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Du3uKa U punocopusa NOCTaHOBKWN BOMPOCOB.»




1977 2. Anpean Tom 121, 6wun. 4
JCOEXH dHIHYECKEHX HAV K

HPHPOTA JIEMEHTAPHBIX YACTHIL *)
B T'eiizeniiepz

[Hockoavry npu s20UMOOEUCTREUAT WICMILY GHCOKUT SHEPIULL UT HUCAD
Heé COLPOHAEMER, SOMPOC O COCMAHRE' YACTMAY JALMEHMADHEE YOCIUL MONCEM

OKA3AMLCR OECCMHCAEHHBLM, U 6NOAHE 603MONCHO, JUHGMUKG ORGICEMER YeH~
mpaibiol npodaemoll.

Oreer @a Boupoc «IT0 TaKoe PJNEMEHTADHAH YACTHIATY CIBNYET HCHATH
mpesEle BCETo B DKCHEDHMENTe, XOTHA BONPOC »ToT Tpebyer Tak:ke ¥ (uaocod-
croro pacemorpennd. IlosTomMy A magny ¢ Kparkoro ofzopa BaskEemmY sHeme-
PHMEHTANRHMX PE3YIBTATOR, MONYYEHHMX B3a MNOCAeJHAE® NATHIGCAT MdeT.
Hz sroro ofsopa Oymer BARHO, 910 OeCUDHCTPACTHLIE AHANHS HIBECTHHX
PesYABTATOR YiKe JAET oNpefeNeHfrlil 0TBeT HA MOCTABIEHHHN BHIIE BOIDOC;

TEOPHA :Ke, KAK ME VBEIAM [albiie, He B COCTOAHHH A06aBuTE 9ro-mHiO
CYMIECTBEHHOE K 3TOMY OTBETY.



HEIPABHJALHO IIOCTABJNEHHEIE BOITPOCKL

Onmaxo sena Gonbme saAAMaeT QAU3HKa, wes dumocodms. H magny ¢ toro,
qT0, M0 MOeMY YOHIPHMIO, PARBHTHE TeoperAYecKol QHARKHA TACTHI ¢ CaMOTO
HAYaTA Be/leTCA HEBEDHO; 5T0 0DYCTORIEHO NPE/ETe BCEIo HEIPAEMILHO NOCTAR-
LIEHHEBEIMH BOODOCIMH.

[TepBRIM AeloM A YIOMAHRY 0 CYORCTBOBAHHEN Te3HCA 0 TOM, 4To HalImIae-
MBI HACTWI(E, TaKde, KAK OPOTOH, OUOH H THIEDOH, COCTOAT M3 emp OojJee
MANHEIX YACTHI: KBAPKOB, HADPTOHOB, TANOHOE, OIAPOBAHHAEIY YACTHI] HIH
9ero-10 emge, IpEdeM oTH Gonee Maune dacTHusl Bemabmogaemua. Copepmenmo
OIeBHIHO, T10 37ech Ow 3aman Boopoc: ¢Ma wero cocromr wpoton?, npmIem
-CIPAMMBAIIAR 3a05LE 0 TOM, 9T0 caMa (paza ¢COCTOUT Ha% COXPAMMeT [0CTa-
TOTHO ACHHH CMBICT TONBKO B TOM CAYIAS, 6CHH TACTHOY MOMHO PasgpolidTh
HA YACTH MAJEM KOJIHYLCTEOM 9SHEPTHH — ropazio MeHLITHM, YoM Macca
JOKOA  PAIDYMAEMOil TACTHINH.

T Wern er Heisenber g, The Nature of Elementary Particles, Phys,
Today 29 (3), 32 (March 1976). Ilepepom B. A. Bemokoms.



YTO TaKkoe «3nemeHTapHaa Yactmua»

Robert Hofstadter
1961, "Electron Scattering and Nuclear Structure".

| Nuclear Physics 18 (1960) 310—317, © North-Holland Publishing Co , Amsterdam
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POLARIZABILITY OF NUCLEONS

A M BALDIN
P N Lebedev Physical Inshitute, Academy of Sciences, Moscow, USSR
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Abstract: Estimates of dipole polarizabilities of nucleons and the values they involve are given
on the basis of data on photo-production of z-mesons and the Compton effect on nucleons
1t 1s indicated that no upper estimate of neutron polanzability exists at present The prelimi-
nary experimental data now available may be interpreted as indicating that a neutron has an
abnormally large polanzabiity The effects leading to the mapplicability of the impulse

W. McAllister & Robert HOfSta dte r, " Elastic Scatteri ng of approximation for describing the reaction y+d — p+n+y’ are estimated It 1s pomted out
1 8 8 M that the measurement of the cross section of the reaction y+d — d+y’ would yield an
eV Electrons from Proton and the Al P ha answer for the value of neutron dipole polarizability

Particle," Physical Review, V102, p. 851 (1956).

1. Introduction

As 15 well known from classical electrodynamucs, the interactions of photons
with a system of charges may be described by a fairly small number of real
parameters provided the wavelength of the photon considerably exceeds the
dimensions of the system and the photon’s frequency 1s essentially less than the
resonance frequencies of the system These constants fully determine the
behaviour of the system 1 static or slowly changing fields and are expressed
through the charge, the magnetic moment and electric and magnetic polariza-
bility tensors

These characteristics may i particular be considered for the nucleon?).
Of especial interest are the electric and magnetic polarizabilities of the nucleon
since these are 1ts “structural’” characteristics The aims of the present paper
are a) determination of the frequency region of photons for which the inter-
action of a nucleon and electromagnetic field may be described by four constants
(charge, magnetic moment, electric and magnetic polarizability) with satis-
factory accuracy (say, 5 %), b) discussion of possible estimates of the magni-
tude of the polarizability on the basis of the available experimental data and

Richard Feynman

The Qa rton model 1969 dlscussmr} of the expenments which mght be worthwhile for specifying
polarizability quantities


https://en.wikipedia.org/wiki/Parton_(particle_physics)

Penatmneucrtckoe obobLieHne Kpnutepmnss NPUMEHNMOCTH
NOHATUS «3NeMeHTapHas Yactuua» Ha OCHOBE 3aKOHa
COXPaHEeHUs YeTblpexnmnynbca

P+P=P+P
(Pl T P2)2 — (Ps + P*)-2

Mopor obpa3zoBaHMsA BO3OYKAEHHOIO COCTOAHUA OAHOMN U3
CTa/IKMBAOLLIUXCA YaCTULL:

(P,+P)>=(m+m")°.

by, =—(U, -U,)’ :(m ’;m )'[4+(m ;lm )]<<1




e obnactb 0<b, <107

HEPEeNATUBUCTCKON AAEPHON GU3NKN, TOe HYK/IOHbI
MOXHO CYNTATb TOYEYHbIMN OO BbEKTAMMU;

e obnactb 0y ~1
BO3OYKAEHMNA BHYTPEHHUX cTENEHEN cBObOAbI
aJlpOHOB;

e 06nacTb 0y >>1

AONKHA, B NPUHLUMNE, ONUCbIBAaTbCA KBAHTOBOW
XPOMOANHAMUKOMN.



<-nucleon
physics

transition region QCD ->

b, =2|UU, )-1]=2[2% _1]=2 BB PP g 2[ch p, —1]
ik mimk

PDG K. Hagiwara et al., Phys. Rev. D 66, 010001 (2002) (http://www-pdg.lbl.gov/)


http://www-pdg.lbl.gov/2002/authors_2002.html
http://www-pdg.lbl.gov/

npoueccm 3a npegenamMmm KMHEeMaTnKM Ha csobogHOM HYKINOHE

CuHXxpouuxknorpoHHan Jilaboparopuna - > JNIAN ONndan

lr.A. lNlexcun (1957)
PaccesHue Ha agpe sa npegenamm
KMHemMaTuMkm csobogHOro HyknoHa

Axrupen, Meuwepaxkos u ap. (58)

AO.A. BnoxuHues (1958)

chonykryaumum saaepHoro Beujecrea




KymynatueHbin achpekr: npeackasaHue v DTKprTHE@

SLAC (1968-69):
MapToHbl 1 MmacuuTabHaa MHBAPMAHTHOCTDb (CKeMNIMHI) B HYKNOHaX

JIBY ONAM:
A.M. bangun (1971)

NMpeackaaaHue: NapToHbLI B AApax MOryT |
HeCTHU MMNYNbC HeCKONbKMX HYKNOHOB

Fpynna B.C. CraeuHckoro (1971)
JKCcnepuMeHTanbHoe OTKpbITHUEe
KyMmynarMeHoro adcdhdexKra
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| NcTOUHUK BO3HUKHOBEHUS KYMYNAaTUBHbLIX 4acTUL |

Knaccugpukauma moaenem
A.B.Eqppemes, 3444, T.13,613,(1982)

Moaenu ¢ ropaumMm PNYKTOHOM

Moaenu ¢ xonoaHbIM QPYKTOHOM |

- . —_— C > }\

TepmunH @nykTon - snepesle B pabote L. M. Enexumyes, X3TE, T.33, 1295, (1957)




XopoLllo n3sectHas nepemeHHana bbopkeHa ncnonb3yeTca Ann
aBTOMOZE/IbHOro ONMCaHNA HeYNpPyroro e+p B3anmMoaencTBums.
[Mpn 3TOM BbIN10 NOCTYINPOBAHO, YTO MOXKHO NpeHebpeyb
BCEMW MMMYAbCAMM U MACCaMM BTOPUYHbIX YaCcTUL,.



ABTOMOAENIbHOE peLleHne ANa PenaTMBUCTCKUX
B3aMMOOENCTBYHOLLMX YacTumL

P P

X, L _2
&
\o
© o ©

X,P+X,P, =P +3P o M,

2
(X, M,u, + X,M,u, —M.u, f :[Mlxlu; +M,X,u, +Z|v|kuk)
k=4

MpuHUMN ocnabneHnsa Koppenaunim B NPOCTPAHCTBE OTHOCUTENbHbIX 4-
CKOpoOCTeN No3BoNAeT npeHebpeyb OTHOCUTENbHBIM ABUKEHNEM
HeperucTpupyembix yactuy, 2> (y,, —1)M, M,

kI



ABTOMOAENIbHOE peLleHne ANa PenaTMBUCTCKUX
B3aMMOAENCTBYHOLLMX YACTUL,

M M M M

p p

M M M M M — M:
X1X2(712_1)_X1£3713+4]_ 2( 3723"‘ 4J_ ;M ’
p

p p

B cnyyae poxaeHua aHTUYacTmLbl maccon M, HeobxoAnMMO BBECTM YaCTuULLy
maccon M, pasHon M, ana cobnogeHna CoXxpaHeHUA KBaHTOBbIX Yncen.

X, n X, nonyyatotca s mmHumyma Il n ucnonbsytorca gna nocTpoeHns
YHMBEPCA/NIbHOro ONMUCaHUA 3aBUCUMOCTEN.

H:%(X12+X22+2X1X27/12)% S:(P1+P2)2
d’ o p
ES° =4 ™) 47 ) p(11)
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d’p 144 A, exp( %jz)
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MHKNMIO3MBHBIE CNEKTPbI MMOHOB B COObLITUAX C
OONbLUOVN MHOXEeCTBEHHOCTbIO
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3d pucyHok yctaHoBku CIUH
B TeKyLlen KoHdurypaumm

NPOTOHbI \
102 - 103 /umkn



High-Pr region

{1+X, )13

The A-dependence of the form 4 6 05 0 s o s
well describes the dynamic dependence of b
r a
the cross sections on X2, while it fails to . ' }

. in (IR R R [ ] +
describe a stronger dependence on the mass sE, +
number of the nucleus observed in this 2 T **E

. V22020000 sa0appast s ii
experiment. L
Figure. Ratio of cross sections of negative o e b

. . . . . . 4k A CU/A O W/Cu
pion production on different nuclei multiplied N
by inverse A-dependence. E
(a) (b) | ;—------ll-l-l-l-l-l-!—&!-!r-H*!rl§§3'1{%*$-#g -----------
A(1+X2)/3 A(2'45+X2)/3 R R e s
P, GeV/C

 V.V. Ammosoy, et al., Phys. At. Nucl. 76, 1213 (2013).



Npea A.M.bananHa o0 pacCMOTPEHUU MHOXECTBEHHOIO POXAEHMA YacTuUl,
B MPOCTPAHCTBE OTHOCUTENbHbIX 4-CKOPOCTEN




MpocmpaHcmeo ). . - He MempuyecKoe npocmpaHcmeo !
CoomHoweHue b12 + b13 > b23
8006uje 2080ps, He8epPHO.
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H.A. L/ele,IKOB, DU3UKa 351EMEHMAPHbIX
yacmuy U amomHoeo A0pa, 1992, m.23, ebin.5

Onuako npuxoanuTCS CABIATH: «3aueM HaM n3y4arsb JIo0aueBcKoro, ec/iu
MBI MOXKEM BCE MOJICUMTATH MO M3BECTHHIM POPMY1aM TEOPHH OTHOCHTE/IBHO-
cti’». Ha ato s orseuato, cieays @.Kneiny [42, c.144 |: «Cospemennbiit
TIPUHIIUI OTHOCHTEIbHOCTH (PU3HKOB €CTH TO XE CAMOE, UTO U TEOpHs Py s
Jlopenua. B csoio ouepenn, rpynna JlopeHua n3aomMopdHa rpynne u3oMeTpui
npocrpancTsa Jlobauesckoro». K atoMy g o0biuno no6assio: u3yueHue reo-
meTpun JlobaueBckoro OKynaeTcs CTOPHUEH, TaK KaK 3TO NPHBOIAT K TTy-
BoxOMY MOHWMAHHIO TEOPHH OTHOCUHTEIbHOCTH, HAZEAIET €€ CHJIbHBIME U He-
H3BCCTHBIMH €H CaMOH METOJIAMH M YCTAHABIHBACT TECHYIO CBS3b TEOPUH OT-
HOCHTEJIbHOCTH ¢ MHOMOBCKOBOH HCTOPHEH mpolseMbl mapaiensHux [47 ],
[Tomyyaerca Tak, uro (PU3HKH, HOAUAC CAMH TOrO HE 3HAS, BCE-TAKH MOJb-
3ytorcs reomerpueit JJoGauerckoro, HO B IVIOXOM M3/I0XXEHHH, T.€. Cyppora-
TOM. BHIroast Xe HUKaKOH He IONYYACTCA: JIETYE BHYYHTh IPEAMET, YEM €ro

Cypporar.
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KonnanpepHaa moaa Henopasu»XHaa muLleHb

Yron napanneabHoCcTu

I, (h) = 2-arctg (e‘“)
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“And we also learned that the d.o.f. of the Quark-Gluon Plasma are
definitely not (quasi-free) quarks and gluons.”

MBI y3HaIM, 4TO CTENEHU CBOOOABI KBAPK-TJIFOOHHON
J1a3Mbl — 3TO TOYHO HE (KBa3U-CBOOOHBIE) KBAPKHU U
[JTIOOHBI.

“In the dash to new machines and higher energy, the question of the onset -
exactly when (in time) and where (in energy or volume) we first produced the
QGP - has been left behind, unanswered. It may yet turn out that there is
actually no clearly identifiable onset, that the transition is continuous and
gradual in terms of volume (starting with pp) or energy density.”

B norone 3a HOBbIMH MallluHaM# U 00Jie€ BHICOKUMU
SHEPrUsIMU BOIIPOC O Hayaje — Korjaa (o BpEMEHH) U
e (Mo SHeprUuu Ui 00beMY) MbI BIIEPBbIE
noyyaem KI'TI Obu1 octaBiien 6e3 orBeta. Moxer
OKa3aThCs, YTO HA CAMOM JIeJIe HE CYILECTBYET
OJTHO3HAYHOTO Hayalia, YTO MEePEX0] HEMPEPHIBHBIN U
MOCTENEHHBIN C TOYKH 3peHUsi 00beMa (HauYMHas C
Pp) WIH TIJIOTHOCTH SHEPTHUH.

In any case, the old paradigm that we study hot and dense matter
properties in heavy ion collisions, cold nuclear matter modifications in p-
nucleus, and use pp primarily as comparison data, appears no longer
sensible.

We should examine a new paradigm, where the physics underlying soft
"collective’ signals (including apparently hadronisation!) is the same in all
high energy reactions, from e+e— to central AA. This physics may be a
generic property of all strongly interacting many-body systems (N 2 27?),
even if it is obvious and dominant only in AA and barely discernible in pp.

B nmo6om ciyuae, ctapasi mapaaurmMa o ToM, 4To
MBI U3y4aeM CBOKMCTBA FOPSAYEH IIIOTHON
MaTepUH B TSKEITOMOHHBIX CTOJKHOBECHHSX,
npeoOpa3oBaHUs XOJIOAHOM siIEpHON MaTepuu B
MIPOTOH-SJICPHBIX CTOJIKHOBEHHUAX M UCIIOJIH3YyEM
pp , MPEXJIE BCEro, Jis CpaBHEHMUsI, OOJIbIIIEC HE
sBisieTcs pazymHoi. HeoO0xoqmumMo u3yduThb
HOBYIO NIapaJurmy, B KOTOpo# (u3uka, aexanias
B OCHOBE MATKUX «KOJUIEKTUBHBIX» CUTHAJIOB
(BKJIIOYAs, BEPOSITHO, M aIpOHU3ALIMIO!) Takas
e, KaK BO BCEX BBICOKOIHEPIETHUYECKUX
peakuusax, HayuHas oT +e— , U 10

HeHTpadbHbIX AA CTOJKHOBEHHI. JTa Pu3nka
MOXET OBITh OOIIIMM CBOMCTBOM BCEX CHIIBHO
B3aMMOJEHUCTBYIOIINX CUCTEM MHOTHX TEJ

(N > 27?), naxe ecau oHa OYEBHMIHA TOIHKO

B AA CTOJIKHOBEHUSIX U €Ba pa3inunma B pp.



The major axiom consists in that
in calculating some quantities, e.g.
the energy, the frequency, and
so on, one should use the relations
between observable quantities only.
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SAKJTOMEHUE

YckoputenbHbit Komnnekc NICA nmeet 60ablLION NOTEHUMAN
OTKPbITUMN HOBbIX PYyHAAMEHTANbHbIX 3aKOHOMEPHOCTEN B CUJIbHbIX
B3aMMOAEeNCTBUAX Bnarogapa WMPOKOMY CMEKTPY BO3MOXKHOCTEN
NOCTAaHOBKW 3KCNEPUMEHTOB B KONanAepHOM Mmoae, Ha
BbIBEAEHHbIX NYYKaX C PUKCMPOBAHHOU MULLEHBIO U HA BHYTPEHHMUX
nyykax HyKnoTpoHa.

Hapaay ¢ TpaaANLMOHHBIM U3YYEHNEM KECTKMUX IK30TUYECKUX
npoueccos ¢ 6bonblMMKM Nepeaadyamm MMNYIbCoB NpPeacTaBaseTCA
BaXXHbIM U3yYEeHNE MATKMX NPOLLECCOB C HAAEKHOM
NaeHTUPMKaALNEN NPOAYKTOB peakLun.

AHann3 AaHHbIX, MOJYYEHHbIX MPU NOMOLLW NY3blPbKOBbLIX Kamep,
[lAeT XOPOLLUYH OCHOBY AN1A BepUPUKALUN Moaenein, NCNoNb3yeEMbIX
ANA NNAHUPOBAHMA HOBbIX 3KCMEPUMEHTOB.
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CNACNBO 3A BHUMAHNE!



