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Abstract

Review of last experimental results on the exotic meson production (upto
2003 year) is presented. It is shown that more probable candidates to exotics
are two 1-1 mesons: m(1400) and m;(1600). The comparison with different
theoretical models is given.
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AnnoTanus
[Tpeacrapien 0630p MOCAEIHUX SKCIEPUMEHTAIBHBIX Pe3yJIbTATOB M0 POXKIe-
HHUIO 9K30THYecKuX Me30HOB (110 2003 roga). [Tokazano, 4To HaubosIee BEPOSITHDI-
MU KaHJUJIATAMK B 9K30THYECKHMEe ME3OHBI SBJSIOTCS aBa 1~ me3zona: m(1400)
u 71 (1600). lano cpaBHEeHUE € NPEJCKA3AHUSIME PA3IUIHBIX TEOPETHIECKUX MO-
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1. BBesnenue

MesomHasT CIIEKTPOCKOINST BCTYIAET B HOBYIO 9Py IKCIEPUMEHTAJIBHBIX 1
TeopeTndeckux ucciaenopanuii. Ha npempigymem sramne Gpusuky BIOJIHE JI0-
BOJIbCTBOBAJIUCH IIPEACTABJIEHUSIMIA O KBAPKOBOI MaTEPHH: ME30OHBI COCTOST
13 KBapKa 1 aHTUKBapKa, OApPHOHBI — U3 TpexX KBapKoB. [locienHne pacuersl
"Ha perreTkax’ B paMkKax KBaHTOBO# xpomopumuamuku (KX]I) mokassiBaiorT,
4TO MOXKET CyIECTBOBAaTh HOBas 4acTUIa (TJIFOOOJI) WJIU CBSI3AHHOE COCTO-
siHie IBYX WJu OoJiee TJIIOOHOB Mexkay coboit. PomcTBennoit eit gacTtueir,
pejcKa3biBaeMoil pazindnbiMu MozessaMu KX/ apisgerca rmOpug — cBd-
3aHHOE COCTOsIHME KBapKa, aHTHUKBapKa U III0OHA. [IpeacKka3biBaloTCst TaK»Ke
MHOI'OKBAPKOBbBIE€ COCTOSIHUSI 1 ME3OHHbBIE MOJIEKYJIbI.

B mocnennee necatuienne XX BeKa MOABUINCH SKCIEPUMEHTAJIbHBIE CBU-
JIeTeIbCTBA CYIIECTBOBAHUS TAKUX YACTHUIl, OTKPHIBAIOIIUX COBEPIIEHHO HO-
BbIIl KJIaCC MATEPUH, HA3bIBAEMBIN 3K30TUKOM.

Hacrosimast paboTa mocBsiiieHa pe3yabTaTaM IO HCCJIEIOBAHUIO THOPH/I-
HBIX ME30HHBIX COCTOAHMM, KBAHTOBBIE UKCJIa KOTOPBIX 3aIIPEIIeHbl B PaMKaxX
KOHCTUTYEHTHO! KBapKOBO! MOMIENHN U SIBJISIOTCS OJHO3HAUYHBIM MPU3HAKOM
(CI/IPHaTypOI‘/'I) 9K30TUYECKUX COCTOAHUA.

2. I'mbpuabIe 3K30TNYECKIE ME30HBI

Omnucanne 9acTUIBI MOXKHO CUATATDH MOJIHBIM, €CJIU OIPEIEIEHBI € Macca,

BpeMs Ku3HU, KBaHTOBRIe unciaa J¢JPC

¥ BHYTDEHHsisi CTPyKTypa. Pac-
CMOTPUM, KaK OIPEJEJAIOTCH KBAHTOBbIE YUCIIa ME3OHOB.

Kulaccuyeckasi KBapKoOBasi MOjieJib (Tak Ha3blBaeMast KOHCTUTYEHTHAsT KBap-
KoBasl Mozenb) 1| mecoBepmienna. Ouna He 06bsacHeHseT KOHAKHMEHT (yaep-
JKaHUE KBAPKOB) U POJIb [UIFOOHOB, HE JaeT abCOMIOTHBIX 3HAYEHUH MacC U
BeposiTHOCTell pacia/ja Me30H0B. OHAKO OHA IO3BOJISAET JATh Psijl XOPOLINX
IpeJICKA3aHUi U SBJISETCS OCHOBOM JJIs KITaCCHPUKAINN ME30HOB.

B cunbHBIX B3aMMOIEHCTBUAX JACTUIA XAPAKTEPUIYETCS CIEAYIOIIMU CO-

XPaHARIUMUCA KBAHTOBbIMUA YK CJ/IaMU:
-

J — mosnHbI# yriI0BO# MOMEHT P — npocTpaHCTBeHHAs YE€THOCTD,
(crimH Me30HA),

-

S — cymmapubiit cina kKBapkoB, C — 3apsioBast Y€THOCTD,

I — usocnuH, G — (G-9eTHOCTbD.

B pononnenne x cymmapHOMy CliHy KBapKOB HMEETCs OPOMTANILHBIA yI-
10Bo# MomentT L Me30Ha. 3arem L u S’ MOKHO BEKTODHO CJIOJKUTH B IIOJIHBIH
yroBoit Moment mesona J = L+ 8, tne J = |[L— S|, |[L — S + 1],
L+ S].



3apsi2KeHHbIE YaCTHUIBI HE MOI'YT ObITh COOCTBEHHBIMU COCTOSHMSIMU OII€-
paropa C, r.x. C |7*) = |7~). Opguako, eciu npumeHuTH C-oneparop Beies
3a ppamenneM m3ocmmra R = ¢™v takum, wro \I,I,) — |I,—1I,) (3mech
I, . — mpoekImy H30CIHUHA HA OCH KOODANHAT B M30CIHHOBOM IIPOCTPAHCTBE ),
TO 3apFXKEHHBIE JACTULBI MOTY'T ObITb COOCTBEHHBIMU COCTOSIHUSIMU HOBOT'O
oneparopa G-4eTHOCTH, OIPELEIEHHOO KAaK [pou3BeieHue oneparopos C u
R, G =CR.

MozxHO Tak mmepeonpeneanTh OIepaTop C v cOBCTBEHHBIE COCTOSHUS al-
POHOB M aHTHAJAPOHOB [2], 4TO ero cobCTBEHHOE 3HAUYEHUE Oy IET ONpPeIesaTh
BCE YJIeHBI JaHHOIrO HOHeTa. [Ipw 9TOM ero 3HauyeHHe MOXKHO IPUHSTH PaB-
HbiM 3HadeHnio C' [jis HECTPAHHOI'O HEHRTPAJBHOIO ME30Ha ITOr0 HOHETA.
Hust weiirpasnbhoii cucrembt G = C(—1)T. Takum 00pa3oM, HpUxoauM K

cienytonuM (opmyJiam:

J=L+§5, (1)
P = (-1)" (2)
C = (-1, (3)

— ( 1)L+S+I (4)

JPC

Mcnonb3ys nx, MOXKHO BBIYUCIUTH BCEBO3MOXKHBIE 14 ME30HOB, pa3pe-

IIIEHHBIX KOHCTUTYEHTHOW KBApKOBOi Mozesbio. [Ipu srtom G = C gna I = 0
uG=—-C mua I #0.

Hepasperenablie KoMOUHAIMY KBAHTOBBIX UKCEJT
PC _—— (t— 1-+ ot— o+
JY=0"",0", 17", 27 37, ... (5)

— 9K30TUUYECKHE COUETAHUS B KBapPKOBOI MOIEJIN.

Ecau cocTosinre ¢ TaKMMU KBAHTOBBIMU JHCJIaMK OyaeT OOHapy2KeHO, TO
OHO JIOJI2KHO OBITH Y€M-TO OTJIUYHBIM OT ¢g-cucTeMbl. [Ipemmomaraercst, 9To
9TU KBAHTOBBIE YUCTA OYIyT pas3pelneHbl sl COCTOSHUN |¢gg) — THOPHIOB,
T.€. CBSI3aHHBIX COCTOSTHUI KBapK-aHTUKBAaPK-TJIFOOH. 3/1€Ch MbI OI'PDAHUIIMCSI
PACCMOTPEHUEM YaCTHI], COCTOSIIUX M3 JIETKMX KBapKoB ¢ = u,d,s. Ilpu

STOM THOPUABI MOIYT HMeTh Jfobbie KBanToBble ancia JE €. [Togpobree cum.
ob30p [3].

2.1. 'mbpu b

B macrosiiee Bpemsi 9KCIEPUMEHTATIBHO HAOJIONAOTCS JIUIID IK30THIE-
ckme mezonbr 71(1400) u 71(1600) [4, 5, 6, 7] ¢ JPC = 177 (mompobree cwm.
pazgen 4 nauHO# paboThI).



['ubpuipl, T.€. CBA3AHHBIE COCTOSIHUS |¢g), €CTECTBEHHO OIUCHIBATL B
pamkax teopuu KXJI. B Hacrosiiee Bpemsi To9Hasi TeOpust T’MOPUIHBIX ME30-
HOB He pa3paboTaHa, T.K. TPYJIHO y4YeCTb HelepTypOaTuBHbIE BKJajbl. Hau-
Oojiee HaJIEXKHBIMU SIBJIAIOTCS ITOAXO/bI, ocHOBaHHble Ha KXJI, Takme Kak
npasuia cymm KX/JI u pacuerst Ha peuterkax (Lattice Gauge Theory). Onn
JatoT Oosiee WM MEeHee TOYHbBIE TIPEICKA3aHUS I MACC TSXKeJIbIX I'MOPUI0B
|cg) m |bbg) m ouennb 6ombIoit Pa3bpoC B pesy IbTaTax s JETKUX THOPHI0B
B 3aBUCHMOCTH OT HCIOJb3yeMbIX nomyineruii. Ormerum 3xaech, uro KX/I
6€e3 IOTMOIHATEIbHBIX TPUOIHKEHIH nomycKaeT obble 3uaderns JEXC s
ruOpUIOB.

Cnoxubie pacuerbt KXJI Ha pemerke [8] st sHEpruu gg-napbl B TiIio-
OHHOM IIOJIE B 3aBUCUMOCTU OT PACCTOSIHUSA T MEXKJY KBapKaMU ITOKa3bIBa-
FOT, 9TO [Jis OLMCAHUSA |¢qg)-COCTOSIHUS CJI€YeT UCIONb30BATh PA3HbIE MO-
nmenn. [Ipu oueHb MajleHbKHX PACCTOSHUAX T MOXKHO HCIIOJIb30BATDH aIHa-
baTHYeCKy0 MOJEIb MelKa 9], rjae KBapKy CTAIHOHAPHBI U [VIOOH MOXKHO
paccmaTpuBaTh Kak “BajeHTHyI dactuiy (quark-gluon constituent model).
[Ipu 66sbIIuX paccTostHusAX T (HO MEHbBIINX Pa3Mepa MPOTOHA) JOJKHA XO-
porro paborars Momenab Tpyboku rmoonuoro moroka [10] (flux tube model,
FTM), B KOTODOi{i IJIFOOH PACCMAaTPUBAETCS KAK CTPYHA C TOYEYHBIMU ~3€p-
HaMu ', CBSI3QHHBIMU JIMHEHHBIM [TOTEHI[UAJIOM.

B mozmenn mermnka KBapKu uMeIOT cyMMapHbIil ciuH S, = 0,1 u opbu-
TaJbHBI MOMEHT lgz. [Ina Huskomexkarmero cocrosuud l,; = 0, 1. Imoon
(S, = 1) Takke umeer OpOUTAJIBHBIA MOMEHT OTHOCHTEJIHHOIO JBUYKEHHSI
l, =0, 1. 3aKOHBI COXpaHEHUS YETHOCTH U 3aPsAIOBOI YETHOCTU JAIOT JJIs
rubpuna [11]

lyg+!
A )
C = (_1) qgtOqt1

Cymmapabie KBauTOBble wncia J, = L, 4+ S,, L u J rubpuzroro meso-
Ha [OJI9IaIOTCs BEKTOPHBIM CJIOXKEHHEM COCTABJIAIINUX. B urore, Hampumep
n7s rubpusHOro coctosaus JYC = 171 BosmoxHbI ceyromue KBaHTOBbIE
ancia 11|, npuBenenubie B Tabi. 1.

Tabsmma 1

KsanToBbie uncia Huskosexamero 1-1 rubpuga |gqg)

B KBapK-TJIIOOHHO! KOHCTUTYEHTHON MOEeJIin

PIClyg|ly Iy Seq| L] J
—T+lo 1o 1 [0]1
4o 111 |1]1
—l+lof1l2]1 |21
— 4+l 1lol1]o |1]1




Aproper paborer [11] nokasbiBaroT, 4TO BO30OYXKJIEHUIO KBAPKOBBIX CTe-
neHelt cBOOO/BI COOTBETCTBYET JIWIND OJWH W3 IEPEUYUCAEHHBIX HAOOPOB C
l; =1 8,;=0ul, =0, a Bo30yKIEHNIO [VIIOOHHBIX CTeIleHe}l CBOOOIBI —
octajpable Tpu ¢ J, =L =0, 1, 2ul, =1.

B obmeM ciydae B MOZENH MEIIKOB BO3MOXKHBI Jiobble 3uadennst JEC
s rubpuos. OxassiBaercst, uro rubpun JEC = 177 apaserca cambiM
nerkum. B KXl cBs3aHHBIM IVIIOOH MMEET JBa HIMKAMNIIUX COCTOAHUS: TaK
Ha3bIBaeMoe “nomnepevno-tekrpudeckoe” (TE) ¢ J gP C = 1%~ u ’nonepeuso-
marauTHoe” (TM) ¢ JPC, = 17~. Huskonexkammue ¢G-CoCTOAHMUS TAI0T HAM
0" u 1™~ gua Syg = 0 u 1 coorsercreenno. dist TE-rioonoB Mbl nosydum
kBanTOBbIe uncna JEC rubpuma BeKTOPHBIM ClIOKEHIEM

qq [mroon [M'ubpun
Su=1\17) 1 =1y ) ")

—

31ech @ 0003HaYAET BEKTOPHOE CJIOXKEHHE CIMHOBBIX MOMEHTOB S U aIau-
TUBHOE IEePEeMHOXKeHre KBaHTOBbIX yuceal P u C. Dk3oTudyeckuit rubpu ¢
JPC = 17 ansercs cocrosiHmeM, rie KBapK M aHTHKBAPK MMEIOT MapaJl-
JIeJIbHO BBICTPOEHHBIE CTIUHBL, Sz = 1, a rubpugsr ¢ J PC—1-=,0"*tu2t
UMEIOT BBICTPOEHHOCTDb CIIMHOB KBAPKOB, IIPOTUBOIOJJIOXKHYO BbICTPOECHHOCTH
B KBAPKOBOM MOJIENH IJisi 9TUX K€ 3HadeHu J PC

Hns TM-ratoonoB, KoTophle TsaxKestee, yeM T E-TyTF0OHbI, B MOJEIN MEIIIKOB

nosTy4alorcs apyrue kanTosbie uncia JEC rubpuios
qq [iiroon ['ubpu,
Sqq = (( Q@ 1 = 1t (s)
Sg=1\1" —\(0,1,2)T )
D1y rubpUIbI IO KBAHTOBBIM YHCJIaM HUIEHTUYIHBI ¢g-Me30HaM ¢ L = 1 m

HNMEIOT OJJMHAKOBYIO C HUMHU BBICTPOECHHOCTD CIIMHOB KBapPKOB. HOSTOMY O2KHU-

JPC = 17 6ymer caMbIM JIErKnM, 9TO MOATBEPIKIACTCS

pacueramu KX/I #a perrerkax. OTMeTnM, 9TO B 9TOM T'uOpUJIe CIUHBI KBap-

JTaeTCs, 9TO rudpuI

KOB BBICTPOEHBI TaK, 4T0 Sz = 1.

Heckonbko apyroit Habop kBauToBbix unces JEC misa cambix serkux ru-
6pusoB nosyvaercs B Mogesnu Tpyoku ruoonsoro noroka (FTM). Ocrano-
BUMCsI TTOIpOOHEE Ha ITON MOJENH, T.K. €6 Pe3yJIbTaThl COBIAJAIOT C MPEI-
ckazanuamu KX]I Ha perrerkax. KBapku yaepKuBaioTCss MeXK 1y coboit cTpy-
HOITOIOOHO# XPOMOIJIEKTPUUIECKON TPYOKO# moToOKa. DTa TpyOKa HE MOXO0XKA
Ha OOBIYHBIA IJIIOOH UM €€ KBAHTOBBIE YHCJIA 3aBUCAT OT (POHOHOIIOJOOHBIX



MIONIEPEYHBbIX KOsieDaHuit amemeHToB Tpyoku. Ecau konebanuit HeT, To opbu-
TaJIbHBIN yryI0BOit MOMeHT TpyOku 7 = 0. B 9TOM cyvae Mbl nmeem OObIIHBIH
qg-me3on. Pacuernst KX/ Ha permerkax |12, 13| u Momesb TpyOKu MOKa3bIBa-
10T, YTO HU3IIee BO30YKIEHHOE cocTossHue TPyoOku umeer 7 = 1. [Ipu sTom
€e 9eTHOCTDb U 3apsi0oBasi 9eTHOCTb CBsi3aHbl cooTHOmeHnem P = —C.
O0603HaYNM TPOEKIINIO YIJIOBOI'O MOMEHTa TPYOKH j HA OCh, COEIUHSIIO-
My KBapKu, depe3 A. [IoBOpoT mo 9acoBoit m MPOTUB YaCOBOU CTPEJIKU
BJIOJIb 9TOM OCH COOTBETCTBYyeT 3HadeHusIM A = +1 u A = —1. Obo3HauUM
9TU COCTOSTHUSA 4depe3 P11 u P1_1. OHM BBIPDOXKIEHBI, T.K. CHCTEMA JIOJIXKHA,
UMETb OJHY U Ty K€ SHEPIhi0 HE3aBMCHMO OT TOTO, KaK OHA, BPAIAETCsS OT-
HOCUTEJIhHO 9T0i ocu. CJie0BaTeNbHO, JI00ast TnHetHAsS KOMONHAIINS TAK¥KE
OyzeT COOCTBEHHBIM COCTOSTHUEM TaMIJIbTOHMAHA. PaccMOTpuM KOMOMHAIIMN

+) = (1 +1-1)/V2, (9)
=) = (W= )/V2

Omneparop uyerHocTu P MeHsIeT BpallleHKe 10 U IIPOTUB YaCOBOI CTPEJIKH,
T.€. MEHSIET COCTOSIHMSA P11 U 11_1 Mexkay coboii. [Tosromy ero meiicrBue Ha

byskuuu |+) u |[—) Gyzer
Pl+)=pl+), Pl-)=-p|-). (10)

Sapsigosoe conpsizkerne C MeHsieT HallpaB/IeHNe JJMHUN KBAPK-aHTUKBAPK,
T.€. IEPEBOPAYUBAET OCh M, 3HAYHUT, MEHAET BPAIIEHKE 10 U IIPOTUB YACOBOIA
CTpEJIKH, T.€. CHOBA MEHsIeT MecTaMu Y11 1 1_1. Takum obpasom,

ClH)=cl+),  C|=)=—c-), (11)

T.e. GYHKIMH |+) U |—) ABIAIOTCS COOCTBEHHBIMU COCTOSHUSIMU OIIEPATOPOB
gerHocT P u 3apsanosoit vernoctu C. [losToMy KBaHTOBBIE 4nCIa TPYOKH
(c yuerom ycnous P = —C') asstiorcs

JPC =1"% wm 17" (12)

[Ipu 9TOM OfHOMY W3 HUX COOTBETCTBYET COCTOSIHUE |+), a Apyromy —
|—), aro 3aBucur or Koukperuzanuu 3uavenuii P u C.

KBaHTOBBIE 9KC/Ia HU3KOJIEXKAIIETO THOPHIa HAMIEM C TIOMOIIBIO BEKTOP-
HOro cioxkenusi. Harmomuum, 9o pis ¢g-cucremsr Mot umeem 0~ F npu Sz = 0
u 177 npu S,y = 1. Torga kBanTOBEIE YKC/IA IIOPH/IA TOMYYUM CJIeLyIOIIIM
obpazom:

qq Tpybka ['ubpun,
1—+ 1+t
Su=0, 07" @ | )= ,- ] (13)



Naunble 3nauenns JXC rubpuna (TouHee MymbTHILUIETA MMOPHUIHBIX CO-
CTOSIHUI) HE OTIIMYAIOTCS OT OOLIYHBIX JJIs KBAPKOBOW MOJEIN KBAHTOBBIX
YHUCeJ, HO BBICTPOEHHOCTh CIIMHOB KBAPKOB B I'MOpUJIe MPOTUBOIOIOXKHA TOA,
aro g gg-cucreMel ¢ 17T u 177 (S, =1).

Hna S,; = 1 rubpug 6yner nmers

qq Tpybka IMubpun

1-+ 1,2)+"
Su=1 17 ® —(©@12)

1+ (0,1,2)~* (14)

B 9TOM CJIy4da€ Mbl UME€EM FI/I6pI/I}1bI C HeO6bI‘{HbIMI/I KBAHTOBBIMU 4YUCJIaMU
JPC =0t 2% »u 177, (15)

U cHOBa, KakK U B IPEIbIIYIIEM CIydae, BHICTPOEHHOCTD CIIMHOB KBaPKOB IS
rubpuIoB ¢ OOBLIYHBIMU KBaHTOBbIMK dncaamMu 177, 071, 271 nporusononox-
Ha BBICTPOEHHOCTH JJId qQ-ME30Ha.

Bcero mogenb Tpyoku gaer 8 mysbrueTos (72 rubpuia)

JPC = oFF 1FF oFF 1+ (16)

JUIST HU3KOJIEXKAIIUX COCTOsIHII 0€3 OpOUTAJILHOTO U PaIMaJIbHOIO BO30YK 16~
HUl CUCTEMBI.

MynbTHKBapKOBbIe cucTeMbl [14] Tuna ¢°¢> MoryT 1aTh Jobble KBaHTOBbIE
quciaa JEC cucremsr. VlHTepec K HUM B JIHTEpaType 3aMETHO 0OCIab. 4-KBap-
KOBasi CUCTEMA §°g°> MOKET JIETKO IePEeCTPOUTHLCS B COCTOSIHYE U3 IBYX (qq) U
(gq) cmabo CBA3AHHBIX ME30HOB, 0Opa3ys ME30H-ME30HHYIO MOJIEKYTy. TaKas
cucTeMa nMeeT BONBIIYI0 BEPOATHOCTD pacriafa (OOMbIIYIO IMUPUHY PE3OHAH-
ca) u ee OyJer TPyAHO WAeHTHGUIUPOBATH B KCIepuMenTe. VckirodeHue
COCTABJISIOT IPEICKa3blBaeMble Me30HHBIE MOJIeKyIibl [15] ¢ K-me3onamu, a

TaKXKe pp- U WW-MOJIEKYJTBI.

2.2. IIpeacka3annsa Macc 3K30TUYECKNX ME30HOB

MopenbHble peJCcKa3aHus MacC He ¢§ ME30OHHBIX COCTOSHUI CHIIBHO OT-
JIMYAIOTCS APYT OT Apyra. [IpuBeseM pesysibTaThl TEOPETHUECKUX PACUETOB
Macchl Jgerdajimero 1-F rubpua.

Mogenb Tpybku riroonsoro noroka [10] mpexckassiBaer 177 cocrosiHue
npu 1.8-2.0 I'sB/c?. Anajiormdsble pe3yIbTaThl MOTydeHbl B pacderax KX /I
Ha pemterkax |12, 13|. Pannwe Mozmesn memmkoB pator Huskue Macchl 1771 B
obnactu 1.3 + 1.8 I'sB/c? [16]. IIpeackazanus npasui cymm KX menstor-
csi B mmpokux npejetax 1.4 =+ 2.5 T'sB/c? [17]. Jlu-xBapkosasi KiacrepHast
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mozienb [18] mpenckaseiBaer 1~ cocrosume mpu 1.4 I'3B/c?, a KoHCTUTYEHT-

Hasl [VIDOHHAs MOJENb [9] maer maccy serkoro rubpusa B obsiactu 1.8 + 2.2
B/ c.

[Tepeuncaum npu3HAKU SK3OTUIECKUX COCTOSTHUIH.

1. 3uavenna JFC mepaspeurennnsie B kBapkoBoit Mozesnu. OHU COOTBET-
cTBYIOT cocTosiHIaM co 3HadenusaMu JEC = 07~ u cocTostHUAM ¢ HATYpaJIb-
Hoit weTHocThio € = P(—1)7 = 41, nna xoropwix snavenns C u P umeror
pasuble 3aky, T.e. JEC =0+, 17 2+~ 37F ... Dru 3HAUECHUS SABIAIOT-
Ca APKMM H OJHO3HAYHBIM MPHU3HAKOM SK30TUKH, HO OHH HE HCYEPIBIBAIOT
HA0OPa YK30TUIECKUX COCTOSHHUIA.

2. Jlumnwe (JONONIHUTENIbHBIE) COCTOSIHUS B PAMKAX JAHHOIO ME30HHOIO

HOHEeTa. B sToM ciydae kBaHTOBbIe umcia JEC

COOTBETCTBYIOT KBAPKOBOU
MOJIEJIH, HO IPYTHe CBOCTBA Me30HA (Macca, MUPUHA) MOTYT OBITH OTIHUHBI

OT ME€30HOB HOHETa.

3. Bo3moxkHBI 0COObIE COOTHOIIEHUS JIJI BEPOATHOCTEN pacraja IK30THU-
YECKOI'0 COCTOAHUS IO Pa3IUYHBIM KaHajJaaM, OTINYAOIIIECd OT IPEaCKa3bl-
BaeMbIX KBapPKOBOU MOJEJIBIO.

2.3. Pacnaabr

BepOHTHOCTI/I pacCiiaoB FI/I6pH,ILOB II0 Pa3JIMYHBIM KaHaJlaM OJOJI2KHBbI OT-
JITIATHCS OT PACIAI0B OOBIYHBIX (G-COCTOSHUI. DTO OCOOEHHO BAXKHO, €CJIU
kBanTOBbIe unciaa JEC rubpuna e apisiorca sk3orudeckuMu. CyIecTBy-
eT MpaBUIO 0TOOpa paclaia MMOPUIHONO COCTOSHHUS, COCTOSMINEE B TOM, UTO
TJIFOOHHOE BO30YKIE€HWE HE MOXKET MePeaaTh yIJIOBOH MOMEHT KOHEYHOMY
COCTOSHHUIO KaK OTHOCUTEJIbHBINA yr‘ﬂOBOﬁ MOMEHT. BMGCTO QTOI'O IIOABJIAETCA
BHYTPEHHUI yTJIOBOM MOMEHT OjHON u3 gg-map [19, 20].

Takum obpasowm, pacman cocrogausa JEC = 17+ 5 S-pomme (L = 0) 1o
KaHaJaM pacraia

™ — [7T617 7Tf1, naz, K7 K17 .- ‘}S

SIBJISIETCS JOMUHUPYIOIMM B CDABHEHHUHU C €ro pacnajgom B P-oaue (L = 1)
10 KaHaJIaM
/
m — [y, 7, 7o, K*K np, .. ]p.

B wactrHOCTH, B MOmesu TpyOku ruoonuoro noroka (FTM)[21] Teoperndue-
CKMe IpeJICKa3aHus IMUpUH pacmaga rudbpuga m1(1900) mpeacraBieHbl B
TabJ1. 2.



Tabmura 2

Teopernyeckue 3HAYECHUs IMUPUH pacnaga rubpuaa 7 (1900)

B MOJAeJIn pr6KI/I TJIDOHHOI'O IIOTOKAa

m1(2000) | wby | wf1 | mp ™ 7’ | agn | K1(1400)K | Total
' MaB | 150 | 40 |5+20|0+10]0= 10| 50 125 ~ 450

K coxajenuto, 3170 npaBujio orbopa He abcosorao. B momenun FTM u
KOHCTUTYEHTHO TJTFOOHHOM MOJIEJIN OHO MOXKeT ObITh HAPYIIEHO CBOWCTBAMHU
BOJIHOBO# yukiuu rubpuga H un penstuBucrckumu s dextamu. B Mmogenn
MEIITKOB, HA000POT, BO3MOXKHO TaKKe, U4TO BO3DYKIEHHBIH KBapPK MEPEIACT
CBOIl yIJIOBO#I MOMEHT B OpOUTAJIbHBIN yYIJIOBO# MOMEHT.

Tem He MmeHee, HaOIOIEeHUE pacmama rubpuma H ¢ O0IbIIeil BEpOSTHO-
CTbIO JIsd KaHaJuoB Ha jaBa Me3oHa Mi(L = 0) u My(L = 1) ¢ pasubivu
BHYTPEHHUMHU YIVIOBBIMU OPOUTAJBbHBIMU MOMEHTAMMU

B CpaBHEHUU C

CJIy?KUT CUTHATYPOI ruOPUI0B.

2.4. MexaHU3MBbI POXKJEHUA TUOPUIOB

DKCIepUMEHTATbHBIA MOUCK IMOPUIHBIX COCTOSHUI — TPyAHAs 3ajJada.
Bribop mporecca, B KOTOPOM POXKJIEHHE KOHEYHOI'O COCTOSIHUSI MOXKET OBITH
0bOTaIleHO TVIFDOHAMY, [O3BOJIUT YCUIUTh BBIXOJ] 9K30THUECKUX COCTOSIHUIA.

[IpuBeeM HEKOTOPBIE TPUMEPHI MPOIECCOB, B KOTOPBIX OKUIAETCI OONb-
I10€e cedeHne 0Opa30BaHusI TMOPHUIOB.

[Tpenmnonaraercsi, 9T0 MTOMEPOH ABJISETCS MYJIbTUTJIIOOHHOM cucTemoii. [To-
9TOMY B MPOIECCaX, UIYIIUX 38 CY4eT OOMEHa TOMEPOHOM UJIM JBYMsI TIOMEPO-
HaMU, MOXKHO OXKUJIATh POXKjeHus ruopunos [22, 23]. [Ipumep Takoro mpo-
necca npejcrasier Ha puc. 1. B sxcnepumentax E852 [5], GAMS [7], VES
[4] u KEK [25] umeHHO 9TOT 1pOLece UCCiepoBasIcs Jjist IOUCKA THOPUIHBIX
COCTOSIHU.

[Tporiecc aByxmomepoHHOTO 0OMEHA IpeacTaBjeH Ha puc. 2. Ero ucciemo-
Banue mianupyercs 8 FNAL, RHIC u LHC.
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Hybrid

T,y _
aqg

mesons

Puc. 1. Poxngenwe rubpuma mumonoMm miam Puc. 2. Poxxpenme rubpupa B JIByXIOMe-
dotoHOoM 3a cueT obmena momeponoM IP.  porHOM OOMEHe.

B anpo-sanepubix cronkHoBeHusx Ha yckoputenax RHIC u LHC Bozmoxk-
HO MCCJIE€IOBaTh TMOpUIbl B pe3yJbTaTe ABYX(MOTOHHOTO B3aUMOMEHCTBUS
(puc. 3).

Crusinue pak THYECKU OCTAaHOBUBIIMXCSI AHTUIIPOTOHOB C MTPOTOHAMY (Hefi-
TPOHAMH) OKA3aJI0Ch TAKXKe OYEHb IIOJE3HBIM [IPOLECCOM [Iisi U3yYEHUsl [H-
opuzos (sxcnepument Crystal Barrel). Ha puc. 4 npencrasien npouecc, usy-
wennbiit rpynmnoit Crystal Barrel [26, 27| B peaknuax pp — 707'n, pn —
7~ 7m’n. Pe3yabTaTel, IOTyYeHHbIE B YIIOMSAHYTHIX SKCIEPUMEHTaX, 00CY K 1a-

10TCA B pasjede 4.

Hybrid

mesons @ mesons

Puc. 3. /IByxdoronnsiit nporecc ¢ poxje- Puc. 4. [Ipomnecc ciussHus pp ¢ poxKieHreM
HueM rubpuga H 1npu CTOIKHOBEHUHU TsixKe- THOpHA.
JIBIX HOHOB.

A

3. dkcnepuMeHTAJIbHas yCcTAHOBKa K852

Cunxpotpon ¢ mepemenHbiM rpajguentom nous (AGS) Bpykxeiienckoi
HaroHasbHol aboparopun (BNL) cosmaBas my<uox m~ -Me30HOB C UMILYJIb-
com 18 I'sB/c, KOTOPBIN KOHTPOIUPOBAJICS MOJHOCTHIO 06OPYIOBAHHON Myd-
KOBOI JInHWElN W HampaBJjsjcd Ha ycTaHOBKY [E852. IlyukoBas juHus c ee
arnmapaTypoit u3Mepsiyia UMITYJIbC, TOJOKEHNE U MPUPOJY YaCTUIL, TOTOK KO-
TOPHIX Ha yCTAHOBKY COCTAaBJIAI Beqmamny =~ 2 - 108 wacrum/cex. Ilpu mm-
mysibce gacrur, 18.3 I'9B /¢ umnynbcHoe paspemenue 6b110 % < 1%, a monsa
T -ME30HOB B ny4ke ObLi1a ~ 99%.
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Ycranoska E852, mpejcraBiienHas HA PUC. O, COCTOSIA U3 MHOIOYACTUY-
uoro crnekrpomerpa (MPS), nononuennoro mumenubim komiutekcom (CSI,
TCYL), 6onbimoit apeiidosoit kamepoit (TDX4) u kamopumerpom (LGD) c
JIETEKTOPaMHI M3 CBUHIIOBOTO CTEKJIA JJIs perucrpanun ¢hpOTOHOB.

E852 Plan View

Lead Glass
Array (LGD)

TCYL TPX 1-3 DEA

5 L [ —

N T
L N S B S
L ]
Drift Modules \
Csl 3 meters DM1-6 TDX4
| I I | - Beam Veto

I T T 1

Puc. 5. Cxema sKcriepuMeHTAJIBHON ycTaHOBKH K852

(omucanwe 0603HAYEHWH CM. B TEKCTE).

MHOro4aCTHYHBIN CIEKTPOMETP BKJIOYAJI B cedst Oombiroit C-obpas3Hblit
qunosb gymHO#M 450 cM ¢ BepTukaJibHOU aneptypoit 130 ¢cM u ropu30HTAJIb-
Holt amepTypoit 280 cM u umesn MarHuTHoe moje ~ 1 Tecia BIOJb HaIpas-
nenus y. BHyTpu marHuTa pacmosiarajuch OJUMHAKOBBIE JApeitdOBble MO
(DM 1-6) B konmuecTBe mectu mTyK, pasmepom 102 x 174 cm. Kaxmprit
MOJIyJTb COCTOSII U3 7 HUTSHBIX IJIOCKOCTEl, KOTOpPbIE MO3BOJISIIN U3MEPSThH
KOOD/IMHATHI TPEKOB B IJIOCKOCTSIX X (TPH IUIOCKOCTH) U Y (JIBE MJIOCKOCTH)
U B IUIOCKOCTSIX U, ¥, MOBEPHYTHIX OTHOCUTEJIBHO IJIOCKOCTEeM = Ha £30° co-
OTBETCTBEHHO. PaccTosinme Mekjy HUTSIMHU B ILIOCKOCTSX Kamep Obuio 0.6
CM, a IIPOCTPAHCTBEHHOE pa3pelleHne apeitdoBbIx MoayJeit coctapisio 400
MkMM. Omnucanne KOHCTPYKIIUK ApeiipOBBIX MOLYJIEH COIEPXKUATCA B paboTax
[28, 29]. Kpome 3Tux Mojysieli B TPEKOBYHO CUCTEMY BXOJMJIM HUTSHBIE MPO-
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nopuuonasbuble kamepsl (TPX 1-3), Takke paciosioKeHHble BHYTPY MarHu-
Ta, u bosbiuas apefidosas kamepa (TDX4) nepes KaJOpuMeTpOM jJisi peru-
cTpanuu (pOTOHOB.

MulteHHBI KOMILIEKC COCTOST U3 BOAOPOAHOM murmenu (rosmmuoi 3%
Aus), OKPY2KeHHO# npefidosoii nununapudeckoii kamepoit (TCYL)[30] u tu-
JuMHIpUYecKuM jgerekropoM u3 noguia uesus (Csl) [31]. Dtu gerekropsr uc-
I0JIb30BAJIUCh M uaeHTuduKanuu dactut, otgadn. Jlerekrop TCYL ciy-
JKIJT TaKKe JaTdukoM s Tpurrepa. derekrop Csl mo3Bosstia peructpupo-
BaTh MsrkKue (POTOHBI Kak OT pacnaga u3obap (A u N*), Tak u u3 Apyrux
BO3MOXKHBIX HCTOYHUKOB. Beero B erektope Csl 6110 0K0510 200 KprcTaJioB
MoAua 1e3us (TomuHol 7.5 cM, jaymHol 5 cm u 7.5 cM). Bosee petasnbhoe
OIMCAHUE ITUX JIETEKTOPOB MOXKHO HafiTu B paborax [32, 24]|.

Kasopumerp u3 csunnosoro crekia (LGD) cocrosin uz 3053 61008 cBuH-
IOBOI'O CTEKJa C paguanuoHHoil aauHoi 3.17 cm. Pasmep omHoro 6/10ka ObLI
4 x 4 x 25 cm. Bee 6510ku ObLIM 3aBEpHYTHI B aJIIOMUHUEBBIH Maiiiap JJis OIl-
TUYECKON U30JISIuu. 1epPEHKOBCKUI CBET OT JIEKTPOMArHUTHBIX KACKaIOB,
co3maBaeMbIxX (pOTOHAMHU B OJIOKAX U3 CBUHIIOBOT'O CTEKJIA, U3MEPSLICSI (DOTO-
yMmHOKUTENAME PIY-84-3 poccuiickoro mpon3BoACTBa. BhICOKOe HalpsizKe-
HUE JJI KaXKJ0r0 u3 (POTOYMHOXKHUTEJEH KOHTPOJIUPOBAJIOCH TPOrPAMMHO-
yupasisieMbimu 0azamu Tuna Cockcroft-Walton, paspaboranabiMu u u3ro-
toBrerubivu B HUNAD MI'Y [32, 33].

DJIEKTPOHUKA, OOCIyKMBAIOIIAsi JETEKTOPbI YCTAHOBKH, COCTOSIIA U3 CH-
crembl cbopa ganubix (DAQ) u TpurrepHoit cucremsi.

st KoHTpOJIst QuIoKTyanuit B POTOYMHOKUTEISAX ObLIa MCIOJb30BAHA
Jla3epHas MOHUTOPUPYIOIIASA CUCTEMA.

[TpeumyrtectBo ycranoBku K852 mo cpaprenuto ¢ ycranoBkoit GAMS co-
CTOSIJIO B BO3MOYKHOCTH DPETrMCTPUPOBATH MOMUMO HEATPAJIBHBIX €Ie U 3a-
pSKEHHBIE YaCTHUIbI, a MO0 CPaBHEHWIO ¢ ycTaHoBKoit VES — B Towm, uTO B
MUIIIEHHOM KOMILJIEKCE YCTaHOBKM K852 perucTpupoBajnuch MPOTOHBI OTIAYN
U MSATKWE (POTOHBDI.

4. O630p IKCHEPUMEHTAJIBHBIX PE3yJIbTaTOB

B skcnepumente kostabopaiu E852 na yckopurene AGS (CIIA) 6buio
3aperucTpupoBaHo bosee 1 Maps. cobbiTuit peakuun 7~ p — X% p(n) npu 18
['sB/c. Pe3ynbTarhl 9KCIEpUMEHTA UCCIEI0BAUCEH C TIOMOIIBIO MapPIHAIbHO-
BOJIHOBOIO aHaJm3a [34], KOTOpbIil MO3BOJISET ONPEJeNUTh BKJIA) ~Caadbix”
BOJIH 3a cueT mHTepdepeHiun ¢ bosiee "CUIbHBIMEU  BOJTHAMH.
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4.1. nw-cucrema

[TpencraBuM sKCIIepUMEHTAJIbHBIE PE3YJIbTAThI K852 M Apyrux rpymm Imo

poxgernio JPC = 17F rubpugaoro cocTosHs B peaKIusax
TTp = NI p; (17)
™ p — nrn. (18)

31ech -Me30H MOXKeT HabJIIOIATHCA KakK B KaHase pactaga 1 — 27y (39%),
Tax u B Kanaje 1 — w7 (28.5%). B coorBercTBum ¢ pejzkeBckoil deno-
menosorueii  [35] poxaenue 71(1400) MOXKeT OLITH OMECAHO JUAIDAMMAMIE

(puc. 6).

Hybrid &, - id 0
ybrid Ty . Hybrid 1y no
m— _ m— _
aqg aqg
n n
O=+1| p(770), f2(1270) O=+1| p(770)
O=-1 |b1(1235), f1(1285) O=-1| b1(1235)
p p a) p n b)

Puc. 6. Pesonancnoe poxjenue a) m; u b) m) uepes oomen Pemxeonamu p°, fo ¢ nonoxmn-

TeJIbHON HATypaJbHOCTBIO € = +1 u by, fi ¢ oTpumaTeIbHON HATYpPAJHHOCTBIO £ = —1.

OrmeruM, uro 3apsioBas 4eTHOCTb C SBJISETCSH XOPOUIMM (COXpaHSIO-
IUMCs1) KBAHTOBBIM YHCJOM TOJIBKO JIjisi HEHTPAJBHBIX CHCTEM. YKa3bIBas

kBaHTOBbIe unciaa JEC = 1-+

TaKzKe JJIs 3aPSKEHHOrO 7] , PACIIafaloIero-
Cd Ha 77T, MBI IIPEATNOIAraeM, 9TO OH IPUHAIJIEKAT OLHOMY U30CIHHOBOMY
mynabTunaery (w7, w0, 71 ) ¢ OAMHAKOBBIME CBOMCTBAMHE JJIsI €70 IIEHOB.

Brepeoie 7)) (1400) 6611 obuapy»xen rpynnoit GAMS [7] B peakiuu (18)
npu 100 ['9B/c. Acummerpus "Buepea-uazan’ no yriay [ordpuna-/lxxekcona
cos Oy moKazaJsa CyIIeCTBEHHBIN BCIIeCK B obsactu as(1320). Drto morso
ObITH TOJILKO IPY HAJWYUK CyIIECTBEHHON MHTeP(EPEHINI YeTHO-HEIEeTHBIX
BostH. Ilocire mapIuaabHO-BOTHOBOIO aHaIH3a N -cucreMbl rpymma GAMS
coobuuia, 4yro 06e Bonubl Dy u Py pesonupytor B obsactu ag(1320). U3
91oro cienoBasto, 4ro 7 (1400) poxgaercs 3a cuer 0OMeHa ¢ OTPHUIATEIbHOI
HATYPaJbHOCTBIO, T.€. 3a cueT by (1235). OxHaKo 9TOT mepBblii pe3yIbTar ObLT
EPECMOTPEH B mocJenyomieil pabore rpymnimbt [36]. OkonuaTenbHbIil aHaIU3
9TON peakiuu ObLI cuesan mosxke [37).

B skcnepumente VES [4] uccnenosanack peakuus (17) npu 37 I'sB/c. O6-
Hapy»keH nmuk B P, ¢ maccoit nm~-cucrembr BOm3u 1350 MaB. Pezonancuas
IPUPO/IA FTOrO CUTHAJA HE MCCIIEIOBAHA.
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I'pynna KEK [25] uccienosana pm~-cucremy B peakuuu (17) mpu 6.3
['9B/c u obuapyxumna nuk B P, Bosue npu 1.3 '9B/c u nesaBucumoctsb oT-
nocuresabHoit daser (D4 — P,) or maccel. B aroit pabore Takxke He OBLIO
CIeJIAHO IOIBITKY IIPOBEPKU PE30HAHCHOM THIIOTE3HI.

Kosnabopaiust E852  [5, 38, 39] uccienosana peakuuio (17) B kanase
pacnajga 1 — 27y Ha ocHOBe aByX u3Mmepenuii: 47000 cobbrruit (1994 r.) u
60000 coberrmit (1995 r.) [40]. CpaBuenue pesynbratoB E852 u VES nsa P, -
BOJIHBL U oTHOCcUTebHOM (Dy — Py) dassl (cM. puc. 7) CBHIETENLCTBYET O
JIOCTOBEPHOCTU DE3yJILTATOB, T.K. OHU IIOJIy4YeHbl Pa3HLIMU yCTAHOBKAMU U
IpOaHAU3UPOBAHLI PA3HBIMU METOJAMH.

60
a a0 I =l
g 0 | EES2
: 2 VES (x2)

+
3™ ,ﬁf ﬁ% ++ HW&%

L L1 12 13 14 13 1 17 18 18 17

4]:.21'-}:'._*':.[—}:'

L AL 12 45 14 L5 B 17 18 Ia ¢
M) (e V)

Puc. 7. Cpasuenne pesyarratroB E852 u VES. Beepxy: nnrencuBHOCTh P, BOJHBI, BHU3Y:
otHocuTenbHas daza AP = (D, ) — ®(P,) B peaktuu 7~ p — nr_p, n — 2v. Jannse
VES no unrencuBnocTH P, BOJHBI YMHOXKeHBI Ha 2, a ¢asa capunyra Ha 97/10. Kpusbie
— pesynbrar E852 Ha OCHOBE OJHOBpeMEHHON MOArOHKH obsacTd a(1320) u m1(1400)

PE30HAHCOB U UX OTHOCUTEHHOHN (pa3bl ¢ MOMOMIBIO JIBYX OpeHT-BUTHEPOBCKUX (DYHKITHIA.

KiroueBbIM MOMeHTOM B mcciaenoBanuu E852 siBiasieTcsi 0IHOBpPEMEHHBI
macc-3asucumblii dut [38] Dy u P, BosiH u ux oTHOCHTEIbHOM a3bl (puc. 8).
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Puc. 8. Pe3ynbpraTsl mapnuaibHO-BOIHOBOTO aHAJIN3A 17T~ -CUCTEMBI (9KcmepumenT E852).
Pacnpenenenue unrencusHocTy: a) D, BoJHEL 1 b) P, BOJIHBL U C) UX OTHOCUTENIbHOM a-
31 AP. VHTepBas 3HaUeHn# 8-MU pelleHuil MOKa3aH MEeHTPAJIbHON BEPTHKAJIBHOU XKHUP-
HOI 4epTOil W pacHIMpeH y3KOil 4epToi 10 MaKCUMAaJbHOU SKCIEPUMEHTAJbHON OIIUOKY.
Kpussle Ha puc. a) b) # ¢) COOTBETCTBYIOT Pe3yJIbTATy HAWIYUINeHl MOATOHKH MAaCCOBOM
sapucumoctu. Ha puc. d) kpusast 1 — pesynbrar dwura mius dassr D, kpusas 2 — jjisi
dazwr P, ¢ nomompio OpeifiT-BUrHEPOBCKOM aMIINTY/bI, KPUBask 3 — OTHOCUTEeJIbHAs da3a

ammuaTy poxjenus (M) u kpuBas 4 — nonuasi orHocuresnbHas daza AP(D, — P.).

BbuI0 ceaHo Tpu BapWaHTa MOJTOHKKM MaccoBoi 3aBucumoctu Dy u P,
BOJIH 10 JaHHbIM E852 (1994 r.). B mepBoM BapuaHTe, KOTOPbI# Mbl Ha3bIBa-
eM "pe3oHaHCcHON rumnore3oit, P, BoiaHa onuckiBajach bpeiiT-Buraeposckoir
aAMILIUTYIOM Tak ke, Kak u [, BOJIHA, & OTHOCUTE/NbHAs (ha3a UX aMILIUTY/I
POXKIEHUS ¢ CIUTANIACH He 3aBucsIieit ot maccel M (nm~). Pesynbrarsr dura
pUBeIeHbl Ha puc. 8 1 B Tabm1. 3. Snadenue x?/DOF momydunoch paBHbIM
1.49.

Bropoit BapuaHT COOTBETCTBYET HEPE3OHAHCHOM rumnorese, Korma P, Boj-
Ha TpeJICTaBJIeHa rayccouioit 6e3 Kakoi-mubo ¢asbl. B aToMm ciydae Mbl mo-

Jydaem odeHb mioxoit dur ¢ x?/DOF = 7.08.

16



B tperhem Bapuante 0be Bostabl Dy u P, mnpeamnosarajiuch pe30HAHCHbI-
MU, HO JIOIyCKAJIACh JIMHEWHAs 3aBUCHUMOCTH (pa3bl POXKJIEHUS (© OT MACCHI.
3uauenne x2/DOF = 1.55, o nakson byukuuu (M) = a + b - M oxa-
3aJicsi 04eHb OosbinuM, b = —4.3 pan /9B, 4T0 nmporuBOpeYnT pEIIKEBCKOI
dbenomenosioruu [35], B KOTOPO# haza poxkaeHUst OnpeaesseTcs GakTOpaMu,
3aBUCAIIIMHA OT MEPEJAHHOTO UMITYJIbCA, HO HE OT MACChl POXKJIEHHOH cucTe-
MBL.

3 ananusa, BeinogHeHHOrO rpymmoit E852, cienyer, 4To pe3oHaHCHAS T'Hi-
notre3a P,-BOJHBI SBJISIETCS ONTUMAJBHON, XOTS CaM ~CUTHAJ COCTABJIAET
okosio 3% oT BKJaga Bcex BOJH. BesMKHU TakyKe CHCTeMaTHYeCKue OIINOKU
napaMeTpoB (Tabi. 3), CBs3aHHBIE B [EPBYI0 OYEPEb C HEOJHO3HAUHOCTHIO

PELLIEHU, [TOJIyYEeHHBIX B PE3yJIbTaTe BOJIHOBOI'O aHAJIU3A.
Tabanma 3
JlokaszaTeJibCTBa B MOJIb3y CyIIeCTBOBAHUS = 1~1 sk30THKH.
IMapameTpsl 3k30THMYecKoro cocrogaus 1~ m;(1400)

JPC

Oxcnepument Macca (MaB/c?) Illupuna (MsB/c?) Mopna pacnaga  Peaxuus

71(1400)
BNL-94 [5] 1370+ 1673, 385 + 4078 nm- Tp— T p
BNL-95 [39] 135911510 31473313, nw TP — TP
CBar [26] 1400 £204+20 310 + 50739 nm- pn — 7'
CBar [27] 1360 & 25 220 =+ 90 nm° op — 70nn
GAMS [37] 1370 fixed 300 + 125 nm? T p— nr'n

CHUJIbHBIM JTOMOJHATEILHBIM apIyMEHTOM B IOJIb3Yy CYIIECTBOBAHUS IK30-
tuxu 17+ mpu macce 1.4 I'9B/c? apummch pesynbrars sxcnepumenta Crystal
Barrel (IIEPH). B arom skcnepumenTte B HeudpaKIMOHHBIX MPOIECCAX aH-
HUTUJIAIMA QHTUIIPOTOHOB J Ha HelirpoHax n [26] u nporonax p [27]

pn — w o’y (19)
p — mon'n (20)

MIOJIyYEeHbI CBUIETEILCTBA CYIIIECTBOBAHMUS 9K30TUIECKOTO ME3OHHOT'O COCTOSI-
mus 17 B cucremax nm~ u nrl (cM. Tabi1. 3) ¢ napaMeTpaMu, COBIAIAIONUMM
¢ pesyabraTamu E852 B mpemenax ommnbOOK.

Crenyer ormeruth pabory C.Camorckoro [37], KoTopbiit mepeanaausupo-
Bas1 panabie GAMS [7]. Boime snauenus maccer 1200 M3B gns cucrembr
nn¥ Bce BOCEMb pelIeHuit XOPOIIIO OTAEIHIOTCA APYT OT APYTa IO HEKOTOPBIM
xapakrepucTukaM u napamerpy R = (D_(as) + Dy(az))/D+(ag). Orbupas
pemenne co 3nadenueM R = 0.38 £+ 0.015 mpu 38 I'sB/c, coorBeTcTByIO-
UM JAHHOMY SKCIEPUMEHTY, OH HAIleJ OJHO (DU3UIECKOE PEIEHNE CPEeIH
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HEOJHO3HAYHBIX PeIIeHutl I Nr'-CUCTeMbI U ClleJIal BBIBOJ, B IOJIb3Y CyIIIe-
crBoBanus 171 cocrosnust B cucreme N’ (tabit. 3).

OKOHYATEJbHBIl PE3yJIbTAT aHAJIN3a CHCTEMBl N’ B SKCIepuMenTe E852
erie He omybsinkoBaH. [IpenBapuTenbHbIe Pe3yIbTATHI C OONBIIUMU OIIHOKA-

0

mu mapamerpos 71 (1400) B peakiuu 7 p — nrn, n — 7T 7 omy6MKO-

BaHbl B pabore [41].

4.2. pm-cucreMma

DKCIIEPUMEHTAJIBHOE UCCIIEIOBAHIE P -CUCTEMbI IIPOBOIMIIOCH B ITOCIIET-
Hee BpeMs C OOJIbINOH CTATUCTUKON B JBYX SKCIEPUMEHTAJbHBIX TI'PYIIIax
E852 [42, 43| u VES [44]. B skcnepumente E852 mo mamubiv 1994 r. mocie
Heobxomumoro st nposenenuss [IBA orbopa cobwiTuit ocrajocs 250 Thic.
COOBITHI B peakIuu

™ p— 7r+7r_7r_p
npu 18 ['9B/c. B TpexmnoHHOM CHEKTpe JOMUHUDYIOT XOPOIIO H3BECTHBIE
a1(1260), a2(1320) u m(1680).

HBe Bosubr 177 1 27 u orrocuTenbHAA Da3a MKy HUMU [IPEICTABICHBI

Ha puc. 9.

1500} |

) 120m bl

<

E — 8000

- ! /

S s} .

bl o T

| | | 'I. | | | i
LS 16 17 13 15 15 17 13

Mass (GeV/icl)

—
-

<) | . o s

-
20
E i 20 3 yF
- -
Lé-
§ 1.0 1 (p
E 1B ﬁ(p [1'+_2 'i“) - 2
I L L L L L l Il
L5 16 17 138 15 14 17 13

Mass (GeV/c!)

Puc. 9. PesynbraThl IOATOHKM MAacCCOBOH 3aBMCHMOCTHM cucTeMbl p°m~ (SKCIepuMeHT
E852). Iloka3ansl: a) HHTEHCUBHOCTH 1~ + BOJHBI, b) MHTEHCHBHOCTL 2~ BOMHBI U ¢) X
OoTHOCHTeJbHad (ba3a B 3aBUCUMOCTH OT Macchl p'm~ cucrembl . II0ArOHKa BBIIOIHEHA C
IIOMOIIIO OPefT-BUIHEPOBCKO#N aMILJIUTY/Ibl B KaXKJI0# BOJIHE U CBOOOIHOM, HO TIOCTOSTHHOM
OTHOCHUTEJIbHOM (hazwl aMiiuTy ] poxkaeHus. ObbsacHenne KpuBbixX 1, 2, 3 — Takoe e, Kak

Ha puc. 8.
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Tak ke, KaKk B ClIy4ae N7 -CUCTEMbI, UCCIEJOBAJIUCH PA3HbIE T'MIIOTE3bI
Juist onucanust pesysibraroB [IBA pr~-cucrembr (Touku Ha puc. 9). Pesonanc-

Hast runoTesa Ayia 1~ Bommbl (KpuBble Ha puc. 9 u Tabu. 4) naer x?/DOF =

1.17.
Tabmumna 4
JlokazaTenbcTBa B MONb3y cymiectBoanust J'C = 11 skzoruku.
ITapameTpbl 9k30TH9IecKOro cocrogausa 1~ 1(1600)

Oxcnepument Macca (MsB/c?) Illupuna (M3B/c?) Moga pacnana Peaxius
71(1600)

BNL [42] 1593 + 8737 168 +20713° pr™ TTp—ataTaTp

BNL [45] 1597 + 10742 340 + 40 + 50 W~ p =T

VES [44] 1610 + 20 290 + 30 pr, n'w, byr 7w Be — pr(n'm, bym) X

Hepesonancuast rumnore3a ¢ 3aBHUCSIIEH OT MacChl (a30i POXKIEHUS PU-
Bogutr K Y2/DOF = 17.2, 4T0 Heib3sl CYUTATH YAOBJIETBOPHTEIBHBIM pe-
syabpraToM. TakuMm obpasom, xorg “curHan’ 1-T cocrasaser okono 3% ot
BKJIQ [a BCEX JPYTWX BOJIH, OMKMCAHUE €r0 (POPMbI U OTHOCUTEIbHON (hasbl C
BOJHOI 277 (T.e. nHTEPdEPEHIMOHHOrO YJIeHA) JETAeT IPEANOUTHTENHHON
PE30HAHCHYIO0 MHTepIpeTanuio muka 17 7.

CuJIbHBIM apryMeHTOM B MOJIB3Y CyliecTBOBaHHA rubpuma mi(1600) ss-
JISIETCST €r0 MOATBEPXKIECHNE B JPYTUX KaHAJAX Pacriafa W B JAPYTUX IKCIIE-
pumenTax. B tabs. 4 npencrasien pesyibrar skcnepumenta VES [44] mus
maccol U mmpusbl 71(1600), mosydeHHbI HA OCHOBE aHAJIM3a TPEX CHCTEM:
bim, n'm u pw. Iloaronka mMaccoBo# 3aBUCMMOCTH MHTEHCHBHOCTH 1~ BOJI-
HbI IIPOBOIUJIACH C IIOMOIIBIO OJHOM U TO# »Ke aMILIuTy a6l bpeiiT-Burunepa u
paszHoro BkJaja ¢oua mox nukamu 1~ pesonanca (puc. 10).

171" Pin’e,

280

c'..ll...l..ll.,llu.T.‘T.—l. o Sl PO P O B s

ol
12 14 15 18 Z 22 z2a 1Z1Z 141516171818 2 2 OB 1 1Z 14 15 18 Z 22 Z4 2
Wy GV L W, GeV

Puc. 10. Mnrencusroctu 1~ BosHbl B KaHagaax a) byw, b) n'm u ¢) pm 10 JaHHBIM 3KC-
nepumenta VES [44]. Kpusas ¢ nukom npu 1.6 I'sB — pesysabrar noarouku ot Bpeiir-

Burneporckoii aMminTyibl, Ipyrasi KpuBasi — TOJrOHKa (POHA.
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K coxasenuto, aBropbl [44] He coobIIAOT PE3yJIbTATOB UX ONUCAHUS OT-
HOCUTEJbHBIX (a3 ¥ MHTEHCUBHOCTEH OIIOPHBIX BOJIH, II0 OTHOLIEHUIO K KO-
TOpBIM 9TH (a3l onpepensaiorcd. I'pynna VES cuauTaer, 4To mHTEpIpeTAIuSs
71(1600) Kax rubpuma MpeIOYTUTEbHA.

4.3. n'w-cucrema

Pesynbrarer [IBA 1/~ -cuctemsr 6pumu omybiukosanbl rpymnmoit VES [4]
npu 37 I'sB/c u rpyunoit E852 [45] upu 18 'sB/c B peakuuu

Tp—=nrn 0=ty (21)

[Tociie orbopa coOBITHII, COOTBETCTBYIOIIMX JaHHON peakiuu, ocTajaoch 6040
cobpiTmii mo maHHBIM 9Kcnepumenta K852 (puc. 11) [45]. B obmux dgeprax
pe3ynabTaThl 00eux rpymnn E852 u VES, B wactaoctu mnsa Py, Dy BOJIH u ux
OTHOCUTEJIbHON (pasbl, COOTBETCTBYIOT JAPYI' APYTY.

SN

N
o

—
o
w
[

T
0.0 1.0 :
It| (GeV/c)?

Events/(0.02 (GeV/c)?)

~1500

1000

o)

o

o
[ A R R
IR I N

T'_
——
|

15 20 25 15 20
M(n't") (GeVic?)

o

Events/(0.05 GeV/c?

N
&)

Puc. 11. Pesynbrarsl skcriepumenTa E852 1jist a) monpaB/ieHHO Ha AKCENTAHC YCTAHOBKH
noutHo# |t|-3aBucumocTH, b) orHocuTenbHOW daspel AD = &(D,) — ®(P,), c) P, ud) Dy

BOJIH JIAHHBIX 110 1)~ -CUCTEME.
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J1Be cylecTBeHHbBIE YEPThl OTJIMYAIOT Pe3yJibTaThl )/ -cucrembl. [1pexk-
Je Bcero, P, BojHa, KOTOpas BKJIOYaeT B cebs 17T sk3oTMyeckuil Me30H,
bosblie o uHTeHCHBHOCTH, YeM D -Bosua (puc. 11lc u d). Hamomuum, gro
B nm_-cucreme P,-BosHa cocrapiser 2 + 4% ot D, -Bonubl. B n/m-cucreme
oTHOWIeHue cedenuit poxaenus m1(1600) u az(1320) pasuo ~ 3.0, npasza,
¢ 6osnbmumu ommbkamu. [lapamerpst sx30rudeckoro 177 71(1600) me30Ha,
ycTaHOBJeHHbIe B paborax VES m E852, cMm. B Tabn. 4. 3HaueHUsST MacChI
71(1600) coBmagaroT B mpeenax omuboK [ H3MEPEHHBIX KAHAJOB €r0 Pac-
nana pr- (E852), n'n~ (E852, VES) u byn~ (VES).

Bropoit orimanTebHON 4epToit cucTeMbl 1)/, 0OHAPYKEHHOR B 9KCIIEPH-
MmeHTe K852, saByseTcs cyIecTBEHHO pasHas t-3aBUCUMOCTb Py- u [, -BOJH.

U3 puc. 12 BugHO, 9TO MHTEHCUBHOCTH PP BOJIHBI IOYTH HE MEHSETCS C PO-
crom [t (2594/2591 — orHoeHue yncsa cobbiTuit noy nukoM ) s m(1600),
a giag D -onuel ymenbmaerca (1610/1010) mna as(1320)-pesonanca. D1o
MPOSIBJISIETCS TaKXKe B obmiel t-3aBucumoctu (puc. 11a) ayis cymMmbl Bcex
BOJIH, rje gomunupyer P, Bonua. Hakion B mapamerpusamuu ~ ellfl pasen
b=2.93+0.02 (T'sB/c)™% B To Bpems Kak ayia az(1320)-pesonanca on pasen
b=5 (I'sB/c)~% [39)].

800, a o J( 7
600- H’J( + ﬂ ]
iﬂ WL

13} 1 1
S 2 0 0 ~ ‘|‘+ events + T e%seils 7
S s ‘ JDFJF ++++ H ft
8 0T T
9 6007 P D+ 1 d D+ o
o

i

400 | J(H J( ,
200 Jﬁi‘j +H J(ﬂ 1., ﬂ

15 20 15 20
M(n't") (GeV/c?)

Puc. 12. Maccosast 3aBucumocts Py- u D, -BOJIH B JBYX MHTepBajiax Macc: a), b) s
0.090 < [t| < 0.293 (T3B/c)? u c), d) ana 0.293 < [t| < 2.5 (T'sB/c)2. Ina P, BosHbI Ha
pHC. &) ¥ C) YKa3aH WHTEPBAJI C YUCIOM coObITHil B 06aactu mupusb 71 (1600), a mus Dy

BOJIHBI Ha puc. b) u d) — ¢ uncioMm cobbiTHil B 06J1aCTH IIUPHHBI Go-PE30HAHCA.
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[TockosbKy t-pacipejieleHiue CBA3aHO C MEXaHU3MOM DPOXKJICHUI, TO 3TO
SIBJISI€TCS JJOTIOJIHUTEJIbHBIM CBHJIETEJILCTBOM CyIeCTBEHHOrO BKiaa 1 (1600)
B KaHaJjle C pOXKJeHueM 1'm .

5. 3aKJII0YeHue

MOXKHO yTBEPKIaTh, YTO SKCIEPUMEHTAILHO HAOMIOMAIOTCA S9K30TUIECKIE
mesomb! m (1400) 1 m(1600) ¢ JPC = 17F npuuem Momp: mx pacmaios pas-
au4HbL. JJoMIHEpPYIONE MOIBI paciIana HaOMI0IaeMbIX SK30THIECKAX ME30-
HoB cuexyromue: m1(1400) — nm u m1(1600) — n'w, pr u byw.

DTy pe3yabTAThl MOATBEPKIAIOTCA SKCIEPUMEHTAME HA PA3HBIX yCTAHOB-
KaxX, IPY Pa3IMIHBIX SHEPIHUAX IyYKOBOM 9aCTUIIBI, B PA3HBIX KAHAJIAX PaCIa-
JIa ¥ TIPU 9TOM XOPOIIO COBHAJAIOT. DTO BarKHO, T.K. B PA3HBIX 3KCIIEPUMEHTAX
— pa3HbIl AaKCENTaHC U YIJIOBOE pa3pelienre, pa3ubiii (pOH, 9TO CUJIBHO BJIU-
SeT Ha KOHEYHbIl pe3ysbTaT MaplyuaJbHO-BOJIHOBOrO aHajm3a. [lepeuncinm
BOIIPOCHI, KOTOpBIe TPeOYIOT JajbHeiIIero ucciefoBaius B (pU3UKe IK30TU-
9ECKUX ME30HOB.

5.1. Maccsel

Teopernueckue npejicka3aHus MACC JIEMYalIuX rubpuIOB CUIBHO MOJIEIb-
Ho-3aBuCUMbI. Bee Mmogenu, kpome HekoTopbix KX /I mpaBust cymm, 1aroT mMac-
cy rubpuga 6ombmre, wem 1.4 u 1.6 I'sB/c? B akcmepumenTe. ITO — OTHO
U3 IVIABHBIX [IPOTUBOPEUN TEOPUM U SKCIIEPUMEHTA JJIsi JIETKUX T'MOPUIOB.
Heobxonumo nmasibHeiiiee pa3BuTHE TEOPUHM KBAPK-TVIIOOHHON CIIEKTPOCKO-
U,

5.2. BepogaTHOCTHU pacmnajioB

Hpyroit npobyiemoit IBJIsIeTCS PACXOXKIeHNE BEPOATHOCTEH MOJ, pacraa.
Hanpumep, MOIesNb INIIOOHHOIO MOTOKA IIPEACKA3BIBAET, 9TO IK30THYECKOE
17" cocrosgume nmeer JOMUHUPYIOMKI pacial Ha bym- u ciadble pacnaipl Ha
nm- u n'm-cucremsl (Tabu. 2). Pesynbrar rpynmnser VES [44] cBugerenbcTByer,
4TO OTHOCHUTEJIbHBIE BeposTHOCTH pacnasa 7m1(1600) — f paBHbI:

1) f = blﬂ-;
D(71(1600) — f) =] 1.0£0.3, f=n'r;
1.6+ 04, f=pr.

JoMuHUpOBaHNe KaHaJa paclajgad pm — sBHOE MPOTUBOpPEYNE MPeIcKa3a-
HHUSIM MOJENIN TUVIFOOHHOU TPYyOKM. DTO MPOTHBOpEUNE TaKxKe TpedyeT Iaib-
HEHIero pa3BUTUS TEOPETUIECKUX MOJeJell TMOPUIHBIX ME30OHHBIX COCTO-
AHUNW ¥ HAKOIUIEHUS JKCIEPUMEHTAJBHBIX JAHHBIX C PA3JIUIHBIMUA MOJAMU
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pacmajioB. Hanbosiee BaKHBIME IS [TOWCKA, HOBBIX IK30TUIECKUX ME30HOB
SBJIAIOTCA TAKUe KaHAJbI pacuaia Kak fim, a1n, KKt u npyrue.

Ecmn 7,(1400) u 7(1600) rubpuansie cocrosuus, 1o B pamkax SU(3)
HeJIb3st 0ObsicHUTD, modeMy 71(1400) pacmagaercss Ha N7 U HEe PACHAJAeTCs
Ha 1’7 6e3 ydera cMemmBaHusa cocTosuuit 7 u 1. Bo3aMoxkHbIM 06bsiCHEHHEM
sroro sdderra sBisiercs npeanonoxenne, 4ro 1 (1400) — we rubpuy. Eciu
71(1400) geTbIpEeXKBAPKOBOE COCTOSIHUE, TO 9TOT I(DDEKT HAXOAUT PA3yMHOE
00'bsICHEHHE.

5.3. ®usnyeckuii pon

Bosbiiast u HeperienHast mpodjiemMa — omnucanue (Gu3udeckoro (oHa B
MaCCOBOI U yIJIOBOI 3aBUCUMOCTHU COOBITHI TIOJ 7T1-PE30HAHCOM B P, -BOJiHE.
B skcnepumeHTaIbHOM aHAJHU3€e IIPEANOJaraeTcsa MMPOCTEMInas MOIeab JJIsd
OTIpEeIEJIEHUsT MACChl W IUPWHBI 771. [[0rOHKA MaCCOBOM 3aBUCUMOCTH IPO-
BOJIUTCSI C IIOMOIIBIO OJHOM OpeiT-BUrHEPOBCKON (DYHKIMHU, XOTs OOIIUi [1JIst
BCEX BOJIH U ONHOPOAHBIN (o yunThiBaeTcs B IIBA u Bbrumraerca. Ecim
dusnaeckuit o B P, -BOJIHE UMEET CIOXKHYIO MPUPOMAY, HAIIPUMEDP, CBOIO
COOCTBEHHYIO KOMILJIEKCHYIO (Da3y, TO 3TO MOXKET CUJIbHO U3MEHUTb PE3YJib-
TaThl, OCOOEHHO JJIsI N7~ W PT-CUCTEM, TJI€ CaM 'CUTHAJ OYEHb MaJl.

Hanpuwmep, aBropsr paborst [46] ucrnonbzosaiu K-MaTpudHbIi TOAXOM, B
KOTOPOM CBSI3BIBAIOTCS MEXKJy CODOI pas3/jindHble KaHAJbl pacmaaa. Mojesb
nMeeT MHOI'O CBOOOIHBIX napamerpoB. OHa onuchIBaeT NpUOJN3UTEILHO MUK
17" mpu m = 1.4 T'3B/c? unrepdepentueit dona Tuma ex-scbdexTa ¢ ru-
6pumoM pr m = 1.6 ['9B/c?. Jlex-acpdekT (muk B poHe) MOKET TPOSBIATH-
¢ B qu(PaKIMOHHBIX MPOIeccax TUMa m p — p07r_p, T p—nNT puTm.,
HO HE B MPOIECCEe AaHHUTWIAINNY MPOTOHOB. TaKoit Mpomecc nu3ydaJscs B 9KCIIe-
pumente Crystal Barrel [26, 27| B peaxmusax pn — 7~ n'n, pp — 7°7'n, rie
obHapy:KeHHOe 9K30THIecKoe cocTosuue 71 (1400) He MOKeT OBITH OOBICHEHO
[IPeIJIOZKEHHON MOJIEJIBIO.

5.4. Bei6op unciaa Boau B IIBA

CyiecTByeT He 10 KOHIA, PeIleHHas IpodJeMa HeOOXOUMOI'0 YMCIa BOJIH,
BkmodaeMblix B IIBA. Ilpu ananuse JaHHBIX O PeaKIUl T p — T 7w 7w p
rpynna E852 ucnonb3yer MeTos, B KOTOPOM BKJIIOYAIOTCS TOJBbKO BOJIHBI, Jla-
FOIME CYNIECTBEHHOE M3MEHEeHHe B KOHEUHbIN pedysbrar. ['pynma VES [44]
CUMTAET, YTO HYKHO BKJOYATh B aHAJINU3 BCE BOJHBI JO OIPEIETCHHOIO MaK-
cumasbaoro L. B sTom ciywae nuk m1(1600) B pr-cucTeMe pacIibIBaeTCsd,
HO ocTaeTcsd 'maedo’, u rpynna VES He cuuTaeT BO3MOXKHBIM YTBEPXKJIATh,
aro Habmonaerca m1(1600) B pm-cucreme.

Hucmo yIuThIBa€MbIX BOJIH CBSI3aHO, B YaCTHOCTHU, C PAHTOM k MaTPHUIIbI
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CIIMHOBBIX COCTOsHUM. EC/im MBI yIUTBIBaEM TOJBKO HOH-CIIMH-(JIAIIOBBIE T10
HYKJIOHY (Wi TOJNBKO criuH-uiuiosbie) ammuryasl, 10 k = 1. Ecin yuun-
TBIBAIOTCA BCE aMILTUTY/Ibl, TO k = 2 U YKCJIO BOJIH yjaBauBaeTcd. B paborax
rpynnsl E852 o nw~, n'nr~ ucnonbsyercs k = 1 u uMmeeTcs obOCHOBaHUE,
KOIJa MOXKHO Tak cuenarb. B padorax VES k = 2 wum Oosbire. [Ipun-
[IUIIHAJBHO 9TOT BOIMPOC MOYKHO PEIINTh, TIOCTABUB AHAJOIUIHBIN IKCIIEPU-
MEHT Ha MOJISIPU30BAHHOM BOJIOPOIHON Mutienu [47] 7~ + p T— Me30HBI 4 p.
HpyruMm npeJjiozkeHrueM B 9TOM HAIIPaBJIEHUN SABJISAETCA MPOEKT YKCIIePUMEH-
ta GLUEX (JLAB, USA) [48] ¢ nonsipusoBanubiMu (DOTOHAMU B DEAKIUH
v 1 +p — Me30HBI + p.

Astopsr Omarogapusr AWM. lembsiroBy u A.M.CuurupeBy 3a 0b6Cyx)e-
HUe U ToJie3Hble 3aMmedanus, a Takxke H.II.Kapnuuckoit 3a Habop u mpaBky
TEKCTa.

Pabota BoinostHena B pamkax ['ocriporpammbr “"McciieioBanust u pa3padboT-
KU 110 TIPUOPUTETHBIM HAIIPABJICHUSIM Pa3BUTUA HAayKd U TexHUKH Ha 2002—
2006 rr., Tema: "®usnKa BBICOKMX dHepruit” u moaaep:kaHa MUHICTEPCTBOM
IIPOMBIIIIJIEHHOCTH, HayKu u TexHosoruit Poccuiickoit Meneparuu.
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