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The Cooperminimum structure in atomic

photoionization cross sections
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Abstract. Based on DiracSlater relativistic self—consistent field, the examples of cooper-minimum in photoion-

ization have been found in numerical calculations within a single-electron model at low energies- In these cal-

culations for photoionization of Na and K we find cooperrminimum in the s and p subshells- Our calculated

results indicate that the main factors what influence the position of cooper-minimum are atomic core. principal

quantum number, angular momentum operator and so on- Finally the theoretical explains of these influence of

cooper minimum in photoionization cross section are given-

Key words . relativistic selfconsistent field, photoionization, cross section. Cooper minimum

13 &

=

FEARRS A SR T B A TS, X T 2R &
BT B R R HFER I, YN
SET B0 RE BRI, Ot F B L T RE R 1
T ERL VR 3 el » 3 B T T SR AL
Bz, NG RO RE & FUAH DG H 11 H B RERHY
Lt TR R B B R S A B IR L A7
TET RABLE, NG9 TR RE R LN L2

WeFS HHER. 2006-12-04
EeUB . HxAK/RZFESE (10376026, 10447006)

AT HL T L B RE I, 15 50 U A BT AN R - N S
et il RSB R B A T B D't B B o 14
AT /DN 5 (L 24 N S5 1 B B /N 31— S B 06
L B AT 8 2 HH B — W ML I S AT BN BT T
BB AR/ I/ B B /MELER Cooper
BN Rl A e R L 't e B R T
Bt NS5 T R R 3 B S AL
Cooper /NS 2 3% S5 S Y FRAE, T /2 HOE T
5 RAE TO R RFALE » J2- P AR Y RO AR R TG 5 25 AL

PEZ RS XM (1974 — ), 3, TR YR, T2 S5 T 25 M S50 A 7 T AU R 4E - E-mail . Liuxb—tste@sohu- com



52

252K E R T B A2 ¥ 8 Cooper il 113

SIE2RIUT . H T IR 92 B N T S A U R B
F1A) SR T 2 A= B4 AH %5 B3 R B o 7 I AR R ) o
SLRER X AT S I T A2 4L, B iy IE %48 111, 5%
i 71 IE 4628 4 1E  HEE SR BT Mo B T —
AT AL TG BT I W AR PR TRy
75 BT AR M SO hE N S T-RE S 0y 28 25 th
BT B # MBS BEED Cooper fe/N. HA B at
FEA RS BT 1 R AR AR TR IELES W
TAEE /N, TR S B x5 R A0 52 i T L A
K M IR S G F- R BE BT H BB s
B BT AR RN B Has sy e — i e 2
TERG B EET AL s 4 T DA SR AR O Il is B R, —
Bt i St g 2 i B i iz 3 I A
AT REE B HAIA L B 5RO T-RE &M A 2k
12 BN B IR U AE T8 AR TR AHXS AR RS
HIEEEA ATRE A A TV AR, BT R AN 25 10]
HMERE, BT LT Cooper /). — AL TR
Cooper He/Mii A FHBLAE & Z Fiidp Z JRF-4h5e )=
G B R X K N AR A AS R I BB R 2
{50 L2 21 A 2050 HL A7 i A %) /)N T Lk
IR G AN R E e S S N e S N A S i S e
B TR T I B A% 02 B Y F TR0 O R B
KA. T B2 A4 0] B8 & A= T V5 AH T 1 i 32X
Cooper f/]N- WHRAEH I Cooper F /N R B A
TEARSEAR T Cooper f/ MR A— 2y 011

FIH Dirac-Slater F#1X$18 H &8, 48 S0
YNRIFFET AR R O L B BT BE N S TR
AFAL B} Cooper fi/NHELAIFLEE, 43471 T 50 Coop-
er /N BN E, XX PSR T AHSER)
IR ULIH. FEA ST, AT ER A T AR 3
i, h=c=m,=1.
2 ERFGE

BETEFRRN R BRI LRR N .

AT Cnid) o AT e (1)
Hp g = Z HEFHIZEREG <0, Lo fl ho = 53
A8 H H TR BhEe A RTINS TR
o ML WRBERTREE TN EETRLARET
. AEX T m P T2 2SN A R
PER MNSPETF R E R TG TR F e
T B RE AT B TR L B RS BRIE S A

N

YHFHIBER ¢ = ho = o &R, JFEFHKZ
Hh S B B A e e B R oA

dop, _ a1
40 dw2j,+1°

22 ‘ MP,b(ms’ >‘\"ub) |2’ (2)

XEXCHEERTRAS B TR A ERE B
SHmIRIC T AT T3, Tk B B e
m WFEAT TSR A. Xt AshE £t A E T
m BRI N BT T 0 O —fw ik 7 1],
AL RA—RE, RS T R R RS
FOARRY 0 RO AR RETT N

Mp, y(ms, Ay ) =

J@me7>a-u+a”’%ymmof?, (3)
o Ji Dirac @ JEFE: wr JEG TARHRAN 7 26 i, A4
FRENGE T 7 T T 5 X 7E R AR
B P A AR AT A ST 7 BT T 52
WAE AR AR LB b R Pr . K
A TR P, BOSLHERRRL, 9 0 (1) 2
TRAAS LTI PR AL 7T LAt ' B 3
BB LA R R AR A B R A, 7 (2) U
KA MESESEREIh AT BT
Dirac-Slater FiXT1 B ¥ 37 77 3 R4, w3
HEAT A4 B AT 4% B B 40 BRI ops (barn,
lofzgmz) _

3 #R5iTe

A _ERTT I AR T U ASDEFRE &
BARET AR 6 B B B BN P FRER S
R S5 Cooper Hz /M SCH) — M LA BLAK
BFELL N =718
3.1 Cooper f/\—RZHHE

AT Ut JE T B O FL B Cooper B/
B — R, AL T KA 4s 5 Na iy 3p BT
FRFGER S E L AT AE L GG TR AR &
SN FET 0 B RE R Y R B A I Bl N
SPETFRE E R 22 2R BRI T R /IMEED
Cooper Fie/IN, 3X 5 N F 1) it 5 38 KBS G L B8
BHSANFLTFRENTHUXZARKHOA
U KHILLSE, AMT—E AN Cooper i /INTIT B
REETHOCR B (HI R LI F IR T8
B RS E A EE 5T E W AFFE Cooper ﬁ-i/J\[3]’
T HL A L 0 53519 6 B B AT PN 56O T
B2 MR - BNAEAE £ Cooper fi/)h &
L s i) SR BAS Cooper F /NI BT -



414 R F 5 »

h 2 F R F25E

250000 -~ . —
I
200000 LV T
) \ N
= 3
S f
5 150000 \\ J
2
; f \ \ Na"‘;pl.s
g 100000 F [ \_~"<T—__ Na-3p,. ~— 1
S | N 0.s ~
“ K-1s e ~]
50000 + || T .
‘l' ]
|
0 ' S i L n Ty
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

Photon energy (keV)

Bl 1 K@ds 55 Na iy 3p B 140 A B I F B A AT Fi
ANEDETRERR AL, MNGETRE B E/N Y
HIELT Cooper fix/)

Fig- 1 Variation of cross section with photon energy

when 45 of K and 3p of Na are photoionized.
the cooper-minimum is occured at low energy of

photon

3.2 BEFHMIFEFLI Cooper /MR
] 2 Frsil & Na F1K A9 4p T80 L B st
BUHFEANSDE FRERM R R, AT AL 3
ITF K 9 4prs TR BB e T 241 0. 5.
BT B2 FHECRR T i & T8 £ . BT
E YN ) o aliz 0 [CIEARSS =it NG L D)
ISV () BB T K RIS AU ORI L BITxt R A '
FEL BT T 2 AN T 5 B RO/ N R i B
—L (H & EAIL T v e —8C iR
Ui ST EUEKET Cooper Fx /) EOEDAER S =
{EXF &A= Cooper /NG F A BE B EL-F-1%
SR AT RABCAE, iR SR SE R R 18 (a)
A (b) H AR R SRR il 4% 58 AR I T 52
FRiFOFESS it TR SN R B 4p
L0 B B RE AN R], LA N 3R TR -

£ 1 AFEFETFEIA R SR TE 4p B TR BERE eV
Table 1 The ionization energy of 4p with different total an-
gular momentum quantum number for different

atomic core/eV
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Fig- 2 Variation of cross section with photon energy
when 4p of Na and K are photoionized for dif-
ferent total angular quantum numbers- For com-
pare; the cross section of 4p (j=1.5) for K
multiplied by 0.5, respectively
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Fig- 3  Variation of cross section with photon energy

when the outmost electron of K are photoionized

for different principal quantum numbers and an-

gular quantum numbers
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