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23.2. Ionization energy loss by heavy particles [4-1] | ‘

2 23. Passage of particles through matter

Moderately relativistic charged particles other than electrons lose energy in matter
primarily by jonization. The mean rate of energy loss (or stopping power) is given by
the Bethe-Bloch equation,

dE .22 1 [1. 2m.e?024y2Tax o &
Here Tmax is the maximum kinetic energy which can be imparted to a free electron in a
single collision, and the other variables are defined in Table 23.1. The units are chosen so
that dr is measured in mass per unit area, e.g., in g cm™2,

In this form, the Bethe-Bloch equation describes the energy loss of pions in a material
such as copper to about 1% accuracy for energies between about 6 MeV and 6 GeV
&I}omenta between about 40 MeV/c and 6 GeV/c). At lower energies “C/Z” corrections
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Fig. 23.1: Stopping power (= (—dE/dz)) for positive muons in copper as a function
of B+ = p/Mc over nine orders of magnitude in momentum (12 orders of magnitude in
kinetic energy) [1]. Solid curves indicate the total stopping power. Data below the break at
By = 0.1 are taken from ICRU 49 [2]. and data at higher energies are from Ref. 1. Vertical
bands indicate boundaries between different approximations discussed in the text. The
short dotted lines labeled “u~ ” illustrate the “Barkas effect,” the dependence of stopping
power on projectile charge at very low energies [3].
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INTRODUCTION
i-'. Charge transfer in collisions of atomic particles with charge transfer processes:
: gaseous atomns and molecules is one of the important pro- . -
N cesses in plasma physics, radiation physics, astrophysics, (1) oo for sxf:gl e-clectron capture of H*.
i and other arcas. Especially, knowledge of the total cros. (2) o, for single-electron capture of H.
i sections for charge transfer of hydrogen ions and atorns {3) o,., for double-slectron capture of H*,
'g is necessary for thermonuciear fusion research, because (4) ao, for single-clectron loss of H.
! this process is crucial to the containment time for plasmas, (5) o-10 for single-el on loss of H-.

f particle recycling, plasma diagnostics, and surface effects.'

d0 - Several theoreticat approaches have been developed to (6) .., for double-electron loss of H".

‘ calculate the cross sections (stze. for exampile, the recent Here the subscripts represent the initial and the fina]
i review article by Morgan et al.%). These approaches, how- charge state of the hydrogen. For each of the six processes,
ever, require time-consuming computations. For rapid
-evaluati i it is usef
haveu:x::.ln ?f ;.hc cross ;ecuons, thcre:fore,t:! l;a ul to 1 Brief accounts of the formulas were given in T. Tabata, R. Ito,
ytic formulas fitted to experimen ta. ¥ Nakai, A. Kikuchi, and T. Shirai, Preprinis of Autumn Mecting of
In the present work, analytic formulast have been the Physical Sociery of Japan, Okayama, October 1983, p. 194; Annu.
canstrucied for the total cross sections. of the following Rep. Radiat. Center Osaka Prefect, 24, 55 (1983).
L e |
70 Atomic Dats and Nuclesr Data Tasies. Vol. 37, No. 1, July 1887 ‘




Y. NAKAI ct al. Charge Transfer of Hydrogen Atoms and lons

GRAPH I. Cross Section vs Energy. o, of H* in He, Ne, Ar, and Kr

N v s \0'4 See page 74 for Explanation of Graphs
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GRAPH IV. Cross Section vs Energy. a¢; of H in He, Ne, Ar, and Kr

Sce page 74 for Explanation of Graphs
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Charge Transfer of Hydrogen Atoms and lons

GRAPH I. Cross Section vs Energy. oo of H in Xe, Hz, N3, and O,
See page 74 for Explanation of Graphs
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GRAPH IV. Cross Section vs Energy. oo; of H in Xe, H,, N2, and O,
See page 74 for Explanation of Graphs
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Columbia Group Studies

L.Alhilali* A Boozer, A Bozovic* A.Caldwell,I. Shpiro* F Sciulli, W Willis
*=student

Reducing the phase space occupied by the muons while keeping high efficiéncy is crucial
for the success.of a muon collider or a high intensity neutrino factory. ‘The naminal scheme
‘performs the cooling at T=200 MeV. We are investigating the possibility of reducing the
‘phase space by bnngmg the muons to T ~ 1 keV and then.reaccelerating;

4\1

Ly
u
~100 MeV |
We're investigating different options

Refs: K. Nagamine, At. Phys. 10, 225 (1987); K. Nagamine et al., Phys.
Rev. Lett. 74, 4811 (1995).

E. Morenzoni, *The physics and applications of low energy muons',
lecture notes of SUSSP51, PSI- PR- 98- 23.

Notes:




st

e\u\esf::'. V\AMU\_SQ\,‘;@_?S\..<‘k ﬂ

Physics and applications of low energy muons’

Elvezio Morenzoni

Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland

1 Introduction

Among the various nuciear solid state techniques, muon spin research (USR) is a rela-

-tively young technique. However, as with all fields of science, also in applied muon science

novel methods and techniques have to be developed and the capabilities of the existing ones
continuously extended in order to face the challenge offered by new objects of investigations.
These developments in methodology are often driven by the needs of research communities.
Conversely. the availability of new scientific instruments and methodologies leads to progress
in scientific knowledge. An example is the discovery of the surface muon production mecha-
nism (Pifer et al. 76). Surface muons. which originate from pions decaying at rest at the sur-
face of a pion production target. offered decisive advamiages with respect 1o the previously
used muons obtained from the decay in flight of pions such as high degree of polarization,
high stopping rate. and limited penetration depth (fraction of mm to mm) in relatively small
specimens and gave a large impetus to LSR. .

In the last decade, thin films, nanomaterials, multilayered compounds, and generally ob-
j?cts of restricted dimensionality have emerged as critical elements in science and technology.

Different methods and particle probes such as polarized electrons. neutrons, photons, and
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