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Fig. 1. (a) The V-type cesium three-level system; a 318.6 nm ultraviolet laser excited partial cesium atoms from 6S; /2 (F = 4)

ground state to nPj, (n = 70-94) Rydberg state, where A, is the frequency detuning of pump laser; a 852.3 nm probe laser is

locked to 6Sy/y (F = 4) —6P3/ (F' = 5) hyperfine transition. (b) Schematic diagram of experimental setup. OI, optical isolator;

EOM, fiber-pigtailed integration optical waveguide phase-type electro-optic modulator; PBS, polarization beam spliter cube; BS,

beam spliter plate; DM, dichroic mirror; DPD, differential photo-diode; €2, the radio-frequency modulated signal applied on EOM.
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Fig. 2. Velocity-selective spectra. The frequency of 852.3 nm
probe beam is locked on the 68/, (F = 4)—6P;3) (F' = 5)
transition and the light power is 159 UW ; the 318.6 nm
coupling beam is scanned over the transition of 6S;/, (F =
4)—T71P3), and the light power is 1.6 W. Two transmission
peaks appeared when the frequency of the coupling beam
resonated with the 68, (F = 4)—T71Py, transition line or
blue detuning of 671 MHz, corresponding to atoms which
have velocity of v, = 0 (corresponding to the carrier of
852.3 nm probe beam) and v, = 213.94 m/s (corresponding
to the +1 order 251 MHz radio-frequency modulation com-
ponent of 852.3 nm probe beam) are excited to 71P3/, Ry-
dberg state, respectively.
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Fig. 3. The theory values of quantum defects for cesium
nP3j (n = 50-100) Rydberg states. Quantum defect is de-
creasing with increasing of the principal quantum number

n.
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Fig. 4. Comparison of direct experimentally measured data
with calculated values of quantum defects for cesium nPj,
(n = 70—94) Rydberg states. The red dots are calculated
values and the black cubes are direct experimentally meas-
ured data. When the principal quantum number n increas-
ing, the calculated values are almost constant, but the dir-
ect experimentally measured data are increasing obviously.
This variation trend indicate that some influence factors
should be took into account to correct the direct experi-

mentally measured data.
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R B-BUR G2 o0, BT ek A r s
AR TR N2 T R R, = A <=
WOk B AR A 4 R - S A R e A
YT A RE R T A A LS, FEANES B L 15
ST B RE AR IE B TR TS R )R T
REMAFIIINEE L, B — 55N R B
J7 AR S B EL L, (AR S R AR R A
B L 55 P PR BT SR AR P Y L
AT Fe il OO B rhr LU, ikt
SR MU, AEE N LA R R o b sk
A% AR I ) H AR B B R R MLy
RHEAR; B AN T A R 1AL B R
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Y, WA TCe B CHCR anfe 22 4k, BAEAR i+
I L B AR S N RETE U 0 L 37 () R/ INER AN AT
BT A% S5 T AMNER ELAL LA I RN, 3 s TR e i1
SE Y AR SRR AN AT BE 58 42 B ik AR LR
H13), WORAFTESR R HLI R, & 5 E N5
FAE A5 5 REG R AE# 3)). Osterwalder
Merkt 2] 8 1] FH 3 73 48 1) 45 58 A h- 2 K onUtt:
PROCIE R E] 1 5 A S AR AR T o7
B Y. LR e R R N Y AR AR B
M7, R FREH KA Stark 45, Xt il
(BB A n AR B .
CH R TR E BTSRRI 4
SRR IR Y Stark SiigS 29:
1
Ae = fiaEz, (6)
Hrh ERBRRETRY, o I A, 45
TAAAG AT R
nl|r |0y
B0~ EUT "
PSR TCHET7, (|7 |0/ U) ] o n*4, PIRE
RZBPREE(J) - E(J) ocn*~%. FRAREHLH
i) Stark R0 38 B ) 46 i 5 RE QOIS 1 B T
T n HBE I K. H)E bR 5 A8 ERT
Bont =n— 0, HAITFIERICHR,
a~ An*" + Bn*S, (8)

X FHE T 0Py (n = 70—94) HAA, 4 =

2.74 x 10° 24 B = 8.13 x 1010 24, | HA %L F
BT n SRR T nPy )y (n = 70-—94) BN
SHMALRIEE 1 ). AR, PRy
1 e MHz/(V /em)?.

BT R R 25 1 B R R Y R AR B
e AR B AL, nPyjy (n = T0—94) 75
1) BRI A9 3 1 GRS e AR s 1 AR 22 B Ry
Stark RN i B e R T LA A S RE R R ).
nPyo (n = 70—94) HLEEAAZS 1AL 285 A L 1Y
Stark #EEACA (6) FEATIG, 15 21EH T4 )
FRENMWIRRERAIHZ (31 £ 2) mV/cem, U
K 5(a) s, R (6) 2B I%0R A B L s i
f9 nPy s (n = 70—94) 251 Stark A (H, IFAEER
TR BRI AR T AMEZ RS S, R (5) X
UG BT HUE, RN IEEEE R E 5(b)
fiis. BT REE A o 80, RS B
BRIEMEARIE/ N, I 75 LA R 1 A Bt IR
PR E S WG AR 22, 15 &l 5(b) HiY
JUZH S50 204 5 B (E AR A B K I 25 . 25 itk I
F,BIERM nPy )y (n = 70—94) BT HF1H
4 3.5591 + 0.0007, SELSTHELE RS

PRI AT A A Ay 2 i e I <% ) B A e el
RSN AN RESE 4 TRk Sy, [ P ATER
RESE BRI AR AR B S, PR E NI R T RE
Gt TR mOl AR FHRE B AR 1972 ST
REATFRAT ST T, 8] T 5],ATX

F 1 HETRME nPyy, (n = 70—94) B

Table 1.

Polarizability of highly-excited Cs nP3/, (n = 70—94) Rydberg states.

Principal quantum number Polarizability/MHz/(V /cm)?

Principal quantum number Polarizability/MHz/(V /cm)?

70 15730.1
71 17463.0
72 19356.9
73 21424.3
74 23678.2
75 26132.3
76 28801.2
7 31700.5
78 34846.4
79 38256.2
80 41948.1
81 45941.3
82 50255.9

83 54913.3
84 59935.9
85 65347.2
86 71172.0
87 77436.3
88 84167.3
89 91393.7
90 99145.6
91 107454.3
92 116352.9
93 125875.7
94 136058.9
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5 (a) BTG B0 5 A B L 3 0 5 B0 B S
DB (E AT B IE, ARG Stark $08% & R AL E & FH n'iY
KFR, BEBRE TEMNTHE T LETNERRERESY
A (31 &£ 2) mV/em; (b) & IE Stark &% 8 5 % K H 0 5 iR
KW WIG , H0JEF nPyp(n = 70—94) B F 5 MM LR
T8 IEA 24 3.5591 + 0.0007; 5540 K048 5 1S (AR ) &
Fig. 5. (a) Using the estimated residual DC electric field to
correct the direct experimentally measured data, according
to the relationship between Stark shift and effective princip-
al quantum number n’, the magnitude of the residual DC
electric field acting on the cesium atomic vapor cell is ~(31
+ 2) mV/cm; (b) after correction of the impact of Stark ef-
fect and the measurement error of wavemeter, the correc-
ted experimentally measured quantum defect value of cesi-
um 7Pz (n = 70—94) states is ~(3.5591 £0.0007). This
corrected result is consistent with the theoretically calcu-
lated value.

FL Al 3 B AS A — S 25 2R 291 JF AR i 8
n ARKA R A, 15 et R e
SEMRE L /N T L L5 5 1Y Stark 0N X T
REZI LI, i A A T o MNfE R E 4
PIRAR I 1Y Stark MRS AL . PRI ARSEAE S
56 P S AR e e 0 TR ORI LA S
1O} R 1 WS B AIE =3 ( bes U S i N E
Vs FUO TN TN R (iR 22, T B
SR FH A2 A 0 90 SO AT A A I i 7
XHBRIFREAT SO, anFA 1525 Y 637.2 nm

B, TR RR RE 1) 632.991 nm (= FaiE
JE A IO CHTERERUE, XSG K I T R E A UE.

4 RHES5RED

FIFH B AT & %) U9t %) 3% 52 T RS 28 4%
$i 318.6 nm LIMNEMIEC RS, LM T EIRHE T H
FOLT RAARUL, H5T nPyjs (n = 70—94)
TSP BT IOR R 5 R B 45 th. A
RSB TT, FATT i 745 Py, I
EABREAET R T 7I, bt S aE
FSCHERIE S X L, FRATTIh = e e+ &,
e F BB R TR A R B B e R
WALV AN RE ST BRI S, RS P IRIREAE %
RETHIAET Stark BN TAET nPy )y (n =
70—94) AMIREGL, IZAEME K F i T 7 R T
REZLAYFENR, PR b 5 450 B S SR B8 1 728 f b e
e wmEa A Bl 2. B R I R 22
Jei, FATRIAHTTRE 5 S g il 22 A T ik Ay
S, FURRILERAR B HIZE U nPy s (n = 70—
94) BRERMIBRL 5, HE T nPy e (n = 70—94)
A AR & o7 B R 8 E SR 3.5591 +
0.0007, S5IHEMEVIA.

S0 v G SR ARUEE SR R A b o TR n R
KA = i ok BB RS o 1l W24
HILHEE BRI N B, THBR Stark BN i
IR G IR 2E. T B AL TR K 1 o6 A5
RERUE, TESL 50 A X e K AT I R R
ARG K B AR iR 22
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Measurement of quantum defect of cesium nP;/, (n = 70—94)
Rydberg states by using ultraviolet single-photon
Rydberg excitation”
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Abstract

A narrow-linewidth continuous-wave single-frequency tunable 318.6-nm ultraviolet laser system with watt-
level output power is developed in our experiment based on well-developed fiber lasers, fiber amplifiers, and
efficient laser frequency conversion technique. Cesium 6S,,— nPs;, (n = 70 —94) single-photon Rydberg
excitation in a room-temperature cesium atomic vapor cell is realized by using our ultraviolet laser system. The
single-photon Rydberg excitation signal is obtained via the V-type three-level atomic system which contains
6S,), (F = 4) ground state, 6P3/, (F' = 5) excited state and one of nP3/, (n = 70—94) Rydberg states. When
cesium atoms populated on the ground state are partially excited to Rydberg state by the ultraviolet laser,
absorption of 852.3-nm probe beam which is locked to 6S,/, (F' = 4)—6P3), (F' = 5) hyperfine transition will
decrease. In this way, the cesium Rydberg states are detected. The quantum defects for cesium nPj/, (n =
70—94) Rydberg states are experimentally measured with a high-precision wavemeter. The variation trend of
experimentally measured data deviates from that of calculated values. Due to the fact that the cesium vapor
cell is positioned in a magnetic shielding tank, the Zeeman effect can be ignored. Considering that the
polarizability of Rydberg atoms is proportional to (n*)7, in which n* is the effective principal quantum number,
the Rydberg screen effect of cesium atomic vapor cell cannot completely protect cesium atoms from being
perturbed by an external DC electric field. Therefore the residual DC electric field existing inside the cesium
vapor cell will have a significant influence on quantum defect measurement of Rydberg atoms. Using the
theoretical model of Stark effect and the relationship between polarizability of Rydberg atoms and the effective
principal quantum number n*, the corrected experimental value of quantum defect for cesium nPjs, (n =
70—94) Rydberg states is found to be ~(3.5591 + 0.0007). The corrected experimental value of quantum defect
is consistent with the calculation.

Keywords: cesium Rydberg atoms, single-photon excitation, quantum defect, Rydberg screen effect
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