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POSITRON ST EFECTS
in _MATERIALS

Introduction to PA

Specfa.{. advantages :
Sensitive to the presence of defects.
~ 10" vacancy concentration ~1G" voids(-+ik)
For studies of nondlute a//gv:
>/ % — Ioo’.

For studies under wide range te»}aern.&‘re:

Wide range cj f:’e/ab
metals, som/conductors, wmc Solide. polymers .---
mechanical engineering, materials scrence

Sobd state p‘/ﬁé:.r, theoretical M/ﬂ&:...

Not very expensive
~MUS B 20 evs ~ %0, 000.



Disadvantagas:

Use 9)‘ radioactive materials.

Camftica.\‘.cd data analysiz for the lifetime
technique. :
Unco';na'md instrumentation for many

metallurgy and c/zemzlrtgl laboratortes,

Reduced sensitivity  for complicated
matercals ( frnpp/)y Saturation),

MNeed for a Standard n order to
calibrate n terms of defect
concentration,

Examples of successful work .

Most reliable values of srmgle -vacancy formation
enthalf)l (also «n refractory metals)

Detection of microvouds and void precursors
produced by low-dose neutron irradiation
( below TEM resolution)

Form -expen'mcnta.l evidence 9‘ a vacancy |
migration mechanism for I stage annealing
n ,D/a.ra'ca[ﬁr dleformed ciron.
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Fig. 13 The contour map of the N(pypz) - R{p,p,) surface from Cu vs
Cu-30 at.T Zn, ordentcd with p, along the [111] direction. Rlpyps)
is a smooth rotaticnally syometric surface as discussed in the text,
used to exkibit the anisotropics at high oorenta.

Ve have applied our 2D technique to the study of a-brass. Full 2D ACAR
surfaces have been measured for Cu-11.6 at.l Zn [32] and Cu-30 at.2 2n, and .|
have been compared to pure Cu [60); we find that the rosentun density is
Guite similar between n-brass and pure copper, excent for the clear growth
of the F$ with alloying. Wc dewonstrate this similarity in Fig, 13, vhere
the contour maps of N(p,p;) = M{p,p;} have been piotted for Cu and Cu-30 at.3
n for py, along the {11¥] diucdm (corresponding o the orientation in
The isorropic R for Cu was the samc as uscd in Fig. 5; the sare
shaped Rbut witha 122 reduced awplitude vas used for Cu-30 atr.X IZn. Ve note
the clear groweh of the FS features in the first zorc. The anisotropy in

Fiv. 6).

he

<her zones is suite similar hetween Cu and the Cu=3! 4.3 Zn saaple. In
cvder 1o aralvze ewatitatfvely these 2B ACAR =uv7ares we carstrucl from the
1w Ninghy) 3 sot ol radial distributions ¥, @) in the {(pypy) plane by lio=

vt intirpelation, sné diffrrentisie those dirtribulivne to chtain the

broaks Jue Lo the FS.

After applying resoluticn corrverioas to this an.lysis

-] —

EXPERMINT
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§ olong (00] in meatg?

Fig. 9 Contour maps of experimcntal vs theoretical K(pypy) ~ Ripyp;)
for Cu with py along the [001] direction. R(p.p;) is a smooth rota-
tiorally svmmetric surface as discussed in the text, and is used to
exhitit the anisctropies atL high momenta. The sieps of the contour
lincs are changed at around p - 5.5 mrad as discussed ln the text.
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14 , Intermetion betwaen e and vacancy

VI . Lrapping model
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IX  Awnnihilation characteristie

1-D angular correlation curve fy
e r *
I(p) =f dp. f sy g p? % *

(sotropie X"¢ O Tiepig “'C‘"“' j R

e . Jﬂrdr
I(p)= -urj d;-/’ /’.c;) = anpuind 2
= 3;P df
o

ﬁowogcneaus electron TIPS
'I(f )= o= ( ﬁ- “F')OCFe 'II;J

( N’z"f’r 0, O(LI=1; 1fil>Pesd, 9(p,)=0)
inhomogeneous electron System.

— - ‘_i

' IC{':,}’-——- dr'l}’(t)] a['ncr)J [
where a[ntr)] “"[Pf(!) Pz‘Jd(f’p(r) ”“ )jj

\
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Vacancy studres wir/h. PA: (Epperivnnse,
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Tabls, Vacancy formation enthalpies H.: by PA
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DISLOCATION TRAPS
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. Dislocation densities measured by PA and stch pits
w iron siﬂsk crrsfcﬁ o fension at 200K,

=
D

The position of the atem of 1he /':ufarr‘é/ atom -
Ty = 1¢2t 5 ps

decorated vacancy can be determined l;y
Combination 7‘ theorstical calewlation ane
FA (ifetime measuraments, £ < ‘0q

Tf = 14 piae

"l" = I‘.’ t 3 P-".
F
o = Kefe, z im0 a0 vy

jog separation, 2000 b (by TEM)
no. of joy fer/tetal traps 3 078
The unreselved (small) jogs can not be rufed out
-6 as baing the sites for PA.

- F87
~/7 - Y. ¥ Park ¢t al.
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positronium in _molscular maﬁm‘t@_ (Wallace, 1760)
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The thermalized positrons diffuse in the dattice
1. Annihilate as free particks.
2. Be tmppul at a defect.

3. Reach back to the entmance surface.

the fraction of Fr emission, which iz proportional h
the number of positrens diffused back *o the surface..
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