HaykoBuii BicHUK Ykropoxcbkoro yHiBepcutery. Cepist @isuxa. Ne 6. — 2000

MACH IICEBJOCKAJIAPHUX ME3OHIB B
HU3BbKOEHEPIETUYHIN KBAHTOBIN
XPOMOJIUHAMIIII

B.1. Catos, M.A. €8uu, O.1. Mara

VYxkropojacekuii nepxasuuit yHisepcutet, 88000, YVixropon, Byn. Bonomuna, 54

OpepxaHi  TeOpPeTHUYHi

HACTIAKH

i3 HU3BKOEHEPreTHYHOT

KBAHTOBOT

XpPOMOAUHAMIKM y BH3HAYE€HHI MaC HOHETY NCEBAOCKanApHux mesowis. Onepxani

TeOpeTH4Hi  nepeabayeHHs
eKCTIEPUMEHTAbHUMH JaHUMH.

Beryn

Xoua m-me30H, aificHo, Habarato Aermui
32 BCl BIJOMI TaJIpOHH, BIH Ma€ Macy
140 MeB. 3Biaku 6epeTres us maca, AKUO 7i-
ME30H rONJICTOHIBCbKa  Oe3macoBa
YacTUHKA?

3ragaeMo, IO KBApKH MaioTh HEBEJMKY
Macy, a 3alpoBa/UKEHHs Mac U, s i d KBapkiB

nopymye  kipaneny UsxU;  cumertpito,
BiZIHOCHO AKOT narpasxiaH KX
iHBapiaHTHUIL:

! popa ,Soo
LI(XL( :_QF,UVF;IV +/Z..;q'/ (ly,uD,u —m_/ )q; »

3HaXOaAThCA B

(

JIe qr — TMOMNs KBapKiB (3HaK f Hymepye cOpT
kBapka: fi u, d, s,...), mf — Maca KBapKa, y, —
matpuui Jipaka, D, — xoBapianTHa noxijHa,

_ 0 . g0 qa a
Dﬂ"/&x ~igd A" /2, A, - Bekrop-
7
NOTEHLiaN IIIOOHHOIO NOJIs, g — KOHCTaHTa
3B'3Ky  (gX/4m=0L), F.. — Heniniiina
Halpy>XEHICTh IIIFOOHHOTO TOJISL:
L a
=?ﬁ4¥‘__aAv +gf, AP A€
v abc T uttv
ox, Ox,

fabc — CTPYKTYPHI KOHCTAHTH IPYITH.

Bigomo, mo y ¢i3uui € 6arato npHKiIauiB
TOTO, SIK B Teopii CIOYATKy ICHYE CUMETPI,
OJHaK cuctemi €HEPreTHYHO Oine1
BHTIIHUH cTaH 3 MOpYIICHOI cumeTpieo. B
IIbOMY BHIIAJKy I'OBOPSATH, IO BiZOYBaeThCA
cionTaHHe nopyuedHs cuMetpii  (CIIC).
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no6poMy  y3rojKeHHi 3

HaitGinpnr BiaoMHuil npHKiIaJ Takoro poxy €
(bepoMarHeTuxk.

Jlrobe crnoHTaHHE TMOPYIIEHHS CHMETPIl
XapaKTEPU3YETBCST [1apaMETPOM IOPSIIKY -

BEJIMYHHOIO, AKa  IIpu BIICYTHOCTI
nopyuleHHss piBHa HyreBl. B KX]]
NapaMeTpoM NOps/JIKy, WO BIAMOBIJAaE 3a
CIIOHTAHHE HOpyIUEHHS KipajbHOT

iBapianTHocti (CIIKI), € BenuumHa KBapK-
aHTHKBapKOBOTO KOHJeHcaTy < (q > . Sxumo

BerMunHa < q ># 0, To mopyuryerses 9-

nmapaMeTpHuviHna CI/IMETpiﬂ, sika 3B‘sA3aHa 3
aKClaJIbBHUMH NIEPETBOPCHHAMH BHAY:

q, BN eiﬁn (elﬂai..rs )//.,q/, )
(2)

q/_ N é-/"(e’/}u;'nyS )/-7-€Iﬂh )

ze Ao — 8 marpuus ['enn-Mana, ys=iyoyiy2ys —
N06yTOK 4OTHPhOX Matpuilb Jlipaxa.
BinnosinHo 1o reopemu ['onxcroyna [1]
MOBUHHO  BUHHKHYTH 9  0e3MacoBHX
rOJIACTOYHIBCBKHX YacTUHOK, IIPH LbOMY IX
KBaHTOBI yHCcIa BIJUIOBIAAIOTH 9
NCEBAOCKANAPHUM  ME30HAM.  3anuuueMo
HIDKYE 1X KBapKOBHM CKIAL:
uy.d dyu  (n'-mesom),
uyu- a)/sd
N}

P4

(n-Me30H),
0 - + )
(n”-me30H), Sy,u (K -meson),

§7,d (K'-meson), @y,s (K-meson), dy,s
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ayu+dy.d— 25y 58
J6

(n’-me30H). 3)

(K®-mezom), (n-me30H),

ﬁy5u+c7y5d+§}/5s

V3

Takum 4MHOM, MH TPHXOZHMO 0
BucHoBky, 10 npu CIIKI  nosuHeH
BUHHKHYTH HOHET Oe3macoBuX
IICEBJOCKANAPHUX ME3OHIB.

Honer NICEBAOCKATSIPHUX ME30HIB
BAXXKJIMBHM THM, L0 HMOro 4YJjeHH [AarTh
yHiKanbHi BiZOMOCTI PO MacH KBapkiB Ta
TIPO CTPYKTYPY BaKyyMy.

BimmituMo, mo me no creopeHHs KX]]
HU3BKOCHEpPreTHYHa JuHamika m-, K-n-
Me30HIB Oyjia po3pobneHa B  paMmKax
anredpu CTPyMiB Ta KipaldbHUX JarpaHiKiaHiB
[1]. Komu 3’sBujacss XpOMOAUHAMIKa,
BUHHUKIIO OaXXaHHS 3pO3YMITH pe3ybTaTH
anrebpu crpymiB B Tepminax KXJ1. e crano
MOXJIHMBHM [2], ale Npu LbOMY BHHHKIA
HOBa TpyIHIicTh — «U;-mpobieman(3], sxa

Oyna BEJIMKHM CTHMYJIOM PO3BHTKY Teopii.
Pimegnio Uj-npoGnemu npucBsideHa Uf
pobora.

1. Macu nceBgockafsipHHX Me30HIRB
Ockinbku Maca KBapKiB €  MaJluM
napaMeTpoM, TO MOXHa pO3paxyBaTH MacH
MICEBIOCKANIAPHAX ~ ME30HIB 1O  LHOMY
napaMeTpy (K MaTpUyHUP  €JIEMEHT
30ypeHHs)). Y JaHOMYy BHIIAJIKY MaCOBHIA
yneH B raminsroniani KXJ sBHO nopyuye
KipaJbHY iHBapIaHTHICTh:
H =m,iu+m,dd +m5s+... 4)
Hanpukiaz, Maca 7t - Me30Ha €
m, =(z" |H|z"). 5)
s obuMcieHHS HBOro MAaTpHYHOIO
€J1eMEeHTa BHKOPHCTOBYEMO M'SIKO MIOHHY

teopemy. I[lpu neperBopenHi (2) 3rinHo
TeopeMn  HoTep  BHHMKae  akciajapHO-
BEKTOPHHH CTpyM:

a = ﬂ‘l.l
A,I(X)=q(x)*2—}’,,}’sq(x)- (6)

e BTN M SR Bona TakuM 4YUHOM, NPH MOPYLIEHHI CUMETpii
HoJArae 0Ck B 4OMy: . (4) BUHUKAE aKClanpHUU 3aps:
He3pO3yMiJIo, 4oMy ZeB* ATHH
HCCB}IOVCKEUIngI/Il‘;.I Me30H 1'(958) 3Ha4HO 0% (+)= jA(j‘(x)d3x, o
BXYMH B IHIIHMX  IICEBIOCKAISPHUX
ME30HIB; JUia  ojepXaHHA HHU3BKOCHEPreTHYHHX
HE3po3yMina BiTHOCHO BEIHKA TEOPEM PO3IJITHEMO IIO/BIHHY NHBEPreHIUI0
napuianbHa IMMPUHA PO3NaLy 1—>37. XPOHONOMNYHO  YHOPSAKOBAHUX  JNOOYTKIB
Lix TPYAHICTH cTana HaCTUIBKH ABOX aKClaJIbHUX CTPYMIB:
B@XKJIMBOIO, 110 Ha NPOTA3i 6ararboX pOKiB
OOV (Ag(x)A;(v)) = 0L03(0(x, ~ p, )AL(X) A (¥) +O( v, =X, )AL (¥ ) A(x) =
=01 (0(x, =y, ) A5 (X )0, A5 (¥)+0( v, = %) JOL A5 (¥ ) Af(x)) ~ )
= 8(x, =Yy JAL(X) A5 (y)+8( v, ~x, )45 (y)A(x)) =
= T[G?AZ(X)aiAﬁ(y)+5(xa —yo)[AX(X),6’iz‘1f(y)]~ 00(xy =y, )[Aj(x), A(ﬁ’(y)ﬂ.
V3gBmm  marpuyHuMit  enemeHT  Hi€l BUKOHAaBLUH HEPETBOPCHHS Dype

TOTOXXHOCTI MIX HYKJIOHHHMH CTaHaMH 1

J'd “xd” ye""" e  opepxumo:
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qtq} [d'xe (N(P,)|T(A5(x)4;(0))|N(P,))=
= [ xe Y N(P, )| T(0" 43(x)0" £3(0)) | N(P,)) -
~igf(N(P,)|8(x,)[ 47(0), 45 (x )] IN(P, )+
+(N(P,)|8(x,)[ 4(x),8* 42 (0)] I N(P,))}

J&  MH  BHKODHCTIM  TPaHCIALiHHY 9,AL = fimle®, a=12,..9 9)
IHBapiaHTHICTh Ta BHIUIMJINM MHOXHHK 2 .
9t )5( € ¢ — TIONBOBI OIEpaTOpud HOHETY
(27 )o(p,+4,=P;~4:)- NCEBIOCKANSIPHUX ME30HIB. B
[TpuBenere CHiBBIAHOIIEHHS, SIKE 3B A3y€ HU3BKOEHEPTre THIHAX MENKAX iz
MaTpH4Hi €JIEMEHTH CTPYyMiB Ta MaTpHYHI CIIiBBiRHOMEHHS (9) OREPKYEMO:
eNEMEeHTH  JIMBEpreHuilf, € NpUKIaioM '
TotoxHOcTt Yopaa. Ocra”HHe € BiANpPaBHUM o _ 2
: : (018,4:|P.(K))=6,m.f, (10)

IYHKTOM npH OJIepXKAHH1 HHU3bKO-
CHEPreTUYHMX TEOPEM.

Taxkum 4HHOM, 4YacTKoBe 30€peXeHHs
akciaabHO-BeKTOpHOTro cTpyMy (U3ABC) nns
0~ ME30HIB Ma€ BUJ:

BuxopucroByioun peaykuifHy ¢opmyiy
Ta Y3ABC, o piBHICTH MOXHA 3afMcaty y
BHTJISIAL:

i(m; -

S, m’f, = - ") jd‘xe"’“<0|T(aﬂA;(O)aVAf(x))m):

fom;
_i(m;

~-K?)q s " ra ,
Tm—;—l%v [d*xe™ (01T (8" 45(0)40(x))10) - an

— [d’xe™(018(x, ) 4)(x),6* 41(0)]10).

Taxum YUHOM, HH3BKOEHEPreTHYHA _ ,la . 1 _

TeopeMa Ma€ BHJL: [q - Vors9qh ] = —’Z“q{)vaﬂlb Jq= )
2 . ’(mz - Kz) a i 7
dumif, = [d*x(016(x, )1 430x).0° 4500)) 0);% Aope§ 2] -
=(oilo™.ro™ He0)1)0). P
(12) an HLOMY d(/ab = \/—:3:5(1[7 ¢

3 (12) BUIUINBAE, 1110‘ MacH Bpaxosytoun (12) 1 (13) oaepxxumo:
NCEBAOCKANSIPHAX  ME30HIB  3B‘sA3aHi 3 ] _ .
cepeHiM 1o Bakyymy. Ilpu pospaxyHkax mjn = —F;(mu <17u> +my, <dd> + mx<§s>),
BHKOPHCTOBYEMO KaHOHIYHI aHTH- .
KOMyTaUiiHi CITiBBiJTHOIIEHHS TSt . = 1 m,+m, ((ﬁu) +<gd>) (15)
KBapKOBHX IIOJIiB! a F? 2 '
{Ga(%,1),q5(9,1)}=8,,6" (=), : I m&E - \

. : . me, =—— S\ (uu)+(ss) |,

Ae o, B — impgexcu Jlipaka Ta KOXbOpOBi = 2 \ /

inmexcu. JIns  DpHKIAdy — PO3TIAHEMO
xomytatop [Q°(t),gA’q]:
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O6rosopumo 1i popmynn. Keaaparu mac
NiHIMHI M0 MacaM KBapKiB 1 MO KIpajbHOMY
KOHJEHCATy, AKi [OpYIIYIOTh CHMETPIO.
®opmymu  (15) omepxaHi B HepHIOMYy
IOPSIZIKY [0 MacaM KBapkiB. bByno moxasaso,
mo (gg) <0, rak mo 3Haku B (15) Bipui. 3

posmaniB  m—>pv, K-—>um  Bigomo, 110
Fr=94MeB, Fx=140MeB.
Posninuemu macy K-me3ona Ha macy m-

Me30Ha B (15) omepxumo (IOMyCKaeMo, IO
<ﬂ'u> = <Jd> = <§s>):

m,_ 0.24IeB
m, +m, 0.02IeB

3BIAKM BHUTIKae, 0I0 MacH u-, d-KBapkiB
HaGarato MeHiui 3a Macy s-kBapka. Jlns
3HAXO/KEHHs aOCONMIOTHUX 3HAa4YeHb Mac
KBAPKiB 3rafjaeMo, U10 i3 po3UIEICHHS Mac

2
M
2
m

n

12, (16)

ny,
R

raApOHIB!
m, =150MeB ,
m o~ T 50MeB, (17)

m, = 4MeB ,m, =7 MeB ,m_=150MeB, (18)

(Gq)=—(250MeB)’ . (19)
2. U(1)- npobaema
Gopmymn  (15) Bwmowarors 7 13 9
NCEBJOCKAIIPHAX ~ ME30HIB. KpHTHUHOIO
nepeBipkolo  Bciei  ifgeornorii  6yio  Om

OOYMCIEHHS THM JX€ METOOM MacH ME3OHIB
n (549 MeB) 1 n' (958MeB). 3ragyroun
KBapKOBUH CKJIaR KX Me30HIB (3), MOXHa
ozaepxaTH Gpopmy/u, aHaioriydi (15):

m; = _%‘l(mzl +m,; +m, qu> =
’ . (20)
T (Gq) ~ Emi, =0.32IeB’

3BiKH mM,=566 MeB, 1mo 3HaxomuThCA B
ZIyXe noGpomy Y3rOJDKEHHI 3
EKCIIEPUMEHTOM m,*“=549 MeB.
3anuuIaEThCsl CHHITICTHUR (Ty)Ke BaXIIUBO)
N'-me30H. Po3paxoByroun ananorigHo (15},
OHEPIKAMO!
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~
~

21)

3 (m“<27u> +m, <¢?d> + ms<§s>)

2

R — My

=0.16TeB’,

3BiKM M, =400 MeB, fka 3HaXOMMTBCS B

IIOraHOMY Y3TODKEHHI 3
eKCIepUMEHTATBPHUM 3HadeHHsM 958 MeB.
Karactpodal!

Ile#t nmapagokc 6yB chopmMysibOBaHHH 1UE
C.Baiin6eprom B 1974 p. [4] i onepxas
Ha3py U;-npoGinemu. Jlexiibka pokiB TOMYy
1ie Oyia pyxe cepiosna npobiema st KX/[
{ HOCHYKUNA BEIUKMM CTHUMYNIOM 1T PO3BUTKY
[5]. 3apa3 ue#t mnapagokc BHpILIEHHH B
paMKax  IHCTAHTOHHOTO  Bakyymy. Lle
nyTaHHs Oyne po3rnsHyTo Huxde. 3 daxty
ICHYBaHHSI B@XKOro m’- Me€30Ha TEOPETHKHU
JI3HANMCSA NPO CHIbHI B3aemoxil Habararto
Oinplue, HiX 13 ICHYBaHHA OyAb-SKOTrO
IHIIOFO rajpoHa.

Jlo narpamxiana (1) HeoOximHo nomaru
4ineH, sKMH BpaxoBye rmooHny U(1)-
aHomaniro. B poborax [18, 19] rmoonny
adoMajlif0 BpaxOBYBaTH (EHOMEHOJIOTIYHO,
3aMpOBAKYIOUM B KipalbHWH narpaHxiad
TJIIOOHH] 110JI Y BUTJSAlI TOMOJIOTiYHOTO
sapagy (18]. Opmax, B ocraHHiit 4ac
BBaXKA€ThCH, IO BpaxXyBaHHS iHCTAHTOHHOTO
BaKyyMy € €JIHHOIO MOXJIMBICTIO BHPIIICHHS
U(1)- npobnemu [20]. Sx Bigomo[21],
BakyyM KXJI Mae jgocuth  CKJIagHy
cTpykTypy. HeneprybatuBHiI nojs MOXHa
pO3OUTH Ha Bl YaCTMHU: KOPOTKOXBHJILOBY,
jJKa Ja€ BHECOK Yy B3a€EMOJII0 KBapKiB Ha
ManuX BIICTaHAX T4 Ha JOBIOXBUJIBOBY, fiKa
BH3Haya€  KoH(paitnmenTr. B Mogeni
IHCTAaHTOHHOI piMHM meplia BiAIIOBigAE
OKpEMOMY 1HCTaHTOHY 3 po3MipoM p=0.3
®m, a gpyra — KOJICKTHBHHM 30YDKEHHIM
IHCTAHTOHHO! PINUHH 3 JOBKUHOK XBMJI
AR cons, 1€ Reonf=3p. — cepenns Binganb Mix

iHCTaHTOHaMH, a Repne=l DM — paniyc
KOH(palHMEHTY kBapkiB. Bsaemomis 3
KOPOTKOXBHJIBOBOKO ~ YaCTHMHOK)  BPaxoBY-

€ThCA 3a AONOMOrorw B3aeMonii m’ Xoodra
[22], sixa Mae BuA:

Am, _
——————[detq,,q, tec],

(< qx'q/ >)

(22)
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e

.12(43 ) 99,10 .[\__D(#)Z (”/Aum)'(zgj)

pz,u — po3mMip iHctaHToHy, D(1) — rycruna

IHCTaHTOHIB,
a(A)
Z(,U/Amy[) [ (,u)]

I'yctuna iHCcTaHTOHIB onepxana B [19]:

(24)

i 27 7' 330MeB)
3.6 = - ’
D(p)=3.64-10 [ 7 )J xp[ a(ﬂ)[ Toai)  u }I}
2 !
) 17 Moot )
(25)
Koncrautu Axxy, Po <§q>, <FF>
BUOpAHi TakuM K€ YHMHOM, IO 1 B METOJl
npasun cym KX/1 [21]:
Ay =200MeB , p, =2IeB™"
<gq>=—(250MeB)’ ,
(26)
/ (—~ o [0> (330MeB)" ,
m, =200MeB .
IIpu B3ATTI iHTerpany (23)

3aMpoBaKYETHC OOpi3aHHs, TAKUM YHHOM
AL cunbHO 3a5iexuth Bix A.=1/p;.

B mogxeni incranTOHHO! piguHH Pc=0.3
Om  [20]. HincraBuBmm A, B (23),
oaepxuMo, mo A=0.154. Koucrantu F; 1 Fyp,
mwo Bxoaate B (20), (21) 3naiineno [7] i3
HIUPUHU po3mafiB n'—2y 1 n—2y 1 piBHL:
Fy=1.1F; 1 F;=1.12F,. Omxe, BpaxoByrouu
(21) 1 (22) onepxumo:

o ! 2

m,+m,+m_}<qqg>+a<qq>,
F,,’3(' / ,1<qq> qq

pi (]
a<dqgq
émf( +0.720TeB” ~ 940MeB .

>=(0.720leB’

2
mn,

BucHoekwu

TaxuM unHOM, IHCTRHTOHHUH BaKyyM fae
KUTBKICHY BIAMOBiAr Ha 6araro IHMTaHb
CUJIBHUX B3aeMojiil. 3Sanumacrscs opHa
JeTajlb — KOH(QaKHMEHT B3aeMoii. B Haurii
cTarTi KoHpaldHMEHT BiacyTHii. OpHak,
BMHHKIIH MAacHBHI ME30HH, MOXHA OAEPXKaTH
1 OapioHu, TOOTO € BClI TagpoHU, 3 SKHX

173

cKnanacThes martepis. I3 crarri BHIHO, IO
OynoBa raJpoHiB 3B‘s3aHa B OCHOBHOMY i3
CIIKI 1 wMano 3alexurb BiL TOro €
KoH(aHHMEHT, g1 HI. Ockinby,
KOH(paHMEHT € sABHUIE IyXKE€ TOHKE, MU
BB)Xa€EMO, 1110 HACMPAaB/l BiH 3HAXOIMTHCH B
IHCTaHTOHHOMY BaKyyMi, OJJHaK 3HaliTH Horo
nyxe Baxko. lllupuna n'- mesosa Oyue
obpaxopaHa JenIo Hi3Hile.
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MASSES OF PSEUDOSCALAR MESONS IN LOW-
ENERGY QUANTUM CHROMODYNAMICS

V.I. Sabov, M.Ya. Yevich, Yu.l. Maga
Uzhgorod State University, 88000, Uzhgorod, Voloshina st., 54

It is obtained the consequences from low-energy quantum chromodynamics
{QCD) by determining the masses of pseudoscalar mesons nonet. The obtained
theoretical results are in good agreement with experimental data.
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