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Svnthesis of the Elements in Stars”

E. Marcarer Bureipge, G. R. Bursimce, WiLtiam A. FowLEr, AND

Kellogg Radiation Laboralory, California Insiitute of Technology, and
Mount Wilson and Falomar Observalories, Carnegie Instilulion of Washington,
California Instilule of Technology, Pasadena, California

f‘_7 “It 1s the stars, The stars above us, govern our conditions'';
) (King Lear, Act IV, Scene 3)

but perhaps

g 7 “The fault, dear Brutus, is not in our stars, But in ourselves,”
(Julius Caesar, Act 1, Scene 2)
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Nuclear Reaction Cross Sections for Astrophysics

Neutrons QAM

o —

/-4“'

ndarrow

resondrndc

e

broad resonance

\ R (with interference)
Bl

Cross section
(log scale)

non-resonant
processes

Charged
Particles

Interaction energy E

Figure 12.2 Dependence of lotal cross seclions on the interaction energy for
neulrons {top panelj and charged particles (bottom panel). Note the presence of
resonances (narrow or broad) superimposed on a slowly varying nonresonant
cross sechion.



Physical Review C 50" Anniversary Milestones
5 P HYS | CA L This year, 2020, is the 50" anniversary of Physical Review C, which evolved from a section of its parent journal, The

e R EV' EW C Physical Review, to one of the most read and trusted journals for nuclear physics. As part of the anniversary
celebration, we are putting together a collection of milestone papers thal remain central to developments in the field of
nuclear physics. These papers announce major discoveries or open up new avenues of research. They would not have
come fo our journal, had the communily not trusted and upheld the top-shelf quality of whal PRC has traditionally
published and intends to publish in the future.
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heaviest nuclear species. These papers used radioactive "Be, in one case as the target and
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5. J,' sma. [ (WIS [w v ; unsiapie nuciel piay a major role in a variety of astrophysical phenomena, from stellar production of neutrinos and y
g "y A [ ey rays to the creation of the heaviest nuclear species. These papers used radioactive 'Be, in one case as the target and
G ;-Q 2 in the other as the beam, to study two reactions of importance in astrophysics. These two reactions play a key role in

the production of neutrinos in low-mass stars, such as the Sun, and in nucleosynthesis during the CNO-cycle in high-
temperature environments.

a-resonance structure in ''C studied via resonant scattering of "Be + a and with the “Be(a, p) reaction

H. Yamaguchi (LLUC1ZEF), D. Kahl, Y. Wakabayashi (£ 224), S. Kubono (A{RFF /%), T. Hashimoto (184 &%),
S. Hayakawa (8)1| 84b), T. Kawabata ()||#f £#8), N. lwasa (£{£ EH{Z), T. Teranishi (3575 M), Y. K. Kwon (H# 3
2H, D. N. Binh, L. H. Khiem, and N. N. Duy

Phys. Rev. C 87, 034303 (2013)
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Neutron capture cross-section (barns)
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_ —#m| | NNDC shows LARGE variation
of neutron capture cross

: sections at “thermal” energies

- Note: @ T = 300K, E = 25 meV,
Corresponds to neutrons with

i v=2200m/s
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Neutron energy (MeV)



Capture cross section at v=2200 m/s in 157Gd = 254,000 b
=» How low can you go??

VOLUME 83, NUMBER 24 PHYSICAL REVIEW LETTERS 13 DECEMBER 1999

Giant Absorption Cross Section of Ultracold Neutrons in Gadolinium

H. Rauch and M. Zawisky

Arominstitur der Osterreichischen Universititen, A-1020 Wien, Austria

Ch. Stellmach
Physikalisches Instinet, Universitit, D-69120 Heidelberg, Germany

P. Geltenbort
Instinit Lave-Langevin, F-38042 Grenoble, France
{Received 13 November 1998)

The transmission of ultracold neutrons through natural Gd and isotopic enriched '*'Gd samples has
been measured. Absorption cross sections in the order of 100 Mb have been identified. Here one
touches a region where fluctuations of the physical parameters influence the result and can cause a basic
deviation from the exponential attenuation law and where a purely imaginary interaction potential exists
within the sample.

PACS numbers: 28.20.Fc, 03.75.Be

Gadolinium exhibits the highest absorption cross The absorption, incoherent, and inelastic processes
section of stable 1sotopes due to resonances near the  cause an imaginary part in the mteraction potential [12]
threshold energy. The absorption cross section at thermal

= U (Y — IWV.lr >
energies for natural gadolinium is reported as o, (v = VAE) = ¥r\f) — EYIEDs €)
2200 m/s) = 49000 b and for "“'Gd as o, (v = where
2200 m/s) = 254000 b [1]. For cold and ultracold neu- - 3 3
trons 1/v behavior is predicted, which brings the absorp- _ 2ah” i
. G . i V, = ZN:hn - Z - n
tion cross section up to o, (v = 10 m/s) = 10.7(3) Mb m . s 24
for natural Gd and to o, (v = 10 m/s) = 55.9(1.5) Mb v
for ¥7Gd. and: V= ZN,H”

The absorption cross section of very slow neutrons of
Cd was measured by Palmgren [2] and that of Au, AL, (o, = o, + Tipeon + Finer. At v = 2200 m/s). The
and Cu by Steyerl [3] and Steyerl and Vonach [4]. In  jmaginary part in most cases is orders of magnitude
all cases the 1/v behavior has been verified, and it was  smaller than the real part (V; < |V,|), except for pure






	P1
	Slide1
	P2
	Slide2
	P3
	P4
	Slide3
	Slide4
	Slide5
	P5
	Slide6
	P6
	Slide7
	Slide8
	pic_L15

