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IlepBoe HaO/I0AeHNE pe3oHaHCca J P=0"
B IPOTOH-TIPOTOHHOM B3aMMOAEHCTBUM

W3ydenne HYKIOH-HYKJIOHHOTO — B3aUMOJCHCTBHSA
SIBISIETCS] HEMCUEPIAeMbIM HCTOYHUKOM (DU3MUECKON MH-
¢dbopmanuu: npu Hu3kux sHeprusx NN-B3aumozeicTBHE
OTIpesiesIieT CBOMCTBA SIIEPHOM MAaTEpPHH, MPHU BBICOKHUX
SHEPrusax JIEMOHCTPUPYET KBAPK-IIIFOOHHYIO CTPYKTYpY, a
pu sHeprusix B obnmactu ['9B umeer xapakrepHsie pe3o-
HaHCHBIE CBOWCTBA. [Ipy HU3KUX DHEPIHSAX PE30HAHCHOE
TIOBE/ICHNE HE HAOJIOAAETCs, OHO TPOSIBISETCS TOJBKO
BOIM3M MOpOTa pOXKJICHUS MMOHA. TpH pe3oHaHca B BYX-
GapuonHoii cucteme, Dy, 3 Fsun 3P,, BBLTH yCTAHOBJICHBI
B IIPOTOH-TIPOTOHHOM PACCESTHUN B 001aCTH BO30YKACHHUS
A(1232)-u300apsl eme B 80-X Tomax MPOIUIOTO CTOJE-
T [1]. OTH pe30HaHCH CYyNIECTBEHHO ONIPEACIIAIOT JIMHA-
MUKY IPOTOH-SIIEPHBIX peakuil npu I 3B-HbIX sHEprusx,
B YaCTHOCTH, OHM OTBETCTBEHHBI 3@ XOPOIIO M3BECTHBIN
MHTEHCUBHBIH TIHK B CEUEHHH peakuuu Pp—da’ npu
sHepruu npoToHoB 620 M»3B. Tonbko oquH 1BYXOapHoH-

HBII pe30HaHC OBLT OOHapy:KeH HeAaBHO [2] B HEHTpOH-
MPOTOHHOM B3anMozeicTBUN. OH ObUT HACHTHU(HUIHPO-
BaH KakK 3D3-3G3 [3], naxoguTes B obmacTu BO30YKACHUSA
nByX A-nzobap u umeet mupuny 70 MaB, cymectBeHHO
MCHBIIYI0, YeM IIMPHHA pachana CBOOOMHOW H300apbl
117 M»aB. BT10 mociayxuio apryMeHTOM B TOJb3Yy Mpe-
TIOJIO’KEHUST O €r0 UCTUHHO KBapKoBOH mpupoxe. OxHako
HeJlaBHHE TEOpeTHUYEeCKHe HccienoBanus [4] mokasany,
YTO ITOT PE30HAHC, KAK U U3BECTHBIC IPOTOH-NPOTOHHBIC
PE30HAHCHI, MOXKET OBITh WHTEPIPETHPOBAH B TEPMHHAX
TPaJMLHUOHHOIO Me30H-0aproHHOro noxxoxa. Ilpu stom
COBEPLICHHO HEOOXOANMO JAETAaJbHOE HCCIIENOBaHUE
MaJIOU3BECTHOTO B HACTOSIEEC BpEMsi B3aUMOJICHCTBHS
HYKJIOHOB C OapHOHHBIMH PE30HAHCAMHU M OapHOHHBIX
pEe30HAHCOB MEXAy co00W. DTO MPUBOAUT U3yUYCHUE M-
0apHOHHBIX PE30HAHCOB K Ooiyiee oOmiel mpobiieme pas-
JMYCHHS CHCTEM, COCTaBICHHBIX M3 aPOHOB, M CHUCTEM
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First Observation of the J© = 0~ Resonance
in Proton—Proton Interaction

Study of the nucleon—nucleon interaction is an inex-
haustible source of physics information: at low energies
NN interaction defines the properties of nuclear matter,
at high energies demonstrates the quark—gluon structure,
and at energies in the GeV region exhibits characteristic
resonance features. At low energies, no resonance behav-
ior is observed, it shows up only near the pion production
threshold. Three resonances in a two-baryon system, 1D2,
3F3 and 3P2, have been determined in proton—proton scat-
tering in the region of excitation of the A(1232)-isobar as
early as the 80s of the last century [1]. These resonances
essentially define the dynamics of the proton—nucleus
reactions at GeV energies. In particular, they are respon-
sible for the well-known intense peak in the cross section
of the reaction pp—dr* at 620-MeV proton energy. Only
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one two-baryon resonance has been discovered recent-
ly [2] in neutron—neutron interaction. It was identified as
3D5-3G5 [3], lies in the excitation region of two A-isobars
and has a width of 70 MeV which is significantly less than
the width of a free isobar, 117 MeV. This was an argu-
ment in favor of the hypothesis about a true quark nature
of this dibaryon. Nevertheless, recent theoretical inves-
tigations [4] have shown that this resonance, as well as
the known proton—proton resonances, may be interpreted
in terms of traditional meson—baryon approach. In doing
this, it is mandatory to study in detail the currently scantily
explored interactions of baryon resonances with nucleons
and baryon resonances with each other. This draws the
dibaryon resonance study into more general problem of
distinguishing between the systems composed of hadrons
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BIIOJIHE ONPEICJICHHON KBapKOBON CTPYyKTypbl. Takast
mpobiema Obuta chopmynupoBaHa B pabote [5], Tme cra-
BUJICA BOIIPOC O TOM, SIBJISIETCS ACHTPOH COCTaBHOM WU
SIIEMEHTAPHON YacTUIei. A B HACTOsIIIEe BpeMsI H3y4yaeT-
Csl BOIIPOC 00 «3JIEMEHTAPHOCTH» MM «KOMIO3UTHOCTI
TETPaKBApPKOB M IEHTAKBAapKOB [0], HAOIIONAaeMbIX B MO-
CJICZHUE TOABI.

W3ydenne nubGaproOHHBIX PE30HAHCOB COTPYIHHUKH
JIAIT mpoBogunmu Ha npoToHHOM cuHxpoTpoHe COSY
(¥Onux, I'epmanus) B corpynanuectse ANKE. Ha nonsipu-
30BaHHOM IMIPOTOHHOM ITy4Ke B Juamna3one 353—1100 M»B
uccieoBanack peakuus pp— {PPks ¢ o0Opa3zoBaHHEM
S-BOJTHOBOTO AUIIPOTOHA {PP}s. I3Mepenne 310l peakmu
B Oonee panHem skcniepumente WASA-CELSIUS (nHa He-
HOJIIPU30BAHHOM ITy4YKe) OBLIO OrPaHUYEHO MaKCHMAallb-
HOM sHeprueit 425 MaB [7]. Oxcniepument va COSY mo-
Kas3aJ, 4TO CEUCHHE peakuuu Pp— {pp}ts 7 umeer peso-
HAHCHBIH UK, aHAIOTHYHBIH MUKy B PP — dn*, HO HeMHO-
TO CABMHYTHIN 110 SHEPTHH, C MAaKCUMyMoM Tipu 660 M»3B.
M3mepenue yrioBol M SHEPreTUYECKOM 3aBUCUMOCTEH
muddepeHnnanbHOro CeYeHuss 1 aHalIM3upyomen cno-
COOHOCTH peaKIMM TO3BOJIMIO MPOBECTH (Ha30BBIN aHa-
U3 aMIUTUTyZ Tporecca [8]. HeokumaHHBIM CBOWCTBOM
peaxkuuu OKa3aJloch IpOSBIECHHUE 3P0 AMIUTUTYIBI C WH-

and the systems of quite definite quark structure. Such a
problem has been formulated already in [5], where the
question was raised of whether the deuteron was a com-
posite or an elementary particle. And at the present time,
the problem of “elementarity” or “compositeness” is rele-
vant to tetraquarks and pentaquarks [6] observed in recent
years.

The physicists of DLNP carried out investigation of di-
baryon resonances at the proton synchrotron COSY within
the ANKE collaboration. The reaction pp— {pp}s n° with
the formation of the s-wave diproton {pp}s was stud-
ied using a polarized proton beam in the energy range
353-1100 MeV. Measurement of this reaction in earlier
experiment WASA-CELSIUS was limited by a maxi-
mum energy of 425 MeV [7]. Experiment at COSY has
shown that the cross section of the reaction pp— {pp}s 1
has a resonance peak, similar to the peak of pp— dn*, but
slightly shifted in energy, with a maximum at 660 MeV.
Measurement of the angular and energy dependences of
the differential cross section and of the analyzing power
of the reaction made it possible to fulfill a phase analysis
of the reaction amplitudes [8]. A discovered unexpected
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DHepreTuyeckas 3aBUCMMOCTb KBaIPAaTOB aMILIUTYJI HEPEX00B
3P, —18,d (a), *Py— 'Sys (b) u ux otHOCHTETBHOI dazbl ¢ (C).
CIUIONIHBIE KPHMBBIE — aIlPOKCHMAIMs OpeiiT-BUrHEPOBCKOI
3aBucuMocThio. lllTpuxoBble muHMM 3amaroT 68%-# moBepu-
TenbHBINH nHTEpBal. [omyObie Toukn — pesynsratel ANKE [8],
Kopu4yHeBbIe TpeyroiabHuku — ganHsie WASA-CELSIUS [7]
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Energy dependence of the transition amplitude squared
3P2H180d (@), 3P()Hlsos (b), and their relative phase ¢ (C).
Solid curves represent approximation by the Breit—Wigner dis-
tribution. Dashed lines define 68% confidence interval. Blue
points are the ANKE results [8], brown triangles are the WASA-
CELSIUS data [7]

property of the reaction was the display of the *P,, ampli-
tude, never observed before, with intensity exceeding that
of the known resonance amplitude 3P2 (see figure). A reso-
nance character of the 3P, amplitude allowed one to de-
termine reliably the parameters of this J” = 0~ resonance:
Er=(2201+5)MeVand ' = (91+12) MeV.

The spectroscopy of the dibaryon resonances, aris-
ing at present, deepens our understanding of the nucle-
on—nucleon and nucleon—nucleus reaction dynamics.
On the other hand, it might be a good method to facili-
tate clarification of the nature of hadrons with nonstan-
dard quark content: tetraquarks, pentaquarks and hexa-
quarks.




TEHCUBHOCTBIO, IPEBBIIIAIONIEH WHTEH-
CHBHOCTh ~ M3BECTHOM  pPE30HAHCHOU
aAMIUTUTY/IbI 3P2 (cM. pucyHok). Peso-
HaHCHBII XapakTep paHee He HaOIro-
JIaBIICHCS]  aMITTUTY/IbI 3PO TI03BOJIHIT
YBEPEHHO OIPEeNIUTh MapaMeTphl 3TOTO
JP=0" pesoHanca: ER=(2201+5) M»B
ul =(91+12) MsB.

BosHukaromas B HacTosiliee BpeMs
CTIEKTPOCKOMHS TNOAPUOHHBIX PE30HAH-
COB yIIyOJsI€T Halle MOHMMaHWE AWHA-
MHKH HYKJIOH-HYKJIOHHBIX W HYKJIOH-
saepHbIX peakuuid. C apyroid CTOpPOHBI,
OHA MOXET OBITH XOPOIIUM CPEICTBOM,
CIIOCOOCTBYIOIUM BBISICHEHHIO TPUPOJIBI
a/IpOHOB C HECTaH/IAPTHBIM KBapKOBBIM
COCTAaBOM: TETPAaKBAPKOB, IIEHTAKBApPKOB
U TeKCaKBapKOB.
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