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o« x/yA MR (x/y A R DERRL) X
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—|x>=1/Vv2(|R>-|L>)
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J=0-1 Transition

I E2FERIE, m MREFH(O, ..., t(J-1), 1))
|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1>

|J=0, m=0>=|0, 0>

Ly-ald)=2/3-1/2, He 1 108313J=1-0, J=1-1,1- 28 LY ES5D LIEHE.



EEL{TH] (RE1DIEH)
HULNEEAE R (28H) TO BB IKRE

: ¥

— R} — 1
g _

y (9) <|l11> 10> EN
<1’| (1+cosB)/2 | sinB/v2 (1-cosB)/2
<0’| -sinB/v2 cosB sinB/v2

v/ <-1’| (1-cosB)/2 |-sin6/v2 (1+cosB)/2

LR R (2 8) TOERIRRE
HWERROBERREDRTEES.

FT—NE: BiIE0D AR (8) > FREEH R (2 ).
EELIRIL : i STI5 0D 75 7] (28/) » fRERT5 R (2’ EH).
N UNR TS5 D 75 8] (28H) © W5 D A Rl (2 &) - 1R 75 [ (2 EH).




Emission from 3-level atom

J=1, m=1>
J=1, m=0>
J=1, m=-1>
1,1>->|0,0>: 0., 5
1,-1>->|0,0>: 0, 4 K5
1,0>->|0,0>: %
|J=0, m=0>

ZeemanWNRZE=FILEDO T EEH->THEFET 5.




Zeeman &

/A\ I

Casel:
Longitudinal Zeeman effect

Case?2:
Transverse Zeeman effect



fi535B L fRAR A RILOSH FATIHE (oK 5)
Transition from |J=1, m=1>to |J=0, m=0>, o, , .7 XKERNZEITEZRD
|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1>

(B, LOS) = LEZHEIEN DORBEARDRTIZES.
z 1 <1|1>=1, <0|0>=<-1|-1>=0

Y f B REE &Y, BEYDERR(R)

> - |
|J=0, m=0>=|0,0> AN T Y ()

Transition from [J=1,m=-1>to |J=0, m=0>, 0,.4AX 7>
|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=]|-1>

(B, LOS)
: 1

EFEEMZEEIEN DEBAEDESICESD.
<1|1>=<0]0>=0, <-1]-1>=1

Y AEFSEFEENLY, EEYDOARES(L)
— T x [ ] Aigans.
|J=0, m=0>=]0,0>

|IR>& | L>DIREEIZ#H B It FIdincoherent.
B=0 » #&{R L.




HiiEBEtREE A MLOSHAETHRIZEES (oY)

Transition from |J=1, m=1> to |J=0, m=0>, o, X5 KERDZEITEZD
|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1>

(B, LOS) = LEZHEIEN DORBEARDRTIZES.
z 1 <1|1>=1, <0|0>=<-1|-1>=0

Y f B REE &Y, BEYDERR(R)

% .
1o, 5| 0,05 PSS,

Transition from [J=1,m=-1>to |J=0, m=0>, 0,.4AX 7>
|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=]|-1>

(B, LOS)
: 1

EFEEMZEEIEN DEBAEDESICESD.
<1|1>=<0]0>=0, <-1]-1>=1

AEFSEFEENLY, EEYDOARES(L)
— T x [ ] Aigans.
|J=0, m=0>=]0,0>

B20 » BB HVERIT, |R>E|ILDHFDIRILF—HERIZEMNTES. blue wing,
red wingCZNnZnAEY, £RYDARIEHBEHEINS (T—< U E).




BiIGBERIR A MLOSHETHIGE (nH )

KERDTTEITEZD

Transition from |J=1, m=0> to [J=0, m=0>, nf %
|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=]|-1>

[ ] ] B o2 hmsmsromesmonE-Ls
(B, LOS) | 1 <1|1>=0, <0|0>=1, <-1|-1>=0
“ ' v BB S REALY, ERLHEOH R
7/_',)( [ ] [ZHEF (TG SALARL N (xEHh, yEA 5 A1 Z (AR
=0, m=0>=|0,0> Hend).

B0 CHEnak 7 X ERI SN,



HiIBBE R A FAILOSHAEB AR S (0, D)

Transition from |J=1, m=1>to |J=0, m=0>, o, X%
|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=

Y
“yos)

|J=0, m=0>=|0,0>

e

|J=1", m=1">=|1">|J=1", m=0">=|0"> |J=1", m=-1">=|-

[ ] [ ] [ ]
(B) ;
z 1/4 1/2
v v

— T (105) ]

1J=0°, m=0">=|0’,0'>

1/4

XEBNTEITEZD

|-1>

MiimBZ 8 T M &L, xEh 77 R AN &R

OEFLBMEHIEDRETIZES.
<1|1>=1, <0|0>=<-1]-1>=0

QE T tEhZEh HxEHZ90°[EE5 T 5.

|1’>=(1+c0s0)/2|1>=1/2|1>><1"|1'>=1/4

|0’>=-sin6/V2|1>=-1/v2|1>=<0"|0">=1/2

|-1'>=(1-c0s8)/2|1>=1/2|1> =<-1"|-1">=1/4
1>

AEFHERFAIKY, |1,0>>|0,0>8B(Z&
BICF X REE A | (xEh) [T EF ST,

HERELT, |17>&|-1>HEMLFEIE (coherency
DHFEE). METSNBHFIL, (|R> +|L>)TEEik
SNAHHIGICEER, yARIDERREEL.



HIZBLIRIR A MLOSAEBE LG E (0,.,55)

Transition from |J=1, m=1> to [J=0, m=0>, o, A7 MERDPZEITEZS
1J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1>

(B) Eﬁ%B%ZEEﬁﬁ&L, xiﬂiﬁﬁﬁ\Bﬁﬁfﬂﬂ
z 1
“y DEFLEMEHIBDREIZES.
<1|1>=<0]|0>=0, <-1|-1>=1
“oxos) (I
|J=0, m=0>=0,0> @& FtihE 8 SxEh(=90° Ein T .
|1’>=(1+c0s0)/2|1>=1/2|1>><1"|1'>=1/4

|0’>=-sin6/V2|1>=-1/v2|1>=<0"|0">=1/2
|-1'>=(1-c0s8)/2|1>=1/2|1> =<-1"|-1">=1/4

e

|J=1", m=1">=|1">|J=1’, m=0">=|0"> |J=1’, m=-1">=|-1">
[ ] - [ ] AEEEREFAIKY, |1,0>5|0,0>8HIZ&

(B) | BICF IR 4R A A (xEh) [ Z (XSS AT,
o 1/4 2 g4

v |1/>&|-U>DEIIFE1E (coherencyD FE 4A). 1K
Y BEN DT, ([R> +|L>) CRIRE N RS
7 Tx(Los) [ ] ZEBEL, yHROESRL.

1J=0°, m=0">=|0’,0'>



Wii5BERER A RILOSHEE LIS S (nk%

Transition from [J=1, m=0> to |J=0, m=0>, nA %7 X%Jﬂz/\_&( EZD
|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1>

(8) l REiBBE B A &L, xEh A AN S B
1

Z
! DEFLBHERIBDEZIZLES.
<1|1>=0, <0|0>=1, <-1|-1>=0

[ ]
|1=0, m=0>=]0,0> QE T L% 8 HxEAIZ90° HERT 5.
|1>=sinB/v2|0>=1/v2|0>~<1"|1'>=1/2
|0’>=cosB|0>=0 =<0’ |0’>=0
|-1'>=-sinB/Vv2|0>=-1/v2|0> =<-1'|-1">=1/2

"X (LOS)

e

|1=1/, m=1">=|1">|J=1/, m=0'>=|0’> |J=1’, m=-1">=|-1">

- - - |1'>&|-1">HAEIRLFB1E (coherency D FE 4 ).

(B) WEENBILFIE, 1/V2(|R> -|L>) TEtah St
: 1/2 1/2 Bhi35 & ATIE, xEh 5 [ O B R R S 126 s
ERAY
y

— T (105) ]

1J=0°, m=0">=|0’,0'>



BB EREE A RILOSHAEERIES (FLH)

Opiue 5T 5%
|J=1", m=1"> |J=1", m=0"> [J=1, m=-1"> [J=1", m=1"> |J=1", m=0"> |J=1", m=-1">

\/ E=

ﬁﬁj‘c |)= O m=0"> ID%a |J= O m=0"> ﬁﬁj‘c
(B) [J=1", m=1"> |J=1", m=0"> |J=1", m=-1">

: [ 1] [ ] [ ]
A

Y
—x(105) \ /

BIZH1T7E
E#R R

|JOmO>

Opiuer Orey U B ST D IEF R L ILincoherent.
B=0 > R J¢L. 15



BB EREE A RILOSHAEERIES (FLH)

AN AN
Cpiue X 0%,

|J=1", m=1"> |J=1", m=0"> |J=1", m=-1"> [J=1’, m=1"> |J=1", m=0"> |J=1’, m=-1">

I A

BICEHE BI-EE
ﬁﬁj‘c |J= 0 m=0"> s |J= O m=0"> ﬁﬁj‘c
(B) |J=1", m=1"> |J=1", m=0"> |J=1", m=-1">
Il = =
7/—VZX(LOS) \ /
BIZATAR
EfR{RIL

|J0m0>

Bz0 o fEIE DR (TR A DI RILF—EGIZEIELS. blue wing, red wingT
WiGIZEEH, 540 RILDTHIGICETTERBEICHA BRSNS (E— ‘\7/;()]%)
F-ZDHEEL, nA7 DAMN2UZKELN.



Summary of 3 level emissions in

/eeman effect
Zeeman effect with B_L LOS

Zeeman effect with B || LOS

|J=1, m=1>
|J=1, m=0>
|J=1, m=-1>

S .
N o
A

|J=0, m=0>

red

Oplus | No 1t component!

Il

1.

|J=1, m=1>
|J=1, m=0>
|J=1, m=-1>

|J=0, m=0>

Observer o,

red

17



J=0-1 BX&EL : Fh#S= Rt e

|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1>
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Scattering at disk center -emission process-
XKEMDZEIZERZD

Transition between |0,0>and |1,1>
|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1>

[ ] [ ] [ ]
(’ L05)\_\>< ARGl STHS D BB 1R 4575 28
v DEFILHEBOMEITLD.

.3 mm 2 BEHEEEAND, |1, 1AORET
H |J=0, m=0>=|0,0> ™ (X, |IRSHARYREN, |1,-1>~NDRIFE TIL,
LA ENS.

Transition between |0,0> and |1,-1>
|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1> g transition

- - - (]J=1,m=0> to |J=0,m=0>)[L74xL .

(7, LOS) i
y |

7/—"xt [ ] t

B |)=0, m=0>=]0,0> =

20



Scattering at disk center -deexcitation process-

Transition between |0,0>and |1,1>
|)=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=]-1>

. LOS)\
s
BEBTEINETNIRE|LDAFERS.

y
e

|J=0, m=0>=10,0> c—A)LELTERIL.

Transition between |0,0> and |1,-1>
|J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1>

(i, LOS) /
:

y
T

|J=0, m=0>=|0,0>

21
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90 deg scattering (B=0) -excitation process-

Transition between |0,0>and |1,1>
|)=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=]-1>

A

(/) | | :
| JLEH:
s \l\>< TS 35 D Bl Zr 2B, $R#R 75 [A] 2o xEH.
y :

Ay f 1] f DE FILEE ST D M= (28h) 2L 5.
(LOS) ® ])=0, m=0>=|0,0> ™ AEBEREFIMND, |1, >ADHET
(X, |R>HSIRURERN, |1,-1>~D FIFE TIE,

Transition between |0,0> and [1,-1> ARSI,

1J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1>

"

(]J=1,m=0> to |J=0,m=0>)IL7%&L .

—~. £ mm 32

X
(LoS) M |)j=0, m=0>=|0,0> =

23



90 deg scattering (B=0) -deexcitation process-

Transition between |0,0> and |1,1>
|J=1", m=1">=|1"> |J=1/, m=0’'>=|0">|)=1", m=-1">=|-1">

(, QEFtEhZExEh L5 (EFILEME90°[A]ER)
|1,1’>=(1+c0s0)/2|1>=1/2|1>><1"|1’>=1/4
|1’,0'>=-sin0/v2|1>=-1/v2|1>><0’|0'>=1/2

|1’,-1">=(1-c0s0)/2|1>=1/2 | 1>><-1"|-1">=1/4

7 ﬁﬁ@]gﬁﬁﬁlwﬂ) 11,0'> >|0,0>THFIER

109 |1=0,m- °> 00> 4275 141 ) | < [ ST S AL,
|1'>&|-1>HNEMEIFE1E L (coherency D FHEE), v A

Transition between |0,0> and |1,-1> [ DEFIREIL(A(|R> +| L)) DRGNS,

|J=1", m=1">=|1"> |J=1’, m=0">=|0">|J=1’, m=-1">=|-1">

(i) g / QB FtehzxEh< &5 (B FLEhEo0° HEx)
z 1/4 g / |1, 1’>=(1+cosB)/2 | 1>=1/2| 1>2<1’ | 1'>=1/4
t v |1’,0’>=-s5inB/v2 | 1>=-1/v2 | 1>2<0’ | 0’>=1/2
/yx |1’ -1">=(1-cosB)/2 | 1>=1/2 | 1>><-1’|-1’>=1/4
S o-'|0' . V7 EI D E AR (4(| R> +| L) AN RS SN B,
=0’, m=0">=|0’,0">

ETORFIL, (IR>+|L>)THhottEdyARE(ULAR)RALZERRILIZ.
> BYELIR YL (90 deg scattering)!
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90 deg scattering (B#0) -excitation process-

Transition between |0,0>and |1,1>
|)=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=]-1>

A

? > LR
t | TREHE D Eh%E 80, P4 [, BJ5 M % xE.
y H

oy f 1] f DE FILEE ST D M= (28h) 2L 5.
(B, LOS) " |)=0, m=0>=|0,0> H BB ERFEIND, [1,1>~DRIET
(X, |R>HSIRURERN, |1,-1>~D FIFE TIE,
Transition between |0,0> and [1,-1> ARSI,

1J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1>

[ ] [ 1] T transition
. A

(1) e (|J=1,m=0> to |J=0,m=0>)I&AF0 .
L T
y

X
(B, LOS) M |j=0, m=0>=|0,0> ™

26



90 deg scattering (B#0) -Rotation of quantum axis due to B

Transition between |0’,0’>and |1/,1'>
|J=1", m=1">=|1"> |J=1/, m=0’'>=|0">|)=1", m=-1">=|-1">

0 " QR FLHEHIST A (x8) =& B(EF L%
z 1/4 1/4  90°[E]#E)
y |1’,1’>=(1+cos0)/2|1>=1/2|1>><1"|1’>=1/4
Pl |1’,0'>=-sinB/V2|1>=-1/Vv2|1>><0’|0">=1/2
Tty 1o B |1/-15=(1-c056)/2] 1>=1/2| 1>9<-1'|-1'>=1/4
' |4=0, m=0>=|07,0"> 117>, |0'>, |-1'>ASREIRIAR1E.

Transition between |0’,0’> and |1',-1'>
|J=1", m=1">=|1"> |J=1’, m=0">=|0">|)=1/, m=-1">=]-1">

(/) QEFALEhZFLIH A (xEh) [T &5 (ETFLEhE
z 1/4 1/2 /4 90°[Al¥E)
1 |1/,1'>=(1+cos0)/2 | 1>=1/2 | 1>2<1’ | 1’>=1/4
y |1’,0’>=-sinB/v2|1>=-1/Vv2|1>><0’|0’>=1/2
74x - |1’,-1">=(1-cos0)/2|1>=1/2|1>><-1"|-1">=1/4
(B, LOS) [J=0’, m=0">=|0’,0"> |1’>, |0’>, |-1>HA R AR L.




na.

— Rz 58,

INLUEHER

e BIZ&DT, #giBH &lFTeoherencyh¥ g FIS

EICEoT, ERRICENEAE.

e B+ 558UV, SEEIZcoherencyh <7 5.
(Hanle saturation).
— R E DBIKFENGL7ES.
BREZEITHITT

— coherencyM7ELND T, L&

Rt A

LEBEADbND.

/




90 deg scattering (B#0) -deexcitation-

. o o HXBIZ &Y CoherencyM7il7E- =D T,
Transition between |0’,0’> and |1,1"> RN ETER 2

|J=1/, m=1">=|1"> |J=1’, m=0">=|0">|J=1’, m=-1">=]-1">

i) /
1/4

I AEHSEFNID, HEY

e MRS |R-D SN 3.

X
(B, LOS)  |J=0", m=0">=|0",0">

Transition between |0’,0’> and |1',-1'>
|J=1, m=1'>=|1’> |J=1', m=0">=|0’>|J=1’, m=-1">=|-1’>

(i
: /4 R R REAND, £EY
.y MRk | LA ST SN B,

N

(B, LOS) |J=0", m=0">=|0’,0">

29



90 deg scattering (B#0) -deexcitation-

Transition between |0’,0’>and |1,1'>
|J=1, m=1">=|1'> |J=1/, m=0'>=|0’>|J=1, m=-1'>=|-1'>

(7)

1/2
y v
/V
T 7
(B, LOS) |J=0’, m=0">=|0",0">

HXBIZ &Y CoherencyM7il7E- =D T,
BERPTETERS.

AEFERFAKY, EF1E
i (x3) D 75 R S SEF [T RS
SAVIEUN (yEH, 2B 75 R (AR
HEnhsd).



90 deg scattering (B20) £ & &

IJ 1’ m= 1’ |J 1’ m= OI |J 1 m= 1 > |J=1’, m=1l> |J=1’, m=01> |J=1’, m=_1/>
\ -
b T
F:Hﬁ'ajll_', |J O” O” |J=O”, m=0n> Fq{ﬁjll_',
(I') |J=1H’ m=1H> |J=1H’ m=oll> |J=1H’ m=_1n>
yA
: B e
y |
Pl :
T x(8,105) 1/2
M RRA A~
T okl
|J=0", m=0"">

F—%JLT, BRI  BUELIR Jt+Depolarization (90° scattering)!

31



Forward scattering

/A\ I

1.



forward scattering (disk center) -excitation process-

Transition between |0,0>and |1,1>
|)=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=]-1>

[ ] [ ] [ 1]
- A
e >< AP L TOEH
! | RETS, 1R A%, FiS 7 %K.

Y
Ay 1 [ ] 1 DEFLHEREBS DM (28)2ES.
(8) H [)=0,m=0>=|0,0> H HEHERELHD, |1, 1>~DHETIZ,
|RSHNIRYREN, |1,-1>~NDFIFETIE, |[L>AY
Transition between |[0,0>and |1,-1> RIS 2.

1J=1, m=1>=|1> |J=1, m=0>=|0> |J=1, m=-1>=|-1>

[ ] [ 1] [ rtransition

(i, LOS) A (1J=1,m=0>to |J=0,m=0>)[E7ZL .
l,
' ></
Y

X
8) ™ |J=0, m=0>=|0,0> H

33



forward scattering (disk center) —Rotation of axis due to B-

Transition between |0,0>and |1,1>
|J=1", m=1">=|1"> |J=1/, m=0’'>=|0">|)=1", m=-1">=|-1">

[ 1] [ 1] [ ]
(i, LOS) QE F1L#hZ B/ A (xBH) |2 (EF 1L Bl Z90°[E4E)
z 1/4 1/2 1/4  |1',1’>=(1+cosB)/2|1>=1/2|1>><1’|1'>=1/4

B )

X LI L
(B) |J=0’, m=0">=|0’,0'>

|1’,0'>=-sin0/v2|1>=-1/v2|1>><0’|0'>=1/2
t |1’,-1">=(1-c0s0)/2|1>=1/2 | 1>><-1"|-1">=1/4

i |1’>, |0’>, |-1">H BRI FEME (coherency D FHEA).

Transition between |0,0> and |1,-1>
|J=1, m=1'>=|1’> |J=1', m=0">=|0’>|J=1,, m=-1">=|-1">

(i, LOS) 1/2 QEFcEhE B [ (xEH) [ (EF 1L E#Z90° [l Ex)
2 1/4 /4 |1,15=(1+c0s0)/2 | 1>=1/2 | 1>0<1’ | 1'>=1/4
|1’,0'>=-sin@/V2|1>=-1/v2|1>><0’|0'>=1/2

|1,-1">=(1-c0s0)/2|1>=1/2 | 1>><-1"|-1">=1/4

P X o I LI |1’>, 10’>, |-1>ANEML B 1L (coherency D FE A ).
(B) |J=0", m=0">=|0’,0">

BAY+ 458U VB (Hanle saturation), coherency T2 IZHEIEES 5.



forward scattering (disk center) —deexcitation process-

"y KEMDZEIZEZS
Transition between |1’,1’> and |0’,0">
|J=1’, m=1">=|1"> |J=1', m=0">=|0">[J=1, m=-1">=|-1">
(i, LOS) BIZ kY CoherencyhV ki »1=D T, B H &
f 1/4 [CRHTEZS.
y - - _
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