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B1E Fin

AETIEIARGLOEETHLIT T~ NY DN EERAWVTZGERAY XA+ 7 A0k
L FOHIENICET AT RICOWVWTIRRS ., TDO%, KO B EELRRD.

1.1 T I~ 50

T T~V TSRS 0.1 ~ 10 THZ 2, R (2L T 3 mm ~ 30 pm F2E DOFEKIZ &
HEREB O Z L 2O, ERAMEROBBIEICHY TS (K 1-1). T I~V ITER &
FOPEERICAEL, BEROL > ZEmWEEEL, XOXIITIT—FTRVET I L
NESLWVWOIWEZES. ZOT 7~ VYEORERERIL, 77 X~E8), 7+,
ST OEEEER, MIEROE A B ORI, WE O L iR 72 R hiE O &K
BizHIE L TRY, MHEMRICBWTEERER 2R T. £, o eRA LA
A=Y, NA A - EIELFR, GEROBMES ESERDHE~OICHABHFFIA T
L. L, TINVYEETIE, IRECTHEENELS, BORTWEBEHRAFEE L 2 )
otz Eiz, PERITTHHREE CRIET HIITRESY U ABHKR e A — % —BLETHR
WREEL o722 2 b0, EEMRICHANDVRL, T 7~ BIT R E a8 &
ENTER. LZAD, 7z ML—HF—DNRELEZEIZL > TT IV HEDORAE -
B FEIRE S GES N, BEE VA ZIEREFERICBA LT, HH0
IV T a4 —F —CELMTLIERBEREIEDL L TT IV EBBRA SN
Bl £, BE (Tr7F) 2RECGRLULEEET HEET V7)) ICBEL
SOV A B RE LTz L AL DBENERNO T 7~ VYRR SN S, 1T UHIZ D.
H. Auston 525> T 1983 &, BT T HICT7 = b ML —F—2BET L LICLY
T TNV ENRE SND Z ERRRENTZ[2]. KEET T LM, FEERE3]
RNEABETH 4], RIRBGEREESE~O7 = A ML —F—ORKFICLDET T~

7—.-5/\)[,‘y(THZ)ﬁ “:,\,@:\; E! E

BK AR IR Foh-aIfR -5 X AR
- 1 1 1 I.
104 106 108 1010 1012 104 1016 108 (Hz)

1 THz=1ps=300um =33 cm'! =4.1 meV = 48K

X 1-1 BRI OHE.
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T 1 T T T I 1 ¥ T 1 1
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X 1-2 BT T~V (a) B (b) Bl A~<7 b

I G AR 2 L BE STV D, X 12 [ZBIE 72 T T~ I ORI K OV D JE
BEART FVERT. ZOT T~ EOREERIICR R 572 51X, B OIRIER >
ZEFHER CESZBH TE 52 L THY, £, "LV ABETH D Z LIXEVVRTAEE, [LH
WA by, ab— L AMNEOLND I EEBERT D, £, MHEEREZ7—) =
BT DL T, TINNAVEORIBARY ST TIERAMHARY MV HEESS Z
ENTED. SHIC, BENX N NVAERICL ST, RMEET 7 F &AW REE S AR
HE[6], FEMIE N FhEdh (ZnTe &) #H\\ 7= EO %> 7Y > 7 (Electro-Optic sampling) [7]
FIZLDT TNV BOBEBSWEIEO® SN L TORIELZZEIRTITS Z LB AREIC R o 7.

77~V REEfEI Sy 6L (THz-TDS : THz time domain spectroscopy) Tlatfl %158 H 5
WIS LT T~ SV ADER TR, §70bbIRE & AHEZRICRIETE 20
T, BENFERDOER L EEH % Kramers-Kronig BHIZ L O T EEMICRETE, BEXR
PHERBRRPEOLND. ZOFEIZ, Bk FEEFCBITLZX YV T7HATI7 Z[3,8]%,
ab—L b7 OBRHPONCHWLNTE D, FETIE, 77~V YHEBOAE
XA 7 AOBRHRLEORIEIOMEDT-DIZFIHEND L 527> TEE[10-17]. TF
NS BZHICE S TEREAE T AF I RETL2MRAEBLZ L1E, EFOEME X
ErOmGEHIELAATLIAE S b= 2L W) Bl TESHEORELE il
BFFes LCIHBICEETHS. KETIE, Ao ZAZIILHETIEFAL LD
HEEZFRA LB TEHICET IMEEZ RS

1.2 BTAYUCEZHA L2 T¥%5% (18]

BTEHEG L AT EN) 2 SORHEF-TRY, £, AVUITERE & THE
032@@@%50%%®#%W%%7A42T1 S OME AR L, EFOESE), Wb
DLEREBMOE D Z & THREECHBLBEELIT-120, HDHNVIREKX - ZHFEFN
BRI T&k., —F, BRT A ATIEACCOWEZHAL, AU 2ERE T 51



F1E FH

fbDRE SLHEEZHIET D Z & THRKELHZEITV, "~ FT A R7E~NTHSNTE.
BRIE A VIIFN TN RERTELBRATFCBNCRIAEN, SAO=L Y br=Y
ABEEEIZTERER, ZHETIELAEEAN o7z, 1960 FREN G & BRMERIZ
BT A EHBCHMBENE P ERICET A3 E T TR0, EE 7 EEREAFZE A
LT, BHEERIZBT2ERGEPRESERIND Z L3R o72[19,20]. £/, EFH
FETHRICAE U BEMLTLEY, EREAE UV ZFHOEFL TRE AT 2/EOHE
TERBLUTHIET 2 Z R LW, FEKIIETFALCUBFHAINDZ bR
7=, LovL, F/ A —OEE - RN TENSEEL, EFTA ANETOAL UL
BELV LN ERRICRD LEEFOREUNRESN, BEFREHRIIAE L OF
ENRKBEND L2 oTlz. FOEMBIRHEFDS 1988 4, @R ALETFIZBVTHA

ENTEKESIES (GMR : Giant Magneto-Registance) R TH 5[21,22]. GMR %h# & i3,
BFACLCORAEIERFEL CERGET RbLERERAELTAIHREOZ L THD. &
? GMR DR RLUARE, BERICBS T 2BRIBEICEENEEVHED. £, TOARAE /K
FREFER LRI L T 2d o e PEESBFICBNTHER SN L DItk T

PEARTFEBIIFEMEL, BETOBREAY L OmMFOREEZFMA LicEHz22L
2ABE [AEY hu=y 2] TR, BEN 20 EEICb  IERAFEMTbR T
7. AU b=/ AOFAIE, GMROBERTHD &L —RIIZITIELZ LN TEY, hox
NMEEZHEHT (TMR : Tunnnel Magneto-Resistance) % & ¢e R & AKTFREIZET 55805 O
LT ET2[23,24]. GMR ZHESL TMR ZhERIZEBHLAFROMNRIZTIZE EELT, B
N— KT 4 27 FHOBEBR Y FROREREME AE Y MRAM (Magnetic Random Access
Memory) & LT3 TIERLENTVS. DL IREREZERELLT, xSy
RICBITEHEL OYEBRZEB LAY OARR, EA, TH, @k, 8E BHcEd
5 EBEDEBRO RIS ED DI TWVA[19]. RIS, BETIFAY U (EM&E A & TFH
XA COBFOTNDOE) (b2 FEHEATMANE LIERLTEY, AV EES
DFF & EFE[25,26], ERAE U HF—AIRRLHRAE U A—NAROER[27], xRk
BIDAEVHR (AVVE, 7/ 0) OERBB)EMERINTWD., £z, A E—
Ry JHREORERIZLD, ALV EBIROMBIZ OV THREAF TS, ULko
O RERMEAIGH LEEFNAL Y ha=0 X734 ROAIRBAHFILTEY, 4
ZUE, AV bV BHLRER & MHEN A 1E B E X AL BN & AV 72 MRAM (X ' RAM),
AV RTUVRY, AV M EERBRFERWEERERS Y —IC X HE—R
UM, BT A Y L= 2 AT IR, BEERAE B LAY BT A
R DBRAFEIZIANT T2 B IR WFFE 3 T i TV 5 [20,45-47).

—F, A= AL OBESE L LT, REBFALCOMEAEERAEZHE LK
PEOBHE OEERIEH 2 VIS0 SEREZBE T 2FREIT IR E VAT T 4 7 AL
ENDFDHOHLINTET. BEEORBEA L F AT I 7 ATHOVTIIINETIZ
BRE 2 BHEEO LS RIFBEAFIR, 77 77 —EESCHEIA —HRO X 5 RBR0OL



FRHREMM LR T =T v —=TRIZ L OO T 5H[29-38]. BRI/ SV 2% A
WA o 7 — 7 e — 7151, G FRE 2 F7 D, ERERELC OB FTREZR I EE T
BT A, ¥T ) VFEDODFTAFT I RAERRDLOICEN R ERFETHD. ZDOF
EERWT, AREO 7 = A MK/ VAL THELEY 7 7 77— 8 (BRREIAIC
INIVAWESG AL S HBLE) AT 5 2 & TR DyFeO; D A ¥ 2 IR oo b
— LV MIHEITE D Z L[34-36]° 7 = & MRPYE/ SV RIZ X 2 IGEBEMEIR NiO 1281 5~
7 ) OREBSIEFENMESNTWD., £, BMRAI—RZ2FATSEZ Lick v yEik
GaAs IZBITH ALV R—NWWEOBRK N 2 RtA A=V 7T HERINTWA[39]. *
2, TI7IVYEEICRIT D EF A 3RS (THZ-ESR) (2B A HFZE[40]0@ i E T 7 ~
VY BRI K D ROERBEMEIR NIO D~ 7 /7 v O E RN & OHIE[16], &5\ i%, Rk
K YFeO; OBERSZEE 31T 5 H HFFEREOBRI[B3)IC W ToHELHDH. I HIT
HNERBEEERN O DT T~V Y EBREZBHT 22 10k - T, BRBRFERS~Z /7 Vb
- BT 2 MR A B LIRA BITO TV 5[12,14,15,17].

BETIX, AV b R=V R, ACVAFSTF L7 RRMEAT, w7 /=7 X LHTh5
BRFESE LRI SN S OB DH[41-44]. ~7 /=7 2 L%, EICHMEEICBWTELD

AEVRAZOX
HRAVE

THEEMEAE) (MRAM, XERAM)
J—YAI7asE a4
REURSUURA
BREMStE Y —  etc

B R AR AEURER
EH - RIEE R AER—ILE R

KR T—Tn—T%
FINILISH

S5 2 THz-ESR
FINIVY KRS

R/ ZvofES
T /R BRNE R

Output antenna

Input antenna

Position (um)
o

1-3 BEBFAEUCZHHA L LTFESE [28,35,39,43,45-47] .



<7y (RCUVE) BRIRA LT A AREBEZBR LICIRESBEOZ L2V 5. FRlZ,
S RN TEAT 2RI 95 2 & CRIBES U= MR SR (0 = 7 FEd)
EERE - ERIL, ZOBEARIBAATHCHIBE T2 Z &L THLVWERERBERS 1 2
2 - T TNV ET AL A, REROBREEREACHEHESR TEL2AIET 5 2 L B3R
SINTWD., w7/ =y 7%, 74 b=y 7NN LTS 5 D & RIERIC
7 ) OERERILENTELLFREINTNS. &b ,77//17¢b:y7
FERICB T AR CERROERE LV ERNENDT, w7/ =y I/RERWie~r )
= I FITNRARF T4 = I fERERAVDIGE LV /INEETE D Z ERHRFEEINT
WA, ZNETIZ, BHE YIG ICABMR S L —T 4 v IRF— NV EET A Z Lz k-
THLD~Y ) VMEEOELOBRIRA Y V2 AW imBEIRR O EIEER43], 72, #
PEIE GdasYbysBiFesOpp 1IZ361T 2 & B RARHE D 22/ 7370 O BRI & OV O filEI[44) 75 | &
NTN5,

1.3 AREFFEOEHH & HE

A TR L, AV =V R, AUV ATT AR, ~F ) =7 RALWVolz
Slin: EE%%UTV%%%ZE/%ﬂﬁbt%tﬁl%“ﬁw%ﬁwt W2, EFAE
YORBEISEDORIBRFEOHIEICET AMEL VO OERFEFEICEETHD. &V biT,
% - BREFE) & TEBTAY YY) OBEEMAEERICET HEMRMAEBLZLE, B
BAG 2 BBR S TR, RIEROEER V5 34 AR A - Efze s L TI%
BIC B IEFICEBEN DD, HE, TI~NVERCBIAEFAL VOEEREICONT
FARBIZDIT, TIT~NYGHERCTZFEPRE - BRI TS, AR TIE, B
ECBTHIEEAE U F AT I 7 25 BT HARERFEL LT, T I~NVVE
BHRGHEEFAL TS, B VR EREBHIBH L T SN DT 7~V B &
MK D CBIRIL, ZORSAMELMERTLIZ L TREBOI 7 ahthEr2i<oZ &»
TEB. TI~NUVEBEYEE, TAETEE L TRERTONRBEX ¥ U 7 OEE
IEERab— L T4/ COBRBICER SN TX72[8,9]. BilL, #BMEKIZSWTT T~
Y ISR ERT S L, BROEH LT TR BEFAL LV OSERELERMLZT
T AV B D3 B3 D FTREME S STV A A1), BEMERICRT L TT T~y
FEAL, TINVYEBIIBT A ORI T RDLEFAY L ORBINELRE L
BN E I HD . AR T, KRBEMEEICT 7~V EBOR YRR ER L, 20
T I~V ERICBT AEEAL AT I RACETHIMAEZEDD L2 ERBRNE
LTW5. RRBMERIT~ 7 a B b 2R -0, TORE U FAFI 7 A 2HD
DIFFEFICE LN EEZ DN TE2M[30-32], —FHTiE, BEEAROH TH RBBEIMEETTE
B LD SHTEVICEHEWEE 2R E W) Bl A VIREEFF->TEY, SBOFEER
By TNAAADOREBYEXBOIMETHHEHFEEINTVS., LT, T/1 AEH
EDT= DI BEEEDOEEA L XA F I T A, FRlo~T /v (RV V) O



H1E TR

ZDOFEFBROMY, X LICIEFFORAE UHIENZET 2HRIIRDERNEEZEZLND.
AFRIC I, KRB A EAES NIO ROMnO I L TT 7~V Y HBRRERS Y = & MK
NNV ABERECHF ENDT T~V EOBRIZITY, S DICEERFYE, B eEERK
A, RCRMEFEERANTIEREE LD, VR L D~ VREEES~ S v
HDOT I~V ERAESESCELTEEL-LOTHDE. £, BEAY VX437
BT DRI A, BEEENIZE T 2 EEFOBRKIEELICET 258 M2 m R 425
HIEBAEL M= AT NRSA ZEERARTH L THECEERERTHD. AFET
X, ROREEMEIR MnO IZBIT BN X v U 7 OAERKEOE ORI %LT%&étbK
KR T —F TN Fa—T 5N ETo. ZORETE, T 7~V KRIGE %l
SRS OME O BRUSEE ORHIE(LIZE L TR 5 Z LN TE 5. A5 T, MnO
WL TTH TR =T F Y 7T —THEOERBRERL, 2 FRINEI LTz
d-dBREIZLDMREF ¥V 7TAERBRE N ) o7+ ) AL DRRREX YV T OR
SRS IOV TR T 5.

1.4 AERCOHERL
LTI ARG S ORERR &5

FBIE  TINNVEOFAMEZORA - RHEROCEEEH SN TWAEFAE V%
FIH LEFT R THESEFICOWVWTRSR, KFEOH E ZOBEIZHOWTIRRS.

F2E  BTAEPUOBMEICETOMBOEBREMINT L. BRILBHAR L ZOBM, X
BB DIV T v, RIRHEEOBKBINE, BERIRTHBUTORR 7~
EELIC O WA 5.

H3E T IALVEORELRIBICOVWTIRS, T IV ERERS K LE, 7T~
VB IR, KRS =T FANY T a— T I ONTRERT S,

FATE  ABIFETHEM LIZEBOLFER, ABOSEYEICOWTRHIAT 5.

BSE T A MHASARITLY IR SNBSS OT T~V RSB L
TAFETHONTZERERIZOVTERS, FIZ, ANV RIZED<T 7 Uk
BELEZbDT T~V RSB OV THHRT 5.

6T  RBHMEEICBIT AR ST T~y T —THIEID J:of?%f‘ohf:ﬁbﬁﬁ%
RIRATR DT 7~V EEBBOEACF I 2 EBRFERICOWTIR~, bl
Xy U 7 OABBRREOZOBREBRICOVWTERT .
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KT, KRLCOERSRELEHET 5 L ORI EELRANTRCHIETAY
¥ RREPEC I B WO KGR BT 5.

21 WRE—A b [1-3]

BFIIEEm, Bi-e, ZHZEHTLLICL20EAEHELOMIZ, AEVS L
I 2 HEGEENC L A AEHE 2 ->THBY, 2R, h (T3 2 &8 h % 2nTE -
72b0) OBLTH-T, t1IR2OEAMHEE LA L) R IRENFSNDE, /2, ZOA
YV SIERE— A2 b udEFETH D,

u=—gu,S =hS 2-D
THRIND., ZIZT, gld glHEHINLETEFOHEIL 2.0023, u, =eh/2mc i3 Bohr
BT Ths (clhBEE). T/, yEMRE— AL P EAEEHREOLT 2 bbHmAEET
Thh, BFAE 2oV T

—gMsS _ —ge
=_OFBY —_ S 22
Ve aS 2mc -2)

LEHESND. S (=S]) B 1ECETTIR 12 ThHEA, EFHNTHREMOSHETIS
WX, 1I2OBRIGICRS, BT, 147, 7TEFROBRE— AV MIERIZEEND
EETONEMEHER A VLB RE— AV M2 RL EF2b0E 25, HHE
FIZIEWL O DOBFIEEINLDE 1 - AP CREHEMAEREL, XYV S IIRFE
LEZBIENTESL, LI2HoT, REIELES 2HE LA CQL+1)28 +1) EfFEOIRE
(LS $EH) TSNS, LoL, SiEAdEEL AV ORICIZA Y VY HLEHEIEM
ALS DMV TED, LSEHEEEFZANVTF—MIIHHT L. COBHFOEMETGES =L+ S
BEBEETADT, COFHELREBIIIJICLYpEENE, 2F ), A VF—H#AITL,
S, JIZXoTESNS,

Y 11 14t tat
fer 111 313 st
X 111t 14t 1t

W SRR Bt 7 ) B

X 2-1 BERBEFOHEK.



F2E EMICET 5 AR

BIOROAC VIMEOHBEH LA L THEFICRE LB RT. BEOEHD
ERBAE L TRTOBAET— AV M 2EZLLE, ZOMRE—AY NOEFTH L
BHRIIBNTED L) RBEHREIERENL D, 2D EDL ) IEFAY VA H) L
TWABPIZE oT, B, K, i, bCGREME, 7oV e vo EEORMY
WIZDEHEIND (M2-1). AERL dBREFOEREBILERASE R fRrFoM LT
FeBOWER, FOIHEFODITEHE L EORBMRHBELET 500850,

22 WEE— AV POBEED [1,2]

AFOROAL Y HRGOR ) TRATHET 5. =T, BINET | BARSH, 0
Il b EEDEEHFERNICOVWTEZ L., 20X RBEOEFIIFRID iz
Heisenberg OEE) FRERDPEM L 42 5. (TEOYWHE OB A LT KNIV =T &
DRHBEBRTRENLDT, ALY VIZEHLT,

%g:%kxﬁHd&S] (2-3)
EETSH. 23)AT, Bz, BGERSL, H, =(Hx,Hy’Hz) LT,

‘g=4ﬂmg+mg+m&ﬂ

2-4)
= _iye[Hx(Ssz - Ssz)+ Hy (SySz - SzSy )]
THENDL, SPAOEMNTRINTVSZ EITER L TROKHMEER
5,8,-8.8,=iS,, 85,85 =iS,, S§,5,-8,8, =iS, (2-5)
Hwhix, 243X

‘§=nFH§th%FnBX%L (2-6)

ERY, x Ryl bFAKICLTREHDT, #5,
as _ 2-7
— 7.[S xH,) 2-7)

Lhh, CHEBAE- AL FCERTE, Wl 2 ET,

dp
ah_ H (2-8)
——=7luxH,]

ERTIELTESL, 28, WL EFHHFEXLFALIDOTHS. 2F ), HHEY
BERE—A Y MM OPHANEL y 20L&, Zholfiic L 5 E8HERE MY
7 iR E T, —#&iC

% — M xH,] 2-9)

EE(ZLDTEL., THOBITH, DA DAD L SIEHSTENT
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28 WMICHEY 5 ERNER

My by, Mo mm, Mg (2-10)
dt dt dt
Ehbho, HOOXEHHTHITL, 2FHOXZRATHLILIZLY
j—;Mx =—Y’HM, (2-11)
LY, M IZOWTHRBOREHOXE 25, 2OEERDE o, 3
@, =|AH, (2-12)

LRkoons, 7, RQ-100& ) MIZERTM,, M, FREAISL <, 2OfZED 7/2
ThHHI e bhb, LIWFE>T, BEEH, OFT, MRE—AY ML, H220%9
Iz O % —FEIR-723F xy FHIEBVWTARE R, TRET A, ZOREEHZ
Larmor [A[#5 & V29 |

\Z//Ho

X 2-2 Larmor [0]#z,

23 BTAE OB LEBRMOBLREH [1-4]

BFAY Y LS L OMEERIC L 2 BREEOILBRIN, §2bbHALEHRIIBY
T, TAIVF—=RF Lo LAY P ENEED L) B TEIICET L), ALY
OBMBRICETAEBRRIFEFICEETHL. AL VREETLIERESAVT -2
JWL7zAE Y RiT, RD Zeeman = AN X — 2T A TCIZANF—2RETEH, 2O
IANF—ERWCRBMENEE S 5 B THEAH E Vo2, AEYRAD IRV
FolERENLZ DD, T2, BEERETORIANF-IZEDLLILDLH 5.
SR CIHZEETHFNMET 2560, TLARBDGEL 22 LAYV RIEIT AN T —
EREEABT OB TRMCERE L LTHITHEG DD, ZE ORABREOZDIZH N
RIS IXIERT, RPIESIAD) 2F2 X )12k 5.

11



F2E RRIEICEY S AR R

Landau & Lifshitz &, SBEMICBITAMEE— A Y MM OEFHHFERXOVEDE LT,

-%¥=ﬂMxH}%JMﬂMxHH (4, >0) (2-13)

TREL. CSTHEMIERT 28BS 2R L TH D, S0, B, &5
Wi H B WIEREREOME LT 205, AE5 13HIZ(©2-9)R & [H U Larmor [M#5dDIH
TH 5, 4 2 DS Landau - Lifshitz OFEBEE IR DL DT, [MxH|PM L H %250
HICEETHY, SHICENIM BT T4 OREEDITLZEIZEY, ZONIEM &
HZECHNICHho TMIZEETH), FICHEAE— AV M2 HOFADE) A LF
— /D FEFE ST ) 35, L7zl oT, M23D &) T — 42 OB & HF
ENB. BRI BIT 5 — BN ZRERETHE. &I T, 2-13)XNDOEEHS
IR THITAECEEIE, COETOMxH]%1/y)dM/ dt TBEPZTH
v, #9575k, 213348,
M {M[Hyid_dﬂz)] 214

b, ZD2-14)Fid Landau - Lifshitz - Gilbert (LLG) FREX &I S, 2-1HR 2BV
T, BERE— A ¥  OREEF I (Gilbert IRIEH) 13F4) H OWIEHE LTHRY AT R,
BEHERIREMICESTA2EMESE E LTEXTHLINWI EIThD. (2-13), Q-1HRiE
EHLH0, BRE— A M, b LEADBHEREEICSH S & L THIRKBEKNICIEKIRE
ICHELDLTHAIELT, FNE—DD/NTA—FIZEELTWEEWVWIEE L TWVDS,

¥72, LLG FREXZUIPHSRE— A~ P ORIE L BMBARZE D KD 720 OME— D HF2
KTV, ZOMONER L D DIZ Bloch FEX A H L. —#KIC LLG HREA A @Mt
BIZBWTECHWOLNDLDITH L, Bloch ARXISEFRELEBIZBNTH o 6N 5,
Bloch 2R T, BABFE D/8F X — % & U CHERFIREE T, X ORRAIRR T, D —>% H
W, 2 HIOFERS H, H% 5 & &2, RS M, | LRSS M, D) A,

am M,

o —y[MxH,], -
dt M 0]” T,

g
W
> H \M(’zw\@ > H

(a) (b)

y (2-15)

X 2-3 REEE— X ¥ N ORERE.
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28 WY 2 AERRER

am
dt 1
DIETREND, ZIT, M id, BRE— AV MFATEHREIHLLEZDE-—X VD
&, 230150 TOM, THE. T EM,-M,PHRTHLR)BE, M, PEAVEEM,
WGELTHETE W) ZERO LI L LI, AEVREZALF-ORDENET S
A (509 BIEFIRE) L ORFEICETARMERTOT, A Y —BFRMKH &
YIFENL., ACCHPETUESS 2 EOZBCL VBT CAY — LSO T ICH 5%
I, AECHENMHETHRIBZEI LThRME &b IMMHEIlTNT S, T,iE, £h
ENDAY Y O Larmor MHROAAMATELN, BSRE— A Y b M OBBSG M, B RHET B
UGG LTB Y, AE Y =AY VR, 723 ERE SIS,
&T, z FIENCEEY, « 8t o TRERES 1R S ¥ 556 D Bloch DX & #\T
B, SR (He™, 0, H) L FEINDLEE, 215 TM,, M, ORRZLI Ik
HELTHLL,

MZ_MO

: = y[MxH,), - (2-16)

iaM, = HM, ~M, /T, @2-17)
iaM = y(H, "M, ~HM )-M,/T, (2-18)
&b M, MIZOWT]RCL,
M = y'HHM e
" PH:+(w+1/T,) (2-19)
M o= HHM (io+1/T,)e™
T YH +(iw+l/T,) (2-20)

kb, HELHI L TWBIRETIE, DI z8ICEfT R s7oMidzEh XLy bH B
BBY, T,ROT,OVES MV 7B es 2, HRELTM, OFEN—ETH S LD
LhEERERES. S0L) REBEI0E, Q-1ORXOFELEE L 5T

d(M.) (M. =M,) i
— =~}Hl<Mye )- . 0 (2-21)
LBE, ElZO0LTELH5, EOR (M,-M,) 1 (220, 22D LY
(My~M)=M,~(M )=y TH,(M )= yTH, 1 Re[me]
2 (2-22)

_PHI{ L) HE + 0 11/ T2 )
(PH? -0 +1/ T2} + 40 1 T}
b, 7R LRelMee|id, M OBRXBEM EL, o HITZOEHHEL D

LERT. MFOM E(M)ELTEL. 222K % (M ) IK2WTH] L

(m,)= {4‘02 +T22(72H§+1/7}2—0f)z}Mo (2-23)
U4 +TAPHR A1/ T - ] + PHITT(PHE +1/ T +07)/ 2
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F2E P 5 APEN R

Ehd. SBEME, T,ABE DS RV ELT(M,)ARANE & B

2 2 2 1
=y'H +— 2-24
@ =y °+T22 (2-24)
ERD, BHZERLEWVWEE (T, 50) KERToPPLKEL LS,
IoLE, (M),

M
M= 0 225
(M.) 1+(1/ 4)HMTT, *2)
L2, (M,-M ),
(1/4)/HITT,
M, -M\= Ll pp 2-26
(Mo =01.) 1+(1/ 4y HiTT, " 20

E%h. 220)0RITH AN ENWEZIE, MPLD  BAOTNIHIIZHBIL TREL R
L%, HWRELBDLZORBIBBRAIRNTNE, H 5o TM )P 010252 %R
LTwh, BEOER, FICEFALYVRBICHET L2ERTIE
Y HITT, <<1 (2-27)
ThbHIENE N, TOBE, BERNZ P VIIBTPHEEETHEHLTBY, Whnsi
AR BR TH D, PHTT, # SRR LIPS,
RIZ, AEVROBALEE L CEEOBERHIR

#o)=7(0)-ir' () (2-28)
VS BRI OWIUE 2 (0) I BT 5. 219RICBVT M, IKR23)RERAT S &,
x B DAL g (o) & LT,

M,/ H, = y(0)-ix](w) (229)

Z(o)= Zo?’zHgTz?(VzHoz"'l/Tzz - o) (2-30)
4 +THPH +1/ T} - 0 | + PHITT (P HE +1/ T2 + )/ 2

PAC) 207 Ho T, (2-31)

4+ TAPHE 41/ T - ) + PHITT(PH +1/ T2 + 7)1/ 2

Ehb. 12EL, HEOAHALE yo =M /H L LTM AEZHELL. QDRI LE,
POTINHRTT, A3tk RBAOTHIIEHTESLT5E, (229, (230X

2 By Hy ~ ) o)
VH: - ) +4a’ / T}

Zx(w)z (

2,7’ Hy @/ T,) (2-33)
VH: - | +4a /I T}

Ix(w) = (

b KBLEOERET, Cho2 o 0BBRELTRRTSE, 240591245, 1)
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F2w NI A AR ER

oEg, yo) 2R E ) 2 d B, F72, 2-33)Rd Lorentz B LT, W
AR D D> DIEN LB EZRT. ylo)d BREHEOFFELLFERDL L,

w=|YH, £1/T, (2-34)
Eb. WIDILAY) Z2RT A F& UTHEMR (half width) doFHVvohsdy, Th
BU/T,DZETHDH, $72, ZROBIGO Z & % &PENF (full half width) LI, 2/7, T
7.

(@) z@)
HEE g A
St T
2 @ AW S7(@)
e 1w
4T 4T

H24 plw), y(o) o,

2.4 Weiss D% [2,5]
iR (Fe, Co, Ni %2 &) OFFEFIIRKESSORE Y 2HL, TRIZED o TH
RE-AVMEHEO.BVEIRAE VS, S, (, ERTHOMNEZRTES) OMICE,
JETBIANF L LT-2JS,-S, (J>0)%20bWw5RAEMAEPEHE, 20700
WA VIZEWIZETICR A ) LT 5. TN E5REEMHARD Heisenberg 7V V9. J &
OB HE ISR RV 2EBS % & 59 & U TGRSR (Cr, FeF,, NiO%) &4 5. &
LT, B5 2 BEOBMKT— XAV FaH 2R 12 5561218, @AET— 2 ¥ FORS)
FEREEARE R L EVIEWTH A0S, FORKE SHPEL L7012 1 FHIZBEL %D,
— R, BEEAEFEC L) ICHBBILER O 7 2 VSR (7294, TR A M
E) &% %, Z® Heisenberg ET7 VI LT, 55O X V) i@ 5 55
BEBERHEWICHET 200 Weiss HFFTH 4. TOEZORARIL, [FE1rHBHE MR
BEHETE— AV POBRFIPES AN EA Z b0, EROBILIBET L0 THNIT,
WEBROWNHT TEBMAT— A MZ (5] PRERELTVWAELEZSHI LT, WHiE
WHARBTAZELEZHHTESL] LI DTHA. LW ->T, TOHBZBTIE, BRT
— AV MR ELZBNELTCHTHH 2EZ, TUPHEILM AT EEEZSL, T4
b,
H.=qM (2-35)
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2 ST 5 AR ER

ET 5. qldm TR eI
_ 2
ng’ iy
DEITHFGZOHNAE, ZIT, nlTENAEBERORTHR, 213120 (BRETE—XA Y b2k

D) FFICBETABRTORET S, COGTHBICEVEBEFORMRT—AY MNEFDS
FiCEH2 0N, BEBLEETS. M/ H ThHhHLE, BEMILM G

M=M,- Bs(q.g_/‘aﬁ{] (2-37)

(2-36)

kT
TEDOND. M, =ngu,S MG, kEEVY < S8 THb. T/, By(x)i,
Brillouin FA%4 & IHiTH,

By (x) = 25 +1 coth( 25+1 x) - —l—coth(i) (2-38)
28 28 28 28
LEREND. S=1/2, S TB(x)IxZNhzN
B,,,(x)=tanh x (2-39)
B_(x)=coth x—1/ x=L(x) (2-40)

7 4. L(x)i3 Langevin I &IN5, 72, x<<1Tid

Bs(x)=&x_i(5+l){(5+1)2 +52}x3 +

2-41
3S 45 25° (2-41)
TR S,
ET, @3NREBVTx=qguSM /1 kT £ 55 EMIFZRD 2R THST I UHTES.
M =M, B(x) (2-42)
M:MO.&.E.X (2-43)
S0 38 T
Mopg, ST
3 T,
M T>T. T=T. T<T,

X

25 (2-42), 43R Ex7Tuavy bLiTTT.
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F2E MY 5 AR R

ZZT, T, 39RO E MR ISR T 2B, Curie i@ T

_228(S+1)

€3k
ERENS., 2-42), QAR E xDHEBE LTI I 7IITHER25DE )% 5B, (2-43)
RIZBENESL 2L LEENRICRL. FLT, QR LEOREFEREMILE S 2 5. K&
BT, REExOKREVWEIAIIHY, Bt M,, bbb, $XTOFKE— X~
S 1 DOREICEH o FZIRBEICH S & 4. IRE LA ITHEWR RIE x /S WA 2
W, MIIBPTE. £LT, T2T, 0L E, 2 DOBOLFIZERPINIE R 2B, §
%mbhbh, Curie iRELETIIERBLIZIZL 2 5.
DEDISIZLTRDON LM DR
B O i, EHEZ I ZIZHEHET LS
ENTESL. MEVPE 2D E, BREELIE
HoOPIIBAL, T=T.TO0L%5. K26
I28=1/2, §=1, S5 DHFEHEDOM /M, &
T/T.OfR%/RT. Ni, Fe ¥ % EHED
KARDAEIANE S =1/ 2 DA IV, LA L,
KR CIIHERMMREDEINFoTHBLT

3/2 N N A 1 N . N .
_ T 0 05 1.0
M—M4l(%J } (2-45) o

B TOIERHLNTWD, SHE, R 2-6 HEBALDOIRERME.
YV OBmrOEBENPNLELDTHA.

Weiss Bl BREBALO R WEHE, Thbb, SNES H, THEESNTHBMRE— AV b
CEBGTHIBWRE— AV b2 2525 LTHGEOFBRERICEORAICLE
HATEA., ZOBE, HA sOBRE— 22 M@ APTO#EIE

(2-44)

H' =H,+qM (2-46)
&%%. Hy, M/ H, ThbLIDHI
M =ngu.S - B, [M*‘I_M)] (2-47)
kT
LETD. gu S(H,+gM)/ (k,T)<<1 TlE, QADRDOEBRNE 1IHE THNT,
2,2
=nSETNEHs () (2-48)
3k,T
£ETE, (236), Q4HYRNTHVWTEHATLL
_n S(S +1)g a
T mor) H=1H (2-49)
T3 K,(T-T.) R

kb, 249X &) T > T, TOFALRIZ
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2.2
7= S(S + l)ng Mg (2-50)
3k, (T ~T.)
Lk, SEVEARD T UL ETOBLRNST -T ICHRBIT L) T L, ERFELD

BL—FLTHBY, Curie - Weiss DEE| & IFITN 5.

25 REVERE=T ) v [1-3]

A Y 2P LSRR BRI AR 2 I BT AEFRO VD EOTH L. T2, BEFL
ENTAEVEDILERT ) v, TOAE VW (=77 2) ZRBEORMESICK
XL ERLTIENY TR, BERBEE - FEFRARDSERREO VD EDTHE. 22
TIERICHmgE~ 7/ VIZBE L CHBT 5.

TUTTE 1Lt U

@ ®» ©
B 2-7 (a) ZJEREE b) 1 DRV HREE L TV B —D DU RER B ikiE
() A VHIZL BT RN F— DR EFHEIREE.

B SR O LR TIR, K 2-7@ICRT L9110, TRTORAEVIZFTTH 5.
NEDORE L HEREDZ AR EICH ), ZORBEA K V3 L ¥~y 7 EER
N

U=-27).5,S,. (2-51)

=
THELTVA LTS, nS, R pHFHICBI ALY VOMEFREET. 22T, ALV S,
FEHME RN MVEER B E, EERETIE, §,5,,=5'TH50DT, ROTHL I
F—U,=-2NIS’TH 5.

KT, CORDE 1V FHERES ED I IR DPEZL. M2 10D L) ITEBEDORY »
| RS EREEEZLLQSHRALY, ISP ANF-DEL L LDT,
U =U,+8JS’ 5. L2L%&d s, LiOREIZE 1 BiERETIIRV. X 2-70)0 &
12, A¥Y | HOREXTRTOAEVICHRLTSTb7-85L512T5E, 3on
EWIANVF - DL B LA TEL, M2 7OKXBITE2AL VOB I IIZEAY U
SHEAUE, AT E TOM/D Larmor IREN TH 505, KA DR Y OMMD —EDHES
TEATBY, @RELTALLEDIERAZFETZAC VRO LLDL, ZOLHITAY
VROEGHEIREEITHEIIRTH D A U EIFIENRS (M 2-8). £ZAT, TORAE VK
BAEUYHPHEGLTWRHERTH L0 5, RIAEHEICHTIAEFRMEE2HA S 20N
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F2E WY 5 RN ER

NV

-2 —|

28 AEVEDOHEN () AVYEHOPLELM () AVYE ESL RN,

BEaohwv, EREEPLOZLILL o TREROHERED KA RBALT 525, Fhds
hOBN TEDLDLLENH S, MRT— AV TV ZIEIhE yrn OB TELTZ LT
HY, ACVIRTERYICEEZZEA5ZL3FERT, BTLENAEZECRE. 2O

LI BREBETAAINI-AE Y HEE < S /) U (magnon) F/2EERETF L VD). AY VIROWH)
NI Pk DRESIE 22/ A TH S, HEEMEREZ EORSILEHRIL, KRERK, ¥4
bHk=0DAYVFEORBLEFR ULHELEZ LI LN TE L, ZTHUTEE OBAILE TII,
RA OB EDOKREFET HEMBEOKRENF A VHOERE a ICHTHIREL,
k=0t ARAZLENTELDTH A,

HEDOk RO T ) VYOI INF—hEET 5.
M29DEHIZLTpHEHE p+1 HEHDORE V4
AELYEZEZHE, ZRE 8 LDHE 0L, I
BUILHE A IKET 5. 0ldhikE~ S VRIS
LoTikEY, o3 AE UMY a & LT,

27
o= —ak 2-52
(/?,/ a) ( )

TEOONG. [ 2-9 TORMEMEREIZLY, p
Ep+rl A VEOAES 1T
cosd =1-2sin’@ sin*(p/ 2) (2-53)

b, COLEZONRWMEERU,E, AECH
DAFERSIZTRHV-Z LX), ZAVF K
&L B, TOIFRIVF -GG AU, 13(2-45) X Z H\W T

AU, =2NJS*(1-cosS)=4NJS sin*@ sin*(p/ 2) (2-54)
TRENL, YDILO=0L L, DT T /v 1EANRRINZLETELE, BTG,
HONEBHREEIX

NgiyS(l-cos@)=[pn  T721E  NS(1-cos8)=1 (2-55)

X 2-9 BEEAY oMM ME.
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%28 VRSB A AR Bl AR

Ot/ EnwE LTRAYTAE

o2

TROLND.

Ng,uBS NS
. 25X E Y, 2560 2-5shHRKICANS &,
AU, =8JS sin’(ka/ 2)

L%

(2-56)

(2-57)

185, LA o TR H, Pz hlfich oL &, <7/ VRI FLE—i3

ho= gu,H, +8JS sin’(ka/2)
H,=0DkL & D~<7 ) v O5HERZRT.

E b, [X2-10 12
BEED~ T ) i2onT

MH 2JSa

TIEER-58)AEZER L T

(2-59)

HH0IT

%@Lk (2-60)

M
ﬁ@%ﬂé.T&b%,77/7dﬁﬁk®2%K
BILTZANLF—=DEHL 25

it,zfy&ﬁﬁﬂ¢%ﬁét%,&§°ﬁuf
RIFTEALD IR ICBREIX 2o < D), THIC X A K
BISAE Y EDIANF — I EE G2 5. ORI
iR BE LI EORRD Lk 2FOWH O LB
HIERD X ) 1I2EE 5.

(2-58)

8JS |-

0 r/a
k

X 2-10 H)=0D L XD~ T /)~
DI FR.

2JS
SHy

i ﬂ” T

N, & z B OREEGRE, M, 3k

SRIRALD 2 T, —N,M, D 2T F
MO ERT. £72, pldk L H, D
HTMTHL. BRKRABICOVWTOD
Qéwf%T¢&I241®i5‘&b 2 ZI YNy F
210 CRLES v — TRBBEE oM 6=0
Fow s/ V%, REBGMREEET HFZM‘; R % L 72
- 5 e il . 3 Y &0 S Eug
HTritkb, S FHEEHO LS i
S B, RPN b AR !
HIUINY FIRICEBE52, $12% 0 L
MO L SN AR CR D, B oy kR o< 7 2B

W, BEME~ 7 OB
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F2E MY L ERERER

k=0
p i \ BTEE
BRLH ‘ / e B
B k#0
T/

X 2-12 ~7/ ORhE-BRIIBITE T AIVF—Diih.

WCHBET A, K 2-12 1213, EREICL > THlifgE~s/ v AR LZFZEOZANVF -0
HNERL TS, BEKICEE~T VEIRIZA BOTO8H5. ADTOLRAIT—f
B2 S RBIC L o Tk=0D< 7 ) Y2 bbb, ZHUE, R Thkz20D~<7 /) Vi
olzl), B, BESHTHL 74/ VROIFIVF—~NEEHRING, ZL T, 20T
ANF—IREN OB LIRIT T —F, ATHEEZ WS &, BHEkz00< 7
J BRI E NG, ATRREE L, RESCEAR T EDOH A5E1281F 5 Larmor [1#L
TIRERE—A Y POHKERIN (2 855) BOPEET 52 L 2FAL, BRI RS
ZEEL, EEk20DT T ) VA REXELFETHS.

EZAT, ZOLHIBRIANVF-ORBTIZBVWTE, TAVF—-LEBEaEIREINS
VENHLH., TNEHTRLIZOMNK 2-13 TH5. eI hi~r/ s ifbo~sr /i
BT HLE, EIANF-LEHEIRTFEINLLOOROBEE ORI~ T~
DOFEBETHE. M2-13@D L2, TThk=0D<T/ P2 LNEEEICE, Fh
T ANF =IOtk <7 VIHET A, H 2-13(b)IR L7 AT CERE k20D
TV EOLBERIZY, AMERED 12 DTZRALVF—Crk, O DD T ) ViDL
570t A%EZNUL, §XTORFHIZGZT. T2, K 2-130)D%E, AFERED
IANFE—REZDD, NS H, 25 ThA Rk 2o~ T ) v DL BT
ENTES, BIZIX, H Z2/NCTBELRT )N FRITPLDL, ARLTCw, /20
T3 kDOREV DER D,

DFICEBROBEETRONLRERN <7/ VBB L TEHB 25 THET 5.

(@ SEBECGER (3<7 7 Bk )

X 2-13(a)iZ7n L7208 YIG (A v M)Ak — % v b) RETHLIFARSGR

TBY, REMGBHBARO—2OTHLH, ZhOFBERE LTEHRARELIFENE D

bbb, 0FD,
k+k’'—>k" (2-62)

B TOaL AT, KITFAHETOL o7 kF0TF /) v T E, KIZ$TTIZEIICE
REANTWEYY VT, TABIANTF—EHEETFAZTCE LIRS ) %D
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X 2-13 k20~ 7/ Vb,

Kb, 2070 ADOMBMBFEITIRE T 8 kB34, 5208, Stz _—o
EL 3D T ) VT AT ATHADTITY ) VEEEbwbiLs,

(b) 4~7 7 B

A= T7 7 UG TAEYT ) VEMBREOZ LR A< T ) VBERE WS Fodh TR
EWRDDIE, Zo0k=0~7/ Y EHELT+k R -kD<T I 02D HBETHA.
CDEXEFOLENIZoDRT ) b k=0D%T ) V- ITRVF—|IZHE LA,

(c) NSRBI B2~7 /) vk

AR RIDOAREEN D A L) 256, BEEIXZOABAIEE TS 2
CEIZEY, TANF—DARIPRET L L) BNI»HE. REXNLZDDIX, k=0~
UBFEILZANF—%2E-7k200 1 O T /) VIBITTAHIDT, 2 %7/ VBET
HbH., 7274 MR YIG TEEHREZZZAZLICED, COEBIFELLFARLNTY
5.

d ~7 7 r=7Fx/ UM

XTI ANVF L, BRI TRE, $hbb 7+ YT S, LaL,
BEICEoTidae—VLr a7+ /Y, $hbLMETRELETREEBEIELILLT
5. 74/ Y EOMEERICET 2BREOPTRENLZDIX, 7/ =74 ) V=
WL BBMOMKTHAL, <7 N FPIZBATLIOICHNL, 74/ - T4 NLF
— Ik ICHBITEDOT, ThERBHLIEHRICBVWTELLHEEEHD. 2L T, BHEzER
BZEIZED, WAWALBEHTOELZY 2D AIENTEL, F0OL ) BAEIRE
Li, FXTR74+ /7, T ELICIANT—LEFHENE L VAL, Mo &
DSBHOWOBITBES kD, Lo T, KETLHHEBTIIRT 2RMBAIEL L
b, %7 ETF ) YOMEMERZERBMEEARTOMON TS, FFIZ NI TIEER
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BEPESENS L IR0 B, WO X C > i & BEIENE & AR AR AR IS & B IRHATR 5
5.
() FHMMAVY L 2E&LRD<T ) VB
ﬁmﬁ%7lumﬁ¢’$ﬁ%157ﬁlék <Y Y ORRRRIE S b I
S>TL A, FO20, HM¥LWE AT, MBS AT o TWAWL, S0k
D RDREITERY, & I C=obE, i, T4 SRR Zoern
IEEIMEFARBEDOL XISREXLVDT, Fe E Ni D751 bRE, LT FP g
YIG SETROND. b —DIEARH R ¥ B AR O B AR IRS) 5 & FRRE
DEFIZEL, YIGIZTo 2 ED & ) BRIEFICECEAREM 2 FORAE V2 ANTHEICR
SNB. HIBEOHLFMY A VEHEESE L, #E0FPEVE X ICREE 250D T,
EE b, A& ZEORMN, %EZEROEMEFATXRHLZ) T2,

2.6 BRI
2.6.1 JSUBRMEEHEAROBKEIEE [2,6]

021 DEFAMRTHRLAL DS, KEREERTR, BY &) A YR hBhCET
AR, —fRICIIREERFRE, T4 5 Neel ImELLTFTH, AR EINWERE— XV b
XU THA, FOBREEROFTE ALY Y OEF|OMFIZ X - T, easy-axis i, easy-plane
B, GREARZEIZGTONE, EMLRYWHEE L TL, #E&FETIEIRIL= v 7 VY NiO)®
Wb~ > MmO e EDHITOEND. B, TNLOBRIEWIZBEIT AHEEH ORFITE
THWHEEHTH S, ZORGEREICBIT 2B EEROE 2 Hi, BTIRICES$
BEPOAE YD EIZL o THRSIFEPSHBEINS ST, SEETORBMEIER L
LU THABA, BEEARTIE 1 BEOA F VB HTO0RIRF I T, FN5H08
HWIZIZIZEASHRIOAYE v %o TRLZ A, MnO 2 BIZHBET A, M2-1412H 5 L9

, — D Mn(AEFDOE503d#EI [7 2 boBAN] 220, RUFMERVAA
¥ /75 AHE N TW5E, HIRT 220 Mn
BT hka S REE R THERT i;

D 2p BEO—D75, ZNHD 3d BF& ﬂ?
b

LS ETRR T A7-0121%, HhA%

MLAEVE L THETHIULEVPD 5. 2

37, COBED pHEICIEL ) DD

BFHIFEL, T 2-14 [TRL2 & <Ma(A)> M) >
I [2%7 ) OFHKIFE] 25FoT, —H £ —a

@@@}thméth/& b, FD A;:ﬁ:@g

WHEAEY 2p BT) 25, bH)—HD

Mn(B)E T & (L5 #5 2 BT 2 7212 R2-14 BERALERORSE.
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&, MaBYEFD 5D 3dE FIE, O 2pEFLHMELLDUENHL. ZDLHITL
T, BEBETZRZATHEE TS Mn 8+ LoRY Y Flandhimzmd 2 &2k b,
PR DRGSR R S 5.

2-15 12U — M 89 7% POBRREMERIC 51T 2 BHLRORBEKFE 2 R, ML Neel HE
TNnTHAKELE, BBMEEE TS INICBITAREREF o) — e CcL LT

2C

A= T+0 (2-63)

ERTIENTEL. 9/T, DERMEIL, F2BBOMEMEHN £ 2, BB FO—KEINZE
FaZBETHILICEoT, SiHTLI LN TES, BINTHENOMEEN 25T 5
TFHRM - EATHIELIZLY,

0 u+e

T, u-¢
E B, p 3BT OEE FRAL L OSSR EMERRS IS B 2 5 THFRERTH 5.
FIINEESS 1L, RE VML PTG a L BE LB ERH D DT, Neel RELTIZBITS
BRI AV # LSO F IR & ORIBRIZL D, FATHILE y, & BEBMLE v, 125
Fohd, y BBECLLT—ETHE. gy, OERIIHY & I RBAE— A > M 45}
W% Hy & SHBAH RS Hy OFHy + Hy O 720 12 & & I B0 L,
¥AT%E— A MEH -H, % 1&L
TE-AYMOELSRZHMRT, T=0 i A
Tl y, 30 THY, HRRETIRRE N
BT 2 ERT 212 L7285 > TS A | o
W 5. 7, MEBOL LT, A 2N
VRGO SREPOEED 5
FEEICAEREWICEDS, 2, Fl i 2
BREOHFPALE Y ROI R F— K - - > T

— O N
{BBIOIELLHBRT, A¥ 7O ‘ ‘ d .
v THEBLIIND, [ 2-15 ERBMEAORILRORERTE.

(2-64)

4

262 PSRRI [1,7-9]
MO~ ROERBEEARIC B A BRLBHE 2 HRGHICE VLR T 5. ZO0RIET
M, MylZOWTOEEAFERIIN=7=SVELT
dM; dM,
dt
EETSH. H, HyZENEFNORIKTIIHTE2EMERTH Y, z HHOITRES H,,
EHVRSS H, R U555 % q x BT,
H =H,+H,-qM, (2-66)

=7[M1><H1] ) =7{M2><H2] (2-65)
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H,=Hy,+H,-qM, (2-67)
LREDL, ML, Hy i3 —z HAITHD., ThER-65RIRATEE z HmD%Eft
TEHTET,

9 g, = (Ho+ Hy - M, )M, +qM, M, (2-68)
%MU =—(H,+H, - qM, M, —qM M, (2-69)
%“’MU =(H,—H,-qM )M, +qM, M, (2-70)
i‘ﬂsz =—(H,-H,—qM )M, —gM, M,, @-71)

Lk, ZZTHRMEZ & L L, PEREEOMMEE), $2bb, M M <M %

RETAH., LT, 2-68)~RINRDEGTRLL L,

%SMM +(Hy+ H,y —qM,, )M, +qM, M, =0 (2-72)
—(Hy+H,—qM, oM, —25M, —gM, 3M,, =0 2-73)
Y
iw
qM, M, — 76M2x +(H,—H,—qM, 5M,, =0 (2-74)
_quzSMlx'(Ho_HA_quz)Ssz_l—a_)Ssz:0 (2-75)
y

LTEL. RO M, RO M, &, SEESD 0 DL & DRIEFEIL Mo 5, x,H, /272
FHEBLTWEHR5,

M, =M, +Z—”21L-I£, M, =M, - )://2110 (2-76)
THhbh., LIzhFoT, Hy=qM, 55 &,
gM,, = H, +1(L)HO @-77)
2 V4
M, = —{HE —i(L]HO} (2-78)
2\ xy

b, ZIT, g =1/gEHVTWA., (2-72) ~ QTR S EARE) 2 &0 51757
2L 5L,
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B . H +H,+H, 0 H,+27 g,
b L
(W +H, +H =N —[H + 20 g ] 0
( A E) y E 2. 0 » (2-79)
0 —[HE+-*W HOJ -
27, y
H,+ 20 p 0 —(H"+H, +H,) =
27, ¥
b, 2L,
= Ho[l—ﬂj (2-80)
27,
ThHhb., ThixfiEl L,
2
R 2HEHA+HA2+(Z” HOJ iHOLI—ﬂj (2-81)
M 27, 2%,
Y, MNEETIEISDI Iy, 250 LB h5,
o/|f}=y2HH, +H,* +H, (2-82)
bL, ZLOBLBEZEITHHLHIC, Hy<<H, THNIT,
o/|))=2HeH, +H, (2-83)
AL <
HE]
“ H,
\\\ IHO k\\ MI IHO
Ml \ \
\ AY
\ 6, o\G
\ N
v AHA 4 H,
\ \
\ \
H, >, B,
v\ HY ‘\
\\\ A \
62 \\ 97\\
Mz\\ \\ M,
< 3
Hp, * Hg
. - [2H,H, +H, === \2H,H, -H,
¥

[X] 2-16
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LEIFD., Hy=0TMBLAZOOE—-FDH 5. T/, BALOBETOLIZIEHOE
BThHY, HVEETELEEEIM EMIFITTHEH, HPERTHLEM, &
M, EENIALEL. ChEDE—FORTIRK216DL)I12%5. 0,00 LVEVE
B EFODIE, Larmor MERIZ K » TER S NIZARERTE — A PAEIH TS & X
XHEIZTE, Zeeman TANVTF—%HTANLTHAH. M, & M, DT, 20, xy
HHTOIRENHE LS SHFRICESLZLDD, o Mo €— FEb H IZEEZ R
BeHET LI LN TE S,

BT, 2 MMBRR L EOROEBHERE IOV THAT S, BROOERI; 1T
N7z CuCl-2H0 Z I UH E LT, 2 itk (RIAXHR) OBSREFTMEE RO KORB MR
0%, T, TOLIBRERARDLILICLST, 18HTRIESZY Liadholznl
OhOUWEIHENL., ZOBE, ML M EBEHR) LD b, ZOMEEDN

M=M+M, M'=M -M, (2-84)
WEREELZHPBERLTV. 2-655R%, M ERUM TEITRIZTH L,
ldf (M H, )+~ [Mx(HA1+HA2)]+ [Mx( —H,,)] (2-85)
4
LAM (v (By - g M)+ LM (- B+ 2, + 1) 286)
y dt 2 2

5. 2T, BAWENM RUM 128D L) A hEEEL, ROBUNEET 5
ELTESEEDE,

K=K s+ mrem)
0
D5z = [Hx5M]+ 1+ (m7sm?+ MM (2-87)
4 | 0
K 7 ’ ’ ’

- 2Ml(,2 (MM +M5M°)
i—“’ﬁM’:—a(M—'If")[M’anM]—q[M'st] (2-88)
4 0

LT&D. L, M REEET OB, K (j=12)3R8NEH, a=1-4,/1.TH
B, TORXREDEIZLT, W OPDOBEREZL, Ay 7Oy TEHEEBPELALED
W, T hbbEEAEETYH. ET5.

(@) H,<H., H,/l x®O%&

MM CTHOBLESEMTH S xBZIVTBY, BMRENIL yz TAICH S Z LI
HoPTHD, $12M,=2M, M, =M/=0%EZZELTE87), -8z THA

EEIZRD B &,
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(ﬁ] :%((Haz)Hoz+cl+Czi\/(1—a2)2Ho4+2(1+a)2H02(Cl+cz)+(cl—cz)2} (2-89)

L%, ZZTC =2¢K,, C,=2q¢K, Thd. ¥IEETIE, a=1Th0, £72, C =¢,
ET5E, (2-89)Rik

o/ly|=J2qK £tH, , K =K,=K (2-90)

LD, REWHS K/ M,=H,, RBHAEIERBSES H =qM, L T5L, 2901k
@8R E—BLTWDHZ Lbnd. 72720, QIORITLH, << H, ¢ LTEHINTEY,
BAEMOEEEZEET DL, 28YRBITHa il “BH- T,

K K
a =1-|qg-—1 ,  a,=1-|g-—2 (2-91)
1 ( 2M02 }/// 2 [ 2M02 Ve

Thsd. —FH, C kClT,

2 2
K K
C =2gK, +| —- . Cy=2qK,+| —% 2-92
1= 448, (Mo] 2 =448, (Moj (2-92)

L7220, CIORITH=HRITQR-8)KERD T L Rbnd.

(b) H,>H., H,/Ix#DFE

IOBEIL, A7y TEBICL > T MiZx#zmaTn508, M iZyshzn o
L, BRUOH, ZRKELTHZONTM T7b5H2Mccosb (01X M, L y BT ) HED
LT, ZDZLaERLTELSORESLY, TOERIREZ KD &,

2
[%J =(C,-C, kos’0 ~(C, - C,) (2-93)
(H, << H)
2
[&J =H,>-Ceos’0~ H,'-C, (2-94)
¥

LB, 0t kDo, T— FOKTFER 2-17 17T, o, F— Nid x HFEORKDDIRE)
T3 LR, yz @NTM, M,REBENUIEEEINEEE x @EFLE L EEE

o 0 n

@ W E—F (b) w,yE—F

2-17 REEMEA BT Zo0EAE— K.
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Bedo0I8L, 0, FEM +M, B3PS EEERBOL I x @OEHbY
2T HE—-FTH5. @3RN THLD» 2L )T, H << H OHBEITIIEHIC L
5 —ETH LA, WY T CIRIRBEEI L T <. &8, 1#ERIEOL A o
30ER5.

() Hy/l y, H, Il z8D%5E
FREGE D RNICE T, H << H, OBEDOBEIRDOLH T4 5.

2 2
H /'y : (ﬁ) =C,, (&] =H>+C, (2-95)
4 4
2 2
H /7 : [f"l—J =C,, [ﬁj =H+C, (2-96)
4 4

PO LIS L, B - WEERE IR LD LEETH AP, H)=0DHE13292)
RO LC, TEEHDDIANE —hay =|C,, hw,=|C, TH-T, ZD=DIC

EHTWESKROB T4 B L Z2RYDIT 52 EHTE 5, o=@, %5 1 P TE T A
IEEZTHY, 0=0, o> 0% 5\ bd5 easy-plane RO EHHETH 5.

263 st~ 7/ v o45EMEE 1)

Z TR, POEEEY 7 Y OBk, RUTESRIRICOWTRNS, UEWLRX
SERENEE — F-82)FUH T B KEHRIR & LT, BHBALT NI 5 ESHIREN,,
FREBELRFINCN, 2 IRET D, HME B2 H % H-NM+M,) ICE#L,
Q-65RXDH,, H,l2FhFNMEATHE, #HEETOHBERL LT,

o/ =\2H \(Hg + N My)+H, +H, 2-97)

PROND. THEEFRGS b Hy & N My BN S 725 ) BB TALZ L
ZRLTWAS. N ZALLRV, X7/ Y Hk#0DHEIZD\W T Loudon 725 %% L€ —
FIZOWTEME LT, Y MUk ICEELFEE M, =M (0) ) BB H
e L CEHEXEEL L,

d;”l —y Mlx{H0+ HAI—[ﬂJ(HbZW)MZ—“—’;(k-ML)kH (2-98)

t M, k

dfiuz =7 MZX{HO“‘HAz_(ﬂ)(l-kbzvz)Ml—‘l_f(k'Ml)k}] e
t M, k

Lh, 22 Th=a/VZ (a3 AY VB, Z3RITHEALVE) THY, M+M,)D
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HEEIT M | 5 < 5 s 3, AR OREOHED L HI1TKSINL, T OFITHEMEIZ %
BB, RDEHIZhDB, 12720, 0IZACCESMEkDRTMTHD
(@/[A) = H,) + H +2H H, +2H,"b*k* + 4z2M sin®6(H , + H bk*)
tlan or v B v 2H,H, + A sino(H, + H b)) (2-100)
1/2
F167°M, H sin*6(H , +2H b )|
Hy=00Dk Z2iZ, )P LMEHIIRY,
(@, /7 =H,* +2H H , +2H b*k> (2-101)
(,/y) =H,” +2(H, +H.p*k*\H, +42M sin°6) (2-102)
THAONE. o \ZRXESEP»S K BEHFALZV, T, H2-16 1R LZ-DODE—
FIZBBF5H0AS EEVICHEEL, o, E— FCEFICEkEM PFERTLLH)IIIEET
EERBRLTVS., #lZWE, REHORMELY 0, T— FIFEFRA-TVWEI LIRS, 6
bEETSE, 0, E—FE~T /- NV FEEERTA. ZOF% K218 (a) IZ/RT.
72, CORICH ZPITFZLEDBDEK 2-18 B)IT/RL TV 5,

waly
o)
(r)/lY[ (Ud/’y(gzn/Z) (U/IYI
wnly
VH (H, +2H, +872M ) —>
H,(H, +2H;)—> wa/v(6=0)
0 P . 3 -
& H=00Rs (b) Ho % 0 DL

X 2-18 [sifEtE~ 7/ v DNy R &R,

264 HHAES 7/ ¥ OBABIE & BEHO LD T [19,10]

KR 7/ 213, SR 7/ > X ) b BRI o d R L <, 2 OBABSI
B 5T b SRR 1= L CHEILC W 2 2, A2 2 J5 BT L Tl 2. B 100
KRt~ 7 7 > DT 5 v F5 218 () DL 12Dl 52 b, FOFATE
BIE B k20~ 77 v OEEE, ROFOBHNEEH LY LIES. X2-19 17T &
k=0 EOTHC AT AN F—OBHREE ST, <7/ Y520 B, WFho#
O ANF— L EERIMEEEINS. BEEROREEEREY, o0~ T ) v T
F R B 2 SR BB SN, KRB 7 ) > ORATHS % b T 5 i &
L T, H.J. Gerristen & M. Garber %* Bloch 52\ W /- Blam 22 L TV 5 ([11]. AHF%E
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Xl 2-19 BOEENE~ 7 7 OFATIRIC L B~ 7 7 R OB,

TIEBCGRRENE~ 77/ >~ O % W [ 38 CEHEBI T & 5 2%, ZE3CH11]O P O RS
AR O BRI BBEAEE L L TEH 2 5N T\ 5 72O ARIIZE 0O FE R B O AT 121358 & 2w,
ZZTLLG FERAH ORI~ 7 /) v ORT— A~ P OBMZ L2k 5 iR
NEMBICEH L7z, FElZDTFIORT. X 2-16 ISR L7 ORgEHIEE— FE2K> 2o
DEIMETEFVIZ LLG HRERE@EH L, k=0 @~ 7/ v ORAEEE 2 EH T 5.
ZOLEREETICBIT A ENETNOELM, UM, DFREZEALIZQ-14) 2 AW TEB
T&5.
Bl z1E, M, D x BT ORI,
ﬂz&:ﬂM“Hk—MﬁHH%JQ[ Véﬁg_Mﬂdwhj (2-103)
dt : ' 4 '
Lh, BABHOMEINSVERET DL, T N— MEEEHTO z FAERE— A
b M, OEFBZEEASIZE AL L (dM Jdt=0), M, HSIZITER (M, =const.) L TE,

M ,
dM . ZV(MHHl,-_M1<H1\-)+iM1-——L (2-104)
dt yHig 2, ¥ 4

L&A, 7272L, H=H,+H,+H,=H_H H) T»5.

LEo L) 5Ebob L, Gk 1 OBEE—2Y MM, =M, .M, ,M,), BT 20
RAE—AY N M, =M, .M, .M, ) ELTzE X, MM, M, M, |22VTDLLG Ji
BRIIKRO LD I2ET 5.

— M ,

dIZ“ =V(h:+H0+HA—qM2_)M1\, _‘/(h\_ _qMZ\')M1;+ﬂM1. = ly (2-105)
t z : 1 ) z ;

— dM, |

dA[/llz,\. :y(h_+Ho—HA—qM,_)M,‘.—y(h\,—qM]v)M7‘+ﬂM1_ d-.\ (2-106)
t : z 2; ) ) 22 2: ’
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aMm
TU = _y(hz + HO + HA - qM2z)M1x + Y(hx - qMZX)MIZ - ﬂMlz dlgu (2—107)
t
am
d[zy = _))(hz + HO - HA - qMIz)Mlx + y(hx - qux)MZZ - ﬂMZZ dl:jtzx (2_108)

SITR=4Ly, h=(h,h,h) SEEEOZNRES. $72, Ho=qM, =—qM, L EL 2 &

5. 7, BRE— XY MOKHELT & L LTELDBRMS 2 ETL, 512
e Hy RO h % 0 & L CT(2-105) ~ 2-108) R 2 #H§ 3 .

[iw(l+ﬂ2M12z)+:ByM1z(HA +HE)lM1x = V(HA +HE)M1y +yH M, ~ fyH M| M, (2-109)
lia)(1+,b’2M221)—ﬂyM22(HA +HE)J1Vsz :—y(HA +HE)M2y ‘VHEMU +PyH M, M, (2'110)
l.iw(1+ﬂ2M122)+ﬁyMlz(HA +HE)]M1y :'“V(HA +HE)M1x —yHM,, - pyH M\ M,, (2-111)

liw(l"'ﬁzMzzz)—ﬁVMzz(HA+HE)JM2y =y(HA+HE)M2x+yHEM1x+ﬁyHEM2zM1y (2-112)
M=M,=-M,,, A=io{l+8M*)+pyM(H, +H, )& L TREATHI 215 - 783 2 £ L

A ByMH ¢ _V(HA+HE) ~yHy M,
BYMH A yH Hy+H )| Mo | (2-113)

V(HA+HE) YHy A PYMH M,,

yHy _V(HA+HE) ByMH A M,,

COFBEASBECO SN OB EFRESDORCI)ROBREIZ L 275X 22 & %751
THhh.

A PyMH - —y(HA+HE) —yHy
BYMH, A yHy YHy+H) (2-114)
y(HA+HE) yHy A ByMH
yHy _y(HA+HE) ByMH, A

R-114RE D, BRE— A POEBMZILOBEK o 13,

o MPHH, + He)+ 37 (sz +22HAHE —~M*B*H}) 2-115)
1+M°p
Eleh., 2720, B0, Tibh, BEEHIFSLWEEAICIEE BT 2RAL TS,
$72, fA0BVTd 0B LTWA.
ZIT, o B—RICEEH LT, XBEAEK o, BREERI LT,
w=w,+il’ (2-116)
LTED. ZOLSHAE—A Y P DBHEIZ ™ = ) = o™ .o 12 HBIF 5 & BU
TWADT, BEE—AY Mlexp(-It)=exp(-1/7) TRET 5. 1132 OHE OB
2RY. DL, QUSHNTHEZOND 0 DERLERHE FNEFAIY BT L, BT
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$F28 EMEICEY 5 ERRER

— A ¥ P OEBRE S w, LB 2RO DI LHTE .
oM
MBy(H , +Hy)
. WWH: +2H H, -M*pH]
o 1+ M?B
BTOHEy R LI, EDIWCATHLOT, 2-117), Q-U)HXITIEDEE LY, FEIEE
V. LA o T, ZOFBMKEH Tt % FOEBMERIC BT 5 k=0 DEEME~ 7/ » Ok
MEALTIENTEL.
KIZ Jaccarino & 257K L 72 BUBRETEILIE OBRI A U A HIED HRIR & b v ) XX BEGHRE
(radiation damping) (2B L CEHBAT 5[10]. —#ZICHBEH T TIIERE— X ¥ F2RE) L
TWaBHhs, H#RBEIRTHREH L 2 E#EEORKE GEHIZRETTHET %) 25
EBHZ D, EBRETEA (easy-axis ) 12BIFT D AN F—U™ (stored energy) (%,
UNMR=9> M, -V(+H,+H.)(H./Hy) (2-119)
LEIFAH., 2T, VIEGREMEE, H XY, HoISSREY, HOIERESS (R Y
L0y TERAR BEM), M, ZEBTRML (BEBTTELVETS.), 6 (6)i
rmEx (FmsE) BT BIEESMP 2 TATH S.
F7-, AHZEICBI ARSI L 5 T2V ¥ -85 dU /dr T, BB D7
hprlLT

(2-117)

(2-118)

o pe-Zakm (2-120)
TRENS, ZIT, cl3HETHY, LIIBEH M FRE L TVWIHEKE— 2 o (K
Befhe LTo) G Ths.
PEHEEAR DS, sin6, =6, sind,=6,, 6,/60,~1+H./H,ZH\5&, (2-120)2Ui3,

dUdt = —§Ck4V2M 2(sing, —sin8, )’ = —%Ck4V2922 (H./H.) (2-121)
b, Q-UHRE G IZOVTERL, 2-12DCAT S E,
dU*™  2ek'VM  (H | [ APVR (2-122)
dt 3tH,+H.) | Hy
LEREDL. EBHERO LAV F—%
YR erxp[— LJ (2-123)
TE
E¥hE, TARIVE—BHEEE 1, BETRERBEALZEDTED) T,
_3(H,+H) (Hy (2-124)
B 2ck'vM, |\ H.

LEFL, MEBSDED (H,=0) DL &%Ez, 8612, ARNEKo=ck, H, =qM,
(q 35 FHRE) HwsE, 212438,
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H2E RMEICEEY 5 ApEEER

_ 3qc
V'

(2-125)

b,

2.7 BEEOPUBHET [12]

2.7.1 Hertz"X7 bV
TR, BRE— A Y N OIRENC X HERIEOES, ThDLBAIUR TR

LEMRPEGRICOVTHHT A, 2072012, BHELETERSEBP, BMROBM IZHEY
DCIMORT oy VBB I, N, ZHVTHEZELEBRT S, ThbHid Herz N7 MV E
721%, 3RRAET 2 v )V (polarization potential) & \Vybh 5 d DT, KROERIZL > TEA
SN5s,

A=L11 +rom, (2-126)

[5

6= —divIl, (2-127)
AFRZ PVRT Uy evnn, G EREICOVWTOREDO RS MVEETH A, ¢id
ANTG—=HRF v heww, BEOAT I —BRTHA. I, LM, BA L ¢I2H L THD
BB, P & MBS e & B IS L THOBGEE AL Th 2.
ZHLHTT AL, Lorentz &ff

divA+1=0 (2-128)
C

FEHBMICHE SR, T2, Ak ollTAERR

| G 4z

Via-—i=-2 (2-129)

V2¢—c—12¢'5=—4np (2-130)
&, I, &, At

VL - i, =4z P (2-131)

VI, - L i = —daM 2-132)

C

ABFEFERIBRALMML S 2 TR T S, IhHOHEADORIE,

I, = j[ﬂdv’ (2-133)
R
_ Ml
I, = I—R"V (2-134)

LFERTEDS.
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BaRTARZ PVIE, I LN, OIS L ) EREFTE S,

B= rot(lfle + rotﬂm] (2-135)
c
E= _i.i(lfle + rotl'lmj + grad divIl,
c dt\c¢ (2-136)

= rot[—lﬂm + rotﬂe) +[V2He —Lzﬁe]

C C
BELSNE., 72771, BERX grad div=rot rot+V VT WA, 2-13DF & 1) (2-136)7 D
2EEOIEMOAIL, 4P 125 U<, D=E+4nP XV

D= rot(— lI'Im + rotl'[ej (2-137)
C

w84, F72, (2-132), (2-1353, ESIIB=H+4mM DK LY,
H=r0t[lfle+rotﬂm)+(vzﬂm— L I"Imj

oz
c c

(2-138)
1 o0 1, .
=——| == I, +rotll, |+ grad divIl,,
c o\ c
PRONE., TOLIRGRONIEEZEBTAI, LI, 3—RHTERL,
I, =11, +rotF— grad G (2-139)
I, =1, ey, (2-140)

C
LABEEEIT-TYH, BEILBRTHRY MVRAEIRNS, 72720, X7 MVEEKF &
AN T -G,

ViF-LF=0 (2-141)
c

VZG—iZG' =0 (2-142)
C

R ThDL TS, BRIZIBALEHEIE, (2-139), 2-140)0%E (2-126), (2-127)512f8
ATAHEEBLICIHEHTALAIENTES, E512, (2-139), (2-140) L% (2-131), (2-132) 3K
WKRAT B &, T & I, & Hertz X7 P VITH§ BIEFRTRBRZ M I L IAEMTE 2.

272 BERERABTIZ L 55
MEMBFHEr BV THMARZ Mun THRESNS —EHMIEE L TWDH LT 5,
ZD & 5 e BT OfEET R,
M(r,t)=m(t)d(r—r,)n (2-143)
CEHBTESL, 2L, ml)dEMoOBEETHY, §5id Dirac DTNV IEAKTEKRT S, I
e b E-BHOBKTHL L) UL IBTIE, E— XY PRI PVPFEVICE
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H2m HMEICEEY A AEER By

R A3 FIEEIOWBEIURT & EMMTh 5.
(2-143)301C & BREEN Hertz X7 R vid, @-130)RX 2 HW T,

n, = e=rle), _lml)], (2-144)
R R
2B, 72720, REnnor $TOHBETH L. KEEIMIIE L HE(retarded value) % HHE ¢
H. M, =0&n, A (FELUST) BERIZBITAFRAERLWATILI0LY, (2-135)
~2-138)Rii3,
E=-Lrot I, (2-145)
C
B=rotrot 11 (2-146)
&b, B rotrot = grad div-V*? £ VI, =i2ﬂm ALY, (2-146)3NiF,
c
B=H =grad div II,, —-171'?,,, (2-147)

c

EEBENDS, SHICHELRFEZIT) 140K I D,

divIl, = —{@ + %}J}(n ‘R) (2-148)
rot I, = {[';‘e—(_f) + L’Z%tz)—]}(nx R) (2-149)

grad div 11 ={3[m(t)] + 3[m(t)] + [m(t)]}(n -R)R— {M+M}n (2-150)

R’ cR* R} R® cR?
1A, INbE, 21459 EQ-UNNIAT L L, BEEBTAHENY P LVOATR

E=D=rot 1, =—{%¢+%¥}(an) (2-151)

BeH- {3[m(t)] RELO/N [ﬁz(t)]}(,, R)R- {[m(t)] ) [r’ﬁ(t)]}n (2-152)

R® cR* R R? cR*  ¢’R
w155, U506 toBEn, @-15D3, 2152 T IR » L HUMN 2 EH T 5 &

___L [ ’mC) ]

= czR{l: = ](nxek)} (2-153)
1| ml) . 1 9’mlr) i
B—R[ ar }(" “ules —czR{—atz " 1549

ERPTES, TTTeldNZ MUVRDHEMARZ MVEERT S, 20X ) U TE
5 &9 A RENEI S V). (2-153), -15R L) 2D L EOBBEBEHIRRE —
A2 P omle) DRI O 2 B I HBIT B Z &b b,

K2, EL H ZBERTERRY S, nOF M2 LD, iy, i, R, 2R, 60 KT,
w BN B H OB ML ET B E,
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R=Ri,, n=(cosO)i,—(sind)i,, (n-R)=Rcosd, (nxR)= (Rsin@)iw (2-155)
B L, (215D, 21521 Y,
E=E),, H=H,,+H,4, (2-156)

#1855, 12771,

E, = [ [m(t)] + [m(t)]j sin@ A
Y cR* R
HR:zUﬁ£H+Ei?UC“9 > (2-157)
R cR o2 ]

Thb., ZOHEICH, WEEE, 2% ), U256 o8Eh, fiiT /R &L HDAL
ﬁﬁﬁf%ébé%%x%k,@wﬂﬁ

Evzlfezbﬁhﬂﬁnﬁ (2-158)
c'R

b, WEIEBICBWTIRE L HIZKE
EDFELL, EWIZERL, SHICHERY
FMUVREDEZRT S, T/, BIERZ P LO
Jiaj & Poynting X7 MVO S E I —ET
L., FDH, 0L RHEETIE, AT
DAE L S ORI ik Oy AL Tw»
LHZENWNZDL, LHPLEDVL, 4 [
(wave surface) | (r, .00 E§5HEK) O LT
X, SR E, ek T AT bV
DRESIRLD., ZOKRESE, RELD
I KAE A 5 IRE) T Ol % & LD FA~ &
LLTwR, Tabb, REFREoHgE K220 EHAISE—- XY bR7 FLE
ANETAVFE—FHETL 2. FEOMBIRE AU -1 X 2 BRI
HIROWHZMET 1 Bd7 ) g s
N5 T4 )V F—Id Poynting X7 PV OFMIHE § 2 KA EAETHESILZHDIZL>THZH
%. JREHHEHIE T

X

:—|E><H|——IE H ‘ [ i ———sin’6 (2-159)

3

THAHDT, | EIZEKE 2 ##§ 2 SR = AV F—3Efz do L §54 &,

e 2 o 2
ISdO' = im(igz stinzﬁlﬂstinH dé = 2[?—(2)] (2-160)
Jic 62
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2w RIS 5 AR M

m(t) BEEE R o TR TH S L) RENRIEE2EL L. ZOBE,
mlt)= mexp(~iax) (2-161)
EETDH, 2L, m ZIEFEKT, Q16)ROEKRTI m 2RTEHRL 200 nE
H%wv, ZOEE, -158)RX& D, KEFHBICBWTHRBRLMEL ORI,

—iw(t-R/ ¢)

2
EW=H9z—{9Jn%smH (2-162)

C
Eb. bHEAA, QIQADHUDEFM I HEROS 2 RT EBR LT NEE S %
VL BBV, 1 B0 ICERE O BN A Y BB T AT AL E—,

S =L(Q] I—@sinzﬁ cosz[n{t—ﬁj—a} (2-163)
ar\ ¢ R c
kB, 1L, aldm ONATSH B,
FMIT =27/ 0 \ZHARTTHHRELZREBRBICBI ABEES2 L2 L, (2-163)Ri,

2 4
(s):%.%smze (2-164)
C
t&%.%n@i,1@%tbé§ﬁ%@ﬁ?é(%ﬁ%ﬁént)liwﬁ_@
2 4
I(Sﬁgzl.m (2-165)

3 o

THb.

28 WRICHET AT~ 500

WRBDOAF Y, B, ACULREOEHICHETAIMALESLZ L, FEM, Bk
¥, RN, B SEGORTERNY L BRNB I > THHATS ) 2 TE
EThb. ZOLI) LEHIBTIINZODTHDE T+ /¥, TF YLy, TIXEY,
R URE, WEPCREEIELEESTFAEL TS, Fh513, BAEDREHK*
b5, EORBEIIC LN EHET A (T HED. IV BELTHBEITE 5Dk k=0,
ThRbL MBI —RE RO A TH 5205, WHIET 5 EHRE % FIUH 3 ISR
BI28ELERIROND L EENLHESLD L0, EHROGNLBHTEE -
Twh, TIZTHE, BbrHFoMEIcBIT5 < BEL BER S < Y8l OBEHRRUE
B~ v oORhiRE T~ HELC L DB L 2B oW TR B,

28.1 WER T~ v HEEEL [13]

—fIZ, T UEELIEERO ST + ) BB VIRGTIRENIC X o THRERT VL (3
STAE) PEFASNDLILICLAHELE LTHMBTAZENTEX L, BEABRICE TS5
RUBED 7 A4 Y OBEEFRRICE RS S LEATTE B, BRI M OFED 2D
CEZOBRRANDGEL L. WEPHLEETL5E6, EXETE y IRMLOBEKE LTE2
LI ENTE, TP I
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F2E PMEICBET A AR EERG

P=yM)-E, (2-166)
ERED. ELIAFHESLTH L. 2-166)I13HAL M 27EALT 5 DI - THiR b &AL
THIEERLTBY, BALIHEE T 2 EMIEICE T2 A EHE I LATE S, &
72, AL AN F = ho TEIIHET 2 BFREPFET 256, ZOBMRT <~ #l
IR SN D, TR ERBRSA T v Y BELETY, ETIREBICLAREHRZFHL
THEICTH IV HELDE S MBI TREIC T AFHRE L THHVLNS.
BEBEICEVELL POERI yM)DOT 4 F7-BEICLVRSIND., P%

p=pO,pi,pl. . (2-167)
EFECEE, B BEIIE M ICEAEET, B2 M A, $3HIEM O 2 R
TAHILEERT S, BAT v HELICB VT, EE LT EEEEE CE oWmIs
T\ Z bRk REE O, Onsager DAREH L E2EZRT 5 L RO L) b r i
TUREFH 5.

PY =iGMxE, (2-168)
GREHTHAH. ZO7< BRIOST 2HEMNMREL, HELLOREAME & ET5E

& -16|2 B DT, 8B 1 T ORI = FE L BELRER L, 2-168) & W T,

o=ClEsxE.) M|’ (2-169)
ETEL, L RAFRDREFNT, Ciio &oadBEETHL. 2169 LD, A5HE
EWELEDRASEEITAITTH S L) LA T I Y HELIREZ S 2w &b h b,
SVERREGHS Ho Db % & &AL M 13 QORIC L7205 TRAEET 5. Hy A ¢ i
FHATHHLEE, M EERT, M, M IHREFELC, »OMMEN z/2 TEAREK
B ay(=|H,) TEILT BDT, Bt M id
M =(Msinéosa,t, Msin&inawyt, Mcosb) (2-170)
EESILEDTES., QIIHIALM LANTRIG H 2 Th L. 4, I HATICED A
% £2 5. 6, 6 TRINDEEDOANY VT 1 %o 2MR RO AL,
E, =(2+ip)Eexpl- i (2-171)
EREL, Q168N EHWA &,
PY =FZGME sin6 exp[- i(w, F w, )| (2-172)
PEOND. 2-172RM, 6, DMERICL VERELA F—27 245, 72, 6O
WEDVERBET Y FA =2 AP BONLZEERLTWAS. 25D, AREAGL
af LT, EARMREHELESEL S, —F, ERE,
E, = Bz expl-ia,1] (2-173)
T AT BEEITIE, FRIZ-168) e W T,

pY =%GME sin@ {5 - i5)expl- il — @) 1]~ (G +5)expl il + @) [} @174)

FELNE. ORI, 6 OIEIA b —2 2k, 6, OFHRNT ¥ F 2 b —2 Akn 2R
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TNEONLILERL T2, 2F ), ERFELAGHEICHE LT, BAREEELH 4
CAHZ&Tk5.

282 U U< HELOBE [14)

WA A+ HICHRESMEE RS 5 L, 1 2ONF2HILL T 2 o@&?'l;w F v B[RRI
Fhe Sh7-, Wi 2 DDA F AR ZAVF-DRWIREISEER LT 1 20K
FHERBEINTZD THBEIEI L., T L) BRI /\lﬁb‘ct%jz&u? ENhb. w4
YHBRICEE L - BB SR AEWICBIT 5 dd BRR BRI, 7LV IVpiRRT E
LTHMmFP 2L, $70, BAEFREBIZS 2 HERBICBNTIE, A YOREREIZX
ol (w77 7) L LTRRTEERT S, <7 V& ddBRBIZESFIREFPEEL
T T -~ 7 YHFEFIE (7 YA FNY R) AL, 1965 2 OB MnF, 128
AT - <7 YIRIRE LT TEREISNZ, K221 12T A RN FOE
BEBICOWORT. REBENIcES L-BET2 20001 b2 A BETAH. A
FNCddBE, BV A N TCAEYREE (77 / V) PREEICES 2 EX B TEBITART
EI3INsb,

eff

v W > = Z <WbiWkT|V V¥ ><'/‘/a~1«l//vT P WainT>
s AE(y, -v,) 0175
n z <Wbll//kT|P]'//b¢'//uT><Wb¢l//uT WainT>
AEW, -¥,)

<'//bil/’k1“

CIT, PRIERIBSE— A, VIIIESARZGRMENER, AB(y, —y,)dy, Ly, D

IANVF-EEZRT. K22112, Q17RO E 1 HOEBBELAELELZDIDOTHS. KD
BRARZ PIZEZ D SBRIN,-E ’;R}D’Ufu’ﬁ?% AV ML)y BEFNRY T A Dy 1

)__l v,

221 T A NNV FOERER.
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$F2% WY R ER

BEENREZPRIKEBL LT, y, 0BTy, 12, vy OET]y, (SIS HRIOIRMN
HERZENE LTRSD. 2O LIHICLT, JUBBEHOBEY 1 F Tdd BB LAY UK
WA ERIE T BRI L > CTHRECGHERE SN, LArbBRELIRETA Y v ofEls
PRIFEENTVE ZEDHATE S, 2175 T, HREOHEY y, y  THNL 2 v 7
JYBIRERD, gy THIUE 2 B TIRINE 74 5.

FOEREMEA I BT % HFEBHEOBRBIFIE LT 2 ~ 7/ YR H L. EFRIEEICHN
5237 7 YRIPUE 1965 4RI FeF, THIO THHEI S N7z, FeF, D 1 <7/ YIRIPUL, BERM
B BRI L L RGRIEMEIE L LTS3 eom DA VF B IND A, 277 7 VIR
i, 154em’ DA NVF-MEICEAZIBFERE LTRSS, /2, 20277/ >
DRhkEIE, HRRDOA L LTI ELTOEMIS NG, 277/ 5 < HELT 1966 F
(2 FeF, T TERI SN, D% MnF,, KoNiF, 7% &%  ORBMELEW THEI SN T 5.
2 T IR IBELORER, A4 ISR D - TH R THEM I NS,
T VHELIIERIERFEM ROV EDOTH Y, 277 ) VT VEELOATHIER TR TE
INns.

B eEz’1|'//b¢'/’uT><%¢'/’uT v l//al‘//vT><l//aly/vT —eEn,

_ <l//bl'//aT
MAB _{Z (Eu +Emag _El)(Ev _EI)

WaleT>}S;Sg (2-176)

u,v

ZIT, v, W, W, v i3, M22108EEEKL, E, EEHEY,, y, OV
F—%KY. Iz, E,RBYT/OIRNVF—, ERARAEOTANVF-ERT.
22212 MnF, D27 V5 UMELDANRY MV (REE 10 K) 2287, ERIE
WENT 2 %7 Y IRVBELANRY MUVTH Y, HBEIREEREIER %28 L/ H5H
FHEICE B AR M, BRSSO ICHFRE L A-HEOMEER - ER L BRmEtEIC LS
AR M IVTH 5.

(o} X2
" ~— EXPERIMENT

--- NEAREST
" NEIGHBOR

~=EXTENDED
[ RANGE

INTENSITY OF SCATTERED LIGHT
INTENSITY OF SCATTERED LIGHT

Lo\

T80 85 80 95100105 HO 80 85 90 95 100105 10
FREQUENCY SHIFT {cm™ FREQUENCY SHIFT (em™)

X| 2-22 MnF,D 2<%/ »5</8EL [15].
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K223 I NiRICBIFTATY ) VEEDOANRZ MUV THDE. 3lem 1ChHr Y —27id 174
IR UHETHD, 203em ICH A -2 327 ) VIR VEELTH L. TD1v T
Y IRVEEWG A Y —HEMHEE R BB L L TR ENS. 1S V= FIZTY
WT o T=DRLDTT ) THY, ZOEENIREEREHRINART PV ERLT
b, EEE 177 - FOIANF—RERTEZ, REaREMEILERINO & o & HiE
LTHED, Neel infE Tn=73K TAXZ MVIEHEKRT . 2L, BEEOWRTH L7
VT T =Y DORLDT T ) - N, REBERFROLZWY VU ETIRARO T AL ¥ —
ROZENTERLLAPLTHADH., L, I rHELICL > TSI NS 2 <
JIYE=FRTINT =V OBRMEED 2 %7 v ThHH. T rEELIL - T
BEIND 27T/ DEHIRT ) VOBERPAEVEHOae—L ALY S +58E
WISEIZIE, TNELETOEAROEEZ D, 202 L3 TnLETH A ¥V OGFEMRE DT
L, ZOESLINVLEVEEDTY /) v E— FLR3ETHPEHL 20, FROTILVF
—EFORBADE—- FilhoTWnBE I EERLTVS

N,y x(2 ¥)2

"w K (X!)

\v/Pv*\\\{L£L~

PARAMABRETIC «— —o  ANTIFERROMAGNETIC

X 2-23 NiF, DX 7/ v J<  HEDRERI [16].
I1:1x7 /) E=F, D277/ vE—F
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HIE T TV REHIEES e (THz-TDS)

FEIE TFINNVYRBEBSEE (THz-TDS)

RETIE, TNEITICHBEENRTE T IV Y BEREISEI 8 0 ARl 2 A/ 72
EBEBIZOVTHERRS, £7, 7IANVVEORAELHRBIZOVWTRN, 0%, &#
B THz-TDS ORE L BT FHEIC OV THBET S, 2618, KX TEIIHWAERFET
%5%7«»7&&%%%&@%£7i—%7mw77D—7ﬁﬁ®ﬁ£k%ﬁﬁ%%K
DWTIREHRT 5.

3.1 T INIVIEOFA LB
3.1.1 FEEEEH S OF TNV S [1,2)
7IAF@v~w—ﬂwz%%‘ié%?«wvﬁwﬂiﬁkbfi WARET ¥ 7 F
FF, PEAEE, FRELEERDP O OREENH L. FORTRIFFETIE, EEkEK
Eﬁﬂ‘o@??mﬂ//(&W%ﬁ%ﬂiwfwémf, ZOMGHIE L THET 5.
FEARREICT 2 A ML —F—XVAZBETHIET, FORADPST TNV HE
BWRFENDE ZEFHOoNTVD, ZOFHEEUHROLEENNV T 205D TREMRR
AL, PR TEPFEE L TEITFONE, FEERAD DT T ANV EBSTO X
ZALIKRELHTTC, RETOBEFESEERR LOLERAR EPEND 2 RO
FEED 2 OFEZ LN TWA, BERHRIIAS L —F— DEAF AN § 5554 T
@ﬁﬁ’%ﬁ?é@f FEEEEEETIC L ARG E RS IR . FEARTOE
EEBIEERORAEA N = X 0E, S5 ICKEEZBERICL 2HEEF v ) T OMEL

J i )
(a) Drift corrent (b) Lm
< Air
Air Depletion Depletion Layer
) Electron (¢) Conduction band €,
Electron (e) ﬁ-
[ Conduction band ¢, - -~ Suface Fermi level g
Surface state K ¢ Surface state b= _ _ __ __ <
@ Eene Fermi fevel & Valence band ¢
$ Pl 26— Hole () :
Hole (h) Valence band €, Surface
Surface

3-1 (a)n BPSEAAREICBIT B30 FIRE L REEEERKRT (b) p BIY-EHE
FKEIZ BT B/ FIREE & L EE RO,
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FIE T IANYEREERSEE (THZ-TDS)

KT I N—FREWFENDEF L FILOWBEE DB VIZE S 2 DO AHZXLIIHT5
s,

B 3-1(@&miZENEn B p BEEARDORFEFED T AN F—/3 Y FOFHEATY
BrEL, BZBERICLLX Y ) TOMEOBTLEERMIIE LD D ERT. SiEikE
i, BEMREEETLRERY, B EORERERE TR, K PO A5T
DRAEFIZE D E L OREEMAFFEL TWD, REERMIZ, V2 Fv )7 (BFRE
— V) ICX BZEMEMICL o THIE S, BIPHSESRAZNS, o p ) FEfkD
B a8 (MiEF%) FoBEF (EFL) 2B L, REO 7 v IWEMITEEHEMIC
EVIEOSINB I LIlh D, 200, IAVF-NY FEEGEETHITON, 228
AL, EEEEFHAET L. REABHOBS B3, RKE»SLOHMLY x L35,

@:;iJW—ﬂ W= %%&@hng G-1)
THAZONE., TCTC, NEFF—F1R3T7 2875 — LR bAMMIRE, ¢ 328 4K0
HFEE, ¢ 3EZOFEE, W IIKHEZRBOE, VIIRT v v VERE (TI3HT %
V¥ —Th5b,

31 DY) RETEREET L LMERHEICT 25 ML —F— LR EHET 2 &
ke F ¥ ) 7 (BF L IEFDSER SNSE. F L TR SNLBEFRCIELE, EFMEHIC
Lo THAMIZMES N, FUT MEBRIBEET S, ORI 7 FERICEYFIALY
ﬁﬁﬁ%éh%wm.nﬁLpﬂ*ﬁ%iﬁfu7lwsl%»¥—vaw@@w#g T
PVF=NY FOMPLFMTENIHETHY, Z2020RERZBEFIIENISHEIR
5. LA oT, %E%ZE@$’ié%mﬁ#vv7@%%Ki5@mﬁm%@@$%n
Blep BETIIEWISHEIZRL, COEFVTHFEINE T IAVYEOES (Emn,) 13,
DFok)ickashsil. :
mz(t)ocg__j (e =dz [ ule-1)[ e Vor (harde 32
ZIT zIERED S DR, aldCORPURE, E,(RKEEROEMSA, ulZtEhEx
v ) 7 EFROEEILOBEEISHIST 2I0ERE, 1) I3V AORE, 1, idkF v
U7 OREFIRERE, £ 13V R DSEBEF S N R T

— %12 GaAs ° P DB N Y FE Y v 7ORE R FEEROBEIEREZBERIC
L D RGHDTHECAIIZ % B AT, InSb R InAs HED/N Y FF v v FORCEEEROE AL, e
DK T HRAEIEL, RS v ) T OZEMSA DL BN ZIEIZ 2 5720, KT~
IN—FNRICE BRI E 2 5. BT o N—R R L EERP IR IN-BETFLE
LOILBHEDENCL Y, BEHSMCAENTE, BENSLVIIERIBETLHR
TH5.K3-2a)D &) IZnAs FEDOFER TR INA-ETEIEVWBEEL2 OO0
BEFERSELS. COBRECIPREORBER > OBRABTREN L LTTF IV YK
P EIND., ZORFA AL TIRBEBROME L p BIPEEARTH n BIPBEAETH

E
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F3E 7Ty REMEES G (THZ-TDS)

fiw

(a) (b) [y i
> e z

X 3-2 7T 8—=%hE [2].

WA 5 FIE 229 I TH 5720, REBHICL 2 BEBHIEOEEO L 48k
ORI E BT TNV EOBEED KI5 2 VO TH 5.

M 3-2() D5 E, BRABTIZERE SV T WA D, FET LEHEEDE DR
AR AR S LB 720 8RO R I EL Y LIS v C ORISR R
ZEUNT A2 L TYUETE S, EBEMSG T CRBEET ST TN B O @A EH < 72
LT ENMONTVAIS6]. K32 1) [SRT LIS, BHEHMT 5 &, gk chE Lz
BRI — LY Y HICE o Ty HIICHAEL S, 20k SR FEBO b & THRET S
T INVYEDELRD, y, G, BEINSVEEIZIIRD L) ITEUTE 5.

n

E, . Y 2 e\

E), oc ?DSIH(CUC[) = ?ch t= (ﬁ) EDB[ (3-3)
E E e

E: o< ?DCOS(O)CI) = FD(UC = ﬁED (3-4)

ZZT, w.=eB/m* 3V A 70 b VEEE, m* SANEETHL. E (IHEMEC
mMTémf,%ﬁawvﬁwﬁﬁzxmzum%®2%KKMLT%<&é.%%,E§
BT DERAVNE % InAs (m* =0.027m,, 7272 L my \&FET- O #1185 % Fi 72 R0 2 F
ZETHED D LTV 5[6].

KIZ, FEBEHFNREO—DTHERERBFICL > TT INVYEFRFIREZ L
Y. OB, KSVAES E 2o THERINLIERESMBIERT 25K TH
D, 2 RDOIEBIENFNETH L. 2070, BEBRMF L RA Y, EipEZ L2 L&,
FOIEITERREIED b DOICHRTH, TOBFHEICL LTI~ S, 1992
412 Chuang 12 & » THUIE SNEBERR T COEEL T 7V Y EREHEREE L TaISh
TWA[7,8]. BHkEHEE %R 512201 T, BRI RO LB BERRNRICHTKRE
S ) KEIIC 2 B 2 EHIS N TWA(9).

CONERDEIZL BT IANYEOBEHI VDY B EF R IHIET S, AFHED
T (0, 0,) EEBRSINDETITAVIE (@) DEIZIZLTORMBRAY 7o,

@y, = O, — O, (3-5)
COEREND @y, PART S 0, o \[ZHXTHEREIS/NSW2DIZ, 2 OB
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F3I3E T INIVYEEIEESEE (THZ-TDS)

REWEN B, KEEME THE SN DI PG TFToOX TR s,

P(@r, = & - @)%f}kﬁE E(@)dag (o=ataey,) (3-6)

PX(t)o [ P™ (o, )- expliax) doo (3-7)

ZZT VIR 2 ROIEGEZETH L. METENE T IANV YR, ZOSHBORERED
QM E L T2,
9°R(r)
or’
B I VS NE T 2 b ML —F— SV R EAR - 72 ARY R VIE Ao 2 ED. %
BRMRIZE o TT INVYEDPBE ENZ 7201208, d0> 0, ODEBRIFLETHY, F
BHEDANRT PR A0 DIEVIZE, L) EEEECTT IV EORENTRRICR S,
72, ZONRERMRIZE BT 7NV EBS ORI, TV ThD Y TikTED 720
FXFENARET B Z PN T A, DUFIZHIE SN T A8 S5 AKGEEO6 %
/RY[10].

EM(t)oc (3-8)

Epy, = (07730830 ~0.153)d,,  (InAs(111))
E.y, > 0.1825in(260)d,, (InAs(100) ) (3.9)
Eqy, o —0.069sin(26)d,, (1nSb(100))
Eqy, o 0.1995in(26)d,, (InSb(100))

ZCIT, QERESIA, 4, SRBEERTH L. 3905 A TR 7 7~
VY EFDEREF Ty b (deK5) & 21200 AEOEENEERL, DM (100)E
7% b O TIR180° MDA R T S L 0b 2 s, L o, 8% Eysf
RS2 2 8T, FFRBEFRIC L DHERS 2 BT I EHTHTH S,

3.1.2 EO Y% > 7" 7 (Electro-Optic sampling) [, 2]

BB TOTF IAN Y ERIEEE LT, RMEET U7 HRELALSE (BO) BE
VTN TERBITONS., HiERDLEERBTAFIAL R SIVAEZ T — e L
THETANRMEET VT F AL v FIZEN T INVVERERETEL0TH L. BER
TINVIEISNV AL > THFRSINS BORIRERACAY V7)) L FHEETHE. &
HOBIERME AF v 352 L TEHOERMEELMET 5 FETH L. FEEERS
HTHVET IV EOBGRIEOREMEIHME CHTHERIIRE VD, EiRE)
ETLESINILERLZENTES., 22T, KIFEETHWTWAS EOY Y 7)) ¥ 72D
WCHHT 5.

EO > 7 Y ZIZBWTHEL S EORIRIZT TN B & REHITL B 2 RO
HFBETH B[], TINVYEIGE,, ¥ EOFRHICIET S 2 &1L ) pFEITRICR
FHHFEL, FORFENTO— 7 HOREREIZ L > THRIBEN S, ZORLES D%
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7T~V B SEES G (THZ-TDS)

g3

%3

LB T IANLYEEORE X
2, RGO & 238 omn &

ZnTe CdTe InP  GaAs
;GaP |

gund

B LTV A, - ORIEEHE g3;§§ 2THz
AN T v At R R L 72 R £oF il
SRR (T A= 5 —) 12 Br il

Lo THIEEhS, 51352

BRALFENR DR L CFE x b Ho

SEBLDINE, =T B R R I R
HELREDS 72, Thbba Wavelength (um)

L~v/xﬁmﬁw%ﬁﬁﬁ% X33 EO#FHNIL—L ¥ AEOWREMREE 13].

EHWAELENRH L., FDIDH
u7lAb@%ﬂ»x@ﬁpﬁ&%7Aw7ﬁ®mmﬁﬁ%gﬁéﬁh@;wum.@33
& F &F L PSR IR A S S A S O *%%%ﬁ%"f%:t—be%@ﬁﬁmﬁﬁ

%mfnﬂ 800nm VED 7 = A ML —F =2 H\ WA E12IE, MHESENH,S ZnTe
BEINWZ EDbhb. it,aa@m~ﬁ%\ i A &ﬁﬁMW\é<;b,$%ﬂ%ﬁ
XA A, —7, MEAHEV ERHEERE FAS5 DT, HHIEICE L2EAD S D%
ﬁi%%#%é

EO ML LT ZnTe  HHVWTWB EO ¥ v 7Y » FOMAN %X 3-4 IZ/RT. 70—7
tnwz&T7mw7ﬁuﬁﬂif2ﬂéW%m%¢6zmemf<%cmn%§ﬁ%%é
EAREZRGICT 5. 7NV YD ZnTe IS AGHL TW 2 WEEIZIEMA JEEMRIC
STHENE 27270 —=THD PRIKE STRAEDERDPHELL LA LI ITLTHL.

S PD

Wollaston prism

B MR

Ry IV ARIZE S

THz pulse nT T
YGRS DZAL

probe pulse

X 3-4 ZnTe * HHW/7-EOQ > 7)) v 7,
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FIE TN YBEBEESGE (THz-TDS)

CDLE, TATAPYTNVALIZL>THIIONE PIRIEE STREDEELELL S
DT,2D0DT7 F P AA—F2EBERLTBE, FOEGMEFIIETLLL. LI L,
T INIIWEAHS ZnTe ICHBETENE L, Ry FVABIZE ) BFBITRICEREEESE L,
ZORFEDRTO— TSV ADRRREEEIZL > THRIBENRSE., 250, By r VAR
& o T — 73V ZADREREFTREE» SRR 52 TP RS S RE
DHBENT VADENDLZ L 2FH L TERERET 5.

AL THWT VS ZnTe(110) (B2 1 mm & L <325 mm) #FICL T, EOH ¥ 7))
Y7 ERZEEMICEET S, T I AV Y IESQI0EIC AR BE, BERX, Y, )NDE
SRR O RIS A,

1 4 1 ’ 1 ’
(ZT_yMEme2+(_T+7Mam]y2+—TZ2=1 (3-10)

n, n,
LEITD. ZIT, gy, BRAEFER, n IBEOEHETH B,
1/ n?=1/ng" = Yoy » 10,7 =170 =Yy By » Un2=1/n EFEWZ T, 9, By <<1/n}? &

L5 &, EMOMTEIE,

2 2 2
n =ny+dn, n”=ny—dn, n." =ng (3-11)

b, 22T, An=nly,Epn, /2 ThHA. 7U—THiI X,y EREEGTELELLLLOD
T, TOROBIEMME T PREEEE D263, BAEKIZE,
2a14n 2
I'=¢,-¢.= :

= 7”03741”5% (3-12)
b, 2721, ARTO—-TROKEETH), HEORSIEIL—-LV IV ARLIVEVD
DEFTDH. G122, BREIEDO L —F — W EY) By, O H > 72 EO#ESLE BB/ T S &,
XY HEONMEDT OWMAREL 2> TH T A I LE2FKRLTWA, DS EO 55
7R DOHUR I L IR ORI 41 1%

ar

I
CEIEREED, TRTINVYBBICHAIL TR EhD, AOFEIZLY, MELE
DTCEFHBEVPMETESL, CZTHENS IuyW OF IALYEXH 1mm DAKRy bk
Ky bE, BEDKESITE,=100V/im&%b. ZnTe D/XNTF A — % — pn =32,
Y =40x10°m/V, I1=1mm %) &, dn/n=1/2n) v, Em, =~2x107° £ | BEA
MER TN =1x10* &% 5. 4 F LT ORFHREOELEBRINT 2 720121355 » AR A
VEERD,

(3-13)
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B3 T 7)Y EEESEES G (THZ-TDS)

3.2 &% THz-TDS [1, 2, 14]
3.1 TR TF IV EDOFE - Y AT LB SEEG Y A7 48 LTIBHTE
5., 7= IORTHOWOLNL RO X — 7 —50RNZHREZEFTIIARRICLZET DMK
MLTLESD. LaL, BEEESETHWE T IV YO Y — 7 lidBihiEic L % 7

ICHRTIEFEICREVLD, FREETHEV SN EHLIILENTES., K351
ARUFFETHW TV % &85 THz-TDS OREEIX] % 789, THz ¥ — A OfRIFFERR ICHE L 72w
KEZFAL, REZ2EBLLZDTFIANVEOERERE L LOBEDT I ALY
BWOWHKEMEL, MEDT7—1) TEEAXRZ PO, S, THz HOEBANRZ L%
5 ENTEE, TNETIE, [ETTOWN, FEED L VIEFEEREROE LT
B OB R EHRE ) THZ-TDS I X > THIE ST b

ri Y

%ﬁ | I : Va4 Photo diode
InAs [~
Femtosecond ZnTe Wollaston
laser pulse Probe pulse (110)  prism

[X] 3-5 &% THz-TDS.

T T NIV IR ORI = E()}:T%E, Z

D7 =) TS RBEBARY bV E(w) & S}
ORI ARZ PV (o) D5FEHN 5. te | |t

~ _ idw) _ 1 —iax | i

E(w)= E(w) ¢* of EE(r) e dt (3-14) \' i (@) >
RED R CEE L D25 60LESE TR T

E.(®), Elw), iz ZhZN, ¢ (0), ¢(0)
X 3-6 #E#ET IV (2]

&3‘3<&, E;AFFIEJ ;‘Z:T |S() ret(X&O\

M1 7 Ag = g (0)- ¢, ()%kbép&#féé Zh o O OB FEE TR
ii(w)=nl@)-irw) Z V52 LT, RO L) RSN 5.
T =\T(wexp(-ido¢)=1, -1, -exp{— M} (3-15)
C
T, TIREEAR, 1 =2/(F+1), 1, =20/F7+1)IFZFNENER (EZE) 2568
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E3FE T 7N YEREEESE (THz-TDS)

~, HED S ERHANOEIEERETH L. ThE ) BRI,
nlw) = {A¢( )+@+arg(tm-tm)} (3-16)
dw c
o @) ]
x{w)= > dwlnL_tmz} (3-17)

PoROLENL. 7L, 1, t, OFIZE n(w), Ho)FETNRTVWBEDT, 3-16), (3-17)
AREEVSETHL LT, ERET(0), 400) 55 nlw), do)dSRkO5NS., 5108
FAFBERE(0)=¢(0)-ie,(@) T E=R* L Y

&(@)=n(@) - ), &(w)=2n(0)x(o) (3-18)
ERTS.
WHE DTN L B EBHE TIRIBRPUIIIET 5 o) # EHERD L Z L IZTE 20V,
R SEI836 1 CTld Kramers-Kronig DR 2 FbTICHEFBEER LB T2 = L AR
TH5b.

33 T IANVYEORICHEN [15]

ABFETIE, @RS 7 24 ML —F -2 B L2 SRS SRBTFSALY
BEHNDLZETHEFALEVORRICEICHETIMAEH/LZEZHNOVDEDE LT
5. ZOEIPRT IANVYREDOREFEELZMD Z LiE, BEGREBKEE, T2bbK
SRR IIBIT LB A Y MV AOHEER BT 59 Z CHFICEEL 4 5.
CITR, 7NNV RO R RRCIREEOBIEE (£45° R HEDL) 12DV Tl 5,

TINVYRDRAEFEL TR, BREOKRL) DI VEMCEBRE —Hmicit
R7zTAY—=7) v F (WG) M@@néi?ﬁ%w%ﬂé.74?—7UVFH\$Eﬁ
WERTAREAFMOEBMEL BRI 5D,

37022207 A Y= v Fe W FEEEBTEOBE RS, 22 TTF I~V YE
BIRDOETHIN %  MIE M, #Esme o R CKEANE % x BEASH, FEENE%
yHIERMET S, BHNI PN ExBERMEDOLTHEY 2L 0, BEY PLD y il
ARG HBEDOHADOEEXEDOAE (¥>0) L LT, TOLEDTFIANVYEDRL
W%, Y AHMERT. BAHROMHELS, ¥ HhE ¥+180° HMidE UIRGH %R
5.

9 WG2 % 0° EZAICEE L7ZIREET, WGl #+445° BBICEE L TF I~V BRIE
BEzEEL, KICWG2 % —45° Z#BICEHEL CT IV YIREREZAET L. Bo5n7:
2 2DF7 =80T INNVYBEHKEORGIKELFET 2. MEBER 2N EFNE(),
E )eT5L, WGl 2BBLALERDT IALVYED 45 HEBESE, 2hZFh
V2E (), 2E () E% B, THDIE, AHT TV YIEORIBRST E (), E,()EAVTE
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T T~V W REIESY Y65 (THZ-TDS)

pil;
Jd
[958
"j‘f

WGl WG2

v

1
V2E (1) = J—E O+ =E,0)

45° ﬁﬁ
T TNV B Eys®)
@A ®Z
) B 5 )
f E.o (1)
-45
2EE m: ©
o wm V2 E_45(t) |
Ea) EU)
o2 N3

37 FHAYV “/i&@ﬁi‘ﬁﬁ%ﬂf.

n%ﬂl¢Wﬁi?ﬂo-TE0ff E()RENDHDT, ZhEEZELSH TR LK

V2
ANFT T~ W ORIER ST E (1), E () %HB5.

AD LI,
Er(’)fE4s(’)+ E 1) (3-19)
E‘.(l‘): EJS(I)— Eqs(t)
SHICE(), ENE7—V=BRT DI LICEY T I LY EOERIRIBALY ML
E(v), E()&B5.

EY\V(V): '[i E.\-(f)eizmv”d’ = IZ(E45(r)+ Eqs(’)) e dt (3-20)

)= [ 8,0k = [(E)-E 00) ™ a
I CEW), EW)EERRORD, FAY (~) 200 TVS. UK, EREKCIFAY
EOFTERTHOEL, 2TV RNBDIEEIERTHD LT 5.
EW), EWICE-TEBNDT T LY BORERESEIFLD L &,
DOHEFRBN TR0 3-8 0 £ 5 iR Sh b,
22T, x ROy FRRERENATEROREA R, &R0y HREZ A0 R#k
VEE R Th D, ZOFMRECIRIEEDEM 2 £ 3B L LC, [Al#if (Rotation angle) ‘{’(v)
FOFEM % (Ellipticity) z(v) 23G2DRic kv 5z bh5.

BH7 hL
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3T T T REHIGE G (THZ-TDS)

nw Y &
— v
Z‘E‘(V)l \P(V) -
A1
— \
2, v)

3-8 BWHNZ7 b ILOKEMIEE ORI,

‘I’(V)=iar %R(V) & Lsn i
E V)V ~V=L~V+i~,V
Z(V):‘EL(VX'*"ER(VX ER( ) «/E( x( ) Ev\( ))

ZITE(v), E,w)iEEhEhT ANy dokn ) RS, ARYELE LToEE
RIEARYZ PV TH 5.

%%ﬁw@ugm@xm#%mnﬁﬁ%ﬁt,—§<wwg§t¢6.%M$AWu,

FHORIKRE RIS MEEL, 1= )S1TH b »v) DIEIZ L 5T, HEHRELOKEE
BRDEH k5.

zv)=1 JE 18D PR
0<x(v)<1 Je 18] 1) s PR Ot
7(v)=0 B

-1< x(v)<0 A7 0] Y Hs PR
zv)=-1 A8 PR G

PEEY, 77NV Eg(t), E_ )2 MET S LT, el el) L=
AWV)DART PABELN, T TN EOREED BRI v 1BV B WIRAE & T 5
TENTES.
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7 7 NIV REFEIR S 6 (THZ-TDS)

=
(98
=

3.4 T IV G

T ML= =D X LB VA
v AT R Al A R (S A
W & R s TR L (IX13-9), £
DMGHEBEEZHO 2T A5 2 ETHE D 3
7YY A EREGL 2 EATS 5.

FINILYEISILA

ZO X BFRHEET 7~V R pEINR ) YT
LIEEN, TIANIVVHEBICBITAWED 3 KL R

%]

yanPE AL Ok AN ERT W39 T IV RBATEORE
HEThHb, ZOF ALY ERESEEE,

INFTEELTHEERT NN, AZEB SN, BiRENEF v ) 7OERDERAED
INY FREEICOWTHARONTE2[4]. Z0I1EI2h, BIEEK[16,17)R° A % 1-E81/K[18]
EPLDT ITANVYEBESBNENTBY, S50 T 7 AV Y EREHIE IV I X
STHERINEZEBTFOFAFIZAICETLIAREZS 2 5. FE, WEEERICOVWTT Z
ANV SR BT A L, BOEB T TR EBTFAE Y OREMEICE & L L 7
T TN WD S D WTREMEAS R ST W A[19-21]. & 512, SREMEEAR D S
BTSN D T T NIV PO T b EEHERRT I L2 Th 5 2 LA R Tw
5[22-24]. AHEITIX, AOF7EL BEROE, MEMEAR N, Fe 22507 7~V &
SRAE T -EAK GaMnAs 2 5 DI DWW TN T 5.

341 GREEVEE NI 225 D7 7 vy S [19]
SREFEVEAR Ni I (& ~4nm) |27 =& MRV A (Ti:Sapphire L —H—, J&& 800
nm, 25V ATE 1100 fs) ZHES 2 &7 7V EDRST S D Z LAY E. Beaurepaire 5 12

°
L

i
giii
R
Fh
THz amplitude or magnetization (arb. units)

Variable time beam /4 Splitter 05
delay ZnTe SPHttEr
- 1.0
‘{:f:*: l::vlm cal | SiPhotodiodes
- R~ 4 2 0 2 4
Time (ps)
4 3-10 FEBRECE. B 3-11 (a) Ni 226 N7zT T~k

(b) fEEAL D ZAL.
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B3 T TV REMGEE G (THZ-TDS)

Lo THEENTVE X3-10 ICFDOERNFRERT. NI SIS OV 2 2 BEHT 2 &,
MRGFAH I TIE A ¥ VIREEAS RIS B L CotiiitE R € & By A%EL & bk § 5. =
DR % JiREI AR (demagnetization) & \29 . 7 = 4 M OV Z MG X 2 Jkgsh 1329
WICEER 2D, A Y — &R (AL A IR IS E 2 £ TORERM, Ni T 100
ps ~ 1 ns) XU Ni #EIZBIT DAL DOZAD T BT (7 ¥ IR, SRt
Ni TOTIANVYERGHE, ZOH7Eal TORBEMNRICERTLIHRTHLLEERZS
N5, H3-11(a) IZNi 26BESNZT IV YEEZRT. SR ERIZE 3-110b)I25R
I Ni IR CTORACOREMZEINLZ b L ITHEEEEZ Y 32— a v LEHEREE>TWVE,
B 3-11(b) &7 = & PG/ SV ZAAHS Ni HEIC BT B EAAE T2k L Cnwb gL
REDOWALDRERZILE o THBY, TOLEMFSNET TV Y KITEAL M DR D 2
REfoT 0’ M /o \ZHBI B REAUR I & 25 (2% 2.7 BR).

3.42 GREGVEIR Fe 55 D F T~V kST 20, 21]

SRR PEAR Fe O (JEZ 2 12nm) (27 = & MBSV A (Ti:Sapphire L — % —, JEE :
800 nm, 7SIV AIE 150 fs) ST 2L T ITANYEFHETE NS Z EATD. I Hilton 5 12
iofﬁgénfw%.E}uﬁ%@%%%%%,E&BKﬁMéﬂt%im»V&@m
e PRI L Y O) B I A R 7 RV &R, [ 3-13(c) 127k L 72l st AR AE e % A B & i
77~V EOIRIGE — 7 MEIEFRGEE I L TWAE I Eh5, ZORED 2 ko
FEMENFRNR IR T IR TH L LA FHEINS, L Leds, Fe k3T
JitEE T, RENPEEZRODT, BRI TICL 5 2 ROFE{REEZERITIEOTH Y,
PRI FRROGE TR ONDS L) M LB ma R X AT s 3% 2
BN, ZFITHWIE, COF EEICBITATIAVYERFOA D= XLE LT, %
BI2 & o THEE S N7 2 ROFEBIEZ R L 2 HEHANRAE 2 5N T 72[20].

L x 107
g 1 @ —F =42 mJ /cm?
Gate Pump § 1
i |
_I_ HWP g2
I Sample -5 0 5 10
I Wire Grid Visible o " Delay (ps)y 10
Polarizer Filter = !N m——Fe (b) o
I < W ===ZpTe =S °
& 4 =
=05 s VE |
e L B
= =~., 0 (c)
E-O Detector 00 1 2 0 2 5 4
v (THz) F(mJicm’)
X 3-12  FEBRALE. B 3-13 (a) RERIIEIE (b) EIRELA X2 bV

(c) Mk JEoR AT,
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%38 77V YRHEEESGE (THz-TDS)

Lo L, ZORLAFHREST L AEEHEIROEFTIVTIE, — B HBERLDFIC LD BE
END ZnTe HHDT TNV YEORFEBEARY PIVIZHART, Fe HIEP S DBGTA R b
VDRI IRE IRV Z EAFBH T E 2w (14 3-13(b)). £ ZTD.J Hilton 513, 7
A M SOV AREHC L 5 THE LB BERICETII R S, BRAMISEIZL ) Zog %
LRI 2F 0, NiDoDT INVYEBEOSE LRI, 720 FEG/SIVAR
XV HBEENIBBIEITIEE LTS, Fe EEIZT7 4 MRSV ADPBA NS
Tk oT, BMEIRERICEBENT LS. ZokE, ZORLORBELIER L%
SRBHEHZE D F IV ERBEI S NE L EZONS. Bt M ORHO 2 B
O*M /o IZHBIT AR T-ET NV (B2 8 27 ) [2X571 v 714 Y TRERZK
314 TR . EBPFERT—F, WERIPE 74 v T4y TIZL Y ROEN/ZBDTH S, B
B, REBARZ PV ED
WCEBRF—5 L L {A->TH
D BRCEREGES Z0ET
M- THBHETES, £7-,
CDTA4vTAYTIZEY T
= L M OV R B AT A
5 Fe BRIZBIT AL
B OEE o KB
(demagnetization time) % 3K Time (ps)

BIEDTE, 12 ps ThD X 3-14 BEEIBTHRETETNVIZEDB T4 v T4 V7.
ERBELOLNTWA,

ETy, (a.u.)

3.43 TEEEMEFELR GaMnAs 25 D F T NIV Y IRIRET [22, 23]

TR AR L 13 GaAs R ZnTe 0 Y-8 A M 2 B O RMWE T (Fe, Co, Mn 5§)
RIRASHELI LI DERENS. Fl21E, GaMnAs DAL GaAs DM EY A FTH 5
Ga % Mn CEHT A Z & THONL, MEMELERT, PEMEEFIAOW S DR Z
STWALNDT, AEY ba=2 ANOIRHE, FEME L LTS TwAE.

7 x5 MK/ %V A (Ti:Sapphire L —#—, & . 800 nm, /$)V A1 : 130 fs) % FEMHE
WL TH S BBORRICHEST Lo L 212U 5 250k (JEE 400nm) % i@iegi: -84k
GaMnAs (B ¥ :1.05 pm, Mn . 6 %, Curie iRf¥ | T, =110 K) (255635 T (10 mT) TH
B ALTFIANIEIBE ENEZ EH].B. Heroux HICE o THESIN TS, ¥ 3-15
IZ GaMnAs 2S5 HET S D T I~V D (a) B, (b) BEBEA RS MV ORBEKRE
Y, (¢) ¥— 7 HOBEEREMZRY. K 3-150), ()% RiLdbH» 5 L )12, GaMnAs 25
OWETT T~V Y IdRE FR L & DI L, Cude BELETHRTS. Z0Z L3,
SRR IR T AT I ANV Y ERSCHE I L ERE L T A, F o, EINEEY A
X o THSHEROBHENREL, SSHICHET I~V Y EOREHR (e 27 U R)
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ry—— % - .
Magnet + removed| 1 10 —~ ‘z..

3 3 o @

8 8 ol §

k| 5] © ] %

2 £ - B

g Magnet -removed| & ) % § _
00 05 10 15 20 25 30 35 (000204 0608 10 12 0 20 40 60 80100

Time delay (ps) Frequency (THz) Temperature (K)
(@) ~(b) (©)

3-15 GaMnAs 25 D F NV P H s

bRONE (M3-15@0). TOBET I~V EOBEEES X, GaMnAs OREALIZH LT
BETHY, MR SVADRLEIREBIKFEL 2 LSO TS, BifEE/ LRI X
STHERENS F v ) TIERIZRT Drude-Lorentz FEERIZHEY, ST I~V EIX
dv/adr \ZHBI§ 5.

Q=L{E+&(va)}—1 (3-22)

dt  m* R, T
CIZT, vidFX U THE, eldE L, m* IBEWNEE, EXES, MIE#, iy
T ORAEFHETH B, S HITR IE— A% F— VR, R EBMLIGERT A2 F— VR T
HHERER—NVHEIIBIT AR, BRER—VERTH L. BHEEROME%ET 5 GaMnAs
TiE, COREF—NVHIROZDITR /Ry D35(3-22) NI BT B HAT-L L TxhnTL 5.
Ry, RylZdclIETHLI LD TE, R/Ry=10°ThH A, ZOWERATDLDIZ, b LK
b mT THo7/-E LThH, BT O FICBIT 58K 5 D F T~ s & [
FORSMPHFETE S, 2017, ) TIREQE, L7 —#R2EAL, BREE j
BT 5 2 R NIRRT 5 &,

% = ﬁ[en(x, LtV ylx, z,1)+ 2—2 Jlx 2, )x M+ %Vn(x, z,t)} —M (3-23)
DEHEKES, nidF ¥V THEE, vy IERET Vv, DIFLERE, w3BEE
T&H5. GaMnAs 75%0)%7f\)lz‘7‘25‘21551%#61(3-23)it0>%§ml7\]0)% 2 (B—Lv vyl
EB3E EFUN—%R) OF5ICLEb0THA. F 1 HOEEBHICIBFY 7 ME
A2 & 53513, GaMnAs IZBIT B RMBZRBIFFICHNW-OEHING.
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35 KKV T—FIANY TU=T5H

7 b MRV R R T T ALY SN TR A RED O E DIk ER Y T — T
TANY TU—=T Kb B . FEROERIMAROSHBIA L, BUEDT T~ 53
EOKELFIEOOE DI, 5tk X727 T~ AL AR 100 fs FEEED 7SV 2 T
HTEThb, KRy T =TT Ny Ta=TWER, 77NV W0 A ORER 53 5E
TSR LS RETH Y, SOFHEICLY, CaBREOHMMMETSESTn
FREED 54 F 3 7 A RS ¥ 1) 7 D4R - %) 2518 LT i k4 E 5 5[26,27]
RUHENES 5 Z LA TH S, E72, SOVRIGA 10 fs RIED 7 = & ML — ¥ — & i
VT30 s BEEDT T AN B SV AR RS, 7 x4 NSRS — L THIEE ¥
TYAF I ARBH LS S S 5(28.29]. WHIEIC B TH v ) 7O TRE), A ¢
CEOEMROEES A F I 7 A BT D L @B TRETHY, ZO5EECLY
B LWBIR 0% MR B OIS IR S h 2.

B 3-16 I2HAHR > 7 - 77~V Y TR - THEOBRER 2R, £, WHANEEL OV
ARWEL, RENIOERES v ) 7 R TR 2 BT 5. 2 2 ~EEE OV 22
LT At DBIEREE 20k TT IALYESV A ASTT 5. 7 F A2 HV A B
AFLBRBOEEF v ) 7 OILE, BEREd L VEEFALE EEFELEL, BINP
SEIT L B WAL R B AN S BT 5. COF I AN BSVAE, BRSOV
ET TNV WSV AR ORIERER At 2L ST RBOMEL, Frd 452 & T, i)k
7L A BRSO RENEIC B 1 2 BIEB R OM ML BT 2 2 L ATE L. J05
LTI, B/ SV A LT FANNY PSSV AD/SNAEHZ O T TR HREL 55 72
W, CaToERMICE LT 28ERSE2EE L CHET L7012, B/ SVAD
WHWE 2 LEDD L.

RS/ NILR
1

1
1
1
THzK ¢
|
I

BT HoTL

|‘/'I

FrffZ= © At

K 3-16 BT -FI3ANLY7Ta—7T5%0EM.
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Bl& LT, 3-17 |2 R. Huber 52 & > THIEEN/Z GaAs IZBIT ARy T—F I )L
Y TH = T OEFRER 2R T[28]. TOEBRTIL, FhiEEN/ OV A T GaAs L ¥
YT ERERL, 77 XAYEEERORMIEEL T 7 AV ENV AL > TRRTW S,
TR, FEEOFER, BHE S ICHEMREBIEN T V—FEFVICLI VBRI B H
HE MR 77 ARENZ G L TV AR O TV S, 1 3-17 O4AHIICIZZ Ok
TOMEMERL TV

Energy (meV) Energy (meV)
ﬁ 0 30 6'0 90 120 0 3'0 8'0 9'0 1?0 O O
3 08¢ P
?} Drude " Drude Jo6 2 (4] °° ©
0.4} = N 3
- - | PP ©%9eY% e
E op 175fs i~ 00 € © (4]
W."j L 150 S |oocoe » .\5 ._03 g O °
/f o ©

; lattice © O . O
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 g

Frequency (THz) Frequency (THz) (43 o

B 3-17 Stk * v ) 7 ZGhEe L T2 5 77 AIREVHIG T % £ TOFBEOLAL.
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Fam ERKECHH

FaE FEBRRELHAF

AT, R CEBICHEE L EBLFRICOVWTHBL, 201%, #AfE LTH
W 72 RGBSR NiO 2 U MnO O &I DOV TR 5,

41 FEEBNFER

KRETTIE, BT L EBREERIIOWVTHBT A, M41 18Ry F—F 5~
VU= THEEIT) L EOEREE L RTI, FOMDLELMUED TEXENFERL R
5> TWWA, BhER/VA (Pump pulse) % ENXTHiE, —#&IY7%EBE TH2-TDS & L THl
MT&, 7, B9V A (Radiation pulse) Z:ENL, F 3 v/ 3— 2RGSOV A AN
BE)SET TNV EBEHS A TE S, LTFICK 4-1 ISR T HRFERDOFEMIZ OV TR
%, FAEBE X 72 Ti:Sapphire L — 3 — (Spectra Physics % Hurricane, H'.(\i £ 800 nm,
¥V ATEHT 120 fs, #20ELUEMEE 1 kHz & 5\ 2%, Spectra Physics # Spitfire, LR
800 nm, 7¥N)V ANEHI 35 fs, #EORLUEWHE 1 kHz) ICX D FBELIHNIVATA2EER
TRAEZHB SN, RHEE—L A7) v ¥ — (Edmund #3 47047-H) 12 & o> TRE O
CHWARIRN/ SV A (BE) EEB/ VAT ONRE. B#E/SIVATESHIZE—
LT T— (R~5%) TTINVYPEIOIVAFEIZHG S BRGSOV R L, BOBRHIZH
WALBIEASE/ VA (Probe pulse) (2507 b s, 72720, iR & LT Spitfire Z HiV: %%
G, €= A7) v ¥ —@BIC LBV ABDILAE ) 2T 570837 —DLy V&
AARIAL TR SVAZSE L. BV ATy 7 4 VRO 720 F 3 v 78— (NEW
FOCUS %! MODEL 3501, Z5#J&#% %4 500 Hz, Ti:Sapphire L — W' — D%k & M) TLEHM S
N, ¥—LIFAINT— (CEML Yy X f=-25 FHL X f=120) I2X Y E¥—208F% 30
mm FEFE AT S 7214, p-InAs (Zn-doped, mpoe ~ 107 cm™, (11DEZA]) ICBE S D, F
¥k — 3 F a3 v 83— TH 15mW TH 5. pInAs 12 &Y G LRGBSV RAIET T v
ZRYTAEL YT 4 IVAIZENEHREINSED, pInAs BRREPOTEE LT TNV N
WA T ANVL%RBRL, FEBESE (f=101.6 mm) &> TERENELSINE. KB
FEBLIT IV B OV AL 2 0 HOIFEEBIESE (f = 101.6 mm) THUFTIL S,
3 OB OIEEBWIESE (f=50.8 mm) THHEFEFTH 5 ZnTe (ES 1 mm, b L < 1d2.5mm,
(MOEL) NEEKENS, FIANYEIINT Y AR EORIBIZ L » THRIET 5. BLA
HNAET A VA AT =D (V77 HHEE, SGSP26-150) 2 & 1) BIERRR % Hl# S A,
AI2BERE R TRN - N7 —52RlG s h b, Z0%, FHL X (f=150mm) &7
GOV ARG OB ESICET SN REBY, ZnTe NET TNV YIS
VA EFEECEREIND . F LT, ZnTe %&8 L7/ OV 2 G L > X (f=75 mm)
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4T HEBREE LR

Radiation pulse
‘\

ND
+“—> '
delay stage < | \
f=25 b
n V y ) Pump pulse
f=150 chopper
20014 F=1000 | (500 Hz)

InAs ﬂ
o 1
ample 0 :

5 N\ LN
i e Y :
150 g S . PBS :
r _/\/_ Sl l (5~293K) !
THz ulse: Hegter Femtosecond E
ZnTe(110) - i (293 ~ 330K) | |iSEE :
f=150 bt |
V4 polarizer )\/2 ,
1
Wollaston < |
i 1
el «— Probe pulse !
photo diode delay stage !

L -----Current amp |- [Lock-inampH PC

X 4-1 AHF7ETHM L 22HEBOES AR,

XD FEEELINLDSO A/4BEREZEBL, Y45 APy T)XAICEY) SREE P
REIZTTOoN, ENENT 4+ PFA A4 —F EMKF =27 A8, SiPIN 7+ bFAF—F
S3883) ICAHENG. 2 2D 74+ N AF— FRIEBEREL T, ZOETEFZEL. 5
SNTA575IE A L b7~ 7 (STANFORD RESEARCH # MODEL SR570, #3100 pA/V)
THRI N/, By 7 A4 7 7 (STANFORD RESEARCH %! MODEL SR830) 2L ) 1
v oA v ENT, B, HETRTIANVYELFERN W ERLK CTELL 7.
/S AL ND 74 Vs —CHEZHREI SN, BERT—T (¥ 7R,
SGSP(MS)26-200) 2 & V) JBAERE [ % Hilf) S /-8, ABMAR20° TREANEBE SRS,
B, WEHIR L TR SV 2 2 TEAS L TT 7V EREH 21T a2,
ﬁﬂ%m@ﬁﬁc%ﬁ i Z )N LEYP DL, AR ERT LR SVRAET T v 7 RY
TREL Y74 VAL DERSND, F72, B SVADRRIZ A/ 2BENR, b LL<
(EA74 PRI & o THBFEERLHFELICHBE S NS, FML v X (f=1000mm) DdH 5

64



W4 BRI L B

AT, B SV AT EL SN ARLREICRE S, Zokx, R LETOY—
LEEFA Ty VENCHEAZEZS, B ~ 12 mm, ] ~ 0.7 mm ORI CTH - 7.
B, FML Y XDORVEAEICIE, TOE—L4%1 5~ 10mmBETH /2.
REOWEE, 7944 R v PEHWTS5~293K, £ —% —% T 293K~530K %
TELE DI EDTE LD, BEVIREELIENTETHL. 7 I/ FAY Y bk
AV 7ARRBEHOBEZEF ¥ Y N—IIBIFH2EME L TEEIZ, Bk OV A ASHIZE
BAE (X :3mm), FOHHIIZSE (EX i6mm) L. LaL, A% SIC
HRTTFIANYEOEREHRS OEBREFIENO, FREESVAEZLEE LEVT T
ANV EEBMED &) REBROEAICE, WML Si BrHWL, e—F -2 HWV o ER
T A 2 SR L0 EM L LTIE, i L A AR L < SRARE (5
X :3mm) AV, M IEEERAE (cut) (X D 3mm) AW

42 NiO O % HEptE

NiO 13— TS TR B O FURL, i, EAEERAISEL L THWLRTW (2]
MR, KBRS, RIS OBSRIZE > THON LS, BRAHPTHM LA, NiO (12
YT L) BROBEZECAEILEWE 24, BREBEREOMAL &b ITHKTEHK
KT 5. COBEFRREIISMREOBRESTE, SRR, HREEEHZ XY R2 5755, 1000T
FRETHHLZDDIFMNIO KL 252 LML TV 53], # NiO 3%k TH % 25,
HRHBEZECIORIKETZRBETHL. T2, BICTHETH LA, MET S LIKE
i), BICHETIC B A%0WME 2o, &ME NO ZZERTI10°Q - cmMLEOR
Wi R R L, EHMED S OFNRATKE W NigesO TIZ 10°Q - em, Li % 10% #®INT 5
Y1Q- emFEEED p Bk Y 72 B[4]. T OFEEANE & o B TR IS0 AR R 0
BeA% (5] —HT, NiO ESMBIEARRERTH Y, £OB Neel iR (523 K) &K
st . 2K RO 300K I2BWTENZF 1.09 THz L UF 1.02 THz [6]) 75 A E
Y hOZ g AEAQIGHAPHEENRTVS, Lo L, MglE»LE s Tws —J%

S2(Th)

S1(Th)

S3(Th)

B4 4-2 NiO D it . [ 4-3 NiO O A ¥ ¥ s (BT E(111) (Ty)).
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4t FEBGEE &R

&

T, PRI a8 GREEMER DK 1/100) LV ) @l s A ¥ VIREERFL LS,
ZOMFRIEFARHI 2 S OIS TE/2[7]. X 4-2 12 NiO O S G, X 4-3 IZAY 4
i 2 /RS . NiO (Z{11}HA TR E Y DSBCEATICEY] L TWw 5 KA Tch ), BtEs
Fiid<112>HACTH 5. (111) GLLTFTET, TET.), A1) (Ty), (111 (THd A1) (T)
LEMTH Y, SHIBIEES ML <112> (LLTFTIE S, E55.) DlEnic<211> (S,)
<121> (S3) 2L 22 LA TEL, SERTORIIEHAELTEY, KERICLEA L T
ZWVNIO I HR o ZWET, S, THICHHEFED | um* BBED KX 4 > ThbHHS, BUE (7
VT 90 %, MR 10 %, ¥t 10 /min OH T 1400 K TH L, 2 K/min TR%) i+ =
ETRBZHTALELH)ITRY, TIZ100um BBEDOKE Z127% 5[10]. F 72, 5 SHEE T Neel
e LA ETIE NaCl BT 57280, linkFth 2 Fio. ZHICH L, Neel ifELLFTIZ A E
YEHN OB TSI (LS & FEE, Ty~ T, T FEEIC me{mm{&*ﬁzni‘> x4
L. SHICAE VBRI HIM<112>I2bFEAZEDL (S,, S; I2WTH XY VEFIHIH
ICED), =hah (ZHERS) DL hiEifEEE 2 5h, IS EEEL T RSt
IPR7- TV 5[11-13].

AWFFETIE, NIV X —AFETEEEIN 3 %iﬁ'éffimﬁd[imm<111), (100), (110)% F52 Hifh 5
REE L7, ANV — 4 BRI IC L 2 MR ARED D 0T, EE LHOR
arlC AN RIEE 234 7L — % —TIRE) S ¥ T, 550k e LERKERTMEL T
B S, ZOB/MARTIFNELE L 7Moo g & w70k, Mk % NiE S8k
WO ERETTHICBE S €2 2 L THMEZHAIL TR 514, 2ok,
D HEBIEICHERTEMTH ), HHMICEI X P TARESSEONE . KiFET
HW7z25 RS, BULBEEOSE 2B IZ L T waS, REEERFEL TWwa, $72,
[ 4-4 IZARBFZE TR L 72 Nio ((11O)ECH, & 300 um) DFEMREIR, X 4-5 IR

iz, Lo

5% EEBCE CTHWT NIO(110) (JE S 1 100 um) %2 L 7282179, RGeS

X 4-4  NiO(110). [X] 4-5 NiO(110)D G iEE 1 X A EiZs.
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EaE EREELAH

BT ERIETOREHAPENCEEICES L) ZEE (FORA=I)VESE) LTS
e THBOEERITMcllET& b, 2%, ﬁtﬁﬁﬁfMO@Tbx4/%ﬁ
THIENTEB[). H45%A5E, PO DL0H, FKEOHL I DENH
TE, IUHT FAAL VIR TEEEZONE, ZOT FAA VIFEICHEWIR
DLDOHEVEIICAZTON, FOREZFIRECREL->TH5~10umBETH 5L &
EzZbhb.

F72, FAE O X #HEOIFE (XRD © X-ray diffraction) 12 & %k FEEMAT 1T 72. #H
L7z X#IZ CullBiF s Kot (JEE 115404 A) THAH., X BEEFERLA—5—D
BEFH-TBY, Thr I AST 5 &, Bragg D&M (2dsinf=ni, d: HE,
O REEMEXHE2TM, A=KE, n! B Tl TLEIIAHEBEIRRIIRD,
R MR E — 7 BN B(15,16]. Z ORTIEES S, HERE e PLHEEH % H
5T ENTE, ZOY—7 OPERIZHESEEL, NIFEERRETOBESCEROES 2 KX
Bd 5. B 4-6 1262080 & o THEABCIAEL 2 E ISR R 2R, 6201603, X
MOAG A LR % 0721 R S, MILRZ200HFETH P L EFOAF v o F
LHETHA., D20 BITBNITY — 7 iEIL, Bragg OFMFICHED O T, RIHFHE
DEHEH R RS OB T HEBICET 5 5MAE o h 5.

WCEBCAE AT AR Y A 720, B X REH (HR-XRD) 12£5%50
RV ITH—=TMEDIT -7, Oy F A —T7HIER, BBEE% Bragg £MFICEZEL, A
50 % Bragg AED T ) TRAF ¥ Y SR BPEHTETH L. ZORED Y — 7 E(HIFH
SREROEN A 7 RKE (HIFERTOEADGA) IOV THALIENTE, FLNED
HEIZOWTOFE L TE 5., A THER L ACE LTy X v 7 h —THIELXAT
STRERER 47 ITRT. 9AF ¥ ORAT v TR, X 4-7@@) , (b)T 0.004° , X 4-7(c)
TIZ0.002° Tho7z. BEFEDT FAAL UPHFELTVEEEIE, ayFr7a— 73
ECTHEROIEE I E =7 030 hNTRZ S LTFHEINZD, M4-7@a), b)TlE, €—
7 OFRIIMERTET, PHERES — KO LEFHLDO L DEHARDL EIEFITL. FEIES
L R BERE LTI, BERKEORBIZBWTHELEIZO L LT, EARH K

™ T T T T T T ™M T T T T T T 100k T T T T T T
NiO(111) NiO(200) NiO(220)
100 37.39° N;;’f,f;z) 100 43.37 1 62.99
2 10k 2 10k NiO(100) {e .
£ E 21.41° £ kg NiO(110) 1
g kb g g ¢ 13 30.41°
100} 100F 1 ™ v 1
0 il uhﬂ]uiundﬁ |h 10 M Bebitns i) Itk wﬂhdmh . i
2030 40 50 60 70 80 20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 90
26 20
() NiO(111) (b) NiO(100) (c) NiO(110).

B 4-6 6-20E12 & A& SEINE OFE.
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4w EBERELAH

sooof ' ] 14000 " ' 30000f iy ' T
ool RUERE: (115 1 00 FITER: 200) RIEE: (220)
qxpl FIEIE:0.155° [ g 0217 1 25000+ —siE:3161° E—2H:3175
r 10000 HLEHE :048° YN 044
@ S000F @» 1%} 20000 1
000} ]
4000} o g 15000}
ol ol ] 10000}
1000} 2000} j S000F
0

. . 0 ; . . 0 . . . .
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9 0 6
(ay NiO(111) (b) NiO(100) () NiO(110)

X 4-7 NiO DTy %7 h—THERE.

BFICEEERIB) P TELIEENEZONDL, —F, M 4-70)TIRRE— 7532 OEATX,
FOY— 7 BMEIZR014° TH o7, NIiO IZBT 5B XBEHTIZ L 2 HEEBATICOVWTIET T
KW COPHESNTEY, 297 KIZBIT 5 =FROETEEAD a,=41758 A, #EbhmA
7390.0583° TH B LRD LN TWAH[12,13]. ThED LI, BB T FAL VBT
R LLHZEEEEL,(1NOHEICE L T Bragg IED X% BAEDL 5 £ 0.0357° L 2 5.
ZhiE, 47 THESN Y — 7 BEICHRTIHEEITPE V., 72, K 4-70c) TEEETR
BFFIIRENZ DD, O -V FRITBEHEET F AL VL5200 TIE %R <, X4-7(),
ODOBELFAMICETEELEA, RRICLELDTHETREENSH S, L Eo X O
DOFRERLY, SHHELZ NIO BERIIZEELEERT FAL VOATHEREINL TS D
TR <, RIS, NiO(110)TlE, S HMAETRELR S F AL Y HFIEL TV AT HEMD
Y, FEITEMELESBEL o T EEXL LRI,

RIZ, NIO DY FF¥F v v TORIFERLE THEICH L CEHBET 5171, NiO 12815 Ni**
AFVIE3dMEIICSBEOET, BEACVETHS =1 2FH>. BFEO—ETEBONYF
HEHTIE, NIOD L) BREERILWO 3dHEN» L L 21N FIELICEFEE->TBS
TERBWEEEZRTIZTTH S2%, 3d EBREEOBILY I ZHRBY EFEAETHD b OH
L., ZHICELT, EFHos —o HEEH%ZRE L7 ERRHPFFESS Mott X Hubbard
X oTitrbh, BFHERRICL 2 dEFORIE, AN FOSRIZE>TELLEY b -
INN— FRIIRAR L WO AP SN TEL. SHICHRE, BWRIUHIE[18-20)° K ET
SHRUDHFIZE VBEEZED p /Ny FOEZEESRBHIN, NiO DNy FF v v FIZIEREIC
Ep NS FEGELIZANY FOERFNY FEOBICEL 5 pd BRBER Y v v 7TH 5
ZEDPHLPII R o7, Fh2, By MEBETHEL TWA LEZ LN TNy FHEE
TN ¥y v 72 3BT _AbETON, ETHBICHET2BEIRE > TE 7225,
WERZIAHLEG D D L. BRILA RS b IVRKEFHHH S FEH % NiO H1 o Nit
A D3AEFIE, BEpHELORKIEIHHDDOD, KEMIZIIBELTVWALLEZDL
N5, dBETFORETHLEMR, BEOp Y FOEELZEHRL-BA, NP4+ U BOE
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FoBH EC+d® > d+d WETL7—OYIANF—U, Thbbh, BAETFHED®
SEL TS 3dEEDTENN/SN— NS Fh b EEA/N— KNS FADOEBRIZET AL 4
VE=PANYFIEW IO RENWZ L TH D, d-d BRIIHIET 5 HRILA RS+ LA Nitt
A4 OREE BTREESEHNOER THAS O ZLh S, KETARS VOB
b, FTEMFHBEBICLDRAARLNAZR22] ZHUIZE D, BEFARTZ MIZBWTE
TiOHERPSH 4eV LROEEE NI A 4 0 O dd BROSEIF L FE S/, BEp
N FEDEWEZ A, eV ZHLIICHTIA MEESRON, THIZEMNFHERIC X
LRI CIIBBEI O\, 2T, Fujimori 5 XEEFE D p MBS R THRE I AN
72D, NP AFA Y EFNEROVHE 6 0D OP A Ao b s SR —2HW-BFH
EDBHEITS72[19. 2D 7 FA Y —EFNVTIENDTA I >0 3d EFHOHEEMH & Ni**
A4y D3dHEE 071 F » O 2p il & OWLERM % BT EL B A E £ (CIL: configuration
interaction) DHMZIC X - T Y ANB. £ F VEAMEBTESR (NP0 ZHESL
LT, 3d & 2p DREOMENE, NiNEFDP 1 BB 7-ETREE L (L. BEpHENE
), 2B AL LTL B EZL. BWMBE & > PLICETLIZALVF -4
ABEMBE T ALY - LERT S L, ABETHRBOKRRECOBMBE d — &L 1C34—U
2TET 5. NV FFvy 7OKRE S, T AETEEILE | Mok 2010E
TAERMNDOILANF - L EREN, NiO TIEIHERKZEHITNE, 759X —HOEFTE
Bd+d®—> P+ ELITHIEL, CRICETAIALNF— ~ATEZONS, 2 5A5—F
FMIZEBREFARY PVORIRERICINE, RER/NTA—%—1%, A~4eV, U~T
eV TEMREDNE > PLOBE, 7771 MEEY S > I BRICLS L LTARZ MVE
ROFHATELZ LD hoTWA, Lz >T, U>4THAHDTNIO ITEMBHE N
¥y oy TEREOBRMBHAEREICETLERLIENTEL. —F, U<4DGER,
Ey b= FERGEEIKE 2D, Z2ONY F¥F Yy I U-WTEZLNS,

BT, 4812 NiO BT A NPt A & ¥ D 3d BB O T A )V F —#ERL X 2 /K9 [11]. NiO
BT A 3d BB, S, AE Y -
EMEIER, KB L s THET 5. -2 .

AR THNTWE 7 2 4 MG/ LR ‘ lrf F;_FIE_.:;;-_:
DL 800 nm (1.55eV) 1ZHIST 5 I
TARNF SR LA, FOLIILF - B —5
I 2RI, 1 T0 _I_;;r_ﬁ
BEEREEL W EELbRD, L i °h F= 155 6V
L, 3d/NY FOIEA ) RBERBEICL | r.*rr
AN A HAEL T B L EL O P B A
B, & BREORILALE L % . 800 nm N on ooy e e

DI B RIPURENT 100 cm F2]E,

B NS 100 um BHECh B [18). 4-8 NiO O 3d # B D= kL F —H#ERT K [11].
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B4 KBEE LW

T L ) T
100 p— i A A A
i Baseline L.O phonon .
< 80F ) p 4
-~ 5 Transmittance
X o I Reflectance l
= 9
o = 60r
o S electron
g 9 - el 2magnons+phonon
S ransition
.é% 40+ ¥
g%
E o 20 ]
O —
i 1 1 8 VIR |
| 10 100
Wavelength (um)

] 4-9 NiO @ UV-vis-IR FHIRIZ BT % F 5 K OB,

Rz, I¢w:wo®%ﬂﬁﬁ%ﬁﬂﬁﬁ"Tégt$&&%$%?f.%%xx7b
N DOREIZIE FT/IR-665V (JASCO #), S4L-TTHL-E R4 (0.19 ~ 3.2 um) D A2 Vil
EL@UVNMMZ@MMMEU%)?ﬁ@LtFWRbﬁV%%thEfué%Kﬁﬁ
HiPH2~20pm (E—A A7 v & — I KBr, %% | KRS5, B : TGS) & 16 ~ 100 um
(E=& X7 v & — Maylar (5 um), JFE K TFL v, FKiHEE . PE-TGS) 1240
THIEZITo 72, AT MV Ol £ ORI 23T 2 IR 813 5% T8I TREL < B L T
W5, EETIE, EE20~25um fFETRE L REELZRLTWED, THIETO 7+ /
> (0.044 eV, BEKEOWRIZEWET S L 28 um) L LO 7+ / ~ (0.076 eV, BEEIEDWE
A& % & 16 um) (2P £ 172 reststrahlen band Td 5. KGFA X7 b ILH D 0.3 um (4.1
eV) EICRONEbT PR — 713 EICHRRZZEIIINFAF vOd#HEE O 4+ D
2p MLEMOEMBEER LT AL EZONDL[19]. —F, EREErHL L, HEEMT
FIEEALEBL TRV, THUT, dd BEREEREKIEEIC L 2 MPHEN~DOBRE L v
ofﬁﬁ R WRAY Z DFIZIRAAE L TV A Z &2z, HEEDT 500 um & JLEIE 7> -
EICERTLEEZOND. bhRAIZ, BRED 2p /N K225 HHEFW 2(ZEHR (N
D 4s, 4p HiE) ~DOERIEIHK 12 eV (103 nm) £ D FHVWIZ AL F—DOHEEIZBWTRHE X
N, TXRTOBIWICIBIZALNL Z EHFMOLNTWA[20]. F72, 5 um [HEOWIUE
NiO O SUBEMRRF ISR T 20D T, 277 /Y -1 74/ YRINTH B EEZ 5TV
A[18]. 72, Rum U EOBEEDOKITH L TEBLEL 25D 8F7 + /7 12X B2
DI=DOTHA.
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FIZ, X MG 56 (XPS © X-ray Photoelectron Spectroscopy) [23] (2 & % NiO(110) @
SR OREOICHE M ORI % X 4-10 (2R T, WA CEES Wiz T 7~
VBRSO ERRICB VT, EIRETT 24 MRV R % BE L 72BRICBET 725 X —

VERGTE F ) THRWEREIES IOV TIT o 72, WESEHIHEK X # (Al @ Kofit (K :8.34
A) #BETLE, BEHRICL- T, BRI NIETVERFICHHSINE. COET
DI AN F— %MELTHﬂl$W$ ARG NIVEBBNT A LT, REEE (RS
nm A2 ) ICHAET AETOMEE - & - [LFIREFICOVWTHITHDAXPS TH 5. Kl
L ke % DT, %%v4ﬁxfﬁm%ﬁ5% L0 b, WERIZBT 5 REHEE OB EE
Fo v, NREFERR LA, 22X TELEBIANBVI A VT —HALIZH 5
BIDPHEDLTL D, OB bmf%@xﬁ%ﬁ—ylﬁ%ﬁﬁifé.ﬂ¢mm
BF5 [OKLL] IFEEZEETO KL BERICL2ES, 72, INNLMM] 3=y 7 VK
FO LM #HBBICLAEFERET. FIroiihInsEFE, Bk 5HZERA
Lt SN EBROMICE L I AV F—HEBRE RS 20, &&éﬂé%%wk v

B AN —%2ho72BDbDTHILD, LWIZRINVF—#HIZHTMLTNAS. WX
L, ZTALF—2hbFItELBhANLHBEINLETFIE, FORIZLEL w%@@mwt

— 7Rt A, AXRYZ MV EIZIZS hb@a?##«fﬁné.m¢m%%é&,&x
— D WEETHERST D XPS AR%Z ML TIE, Ni, OBEFIHindT s E—27 L 8D C FH+

DY -2 PBHEEINTWE, —FT, F¥A—TJEH5D XPS A7 bVTIENi, OfF¥—
IHHELLBIL, CRTOE—IPHMRLTVIED0 b5, Thid, EEET7 4 b
BNV A RS L2 L2 X ) B o REABET, RIELTWA I LEZRRL TS

LALZEAS, XPS TIIRABERMOEEH nm T TOBFRLIPERZ VDT, —HRIZF A
— JESHINIZ L LT NIiO O SUBREHREF SO 2k o Twa L idE 212 W,

100000
58 IR 55
80000 F —_— A= T

60000

40000

Intensity ( cps)

20000

1400 900 400 -100
Binding energy (eV)

] 4-10 NiO(110)IZ81F % XPS AX7 bV [24,25].
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M4 FEEREEE LR

43 MnO O &FEY

MnO (ZHEARMIZIE NiO &[] Ui, AY U gz o888t ch b,
easy-plane O FCBEEMEARAE S TH ), Neel mfEAHT 118 K [26], fl?ﬁﬁﬁ’]ﬁi‘@%m?ﬁﬁﬁ‘ 2K

IZBWTO083THZ (6] TH A Z ENHAOLNT WA, 72751, FRMEMERFE 2R T 5 A »
DESHPELY , MnO 1285 Mo 4+ VI3 3d#EIC S HOBT, EAE B S=512
ZFFD. MnO IZ, MnO, R Mn,0; £ Wo 7o FDOMD@E L b~ v v o b 0IidREE~ v
77~ (MnCOs - nH,0) F 2 KFRIMH TS 52 L THONL([14]. F72, NiO [FEE,

HEOREZEOCAEAEDE S LS %us

B4 4-11 IZAAFFETHEH L7z MnO ((TDECE], JEE 1100 um) DI EKIX %777, Neel
P LL T TOMRCHEMEEIC L B F 2 A /§E2<%ﬁci1rofw cWAS, T VLB X ) 7
BB A T > T wniz®, FX AL YOKRE EIINIO &[] L < Hum ~ Htpm F2E &
FHINS.

AHFZETH 72 MnO(111)DEEHE, XRD D 8-20#:12 & » THSEMEAS(111)TH 5 =
EeERR L7z, 2612, FERCMEIIE 3 2 EAME % FEli§ 4 729, (111D)HE 2B T HR-XRD
&0y F 7 —-TMECATo72. ZOFEREM 4-12 \IRT. 6 AF Y DRAT v T
ML, 0.002° THorz. HIERDOT FAL UHPHFAEL TSI L ZRIBTLE— 74553
R TET, PEMED MW HEERODDLIRE EIFFITLLo7z. T, KSR
ROERIIBIT2HEHEHOR 5 ED7-012, EACHELKM FFICEEEXRIE) A TE&Tw
HZEERERT L. Lo T, SRHVAREEDO R VEEES T FX A 2 ORTHE
ENTVBEDTIEI R, ZHEDEI L FAAL VEMNEA L TWAIREEISEZZ LA,

MnO DO/3Y FF ¥ v T7ORFERCEFHEICE L T, JERIPGHER27-29]1% LB 1tk
[30], &5 B AV F -8 (BELS | electron energy-loss spectroscopy) [31] |
Lo THRONTEBY, 7—BYIZAVF—U, BHBHIZALF—A4EETZ LI
> T, FEBBRERNY F¥FY v 7, ZOMBERICOWTHERINTE/, K4, MnO
DINY FFE Yy TRERFHRICI->TIEIERME 3.6~43eV) [32] 2L D), ZOER

25000

BIEE:(111)
20000 b #{EME:0.29°

15000

counts/s

10000 F

5000 |

0 1 1
17.0 17.5 18.0 18.5
o

4-11 MnO(111). 4-12 MnO D1 v ¥ ¥ 7 H — 7l EkE 5.
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Fawm EREELHH

DFIFIZDOWT D Mo A F > D 3d HLEF OBB R Mn™* 4 A > O 3d BLEH 5 4s HLEND
BRE, BERAFDLINLEEIATHo12. FOH, NIODBE LRI, 14 VAL E
FEE (Mn(0%)) ZHREHE LI TR —EFVEM wf:%?%mm%ﬁ#ﬁbnt
[30]. ZOFER, M4+ VOB TOBE &+ — d*+d® KETLH/ -0 A LF—
L 5AY—MOBMBH L +d — EC+ PLICETAZALVF-2ZIEZEALTHE I LIS
IRENT (4~T7eV,U~75eV). 72, Zaanen, Sawatzky, Allen |2 & o THB I N/ ERE
EiLE&wI ’iscj‘éﬁ*@a“%wﬂlmﬁi (ZSA HX) [33] 12BVTH MnO € v b - /" — FH]
EBMBERHOMBFRIEVE ZAIMET LS. Lz >T, MnO BUF527 5 A% —-AT
EMn* A o D3AEE L O A F YD 2p BEDOER ) ASIEHICH RKANY FO L)% d
DERBL TS EEZLNTVWE, FRWZ, dd BRZEULBEBEIC MM 420
3d BED FER/ N/ S— KXY BNV FIZTEBIELIE O 4 % v D 2p B/ N Y K55 OER
BENCXDAIEESNLBL. 20, OF A4 O 2p 8Ny FICIELSER SN S, $5
WiE, 7T AT —HD O* A+ D 2p WENY FH S Mn* 4 A > D 3d HED LR N— F
INY RANOBRPEEEL TSI EELD 5.

BT, X 4-13 12 NiO 1B A NiZ* A F ¥ U MnO 128135 Mo 1 % v D 3d Bl D =
RV U R B L 2R R LTV A[34]. NiO 12815 3d Btk 8 HOET 255,
RIS E AGEPE LA EPFALNT VS, —FT, MnO Tid Mn™ A4 > 3d #iE
ZBWT, A OMESLEELZ 10 BOBTIRED ) &, 5 HMOBFIREIE-SINT
By, BRERETIINSDOTRTHEFBAY VREEZE > Twa, #iZ, BYoEKALY ~
REZTRTEBWREE 2> TWD,
COXMBREED 72812, MnO @ 3d FLHE 2

.
[}
[}
’

-~
-~

L7285, FO TRV F— |23 ed A MR
BT, 1T O IBEIE A L VLS T,
72\ Z N NN
‘fl/ &:‘%X_%n%. Li) L, 3d /\/‘]\ Ni2¢(3d)3 Mn2+(3d)5
DILH ) REEFERIBEIZ L 5 A HdE

B B REERE O ST L 5 HR D/ 'r wiT
A U 72 [31]. — L-—
T/, AR CTHWCTWAS 724 ’?ﬁ'
7OV 2 DO HLLE R 800 nm (1.55 eV) 3 ,,' 3 -
CHMT BT ROV F— B 413 ISR LL
\ 1.55eV

MNAFEL TN THEEILNRD B 4-13 NiO KU MnO @ 3d #LE D
728, NiO [k, & 5REORIH A TRV F—HERID [34].
LatZibhb.
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] 4-14 MnO @ UV-vis-IR $8I8 (2 BT 5 F = O R G,

KIZ, [ 4-14 IZARBFZETH 72 MnO(111) D289V -T #H1-FRAVEIR I 3B 1) % %8R & ROGR
2T, R TIE, HERE20~40um fHETRELEEEZRL TWDEA, ZHIZTO 7 +
/v (0.034 eV, EIEHEOWREICENET S L 36 um) [35] £ LO 7+ / ~ (0.069 eV, Tk
WDOWRITEW T 5 L 18 um) [36] |ZPHF 17 reststrahlen band TH 5. KGFA 27 b L
? 026 um (4.7 eV) DE—Z71Z, MnO IZBIF AN F¥x v Ficxtind b &2 bh,
Mn™* A F 2 2B 5 d-d BEO D LD, 50V, Mn>* 4+ > D 3d HEH S 4s B~
BEIHILT S EEZLNABI]. —F,

EWEERLE, 15um D ETEMAL TH

RVOIEIKFET+ /) VI L RID 70 10 S I IR SN
Thb. £z, Hum LLTFOEREM T o8} -
BEACEBLTOAY. SR, dd B G | ]
BRoMERBEIC L 2AMYHEL~DE  F A Toy OA1—*T
BEvo fofe BRI S OFIRICERE  § O ]
LTWwa I Xicma, MEiea 500 um & oo} 4
tkﬁ%@#ot:azﬁﬁﬁék%i o ,

‘O ﬂ% . % 4-15 | Zl—- L f b3 13 @?fj(. 7& 200 300 400 500 600 700 800
H2%, 610nm (2.03 ev) % 480 nm (2.58 Fraveleng (e

eV) P Tl E N5 N & d-d BB O X 4-15 MnO D& =D KHA.

HOTNIZHEFE T X 72[27-29].
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58 SUBRMEERIIBIT ST 7NV Y IEBET D6

mS5E FERREEICBIT ST I AV RS

BFOEOAE Y HLVIIMETOMAT— AL M 2FIAL, EMOBEMEICMA TR
CCoBHMELRE LAH 2 TE5HTHALAL Y Pu= 7 AL B TA LWV
FRICMAT, 8, v/ v (RE V) 2Hl#E L, MAGELHPCHIELEE Vo7 N
AANDIEHEEHE LY ) 27 AL SN2 FRMEIBF LRI N L) E L Tn5
[2-4]. CHSOBESHE LT, LEBFAC Y OMEAMEFAA L -EEORE X UE
HHEHD 5 EHOEEFEICETIHELT ) AE T T T4 7 ALPENRLFHTE D
W SNTEZS], BPEDEIBAEY NOZF R, T2V R, REVATFA YA
EVio e THEGHOREROZOIC, B ALY DEEILEORE R T ORI IZET 505
EVI)DRFEFICEETHS. Lbiy, Db B L [BFAE Y] OBEEMEE
AICET 23R 254 2 83, WHENZEERZT T, REROEHEALE V7N
A ZADBRZINT 7 R & L CTH#MICOEFICEREND S, koA ¥ 1+
I AEOVTIEHINE TIHAE 2 BREO L 2EERLEPR, 77 57— g
RS —ED L) eBERFHIEEZFR L ARy V=T a0 - 7HEIC L VAL AT
5[6-12]. BEN VA ERWIR Y T —Tu— Tk, aREOHRELED, ERREE
TOBMMBIEELHEET, B 7+ /v, T/ VEDTAF IV AZHTHRLDILA
WeEBRHETHE., ZOFEEZHNT, MELDOT7 22 PSSV AIZE > THRES R
57797 %R (BEMICSVAFESBEELSELHR) 2T L2 & THEMEHK
DyFeO; DAY v #F BB hDoa—L ¥ MIHIETESL Z L9 1REBRENL T = & M
W2V AN & o TR L 72 4R FeBOsy ICBITAav —L ¥ M= 7/ v EROBREIS#E
ENTWA[12]. ZFOM, YRy 7— 70— 7HEE%E VT4 RBEEERIZBITS A E
BECHETLIHMAERE70ODOERIHE {ATONTVED, ZDIERLEAEN GHz =5
— DAY FAF I AT EIDTH o7, B - T, KSR NIO ICBIT5 1
THz D~ 7 ) VFHEOEBAHE S h7zh13], 7 IV Y HEBICW 2 B#EA E VInED
BRI Z OB O M2 L ) RIFEE T 20 Tld i CRBHZIT RS .

FIANNVYHEBICBIABETAE VOERILEIZOVWTHRANRL 20T, T I~ ke
B (THz-TDS) % AW EBRFESRE - ARSI Tw5, flELTE, 77
VY ERIC BT ABEF A VLB (THZ-ESR) (2B AHFFE[141R° 508 EE 7 7 ~ b i AT
12 & B REMER Ni0 o< 7 v OBEERREROEIE[S], $5\vid, KEEEMEE YFeO;
DS RAEE BV 5 BHFERZEOBHEI16]IC 2V TOMNASET LN L. KIFFETH,
BRI BIAEEAE VYA F I A5 BT 500N ERFELELT, 77
VY ERET S EE EICHWTW A, R, MEBEERIIOWTT IV Y RS SEZE
WHAT 2L, BMOBH T THRLBFAL Y OERILE T ML T 9NV EREH
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HS5E PURREMEMRICB T 57 7~ W5

FOND T LEPHRESNTVA[17-19]. DX BRHEELPSBEENETF IALYED
BERE 2 S 5 2 L 3B R ORSHTF T o bbBET A Y O@mEISE* M5 DK
B e Rz, BMEARO T R SO AR IR L ) DHEVISEVWE Y o
Bew)mEAEVIREEZRL, RAE VAR LZEET NS AORREZEXELYWET
H5EMEIN TG, ZOE, FGREHIERIE~ 2 OBtz w0, 20AY
YEAFIT AN LDRIES TR CHED S A%\ [13,20-22]. 2 TARIFETIE, K
SREEVEARANT T AV SR B L, BV AL > TR ENLEEA LY v ¥
A+ I 7 ARETAE Y LBEBHEOMEERAR L 720 THRICOWTOHMRZEDLI L
#HHE LTWA,

ARFETIE, IREEYEA NiO, MnO OF M THz-TDS 12X A7 I~V Y5, 7 b M
H SNV R 72T T ANV BT GIC B L CRIFZE T & M7z B B I2 DoV Tk
B, F72, RBRBEMEARD S SN D T T A Pk ORI, Bk OV AR KL
HEIZOWTHRRLERERLEZRL, FOT IV EHREHERE, 25103 REMEAC
B2 AE Y ROEERE, Thabb~r ) VEBEHEICOWTEE TS,

51 NiOIZBIF T 7~V ilEElE

AHITIX, ¥ 3-5 T/RLZEME THz-TDS % T, NiO(110)D T T~ v ik %@ il e
AT o AR ZIRY. 51 ICERRICBWTRONLRKBOL VB EOBET S~V Yk L
NiO Z&E W L727 7 NIV W OREHIEIE, ROED 7 — 1) TZEBIC L - TH S 2Bl B A
N7 MVERT. BEBEARZ MvEARDLE 1 THZ fHEICDODTRICARY VDT A v T
BT L0005, E5I12, K51 02 OOREEEL, S EH L2 EEEITEL [ 5-2
IRT. 1 THZ AT ISR « D — 2 B L TBY, SOV — 2 13 SRR 1 fsk
FTHRPNCTHLEEZOND.

U 1 T 1 1 I I | I & I I T

_ R.T. = R.T. E
2r —— reference ] Z —— reference
5 —— NiO(110) gL —— NiO(110)

) o)
5} [} | _
E \ N E
= J Y = T

g | -
£ \ £
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0 5 10 15 20 25 30 0.0 0.5 1.0 1.5 2.0 2.5 3.0
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B 5-1 NiOIZBIFEEBRT TNV OREEIRIE & B ARZ bV (FiR).
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& 2 —o002 2 02k . 1
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3.20 ke 1 I 4 0.00 00k . ; ; i 4
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Frequency (THz) T/ i
5-2 NiO O#EHRJEHT=E. X 5-3 NiO (2 BF A Rt s L o
T FE A

5-3 12 NiO (2B 2 FUsRE SN O TR EE AP (SK ~520K) 79, #tdh, A
BZNEN, 5 KB DB 0, (0)/ 2t =107 THz, Neel I T, =523 K THUE
fELTWD, JEELRAE & b1, KBBEREREERAMRL B o TV E0O0bh 5. MR
Y5 F T O BURREHESE S L 0y 1, (2-83)3 LD

Oprae =|Y2HH (5-1)

ETED. EHIC, BRFMWHGH, =K/M , H#ESH, =qgM 25 &,

Opevm = M\/ 29K (35-2)

b, L, DTSR EqRBEICKFELEVWDDET S L, 0. PREKFEZ, £h
PEE K OIREMAED T HRICHEIT 5. BHMERIIEIE TRILOKE S ICH#E L C
AT HDT, HREOLID, @png PRERFEL [2.4 Weiss D5 T35 85 | Tih~R725
TR BT BRUELDBEZLOF R CEITE S, K S3 I2B T B MBIE N A 4~
(BFECE :3d%) ICBUAEAE Y S =1 % H\72 Brillouin Bt 5381 L 72 RO 3k
BEEBORERGETH D, ZOMBIE, ERTHONRERFELEIZEAE-FHL
TWAY, RENLEATEIONTHOTRPICRLZ-TL A, ThIZBELAIE->TAY
Y EHMELER AR L, NiO 2B % FIRE FREALASHAE % Brillouin BIEUIHED T2 7%
BETLETA7-OTHALEEZOLNTWVA[23]. ZOERBEIRIZBITSECETHIET S
DI, BRBRGVEOREZA % G2 ZRE L 72 Zener il % Fl\V 2 LB DD 5[24,25].
KU, NiO(110) & & # L 727 7 NIV P ORGIENT 2 47 - 7245 R &2 4 5-4 12R7 . [X 5-4(a)
D &9 HACEH I (il 7)) WG E B L7227 T ALY % NIONASHT % &, X 5-4(b),
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X 5-4 NiO (2B 2 E#T T~V ORI

(TR L7z T Z NIV PFITB T, b3 IHEE H s (v HG) 254 LT,
L2 L, #&@&T 7V EORHERZL, EEED 3 Xoo7ay P2 REMNICEET
L, TINVIYEDRBIRBIZIZEALEIEL T AVWEEZOLNS, 7B, X 54(c)
ZX 5-4b)DHA KL THEZE 45° AESETHE LR ER->TWED, EHEL5D
BETHIZIZFALEBRT IV Y EFBR SN TEY, HEAHICL2BHERs %
Mol IO OFEBFERIL, NiO I2851) 5 SORMEMEILIE CTIXEMY LBRE— A~ M X
LIS L TWAE Z L ZRELTWD, A. I Sievers b 12 LU, FOBREMEA NiO Ti,
TOWRRSNEDT=DIZ 2 DORMETOBTAE UHFERIIIITEHLS DT, BEHRWIC
RETHLAMERE— A Y PEFOZEPRMINTEY, KBIETH, Zhix KL
HEIMEONTWBE EEZ SN A23].
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58 RIS BUT B T T AV UG

52 HEHELET =4 S OV AR NiO(110)72 5 D T 7 )V P [26]
AT, K 5-5 1I2RT &) ICEMREL7 = TINNY BV A
L MOV A B ASHE 200 TR 2B =3

NiO(110)2* & T S B 7 7 ~ )V % % Bl
Lk RICOWTHRRS, KBSV AEL VX
ko THEREINTED, KB LICBITS R
ARy MEIZHE ~ 1.2 mm, % ~ 0.7 mm OF5H] SR AR
BLaoTuk, ¥7:, Bty am  EREXTSARD o
WAL 72O, ImEMAFYE, LR EEK
FHZFIZOVTHARLFERICOVTOIRRS.

[ 5-5 NiO(110)® H#Rt
AEWNRY 5 WAV i) =

521 WgHEE

X 5-6 IZFiRIZBVT, NiO(110) ~OEMEHEG OV ABFFIZ L WV U S h b 7 7
AV P DI R 2 DT — ) AT Y > TES NS EEMANRY ML ER
. 2D NIO 25 DORBET T~V ik, 5 ps FIED 7V AR IR 1 ps (WL :
#11 THz) OIREYRL % £ o 72 IEH IR R BUHETE & 7% o> TWwWb . 7590 AT O
HIEEHE L LTI, BESOPUBT- B 2 0k ) i ah R(27,28], F7213, PURBMRETDH b FK
HICBWTHEREINS 2 ROIERILAFRIR29,30103%5- L TV L EEHEAE 2 S Tw
5. ORI oW TIE, [5.7 7 = 4 M7 OV ZJHEE MnO 225 DT T A~V
WS I2BWTEEHICR RS, NIO 25 DT 7~V JEEHIEE L Tid, 79V ARG
RONDIREBTITER L, ZORFEICOVWTEEET L. [5-6 (IR LZHEBAXY b

4r NiO(110) 20k NiO(110) )
2 R.T. 2z R.T.
g 2t g Pump : 30.7 mJ/cm?
; : 5k y
= £
5 !
~— O ~—
(] (5]
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‘s 2t 2 |
g g L i
< i & 7
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[ 5-6 AR GENE NiO(110)D 5 B Sz 7 5~ v k.
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%5 PORREMERICBE T 57 7~ U5

RERIB I BT 2 ¥ 1 THz OIRBYESE, WO 2 ITBUECh 5 2 Lashh
. F7o, IREVHETET O E (1 THz) ASSEIRIC B 5 SORGEIE R, Tabb
BWEDZZEDOSGRENE~ 7 Y OB R L Twb 2 b, ZORSS 7
A MEHANNVAIZE o Tae—L ¥ MRS N s~ 7 Y DT T ALY
WS TH LI EARBENS.

522 imEEMAFTE

ELFR GRS NiO 720 & Bt & N 2 IREY B3 O I B O IR A (5 K ~ 400 K) (I2DOW
THIE L 72kE 8 %2 B 5-7 (2R3, G SV 2 D IE, 5K ~280 K Tl 21.5 ml/em?, 293
K~400K Tld 30.7 mifem* THh o7z, T/, K5-7120F, 53 (25R L 7z SR SL gL
DIREELE ZOHEBMMD IR LTWAS, 57 &0, BEESE L L ICEHRSD
JEEAMEL o TVD Db 5. 512, Z OIRERLETEDS R RTS8 I o 15 B
ZALLIZIF—FH L TWE I D, K56 DRMEZICBIT 5790 2 s e < RBI Uk
0%, KXV AKX YR SN EEIFIZYooae—L Y FRBBEEY S v b D
BEEBE S CTh A EEZ N, T2, ZOBEIREHR G O BBREEIZEE L5 L &
bIZHA L, WEHREEAT 400 K LL 1 & 72 2 RGBS 2 4 R b R, BT E 2
oz, ZORBEENE~ T ) Vo DTF I AV ERE T, BV AICEsTae—1L v
M, 220, FRIC~Z ) Y2 PIEREICHEL TWwbs EEXZ LMD, LT, &
FEOSEmIZ 72 5 IO N THRAEFESELN, X512, L—¥F - X 2EE FR%I0RK
TAWMAFOBEEOEBENIKEL BB LICE>Tav—L Yy NGB~ Z 2 V95
DEEIEBHNEIZE L LBLT B L EZ LM,

' 010 - T T T T T T T d

S _
g 0.6 ® Radiation O\ 1 % 0.06

S< O AFMR 5
i o

~ 04r Calculation R E 004k -
\%’ i3 @, (0)/2n=1.07 THz =

. TN -523K 0.02F —O— FWHM e

0.0k L i L i L L " 1] 0.00E 1 1 1 1 1 1 L s
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i BEMAFE
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HSE SORRMERICE T 5T 70 BBt

X 5-8 121&, RREME~ 7/ U BB SNL T TN Y EOFHWEEA X7 P VIZBIT 5
IR RERAMEZ R L7z, NV ARG L) b5 OIRB SR T DA% 7 —1) T4 L
TRREBARZ PVICBIT A= EE2uU—-L YO BIEBTTI v T4 7L, ZOF
fEi40E (FWHM : full width at half maximum) Z#0E&E U CaEli L7z, Z OFIEOREMKAF
MERL L, 50 KLLFOMKIRFEE L 300 K DL EOERER THRIBITIL L o TwWh, i
I CHRMEAL DS A DL, REDS EAZI2oN TR AELIL, B RL 2572
HOTHhDHEHRMTE S, —J, KIRFETLHRIELILSDIERIEAHTH 205, Z OFEA
PRE O RMBEICL o THRE - TV EEE, MIBIREICEKFLEZVWEEZOLNRS, L
7255 T, X 5-8 DFERIL, U TR RIREZRILZRL TV RNWEER DI EHNTE L.

523 bkt A

M 5-9 ([CBEfEE~ 7 25 S N A IRBIUG BT O EiR I B A kG LV AT#
BEMRAFER RS, ChIC kB L, K~ 7 7 v 2o RE S s 7 7~ vy iEhE b
SREEICHBI L Tl b b EZONL, F72, BRESVAOBEZE KL TV L, IR
BB ST DIRIEH T8l 3 B HEH 23D - 7.

T/, K510 1ISRT LIS, BiEY SV ADREE EIFCwicoh T, RETREH S
O ) e A A S 3 4 1.2 /7%15 Ebhotz. TORBEBEM~DY 7 NIV —H—
HEGHC & 2 iE EAEFISER T %5 NiO ORGHF OEEL 2 KL TWwa EEXZ N5, i)
FI OV ATREEAT 9.2 mI/em” & 5§\ & X OYREY UL O MBI, Sl B B SORREE

HIBRRH E 2IZ L TV DT, L—¥—MREHI X 2 RBHREE O LA 3B S 0%
ROIDITIFEA LR ’P%wa%i%né L Lad s, Btz iﬁék’ét%t
BAMBT L Db ERT L9100, BICL2RBORE LAHSBEHTE R %

%i%ﬂé.%kbf,ﬁﬁ%%§#%6MMn®i AD NIO IZBITAEE ERIZOWT

1.02 —
7 °
Z R.T. ® RT:
5 B, R \ —e— Radiation |
i T .-
< °—o
et = 098+ .
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E 2 \
E U:”) .—.\
2 g 096+ \\ -
g £ .
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F5HE PORBMERICB T 57 7~V B

225, ZOLEOFRHBEHEEEIX 094 THz ThH Y, ZHUIH 365 K I2B T 5 ROk
SIS EICILE T A, Thbh, Filk (293K) £ )b 2KEE, BENFERELTWVWSS
AN TS, LY B 5o AR, NiO OME 44 J/mol - K, HE 6.7
X10° g/m’, 531~ 74.7 g/mol, 800 nm DI § 2R AE 100 um, L —H — BEEHHI I 6.50
X107 m* ERBHIGZONBZANF =D HEMTE I EHTES. NiO ~NDL —F — [
FHIX 2T 1 BHICHGAONEZANF—FTXCONRE LA ICflibh- &35 L, e
SHEEAS 88.6 ml/em® DAy, D FRIREIZ 395K & BAED SN 5. B0 REL H 1),
FEBIZIE, RKBEEORE LA THLOT, 1 BHOL—F ML ->THZ N5 T4
NVFE—=DH) LD 18 %D T )V F —HREE FH 12
b7 AL A2 LN TED. ZOMOHEGH
BEORETOR L) R 2179 &, 1 BRICE
AONBEIANF—DI)H 15~20 %D T AN F =78
mE EACHFGTLEHMSI N, Lo T, L
— ML 2HB ETOBOEREL W) DIZE
BTET, BEHEISICB W CRPTICHREHRE DS
FLTHY, ZO#KE, BEHRBEEOME RN~
DT MBI EEZOND, EIE, wEihE B 5-11 L —4F— B4
TL—F—BRE Lok %12, RBAHET, ¥ A— T X,
EZIFTWVAKTIHEETE A (|5-11).

524 {RGHEE

B 5-12 12 PIRIEKR S STRIED 7 = & FEOE7 SV A Tlipke L 72 NiOo(110)2> 5 gt S b 7
TN W DRI 24T o 72462 R T . 5B, FEEHREE 430 miem® Th o7z
C CIIRBI BSOS E I D W TR N5, [0 5-12 A4 5 & PRGN, S FWGhk
ELLOBETY, REEE~ 7/ v oSS ND 7 IV D E b5 ORSEJ)
L E G (FEEHN) OMICBIAMMHEIZIEEAEROA R, T4bb, HERELET
ke U 7z BOtgErE~ 77 7 ¥ 5 B I S A IRB U B I EMUE L & 2 5. T, o
WAL > TR I NS NiO IZBUIT 5 ARMERE— A ¥ FNERWICREIT5Z & 0565
TREINLEHIRETH 5(23]. 2512, SR TIZA A 7OV R L IRE S The
APRKELSRRoTWVD, ZHUE, 7V ARG & IRBY U 75 O g 2s = 4 2 =
EEERLTBY, IRENEETEG A3V A ST I & o THike S 7z H I ERE Tk
%, MMV LSV ARRYZ ) V5 DRGHESTHhbH I L 2RET 5.

EHIZH5-12D 7 — % % EB4T & EJGT ZFNENICO W T ORI EKAFEICE Lo
B L2 D% 5-13 ISR T. PRGHIRIC X > TS SN AIRBIBETS & S RBhhk
Lo Thgt & N 2 IREN T % ik 3 5 &, IRIED B GIRGIKAEER Z vwas, [IHA
FIERI L CIRE) L o TWwB I bR s. [53 MRE7 =& MK/ i
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NiO(110)* 5 DT T~V Pt ] CTFEL <R3 25, MRAEk L SOV 2 2 w254,
IRE ST OMAEFRIEDOAN) T 4 DY Y HRZITE o TRIET 5. 72, NiO IZB W
THREAERBITOFIENRE SN TVDE Z s, ALK OV 2 DEBR G R PE
THRGLT 2 2 LB TFHENLBI). LA T, AFHERIC PREES STRETH - 72t
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BB SURBMMHRICBIT 5T 7~y BRETE

REPRESHBEITICLD NIO WETAY 7 4 2SR % REICEALT A 72012, fiss
Dk L7 REV R 234 L2 W et S 5. 2 OV HRERIZ DWW TIE, [5.4 NiO110)I2B1F 5
K~ 7 o DT TNV ERGTHEROFE ] 1I2B W T, BT TV E AW RET
WCEDFEELIEBEL TS,

525 BEBEFET < BELC L B <7/ U

ZZFETIT, M NiO I2BWTTF ALY RS RE4 B L, BERET «
L PR NIV R & B L 72 NiO(110) 525 D F T A~V 7 T % B8Rl U 72 EBRS B2 R L C
&7z, NiO(110) 25 DBUFT 7~V P ORBERAL, 7OV A RS L 2 st < RE gD
POBRINIEEN LT INVYERERTHLI L2 RHB L. $, FORERA~N
7 M LIRENE SIS RS TH A EELZ LN E512, RIS-TICRLZEIIZ, IRE)
Bt s O iR AR A PR R LB IR IN OB EZL L IR L T2 2 55, EE)
BB SV AL DR S 2o — L o a7/ 2 5 O BRI U
GThHEZEZ LN, THIZXY, 79IV RMERS B2 L CRGREMEERD
BTACYORBEICEFBHTRTH LI L2 EILETEL., CORFEIe—Ly bes
B DT AN FEHETE, THE TICHRER L, AR THO TR SR,
KNV ZAeHOH LY HERL THL o —L v M= F ) v OFRERE OB ITEs
BICh, BV AIZLE2EFACE ORI E V) TENLBEICBWTHEFICEETH
5. ZITR, WINVRIZE ST VIWERBIER U T 2 b OERLE ST O R
e DBALBRIZOWTHHET .
HNNVAIZEBae—Lr MR~ ) v OFEEEODED L LTIE, BENS
B < Bl (ISRS : impulsive stimulated Raman scattering) ##4%% 2 51 5. ISRS #4E
i, HFEICUHMEAOLHST, BICHELE LOBESVAL —F— kAL 20k
WML FEBOZ L 2. Y. Yan Hid, 74/ VR~ /) VEOEMROFERE ) b K
ERANRY PIVIBEFEOBEN SV ADHRT DFET v Y HELIC L - T, Bix L EhkE
MEIRINGZ EREMLA [32,33]. [ 5-16 ICRLAZL IS, AR VIR Adw 28D
G SV A i, & how, = ho, —hoy, (0y &3 77 YARER) O RV F—2HD
HBEENEE X, ISRSHEBEFEL IS, ZOISRSHEFIZae—L Y 74/ v OHRE
BOOEDL LTILHIONTWED, ALYy —HBEHEEEHL2ZETLE, AY 05
ELT7 A Y OBEEFEBRIIRZ S EEZLNTBY[(B4], 2b—L ¥ b7 ) o ORI
ELTHHEATESM2]. £/, 1 DOBEX/ VA% HWT ISRS #FRT 5413,
WE, BEEEYuo~r ) VRS,

NiO IZBITH 7~V EELICET AHF%E L L Tid, D.J. Lockwood 525, —ffI R 7 <
YHEWEILE D 1< 7 v I~ VEELOBIICOWTHE L T A([35]. L7zA> T, NiO
DB D DO[EHME~ T/~ (ZIRTH 1 THz) 35~ Vit Th 5.
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Virtual state with

------------------------- T T T T T
A spin-orbit interaction 5 . ) '
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-
@, () Spectrum of g
laser pulse 2z
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1 1 1 1 = f
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Frequency (THz)
[X5-16 ISRS HHEIC L 5~ 7/ VIihike. [ 5-17 NiO #&#Jghie e/ v A,

T/, BMICHFET BRI > THELS I =L ¥ RIREIORIEIE, L ICH
Bl 25DT, K59 DL IHRBIBEHE S ORGSR GIREE (S L Tzl b id, 17
7 ) Y ISRS Kt Z A L7~ 7 ) VIERDPE L TWAZ L 2R T 5. [X 5-17 IZARMZE THI
H L 72he Y SV 2 DA <27 bV RO NIO % 5&# L 7zhk 6 v 2 DE A <7
MVERT. ENERDOARY PVEKE - 7ETHBLI N TS, NIiO % %E:# L 7z
Fr OV 2 DHULE A 4 THz 2R, RBERBMIICS 7 P LT 2088l S hTn5,
ChiE, FEITUEEERBLTWAS EEZ LR, BN/ SV AD ) BT
IREE L, (KRB NG % 2 7oA R, X SV A DA RS P vseRe L
TEREEREIICY 7P LTWAE EEZONL, FET Y VLI, BETNIFENIIEZL L,
ROEHICHATHI LN TE L, FET~ V#fE TR~ 7/ 2 h ke S b,
BREEEBOKOKTFHROEOHERKL, 2oRb Y IEBEIMOOTE~F ) v D
BP0 EOTOEBENSL. ZOME, BEKEBEMOGIIELZZT, EREREH O
IR SN Z &2k D, 72721, NiO O SURREME~ 27/ 251 THz T 5 D12x L TR
W7 ME 4 THz RETH -7z, i, FEI YV HELDPLEIEL TV A TR
FELTWS., HEVIE, BFZAMF—HFREV (HEEROK) 3L, NiO IZB1F 5
OWINDKEL LM BEVFEELTWEHLE Lkw, —JF, Nio TiE, K52 1IRL7c&
5&ﬁ%mﬁﬁ%mié%?me&@%W$ﬁMénfw6®f,gwﬁ%m@77/

ZARINETET D B 5 (23], NiO OFE G4 E 3 SRR 2 R > TV A DT, BRARAE
PO T, @, 7~ EEroRINEEE 25 E— FIFELZV[36]. L2 LAaA
5, T VEMETAAE UGS T CEETNWEIMFOERE AT HZ EHTETD
5. DLEDZ RS, EERELEE NiO(110)TiE, FEIZISRS HfEICL-Take—L Y MY
SfEE~ 7 AR S, Z ok, BORBEMELERIOHEFE L LT, v AhiE K
BREETE~ 7 UL T IANVYEDSRE SN EEZ LN,
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5T PURREMEMRICB T 27 7~ UG

y

ANY
I @(hﬂdaﬁs)

5-18 NiO IZBIJ 5 A ¥ » D% ES).

(J B2

R, ISRSBEEICL o T~V MR SN PORBEME~ 7/ Y b0 T T LY
BRI Z DO W TREF S 5. — MBI OB IERE Y &9 A Y B E WIS %
HWTWA 70, 7 uZiifbzfF-wnkEhTns, L L, NiO DBEIIRE ISR T
MESEH R OHEREFTED12DICA Y ORI AN 5-18 1R L7z & ) ([CHH#0LE & 7%
D, 220DRIETFHDAE U HPREEIIKFATE X R bW, 207012, HEHICIEET 5
AHBRE— A MDPELSLEEZ LN TWA[23]. L7zh > T, Kkt~ 27/ ~ 2% ISRS
HHIC X o Tihig S M7z b &, ORI FE R CIREN 7 2 AR E— £ & b m(r) 2
5 DL BEHNZ L o TTF I ANV Y EHPBE SN D, T ORSPRTHEHE, Kifi
PRSI IN O B AR L BRfR S 2 2 L AST X 5. RS T- TS E 7V T, RGBT mlr)
AT A GRS L, m) OB O 2 BT ICHBIL, Q-153)RTHETI LA TES.
4, JRFEIH (damping factor) % ZJE L 725 AR T m(r) %

m(t)=m, sin(a)Mt+(p)-exp(—£) (5-3)
T

EBL. ZXTmyBHERE— AV POKEL, o3, r ZBERBTHS. ZDL X,
(2-153), S3)REZHVLLabv—L ¥ MREEE~ T/ v OB SN BB Ey, (X, X
DE) oy ICHBILZETELES.

B o [ (@ + £ | sl v oo L) 5
ot’ T T

CIT, Pl B3ELRLMMTHL. 54X xHWT, NiIO110)2* 5 DG T 7~ 7 ik
ORI BT BB G DT 4 v T 1 ¥ T2 iTo 7248 %K 5-190) IZ/RT. 74 9T
1 V7%, BBIERER 5.6 ps DEDIREIRSICOWT T 72, 72, 74 v 574 v i %E 7
— ) TR LSRR PV EFEBICEBI S 7T T A EORIERERH 5.6 ps LLRE

88



58 JERBMERIC BT B 7 T A~V

" (a) ) NiO(110) ) I
- 1: R.T. i (b) _
= Pump intensity : 30.7 mJ/cm ) NiO(110)
= g RT. ]
¥ = Pump intensity : 30.7 mJ/cm’
o £
= <
Q ~
3 3 —O0— Experiment
= 2 Fitting line
= g
g
< % 8 <
J & —o— Experiment
3 Fitting line
0 5 10 15 20 25
Delay time (ps) Frequency (THz)

& 5-19 EHURCHRE RN~ 7 Vo DT I ANV ERET D 7 1 v T 1 v F IR

B E 7 — ) TR LB ARY PVERB L2 0% X 5-19b) IR . &8,
_ﬂ%®XA7FWi,%h%ﬂ@k—7@fﬁ%ﬂtfw b, DT A4 vT A YT
DFER, a—L v MURME~ 7/ YOG SN L T T~V RS OWEREE ¢ 25
9.66 ps TH 5 LRD LN,

IV AR % DT AT ESE IS X B~ 7 7 VREANCE§ % EEBR T, FOaEMERIZE
WU SNz~ 7 ) v 2 =77 VilafERe 3 7/ VBRICX VRS 2 D100 A
i, MM ps A —F—ThhHEEZLNTWVS[37,38]. Z OMREMEERIZ, RIFEICH
VT B AREYT ORFE I AR TIER IRV, 22T, RIT [2.64 ORI~ 7/~ OB
G EBEERRIY H| THRARZBGHEEE b L ITRAIRER IS O W TELRET 5. B
T COMGHRERR, $T4bbI R VF—BHEM, 32125 TEENS. NiO 2Bl
5 PORREME LS F % 1| THz, 57 F5REE ZE 23] TH A BN TV LR 7, =
0.715X10™* (emuw/em®) D3 & L, Hf VIicow Tk L —HF—lEHEE s 20RAELOH
WL 455X10° em® # v &, 7, =798 ps LRk ONA. TIT, BT I~V
WDINT — Py, 1354 LD

2
Pry, =< {exp[— 5)} = {exp(— %]} (5-5)

LREDLDOT, BT 7NV EOESOWFERRH ¢ & T4V F —fRAR R 7, OBk

T=21g (5-6)
B EICEETALEND L. Lo T, BEHEEICHE) BT 7~V 0B
DRWMEREM 713 ~ 160ps EHEDH LI ENTE 5. :@ﬁﬁﬁ%ﬂ,%ﬁﬁﬁﬁ%%ﬁﬁ
D74 9T 47 TITICE o TRD O NAEERMIZE. 22T, BEHEERH O
FERAFPEIC O W CTH I LR & RIREEICH Téﬁ%&ﬁ@74}r{/7hﬁ1kb%
N7ZRER R OREZELE K 5-20 1R T. @125 LT, FOGRfEE~7/ o607
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%58 FORREMERICBT 27 7~ it

T NIV WS 30T B J g i I [ , , ;
(&, 705 R RO OF B e S s ) 9 £
IHKAET 5. TR, 7, O
THRAOLNBD, BELR23ICL 5 &
2L DEEELIRZUEERE BV
T, BB R ORI~ DO F G-
BASVEERLND, — T, TR P
FEREIE, SCSRREPE S I D 4 Tl e
B %7280, DB OmEZRAL Ok ' : :
0 100 200 300 400
FETERRICKRE LB 52 5.
5-20 1271 L 72U IR IR ) O i AR AT
X, 7R E e e L, Rasiit X 5-20 R RE [ O Jin BEAR A1
LIS S e B DI L & E R L CHEIM
L7ZHIRTH L. BRI, BORREE IS B ISR A & & b 1R i B~
Y7 MTAHDORBEL, BENEL RLIIONTEL 5. i, ZRMUETAKICE
+5. FHUKL, T4 954 /wﬂﬁm‘mmtﬁzﬁmﬁ@mfgyui, I 5-8 127K L
ToJEBEEA R 7 PV OMIRDIRERAFE DM EIIZITAIS L THB Y, SR TR
KB DD 5. L7z T, Kk ~ SRTREGRELE~ T/ ¥ 55 OT 7~y
WD FESHIRNE D JRERE L, SRR S AL S ERB BB L7231 C
W72h, SR T OMmMBERFEIRECERL L7720, JOMERENIYRMTHLLEEZ D
N7z, 22T, KR THE L N BERRNIZ, #EEWMEICKEL T A REESZEITS
L. ZONE, MBI AE N AL VERRPERRRICBIT B~ 7 ) VB & L 720K
RHERON O THEHREICHE VKFE L 2w, BRO L 25, SR E#RE~ 7

/ /mﬁ@fiiﬂuﬁc‘: LTiE, WSOPDBEENREL TS EEZ LN, HERMIIFLS
DHFEBDRLEDLEIHBI LI 1/ 10 1/7,(T)+ 1/ 7, (T)+1/7, TEHATES. 7,(1),
o(T), 1, BENENTZ ) V4%, FUHREE, SaMcERY 2 ERmeRT. oh
bDY) L, X7 R ESHEEEIC X B BEREILREIKET 5. X 5-20 128 L2
EREE QIR ICB T, FRICH > 2R3N R IREZESPR ST nie, K
FFE TH W72 NiIO(10)DRE Tld 7, OFGPREVEZEZ ObNDL,. EE, K 47 TRLZ

X RO EEICL 20y X 7 A —THETH, E—2 5%, PEED —B
HHEERICHRTRELL Z->TEY), HREEHEIHFVERLGVEEZON. L2255 T,
Fibn KHASEIC & o TRE@EME~ 7/ Y OSIEL TWA EEZ b, S5 1254 i
POdfEtE~ 77 2 ORALBREICET 2 MAE255720121%, HED F A A4 U IR RO 5
REGDIRAD D702 T7 =—1) ¥ T [ ¢ LB H 5.

Decay time (ps)

Temperature (K)
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526 WSWVAKNIZX A< voav—L » Ml [40]

5.2.1~5.25Tld, Bk 90 ZBEFOBAIC NIO(10) Tl S b 2 e — L » b R
W~ oD TITAN Y EREHIE T AERERERL, TOEHELRRL, 22T
&, ZolcHIciYzae =y N ROEEE S 7 2 OYRIE - M - AL 0w )
HIR L2 EEERICOWTIERS, BARKICIZ @Y 2R R T Y 7V XV A H % \»
3V AF) & BORBETERICIRET L, B Eh2 7 IV g2 5. ¥ 5-21 12
For X ZAFNER D 720 DKFA DB, K 5-22 (27 9V A & A ROEfEE~ 7/ o3k —
LY MoK Z /R, K521 1ISRT &9 RS RICE o TREZEA 2825 70k
INIVARKISIVAFNEERL, ab—L Y b=Z/ o0t oflzXAas. 1 OHD
SN ATT T ) EEL, 2 0HON SV A%< F 7 v OIRENE L O BHEH &
TS LTRET AL, MHEBSRIELZ<Z ) YR Sh, 1 2HOR/SVAIZL S~

M2 I TR HERF[H]

BS M1
= B SN )2 ;
BEE LA N A

M1 -
B
A el - A

R S A P & FERERE ]
y N
I & N
Aty
AII ¥ T H OV A
AN
%k_
M4
(@) ¥ 7 IVHsI A (b) S A%

K 5-21 23V AFNHRL D 728 DWF .

SIULR (n+1/2)T
RpaRMEE ~ v/ ORET
LG g
(a) B¥E< Y /Ui (b) RT IV HER
R W BRI
(c) XY /o t8eh (d) =45 /2 BIRFh#E

[ 5-22 S5V AfEGREME~ 7 2 Yo a e — L MlfE.
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FCBBEMERIZ BT 5 7 F ~b Bk

i
W

J)rI)BHEL, ALY YT Y EERIELIENTESL (X 5-220). — 5T,

Ko7V 2 D RIRE 2 IRENE O BEEBAE ST NEL 2 DHOXNV AL T~ 7 ) v & Mim S
LI ENTES (M522@c). ¥FTURISNVADEEZNIEL 2OV AF L 55
BTHY, KWV AFZ#EYICHETAZ L Tae—Ly b= VBRI T A &
MTE, ZORES ORISR, SRS, L WHESTE 2 WEELs D 5
(B4 5-22 (d)). PLED X ) HFEBRIC X o TR DO RETE O K 2wk I A FEE T &
WL, XV AZHWIZETFAE O —L v MIBETFEORTICO 4D, kI

X, 79NNV OBEEREHRPHHLEBEERAY Y ba =7 AFNA, AEAD T4
IH b WIFFT & 5.

B 5-23 IZAWIE CTHESE L 725 7V NSV AR O %2 % R, G/ SV A3 e—
LAAT) v F—=I2L)PIL RUP2D 22125076, #0%, M/ AL LICND 74
VE =12 X BEREERE, LY Xk B8, KERIC X 2mEHE 2T, 2IZMEHETHR
FHIRG S NG, ZoLE, P2RREICH LT 1 LA AT — V2K o TH/UV A DIREE
e At 2SHIH S NG, 2D Y TNV 2 % T NiO(10) 2B B~ 7/ il % 3
KR A 524 IRT. BB, ik OV A OMEE R ORGIREEIX PL, P2 L b2, #hZ
N 308 mifem?, PIREZ AV, 7, 1 20DKSLA (P1) 2L ThEEN L T —
Lo Mgt~ 7 0%, JE 1 ps (FEE%L 1 THz) MBI 2 IREB U o % 562 & &
5. 22000K/NVA (P2) IZLkoTphiEESnb ae— L v ModifitE~ 2 /7 » OfiMHIZ

IZHAF L, ZORBERMZREST 2 2 212X ) IRENRST RS O I E R @A U 5. l
5%@&mtio_,mmum Shbbx ) ARE) O O 255 o MERE R T

/ Pump pulse

X
Amplitude (arb. units)

.- . L R.T. 5
D st = |+ NiO(110) E
(b Pump : 30.8 mJ/cm’ 1
=~ F ( ) At=5.0 ps 5
BS Wave o g 5
plate £
g
4
Z
Delay Stage TE;_ i
<
o n 1 i L N 1 L l " 1 " 3
0 5 10 15 20 25 30
Delay time (ps)
[X15-23 % 7 VH O AR O ¥R X 5-24 NiO(110)I2BF 5~ 7/ il
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ST PURREIMERIZB T 57 7~V WS

L 723E, IRETIU RS ORMEDSTHERE TE /2. L L, ZOIREIBER S 35822
LTWwhhros, ThUE, NhbkGE#EE~ 7/ > OE ($10ps) (SRR LTEBY, [H
KRS BT, PLIC K ) AR S D IRBRIGD 725 P2 12 & 0 Al S 2 REpFRIE & 0 /)
E%oTLEHIDOTHA. FIZ, KS524b)ITRTLIIZ, At=50ps, ThbbLb~T
J A HRE) O T O K O IERE [ TGS L 72356, IRENUST I O BB A HERE T & 72
Z OIREHEIEOHIEIL, ZNFNOFHEN/ SV A1 L o TER SN RHHEEO R L&
ETHHATE 5.

X 5-24 \RL7-& 910, ABBFFETIE, KBSV AR K B RRBEME~ 7/ » ORERHTH &
Wo ek R ae—L v MBI ZER TSI LN TEL, SHICEESEZa—-1V Y
Ml OF & LC,N. Kanda 5 &, [REORENTF TRV A ZH WA Z LT, NiO(111)
BT AE~T ) ViR E RICMICERETE 5 2 &L 2 EIEL TV A [41]. R mA Ry
WCEALT 2NNV AZIBYE T2 &, 7/ YRE)O KN, #RIE, AHZHICHET 5
ENRTELDT, #IHhOMEENDE T IANYEOKAREL BAEICHRET S Z & IR
LTw5h

5.3 Mﬁt7lAbﬂ%nwx@thmm#bwfﬁmw/ﬁm%[M]

5.2 T, EMYRICEhESS, IV A % H F 5 AV A
Wiehi @Nmum#%@%imw/ B
WeEHICE L Tk 7z, KEiTIE, b b
SV 2 DIRFIEIREEZ PR GIC L T

NiO(110) |2 BB & L 7B IC s s s 7 -
TNV R R ERT. £

7o, TREEARAEVE, TR A A Wﬁf}‘(‘)ﬁﬁ‘
2OV TR EE ROV T b B, %7 < 5 b

PR & 7 35 00 S B~ &7 P A2

> R N O F 5 ~ L T R R R 525 NiO(110)D It
IZOWTEET 5, 7 & NGOV A ik,

53.1 HSHEE

X 5-26 IZFIZB VT, NiO(110) ~OFELENE/ IV ARSI WS b 7 I~
Vo PV A QBB R 207 =) TEBRIZE > THROLNDEEBRART v
s, PRGN NiOo(110) 225 DT I~V kb 1 ps HikE : # 1 THz) O4REH)
Bt % Fh, EMEEEHVWZEELD b, ZOREES ORI RKE o7, TD
PREN BB O B, EEANIIEE O OPGREENE~ 7/ Y OEEEIC—HLTED,
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4t NiO(110) - 25
Pump : 33.8 mJ/cm” | NiO(110)
20 Pump : 33.8 ml/em’ -

~——— Left-handed
—— Right-handed

Amplitude (arb. units)
Amplitude (arb. units)

10 +
) \ 4
L J —— Left-handed 2
41 . gy Right-handed 0 . . .
0 5 10 15 0.0 0.5 1.0 1.5 20 25 3.0
Frequency (THz)

Delay time (ps)

X 5-26 FEGHDE NiO(110)A 5 gt E iz 7 T~ k.

PR SEIBEE SV 2 & 72856 T b ORI~ 7/ ViR SR Twb EEZ 5N 5.
T7z, 526 ORISR L7 & 912, IREIBETR G OMAIZ, FRGEEG SV 2 D
AN FAOYYBE (FATREOY Y L) LX)V RELTWA, S, KRR
M~ 7 Y OMMBANT VT A O NBRICE Y RELTWA I LA EKT 2. 20
R X, FRIGHERE SOV ZIZHER I N LT 7 77— 5H[9-11,13,42,43]12 & - T 5dfk
W7 U ENTVwAE I LA RET 2. 2LC, 2ORESh-aL—L > bR
Wt~ 7 ) 50 OBEMB T HENC L > TTF IAN Y EPIHET ENT WD LBRT 5 2
LHTED.

532 R

FeA RGN NiO 72> & B & 2 SREY U o3 O B O IR EE A (5 K ~ 430 K)
(ZOWTHlE L 72 EBRKE R 2 [ 5-27 (2R F. BhEL/ OV A DRI IE, AREHEBIChz-
T30.7mlfem* Th o7z, F72, [K5-27121F, B5-3 1R L7z Bm 4L N o 3 B 251t
EZOHGHMMBD IR L TWD, X527 &0, BEERE &S RSB O JEKk
BB o TWEOHRbYL. 512, BERRELEIROEE L FkIC, ZORERENE
A POEME LGN DIREZ L L 12T —F L TWA T Enb, X526 DEEICEIT S
PRENBAT LG 2%, oSV A2 X Y iR Sz ¥uoae —L v b iR~ 7
J 2B DR T 5 2 & AR T & 72, Bl 2608 i 512 e~ C Ok
W~ 7 7 2 H 6 OBSERERO K BERIREERY 7 P LTWwb 0, L—9 -4
2 X BB OIREE EASE I ) AT OEGLICL 20D TH L EEZ LN,

X 5-28 12i&, FORREME~ T/ OB SNE T I ANV Y EOREBA R s VIZBIF
B MR DIRERAEE 2R L7z, IRETBUN G DA% 7 — ) T L HBBA XY b VIS
BUFsE—sfitExu—L YR TTI v T4 7L, ZOLELIE (FWHM) %#
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%5 H ORREMEERICB T 5 T T~V P

E T 1 I 1 I
0.14 - -
= N
vg . | é
E i ~  Left-handed | =
3 o Right-handed - .g
~ 04r Calculation T o
~ L ] =
- F—J
3 o2t @, w(0)/2n=1.07 THz ] —b - Left-handed |
T =523 K ] ) —O— Right-handed
N
OO . 1 L 1 1 . 1] 0.04 i b 1 1 1 =
0.0 0.2 0.4 0.6 0.8 1.0 0 100 200 300 400
T/ TN Temperature (K)
X 5-27  HREYSCS O JE PR O AT 4 5-28 JEHWEEA R B IVOKEIED

i E A

e UCRHii L7z, S OBMIROREMREEEZ /5 &, X5-8 1278 L2 ERARCHE DS &
T, SHICREKRESRONT, T —FEEZ L -oTWhA., T, Rudfight~7r /
Y OFEMDRR) R OREEMEIEGFE L TWAZ EZRIEBL TS

5.3.3 bk G uE AR

X 5-29 (2= IZ BV TR S 12 SIREY R BT OIRNE Dbk G, SV A A 2 7R,
B, BV ZOMRIGIKEEDS, EHEL (P HEE, S Wt ok, MfFEX (LRlb,
AlED) DL ED4FEEOLAEICIOVWTHELTWA, TMIZE 5 E, NiIOA10)IZBIT 5K
BREME~ 7 Y OB E N D T T AV IR EREE I TG L Tl R B L E X
LNDBHY, WMESHERKL TV IZONT, BSHRIEA M T 2D H - 72, 72, #KH)
BTG OfRIE X, FIREEHEDOSHE O AR E L, BhEEGEEIHE KT % 22 TS
PRIEDENILD - Tz, FIREREA 43.1 ml/em’ D & & T2 EREDENDTH 72, L
72955 T, NiO(110) Tl FUR GG/ SOV 2 2 Wz FosshR L < a v — L v b sk~
TR TELLEEZONS,

Xl 5-30 12, A7 PROGHIERRE I 81 % il T OIRBY BT O JE kB OBk G OV A58
F&Tﬁ%TT PRI DOANY T 4 12X B REZE TRV, K53012X5L,
EARRCER D4 & [ U < Bk i 258 K3 5 & IREh RS O J8 ik 5o 12
FLTWBDNbDE., LIz > T, TOBHEBEIHRE OV ABEHZ X > T NiO 0)6227%’%
FEFEELEINTwELEEZONSE, MERICL > THEREINDHET 77 7R BEMEKIIIE
BIICEL2BRTH D I EFMONTWAD9-11], FRBIHETBS O & ik B 5K 9 5
NOYT IPBHENTVE I DS, CORFBRICBVWTHROME LTSI LI

EhnweEZOLNDL, HHFEXIEOEALFEMKICLT, L—9—HEFHZL % Ni0 Dl
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%5 SARREPEARIZ BT B T T~V PR35

it

R R e R e e
L | —u— Left-handed |
z - -polarize — —eo— Rj
‘g +— Left-handed < 100F o-n *= Right-handed |
= —&— Right-handed E N
B0 N < 098t
o 2
B F . S 096f e
= &
= 2 N
E L, = = 094 I “m
. RT
092t RT
S N N (I (I . , : .
0 10 20 30 40 50 0 10 20 30 40 50
Pump intensity (mJ/cm’) Pump intensity (ml/cm’)
4 5-29  HRE T DHRNED 4 5-30  HRE) O SE P ELD
Tl S ot FEE A1 il ke Sl AR

BEEFICOWTEZ 5. Bk GEAT 6.2 ml/em? LL T O34 O S EE UL, ZiRiCBIT5
POBREMEILE R L ZIZ R L TWADT, ORI EHTE L. —7F, iR EE
25 185 mifem’ PL EOYEE, 1 BHOL —F—BEHICL > TERZ LML IR LF—DH b
D30 ~35%DTANF—HRE EFIfEbN- L AL A2 AT, MEEHED & &
213, ERRELFEO L OB EL DT ANF—DRELRICES L TVwLEEI LN,
AL, 529 ISR L7 X ) ICHREBhE DS & DAY, Rk~ 7/ v ORhRSEDS
B, BB ORIES K Z W LIRER LT b iR 5.

534 #7777 -MRIZL BT LhEE

ZZETIS, MR OV 2 % 254 Th, NiO(10)IZ B 2 HEANIIZE T 0
RN~ 7 7 > DRBEH (SR CH 1| TH) (ST 2 B & F o IR Ao
SNBHIEERLTEL, T/, ZOWBRGIRS OWIRIZ, B, OV AME 12 13IZH,
BIL, BRI THELZHE L) b REC RS WS Etbhote, D30, ML
WA DD, NiO(10)I2 B 2 SRR~ 7/ v A3 A R T X 5 L £ 2 b7
5512, REBHARAORHIE, BRI VADANY 27 1 080 B LD K
FHLW) L ERBLE. OB, KREEEIC BT 2 EBNER Y ¥ A F 0
AT AMRE G A2 TR, ZORMEOIL—L Y MIMOHMEL P L, %
B~ 7 ) S RS 2 O S A R R, SR, MRS
VA% W7 sfEtE~ 7/ > DR R O BORKENE < 7 200 b O BREE U O gt
Bt < 7 DRBALER SOV TRBLT 5.

CNF TOEBREE, ICHELEREY SOV ADOANY 5 1 O B2 X BIEE
BN ORI I 5 &, BN, FREABEN VA CEREASHET 7T 7
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5% RUSREEERICBIT B T T AV Rk

— %% (IFE : Inverse Faraday effect) \ZX W Jie &b 2 — L ¥ b G#glE~ 7/ 956
Ot chreEZLNL., #7777 —MEE, FRGEIEL OV ZIZE D KGEANTA
B MV ET AR TH ), THICL > THWENICKLZHETS .
DT 7T F—FIE, 50413 LRI L. P. Pitaevskii [44,45] 12X o TIRESI N, T
FERIEIRICB W T ZE ORI R S 72[42,43]. CTNLDOFEBRIC L > THET7 7 77— %R
EFEFE S, 7SIV ANEAS 30 ns O FMRIGEHE Y/ SV 2 2 FWT, 10° T 2 ORES AT HE S
N xR LY. F7-, EEOBENL/ VAL —F—FEMOBRIHEY, 73V ZEAS
100 fs L F ORI/ SV AZHWAZ LT 7 7 77— R % £ O B2 2m I 1254
SELEHNICHD, ITHREDO/VSVAHSGZHFETEZ LI EHHEINTVS[46].
%ﬁyf—fu—7&%%wam*
7 2 b PNV A TEHR L7 . . .
7 7 T &R L D AR DyFeO; D A —ﬂ
Yo ¥ A4+ 3I 7 A%EBMPDOTL—
LYy MIHIBICE BT & Z%EFEL7H
%X 5-31 IZ/RT[9]. T DOFEEBRTIE, ¥
1 800 nm, 7¥)V A 200 fs, JihEEHREE
10 mJ/cm’® F2HE O PR Semhke 67 v 212 00
FoTHLBAREY T4 FITZRET
O—7%D7 757 —REgE LTt 0
LTwa. Dﬁdhm%ﬁmﬁ%ﬁT%

IV T2TA FOREZTH Y, % X 5-31 #7777 I & B @ALHIE [9].
7f—ﬁ%#£=étﬁ%téntnw

ARSI & > TA K VA EE 2 U A . 2O EMEEIZ 95 K 128\ T# 200 GHz TdH
5. F72, K531 O L5 IFHRHBHEG SV ADAN) T T 4 DY N FERIZE > TE T DL
HEHBTEZADT, ZOFEEHCT, WO TEBLIFRMA Y VHIESTTREICRS L
Z2oNTw5, Z0OL) e BEHEER IREMISEZ ), £oRMIZ VAR (2
@%%fi%zm&)Vﬂméné

KIS, W7 77 F AR L2 REOBEE YT 5. ASEES T E(0) & L, B
mwMUf%ﬁﬁ%howmwéwmﬁwwﬁﬁ%%*T/v*wrLﬁk®l5&ﬁ
PEENB[47].

02 F

0.1F

Faraday rotation (degrees)

Time delay (ps)

F = o, E; (0)E(w)* M, (0) (5-7)
ZIT, oy BRENFEEETH 5 [4243]. BAIETEMICB T, WHOEY, E(w)iC
K BBIEFIEE X, BXAOEP(0) TEHRIND.

ol
P S

72, -DREY, Plo)3RILM ICHHIL72H P (0) 245> TV B EEZ BN,

(5-8)
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P'(m)(w) = Oy E; (@M, (0) (5-9)

1

G- & D, EMELOLIERETERT 2 & SITHAEFIRICL > THRESINL 7
7 7 7 —[nlgifg g, &
i M (0)- @

By e e (5-10)
cn

ERIND. ¢ l3NH, n ZEWE, LISEIWENEEMTL2HHTH L. ZORE LS
77 7T —MRTIE, BHEAIOLEMEER TSI LIZL o ThRORBIREZZILsET
Wh, TIRMIZ, HORGIREIHALICG 2 5 B BIIOVWTER S,
omf%Mwak KB E(0) $RHAL M K LTIl MV OB HY L L
THBERIZTIENDbRS
F

r= _afw_k = 1y () () (5-11)

SHIHFEIMWE TR oy 2—Ela b TH5ZEHNTELOT, 5-1DRUE

H' = o|E(0)x E(w)*] (5-12)

EEITD. G-12)ATRITE 288 HE PSRBT L > TGHERE S AR 7‘[:%5&%#
W77 I T —WRTHE. =B, ZOMREBENAE Y —HPLEMHEEA»S L5E1EL
LHBLTHY, HROWIPIKF L rwnwEShTnb

Iz, G-I2APLTRIND LI, MEEOAN) T 1O N B ICL-oTHREL
5 HF OFMERET S (K 5-32). 2070, #7753 F—ETHFEENLBHICL -
THERIEINDEAE Y OFABBHOMANVHO ZOAN) T 1 ICEoT n %5, 20
MAHZD 721K 5-31 DEFOFFHERE Lz EZ 5N, KFETHI 526 DX 912

(b) Left-handed

5-32 77T F—%E [11].
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58 ORIEMERIC BT 57 T AV 6

IR DR ADS, PRI SV A DA ¥ F 4 DY D EZIC L o TREEL TW
72Dk, Bk I ND R~ 7 OO EVICL D THLEEZ LN,
—7J5, %L, A.H.M.Reid 51, 7 EaBLLTF 0KV R % F V72854 O S BAE
HiE, #7797 —8RE2HCZHEHRWLERET VTR IO 2HEPFTE v E FiR
LTW5[48]. EE, #WHMIA Dy:;ALOL I2BWT, 77 97— ROMELRT T2 VT
ERORELEV IR Y T =T 0= TETHOLNLIRBOIRFEDOD DL —FK LT &
AFRLTWS, 2Rz, 7SVAIESEWESVAEZ WG EDOFREAY 74 F 3
7 AL, FEIIVHELEDOL oL I Z UGB THBINIRELZLLT, 205 ML
B Z RS 5 7200 ED SN TWE, 22T, #7757 —MED I 704
e LT, 533 IR L) ARFET v HELAREZE LAY Y EREREIZ DWW THH
T[] %R, BEX VAR T 285413, X516 T/RLZISRS BEFA LS Z LI
h. T, BEESVRICE, 0, 0,=0-Q, ODEEHES P EENLETH. ZDL
X, B o 0N L > THREEN S A ¥ ¥ —BUEHEIEN % Fo R~ O 5%
BopladRIans, CORE Y —HUEMEEHICE S TAE Y REFELL EEZOLN
5. ZO%, B o, OB A Y Y ERIRRED IEKHEM A~ ORI % 5 S 2 §5%, [FRIC
WMo, —Q )DIALF—F b OKOBFEIL— L ¥ MNESHES Y, BlMQ, O~r /) >
DPHEREND., 5B, COFELT~  HEICHEDLIEORRIITRTHLTH L. F72,
DAY VBRI B o (A ¥V KERIRFE D ILIREER. D T AV F — Egy I2B1T
BAEY —#EHEEHOZANVF—ICL o THZONE. BANFETRORS LWE
THOAY Y —HLEREEG T ANVF— L 50 meVEETH Y [49], ZOLXDRY ik
LRI 1, =h/ Egqy =20 fs ERFES OB, L7zA 5T, TOAE Y RIRIEIERITH
BREBRTHDLLEZOND, 72, ZOFET < HELER I EXAUE LB OFPH T
eZ ) ) ABRT, MEAAMBTERLZME) BIR LD LRV L, SHTFowm (BIN)
bLERW, 2F ), Zhid, FEHEBEARICE T, BTFLrLAEYR (7 /)
ANZANVF—DPHEINTVLI L2 ERT S, FEI Y VHELERED X I, KiZL-

jos s

I(o)

[ 5-33 #FHET~< UEELC X B2 Y U RGEEAE [11).
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S PURREMERICB T 57 7 N0 56

TH SR SNDAY VG, Ko fEE R OHEE % b 4 wIEB 2 EiE <t 5
EEZLNTWVDS,
CIT,NIOIXBITBRE Y —HLBEMEER AN LHET < U BELIC L B~ 5 ) Vi
WCBELTEZ L., 7, K/ SVABEHI L > TNHAF VICBIFAETAY OV ED
BERROTI~YVBREENLTCREEINE, ZHIZEY, BiEShNTA v DOERE v &
TH(s=)'s,) FHRHEMIZS=125 S=0 28T 5. TSR R E X 2L, N>
AT VOWRE— AL FPOKISNVRIZE BERE AR T LA TESL, 2L T, Hhihk s
NZZNITA A L ICBIDWRE— A2 N OB AT ) H—Ehb, &k LTv s
S UTRIZO RN EEZ LIS, BB, KV ABEHNI L o THEL 2 A ¥ U EEREIR
B, AEVROBEEE-FTHEMA LT ) Y OERQESHLE TR T X 25550], KHF
FTIE, FRINDEYT 7056, BEEPNIZIZYOD~<Z />~ (2K T 1.09THz) H3EHH
SNTW5,

fot\ T, EAURGEE OB 6 L RIS, (5-4)3X % v CRRSEEE St~ 7/ 5
DT FINVIEBEDT 4 v T4 ¥ TR 24T o 1AERERK 534 IR, 749 T4 7
(&, FBIEEER] 4 ps DUEDIRBI T ICOWTIT o722, DT 4 v T 1 v F I ORE
Te— Ly MY 7 O S S ND T 5 ALY B OMIERER 7 (3, 72 PRI
#2T 11.63 ps, HiFREGEIEE T 8.22ps L3k L7z, Th o DML, EHRELHRED L XD
IREERER] 9.66 ps & K& i34, 7 ZBIEAFEEREBICEKEL2VWEEZ TS,
72, MA@ 2oV TIE, MR T 185° , AMEXEET—2° LRkooh, MR
TS/ SV A DN T 4 DY) B2 X BIRBBSB T OV A EDS nfBETH L T &8
MERR T & 72, RGN D& & FAR IS, PRI S Wz BORgME~ 7/~ OREHI#
BIZBVWTHWNLOPOMBEIREL TWDE EER LN, ZORERMIZ, <7/ V55,
MG WE, HEMEICLI2BERBOSEZORELADLDE RS L LK
1/t 1/ 7y (T)+1/7,(T)+1/7, TRk &Nb. ThHEDI B, v 57 ) V58 L REHRIEIC

T T T T T T T T T T T 1 T T T T
_ F NiO(110) Left-handed s - NiO(110) Right-handed i
é R.T. Pump : 33.8 sl é R.T. % Pump : 33.8 mJ/cm
= b @ 5 b
] Q
E E
=, 1=
£ )
= —5— Experiment < —&— Experiment
—— Fitting line —— Fitting line
»d 1 1 1 1 1 1 +H . d 1 1 1 1 1 1 +H
0 2 - 6 8 10 12 14 0 2 4 6 8 10 12 14
Delay Time (ps) Delay Time (ps)
(a) e PRI (b) A5 MG

X 5-34 FMRXBEGREE< 7 w5 DT IV ERETD 7 14 v 7 14 ¥ T e,
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B5 8 SURBEEMRIZ BT 27 7 b Pt

40P T T T = 40P T T T =
Left-handed / Right-handed /
Decay time X —O— Decay time X
30k —X— Radiation damping >£ | 30k —X— Radiation damping /_
A N, z 3
2 g
£ 20} X 5 8= e
= s " X \ ]
§‘ X—K——HK—K—H— 3
5] > é’
0p I | | O in
0 100 200 300 400 0 100 200 300 400
Temperature (K) Temperature (K)
(a) JeMR IR (b) A5 P Selihie

[ 5-35 PR GIHhES e o Ik I [ O 1R BE A7

X % R ZIREE (AT S B 2%, <7 7 Y RERICE LTI, — &I ps A —4—T
HHLEEZLNTWAED[37,38], TSI TEFEEL LW, T IT, AEhEGa#gE~ 7/ ~
DR RABAR BT 2 B EAT) 72018, BOHRERE OREERFEICOWTHEEL
2R R L B IES BT B PRGOS RO 7 1 v 7 1 ¥ T TR L
IREERE ] Ol E 2L 2 (X 5-35 (2R, (2-125)5X & ) Mehiscee e I, BCoRfg P 360G FE 8 24
D 4 FIILBIS DT, MW A SORBEIESE B BB~ 7 F 45
IZONT, ZORFERRMIZELS 25, —)7T, MELEEERKRENLE~ 7/ 256 DG
T O IS RE R O I EE AL IS IR 2 R A IR A b v, L72Aht> T, MIREEIE DY
FIZBWTYH, SEERMKREIE~ 7/ » ORRAERE I, AFHRE & 3D T ) EROL W F
A YBERRKERRIGIC L =T YA LB TH Y, £ % B L 72 e 254
bhTwaeEXLNS,

5.4 NIO(LIO)IZBIF BN~ 7/ ¥ 5 DT 7~ ST OFHE [40]

FhEE NiO(110)2> 5 D F I~V HEHZ I, SV Ak s TR shizae—L ~
MR~ 7 oo DBEEBF RSP EEFNL LRI T TIORLAE, 2, K
SREEYE~ 7 b DT T ANV ST OAARIE, G OV A DREGIREEITIKAE T 5.
& 5-36 12T & 912, MRIEHIR SVADANY) V5 4 20720, EARGHHE
PIVADBEBRERNRZ 90° ISRV TLILI2E-T, TINVYEBEOMNME%E K
EEELIENTEE, INOOEBRKERIE, K524 [TRLAZED %OV AFIHREHC &
L7 7 A, B SV ADREIREOY VB ICL o T3/ ¥ O % i
MTEBLZELZERL, BV RIZEB<S /) v0ae—L Y MIHOBEBHEZHERL,
ke~ 7 7 YHIBDTRETH B Z L 2R T 5.

KETIE, =77 2507 7N RS ORHEGRGIREO Y ) 8 212 X 2 AH K
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X
b
2+ (¢) NiO (110) - 2ot @) NiO (110)
- # = I ﬂ
(Z s H = i
511 r'afijc"'--"mf-.:-ﬁ.b- 1 EF A
: L wt | SR J.y"lt- 22 : L . 4
e ¢ e At
g | | .?’I'\.’T:‘--H\F.r\-ﬂ'n!# b - Tl v Ry
Sal Wl [ 24 I _
g - ‘." ) ~o— Left-handed < L.' —e— P-polan:zed
L1 RT —«— Right-handed | | RT. ¢ —+— S-polarized |
0 ' 5 ' 10 ' 15 ' 5 10 15
Delay time (ps) Delay time (ps)

X 5-36  SBhEE NiO(110) 725 D T T~ )b T O e Yo Yo A k.
(a), (b) EERELE (o) ML (1) HEARRGEhE

WA EBT 57201070 BRI A ZEEZIIOWTHRRS ., BARMICIE, AR (22
TREHICBIIWEARFIC Lo THERINLZBEITOZL) 2HTHTLF FAL >
NiO(110) IZBF B AhkE 2 v — L > b BORREME~ 7/ ¥ 00 5 OREE BB F-HUHE 7V 12 &
LRt Y Iab—varyefiorz. MRABIEL SVADAN) YT 1 DY) BRI DT
TNV WOBPERELE, ~7 ) VhEEEL LTH T 7 I TR N THLEZ L %
RELTWZDT, COETNMIIBWTRT /) YIEFREE VAP FRT 27 7 57—
RRIZL o ThhEE S b &g L7z, B/ SV A2 X o TH o« EXE* D73V ARES 55
EL, TWOPBRE— XA Y FMORBZFRTLEE2 D, 2L T, FRSNIREBFEAT
— A Y IS DEAIBF I L o TT TNV Y EPBRFENE L VI BEETVTH
5. Fiz, RBFETHM L T2 HRESSE NiO(110) I VF FAL Y 2HF-TBY, F
XA Y DOFH A X5 um ARETH 5. HE 1 pm OIS T ZEITEHRIZ 245 TH L0
T51], AN TORGEN 800 nm (ZHT 2 ERWERII F AL XA XL D b TH51hsn
EEZEROND., L72DoT, HFAA Y CHRLIMAEREITIEHTCE 2V, 22T, M
TSR 2 &) & N AL XA TORIELMIEST (LMB : linear magnetic birefringence) |2
L B IENREIREDOZLZZE L, #7777 —%RICL D70V AMHIC L > THR S
NL=T ) 2PoDT TNV WS % BRI ICRLR 3 5.
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Polarization
state O O / o 8 -

537 EHEETFNVICBITS KA A VEH & OBERRGCIREDO Lo,
HEHIZIFEICL D FREINLZ VOV ARHEOME E KX ST KT,

I, aEOT FAAL UHT ¥ & AN L72JE E 300 micron DK NiO(110)% % 2.
% (5-37). NiO 3SR 2> TWwab 720, e/ SVARET FA AL I2B8WwT
RICIREEDZALT B, F72, T AL VWIROFEH A X3 5X5 ym* FETH LD TL —
F—AKy ME (#1mm) L) b FHIASV, 2B, L—¥F-OA4MAIE20° TH2.
ZOEFNTIE, HEOZDICT FAL Y ORESRETSXSX5 um® &E L7z, 3k
\CHEE R SN % x £ AEBRIEEREY (x, y, 2) & L, SUBHERHNIE yz FHIA, Bt v X
W x BE SRR T 2 b D &3 5. KIS, BN ZEIEL SV ADMEHET 5 & & OfEAH
AT 12 & 2 B LR ICAREE O ZAEIZ DV TR 2. NiO 13 1 PRGBS 2 #5- TH Y,
AR OKRE S, ThbbEEMERENRHITT HEFTROET 4O T, K AL ~

(j=1,2,3,4 ) o5 LhEGEHF T NO LT MZ2g LT 5L,

dn,(6,)= Mo/t —n, (5-13)
o \/ngsinzej +n}cos’6),

YET D, dn @)EBIRR, no & on i 3ENEN, FAMEREAMERT. BBT FAA
Y OREORFE <NI>HATHS, F72, KERTHVA L —F — D& 800 nm DN
A B SRR IHED R Td o 72720, NiO 128V 2 BABRIEE L Tid, W 633
nm ORI B Anpvp=no—n, =~ 3.47X10° & 72, T ORGSR AT RIS
KBRS 20 L 3HREATHL. TTxHMDIFIO F AL VEHEEZD L &,
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H5HE PORRMERICB T 57 7~V G

iTHD F XA IZAET Bk OV 2 DEEIRIE E(x = xg)DSBEHITH A %2 51, XD
BURAT & EHE LT N AL 2T o 55 & S xg TOMBIRBEERAT 2 2 LA TE 2.,
(2SO & 2 IRFEEERE S S &, x=xpxg TON OV ZHEFHIRIFE,
E(x1)=E, (X)G(f—ﬂx)-eXp[—%] (5-14)
c

P

EFEED. 4,13 800 nm ONDOBRAKT, 100 um FE LMGE L7z, Exx) ($REGIREL £
Va—YARZ MV, GOIRIEE SV ADZ RO — TR ETH Y ARERTH L. KA
A Y EOBHHEEIERTED L L, x=xp CHERBAESTH S LITET 5. HEER
TOBRLOBEFRIEL, AGFEOBEFRFELEFEL V., FROBERSFMrEH T2 2 L TF
BOGFIT TNV A FEIRIE EQ)3 b b,

W77 7T =RRICE)FRIND OV AR H(x, 1) 13,

H(x, t)e< E(x, ()< E*(x, z)sHp(x)Gl(t—"—?x) (5-15)

DEIITKT ZENTES. H (x)=Hexp(-2x/4 ) 1d x CBIF 2 RE EHHRKRD/ OV A
N7 INVTHL., LD > T, FELEDOFELIREOFHITH T, ZOREE VRO
BOIREFET 5 L CAVARBOKRE S LNZ A0 I EHTES, $72, ik
J7 IV A D NiO 123 AR AR 100 um IZB AREGIREDOFGKE L, 75V AESED
Sz b EEZHNL. HENTONRIME OZAL L MR & OE RGOV A
IZ& o TR SN L7V AR D ¥ — 7 EICH 2 5HEAE R B 4 X 5-38 1R T. sFKH
POHDORESIIHNT LNV AFHZOE— 7% 70y P LTWAE, ZOFERKEE, FxA4
YHT T LIZEI L TV AREHI B W TSR IC L o THE L B/ OV 2 DR
K2k, 2% 0, MEILL/ SV A2 FHR LGS 2 L2 BKL, ERFELE A

r r - r 1.0 -

2 1.0 \ —— Circular pol. §
E ===« Linearpol. )
g —-~ Intensity =
& 05 2
=2 05F 5
= 8
g | N = Z
%l) A NG T s el o
< 00 ——tzazeagl B
<

L 1 " 1 1 —

0 100 200 300

Depth (um)

5-383 AHATHER S NGOV A OKE S R OWREZEAL.
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W5 E MBEERICBIT BT TV B o

LIl &THHT7 7 57 —RPFEEINDZ L ERLTNS.

FTNT, 7797 —RICLVMESNDIHKE— AL FPERBEINLDT T~
BHEHZDWTR RS, #7777 —HRBFELET DV RS L > T NIO DERIEF
DR My (1 =1, 2 W3, @t%ﬂwxm%ﬂ@@MXH’wm#ébwa%iié
ZOBRER M7 IZ Lo TETF AV O ZEE B FHE S, NiO 2K & LTI
apw s PRI ZoL X, Momzowm%%&m%—f/bi%@&mﬁﬁ
PEDT-DICEEIZIZTBHE LT, HRENI, AV UVEIEN TR FRRRE—X b
WZxf L CERESF M, BEROICIREIT 2 EMMRET— A v FBERKRIND[23]. FlxiE, T,
RAALNZEEND 3D S FAA IR SN BB OSEKEE—F (A
A on) Lo THFREINDIEDEIE— A FOFHE my, mp, mys i£[0,1,0],
[-172,-1/2,1/42], [1/2,-112,-1/2] TH 5. ZOBERKE— A FOERPRIRENCE L T,
T T~V EERBIE R VT, RBBEMELEEEEE (7 VEEE ICBWTERR
HEHE RN EINDZ 2R LTNAD. & T AL T, 3FEDS FAL UBYE
CHET B LREL, EHREKE—A L FOKRESIL, & S NAL VITEIT 5 MXH, It
HlT 5L E2ERTNE, T AL COEBBERE— A2 OB

m,(x,1)oc Z3:| H,(x)| mexp[~(iwy +1/7)f]= m,(x)exp[-(iwy +1/7)]  (5-16)

L#EITD. I Tr RAPHRE— AL NOBMEETHD. mx, NORIBIL, Bt L

ZDRIREIHEAET 0T, RBNICET 2 RECRESARLETHS L SR PR

<FEEhD. H77 77 —RICL VRIS mx, )75 DBIBBFHHIZL->T

?5“”Vﬁﬁﬁ%éﬂé-btﬁof,LFx4y#em%émé%§«wyﬁ@ﬁmﬁ
BT HEBHIIRD L ) ITRED.

EM(t)oc E: ) m,(x)| exp[— (t + %Anj / rﬂ -exp(— kyk - x)- exp[— i (kyAnx + a)Mt)] dx  (5-17)

diZ T, FAAL VORE, « 38 THz FIZx9 5 NiO OEZEMRE, An i3 THz 83 L JE6E
W31 D BITEDETHD. FAA D 1 column 7S S D THz BT > E™(r) &
RSV 2D E— ARIZE - TINA GO EMN (1) D Ey K57 RO Ez iy %X 5-39
IR LTS, BIfEX /L 2D NIO | ﬂ#é&ﬁﬁimmmﬁﬁfﬁéwf VaAS U4
BRI, RED S 100um LINIZFET 2 RA L U D OB RS TIHIFRESND.
%%Kﬁ,Wﬁ@k%ﬁP%%Vﬁ%é&i&LT%@F%%V#E@??AWV&M%
DX 2D EEZBNE. FMEEREL V2 ZRWTHEOHEBRZK 5-39(), (b)
WORT. Ey RSy, EzfRE BT~ T ) b DT T~ RIS T S IREV U L

DIERESFRINTWS. T7bb, KERET VERAVWHENL PRSI DS M
R & ERBEENEHAIC—E L TWE. 72, ERRELEIEYE LV ADOEBESRCE
% 90° [l SE-BEOHERRZK 5-39c), (MIZRT. ZOFETYH, Ey ks, Ez sy
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= -
= =
et S
2 g
L Q
] °
2 8
) ey Iéf;hindzdd Z / Y —— Left-handed
ght-hande: ioht-
20 ) i 20 ) Right-handed
0 5 10 15 0 5 10 15
Delay time (ps) Delay time (ps)
20 T a 20 T T
& (c) Ey 2 (d) Ez
g 10f 1 =2 10f 1
3 =
) o)
S o—000000000000000000000008 o WWWW%%“
L ]
9 9
2 2
a  -10f - B <10 4
g 10 —— P-polarized g 10 —— P-polarized
< . < P
——S-polarized ——S-polarized
_20 1 1 _20 1 1
0 5 10 15 -0 5 10 15
Delay time (ps) Delay time (ps)

539 HEBETIVICLVEEINT ) 205 DT T~V USRI
(), (b) (XM MR ICEIER IS S b Ey 855 M OF Ez 157,
(©), (d) 1R SCHRh R (2B & b Ey KOS Ez 1§47,

& IR ST R G O M KA HH E N TV L OPMRTE . L2d > T, BEHEEL
FhEIc BT h N0 WICBI 2 RGBT L ) RRILT 22 L CHhR S W27 75
T—=®RBY T ) vERELTWwE EEZONSE. T2, RERSHRSOEROKE S12
HEHT % &, MEGEER OHRIEMHEIE, EHRFECEROMREMED 2 BREL LTV
DHbhrb. T, K538 [IITRLICABATHEREIND OV AEEOKE S OE» S
bFHETE2 L9518, MEEBIEO NS~ ) v ORISR E N & & KL 2515
WMRELoTWEEEZLNS,

RIZ, BEETIVPORDLENIZT ) oD T IV ST OBBEEY 3 kot
70y bL2bD%EM 540 1R, FMREGHE & EHRELE, 55058 THoThH
ERRET TNV EPBE SR TwE 2 b b, T, Bl H12, A
PGV ZADRNGIREEICED S, iR ENE< 27/ 21 NiO I2B1T 5 A Y VEFIEPIC
o L CHEBE IS, EHREICIRE T2 8BAE— 2V M oflishs-oThs. £
72, MMRIEEES G XV A DN 7 4 280 B2 720, BRSOV 2 OB RG
% 90° MERSE/2) T2 LIZLBET 7NV EOBRGREEOZEIIZRE S i w
A%, MRJCHhE & EHR RGOS 6 TIRBLMCH R4 5. AW, ZOHRET
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%58 PORMMEARICBT 57 7~V BB

@ ),
£ s
g g
e 3
(©) ) 2 i
,,,,,,;,TT"s-polarized
| T dici ]
- z 10 \JV
ey
5 1
&) )

K 5-40 HEEFTNVICIVEIE SN Z ) U205 0ORRMERED 3 X072 > b,
(@), (b) AR ICHRS S LA T T NIV k.
), (d) PR, S RGO EMRICHIRRIZHRE S NE T T k.

VCTRET7 I T7—shRICLA~7 /7 VihEEEELTBY, HELRETHL L EICT
7 URSIESEL kD, F00, K538 hHbbnrb L), RENICBWTHET
7 I TR LY HE S NS 2OV ARES AR 7 B A E A PR GIRY S & 1B # R GIRhE
TIRELDL., L7zD->T, X540 TROLNLERRLHEOEN L, FRENDRELIRES
e s~7 /2 09 6, TIANVYEREIICKE LHFS LTV LIHREAE— X~ b OIRE)
FERRLE L0 THLEEZONS. T2, ZOBEREHEOM X IZRENO F X 1~
BICHEFET A L) T, AHBETNTR IV FL RN AL VEREHWZZOFREI L
ICR7% 2 BGREHE S SNz, — T, IREYHU B O M AH BOE R PR G R & B
TR YEIhAS S D IRIGAE O A 72 K & SR EH R OV ICH L THIMEY S 5 2 & I3
WTETWA,
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HSE SURRRMEMRIZB T 2 7 7~ v Wit 5%

5.5 7 x4 M VAR NiO(11)2 5 DT 5~V

ATET E CTIOR L72EBRFERIE, FICNIOA10) 1BV A 2 IS L 2Bt s b 75
NV PR B L 72K R TH o 72, ABFZETIE, NiO(111), NiO(100), NiO(110) & J& 5o
R L HESRBEHEL, FREhOTF IALYERSEET o7, WO i
AT HRAEEZHCZEETD, NIO(10)TH LN & 9 %279V A & kR~ 277 v »
S OIRBMET B THERL S N2 TR TE S RIRR IS S L7z, REITIR, 200 L2044
ELT, SV AEZEEAS LZHED NIOIDIZBIT 57 TNV ST I %
EBRFERIZOWTRY. K 54112, E#fEL (PG, SHX) KU, FfEE (KRY, £
1Y) DNV AZBE L7z NiO(ND) 2SS b T I VY kO L 20 7 —
D IEHIZ X o THONLHERANRZ MV ERT. FhEGHEE L 38.5 miem® TH - 7-.
W DREIGIREED K/ SV 212 X bk T & SORBEME~ 777 & 20 & OIRB S 5323 8l
T&7z. F7:, MREABELE SVADOANY V74 2802720, EHREGCEREY, OV A
DBESGWHE % 90° MEELZ /20D T2 EI2X BT TNV I OB RKEE D iR S h
72. L L5, NiO(L0)DEIZIE, FHREGHRR O AR hiEME~ 7/~ Ok
AL, REVBET T DIRIEA K E Do 720123 L, NiO(ID)DBAIZIE, 0T, B
fSCIh RS RE D 75 D HRIE S K & <, FMROGEHE Tld 2% ) MEs 2 gt L o T3, &
i, 9V R X B NiO(111) DGR~ 7/ » Okt e L<, %7 7 9 7 —%h%
IR DEESHFG L TWAZ L 2/RET 5. T Higuchi 513, Y7 OV AJhE Nio111) 12
B D@~ 7 Yo D7 7~V SO BETRERE & LT, SRR kA
(MDFG : Magnetic difference frequency generation) 2 & A ST TF VA EEL T3 [52].
ZOEFIVTIX, NiO(111) D 3 [mxdFRil 2% > THEBRIGCORIE Y OV R % BEH L 72854
(NIO(LIDNDEEAS) 22 Tnb. 2D L &, BRABEREIC X 2 HETE T VT,
W, Rk, &, ThehomEsiE J™, Jo, J 2 EE L7 Es) e

T T T T T T T T fF T T T wl T
. B :io(l];zgs - x NiO(111)
g ) 4
Z N R = Pump : 38.5 mJ/cm’
g =
= =
£ = —— P-polarized
E N —— S-polarized
S = ~—— Left-handed
= = —— Right-handed
a. ="
= E \ _
~ —— P-polarized — Left-handed 7 <
—— S-polarized Right-handed / h % : :
b 1 1 1 1 1 1 1 s v
0 2 4 6 8 10 12 14 00 05 1.0 1.5 20 25 3.0
Delay Time (ps) Frequency (THz)

X 5-41 79V ARHE NiO() 2 S gt E iz 7 T~V k.
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ST PORREMERIZB T 57 7~V B

AJM +AJ* +AJ =0 Zili7cTUENH L. L
72735 C, NiO(11D)TIX, (11D)ETO 3 [ExfHx
PED T2 1ZH L % # dl i E ) & £3n DAL %
PEVWAEBESRESNS, ZL T, X542
RY LD RFET v RFERERFERFIC L

D=7 RS, MEREEEEAEL LT
TINVIEPBEF SNEEEZLNTVS,
COLE, BERENLETT ) I X BRETRAL
MP@Q) F, KDL HIZRKES.

M (Q) = 1" (Q-0,0,)E (0, )E, (o)) (5-18)

2 ZIEFRIEHFEZR, o, Ko, R OV AZE T2 BT, Q=0 -0,
=7/ Y ORERTHS. TOFET < EBRICE Y RSN RRBIEMP Q) 25 E
RS SN D, 72720, AEESERF T T 542 O X ) LRSGEBBREEZE S
F720I2F, N YT A ORRLEAMRERTPLETH L7720, FAHREDORLE
bETRARTELZEMRELICE DHEIROONE. Lz > T, TOREETIVTI,
MR G Tl B B R 22T 2 e AT E R VWY, BMAAEREREERZ S 20
EEZLNTWS, FESTUBRICEZ<7 ) VhEBHEE L TRtk &hTw b ItE s
EH2b00, ZOREXDORELEDOERUMAW T 77 F—EICL D~ T VgL
KRELSERLEITHAS.

X 5-43 J OF[X 5-44 |ZARFZE THE S 172 NIO(LLD 2 5 DT 7~V ST BV % IREN K
5B 53 D HRWEAE O # & 7 7 A KAl NTE AR G e/ ¥V A Rl MK E 2 7R, Ch
5 O HIE R D EIREE 1 46.2 mi/em® T - 72, T72WET T~V D PAREHE S %
HLTWa, [543 IRTEES M ARERER, PIREBIEL VR 2 HV e 0ER
FERTH L. ABFEIC BT SRS L L, PRI C/ SOV ARSI RALE RS MH% 0

4 5-42  WESGEIETEE (54).

af " A ' ' ' ] al ' ! ' ! ' 4
g .‘. /\.\ p ~—n
=N Y N A 24 |
g B 1 3
3 \ \ 5
° ® ° J =, L " 4
g or . / 3 e \ 90°
E \ 4 s . 2 %
8 ,| ® B ol J
B o A g <10 0°
£ NiO(111) ° v-o < g
gl R . - al NiO(111) . . 3
0 60 120 180 240 300 360 0 30 60 90 120 150 180
Azimuthal angle (degrees) Rotation angle (degrees)
X 5-43 b R AR X 5-44 (AR G (] £ A7
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H5HE PORREMEMRICE T 57 7~ G5

EEFRLICLEZORBNEEADZ LAV, K543 1I2BWT, Fhifh o L§5 & 20kt
RIBIEBBLZ3 0ITIEL72BIbE o TWBDD bR S, T2, X544 127 L7
i YEIhEE /Ov A [ A EAFYE T, PSR E EEA 0°0(900) L EFK L THB Y, MK ¢
ETBHETOMGHRIBIIBB L E 20 IMAF L2ELE o TVDLDDbR A, TE DK
fPE(Z, T. Higuchi % N. Kanda 512 & o T#Hi S LT % EEE R N A AR I EE 7
ML FHEINDE DL —FL TWwb[41,52].

DEDZ EHD, 541 1R L72ARWIZE THUM S 172 NiO(111) 225 D7 T ~)b 7 s
DIRBYBAT 2BV 5 E 72 5 G & L IR ERREErAENTH LS. Lrl,
PRGNS D55 612 S, IR ICEIRIE O 1/3 F2EE ORIE % £ o 7o REN S 0 3R S
TR Zensh, REWFET < v BELERE % /i L AR ERE 7 7 5 7 —%#,
HHWIE, [M221 TRLEIT I VH A FANY FOBBEBESOERO~< 7 ) ks
PHFIELTWD EEZ LML, £ LT, LW ZEHERE I Om F WM, Bk
78V A DIRFGIRTER A G A5 D EBRSEMFITMKAE L T T 5 L E 2 S hie.

56 MnO 2B 5T I~V EEBE

AREITIX, X3-5T/RL7ZZEHR THz-TDS % T, MnO (111) O T 7 ~I)v > 3%l
EEATo TR Z/RT. 545 12 MnO(111) DEBRIHZED T TNV ISV AL FD T —
) IBEHRIZE o THONDLEWBARY PVERT., BREEOLA LIC—EEHALTY
505, MnO 3B L72 7 TN YISV AIZBWT, AL Y2V ADS L IZIRET 5 85
R T A LN TES., ZoOREEMIZ, BEERLELDICES o7, F/2, 5KIC
BB A XY PVTIX 0.83 THz (T ICWRINT 4 v 7HEEL, RE R ICfE - T
JABEEIANS 7 P LT, X546 I2IZBIR - BT 5~V D 2 DO, b5
L7 RBITEEZ R T.5KICBWT083 THZ T IS ERE « D¥— 2 98 L T 5.

) 2 —ref
éf E —5K
k & —80K |
g g — 116K
< ~
or o Q
g g
= g
B £
g
< <
s 10 1520 25 30 00 05 10 15 20 25
Delay time (ps) Frequency (THz)

B 5-45 MnO 2B AEBRT I~V EOEREIE L BEKRA~RYZ L.
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H5%  ORMEMERICBUT ST 7 AV BTG

4.4 . . . ; .
n 1.0
- 404 i
g Z 0.8 ]
s = 2 |
E MnO(111) S 2 06 )
E - lo2 § & | —Caloulation
g 40F |—uek = ~ 04f ]
3 g = | o\ pr(0)21=0.83 THz
o > = 3 02f Ty =118K ]
3.8 00 ~ i
1 1 1 1 1 00 L 1 1 1 1 "
02 04 06 08 10 12 00 02 04 06 08 10
Frequency (THz) TIT
N
¥ 5-46 MnO DO EIEIF=. [ 5-47 MnO (2B ) % Sk 3L

WAL O i BE AT

ZOYE— 7 IR ICHR T AWM TH L LEXONS. K52 II/RL72 NIO 128
JAEERBR LIRS L, MnO IZBIFAHERROE -7 MEDO S 1ML K& Z-T
BY, —MIZ MO OJ 5, FORREMAEBIRINAREWEF R A, Z1d, MnO DA
MEME T AL Y ORERET VDT AIKENZD[53-56], RARGTUEPFKREED, #
BE LT, MRICESTHIARNMAE— A Y PPKREL LT LICER LTS, -,
BT TNV WD AT o 728 2 A, ZORMBIKEEDOZALIZIZ L A L%, NIO D
Bty L IAARIC, MnO (281} 5 SO ML T b A 2 A IRSE — 2 ¥ MK DK
WAL TW5DH Z & HER T & 72[23]. K\ T, X 5-47 12 MnO (2B 5 JCoifg 3L iz X
DIMERAFYE (5 K ~ 117 K) &Z/”7. #th, Bhdzhzh, 5 K 12815 G
»(0)=0.83 THz , Neel lif£7, =118 K THMLL T 5. MW EF L & 612, PORMMEILE
EEDMEL o TV B0 b05. Tz, X547 2B HHI8E, FFHEICIBWT
S = 5/2 & L7z Brillouin B %k & 8 H & 5 SRR ILEE R B OREKIFETH L. 2O
fhiid, NiO DA L AKIC, EBRTHEONARERERH L IZLAL R L TWAD, W
BEATHIZONTHODTNICEL-TLSE., COBRERICBIT 2 EVNEMHIET S22
1, WREGMORELEL % FEICZRE L7z Zener il % W 5 L EH S 5 [24,25].
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58 FORIETEIRIC BT B 7 T 0y RSt

57 7 x4 MOV AR MnO 225 O F T A~V ST

AHITIE, NiO (N*OEAY VRTHS = 1) & Rk &S & DR E 2 H50 5,
FOGESEE T A ORSHFEL S MO M0 OEAY VB8 §=512) TELTF I~
W7 WS 53 e % AT 2 7oAE R DWW T/RT . MnO @ Neel £ 1E 118 K & NiO @ 523 K (21
NTIEKRTH 278, NiO TEHIETH - 72 Neel i % & T 5 I O MHEH 7 52 A5
RETHY, TIANVYEBEEELFARLOICHEL TWEEEZLNL. MiO 5D F
TN PWIEHZ DWW T S 750V ARG & 7SOV Ak SORREME~ 777 > 0 5 OIRBT
HIRS THIRS NG, AEITE, BSVAIZEDYY ) YIEEROELITMA T, /5L
AWM ORPBFIZ S EH L, WKL CIRE A, SEE SR W TN
7REREIRL, 29V A OBEHERE IO W TRHRT 5.

5.7.1  FgHEE

[ 5-48 |2 IE#R OGN G SV 2 & Bl ASH L 72 MnO(111) 2 S S S b 7 5~V JED
R E 207 — ) TS L > THRONBEEBANRZ FVERT. 2O MO 5D
7Y BEHEHE N0 OpE L B, 79V R BB b 2 Ui < IRBIRU B O
SN T W5, IREHEHR S O %2 0.83 THz ¥ 10 K 1281 % MnO O B Sk ugs 5 ik
BE—HL TR LD, ZOREHRIE) SV AREI — L v b kg~ 7/
IO DHEIBT RS THEEEZLNL, B, WEOE 27500 um % 300 um TH
> T OIRBYBF T 2B T & 72 NiO L 138742 ), MnO O541E, WEOE S 2% 100 pm
RETZINI=T ) 90 OREMFHSPBIUTE Lh o7z, T, NiO IZHRT
MnO 1281} 5 FOBMEERBIRIATKE W L ICRRLTB Y, REPEVEE, KL R
ke L7223 BRI 2BV T 7 U 6D T TNV YR AE L Tw iz LT, RE
W EZ BT HBICHORINI A TL EV, HHEMICIZL ARSI Z2WDTH D
EEZOND, F72, REE~ T UL OBEHBGE-HRDO L H 12~ T ) YRR 2 F

0 T T T T T
o 1
= MnO(111) _ MnO(111)
g 4l Temperature : 10 K & 8 Temperature : 10 K
=]
s 3 Pump : 30.8 mJ/cm?
=] £ 6 T
& E
3 o
E E 4
& o
< E ol
2r Pump : 30.8 ml/cm?
1 1 1 1 . O 1 1 1 1
0 2 4 6 8 10 00 05 10 15 20 25
Delay time (ps) Frequency (THz)

X 5-48 B AR GCEHE MnO(11D) A S g S iz T T~V k.
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$58 PORREMEMARICBIT BT 7 NIV KRG

CHBI L BT 2 5 2 L # BT 5 L, NIO D4 (FiRTH 1 THz) ICH-XT MnO
5 T S N IRE ST LS O FEIHRNE (X 30 AREERS < % 4 LHER SN A,

JrOV A2 X B MnO(1)D < F 7 Vihike & FZ5E L 72 [ 5-48 DEBRFERIL, EAE V&1
BOBRL>TOWTORNIVRAIIZE BT ) VRS TRETH Y, e~/ V2R d
LDIZHNSNVADPERTHAEZ L EZREL TS, NIOI0)TOIN/SIVAIZL BT/ V)
FEAERE L LTI, NiO OEABEITIC X AL OV 2 OFEIREDOZIL e ZE L, #7 7
T F=RBROFEGHRREVEREROTZ. L L, MnO(111) ~OMRELEIR Y, OV 2 D
AR (I ZIREY O B3 2313 & A S8 S Mk 22 o 72 2 & R MnO DRESAHRESTAHYNIO D
BEEHRE L 1110 BEBTITHAEILEEET L L, MnO(111)DY T/ VL L
T 77 I TF =3 ROFFZFITEAELZVWEEZONS, LA > T, NIOUQIDIZBITA~
7 CREEERE L F L L, 3 mIxTFREE AT A MnO OfE LA ES) & E R L 7 EB) R
R 255 7- TIREAE AR R EDOHFEGNEZ ONED, ZOFEMIEKRMBH LIS HELZ V. »
THICLTY, I7uiBlaco~s ) UheigiEe LT, AXVHEMEIEREZMLL
FETTVBEPEG LTS EEZONL, KOV ADTHRET LFET Y VBRICLD,
BEFIAYIC Mn™ 1 F » DEA Y Y BT EASMICEIL, ZOBIAF M) H—LkoT,
kL LT, BEASIRIZPOORKMBE< 7 ) Y ORIZOhN L EELONE. —,
221 TIRLZRT ) YA PNV FOEBEIBICL 2~ 7/ VRO TRMES K-> TH
D, #REOLIA, i RHEBEFFSG L TWDHLEEILND.

DUFCiE, FIZOV ARSI W T L72#ERIZO W TR, £ O IZ 2
WTRER T 5.

5.7.2 REMRAENH

R ERIE MnO(111)7> & FUit & 1L 2 IR 5 O B D IR K IENE (5K ~T0K) 129
WTHIE LR R A2 5-7 127RT. B/ OV A0 X, 30.7 mlecm®> Tho72. F77,
X 5-49 (2%, X 5-47 |27 L 72 RO LI O EZ L & 2 OPEER A b —F ISR L T
W5, 5-49 X 0, imBE EF ICHEWIRE)

5 DAL % > TV B DA D 1.0

B 5512, TR R -

ERINOBELEL L IZIZ—FH L TnE T ® Radiation
£, 7L AR RBY B 5, S e B |

0.4} :
Oy pa(0)/27 = 0.83 THz

02} Ty =118K B

Ho7OV AT &Y ke S o EANTIEE
opae—L Yy MRE#gEE~7 v eb
DT TNV WS TH B2 EDHERT

X 2. FHRRPE S I R o~ C R “00 02 04 06 08 10

SO WD AR BB 7 b L Ty
TVBOIE, L—F - L 2RB0R 5-49  HREYRST O JE W T O iR LKA

w(T)/ wAFMR(O)
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H5E SURRMERICBT 27 70 Bt

FELEADIOTHELLEEZONS, 72, ORISR OBBEIERIZEE FA & LD
WAL, SREHEESNT0K UL ETIZEBITX o 72,

E]k’-—

a%z%na

KIZ, bk MnO11)% 5 S 5
T TN P D8OV RS O HRiE ¥
— 7 EDIREMAFEE X 5-50 1R . i
L OV 2 DiREEE, 24.6 milcm® T3 -
7z, K550 X0, BEHRESE L 251
DONT, 7V AT ORIR ¥ — 7 AN
L, Neel imfEfHE & D EiRICBWT, 1T
—EEEL Lo TWDLDONbh A, TDIN)
ABE € — 7 O IREEARAF L, B S 2012
MnO (251} % SRR A3 OV A it
BHEICHES L TWwWAZ ERRBLTWVS

72, Neel imfELl ETH DFH%D35 70 ZfhtHsh
DT TN PR D75 AT, ORI 12

TTHRSNL EEZLNS,

(SRR T 2 A OBEELOREN KX L %
G@Wﬁm%w?#%L<HQTéﬁbt%zaﬂé Iz <, MnO D4
B AHWIOEERZITRT VO T, NIO £ 1) & BBy Chitgt A < X 7

ZhiE, V-G X B IEEE

2 HEmE R AIIONT, 7 b

(&, RS
HA 2D

12

2 IO!_... MnO(111) )
; g Pump : 24.6 mJ/cm”
R Y
[
Yoo
s 2} %0 0o *°° o
a
O L 1 1 1 1
0 50 100 150 200 250 300
Temperature(K)
4 5-50 7V AR Y — 7 EOTRERAFE.

5.7.3 IR HREE AT B OV AGUARS s [T i A AR A

FeEhE MnO(111)7° 5 DT T ~ L ?&wlfﬂzlb‘i% 5

BB DRI B 5 2 A 2 155 725
TGRS SV A [ R AT % 7.

X 5-51 (27% L727%)V A Hh s o g1 ¥
— 7 DOBhRCREEARAE M L V), ERIEDS
B REE IZHBI L T E D bh b, 2D
R R ARV, 7SV AU S5 O st
DT 2 TOEMIE TR R TH 5 2 & 7RI
T5. L2 LARA5, MnO OF 5 12 NaCl
BMTHY), KESHEEZFEFOOT, BELAE
TEBOHPFHIZBWT, 2NV 7 TOBRKAER
TEBDHD 2 IR FRIRIZL DT T
NV EREHIEFEE L RVwEEZON D,
—J7, VBRI T3 SR O3t o 4 i

10 K |

Peak amplitude (arb. units)

114

REN/zDOT, HhhkE MnO(111)2* 5

AT L 72Ut & 2 Ot U B

BT B PR 1A L 72
BT 2 IS Sl B AAF M OV R

| MnO(111)

10K

— Fitting line

10 20 30 40
Pump intensity (mJ/cm?)

X1 5-51 ke el BEARAF 1.



HS5E SORREMEERICBT 5T 7N VBB

b b I REREOBNSEL S &
BHHNTWBEDT[S8], 2 KRIEHMIENF
BRI E DT T AN RSB 234
TWAHIREBVH 5. L2L, 5-50 2
RoNB LI, ZO0v ARSI,
BB (A L 72 CTH 5 D T,
Neel LI T IZBIT 5 HHmEICBI L C

10+ 3 MnO(111) 1
10K

Peak amplitude (arb. units)

X, 2612, BRI IHEATE L7z 2 KIEM 0 30 60 9 120 150 180
EAFRNRIZONWTERLLENH L. Z Rotation angle (degrees)
OEHEREICE L TlX, [5.74 79V AL [ 5-52 T80 S [ f8 A A

SR O BRG] IS TREL (BIBHT 5.

[X] 5-52 1279V ARG OHRIR ¥ — 7 O YR GRS V X [ln A A T % R
PSR Z MR 00 (90°) L EFK L, MR oLl T5L, TORIBE—7HIIBBLL 2¢
IHEAF L CTEALL T2 00%b s, Z OEMREIGEEAKAEIEL, FERIELER RO
AN 5 ECIHRFICEELZAMR L2 52 2EBERTH 5.

5.74 73V ARG O IR

¥ 5-50 X v, b MnO(11 )5 DT T NIV ik
WD 70OV AR, RORmEMERE R 1A L 72 O R

G b 2 OO TR S D L 2 b0t § ’.i— t

72, B 5-51 1R L 72750 A S oy o Selihike s EEAK % w,
RO 5-52 127 L7270V At s o FRiE ¥ — G-

Y .00 IR SRR 7 $ b A (6185 48 AR AEVE O FE B ——
13, Neel REELLTF TO/ OV A MO kst L L < } Ory2
5-53 1SR &9 % 2 RIS ENES LT

WhHZ EEREL TV, L2LAA5H, MnO Dff X 5-53 JEEALR.

rufild NaCl BICTH 0, Kk z >0 T, &

SR EBOEIHICB VT, N7 I2T 5 2 RIFFIBESER yOFF (32 DX FRED 5
¥akibd, LizhoT, @EDBHOAIHEFRINS 2 KIFRILTH P o< y 2" EE 13
HELRv, 22T, M550 2RO LI, D790 A2 O REMERF | KA
L7t T s &h5, Neel ImELLT TO OV ZAMETS L, BEAEE KA L 72 b
TR GERMERE) ICXoTHELTWALEEZ LI ENTEL., ZOGHERE L LTI,
R AU B &b ) iR (27,28], 7213, UGREMERFE O & 5 EERHEIZB W TH
EEND 2 ROEMIEAFENEL29,30103%5- L TV LI RENER LN,

RE AU TR 2 0E ) R R, X 5-53 IR L7ZHER o, o DLFERD ) b,
EHLODDREBICE BERE LD L) RO LT, 2 RIEBIBEZE O I L)
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%5 FORIEMERIZBIT 5 7 7~V 56

EENDIMIEIM Poc y2PHEH 557 T~V ST EL S, LA L, BT
B OEBMERIIIEE ITENZD, ez fis7zcoilix, LREMILETH S L
ZZHNTWA[27]. RIFFETH V725 800 nm DS/ SV A D T A )LV F— (# 1.55eV)
WIS B HEAZAS MnO TIIAFFE L WD T, JLIBHER~D 1 KT EBBIIELZVWEEZ S
N5, LD > T, BAABER M) BERMROFGEIZNIIEREEVEER
bA.

—7, HEHEEOSHREDOFEIC» LT, MR CTRIAHEOMNATAEL T 2 X
MR EDPHAET A EPAOENTWA[S8]. 72, MUHEFMORERTH>TD,
R (R, sReetE, BORMEMTE) RF DAY VR (BEEATFRIED B IR EE)
ITEETDHE, TNOHITHAF LR DM EZRT. 2205, REREOBSAHH
PRI L7247 S LIk o T, ZNENOBEEF I A L7z 2 RIER
WIS T I N ERD DL LD TESH[2930]. L72A > T, FOB#EMRET O H % p £
THEEND 2 RIS y O X DI P o« f 2EE  EE AL, Hi
MAETT TNV WEDIBE END EEZ BT ENTESL, ORBMERET 2 A3 5 (111D
IZRHFE SN D 10 JEOM L7z 2 RIFFIIEZHE T > Vv vid, A. Dihn 5 OEHTIC &L 5 TR
SRTVB[2930]. SHEHDF ¥V VEZWT, R P.Pan b 347 > 72 38T 6550 B O
PRPE DT & MR DR E 2 T 5 &, 2 RIEFMILIRZ Ut OB b s M A A 1 &
LFD X 9 12&E T 5[59].

X sihtstace = €1 €08(20) + C, sin(2 ¢) (5-19)
ZIT, g ERRELEIES, C, CIIERTH Y, C 13 2 RIFMBEZRT v v 40 &

@ DA, CuIE 2 RIFBIBRZHRT ¥ I 40 ICHHITHHTH L. L7zh - T,
Ci, ORZSEIAHTHLY, TokZ
SN2 7 I~V HiE 20 KT 2
L%, X 5-52 TR L7270 AN ak
o3 DRNE ¥ — 7 i O EARE TGRSOV 2
MR AR SN ERBEL TV 5, F 72,
X 5-54 2, E5REE L ——MREF (Bhkeaik
£ 36.9 mi/em® P E) 12X o THEA Y X —

1 I I I T T T

i l MnO(111)
:/ff%”’5Wf&f@/f)bXﬁi§T&ﬁ\@T}Emg 4k _iﬁ;{f:rre |

E— 7@V L THRNERZRT.

A =T %Z\TAHIKRT, SRR

YT 25 ORBYBUHBST ORIEIZK S & 1 e x

BRIEWDRONZ2WOIZH LT, 7NIVARL Ap I ] ! | ] .
. I . 0 2 4 6 8 10 12 14

BT DOIENR Y — 7 1% 2/3 FEE T TR Delay Titme (ps)

LTw/z, Zhid, EuEpgphe Lz & &1

TELREEHOIA—TOEETHY,

Amplitude (arb. units)

X 5-54 % X — JHiOBETIEIE.
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# 5% REVEIRIC BT 5 7 7 NV UG

3.0H T T T T T T L
Z ,5L ® 0K
S 33.8 mJ/cm? |<_ 10 mm —>
g 20 - | € Smm 3 :
g a | !
S sk il ) o
2 323 um
g Mr ® } . 70 um
F © ¢ 4+ 4
o DI |
& % REOESHE Y 270 196 131 um

0.0n 1 1 1 L | | L

100 120 140 160 180 200 220 240
Thickness (m) 5-56 MnO(111)? < & OTE etk
4 5-55 GURHE SARAFME (JE& 270 um ~ 323 pm)

P AT BT O F RS ISR 2 B CH 2 2 L A BIRLTWA. LA - T,
POU B OBUTHEHE L LT, BIMERLIE D d 5 RBHETEIZ B\ TR S L2 AN R
HELTOBLEELLNS. ~

KIZ, 10K 12BVF %7500 R BT OHRIE E — 7 EOBBIE S YAtk £ 4 5-55 1R, ik
HBiHE (2 33.8 mi/em® Td o 7z, SEIOIE 13, 4 5-56 127 F & 9 % < L OHOREL (10 mm
P, JEE 70 um~323um ) EMEL, WhAL S —EHBAT -V TEABH S5 2
LTk o TS AL S 27, ®5-55 £, 2OV AR OHRIE Y — 7 HIZREOE & 8
FLRBIZONTRHRP L TR B D000 5. AAOIE S 120 pm 225 50 um F2EZIF 7% %
LARIGE — 7 IR E 2D, 100 um BEE 22 L13 & A L/ OV AGHIBIN T &
mirolz.

HERH RIS L BT 7~ Y WREHFIC L > TREL B DOR, BRSOV A &Rk
27 7 N RORMESTH B, 2 RIMBIFHR TORBRBRO L) 123 008
MBI 2556, ENEROWMNY MV E ki, ke, by & L, BB 2020 o,
o, om=o—o LY, MHREERTE,

sin”(AKL/2)
(AKL/2)’
TH2HMNB., ZZTLRABOIEE, Ak =k —k, —kpy,|!E 3 2OHOMHDO TN TH 2.
$7:, Le Bab—L Yy 2E (MMEBEIRIN, $ELTAVF—EREF)ZLOT
ELRABOEEOER) TROL I ICEHRSINS.

= sinc®(AkL/27) = sinc* (L/2L,.) (5-20)

L.=— (5-21)

72, o, o> om T hHE,

fg e (5-22)
Ak 2‘ng — Ny,

117



BSHE PURREERICB T 57 7~ B

LTED. ZIC, nm 3EAERom, 2B BEITR, Ay, ZEEZPOEEROT T ALY
DB, ny BRI SV ZADOREFRTH LD, —MIC, HERBRCLIVEET LT T
ANV W DTSRI Iy, (&, HABEERTFIC L2 2ELZDDICHBITLDOT, kDL
T 5,
L, = Llsine? (1AL, ) (5-23)
, KISV ARDT TN HEOWIREEE L7254, Iy, (SREICEBIT 2 TE
T%mw

~Add. .
5 l+e —2e ? COS(AkL) (5-24)

ZZT, oy, O Oy, EENEN @, @, o (ST 2RPURK, Aa=0,+a,-a, TH 5.
5-57 1I2BWT, EERTHE S MRS OFEE KM & (5-23) XK 0 (5-24): % A v
TENZENHEH SN EHRE S ICBIT 2 BEHEL R L T b, RREOEEA 120 um O
REDISTHE 2 ML LT, ZhENBRILL, L5, EBREE LT, B
LB e 7 — ) TER L TERLNE/87 — <2 ML®D 0.1 ~ 2.5 THz  TORMEAHE
ERARE L LTWwa, —F, BHHEICOWTYH, FHRBESICHLT01 ~25THz $TD
BEHEIRIZOWT, BIEZER L 2WHELERTIHEICOVWTHHAL, ZhEhofk
BAEZ R &L LTwa, 43, MnO I8 5 HEHEBOBITRE 2.11 [61], WIUR
¥x 100em” EAREL, TNV EBORITE, HERKE LT, K546 TO 10K T
BT EMEE AN, K5-57T ITRLCFERRLY, BRIEZER L TWiRVgE @2&
FIERI R RN L B TIE, B DR S DV 2 5 12D TG B A5 < 7%
PRI Nz. —F, WREER L7256 OS5 E OFH R Tl ,ﬁﬂ®E§#E<
LBIZONT, bFPICBPTA2EAS RSN, LA LS, 2 RIEMLFREIC X
B B Rh B3 B PR 0 7 BH ARG B

Boi, EROEBRFRTRON:L R N
3 Bk E B BEHRA I HAD 5 o 7. _ H i vhdsam | & ]
AT RO M F > = ]
PREMBEIEFEL T2V 00, 8 E .

HHIC K DM S NARME S U 5 [ A SN -
LEBRE L ORITIRKE R END Y, § o5t ]
FERREREHITE o7z, B 546 B * ., ]
LY, BB R RIS O 7 5 o e g
ANV ST O MnO 12 BT 5 HERE 100 150 200 250
ZIFIFXOTHDLOT, [FEEsEE Thickness (um)

BANRT PVEAT 2700 A SEHST [ 5-57  HOMSIE D .
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DRBHNEBTORIUIIF LA LR VWEZZOND, ZOMOBEEAIOERE LTIE, F
A VEFRIIBTAREESEREROTAICERT L7 I AV EORELIC X b RENE
ZAbNhb,

ZZFETIZ, Neel imBELLTIZBIT 5 BOSHMARRF (AF L 72U O BGHEE s o v
TR T & 72H, KRIZ Neel IREELL 1T b B S 7z b3 5 7% 7OV A S DG 12
DOWTEHBT B, Neel IREL FICBIT 5700 ARERS O MFHEE & L Tid, ABERmIC
B B REEFEOBENSHFRT 5 2 KIEMPRESZFIZ L 5 HBIRHR, H5 0T, K
BEFy ) 7ICE2BENERDSOREFEZ 5N D, Neel ImEL ETEHEI Sz L
HeEt OHRIE E — 7 MBI $ B B 2 AR OGN OV A R AR SRR T & o
22 eh s, EBEAFHROFT I VwEEZ LN, Lz > T, Neel imEL EIZH
B2V A RGN, EEbEF v ) 7S X 2 EENERS O A LS EBIEES TS5 &
Zz LNz, EB, MO B RERHERCHRY 7T—F I~ VY Fu— 75 DR
2 5T, MnO IC B BRI X v 1) 7 DAL T E TV AH. ZORGHEF v ) T3,
2HTFRIRAE A L2 d-dBRICLVAERSNE EEZ N, FEMZREY v ) 7 OER
BRESICH L CIIRETHAT 5.
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6w PURHMEERICE T AR T =T TNy T e —T 5

#eE RREMAICRIT D

Saiw T ~F Fan T =Tk

7 b MW SNV RERNET T A RO TR R HIEDO D L DR T
—F AN Ta—=T NN 5. L, T ISV A DR S EREE 3 ITE
ALEGHRETHY, ZOFECLY, PaPBREORBSMETCIEIELFMED S
AFI7 A GERhEx ¥ U7 OERK - BEfE) [1] SOt EeREEB[2,3] % BB
THZLENARETHD. BHEFRIZBN T v ) 7R TIRE), AV KREORMEDOS
WEAF I ARBRATHZLIIBO TEETHY, ZOGHIECILIHFLVEBERD
% RO R B OMAS NI TV D Ke-1 IR T - T 7~y 7T a—T7 1|
BN I T HBAERFH At ICBET 5
WANEZRYT. ZOSNETIE, £ :

T, BB ~EE SV R Z RS L, Pump —Lvs —L» i —L>
| 1

1

HENICHBIE S v U 7 TR i !

B AT 5. Z o~ L THz ;1&*’ —%L* thﬁ
1 1 1

ZIZx LT At DIBIERFR A £ > T — - DS
T TNV AEANRT D, T
TIPSV AL, BEHTRhE X 6-1 HARyT -T T~y Ta—THIE.
NIV A ANE L7-BRE OB B X v

U7 ORE, BTEEBHDVITBEFACVERELE L, BN BEICLIEEEE
ZIRBLFBTDH. ZOT TNV VFE SNV RE, FHEXSVAR LT TNV AT
OBIERER] At 2L SERRSBEL, TRENEMBITT 5 Z & C, Bk v 2RI
%ORBNEICB T 2 BERROEMELEZBRT L5 N TE 5. flxiE, Bt v
ZHEIC L ALT %)i@‘(gé/ﬂfﬁ?ﬁﬁ%%ﬁ{fﬁ%)ﬁo(m,&)=G'(a),At)+ia"(w,At)@%ﬁiﬁX’\o7
M ZIRAD K 9 IZERE S [4].

At<0 At=0 At >0

3 28,Chyyy, ﬂw)

Zyy, E (C‘))
£gr Cr Ny ROz, ZTNEN, BEFER, HE, 7 I~V EBICHET REOR
WEROEMETEZIRBESTHS. &biT, Elo), AE(0)ZEhEh, ERTHELN
BHFIE L CTWARVREHC X 2 BT 7~ Y BHOMEEE E(), R k558
F I~V BBORBEBEAE) ZEnZh 7 — ) BB L72bDTHD. 7B, (6-1)R
1%, AE(t)<<E(t) THHBAICHEMATE 5.

O'(CU, At) = (6-1)
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F6E SBBMERICBII AR T =T T~y T a—T45%

FIZFERIZ, MalEER EOMREMERIC ST 2 X v V 7 ARy & 2088 EY

WOWTIEHKRKDO L S IZRED Z EBMEINTWB[5].
AE, hvil+ N )

yﬂ—} E ieF(l—R)[l(—exp()—ad)]Z b
E KROAEIZZENT I, Jeihe L TWOZRWEEHI T 51E10 T 7 ~ /LY B UL 2 DOIRIE
— 7 EROEMEEZD At=0 (ITICBIT2FRT 7~V Y B UL 2 ORI — 7 {[ED
RREMETHS. d, NROZIZENEN, BEOES, 77~V BRI 53R
DEFRECAHZEMOA L E—F R 72 =37TQ TH5DH. £7=, e, h, v, R, a KO'F
FEnTh, EFOER, 777 R, BEXAOEREE, KEE, WIRERE OREE
BETHD. UEDXSIZ, RV T =T 7~y Fa—T5HIc k> TH LIS EREE
%%wn,mmﬁ%mwfmmﬁé_t &~ T, SRR OWE O ERUSE EE ORFfH
BAERKBEF ¥ )V T OEEF A F I 7 ACHETIHREZEBLZLENTE 5.

AETIE, KRB MnO | _*beﬁotj‘ﬁf/f T T Fa— TS0 EBE
FIZOWNWTHRS., ZOREIZLY, MnO (BT B HHEX v U 7 OFE, SR ai% o
hmomﬁ%ﬁﬁgmﬁﬁgm LTS ZLNTES. LT, HiEXxy VT4
FBERR 7 ORR I BELEIEIC S VW TR 5. BEECB T 2EEA Y ¥ F 37
AP T HMRICINA, BEHEARNIZEB T 2 EEE T OMKAIEELICE T 25 m R 25
5T LiE, AV UIMOER, Wik, BEFOFRBOME, X5, Ay hr=s2F
NAAEZFET D LTHEICEETHLI LEXONS.

6.1 JFhi S SV ABEIZ L DT T~V DOFEIBREAL

AHEI T, KR MnO(111) (EE
500 um) ICBIFBREY F—F 5~y Fr !
—TJHIEICL > TEHELNZRE X L R :

P' <«— fixed

WA O T T~ EEE R O R ZE kI 1z i
BT 2 KBRS OV THIT 5. ZORE 5
T, B62I0RTEIIC, TIALYVES Pump ‘ -
NAROBIER T — V%, ZDWRIEE— 7 P
THEEL, B SV AAOBERT— % B
Rel4T5Z¢T, MEELIES. ZhICK 6-2 WELTFAFv U HIE

Y, MnO ~DEhkd /L ZA &%) DR

g & — 7 O FE R OBERIZEL K OE OEE OB BRI TE 5. X 6-3 [CAETEHD
A7 MnO(1DIZBIT BT T~ 7L ZRIE B — 7 fEO R /v A (& : 800 nm,
SNV ANE 35 fs) MRETRTR OFEBEEERT. I 2 CTORIERER 0 ps 1%, Bk L2
ET TANIBANNVADE — 7 PRREHICREIAS AR S5 Z &2 E®T 5. MnO 12315
T 7Y EOFBRBIE, KEEEZICTIZPETL, #0%, RaxlcEELTWS
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H6 T FUBBMEKICBIT AR T =T T~y T u—T 0%

0.00 T - ; T . =
— 10K O 10K i
B 3 75Kk 7]
-0.02+ = | & 120K & .
= X 295K
t 2 L A 8
= s i o]
< 004} a4 'F O x 7
B o ™
S 8 T
MnO(111) e ™
-0.06 Pump : 102 ml/em” - i é R ]
1 1 1 1 ul g 1 1 1 1 O
0 50 100 150 200 0 10 20 30 40 50
Delay time (ps) Pump intensity (mJ/cmz)
B 6-3 THz /L ZRiE ' — 7 {EDOFiE R, M 6-4 FERETE—7fED
JhEE Y 5R EE R 7.

ZORFIRERZICE OSBRI 2 ERRETIEL, MO (BT 2 REX v U 7 OARE
AL TV, ERREROFEERE T E— 2L, K6-4Im-d Ko, FErHREICIZE
EHFI L Te, iU, BhECIREERERICHE O e X v U 7 Hofm, $abbEX
REEOHKZ KL TV, [ URMELRE T COFEBRIMET E— 7 HIX, B timeE
DHERTHIZHONT, ZORERFEPBEZFICROND LI ICRoTc. ZHUE, B
FERRIZEEV IR 6 v U 7RSI 512N T, KBRS v U 7 OFEfMRERE OREK
FHEOEBNREL RoTWAHAREELRD S, £72, BRROEKBEKANZREIEIT, S
BEXy U 7OEEACERNTIERGCEEDKTLEEZXDZLNTES. £hwwx, X
X v U7 oM 713, X 6-3 123k 2FZEROBIEE T Z a5 BE% exp(-1/7) (CH
Bl LB E AW T 4 v T 4 VIRTICL Y RS 5 2 LN TE 5. X 6-5 I2F DFRFNRE
MO R EDEIREE K AEME 2 R, DT R ORBHRE B T b REERE B KT 5 12 oh
THERMFMBEL 2RSS 5. FEEROGE, FHEYEHREEKICHEWAER S LD LR
X x U 7EAEZ, vV THEBEERSCY Y ) THBELODEBKREL Y, ZO%E
2N EL 2B Z B ILTWAL6]. — 7,

MnO [FHERZRIZIT VO T, — R 72 BRI b lof—— T — T

T, bebEOFXy U THITEFITDRL, Z 80f a -
XU TREEFAODRb SV EEZS g | )
N5, Lo, BhYespER K ICrE 5 Hhh g o g O

g% v ) THROMMOEbIcEmaE<  § ] §e8080 8]
ot EzoRh5. £k, M63CH6-5 & & 201 O 10K & 120K]]
0, KRS % U 7 ORI REHRE I K obh, OB BRI

0 10 20 30 40 50
Pump intensity (mJ/cm")

[ 6-5 FEFIIER O B S am B R A7

FELTWAZ ENbd., ZOREREMICE
LTI, 6.4 S v U 7 kB FEER iR E#K
) ICTBWTELLLFHATS.
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6.2 MnO (28T 5 ERBIE

B 6-6 {2, MnO (23T DKMk F+ U 7 40
DIFEZHER DD LT HDIITo 72k b
BAWEOTRERI VTR b
LT, B 6-6 DIARICTRT L 51, o < 20}

ANy S S e 2
DT MnO 2RV, Y—RARXA—% < 10 DC bias : +20 V

( Keithley Instruments Inc. # MODEL ol ” i Eiﬁiz?z?\t,e
2400) % FIVNCHEFEEIE +20 V 2 FI0 L 7= 0 0 20 30
BRI R Y T =T T~V HIER & [ Laser pulse intensity ( mJ/cm’)
UhE Yt/ s v 2 (5 : 800 nm, 7</L AHg : [X] 6-6 MnO (25T D IEERHIE.

~35fs) ZHS L 7R B A HIE L.

6-6 |Z"T L 91T, MnO IZBWWTHOT RN LEERMBIKNTE Y, AL EHRE
KIEFER DD Z LD, MnO IZEBWTHRNEF v V T RERINTND Z L BHRTE -,
70, ERIIRENRED 2 FICHAFIL TV, K6-6 IR LIHBIIZFOT 4 v T 4
THMTH D, ZOERERIL, HHREX vV 723 MnO (281} 5 2 HFRIUC X » THERK
ENTWDHI L EZRET S, —FHT, K6-41%, 7T~V EOBBRIET ©°— 27 B
FHEEITEHFIS D Z L 2R LTV, ZHUE, BhEE SV ABBENCED 7T~V OF
RIS ARFFE D BhEL Y E OFIC B VTN (AT<<T) ThdHZ L ICEET 5. o
£, BEEBEEOICERT HFBRBRIET ©— 7 ORI CRERENET, TR BRE 7
e LCBBSNTLE ) AN DS, Lo T, HiEx v U 7 BE DR LR
FEARAFMEICBIT 2R A/ L) M T, K 6-6 IR LI XRBRBIED TN E L TV 5 &
Zzbhb.

6.3 d-dEBICL DX v U T AR

[ 6-3 R O 6-6 DERRFER LV, #E 800 nm (1.55 eV), 7SV AlE ~35 fs DFhEL S L
A% MnO ~BH3 25 &, MnO (ZBWT 2 K FRINAAEL, HRhEX ¥ U T RERSND Z
Enbholz. KEiTIE, ZoOXBEXy ) 7TOEKEBRE LT, ddBBENLIZ2 EF
BIUZDWTIR, S HIZ, ZOFEFERIC OV THHATS.

MnO (23T 2 SRR E 7108 — R BRI L o THEE S 53 REEE[8.9]IC & %
L, 0b L —KEe MnO DN RE¥ X » 7 133.6~43eVEBETHHEEX LN TND.
L7223 > T, MnO IZBITFHNRY RX ¥ v 7T RxF—E, RFFETHWZRIEL L AD
2 HFRIUCKHET D= Rr L F— (3.1eV,400nm) LV L KREVWDT, R L HmEH
TOREEFOEMREMED L2\ FHEBIZEZ S22, £72, MnO (ZBIF5 7 —n
YIXNF— U LEMBBT AL — A4 DIEERLT (U~TeV,U~75eV) [10] THD
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4 - —_—
G (L=4) - 4Eg,4Alg [(tZg)3(eg)2] 7} 1eg AT
ILF
Ty, [(t)(ey)'] | L
2
Ty (1)) A i
N

2414
l ST t% 0
6 — ::'. Ay
S (L=0) 6A |, [(ty)(e)] --T—T—T— t ¢LP

2g

& 6-7 Mn*'A A2 ®3d#uEDOETFEE [ 6-8 Mn>" A 4> ® 3d BLEDOEL [14].
(AP B kLR — MR [11].

Z o, B 2 TR OEEA Mn2 A A U RIRER 07 A A2 D 2p BLE & Mn®
A F DI HBERMOEHBEI L o= T A —[EB L ITRALD 2 L ATRT 5. KR
IR E[1-13]°0 B4 6 i[10], BF = RAF—18K5KE (EELS) [14] OERFERE
EET DL, AFETEB SN MnO ([281F 5 2 K FRIE ST LtHeV@ﬁ%%@
BE(LLTWA MnP' A 4> D 3dENTOERE, SF0, d-dBBOTZRLX—LIZ
®T5. I67_,EF%%ELT%&%“%Mﬁ%ﬁvﬁndﬁﬁ®%¥ﬁﬁmﬁféi
FNAXF—HENK ZRT[11]. 2D 5B, 3.1 eVDOTRAF—ITHYET HHFEEBIIN 6-7 1
B BARKEITR L7 BLECIRAE OA 1, 2> HFRIEEIREE *E, 3 2 W T Ay ~D 2 K FRINTH 5.
72, 2D d-d BEBOFEMIZOWVWTIE, X 6-8 D 3d HEDOSHOEKT L & HITRRHAITR
LTWB[14]. £, SHMHE Ap lC ko T EME R LML T X B HERMRT 3d
WEOT RAF—HBNRELD. S5 MO ICBIT5%7 T 24— (Mn* (0%)s) TOEML
T Ar EEBRTDHE, TNEH, 20D e #uB L 3 OD t,, EICHHT 5. MnO (2B
A Mo A AN 3d GBI STEDOBEF2H > TV DD T, X 6-8I/RT L H ICHEEIREETIX
A& A EAET AR RAX—ENLITT R TRHZITWnD. —FT, TRAEALE Y
PETHET AT —EEMITT R TENREL 25T S, MO IZBIT DA DRE S
1%, 0.7~125eV CTHDHERBLONTEV[IL,15], £z, BRH2ACFMEAT 5 TH
tyy - HHB e, WUBER DA, DRE ZICONTDH, 45eVEIETHD L RMLON TV D[14].
Kﬁ TiE, M A A D 3dBEICBIT 2 RBR AV HRERT D e - e, BBHH D
1Tty - o BRI OKFIE (~3.1eV) 1L > T3dELEDRE (K) =x L F—H¥AICET (E
L) BAERK SN BH[11,14]. ’@dd%%ﬁ’i V3, Wia & A B RO BB T D
ZLIZRDDT, AV —HEMAERASEEZN LAY U REPLE L 72 5H[14]. ow SR
ZRVT d-dEBEZFHRLZEBEEO MO BT A BRI CEESCHEENICET 2#E T
I%, MnO [Z 81T 5 KECRIZERIEE v U 7 OIS IEL CThH D Z & DRI STV [16].
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— 5T, KR THLNTZK 6-3 DI
ik 1% OBREEI 72 7 7~V D
EREETESISEZ LY U T
OMHEII A TH B0, HElc L5
d-d BBAZN L-ET - EALFOARL
EXEDOBMEAEETOREHRS KM
LTWAHDIERHGNTHS. KIZ,

MnO (28T D ¥ v U 7 Epk#%
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