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Spin dependent annihilation

Total spin S=0 : Two-photon emission
W §—F—WM—
myc?=511keV=AE

Total spin S=1 : Three-photon emission

0~511keV continuous

Electron spins are detected via

Case A : 2y-annihilation of e* with unpaired electrons
Case B : 3y-annihilation of Positronium (Ps)
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Ferromagnetic band Vacancy-induced Surface spin polarization
structure magnetism
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Method Intensity/Pol. Facility

lon accelerator/Reactor 5 Possible anywhere

boh :> Boh | | A0 10°-10°*/sec | with radioisotopes
a8 a8
o Si-27 | | Ge-68 30-50%
Commercial RI On-line produced RI
Pair- KEK
, oo creation 10°-107e*/sec| ELI-NP
Synchrotron ggg{:ﬁzegn;gngnma ~509%, (Extreme Light Infrastructure)

or Linac Polarized laser
Electron linac 105-107e*/sec | Jefferson Lab
el L ~50%
Photocathode @PC current of
Polarized electron > Polarized gamma 0.1~1mA
‘ e 113Cd(n, 7 )114Cd Pair-
E> “ " Ppair-creation | | creation
PN T o S arg 107-10%e*/sec
| e < . i N
Reactor - 107-10%"/sec | . aisr
TUMunic, Delft Univ. Rossendorf, Saclay, BeijingIHEP....

North Carolina, McMaster Univ. . ]
Kyoto Univ.... Unpolarized O Polarizer needed
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B decay

) S o v 1+c0s 0

]| p -
Ve A @:>_) N 2 (0 averaged)

Parity
h<Oleft  onservation N> O right

¥ Mean polarization for an energy window E, to E,
e’ 172 Ve
Ez 1 1+ cosé
4 1 1 1 (P.)= Ll \/1_ [L+E /(mc?)]? N(E)IE—
N(E) : B* energy distribution
3 -[\ | | |
m Energy averaging 2T averaging
2 22
= Na <P,>=70% [ >35%
291 |
L)
n 68Ge <P,>=94% [ >47%
<4 Higher energy endpomt
Higher energy e* in a direction
Align nuclear spins
O | |

00 05 10 15 20 _— | - aiP e+
Energy (MeV)



N+ (p) - N-(p) (arb. units)
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Higher €* polarization gives better results

®P.=70%, ®P,=27%

Ms=2.2115

20 -10 0 10 20
Electron momentum p (103 mqc)

Field-reversal asymmetry (arb. units)

0.01

°© o

0.00 4+ :::::::::::::;;I\H'LL

! —
0.01 : Dy
|_
?# ¢¢¢ _M:B[m%MH+MM]
M ’ kT

0.00 Lt

Temperature (K)

PRB83(2011)100406(R).
PRB85(2012) 024417.



Expected Beam Polarization
@ Energy selection effect

Source
Absorber Moderator

2. Energy distribution after 3. Energy distribution after
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absorber with d, thick
NL(E) = N (E)T,(E.d,)

No(E) and Ns(E) (arb. units)

4

| ZZINa

7~ No(®) 35% .
\ <P+>=41%
E)

Energy (MeV)

P, (E) =J1—

1

1+coséd

[1+ E /(mc?)])’
1. Energy dlstrlbutlon after transmitting source with d thick

2

N, (E) == J‘N (E)[A(z)/AO]T (E,7)dz

Intrinsic dlstrlbutlon Act|V|ty distribution Transmittance

moderator with d,, thick
N(E)=Ns(E)T,(E,d,)ey (E.dy)
=

M T d
[ P(E.D)sinn(z/ Lysin(d,, /L)dz _efiction P, [ *
0

d
(ransmission 2, (E,d,) =P,
0

0.010 d¢=0.1 mm
d,=0 mm
Tungsten 1um

0.005

N(E) (arb. units)

0.000

T(E,2) =exp|-(z/2,)"]
z,=aE" [[pI (1+1/m)]

m, n: material parameter
A: 4 ugcm2keV"

pP(E,z)exp(-z/L)dz

1.0 GSG T T T ds=0.5 mm
— e . d,=0 mm
N 0,
*2 / No(E) 47% Tungsten 1um
= /
g ! v % 0
S xJ = 0.005'§
@ 0.5 NS(E) o
%) ’ <
P ! :
, 2
: Z
@ ’ K N(E)
o ’
zZ ! .
0.0 . L 0.000
0. 0 0.5 1.0 15 2.0
Energy (MeV)

Nucl. Inst. Meth. Phys Res. B308(2013)9.



Expected Beam Polarization (continued)
® Depolarization due to back-reflected positrons =

R=0.342log Z —0.146

Positrons with all possible 6 and E are
back-reflected with this probability

Phys. Rev. A7(1973)135. ==

[>AP+ —1—R ~ 909 forCarbon substrate

@ Depolarization due to spin flip in moderator

Inelastic processes

Elastic processes

Electromagnetic scattering (Bhabha, Bremsstrahlung) ~MeV Mott scattering

Dielectric scattering (electron-hole, Plasmon excitation) ~keV
Phonon scattering ~eV
. _ A4
Stopping Power : Bhabha >> Bremsstralung (EZ/800) Calculated for electron
100 Errrg T L L | T T 2
f : 1—exp(—
- QED calculation of AP =1—- p( 7/d'V' )
= spin flip probability 7y
) [
% 102 ¢ E _ 2 _ 2 :i -1/3
5 ; ; ¥ 4\/§ﬂN(E+2mC2 ](In(Zkb) 0.577+ 25, + £2S,) b=—57
5 109] _eZ  E+mc o HLI+172) (ko)
2 £ e EPEma)E T 2; iz o EUr2k k]
"*E:L 10 3 3 C -1 2 -3 _ a2 2 2
T oavey S, :;[tan {1 +1/2)k k3P (1 +1/2) k, = €°Z (E +mc?) /(ic)
P 105 g5Mev ) Phys. Rev. 55(1938)277.
: LoMeV Phys. Rev. B 103(1956)511. ] No difference in charge in Coulomb scattering,
106 bt e For 22Na ~ 0.2MeV and 1 um W moderator,

Ll PRI
0.01 0.1 1

sl PR
10 100

Energy loss / Scattering (keV)

Mean energy from 22Na ~0.2MeV

Energy transfer in W per collision ~500eV [> AP+ ~ 95%

- ~400 collisions until zero energy

1000

> AP. ~ 95%
Final beam polarization

P, >33% *Na P, >45% ®Ge
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Spin
Longitudinal spin polarization: e+->% Flight
Non-moderated positron beam (°3Ge-%3Ga)

Source Sample

B: a few Tesla

Detector
A Differential spectrum Flux ~106¢ e+/sec

68Ge-8Ga P~70Y%
"\ N, °
AV

B N"™(p)-N"(p)

»

Electron momentum
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Spin
[ [ [ [ [ +
Longitudinal spin polarization: € «@— Fiight

Magnetically transported positron beam (?2Na)

sample S
\’
=g

e
?_5

'ﬁ"" Ge detector

Return

Cold head (10 K) ;
yoke

Pole piece
Electromagnet Coils

2Na source and
solid neon moderator

“‘x" \

Longitudinally spin-polarized

positron beam ' Gamma ray =ignal
(P.=27%)  Magnetic field (+0.91T) Processing

'_0.6 B T T T T 1as -

EOA _ H25 3

'5'0.3 Vacancies —2.0 -%-

Sy 0 115 &

8 Positrons -11.0 &

$0.1 f @6 kev Jdos S

0.0 1 1

0.0
0 100 200 300 400
Target depth [nm]
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Spin
Transverse spin polarization: € *% Flight

Electrostatic positron beam #1 (22Na, %3Ge-%3Ga)

68Ge-58Ga /%?Na

| E—

Polarization

Transverse

Flux ~104 e*/sec
" deflection 22Na P=30%
68Ge-8Ga P=47%

Electric
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2. Applications of Polarized Positron Spectroscopy
v Classical to Heusler ferromagnets
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Spin-polarized positron spectroscopy
et <@ et el Differential spectrum in =B field

=P d™ = ®=P N (p,)-N_(p,)
e &L PIN () (A-PIN(p)
et anfp> electrone,r* = Z P B 2
i=1
e ‘ e * ,VUp and Down Spin positron 7
Annihilation rate annihilation rate

. #= Difference between
High Low Majority and Minority spin bands
Differential spectrum in majority and minority spin bands

OoccC.

N ()N () = N )N R

[ % L \
=[N, (p,)=N_(p,)]+P, [N, (p,)+N_(p,)]

A m*
\7
)/1115 ﬂi =1+ P+)/”tmIJ [2+(1FP )ﬁ

) _
ﬂ’ ﬂ’maj (min) + (ﬂ’maj (min) + 2ﬂ“min(maj) min

“Renormalization”, ever pursued by Berko and Mills via 3y observation
J. de Phys. 32(1971)C1-287.
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Spin-polarized positron spectroscopy

4 ¥
S N A A
] ] (ns?) (ns?)
N S
Fe 9.35 8.47
Ferromagnetic ("N 10.6 10.1
é._ Sample _>G Co 8.91 8.48
10.8 10.2
+ _B Ni 9.71 9.62
% B 10.6 10.4
iﬁ Reference Cu— Gd 6.49 5.29
) 7.1 4.8
N .
. MnSi 6.80 6.58
P, : 35% 02
= + 35 N 10.5 9.8
— — Co,MnAl 6.76 6.62
10.0 9.5
JPCM27(2015)246001. NiMnSb 5.88 553
Defect and Diffusion Forum, 373(2017)65-70. 7.0 6.2

Red: Calculation with BN enhancement factor
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Spin-polarized positron spectroscopy

| Fe singlg qrystal If BM’s 3y renormalization

:  — ¥ —
0.04 an
(a) pz// [100] — Bana? 0.0003 (a) pz// [001]
0.03 Band 3
i Band 4
0.02 F _ pane®
—_ —‘?gtals
0 0.01 + o Exp.
S 000k - 0.0000
9-0-Olj:/:'::::'::::':": =
S 0.04 + I I I Band 1 >
04T (b) pz// [110] —Sane? & 0.0003
—_ B nd 3 ©
oot ]
€ 002 &> S
£ 0.01 | £
. g
< . pa
000 . 0.0000
%—0.0l R e B 9N,
T ooaf (c) pz// [111] —Band? £ 0.0003
=z 0.03 Band 3 Z
. ——Band 4
0.02 [€ b 6
0.01
0.00 0.0000
-‘_//
001 b 0 ! Lo |

0 S 10 15 20 o 5 10 15 20
Electron momentum, p; (x10% moc) Electron momentum, p; (x10-3mqc)



Nmaj(Pz) - Nmin(P2)
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Spin-polarized positron spectroscopy

Fe

T T T I I I T I T T T T

Band 1 CO Band 7 —— Band 10

Band 2 001 —— Band 8 —— Band 11

gang j Band 9 —— Band 12
an

Band 5

0.01F N
- ‘ " |o0.00 — f f
0.00 E “asz: — Band 1 Band 4
_,J ——Band 2 Band 5
— Band 3 —— Band 6
-0'01 C PR T T T I TR TR R T NN R S T T NN T T TR T T T PR S S N T SN S S A S S S S T T S A S S S
—7r r T+ r | ¢+ &1 1 [ T T 11 LI B B B NN B B B B N B B N R R R B B R L B B A
H af 4f 6s
4f 4f 5d
4f 4f 6s
af 4f 5d
4f 4f Total
Af Af o  Exp.
af Af
&L
] N 0.0 R R e
0 ) 005 PR S N TR T T TS TR T T TN TR TN TR NN SN TN SR TR NN T T T —.——m | I R T T N T T T T R S T T
0 5 10 15 20 25 0 5 10 15 20 25

Electrom momentum, p; (X103 mqc)

Agreement in experiment and calculation (ABINIT)

» Adequate precision of calculation

PRB83(2011)100406(R). PRB85(2012)024417.
Defect and Diffusion Forum, 373(2017)65-70.
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| y L2, structure

T T T T T T T T
. Band 1 [——Band 11 | |
COZMnS|(L21+BZ) ——Band2 |—— Band 12 | (s~
‘O —— Band 3 |—Band 13 L E |
(& ——Band 4 [— Band 14 18/ NI F 13
e .

0.02

=

!

R — Band5 |——Band 15

5
AVl

o
o
1

0.01

= — \%/—11\/
—— Band 16 % ?%@ 10
—Band 17 = 10 4 s —]
——Band18 Z = =
——Band19 g 14°
c 1 13
N 7 Total L 3
QN 0.00 lecg o  Exp. 5+ _\_/\
\-E 410 11?2 1 ] '
I= ; ' 1, Co,MnSi
3 i 4
Z , ] , ] \ ] \ ] \ \/ Majorilty spin \/ MinOI’ilty spin
! T T y T T 0
—~ ' ' ' ~—Band 1| Band 10 15W L G XW L G X
& | Co,MnAl(L2,+B2)  — Bad2l—saniu | _
~=. 001 _ —— Band 3|—— Band 12
@ T, —— Band 4|—— Band 13 /1/\ 1
£ ‘ —— Band 5|—— Band 14 _ |~
Z ——Band6|——Band15 __ | E; —
e 4 —— Band 7|——Band 16 > —
“‘iia!!{.(\?;';’:\' —— Band 8|—— Band 17 2 10 =5 = 1112/\/ V—
e —— > L= 5
a8 T S AN
0.00 3~ o Be 2 g e~ =
4 L {o——= 4, m
- f -
Q 2 |
. Co,M nAl
L 1 L 1 L 1 L 1 L N N 1
\ Majority spin Minority spin
0 5 10 15 20 25 W i & a - & S

Electron momentum, pz (x10-3 mgc)
Agreement in EXP. and CALC.

» Higher half-metallicity of Co,MnSi than Co,MnAl
» Robust half-metallicity upon L2, to B2 disordering
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2. Spin-polarized positron spectroscopy, applications

v" Vacancy-induced ferromagnetism
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Magnetic Semiconductor “Semiconductor spintronics”

Carrier-mediated ferromagnetism,
1 990~ . Synthesis Of INMnAs and GaMnAs controlled by light and electric filed.

*Many studies by doping of magnetic elements

2004~ -[dY%] ferromagnetism in Oxide, Nitride, Carbide

*Vacancies are proposed as the source of ferromagnetism
After Venkatesan et al. Nature430(2004)630.

Exchange splitting
T2 orbital

¢1+¢2_¢3_¢4 T
G =@, + P, — 9, :Ij \ 44

(P4 ¢1 ¢2 ¢3+¢4

?? Al orbital ; ;
(P2 % ¢1+¢2+¢3+¢4 |i |i
S=1-> 2, per V,°
But, the direct evidences have not yet been found...

»
»
[
»
[ |||
<«

q)l




International Workshop on Physics with Positrons at Jefferson Lab 2017

Dose dependence Annealing behavio

M-H curve
by SQUID
100keV O*

irradiated
Zn0

-H ® as-implanted -

- 573 K anneale

O NEFPOEFRPN DNFRPOEFRN NDFRPOEFPN NFPOEFEN NDFRPOREDN
TSt 11 T 1 1
{\
1 L1 |i| 1 \

Magnetization [x10-3 emu/g]

1.073 .K anpealeld .

L 1473 K annealed A

6 -04 -0.2 0.0 0.2 04 0.6 -06 -04 -0.2 0.0 0.2 04 0.6
Magnetic field [T] Magnetic field [T]

SOooo 00000 O000o OO00O0 OO000O
O NFRPORFRN NFPORFRN NFROFRN NFROFRN NDFRORN

CO000 00000 00000 00000 00000

-h B )
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Dose dependence Annealing behavior

A greemen t with 0 o %G G n s
M-H measurements ;| unimplanted |
3 : : : : :
S 0 ;;«(«<«««(<««<(«((«&(((((((rrf((&m@«(@«((@%«(&@««f«««<<«(«(««««(«((«c —>0
o]
. o } } } } } } } } } }
assuming V, ° =
5 O TRy o o 0 s gy
=
”& -10F, . 5X.1014 Ol+/cm2 - -10f. . 673 K annlealed g
Z+ ] ] ] ] ] ] ] ] ] ]
>
s O (o] e G |
g
= -10p/ 5x10'6 O*/cm?2 {  -10} 1073 Kannealed -
D L] L] L] L] L] L] L] L] L] L]
Voand V, Vg, \\ = ;
No MDB spectra
APL110(2017)172402-1-5, oL, 18x]07Ojfem? ] -10F, J475 fanncaled
' 20 10 0 10 20 20 -10 0 10 20

Electron momentum, p[x10-3 mC] Electron momentum, p[x10- mc]



N+(p) -N-(p) (arb. units)

As for spectrum shape...

0.0001

-0.0001

0.0001

0.0000

-0.0001
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Electron momentum (10-3mgqc)

o

=

T T T T T 3
%o.oooo

=

Z
' -0.0005

2

+

i zZ

Unimplanted
! ! ! ——+— Similar
[ ]
/ 0.9
0.8
S os6
= 05
0 7 i 0.4
Van O-implanted g o3
0.2
1 1 N 1 N 1 N 1

-20 -10 0 10 20 0.1
0

Calculation reproduces exp.

Fe

20 -10 O 10 20
Electron momentum p (10-3 mqc)

shape

Mn 3d
o Dev&Zhang 5
- f PRB81(2010)085207. -

T
------

0 1 2 3 4 5 6 7 8
Distance from the nucleus, r (a.u)
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Other on-going topics on Vacancy-induced FM
Ga, 4,Gd, ogN

Tmeas—lOK
- No Vg,
GaGdN 200 nm OroooooMooo.o:
HT-GaN Buffer 15nm - .
- oL Ga flux2.02x10~ Pa |
2um 2F ' ' ' I ' ' ' —
Sapphire 0 [ Witvoooooo
. . = | i
Ga flux change=> High density V, - eeeeee | 365105 Pa
Tr_o| SE— : : : | : : : —
~ I 000000
" =
5 °’T ]
8 ec0000
3 . 1.73x10° Pa 2k 1.73x10" Pa.
% W, ~ 1.46x10° Pa 2r y000000
g 2.02x10° Pa 0 _ ]
< 1.86x10°5 Pa _
Y - 1.43x10~ Pa |
— — -5000 0 5000

H (Oe)
Yabuuchi et al. APL in press

Time (ns)
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2. Spin-polarized positron spectroscopy, applications

v Surface spin-polarization
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Surface Spin-Polarization

Sample

1 1p=100% Ge@1000K

More 3-y decay Intensity R

e+* 300l - l350l - l400l - l450l | 500l
Less S=1 Photon energy (keV)
’ 1
"\W—@"W:: 13 — {14+ Poos Rigow — R
Ps
Less 3-y decay Po, R—Ryy

vacuum —
e+’ £ Intensity P
More S=1 _c% ' 1,,=0% - +200eV

GJ i
8 10-3 | Mica Ny M
2 | @RT
'.E L
>
o
O

[001] axis
| \H ‘ %( | 1|) Asymmetry of 3-gamma
= i r 1 137 (1) — 197 (=
8 M 2i2=1e0)_pp
g' i I||||| |||: . | |‘| |||.||| |37/(_|_)_|_ |37(_) *
- I". Very surface sensitive i i

1.6 102 10® 10* 10° 10° 107 10°®
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Surface Spin-Polarization
Gidley et al. PRL49(1982)1779. ;. N syrface spin polarization was

y-Rar T PAT [[ el ]

Rar - . 0
DETECTOR [ s determined to be -2.5%.
|_ ECIMTILLATOR
= = ° R
t e oLamTATION : ]I—_ f. - —Il > Negatlve SIgn =
CHAWMELTRON-|-- . _ | : . . .
— et Majority spins are detected.
A ,—FﬂTa gt g
/ ' S —— iP5 |
| b -"f.-" | et —= I_I_ _-*'_-'*_*' | 3.0 I I I I total I
-_ A E ey Ni surface DOS s d
% .-l-:'r CMA Iz_r_- .._ — _,._- E_D L jll"ll.!| -
d d 5 . . . i n
RH. l' - Wi SIMGLE CRYSTAL - Majority spin Y || 3
II_I_H MODERATOR '.-J:-F'--'..I:i_h:%ﬂ.IEI'-_ _:; /\J ) —
R it N ELECTROMAGHE] 1ot . \I ©
L o 1 @
- - - wn e lﬁl‘f_ :
g M BE Iy T b e TR L L 1 R A e
PD;:T-JR:'%:].TI{{; " F:I‘;TF-I{'hu& 'LI-T:.v.ﬁHﬁFT CDDD'D e TR : :T e e
{TOP WIEW) (SIDE VIEW ) ‘“\ ! :,fj
FId. 1. The experimental arrongement. Detalls of -1.0 | q‘f\\ ' i’
the trget chamber are rotated 90° for clarity. '.u,"’ll ' I
50| Minority spin 1,1_«.:
3.0 — —

At the Fermi level, minority spins M” 20 00 20 40 60

) Energy (eV)
are predominant and P=+85%. Park, et al. JKPS47(2005)655.



Deceleration tube

Frrrier

e*beam 0.05-12keV
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Surface Spin-Polarization

bcec Fe(001)/MgO(001)
fcc-Co(001)/MgO(001), hcp-Co(0001)/Al,0,
fcc-Ni(001)/MgO(001), Ni(111) /AL,O,
1.0kV Ar* sputtering+800°C X 1min.
Magnetic field 150~400 Gauss

Fake polarization due to disturbance of beam

by switching field direction is removed by
rotating sample (explanation skipped)

Fe Co Ni
(001) (001) (001)
—-3.7% | -2.6% |- 0.4%
(0001) (111)
-2.9% | -1.4%

92 2 4 6 8 2 4 0 ¢
Fe Co Ni
0.005 |- -+ 4 _
-B -B -B -B
N
@
v 0.000 | 1 1 % % % 4
e Negative field
0005 | ¥B +B +B +B | 1 e Positive field -
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 3 5 7 9 1 3 5 7 9 1 3 5 7 9

Repetation number

Defect and Diffusion Forum, 373(2017)65-70.

Majority spins are detected
Rather small polarization
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©

o 2
o (V]
g &
100 |
&
oM
©
) 10'1 n
> -
2 1072 z
S (D)
S —— Fe(001) S
S 103] —— Co(0001) S
) 3 1 o
g ] Ni(111) >
g 10—4 _=| _ 8
) ] v S
o) ] = °
S 105 - S
O 17 =
= - 8
! (D)
5 106 é W
> -
T Inside =— Vacuum 100
10-7 , 1 . I . . I . I i I . I

3 2 1 0 1 2 3 4 5
z (A)
Ps may be formed in vacuum In a static theory, Ps is possible
region. But, we do not know only at low density limit, r, > 8.5.
where of vacuum region...... Can. J. Phys. 42(1964)1908.
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40 | ' | | | |
< ' Fe(001) | = o~
=t 301 — Co(0001) /\ | T .g_
e ] i )
= Ni(111) i >
T ' O
o 10- ©
N Y TN :
=
3 O \V N
D ' c
2 1" S o
O >\ >
c? -20 f_j ------- .*C&;
= - 7
) — c
> _30 _ o—
© . > =
- - Inside =—— Vacuum 's>85
40 I I ) ) I ) I , I ,
-3 -2 -1 0 1o 3 4 5
. z (A) .
Experiment Calculation
Fe Co Ni Fe Co Ni  |@r =85
—3.7% | —2.6% | 0.4% —30% |+12% | +7% z >2.5A

Experiment is not well-explained if Ps is formed at r, > 8.5
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40 ' | ' | ' ' | ' | ' | ' |
' Fe(001) |
301 — co(0001) £
i ) 7))
2. Ni(111) 2
-\/\/ =
'O
10 A )
] =

0

10 -

220 -

Minority spin

30 -

Layer-averaged spin polarization (%)
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Experiment may be explained if Ps is formed atz~ 1 A
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Polarization is strongly site dependent

Suppressed polarization as observed for Fe may reflect
spatial distribution of positron wavefunction

Further studies about Ps formation is required !



International Workshop on Physics with Positrons at Jefferson Lab 2017

Other on-going topics on surface polarization
Spin-injection to Graphene-related materials

Rashba systems (2DEG)
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Spin-orbit interaction
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Surface Ps Spectroscopy
Relationship between DOS and Ps TOF spectrum
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Much detailed
surface polarized electronic states!
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Summary & Outlook:
e Polarized positron beam
e Ferromagnetic band structure
e Vacancy-induced ferromagnetism
e Surface spin polarization

To establish this method as a standard tool, further
experimental and theoretical R&Ds are required.

Positron annihilation # SP-Positron annihilation

Vacancy, Band, Precipitate Polarized band, Magnetic vacancy & precipitate

Surface electronic state Surface spin-polarized band

Positronium Time of Flight+ SP-Positronium Time of Flight

Surface structure Surface magnetic structure

Positron & Ps Diffraction * SP-Positron & Ps Diffraction

Positron-excited 2nd electron ‘ Positron-excited SP-2nd electron

Electronic structure Surface spin-polarization, Magnetic domain

Positron-induced Auger electror* Positron-induced SP-Auger electron

Elemental analysis Elementary spin analysis

“Intense and Highly Polarized Positron Source” will be a great
contribution to the community.




