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Fig. 1. (color online) Quantum defect curves fitted ac-
cording to the modified Ritz formula(2) for all series

of gallium atom.
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Table 1. Quantum defect expansion coefficients for Ga I determined by the nonlinear least-squares-fitting algorithm.

2812 2P1o 2P3/o 2Dj/5 2Ds 2 2F5/2,7/2
a 2.7915 2.27506 2.26568 1.33307 1.32828 0.02926
b 0.1659 0.28109 0.27886 —3.00767 —2.92182 —0.12323
c 0.4346 0.70338 0.72517 12.84101 12.43239 0.05283
d —0.00685 0.00027 —0.00223 —0.5844 —0.52684 —0.0041
e —0.03689 0.00764 0.00508 —2.78834 —2.51556 —0.00542
f —0.08476 0.03614 0.02474

3) NS IZ I (B 2 w5 7 R R
(H® + H) 1) = &; [¥3) (3)
Ho O R0 S EHHET, HS = er - E =
eEz(FMIHHL Z #75 )), o BAEAR JE 5 A
HAER, ENEYEE, r ZE D BB TR
N

PERE. |hi) = Y inlen) NS
n=1
WAL, Forb o, NEYN R, am < 1K

BRAREL e NI M ATEREE. (3) AL
FE3Fe (om|(mEXL, 2, -+, N), 13 2IFEFE T RE (A Y]

0 s s
ei+Hy -+ Hiy @il

Hy, ey +Hyy aiN

093201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 64, No. 9 (2015) 093201

=£&; 5 <4>
;N

K Hy,, = (ol H® ), BESRARER T FE3RAG
Stark ﬁé%&‘z

3 BRE5T®

M TG A BT i 2 v DUE
SHPAMETZIECKR, HEEEEETHn 11
KA IE &, 24 n 200 10 IS B HE T 0E, XE
ZUEHT SA P HUIE K R-OFIR K, HFAERKH
MRS 28 1o 75, Bl EE B 2F, R T RE R PR,
SHEFTIRK; BEn IR, BrIEsh T
BIRARH R, RN R 758 N J2 A X BE R 3 /0s, AN
T 7 BUEERN, 2n > 108, P 55 1A%
FEaTRE BEfsHhé&TES FENETTIHN
BE n BUEGINSE G N, £E n $20E 10 BHE TR E, &
T 0.03. XR&H T FAPUIE M OFR /N, (B
AREFEHIE, BEEn K, BT HE—FEHn
B 25 gl e £ i e 3, 5 85000 2 B n 38K
TGO, AT 3 SO0 H 7 5 0 5 52 (R Rk = 38
JR LA R E I R, R FRER TR, BT
PR, Hn 3 KB — 2 ER, BUWEERE P =10
I, BIE ARG K, T BUR T SE R AL IE T
FaE; DA HRTA — @ KP0E 5 7 B2, M H R
n 3G OR, BUTE A XS OO ZE 38 K, BTE BT o MR I,
FHEF TN, BT HIE RIS T
T8 BT F MR R, P BRI n = 20 N & 758
T, Horp 7 SRR A B 5 B 0 S %
WA — s vk M E TR 5 EEAS K, 3R R T
S, PHMID#, BT o#EERm T B 7G5
ZE 5.

Pl 2 F0 B 3 4 i) A i IR AR B R T
n = T7HMn = 18MiTFIREHR LS, v LLE H 4k
ZEmTEETH = T2 EEK, BHMAA
HTHMESEAHUMEEL LM, 21P 4. 20P
AF10P & B AL, 20D &5, 19D 2581 9D #&
BAMPIG. MAEHRIEA, PERAELH L
Fi#adh, M DARRENEE NEED, H(n+1)P
BB EIE IR T nD BMEELH, W21P > 20D,
10P > 9D. YK TEETHn = THZHESE
i, P& D ARG AR R oA R, B EE

FHwmrI R, PR FEEY, TDER
S BT, H (n + 1P SRR L T/
T nD BHIRELL, W 9P < 8D. iX— A A XN+ Bt
n 3G IS B RS [ T 8 51, 5 HIRE
AT P A n 0%, XEEZHTET5HIN
INBGRAY IR /NR P B, W T4 R IR 7, HA
7] 1 B B A B 15 B NG 20 I RN R PP AN
RAAE, BT LARE AR XS P — BELARFE A DU i
TR T, 16 P AR D 2 At G B50A8 w5 Bt iz,
BT 5 dp ~ 2.277, 6sp ~ 1.270, 9 PEET T
AN 7 KT 8D A, Ll 9P BEZAIK T 8D; #
FETFHEGE 1, &S ET 58 610, ~ 2.275,
Soa ~ 1.284, 10P & &+ 7 W /NG 73/ T 9D
A, FTBL10P 62 T 9D. B P& R T, 4n > 8
i, (n+ )P BIBEHRF T nD ; Hn < 8K, (n+1)P
IR AR T nD. X —BEH =K 0T Bl £ & 750k
AR RV R SRR B 1% —ANREF, ] fig A 02D H
FIEH.

—1800
—2000 +

5 —2200 L
o
3

]
232400 L

—2600

—2800 | L L L L L L L L

0 20000 60000 100000 140000
)/ V.cm—1

B2 (MTES) BT n="7(m|=1/2) ki Stark

e

Fig. 2. (color online) Stark energy structure of gallium

atom in the vicinity of n =7 (Jm| = 1/2).
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Fig. 3. (color online) Stark energy structure of gallium

atom in the vicinity of n = 18 (|m| = 1/2).
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Fig. 4. (color online) 20D and 21P states Stark energy
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spectively.
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Abstract

The Stark effect in Rydberg atoms has potential applications in the areas of dipole-dipole interaction, quantum
information, quantum control, and so on. Many relevant theoretical calculations and experimental studies about the
Stark effect of alkali metal and alkali earth metals have been reported, but the other atom’s Stark effect is studied still
relatively less. Our goal in this paper is to research the third main group atom’s Stark effect in a large electric field.
First, according to the level data of gallium atom in zero-field, we obtain the quantum defects from the modified Ritz
formula in each state by using a nonlinear least-squares-fitting algorithm. The quantum defects as a function of the
principal quantum number are analyzed in detail. Influences of both the core polarization and the penetrating valence
electron on the quantum defect are discussed according to the fitting results. Then we use the Numerov algorithm to
calculate the radial wave functions of atomic gallium. Finally, the Stark structures of Rydberg states around n = 7 and
n = 18 are numerically calculated by matrix diagonalization. Results show that at the levels above n = 7 manifold states,
(n + 1)P is higher than nD state, and it is in contrast to the levels below the n = 7 manifold states. This phenomenon
is different from the usual Stark structure of alkali metal atoms, the level’s order of which does not change with the
principal quantum number. The Stark levels with the identical |m| anti-cross each other, and those with different |m)|
cross. Our results give an important reference for related researches, and are of great significance for insight into the

atomic structure and the interaction between the atomic core and the highly excited electrons.

Keywords: Rydberg atom, Stark effect, numerical calculation, matrix diagonalization
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