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Shift of the first ionization threshold of Sm atom in electric field
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Abstract: In order to obtain the first ionization threshold of Sm atom, the photoionization signal, autoioniza-
tion signal and field ionization signal generated by the Sm atom under multi-step excitation were distin-
guished, and the influence of the Rydberg state of the Sm atom with different magnetic quantum numbers on
the first ionization threshold was studied. At first, by use of multi-step resonance excitation combined with
polarization technology, the rare-earth Sm atoms were excited to the autoionization or bound Rydberg state
with a specific magnetic quantum number near the first ionization threshold. Then the ions generated by pho-
toionization and autoionization were pushed out of the action zone by the reverse electrostatic field, and a
delayed pulsed electric field was applied to detect the Sm atoms of bound Rydberg state. Finally, the relation-
ship between the first ionization threshold of Sm atom and the varying intensity of electrostatic field was ac-
quired, and the first ionization threshold of the Sm atom with different magnetic quantum numbers under
zero field was determined by fitting. The experimental results show that the first ionization threshold of Sm
atom is 45519.69+0.17 cm™', which has been compared with the results obtained by other methods. The ef-
fectiveness of the delayed field ionization technique in measuring the first ionization threshold of Sm atom

has been verified.
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1 Introduction

The first ionization threshold is one of the most
important atomic characteristic parameters that de-
termine the chemical properties of elements!'. The
precise measurement of the first ionization threshold
is very helpful for understanding the electronic
structure and chemical properties of an element!),
For heavy elements, not only Coulomb interaction
but also electron-electron correlation, quantum elec-
trodynamics and relativistic effect need to be con-
sidered, which makes it very difficult to accurately
measure the first ionization threshold of a heavy ele-
ment™ >, Generally, the first ionization threshold is
measured by resonance ionization mass spectro-
metry'!, Rydberg energy-level convergence!®”, sur-
face ionization™, electric-field ionization threshold
shift®! and other methods.

As far as the heavy elements (such as lanthan-
ide rare earth atom) are concerned, most of them
have an unfilled 4f subshell, and their highly ex-
cited state may contain the transitions of both the
outermost electron and the 4f subshell electron, so

5,10-15

that their spectra are very complex '*'*"*. This is es-

pecially true for Sm atom. Since there are 6 meta-
stable states of Sm atom, namely 4f°6s*'F; (J = 1-6),
above the ground state 4f°6s’ 'F,, these metastable
states will also have a population when the Sm met-
al is heated to prepare atomic samples. This leads to
a variety of possibilities for the initial state of Sm
atom. Moreover, a Sm atom has 8 valence
electrons, which makes it possible to have a large
number of atomic states in the same electron config-
uration and then the extreme complexity of energy
level structure of Sm atom. In short, these character-
istics of Sm atom make its atomic spectrum more

challenging than those of other rare earth atoms!*'",

29 Ho atom™! and Eu atom™ in

Similar to Yb atom
the rare earth family and Ba atom™ in the alkaline
earth family, Sm atom also has a very wide autoion-
ization peak near the first ionization threshold due to
the increased probability of collisions between the
atoms in highly excited Rydberg state converging to
the first ionization threshold. As a result, it is diffi-
cult to directly determine the first ionization
threshold, which can be obtained only by using the
Rydberg-Ritz formula to fit the energy level data in
the Rydberg series®”*'1. However, due to the com-

plexity of multi-step excitation and atomic energy
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levels, some interference levels in the non-Rydberg
series, in addition to the energy levels in the Ry-
dberg series, also appear in the spectrum of high ex-
cited state and increase the uncertainty™ '"l,

In order to overcome these difficulties and un-
certainties, the delayed field ionization technique
was adopted in this paper to detect the bound Ry-
dberg state of Sm atoms according to the relation-
ship between the first ionization threshold of Sm
atoms and the varying electric field. By controlling
the delay time between the electrostatic field and the
pulsed ionizing electric field, the ions generated by
photoionization™?* and autoionization are pushed
out of the action zone before the application of
pulsed electric field and only the Sm atoms in the
bound Rydberg state are detected. Thus the first ion-
ization threshold under the electric field can be
clearly observed. The first ionization thresholds of
Sm atoms under different electrostatic field intensit-
ies were fitted to obtain the first ionization threshold
under zero field. Then the reliability of this method
was verified by comparison with the value in the lit-
erature[6, 21]. The effect of different magnetic quan-
tum numbers on the first ionization threshold of Sm
atom was also studied by using different polariza-

tion combinations for excitation.

2 Experimental setup and principle

2.1 Experimental setup

The experimental facilities in this paper include:
laser system, atomic beam preparation system, and
signal acquisition and analysis system, as shown in
Fig. 1. The laser system consists of one Nd:YAG
solid state laser (GNT 0021-0805/L) and three tun-
able dye lasers manufactured by Quanta System.
The laser light output by the solid-state laser has a
pulse width of 6~8 ns, a frequency of 20 Hz, and a
fundamental frequency wavelength of 1064 nm.
After the frequency doubling, 532 nm pulse laser is
output to pump the three dye lasers. By tuning, the

three dye lasers output the 672.773 nm, 654.255 nm
and 650.000~653.500 nm laser light respectively,
whose linewidth is 0.1 cm™'. The three-step laser 4;_
A, and A; passes through a polarizing plate and a
half-wave or quarter-wave plate respectively to en-
sure the desired polarization state for the experi-
ment. Because the energy level density of Sm atoms
is very high, the three-step laser enters the vacuum
chamber successively with a delay of 8 ns to ensure
that the Sm atoms are excited to the selected Ry-
dberg state in succession and to avoid unnecessary
excitation.

In Fig. 1, the parts within the dotted circle, in-
cluding atomic beam generator, laser-atom interac-
tion area and ion detector (microchannel plate), are
in a vacuum environment. The pressure in the vacu-
um chamber can be maintained below 2.0x10~ Pa
by a combination of mechanical pump and molecu-
lar pump. By use of tantalum heating wire and tem-
perature control device, the temperature of atomic
furnace is kept at 837 K. The generated Sm atom
vapor is ejected from the hole of atomic furnace. In
order to avoid the Doppler broadening effect of
spectral line, the ejected Sm atom beam should be
orthogonal to the laser beam after collimation. The
electric field in the area where the laser interacts
with Sm atoms is obtained by applying voltage on
two parallel metal plates with a distance of 1 cm.
The grid in the middle of each metal plate ensures
that the electric field in the action zone is uniform
and that the ionized Sm" ions can fly out of the ac-
tion zone. After using a 2280S-60-3 DC power sup-
ply manufactured by Keithley to apply DC voltage
to the polar plate near the microchannel plate, an
electric field is formed with an intensity of no more
than 60 V-cm™ (accuracy: £10™ V-cm™). At the
first and second excitation steps, the principal
quantum number of Sm atoms in the intermediate
state excited by laser is n<7, and the Stark effect
can be ignored. At the final excitation step, the prin-

cipal quantum number in the Rydberg state excited
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by laser is larger, the Stark effect is significant, and
the Sm atoms whose energy is higher than the first
ionization threshold of electric field are ionized. In
addition to the excitation of Sm atoms to a predeter-
mined Rydberg state, Sm"” ions may be generated by
the photoionization process (such as 4,+24; excita-
tion) and the autoionization process resulting from
Rydberg atom collisions. The Sm" ions generated by
these processes will be superposed on the Rydberg
state spectrum to cause interference, making the
spectral signal-to-noise ratio worse and the first ion-
ization threshold impossible to be directly observed.
After connecting the polar plate far from the mi-
crochannel plate to a AVRH-3-B-PN pulsed power
supply made by Avtech, an electric field is formed

YAG laser Polarizing  a1f-wave or

N\

Dye laser 1

with an amplitude of 3000 V-cm™ (accuracy:
+1 V-cm™). Pulsed electric field is used to ionize
the Sm atoms in Rydberg state below the ionization
threshold in the electrostatic field and collect the
generated Sm™ ions. To prevent the Sm" ions gener-
ated by other processes from interfering with the
spectrum measurement and improve the measure-
ment precision, a 9650 pulse delay generator made
by AMETEK can be used to control the delay time
between pulsed electric field and the laser 45 so as to
ensure that the Sm" ions generated by other pro-
cesses will fly out of the action zone from the polar
plate far away from the microchannel plate before
the action of pulsed electric field without being de-
tected.

plate quarter-wave plate acquisition card P

Vacuum ‘,-l-\_
chamber ‘\/ - AR Microchannel

, N plate

/ ‘\

| —— > Flight tube
!

\—| Dye laser 2 HL,: H

DC '\ ,
voltage ™ .
- e «
\}::)lﬂzzg J Atomic beam

>>‘>>\—> Dye laser 3 Z H

Fig. 1 Experimental setup diagram

1

The Sm" ions out of the polar plate near a mi-
crochannel plate will fly freely through a flight-path
tube to the high-gain (about 10%), fast-response mi-
crochannel plate, where a large number of electrons
will be produced. A high-speed acquisition card
(model: U1071A) made by Agilent Technologies is
used to convert the analog signal amplified by mi-
crochannel plate into a digital signal and then out-

putit to a computer for further analysis and pro-

SR

cessing.

The energy in the spectrogram is determined
by the sum of the energy of 41°6s7s 'F, state’® and
the photon energy of ;. For the three dye lasers, the
laser linewidth generated by them is 0.1 cm™', and
the laser wavelength can be measured with the
WaveMaster wavelength meter made by Coherent
Inc. with the accuracy up to 0.01 cm™'. The laser

beam is perpendicular to the atomic beam, thus min-
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imizing the spectral broadening effect caused by the
Doppler effect. In addition, we measured the same
spectrum for several times to minimize the random
error in wavelength. Therefore, the energy uncer-
tainty obtained in this experiment is +0.1 cm™,
which is mainly determined by the laser linewidth.
2.2 Experimental principle

The spectral measurement includes the meas-

% and emission

urement of absorption spectrum!
spectrum””. In this paper, Sm atoms are success-
ively excited to the 4f°6snp Rydberg series near the
first ionization threshold along the path shown in
Fig. 2 by use of absorption spectrum and three-col-
or three-photon method. Because the maximum en-
ergy difference between the ground state of Sm
atom (41°6s’"F,) and the six metastable states above
it (4f°%s’ "Fy(J = 1-6)) is only 4020.66 cm ' the
ground state and the six metastable states all have an
atom population due to thermal population. In order
to excite the Sm atoms to the maximum scale and to
simplify the total angular momentum and magnetic
quantum number of the Rydberg state, we choose
the ground state 'F;, as initial energy level. At first,
the laser at the wavelength 4, =672.773 nm excites,
through resonance, one of the 6s electron in the Sm
atom of 4f%s’ 'F state to 6p state, where the Sm
atom is in the intermediate state 4{°6s6p °F,. Then
the laser at the wavelength 1,=654.255 nm further
excites the valence electron to 7s state, where the
Sm atom is in the 4f°6s7s 'F, state. Finally, the laser
at 15 scans the 650.000~653.500 nm range, exciting
the Sm atom in electric field to a bound or autoion-
izing Rydberg state with the energy range covering
the first ionization threshold. In the electric field, the
first ionization threshold will be lowered, the Sm
atoms in Rydberg state above the first ionization
threshold will be ionized, and the generated ions
will fly out of the polar plate far away from the mi-
crochannel plate without being detected. By apply-
ing a pulsed electric field with an amplitude of

3000 V-cm™, the Sm atoms in Rydberg state below

the first ionization threshold will be ionized, and the
generated ions will fly out of the polar plate close to
the microchannel plate and get detected. Since the
laser pulse width is 6~8 ns, the optical path should
be changed to control the time for the above three-
step laser to reach the action zone with a delay of
8 ns between steps so as to ensure that the Sm atom
could absorb the photons 4, 4, and 4; one by one, as
shown in Fig. 2. The energy level structure of Sm
atoms is very complex, so two of the above laser
beams may also cause the photoionization of Sm
atoms, for example 4,+24;. To avoid the influence
of these interference peaks, we kept A, or 4, off and
then scanned A5 to identify it, thus ensuring that the
data used in the analysis was the result of three-step
light effect.

First ionization threshold under zero field

/1 First ionization threshold
) under electric field

41%6s7s ’F,
.\\gf%54255nm
\ 5 - 41%6s6p °F,
/2,=672.773 nm
' 41552 7F,

Fig. 2 Schematic diagram of multistep excitation path of
Sm atom

K2 Sm T2k AR R REIA

In this paper, the atoms in Rydberg state below
the first ionization threshold are detected by the
delayed-field ionization technique. In addition to
this process, the following processes can also gener-
ate the Sm" ions: (1) if the energy of Sm atoms in
Rydberg state is higher than the first ionization
threshold under the electric ficld, then the electro-
static field ionization of Sm atoms will generate the

Sm" ions; (2) when a Sm atom absorbs the 4, and 1,
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photons to enter the 4f°6s7s 'F, state and the energy
of the 1; photon is greater than the ionization en-
ergy of 41°6s7s 'F, state, the Sm atom in 4{°6s7s 'F,
state will have a certain chance to be stimulated in-
to the continuous state 4{%6sep and then ionized (dir-
ect non-resonance photoionization); (3) due to the
complexity of energy level structure of Sm atoms,
the photoionization processes such as 4;+24; and
AHtA,+22, will also generate the Sm' ions; (4) the
collisions between the atoms in highly excited Ry-
dberg state converging to the first ionization
threshold can generate the Sm" ions, but a very wide
autoionization peak near the threshold makes it dif-
ficult to directly observe the position of the
threshold; (5) through resonance, the A; photon ex-
cites the Sm atom in 4f°6s7s 'F, state into the auto-
ionizing state to generate the Sm" ions. It should be
noted that in both the processes (2) and (5), the Sm
atom in 4f°6s7s’F, state absorbs a A; photon and
then is ionized. However, the process (2) is a direct
photoionization process realized by exciting the
41%6s7s 'F, state into the continuous state 4{°6sep,
and belongs to non-resonance ionization with a
small ionization cross section. The process (5) is a
autoionization process exciting the 4f°6s7s 'F, state
into a autoionization state (such as 4f°5d7s) to gen-
erate the Sm™ ions, and belongs to resonance ioniza-
tion with a large ionization cross section. In the
above processes, the Sm™ ions are generated before
the action of delayed pulsed electric field. By apply-
ing an electrostatic field that reverses the pulsed
electric field and ensuring that the delay time
between pulsed electric field and 45 is long enough,
the Sm* ions can fly out of the action zone from the
electric field polar plate far from the microchannel
plate. Even if not all of these Sm™ ions fly away
from the polar plate far from the microchannel plate,
they will be completely separated in time from the
Sm* ions produced by the ionization of bound Ry-
dberg state. In this way, all the obtained spectral sig-

nals are generated by the Sm atoms in bound Ry-

dberg state under the electric field, so the spectral
signal-to-noise ratio can be greatly improved, and
the position of the first ionization threshold under
the electric field can also be directly observed. The
experimental law under which the position of the
first ionization threshold varies with the electric field
intensity can be obtained by changing the electrostatic

field intensity. According to Rydberg-Ritz formula*”:

/ R
nw= L |— (D
Io _ERyd

where Rg,, = 109736.92 cm' is the Rydberg con-
stant of Sm atom, Egyq is the energy of Sm atom in
Rydberg state, [, is the first ionization threshold of
Sm atom under zero field, n" is the effective quantum
number of Sm atom in Rydberg state.

According to the threshold ionization field of

Sm atom in Rydberg state **:

Fe 1
"~ 16n

2

where F is the intensity of electric field in atomic
unit.

Thus, the relationship between the first ioniza-
tion threshold / of Sm atom under the electric field

and the electric field intensity F is

I=1,-4R, VF . (3)

According to Eq. (3), the first ionization thresh-
old /, of Sm atom under zero field can be fitted from
the experimental data.

In a multistep resonant transition, the total
probability of the transition from ground state to
highly excited state depends on the polarization
state of the light at each step and on all the atomic
states involved in the transition. In an electric di-
pole transition, the transition probability W is pro-
portional to the square of the Wigner 3J symbol
modal associated with the transition™":

Ji } , (4)

WIOC[ M

| =

_]‘42
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where J; and M, are the total angular momentum
quantum number and magnetic quantum number of
initial transition state; J, and M, are the total angu-
lar momentum quantum number and magnetic
quantum number of final transition state; ¢ is the
magnetic quantum number of photon, p= 0 when the
laser is linearly polarized (m), and p= +1 when it is
circularly polarized (). For the transition with two
or more steps, the total transition probability W is
equal to the product of the transition probabilities at
all the steps. It should be noted that, for the vertical
linear polarized light (mc combination), the polar-
ized light at the second step needs to be decom-
posed into right-handed and left-handed circular po-
larized light (6" and o) due to the difference in the
quantization axes of the two steps. In this case, ¢,=
0, p==1. Under zero field, the degeneracy of en-
ergy level is 2J+1 for the atomic state with the total
angular momentum quantum number of J, and the
value range of magnetic quantum number M is —J~

J. So the total transition probability is

WOCZ]_[H —5\4 ; 1{4 ” (5)

where £ is the number of steps in the transition, and
q is the number of possible transitions after consid-
ering the degeneracy of all the energy levels in-
volved in the transition. According to the excitation
path 0—1—2—1-3 of the total angular momentum
quantum number proposed in this paper, the value
range of the magnetic quantum number in final state
is —3~3. Take the polarization combination nnc as
an example. According to Eq. (5), the transition is
probable only in the final states with the magnetic
quantum numbers of 1, while the transition prob-
ability in the final states with other magnetic
quantum numbers is 0. The magnetic quantum num-
bers of final states obtained by other polarization
combinations are shown in Table 1. By using the
three polarization combinations in Table 1, the rela-

tionship between the first ionization threshold (/) of

Sm atom and the magnetic quantum number (m) in

final state was also explored in this paper.

Tab.1 Magnetic quantum numbers of Sm atom in
4f%6snk state excited by different polarization
combinations of 4;, 4, and 45

21 ML ARRIRSEHE B LT 4%6snk 75 Sm

FEFHHETH
Polarization state Magnetic quantum number
Combination (RIS e
ME
A 5 M m
1 T T n 0
2 T n o +1
3 o ¢’ o 3

3 Results and discussion

When the delay time 74 between pulsed electric
field and 45 is 0.3 ps and 35.8 ps, the spectra of Sm
atoms near the first ionization threshold under zero
and electric fields are obtained, as shown in Fig. 3.
The dotted line shows the position of the first ioniz-
ation threshold /;=45519 cm™" under zero field™.
The symbol "*" represents the autoionization state
above the first ionization threshold. What's in the
dashed box is the autoionization state with a large
linewidth caused by Rydberg atom collision effect.
As shown in Fig.3(a), the Rydberg energy level be-
low the first ionization threshold obviously con-
verges to the threshold under zero field at z; = 0.3 ps.
At the same time, a wide autoionization peak
(dashed box) appears near the first ionization thres-
hold, so that the threshold cannot be clearly seen;
and a very strong resonance autoionization peak
("*") is observed above the threshold. As shown in
Fig. 3(b), the Rydberg atom signal far from the first
ionization threshold disappears when the delay time
increases to 35.8 ps. This is because the Rydberg
state near the first ionization threshold has a lower
principal quantum number and a shorter lifetime
than the Rydberg State far from the threshold. As a
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result, when the pulsed electric field is active, these
Rydberg atoms with lower principal quantum num-
bers have already jumped to lower energy levels and
can't be detected. This also implies that the delay
time cannot last too long when the Rydberg state of
Sm atom is studied through delayed field ionization.
The comparison of Fig. 3(a) and Fig. 3(c) shows
that, when the delay time is relatively short, the
autoionization signal under the 0.5000 V-cm™ elec-
trostatic field remains basically unchanged com-
pared with that under zero field. This means that the
electrostatic field fails to push the autoionized ions

out of the action zone within such a short delay, and

1.00+(@  £=03ps I
=2 F=0V-cm™ :
075}
£
o050}

B
7
8 025H
E
0

45425 45450 45475 45500 45525
Energy/(cm™)

1.00 L(c) t=0.3 us I *
=2 F=0.5V-cm™ .
5075}
£
Losor
=
2 0.25H
Q
£

0 P Mo A AL M e TS

45425 45450 45475 45500 45525
Energy/(cm™)

thus the autoionization signal and the Rydberg sig-
nal overlap so that the position of the first ioniza-
tion threshold cannot be directly observed in the
spectrum. In the Fig. 3(d), the delay time of pulsed
electric field increases to 35.8 ps with the presence
of 0.4995 V-ecm™ electrostatic field. Because the
delay time is long enough, the autoionization ions
have been pushed out of the action zone by electro-
static field without being detected when the pulsed
electric field is applied. In the spectrogram, the very
strong resonant autoionization signal completely
disappears so that the first ionization threshold un-

der the electrostatic field can be directly observed.

1.00 L (b) 1:=35.8 us

2 F=0V-cm™
5075t
£
2050}
2
£025}
: I

0 "

45425 45450 45475 45500 45525
Energy/(cm™)
1.00+®) =358 ps o

@ F=0.499 5 V-cm™ : I
5075}
£
<050}
2
8 025f
=

0 Lo Jw A

45425 45450 45475 45500 45525
Energy/(cm™)

Fig. 3 Spectra of the Sm atom near the first ionization threshold under zero and electric fields

B3 TMEY T Sm 15— B BT i A

As shown in Fig. 4, when the amplitude of
pulsed electric field was 3000 V-cm™ and the 74 was
35.8 ps, the spectra of Sm atoms around the first
ionization threshold under zero field and the electro-
static fields with different intensities were obtained.
The symbol "*" indicates a resonant autoionization
state that is very strong above the first ionization
threshold. It can be seen that, as the interference of

autoionization and photoionization signals and oth-

er signals is eliminated under the electrostatic field,
the spectral signal-to-noise ratio has been signific-
antly improved and the first ionization threshold can
be observed very clearly. With the increase of elec-
tric field intensity, the wider autoionization envel-
ope below the first ionization threshold gradually
disappears and the threshold moves to a signific-
antly lower energy level according to the movement
law described by Eq. (3).
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Fig. 4 Spectra of the Sm atom near the first ionization

threshold under zero and electric fields at £;=38.5 ps
K4 1,385 ps B, ZEF AT Sm 55— H 2
BEIE G

When #3 was 35.8 ps and an electrostatic field
was applied, only the field ionization signal of Sm
atoms in Rydberg state below the first ionization
threshold was detected. Therefore, the position near
the first ionization threshold where the signal sud-
denly increased was selected as the position of the
first ionization threshold of Sm atoms under the

electrostatic field. The position indicated by an ar-

row in Fig. 5 is just the position of the first ioniza-
tion threshold of Sm atoms under the 1.9993 V-cm™

electrostatic field.

1.0

051
45 510.96 cm™

Intensity/(arb. units)

0 1 1
45490 45 500 45510 45520
Energy/(cm™)

Fig. 5 Spectra of Sm atom under the electrostatic field of
1.9993 V-em™
K5 SmETLERHRIZN 1.9993 Veem ' I DL

Thus, by changing the electrostatic field intens-
ity, the position of the first ionization threshold of
Sm atoms under different electrostatic fields can be
obtained, as shown in Fig. 6. The circle in the fig-
ure represents the experimental data, and the solid
line represents the curve fitted according to Eq. (3).
The polarization combinations of the three-step
lasers 4;, 4, and 43, as shown in Fig. 6(a), Fig. 6(b)
and Fig. 6(c), correspond to the combinations 1, 2

and 3 in Table 1 respectively.
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Fig. 6 Diagram of the first ionization threshold of Sm atom shifting with the change of electrostatic field intensity under dif-

ferent polarization combinations of three-step lasers. (a) 1 + n+ ; (b) 1 + 1+ 0; (¢) 6"+t 6"+ 6°
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The Table 2 lists the fitting results of the first
ionization thresholds of Sm atoms in Rydberg state
with different magnetic quantum numbers under
zero field. According to the fitting results, the max-
imum difference of the first ionization thresholds
under zero field is only 0.49 cm™'. The average value
of the three combinations, namely /, = 45519.69+
0.17 cm™, is the first ionization threshold of Sm
atoms under zero field, and is in good agreement
with the reference value 45519.64+1.39 cm ' This
demonstrates the effectiveness of using the law of
ionization threshold shift in electric field to obtain

the ionization threshold under zero field.

Tab. 2 Fitting results of the first ionization threshold of
the Sm atom with different magnetic quantum
numbers

R2 TEHMEFHN S FEFEATE—RESHNOUE

#HR
Combination Magnetic quantum number, m Ionization threshold/ cm™
HE Tl K FLES )/ em™

1 0 45519.67:0.21

2 “1 45519.46+0.18

3 3 45519.95:0.11
—— SO B ——

1 3l

e

B — P B B DR E JU R A A P TR EE B
THEES Rz 2 o — FL R AR At 0 X
PR ITER 1 T AL R AT AR A T BT
XFFEICR M, MUEEHL B EAH, i
7 25 L - TR T L B 1 A A RS
R, T A A 0 G AR A5 — LB B
PRI 0 3 00 5 — ri B B A T R A R
HLBY il | Rydberg REISIET | FKifl L &
RS Fe 7 L s B Bk 25

XTI A LR IR E TR, KEZH

4  Conclusion

In this paper, a pulsed electric field was used to
detect the delayed field ionization of Sm atoms in
highly excited Rydberg state. By applying a reverse
electrostatic field before the generation of pulsed
electric field and increasing the delay time, the ion
signal interference caused by photoionization, auto-
ionization and other paths was eliminated and the
signal-to-noise ratio in the experiment was im-
proved. By changing the intensity of electrostatic
field, the shift of the first ionization threshold of Sm
atoms was observed and studied. Meanwhile, by
changing the polarization combination of the three-
step laser, the position of the first ionization
threshold of Sm atom with different magnetic
quantum numbers under zero field was precisely de-
termined. The first ionization threshold of Sm atom
finally obtained was 45519.69+0.17 c¢cm™', which
was consistent with the reference values determined
by other methods, thus demonstrating the reliability
of the proposed method.

AR A0 RGT)E, HOm A 3 N AT B A i 4
FIANZ BT AR SEE T EGE, B0
TR L 0 JRHSE T Sm RS, BT
Sm JF S 4% 'Fy FTETEE 41657 F () A 1~
6) X 6 AR, M Sm 43 il & 7 4 i
i, XA B A AR, X T3 Sm Y
BRITVIASA Z AT RE, JF 5 Sm R HA 8 M
B, X R R R R — TS T SR
WL RETIRE, BTLL Sm R 1Y AE 9 45 F b H:
B2k B, Sm R X SRR A S R B R T
TR LT e R S A BE AR
FALTH + Yb JEF0 Ho Jii+P", Eu 5+ 1
fif + Ba J5E 122, th US55 — F S B 1 = 0
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