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New Insights on the ¢* Shape Resonances in the K-shell
Continua of the N, and CO Prototype Molecules

Kenji ITO

High Energy Accelerator Research Organization,
Institute of Materials Structure Science, Photon Factory

We have reviewed our recent study on the shape resonances of N, and CO with the angular distributions
of ls-photoelectrons from fixed-in-space molecules. For N;, we have pointed out that the ¢* shape
resonance enhancement appears not only in the 1sg,—¢lg, channel but also in the 1sa,—¢&/g, channel due
to the intershell interaction between the 1sa, and 1sg, molecular orbitals, in contrast to the results of smgle
particle calculations. For CO, we have shown that the dlpolc matrix elements and the phase differences can
be derived from the observed angular distributions in the g* shape resonance regions in the C-and O-K
shell ionization continua. They demonstrate that the g* shape resonance above the C-K edge consists of p-,
d-'and f-partial waves and tlie resonance above the O-K edge consists of S=5 D=y d- andf partlal waves, m -
contrast to the widely accepted idea that only the f-partial wave is enhanced.
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Figure 1. (a) Total, and (b) symmetry resolved oy (dots) and o

(solids) photoabsorption spectra of N, in the threshold region of
N-1s photoionization measured by our group®. The dashed curves
are the theoretical calculations by Dehmer and Dill?.
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Figure 2. Experimental apparatus used in ARPEPICO measure-
ments. Two electrostatic analyzers are installed at angles parallel
and perpendicular to the electric vector of the incident radiation for
the detection of fragment ions, and another analyzer, which can be
rotated around the photon beam axis, is used to detect the photoelec-
trons.

Figure 3.
tions, following photoionization and Auger decay, take place much
faster than molecular rotation.

37

W, FEALDOBEA—V o BBEFIERI L 2{MA A
VIEREINS, TO2{fA VI EE AL E THREET
LrEZ2LND, NRE—IVOERL XUS TR R
T2 A MBOF—F—THFORERIBLD b 2-3 58
Wo BT, 2fli A AV ORFREC & D AR S REEA A
O F R ESFAXEREI N DROSTFER &2 5T
LN TE%, ARPEPICO BIBICA WO A EBEE T
i3, ZOOBER T IVF—SIESAFHESNY PV
TR LUBEOHMICEHE SN, @A Aol
F—FB LIoBREBARE L 725, O—2DRKETFHD
BRI OV -SRI ASEE D EiEd 5, XE
Fid, fREEA A ERBICRIE SN, TORBRRIREOFH
RIHFFEERTODLHEICBT 2 HEFRE &7 5,

3. N, DABFHEST

B S 1E, 19954812 ARPEPICO iZ & ) # R T T
L7 Ne 5 Fh 60 N-1s RBEFOAEESTIE & T
2729, AFKOBEEZNT bV 5 TEMMRFETRER TH
RALBEFIRIC B W CHEIE LIcBESHIC LT, BEFIT
SFEITAS LU 0,=60° JTMICH < B S AR R
bhb, FHECOI2I0 B0 FTICiEsr
DROAESMIIHAN L fEONZ—VTHBEL
1sog—efoy F v VRN o THRFERICEE A FEl % R
3 &> Dehmer & Dill OBRPEEHICIE LW &%
L7

TR &1, N D KBRETFIL Lsog & 1say D
IRIVF—NCZ LA EME LS TRBICREET 5, 1€
- C, N-Is BEFOXREBEHIC BT 52 FTER Tt 1so,—
gfoy F % VIRIVIET Tz TDMZ, lsoy—elog F % /3
VaEENDL, LT, lsoefo, F % VI IVOME L
Isog—eloy F v VANDB L X005 D 1 BETHH &
75 Hartree-Fock 5T ECTFRIS N 5, S LI 1sog & 1say
BEHEMEO T RNV F LB L Z01eVEETH 5,
COESIERET TR, Z o0 FEEROMHEER R
XL ¢BHRTh, CONEAEFRARRETOAESTRIC

o photoelectron

®

CO* (O 1s-hole)

Dissociation : ~ 1013 sec. \ o Auger
electron

CO* (valence)?

Rotation period : ~10-2sec. \
e

Schematics of axial recoil approximation. Fragmenta-



38

Rahs EE 2 bbb,

T, lsog~elo, (1=1, 3,5, ) F o VRIVRZTHBFLE
T5EThE, QRICBEBNBICVY >V FUESERNOK
B SRABESMIT 6,=90° [ZBWTEEIYn s, &
» 12, Dehmer & DilliZ & » CTFH SN & DI efou B
SITVEETH S LIhiE, AESMIT 6,=39.23" 10
WChER En5b, KRS, BfRobEAERE /O
DM EEND lsogelog F v VRV HBER L EFE
BICXVEEKCE - TL 57T, BESME 6,=90°
BEUO=40° 1BV TERIEELREWVWTHHA D, TOM
FHOMCT A0, AESHHZIC W TR WARE
DRRRE L ERBELR TR v b, SEORHET
i3, BIENR T HMEEA T VOER LI F—%210 eV
WWERE L, WA A VBT T4 V— DR BE SR
ZEESR, ILICKBETFRBLUA I VOREZIROHE
Mo T\W5, Figure 4 ICI3HRLEHEE (AKX IR
WF—: 419eV) W CESEFIE SNz N-1s XEFD
AES LT, ERFERIT, ZhZh Random Phase
SEEL (RPA)ID ¢ RCHF IC L AHERRE A —HBIZTR LT
B 5, RPAFTEIL, lsog & lsoy DD D4 FELE MM
HIFAZERLTERY, ERTROONIBESHOEM
W7ZEH% X VBICER L\ 5, QIExh/-AEST
W OMIC 6,~40° B XU 6,=90° ILBW T LT b
T, TOEAIERPAFEIC L TOABHINTWA,
%7z, Fig. 4 5 Isoy—elog F v VRV X5 T 6,=40°
TORESMEBENRTO bRV LB D EHA

hv=419eV

----- RPA(l5))

----RPA(lo)

—— RPA(10g+1 o)
e EXP (this work)

2

I A
= A
F I ST S e
&

= | /N 0 RCHF (lo,)

‘2 - - --RCHF (1) |
£ ~——RCHF (lo,+10,)

L

e EXP (this work) |

=~ ==
.....

150 15 30 45 60 75 90 105

Photoelectron ejection agnle &, (degrees)

Figure 4. Relative contributions of both the lo,—~¢0, and lo,~
€0, channels to the angular distributions calculated with the RPA
(a) and RCHF (b) approximations at hv=419 ¢V, at the maximum
of the ¢™* shape resonance.
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Figure 5. Photoionization cross sections for the K-shells of the N,
molecule corresponding to both the lo,—¢0, and lo,—¢g, transi-
tions calculated in the RCHF and RPA approximations. The ex-
perimental data® corresponding to the sum of the two transitions
are normalized to the absolute cross section in'®.
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Figure 6. Polar plots of experimental angular distributions (dots)
for C—1s photoelectrons from fixed-in-space CO molecules oriented
in parallel to the electric vector of incident radiation. Dashed lines
are the best fits of Equation (3) to the experimental data with
0</<4. Theoretical results are shown by bold solid line for the
RCHEF calculations, and by a thin solid line for MS calculations®.

39

FHTEREREBERT KNS $<HRTLIENTED,
COFNTFEGFTHLID, QRLBRXNzHNS L
BESAD O EMOSPNTHIET HIEFTINER d, &2
FZE Olp— 00 WEH T AT ENTES, AESHILIH
SOYBEEROLFREOFEMT, RXPEBBLT
W22 EL ZXICL, TTTCRTOEMIIEL, N2 DX
DB R TS F TR, QRTK Z2FHOBEITIE
Ag, BET 700, RAPOEDPHBEROK LD 57
57 OPBFIFIERB L UMABEZERDOAS Z EITTER
Vo TOXSIZLTHRDACODC-1s WEFAEH )
LROONIRBRFITINER d, & AL 2 d1o— o0 &
Fig. TIoR$, 2 2Tid, Clso—elo BRBD S H 0<I<
ABEBTHILIC L, COTEF, @QFKERELL
BESMIC7 4 v PLALEE (Fig. 6 CIIEBRTRLT
W5), BERE A BHHIPINT ENDE, LW
PThsEELOND, BRARKOEE»D 0<I<4 DX
BFTFIERT, Achb AQICEND DA T Ag L EDER
iz e niny, Figure 7T ClERH» SEH XN B
DIFLT—NRN—fF&DYV VBRI TEINTEYH, RCHF
HEICEDLDORERCTRLTH S, TBRTITFIERICE

Dipole matrix elements (810)

300 310 320 3% 300 310 320 330
Photon energy (eV) Photon energy (eV)

300 310 320

4
jr 2 [
E i1sl -
§ 1
s
L
&
g ° i
Q
Z. i
A 3o~ 850

1

g
ot/ §
300 316 E] w7 310 720 330
Photon energy (eV) Photon energy (eV)
Figure 7. Dipole matrix elements d, (in atomic units, multiplied

by 10) and phase shift differences for the C lso—¢lo transitions
with 0< /<4, extracted from the experimental data (points with er-
ror bars connected by straight lines), and calculated in the RCHF
approximation (curves).
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Figure 8. Polar plots of experimental angular distributions (dots)
for O—1s photoelectrons from fixed-in-space CO molecules oriented
in parallel to the electric vector of incident radiation. Dashed lines
are the best fits of Equation (3) to the experimental data with
0I5,
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