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=
o

Image:
Thorlabs

5

1. 0
(W — wo)/ku

1




Doppler broadening

Velocity distribution  7i(v,) = — e~ ¥3/%
UA/TC Image:
Thorlabs
Typlcal Speed U= \/2kBT/m Cs D1 line Doppler-broadened HF splitting
1.0 =
Doppler-broadened absorption coefficient: 0,9_«\
a(w) = DLV o—(w—wo)’/(ku)*  Jos-
2ku 7
l(—’E " F=4-4
FWHM: Awp = 2vIn2ku ~ 1.Tku o] |
F=4-3 F=3-4
0.5 | | | | | I |
0 2 4 6 8 10 12

Laser detuning (GHz)

Gruet et al, Opt. Express 21, 5781-5792 (2013)



Saturated Absorption Spectroscopy

w > wy,
kv, = w — wy

2 2
robe
pump P pump probe

, 1
| 1

(atom’s frame)

Detector W= Wp,V, = 0:

£
o
1

Probe resonance: w — kv, = wy
Pump resonance: w + kv,

|
€
-

I'sas

Transmission
o
(00]

o

w=w,: pump and probe both resonant when v =0
6 -

-2 0 2
Narrow peak at w=w,; FWHM Tsas = 5T (1 + /T + Spump (w — wo)/ku



SAS Example: °°Cs D1 line

All hyperfine transitions Doppler-resolved —> 2-level system within each Doppler profile

139 | Doppler width: Awp ~ 27 x 0.38 GHz (assuming T=60 C)
Cs D1 Line
F'=4 .
. Saturated Absorption Spectrum
GP'/ SR A ||7GH2 ; 90 T H T H T i T Y T T T H T
T FI=3 E 85 -_ GZP“Z,F=4 -GQPHQ,F=3 | | 62P1‘2'F:3 '62P1‘2'F:4 i
s
S 80
g 75
(= - 6°P, F=3-6°P, F=3
g 70 kL 12 12 N
o) - 6°P,,F=4 - 6°P  F=4
@ 65 .
] | =
, F=4 60 | 1 | 1 1 L | L 1 1 | 1 1
p -6 -4 5, 0 2 4 6
¢ Relative Frequ GH
GS'/L T 1.19GHz elative Frequency [ GHz ] sacher-laser.com “Cs D1”




SAS Example 2: %°Rb D1 line

, =3
5P1/2 —_— ﬂ3¢:& MK 2
== =2
795 nm
, F=3
’ 30%6 MH2

581/2 Y

‘ F=2

Doppler width: Awp ~ 27 x 0.53 GHz

Laser transmission [ mV ]

Excited states not Doppler-resolved

(assuming T=60 C)

o

o)

o
T

0.55 -

0.50 -

o
o))
3y
{i;;}

87 3 = —
Rb: 5S,,, F=2- 5P, F=1,1c0 2,2

362MHz -

U
.
1

?

*Rb: 58, ,, F=3-5P, , F=2,2¢0 3, 3

| 1 | 1 |

Graph2: 08 05 29 Rb-D1-Meas.obj, Zoom!|
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sacher-laser.com “Rb D1”



SAS Example 3: 3’Rb D1 line

/ F=p Doppler width: Awp ~ 27 x 0.3 GHz  (assuming T=60 C)
5P, — T‘ 0.81 GHz
1/2 N F=1 Excited states just barely Doppler-resolved
T :

T T T T T T /’ T T T T T T T E
> 0.65 |- B ! : | 48
795 nm E W |3
< ool 7 0.81GHz | | | it
@ *Rb: 58, ,, F=2-5P, ,, F=1,1¢c0 2, 2 ]2
= o
— F=2 § 0.55 |- | A | | . | . 18
(’ g ®Rb: 5S,, F=3-5P, , F=2,2c0 3, 3 2
1/2 \ o 5
Y _ - : I ) | i | ! | i I i | ! I 16
F=1 2000  -1500  -1000  -500 0 500 1000 1500 2000

Relative Frequency [ MHz ]
sacher-laser.com “Rb D1”



SAS Crossover Resonances (Excited State)

8Rb D1 line (F=2)

v, =0
3
2 W
pump probe | crossover
5S,, F=3-5P,_ F=2,2¢03, 3
— ]

3-level "V~ Counter-propagating beams with
3 w:(w12 —|—w13)/2
2
um robe
W12\ W13 P p<-—><—->p
1 Atoms Doppler-shifted into resonance:

k’Uz = (w12 —w13)/2 :

k’Uz = ((/.)13 —w12)/2 :

i 3 T 3
2 2
pump probe pump probe
—_— —_— 1
V. e e Vv

I \ 1 : l
500 1000 1500

For atoms resonant with the probe
light:

e pump de-populates the
ground state

e —less absorption



SAS Crossover Resonances (Ground State)

w g —0- 6Li D2 line
3-level “A Counter-propagating beams with v; =0: 5 i
3 w:(w23 —I—w13)/2 2
w pump probe = F=1/2
W13 23 pump probe B
2 - - -
— 1 E
—_— ) ) = 100 MHz
Atoms Doppler-shifted into resonance: ——
k’l)z:((.U23—wl3)/2: kvz:(wlg—w23)/2:
3 3 For atoms resonant with the probe
ght:
e pump populates the probed
pump probe pump probe ground state
_ 2 —_ 2 e —more absorption
1 1




SAS Example 4: °L;i
°1i piade Unes  (T=53m) Awp ~ 27 x 3.3 GHz

Ground-state crossover features (Li-6)
= F=12 -5ay2 — S

F=32 -a
_ o2p 2 aaMHz
312 (a3 = -1.1 MHz)

]
P X F 3ay/2
o 10.056 GHz
D2=670.977 nm )
. 22Pyp —
26.1 MHz

D1 D2

(b)

Transmission (arbitrary units)

(ap = 17.4MHz)
- F=12 S 3 -
E
— _ = —
- R—— E P
D1 =670.979 nm
A
31/2 2 GHL ; 100 MHz
R 2 281/2 — | <> Frequency 1l
228.2 MHz ' ' ' '
o (a1=1521MHz) — Frequency —

F=12 "8

Fuchs et al, ). Phys. B: At. Mol. Opt. Phys. 39, 3479 (2006)

M. Gehm, "Properties of 6Li"
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