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Two-photon transitions of Cs atoms
Cs 6s-8s TPTs

Cs 6s-7d TPTs
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F1c. 3~The HCl band at 3.46p, mapped with 7500-line grating. HCI at
atmospheric pressure. .

Energy

What are the important issues on the spectrum?
Line position, Intensity and Shape
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Light Shift Measurement
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5 measurements on each data point for giving laser power.
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Light shift for Cs 8S level is —8.6722
mwW /mm
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Two-Photon Transition in a cell

PO (aa) =3 ELHLIDAIH, [0) + (el H, [T Hy )]

Ao,
le> ——r 2hAw
ho
li> T T Lorentzian
e Sl Line Shape
ho
9>
2010/4/30 14

" 9 . CRHIED Om—
Natural Linewidth Determination

+ MAIN
Data: Datal_MAIN
Model: Lorentz
Chir2/DoF =0.17741
R"2 = 0.99652
yo 1.16139 10.01065
Xxc 22.52368 10.00164
w 2.02994 10.00508

A 118.01945 10.22817
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Fit with Lorentzian
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Natural Linewidth Determination
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Fit with Lorentzian (5 measurements per data point).
Power Broadening, Laser linewidth, Collision Broadening---?
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Natural Linewidth Determination/Fit with Voigt

40 1 Fitting parameter o
A wg, = 1.049840.010 MHz

J @, = 1.539240.008 MHz
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The observed spectrum is fitted with a Voigt Distribution to separate the
Lorentzian width (Natural linewidth) and Gaussian width (other broadenings).
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Natural Linewidth Determination
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Fit with Lorentzian (5 measurements per data point).
Power Broadening, Laser linewidth, Collision Broadening---?
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Natural Linewidth Determination
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Natural Linewidth (Lorentzian) is 1.51 MHz
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Natural Linewidth Determination _
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Lorentzian width is around 1.5 MHz.
Gaussian width increases with laser power.
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A steady state of two-level system:
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Special mode of laser is Gaussian Collision broadening should be Lorentzian???
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ening. Although the collision broadening is a homogeneous broad-
ening, however, we increased the temperature to change the vapor
pressure but also the velocity of atoms. The increasing of collision
rate depends on the atom density and velocity [7]. The velocity
dependence will arise the contribution to Gaussian broadening.
Under the range of our temperature setting, Fig. 6 shows that the
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(¢} The line shapes of two-photon transitions are very simple, as they are simple Lorentzian
curves, whereas the line shape in the saturation technique is quite complicated (its calculation
involves the averaging of a nonlinear effect that depends on the velocity component w,). If
collisions are taking place, the two-photon line shape remains Lorentzian and it is easy to
measure the broadening and the shift, whereas the velocity-changing collisions complicate still
more the saturation line shape.

(f) The finite transit time of the atoms through the laser beam produces analogous broaden-
ings in the two techniques. The large light beams (10 em or more) used in the saturation
technique to reduce this broadening in very narrow molecular transitions seems not to be
possible with two-photon transitions because the energy density would be too small. But it is
possible to use the Ramsey fringes technique (Baklanov ef al. 1976; Salour ef al. 1977).
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Fioure 7. Experimental set-up for Doppler-free two-photon spectroscopy. Inside the dotted circle is represented
the waist of the laser Gaussian beam which replaces the focus of geometrical optics: the superimposed curve
with small bars rep the light i ity I as a function the radial distance r.
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(i) natural broadening (which (involves OR affects )the lifetime of the
excited level)

(i) collisions (pressure broadening)

(iii) the finite interaction time (transit-time broadening, mainly in beam
experiments, and (unimportant OR not important ) here)

(iv) the second-order Doppler effect

(v) instrumental width (laser bandwidth)

(vi) external Fields (Zeeman and Stark effects)

(vii) residual Doppler broadening (if the beams are not exactly counter-
propagating),

(viii) power broadening (related to the saturation of the transition)

(iv) the A.C. Stark effect (a shift caused by the electric field of light in the
TPT)[20].
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_ Energy levels of 6s-7d 2-photon transitions

The second-order Doppler effect is approximately 162 Hz

=162Hz

u? 200m/s ,, 3x10°m/s
== 9 )
5 3x10°m/s” 822x10°m

F=1
Ti:sapphire laser (Coherent 899-29) used in this study has a linewidth of D,, F fié 3 l
AVigys = 500kHz

Ao,

1
o

F=2
S 13034.4cm™ x2
<

data fitting yields a standard deviation of approximately 80 kHz TPz S 1300300mx2

Error arises from the laser frequency drift during the scan through a 2 MHz spectrum d_v
10 kHz fluorescence 6P, A 120155m " gp 130205m*
7 4 !
. . 11732.35¢m™ 11732.35cm™
Lorentzian width (WL, 1.53 MHz) 65, P
convolution of the 500 kHz laser bandwidth and Errors N— F:3+
natural linewidth of 1.03 (+20)MHz.
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Calibration setup

I
Two-Photon Spectroscopy
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Determine hyperfine coupling constant

Date 6S,), Scan Time C Sensitivity High Power Temp Temp File name 3
PMT PMT Volt: MAIN REF
7Dy o 1 EK(K +1)-21(1 +1)J(J +1)
F=3 150MHz 100ms 50mv 900v 57.2*2mv | 2.09/65°C 2.99/55°C 09022506 A E hts = A Ahfs K + B hfs
+EOM ~09022510 — —
2 21(21-1)23(2J -1

K=F(F+1)-1(1+1)-J(J +1)

weignting

\ 75MHz —h

01218 5189 22769

Magnetic dipole

B Vo F=6
G coupling constant A A 130344em <2
5 ’ i pling TPale® e 130300m 2 b
g ' o T ]
£ o Vet . L

) i Electr_lcal quadrupole op, 2 _"1291.55cm" op,, 130205

. b coupling constant B At L

’ . M can treaueneymmgy 1o 1173235cm™ 11732.350m*
cs 1 H 651/2 e =4
06
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ou STDEV) SIDEVO) Refeence Determine hyperfine coupling constant
s/ F A=-1.77 B=- A=1.T78 A=-1.78 A=-1.780.01 1782
2) =4 0.73 B=0.36 B=1.29 B=0.3610.93 o 7 D 3,'{2

wlo AF6~6', onlyF=6 A=-1.78 B=- A=178 A=-1.78 A=-1.78%0.05 :
54 0.13 B=0.32 B=0.76 B=0.3210.4 A coefficient
F A=188 A=1.T73 A=-1.63 A=-1.73%0.15
= B=0.86 B=3.47 B=5.41 B=3.47%3
wfo AF5~5', only F=5 ~ A=-183 A=-1.74 A=-1.63 A=-1.7410.1
43 B=1.88 B=3.01 B=5.41 B=3.01£2
Reference |
o B coefficient I
mE/ F A=T7.6 B=- A=7.35B=- A=7.05 A=7.35%0.3 1.4 o —
2) =4 1.85 0.17 B=2.01 B=-0.17£2 o a2 E
B coefficient
wlo AF5~5', only F=3 ~ A=7.5B=- A=731B=- A=T7.11 A=7.3140.2
45 141 0.899 B=1.32 B=-0.899£1.5
F A=8.38 B=- A=8.14 B=- A=7.89 B=- A=8.14%0.3
= 16.73 15.07 133 B=-15.07£2
A 2
cocfficient
Wlo AF3~3,only F=3~  A=820B=-  A=817B=  A=8.04B=- A=8.1740.2 » o
45 15.94 15.11 14.18 B=-15.11%1 A"‘?SS. B"‘"[]()Z
2010/4/30 38 2010/4/30 40
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Determine hyperfine coupling constant
7Dy

A=-1.81; B=1.01
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Determine hyperfine coupling constant

%K(K +1)-21(1+1)J3J +1)
e s 21(21 =1)23(2J -1)

K=F(F+1)-1(1+1)-J(J +1)

Magnetic dipole coupling constant A
Electrical quadrupole coupling constant B

7D3/2 7D5/2
A= 7.55(07) A= -1.81(05)
B=-0.62(87) B= 1.01(1.06)
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High-Precision and High-Resolution Laser Spectroscopy
on Magneto-Optical Trap of Cesium Atoms

Atom number 4x10° Cloud size 5 mm, Density 5x10%%/cm?

Atom temperature (Time of flight) : 100 puK

Differential Saturation Absorbtion Spectrum

A LA~ v w e wm
T T
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High-Precision and High-Resolution Laser Spectroscopy

Magneto-Optical Trap of Cesium atoms

Anti-Helmholtz Coils
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Cs Dipole Trap

Traping laser
detune control

0,1, 5N T—
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To -100MHz detune
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Cs Dipole Trap

Channel Parameters —
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Power control
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Cs Dipole Trap/ Time sequence

€31, 56 R T Ir—

traping detune trigger

repump power trigger
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Cs Dipole Trap /Nd:YAG, 1064nm, cw 3W, @150 #m

N: 1x10°

Difference From

=] A

550

30 40 S0 sin 700 8dn

el 500 (15 b|mEla-q
| N E 5 [z |mEe
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n: 6x1010

Width(um)

Waveform Gregh | 117196
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Flot0 E
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wo 130 200 250 sdo %0 ado af0 so sk
Time
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Thanks for your attention!

Collaboration: ¥ F' L%Zﬂ[r Chemistry, NCKU
Postdoctoral : ?ﬁiﬁ]ﬁﬂ

PhD Students: fjf &4

And many many master students......
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