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Temperature at the centre of the Sun ~ 15 000 000 K

A medium of 170 MeV is more than 100 000 times hotter !!!
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«DUIHKA DIIEMEHTAPHBIX YACTHL H ATOMHOTO 47PA»
1997, TOM 28, BbIIl.1

THERMODYNAMICS OF STRONG INTERACTIONS
V.I.Yukalov, E.P.Yukalova
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Fig.6. Nucleon, 6g—cluster, and unbound quark probabilities as functions of the relative
density at ©® =0
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CBOPHHK

KPATKHUE
COOBIMEHHUA

1o
OPU3HNRKRE

Ne | gmaape 1971

AKAJEMHA HAYH CCCP

Opaena Aenuna

Dy puvecwus awcruryr us JIH. Acbeacaa

Rporeue coofiyenun no gusuxe M | awsape 1977

MACIWTABHAA MHBAPHAHTHOCTb ANPOHHBEIX
CTOJIKHOBEHHH H BO3IMOXHOCTE NOJMYYEHWA
MY4KOB YACTHU BLICOKHMX 3HEPrHA MPH
PEJIATHBHCTCKOM ¥YCKOPEHHH MHOMO3APAAHLIX

HOHOB
A, M, Banoux

Mywrks 94CTEOD PHUCOKEX SHeprdl 00 OOCNEAHETO BpPEMe—
HE MOAY4ANECEH HCKMAOYETEALUO HA NPOTOHHHX H S/GK FpoHE—
HulX YCEOPUTENAX, T.8. NpH YCKOPeHEM YACTHI, O0H&04K—
mMUEX COHHHYHbLIM 2apanosM. Yoxoped#e SACTHLU, obnanslomEx
Sapafos GonbwesM eOHHMUL, KoK H3BECTHO, B OpHHNLEDE
OART BO3IMOMHEOCTE ODOAY9UTL SHEPrHD YCKOpAeMLIX 4ac—
Tl (OpE ONHHAKOBHX NApAMeTpAX YCKOpHTen: ) Gonbwyio,
Held SHEprES HNPOTOHOB, B YHCAO DA3, PABHOE KpaTHOUTH
sapana. Tax, sanpumep, ua [lyGaedckom chaxpodasorpo-
He, pACCHUETAHNOM H&a NOAYYeHHE OPOTOHOB C sHeprEel
10 T'ss, Momuo wonysuTs sgpa renud c sweprueit 20 Ise,
a sinpa #meowa (3apan 10 e) c sseprmes 100 I'se, Boamu—

wfﬂ' ECTECTRBEHHLHA BODpPOC, He NMIYHATCH Ad B peaynk—
T

TEé CTONKHOBSHWE C MEWmeHkRQ dfep, HanpeEsMep, HeoHAa,
ofnanawwuex sdepreefd 100 Fss, nywxH BTOPHYHKX YACTHI,
OSAYHEeHHLE HOXA ToALKC ua CepoyiOBCEOM YCEOpETEne?

YreepouTensunft 61’5&1 HA BTOT BONPOC oadagan Owl, 4TO
C NOMOIlbIo YyCKOpOHUE THMensx afep, ofnagawinux Gonee
BHCOKHM 38psaoM, MoxHoe GuAo On CpaPpEHTENbLHO [deilé—
BhiM CHOCODOM B KOpPOTKHE® CPOXH DOMYYIHTE OYYEH YACTHN
PEECDAHO BLEICOKHX 3HEPrHi,

Uent macrogmed SAMETKH - PACCMOTPETE 10T soapoc
M cAenaTh oOopefefleHHbie OpPelCKA3AHUS,

Obuuno Ha BOOPOC 0 BO3MOMHOCTH Hepedayl GoAbLwofl
IHEePrid COCTABHBIM SOPOM OTOENLHOMY {la.aripumap. CBO—
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The first experimental data



ITEP data for proton spectra =
(6.A.Leksin et al.) '
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Ha pucynkax nipuBeneHbl CIIEKTPBI IIPOTOHOB, p5 (130/¢)
3sMepeHHbIe Ha yckopuresie VITO® nox yriiom 137° B Puc.6.3aB4CAMOCTS MEBADUAHTHON (YHKINE OT
peaximm p+C—> p+X [2]. CTpeHK]’/[ I[IOKa3bIBAIOT KBajipaTa MMOyJbCA BTOPMYHOTO OIPOTOHA, BHJETAN-
mero U3 memu, odnyqenaoﬁ MPOTOHAMN C 3HEPTHUEen
TIOJIOXKEH M OXXVIaBIIVIXCS KBa3smUyIpyrmx 3,66 I'os . raeporna, 06 Jy9EHREOTO TPOTO-
MaKCVMMYMOB ISl paccesHMsI Ha MHOTOHYKJIOHHBIX HAMEZ C 9Heprue i Ifi 5; %‘gs ’ ; 8,06 TaB @

wiactepax Tuna d,tHe. IlpucyrctBue B crexrpe
YJacTull, 3a IIpefelaMyl OTPaHNYEHNIT KMHEMaTUKI PP
B3aVIMOZIEVICTBMS $ICHO BUIHO. OTO OBUIM IIepBbIe > AP T1.18, c.1246, 1973
M3MepeHHble CIeKTPbl IPOTOHOB B KYMYJIATMBHOW
o0Js1acTy py HavyaJIbHBIX SHEPIIX HECKOJIBKO [3B.

barokos n ap., I3s. AH CCCP 1.30, 1966, c.521
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HeobbiyHbie ocobeHHoO™ KyMyistTMBHbIX Mpoyeccos

=cnabyro 3aBUCUMOCTb HAKIIOHA
Hab1FoAaeMbIX CNeKTpOB  OT TUNa
Hanertarolweir Ha 9ApO YACTULILL, YTO
YKa3bIBAeT Ha CyLecTBOBAHUE UCTOYHUKA B
CaAMOM  a[epHOM BellecTBe, a He CO3AaHue
ero BO Bpems CTOJSIKHOBeHUS;

"MCTOYHUK KYMYNATUBHBIX YacTul
U30TONUYECKU CUMMeTpUYeH: Habnroaaetcs
PAaBEHCTBO CeYeHUM BLIXOAA YacTul, C
NPOTUBOMOSIOKHBIM U30TOMUYECKUM
cnuHom (m*/m=1 p/n=1 1/3He =1);

= 6nuskue sbrxoabr K*/m (X) 1 u
NOBLIWEHHBIW BLIXO HYKNOHOB

"HabnropaeTca cunbHaa A-3aBUCUMOCTD,
KOrAa C pOCTOM CTeneHU KyMymnSaTUBHOCTU
pacTeT nokasaresib cTeneHu npu A U moxet
MpeBbIWATb eAuHULY.



Schroeder L.S. et al. // Phys. Rev. Lett. 1979. V. 43, n. 24. P. 1787
A.M.Baldin et al., Yad.Fiz., 20, 1975, p.1201
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FIG. 1. Energy dependence of (a) T, parameter for
pions, and (b) the #~ /n* ratio at 180° obtained by
integrating each spectra up to 100 MeV for p-Cu col-
lisions from 0.8 to 4.89 GeV. The dashed curve in both
cases refers to the predictions of the “‘ effective-tar-
get” model (Refs. 3 and 4).



SAINEPHAS PH3HKA, 2002, momn 65, Ne 11, ¢. 2042—2051

OB30PbI

IMMyTHU UCCJIEJOBAHHUSA AJEPHOTIO BELLLECTBA B YCJIOBUMAX,
XAPAKTEPHDbIX OJ151 EIT'O NMEPEXOJA
B KBAPK-IJIFOOHHYIO MJIASMY

© 2002 r. T A. Jlekcun

Huecmumym meopemuueckoll u akcnepumenmarsroii pusurxu, Mockea, Poccus
[Toctynuaa B pepakipo 07.02.2002 r.

Kpatko npesacrasiienbl CBOHCTBa ITyGOKOHEYIPYTHX SIAEPHBIX PEAaKLHH, TPOMCXO/ISILUUX Ha TTOTHBIX (hIyK-
Tyauusix siepHoil Matepun (duykronax). O6cy1aloTCsi CBOACTBA (HIyKTOHOB, KOTOPBIMH MOTYT GbITh
MHOTOKBAPKOBBbIE “MEIUKH HJIH “KaneibKh’ KBapK-TJIFOOHHOH IJ1a3Mbl: XapaKTepHbIe TapaMeTphl ePHOr0
BellecTBa BO (IIYKTOHE — “TemriepaTypa” M MJOTHOCTH MOPSIKA KPUTHUECKHX Uit (hasoBOro nepexosa.
Mx 3HauyeHHsI MOTYT GbITh JIOCTUTHYTbI UJIH TIPEB30H/IEHbI, €CJIH BbIAEIHTE COOBITHS (ITYKTOH-(hIyKTOHHBIX
CTOMKHOBEHUH. O6Cy»KaaeTcsi Crocos BbLISIEHHSI.
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Puc. 3. 3aBUCcHMMOCTb HakK/NOHOB WHBapWaHTHbIX
GYHKUMA KYMYNATUBHbIX MPOTOHOB, BbiNeTalLyx
nog yrnom 120°, oT sHeprnv pasiuvyHbIX HaneTalo-
LLLMX HACTWL.
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Pwuc. 2. 3aB1CUMOCTb MHBapPUaHTHbIX GYyHKUMIA pas-
JIMYHBIX KYMY IS TUBHBIX H2CTULL, OT X BENTMYMH ot Hunx-
HAs wWkana abcyncc — MMMYNLC KYMYIATUBHBIX NPOo-

TOHOB MNpPKM COOTBETCTEYIOLLEM O,

.AJlekcuH, 98,7.65,2042(2002)
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Puc. 12. OTHolieHHe BBIXOJOB HEHUTPOHOB K MPOTOHAM
U3 M30HecuMMeTpuuHbiX fnep Pb u U B 3aBucumocTH
OT KHHeTHYECKOH SHEPrvH BbLIETAILIMX HYKIOHOB; YroJl
Bblieta 120°, HayasibHasi SHeprusi NpoToHoB 7.5 [3B u
nuoHoB 5 [3B. JlanHble, mosyueHHbIe MO I€HCTBHEM at-
Me30HOB, ycpeaHeHbl. [IITpuxoBble JUHHH — OTHOLIIEHHE
HEHTPOHOB K MPOTOHAM B SiAPAX MMIUEHH, CIJIOLIHbIE —

oTHoLleHHe d/u-KBapkoB B sizpax Pb u U.
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Physica Scripta. Vol. 48, 210—213, 1993

Distortions of the Spectra of Cumulative Viesons by
Multiscattering in Nuclei

V. F. Peresedov and L. S. Zolin

Joint Institute for MNuclear Research, Dubna, SU-101000 Moscow,. Russia

Abstract

The quantitative estimates of multiscattering distortions of momentum
spectra for cumulative pions and kaons in p + A — n(K*} 4+ X reaction at
angles close to 180° are reported. The calculations for C, Al, Mo, W nuclei
were made by using Monte Carlo simulation on the basis of the intranu-
clear cascade model. The fluctuon model of cumulative particles generation
was used to give initial momentum and angular distributions of mesons.
Multiscattering on the intranuclear nucleons causes the difference between
the initial and observed (distorted by FSI-final state interactions in nuclei)
meson spectra, which increases with increasing of atomic number. Due to
the rescattering and absorption of pions and kaons by intranuclear
nucleons their absolute yields decrease by about 2-5 times in the momen-
tum range p = 0.3-1GeV/¢ for medium and heavy nuclei. The relative dis-
tortions of the slope parameters of the momentum spectra are 3—-10%. The
correction of cross sections with account of FSI leads to the amplification
of A-dependences for n, K* and to their bringing together. Taking into
account FSI is also important when the ratios of particles yield of different
types are considered. The K7 /K ™ -ratio corrections can reach a factor of
about 3. Obtained values of distortions effects for cumulative reactions
demonstrate evidently the necessity to account of FSI for data obtained in
18 06.2012€Xperiments, with nuclei at momenta of reaction products < 1-2GeV/c.

Lesna, Slovakia
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TEOPITSR
LARGE MOMENTUM PION PRODUCTION IN PROTON NUCLEUS
COLLISIONS AND THE IDEA OF “FLUCTUONS” IN NUCLEIL

V.V. BUROV
The Moscow Strare University, Moscow, USSR
and
V.K. LUKYANOV and A.l. TITOV
Joint Institute for Nuclear Research, Dubna, USSR

Received 27 January 1977

It is shown that in proton-nucleus collisions, the production of pions with large momenta can be explained by the
assumption of the existence of nuclear density fluctuations (‘‘fluctuons’) at short distances of the nucleon core ra-
dius order, with the mass of several nucleons.

2 En(‘j’—g,;(mb Gev'zcj’) |
The purpose of this note is to realize the idea [4] 12 T
that the cumulative effect is connected largely with

a suggestion on the existence in nuclei of the so-called

fluctuons. Earlier fluctuons were proposed [7] in order

to understand the nature of the “deuteron peak” in !
the pA-scattering cross section at large momentum ) I\I
transfers [8] and also to interpret the pd-scattering i 08 00 0+ o8
Ty (Gev)

cross section [9]. Compressional fluctuations of mass Fig. 1. (;1) Clazléulations of the invariant pion production cross

_ 3 section for : I — for the free proton target; II — with f i
Mk = kmp of nucleons in the small volume VE &= % T”’g motion; III — the relativization effect. (b) The contributioenr:m
where r, is the fluctuon radius were assumed. of separate fluctuons with mass My = kmy, where k is the

£ N order of cumulativity.

17.09.2019 UccnepoBaHue KYMynATUBHbBIX MPOLLECCOB 17



FLUCTUCNS AND EIGH MOMENTUX TRANSFER IN NUCLEAR PROCESSES ™

D.I.Blckhintsev, A,V.Efremov, ViKeIukjanov, A.I,Titov

 JINR, Dubna

Abairact

e e

~in the appearance of "above~barrier fragments

The report summarizes the results of a series of works
mede recently in JIFR, which explore the bypothesis about "fluc-
tuons", i.e. multibaryon configurations of the mass < m

nucleon
and correlation region of an order of elementary particles.

The probability of fluctuon-formation is calculated by the
"quark haé" model. It is Grﬂued that the cumulative production
is due to the nard mcattering process (similar to kigh b had-
ron production} of beam particle partons with partons of a fluc-
fuon considered as a hadron made of 3k quarks.

The model explains many qualitative and quantitative featu-
res of cumulative processes: The yield of cumulative hadrens,
polarization of baryons, elastic and deep inelastic ed-scattering
and so on. All this giveg right to consider the cumulative pro-

cesses as a new source of informaiion sbout quark dynamics at
smell distance.

I. Pluctuons

It is as early as the fifties theoretists became interested
/1/. The pheno-
menon consists in knocking out by protens of light ruclei (frag-
ments) from heavier nuclei when the momentum trensferred to a
light nucleus is much larger than the binding energy of this
nucleus,

At the same fime, the hypothesislel has been proposed that
& large momentum can be trenaferred to a complex systgm of
nucleons as a whole only when at the moment of colligion with
an incident particle a mumber of internuclear nuclgons are
ingide a small volume, due to quantum fluctustions, end takes
the momentum tranefer as e unique particle with nass Myp=km
k  the number of nucleons in the

( W1 ig the nucleon mass,

group)s A multi-nucleon formation of this type has recently

been called as & "fluctuon®,

1. Adjgirey L.S. et al. JETP, 33 (1957) 1185.
2. Blokhintsev D.I. JETE, 33 (1957) 1295.

" A report submitied to the XIX Internationgl Conference

on High Energy Paysics, Yokyo, 1978.

Shimanskiy S.S.



«OH3HKA SJEMEHTAPHBIX YACTHI[ H ATOMHOIO AJPA», 1980, MATEPHAJIH Xll SMMHER UKOJH JHA®

TOM 11, BhIII. &

1978
YAK 539.171.1 I41

PACCESIHME YACTUL, BHICOKOM 3HEPTUM KYMYIATHEEHE HYKIOHH
KAK METO[ WUCCIEOOBAHUS T .
MATNOHYKINOHHBbIX KOPPENSLIUA B M.H.Crpmxvan u 1.1 SpasKiypr

OEUTOHE U AOPAX

M. H. Cmpurmarn, J. JJ. O panrgdypm
JleHUHr paACKUH WHCTUTYT AAepHo#H husMkn um. B. M. KoHcTanTHHOBa, JleHnHrpapg,

572 M. 1. CTPUKMAH, JI. JI. DPAHROYPT

MaJIBIX PaCcCTOSHUM B AAPax M 0 cunocobe UX ONMCAHUA MpPeNCTaABIAET
CaMOCTOATEJNbHBIX HHTepec. Ilear o0630pa — mokaszaTs, 9To 0TGOP
COOBITHI, COfepKAMUX KYMYJIATUBHbIE JAaCTUILI, YBeJIWYWBAET OTHO-
CUTeNBHBIA BKJIAX OT KOHQUIrypanmuii B BOJHOBOX QYHKIUE SAMApAa,
COflep;KaIMMUX HEeCKOJbKO HYKJIOHOB (IIBa, TPM) HA MAJHIX OTHOCHUTEJb-
HEIX paccroAnHUAX *. (Hymyastusmbivm dactumamm M, caexys [6],
Ha3blBaeM BTOPHMUYHEE YaCTHOB, 00pa3yiomuecd B KNHEMATHYCCKOMN
obJacTH, B3ampemeHHON A paccesHUs Ha CBOOOJHOM HYKJOHE.
fle3aBUCHMO OT TE€OPETHYECKOM WHTEpIPeTamuh STOT TEPMHUH yH00eH
i1 O0O3HAYeHUA yKasaHHOW KWHEMaTHYeCKOM 00JacCTH.)

e N CIFLALLALA, aAr .aAse -y sy ———— — o — —— — ——

6. Bamgun A. M.— Kpatkme coobm. mo gusuke, 1971, T. 1, c. 35.

A £y
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Keapkosas mopgenb pnykroHa CTT6IY
bpayH M.A., BeuepHuH B.B.
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Puc. 1.3: Mexanusm pomenus KyMyJISTHBHOTO [MHOHA U3 JIBYXHVKJOHHOTO Kiaacrepa |24-26].

23. Braun M.A. Vechernin V. V. // Sov. J. Nucl. Phys. 1984. Vol. 40. P. 1008.
24. Braun M.A. Vechernin V. V. // Phys. Atom. Nucl. 2000. Vol. 63. P. 1831.
25. Braun M.A. Vechernin V. V. '/ Nucl. Phys. B. 1994. Vol. 427. P. 614.

26. Braun M.A. Vechernin V. V. // Phys. Atom. Nucl. 1997. Vol. 60. P. 432.
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Keapkosas mopgenb pnykroHa CTT6IY
bpayH M.A., BeuepHuH B.B.
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Puc. 1.4: Mexannsy korepentuoil koasecieniun ksapkos [27.28.31|. @y — x5 — kBapku B AByX-
HYKJIOHHOM Kaacrepe f. x4 — g — KBAPKU-I0HOPBI, NEPEIAOIINE HMIYILC TPEM aAKTHBHBIM KBAapPK

T — 3.
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PHYSICAL REVIEW C VOLUME 45, NUMBER 4 APRIL 1992

Nuclear structure functions at x > 1

B. W. Filippone, R. D. McKeown, R. G. Milner,* and D. H. Potterveld’
Kellogg Radiation Laboratory, California Institute of Technology, Pasadena, California 91125

D. B. Day, J. S. McCarthy, Z. Meziani,¥ R. Minehardt, R. Sealock, and S. T. Thornton
Institute of Nuclear and Particle Physics and Department of Physics, University of Virginia, Charlottesville, Virginia 229017

I T I I T 1 T I T T T T T T T T 3
3
10~ ! 5
1
1072 —
< 10—3 X _E
- o 3
e . ]
; -
o0 ot —
X )
x ]
1075 -

in_ﬁ | [l 1 L
0 4

FIG. 1. Measured structure function per nucleon for Fe vs x.
The Q? value at x =1 is also listed for the different kinematics. ”



Phys.Rev.Lett. 96 (2006) 082501

Measurement of 2- and 3-Nucleon Short Range
Correlation Probabilities in Nuclei

K.S. Egivan,! N.B. Dashyan,! M.M. Sargsian,'® M.I. Strikman,”® L.B. Weinstein,”” G. Adams,* P. Ambrozewicz,*°
M. Anghinolfi,'® B. Asavapibhop.?? G. Asryan,! H. Avakian.* H. Baghdasarvan,”” N. Baillie,*® J.P. Ball 2
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where Z and N are the number of protons and neutrons
in mucleus A, ooy i8 the electron-nmcleon cross section.
V is the normalized yield in a given (@2,xg) bin [30] and
CA | is the ratio of the radiative correction factors for A
and *He (C7, = 0.95 and 0.92 for '*C and *°Fe respec-
tively). In our Q2 range, the elementary cross section

correction factor SALZJ‘-’P“LC:‘”:' is 1.14 + 0.02 for C and
([ Zoep+Noen)

4He and 1.18 £ 0.02 for "*Fe. Fig. 1 shows the resulting
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JLAB Phys Seminar DecO5 K. Egiyan

Having these data, we know almost full (x99%) nucleonic picture of nuclei

with A <56
Fractions Single particle (%) 2N SRC (%) 3N SRC (%)
S6Fe 76 +0.2+4.7 23.0+02+47 0.79 £0.03+£0.25
12C 80+02+4.1 19.3+0.2+4.1 0.55+0.03+0.18
4He 86+0.2+3.3 154 +0.2+3.3 0.42 £0.02+0.14
SHe 92 +1.6 8.0 +1.6 0.18 +0.06
2H 96 +0.8 4.0 +08 | -

Using the published data on (p,2p+n) [PRL,90 (2003) 042301] estimate the isotopic composition of 2N SRC in 12C

a,(’C)~ 4+2%
a(2C) ¥ 20 £0.2 £ 4.1 % "— o (120) x 12+ 4%
a,(2C0)~ 4+2%

26
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12€ - structure

RNP - program at JINR

V.V.B., V.K.Lukyanov, A.l.Titov, PLB, 67, 46(1977)

eA - program at JLab

R.Subedi et al., Science 320 (2008) 1476-1478
e-Print: arXiv:0908.1514 [nucl-ex]

B NN
M 69
I oq

JINR - 1977

21.5%

78.15%

0.36%

B NN
B 2N SRC
I 3N SRC

JLab - 2008

19.33%

80.12%

0.55%
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KymynaTuBHblie npouecchbl U XoroaHas
cBepxnnoTHasa bapMoHHasa MmaTepus



. 32.  )Kypnaa sxcnepumenmansroti u meopemuueckoii ¢usuku.  Boin. 3
1957

YIIPYTOE U KBA3SHUYIIPYIOE PACCESAHHUE MPOTOHOB
C 9HEPTMEH 660 MeV HA JEMTOHAX!

I'. A. Jlekcuu

I[Ipu sHepruu majariux nporoHoB 660 MeV merosom conpsiKeHHBIX TeJIECKONOB H3MEPeHb
jippepenuHaNbHble CeUeHHs YIpyroro (p—d)-paccesHus B AHanasoHe yryoB 40—150° B ¢. 1. H.
i KBA3HYNIPYroro (p—p)-paccesuus B aguanasone yryoB 50—90° B ¢, 1. H. IBYX HYKJIOHOB. JKCIe-
PUMEHTAJIbHBIE JJAHHbIE YKa3biBalOT KaK Ha IPEeHMYINEeCTBEHHOEe B3aMMOJEHCTBHE HAJeTaIoLIero
IPOTOHA C OTAEJbHbIM HYKJIOHOM B J€HTOHE, TaK M Ha CYL[eCTBOBaHHE KOJIJIEKTHBHOI'O B3aUMOiel
(1BHSI TPEX HYKJIOHOB. M3mepeHa TakiKe 3HepreTHdeckas 3aBHCHUMOCTb AH(GEpeHLHaJLHOTO ce-

IeHHsT KBa3HYNPYIoro (p—n)-paccesnus Ha yroa 90° B ¢. 1. H. ABYX HYKJIOHOB B 00JIACTH SHEp-
it 460—660 MeV.



I. 33. JKypHan akcnepumentarvHoi u teoperudeckotl ¢gusuku. Bowin. 5(11)
1957

BbIBUBAHUE JEWTPOHOB U3 SJIEP Li, Be, C u O NPOTOHAMHU
C DHEPTHUEH 675 MeV !

JI. C. Aoweupeti, H. K. Bsopos, B. II. 3peacs, M. I'. Mewepsxos,
b. C. Heeanos, A. ®. [llabydunr

HM3yuensl HMIYJIbCHEIE CIIEKTPH! 3ap AXKEeHHBIX YaCTHI, HCNYCKaeMBbiX pu 6oMbapAHpoOBKe k-
TepHs, JUTHA, Gepuanus, yriepoja ¥ KHCJ0Opoja NPoTOHaMHU C Heprueii 675 MeV. Hcenenosa
HE TIPOH3BOAUIOCH METOIOM MarHHTHOTO dHaJin3a Mol yryoM 7,6° OTHOCHTE/IbHO NyuKa IPOTOHOB.
las BceX sJjieMeHTOB 00OHApyKEHO MCIYCKAHWE I'PyNIbl AeATPOHOB ¢ 3Heprueii okoso 600 MeV.
B cayuae JefiTepusi MCTOUHHKOM GHICTPBIX AefiTpOHOB sBJAsieTcs1 ynpyroe (p — d)-paccesiHde; B
0CTaJIbHBIX cay4asaX HClycKaHHe JeHTpoHOB NPOHCXOMMT B peakuuu p + (Z, A)—d + p + (Z—1,
A—2), mpeacrapisionieif co6oif paccesHHe NMPOTOHOB HAa KBA3HLEHTPOHHBIX TI'PyNNax BHYTPY
arep. C TouHocThio oKoso 20% anddepeHuManbHble ceueHHsi 3TOH peaklWM COCTABJAAT 2,9,
2,2, 3,71 4,6-107%" cm*/.mepad cootBercTeenro Aas Li, Be, C u O. [das Tex :xe sajep CpeHas
SHepTUsl IBHXKeHHS KBasHIEHTPOHHBIX IpyMNIl olleHeHa paBHoi npumepHo 8, 11, 14 u 14 MeV.
B BHICOKOHMIYJILCHOH 4acTH CHEKTPOB He 0OHAPYKeHO B 3aMETHBIX KOJIMUECTBAX BHIGHTHIX Sifep
TPHTHS .

BeinoJsinenHble 3KCNepHMeHThl I0Ka3BIBAIOT, UTO B COYJAAPEHHSIX HYKJIOHOB JaHHOIl SHePTHH
C JETKHMH si[paMH HMEIOT MeCTO IpoLecchl TPeXUaCTHYHOrO B3aHMOJEHCTBHSI, CONPOBOIKAAIONIHe-
¢l mepejayeit 6oJbIUKX HMNYJAbCOB. TToJiyueHHbIEe Pe3yAbTaThl COTVIACYIOTCS ¢ MPeCTaBJAeHHAMH,
TEKAIHMH B OCHOBE BHICOKOMMNYJbCHOH MojeNH sjpa.



T. 33. JKyprans axcnepumeHTarbHOl u TeopeTuyeckol (usuxu. Bewn. 5 (11)

1957

0 GJYKTYALUSIX SAEPHOTO BEIIECTBA
L. H. Baoxunues

[ToxasaHo, 4To BO3HUKHOBEHHE SHePTHIHLIX 0CKOJIKOB HPH CTOJKHOBEHHH OBICTPHIX HYKJIOHOB
C SIPaMH MOKET PACCMATPUBATLCH KAK PE3Y/IbTAT CTONKHOBEHA HYK/OHA € daykTyanuel agep-
HOTO BEUIeCTBA. .

1. BBenenue

B Opollecce ABUIKECHHA HYKJIOHOB B _AAPE MOI'VT BO3HHKATH KPAaTKOBPEMEH-

Hble TeCHblE CKOIJICHHS HVKJIOHOB, NHLIMY C/10BaMH (PAVKTVAIUY IIOTHOCTH gep-
HOIL'O BellecTBa. Takye cKonyeHus, OyIyun OTHOCHTE/ILHO YIA/IeHEl OT APYIUX HYK-

B mHenasHee BpeMs MemiepsdkoBbIM U ero corpypuukamu 1*2] npu nusyuennu
paccesiHHs MPOTOHOB C 3Hepruell B 675 MeV na serkux sanpax, Obliin o6uapyxKeHb!
sIBJICHUSI, KOTOPbIE NOATBEPIKNAIOT CYNIECTBOBAHHE TAKHX dnykryauuit, no xkpaf-
Hell Mepe JJsi NMPOCTEHUINX NapHbLIX CimyKTyauHH NPUBOAAIIUX K 06pa30BaHHIO
C3KATOTO JAeHTOHA.
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« Strangeness in light nuclei (deuterium, helium) and K-meson

200 3 asymmetry in the cumulative region.

* Exclusive pD break-up reaction at high transverse momentum ,
New p o g Fam spin asymmetry and color transparency.

* The structure of relativistic compound systems.
For nuclotron » Dynamic correlations in the cumulative production processes.

* Fragmentation of polarized deuterons into cumulative mesons.

REQUIREMENTS TO THE NUCLOTRON

Beams Intensity  Spill duration Operating time in use
2002 p,d,dT, 1010-107 1,0s 2000 hours
2003 p,d,d 7T, 10M-10° 50s 2500 hours
2004 p,d,d 7T, 10M-107 10,0 s 3000 hours
2005 p,d,d 7T, 10M-107 10,0 s 3500 hours
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S.S. nucl-ex/0604014

step which have open for us new way to resolve the cumulative puzzle. We need more
complete investigation in the range of maximal py in semi-exclusive (and exclusive)
experiment set up for comprehension of the nature of cumulative processes. It will
need to investigate:

- average number of baryons accompanied high pr cumulative particle production
and 1ts s.umuet dependance;

- average multiplicity accompanied high pr cumulative particle production and its
Seumulat dependance:;

- Seumulat dependence of polarization characteristics (analyse power, asymmetry and
so on), for SRC mechanism will be scaling repeating effects for free nucleon-nucleon
imteractions:;

- coincidence cross sections of high pr cumulative particle production with predic-
tion of the "quark counting rules” [9] when using Stavinsky’s variables.




Proceedings of the XIX International Baldin Seminar on High Energy Physics Problems, vol.ll, 21-32, Dubna, 2008.

PROSPECTS FOR CONSTITUENT(COLOR) QUARK CONDENSATE OF
NUCLEAR MATTER STUDY AT NUCLOTRON AND ...

S.S. Shimanskiy'

JINR, Dubna
T E-mail: Stepan.Shimanskiy@jinr.ru

Abstract

In this report will discuss a physical programm to study Constituent(Color) Quark
Condensate(CQC) -the state of cold high density nuclear matter. Characteristics
of CQC determines properties of matter mside massive stars and nevertheless can
be probed in the laboratory experiments. Nowadays studies (cumulative processes
and processes in region with 7 =~ 1) have allowed to determine some characteristic
properties of CQC. The offered program can advance considerably our understanding
of properties of the superdense cold nuclear matter. We are stressing importance to
carry out mvestigations with polarized beams of the lightest nuclei.
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Ham Heobxoammo oTeeTUTb Ha ABRa
BOMNpOCA:

- €CTb JI MYJ1IbTUKBAPKOBbIE COCTOAHUA B

OObIUHOW 94epHOU MaTepum Unu
peanusyeTtca cueHapuu SRC ?

- KaKue CBOUCTBA MYJIbTUKBAPKOBBIX
COCTOSHUU UNU HYKITOHOB B CUJSTbHO
HepaBHoBeCHOM cnyudae (SRC-cueHapuia) ?

40
S.S.Shimanskiy



«JloKasibHble>» MexXaHU3IMbl KyMyJSISITUBHbI X
npoyeccos

SRC configuration

<B> ~ 1

<B> ?

Multiquark
configuration

«HenokanbHbIE» MexXaHU3MbL - MHOroKpaTHoe paccesHue, cnusHue u T.n. 4!



<B> > 1
O
<B> < 1
O

Flucton case




Flucton case - same side flow
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ECTb 300I3B!
FENATHBWUCTCKWMI YTTNIEFQOL B M'HU MeB3: ¥YCKOPEHWE
1 BEIBOO W3 ¥-70, TPAHCTIOPFTUPOBEA 10 KAHANTY

MeZ22 |1 PEMMCTPAUKMA HA YCTAHOBKE ©OOC

OnHa w3 3aga4y nepeoro ceanca 2012 rona cocTOANAa B YCKOPEHHH W BeIBOOE
H3 ¥Y-70 nyyka 12C, yCKOpPEHHOTO 00 NONMHOH 3Heprun 25 MaBuyknoH,
HCCNenNoBaHWH XapakTepHCTHE 3TOro Ny4Ea W pasBHTHA MeToOoB paboThl C
TAKHM Ny4EOoM. Cnenyer OTMEeTHTh, YTO Ha OpPYrHX YCEKOPHTENAX HeT Ny4KoB
Nerkdy Agep c napaMeTpaMmd, CONOCTABMMBIMH C TEMH, YTO OOCTHrakTCA HA

YCKOpHTENBHOM KOMMNekceY-70,

24 anpenA 2012 rona B YCKopHTenbHOoM KoMmnnekce ¥Y-70 T'HLU WDBS (B
KACKAOe pe30HAHCHLIX yekopuTened M-100-Y-1.5-¥-T0) nony4eHo
YCTOHYHEBOE YCKOpPEHWe CTycTEa Agep yrnepona 12C oo yoensHoH
KHHeTHYeCcKOoH 3Heprin 24.1 MaBuyknod (marHutHoe none 8590 c).
MakcHManbHaA YCKOPEeHHAA HHTEHCHBHOCTE NyYka ooctirna 5-10° aoep.

Takum obpazoM, E BeCeHHeM ceadce 2012 roga nony4eH Ba¥HbIA
pe3yNLTaT — YCEOPeHHbIe 00 nondol 3Heprud 300 IN3B nwousl yrnepona
EblBEOeHb]l W2 YCKOpHTENA Y-70, npooeMOHCTPHPOBAHE! BOZMOMHOCTH

KaHana Ne22 B Ka4YecTee cenaparopa (pparMeHToE.
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MoaBeaeHb! UTOrM LOOUITEMHOIO KOHKYpPCa Ha COUCKaHUe NpeMumn UMeHHU
U.B. KypuatoBa HUL "KypuyaTtoBckun uHcTUTyT" 3a 2017 ropg

n06eﬂ,MTeﬂﬂMM NMPU3HaHbI criegyrLuiune pa6OTbI N aBTOPCKUE KOJIJTIEKTUBDI:

B 06/1acTH HAYy4YHBIX UCC/IeJOBAHHM:

"MoMnCK XONOAHOWN CBEPXNNIOTHON 6APMOHHON KOMMOHEHTbI SAEePHON MaTepum
B npoueccax poXaeHUs KYMYNATUBHbIX 4YacTUl ¢ O0NbLUMMMU NoOnepevYHbIMU
MMNyNbCaMMU B CTOJIKHOBEHUAX MPOTOHOB C sApaMu npu 3Heprum 50 MaB”
[lanueHko B. A., lNpygkornag A.®©., Cemak A. A, YxaHos M.H. (HUL "KypuyatoBckumn
NHCTUTYT - UOBJI)









VoLuME 5, NUMBER 1

PHYSICAL REVIEW LETTERS Jury 1, 1960

MASS ANALYSIS OF THE SECONDARY PARTICLES PRODUCED
BY THE 25-GEV PROTON BEAM OF THE CERN PROTON SYNCHROTRON

V. T. Cocconi,* T. Fazzini, G. Fidecaro, M. Legros, TN H Lipman, and A. W. Merrison

CERN, Geneva, Switzerland
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PHYSICAL REVIEW VOLUME 126, NUMBER 5 JUNE 1, 1962

Particle Production at Large Angles by 30- and 33-Bev Protons

Incident on Aluminum and Beryllium* o
- 1 I T i T I T T T 7]
V. L. Frren, S. L. Meyvegr,t avp P. A. Proufs | I | 3
Palmer Physical Laboratory, Princeton Universily, Princeton, New Jersey 1 » 30 Bev PROTONS ]
(Received February 12, 1962) g Be TARGET g
. : . . 5 90° LAB |
A mass analysis has been made of the relatively low momentum particles emitted from Al and Be targets B i
when struck by 30- and 33-Bev protons. Measurements were made at 90°, 45°, and 131° relative to the o
direction of the Brookhaven AGS proton beam. Magnetic deflection and time-of-flight technique were used a [o?
to determine the mass of the particles. 2 F 5
5 - ]
] ]
e I B s e o 3 - ]
C 30 Bev PROTONS Be =— TARGET —= Al E B E
= B 45° LAB o at . G N ]
B _— .
5 | 0 ] b PROTONS
= D PROTON n L0t -
A DEUTERON A o E ]
o 0 TRITON v > C / ]
% - ’J:‘ 0 HELWM3 8 H r DEUTERONS -
= ] a - J
a B 9 r -
i ] :
(] i i o - {
o« z
¥ o2l PROTONS . g 104 i
e E ] g ]
g ] wo [ TRITONS ]
@ ’ - k r -
E, : DEUTERONS : " R ]
™ Fy L o Tt
g 3l X J
3 O E 4 . T
- : 30E o o :
e I ] E [ & DEUTERON ]
w | TRTONS  <Fo_ - | g I v TRITON ]
g 0 E s L
& : E ]
E - -
R - . | 1 | 1 | i
=z I 10 1 [ I |
22 F " % ] 0 0z 04 06 08 0 iz
o B 8 A
MOMENTUM ({Bev/c )
=5 | Y ' R S T ST N N T T T 5 . .
R T 2 5 F16, 2. Momentum spectrum of particles emitted at 90° from a
MOMENTUM (Bev/c) beryllium target struck by 30-Bev protons. The ordinate is the

Fro. 3. Momentum spectra of particles emitted at 45° from number of particles produced at the target per steradian per Bev/e
aluminum and beryllium targets when struck by 30-Bev protons. per circulating proton, Thﬁ dashed portions of the curves indicate
Tritons from Be were not measured. For general remarks refer to regions where the corrections due to multiple scattering exceed
Fig. 2 caption. 15%. At the time these data were taken no effort was made to

detect He?.



H.H. AHTOHOB 1 Aap., Mucbma B XKITP, 1.101, N210, 746-749 (2015)
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Physics of Atomic Nuclei, 2013, Vol. 76, No. 10, pp. 1213-1218
+
h* - spectrum

CnnolwHble Kpusble: HUING 1.3 http://www-nsdth.Ibl.gov/~xnwang/hijing/doc.html
MyHKkTUpHbIE KpuBble: UrQMD 3.3 http://urgmd.org/
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A.A. Baldin's parameterization

Phys. At. Nucl. 56(3), p.385(1993)
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H=§(X|2+X|2| +2- X - Xy -7 )? :m'sr%in
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yl’“_MI'MII

Inclusive data parameterization
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H.H. AHTOHOB 1 Ap., Mucbma B XKITP, 1.101, N210, 746-749 (2015)
Average baryon number <B>
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CsDBM

1.Cold - exists inside ordinary nuclear matter as a
quantum component of the wave function (with some
probability and life time).

- several nucleons can be in a volume
less than the nucleon volume. The mass will be
several nucleon masses. The small size means that
the multinucleon(multiquark) configuration seeing as
point like objects in processes with high transfer
energy.

3. Baryonic Matter - enhancement of baryonic states
and suppression of sea and gluon degrees of freedom
(mesons and antiparticles production).
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“Kmo suHoeam u ymo oesaame ?”

KoppenaumoHHsie usmepeHus (TenecHbIu
yron ~ 4r).

Yuctbie mulleHu.

O6nactb 60nbwMx nepenay (mansie
ceyeHus).

TTonapusaumoHHbIe XapaKTepucTUKK.
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HoBble BO3MOXXHOCTU — HOBbIe AeTEeKTOpPbI

“New directions in science are
launched by new tools much more
often than by new concepts.

The effect of a concept-driven
revolution is to explain old things in
new ways.

The effect of a tool-driven revolution
is to discover new things that have to
be explained”

From Freeman Dyson ‘Imagined
Worlds’
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SPD Hybrid system
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PANDA Spectrometer Q‘;‘g EL

(Y

Detector requirements:
e 411 acceptance

e High rate capability:
2x107 s! interactions

e Efficient event selection

8 > Continuous acquisition

e Momentum resolution ~1%
e Vertex info for D, K%, Y

(ct = 317 um for D#)
2 Good tracking

\& | ® Good PID (y, €, p, T, K, p)
- | > Cherenkov, ToF, dE/dx

V4

e y-detection MeV - 15 GeV
\. | ? Crystal Calorimeter _o.. |

FAIR -

L. Schmitt, Overview of PANDA PANDA Russia Workshop, May 26th, 2015



JPARC HI LoI-2016
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JPARC Hzavy lon
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Figure 32: The top view of the toroidal spectrometer (JHITS; J-PARC Heavy-lon

Toroid coils

Figure 31: The beam view of the toroidal spectrometer (JHITS; J-PARC Heavy-Ion
Toroidal Spectrometer).

Toroidal Spectrometer).
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A Final Thought...

-

|

“This is not the end.

It Is not even the
beginning of the end.
It Is, perhaps, the end
of the beginning...”

-- Winston Churchill
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SRC in VBLHEP

Eli Piasetzky
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SRC and Fluctons

* Cold Dense Nuclear
Matter (CDNM) e
fluctuations can come in
various forms.

* We deal with nucleonic
degrees of freedom at
medium densities
(p=2-3p,)

* At higher densities
(p=5-10p,) partonic
degrees of freedom
dominate (i.e. Fluctons).

From S. 5. Shimanskiy, arXiv 1411.7211 (2014)




