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EJIEKTPOHHE 3BY/I’KEHHS
KBA3IMETACTABIJIBHOI'O CTAHY
(4p°5s5p)*Ss» ATOMA PYBLIIIO

ExcrieprMeHTaIbHO OCIIKEHO eIeKTPOHHE 30YIKEHHS KBa3iMETacTaOUIbHOTO CTaHy
(4p°5s5p)“Ss2 aToma py6izio B Aiana3oHi eHepriii 3iTkHEHb Bi mopory 1o 19 eB. dyHk-
1is 30y/DKEHHS, sIKa OJiepKaHa PH MOHOCHEPIeTUYHOCTI eNIeKTpOHHOTO Imy4ka 0.12 eB,
BKa3ye Ha HasBHICTb MPHUIIOPOrOBUX PE30HAHCIB HETaTUBHOI'O i0HA PyOifit0. 31ifiCHEHO
TOPIiBHSIHHA 3 EKCIIGPIMEHTAIBHUMHE Ta TEOPSTHYHHMH Iepepi3aMu 30yIKESHHS KBapTe-
THOTO aBTOiOHi3aiHOro cTany (4p°4d5s)*P1, atoma py6iiro Ta KBa3iMeTacTaGiILHOrO
crany (3p°4s4p)*Ss, aToma Kaiiro. MakcuMasIbHe 3HAYEHHS Mepepi3y 30yMKeHHS CTaHy

(4p°5s5p)*Ssr2 cknanae 6=3.77x10%8 cm?,

Kurouosi ciioBa: atom, 30ypKeHHS, pyOiil, KBa3iMeTacTaOlTbHAHN CTaH.

Beryn

[{ikaBorO OCOOJIMBICTIO, SIKA TIPOSIBIISIETHCS
npu 30yKeHHi P° 0G0MOHKM Y BaKKHX JTy)KHHX
aromax, € eekT KoH(IrypamiiHOro 3MIITyBaHHS
MDK KBapTeTHHUMHU Ta JyOJIETHUMHU PIBHSMH.
SIKIo KBapTeTHI piBHI MpPU IIbOMY 30epiraroTb
METACTaOlILHICTE [0 BIJHOIIEHHIO 10 aBTOIOHI-
3a11ii, TO MO>KJIMBUM € YTBOPEHHS “‘KBa3iMeTacTa-
OuTbHUX” cTaHiB aroma [1]. I Takux CTaHiB €
BIIKPUTUMU PaIialliifHU 1 eeKTPOHHUH KaHAIN
posmany. lle mae 3Mory cmocrepiraté iX sk B
SHePreTHYHNX CIIeKTpax €KEKTOBAHWX EJeK-
TPOHIB, TaK 1 B ONTHYHHUX CIEKTpax BH-
npoMiHioBaHHS [2, 3].

[I1e oaHi€r0 OCOONUBICTIO, SIKA € XapaKTep-
HOIO ISt Maitxke Beix p°Nilingl apToioHizamiiHMX
craniB (AIC) qyXHHX aTOMIB € HasBHICTh Ha iX
(GyHKIISX 30y/KEHHS] IHTEHCUBHUX PE30HAHCIB B
MIPUIIOPOTOBIM  007acTl €Heprii, MOXOMKEHHS
SIKMX MOYKHA TIOB’S13aTH JIUIIIE 3 YTBOPEHHSIM KO-
POTKOICHYIOUHX CTaHIB HETATUBHOTO 10HA [4-6].

Paniamiitauit poznag AIC atomiB kamito Ta
pyoiniro Briepire gocmimkyBascs B [3]. YV pobori
npencrasneHo ¢ynkuii AIC 3 eneprismu 30y-
mwkeHHs 18.8 Ta 17 eB, sKki BiAMOBIAAIOTH JiHISIM
A=720 A aroma kaniro Ta A=824 A aroma py0iziro.
Agtop nonepenHbo ineHTudikye nani AIC sk kBa-
preTy 3 KoHQirypamismu 3p°4s4p (K) Ta 4p°5s5p
(Rb).

EnextpoHHuil kaHan posnany KBasiMeTrac-
TabinsHOrO crany (3p°4s4p)*Ss, aroma kamiio
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OyJ10 BrIepiie gociipKeHo B podoTi [7]. Li mocni-
JDKEHHS TIOKa3ain e(eKTHBHICTh METO/Y €JIEKT-
POHHOI CIIEKTPOCKOITIi 3 BUKOPHCTAHHSIM MOHOE-
HEPreTUYHOTO EJIEKTPOHHOTO ITy4yKa JUIsl JOCIi-
JOKEHHS pO3May KBa3iMeTacTaOUTbHUX CTaHIB.

Hami meprni pe3ynbTaTu JOCTIJDKEHHS elle-
KTPOHHOTO PO3I1a/ly KBa3IMETAaCTaOLIbHOTO CTaHy
(4p°585p)*S3/2 aToma py6iiro 6y mpecTaBiIeHi
B [8], A€ po3risiHyTO HOro (YHKILiI0 30yKEHHS B
Jiara3oHi eHeprii 3iTkHeHb 0 3 eB Hamg mopo-
roM. /laHa po6oTa € NMpoAOBKEHHIM IIMX JOCITi-
JOKeHb. MU TIpeNICTaBIIsIEMO JCTaIbHUN aHaJi3
MPOLIECY EIEKTPOHHOTO 30y/PKEHHS KBa3iMeTac-
TabinsHOrO (4p°585p)*S32 cTamy i3 3amyueHHAM
IHIIMX EeKCIepUMEHTAIbHUX JAHUX 13 (YHKIIN
30ymKeHHs KBapTeTHoro (4p°4d5s)*Pi,  AIC
aromMa pyOifir0o Ta  KBa3iMeTacTaOlIbHOTO
(3p°4s4p)*S3/2 cTany aToma Kartiro.

MeTtoauka q0C/IiIKeHb

ExcriepuMeHTanbHa TEXHIKA 1 METOIUKA
MPOBEJICHHS BHUMIPIOBAaHb OIMCAaHI B HAIIUX
nonepefanix podorax [5, 9]. Tyr kopoTko
OIMMIIIEMO TUIBKW OCHOBHI JeTail IOCIIKEHb.
EnekTpoHHUI CHEKTpOMETp MICTHB MOHOXPO-
Marop TEPBUHHOTO  E€JIEeKTPOHHOIO  ITyd4Ka,
aHaJi3aTop €Hepriil eKEKTOBAHKUX EJIEKTPOHIB Ta
JHKEpEIIo MmyvKa HeUTpaTbHUX aTOMIB e(y31iHHOTO
Ty [9]. EnekTpoHHI CIIEKTpH BHUMipIHOBAIHCS
mig "MariyHuM" KyTOM crioctepeskeHHs 54.7°
[10], nmnpum  eHeprerMyHOMY  PO3ZLICHHI
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a"amizatopa 0.04 eB 1 MoHOeHepreTM4HOCTI
TIEPBUHHOTO eeKTpoHHoro myuka 0.12 eB.

OyHkiis 30yKeHHS Oylla ojepikaHa y
BUTJISIII HOPMOBAaHOI Ha CTPYM TIE€PBHHHOTO
CJIICKTPOHHOI'O ~ Iy4Ka IHTGHCHBHOCTI  JIHIT
(4p°555p)*S3/2 (nuB. pric. 1) B CrieKTpax MpH Pi3HUX
3HAUCHHSX CHeprii 3iTKHeHb. OjepaHa TaKuM
YMHOM (QYHKINS SBISE COOOI0 EHEPreTUYHY
3IEXKHICTh TIOBHOTO €(PEeKTUBHOTO TIepepizy 30y-
mwkeHHss AIC y BigHOCHHX OfuHHIIX. OCKUIBKA
CHIBBIIHOIIICHHS IHTCHCUBHOCTEH JIHIM Yy CIICK-
TP € IPSMOIIPOIIOPIIIAHIM CITIBBITHOIIICHHIO a0-
COJIFOTHHMX 3HA4YEHb iX Tepepi3iB 30y HKSHHS, 3Ha-
toun alcomoTHe 3HaueHHs mepepisy AIC
(4p°55%)°P3y2, sixe ipu 17.6 eB nopiBHIOe 6.2x10"
18 cm? [5], M BH3HAYMIH aOCOTIOTHE 3HAYCHHS
nepepi3y JOCHIHKYBaHOTO CTaHY.

5 4

g (4p~4d5s) PJ
T
=
m Sc., 44
& (4p’5s5p) S, ,
=
2
2 Se .2
5 @p'55) Py
=
o .
= i
g |
< L4d
S s i
é‘ | : 2ed % l}
T 0 R it et

15,0 15,5 16,0 16,5 17,0 17,5 18,0 185

Enepris 30y keHHs crauis, eB

Puc. 1. CniekTp €XeKTOBaHUX €JICKTPOHIB aToMa
pyOiiro rpu eHeprii 3iTkHeHb 18.5 eB.

HeBusnauenictb  mepepizy  30ymKeHHS
csirania 40%. KpiMm cymu BCix anapaTypHUX OXH-
OOK, 1€ HACIIOK TOrO, 1110 JIiHid, SKa BiAmosimgae
posmany AIC (4p°5s5p)*Ss. mepekpuBacThCs
CYCIZIHBOIO, OUTBII 1HTEHCHUBHOIO JIIHIEHO (JIUB.
puc.1), mo Binnosizae posmamy (4p°4d5s)*Pis
AIC (eneprii 30ymxennsa 16.64 eB ta 16.69 eB
[11], BiamoBiaHO).

Pe3yabTaTn Ta iX 00roBOpeHHs

Ha pucynky 2a) npencraBieHo (yHKIIiIO
30yIKEHHS KBa31METaCTa0UILHOTO CTaHy
(4p°555p)*S3/2 B miana3oHi eHepriii 3iTkHEHD 16.7-
19.2 eB. Ilepepi3 30ymKeHHS XapaKTepU3YeEThCS
HasBHICTIO CJIA0KOTO MPUIIOPOrOBOrO MAaKCH-
MyMy K Ta Immpokoro Makcumymy ommsbko 1.4 eB
HaJ[ TIOPOTOM 13 MaKCHMAJTbHIM 3HAYCHHSIM TTepe-
pizy 6=3.77x10"8 cm?. Hapits npu HassBHOMY pO-
3KHZI TOYOK MOKHA BIIEBHEHO OKPECIHTH TIPH-
HaliMHI TpU CTPYKTYpHi ocoOmuBocti mpu 17.8,
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18.1 ta 18.3 eB (mmo3naueni 6yksamu |, m, n, Biz-
noBi1HO). Taka ocruisAIiiiHa TOBEIIHKA TIepepizy
MO>K€ CBITYUTH IIPO YTBOPEHHS TYT KOPOTKOICHY-
I0YMX CTaHiB HeraTMBHOTO ioHa RD™.
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Enepris 3iTkHeHs, eB
Puc. 2. EdextuBHi nepepi3u 30y1KeHHs KBa3iMe-
Tacra-6imbHoro (4p°5s5p)*Ss, cramy (@) Ta
(4p°4d5s) P12 AIC (6) atoma pybinio. TTyHk-
THPHA JIHIS — TEOPETUYHI PO3PAXYHKH METOAOM
R-marpuni 3 B-crimaitnamu [5].

SIkmo mopiBHATH JaHWKA Tiepepi3  30y-
JOKEHHS 13 TIepepi30M CYCITHBOTO 110 eHeprii 30y-
mwxenns AIC (4p°4d5s) *Pi (nus. puc. 26)), T0
MO’KHA TIOMITUTH TIO1IOHY €HEpreTHYHY TOBEIi-
HKY — MaJICHbKHUI TIPUTIOPOTOBHI MAaKCUMYM 1 Ha-
CTYIHHI YiTKO BUPAKEHUH IIUPOKUI MaKCUMYM.
JeranpbHMii  TEOPETUYHHM  aHami3  Tepepizy
(4p°4d5s)*P12 [5] moka3ag, 1m0 NpHUIIoporose 30y-
mokeHHs1 naHoro AIC mae BUKIIFOYHO PE30HAHC-
HUI XapakTep 1 po3paxyHKHu MeToioM R-marpuiii
3 B-cruaiinamu (TyHKTHpHA JTiHIS Ha puc. 26))
NPOrHO3YIOTh HasBHICTh NMPHHANMHI JIBOX pe3o-
HAHCiB HeraTUBHOTO i0Ha RD™ B 1iit obmacri.

AHanoriuH1ii BUCHOBOK MOYKHa 3pOOHUTH
MOPIBHSBIIN NEPEPI3H 30yIKEHHS KBa3iMeTacTa-
6inbHUX cTaHiB (4p°585p)*Ss, aToma pybizito Ta
(3p°4s4p)*S32 aToma Kanito (muB. puc. 3). 3ara-
JIbHA TTOBE/TIHKA TAHUX TIEPEPI3iB € PI3HOI0 — Pi3-
KW TIPUTIOPOTOBUN MAaKCHUMYM 3 OCHMJISIIIIAHOIO
cTpykTypoto (3p°4s4p)*Sa cTany i Gimbim mmpo-
KAl ~ MakcuMyM — mepepisy  30y/KeHHs
(4p°585p)*S3/2 cTany, scyHyTHii Ha 1.5 eB nHaz no-
poroM.  AHami3 mnepepidy 30y[KEHHS CTaHy
(3p°4s4p)*S3/2 pa3oM 3 TEOPETUUHNMH PO3PAXyH-
Kamu MetojioM R-matpuni 3 B-crutaitnamu (myH-
KTHPHA JIiHIS Ha pHC. 30)) MOKa3aB, 1110 Pe30HaH-
CHa OCLWIALINAHA CTPYKTYpa € CYIEPIIO3ULIE0
IIECTH MapliajJbHUX Mepepi3iB cTaHiB ioHa K me-
peBaxHO 3 KOH(irypamiero (3p°4s4p?). Bci
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napIiangbHi Mepepi3u MICTATh MO KUTbKa BY3bKHX

PE30HAHCIB TIPUOJIM3HO OJTHAKOBOI 1HTEHCHBHO-

CTi, [0 B KIHI[CBOMY IiJICYMKY 3yMOBITIO€ CKJIa-

JHY CTPYKTYPY ITIOBHOT'O IIEPEpPi3y.
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Puc. 3. EdexrusHi nepepisu 30ypKeHHS KBa3iMe-
Tacta-6inmbHuX (4p°585p)*S32 cTany atoma pyoi-
niiro (a) Ta (3p°4s4p)*Ss2 cTaHy aToma Kaito (6).
[TyHkTHpHA JiHIS — TEOPETHYHI PO3PAXyYHKH Me-
tonoM R-marpuri 3 B-crumaiinamu [5]. Excniepu-
MEHTAJIbHI JJaH1 IPUBE/ICHI B HAIMTOPOTOBHUX OJIH-
HUIAX, TIOPOTH 30ymkeHHs (4p°585p)*Sse Ta
(3p°4s4p)*Sar2 craniB— 16.64 eB ta 20.02 B, Bin-
[IOBIIHO.

0,0 3,0

Coiz TakoX BIMITUTH, IO TIOTIEPEIHI T0C-
JIJDKEHHST TIPUIIOPOTOBOrO 30Y/IKeHHs ayOner-
mux (Np°(N+1)s?)?Pap12 AIC B atomax HaTpiro,
KaJtito Ta 1esito [ 12] mokasanu, 1o KapTUHa Ipo-
LIECY PE30HAHCHOTO EJEKTPOHHOTO 30Yy/HKEHHs
cyOBanenTHOT p° OGONOHKM B aTroMax JyKHHX

METAJIIB TIPEJICTABIISIE COOOIO TIOCTYIOBE YCKIIa -
HEHHsI BiJl HATPIlO J0 IE3110 MapiaibHOl CTPYK-
TYpH IIUX Tepepi3iB. Al pa3oM i3 THM, CyNepro-
3UIIiS BENMKOI KUTBKOCTI MapLiajibHUX Hepepi3iB
BEllE 10 BUJMMOTO cHpoulieHHs (opmu cymap-
HOro e()eKTUBHOTO Tiepepi3y 30yKEHHS CTaHIB.
Lle sixpa3 i1 mokazye MOPIBHSAHHS Tepepi3iB 30y-
JOKEHHSI KBa31MeTacTaOUIbHUX CTaHIB aToma Ka-
0 Ta pyOimito - crnpolneHHs GOpMH Tepepizy
IPH TIEpEX0/1i 70 OLIBII BaXKUOTO aToma. AJie rei
ke Qakt Ta nociipkenHs [12] Bka3yroTh Ha Te,
10 TapIiiaibHa CTPYKTypa Mepepizy 30ymKeHHS
(4p°555p)*S3/2 cTany atoma pyoistiro Mae GyTH Ime
OUIBII YCKIIAIHEHA, HIK B aToMa Kallito. bk
JeTalbHy KapTHHY MapLiajbHOTO CKJIay Iepe-
pi3y 30yIKEHHS J1aHOIO CTaHy MOXYTh JaTu
TUIBKU TEOPETUYHI PO3PAXYHKH.

VY MaliOyTHbOMY ILIaHYETHCS JOCIIPKEHHS
¢byukiii  30yMKeHHS — KBa3IMETAacTaOUIbHOTO
(4p°585p)*Sa2 cTaHy pu eHeprisx 3iTkHEHD 10 100
eB Ta nopiBHsHHS i1 3 ONTUYHUMU JaHUMH [3].

BucHoBku

Y po0oTi IpeaCcTaBICHO TOCIIKEHHS eJie-
KTPOHHOTO KaHAy pO3Maay KBasiMeTacTalOiib-
HOTO (4Pp°585p)*Sa/2 cTaHy aToMa py6iiio B iama-
30Hi €Hepriii 3iTKHEeHb 10 3 eB Hax moporom 30y-
JOKEHHSL. AHai3 MOBEIIHKH Niepepi3y 30yKEeHHS
JIOCITIJDKEHOTO CTaHy Ta MOPIBHSIHHS HOro 3 Teo-
PETUYHUMH I eKCIEPUMEHTATLHUMU JJAHUMH Tie-
pepiziB 30ymkenHs iHmmMX kBapreTHuX AIC Bka-
3VIOTh Ha CKJIQJHY MapHiaibHy CTPYKTYpY IpH-
MIOPOTOBOTO PE30HAHCHOTO 30y/HKEHHSI 32 paxy-

HOK KOPOTKOICHYIOUHMX CTaHIB HETaTWBHOTO 10HA
Rb.
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EJJEKTPOHHOE BO3BY/IXKEHUE

KBASUMETACTABUJIBHOI'O COCTOAHUA

(4p°5s5p)*Ss; ATOMA PYBHIASI

OKCIIepUMEHTANIEHO MCCIIEI0BAHO IEKTPOHHOE BO30YXKICHHE KBa3UMETacTaOMIHHOTO
cocrosiaus (4p°5S5p)*Sazatoma pyOUIHs B AUAA30HE SHEPTHIl CTOJIKHOBEHMI OT opora
70 19 3B. Oyuknus Bo30yXaeHus, OTydeHHast P MOHOCHEPTeTHYHOCTH 3JIeKTPOH-
Horo mydka 0.12 3B, yka3plBaeT Ha HalIMYME MPHUIIOPOTOBBIX pe30HAHCOB. [IpoBeneHo
CpaBHEHHE C HKCIEPUMEHTAILHBIMH 1 TEOPETHIECKAMHI CEYEHHUSIMU BO30YK/ICHHS KBap-
TETHOTO aBTOMOHM3ALMOHHOTO cocTOSHUS (4p°4d5s)* Py, atoma pyOuaus U KsasuMeTa-
CTabHIBEHOTO cocTOSHEA (3p 4s4p)*Ss, aToMa Kanus. MakCHMAaIbHOE 3HAYEHHE CEIEHHS
BO30YsK1eHus cocTosHuA (4p°555p)*Ssn paBHO 6=3.77x107'8 cm?.

KitoueBble cioBa: atoM, BO30Yy>KIIeHHE, pyOU I, KBa3UMETacTA0MIbHOE COCTOSTHHE.

V.I. Roman?, A.A. Borovik'?
Linstitute of Electron Physics. NAS of Ukraine, Ukraine, 88017, Uzhgorod, Voloshina Str., 54
2Uzhgorod National University, Ukraine, 88000, Uzhgorod, Universytetska Str., 21

ELECTRON-IMPACT EXCITATION OF THE
(4p°5s5p)*Ss QUASIMETASTABLE STATE IN

RUBIDIUM ATOM

Background: Among the metals, the alkali atoms possess the simplest electronic structure
of their outer shells, consisting of one valence electron and a filled subvalent shell. This
makes them a favorite test object for experimental and theoretical studies of different ex-
citation and ionization processes. An important role of resonance processes in excitation
of the 4p°n1linzlz autoionizing states in Rb atoms is expected from the evident resonance
character of the autoionization contribution to the total ionization cross section and from
the sharp rise of the excitation cross section close to the excitation thresholds of the lowest
metastable and quasi-metastable autoionizing states. In the present work we consider the
electron-impact excitation function of the (4p°5s5p)*Ss,, state in Rb atom. By comparing
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with other data we analyze the excitation processes forming the shape of excitation func-
tion at near-threshold impact energies.

Methods: The measurements were carried out using an ejected-electron spectrometer con-
sisting of a monochromator and an analyzer for electrons (both of 127° electrostatic type)
and an atomic beam source. Sets of spectra were processed by subtracting the background
intensity in deriving the line intensities. The ejected-electron excitation function of the
(4p°5s5p)“Ss, State was obtained as an incident-electron energy dependence of the corre-
sponding line intensity. The cumulative relative uncertainty of the excitation cross section
is estimated to be 40%.

Results: The ejected-electron excitation function for the (4p°5s5p)*Ss2 state was studied
in an impact energy region from the excitation threshold up to 3 eV above it. The excitation
function shows small sharp resonance just above the threshold and a broad resonance lying
about 1.5 eV above it with a “fine structure” k-n. The wide, asymmetric shape of these
features suggests the combined effect of several overlapping resonances which are typical
for excitation of the subvalence shells in heavy alkali atoms. A comparison of the excita-
tion function was made with the excitation functions of the close-lying (4p°5s5p)*Py state
and (3p°4s4p)*Ss. quasimetastable state in potassium. The cross section reaches its maxi-
mum value of 3.77x 108 cm?,

Conclusions: The total excitation cross section of the 4p>4s4p %Sy, quasimetastable level
in rubidium has been investigated experimentally for incident electron energies up to 3 eV
above the excitation threshold. In the experimental energy dependence of the cross section

a complicated structure was found due to core-excited Rb™ resonances.
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