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Spin-polarized positron annihilation spetrosopy for

spintronis appliations
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Advaned Siene Researh Center, Japan Atomi energy Ageny, 1233, Watanuki, Takasaki,

Gunma, 370-1292 JAPAN

E-mail: kawasuso.atsuo�jaea.go.jp

Abstrat. Spin-polarized positron annihilation spetrosopy will be useful in studying

spintronis materials. Here, we summarize some fundamental aspets of this method for the

future spintronis studies.

1. Introdution

Spin-polarized positron annihilation spetrosopy (SP-PAS) has so far been used for studying

the polarized band strutures of bulk ferromagnets [1{16℄. Considering the fats that important

spin-related phenomena suh as magnetoresistane, spin urrent, spin aumulation and so on

our near surfaes/interfaes and spin devie metarials suh as spin injetion eletrodes are

utilized in thin �ms, by developing low-energy spin-polarized positron beam, SP-PAS will be

further applied to the spintronis �eld. As for the sensitivity of positrons to vaany defets,

SP-PAS will also be an important tool to study vaany-indued magnetism.

From the above viewpoints, we have been developing spin-polarized positron beams. We

performed SP-PAS experiments with the Doppler broadening of annihilation radiation (DBAR)

measurements on some ferromagnets. For studying surfae spin phenomena, we revive the spin-

polarized positronium (Ps) annihilation method based on the DBAR measurements, of whih the

original priniple was established by the Mihigan group using annihilation lifetime measurement

[17℄. In this paper, we briey report the above two experiments.

2. SP-PAS for ferromagneti systems

The positron-eletron momentum densities for the ith majority (spin-down (#)) and minority

(spin-up (")) bands, �

#(")

i

(p), of a ferromagnet are given by
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(r) is the positron wave funtion, 	
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is the enhanement fator. Aording to Berko [5,6℄, DBAR spetra (onvolutions of apparatus

resolution funtion and 1D-ACAR spetra) under the �elds parallel and anti-parallel to the

diretion of motion of the positrons are given by
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the longitudinal polarization of positrons, N
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denotes the three-photon annihilation intensities in positive and negative �elds.

Therefore, either through eq.(4) or eq.(5), one an extrat the omponents related to magneti

eletrons.

From eq. (3), the positron annihilation lifetime spetrum of a ferromagnet is omposed of

two di�erent lifetime omponents even if P=0. The lifetime spetra in positive and negative

�eld are given by
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Figure 1(a) shows the experimental set-up of DBAR measurement in magneti �eld. Figure

1(b) shows the di�erential DBAR spetra obtained for polyrystalline Fe, Co and Ni samples

under magneti �eld using a

68

Ge-

68

Ga soure [18℄. These spetra exhibit that 3d eletrons

having broader momentum distribution are responsible for polarization e�ets. The magnitude

of �eld-reversal asymmetry reets the di�erene of magnetization of these ferromagnets.

3. SP-PAS for surfae spin systems

A fration of positrons implanted near a metal surfae are emitted as Ps by piking up surfae

eletrons near the Fermi level. Ps annihiltion harateristis depends on the relative diretion

of positron and eletron spin polarizations. The energy spetrum and annihilation lifetime of

three-photon annihilation of spin-triplet Ps are separated from those of two-photon annihilation

due to spin-singlet Ps and free positron annihilation. To detet spin-polarized eletrons through

Ps annihilation, it is onvenient to observe the three-photon annihilation event. The Mihigan

group �rst demonstrated this experiments based on lifetime measurement [17℄. We show below

that the similar experiment is possible with DBAR measurement.
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Figure 1. (a)Experimental set-up of

DBAR measuerments under magneti �eld.

(b)Di�erential DBAR spetra obtained for

polyrystalline Fe, Co and Ni samples

under magneti �elds of � 1 T.
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Figure 2. (a)Experimental set-up for

deteting surfae spin polarization under

diret urrent. (b)Current reversal (+j

$ -j) osillation of 4R due to spin-

triplet positronium obtained for a Pt thin

�lm surfaes at di�erent inident positron

energies (E

+

).
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where the subsript j Smi of F denote total spin S and magneti quntum number m, P

�

is the

positron and eletron polarizations, respetively, and ' is the angle between the positron and

eletron polarization diretions. The total three-photon annihilation fration is given by

F

3

Ps

= �(1)(F

j11i

+ F

j1�1i

) + �(0)F

j10i

; (11)

where �(1) and �(0) are the detetion eÆienies of annihilation photons from m=�1 and

m=0 states, respetively [19℄. When the positron and eletron polarization diretions are the
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same, the j11i state is preferentially formed and the frations of the other states are relatively

lower, resulting in the inrease of F

3

Ps

. Conversely, when the positron and eletron polarization

diretions are opposite, the frations of the j11i and j1�1i states are relatively lower as ompared

with the j10i and j00i states. Hene, F

3

Ps

dereases. Ps three-photon annihilation is traditionally

haraterized by a quantity R [20℄,

R = (T � U)=U

=

(1� F

3
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+ F
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where T and U denote the area under the entire intensity urve and under the two-photon

annihilation spetrum and the subsripts 0 and 1 denote the ases of 0% and 100% positronium

emission, respetively. Although R is a ompliated funtion of F

3

Ps

, for a small F

3

Ps

, 4R=R-R

0

is approximately proportional to F

3

Ps

. Thus, by using Eqs.(8) to (12), the asymmetry of 4R

upon spin ip (+P
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Therefore, from the observation of 4R by hanging the relative diretion between positron and

eletron spin polarizations, polarized eletrons are deteted.

Figure 2(a) shows the experimental set-up for the urrent-indued spin polarization on metal

surfaes. Figure 2(b) shows the 4R obtained for a Pt thin �lm (30 nm thik) under diret

urrent as a funtion of suessive urrent reversal at di�erent inident positron energies. From

this result, exess eletron spins are aumulated on the Pt surfae under diret urrent.
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