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5.6 Hydrogen-burning 169
Table 5.2. Reactions of the pp chains
p(p.etv)d
d(p,y)yHe
‘He(*He,2 p)*He SHe(a, y) Be
"Be(e™, v)7Li "Be(p, y)®B
"Li{p. «)*He SB(et, v)®Be*
*Be*(x)*He
pp — 1 (86%) pp — 2 (14%) pp — 3 (0.02%)
Uetr = 26.20MeV Qarr = 25.60 MV Qe = 19.17 MeV
(2.0% loss) (4.0% loss) (28.3% loss)

Data from Rolfs and Rodney (1988).
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Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000
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170 Outline of stellar structure and evolution

Table 5.3. Solar neutrino fluxes expected and detected in different experiments

Detector Source Exp. flux® Obs. flux
¥l "Be 1.15
8B 6.20
Total 76+1.2: 2.56 £ 0.23
Kamiokande !B 505 +0.9 28404
Gallex, Pp 7}
SAGE I Be 34.5
5B 13.1
Total 128+ § 75+ 8

“ For the radiochemical detectors (chlorine and gallium), fluxes are expressed in snu,
where 1 situ (*solar neutrino unit’) = 10~ events per tarqget atom per second. For the
Kamiokande water detector the unit is 106 neutrinos cm =~ s

After Bahcall, Pinsonneault and Basy (2001).

Table 5.4. Solar neutrino fluxes from heavy water experiments

Reaction Nature Expected flux® Observed flux
vet+d—p+p+e Charged current 5+1 176 +0.14
Ve +d — p+n+ Neutral current 5+1 509+ 1.0
Vs +e" > v, +e Electron scattering 5&1 2.32+0.11%

“ In units of 105 cm—2 5! , assuming no oscillations.
® More precise result fmm Super-Kamiokande.
After Ahmad et al, (2002).
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Fig. 5.7. Evolutionary tracks for Z = 0.02 (near solar metallicity) stars with dif-
ferent masses in the HR diagram, {Luminosities are in solar units.) Points labelled
‘1 define the ZAMS and points labelled 2 the terminal main sequence (TAMS),
the point where central hydrogen is exhausted. The Schénberg—Chandrasekhar
limit may be reached either before or after this {for M > 1.4 My). Points
marked “3" show the onset of shell hydrogen-burning. Few stars are found in the
‘Herzsprung gap’ between point ‘4’ and point *5’, where the surface convection
zone has grown deep enough to bring nuclear processed material to the surface in
the first dredge-up. Adapted from Iben {1967).
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Fig, 5.9. Schematic illustration (net 1o scale) of the ‘onion-skin® structure in the
interior of a highly evolved massive star (25 M ). Numbers along the vertical axis
show some typical values of the mass fraction, while those along the horizontal
axts indicate temperatures and densities (gmem™—?). Adapted from Kippenhahn
and Weigert (1990).
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MASS FRACTION

Fig. 5.10. Upper panel: chemical profile of a 25 M, star immediately before core
collapse. (Note change in horizontal scale at 2 M,.) Lower panel: the same, after
modification by explosive nucleosynthesis in a supernova outburst, The amount

of *®Ni (which later decays to *Fe) ejected depends on the mass cut, somewhere
in the #*Si—Ni zone, and is uncertain by a factor of 2 or so. Adapted from

i |
(R3] 20 2.4
INTERICR MASS { Mg)

Woosley and Weaver (1982).
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Fig. 5.11. Amounts, in units of relative Solar-System abundances, of nuclear
species resulting from hydrostatic evolution of an average pre-supernova. Filled
circles represent an initial mass function with slope —2.3 and plus signs one with
slope —1.5. The dashed box encloses 28 species co-produced within a factor of 2
of solar values, assuming a IZ'C{af,, ;u)m() rate 1.7 x that given by Caughlan and
Fowler (1988). Reprinted from Weaver and Woosley (1993). Reproduced with
kind permission of Elsevier Science. Courtesy Tom Weaver.



1“lrlfrrlll[l'i_fll'ltlullrr-lllll

bl 1 1 111

Py

<
-3

SN |l /Sdar
T YTl
L
=

1Yy

=
Ble
’i

-
&

I Illl.l.l.i

F.1! Il:lIII‘II:ll]lII_llIlIilt.llllt!
10 20 30 40 50 &0 n

MASS NUMBER
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Fig. 5.25. Nucleosynthetic outcome (after radioactive decay) of model W7 for
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Nomoto & Yokoi 1986), compared to Solar-System abundances, Dominant
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