Poart T. Fundamentals of Atomic SFedmschy ILry.
CI’)a,p‘l‘eT‘ 4., Introduction to Atomic Strnuctue ond Afomic SFe’c’fT&Q

{. Overadl Atomic Spectroscopy  Consists of the following Aspects
0) Buontum Mechanics Fundamen‘/nfs

(2) Theory of Afomie Sfructure
[ Energy E:‘aen\/a/ues and Eigen States of Single /}fpm)
=> Resonance centraf ﬁ'e/;uenag ( a)a,\)alengﬂo Aso) oj: S;:em‘mﬂ [ine.
(3) Theory of Redfative Tmnsitiens
[ Transition Probabilty and Selection Rules of Single Atom]
=> | m‘en‘sﬁ/? ( Parﬁd%{) , ?%[cm‘zah‘m, and Dystn'bution Directron
& SFea‘mp [ine
() Theory of Statisticall Interaction of an ensemble of atoms
with rediaton [ uantum Statistioad Behanor of
an ensemble of ahm5'] |
=> S[nape, Wit In'fens{iy Of Spedfk/ Line
(5 APP"EW'L‘\U”S O'f' atomic SfecWScopy ‘

2. Spectied lines are produced by different processes, ez
Yesorant Yodioteve transitions [/ absorptien, stimulated am
gfonffaneaas emssions) ; SCa'l?‘eYv/Ef, ete.
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3. Lohot Pammdm do we care abowt™ g g dm,ﬁ [tne ”
— Ther ore thre major “Chavacterstic " Frraneters
(1 l)?aSDnance centrizl 'Fr?%uewy [We/"/”ﬁ’%Qv) &)C a S/ﬂem‘mﬁ hne
¥ The centrul —ﬁfeﬁuenog s defeynined by the energy difference

between the fopo erevgy levels where the ansten (repy /)
DCCLCfX: ))0 — Ez_ "E[

'——'-——-[1*—-—-"‘ [ﬁ)” 7@4,0 'Hans»'ﬁ“m)
For scatter’y case (Virtuol -trargiiony,
V, =V +2), ohere AV = E’i};f_'_

)),, s -tf}e jncident /I\;/H' —{Dr.%uenég, ) A)j s the ]efojﬂe’?%'[
Slq,tf-tl o) D, is the Scatfered /:}A?‘* @uen%‘

% iDeriV;v the Cenﬁ‘a,O 'Fre%uenég 1S 1o eﬁen‘ue -bhe atom energ«/
ea‘gen values anet g,?eng-lw}e, This can 0»/7 be addressed b
~the "‘H?eoré{ of oafomic Struchue” — fomll) determined by
(Ruon frum PAySI‘CS [@uan'lum Mechanics and Cuantum Electro—
'D)/mm:‘cs QED)_

% The Fundamen‘faj a,;?pma&l’\ is to Salve the energy eizen-

Vodue eguation (.., the sfamnm%z ~Steile Schrisdiger eguaten)

o‘]l Sl‘ngle atem  to derive et(‘?en\/‘ﬁ,(ues { En j
A A As A '
HIWV> =Ew>, =L +0

W here ﬁ 's the ofom Uanettentan bpemfor |y >is ;}’s

Efgen State, E is +he Cmﬂegpado@.\; e;‘é@n\/k}ue,

ThYS,  Coytralf frgumey 3, — (E, _.E,,>//,
o W= (By-ED /1
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(2) Intensity olarizalion ond Distnbution Directton @f a Spectr 0 e
¥ Polarizatten, distibutien direckon | . 1 Tatensi fyf (Partinily )
ore deteymined by the fransiien Wbab"/""y and Selection
rules of e Single atom fransiFen amgfoni:.\,} 7o the
spectral [me . Intensity is further detepmined by the
s-mﬁsh‘caﬂ inteyach’on aﬁ an ensSemble of atems (With Tadimtven.,

% The gmg/@ atem <transitizn pmbabi/r‘v‘&i and gelection Tuleg
are to deal) With the inferackon of a Sigle atem wivh
yodiatten fleid. This is addressed A\/ He "‘Z’Ae—o"y a)@
radiative transitiony determeed !>>/ Buantum  Electro-
Dynam:‘cs ([ QRE D), Quantized ptom l\n‘fém&ﬁj With an ZGuantreed
Todiatien —Freld .

¥ The fundamen‘/aﬂ approach is o Solve +he Time —dependent

Schrédiger @UAton g 4 gy = £ o>

Usng QM ond HED to derivie Selection yules and TN Hen
Pmbabﬂl‘*‘é{ —ﬁr Siagle otom  infeyace, with radiatien freid,

~The SFeoHnO e polaxization ) Airection , and y?axﬁ‘aj I\fl'/@?sﬁ‘g
Qre +Hhen ;‘nfexrao’ —ﬁbm these resci?g
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B) Shape, tidth, and Intensivy of a spectral |ne.
% Tn f‘ea,h“"y , it is Very [are to deal With S:‘ng/e oitom gfedmﬂ

e, especially in femote Senstg avea. |lsually we deat with
o large number of afens , and the Spectrud ne s alze

an gssemble effect of the atom ensemble. Thus, the
sh@e, wid-th and InWﬁ’ét ofmeasumi e gre Jetermined ﬁ?/ not-
Only the shape, width, ot tramsiven pobabilly of & ‘single
a'hpn/\/ but- also the statistical Yesults @]L the ensemble
of atems i whih thew are ako iwteraction amay afons,
In othey words, dhe Shape, width and intensity of a S’fed‘/?b/
[ine 8t the overad] comtribution YeswltS fom the ensemble,
not just- o Single atom.

% For example, each Sf"glé aton hos the natwcal e uth y deTerminey
by the (ncertaumty Pprinciple AE-st = D Hoever, He
Doppley [mewdth s a reswt of any atems (n an ensemble.,
atoms collide cith each ethey o-b ][Zﬂm Moaxwellin n
distribution For 5)75/6 atem, theve g ne Doppler W41
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X Althowgh the shute of a sigle afom is perfectly determned
by the Sthrediger eguatton e psually have mcomplete
fn-gz:mwh‘an o-F Y g}/gfem cz)nSFS'l”-S‘ o—f’ o N (a.fge numbey of
otoms. For thn‘scase, ghhxh‘caﬁ Mechanics comes rhio the
pichre. — Llvontum SHatistieal Mechanics |

_ Cless reafl Physies Couontum  Physies

S fng/é foticle ang/e fHom
Metoton ngzﬁﬁns Srh r‘o"dlf‘/ﬁer‘ %umﬁm
- cPeTe}”mm% the @defermﬁj the stale
be)'w/;‘of‘ 930 J’)‘/g/e }%Y'ﬁ‘de evolution 0F s:‘/ba,/e oion
= Classicel Mechanies = Cwantum MechanieS

Nony Porticles (Engemble) Mam{ atems [ enSemb/eg
= Stotrstieal Mechanis With mary States

| => Ruowtom Gatistieal
o shvbution ﬂnaﬁ‘ms MechanicS
dens:’f;{ matri'x

¥ “There are three Weys to addvess g;;edmﬁ /:‘n&s}wfe /5Sues
A_ O[ n$S }\C‘ﬂ/p -T/)m/ Llectric 69?\P01€ Wk{:/ harmonl. or d’amped ha,)“)np,;fc‘

. or forced escitlation
fod » ECE) == F0)
¢ ey
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Py o phyaned pick, bot ot geewrate , !

comnoT explaia many  comp lreated  phenomena Y gm&#ﬁveél)
®. Semi classica! fheor;( . Inferackon between ofom and yadiation
qtom — RuanTuem Mechanicc
{Y‘adéod?‘w — EM nhaves /c/ass:‘caﬁ )
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For pure énsemble &F ofoms  (re., all atoms aye o the. same
gwte | o intefnetton  between them) then the nfe @]0 the

. Y
ensemble can be described b\/ the Stafe wave ﬂnahan af
Swgle ator . Then we ¢2n Splve the SchrddSrer epuation L
thiz sfale +o denve gfeah'aﬁ resulte

For mixed ensemble of atoms fie., atons are iy deffevert
chifes — @ stafisticel mixfare of states ( different from
the Superposition 9{‘ S?‘CCTGS) )) then TF s jm pessible 1o
Write @ Schrédiger eguatton o the system (becosse
We cannst™ WTe LU>= P 4>+ R ey — SuperPoson )
e hoave to use slwh‘s—htaﬂ method o Solve the P@b&m‘
— the densifyl mairix method.
“The semiclassical -H?ewa{ can Solve most of the problems.
Bur it cannot mcﬂw‘n g/;on'l’dﬂeo‘(S emission |
e Ll Queantom— Mechonizs Theofél(QED)
atom — (Ruantized enevgy Structure
Youdiatn — Quantized vodiafion feld

We use densﬁy matritx  to Solve pblems of alf.

D. Tn pactite, QED Concusion .RN\ single atom Shnchare /'z‘mnsﬁ‘r‘b ’
-+ S'bd?‘s'h‘cwg ths:‘cs

=5 Slyea‘mﬂ propecties
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Stotisteal mixtore of states £ superposition of sintes
Assume W‘>: Y20 ate m/‘\’ orthenormal esenStateS coth g, ad 4,
e,‘&@n\/afues {>r opernter A,

F an atom L s in State JU> =, 1th>+Cx 1> (Superpesition)
the atom s Mdeed fu both stifes at the same tine, uivh
meoswrenst Yesutts o owdl 4, 9F Pmbnbfffﬁ‘es ‘Culea-na/ ]02[2'

“otom Q S in Stafe Juf}:c,’ |67+ oL l> (¢ SuEaYPQSThbn))

Where (O *C., €2 *#Ca,

1T & systen conslsts of Qdom { and afom 2, then tde cannoT

Wrte the overall gy¢tem gtate as [g>+(Y>. The system
is erther W W or Zm |U>shie, but camot be bo?h,
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Y‘eSanawca\l}ﬁejmﬁgt
Radiatve Transitien %E'g—a- Pransition Pobabilit) and Selectton
Fules of single atem
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Further Qemi«fj Rooks .
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