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AaHOoTan s

IIpuBenenst pe3yapTaThl NCCIEIOBAHUN MHIYIIMPOBAHHBIX YIbTPA(MIOIETOBBIM U3y IeHN-
em mHakadkn (orommHamMmaeckux mporeccoB B kpucrauiax CaFom KY3F g, akrusuponan-
uerx moravu Ce®t u Yb3t. Ounenenst 3mauenust cewenmst morsmomennst n3 BO3OY K IEHHOTO
cocrograus mouos Ce® u BepogTHOCTE peKOMOMHAIAE CBOGOIHBIX HOCHTENCH 3apaia B STHX
KpucTanmax. Brepseie oGHapyKeno omTEdeckoe ycumaenwe B kpuctamte CaFs:Cedt £Yh3t
¥ TIPUBEJIEHBI €70 CITeKTPAIHHBIE XapPAKTEPUCTUKH.

KiroueBbie cioBa: 4f-5d-mexkondurypanoHHbie TIepeXonl, MOTJIONIEHTe U3 BO30Y K-
JIEHHOTO COCTOsAHUs!, (POTOAMHAMUYECKUE IIPOIECCH, TIEHTPHI OKPACKH, OIITUYIECKOE yCUTIEHNUE.

BBenenue

Onruyeckue TEXHOMOTMH B HACTOSINEE BPEMsl UCHBITHIBAIOT HEOOXOIUMOCTD B ITPO-
CTBIX ¥ HEJOPOTrUX KBAHTOBBIX M€HEPATOPAX, U3JIYUAIONMX B yibrpaduoserosoii (Y®)
00JIACTH CIEKTPa, U9TO AKTYATUIUPYET 3a1a9y PACIIUPEHUS U COBEPIIIEHCTBOBAHUE dJIe-
MEHTHOI 0a3bl KBAHTOBOMH 3JIGKTPOHWUKHN 3TOTO IHMana3oHa. B CBOIO odepemn, Tporpece
B JIAHHOM HAIPABJIEHUU CBSI3BIBAETCS C yCIeXaMu B 00J1acTu u3ydeHus (hOTOMMHAMU-
gyeckux nporeccos (®JIIT) B TBepporenbabix Y P-ak TUBHBIX CPeJaX U HNOBBIIIEHU UX
GOTOXUMUIECKON YCTORIUBOCTH IO OTHOIIEHUIO K U3JIyIeHWI0 HAKAdKu. Tak, Ha KPH-
cranne KY3F 1o, akrusuposamnom nonamu Ce3t | pamee Gplma momydeHa maszepHas Te-
HEPAIWs, OJHAKO OBLIO OOHAPYIKEHO, UTO ONTUYECKUE XAPAKTEPUCTUKY TON aKTUBHOMN
CpeJbl JAErpaJupyIoT 10 MCTeYeHNH HECKOJIBKNX akToB Hakaukn [1]. Tlomsrrkn 3apern-
CTpUPOBAThH OnTHYeckoe ycusaenue B Y D-obmactu crekrpa Ha Hd—4f-mepexomax MOHOB
Ce3t wmm monyunTs masepryio remepanuro Ha kpuctanie CaFo:Ce3T me ypemwamucs
ycuexom [2, 3]. B oboux ciyuasx OpUYMHON OTCYTCTBUS WM [MPEKPANIEHUs Ja3ePHON
reHepaln B Tpolecce paboThI ABIAIOCH obpasoBanue 1eHTpoB okpacku (110) B uc-
CIIEYEeMBIX CpPeJax IMOJ, JeHCTBUeM M3JIydYeHuns HAKAdKd. B TO yKe BpeMmsi paHee OBLIO
MOKA3aHO, UTO 33 CUET JIOMOJHUTETHLHON COAKTUBAINN IEPUICOIEPIKAIINX KPUCTAIIOR
pmonamu Yb3T ymaerca HOHE3HTL KOHIEHTPAIIHIO HHIYIHPOBAHHBIX H3/TyTeHHEM Ha-
kauku 11O U CyIecTBEHHO yIydIUuTh JTa3epHble XapaKTePUCTUKH AKTUBHOMW Cpejibl Ha
ocrose kpucramnma LiLuF ,:Ce3t [4].

[Henwnio macrosmieir paboThl seuaoch uccaenopanne ®/IT B xkpucramnax CaFgo u
KY3F19 (KYF), akrusuposanunix nonavu Ce3t u Yb3+ . Boumm uccnesosanst nesn-
Hettabe 3P@EKTh TOrTOMEHN U3y YeHUs HAKAYKNA B 9TUX KPHCTAJLIAX, a TAKKE Xa-
PaKTEePUCTHKH ONTHIeCKOro yemrenus B kpuctantax CaF ,:Ce3t +Yb3+ B o6macT 5d—
4f-nepexomnos moros Ce3 ™.
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Puc. 1. 3aBucumocTth KO3(GUImeHTa MOTJIONMEHNsT OT WHTEHCUBHOCTH TIQTAIONIEr0 U3y IeHUsT

1. Texuuka 3KcCIIepUMEHTA

Uccnenosanust TUHAMUKY ONTUYECKOrO YCHJICHUS / TOMJIONIECHN s BO30Y 2K IEHHBIX KPU-
cramnos CaFo:Ce u KYF:Ce B o6mactu 4f-5d-mepexonos nonos Ce3t ocymecrss-
JINCh «pump-probes METOIOM € MCIOJIH30BAHUEM WMITYJIbCHBIX JIA3€PHBIX UCTOTHIKOB
U3IydeHNsT HAKAYKW U 30HAUPOBaHUs. OCOOEHHOCTH IKCIEPUMEHTAIBLHON YCTAHOBKU
U HCIOJIb3yeMbIX MeToauK onucanbl B [1]. Iisg cosmanus akTUBHON cpeibl B 0Opas-
[[AX KCIOIH30BAIOCH m3ydeHue ¢ jymHoil BoaHb 300 HM, moayuaemoe myrem BKP-
peodpa3oBaHus B ra3000pPa3HOM BOIOPO/IE U3y YeHNA YeTBEPTON rapMOHUKY JTa3epa Ha
YAG:Nd. B skcrnepuMenTax UCCICI0BANINCH 3aBUCUMOCTH KO3(MDMUIMEHTA, TOTJIOMICHNS
Ha jayuHe BOJHBL 300 HM OT MJIOTHOCTH SHEPTUN W3JTYYeHUsT BO3DY K IEHUST, 8 TAK¥KE CIIeK-
TpaJbHBIE XaPAKTEPUCTUKN OMTUYIECKOTO yCuaeHus B obmactu Hd—4f-moMunecieHmm
monos Ce®t. B meppoM caytdae MIOTHOCTL SHEPTHH H3MYIeHHS H3MEHATACH B JHAIA-
some ot 0.3 /Txx/cm? 10 1.1 JIxx/cm? | a BO BTOPOM CTydae TIIOTHOCTH SHEPIUH HAKaTKI
¥ 30HIMPYIONIEro u3aydenus bukcupopamich #a yposuax 0.8 JTx /cm? u 0.7 M Ix /cm?
COOTBETCTBEHHO. [Ipu 3TOM [JIHHA BOJHBI 30HIUPYIOIIETO U3/IyYeHNsT CKAHUPOBAJIACH B
nanamnaszone 305—309 uaMm.

2. DKCHepuMeHTAJIIbHbIE Pe3yJIbTaThl

B skcmepmMenTax mcmomb3opammuch kpuctamibl CaFo:Ce (CM = 1 ar %),
CaFy:CetYb (CY = 1 ar. %, ORit = 0.5 ar. % u CINY = 0.5 ar. %, OBt =
=2 ar. %), KYF:Ce (C'M* = 1 ar. %) u KYF:Ce+Yb (Clilt = 1 ar. %, Ci{t =
= 1 ar. %), soipamennsie 8 HAJI paguoCeKTpOCKONUE U KBAHTOBOM 3JIEKTPOHUKY
Kazamckoro yausepcurera. Ha puc. 1 npemcraBieHbl THIIHYHBIE 3aBUCHAMOCTH KO3 PH-
MUeHTa Hormomennd B obmactu 4f-5d-mepexonos monos Ce?t or mmormocTn szeprum
MaIAIOIIero u3aydenns Hakadkn ¢ A = 300 HM [71d 9THX KPUCTAJIOB.

WuTeprnperalins MOJIyIeHHBIX SKCIIEPUMEHTATBHBIX JAHHBIX OCYIIECTBIISIIACH C UC-
MOJIb30BaHNEM MOJIETN WHIYIMPOBAHHBIX W3jydennem Hakaukn DJIT [6], wkoropas
B YIIPOIIEHHOM BW/JIE MPEICTABJIEHA HA PUC. 2.

Ha puc. 2 ocrosroe cocrosame nora Ce3T obosmadeno mudpoit 1, mepsoe Bo3OYHK-
JieHHoe coctosinue — nudpoi 2, mudpoit 3 — cocTogHue, ¢ KOTOPOro HADIIOMAIOTCS U3JTY-
YaTeLHBIE TEePeXO/bl (JIIOMUHECIICHIINSA) W ePeXobl 3—4, 06YCI0BIEHHBIE TIOTIONIEHN-
eM M3JIy9YeHnsT HAKaIK|, COCTOSTHIE 4 COracHo [6] JIOKATM30BAHO B 30HE MTPOBOINMOCTH
MaTpuIibl. [IoCKOIBKY HAOIIOMAIOTCS TTEPEXOIbI HA, COCTOSTHUS, IOKATN30BAHHBIE B 30HE
MIPOBOIMMOCTHU, UX PE3YJIbTATOM SIBJISIETCH TOsBJIEHUE CBOOOIHBIX HOCUTEIEH 3apsia,
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Puc. 2. Momens (GpoTONMHAMIYIECKUX TIPOITECCOB

KOTOpbIe JTHOO PEKOMOUHUPYIOT HA MPUMECHBIX MEHTPAX, MepeIaBas UM SHEPTUIO0 BO3-
Oy K aeHus, OO 3aXBATHIBAIOTCS ehEeKTAMU KPUCTALTHIECKON pererku, obpa3ys 110.
CyIecTBeHHbIM SBIsIeTCs TO, 9T0 Koaddurment normorienns 11O B uccmesyemMbix Kpu-
cranax B objmactu 300 HM OKa3bIBAETCS 3HAUYUTEIHHO MEHBIIE, YeM KO3 MUIUeHT mo-
romenus wonos Ce3t . ITosToMy, He HapyIIas OBIIHOCTH MOJEIH, MOYKHO OOhEeTUHATE
COCTOSTHUST 30HBI TTPOBOUMOCTH U Je(HEKTOB KPUCTAJINIECKOM PEIIETKU B OJJHO COCTOSI-
Hue — cocrostaue 4 ua puc. 2. [Ipu 3ToM BEpOSITHOCTH MEPEX0/Ia Pyo OYIET NPEACTABIITE
co00it KOMOMHAITIIO BEPOATHOCTEI 3aXBaTa HOCUTENA 3apAna 1e(deKTOM, TePMUIECKOTO
pa3pyIIeHNs IEeHTPa OKPACKM U pekoMbuHammm Ha nonax Ce>t |, B pesyanrare wero mo-
CIeHTE OKA3BIBAIOTCS B BO3DYIKIEHHOM COCTOSHUU. B MOJEIM TakKe yUTEeH TMepexo;l
41, KOTOPBIIl COOTBETCTBYET KAHAIY PEKOMOWHAIINN CBOOOIHBIX HOCUTEIEH 3apsiaa He
npuBoAAMieit K Bosbyxaernto noros Ce3T . OcTambHble TapaMeTpsl Iepexoaos, 0603Ha-
YeHHbIe HA PUCYHKE, UMEIOT CJIelyomuil (pU3HIecKuil CMbICI: 0;; — CeYeHHe BBIHYZXK-
JIEHHBIX MEPEXOI0B HA YACTOTE U3JIYUCHUsT HAKAYKYU MEXKJLY COCTOSHUIMHU i U j, Pag —
BEPOSITHOCThL 0E3bI3JIyIaTeIbHOTNO TEePEX0OIa MEXKIy BO30YKIEHHBIMU COCTOSTHUSIMU 2
U 3 U p3; — BEPOATHOCTH CIIOHTAHHOTO MEPEXOa MEXKIy BO30OYXKJIEHHBIM 3 W OCHOB-
oM 1 cocroganavu moros Ce3t . lamHas MOgeqb MOMKeT OBITH ONECAHA CHCTEMOIT
nudHepeHuaTbHbIX YPABHEHUH JIJIsT HACETEHHOCTEH COOTBETCTBYIOMIUX COCTOSHUIL:

d?’Ll 1

d—:—un1012+n4p41+n3—a (1)
t T

dn

d—izumam + P42 Ng — P23 N, (2)

d

%:*;ng + paa g — woss M3, (3)

dn

d—t4 = —Pa2 N4 + P41 g + U O34 3. (4)

rae n; — HACETeHHOCTH COOTBETCTBYIOMuX cocrognmit monos Ce3T, 7 — Bpems xmus-
HU BO3OYYKIEHHOTO COCTOSTHUS, U — MJIOTHOCTH MOTOKA (DOTOHOB M3JTyUIEHUST HAKAUKH.
Pemennem cucremsr (1)—(4) sBasinch BpeMeHHBIE 3aBUCHMOCTH HACEIEHHOCTEN Ha CO-
crosamax worna Ce3 ', 4To MO3BOMMIO OMEHNTH KOMMTECTRO TOTTIOMEHHBIX B 06pa3nax
doronos nznydeHns Hakadku. [Ipr 3TOM HCKOMBIE MApAMETPhl — CEYEHUE TTOTTOIEH S
u3 Bo36yKAeHHOro cocrosguud noxa Ce3T (034) 1 BEPOATHOCTU PEKOMOUHAIIUU CBOOO/I-
HBIX HOCHUTEJIEil 3apsijia Pio U P41 — BAPBUPOBAINCH C TEM, YTOOBI 0OECHEYNTh MUHH-
MAJIbHYO HEBSI3KY MEXKIY IKCIEPUMEHTATHHO MOTYIeHHBIMA ¥ PACCINTAHHBIMU 3HATE-
HUAMHI KO3(HUImenTa mormomenns. Pe3yrbrar MogeTnpoBaHus MPeICTaBIeH Ha, PUC. 2,
a coorBercrByformiue napaverpbl ®III — B Tabm. 1.

ITo pesysbraTam pacdera cedeHus MOMJIOMIEHNs 13 BO30YKIEHHOIO COCTOAHUSA (034 )
nonos Ce?t B xpucrammax KY3F g u CaF, nMeror TOT ke MOpEI0K BeIHIHHLL, 9TO I
CeYEeHNsT TIePEXOIOB TIOTJIOIIEHNST 13 OCHOBHOTO COCTOSTHUS (012). DTO OOBICHSET JOCTa~
TOYHO HU3KYIO (boToxmmmdeckyio ycroianbocTh KpructaiioB KYsF1p:Ce u CaF4:Ce
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Tabm. 1
BHAMeHWsT CeueHus MOTIOMEHs n3 Bo3GyxmerHoro cocrosmms moros Ce®T (034), a Taxxe
BEPOATHOCTH PEKOMOMHAIIUK CBOOOIHBIX HOCHUTEJNIEl 3apdia ¢ mepefadeil Bo30yKIeHus HOHY
Ce®" (paz) u me mpuBomsmEit K BO3GY K mermo moros CeT (pay)

Kpucramn 034, x10718 cm? Paz, ¢! Ppat, ¢t
KY;5F10:Ce 1.04+0.3 (6.7+3.1)-10° | (23+£1.2)-10°
KY3F10:Ce+Yb (1.2 £2.2)-10'6
CaF,:Ce 8.6 + 3.8 (2.7+3.2)-10° | (9.1+5.2)-10°
CaF3:Ce+Yb (3.442.2)-10'°
—O0— CaFZ:Ce 0,5%+Yb 2%
15 —o—Can:Ce 1%+Yb 0,5%
s —2—CaF,:Ce 1%
© 10
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Puc. 3. CrexrpasbHas 3aBUCHMOCTD KO3GMDMUIIEHTa ONTHIECKOr0 YCUICHUS 1T KPUCTAJIIIOB
CaF:Ce®™ (0.5 ar. %) + Yb®*" (2 ar. %) (xsagparuku), CaF2:Ce®t (1 ar. %) + Yb3*t
(0.5 ar. %) (xpymourn), CaF2:Ce®" (1 at. %) (Tpeyromsrukin)

O OTHOIIEHUIO K Y D-U3TydeH0 HAKAYKU. JTH K€ PACUYETHI MOKA3BIBAIOT, YTO B KPU-
cTaJIaX, aKTUBHPOBAHHBIX TOMBKO womamu Ce3T, pexoMOMHAIMS WHIYIHPOBAHHBIX
U3JIy9YeHNeM HAKAYKU CBODOIHBIX HOCUTEIEH 3apsiga B OCHOBHOM OCYIIECTBIISIETCS IO
MeXaHu3My C nepejadeii BO30yXKIeHHs aKTUBATOPHBIM HOHAM (pg2 < pa1 ). BakabiM
PEe3yTbTATOM ABASETCA TO, YTO HPH COAKTHBAINM KPHCTALIOB moHaMu Yb3' mournm
Ha 10 MOPSIIKOB BETUYMHBI YBETHIUBACTCSA BEPOSITHOCTH PEKOMOUHAITNE CBODOIHBIX HO-
cuTeseil 3apsiaa, YTO CBUIETEILCTBYET O MOSIBJIEHWM HOBOTO JOMOJHUTEIHHOIO KAHAA
PEKOMOMHAIINY, CTIOCOOHOTO KOHKYPHUPOBATH C 3aXBATOM CBOOOIHBIX HOCUTE IEH 3apsiia
noBymKkamu. JJaHHOE 00CTOATETHCTBO U 00YCIOBINBAET 3P (MEKT MOTABICHHUSA MIPOIECCa,
0Opa30oBaHUsI TEHTPOB OKPACKNA M YMEHBINEHNs OJTHOTO KO3 PUITHEHTa TOTEPh B 00-
nacT m3aydarenbubrx Hd—4f-mepexonos nonos Ce3t B sTux KpucTamnax.

Ha puc. 3 mpefcraBieHbl 3aperucTpupOBAHHBIE CIIEKTPAJIHHBIE XaPAKTEPUCTUKH KO-
s durmenta yeumenus myst kpucraioB CaF o :Ce+Yb.

W3 mosydenHoit 3aBUCUMOCTH BUIHO, UTO JIJIsT KPUCTAJLIA C KOHIIEHTPAIUE MOHOB
Yb3+ Ot = 2 ar. % mabmongaerca yeunenue B quanasone 325-335 HM, a g KPUCTAT-
Jla, He cozepKalnero moHoB Yb3T | BMecTo ycuienusa HaBIIONAETCA MOTJIOIIEHHE 30H-
IUPYIOIEro u3jaydenusi. Ha OCHOBe MOYyYEeHHBIX CIEKTPAJbHBIX 3aBUCUMOCTEN OBLIN
pPaCCUMTaHBI CIEKTPHI TOTJIOMIEHUs IEeHTPOB OKpacku B kpucrajmiax CaFs:Ce+Yb.
st sroro mo dpopmyne Pioxrbayspa—Jlagendypra u3 CeKTPOB JTIOMUHECIEHITUN KPU-
CTAJITIOB ObLIA PACCYMTAHA CIEKTPATbHAS 3aBHCUMOCTH CEYEHUs] CTUMYJIUPOBAHHOIO
m3ydenns B obmactu 5d—4f-mepexonos monos Ce3t | a 3aTem ompenenen cmexTp ycmme-
HUs, KAKON UMenn Obl ucceayeMbie OOPA3IIbI TP TEX YKe YCJIOBUSX BO3OYKICHUS, ITO
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Puc. 4. CrexTpanbHas 3aBUCAMOCTh K03 PUIMEHTa TOTIOMEHNs AOATOKUBYITAX IIEHTPOR
oxpacku as xpuctamtor CaFo:Ce®™ (0.5 ar. %) + Yb*T (2 ar. %) (xmampartukwm),
CaF,:Ce®*™ (1 % ar.) + Yb3" (0.5 at. %) (xpysxouku), CaF2:Ce®™ (1 ar. %) (Tpeyroms-
HUKW)

M TIpU TIPOBEJECHWN «pump-probes skcmepuMenTon. [Ipemcrapmennbie Ha puc. 4 crex-
TpaJbHBIE 3aBUCUMOCTH Ko3dd durmenta moriomennsa 11O aBasgioTca pa3sHOCThIO pac-
CIATAHHOTO KOI(DPUIIMEHTA YCUICHUA U 3aPErUCTPUPOBAHHOIO SKCIEPUMEHTATHHO.

[Tonmydennabie 3aBUCHMOCTH TIPEICTABISIIOT COOOH KOPOTKOBOTHOBYTO YaCTh IITUPOKOM
MTOJTOCHI TIOTJIOIIEHUsT TOMTOXKUBYIINX TEHTPOB OKPACKK B COOTBETCTBHM C paboramu
[3, 4]. 13 puc. 4 BunHO, 9T0 KO3 DUIMEHT MONTIONIEHNST EHTPOB OKPACKW YMEHBITaeTCst
¢ yBeJmUeHmeM KommenTparmun Yb3t B kpucrasme.

3akJirrogyeHue

B pesynbrare paboTsr ¢ TOUHOCTHIO 30% GbLIH OlEHEHBI 3HAYEHUST CEUEHNS TTOTIOIIE-
Hug U3 Bo3OyxaeHHoro cocrogung nonos Ce3T B kpucrannax CaFo u KY3Fig. O
CedeHus MO TOPSAIKY BEJTUIUHBI OKA3BIBAIOTCS OJU3KUME K 3HAYCHUSM CEUEHUH TIOrI0-
menns n3 ocHoBHOTO cocTosnus nonos Ce3T . Takas BHICOKAS BEPOATHOCTH MPOIECCA,
MOTJIOIIEHUsT U3 BO30YKIEHHOTO COCTOSTHUS OOYCJIOBIMBAET HU3KYIO (DOTOXUMIIECKYIO
yeroirausocts kpuctainos CaFo:Ce3t mw KY 3F 19:Ce?t mo ornomenuto x Y®-uszmye-
HETO0 Hakadky. [[0Ka3aHo, 9TO B KPHCTALTAX, aKTUBHPOBAHHLIX TOMLKO noHamu Ce3t
PEKOMOWHAINS WH/TY [TUPOBAHHBIX U3TYyYEeHUEM HAKAYKU CBOOOIHBIX HOCHTENEH 3apsiia
B OCHOBHOM OCYIIIECTBJISIETCS TIO MEXAHU3MY C Tepeaadeil BO30YKIEHNUsST aKTHBATOPHBIM
monaM. IIpy COAKTUBAIINN KPUCTAJIOB HoHAMI Yb 3T BeposTHOCTH peKOMOUHAIIH CBO-
OOIHBIX HOCUTEJIEN 3apsia YBEIMUNBAETCS U TIOSBJISIETCS HOBBIN BHICOKO(MD(DEKTUBHBIM
KaHAJ PEKOMOWHAIWH, CIIOCOOHDBIM KOHKYPHPOBATH C 3aXBATOM CBOOOJHBIX HOCHTETEit
3apsia JTOBYIITKAMHU.

Briepeble 3aperuCcTpupoBaHbl CHEKTPHI OMTUYECKOTO yCujaeHwss B obmactu Hd—4f-
nepexonos nouos Ce3t B xpucrammax CaF,:Ce+Yb. ITokazaHo, 9TO TyTeM COAKTH-
paruy wonaMu Yb3T mcemenoBanubIe KPHCTAIILI CTAHOBATCS TTEPCIEKTHRHBIMI aKTHB-
ubiMu cpemamvu Y D-uamnazona ¢ mMUPOKOI MOTOCOHN yCUIEHUS.

Pa6ora Beimoaena mpu noaepkke rpanta [Ipesugenta PO HIII-5289.2010.2 u ®e-
JIepasibHOM 1esieBoit mporpaMMbl « Hayunbre n HayaHO-TIearorndeckye KaJaphl WHHOBA-
mmornoit Pocenmy (TK Ne TI989 m Ne 02.740.11.0428).
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Summary

S.A. Kirysheva, A.S. Nizamutdinov, V.V. Semashko, A.K. Naumov, S.L. Korableva. Opti-
cal Amplification and Photodynamic Processes in CaFs and KY3F 9 Crystals Doped with
Trivalent Cerium and Ytterbium.

UV-pump-induced photodynamic processes investigation in CaF2 and KY3F o crystals
doped with Ce®" and Yb?T is reported. Excited-state absorption cross section values for Ce®*
ions and recombination transition rates of free carriers in those crystals have been evaluated.
For the first time optical amplification in CaFq:Ce3" +Yb3" crystal has been observed. Its
spectral characteristics are reported.

Key words: 4f-5d interconfigurational transitions, excited-state absorption, photodyna-
mic processes, color centers, optical amplification.
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