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Campaign for the introduction of
the ITER project in Japan last year

ITER Unfortunately not successtul
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Concept of the new radical-injection
method. The-CF, and CF; radicals are
selectively generated from CF;l and
C,F, gases in the plasma.
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Plasma Sources & Measuring Systems(electron, radical, ion)
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Definition of the various
Cross Section

Transmission experiment

_— 1

— ]

Crossed beam method ¢

Monochromator

= Differential Cross Section for
channel “n”

_ —Qr NI
=1

Analyzer Q= z a,

Filament

n (n=m)

2k Upper limit of cross sections

dqn(EO’Q) =k_f

E, A Q)=
0,(Ey Q) 10 K

| fn(E01Q)|2 Target beam

* Integral and Momentum transfer
Cross Section

q, (E,) = ”ao(Eo,Q)(l—cose)sin adadg Boltzmann equation

2nm

A, (Eo) = [ [ o, (Eq, Q)sin et of jot+v-V, f+(F/m)-V f=[of /ot],

%ﬂ

= Total Cross Section
Qr (Eo) = zqn(Eo)

~Vi

Swarm experiment

U P—

V2



CHEEQMEWJ iInvestigated at Sophia University

CH,, C,Hg, C3Hg, C,H,, C5H,, C3H, « absolute elastic DCS
CFy, CoFe, CoFg, CoFy, €-CyFg, CoFg « resonant vibrational
CF3H, CFoH,, CFH, excitation
CF,Cl, CF,Br, CF,l . .
* elect

CF.Cl., CFCl. 2 )(ecgtrct)_nls and rotational
SiH,, Si,Hg, SiF,, GeH, _ S _IO _S
NFa, Ceq « dissociative attachment
N,O, CO,, COS, CS,, XeF,, HCN, HCI e neutral dissociation
H,CO
H,, N,, CO, NO

Synchrotron Radiation Experiment:
SF¢, PHc, PH; ® photoelectron from core orbital via
BCl,, BF;, H,0, CO,, H,CO shape resonance

€ resonant Auger emission processes
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showing up everywhere in Physics | Complex susceptibility

T+N—=A—-1m7+N

A resonance

"‘H\\H\H\H\HHHHHHHHHHHH\

<

§ bound state Photon:
k=ilk LR B |
§ (k=ilK) v =7y P 4E
¢ scattering
k=0 L @N r/2
________ ) ./X * Méya, (5002 -0®)+(T/2)
(k=—a+ib) resonance state Electron:

(k=a+ib,a>0,b<0)

47 (21 +1) r2/4

2mE /n° (E-E,) +T?2/4

(E = E,,T < E,) Breit-Wigner eq.

Resonance Sfcatter/hg described o (E )=
on Complex K- plane
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through Dissociative attachment via repulsive state

Resonant DA: V(R) (eV) € (:e\/)
A e A
CF,I(v=0) + e 5 - W/C S 5
\ »
CF,I*" :
\L 2.4eV 5
CF; +1
+ 1
non-Resonant DA: -
m_ O
CF3I(v=0) + e +M
\L lon Yield
- 3 on Yle
CF3I ¢+M —— Internuclear Distance (C- ) —
I + CF3 Schematic potential energy curves for the electronic states of
CF;I and CF;I™ relevant in electron attachment.
\\'—ﬁ

from O. Illenberger
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Photoabsorption spectrum
Electron energy loss spectrum 100eV 3deg

CF.I

X100

Energy (arb. unit)
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Energy (eV)
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In parallel with new trends in the processing, more
ecologically friendly processing technology is demanded:

1. High-performance etching of SiO, at high efficiency
with small amounts of PFC gases

2. Etching alternative gases for SIO, with low GWP values
3. Alternative cleaning gases for electronic devices

with low GWP values

Along this direction, COF,and C,F, are developed
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compared with feed gases commonly used
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001 1 100 10000

GWP100

GWP: Global Warming Potential
NFPA: National Fire Protection Association
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No negative ion data available

Resonant DA?
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Electronic Excitation
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ITER (Infernational Thermoruclear Reactor)

agreed in last June fo be builf in Cadarache,
France

Data Needs for Atomic & Molecular Processes
wall interaction near Divertor:

1. Carbon impurities (H-C molecules) produced
by physical and chemical sputtering:
CH,, CH,, C,H,, C,H,, C,H,, C;H,

2. Vibrationally excited (Hot) Molecules:

H,, D, experimental data so limited !
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The Way to Fusion Energy

Environmental Condition

- Diagnostics components, such as mirrors, magnetic coils etc, mounted
close to the plasma will experience higher levels of radiation due to
neutron, gamma ray and/or particle irradiations than in present devices.

<Blanket>
Retro-reflector

First wall
Neutron (Total):
~3 % 1018/m?/s
v-ray
~1 X 1078/m?/s

<V.V. (front)>

Magnetic coil, Micro-
fission chamber,
Waveguide, etc

Neutron (Total):
~5 X 1018/m2/s

y-ray:
~1 % 101%/m?/s

<Port Plug> Mirror, Lens, Waveguide, Bolometer, etc.

WIEE: [

o

| <Vacuum > Win

dow, etc.

=" Port Cell

Diagnostics
Component

/—

‘Bﬁg'rﬁgacs

Component

<V.V. (back)>

Magnetic sencsor,
etc.

Neutron (Total):
~1 x10"2/m?/s
v-ray:
~2X10"/m?3/s

W
Component

<Divertor> Mirror

, Bolometer, Waveguide,

Thermo couple, etc.

A

ne s 0

<TF-coil (back)>
Neutron (Total):
~1 X 109m?/s

y-ray:
~2 X 108/m?/s

5m

—
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non-emissive
Neutral Radical Detection from CH,

-

\ CHF + H

\ hy

P CH, + H
j\ 3

/ A

filament (2™ electron gun) CH

4

monochromator
(1t eln gun)

Potential Energy

d . >
’____h: _@_ ion detection . .
|| CH, - Hinternuclear distance
L8 I
— Q— o .
QU@ Table 1. Ionization thresholds
i G channeltron
| Parent CH,* ' CH;* CH,* CH* c*
1 neutral
jon focus lens
CH, 12.6 14.3 15.1 22.2 25
e _|_ CH4# CH3 _|_ H _|_ e CH, 9.8 15.1 17.7 25
CH, 10.3 17.4 20.2
l CH 13.0 20.3
e + CH;==CH;* +2e C 16.8
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Absolute cross section (10™'°cm?)

CH3 nuetral radical

B presentwork
O Sugai et al.
A Moore et al.

0.0 -

L B e B L B E e e e s i
5 6 7 8 9 1011 12 13 14 1516 17 18 19
Impact energy (eV)
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® presentwork
A —— CH, photoab., Kameta et al.
154 F CH, neutral diss., Kameta et al. 1.0
- ' o CH, photoab., Au et al. '
> = 4
o 5
2 p ~
0 CH¥+ H 2 g
= \ hy S 1.0 ‘30
pd . — '
£ CH;+H B S}
° @ 2
o 3 S
o N 3]
CH, E 0.5 o
> E 2
lear d § -
CH, - Hinternuclear distance < |
? 00— osees : — 0.0

4 5 6 7 8 9 10 11 12 13 14 15
Impact energy (eV)

K. Kameta, N. Kouchi, M. Ukai, Y. Hatano
J. Electron Spectrosc. Relat. Phenom. 123, 225 (2002)
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hot CO, by electron collision
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hot-C0, NEEABE 1AL NEARIMY

C1s-rr resonance by inner shell ionization

/ 4 [initial state

—&—ground (0,0,0)
1.0 H |—®—bending excited (0,1,0)

CC)2 C1s->n* bent B ] state

Intensity (arb. units)
o
(@]
|

289 290 291 292
Photon energy (eV)
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CO,: Molecular Properties

/ A, state B, state

T
100 180 100
Bond angle (deg)

4
initial state
—e— (0,0,0)
—e— (0,1,0)
—
2
c
-
£
©
—| ls—r*core
>| excited states
Sy
e 0deg ARIY
L hv - spectra
Electrgnlc v,=1
round state —
g V=0 o-o-o

Photon Energy/
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6xshape resonance in the continuum region

initial state \
—@— ground (0,0,0)

0.6 4 |—®— bending excited (0,1,0)
¢~ shape resonance

@« Ff
= '
>
9 04-
L
=
= .
C T
2
c 0.24

0.0 2 N P RN Er——
410

Photon energy (eV)
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Two ways on fundamental and applied aspects

Ultra-low impact energy collision
Very high resolution spectroscopy

Electron-driven processes and the applications
Bio-molecular targets

Device- processing plasma
Nuclear-fusion technology (ITER)
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ASTRID SGM 2

Undulator beamline
E=12-40eV

E/AE = 10000 - 20000
Flux 2x10% photons/sec

(L0

Extraction beamlineg

SGM I Corner #:
Laser cooling
MIYAKE
Interaction axis
SGM I

[| Septum magnet

icker
- i
Inection beamline
Atupoles EBIS lon 150 ke lon
uadry 5 Bource Accelerator
MNeutral particle
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Scale
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T 100mev electron
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Ar + hv —=Ar*(3p(?P,,)11s) — Ar*(°P,,,) + e(E)

Calbick
len:
hv =78.65 nm T e
photoionization / eleﬂ:::f:ﬁ collision R3
Anv = 0.75 meV e e chamber
T =0 meV ] /
10 meV <E <2eV -l..H .
- channe
e
AE ~ 1.0 meV f ‘ ‘ I;ﬁﬁzr
e
hv magnetic field L
(if present) lem

R.J. Gully etal., J. Phys. B 31 (1998) 2735
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Ar(4s 3P,)+hv(811.8 nm)—Ar(4p 3D,)
Ar(4s 3P,)+hv’—Ar+(?P,,)+e(E) z
Ahv’ = 0.05 or 0.15 meV -

0<E <230 meV -4
AE ~ 4hy' +0.06VE (..Doppler) ="

BfIEBiE

e(E) +SF, — Sk,

D. Klar et al., Chem. Phys. Lett. 189 (1992) 448
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B IRRILT7 RFHREZRVERE
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FEFH n=1 n=10
R7—F%F cm 5.3x10° | 5.3x10-7

HEEIRILTX—eV 13.6 0.136
EEEH s 1.5x10716 | 1.5x10-13

EEIRIILYT—FE Vem!| 3.2x108 3.2x104

n =100

5.3x10-5

1.36x10-3

1.5%10-10

3.2

n = 1000

5.3x10-3

13.6x10-6

1.5%10-7

3.2x10+4
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— Attachment and inelastic cross section

+Destruction rate constant FLANAR OPPE

of high n atom "‘br’ .ffff:--

K (np)+HF(J)—>K*+HF(3-1)+e e a—-c'f Sy

K(np)+HFQ)»K(n'I")+HF(J) - @ih ]—*FE% Jf; »
K(np) + SF, — SF,™ it A

K(np) + CCl, — CCl,™— CCl, + CI

S. B. Hill et al., Phys. Rev. A 53 (1996) 3348
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Electron Attachment to Uracil

T. D. Mark’s group (Innsbruck)

Hemispherical electron
monochromator

MNeutral beam source

?:hanneitmn

MNeutral beam =

lan deflactor

. / -
| I | Skimmer lon optic _U-l
L ]

L U

Turbomolecular pump Turbomolecular pump
500 Vs 200 /s

;TN Eﬂﬂlﬁ\lﬂ% F='_#'
4—_|_le e

Quadrupole mass
spectrometer
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Governing Equation System in Plasma Reactor

Collision/Reaction

Processes Boltzmann Egq. Maxwell’s Eq.

Conservation Poisson’s Eq.|, '°'%%
of Particles n=E field V()
electrons  neutrals [
p.n—ions  (radicals ) p=-memememememimmmmm e ’
Momsn: : Faraday’s Law |
Relaxation ——
Interface electrons p.n—ions i induced B.E fields |
(Surface) ejected—-particles ’ I(t)
Ye) ow Kr Energy Relaxation | Ampere’s Law
electrons J—induced B field Antenna

Solid-phase Navier-Stokes Eq.

DB ¢ gas flow

Schrodinger Eq.

(Quantum effect / Tunnel)

Boundary Conditions (Reactor wall , wafer)

from T. Makabe
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assessed data on electron collision cross sections

&

Data providers
(Atomic physicists)
* theory
* experiment

N

Data provide

Hard to find or
request data

/Data USErs in various \

application fields
* fusion science
* astrophysics
* industrial plasmas
* environmental physics

* medical (radiotherapy)

\ etc.
)

/ Data centers
data compilation
data evaluation (important but not easy)
dissemination and updating of database

retrievable online database

\ = easy to access, use, find data

International A&M
data center
network
IAEA, NIFS,
NIST, ORNL,
/  GAPHIOR, etc.
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« Data centers traditionally perform the following tasks
— Compilation of bibliographies and numerical data
— Evaluation of numerical data Deduction of unavailable data
— ldentification of gaps in databases
— Dissemination and updating of database

« Value of accurate reliable experimental data
— Use in models
— Fundamental understanding
— Guide for computations
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Cross Section (cm’)

"Poor” Dataset

Cross Section (1072° m?)
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FEH

EELS:

Resonant Vibrational Excitation : CF;l COF,

Dissociation via Electronic Excitation : CF;l COF,
the relation between resonance and negative ion formation
the low-lying channel for the neutral dissociation

QMSS:
Radical Detection: CH, (X = 3~0) from CH,

SR experiments:

Excited (Hot) Molecular Target:
vibrationally excited CO,, N,O

Low energy electron collisions and excited molecules!
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Light and a shadow (in AMOS)

The Quantum Optics won the 2005 Nobel Prize at
the occasion of the 100t anniversary of the
photoelectron effect proposed by A, Einstein

Buft,

Electron collision is still the leading role of a

shadow in Atomic, Molecular, and Optical Sciences
(AMOS)

The traditional field but always something new !



