


YBE — RTT

\

Bd{'» Anﬁf‘} Quanlum &Ymrs

S°‘ T:Oﬂs Q“ ‘tmu s an
of (Mm;l linear) M;:m’s Ym‘?'
QmTuM InTea»Vﬂ’k (W;aonone- ( Rq'tfoqq_q
MOJQQS tyic Solubons Sb‘a'tfaq,q

°t YBE) YsE)



(‘I)Ym.am ( Drinfeld ) .
Yt S
(1. 5.1=C L (Lie afsoom )
[ L, ;«]=C app Jp
for S.Q(‘) :

(3, (5 T1] - 11,03, 5]])=
© Qappupy fI.g, Tp. Tyl
Crpou pr ";TC)v@C/aFT Cvdj’crrf
$2), A, 25} =‘,¢§& A; A5 Ape
For sdtr) ny2: |
(3.3 [16.53) + [ [T6T.], (L2.3.0]=

( Q,\/xw,st( ory T thv«f’r Cz\/w) i L, 15,97 ]

ﬂo'twall oj e Yela't?ons are ""d¢r€nale;)t uﬁlj
Jacohi identities and e paflicular Torms of

| i’\,\y We Cam find e independest ones fr



SU@), SU(3) aad SOLS).

The co-pYoduEt veads :
A(AB)=(@A)(2B)
A(L;)=LT;®L +1OL;
ACT)= J.01 +10T; +C i TO Iy

For nslance for SU(2) we hane
(Ii« ,%] =y egjk Ik - ( Ljuk‘ 41.2.3)
L5, J; ]'56:.,'4(32\ ‘
[J}, [Js, J—]] "1‘5;) ( IfJ— -J-rI.)Ij
(A1=A1tiAz) |



@) Simple Reatizations of YCSUL)

- .
° For amy 50(:)—oPequars .Si d: L-Th
. N > |
sile 2 ?,:; 2 A
-P
J

*&1 Comm&l’c wo’*ﬁ Helolame ~ 9‘%!% moale.?:

H= (5;—?(2; zj/i:jZ}i)( P‘J’1 )

2: -2, 2 gém )



> N >
r‘l” .,
+ +
= 0. . -b.-UZ,é..Icl.
J-"' (%} "J % J itj Y J
J-= ﬁ % b:;'.q,' +0L €. 1, I,
' c¥j ¥ v J
N ’ -
=1 . (afa.-b b )ruZ € T I
%= 33 by hb)ruges 55

6i,j= AN "3},)‘1-0
€y 1 tic) . -1ti7)). o0 u=j)
- Hat Cmvmﬁte with {=dimens’onal _Hu.bbwrc(

Mot ( Korepin - Ualov ). |

a] = Catr , &= Cip

bl =Gy, bi= Cu
( fermionic operalors wilk Spin ot
=R gite ).



;4,»=-Mvﬂ (g, v=0,4.2,3)
K;: , - Specia corfermal
D deliTation

In 3 dimensions Here are

E : Kot'on in 3 dimensionaf Spac
-B’ : Lwtn'fa- boost |
D

e T amd T T sdisfy Yesuw).

ﬂmt, Ha -funTe w- J}Qbm ']'ormed b/
1a~l J is no'ﬂnna buat Y«.naum



ﬁz?&sw‘rs féj‘!
C.= 1 ( M,...Mf“'*rrf‘lyﬁk"f/’u) -D°

s04.2) RfSap:
M,,,, = Zupy = Afp

K/Av'-' 22, ()= 2 f}A
" De=lrp) D C,=0

Tke,abwe foms | d“ﬂ%ﬂ Sol('ﬂ)
- r“f Wlﬂa‘\' % % ?am'fum com»a,.

| _J [7 4,][4 qJJ -+ TOYM:O”;}

| -‘(_". ‘!‘l‘.,‘ N



Super YN metts B

1) 7fmw oloy; vatre amd " ati-
Commifatine C- number
-7'}\1’94;1\ A" T A-G‘]
o, o =1. 2 _ ot andl withouT dit

9 =4.2.-N  Suplr indi(es.

A, L € su(z2.C)
W'Tﬂﬂ' Loren"} group ~ Se(2. € )
| 7}«-!9 (/4:0 1.2,3)
| ?’&Cm’u,ﬁ, mohﬂi\.., st "h
{@ .8} =2¢hp. (1. k--fJ)
6=1 R Bp = eFi’ elS o-“._ (m=1.2.3)
(Br B4+ 45 A5t 541 0 Fh.ARE € +#14)
QIRT 1] ALY A s

""’7”'" = (=1, +7,¢/),+1) (n,m=z0,023)



- ;2 o4 =gy 2 . 8
Qaa=(55 ~ Pas 88) (557 *i 6 i)

-2 5523 158 6% 3 A
?QAE-B—A +"0?§A ﬂé+9 6 7a8FBA

. . gC .82
ot da -k BA

( + .3- "

> (@, Q;}=2i %i *0°B8 (%% % %]

P (T R ~
1£ 7&A$AB %B#BA (O;A %:' 6‘,4/; OA )9,2,,
Y ?«%"9&);“ =0
{CPA,éA}=Zi1A,A=ZO'//;AA}/>44
i - ol ;s';#"f-i.?&jﬁ?@.

oot -—L”""'b 113, "ojé'l:f'zlj —tE ¥4 id. 2



{Qa. &u}= {QA/QQ }= [P, ppl=0
[QA &]‘fé},&‘jzo
c - A‘,U ) (»g.:a:,@f‘t{’?%"—

"‘f Zk«‘i,«*i:‘;i " "’,u N + (,X B B )
Coy. .~ .t .. -or deriyalive :




Fais = D i #Dg 5t #i 8, A, 3,22 %5 For
[°¢2«, I 7=¢ Lun »

C =i [ 0.9, R [«%/qﬂjj



Gulyalfed  Jocol’ g TToes :

[ 0.0}, 9.7+ 1[4, 9a},DsT

+ [f‘sﬁogc},gﬁﬁ\jza
’{°9¢56+£85A+,3A5c=, @
Bz Fak* 8 Feq B3 Fac ° @

[fO0.8,} & 1+ 718;:. 9,4, D]



(76, 943,95+ L08.8.7. 941
+ [[’SAWS);?, S/u}e |

é)f /«f;)ag én,ﬁa'hﬂ,sfm""

-.&0

/‘;‘5 °9A 6«&+°803F

(e gnye-ay o)
s
PC.M/E:U-'-' GLBA(J;"EB .SA/B- GBE”)

= (pew)



(L) So4 2) Symmﬂ"j
""é& SYM s c[‘qgrmiom in -?&
oL~ F T FMY) -

ke LA SOW2)eE 5.
Sols2): #15% W;WS:

" ~ ¥4
/,y-xﬂﬁ,-x,)g,\ Cpo¥=0,02,3) 6
K M : Special Conj‘omm( “
P y- L F8 | 4
D ¢ Dilitation | 1
(ko 6y100 L’,_._:i 15

[ by =20 & M+ G D)

[M’M'kfj= “l1*‘</‘-q”f kﬂ)
[b. k I=iKa , LD.D. =-£1},



izing -

Polar

de

io

Photod

ell
|
v

Magnet C

iner

Beam
‘Comb

am

o Pump Be

.Chopper -
R |

© Probe Beam

N I R I




21 ’Ta?

Wae U, 10,9]

3 S

H=ks+

tﬁ S} Student Version of MATLA{

T e e e o aonins -




(M) P‘L’So'(bﬁ A-ppll'cifa'ms of- Y.‘alm

Ewa\ple i: Pu.nle J).ﬁkch/ Y 4 Jt 2
Expmwﬂ: 220°C, In vaper of #7Rs

tRare ore w‘ Rb, moleculer ,i €. w.}ﬂ.
totald.5pin 4, It turs oul dR<T wnder

4»"(.!4 maam'\'v( {nJo( ~ 1500 Gamss Ren
appears degeneracy.
T'\Q MOM 'S

H KS + Z(K*“)Ss .
where K""' spin of 0'&2 cave rﬁ— afom

?iktk»rl)

5(s+1) , s=1.
For x=ti( cotrespmding + B,z 1500 Grus
vﬂwa He 2 - oxis ) |
E= -L |
2 9 -



Bodh B> and |-B> olo Rave dRo o
-

enovdy (Z). When E—> -8 whilk operaler

Con be vatvoduced o TTMS?T l? 7 To 1'37?
TLR opeva‘br 'S Yanan‘cm:
T 182= -8

->
-3)'= a'§ + i Sx K
a is fnc&penm-r "- M, on\)" depends
on K. | |
The Pkysfcdl reRSoN : whan B= ‘Bo?; s
applied it gives vise To Beaman effect for
Spin s .. Howeve?, HRor exiit Tov pue olue Jo

P Y

K Rt Cancell ta splitot spectram



E X p’@ 2: Vs problem ( 3 spin
structure, spl:rh'.? )

<, e
gH;0
s F

Fr Vs 1) Net spin= )}

2) The iwferaclims betwasn
Spin-vp eand Spin- down % dipolr CouP)s‘v
between moleculars can pe nealeé'l'eel.



3) At low Tk Grousd slife : 3pin=/4
The -(I?!-l exc Tt S'bfe:s’,'":%
1) ISJtVOp)‘C t .”WM‘.C ,‘g'd E.

]
}, (T~ 0°K)
g

©

-+ — —
23 BT)
E 4 | | |
M PSS
>/;<::A ( }Qro-'fode'
4 ’ P!

t
o 8,(T)

Pugsle : W“)’ tRere appears enrgy rP

«t 3o {\-Q.M for Spm“/‘. branch ? o



Dttty s wmodet shoud be isotrepic and
widkell applied field.

There are  spin=3{ amd Spin=)f STates,
Ldvoducing 3 spins Whose Higbert space Ts

(1 0d)01 =4 ©0)03:=2®z
@4
There are 6 = Confficiedh descriptin. Howerwr, we
shatf wtroduce e Yaupion oo collective apiton
numbey.  For 9aneved mwa,‘we discuss

(2009 = (1 ©oIB! =zH. 2-1

The highett we; L1\
lowwest - 2=
mwtli-pl:u‘l'a 2: 8
> } -5 3 -l s e % = )
j‘=fui$¢ ";‘t.z S.’XS' ' 5 £
(o | “j J Sabi

Deno‘b'q’?pf tm omd f:m e e.ws-t«'l"cs- -fur
twe 2-weishts we Rac€ |



RES =S=L8=1, i}+& ), F¥ I ERER—{b & L ®s,s,,
S=81+8+1 (& “BIE”)

i1, (BRANEE), D1y g1 (RABANE)
), o (BAMSLE) (~1 < i < 1)

EEYRBABNMTE, HEE.

3 3 . 1
Jz@z(,li) = {Zuf + Z““z’ + 1+ 1)ul + QU1liz — Ugliz — Urug

+ B2 +1) - i-]}cp,{,. ~ VAT D) (w1 -z + h) (s + B,

320 = —\ill+1)(us — ug — h)(uz — h)®{Y
3 3 3
+ {70 =)+ 10+ 10 - 2o - Zud}ef?

N

HAFIER 2 (ejgemvakues)
/\l(i) = guf + gug + l(l + l)ug — %(ulﬁz + ugquz + u1U3)

+ Rl +1) - %] + %\/5

P = [2u1us — ugus — uyus + K2(=20(1 + 1) + %)]2
+ 4+ 1)[(u1 — ug)? - h?)(uj - h?)
i 3 AMER RN (The eigemcletes of T are )

1
aff = (B0 +1.00)
Ial,il
1
ﬁi = 2U1U2 — Ujug + hz[—2l(l + 1) + 5] + \/5
Y+ = =2 l(l + 1)(u1 —Uus + h)(U3 + h)

Bl 3% AGERS Y o 5 o) BHBMAEHR, Y uu 5 us (LEE, R
—ERLXESH., Mk

U2 = U + U3

,
ne. 42 e,?t«s#ﬂ uf ft:'s ﬂ?;.qr conbinalion of Eﬂ.n |
nd g; Wt v gersml s oot um%? T

"bihq €, agf 4, ‘

V4 4



When we Td2  U,o4)*+H43 and u‘.‘/ndw?
_bd =y + b -20004) n Lt
307-.{2 )= "3 [ 24 (41) eJ/JF-
swep = f 2Jewet) (4 —hI5/ UF
g o -sin% )( f,f.\)
(a;;; ) (m% ek N\ &,
Wham p#o , ){:’ ¢)~‘;) , »e. diserdt G‘W‘b‘“’
Fre thin spin stucture  we have e sét of

rmi"um numbers .
& X - N 4
2152 e, Fonu)l

S

The emelusion is »‘nh?‘-hllﬂ‘t "f‘ G:Q-S:)&% 2
SO0 od GnsR Contoy of 48 Pl
Wil R Yongiam dcsmfb'm M&G«ff’”?m’
of ii': Flu up] we imtroduse te H“‘"ﬁw
l'(=(a'$t*l>‘1)l)°-5).f‘-"'o 5.5 s/t
M 'S .‘so‘HoP.'c y 2xternal Mqﬂm.d'c {.do‘,
Q. B=0.
7



>
fr B2 He-afe15)5

ng).ﬂ,m = “%4-375) §¢ﬂ,w\

HEim = (a-{0)5,, .

- 3 .
Al = #(ﬁﬂ)t ""J-C(.w)q‘-.-(f_; -5)7

ol - ¢ —c¥
( i ch/z S\u/g)(i‘:.“)
0, fuu% e-."/
Cypdz - Y. Sw®=JewErd/fo

W= Let)a+ @ <)t
=% B 3 spu-4 systew.

/76



- f—z‘-(q-l,) Jq;:a é@r‘)o o Ao
3 B, 2, }=[° %"]+[ 02]
L ¥ =

(47/2'.'\}19;4) € i

ac Enngy §P < ,

aE.= /3 (T-4)2 0

In s mede e " 3ero spl@'l‘fwa” Come, (Yow
Ke no-dtudiw” Oj 3 ’pins and dRe c-ww:hm‘fa
betwaen e Hamifimin and Squire “ Yot iam
W‘IPM Jhye 'S 4"[.}4 ‘;.g;.'e'; :ﬂl oa‘ﬁt"'b‘m
Hy= -Eig;' c-gS "'Bosg
»l
o LT' SJJ:Q so G sot
g >t
{3 s, 7}
‘form o Q*ﬂl.r&- v.uuduu nun by 5?"
|
He ¢, =™ f;...

He I.;.n"' ?:.‘"- | (-3




Example 3. .
SYM (N=4) meils YB

Yo.n?ia.n S,mme‘t‘ra
( iniated by Polan- Nappi-wm'én)

Yous - M:lls field :

a
=cA L
p/"e a/**HA//‘ AI“ A’“ <

(D, P12 6o ° EA: I,

N a a . S = Q&
Eo = 2.A, - 3A. n}(@«xA,,)

fwrgvo YM‘-
Besidse HRa isaspin indites &
Hare ore @iy iternal degrer V.
Nel 2. 3.4
T“fu-.& ym. . /6



@ uanliom Comeclion
D—D+ 5‘3
$D =(Hami Ltonian ) ;1\
[Fl, Y(Solé))]= o
re. H does hove Y(,Sols)) 5)'mmdz
bat H Can be wr.'ll'en " ‘lﬁc-fovm

H ZH

A = | ~
A== ¥ G300 - ¥

— ez ¥ _
Vor)y: _!IM A 14) 2 Suler Cu?’
aA |

Js )+\

L8

: r N

T5,50m= 551 55m)

S;&S(SH)GO »e. Ss=o or~1

/2



The H Hud bemn obtasrod Y/

Kulish -+ Hroupk )27,- Hoxer apphbrdh

wd dyseribes & maguatic Chain Wik
==] &t eachk latce. Ftis o°
represeptation of SUI2) !

On e otfer howd , LipiteVv
Jave ke "{4/0'17‘»"« e r// /nﬂ‘l on
2 non-pelurbative AeD corred‘rm
B dke frer porfon modd in Kk
eugrgy Collision ¢ x~vse ¥) He addy
te Feyman dicgmphs of (2ad'if
terms % Juarantes He Uity /

The LipcTov modt] mey be clec:&d

neyl yeay by wip.
e



Ruantom 50(ualioms 7 open
> (colmless, massig)

. o, r ponehdlt; .

'v-éclmim Solalimg = charn ¥

(Color, massless) __ conservil
cufﬂnfs

L
) Bosic TharY 4t
M T = Ry

k& D
l Medels ( weinher§. Lo)fat'

S“P"YM Integrable ’P
P gl
-6 > Gxadly solvable modals
T Symmety { ‘°m"“3?

New 4ymmd‘ﬁos fov nonl Nireay
Models

Q nam tum iufcmd ".0“\.




Sl

BT |- t—ttasyeEr—
(B, ARR) '

R (M}onopoles, Instantons, . . .)

SRR .
— JLf, it (RE SR

A[RE, SFER
Higgs
— M Y8 i, (Faddeev-Popov,
% - Mills BT A e e )
—QCD
A (Weinberg, . . .
Lipatov, . . .)
XYM ' 7
(QCD BIEM A BBSA —? RKRH)
B~ Baxtel | g (45)
J(X‘T k) ;Rﬁ?
— RBEREE A A F A HRYE BrERE)

L»«";mbz

17



