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Historical Review

(This review is taken from “The Stopping and Range of lons in Matter”)

Early Studies with Radioactive Particles (1899 — 1920)
Quantum Mechanics and Stopping Theory (1930 — 1935)
Analysis of Fission Fragments (1938 — 1941)

Particle Stopping in a Free Electron Gas (1947 — 1960) ‘

Theories for Stopping & Ranges of Heavy lons (1963 — 1985)

http://www.srim.org/SRIM/History/HISTORY .htm
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The core-penumbra model does not reflect the physical reality: More than
80% of the total energy loss is used to liberate electrons from the target atom
and to emit these d-electrons. with high energies. Less than 10% is left over
for excitation. Therefore an equipartition of the energy between core and penum —
bra does not hold.-In addition, excitation does not result in chemical damage
except for a few supercited states. Excitation is therefore not relevant for the
biological-action.

G. Kraft, et al., Rad. Env. Bio. 31, 161 (1980)
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S.B. Zhu, et al. J. Phys. Chem, 95, 6211
(1991).
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W.E.Wilson and L.H.Toburan,
Phys.Rev.A, 11, 1303(1975)
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C.D. Cappello et al.,
nucl.Ins.Meth.Phys.Res.B, 267,
781 (2009)
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Private communications with Iriki, Tsuchida and Ito (Kyoto Uni.)
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Demo 1: The ions are produced from incident

lon impact ionization cross sections

Here are plots of places of water molecular ions.
20 nm

mall
u mil= » Pproton 1 MeV sma

e — — A ++—» proton 500 keV
(0.8 nm)
T P T T » proton 200 keV

(0.3 nm interval)

—WWM—» C 3 MeV/u

K. Morbayashi, Phys.Rev.A, 84, 012702 (2011).

large

The interval lengths between ions decrease with increasing these cross sections.
The average interval lengths agree with mean path between ionization events(z).

T = n: density of water molecules o)
V7(0) . Incident ion impact ionization cross sections

ion




Demo 2 : energy loss of secondary
electrons

» proton 1 MeV

C 3 MeV/u
Z

Demo: The energy loss of secondary electron kinetic energies due to the
electric field formed from molecular ions as a function of x.

Incident ions: a proton with 1 MeV/u and a C®%* ion with 3 MeV/u
Emission angles 6 = 30 °, 60 °, and 90 °
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Energy loss(AK,) (eV)

50

25

0= 90°

Isolated molecule

2 4 6

"~ 50
AK ~40 eV

25 |

0

6=60°
AK ~ 40 eV
C6* 3MeV/u

proton 1 MeV/u

L=4

Isolated moleculé

0

2 4

6

50

25 |

0

Energy loss of secondary electrons due to

electric field formed from molecular ions

0= 30°

AK ~ 40 eV

C6* 3MeV/

proton 1 MeV/u

0

X (Distance from the track of an incident ion) (nm)

(i) When K=100 eV, K, are 100 eV, 75 eV, and 25 eV at § =90 °, 60 °, and 30 °,

respectively [see the term of [sin(0)]? in the equation].

(i) When K, becomes 0, the secondary electrons become to be trapped.
(iii) For C8* with 3MeV/u, K<40 eV, 50 eV, 160 eV are trapped within the 6 nm
from the track at =90 °, 60 °, and 30 °, respectively.

K

X

2
= —my, = _—my

1 1

2 2

[sin($)]” = KTsin(9)]’

K: initial kinetic energy of an ejected electron
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Probabilities

RMFHRDRBESTVIHEICRESNSD

(1) C*ion 3 MeV/u

without polarization

with polarization

° time(fs)

—RE

(2) proton 200 keV/u
T

without polarizati

DN

5
WItH polarization
O |
Q .9
time(fs)

DEE DE &

)S |

O !
10 wgth polarizatign

(3) proton 1 MeV/u

without polarizatiof

time(fs)

We calculate the probabilities where secondary electrons are trapped within 1
nm from the track of an incident ion.

(1) Probability increases with the increase of o, .

(i1) The differences between the probabilities including and excluding polarization

are about (1) 10, (2)30, (3)44 %. respectively

— The effect of polarization increases as o,,, becomes smaller.

K. Moribayashi, Phys.Rev.A, 84, 012702 (2011), Rad. Phys. Chem., in press (2012)
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Electron densities (D,) and temperatures

(T,) near the track (core region)

T The same o, 10 fs after irradiation' ">y "t
, \ 10n — ]
<;.> 1022 X ?0, 8 \
= 4 Carbon 15MeV/u —~
Q & proton 200keV/u =6 ® Carbon 15Mav/
= o
a5 <’> . 5 4 < proton 200keV/u
@ 1020 f 3 S
S N g o)
c b, Q
| ¢ c
9 . * of S2F
§ W Carbon 30MeV/ui S | S “l Earbon 30Me\///u
L = L]
1018 [ proton 400k:eV/u 3 0
0 1 2 Uu 0 50 100
Distance from the track of an incident ion (nm) Time (fs)

(1) The core region may have a structure (from D,). In Chatteejee model, no
structures are seen in the core region.

(11)When o, , 1s the same, D, and T, become almost the same (see 2 red or 2 blue
symbols) . So, o, may determine D, and 7, in the core region.

K. Moribayashi, Rad. Phys. Chem., in press (2012), to be submitted to Nucl. Inst. Meth. Phy. Res. B
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Future plans

The scenario proposed here for phenomena in the core region
1fs 10fs 100fs 1ps

physical processes

10ps
chemical processes

Fuftu re

onization, excitation

H H recombination in plasma = ——

We are hére!

H H rotation motion of molecules

H HH disp%‘ersion >

10 eV a few eV target temperature




