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Analyzer Magnet A-:celfzratmn Tube
\H V. Tcnmnal .I Quadrupole Lens Beam monitor Einzel Lens

Collimato

Deflector Quartz window
/ Einzel Lens Visible Spcctrumct{t}'_

Ton S:]urcc Control Box

RKBEAA VR DU—< B DEERT7—IMER A4 R
(AAFEANEEZDEL=EHD : ULVAC IM-200MH-FB )
ABAA > He, Ne, Ar, Kr, it H, D, CED1{liHS LU 2Ml1 A
ABTTARILE—: #keV~100keVIEE 58 : #1H 5100pA
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Sputtering
Plume

Ion Beam

The stage: Movable on ion beam axis(Z®25mm)

Monochromator(Spectrometer)
: 1200 grooves/mm (Diffraction gratings )
50 cm (Focal length)

CCD/PMT

Schematic illustration of the experimental apparatus around the target sample
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Typical 2D raw image taken by the CCD detector
under Kr+ (35 keV) irradiation of a polycrystalline
tungsten surface.
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+ =2 A
Strong lines of the visible emission spectrum

oo - | observed for tungsten surfaces under
glr:;?/g\(; Y il irradiation by Kr+ (35 keV) ions

I 7=0.5mm Labels | wavelength(nm) Transitions
' A 400.88 5 (S)6p. Pa—5 L (S)6s.'S,

386.80 50'65(°D)6p,'D,—50°(°S)6s,’S,
41712 54'65(°D)6p,'D,—50"65% D,
429 46 54(°S)6p, P,~54°(S)6s,’S,
43021 50'6s(°D)6p,'D;—5°(°S)6s,’S,
404.56 5d'%65(°D)6p,°F,—50°(°S)6s,’S,
424 44 54'65(°D)6p,' Ds—54d'65%°D,
42694 54(°S)6p, P, —54°(S)6s,’S,
407.44 50°(°S)6p, P;—54°(°S)6s,’S,
. . | . . . | | 410.27 50'65(°D)6p,’P,—54'65%°D,
390 200 410 430 413.75 54(°9)6p,'P;—54'65°"D,
Wave leng Ground state
1522522p®3523p°3d %4524 p®4d' 4 *5525p®5d*65% D,
Typical survey optical emission spectrum obtained by the CCD detector under Kr+
(35keV) irradiation of a polycrystalline tungsten surface. Labels A—K denote strong
lines observed in the spectrum; properties of these lines are given in the Table.
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Kr =W (E =33 keV)

A% 94 1 - AD0-O
vwavlicnigul. «VUVU. 7 11111

—— :Decay curve I
—— :Decay curve II -

Intensity  (arb.units)

—_
S
[\ )

(v,)=5.7+1.0 km/s

0.0 10 20 3.0
Distance from the surface; z (mm)

Semi -log plot of photon intensity for “A” peak I :Photon emission intensity
(400.9 nm) as a function of the distance. :Distance from the surface
W :Photon intensity above the surface

OB :Mean vertical velocity component
normal to the surface
:Life time. (59.4 ns)|3]

[3] E.A.Den Hartog et.al .,J. Opt. Soc. Am.
B4,48(1987)
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Kr =W (E =33 keV)
Wavelength: 400.9 nm

—— :Decay curve [

¢ —— :Decay curve Il

(arb.units)

Intensity

56*t1.7 km/s J

1.0 2.0 3.0
Distance from the surface; z (mm)

(v,)=5.6+1.7 km/s

<v_> of W*(6p 'P,) atoms as a function of
the projectile energy

Oz 934N AF D AFTIRILEF—NEL-TH, ZDER
23X 09 AW*DEEBE AR DRES(IEHLLELY,
BT RILF—(TE S 5E~30eVIZHE S, [4]
[4] K. Motohashi et. al., Phys. Scr. T73 (1997) 329
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5d46s(°D)6p 5d5(6S)6s 5d5(6S)6p

2012/12/12




5d46s(°D)6p 5d5(6S)6s 5d5(6S)6p
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386.8 nm d46s(6D)6p,7D —>5d5( S)6s,’S;
25 N

_Kr+—I\7V(poiy)
i Ei=35 keV
Kr'—=W (Poly)

Ei=35 keV
«:386.8 nm(B)
+:417.1 nm(C)
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1

Distance from surface , z (mm)
Semi -log plot of photon intensity for “B” and “C”
peaks as a function of the distance.
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386.8 nm d46s(6D)6p,7D —>5d5( S)6s,’S;

D)6p. D, 14652.°D

Kr =W (Poly)
Ei=35 keV
«:386.8 nm(B)
+:417.1 nm(C)

— :fitting line

— :Decay curve |
- :Decay curve Il
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1 2 3

Distance from surface , z (mm)
Semi -log plot of photon intensity for “B” and “C”
peaks as a function of the distance.
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386.8 nm d46s(6D)6p,7D —>5d5( S)6s,’S;
250 =185ns [I1]

4 6 7
5d'6s('D)6P, D,

. _ kr =W _

Kr =W (Poly) 386.8 nm(B) and 417.1 nm(C)
Ei=35 keV .
«:386.8 nm(B)
+:417.1 nm(C)

— :fitting line
— :Decay curve |

- :Decay curve Il
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L S S <v,> of W*(5d*6s6p "D,) atoms as a function

1 ’ ) 4 of the projectile ener
Distance from surface , z (mm) proj gy

Semi -log plot of photon intensity for “B” and “C”
peaks as a function of the distance. <VL> =2.8%x1.0 km/s

[1] M. D . Campbell-Miller et.al., J. Opt. Soc. Am. B 13, 2115 (1996)
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5d46s(°D)6p 5d5(6S)6s 5d5(5S)6p

LHEUNRLGOWDEEARDRSFTEHLELY,
F=1-L. LEUNEGDERSEINEYELD,
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5d46s(°D)6p 5d5(6S)6s 5d5(5S)6p

LHEUNRLGOWDEEARDRSFTEHLELY,
F=1-L. LEUNEGDERSEINEYELD,
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_ Kr+—W( poly)
E1=35 keV
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5d°(°S)6p,’P, (T =86.1 nm[3]) 5d*6s(*D)6p, D, (T=1611s[1])

koW - kr =W
429.5 nm(D) A 430.2 nm(E)

5d"6s('D)6p,’F, (T =182ns[1]) D5 (T=695ns[1])

kr+—>W + ]
404.6 nm[F] | ke =W 1

424.4nm(G)

<v_> of various W* atoms as a function of the projectile energy

[1]M. D . Campbell-Miller et.al., J. Opt. Soc. Am. B 13, 2115 (1996)
[3]E. A. Den Hartog et.al., J. Opt. Soc. Am. B 4, 48 (1987).
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4.2 Kr+-W(poly) FwIS5—J0O—FT4127 4T

Hg Lamp
404.6567 nm |

0.207 eV 0.197 eV | Ry FS—|zkBE—
- DR DY (LIFEEA
Il & 75K (FittingD iR &
TR EEIZEHIE
). BT AT
URIZESTIEA M
DR EFEATITEEL
LY,

. I . I . I . I . I . I . I . I .
399 400 401 402 403 404 405 406
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4.3 Ar+ - W(poly)

T T T 4 f
Kt —W(pol
Ar —W(poly) [ Ei=35 155\(; &
Ei=35 keV

Relative Intensity
Relative Intensity

T
1 . ] . 1 .
390 400 410

Wave length (nm o T Wave length (nm

Aoz O3M4ILDAAFEDIEL (ArrEKr) Tldk, ARINILD
ZE—ODEELIXIFEAERL, (AADNEXELSD)
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Kr' —=W (Poly) | Ar' =W (Poly)
Ei=45 keV Ei=45 keV
Wavelength (nm)=400.9 Wavelength (nm)=400.9
—— :Fitting line
:Decay line 1
:Decay line 2

— :Fitting line
:Decay line 1
:Decay line 2
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70001 0.002 0003 0.004 0.005 0.001  0.002 0.003 0.004  0.005
Distance away from surface , z (m) Distance away from surface , z (m)
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01 02 03 o0 1 01 02 03
Er—(Ip—E) (eV) Er—(Ip—E.y) (eV)

O, ZELEFMOMEBIRILTF—EAMAIEIRILE—DE
CHEEEMOBEZRTEERICEEL-ED

JAOIIRMILDAAFEDEND (ArrEKr) Tldk, HE—ID R
TEEIIZEHLLLY,
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E-: Work Function (4.55 eV)

| : Ionization Energy

E.,: Excitation Energy

01 02
Er—(Ip—E) (eV)

BUAISh =R ERNERZ
ENF-HERFDENLEEZON
DT, ROONT-FHEHREIL, LE
RHNECRIBLONTLEIEEZ RS
nd.
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44 Art+-W(poly) REKAAZ (Art) DEENT

N T T y T y . T
A =Wpoly)  7p L sgies(’s)s, .. ard ke
D,—’D,

4, 6 7 4,25
5d '6s("D)6p, D,—5d '6s,"D, 7F5—>5D4

Arll | ArLo I Ar1g

D.—D

470 480
Wave length (nm
Yolabel #E#
3s23p*('D)4p,’F7,—3s*3p*('D)4s,’Ds)
3523p*(°P)4p,*P1,—35°3p*(°P)4s,?Ps
3s23p*(°P)4p, D3,—3s*3p*(°P)4s,P3)
3523p*(°P)4p, P3,—35°3p*(°P)4s,*Ps
3523p*(°P)4p,*P3»—35°3p* (CP)4s,?P1
3523p*(°P)4p, Ps»—3s°3p* (CP)4s,*Ps)
3Sz3p4(3P)4p,4P1/2—>3Sz3p4(3P)4S,4P3/2
2012/12/12 3s23p*(*P)4p, Dsp—3573p CP)4s, P32
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(v,)=133.7 kms

— :Fitting line
—— :Decay line 1

—--:Decay line 2 <EL> =3.7 keV
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0 0.001 0.002 0003 0004 0.005 0.006
Distance away from surface , z (m)
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5, FEH

DVITRORUOTZINIAF I E—LEAST TR ILF—35, 45, 55, 60 keV T
ZEERIT ATUOREEIZCESIL. RNNVRY T EINT=-2200 AT 0D F
KNSRIV T ENT-ERFORANSEEARDEHEEEZK

Hf=. TDFHERLUTDENT M1,

1, RONT-FERE XMEERMICK>TERY, <v, >=1.1~52 km/siE

rtﬁ*ﬁ%bmf:o

2, ROGNTF=FHRE, BLUVANTMILIE AFAAFREITIEKRFLAELY,

3, ROOLNF-FEWEEIL. COASIRILF—DEE

[CIREAERFELEZEWVELSERNASONT-,
SHIZ. REBELE=TILT o AA D DE—9BITIZKYR T A TURE
MNoEBEARDOFEHREEZKDT -, (133.7km/s. 3.7keVIEE)

SEDTE

TIXASFIRILF—

1A A2 (H+) BRI RER (ReiFA) DRI ZITL RS IFAZREL KR

[CBTHEBRT—IOMEFERET.

2 REAF 2 HHNERBREF (BRBITR) [CDOLWThyTS—RZEF AL

I=fEHZETL. REICTITARDFEREZRD D,
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