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BaxxHeunwee nposiBrneHne KOHhauMeHTa KBapKOB U IMMHOOHOB:

cyLlecTBOBaHMe 60oratoro cnekrpa agpoHoB

)

N3yuyeHne CBOUCTB CneKTpa = uU3yyeHune cun KoHanmeHTa

Jlerkne mMe30HbI — NpocTenLune CUCTEMbI, COCTOSALLME U3 TEX XKe
KBApKOB, U3 KOTOPbIX COCTaBJIEHbIl MPOTOH U HEUTPOH



JluHeNHbIe TpaeKTopuN: pedxeBCKue n pagmarnbHble

2

m
A
m*(J)=m’+a'l —  Tpaektopuu Pemxe (NMMHENHbIE)

m*(n) = u’ +an —  PapgwnanbHble Tpaektopumn Pegxe



W, GaV*

W, GeV®

W, GeV*

Jlerkue HecTpaHHbIe Me30HbI B Particle Data

CRYSTAL BARREL (1.9-2.4 I'aB)

A.V. Anisovich, V.V. Anisovich and A.V. Sarantsev, PRD (2000)
V.V. Anisovich, Phys. Usp. 47 (2004) 45
D.V. Bugg, Phys. Rept. (2004)
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D.V. Bugg, Phys. Rept. (2004) Four sorts of meson

D.V. Bugg,
Queen Mary, University of London. London E14NS. UK

abstract An extensive spectrum of light non-strange qq states up to a mass
of 2400 MeV has emerged from Crystal Barrel and PS172 data on pp —
Resonance — A+ B in 17 final states. These data are reviewed with detailed
comments on the status of each resonance. For [ = 0, C' = +1, the spectrum
is complete and very secure,

All observed resonances cluster into fairly narrow mass ranges (1) 1590-1700
MeV, (i) 1930-2100 MeV, (1i1) 2240-2340 MeV. These ‘towers’ of resonances
are illustrated m Fig. 4.
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Fig. 4. Clustering of resonances in mass.
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Glueballs, hybrids, multiquarks

Experimental facts versus QCD inspired concepts

Eberhard Klempt**, Alexander Zaitsev”
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PHYSICAL REVIEW D 77, 034002 (2008)

M. Shifman and A. Vainshtein
William 1. Fine Theoretical Physics Institute, University of Minnesota, Minneapolis, Minnesota 55455, USA

Highly excited mesons, linear Regge trajectories, and the pattern
of the chiral symmetry realization
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10 Conclusions

This article grew as a continuation of the ongoing heated debate in the literature
regarding asymptotic symmetries of the meson spectrum in QCD [2,5-8,25, 33,37,
46,47], and numerous discussions of this issue at various conferences. At an early
stage we believed that ySR could be natural in QCD. Further more careful studies
made us change our minds.
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ao(1710) 16(PC) = 170+ )

OMITTED FROM SUMMARY TABLE
Evidence for this state is also inferred from the interference of the
KT K™ and K¢ K% decays of the fy(1710) in D} — f5(1710)x ™,
leading to a relative branching ratio an order of magnitude larger
than expected from isospin symmetry (ABLIKIM 22F). See also the
review on " Spectroscopy of Light Meson Resonances.”

ap(1710) MASS

VALUE (MeV) DOCUMENT ID TECN COMMENT

1713419 OUR AVERAGE Error includes scale factor of 3.8. See the ideogram below.
1736+10+12 1 AAL 23AHLHCB Bt — KT (K% K)
1817+ 8420 2 ABLIKIM 22AH BES3 D:' — Kg K+ =0
1704+ 5+ 2 LEES 21A BABR 7.(1S) = T 77

1 From Dalitz plot analyses of 7.(1S,2S) — K% Ktr™ + cc.

2 Observed to decay into K% KT in a Breit-Wigner amplitude analysis involving DT decays
- - - s
into K*(892)0 KT, K*(892) T K, K*(1410)° KT, 2(980) T 70, and a((1817)+ #0.



B cpeaHem (B 3B2): ME(L,}I?) ~1.1L+1.1n+0.7

2
—> Ppa6otaetzakon |M (L,n)~ L+n

B HepenaTMBUCTCKOM aToMe Bodopoaa:
1
N*

E ~ N=L+n+1 - [NaBHOE KBAHTOBOE YUCIO

B CreKkTpe Nerknx Me3oHOB MMeeTCSA rraBHoOe KBaHTOBOE 4YUCIIo

CyLLiecTBOBaHNE COCTOSHUN, HE MMELLUX BbIPOXAEHHbIX NAapPTHEPOB MO
4YETHOCTU, CrieayeT U3 onpeaeneHns caMom YETHOCTMH,

P —_ (_1) L+1

Me30HbI Ha rmaBHOU TpaekTopun UMeroT N=0, NO3TOMY Takux NapTHEPOB ObITb
HE MOXET.

Hanpumep: p-mesoH, (L,n)=(0,0), a;-me30H, (L,n)=(1,0), BbipoxaeH c p’, (0,1).

[MoTeHumarnbHble MOOENU HE MOTyYT 0ObACHUTL HanNMuue HabngaemMoro BbIPOXOEHUA.



ANHAMWYECKAA CUMMETPUA ATOMA BOOOPOOA

1
N2’

N=L+n+1

E(L,n) ~

- dok: MeeT MecTo Bornee cunbHas cuMMeTpus, Yem SO(3).
| 910 SO(4) CMMMETPUA B UMIMYSTbCHOM MNPOCTPAHCTBE.
(V.A. Fock, Z. Phys. 98 (1935) 145)

A3BECTHA ARAIEMHAHN HAYE CCCP. 1935
BULLETIN DE L'ACADEMIE DES SCIENCES DE L'URSS

Classe des sciences OTIeIeEESe MATOMATHYOORRX
mathémsatiques et naturelles X CTOCTBCHHLE HAYE

ATOM BOJIOPOIA M HE-EBERIHITOBA TEOMETPHA*

( Hpedsapumeasnoe cooluenue™™)
B. A. POEA

(IIpedemasaeno_axadexuxox C. H. Basunossim)

B paGore mokazamo, 4ro ypasmesme IIlpeanmrepa xis aroMa BOAOPOA& B OPO-
CTPAHCTBE MMOYILCOB OPHBOANTCS K MHTErpPAIbHEOMY YPABHEHAM IXA IUAPOBRIX ®YHKIAMN
uernipexMepeoro mapa. Takuy o6pasoy, jJonyckaemas ypapaesneM [lIpezmmrepa rpymma
npeo6pasoBannii OKasslBaeTCA TOXIECTBEHBOH ¢ yersipexmepHOf rpynnoR sBpamenmi;
Haxgyue 5Tof rpynnel o0BACESET TAK HA3LIBAEMOE BRIPOXKIEHNE YPOBReH BOX0OpOAa mo
OTHOIIEHAI0 K a3BMyTAXLHOMY KBaHTOBOMY gmcdy. CXeXCTBHA, BRITEKAONMUE U3 CONOCTA-

* Nozomeno 8 oempaza 1935 r. B TeopeTHYECKOM ceMuHADHM PUIMTECKOTO uscturyTa JII'Y 1
23 mapra 19385 r. sa ceccurn Axazemnr Hayr CCCP B Mockse.



KBa3uknaccuuyeckasi UHTepnpeTauus

CnunH J n macca m aBnsATCA ABYMS HeE3aBUCMMbIMU MHBapuaHTamn Kasummpa
rpynnbl [NyaHkape, onpeaenarowmx NoHATUE AfIEMEHTAPHON YacTuLbl Kak
KOHEYHOMEPHbIX npeacTasneHnn atoun rpynnel. CrnegoBaTtenbHO, €CNN eCTb
doyHKLUMOHaNbHas 3aBUCUMOCTb MexXay HAMU, TO UMEeEeT MeCTO HeKas
OnHamu4yeckasd cMMMeTpua (0aQHOBPEMEHHO YKasblBatoLlas Ha COCTaBHYHO
npupoay AaHHbIX YacTul).

PaccmoTpum Krnaccmdeckun o6bLeKT pasmMepa I, Bpallatowmncst ¢ nocTosiHHON
CKOPOCTbO. Ero yrmoBon MOMEHT:

J ~ mr (1)
C Opyron CTOPOHLI, N-MEPHbIN OAHOPOAHbLIN (C MOCTOSIHHOW NITIOTHOCTbLIO) OOBLEKT
NMeEET Maccy:.
i oo :> r ~mi/m (2)

(2) => (1):

1+1/n

J ~m

OkcnepumeHT: N=1



Peaju3anmsi: 6e3maccoBble KBapKu

JIIOOHHASI CTPYHA ¢ e @

v Y

T

((pr6Ka NOTOKa» MKOHHOIO Nosd

HamOy: BpalualoLasca CTpyHa ¢ pensaTMBUCTKMMM Be3mMacCcoBbIMU KBapkamu
Ha KOHLIax NpuBOAUT K COOTHOLLEHUIO (popmyna Hy-dOpayun)

M? =27zolL

O - HaTsbxeHue cTpyHbl, L - yrnosoit moment (J =L, L +1)

Consider a gluonic flux tube as a solid body of

KpaTkui BbIBOA. _ :
known length ¢, rotating at the speed v(r) = 2r/¢.

£/2
/ ! / g/(; Vi T :> M? = 2noL
orv(r)dr nol?

L — 2, —
) Vv 1—v2(r) 8




KBaHTOBaHue bopa-3ommepdenbaa

j p(r)dr =% | n +%

N - paguansHoe keaHToBoe uncno, P(r) u I - oTHocuTenbHbIE yrnoBo
MOMEHT 1 pacCTosiHUE, B MPOCTENLLEM CIyyae CBS3aHHbIE COOTHOLLEHMEM

M=2p+or

Yuntbieag M = lo, roef ecTb MakcumarnbHas ArnvHa CTPYHbI, B pesyrsrare:

[ns doepmMmnoHoB!

2
2_ —
M —)(7[0 n+2

:> oxugaem M?* ~ 2xo (L + ¥n + —) - XOpPOLUO BbINOMHAETCA B cnekTpax!




Hydrogen-Like Symmetry in Regge Spectrum of Light Mesons:
Selection of States

S. S. Afonin®* *_ A, V. Sarantsev’, and A. M. Tsymbal**

2511.10341 [hep-ph]

M2 = (1.15 £ 0.03)L + (1.20 £ 0.05)n + 0.52 % 0.04

PDG:
M2 . =(1.14+0.07)L + (1.2 +£0.1)n + 0.52 £ 0.07
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Particle Data Group

p(1570) I6WPC) = tra )

OMITTED FROM SUMMARY TABLE

p(1900) ISUPC) = 1+~ ")

OMITTED FROM SUMMARY TABLE

p(2150) 16(UPC) = 17~ ")

Further States

OMITTED FROM SUMMARY TABLE

This section contains states observed by a single group or states
poorly established that thus need confirmation.
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