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V mpar momaHoO IHTepIIperaliio pe3yabTaTiB TOYHOro po3B’a3Kky 21} momem [suHra 3 morsamy
KBAHTOBOI Teopli IoJidA. 3HaiimeHo IMIyJIbCHe 300paxKeHH:A 2-TOYKOBOl KopeJdiniinol (pyHKIN Ta
#oTo aHaJIITHYHE MPOIOBKEHHA Ha 9acomomibmy obmacts p? < 0. Ilokasamo, mo B mapaMarHeT-
Hift dasi npomarartop Momesi IsmHr'a Mae mpoctmii mosroc y rTowri p? = —m?, a TaKox Jorapud-
MiUHI TOUKH ragyXeHHT TIpH p° = —9m?, —25m?, ..., mo BiOmoBimaIoTh mMOpOTaM HAPOIKEHHS
N-4aCTUHKOBHUX MPOMIKHUX CTaHIB. JloCc/iKeHo MOBEMIHKY CKadKa IIpollararopa Ha Imoporax i ioro
ACHMIITOTHYHY MOBEIIHKY TIpH |p°| — co.

KuamouoBi cioBa: kBaHTOBa Teopid IIOJIA, MOIeab |3WHr'a, KopeasmiiHa yHKINs, IponaraTop.

PACS number(s): 05.50.4+q, 11.10.—z

I. BCTVII

MMicnga obuuncsenns BiabHOI eHepril i [BOTOYKOBOI Kopendiiiinoi dbyukiil B npamax [1-3] mogennb Isurra umpoko
3aCTOCOBYBAJIM B TEOPIi TBEPAOTO TiJia B omucl KpUTUIHUX ABuil. [Ipu mbomy 3Bugaiino posryignanan ¢pepoMarieTHy
basy B crefininrosiii gingnmi (nus. Hanp. [4]). OnHax 1l pe3yabTaTn MOXKYTH Oy TH BUKODUCTAH] if ¥ KBaHTOBIii Teopil
nosa. IlyKaHUME BeJIMYMHAME B IBOMY BHIAIKY € OJHOYACTHHKOBO-He3Binmi dyukmii [pina ().

PosroiaHbMO, HAIPUKJIaZ, eBKII0BY Teopio ¢* 3 Bim'eMHNM KBampaToM MacH it mieio

1 m? g
St = [[ate (ouptue -5+ L4t).

Kopenamniitai GyHKIT OB BEPaKaloTheda depes pyHKIOHAIbH] IHTET PaJIn
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Ko 3aMIHUTH IHTEIpyBaHHA 38 KOOpIMHATAME IIICYMOBYBAHHAM 3a IPaTKo0, TO (PYHKINOHAJBHI 1HTEI paJIH TIe-
pefiayTh y HaraTokpaTHi IHTEIDAIN 33 MOJAMHI y By3JaXx I'DATKH
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Tyt r HyMepye By3/d IDAaTKH, V — OLMEepaTop 3CyBY, £; — ONNHUTHI BEKTOPH B3IOBXK KOKHOI 3 KOOPIHHATHHX oceli,
a — KPOK I'DaTKHu.

PosragabMo Bumamok, komm (ga’) > 1, a m?/g — ckinvenna momatha Besmdamna. Tomi B mepuioMy Hab MKeHHi
sa 1/(ga?) inTerpan sa [¢,] MoKHA OGUUCIUTH METOJOM TEPEBATY
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Y dopmyai (1.1) miacymoByBaHHA HPOBENEHO 3a BCIMa
KOHMITrypamigaMmu [$,], 1o BIAMOBIJAIOTE MAKCUMYMY T10-
KasHWKa eKCIOHEHTN & = ++/m?/g.

TakuM 9UHOM, MU OTPUMAJIH, IO 33 HABEAEHUX YMOB
Ha m? 1 g Kopeadmiitmi $byEkmil Teopii ge?
nestl Iswara 31 B3aeMoaiero HAROIMKINX cycimiB 36ira-
OTBCA 3 TOYHICTIO IO CTAJINX MHOKHUKIB y ITPOCTOPI J0-
BLIBHOI BEMIpHOCTH. L1 MipKyBaHHA y3araJdbHIOOTHC i
Ha MOTEHIAJ JOBLILHOI (POPMHE 3 IBOMa PISKHUMH, CH-
METPUYHO PO3TAIIOBAHIMEI MIHIMYMaMU OJHAKOBOI TUIH-
OuHY.

TMpu T > T, (nmapamarsetHa ¢asza) CIiHOBa KOpe-
aamitna GyeKma 20 Momem IsmHra Mae mpocTuit mo-
JIIOC V  IJIONMHI IMIYJIBCY 1 BIANOBIZAE IPOIaraTo-
POB1 Teopil CKaJAPHOTO B3aEMOMIIOUOTO MOJA 3 II0-
renmianom Jlamnay-1ims6ypra npu Benmkiii KoHcTaHTi
3B’a3Ky. BilamoBigHa oIHOYACTHHKOBO-HE3BIIHA (PYHK-
uig ['? moxke 6yt obuncieHa mosa paMKaMu Teopil
30y peHb.

AHAJITHYHI BJIACTHBOCTI Mpoararopa B KOMILIEKCHI
IJIONIMHI IMIYIBCY € HAC I AKaMU BJIACTUBOCTENH B3aeMo-
mil. Mu sHajimeMo IMIOyJIbCcHE 300pakeHHs MHOTO TPO-
maraTopa Ta IOCJIINMO TOPOTOBY # aCHMOTOTHYHY IMO-
BEMIIHKY fioro ckadka.

Ta MO-

II. IMIIYJIBCHE 30OBPAXKEHHAA
ITPOITATATOPA

CrarucTudna cyMma Momenl [suHTa 31 B3aeMomieio Haji-
OIIKYINX CYCIIB Ha TPAMOKYTHIH I'paTiil posmipoMm M X
N (mwB. puc. 1) Mae BUDIAL

Z =" e il (2.1)
[o]
ne H[o] — ramisnbronigl Momesi
—pBH[o Z K(0p0745 + 0r0r45). (2.2)

r

IsunriBchKWi cnin o HabyBae sHaveHHA 1, cymy B (2.1)
y34TO 3a BCiMa KOHMITypalllaMu CIiHIB, K — mapaMeTp
3B A3KY.

Hasti Mu po3IJIAHEMO CIIHOBY KOPEIANIiiHy dDYyHKITIO

z1 Z ooor exp(—FH]o])
[o]

(o0oR) =

y BHIAJIKY, KOJIHU CIIHE g 1 OR 3HAXOAATHCA HA OIHIM
ginii (mus. puc. 1). Bigomo [5,6], mo cratucTuaHy cymy
it Kopenamniitny dynkmio 20 Momen IsmHra MoxHa T0-
JaTH Y BULIAM (PYHKIIOHATBHAX 1HTEI PaJIiB 3a IiiicHIM
I'PaCMaHOBUM YOTUPUKOMIIOHEHTHHM IIOJIEM

Z = (2cosh? K)MN/d[1/)] exp (S[¢]), (2.3)

410

AL DL LA
T dlTexp (SL0)

(2.4)

t = tanh K.

0 R-1 R R+1

Puc. 1. Hywmeparis Bysmais rparku. zKupHoro JiHieO Bi-
3HAYEHO 3B A3KH 3 J1e(pbOPMOBAHOIO KOHCTAHTOI B3a€MOJIil.

His y dbopmyni (2.4) mae Buraam

Sl = <w,Dw ZZZw Do,
r a=1p=1
0 1+tV, 1 1
- -1 —-tV_, 0 -1 1
D= -1 1 0 1+1V,
-1 -1 —1-tV_, 0
Tyr V,, V, — oneparopu 3cyBy Ha O,I[I/IHI/I‘IHI/I]Z BeKTop
yanoBx oceit OX ta OY (V 1/)0‘ =P, Vyul 1/)T+y)

ILe(bopMOBaHa mid Sqer BIAPISHACTBCA Bl S nederToM
Ha JIiHii, o 3’egnaye cuinm y Bysnax (0,0) ra (R, 0)

Saer[¥] = S[¥]

Zw, 2o+ vt).

Kopucryrounces dopmynoo (2.4), kopenamifiny ¢yH-
KIIIO B TapaMarHeTHIH MITAHIN MOKHA 3alHCcaTH depes
BU3HATHHUK it obepHeHl esleMenTn MaTpuil Temmima pos-
mipaicTio R+ 1:

(ooor) = |A] Agg,

1 ?{ dz
— el
2m z

|z|=1

Axx’ —

o |:(1 — az_l)(l — 6”2_1)
(1 —az)(1-582) ’
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JIMIIAETHCA CKIHYEHHOIO BEJIMYWHOK. Y IHOMY BUIAIKY
IManmep i Tpetici B npani [7] suaiiuwim 306pakentd s

Toum ¢dazosoro mepexony Bignosimae o = 1. ITig ckeii- (ooog) y BurnAnl pasy
JIIHI' OBOIO TPAHUIIEI0 MU PO3YMITUMEMO IPAHUIIIO
l—a=m-a—0, R—x (roor) XZF%H

IpU yMOBI, 1o cKefiminroBa Bigcranb s = (1 — a)R 3a- e

1 7 Oodul AUy, 1 siy oyt w —w; \ 2
Fn = — n 2(uj-|—uj ) ¢ J ) 25
() n!/ /27ru1 21U, He H (uZ —|—uj) (2:5)
0 0 <n

Posrngabmo BHUPpa3

= / / dridy; - - dzndy, I1 (xl - xj)z ﬁ oMo i+iNy; (2.6)
An + L Yi + Yj - -
1—1—1‘ —|—y ) 1<i<j<n j=1

[Mics inTerpyBannd 3a BciMa y; 1 3aMinm x; = sinh ¢; BIH 3BOOUTBCA 110

o9 00 n 2
_ . n - M2+N2 cosh ¢ 1 i — 30]
A, =m /~~~/dg01~~~dg0n1_[1e ¥ H ;tanh 5 .
o —oo j=

1<i<j<n

Jlerko GaumTn, o Teif BUpas iHBapigHTHUI Moo obepTanb y muommni (M, N). [licaza saminm u; = e B (2.5)
OITEPIKUMO

: /Oo /Oo n ) e ’ o
Fn — N dgpl e dgpn | | e~ S coshe; | | tanh
n nl
(2m) n._oo . ol 1<i<i<n 2

Bauauwmo, 1o konau BubpaTn

S P

M + N7 (2.7)
TO BUpa3n miad Py, 1 A, BIAPISHATEMYTHCA TLABKH CTAJIAMEI MHOKHUKAMME:

» in(n—l) 4
T @2rral T

TMepepara (2.6) B Tomy, 1o Big A, Jserko obuncantu $yp’e-nieperBopernta. CHpaBi, yBeaeMo po3MipHI BiIcTaHb
1 Macy
M=mz, N =my.

Yuacainok inBapigaTHOCcTH (2.7) 10710 06epranb ¢yp’e-306pakenns € dyHKII€w KBajpaTa iMIyJIbcy p° = p2 + pfj
1 JOPIBHIOE

derydyy - - dendy, i\
n Pz, Py) //dxdyA (e, py) € —iPar— Zpyy_/ / T1dyy - - -dTpdy H (x—i—x])
—oo —ee 1—1—1‘ +y?) 1<i<ign YT

411



0. 0. JIICOBUIN

//dxdy exp[zx(Zml‘] px)ﬂy(Zmy] py)]

00 o9 Az, - - - dp, pr—pt 2 n ) | . )
:271'/.../”17 H (y—+ ‘Z/) J Py—zp? /dxexp 1T ij—]?x .
2 o s ="

ITomimalMO MICIAME TOPAIOK 1HTEIPYBAHHS 3a [pf] 13a & B OCTAaHHBROMY BHpa3l Ta MpoIHTEerpyiiMo iioro 3a [pf]

n i d it} -
Anlpr.py) = (27) +1/ / B / p( y)z_(s(py_ng)

X

R L e

1Si<j§n[ i(p{ +p))

[licsig nosHaueHHd w; = \/p7 + m? Ta iHTerpyBanug 3a ¢ B (2.8) MaeMo

An(pe,py) = (2m)"H1n (=D / / e (py— > :pj)
j:l

- H 2w;

Ocrarounnit Bupas mia ¢yp’e-sobpaxkenns Fy, (¢, p) Mae BULIAL

~ dp1 dpn - Wi — wj . 1 1
Fule,p) = W olr=2rm) I (57 (2 + S 29)
e H 2w; i=1 1<icj<n NPT P Ywj—ie Y wj+tie
j=1 j=1

Ile € He mo iHLIE, 9K IMIOYJIbCHE 300pakKeHHs MpolaraTopa, 3alncane B CTaHIAPTHIA IIa KBAHTOBOI Teopil MOJIs
dbopwmi. Ilpu € = i F miginTterpanbuuit Bupas y (2.9) crae cunryaapanm. CKagok mpomararopa Ha po3pisi mopiBHIOE

Hy(E,p) = [Fu(e = iE +6,p) = Fu(e = iE = §,p)ls510

= nv/ /dpll_[ 2:1])” (p_‘épj)(S(E—'n Wj) H (‘;;:j)z (2.10)

. j=1 7 1<i<j<n

IIL. IIOPOTOBA I ACUMIITOTUYHA IIOBEIIHKA CKAYKA IIPOIIATATOPA

Harapnaiivo, mo Mu oTpuMaJsin 300paXkeHHda Mg CKA9Ka IPOMaraTopa y BATJIAM DALY

H(E,p)=xY_ Has1(E,p),
k=0
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Ie ffzk_H(E,p) obuncaoeTbea 3a dhopmynon (2.10). KokHOMY 3 momaHKIB ffzk_H(E,p) BIAMOBIIa€ CHUHTyJIAPHICTE

npomararopa B Toumi £? =

[(2k + 1)m]? + p2.

Posrnanemo cucremy nentpa mac (p = 0) it obuuncaim f]n(E,p) mpu = nm+ ¢, £ € m (Ha moposi):

~ axt [ [ dpdpa (S

Micaa samiam p; = v/2em u; Jerko 6adnT, o

£

=1 1<i<j<n

Hy(e) ~ =312,

ITpn Benukux enepriax (F > nm) H, Takok MOKHA OOINCIHTH:

f_j ( ~ dpl dpn
mE n' 2|p1 -+ 2|pn|

3pobusinn B (3.1) saminy sMmiuaEX p; = E 2, omepKuMO
H,(E) ~ E2.

3ayBaKmMO, HIO OCKIJIBKH B HAIIOMY BHUTAIKY 1 =
2k + 1, To Ha moposi f]n(g) ~ &' me | — mine umecso
(3,11, 23, . ..). CunrynapHocTi mpomararopa, 1o JaloTh
TaKy TOPOTOBY MOBEMIHKY HOro ckadka, MOBHHHI OyTH

JIOTapUPMITHUMMT:

Fo(e) ~ gn*=3)/2 In(—e).

IV. BUCHOBKHA

Bimomo, 1110 KBaHTOBOIOIBOBA TYyCTHHA eHepTil £, (T)
AK PYHKIA TeMIepaTypH, obdncIeHa Ha OCHOBI TOYHOTO
PO3B’A3KY IJIs CTATHCTUYHOI CYMH, Ma€ BUIJIAI, 10 301~
Ta€ThCs 3 TYCTHHOIO eHeprii rasy BUIBHHX (bepMIOHIB

1 [ w
m(T) = - dp ——0,
em(T) 27T/_Oopew/T—|—1

w=/p*+m2.

p(ms(e-2w) T (55)-

1<i<j<n Pi +p;

e mocayKuao OmHUM i3 apryMeHTIB Ha KOPHCTH TOTO,
o Mojienb [3MHTa eKBiBaJIEHTHA CHCTEMI BLIBHEUX bep-
MIOHIB 1 TOMY HE CTaHOBHTDH OCOOJIMBOTO IHTEPECY AK MO-
Iesb IJId KBaHTOBOI Teopil mosid. [IpoTe mocmimKeHHA
IBOTOYKOBOI yHKIil IpiHa MOKa3ye MOMHJIKOBICTH IIO-
MIOHUX TBEPIZKEHD 1 CBIAYNTL MPO HAABHICTH HETPUBIA-
JbHOI muHaMiKu. Tak, soKpeMa, oTpuMaHuii y miii po-
60TI pesyJIbTaT MIOA0 CTPYKTYPU CHHIYIAPHOCTER Tpo-
maraTopa B KOMILIEKCHIH TJIOMIMHI KBaJgpaTa IMIyJIbCy
BKa3ye Ha Te, MO B MOAEJI HMPUCYTHI i 1HIM n-TOYKOBI
dbyukuii Ipira, Ha XKaJ/Ib, HOKE 1o He obuncieni. Hampn-
KJamd, TOYHUI po3B’A30K IId 4-TOUKOBOI KOpeasaIiiHol
dbyHKII B Mogesi IsmHra Mir 6 maTw BIOMOBIOL Ha MH-
TaHHA MPO Te, 9M HACHPaB/Al MEePEHOPMOBAHI ACHMIITO-
TWYHI CTAHU CHCTEME MalOTh BJACTUBOCT] KBAHTOBHX CO-
JIITOHIB, Ha IO BKAa3ye aHaJ i3 TOYHO 1HTEI POBAHUX IBO-
BUMIPHHUX Mojeseil KBaHTOBOI Teopil MoJIs.

A poagrmit A. 1. Byrpiesi 1 B. M. lllagypi 3a momo-
MOTy Ta MATPUMKY IpH HAINUCAHHI 1€l mMpalll, a TaKoXK
B. B. KypteBy 3a KopucHI 0OroBOpEHHS.
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ANALYTICAL PROPERTIES OF THE PROPAGATOR IN THE EXACTLY
SOLVABLE QUANTUM FIELD THEORY

0. O. Lisovy
Taras Shevchenko Kyiv National University, Department of Physics,
6 acad. Glushkova Pr., Kyiv, UA-03022, Ukraine

The quantum field theory interpretation of the exact solution of 2010 Ising model is given. The momentum
representation of the two-point correlation function is obtained and its analytic continuation on the time-like
region (p2 < 0) is fulfilled. It is shown that the propagator corresponding to the Ising model paramagnetic phase
has the simple pole at p? = —m? and the logarithmic branch points at p> = —9m?, —25m?, .... These branch
points correspond to the thresholds of the creation of n-particles intermediate states. Threshold and asymptotic
behaviour of the propagator’s discontinuity is evaluated.



