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Recati thet Deppler breadeny s originated fhm Doppler effecT, |
(.e. the Doppler shift caused by The. l/e/oc(fy of afoms  or
moleenles aleng the line of sight of the. [ight beam . Under +hernal
Q/%W" ibriwm | adoms have Moy wellian Veloety Aistribution , So difecert
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«Frovv\ 8e,\le,m/0 aﬁtﬁcemw‘f ol Feds s summarized  below.




A brief Summanj ”'Eﬂf Dopplex - ’Free S'PQC’}'T@'S’C@‘P\/‘ : v 2y

P

[l) [/e/DCH% S’e/@zﬁﬂﬂ /)/)8‘7%045; OY)IV one \/2/06177? ﬁubg,@?&p @F@?‘Qn@s
'RS Selgc"'ed o Con’fﬁ\éujé "’ta fhe S;M/ (&h&bf!’@r ?)
© Scunten absopn SPIETY ) g ot
©) In'f@rmodu(odﬂ‘m\ (P/uoﬁescence S’fec'h@Scap\/ chorge
® ?O(Obffzaﬁ‘@’l yPecf@Scop\/ U f)’éﬁm/ﬂm /ndex céwz%
® Veloe?y — selective 5/7#&@@ pumpiy Spectroscopyy

(SN could yse much (owex /a,ger /z)a)eY“
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Residual Dopdler shift :
0TV = okvSined = 2LV

Since X is Small, the fésfdua// ®&pf>/ef‘ bi‘am/ew/:g

is much Smaller <than nM theyma! ’Do/yp[o;r“ broader
I+ can be even Smallex tltan tansif—fime lofoaa/en/cg
‘b}\aj (s the M@or‘ bf@ade"”‘%f mechanism [n moleculay”

becor  Spectrascopy.

Uy Velocity  Reduction Methods . Coolic, and Trappiy
Sijnt‘{,‘canfél/ decrease molecicle Ue/odv?{ 2 ne@r%
Pevo +Hhus, obmrrwh‘w% feduce Doppler shift owd
Dopplex broao’eﬂ%.»\ ( Choptex 14 5

T rﬁa?j Jor both {st and 2ud orders =
@ _ TDoppler shift.
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overall fluorescence infensiy Versus e [aser freguency
h)h«‘clr\ can Show Sub-Doppley fea'/ures DW{-} +o the Doppler— ‘Fme
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§ |51, Setration SFed’rDscapy connl Po/a/ffzm‘lbﬂ Si?echbgwpy
Doppler broadersy is due o the confribufions -ﬁom c@c‘fferenf Groups
of crtomg With an'FfeM Velpcities . Each group of atoms has & |
|orentfion “[l‘nesha,pe Acteymine lp\/ notua) newidth  aud Collison
brodencs  (Ohose cester flequone) has & Shift reluive o the
yesonane ff(e%wmué of otoms ot rest, Jepe,m&g on the velocrtd of i
Qroup of groms (Doppler Shift). o defferent groups of adonms,
+the ceritrad 'ﬁe;um% Shift is Arferedt, So +thege [ preatyizn line —
W%‘I’ZS spread ot a ol to Ve’ocfﬁ'[, -formméz A rear Gassion
Frbcﬁ'{e /ac-/ua//ql{} A Convoeluton @f | orentpian WJith Gaussran —

Voist profile). Vet Loventian
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“To impyove SFecfma fesolution , one idea 's fo Select 0"17’ one
Veloc\‘v‘%L Zroup of afoms to form SIDGEMLM /TWS, sub-Dopple y [1ne pefie.
Spaction — Absorptin Sfecﬁbswpy/ Qtwerzction — Fluorescenca
SFeoﬁD”Swp\/, infermedulation Llucrescence Sfecmscopx// cnd
polavization %Fecmwf’\/ ore ol based on the a.bsorption
of Yudicten fierd ( photonsy by afoms or molecules, The
e need o understond betler of  |ineax oumd Won [ihear

obsorption .
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L Liear and nonlmear absorptien
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r.e., the g}’575@”‘ 0”/y hoo o levels i e ;?)\/D/Ued)
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pthin hece Two [e‘/ds, —Nno decag, (ot pthey levels are

alowed. |» Ne B
PN, =Bz 0N~ PA; = By, (oo
Rz/\./z ~— R A//
1> ~ N, E Closed Q2-[evel Syctem

(no decay inte other levels)
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Here, ne ’ﬁvﬁ})ef“ consder” an open Hwo- evel S}/éffeM, e,

dmnne's e open for Aransifions  put 970 +the g/S?(em and v
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- Todz =—I()~i,<['/\/¢'”-?';zf;/\)/<]dz?

i

= - T Tox &N dz, ( 20)
Whete AN =[/\/é — % Ne] 's the al’o‘ﬁ%rewce of the populatien
Aenstes o ;s the ﬂ/oSmfﬁE"ﬂ coefficient (em™ )
Qs s the absorptten orpss-secton  (em®)
N; ol Nk ctre the populetivn densities en Ecod B,
? ;o) B are the degeneracyf facters of E; o b

By (20) s usually used for monochramatic. yadiation . Abw if

-H\ev fnCt‘de,VtT leée/{ has SPQCM energy a'ensﬁ;/ ]iw):_’[y(p)/c
w('i’l'\ -t’he_ S)OQC'IL/%/ Mﬂﬁ) A))Li and the abcbrTa'h‘eﬂ [\ne hag -the
ﬁll'-u)id‘\"'\ —Qj*hal‘f’ NAKIMim (FWHM) Jﬁ)a. , Hen -the 7{)7’@13‘,7‘
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Qhange» coused Ly the @bﬁorpﬁb‘f\ s ex{»fe%ed‘ as
dI:md%qu(p)oO}K(;J%ANCM dy. (20

He  the lager™ frriteﬂs"'/;(/ Tp(Y), the abserption € sc-Se cfion
O (¥, and  the population differene AN (), are all
%ﬁm‘%’ ~dependent™,  The freguency deperdence. of ane»)
is usualld caused by the different thermal Velocitiks

Pesulteg 10 clifferent Teppler Shifts.

FOF case ﬁ)ﬁz_ >> 53)4)

éf)&'ft‘ne the tofal (ateX”

Fniensz:/;{ :

T = [5,00d0 = Ty(%) - 4%
(‘22)'

Sl‘m\‘lmbg) toral ;absmpﬁbﬂ C1bgs—Section
Oex = fO;‘KCV) dy = U (M) 32 (23)

Sodr = —de- qu(u) T () - AN dY
= —Jz. L) O - b - aN

=S T e (Vo .J))ﬂ ,
Jz. T+ Ope %) ) AN /24)

Hm, the. forted @bso/fﬁbn [ine 2 ;"n’l’emd’% with the Jater
(hele onl\/ poct of the |asex™ (I, (3%) Intevacts W 11
the absorpten |t Ty eve) 2 T4, , o it i3 relatively et
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%fm" p’I =~ JZ«f:[u())) GZ\,C(V)ANW)JV.
(2%)

“The abéoqpﬁ‘m\ @]C 7‘//(6 ,‘nc:‘devﬂ“ Zpﬁvofang cpuses Po/)u/a,ﬁbﬂ ahaﬂgej
g—F +he levels rvolved i -the @b@rba’j transition. T hes can be

Jesccibed by the le ejiim'hbm‘ B the populatien Jonsities
N, o~ No of the Y)onopegewrﬁz levels 1> ot [2> Lot

g( :?z ==4 (OFQY\ 2*"(6\}6( 9)’$'/é,m) (J\ g(z_ :—gzl>
N
.d——’/= B~ @C/\fsz\//)— RN, +C, (26)

%’J‘éf—; B, Oy (A, —N) —ReNe tCa (27)
Where  Rele fepresents  the total velaateon Yute ( includ<
g‘pgnmwm CIMIESION ) that de)?apu,la/'f?—s 'Hze /e\/eﬁ [¢>

C; = % Reo Me +De (22)
tukes re 91£ all fé/ﬂm/ﬁ‘m PZIY%S ;me +the other levels | >
Yt contribute 1o the  Yepopulation OIQ the )evel <> and

alo of the d.‘ﬁ[us:‘m rate Do of' molecules I'n /e\/eﬂ [<>
o -the -exciation Volume .
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Recotl Ci _ Co ‘:—A/\jo

———

R, R
\ AN,
- AN = ——— (30
+ B2fol AN
_ A/\/a
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‘82[{) 1o "L’l’)& “Wle@—ﬂ” {é(&){a’f?bﬂ P@babf(z\'f'g Rc%‘
“The \\n"%wsf% Jecreate é‘vF the ncident [agex 74’&%/\ d};ga%ﬁm
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=0 . . 5))4 A/\}o
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The intenshl T =T ot which the Somwrfn parmneter =1

te colled the gptwition [atensery From % C30),

¥
Ts C-R (34)

= T Ba
b, the population consitf diffreic

At the satwation jotens
h lnalf 9]‘3 g unS@W&J value ANo

Al\J olfbfs
Tn case 0{1 incoherewt™ light Sowrces, Such a4 Q]DZCM
lmw[)S, the ;,ﬂ“@nsﬁ-&{ I, > So omall +hat Q<< A, Thus,
%' (33) can be approximated by
AI - Az IO—IZ A}\/v —-——’-"—"M- ( >

S’Mce A/\jﬂ 1S fn;p«e)oenol,ew"— o-,a I) -fhe a)>$of‘>ecl fn'):ensf'/y 'S
ortiv o -the teident™ [itens , o
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Note . Dopplex bmac{em% oN abgo(Fﬁmw coetficient pe

Absorpfion Coeflicient g
Absorpfion - Cross ~ secton  Day
Population  yiumber dencﬁ% N Ny

O<Cl< = Usk (A/i'— "%:/\/,4> ‘j%r all eases
= Qo Vg for wWesk light
¥ In principle, Ope is the cress section for Sn%g/@ aotom /no/ecu/e,
So Ujw) has o Lorenfgtt‘m SAafe, Dgeld) = 0. L, v)
here [ (w U s Q& LDYen"g—l‘m S))afe ad Q 'ﬂmcfﬂm 07[) 1/2/06(‘7;/
V. N ; IS the /’Jopulaf‘"m distribution &?/oﬂéi v‘e,/oa‘%% e,
Nei o), which s Gaussian Shape Ng(Vy=N, Gcv)
Under Mm( welltan Aistibatron.
+o0
S g ()= fw T (0, v Np (v dV

+w
=0 A, [, L@ Gewdy

T)wus, e (1) (S QA Voist Praﬁ‘/e, r.e. the Convelution D\C
Cc Loygn‘l’z,[‘a/n L‘)f‘f’l’l &DLL(S‘SI\Q/)_
¥ Bur s common fo Shift  qul distribd™ factors Ho the

absm?ﬁm Closs Secton  hich 1S Nod A Cross Sectn for
the moplecule assembly [buu" normalizes) 10 Single ma/ecu/e,>/
not™ or sigle moleele anymole.. Then Nz witl Dn/y
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Subgroup [ of velcity) il See blue shift of the probe
beaom | aser ‘FYW‘# ~.
LJD’ = W ~ Z :D?
=Wy — KV =0,
= (Dp = W + K2
ok <o o CDp <o
Substitute ), = £57%% e above Zguaten,

<
6=, + k- 538“}(‘& - We
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No as on example
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Fo\" }\)A, l<, EE)CS) % a,b;or/;ﬁm’\ IFQ/

1S 5’(1777, y‘esulh% n ppffex_'f' (Pp=)
Socwration — a}awrpmm andfbpry
0wl Sotturmtion — Flucrescence Spect@scspy

being Storg. enough B Doppler-flee [ine. .t CYVatVed/2

hen The absorfﬁ‘m S weak o the Huorescne s Jeok | e
con Ao Mi'evxsfﬁa,/ modulation b\/ clnopp(fj the [aser beam /)en‘odr‘ccz/é/
WOith o chopper o then wse Jock -in amplifier © do phase
Qensitve Jetechon to |‘my>rbue the Adetecton gen S‘t"fﬂ/"'/'% .

T2 getector

Fig.7.9. Experimental setup for saturation spectroscopy where the transmitted probe in-

tensity I2(w) is monitored : |
T4 fluorescence

Sﬂong Beam Sutwrztes and Weak. Beam
Probes from the o pposte. dhrection.

' Fig.7.12a,b. Intermodulated fluorescence method for saturation ‘spectroscopy at small . g
densities of the sample molecules: (a) experimental arrangement; (b) hyperfine spectrum
of the (0 =1, J" =98) — (v =58, J' =99) line in the X's, — 311, system of Ip at

* y = 514.5nm, monitored at the chopping frequency fi of the pump beam (upper spec- [
trum with the Lamb dips) and at (fi + f2) (lower spectrum) [1.10]
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The sipnals ftom polarizatio
S’Pec'fmscapy come macnlY ’
'ﬁ’om The charge of the
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polariser  sample anse,:]‘ by a. polarized pump

o TY ave. Beause of
T optual pumpiy, the
Q:J:):D::D«):) z ' Y)W e causes a

. . 0F -ﬁh (
Fig.7.20a-c. Polarization spectroscopy: (a) level scheme for a P transition J =2 CJ’\&)‘?@ re Chv

a)

M=-1 0 +1 .
J=1

AM=+1 b)

probe wave

J =1; (b) experimental setup; (c) linearly polarized probe wave as superposition of 0™ ~
(angular momentum -5 in z-direction) and o~ components n de)( N and a,bsaff.)ﬁb)’\
coefficient ox.
h 100 MH 2 ‘ y 3
L, " Linear Polarizedion

—
abs:ar/:‘h‘on —> U+ + U
Selective Polaf(zecl
J ) L Pu/rwpa’:, —

7 N o A =l - °(~}

'Spersion -
disp an=nt—n

@=z0
63 MHz

i e'/A»,“:YO'/TPT’ ) d
Sample beomes,

Fig.7.22a,b. Polarization spectrum of the same hyperfine components of Iy as shown in S \ 'l"‘
Fig.7.12 with circularly polarized pump: (a) with 6’ = 0; (b) with 6’ %0 b' Ie 6’fﬂ ne ey

= atin of Polaxzation
= Some. Yotated polarization [iht™ can pass the crossed frolarizer P,

Onl\{ then ()=¢), , the putp ol Drobe beams inferact With the same
Qub —group 19‘0 Ve’%‘%’ —> wa~727/>pler peodwre /
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‘ Em /
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—_— -t s
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multiplier B —
alyzer If two photon abSorbed Qe

Fig.7.28. Experimental arrangement for Doppler-free two-photon spectroscopy

fom two [ssht waves wivh
W, =)z =) but E,L..E‘;)

. | the (/403 = o), 402

E 55, o Fe2 -t 1028 MHz
€ | T . [-¢-, the Doppler shift of
| s e the fwo — photon +ansthon

Fz2~F=2

‘ n betomeS Perp. TS means
Fzt-F=1

that” all molecules , z‘nde)oenalen‘l'
\7' 300MHz laser frequency D-F) The{f ve,oc‘-_/TeS/ abSkaS

o |
o G/ at the same Sum fleguney

lig.7.29a,b. Doppler-free two-photon spectrum of the 3S — 5S and 3S — 4D transitions w‘ + 2 2 = 24{) .

l’;e] Na atom: (a) level scheme; (b) 3S — 5S transition with resolved hyperfine structure ’4’ ku gh ‘the be /)ﬂbl' /[7 P Fd_
o —photon fiangion i Wu%ﬂ/ much lvwex than that of oc Single ~photen tromsition,
the fact -that cll molecules in the abwrbly sale can contribute to the S"}M/
outweish the (ower transition pProbability, and the Sipnal ampliude may even bewme,
in favomble cases, larger than that of the Satwehen Sistalk.

Molecular Beam Spectoscopy . +to largely reduce (st-—ovder

) i Loser oPM vV jv DOpp[er Skt\ft ‘[Z’ 7')?

V2 tWhen ? s Per}oemlx‘cu/af

T’ HT i i o molecular beam

z X1 0 x X Ve’ocr.,y $ .

Fig.9.1a,b. Laser excitation spectroscopy with reduced Doppler width in a collimated
molecular beam: (a) schematic experimental arrangement; (b) collimation ratio and den-
sity profile n(x) in a collimated beam effusing from a point source A
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