph ys:cs?'
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Design considerations:

* Must be chea

"  « WantE =0-500keV, AB%& 1 keV
— I ~1 mAfor E <100 keV

1 ~ 0.2 mAfor E > 100 keV

* Beam quality should be “reasonable”

* Must run for extended periods with
minimal effort

* Must be cheap
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plastic

scintillator Pb shield
Nal annulus

HPGe detector



2. beam pulse
(infinite future)

4. inner Nal vs. outer Nal
(future)
. 5. Ge pulse shape (soon?)
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Globular clusters are coeval, chemically
homogeneous groups of 10°- 10° stars

They provide an integrated sequence of stellar evolution

Kinematics and ages trace out the evolution of structure
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3. convection: 0.3 Gy
4. helium abundance: 0.6 Gy
5. helium diffusion: 0.7 Gy
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reaction a + b with number densities N, and Ny

d —P
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number of nuclei reacting in time At is

NbXO"UXAt -—>‘ ‘<V At

Rate = Nb X ov

Rate . NaNb'O"U
unit volume of gas =~ 149,

o(E)Ee E/FT4E

V) = 8
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Cross Section (b)




Cross Section (b)

—14.5 days

600 years

1.5x 10’ K
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T, =0.015
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"Direct capture”

6 =K x (tunneling probability) x (matrix element)
h/E2
= 1E x © ° X S(E)

[S(E) is the "astrophysical S-factor"]
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Cross Section (b)

Resonance capture
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6397 -

new 1N(p,y) rate:

It increases by 0.7 - 1 Gy
| [G.Imbrianietal. A& A 420, 625 (2004)]

i

best-fit age ~13.4 Gy






QuickTime™ and a
YUV420 codec decompressor
are needed to see this picture.
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QuickTime™ and a
YUV420 codec decompressor
are needed to see this picture.



* mass of white dwarf
* initial composition

* accretion rate

* role of convection

- gjected mass

* nuclear physics
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PROPERTIES OF RECENT EVOLUTIONARY NOVA MODELS?

MoODEL

PROPERTY Pl P2 S1 JCH1 JCH 2 JH 1 JH2
WD mass (Mp)---..oomevas 1.25 1.35 1.35 115 1.25 0.8 1.0
WD composition............. ONe ONe ONe ONe ONe cO CcO
MXINE (%) ccavinsssssnivisasin 50 50 50 50 50 25 50
Toeak (10° K)o 290 356 418 231 251 145 170
Lear (10* Lg) ccunenneerenses 43 16.3 39 26 46 3.5 23
M. (1075 M) ............... 3.2 1.5 3.8 3.2 2.2 9.7 3.9
Moee (10710 M yr Y)....... 16 16 1.6 2.0 2.0 2.0 2.0
M (107> M) svssensominsioss 0.0 0.62 2.2 2.6 1.8 7.0 23

a Models labeled “P,” *S,” “JCH,” and *“JH™ are adopted from Politano et al. 1995, S.
Starrfield et al. 2002 (in preparation), Jos¢ et al. 1999, and José & Hernanz 1998, respectively.

b This is the percentage of mixing assumed between solar accreted matter and white dwarf
core material. The initial envelope composition is given in Table 2.



REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
"Be 0.43 1.3
"Be 0.10 4.0
"Be 0.67 0.92 1.1 1.1
13C 0.87 1.1
15N 1.6 0.61
160 1.3 0.89
15N 0.49 1.9
100 0.89 1.3
160) .. 0.35 21 .
2c 1.2 1.0 0.95 0.95
13C 1.2 1.0 0.96 0.96
5N 15 1.1 0.90 0.88
170 0.54 0.89 1.0 1.1
I8 5.2 1.8 0.53 0.11
150 53 1.8 0.53 0.11
v 53 1.8 0.53 0.11
170(p, ) ¥4N............ 12c 1.2 1.0 0.90 0.81
I3C 1.2 1.0 0.91 0.83
14N 1.2 i) 0.89 0.74
170 0.029  0.57 1.4 2.0
I8p 0.041 0.59 1.4 2.0
180 0.042  0.59 1.4 2.0
BE 0.067 061 1.3 1.9
F(p,v)'*Ne........... 2c 12 1.0 0.90 0.86
Bc 1.3 1.1 0.91 0.87
160 1.4 1.1 0.95 0.89
I5SN 0.88 0.94 1.0 1.0
170 0.057 071 1.2 1.4
I8 0.056  0.71 1.2 1.4
50 0.059  0.71 1:2 1.4
p 0.056  0.72 1.2 14
BO(p. a)N..ooee 150 0.53 1.7
19p 0.61 1.7
BE(p, N¥Ne........... 160 2.1 1.2 0.95 0.89
BE s 32 1.2 0.89 0.78 s
BE(p, )30 ............ ISN 1.0 0.94 0.94 1.1 1.3 3.6
160 0.89 0.89 0.95 1.2 241 12
18p 0.021 0.17 0.59 1.7 6.5 41
150 0.020 0.16 0.60 1.7 6.3 41
9 0.013 0.12 0.54 1.8 8.3 56
20Ne(p, v)*'Na ........ 20Ne 0.85 1.1
2INe 1.7 0.54
22Na 1.7 0.59
INe 1.6 0.57
BNa 1.7 0.55
Mg 1.7 0.57
Mg 1.7 0.56
20A] L7 0.55
26Mg 1.6 0.55
AL 1.7 0.56
i 1.4 0.69
28i 1.4 0.71
308 1.1 0.86
2INe(p, 7)*Na ........ 2Ne 0.46 23 s
2INa(p, v)**Mg........ 22Na 0.83 0.88 1.0 1.1 1.3 1.5
Ne 0.79 0.85 0.95 1.1 1.2 1.5
BNa 0.95 0.95 0.95 1.1 1.3 2.1
24A0A n o N Q& n o 11 14 N



NovAa NUCLEOSYNTHESIS®

Reaction-Rate

Variation® Isotopic Abundance Change®
CO Nova Models
0@, H¥F............ BF
7O(p, a)¥N........... 170, 18F
BE(p, a)1?0 ........... 1I8F
2Ne(p, 7)*Na........ 22Ne, 23Na, Mg, Mg, 26Al
BNa(p, v)*Mg....... 24Mg
26Mg(p, v)*"Al........ 260Mg
26A18(p, 7)?'Si......... 26A1
ONe Nova Models

70(p, NIBF............ 170, 13F
B O, o D esssinin 170, 18F
7F(p, 7)!®Ne.......... 170, 18F
BE(p, )'%0........... 160, 170, 13F
UNa(p, 1)*?*Mg....... 2INe, 22Na, 22Ne
22Ne(p, 7)*Na ....... 22Ne
BNa(p, v)*Mg....... 20Ne, 2!Ne, 2Na, ¥ Na, Mg, Mg, 26Mg, 26A1, 27Al
ZMg(p, v)?Al........ 20Ne, 2'Ne, 22Na, 23Na, Mg
B6Mg(p, 1)*'Al........ 20Mg
26A18(p, 7)*"Si......... 26A1
26A1M(p, v)?'Si........ 26Mg
2Si(p, v)°P............ 2981
i 4§ T ] P— 3084, 32§, 338, 345, 35C], 37Cl, 36Ar, 37Ar, BAr
] ) [, 338, 345, 35C], 36Ar
BCl(p, v)*Ar......... 39
HS(p, V¥Cl........... 345, 35Cl, 36Ar
#Cl(p, 7)**Ar......... Mg
LN ) o - 31C1, ¥ Ar, 38Ar
BK(p,v)*Ca.......... BAr

4 The table provides only a qualitative overview for some of our results;
see Tables 5-11 and § 5 for complete quantitative results.

b Only those reactions are listed that have a significant influence on iso-
topic abundances in at least one of the nova models considered in the
present work (Table 1).

¢ Only those isotopes are listed whose abundances change by more than
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The role of a ground-level{aboratory:

1. Development of tér’gets’ / detect-ion‘ s'chemes

2. Measurements at hrgher -energles
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