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UTIUSULLD CULYULARLE FLARPUIROC

p&Yw, wpgwilnubnyem bp. Uupdwwninhy wquinnt pyjuil
hujntwgnpénipiniihg [1] &phumbsnpu  wmwph wbhg dwlbnughb
pnunghtudhjwl’ nhumpinh, npp tupugpod | plwplukph

b qpointtph dhel mdtn thnjuwgnhgmpymip, nidkn juwh pkdhunid
dtmwd b wbhwuwbbih: Uhlingt  dwudwbwy, qkpohtt dhp  pwlh
nwubudjulmy nhkuwljwb $hahljugh wdkiwlwuplnp
nignmipjmitikphg Uklyp &>gppwn Ukpnnubph qupqugnidt L, npoip phy
wwppbpynid kb junnnpmudakph  whumipymithg, pwth np gkpphim
Yhpwekih sk nidbn Yauwh hwunwinnibh ghypnid: Gjuwhuh dkpnnubpp
qupqugynid  tht  bhdtwhwinmd  thoyuwht wbgndikph b
wpudwywthughll quonbph pywinughtt whunipmibbibpmd:  Obdtn
Yuuh wpnpkuh [pdnudp juwp hojwgnbgnipyubt (phy gunlbpp ng-
wpbjjub  wpudwswihughtt whuntppitnd U, dwubwdnpuwby, (nyu
Juthnkp wbghuh hunbl bplngph dpw, hbywghubl b b tuien
Swbnughtt Mpndnghtwdhuypnd: vnunndtwihg htwpugopoieinii
t &oqphwn huwnbkgphjpmipjut  Yhpwenwdp: Uy hull wwwngwnng
tphyuthuth  guhgh Ypw & qphn  plunbgpnn  hwdwlwpgkph,
dblywthwih uyhbiugh onpwbitph b 1+1 sunhwith pjwniughn gugwnh
whumpjul dnphjubph numdbwuhpnipiniitbpp Uigkppuhly Ahunk
wlqugh pewblibpnid dimd Bb wijnniwyg [2]: Opny Gyt swthwih
&2qphwn hinnkignynn Unglubp, htywhupp &u ny gduyhlt uhquiw Ungkp
Jud Gpouu-Liym dnghjp, odndus ki wuhduwnnnhl wquunntpyudp’
kpbnyp, npb h ujqpuitk ghnwnplpyty b ny-wpkpwbh npudwsunhughb
umbumpnibhitbpnud: Uju wbkuwmblymbhg  Splpypunh  Dhwnbkgpyny
Lywbnught qupwh  whunipjniibkpp joiputhunnnly
[upnpuinnphwikp ko wbunipniiibph  wyt  hwnynipmibukph
nuunitwuhpnipjwtt hwdwp, npnbp skt Yupnn  Gwpugpdbp
finunnpondukph - wbumppudp: . Qwpkth B howow), op wgy
hwunlnpnibibphg wobjuqi vh dwup Jupnn L ubgudnpudy
nwpwdudwbimluyhh wykp pPwpan sunhnpuijuibin pyudp
whumpmibiibp: Thpp toqus 1+1 (Jud Epym) sunhwbh dngl)ikpp oun
Yupbnp b bwb wb gwndweny, np pinippub by Jub Uk Yud
pjughukl suhwih hunfwlwpgbp: MTwndwlwinpki wnwght §oqgphun
hinnkgpdnn  Unglukpp  tokp Bu 2wyqbbpkpgh  hqnupny  [3]b
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wihqenpny [4] dwqubuplubkpp, npnbg MSdwt hwdwp Phnbkh
wnwewrpkg hwlpwhuyn  Phinkh  wbqugp: Uju  dngkubpp
Wjupugpoud & N pynd 1/2-uyhuibph thnpwqpbgmpniip dhwywd
onpuyh ypu: Uydd wpnbb wju dbpangp mbh hp ghinbghy Uigbppupy
Abutpynudp [5]. wylt oqunwignpstim], htuwpunnp b Jurnigh wu
tpym dwqubnpljutph pughwipugjus nhwpbpp, &pp oqpuyh Jpm
oupjuws L judwpulmt S-uwghtltkp [6,7]: Uwnbkbwnunipiub ke
dwipwdwul  pwpunpdus b Zugqkipkpgh wihgnupny dwqubnpljh
punhwipugjuéd  wwppbpulyp Judwymljuwt S uwhth hudwp:
Uunbiwjinunipjut dby oquuugqnpdty t Rhnkh Ujghppwhl whqugp,
nph wilniiwpupp  S8wig-Fupunbph  hwjwuwpmdt L, hUsp
Gnwptuhp £ hwinhuwimy &9qphwn pusdwb hwdwn [5]:

Unudnpd  “Ywwnh  Skunipjniulbnp, hwunhuwlwny wnwlg
quwugywsh Bywtunught Ywpnh  Shunipiniltubph dwubwynp
nGwptpp, vhwdwdwlwy Wywpwgpnd U juwdwjwywl wnbunipjwl
dwppp  thnpp  htnwynpnigniiUbph (pwpdp  Eubinghwutinh)
uwhdwuniy: Pwgh Uepnhhjwy punhwuntp punLjeh
hwugwJwupltphg, Jwu Gpynt dvhdjwughg pwywlwl hbrnt qutng
pUuwguwywnutn, npnugny £ wwjdwuwynpgwd £ pyubinnuyght £2qphun
1mdyny Unpkubph wbumpjut pninb quipqugnudp Yapghl dh puth
nwuhwdjulibpnd: Unwghl plwgqwywnep hwighuwimd & Gpypnpn
utnh thnywyhu wugnwubph  wbuniejniup, Gpynnpnp  (unwybp-)
qwnkpp wnGunip)ntup, . npl wjuon punLpjwl pnLnp
thnjuwgnbgnipnlubph Ubpwnjw dghnuyuwunieinup) Jhwuliwljwl
wnkunipjwu Jhwly hwywlunpnu E:

1984 . U.LGwYhup, U.Mnywlyndp &L U.2wuninnshyndp hpkug
hhduwpwp  wzhuwwnwupnid [8] gpkght tphswih Ynudnpd nupnp
wnhkumpju hhupkpp: Ujn mbumpiuh dke hhudtwpup whn b gpudad
Jhpwunpnih hwupwhw2hyp b pw wunljbpugnidiubpp judwywlub
JEnpnuwlwt  thgph  bhwidwp: Pwuqiuljbnwih  Yoobjjughnt
Poruljghwikpp purjupupnid -0} qduhlt nhplipkughuy
hujuwuwpmubbph: wl pujuhwih Uk pyny bplpyuh huwnkgpyon
yhdwjuqpulwl dnghjubp, npoig owppnid  twb wpwbg qubq]ush
nbumpyudp:  Ywpbth k gnyg ww, np wpwlg quigudh
nbumpymbubpp Ukd hbipudnpoipgniittph dpw Wwpwgpdoud  Eu
Youpnpd guipwnh dpengnyd: Uju unphjibph gudp ghpdwumpgwbught
phpunghtwdhljui nwihu t hudwyunwuppmb §nipnpd nbuntpyut
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JElnpntuljwt thgpp b Ynudnpd swihnquljwinieinitittpp [91:Ophtiwy*
Juduywlui S uwhiim] hgnuipnwhly Zuyqbupbpgh Jdwqubnhljht
hudwwywwnwhwind k hwipwhwyn Ynbdnpd dhu-Cnidhiin-Undhlnyg-
Jhphu(1Qud) [10] wtuntpntip, tpp tpw vuljupnulp pinipugpng k-u
hujwuwp kt  2S-h, bhudwywunwupwt  jumdpp SUR) L huly
YEunpnbwlul |hgpp wyu ghwpnwd® C=3S/(S+1) [11]:

Puntqpyny dUnghjikph b Ynbdnpd guowmp inbunipynititiph dhol
Yw uph owwn htwnwppphp Ynbunpoijuhy] juy [12]: Thpgubktp Gplsurth
wihwdwutn Jhdwjugpuljul Ungk), nph wdkk vh ququpenwd, pugh
Juunu( A) uyblnpwy wuwpudbnphg, ju hwbjuy dh top ywpudbup
bu' z, wyiybu, np  gwigh hophqnuwlw nigpoipjudp Jui N pyng
hpwphg wwppbp z wwpubnpbp, hul ngqubuwywog auggoepjudp
upwlp bnygul b Ujuwhuh wnbkumpjul thnjowbgdwb-dunphgp
jupws £ A-hg b N pyny z-hg: 8wlg-Pupunbph hwjuwuwpdwi
ounphhy wju wbumpmiip bu  htwnbkgujon t, & Jwphh E juenigh
hudwywunwupwt Fhnkh JEjunpp: Unnpuljut Aenbkh whqugp
jnwsnid £ ouwklupw] wpoapbd, wyuptph’ bwoymd Lt dnjuwmbgdui-
dwunphgh ubthwlwb $notulghwitpp b ubkthwlwb JEhwnpubpp:Uju
nhypnid uwblnpu wwpwdbnpbkpp, npnughg Yuwpjws t Rtnkh
YElwnnpp, purjuipupnud GU, wjuy bu Ynsthud, Plwnkh
hujwuwnditphtt: fEknth wiju hujwuwpnudibpp houvnnpbt jpwngood
kb on-mass shell wuydwlh nhp. Gpk  hwidh wju wuwjdwbp, wyw
uwkljnpu wwpwdbnpbpp Yjhukt juduwyulwb, b Ankh Jihnopp sh
1hth  ubhwlwb  JEjunp  thojowbgdwb-dwnphgh  hwdwp,  wy
hpwjupwph oww wykih pwpny hwjwuwpdwh: Uund tip Ahnkh
Jtyunpp Yihuth off-shell, b, wyy hull wwwngwrny, Jhpnnp widuil)
kup Off-shell Bethe ansatz jwd Phwkh pughwipugduws Tuqug:
Ujuybu jumrmgyws dkjunph pymqhnwuwywl vwhdwbp  Soghkith
dwqubuhlh JEhunpl &, hhwpl, off-shell dhgwlnud [12]: Pulj @onkuh
Udwgbtnpp Yuphih § wowbtw;  thojowbgdwb-dunphgh  pquqh-
nuuwywl vwhdwbinid, Yud Jupbh ' bhklg nmpulp uomgh'
Jtpgubny puwuwlwi Swig-Pwpuwnbkph bhwjwuwpdwb  pwghnbuy
ndnudubpp juduwywlwbh wwpg hwipuwhwoth ghypnul: Uniu §oguhg,
Gnnkuh  uyu off-shell dtljinpt oquawignpsdkiny, Jupbih L juemgh
Yupduplj-Quuininshndh  hujwuwpdwl  nwdsnditkpp’  hiunkqpuy
ubphuwyugdwt wkupny: Uju hwjwuwpmdubpp gduyht ghpdhpkughuy
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bujwuwpmuttp i 9UY nudnpd wnbumpnibmd® N Jknwbh
Ynnkjmghnt $niuljghwiitph hudwp [10]: Punbkqpuy bkphuyjugnmdiukpp
Yuwpnigdmd Gt wyu dbponny, kpt 9QUY wbhunpeimbip vwhdwbjwms
judwyumbwt  wupqg hwipwhwogh  phypowd  [13]: Towsnudubpp
hudplljimd Bt hugnth Chlundwb-dwpskulyngh (ménwdttph htwn[14]:
Uju dbpnnp  Yphpuedbh b twl wth pupy phypmd, htyghuht k
Uwput-Ainjuh hudwlupgp[15]: Puywbu hwynbh b, 8whq-Fwpuwnkph
huduwuwpmut  nbih  twb Gewlyniwswihwywl b Hhuwwnhl
Indnudbp: [16,17]-nud wpymbupubpp pinhwbpugdus &b twh wju
udmdubph  phypnud, dwubuwdnpuybu, juemgdly b Yuhduhy-
Quuininnshynyp Lhwwpy huwjuwuwpnuwdp U quidbp Bu  tpw
|mSmdukpp: 8nyg Lt wpdh;, np juemgiws  hwjwuwpnudp
npwiwsmthughlt LHHnmpjudp hwdpiyimd E 9ithduhl-Qudninnshlny-
Fintwpgh hujuwuwpdwb htw, npp Wwpuwgpmd b inbdnpd Q04
uUnpkp winph Ypw: Loktp b, np ponp wyju phuypkpmd jnudnudukpp,
npnip N Yhkwnwbh Yaokpughnt $mulghwbbp b, YujJws bh
Eplpputhwih  gwbgh wihwiwubempmniitbphg, npnbp qu9
nbumpjul  Ukp huwlghuwimd nuownbph  Yonpphtuwnnbbp:  Uju
whuguubh b htwwppphp Gptinyph dpqhljmijuwi wwwndwep gupn
dind E wihuwyn: Unbtwpnunipjub ¥k Uké qouu b bdhpiws off-
shell Bethe ansatz-ht  ipw Ynulptwn Yhpwempmubikpht:

bpt  Ukbp uwwhdwbwihwlbip 1+1  sunhwbh  hlnkqpynn
nhkumpynibthpny, wwyw  n-dwuthiwh gnuul dwwnphgp
dwlunphqugimd £ b wpnwbwjnymd - Epymdwubhyubh S
dunnphgukph wpununpuiny: Ghymgw, uguuthuh nbumpnibhbbpnud
tdwh Eplnygph wwwdwep widbpe pyny wpddwb hinnkqpuybbkph
wnlunipmil k,  hiyp dwpbdwnhlynpkt pipoud k 8whq-Fupunbph
hwjwuwpuwhbp, npht pudwpupmd b Epymbbnwbh gpdwi S
dunnppgn {18,19]: &Y tptk qmuupkip muhwnwpmpejub b ppruhligh
wuydwbbkpp,  hwdbpw)’ wwhwbeim]  npnowlh  dwpuhduy
whuwhnpmpmi  (Uhuhdw; pwbwlh phhobkp), Junwbwbp b
Pmuljghnbiw;  hunjwuwpmdutph  hwdwlwpgp, nphtt whwnp k
pujupuph Epgnidytnwbh S dwwnphgn [18,19): Lkpljuymidu wyu dkpanp
Unsynud t poipuwnpuyh dpughp (bootstrap program): Tunphhy uju
ukpnnh, huynih & Epym jhnwbh S dwwnphgh Loqphn wnkupp, npp
poipunipuuih dpugph dhug on-shell dwub kb, Yupkh £ wuly, 1phyg

hpwqopsyl] t pwn wuwphbbp wewe: Off-shell opykljnukph hwdwp
huwuwpmubkp htnphnt  wowght tnopdkpp b wpymbplbpp
wunfuimd ko 9kpghjkuht b @ppubhlht [20]° sinh-Gordon-h, hul
wjimhtinl  Quuinjnnphyngh[21] b Juyupt[22]" sine-Gordon-h
nhypnul: Ujinthbunb Ywpndulph b <Guyup [23] unflih hwdwlwupqius
dluykpybght pmpunpuwh Spuigph tpypepy  off-shell dwup Jud
$npu-pulynnpibph spughpp: Snpu-purlpnnpp($dd) (nYuy oukpwnnph
Umnphguiub hdkint b $hghljwiwb Juynmdh b in jud  out
h&myubph vhob: Upu in b out Jh&wlubph ufjwpup wpnwmpugp
nwhu k tpyn fhwnwbh gpdwh S dwnphgp, npp 141 sunhwith £gppwn
méyny Unpkipmy &ogphwn hwpnth E pmpuwnpuwh wowehli® on-
shell, dmuhg: Gpp in jud out tpym jwd kowdwubhl dhdwlitp b,
quinjkghtt wjt hunJwuwpnudbitipn 23], npobg whnp © panjwpmpbh $d-
bpp: Udkpp nip, Udhetmp [24] duwlbpuykg (wpwbg wujwgmghin
ugt  hwquuwpnudibpp  (Qwyu-Ywpnyuih-Udhobng - Yud 94y
hwwuwpnidbp), npnbg whwnp b padwpupkh $d-ubkpp, kpp in-p ud
out-p juduymbub n dwubhywbh Jhdwmbbkp G Udhebndp ugu
hujuuwpnidtbpp  idkg Uh pwpp dngljubph hwdwp b quu]
hhwwppphp  wprynibipiitp[24]: Zhdudkn] LUQ  (Lhdwb-Uhdwtghy-
Shubpiwh) nbymgghnt pwlwélbkph dpw, wwnbbwpunumpmb dhy
upl 99U hujwuwpndibph hoduwonhmpput waymgnygp(25):
Eph buwynbh th $d-ubpp, Yupkih b hwodly Ephne b wylih pupdp
Enwih Ynnkjughnt $ntiyghwibkpp Gud Twyndwih dnibyghwbbpnp)
I tpwtg wuhdwwunnbbpp’ thopp b Uké htowynpoipimbbbph hwdwp:
Ugu Jpght fatighpp syl E dhugh Pohtigh dnghih glupnd[26], nph
$$-ubpp, ophtunl, uhquw b dnt owbkpwwnpbbph hufwp hwuwpuy
$mbyghwitp & Puy pighwbmp  ghwpnud  wu Jwpph
qoiquupninipyull hupgp dunwd £ pug: 19U hwjwuwpnudubpp gun
wth pupy kb wyh ghwplpmd, &pp S dwwnphgp whlmibugsught k.
ophtuuy, sine-Gordon, Qpnuu-Llynt uUnphjubph phupoul:  Hopu-
$uyinnplikpp bdwh phypbpnid ikl punn htigbputitp b pupdn Yupgh
phugnplkp b Zhjphipuyul nmupwénipub vke: Uju nwptpnud & np
Jtpp bpJuws off-shell Bethe Ansatz-p Yud Punbh plghwbpmglus
wiqugp Yhpwekh kb jnuémd | pupy dEnnpuijmb huduewpnditph
hunfwlwpgp, hiswhupt & 49U hwjwuwpnudbph hudwlwpgp: Off-
shell Bethe ansatz-p nwpu t $d-h  JEjuinpuljumb  dwup:
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Unttwpjnunipjub Uty oquugnpsyk) b off-shell Bethe ansatz-p, b
sine-Gordon-h  phypnid  Jwemgdl) & 99U hudwuwpnudikph
[mbdnudukpp  ptunbgpuy bkpluymgmudibph wkupny [25]: Lnwsnidukpp
unjhinntughtt $$-ubp &b, pusp Wowhwlymd k np in-p Jud outp
unjhuntughtt  Jhfmybp B $d-Ukpp Yuemgh i dp owpp
oghpunnplibph  bunfwp, hbywhuhp i uwhinpught  guowp,
hnuwtpltpp, Fubpghwih b huwnyuh phiqopp b widbpe Ryny
yuhywinjng dEdnipinititbpp: Uju owbpunnnpiibphg vh puithup $npu-
dwljuinpltpp’ houwbphtp, tukpghugh-huwnuh phiqnphin {kpwsdt;
U owpph pun Ympp Ywwh hwuwnmwnmbh b hwikdwndl Gu
lunnnpnudtitph - wbkunipjul,  wjuhtph'  $lidwbh  phwqpudikph
wpgynibpubph htw: Unwgdewd t phy hwdwdwyimpinit,hiyp gnyg ®
uwhy, np $¢-h &hpw phunpoipmnit £ juwnwpl), weiduqh wl
Sounipjundp, npny juwnwpyl) b hodblwnmpembp: Qwh, hhupyk, wy
Ukpnnubp®  &yunkint, pk np oykpunnph $$-u b hwoynid: Ophliwl,
hwubdwwndnud El hulwyunwjuwb nuowkph
suhnqujuiimpimbttpp  thnpp hlmﬁnlnpmp]nlhhhpb Jud  puipdp
Bukpghwibph  uwhdwimy Ynbdnpd nbumpjub htwn [27]: Bpyn
tnubmyny junwupyus hudbdwnmpmbbkpp gnyg ki wughu, np $9-
tkpp ghpwn B hwpdyus:

Miukbwiny unjhnntughlt $-ukpp, Jupkh £ hwodt) pphqbpuyghs
$¢-tkpp, plwpkny hwdwnwupwb  pltep  [24,28]:  Ujinihbul,
oqnuqopskny  pphqkpughtt $P-tbkpp' nupwnh  owbkpwuwnph b
Fpuwniibighw) owbkpunoph hudwp, Jupkh b unmgl] pjubnught
sine-Gordon-h  huwijwuwpnuip [28]: Mwpqymud t np, pYwbwghb
hwjuuwpnudp wknh  nith, &pk puuwlwb sine-Gordon-h
bujuuwpdwb kg quinjny Yuwwh ukpl qubgiuép  $hqhlulwmb
quiuqiush htwn Ywwyws L npnpwlih  wobympudp [28], opp
huynbwpbply khtt Swwnlikp b Quuningshnyp [29] wy  Epwhwyny:
Ulpnipw, hbwwppphp &b wyb dnpbjikpp $$-ukpp, npnip niuki
wuhdyununpy  wqunmpimb' SUN), ON uhubwnphuyn]  odun]ud
Qpnuu-Llynt b uhquw Unpkjukpp: Uju nignoipyudp wpliunwbiptikpn
tnp &b ufudly [24,30]: Puywku bl klp, pinipjub dby Ywh dkY jud
pughlly swhwbh bwdwlwpgbp U tpwbgmd Gjwbh wjbwhuhbpp,
npnip npnpwih Unwnwnpmippudp Yuphih b oingbwghl]  £ogphn
[nsynn  Unpljukph htw: Uju ghuypmd  $$-ubkpt  oqunugnpsmu
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$hqhjwywi opklwnukp hwoyknt hudwp [31]: Ldwb uUngpkjukph
Yhpwonipynibbbpp wunhu ki gunn hinwppphp wpyoilipikp[31]:

Winblwpinunypyuwl Uywinwll £

w) Qunnmgh] b £ogppwn (nist) wihqnuupny Zuyqklpkpgh Ywgbbknpyp
juduywlub uwghlh phypnud: Lgphwn  msdwl  Jhgngny gtk
htnkqpu hujwuwpnuitkph hwdwlwpgp, npp Gjwpugpmdp & S
uyhtiny Zuyqkupbpgh dwqutnphp Yuluguljwb ghpiwunhfwmbnd b
Juduywlwb wpnwpht dwqthuwlub gupnnid:

p) Cphwbpught) finkh Ujgkppuhy whqugh dkpnnt wybwby, np
htupwynp (htth wyl oqguimgnpstk) off-shell opjkljntip hwpdtynt hwdwp,
Jupnigh] Yuhdupy-Quuininnshlindh hudwuwpuwb jpisnidukpp
nuuwywl  (pwgpntw), bEwilynibwswhwiub b Fhwywnhl) nL
pYwliinuyhl nhwphkpnul:

g) Oquyk)ny off-shell Bethe Ansatz-h ukpnnhg, junnigh) wjbuthuh
[nidnidbp $d-ukph hwdwp, npnig dhengny wykh htigw Yihth wyl
oguwgnpdt] bhqhjuwb wprynibptikp winwbun hudwn:

n Gutk] Juyu-9upnjulh-Udhptindh hwjwuwpmdtbph wwwgnygp,
Eukn Jhuyht LUQ (LEdwb-Updwbghl-8hubpdwl) nbgnighnt
pwlwalikphg:

Unwyk hwyhpd wntlwhununipjwl bywnwyubpp wpunwgniwé Gu
Upw yaenplwgpntu:

Winblwpununyeywl npntplbnh ghunwlwl Unpnten

1) Unwpght wbquwu Ywonigdh k Zuyqkuplpgh wbhqnupny
dwgiknhlp juduyulub S wwhth phypnwd, npdl] £ bpu Lpqphun
[nudnudp b unmugyly | htnbkqpuy hwduuwpnidbph hadwljunpgp, npp
tjupugpnud | Ungbjh phpdnghiunthljwmie

2) Unwghli whqud quin]ky k off-shell-Bethe ansatz-p jund Fhwnkh
Chphwipugyus whqugp, npl, h nmwpphpnipinit Rnkh unynpuljub
whqugh (opp nudnud £ uykljnpw) wpopibd), jnwsmd E dwinphguljul-
nhddtipkighuy b dwinphgulub Rhuliptn-nhddnkghuy
hujwuwpmuukp:




3) 8nyg k wpydlk), np wihwdwute SUE) htduphwinn ququpurhb
guligh bwidwp YJuomgjws PFtwukh JEhunpp off-shell (Uwuuugh
dmlbpinyphg noipu) plughpuuwlwt wwhdwinid wywbnynid &
Quhduhy-Qudninnshlinyh huduuwpiwh pusnudubpp:
4) 8nyg t wpdly Gwh, np whbudwubn XXZ  ququpuyght dnghh
buwdwp Ywemgjwés  off-shel Rhnbth Yiunpp pdughnuumlmb
uwhdwinid tnwhu k iowbjmbwywhulwt Yuhduhl-Quuunnngshljndh
hudquuuwpdwh  (odnudp:Mwpqdl; & op wye pidnulp, pjuinnughb
Yuhduhy-Quuuninshyndh  hwjwuwpdwh  médwb  pjwqhnuuwljub
uwhdwl E
SYLuwhjhumyd wnwgus Yuyp, wihwdwube SUE) ququpuhb
guugh off-shell {tjumph w SUQR) hiujuwphwin Ghhduhy-
Quudninphlnifh hujwuwpdwb pidmuubph dhol, punhwtpugyl; b
Juduyuljut wupq Lh hwiipwhwoidh nhuyph hundwp:
6) Yunmgyt] t Rtuth prnp JEjunnpubph (ponp wwpg wpdwnwhb
hwJwywpgbph hudwp) plughyuuulwi vwhiwbp:
7) Uwbpwdwut nughlbp &b pgomd, pb byl vinwmbiwg $$-bkph
hudwp T4V hujwuwpmdubpp’ butyn] ntgoiljghnt pwlwadbbphg:
8) Oquugnpstiny Rtubkh plighwhpugjuws whqugp, wpwgwplynd &
uUnntihg wijuju pinphwtnip pwlwab $$-ukph hwdwp: sine-Gordon-h
Ungtjh hwdwp, dwubuwnpugbu,  numdbwuhpdnod B htunbgpuarg
ubkpyuyugnidp Uh pwih owbpwwnnpiitph ghypnid:
9) zwpyquplydl] Lt bpwlybnw $npd-puljunpp unhunbughtt gupwnh
budwp & uwyb bhudbdwwndl] bt Shphugh unnkh junwnpmdukph
wbumpjut htwn: Upwbg hwdptfunudp hwuwwnnd b pbghwhmp
Inpiwhqup downmipinitip:
10) sine-Gordon-h uUnntjh qnuyq pyny $d-ubph hwdwp quink) & bnp
ubpljuymgnid:
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11) sine-Gordon-h uUnghmd qnuyq puny $d-ukpp (kpynt Yhwwuh b
punwltn), hurdbdunly ki Styudmbh nhwgpudtitph htw, Jpushing
owpph puwn Shphiigh unnbih huununnith, wuwhbny dhuyl gsught
whngudbkpp:  Lpwbg  (phy  buniphjinudp huwonwnmd k
oulhpulmnphhph hptnhdhmghwh  /inyiwlwinipioitp/ pun dbp
punhwbmp pwlwéalh:

12) 2qwinuyght quynp nbumput Uk wmbduinfby k p-dnLulyghuyh
qumuuthwpp wukh th pwi oybpuninph hudwp:

13) Pphqbpughtt  $npU-pwlwnnpibph  hudwp quiqus L unp
tikpluyugnud, npl phgpynid k wlb tnp ibpunisdus p-pnrulghwbc:

14) Quity t &qphw  plwbuughtt - sine-Gordon-h  mwpwnh
hw{wuwpnp; wyl nbnh nith, bpp goympejnth mbih £oqphwn Juy Utipy
1 JEpwimpdunpjus quugqusutiph dhot:

15) Qutnft) b pphqlpuyhtt npl-pwlnnptibph wupdunnnhy quppp
pimpwugpny pwlwébh — pugunpmpoilp, Eutny Junwnpoudukph
nhunipjwh wupttinnhl Juppp ghwhwinnn Guybiptpgh phnptudhg:

16) Z(N) hqhtigh uUnghymd uh pwbj |njwy owhpumnnphbtph hunfwp
Junmglws GU puqUuljbnwih dnpu-pulnnplbpp:

17) A(N-1) Snpuyh hlwnbkgpny Unghpmy  tpuwnbbbghwy guowh
puqUuljtnuih $$-h hudwp gl Ehtunbgpug ubkplhuywugnud:

Wnuwinwlph ghtnwlwl bt Ypnwnwlwl wndbpn

7) Quujws  wwblwpununipywl UG unwgywd  wpryntupubinh
dEswdwulniejwl YEpwgwlwl-nbuwlwl punyrehl, nhwlg dh Jwul
nLltl wudhswlwl Yhpwnwuwl Lpwlwyntp)nu: Uwulwynpwujbu,

hwoiyh  wnblyn] dwdwbwlulhg tpuybphutnnuy  dhqhluyh

hirwpuw]npoipaybtbpp, Jupkh £ khipunpty, np  Zwqkuplpgh wwppkp

Ubdnipjut uuhtitbipm] withqnunpny Uwqitwnhlp, , jupbyh Yihth quniky

pimput  dkg Yuu mpnuyh Juopnigh):  Ophtuwl), wght Ukl
11




Zuyqkupkpgh hqnupny dwghbuhlp wpnkb huy Rinjhth 2ub Twpnkh
Ptwwhunnunh  pbwlnnpmd  thnpdiwljub  Lwhwwwpbn]  qubikn
thopdtp ko Junwpynud:

2) Tplyunp htunkgpyny unnbytikpp, hiywbu byl b wpnbl, jupng b
Yhpwnyk) phuy kY swhwbh jud pjugh-dky swihwih hudwlwpgtph
hwwp, b wy ghypnud dhahljuljul Ukdmpmnibp hwodljnt hudwp
Uhwl woluwinng Ubpnygp d-ukph pughpt t:

3) 1+1 suhwth htnnbgpng Unyhyutphg Uh pwppnid jw wuhdynnnhy
wquunipmnil, b bpuwbg nunidbwuhpmpioiip Yupng k jnyu utholy
wjiwhup  pwpy  Eployph  Jpw,  hbyghuphh b pnuduybubipen
(upqbjwhulplub hplinype) 8whg-Uhjuh pYwlitnughly
wnhkum pjnLuubpnod:

Uwnthununipyut dke unwgyms wpnnibphbpp hwipwhwyn b b Uks
wqpkgnipinih GU nibkgh] htnkgminng wbumpnibibph phwquywnh
qupquguwut Jpw: Unpmynibiplikpp oguuugnpsdnud kb dwpbdwnhjujwb
$hqhluynid,  whty  dwpdth  $hqhuymd b plwbwnwght  guownh
unbkumpjut dbe:

Whnuinwph thnpdwpliiniteiniin

Uwntlwhinuntejwl hhdbwwl wpnintupubpp pwgdhgu qbynigybl nu
pUlwnyyty U Jhpwqguihu ghinwdnnngubpnid L w2huwwnwlpwihl
hwunhwnwdutnpncd, wyn pynid®

¢ O'Raifeaigh Symposium on Non-Perturbative and Symmetry
Methods in Field Theory(LOR 2008),Budapest,Hungary,22-24
Jun 2006

¢ Conference Modern Problems of Theoretical and Mathematical
Physics September 20-25, 2004, Georgian Academy of
Sciences, Georgia,
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R

« 6" International Workshop Conformal Field Theory and
Integrable Mod/s September 15-21, 2002, Chernogolovka,
Russia,

¢ [nternational Workshop RLow Dimensional Integrable Models
and their Applications in Field Theory and Statistical PhysicsUU,
May 21-25, 2001, Annecy-le-Vieux, France,

e NATO Advanced Research Workshop Syatistical Field
Theories18-23 June 2001, Villa Omo (Como), italy,

» International Conference on Integrable Structures of Exactly
Solvable Two-Dimensional Models of Quantum Field
Theory,Kiev,September 25-30,2000,

huswtu LwbL wwppkp ghwnwywl YEunpnuutph ubdhuwpubpnud®
dwulwynpwwbu RnUuh, RErhUh, Umniijukih, Uwb-Nwningh, Uunt-
Yupnup  hwdwpuwpwlubpnud,  Sphtiunh  Stuwywl  dhghlwjh
Uhgwaqqujhu Uuwpnunwd  (ICTP),  Ppniphunjkth  Uqquyht
Lwpnpunnphuygnwd, 2Gnungninyywjh Lwlnwnih wbjwl Stuwywl
dhghywih huumnmhwnnunnd b wyjiu:

Inwinwnpwlnidlbpn

UnbUwhununipjwl  ptuwiny  hpwunwpwijws £ 23 ghnwjwl
wluwnwlp, npnug gwuyp pEpdwd E ubndwagnh tpgned:

WinEuwlununyerwl Gwentgdwdpn

Uinbbwhununtentup pwnyugws. £ Uepwénupinltuhg, shnu gintjuliinhg
BL wudthnihnwdhg, pYyny 263 wudwlinidutnny gnwlywuntpjwl gwuyhg:
Whwwwuph punhwunip Swywip Ywgdnd t 255 tp wmwwghp
winbpuin:

Uphuwinwuph pndwlnwynipjniup

Ubpwénipintbni hhduwydnpquwé £ pbdwih wpghwljwimipnihp:
abpyuyugqwé b wnblwhununiejwl dbg 2nwihywé fuunhputph
punhwuntp  2ppwlwyp:  Iwdwenunn  Yepwynd  2wpwnpjus  E
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w2hitwwnwlph pnjwlnwiynLpiniun:

Unwshl quntfup ulhndwé t S unhuny Zuyqkupkpgh withgnuinpny

dwqbbnpyh’ Juonigdwbp b LHgppnn  pusdwbp, hywhu  bwb
Juduyuljub ghpdwunh&uimd b wpnwphlt dwqithuwlub qusnnd
ptpunphtudhlwb jwpwqpnny  plunbgpuy hwjwuwpnidukph
hudwlupgh munidbwuppdwbp: Ugh pugugws b Eplint dwuhg;
wnwphlth  dwumd  oquutiny Bwlg-Rwpuwnbkph  hwjumwpnidhg,
hhtpwpluhl duny Yuonigdl] U Uh pwlp (ménulubp, npnup pny) B
wnuthu hbwpquplily Zudpjunntthwih ubthwjwb wpdbpubpp b ukthwlwub
Jtwnpubpp wpwlg bpw Ynuljpbn nbupp hdwbwin: Ipkpuphihly
uwbny  GWjwwnp mbbkbip bhtnlyugp; hdwbuwny Swhg-Pwpunbkph
hujwuwpdwh dnwdndp 1/2 ughtth hwdwp, Jupmgh) bup Swhg-
Pwpuumbpp jpudnudubpp S uyhtp hwdwp: Ujunbn Yphpklp dhuyl
Zudpjunthwih ubhwlwbh wpdbpibpp b PEwkh hwjwuwpnidubph
hwiwlwpgp, npp hhdwb Jpw phpinphtwdpluljmb  wwhdwbnid
unwgymd E hlnkqpuy  hwfwuwpmdubph  hudwlupgp:  Ukg

wihpwdtown ku Rk mbqugh hujuwuwpnudtbpp

sinh(4, +ins) | ﬁ sinh(4, — 4, +2ins)
sinh(4, —ins) | g sinh(4, — 4, —2ins)

b Zudhjpuntthwth ubthuljwh wndbptkpp

_JIN M d n sinh(4, +isn) :
217[ =1 dﬂ«l Slnh(/I, ""ZS77)
Ptk whqugh wju hwduwuwpndibph ntbks wyybu Ynyjwd jupuyght
pdnudukp, Epp N, M dquunid Bt widbpgh, huly tipubig
hwpwpbpmpinihp YEpewnn k.
A3 = 309 L 412 )+ kin(1-0) + "

Ujuinkn 7 -u tpuwnbbighwy tinpp E Uklp uyuinkn pitimplmyJ tp
b pkwypp, Bpp

-7
g 20°

npukn O -t wdpnye phY & Upu ghupoud dbp jupbpl wyyghuhtb G,
husybuhtt h XXZ % uwhbp ghupnud.
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(a)
oc=+1n=12..0-1

(b) o=-1,n=1

Ubtip twl phtrwpynid Bup wyb glwpp, kpp 0 > 2, 28<0w:
Ubpunstyny] dwutthubph U junenyubph huodwp hwdwwgunwujomt
2, P, pumpymibkn, wnwbnwd Eup htnlywy  htunkgpuy

hwjwuwpnidukpp

ot pn—S*4,, ¥ p,=8*4, , (am<v-1)
ﬁu + (1_a2)*pu —S *Au—Z,m *pm = au—-q ’(q=2S)
* pwlp bywbwynidmd k §ninjnpnighw: Uyu htnkgpug

hunjuwruwpnidtph dkg Ynphqubkph Smpyk dbwhnjunipoitkpp
htwntwjukpl ku

A4, (@)=~
2cth(za / 20)sinh[ 7 / 20(v — max(n,m)]sinh |z / 20(min(r, m))]
sinh(7za / 2)
sinh (7w / 20)(V—n)]
a,() = -
sinh(zw / 2)
S(w) = ! :
2 cosh(za / 20)

Eukpghwt b uyphlip mukh hnbyw) inkupp

E v-l . ~
Toy =[5t A WP, (A~ fa, (D), ()

: =s—§jnpn(/1)d/1- [p.()dA:

n=1

Uju huuuwpnidiibpp hodungunuowtmid &b T=0 gkpuwunh&wih
U gtpn dwqupumlfwb gupwnhi: Oqunkny Bwigh dkpnnhg Yupkh &

qpt;  wyth  plghwimp hwjwuwmpnudibp Juduyulub
obpuwunh&wh T b dwquhunwlub H gupnh hudwp,
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8)1 (ﬂ,) = TS * ln(l + eé‘m-l (l)/T)(l + eg”_l (1)/T) + 5

J . -
n.gq i + 5n v~1 HU ’
cosh(z1/2) ™ 2

IS *In(1+1+4 7T

H
£,(A) = —2?- ~ TS *In(1 + %W,

F(T,H)=F(0,0)~T [S(A)In(l +¢*“")dA

Uw t hinnkqpuy hujuwuwpnidtibph wyl hunfwlwpqp, npp tjwpwqpnid
E ukp dUnplyp  Gudwyulub ohpdwunhgwinid & Juduyuluh
Uwqihuwlub  pugnmd: Uja hurdwuwpmdkph dwlipudwub
htwnwgnunuip  pupg & Unbhwhinumpyub Uk hwpquwé t wquun
Eutpghwh winpbbpnimqihuwlub nhdhumd nL Fupdp
gbpUwunhgwtmd, kpp  H=0.

F(T,0)=-NlIn(2s5+1)

Znwgnundly Lt gusp ghplwmnh&wbughtt  ohdhdp: Zwgqly E
Lbwnpnuhwl, (wyunby sk phpUnud pubwdibpp bpwlg dkdnipjuh
wuwwndwen]): Upu qijuh bphpny dwunmd hEnwgmndly & dtpuhntught
Unnly, nph thnhuwgnbgnipiub winudp juemgymy k° oqumgnndtny
8wig-Pupunbph  hujwuwpdwh wyl ldnulpnpp pun juonigduh
uwhu kp 2uyqkpkpgh whhqnuinpnghy Uwqlibnpyp Juduyulwh
uuhing :Uhpnipw vnugynd & purwpbpuhnt thnjuwqnbgnipnt
— by N[

o )Y YW, 7,0,
Npwkn

Y =-i(lnR(A =1/ g)i)z
Puy R tnyh k, higp ogquugnpdynwd £ fw

) Jqkbpbpgh pinhwhpugius

Unplp juemglint dudwbiuy pppg

T, n(A) = 11, (Ry, (AR, (A)...Roy ()

d
H 12.8 = Eln le...N (A Lz=o

nputy 7'(4) -t hinpuwrbguwh —dunnphgi t:
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Suumnwplukp &b phpdowd, np wyu $Epuhnbught dngbip Ppdhqukin £
lwjunduwd SUR) vhdbwphuyn] quwydnp Yhpuy nupwnhb, Gpp s-p
Agunid k. winfbpoh, pul 7 Adqumd L qpnyh, hbwnbjuy wwydwbh
wnluynipjudp

Z _2s=const

n
Zhokguklup, np 77- whhqnunpnuhugh wuwpudbwph £ b dnbmd £ R
dunnphgh  dUkg: Ubkp wpymiptbpp bhwdpihimd  Bu Thquwh
wpynitputipp hlwn:

Gnypnpn qrhintd qupqugynud t Rtnth pinhwbpugywd whqugp ud
off-shell Bethe ansatz-p, npii b wwppkpmpmu Fhnbkh wndnpuljub
wbqugh, h gqnpm b sk dwwnphgwlwb ghddhpkughuy
huquuwpnudittipp” Yhhdthy-Quuningshyndh huduwuwpnudbtpp:

21 b 2.2 pwdpbbbpond mundbwuhpdly  §t whhwdwubne
1hfwjugpujub dnnljp Eplsuh gubgh dpw, npp  juwyws t Swig-
Pwpuntph hwquuwpdwh SUQ2) (quduyuljut wwpq hwbpuhwydh
ghypmu) htwphwbw (pusdwb htwn: Ptnkh Upghppuhl wiqugny
unnigynid k uyy ungbijh wphpught dniblyghwi’ Ltankh Eljunpp, npp
Yuudud k uybnpuy yupwdbnptphg b wthwdwubemeinmiibphg:

Yunnmgws Rnkh JEjunpp off-shel Bethe ansatz-h hntinjnghuyny
ny ph npwbudp-dwnphgh vhthwuwb Jijnnph b, wy) pojupupnud £
wyth pupny hujuuupdwh' OSBAE (off-shel Bethe ansatz equation)-
B

T 2)(A Ay Ao h 2) = (A, A 2o o Ay, DDA Ay, Ay A 2) —

< F (4,z),
Z~—7:-¢a .

Uju hujuwuwpduh dby 7 -U thnjubwbgdwmb-tunnphgh ' Yujujws L
A vwblunpw) wwpudbnphg b z ...z, wihwdwubonpenitbbphg, ¢-o
Phnkh Jijunplt L uwluyd wju Jhfwlod wpwbudbp dJwwnphgh
ubhwlwi Jjwunpp sk Bpp Pk wihqugh hujwuwpnidp wnlnh
mbbuw® F, =0, b qkpn qunbub popop wyuybu Yosgwé ng-gublurh
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(unwanted) whnunlubpp, b wpu ghwpoud ¢-u Yhth wpwbudkp
dwwphgh ubthwlui  JEjunnpp: OSBAE-h hwjuwuwpumi
plugpnuuwiwl vwhdwbp uwnwugynd & kpp 7-o (OSBAE-nud poinp
Uksmipynitiibpp Juwd ki wyu hwutnwnnihg ) dqunmd k qpogh.
Jo
Hp=h x
p=he Z -2,

Opubtn  @,@,, W f,-4 ¢,¢a L F, Jkdmpniutbph

plughguuwlwl vwhdwiibp th, hul
ﬁ: §7®S;
i J 1

owhpwunpitpp Snnkuh hulhp\nhul]m hw'hpinbhwbkpt &b, i}
hunpkputtkpp goyg ki mwibu ph gnpuyh, np Yhnbpowd Ewqnnud wyhth
owhpwuinpp:  Uyju  owkpumnnpp  qulfmd & wwh  Thhduhy-
Sunininnshnh(4Q) hml[muulpthuh wg dwumd

S ® S ;
'f P Z
b i j

Jdtpghtu N llhunnhh llnnhuulglmh $niujghwkph  hunfwp
nhddtpbghw hwdwuwpnd & Ynupapd  Thu-Cnudhin-Unihind-
Jhptuh (4QUY) ubunipyub Uky: S; -tpp SU@) hwlupwhwzyh
gktbkpwwnnpibptt B Uju  hwjwuwpdwb  josnwdukpp upbih |
tbpyuyugtty htnlym puquuih hunbkgpuibpny

¥(z,,..2y) =] cj 2(A,2D)p(A,2)dA,..dA,

npoud ¥ $myghwt Yunmgimd & &, £, doitjghwiitph ogmpyunip b
nitth htanlyuy mhupg‘ '
55 n
20,9 =11 -2) * [1¢h ~4)* H(z,, Ay

i<j a<p
Judwjulwh wwpq hwipuwbwyth ghypnid L[hhp shp Jupnpmbnud
gphy OSBAE hwyuwuwpnuip, puyg Yupny bbp (mbdkp nignuyh
gluqhnwuwlywl highpp Gunkh dwqibnhyh hwdwp b uwybnthbnb
Jupmghy 4Q hujwuwpdwh ménwip: Lménwdt nibh  tnyb nbupp
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htswhu SU(2) nhwpnid:  $miblyghugh ke uyu plugpnid dnbmd ki

wuwpq hwipuhwyyh wpdwwnbbkpp:

23 L 24 puwdhiUkpp jhpjué & Ybhduhly- Quuinnnshynyh
hwjwuwplwi phghwbpugdwip b tpwbg |nidnudutph Jupnigdwip
Enwlyjntbwswthwywl L Hhuwnhly nhwpbpnud: Uju
phinhwipwgnidbipp hhdwé  ku Swibig-Fwpuinkph hurjuwuwpdut
Gowlyniiwswihwlwl b Hhwwhy usolubph  pquqhnuulub
uwhiwbbkph Ypw, npotp wuhu bh Gngkih Gnwuynibwswhwlul b
Hhwuhy dwqubnhyutpp: Ujumghuny dkbp ntunwbmuhpm bup XXZ
XYZ whhwdwubn &qphwn jnisyny Unplibkpp tpyswh gubgh dpu,
hisybu pwghniuy (ménuftkph nhwpod: Flankh Uigkppwhly wiqugh
uhongny Ywnnigmd kip OSBAE hujuwuwpniip b hwoynid  ipu
plughnuuwluwt vwhdwip: Gpwblmbmywhulwb phypnod unwinid
Llp

1.8;
Hp=hp- Z sinh(z, — )¢
k
npukn
N
H. =) [S ®S! +82®S? +cos(z, —2)S; ®S; |

_ Py sm(zk —-z;)
Qumbkiip Gnwlyndiwiwthwlwl hudhpuniyut b Poymbu b nughntug
gtmgpmy® £, =0, A, hwinhuwbnud U Gogkih Gowliyniiwswtuywl
hwhpnbhwih ubkthwliwb wpdbplitpp: Unyh dbng Junmgyoud kb
Ylhduhl-Quuininyshyndh  Grwlyjniwswhwwl hbujuuwpdub

b
x—a— =HY,
0z,
nisnuditkpp hnnkgpuy bpujugdwb wkupny’®
¥(z,.2y) =] 24, p(R,2)dA,..dR,,

npunbn ¥ $mihghwt Ywemgdmd t A, f, $muyghubtph dhgngny.
N 5 m 1 S
22y =] [GinGz, -2, * | [sin(A, ~ 2, ) [ [sin(z, = 2,) =
ky

[ e

Plswhu kplmd | wyu wpnwhwjnmpyntithg, wju potilghwb

|wghntuy nkyphg nwppkpdoud b hudwywinwuhimb $oitghwbkpp
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Sin-nY tnjuuiphtkny, htywbu nu ntnh muh h,, f, $muyghuukph
phupoud: by Ykpupbpynud b Ehygnhl YWuhduhy-Quidninnshlndh
huwuuwpdwip, wyw wyh wnugynud Eubthudwube XYZ dngkh
phupnud: Ugtt wdkh pupn junmgyusp nibh b huwwnnpkt 990E-h
wnkunipjniut £ wunph dpu: Upyniipnud winugdnud k- hujuuapnud N
yEwnwth Ynekjjughnt dntihghugh hwdwp b, pugh unynpuljui
wbwbgjujtibphg wupnitwnid  twb wdwhgju pun innph
wwppkpoipjub’ w-h
0 0
k|l —-T (¥=)r (z -z )¥-——(ZY¥),
(Zor o= oma)r-2En)

npnkn 7, (,1) -U pwghnwuwywu Ehyinhy r-dwnphgU £, huy T',-U b
2,-U i-pn inwnpwénipjwl Ynw wgnen owbipwnnputn Gu: Upu
hwywuwnpdwl puéncdubpp wpdnwd Bu hEnbywy puquwyh
huwnbgpwiutpny®

¥(z,2,) =4 dx(%2)p(2,2)dA d4,
npntn @(2,z)-p PEntGh pwghnwuwywl wihpwjhl $nLuyghwl t,
huy z(4,z) Rhwywhy fbmhllghmhhp U’

2(1,2)=11e(z, —z)“]—[g(,l ,1) Hg(z A )

J<i a<f

g(A)=H(A)B(4)

Nwpqynd £, np dipeh hwywuwnpnidp ubpininpbl Yuwdwsd £ unpujhu
dwytptoyph  dpw  npnpqwé  dbu-2nwdhun-vhptUph  JUnnblh
ynebywghnl $nilyghwltipp Uhwnwgnnn, wyuwtu Yngfwd Wuphduhy-
Swuninnshyny-Aenuwpnh - hwqwuwpdwl  htwn: Gpp wnph
wuwpuwibnpphg Ukhp  dqunud b wldbpgnipjul,  wprynibpnud
wnugymu  t Yuhduhy-Quuinpyshymih  Gnwlyniiwswhwyul
hwuwpnidp:  Udih pupy  wwhiwbmd  Junwbwip  pughnbuy
(nudndubpp:

bppnpy goijup tdhpyws b 141 sunhwih &oqphin nidynn dnnkjubpoud
ynnkjjughntt $nibljghwbkph hwpdumphhl, wjgbu Ynsfws , dnpd
$ulpnnpubph  dpwgpht: Uju dpwghpp juqunid £ poipunpmuh
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Lplpnpg dwup” mukbwim] £2qphwn tpym Yowbh S dwnphgn whnp &
hwpyby off-shell Ukdnipnititkpp, opptunly Ynnkjjughnt fud Jwjndwubh

$mbyghwtikpp:  Inpu-pulunppp  njwy  owbkpuwnnph O(x)
dmunphguljub Hhlbunubpt i dhghljujut Julymowh b in, out
yh&wluikph uholt

F(((p, +Pj)2 +i8)qg<jm) =010(0) | pys...p, | 0): .
Miuktuyny $npd dwlpinnplibpp Jupng up hwodk) pojnp Ynnkjjughnt
Pnmiilyghwmtikpp, duvbudnpum by, kpljEnwih Jupndwih $mulghub
Epdhunwljwi oykpunnnph hudwp Edljhnyut mwpusmpmbnud®

d§,..ds "

(010(x)0(0)[0y =Y [ErC2n gy e S8 exp(r s m, cosh(s)

n=0 n=1
Qpunty r= «/xlz +x,° pwunhw] htowopmpmbh k poy 9 - @
wpwquyupdmpmniith b, npp Yuapfws | hdwnyuh htw p = msin (9)
pwbwdbny:: Udth hwpuwp b vwbdwil] odwiwnmy $opd- ulnp
Borliyghwt’ f;"($), npl whuhnbly pmiblghw t paynp $-ubphg, h
wwppkpmpnit 4Epp vwhdwinws, $npd-buljinnph npp jupedws p S -
ukph nwppkpnipnitttphg: Upt hudpbuod & pughwbpugdws $npd -
buwyunnph bk, § >, >...8, nbypnud: Phywmbu gnyg t wpdus
winklwhmunpjut kg, wju dnpu- dulinmnp dniulyghwb pudwpupnid k
htwnlyw) 99U hunjwuwpnuwdibph hwdwlupght
M L0890 = f17(.8,,8..)8,(8 -9,
(i) f(8,4,,.9,) = L8, 3,9 —2ir),

(iii) Res\%2=iﬂsfi}:r.ln(91""8") =2iC, £, (S48, )(1 - S2nS2nt-+S23)
(iv) ReS .quz)fllz T (4,,..9 )¢(12) _'f(lz) e (12)2 )\lziR(lz) )

® (S, 8, ru) = 7 (S,..8,):
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Uyuinkn (nljug owybpunnpp Abwihnhamd £ O — €O ,opklipm]* s-p
owhkpwwnph uwhib t;, huy €, -p Yoduybpu hudwniénipiut
dwwnphgi t, @ b R -p hmunwunnitikp G Gppopn gijuh wnwght b
Epypnpy dwubpoud YU hujwuwpnidubph pusnidubpp jurmgdl) k
sine-Gordon-p, Jwu np tnybl &, tpwb Epdbjwikiin Shphtigh dwuup]
Unnth hwdwip.

s 1 o
L° = 5(6#(;))2 +—/;2—(cos/5’(p—l)
_. |
D™ =y (o - M —— g @y'v)’
Lodnudubipl niikl htnlyw) pinhwinip nbupp.
1208y =z, J 2, (8,2) " (9, )Y, (8,2),

npunty ¥ - Skinkh JEyunnph junmgws £ SU(2) hwunwhwayh
nbypnid Ahwmbh Uighppwhl wbqugny b pujupupnid £ OSBAE
hurwuwpuwbp, pul h $orilghwt juonigws b dhuyh sine-Gordon-h
S dunnphgh vhongny: p-pniuljghwl nwppkp oybpwwnnpbtph hundwp
nith wupplp nbupbp b bpw hwdwp wnwggl] o hwduwuwpndtbp:
Qunin]t) £ GEln n-h nhypoid p-$nitljghwis

p¥ = eiE(ZZZJ—Z&,)
npunky § =5/¢, s ughl k, huly g=n-2m * 0 owybipwwnnph (hgpl b Uju
Koqphw wprgoiipp n=3,m=1 phuypmud dhpwdk; Llp swpph puwn
Shppugh Unghih hwuwmwnnibh® g-h, wwhbyny dhuyb gsughb whnudp:
Ujinthtinb hwpdly Gip Sfwih hwdwwwupwb ghwgpundp b
uwnuwgl] Uhbunygh wpynibpp.

(py)cosh(22) +u(p,)cosh( )

(01 (0)] Py Py, 2y |0V, =g sinh(2)———2————
¢ osh(—éi) cosh(~2‘3—) cosh(~233~)

~22

Snyqytinuith Jhgulubph $d-ubkph hudwp p-poLuljghuyh wdbjh owwn
ophtwmljukp G quain]ly.

P (9,2)=N"q_(9,2),
P (8,2)=N""q,(9,2),

P (8,2 = NI ) g (9,2),

i=1

h m n m
q,.(%,2) =Zei‘9'2ez" i—Ze‘*Ze‘z‘ :

i=1 =1 = =l
P niijghwitibpp quninfby Bl el Eubipghw-hdwnijuh phiquph b pupdp
hunbkgputph hwdwn: dbpp bpdus oyghpuwinnpibph hunfwp hwpydby
b tpynt U pwnwlbtn $P-Ukpp  Logphw pwlwdlp dhgngny, huy
uyiinthbnl Yepudyly b pwpph puw Shphiigh Unnbh ¢ hwuwnwnnih:
Zuoygl) Bb twh SEudwih phwgpudibpp oyl owbpwwnnphitph
bwdwp: Upgymibpbbpp hudulfund B Ujunkn phpkbp dhugh Jhl
ophtiwly’ hnuwiph punwltn $npu- $wlnnpp

R 1 sinh — 1912 Sinh% 1934 1 4 4
V) =—>gM : cosh (8, +9,)D e D e
i=] i=1

Inppnpn quntfun wihpyws E pinhwinip $opd- uljnnpughb
pubiwdlh Yhpwnmpnibikpht. Unwghtip pphgbpuyhte $opu-
duljinnpubpp hwpdbni b bplpopn” U puih niphy dngbyitpowd $9-
Epp hwpdbymt: Uyuthum], bph nibbklp unhinnbwghb $$-ubpp, wuw
Utlp hpunnipyup Yupny kbp hwmogl pppqlpughl $-tpp
oguruugnpdliny (iv) IYU hwjwuwpnidp, uyuhlpl, phnpod Bhp
huwdwupunuufrwb unjhnnt-wbhnhunthnnt juupws Jhduljh pibtiop o
unjhnntwght $$-tphg wnwimd pphqpughi $d-ubpp: Tnwglus
rrhqtpuwyhb pinhwimip $$ ~bbph pumbwdlip wupotbwlonod | p-
dmljghwite Upn dwtumguiphm] dbtp Yupnn Gup hupdly pphgbpughts
nuiginh wunpgwbiph $$-p b Fpuynikighu) nupnh $d-p:
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Zudbdwinkny dhujmbg htwn, hwbgnd Glp pjwinnught sine-
Gordon-h hunjwuwpiwip

a .
op+—sin fp =0,
ﬂz

Unwghtip guumfut hwjuwuwpmadt E, huly kplpnpgp’ putinug bl
hwjuwuwpmp: Zwdbkdwntiny hpup htw, hwbgnud Gup

UEnYy quiiqyush b Jhpuinpuiwynpuws quaqyush thol fuwhb

ny

a=m*—
smmzy
Uju wpyynibipp Yupbph £ unnigly jununpoidibph nbunipywb popnp

lupgbpnid: 2nppnpn qiund wnugyly b twb Z(N) Pqhtigh Unghih n
Ykwnwih $3-tpp vh gwpp owkpwwnnpibph® uhquw b Upe (Z(N)-h
nhypnid bpwip sunn k) oygbpwnnpbph hudwp:  Zwpyyws ki tub
wyn oyjkpunnnikph dpol Ynuuininwghnt wnbynipintbbkpp: Unwgk
B buh AN-1) Snpuyh dwuuhy nbunipjub guownh b tpuynubbghuy

quigwih $$-ubpp b gnyg kwnpyky, np plwilinught puipnh Snnuygh
hwjwuwpnudp inknh nuih dbpl b JEpuinpdwdnpius qubqyusttph
Uhol hwutnuwwnywd Juugh nhujpnud:

Ganwlpwgnieinlilit,

Ujuyhuny winkbwjununipju dky mnwgyt kb htwnlyw) wpgynibpbbpp.
LGunudk; E judwyuljub § wwhtng pughwipwgws 2uyqkbpkpgh
dwghtnhih &oqphwn unyEjunpp:Uwnugykg E punbtgpuy
huwjuwuwpmdubph  hwdwlwpgp, npp  Wwpwgpnd £ dnghh
phpunghwdhui:

2.9unmgyk) t fhnbkh puinhwbpugduws (off-shell) wbqugp, npp, h
nuppbpmpnt undopulwi fhnkh whqugh , pdowd E higuku
Uwwnphgulub ghppbpbighw), wjygbu i nhulpbn phdpptughuy
hurwuwpnidukp:
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3. qunmgyk) 6U Yuhduhy-Quuininyshlynih hujwuwpdwh pusnudibkpp
htunkgpuy  tkpluwjugdwi nbkupny, oquugnpstiny] plwqhnuuwlui
vwhidwind ginijuwé Ftntp off-shell Jiywnnpp’  SURR) hujuppwinn
Eplswih whhwdwukn ququpuyhtt guugh hundwnp :
4. Unyt aliny Jurnigyty Eu Yuhdthl-Quininnshlynyh
trubnibuywhwlut  bujwuwpdul  mbénufibkpp®  oginugnpdking
XXZ wthwdwukn ququpuht guugh Ahnkh YEjunnpp:
5.Cunhwtpugty & SU@) hiwphwin ququpuyhtt gmbgh Phwnkh
YEyunph b SU@) hiJuphwiin Yuhduhy-Quuimnnshlndh nisnudubph
uholh unugdws Juup Lhh juwdwyulwi wupg hwbpwhwoth phupnud:
6.9unmgll t  Fhnbkh JEjunpbbph  pluqhquuwfwmb wwhdwbp
yupq hwlipuwhwopdubph ghwpnwd:
7.8nyg t wpjws, np 1+1 sunpwih &oqphwn [nisinn dngktkpnud nlw
oujkpunnpltph $npu-pwljnnpbph hwdwp gpius Tuyu-Ywpnduljh-
Uuhpuny-h hujuuwpnidubpp  niymlghnt pubwdbbph hbnbwip bh:
8. Unwpupluk k unpklhg wilwly, pighwbnip pwbwdl $npd-
$ulpinnplitph hunfwp, oquiugnpdtyny Aknkh pighwipuglud wiqugp:
Uwubunjnpuiyku - sine-Gordon  unphjh  hwdwp munmfbwuhply
Inwdnidp Uh pwiih oy kpuinnpukph phupnud:
9.Uunugy; bt unthninbwyhtt gupnp bowlbn dopd-pulunpp b
hudbdwngt) & jununpnudukph lnhunL-p]qup hwpydus Inpd -
duwlunph htwn:  Upwig hunlpiljimup huwuwnwnnd b plighwing
$nplwihqup Lunipmniip:
10) Gl k tnp bkpjuyugnud sine-Gordon unphjh qnyq Yhwwith
$npu-puljninpubinh hwdwp:
11.TpYnt b punwlbn $npd- dwlunnpubpp , Yhpwdknd owpph puwn
Shphugh Unghih hwuwnwnnith ot wwhbnyg dhujt gsught whulubpp,
hudbdwingl;  Eu dhudwbh ghwqpudtph  hkw:  tpwbg (phy
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hunipityniup huwnuwnnod & owbkpuwinpitkph toygbwhwimpmniip pun
plphwimip pubtwdlh::

12. 2Juiwnughll quignh wkunEym Uky vwhuwinfty b p-pnitlghuyh
qumuthwpp wukh h plpug oy kpurnph hunfwp:

13. Pphqtpught  $npu-dwinnplph  hudwp gk t tnp
tkpyuyugnud, nph phgpymd  dkp ynnuhg top  Ubkpunidqwd  p-
Pnruyghwic

149utdsy t  dpgphw  pywhnuyghl sine-Gordon-h  nupwnh
bwjwuwpnwdp, npp wknh  mbh ukpy b Jhpuwinpduynpdud
quiiquistikph Uhgl npnywiljh Yuugh nhugpnid:

15.9uirfk & pphqbpughll $npu-butjunpikph wupduwnnnhy Juppp
plinipuigpnn  pubwdlih pugunpnipjntip, hhdidbnd Juylpkpgh
hnwnpoiditph  whunipymbmd wupdwinnnhy  Juppp  qhwhwinnn
ptnpkd Jpu:

16.qwnnigly ki Z(N) Pqhgh Unnhih njuy oybkpwwnpubkph hwdwp
puquulinubih $opd-pulunpbpp:

17. Quinjk k hlunkgpuyg ubpyugugmy’ A(N-1) Snguyh hinnbgpyng
unglih nupwh U hpuwnbbighuy quowh puqiuytinwbh  dopd-
Jwlunnpltph hwdwnp:
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OCHOBHbIE pesynbTaThl, NoNy4YeHHsle B paboTe:

1. BrepBbie NOCTPOEH M TOYHO pELUEH aHM3OTPOMHbLIA MarHeTuk
afizeHOepra ¢ npousBonbHbIM cnuHoM S. lNonydeHa cucTema
WHTerparbHbiX YPaBHEHUIA OnuchiBaiollas TepMoauHaMUKy
Mopernu.

2. Bnepsble npeanoxeH oGOGLIEHHbIN aH3al beTe wnu off-shell
Bethe ansatz, KOTOpblil, B OTNMuMe OT HopmarnbHoro bete
aH3alua, peliaeT MaTpuuHble AudppepeHumansHeie un
MaTpUYHbIE Pa3HOCTHbIE YPaBHEHUS.

3. Wcnonbaysi BonHoBylo yHkumio bBeTe o6obiueHHoro bete
aHzaua SU(2) wHBapuaHTHO# HeoaHOPOAHOM BEpLUMHHOMN
MOAENW BHE MacCOBOI MOBEPXHOCTM B KBa3WNKNaCCUM4ECKOM
fpefene, TNOCTPOEHO  pelleHne  ypaBHeHusi  KHuxHyika-
3amonopuukosa.

4. Wcrorb3ys BOMHOBYIO dyHKuMio Berte o6obuieHHoro bete
aHsaua Ansi XXZ HeogHoOpOogHON BEpLUMHHOW Mopenu BHe
MacCOBOM MOBEPXHOCTW B  KBasWKIaccuyeckoMm mnpepene,
MOCTPOEHO  pelueHWe  TPUrOHOMETPU4ECKOro  ypaBHEHUs
KHuxHYIKa-3amonogyuKoBa.

5. O6oblweHa paHee nonydYeHHasl CBs3b MexXay ypaBHEHUEM off-
shell Bethe ansatz-a ans HeoaHopogHoi SU(2) BepLUMHHO
Mofienv B kBasuinaccndeckom npepene n SU(2) MHBapUaHTHbIM
ypaBHeHHEM KhuHuka-3amoroa4nkoBsa Ha cnyqan
MpO3BONbLHOM NPOCcToi anre6pbl Jln.

6. [MocTpoeH KBasuKIacCM4Yeckuin npefen BCcex BEKTOPOB Bete(ans
BCEX MPOCThIX KOPHEBbIX CUCTEM).

7. MNpuseaeHbl AeTanbHble apryMeHTel AnA nonyvyeHus ypaBHeHus

Baiica —Kaposckoro- CMupHoro anisi popm ¢pakTopos.

8. Wcnonkays off-shell Bethe ansatz, npeanoxexa obujas copmyna

AN HeYeTHbIX dhopm dakTopos B Mogeny sine-Gordon, Tak xe kak B

moaenu TuppuHra.

9. BbluucneH  TpexTouyeuHblh  (POPM-(PakTop  CONMUTOHHOTO

nons.MpoBefeHO cpaBHeHWe Mofy4eHHbIX pesynbTaToB C Teopuei

BO3MYLLEHUA,U 3TO NOATBEpXAaeT obLuui hopmaniam.

10. HaiineHo HoBoe npeacTasneHve AnNsA opm (akTopoB B MoAenu

sine-Gordon ¢ YeTHbLIM YXCIIOM TO4eK.

11. MNpoBepeHO COOTBETCTBUE TOUHBLIX pe3yneTaToB C PasfioXeHem

no avarpammam deltHMaHa Ans NoKanbHBIX ONepaTopos.
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12. [Ana kaxgoro nokanbHoro onepatopa BBeAEHO MOHsTUe p-
YHKUMM B KBAHTOBOM TEeopuu nons.

13. HaipeHo Hogoe npeacrasnedne pns 6pr3epHbix chopm
akTopos cofepXaumni BHOBL BHECEHMI p- thyHKUMIO.
14. HaiigeHo, yto TOYHOEe KBaHTOBOE YypaBHeHuwe sine-Gordon
BbINOMHAGTCA NpU  ycnosue Toudoro COOTHOLLeHMe MeXay ronoil 1
nepeHopMupoBaHHoi Maccamu.

15. Npusenens: apryMeHThI B Nornbk3y acCUMNTOTUYECKOro noeegeHus
6030HHbIX hopm (bakTopoB, koTopble MOTUBUDYIOTCA Teopemoit
BaithGepra & TEOPUM BO3MYLLEHUS,

16. MonyyeHa obwas dopmyna ANsi opm chakTopoB B Z(N)
Mofenu UsnHra ansi Heckonbkyx onepaTopos.

17. B A(N-1) MHTerpupyemoit mopnenu Topa ans MHOTOTOUEYHbIX
thopM  akTopoB  rons u SKCMOHeHUManbHoro nons HamaeHo
WHTerpankLHoe npe/crasneHue. ‘
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