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B HeneprypOaruBHon KXJI —
nepcrnekTuBHas 3axada ¢puzuxkn XXI B.

CoBpemeHHast (pu3nKa ONepupyeT COTHSIMHU IIEMEH-
TapHbIX uactuil. IlepBble mapameTpsl HAEHTH(OUKALNU
YacTHIBl — CpeJHee 3HAYCHUE M JAUCIIEPCHS] €€ MACCHI.
EcrecTBeHHO, uTO mpoOiIeMa BOSHUKHOBEHHUSI MAcChl SB-
JISIeTCsl TIEPBOCTENEHHON (yHaMEHTalbHOU MPOo0OIeMoi
¢usukn yactun. OTKPBITHE MEXaHM3Ma T'€HEepalud Mac-
CBI, MPEIIOKEHHOI0 OHIMEPTOM U XWUITCOM U TPUYM-
(haJIbHO TOATBEPIKAEHHOTO B 3KCIEPUMEHTAX, OKA3aJI0Ch
KPYIHEHIINM DOCTH)KEHHEM (PU3UKH YacCTHUI MOCIIEIHHUX
JECATHICTUH. DTOT MEXaHMU3M CTaj IIHPOKO M3BECTHBIM
Hay4yHbIM (aktoM. Ecim crpocuTh, Kak reHepUpyOTCS
MacChl JIEMEHTAPHBIX YacTHUI], OOJIBITMHCTBO, HABEPHSIKA,
OTBETHUT — MEXaHU3MoM Xurrca. M 3to OyzmeT HenpaBmIb-
HbII1 0TBeT. HenpaBuibHbIN I0TOMY, YTO MEXaHU3M XUIT-
COBCKOTO 0030Ha I'€HEpUPYET MAcChl TOJIBKO JICTITOHOB H

TOKOBBIX KBAPKOB M HE UMEET OTHOIIEHHUSI K Macce KOH-
CTUTYSHTHBIX KBapKOB, 00pa3yroiux HykiIoHbI [1]. A sTa
Macca cocraniseT He MeHee 80 % maccel BeeneHHoit B
M3MEpSIeMBbIX KOMITOHEHTaX, JIENTOHaxX W aapoHax. Jlis
ONUCAHUS TEHEPAlMM MACChl HYKJIOHOB HE CYIIECTBY-
€T JIOCTOBEPHOTO M OOIICIIPUHATOrO Tojaxona. M3BecTHO
JIMIIIb, YTO TakKasl reHeparus 0OyCJIOBICHA CIIOHTAHHBIM
HapyIICHHEM KHPaJbHOCTH BaKyyMa, HO BOIPOC O MeXa-
HHU3ME Iepexoja «JIErkoro» TokoBoro ksapka (5 MsB) B
«TSDKEJBI» KOHCTHTYeHTHBIH kBapk (300 MaB) ocraercst
OTKpPBITHIM. Kakum 00pa3oM B3aUMOJICHCTBHE ¢ BAKYYMOM
TpeX TOKOBBIX KBAapKOB BBICOKOIO HMITYJIbCA MPeodpa-
3yeT UX KHHETHYECKYIO0 YHEPrHI0 B MACCy KOHCTHTYEHT-
HBIX KBAapKOB, CIIMNAIOLIMXCS B HYKJIOH, — HEH3BECTHO.
OueBugHO, 4TO (PYyHAAMEHTAIBHOCTH TAKOTO Mepexojaa
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Modern physics operates with hundreds of elementary
particles. The first parameters of the particle identification
are a mean value and dispersion of its mass. Naturally, the
problem of the origin of mass is the primary fundamental
problem of particle physics. The discovery of the mecha-
nism of mass generation, proposed by Englert and Higgs,
and triumphantly confirmed in experiments, turned out to
be the greatest achievement of particle physics in recent
decades. This mechanism has become a widely known
scientific fact. If you ask how the masses of elementary
particles are generated, most will probably answer — the
Higgs mechanism. And that would be the wrong answer.
It is incorrect because the Higgs boson mechanism gen-

erates only masses of leptons and current quarks and has
nothing to do with the mass of constituent quarks that form
nucleons [1]. And this mass is at least 80% of the mass
of the observable Universe in the measurable components,
leptons and hadrons. There is no reliable and generally ac-
cepted approach to describe the generation of the mass of
nucleons. It is only known that such generation is caused
by spontaneous violation of the vacuum chirality, but the
question of the mechanism of the transition of a “light”
current quark (5 MeV) into a “heavy” constituent quark
(300 MeV) remains completely open. How the interaction
with the vacuum of three high-momentum current quarks
converts their Kinetic energy into the mass of constituent
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HEe ycTymaeT (hyHAaMEHTAJIBHOCTH MeXaHW3Ma XHITca.
OTKpbITHE MEXaHHM3Ma ITOTO Tepexofia TpeOyeT 3HAHUS
CTPYKTYpbl HYKJIOHA U JUHAMUKH B3aUMOJIEUCTBUSL KOH-
CTHTYSHTHBIX KBAPKOB B KOHLEIIIUH HenepmypoamueHotl
KBAHTOBOM XPOMOAMHAMUKH. ['paHIMO3HbBIE yCUIUS CHE-
JIaHBI K HACTOSIIIIEMY BPEMEHH VISl BBISICHEHHS CTPYKTYPBI
HYKJIOHOB B paMKax nepmypoamusroii KX]I mpu BBICOKIX
OHEPIrusix. O}]HaKO YCHOECIIHO NOJIYy4YEHHAs IIPU 3TOM «BbI-
COKO3HEpreTndeckas» CTPyKTypa HyKJIOHOB OUeHb JajieKa
OT KHU3KOAHEPIreTUueCcKon». J[0cTaTrouHO BCIOMHUTD, YTO
OCHOBHasl Macca JaHHBIX UMEET BUJI OJTHOMEPHBIX KBAPKO-
BBIX PACHPEAEICHUN, B TO BpeMs KaK pacIpeieeHus KBap-
KOB B OCHOBHOM COCTOSIHUH HYKJIOHA, 0€3yCIIOBHO, UMEIOT
MPOCTPAHCTBEHHO TPEXMEPHBII Xapakrep. B mocnennue
JECSATUIICTHS MHTEHCUBHO PAa3BUBACTCS TEOPHsI 0000IIeH-
HBIX KBAPKOBBIX PACIIPEICICHUH, SIBISIFOIMXCS QyHKINEH
TpeX MEPEMEHHBIX, U JeNAI0TCs MOMBITKU CBSI3aTh «BBICO-
KOJHEPreTUYeCKHe» U «HU3KOIHEPreTUYEeCKHe» pacIpe-
JIENIEHMs] U1l €IMHOTO OMMCAHUS BO BCEH YHEPreTHUECKON
obmactu. Ho mpobiema cOCTOUT HE TOIBKO B pa3MepHO-
CTH KBapKOBBIX pacrpeneneHuil. Paznmmune nmeer Gonee
NPUHLMINAAIBHBIA XapaKTep: <«BbICOKOIHEPIreTUUECKUE»
JTAaHHbIE UMEIOT JIeJI0 ¢ TOKOBBIMU KBapKaMH, a «HU3KO03-
HEPreTU4eckue» — ¢ KOHCTUTYeHTHbIMU. [loaToMy mosy-

YUTh HH(OPMALUIO O pacHpeeleHHsIX KOHCTHTYSHTHBIX
KBAapKOB HEMOCPEJCTBEHHO W3 PaCMpeIeIeHUH TOKOBBIX
MOXHO, TOJBKO «CBEpPHYB» IOCIEIHUE C UX paclpesele-
HUSIMH B KOHCTHUTYEHTHBIX KBapKax, a COOTBETCTBYOLIHX
JIOCTOBEPHBIX AaHHBIX HeT. [ToaToMy KBapKoBast CTPYKTY-
pa HyKJIOHOB B «HU3KOYHEPTeTHUECKOI» 00IacCTH OCTaeT-
Cs1 BIIOJIHE CIIELIMAJILHOM M caMOJI0CTATOYHOM 3a1auei.
bonbioe TOCTOMHCTBO B 3TOM acHEKTE MMEET CO3-
naBaemblii  komruiekc NICA, KOTOpbIii 3HEpreTHuecKu
nepekpeiBaeT 00e uHTepecyromue obnactu. Ilepexon
OT Me30H-0apHOHHOM K KBapK-IIIIOOHHOW (haze marepuu
TPaIMIMOHHO TUIAHUPYETCSl M3ydaTh B COYJapeHUsIX Ts-
xenbIx simep. OHako Al MCceqoBaHMS HeEmepTypoa-
TuBHOM KX/[-CTpyKTypbl HYKJIOHOB TaKH€ COYAApEHMs
HMCIOT BECbMa CYHICCTBCHHBIC OCJIOKHEHMU . 1) MaJias
KBapKOBast JIOTHOCTH sIJIEP MO CPABHEHHIO C MIIOTHOCTHIO
HYKJIOHOB TpeOyeT BBICOKMX OJHEPTUil coynapeHHs s
JOCTIDKCHUSI MHTEPECYIONMX OapHOHHBIX M SHEpreTnye-
CKHX IUIOTHOCTEH; 2) (IIyKTyaluy HyKIIOHHOM [IIOTHOCTH
B HAYaJIbHOM COCTOSTHHU SIJIEp NMPHUBOAAT K 3HAYUTEIHHO-
My pa30poCy JOKaIBHBIX OAPHOHHBIX M SHEPTeTUYECKIX
IUIOTHOCTEH B IIPOMEKYTOYHOM COCTOSIHHH; 3) OOnbIIoe
YHCIIO HYKJIOHOB, YYaCTHUKOB COY/IapEHUS, CO3AET CIOXK-
HBbIIl TUHAMUYECKUW CHEHapui coyJdapeHusi, B 4acTHO-

quarks that stick together into a nucleon is unknown. It is
obvious that the fundamental nature of such a transition is
not inferior to the fundamental nature of the Higgs mech-
anism. The discovery of the mechanism of this transition
requires knowledge of the structure of the nucleon and the
dynamics of the interaction of constituent quarks in the
concept of nonperturbative quantum chromodynamics. So
far, tremendous efforts have been made to elucidate the
structure of nucleons in the framework of perturbative
QCD at high energies. However, the successfully result-
ing “high-energy” structure of nucleons is very far from
the “low-energy” one. Suffice it to recall that the bulk of
the data is in the form of one-dimensional quark distribu-
tions, while the distributions of quarks in the ground state
of a nucleon, of course, are spatially three-dimensional. In
recent decades, the theory of generalized quark distribu-
tions, which are a function of three variables, has been in-
tensively developed, and attempts have been made to link
“high-energy” and “low-energy” distributions for a unified
description in the entire energy region. But the problem
is not only in the dimension of quark distributions. The
difference is of a more fundamental nature: “high-energy”
data deal with current quarks, and “low-energy” data —

with constituent ones. Therefore, one can obtain informa-
tion about the distributions of constituent quarks directly
from the distributions of current ones only by “folding”
the latter with their distributions in constituent quarks,
but there is no relevant reliable data. Therefore, the quark
structure of nucleons in the “low-energy” region remains a
completely special and self-sufficient problem.

A great advantage in this aspect is the NICA complex
being created, which energetically overlaps both areas of
interest.

The transition from the meson—baryon to the quark-
gluon phase of matter is traditionally planned to be stud-
ied in collisions of heavy nuclei. However, for the study
of the nonperturbative QCD structure of nucleons, such
collisions have very significant complications: 1) the low
quark density of nuclei in comparison with the density of
nucleons requires high collision energies to achieve the
baryon and energy densities of interest; 2) fluctuations of
the nucleon density in the initial state of nuclei lead to a
significant variance of local baryon and energy densities
in the intermediate state; 3) a large number of nucleons
participating in the collision creates a complex dynamic
scenario of collision, in particular, with the presence of
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CTH, C TPHUCYTCTBHUEM CMEIIAHHBIX ME30H-0apUOHHOM
W KBapK-TIIOOHHOW (ha3. B 3TOM OTHOMmICHWH HYKIIOH-
HYKJIOHHBIE COYIApeHUs] MMEIOT KapAWHAJIBHO Oolee
OIpe/IeICHHbIC HavYaJbHBIC YCIIOBHSI M 0oOJyiee JOCTYITHBI
JUISL HHTEPIIPETALN.

[TpoexT NICA npeaycmarpuBaeT co3jaHue yCTaHOB-
KM JUIsl UCCIIENOBAaHNs HYKIOH-HYKJIOHHBIX COYlapeHUi
(SPD). OnHo#t U3 NPHOPUTETHBIX LEJIeH 3TUX IKCHEPH-
MEHTOB MOXKET CTaThb UMEHHO HCCIIENOBAHUE CTPYKTYPBI
HYKJIOHOB B «HH3KO3HEPreTHYECKoi» obmacTd, T.€. B
obmactu HeneprypbOaruBHOM KX/ 1 mepexona B meptyp-
OaruBHYI0 00OnacTh. OnTUMalibHbIE YCIOBUS HCCIIEI0BA-
HUI CO3/1aI0TCS B KWHEMAaTHKe COylapeHuii, obecreunBa-
IoIIel MepeKphITHE IEHTPATbHBIX KBAPKOBBIX obOnacTeit
HykJoHOB. CoymapeHuss C OOJNBIIMMHU TPHUIETHHBIMH
napaMmeTpamy,  OIpefelsieMble  Me30H-OapHOHHBIMHU
nporieccaMu, Hed(PEKTUBHBI I MCCIEIOBAaHUS KBap-
KOBBIX CTENeHEeH CBOOOABI BO3HHMKAIONIMX COCTOSHUH.
IToaTomy ocoboe 3HaueHHE UMEET BBIACICHHUE cOynape-
HUI C TPUIETbHBIMU TIapaMeTpaMH IOpsiAKa M MeHee
paauyca KBapKOBOH 00JacTH HYKJIOHOB, T.¢. ~0,4 ¢m.
COOTBETCTBYIOINN KPUTEPUNA LEHTPAIBHOCTH O00CYX-
Jajcst HelaBHO B padote [2].

AT THE LABORATORIES OF JINR

Hentpanpabie NN-coymapeHns OTKpPBIBAIOT ITHPOKHHA
JMana30H HCCIEJOBaHUS CTPYKTYypbl M AWHAMUKHU B3au-
MOJICHCTBUSI HYKJIOHOB B PEKHME HENepTypOaTUBHOM
KX/I. IlepBocTeneHHbI HHTEpeC MHPEACTaBISET IHMOUCK
3¢ PeKTOB repexoia KOHCTUTYEHTHBIX KBAPKOB B TOKOBBIE.
CyIiecTBeHHO, YTO 00JacTh TaKOTO IIEPEXojia, COTIIACHO
yXKe JaBHO MOTHBHPOBaHHBIM OIlleHKaM [3], momwkHa Ha-
XOIUTHCS B Ipeeiax dHepreTHdeckoro auamazona SPD:
XapaKTepHbIH HMITYIIBC CIIOHTAHHOTO HAPYIICHHS KHPaITb-
HocTu Py~1,2 T's3B/c. [loaToMy M3yucHHE SHEpreTHIeC-
KOM 3aBHCHUMOCTH TIPOLECCOB LIEHTPAIBHOTO COyAapeHHsI
HyKJI0HOB Ha SPD MoxeT oka3zarbcs 3 peKkTHBHBIM cpef-
CTBOM HaOIIofeHusT 00CyXaaeMoro (hyHIaMEeHTaIFHOTO
nepexosa.

Cpenu mepBoOYepeaHbIX 3a7ad JOIKHO HaXOIUTh-
csl M M3ydeHHe JMOapHOHHBIX pe3zoHaHcoB. Mx KX]I-
CIIEKTPOCKOMHS BO3HUKIIA yXKE B MHOHEPCKOH padore [4]
1960-x rr. Jlerkue nubaproHHBIE PE30HAHCHI C MaccaMmu
2,1-2,2 I'3B [5, 6] nepBoHayanbHO paccMaTpUBAIKCh KaK
cnabocssizannbie NA(1238) napsl. Bo3uukiiue mpu 3Tom
TPYIHOCTH ME30H-OapHOHHOTO ONMHCAHUS AUOApHOHHBIX
PE30HAHCOB elile Ooiee BO3POCIH Mocie HaomoneHust [7]
OTHOCHTEJIBHO TSDKEJIOTO pe30HaHca ¢ maccoit 2,38 3B,
6muskoit k macce A(1238) A(1238) mapsl. Dto cTUMY-

a mixed meson-baryon and quark—gluon phase. In this
respect, nucleon-nucleon collisions have radically more
definite initial conditions and are more accessible for in-
terpretation.

The NICA project provides for the creation of a facility
(SPD) for the study of nucleon-nucleon collisions. One of
the priority goals of this facility may be precisely the study
of the structure of nucleons in the “low-energy” region, that
is, in the region of nonperturbative QCD and transition to
the perturbative region. Optimal research conditions are
created in the collision kinematics, which provides over-
lapping of the central quark regions of nucleons. Collisions
with large impact parameters determined by meson—baryon
processes are ineffective for studying the quark degrees of
freedom of the arising states. Therefore, it is of particular
importance to distinguish collisions with impact parame-
ters of the order or less than the radius of the quark region
of nucleons, that is, ~0.4 fm. The corresponding criterion
for centrality was discussed recently in [2].

Central NN collisions open up a wide range of stud-
ies of the structure and dynamics of nucleon interaction
in the nonperturbative QCD regime. The search for the
effects of the transition of constituent quarks to current

ones is of primary interest. It is essential that the region
of such a transition, according to long-motivated esti-
mates [3], should be within the SPD energy range: the
characteristic impulse of spontaneous chirality breaking is
Py =~ 1.2 GeV/c. Therefore, the study of the energy depen-
dence of the processes of central collision of nucleons on
SPD can be an effective means of observing the discussed
fundamental transition.

The study of dibaryon resonances should also be
among the top-priority tasks. Their QCD spectroscopy ap-
peared already in the pioneering work [4] of the 1960s.
Light dibaryon resonances with masses 2.1-2.2 GeV [5, 6]
were initially considered as weakly bound NA(1238) pairs.
The arising difficulties in the meson—baryon description
of dibaryon resonances increased even more after the ob-
servation [7] of a relatively heavy resonance with a mass
of 2.38 GeV, close to the mass of the A(1238) A(1238)
pair. This stimulated a QCD consideration within the chi-
ral constituent quarks model [8]. The QCD nature of the
heavier dibaryon resonances is beyond doubt. The exis-
tence of such resonances has been shown in the experi-
ments already carried out: 3.0 GeV [9], 2.65 GeV [10].
Therefore, their study in the regime of central NN colli-
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nupoBasio  KX/[-paccMoTpeHne B paMmkax KUPaJIbHOH
MOJICNIH  KOHCTHTYEHTHBIX KBapkoB [8]. KXJI-mpupoma
Oosiee TSKENBIX TUOAPHOHHBIX PE30HAHCOB HE BBI3BIBA-
eT comHeHus. CyIecTBOBaHHE TaKUX PE30HAHCOB TOKa-
3aHO B y)Ke IPOBeICHHbIX 3kcrnepumenTax: 3,0 9B [9],
2,65 I'»B [10]. [TosToMy HMX U3y4eHHE B PEXKHUME ILICH-
tpanbHbIX NN-coymapeHuii MoOXeT cTaTh NEpCHeKTHB-
HOW TPOrpaMMOM HCCIIEOBaHMS MEXaHW3Ma peakini,
OIIPE/IEeIISIEMOTO CTENEHIMH CBOOO/BI HENepTypOaTHBHOM
KX. Tonspuzanuonusie Bo3MoxkHocTn SPD B atom
acriekTe TPyJHO TepeolieHuTb. Cpenu 3a1a4 nepBoii oue-
peau cleyeT Ha3BaTh U MCCIIEA0BAHUE 3aBUCUMOCTH T1a-
paMeTpoB POKAAEMBIX ME30HOB X ME30HHBIX KOPPEISIIUI
OT DHEPreTHYECKON 1 OapHMOHHON TIOTHOCTH B COyAape-
HUSX.

B nienmom coznarne SPD oTkpoeT mmpokyro mporpam-
My HCCJIEAOBAaHUS CTPYKTYphl HYKJIOHOB B HemepTypoOa-
tuBHOM KX]I. Hakorurenue smmnupudeckoit nHGopMarmm
U pa3BUTHE aJICKBATHBIX (PEHOMEHOJIOTMYECKUX MOJeNeit
MOXET cTaTh 0a3ol Iyl CTPOroi HenepTypOaTHBHOM
KX/I-reopun OapuonoB. Takas mporpamma TpeOyer, ¢
OIHOW CTOpPOHBI, MHTEHCHU(HUIIMPOBATH TEOPETUUECKYIO
paboty B 00CyxkmaeMoil mpobiemMaTuke U, ¢ IPyroi CTo-
POHBI, IPUBJIEYb SKCIIEPUMEHTATOPOB K IOJATOTOBKE COOT-

sions can become a promising program for studying the
reaction mechanism determined by the degrees of freedom
of nonperturbative QCD. It is difficult to overestimate the
polarization capabilities of the SPD in this aspect. Among
the tasks of the first stage, one should also mention the
study of the dependence of the parameters of the produced
mesons and meson correlations on the energy and baryon
density in collisions.

On the whole, the creation of the SPD will open up
a broad program for studying the structure of nucleons in
nonperturbative QCD. The accumulation of empirical infor-
mation and the development of adequate phenomenological
models can become the basis for a rigorous nonperturbative
QCD baryon theory. Such a program requires, on the one
hand, to intensify theoretical work in the discussed prob-
lems, and, on the other hand, to involve experimenters in the
preparation of the corresponding experiments on the SPD.

Therefore, the first step in solving the discussed prob-
lem should be the awareness of its fundamental nature.

BETCTBYIOIIUX OMbITOB HA SPD. TTo3TOMY THepBbIM 1Iarom
B pELICHUH 00CYXIaeMOM 3a1auyl JOJDKHO CTaTh OCO3HA-
HHe ee QyHIaMeHTaIbHOCTH.
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