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7 1.  B-Emitters used for f-NMR

r T, Reacion u(py) & Q(mb) Sample
Li 2* 0.84s 'Li(dp), 'Lidp)  u=+1.65335Q=32.7(6) LiLiFLilO; LiNbO,LilO;
B 2" 0.56s °Li(t,n) U=1.0355(3), Q=68.3(21)  Pt, Mg(x), BN(X)
"B 1 2lms "B(dp) "acI,p 1=1.00306(15), Q= 13.20(25) Pt Mg(X),BN(X), fcc & bce M.
‘C 37 126ms “C(p.f) u=1.3914(5), Q= Pt,
N 1 1lms  “B(,n) §=0.4573(5), Q=10.3(7)  Pt,Mg(x),BN(X), fcc & bec M.,GaN
N 22 7.s  “N(dp) =2.049(6), Q=20(3) TiO,, GaN, TiO,
B0 372 8.6ms “O(p.f) u=1.3891(3), Q=11.0(1.3)  Pt, TiO,
YO0 1/27 122s “N(@dn) u=0.71951(12) TiO,
Yo 5r7° 27s  'O(d,p) u=1.53195(7), Q=3.7(4) Pt, TiO,
E 527 66s  '°O(d.n) 1=4.72130(25), Q= 100(20) NaF(X), CaF,(X), MgF,(X)
®E 2 11.0s “Fdp) U=+2.0935(9), Q=64(2)  NaF(X), CaF,(X), MgF,(X)
TE 5127 4.158s “Ne(p.f.) 1=3.9304(30), Q= 178(10) NaF(X), CaFy(X), MgF,(X)
BMg 32t 11s  *Mgpf) u=0.5364(3), Q= Pt, MgF,(X)
¥Al 5/2° 485 "Sifo) §=3.6455(12), Q= Si(X)
®Al 37 134s  TAIMY), TAldp)  p=2791(1), Q= AIP(X), Li(dynamic pol.)
7si 5/2° 4.1s  TAI@n), *Si(p.f) u=0.8653(3), Q=63(14) Pt, Sapphire(X)
®p 12" 425 Psid&dn) u=1.2349(3) Si(X),Red P
S 1t 265 YPlpn) 1=0.48793(8) Red P, P,S,
BAr 3/2° 1.775s “Ca(p.f.) p=+0.6331(6), Q= KBr
YK 7127 1.23s  *“Ca(pf.) u=+0.20321(6), Q= KBr
¥Ca 32 0.6s “K(p.n),“Ca(pf) u=1.02168(12), Q=36(7) KBrKCaBr,, CaCO,
“ISc 7/ 0.54s “Ca(d,n) §=0.54305(18), Q= 150¢4) CaO(X),Pt(4.2K), TiO,
“Ti 772 0.85s  *Ti(p.f.) u=0.85(2)., Q= Pt
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NMR (nuclear magnetic resonance)
magnetic interaction
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Leocation of B and "N in Metal Crystals

Host Location 2B 2N

Popul _(Ag/Q) Popul _(Aza)
Cu Interstitial Octah. 85 % 0.11(2) 100 0.13(6)

(fce) Tetrah. <1 <1
Substitutional 15 0003 <1 00005

Ni Interstitial Octah. 85 % 100 Comp stk

(fco) Tetrah. <1 4
Substitutional 15 <1

v Interstitial Octah. <1% <1

(bec) Tetrah. 75 _0.21(4) 100 0.50(20)

Substitutional 25 0.005) <1 0.00(5)
Ta Interstitial Octah.

(bec) Tetrah. 75
Substitutional 25
Fe Interstitial Octah. From “BinV
(bee) Tetrah. 80 3% Two Loc. Found
Substitutional 20 ik

Mg Interstitial
(hep) Center of Prism  100(5) 100(5)
Substitutional <1 <1




Polarization Change (%)

3. Dynamics of Implanted Light Ions in Crystals
- “Bin Si Crystal -

T. Izumikawa; Thesis, March 1999 (Osaka U.)

Location: Interstitial

Substitutional
Other?
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Temperature (K)



( B-NQR Spectrum)
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1 eqQ split resonance at v, g, = 270 kHz (Bp)
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Bht’ Tl T 'I‘heoryl't Experiment*
" Bpg(ko) T TiKs)  Begtem) ¥, R0 TOY Bacp
Substitutional  =-0.56 430 Bdp -(6.86:0.01) 8825 103 N
Tetrahedral -50.7 1200 -(46.82+0.01 432 92
etrahedra kG ( ) 358 <ov[kG.
Octahedral -40.5

--———--—.-————-——_—--_-——-----——---—-——-----——-———-—-n---—---—-———-

+ M.Akal, H.Akal and J.Kanamori;J. Phys.Soc. Japan 54(1985)4246;

ibid. 54(1985)4257. 12
+* Locations were infered from a comparison of the results of B
in V erystal with the present populations to respective

locations.

BOBS:BﬂX'tT -BL 1 Bpﬂ‘}—_B.R,f-f B d:P-{- &-2?/7

12
Table I NMR of N in Fe and (Bhf + Bdlp) values.

NMR was performed at B°=? kG and 120 K.

___________ Certer Tron Omn) g0 00 s ot 5 0 Bup
1.50+0.02 , 4005#{1 '.
B,/ /<001> 1.93:0.02} -(9.32+0.08) Positive ° 0
4.76+0.05 -(27.88%£0.17) Assumed negative |
-( 0.80%0.17) Assumed positive 27
""""""""""""""""""""""""""""""""""""""""" uq
1.40+0.05
80//<011> 1.90%£0.05 -(9.50+0.11) Positive
3.78+0.04 -(25.09+0.14) Assumed negative
-( 3.39+£0.14) Assumed positive
Theory
B&f Octahedral
Tetrahdral -75 kG No Lattice expansion

Substitutional +50 kG

‘rbde E"Jrksﬁﬂas - Stbonﬂax.f
1» 2“? A2 .ﬂsa-:’-&-’o Lc(“f.,‘
2. B.le #° O
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Cf. "B inNi; Proof for the Electron itenerancy
Crytical Phenomena; 7 (T) at T, with Octah. Location(T) of "’B;
H. Hamagaki, Y. Nojiri, K. Sugimoto. & K. Nakai; J.P.S.J 47 (1979) 1806
Fig. 10. Spin-lattice relaxation times of '?B at the
S~ site around T¢ with three differént settings of the
extgrqal ﬁelg.

60+ /H’

T 1 1 ¥ L] T Li T T 1] I

50} Bext
—~ - 11kG
Ba \ s
e #”M 4
= 20t %’\Jf\

/ﬁﬁ £

4 e

1 Jd J.__*J A 1 1 1 1 1 1 ! 1 1 .
s 600 620 640 660 680 700 720 740

Temperature (K )

n n v Ref, Comments
~2/3 27) Ni, ESR line width
1.444-0.37 28) Neutron scattering
0.70--0.03 29) Ni'°°Rh, perturbed angufar
. _ correlation
~A0.7 30) #*SR in Ni
0.71--0.24 31) Ni*"Fe, Mossbauer line width
0.624-0.13 32) Fe*"Fe, Mossbauer line width
0.674-0.08 - 24) Ni®'Ni, NMR
0.5440.10  this work  Ni'?B, recoil-implanfed NMR
Heisenberg 1:97 0.34 33)
(MH) model
Moriya-Kawabata 1.31 0.77 0.46 36)

(MK) theory*

o Developcd for weak ferromagnetism in metal. _
Indices: Tl' o< B, Expt.; v=0.54 +0.10
T; oC (T - T) at T> T
T, co(f-To o TeT

Ttraneney. oo Az E SR /



5 .Electronic Structures of Dilute Impurities Studied by HF
Fields -- N Implanted in Single Crystal TiO, --

T102 (rutile)

c=2.95812A

(110)

Vir

V21
For Top ¢ Bottomlayers (1T0)  For Center-L .
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4.. Band calculation based on KKR
Super lattice: too much dense impurities.

Lattice relaxation: Total energy of S.L. minimum.

Electronic configurration:

N(1s2)2s22p3 ——— (152)2s22p3=]
T1(1522522p6 352)3p64s23d2
O(1s2)2s22p4

Localized & Sperical:cotr. to ¢ is small.
Assumed Substitutional of O: NI~

<—neutrality +1
Substitutional of Ti: N'* <—neutrality -1
Interstitial Octahedral: N'™ and/or N'*

Assumed Maffin Tin Sphere(MT); Observed spehre depend. whe Cak..

'l_: l.‘rl-tl;ll't11( :1|q-a-f"'|-'1 T 1-":_:;1“‘-{”1“@__'1 Y]

-0.1

-0.2
-0.3 v
-0.4 ' .
with relaxation _
-0.5 - |

-0.6 I~

total energy(-8078ry)

-0.7 =

-0.8 -
l.lI'.IillIII‘II11Illl]]tillll]lilllllll]ill

0 5 10 15 20 25 30 35 40
relaxation(%)

X 5.4: BFEHICHT 22T 3V F— DRAL (Octahedral EEF) &

At
LatorsTiM




V(*10715V/em”2)

V(*10*15V/iem”2)

6003:"][]|'l[i'llll|ll—lllilllllllll1lll||[||||][ll'
400 5 Va ~o~Vb & -¥e (Cal)
T ® @ VaorVb A Vc (Exp)
200_—
o e
P 11c) -t
-400 [o— -
'{tlllI||nilnll||||||||11||1l||1|11||||||111l|||1
0.0 0.2 04 0.6 0.8 1.0
neutrality
{J) ;vJﬁT(L .,-e-mm 5\&
X 5.7: O LEBIZBTAEHOIE
3000:L1|||;l|I|11|||||r|11|1|||1||||1[|||1_|:
t-0—-Va -o-Vb Ve (Cal) i
- v
— ® ® VaorVb 4 Ve (Exp) )
1000 :_-
oF ]
-1000
L0000 ilaarilives s ipataiaabve s a ¥ oy ol sa ofd

25 20 -15 -1.0 -05 0.0 0.5 1.0
neutrality

ﬁ._
, Pt -

5.8: Octahedral fZi& |Z J‘W %E%’UEE

40



Comparisat of £ep Late b V7.
FEERfE & FHEAE & DI

Z':XP\ %ﬁﬁa VQ or Vb VQ

Sitel | _¥59(4) £188(13) F12909).
Site2 | F558(68)%1160(79) ¥602(41)

The""}/ atBfE v v, v

TE(N‘+) - 46 -192  +239

ON'™) | _+185 =178 -6

Oct(NT) —449 +1304  —855
(NW)|  —696  +2124 1429

[ F
2000 [ , £4
4 Site2 7
f 4
1500 “ 1; :
: 4 &
: - % 7
3 P 7 7 £
o~ - ,,‘ l'."
E F 7’ ¥
i 1 2% b
Z ; 77 7
CD = ,"1 r,
= 2.
= . 2
s
/7
J P
-500 ;4{'
-1000°F

-15001%




2.04.01 Osaka U. T. Minamisono

How much the polarization maintained & Q?

Nuc. I T, Catcher P/Py (%) Q(mb) Ref
81 2 o084s LilOs, LiNbO3 30 32.7(6) pRL 69922058
8B 1 077s Mg 100  68.3(2.1) prL6992)2058

128 1 21ms BN, TiBy, Mg 30  13.21(26) pre 69922058
2N 1 11ms BN 30 4+9.8(9) pLB42098)31
ITF 51 645s MgPF,, ~100 100(20) np A236(74)416
CaF, ~50 JPSI21(66)213
58(4) nra236(74)416
PR 48(93)12672
2IF 512 416s  MgF;,NaF  ~100 110(22) nr1120099)673
IPSI21(66)213
71(16) HF1120099)673
PR 48(93)12672

_23M g 32 11s TiOp, MgF,, 30 115(8) =r1 1200999673

2781 52 416s  AlOgz, Si 100 58(4) PprL submit.

39Ca 32 06s KBr, KCaBr; ~50 36(7) o be published

41S¢ 712 054s CaO 50

Sites
SLI 2 0.84s T102 1 ~25 '02 M. Thesis Ogura
12B 1 21 ms T102 2P 1 00 '02 M. Thesis Ogura

12N 1 11 ms TiO7 2 100 ZN 53a(98) 293

16N 2 7.13s  TiOz 2 100  17.9(1.7) pro861)3735

130 32 o086s TiO; 2 100 11.0(1.3) pLBs49 (9981

90 52 269s TiOy 2 100 3.7(4) pLB4s7(99)9

41Sc 72 054s  TiO, 1 100 -156(3) zn53a 98) 549




4. BIEODNEY 7 Z
B SR 2 0 EL i g7
EX¥ - TEANDLH
BREER 13+ - B BHANDOEH K

7/ HEiE
77=V7; Thi) @M Z A BT L S BEEYEL
T A9b; 7) BEM B OB FIREFE. | .
JERMESE ) KL F D Cubic £4 ; MM FEH
JIRG= o AN Db, 3%, REL IIR8-

RIYIA BRI ARG ; Nd,Fe,.B, B = N L&Y

59581, MBy, CaB GEER L&)

BWETREMSK : CeM, B,; M =Nd, La,,

FEMEH 3K (Ga, Mn)As, (In, Mn)As, (Cd, Mn)As
(Al, Mn)N,,,,

EiREBLEME La, Sr,Cu0,, YBa,Cu,0;, T1,Ba,Cu0,,,,

: B OEFIKEE : MgB,, AlB,,

H %E (B BHIZX3) ; BER FESB. .

BETIREBOBEAE

EN R UBIES

ATVVA SO HRIBE - BEsh ; FFATRE ()
A BRAE ; KRIbEREPETRAE



E—AYA LR EES V-7t =050 FERE  — 8RO Ab—
WIENF HIMAC

1999 ~200 hr 4/12-13, 7/20-25, 10/14-18

2000 ~140 hr 6/17-20, 6/30-7/2, 12/5-7

2001 ~240 hr 5/11-14, 7/26-28, 11/22-24, 11/30-12/3, 12/20-23
HEFY > 78470

1999 ~100 hr 3/9-12

2000 ~200 hr 5/4-7, 7/25-31

2001 7z L

B > /o4 7 0 QEBRYHR— b EORE
1) Ca£TODAHF; E,,;~135 MeViu
CalAk  E,;<135MeV/u #]
2) E—LFEK ; 1(O) ~ 200 pnA
Metal Ion; Ca fif £ T I(M) ~20 pnA
3) RIPS(X Acceptance) Tt
Control Program 52 ; EBREMIIIZH HITHK
(Hard [ ® Full suport T/X1).)
4) PAC % ; FPIERIE K. PAC ZMfe S B,
(B4R, Dripline ifB5EZIZ5EH)
5) JEB%Z PAC; Btk ZHRE ] .
6) HREIIEEHHRIA SHA
EENE I ) -7 ICEICBENWT 5,

7) bt -0h BRZ W,

RIPS fifi I E5R ; Bl RFFHE DAL,
8) t’ -L#1L §tH= On target FFfH]

PAC TR 2 FLIAICIHAL |

FEXVERL, BV -0ZHHZAD,
/D DIEER];E L FRERNBRENDSN 5 |

9) EaER., EHEEICIIb x> EEAEWN,

HEEMN DR,
10) THEfERRA . BMBEHRED,
11) EF - EKHWmER.
12) EFEIE T -V 7 -V EBD,
13) EEREMAISE. BRI LFEMREE & —/EITED 2.




BESF HIMAC QOEBRY R — b EORE
1) E171; E,, ~400 MeV/u £ THHE % He— D E AR
b -5 HERAFEERE ; RN E S,
2) I.; ~I,,/100 =~10"pps; (~0.1pnA)
3) RIPS 5Efi (7917 44 H4L)
Control Program; B #¥ 12 &K, HIEFH D BhLE,
N=F #8531 Full suport
4) H B BEREBREICER ; '/ &ERICEBEDIEH
5) AHtasid 2 Rings \5E& MyF /) W]
AW EE (E Ring). #HEER (T Ring); [FIRFEST
FEIRHEIL T Ring E =9 ERRIIFFRITIIAT]
6 MeV/u % fif Fi 7]
6) PAC [JEEERRIFINN,
AYEAER, REZHITHIEPAC 2GS B1E5
TERITIE W 2 HRTRT]
(b -L REE HLBRRYES ; WAPRRY)
7) IS EF (PAC); EWtE. T2, INikgs. B2 - £
8) E; MEMXAG. EBRES HE ] (S8 DI mER])
9) mEZBAfR; mE (BrKR). Ak GEID). #8K GhiR).
ME &FEED), fEGERFEEDRWN,
10) PAC I3 1 &EBf
P AIAENICIE L. b -0 A GHE; vy B R GAEIA)
ARERFRISE W, £/
t* =01k BHEITF ARG T 7 Wy,
PAC i287]#%; Scheduling TR E 5. EEHFIIART]
11) E&dhE. HERKIIZ W
BEM2AOMER; THEENA K. FE!
12) THEEERMNE 50, BiEHE
13) EF - EXHEREENED
14) EFEIT 1) 7 -V RIERE. T TRNWIERD
15) EBROEMNmEIZ AECONESS 1 - 2HEE) OB
+ FTAXHRE DEED S 41 -h




LFDOEENEINUIERTE S,
1) A=40 £ TOE 117 ZWFEXNS ; RIS -L £ T
b' =L FEISHER L IR 53k D S
2) PAC; [RCNP TRIFNIEITERWEE| Tk<.,
[RCNP TH+RE TE5EE|
(TTICEDS B TBANBLNEEAN, )
12-7 72 Yy REBRRIEIIEE |
+v FEEE; - MWABEIRICHERERSSLSHE S,
EERN 1) 5
vy 2+ E\EM S |
Yy DNEWNASE] THEREW !
T EIC< WL,
RCNP OE /1t -A—TH D
RREE I\ V-8 D 70T AR BRI BRI
3) FIEEZBEDN 1T BRI,
B, B 17 FER=ANHICEEAHEEERS
REMHINT N 17 % FrRRE) 2105
ATy Z E3EAD AEC VW3
RCNP RERIZE U 5% Wik EIFFEE H
N TRDEE « FHEMNIL ETRICNE
4) REITNE

51T, RSN - RN,

5 FEEDERICHIPED b -LY1A

6) EBRBEHZHFTCEZS, (FERESE)

7) N V-4 EERBREE (V7 - N-F - #E -1) B
NN DN VT B

8) Mtk T1E=., BFTIE=

9 Efty vt -, - BIUHEED A 7y




1)

2)

3)

4)

. Concluding Remarks.

Spin polarized unstable (7', ~ 1 s) nuclei are produced.
Low-Energy nuclear reaction and
high-energy heavy-ion projectile fragmentation.
On-Line Isotope Separator.
Post accelerat. of T. Frag. and artif. pol. is promissing.
NMR Line Shape in Metal; N-N Dipolar Int.
in Ionic Crystal; N. Quadrupole Int. due to def. & ions.
The implanted atoms are located in
Substitutional and/or
Interstitial sites with Loca Lattice relaxed.
Theoretical prediction of Byr & g were given by the ab
initio band structure calculation in the framework of KKR
with a lattice relaxation and
a shifted Fermi level (charge neutrality)
in the adopted super-cell;
Explained experimental data well, but still further
theoretical improvements in handlind pot. are required

5) New materials can be designed using the disclosed

Electronic structures of crystals and dilute impurities.
World strongest permanent magnets!

High-T'. Superconducters.

6) Spin Dewers can be designed;

Ti0, crystal is a good Spin Dewer.



