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HIGH p; ISSUES at SPD (NICA)

1.Diquark properties.

2.Nature of the spin effects.

3.Exotic states and flavor universality.
4 FSI (with s,c-quarks participation).
5.AN - hypernuclei.

6.Nature of CsDBM.
7.Subthreshold J/'¥ production.
8.The Deuteron spin structure.
9.np dilepton production anomaly.

10...
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NccnenoBanna na xosuaiiaepe OMAN (/syy < 10 GeV).

HTumancxuti C.C. 18.08. 2006
1. dusuueckKkaa OTporpaMmMa.

Hetam puznaeckoil nporpammbr Ovay T onyomkosansl. [IpensapunTesmmuo 3T Bopo-
Cbl JIOKJIABIBAINCE U Obcyxaamuck Ha cemuHapax B OUAN (JIBD, JITD u JIAI), a
Takzke B MIDBY (r.llporsBuno, 2-e copemanue mo noggdpH3aiuHOHHON HIPOrpamMmMe Ha V-
70) u B [IMAD(r.Canx-ITerepbypr, XL sumugasa mkona [TMAD). 31ech n3noxkenbr TOILKO
BBIBOJIbI.

Pusznueckasd nporpaMMa MOXKET OBITE paze/IeHa Ha, JIBC TaCTH:

1) nmouck m wcenepoBanud ropdaueii kpapk-riioonaoiit dazer (I'KI'®) (Bxparuiennii
KBAPK-TVIIOOHHON 1a3Mbl) 00pasyiomeiicd B 4Ipo-aIepPHBIX B3anNMOICHCTBUAX;

2) uccnenopanne XomonHoN KBapk-ra0oaaoil dgazer (XKI'®) ¢ ucnonszosanmnem mpo-
ecCOB B 00J1aCTH OOJILINTUX P W MO PU30BAHHBIX ITVIKOB.



HNcenenopannsa XKI'® wemocpeacTBEHHO CBA3AHBL B BOIIPOCAME CTPYKTYPbl HYKJIOHOB
B 00JIACTH JIOMHHHPOBAHHS BAJICHTHBIX KBapkop, kopa N N-B3aumoneiicTBusA U CBOINCTB
XOJIOAHON AACPHON MATePHH HPH ILIOTHOCTAX B HECKOJIBKO Pa3 MPEBOCXOAANINX OObIM-
ayi0. Bece 9Tu Bonpocnr nMeioT pemalonee 3HAYCHHE I HOCTPOCHHST TCOPHH SBOJIOIHNH
3BE3] U NPEJACKA3aHnsd CBONCTE MaTepun B HeHTpe 3ge3s. [Iporpamma mccnemopanmii mmo
NYVHKTY 2) MOKeT ObITh ¢JICJIaHa, VHIKAJILHON, €CIIH NpeaycMOTPeTh B MPOEKTe KoJLtaiiiepa

BO3MOYKHOCTE VCKOPCHIC IIOJISPH30BAHHLIX HIPOTOHOB W JICTKHX $JICP, 9TO JTACT BO3MOIK-
HOCTD:

-nposegennd ucciegopanuil pp, pd, dd, p *He, d *He, *He *He - cronkHOBCHHIL ©
MOJAPUBOBAHHBIMU TIyaKamu u ciaesaeT xkosuiaijgep OMAN vankansHoil veTanoBKON Jiisd
PeIeHnd 3ara/J 0K CIIMHOBOH CTPVKTYVPHI HYKJIOHOB U JICTTAHRIIINX 9aep;

~HUCIIOJIB30BAHNUE MOJISPU30BAHHBIX dd-CTONKHOBCHUI J1ACT BO3MOXMKHOCTE BICPBBIC HC-
Caca10BATE IOJAPH30BAHHEIC HCHTPOH-HCHTPOHHBIC B3AMMOICHCTBIA,

-BBISCHUTEL [IPAPOILY HCOOBACHUMBIX JIO CHX OP, CHJIBHBIX ITOJIAPU3AIHOHHBIX 3 der-
TOB 1PN /Syy ~ 4 Gel B obracTn OOMBIINX Pr;

-UCCIIeIOBATE BOTPOCHl HApYIIcHUA - 1 T-wetnoctn B8 N N-B3anmoaeiicTBMAX

-BIICPBBIC TIPOBCCTH HCCICIOBAHHA OCODCHHOCTEH B3aNMOICHCTBUS ITTOJIHAPH30BAHHON
A PHON MaTCPHH.

HMceccnemopaunus pp, pd, pA, AA - pzanmoaciicTenil B objactin OOMBIINX Pr IIO3BOJIAT
HAHTH OTBCTLI HA BOIIPOCHL:

-0 HPUPOIE KYMVIATHBHBIX (IOITOPOTrOEBIX ) IIPOIECCOR;

-~ PUPOJIC HAPYIIICHHUS MPABII KBAPDKOBOTO CUeTa M ODJIACTH UX NPHMCHHMOCTH (B TOM
UHCIIC TIPU B3AUMOIACHCTBHHA JIerIalinmmx S 1ep );

~IMPHYIHHAX PEe30OHAHCHOTO MMOBEJICHUA IBETOBOI mpospadnocTn npu /syy ~ 4 Gel” n
HCCIICIOBAHUS [TBCTOBON IIPO3PATHOCTH ITPH DOJICE BRICOKHX SHCPTHUAX, [JIC JIAHHBIX BOODIIE
HOT.

BozmMoykHOCTE HCITONMBIOBATE HOJMAPUZOBAHHBIC IMVUKHW MPHW HCCICIOBAHNN B OOJIACTH
DONIBINIUX Pr JIejiaeT TAKHEC UCCICIIOBAHNS VHHKAJIBHBIMI H BHC KOHKY PCHIHHE CO CTOPOHEL
JPVIUX YVCKOPUTEIe.
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PHYSICS OF ELEMENTARY PARTICLES
AND ATOMIC NUCLEIL EXPERIMENT

Program of Polarization Studies and Capabilities
of Accelerating Polarized Proton and Light Nuclear Beams
at the Nuclotron of the Joint Institute for Nuclear Research

S. Vokals, A. D. Kovalenko?, A. M. Kondratenko?, M. A. Kondratenko?, V. A. Mikhailov?,
Yu. N. Filatov?, and S. S. Shimanskii?

(i) investigate pp, pd, dd, p*He, d*He, *He*He colli- N _ _ _
sions with polarized beams, which will allow one to (i11) study in detail the problems of P and T parity
solve the puzzles of the spin structure of nucleons and violation in NN interactions:

lightest nuclei and elucidate the specific features of the (iv) solve tl obl f il ature of lativ
spin structure of interaction in the region of nonpertur- Iv) solve the problem of the nature of cumulative

bative QCD; it is especially important that it will be (subthreshold) processes:
possible for the first time to study the interaction of (v) elucidate the nature of quark counting rules vio-
polarized nuclear matter whose properties may deter- lation and determine the region of their applicability

mine the structure of the core of massive stars with (includine at interaction of lightest nuclei):
great magnetic fields; & ¢ gl Clel),

(ii) elucidate the nature of strong polarization effects (vi) solve the puzzle of resonance behavior of color
in NN interactions at p,,, > 6 GeV in the region of lim- transparency at py, ~ 9.5 GeV/e (py~ 2 GeV/e).
iting large py, which has not been explained yet, and
find out how these specific features are related to the
change of behavior of valence quarks in this kinematic
region; the availability of polarized nuclei at a collider
will allow one to study the complete isotopic set of
states of nucleon—nucleon system (nn, pn, and pp) for >
the first time:



The nuclei quark structure

NMpemnua OUAU
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MoaBeaeHbl UTOrM LLOUNEWHOro KOHKypca Ha COMCKaHue NpeMUu UMeHU
U.B. KypuyaTtoBa HULU "KypuyaTtoBckun MHcTUTYT  3a 2017 rog

[Nobeautensamu NMPU3HaHbI criegyrLline pa6OTb| N aBTOPCKUE KOJIJTEKTUBDI:

B o6J1acTH HAy4YHbIX HCC/IeJOBAHUM:

"Monck XxonoaHon CBepPXNiIOTHON 6aPMOHHOWN KOMMOHEHTbI SAePHON MaTepum
B npoueccax poXAeHUA KYMYMNATUBHbLIX 4YacTul ¢ O0NbLIMMU nonepevyHbIMU
MMNyJibCaMU B CTONIKHOBEHUAX NMPOTOHOB C sApaMu nNpu 3Heprum 50 3B"
lanuenko B. A., lNpyakornag A.®., Cemak A. A, YxaHos M.H. (HUALl "KypuaToBckumn
MHCTUTYT' - NOBOI)



Proceedings of the XLV winter school of the PNPI/ B. P. Konstantinov Petrersburg Nuclear Physics
Institute. - Saint-Petersburg : MAA®, 2011. - 132 c. : un., Tabn.; 24 cm.; ISBN 978-5-86763-287-2
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N3YUHEHNE KBAPKOBOW CTPVKTYPLI

SUTEP B 7KECTKIX TTPOLECCAX

C.C. Hlumanckuii

ONLAN, [dyona

Annora I 1 .

O/Ha U3 OCHOBHBIX 3a/lad PeJIATHBUCTCKOI sijiepHOil (hpU3nKa - U3ydeHue
IPOIECCOB € VHaCTHEM sJiep, B KOTOPBLIX OCHOBHYIO POJIb HAYHHAKT UIPATh
He aJPoHHbIe, a KBAPK-TVIIOOHHBIE cTerleHn cBobo bl MecaenoBanms mocsiei-
Hux 40 Jiler nokasaJjm, 4TO eCTh Cepbe3Hble OCHOBAHUA CUMTATL, YTO B JKECT-
KHX IIpolleccax BHYTPH sjiep Had/IoanTcsd KOH(MHUIYPAIUH U3 HEeCKOJILKHX
HYKJIOHOB B 0ObéMe cpaBHUMOM € HYKJOHHBIM. T.e. B djpe umeetcsd "Xo0J0/1-
Has " KOMIIoOHeHTa ¢ DOJILIIOI IIOTHOCTBIO, CBOHCTBA KOTOPOIl OIPeIessiioT co-
CTABJIAIONIAEC KBAPKU. XOJI0/JHOE COCTOAHNE ¢ OOJIBINOI s/IepHOil I0THOCTBIO
CVIIECTBVIOT TaK Ke BHYTPH MACCHBHBIX 3BE371. Moxkio HajiedaThesi, 9To Jie-
TaJbHOE HCCJIe/I0BaHue 3TOi CBePXIJIOTHOH KOMIIOHEHTHI MO3BOJIUT B Jabopa-
TOPHBIX VCIOBHAX U3YUUTH XapaKTePUCTHKH COCTOAHUSA $/IePHOTO BellecTBa B
MEHTPEe MACCHBHBIX 3BE3]I.
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Soft Perturbative QCD* NORDITA-1999/52 HE
hep-ph /9908501
Pa.u]_ H(:“.-'Q]_‘ August 30, 1999
The way the differential large angle 2 — 2 particle scattering cross sections should scale with
energy (momentum transfer) was envisaged by the so-called “quark counting rules™ [26].

der F(e) t

= —; — = comnst,

dt gk —2° s '

with /& the number of elemeniary fields (quarks. photons. leptons. etc.) among / inside the initial and
final particles.

For example. in the case of the deuteron break-up by a photon. v + D — p + n., we have K =

1 +6+ 6 = 13 (a photon and 6 quarks inside the initial deuteron and another 6 in the final proton and
neutron). So. the differential cross section is expected to fall with s, asymprotically, as s~ 11 = £ 22
22 dg 20
Ecn 9 (vd ~pn) / kb GeV
2.0 ¢
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FIG. 2. The vd — pn cross section at 89° multiplied by
24, as a function of the photon beam energy [3].

Shimanskiy S.S.
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Figure 8: Fits of the cross sections do/dt to s71 for Pp > P and proton an-
gles between 30° and 150° (solid lines). Data are from CLAS (full/red circles),
Mainz(open/black squares), SLAC (full-down/green triangles), JLab Hall A (full /blue
squares) and Hall C (full-up/black triangles). Also shown in each panel is the y2 value
of the fit. From Ref. [160].



Z Asymmetry

Fig. 8. The energy dependence of the cross-section asymmetry
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Measurement of the cross-section asymmetry of deuteron
photodisintegration process by linearly polarized photons in the
energy range E, = 0.8-1.6 GeV

F. Adamian', A. Aganiants', Yu. Borzunov?, S. Chumakov?, N. Demekhina', G. Frangulian®, L. Golovanov?, V.

Grabskil-®, A. Hairapetian®, H. Hakobyan!, I. Keropian®, I. Lebedev?, Zh. Manukian!, N. Moroz?, G. Movsesian®, E.

1
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Indication of asymptotic scaling in the reactions dd — p®H,
dd — n®*He and pd — pd

Y. IN. Uzikov)
Joint Institute for Wuclear Research, LNFP, 141980 Dubna, Moscow region, Russia

Submitted 11 January 2005
Resubmitted 28 February 2005

It is shown that the differential cross sections of the reactions dd — m®He and dd — p®*H measured at

c.m.s. scattering angle f.,;m = 607 in the interval of the deuteron beam energy 0.5—1.2 GeV demonstrate the
scaling behaviour, do /dt ~ s *?, which follows from constituent gquark counting rules. It is found also that the
differential cross section of the elastic dp — dp scattering at &.,, — 125—135% follows the scaling regime ~ s ©¢

at beam energies 0.5—5 GeV. These data are parameterized here using the Reggeon exchange.
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Fig.2. The differential cross section of the dd — n®*He and
dd — p°H reactions at 8., = 60° (a),(b) and dp — dp
at fe.pn = 1277 (c),(d) versus the deuteron beam kinetic
energy. Experimental data in (a), (b) are taken from [20].
In (c), (d), the experimental data (black squares),(o), (),
(open square) and (e) are taken from [22 — 28], respectively.
The dashed curves give the s 22 (a) and s '® (c¢) behav-
iour. The full curves show the result of calculations using
Regge formalism given by Eqgs. (2), (3), (4) with the fol-
lowing parameters: (b) — C1 = 1.9 GeV?Z, R} = 0.2 GeV 2,
Cy = 35, RE = —0.1GeV~?; (d) — €, = T7.2GeV?,
R? = 05CGeV™ 2, Ca = 1.8, RZ = —0.1GeV %, The up-
per scales in (a) and (c¢) show the relative momentum ggn
(GeWV /¢) in the deuteron for the ONE mechanism






RHIC Physics: 3 Lectures™

) +
Larry McLerran CERN Yellow
Physics Department PO Box 5000 Brookhaven National Laboratory Upton, NY 11973 USA Report

September 13, 2003 2007-005, P75

The Evolving QCD Phase Transition

t ~ 1980
Quark Gluon Critical Temperature 150 - 200 Me}f (1 B = 0)

! Plasma  Critical Density 1/2-2 Baryons/Fm” (T=0)

Hadron Gas
Hp
t~ 1990 t ~ 2000
T F-. Quark Gluon - Quark Gluon Tl
) T h Plasma T,

RS . Plasma

~
A
s\

Hadron Gas "\ Hadron Gas

Color

Superconductos Hadronic

”‘B “’B Liquid-Gas

Figure 4: A phase diagram for QCD collisions.
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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 !l



Strangeness in Neutron Stars astro-ph/0604422 vl 20 Apr 2006

quark-hybrid traditional neutron star
star

FRIDOLIN WEBER? ALEXANDER HO! RODRIGO P. NEGREIROS!}
PHILIP ROSENFIELD?

hyperon

star neutron star with

pion condensate

H~ 10 Gs

Fe
color-superconducting 6 3
strange quark matter 10~ gfem
(u,d,s quarks)
E~ 1019 Vlcm 10" giem 3

L u 3

25C CFL-K* 10 ' glem
+

< CFL_KOO ~-_ Hydrogen/He

CFL-T atmosphere

strange star
nucleon star

R~ 10 km

Fig. 1. Competing structures and novel phases of subatomic matter predicted by theory to make

their appearances in the cores (RSS km) of neutron stars?.
significant range of chemical potentials and strange quark masses® . If the strange
quark mass 1s heavy enough to be ignored, then up and down quarks may pair in
the two-flavor superconducting (2SC) phase. Other possible condensation patters

color—superconducting A<. Rajagopal and F. Wilczek, The Condensed Matter Physét':s of @QCD, At the Frontier
strange quark matter/” f particle Physics / Handbook of QCD, ed. M. Shifman, (World Scientific) (2001).
(u.d,s quarks) M. Alford, Ann. Rev. Nucl. Part. Sci. 51 (2001) 131.



F. Close

Two ways that

structure is j>
revealed:

U

Structure of Matter
A — A+y er
1. SPECTRA

AT —>p+xa”

2. SCATTERING FRoM "HARY' CENTRE 3

True from atoms
to particles.....
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The Beginning



SOVIET PHYSICS JETP

T. 33. JKypraa axcnepumentTarvron u Teopetureckolt gusuru. Bein. 5 (11)
1957

VOLUME 6 (33), NUMBER 5 MAY, 1958

ON THE FLUCTUATIONS OF NUCLEAR MATTER

D. I. BLOKHINTSEV

Joint Institute for Nuclear Research

Submitted to JETP editor July 1, 1957
J. Exptl. Theoret. Phys. (U.S.S.R.) 33, 1295-1299 (November, 1957)

0 ®JYKTYALUSX $IIEPHOTO BEHIECTBA
L. H. Baoxurnues

HDK&33H{}, UTO BOSHHKHOBCHHE 3HEDTHMUHBIX OCKOJKOB ITPH CTONMKHOBEHHH ﬁbICTpHK HYKJOHOB
C STPaMH MOXKET PACCMATPMBATECS KAK Pe3y/bTaT CTOMKHOBEHISA HYK/OHA ¢ GuyKTyausest ayep-
HOTO BEeILeCTRa. .

i. Beenenne

B npomecce IBUIKEHWs HYKJIOHOB B Ajpe MOTYT BO3HUKATH KPaTKOBPEMEH-
HEIE TeCHBIE CKOTIJIEHHS HYKJIOHOB, UHEIMH CJIOBAMH (PIYKTYAIUK TIOTHOCTH sep-
HOI'o BellecTBa. Takue CKOMeHus, Oy Ly 4r OTHOCUTENbHO YLAAJHEHBl OT APYIHX HYK-
JIOHOB §fpa, SBAAIOTCS ATOMHBIMH SIIpaM{ MeHbIUeH Macchl, HaXOAAMMMHCS

B COCTOSIHMH (WIVKTYaLHOHHOIO CIKATHM. |

B HejlaBHee BpeMsi MellePdgKOBEIM U €ro COTPYAHHKAMA [%2] mpu uayuennu
paccesHUsi NPOTOHOB ¢ 3HEprucH B 675 MeV na nerkux siapax, 6ol cOHapyKeHbl
SIBJICHH A, KOTOPble NOATBEPKAAICT CYIIECTBOBAHUE TAKHX QAYKTYalHH, 1o kpaii-
HEH mepe Ui MPOCTEHIINX MapHLIX Q)ﬂym*yauﬂﬂ NPUBOAAIHX K 00pasOBaHUIO
CXKATOrO JEHTOHA.




CBOPHHK

KPATKHUE
COOBIMEHUA

1o
OPU3HUKRE

Jeinuary 1,1971

Ne 1 amsapv 1971

It is possible to obtain the record high energy
particle beams by means of accelerating
the heavy nuclei with large charges

Kpareue coofyjemun no dusuxe N¢ | amsape 97T

MACIITABHAA MHBAPHAHTHOCTb ANPOHHHIX
CTONKHOBEHHA H PO3MOMHOCTE NOMYYEHWA
MYYKOB YACTHU BLICOKHMX 3IHEPrHH NPH
PEJIITHBHCTCKOM YCKOPEHWH MHOMO3APAAHLIX

HOHOB
A, ™M, Banouy

[yvEy 9acTED PUCOKEX SHEPTrER 00 OOCAEOAHETrD BReMe—
HE MOAYYANMCH NCKMOYETENLHO HA OPOTOHHBIX H 3J8K TpoH—
HLX YCEOPUTENAX, T.8, NpH YCKOPEHEE WACTHI, ofnalaio—
mMEX COHHHYHLIM 3apaAoM,. YCoKopedie 9ACTHEL, ofnanalomnax
Iapanos OoOLWHM SOMHMUL, KoK H3PECTHO, B OpHEALENe
OA8T DBOIMOMHOCTE OOAYIUTE PHERCUK YCEODAEMBIX “ac-
rul (Npe OOHHAKOBHIX NAPAMETpAX YCKODHTENa) GoMNbiuyio,
HeM SHEPrES HNpOTOHOB, B YUCAO pA3, PARHO® KpDATHOOTH
sapana. Tax, sanpumep, sa [lyGaedckom chuxpodasoTpo-
He, pACCYETAHHOM Ha NONYy4YeHHEe OpOTOHORB C sEeprueh
10 TI'ss, MOMHO DOAYTHETH RApa renud ¢ svepraed 20 I'asm,
a sinpa weowa (3apsn 10 e) c sseprmeg 100 se, Boamu—
KAET EeCTeCTBedHull Bonpoc, He NONYNATCH A B peayib—
TATE® CTONKHOBEHHS C MUWCHED S0ep, HampEMep, Heola,
ofnanawiux ageprieh 100 Mss, Oy9KE BTOpPHYHKE YacTHI,
AOAYHeHENE noxa Tonkko #a CepnyXobcromM yCcrROopaTena?

AKAJIEMHA HAYH CCCP

Opaerna Aenuna

Dy puvecsud pncruryr us JILH. Aebeacna

¥ reepaETenbLEn i OTBET HA BTOT BONpOC O3HaYan Gbkl, 4TO

NOoMOMEBL YCKOpEHESE THMenux @fep, ofnagawlnkx Gonoco
DEHTOKHM 38pS0osM, MOMHO G0 G CPABEHTEALED Oewe—
BLiM CHOCOGOM B XOPOTXHE CPOKH NOMYSHTE OYYEH YACTHO
PEEODAHO BLICOKHX 3HEDrHA,

Uent sacroameR samerks - pacCMOTPETE aTOT BONpoc

H clenaTh oOpefefleHHME OPeICKA3LHHH.
O6MYHO HA BOOPOC O BO3SMOMHOCTH Hepelsul GOMLwol

IHEPrHd COCTABHLIM SApOM ornenbHoMy (HanpuMep, cao—
35



Pripasnn payfakym Srarcoapiocts U, B. Tepacumoey,
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«PH3UKA SAEMEHTAPHBIX YACTHII H ATOMHOIo AJPA», 1980, MATEP"AJIH Xlll swm ﬂﬂ{OJIH JIMHQ

TOM 11, BEIII. &

1978
YAHK 539.171.1

PACCESHUE YACTUL BbICOKOM SHEPITMK 141

KAK METOL, UCCMNEOOBAHMS S —
MATNOHYKINOHHbBIX KOPPEMSALMA B 11 KOPOTKOXE/CTBYKUME KOPPEIAIMA B SIIPE

OEUTOHE U A0PAX

M.#.Crpurman u I.J.PpasrdypT
M. H. Cmpurman, J. J. ®panrPypm

JIeHUHrpaACKKA KHCTUTYT AfepHO#U (PU3HKK WM. B. T. HoHcTaHTHHOBa, JleHWHrpap,

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

MaJIBIX PaCcCTOSHUM B AAPax M 0 cunocobe UX ONMCAHUA MpPeNCTaABIAET
CaMOCTOATEJNbHBIX HHTepec. Ilear o0630pa — mokaszaTs, 9To 0TGOP
COOBITHH, CONepP:KAMNUX KYMYJIATUBHbIE 9aCTHUIBI, yBEeJIWYUBAET OTHO-
CUTeJBHBIA BKJIA OT KOHQUTypamuii B BOJTHOBOH (yHKIUU Ampa,
COflep;KaIMMUX HEeCKOJbKO HYKJIOHOB (IIBa, TPM) HA MAJHIX OTHOCHUTEJb-
HBIX paccroaEumAx *. (HyMyunaTtwBHEIMEH dacTumamu MBI, ciaexys [6],
Ha3bIBaéM BTOPHMYHBIE YaCTHUOH, oOpasymommmeca B KUHEMAaTHAYECKON
obsacTd, 3ampeleHHOH A paccesAHUs HA CBOOONHOM HYKJIOHE.
HesaBucumo OT TeopeTHYeCKOH MHTEPIPETANME ITOT TePMHUH YHOOeH
jusas 0003HaYeHNA YKa3aHHON KWHeMaTHYeCKo# oGiacTw.)

CFLA LA P AF A -y s ———— o — —— — —

6. Bamgua A. M.— KpaTkue coobm. mo ¢usuke, 1971, T. 1, c. 35.
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Schroeder L.S. et al. // Phys. Rev. Lett. 1979. V. 43, n. 24. P. 1787
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FIG. 1. Energy dependence of (a) T, parameter for
pions, and (b) the 7~ /7" 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).
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Fig. 3. The coeficient C(Tp =125 MeV) in
the parametrization of the invariant function
[=Cexp(-T/Tp) in the reaction pA(C, Al Ti
Cu, Cd, Pb) — pX for a proton escape angle of 120° in
the laboratory frame versus the incident-proton energy.
The filled circles refer to the initial energy of 400 GeV.

Fig. 5. Dependence of the slope parameter Ty for the in-
variant function of the protons escaping under the action
of p, K~ .~. 7 with various energies Ey; the escape
angle is 120° in the laboratory frame.
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Production of hadrons at large transverse momentum at 200, 300, and 400 GeV *

J. W. Cronin, H. J. Frisch, and M. J. Shochet
The Enrico Fermi Institute, University of Chicago, Chicago, [llinois 60637

J. P. Boymond, P. A. Piroué, and R. L. Sumner

Department of Physics, Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08540
(Received 5 December 1974)

We have measured, as a function of transverse momentum (p,), the invariant cross section
Edo/d%p for the production of * , K*, p, p, d, and d in proton collisions with a tungsten
(W) target at incident proton energies of 200, 300, and 400 GeV. The measurements were
made in the region of 90° in the c.m. system of the incident proton and a single nucleon at
rest. Measurements were also made with 300-GeV protons incident on Be, Ti, and W targets
of equal interaction length. These p-nucleus measurements, which show a strong dependence
on atomic number at high p,, were used to extract effective proton-nucleon cross sections
by extrapolation to atomic number unity. At large values of the scaling variable x, =2p, Vs,
where s is the square of the c.m. energy, the pion data are found to be well represented by
the expression (Vs)™e~%*L, with n=11.0+0.4 and a =36.0+ 0.4. At x, <0.35, where similar
measurements have been made at the CERN ISR, our data are in good agreement with the
ISR data.
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A.V. Efremov (1976) Parton description

A+B=2>C+X

da

= j dxdydzF, (y)F, (X)G. (2)v(xys, t; u—)

N
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4. Sea Particles and Multiquarks

The most intriguing. Descriminates "69" and FNC.
-
T f da N gla)pn e+ (%) 2 ol )
e el I P B AT
: }f da ;\-"";1(‘(1’){)4,\,-‘_} ]\'Jr(:—}'_) A6C| 50:" :r 158°
(appro:{imaticm PN_ - ~ PN_ K+ Was u:aod.) O ;' - } Pb
Experiment: r, const(x) for 1 <x <2.5 o A/ esos
and surprisingly small compared with ' ; : - —
expected from EMC-effect (Baldin at al. (82), E, ,=8,9 GeV, 6,,,=168°)
(Bayarinov at al. (89), E,_,,=10 GeV, 6,,,=119°)
Nuclei Be Al |Ta |Pb 15
A 4 from EMC 0.023/0.0360.056|0.058| -~ _ :
ra=(2—-A4) /A48 |55 |36 |35 < | 2z Be
= . = " " T; 5 ; % él
Low experimental r, indicates to "6q"- - : 3 Y
1 1 z 35
1 2 X 3

mechanism of cumulative and EMC-effects.
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Again in favor
of multiquarks!
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LARGE MOMENTUM PION PRODUCTION IN PROTON NUCLEUS
COLLISIONS AND THE IDEA OF “FLUCTUONS”’ IN NUCLEI

V.V. BUROV
The Moscow Stare University, Moscow, USSR
and
V.K. LUKYANOV and A.I. 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.

102 2 En%(mb Geviéd)
10" ]
10°
The purpose of this note is to realize the idea [4] o

that the cumulative effect is connected largely with L

a suggestion on the existence in nuclei of the so-called 4=

fluctuons. Earlier fluctuons were proposed [7] in order 0}

to understand the nature of the “deuteron peak” in . . .

the pA-scattering cross section at large momentum T, (Gev)

transfers [8] and also to interpret the pd-scattering

Fig. 1. (a) Calculations of the invariant pion production cross

) ) . section for '2C: I — for the free proton target; II — with fermi
cross section [9]. Compressional fluctuations of mass motion; I1I — the relativization effect. (b) The contributions

Mk = kmp of nucleons in the small volume VE = % T(rg of;eparfate fluctuons with mass My = kmp, where k is the
A i order of cumulativity.
where r, is the fluctuon radius were assumed. Y 37



Fluctons Probability inside nuclei
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FLUCTUONS AND EIGH MCMENLUM TRANSFER IN FUCLEAR PROCESSES

D.I.Bloknintsev, A,V,Efremov, VoKoLuk janov, A.I,Titov

 JOWR, Dubna

Abstract

~in the appearance' of "above-barrier fragments

Tne report summarizes the results of s series of works
mede recently in JINR, which explore the hypothesis sbout "fiuce
tuons”, i.e, multibaryon confi gurations of the mass k m

nucleon
and correlation region of an order of elementary particles.

The probability of fluctuon-formation is calculated by the
"guark bag" model. Tt ig ﬁrqued that the cumuletive production
ig due to the hard scattering process (similar to kigh b, had-
ron productlon} of beau particle partons wiih partons of a fluc-
tuon considered as a hadron made of 3k quarks,

The model explains many qualitative and guantitative featu-
res of cumulaiive processes: The ¥ield of cumulative hadreons,
polerization of baryons, elastic and deep inelastic ed-scattering

and 80 on. 41l this gives right to consider the cumulative pro-

Cesses as a new source of information sbout quark dynemics at

small distance,

T A report submivted o
on High Energy Paysics, Tokyo, 1078.

I. Pluctuons

It is as early as the fiffies theoreiists became interested
/1f. The pheno~
menon congists in knocking out by protons of light nuclei (frag-
ments) from heavier nuclei when the momentum transferred to a
light nucleus is much larger than the binding energy of this
nucleus,

At the same time, the hypathesialef has been propoged that
a large momentum can be transferred to a complex system of
nucleons as a whole only when at the moment of collision with
an incident particle a number of internuclear nuclgona are
ingide a small volume, due to quantum fluctustions, and takes
the momentun transfer as s unique particle with nass My =km
k the number of nucleons in the

( v is the nucleon mass,

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

been called as a "fluctuon",

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

the XIX Internationgl Conference
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On the Production of Mesotrons by WNuclear Bombardment

W. G. McMiLLaANT AND E. TELLER
University of Chicago, Chicago, Illinois
(Received March 27, 1947)

Mesotron production by nuclear bombardment with
fast, heavy particles has been investigated theoretically in
a semi-quantitative way to determine the expected
threshold energies, the cross sections, and their energy
dependence. Whereas a treatment in which the target
nucleons are assumed to be at rest predicts a requisite
incident energy of ~210 Mev, the present treatment, based
on the Fermi degenerate gas model, finds the threshold
incident energy as ~95 Mev. The threshold is somewhat
higher for positive than for negative mesotrons. The cross

INTRODUCTION

N treatments of collisions between nuclei and
high energy incident particles, it is often as-
sumed as a first approximation that the constitu-
ent nucleons of the target nucleus may be con-
sidered as essentially free. For the case in which
the desired result of the collision is the production
of a mesotron (having rest-mass u), the energy
of the incident particle relative to the particular
nucleon with which it collides must be at least
unc?. If the nucleon has only the small velocity of
the nucleus as a whole, nearly all the relative
energy must be supplied by the incident particle;
in the limit of zero-nucleon velocity this predicts
for an incident proton or neutron a requisite
energy just twice the rest-mass of the mesotron,?!
or about 210 Mev.

A more refined calculation should take account

;f'\c\;,uggenheim Fellow, 1946—-1947.
(51033 iilél‘l’l) c:x:;p:(?é’ the wvalue =202 electron
¥ s cently determined by W. B.

Phys. Rev. 70, 625 ;
o 71\,63‘;87 ({{)473‘(1946), see also DD. J. Hughes,

masses
Fretter,
Phys.

section for single mesotron production, evaluated from the
accessible volume in momentum space, is found to vary
with the fractional excess energy, € as &35 in the scalar
or axial-vector theories; at low values of €, a small difference
in the energy dependence for negative and positive meso-
trons arises from the necessity of giving the former a non-
zero initial kinetic energy. For the pseudo-scalar and the
polar-vector theories, the matrix element for mesotron
emission is proportional to the momentum of the mesotron.
This changes the power law to e4-5.

of a possible contribution of the target-nucleon
velocity to the relative energy, of any change in
potential energy for the over-all process, and
possibly also the effect of the inter-nucleonic
forces. At least the first two of these refinements
may be made rather easily. We shall use as our
nuclear model the usual®? degenerate Fermi gas
mixture of protons and neutrons at zero tempera-
ture. Such a model is admittedly very crude, but
will serve to determine orders of magnitude.
The Ilimiting energy—the so-called ‘‘Fermi
energy,’”’ Zp—of the degenerate gas sets an ap-
proximate upper limit, £, to the permissible mo-
menta of the target nucleons. Using this maxi-
mum momentum, directed anti-parallel to the
path of the incident particle, it is readily seen
that a lowering of the required incident energy is
obtained. Furthermore, if the incident particle
is captured without ejection of other nucleons its
binding energy is released. However, since all the
lowest states within the degenerate gas are filled

2 HH. A. Bethe, Rev. Mod. Phys. 9, 82 (1937), T53A.



Antiproton discovery (1955)

Threshold energy for antiproton (p ) production in proton — proton collisions
Baryon number conservation — simultaneous production of p and p (orp and n)

Threshold energy ~ 6 GeV

Example:

p+p—=>p+p+p+p

“Bevatron”: 6 GeV
proton synchrotron in Berkeley

BEVATRON
ViAW

—_—

I FEET

® hbuild a beam line for 1.19 GeV/¢c momentum

= select negatively charged particles (mostly © —)

= reject fast m — by Cerenkov effect: light emission
in transparent medium if particle velocity v>c¢/n
(n: refraction index) — antiprotons have v<c/n

— no Cerenkov light

* measure time of flight between counters S; and S,

(12 m path): 40 ns for n ~

L] T L] T T
= POSITIVE PROTON CUAVE
IN ARBITRARY EGALE

b noor aniieRoTONS ]
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RATID OF WASSE TO PROTON MABS

, 51 ns for antiprotons

For fixed momentum,

| time of flight gives
| particle velocity, hence
particle mass



Observation of Antiprotons™

OwEN CHAMBERLAIN, EMILIO SEGgrE, CLYDE WIEGAND,
AND THoMAS Y PSILANTIS

Radiation Laboratory, Department of Physics, University of
California, Berkeley, California

(Received October 24, 1955)
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Fic. 5. Excitation curve for the production of antiprotons relative
to meson production as a function of Bevatron beam energy.
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Subthreshold Antiproten Production in 28Si + 28Si Collisions
at 2.1 GeV/Nucleon

J. B. Carroll,'” S. Carlson,”’ J. Gordon,” T. Hallman,® G. Igo," P. Kirk,® G. F. Krebs,® P.
Lindstrom,®> M. A. McMahan,®’ V. Perez-Mendez, * A. Shor, @ S. Trentalange, ‘") and Z. F. Wang ‘"’
(”Um'uersity of California at Los Angeles, Los Angeles, California 90024
@ Brookhaven National Laboratory, Upton, New York, 11973
P Lawrence Berkeley Laboratory, Berkeley, California 94720
@ Johns Hopkins University, Baltimore, Maryland 21218
S Louisiana State University, Baton Rouge, Louisiana 70803
(Received 12 December 1988; revised manuscript received 16 February 1989)

We report on the first observation of subthreshold antiproton production in nucleus-nucleus collisions.
This measurement was made for the system 28Si+28Si at a bombarding energy of 2.1 GeV/nucleon (ki-
netic energy per N/ pair in the c.m. frame —~—850 MeV). A differential cross section d2c/dPdQ of
80 %40 nb/sr (GeV/c) was measured for p production at 1.9 GeV/c and 0°. This result is 3 orders of
magnitude larger than that predicted by a calculation incorporating internal motion of the nucleons in

the colliding nuclei.
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FIG. 3. Subthreshold antiproton production in p+Cu col-
lisions (x) and a comparison with 5 production in Si+Si col-
lisions (©). Solid line is a calculation for p+Cu— j+X in-
corporating a double-Gaussian distribution for the internal nu-
clear momentum (Ref. 11). Dotted line is the same calculation
for Si+Si— p+X.
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Forward K+ Production in Subthreshold p A Collisions at 1.0 GeV

V. Koptev,! M. Biischer,> H. Junghans,> M. Nekipelov,!? K. Sistemich,?> H. Stroher,? V. Abaev,! H.-H. Adam,?
R. Baldauf,* S. Barsov,! U. Bechstedt,? N. Bongers,2 G. Borchert,? W. Borgs,? W. Briautigam,?> W. Cassing,>
V. Chernyshev,® B. Chiladze,” M. Debowski,® J. Dietrich,? M. Drochner,* S. Dymov.? J. Ernst,'® W. Erven,?
R. Esser,!1>* P. Fedorets.® A. Franzen,? D. Gotta,”> T. Grande,?> D. Grzonka,? G. Hansen,'? M. Hartmann,? V. Hejny.”>
L.v. Horn,?2 L. Jarczyk,'? A. Kacharava,” B. Kamys,!?> A. Khoukaz,?> T. Kirchner,® S. Kistryn,'? F. Klehr,!'?
H. R. Koch,?2 V. Komarov.? S. Kopyto,2 R. Krause,? P. Kravtsov,! V. Kruglov,? P. Kulessa,>!> A. Kulikov,?-!'#

V. Kurbatov,? N. Lang,?® N. Langenhagen,® I. Lehmann,?> A. Lepges,? J. Ley,'! B. Lorentz,”> G. Macharashvili,”?
R. Maier,2 S. Martin.? S. Merzliakov,? K. Meyer,? S. Mikirtychiants,! H. Miiller,® P. Munhofen,? A. Mussgiller,?
V. Nelyubin,! M. Nioradze,” H. Ohm.,> A. Petrus,’ D. Prasuhn.,? B. Prietzschk,® H.J. Probst,?2 D. Protic,? K. Pysz,!'>
F. Rathmann.? B. Rimarzig.® Z. Rudy,!? R. Santo,? H. Paetz gen. Schieck.,!! R. Schleichert,? A. Schneider,”
Chr. Schneider,® H. Schneider,? G. Schug,? O. W. B. Schult,? H. Seyfarth,? A. Sibirtsev,? J. Smyrski,!3
H. Stechemesser,!'2 E. Steffens,!® H.J. Stein,2 A. Strzalkowski,!? K.-H. Watzlawik,?> C. Wilkin,!” P. Wiistner,*

S. Yashenko.? B. Zalikhanov.®° N. Zhuravlev,? P. Zolnierczuk,!? K. Zwoll,* and I. Zychor'®

K T -meson production in pA (A = C, Cu, Au) collisions has been studied using the ANKE spectrome-
ter at an internal target position of the COSY-Jiilich accelerator. The complete momentum spectrum of
kaons emitted at forward angles, 19 = 12°, has been measured for a beam energy of 7, — 1.0 GeV, far

below the free N/ threshold of 1.58 GeV. The spectrum does not follow a thermal distribution at low
kaon momenta and the larger momenta reflect a high degree of collectivity in the target nucleus.
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FIG. 2. (a) Double differential K -production cross section for
the p(1.0 GeV)'2C — K * (& = 12°)X reaction as a function of
the K momentum. (b) Same data plotted as invariant cross sec-
tion. The error bars are purely statistical. The overall normaliza-
tion uncertainty is estimated to be 10%. The solid lines describe
the behavior of the invariant cross section within a phase-space
approximation [Eq. (2)].
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Pion production: A-probe for coherence ium-energy heavy-ion collisions

J. Stachel, P. Braun-Munzinger,

R. H. Freifelder,* P. Paul, S. Sen, P. DeYoung,” and P. H. Zhang?!

Department of Physics, State University of New York at Stony Brook, Stony Brook, New York 11794

T. C. Awes

» F. E. Obenshain, F. Plasil, and G. R. Young

Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831

R. Fox and R. Ronningen

National Superconducting Cyclotron Laboratory, Michigan State University,

East Lansing, Michigan 48824
(Received 19 November 1985)

The production of neutral pions has been studied in reactions of 35 MeV /nucleon 4N +27A1,Ni,W
and 25 MeV/nucleon '°O+2?’A1,Ni. Inclusive pion differential distributions do/dT,, do/dQ,
do/dy, do/dp,, and d?c/dy dp, have been measured by detecting the two pion-decay y rays in a
setup of 20 lead glass Cerenkov detector telescopes. Special care was taken to understand and
suppress background events. Effects of pion reabsorption are discussed and it is found that the
cross sections presented here are substantially affected by such final state interactions. The com-
paratively large experimental cross sections and the shape of the spectral distributions cannot be ac-
counted for in single nucleon-nucleon collision or statistical models; they rather call for a coherent

pion production mechanism.
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FIG. 13. Experimental integrated pion production cross sec-
tions divided by (ApA7)?/ for different beam energies. The dif-
ferent symbols signify 'O + ?’Al,Ni (closed diamond, present
data), MN-+27Al,Ni,W (open diamond, present data),
“OAr + *Ca (open triangle, Ref. 9), and '2C + '2C (open circles,
Refs. 8 and 10). Also shown are results of a single nucleon-
nucleon hard scattering model (Ref. 23) (dotted line), the extend-
ed phase space model (Ref. 27) (dashed line), a thermal model
(Ref. 30) (solid line), and the bremsstrahlung model (Ref. 38)
(dashed dotted line).
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Kparxue coobwyernusr OHIH N°I8-86 JINR Rapid Comrmunications No. 18-86
YAOAK 5§39, 12. 01

EAUHBIA AJITOPUTM BbLIUUCIIEHUMA UHKINO3UBHBIX CEYEHUNA
POXAEHMA YWACTUML C bBOJIbUWWMKMMKU NOMEPEYHBIMU UMMNYJIbC AMU
M AAPOHOB KYMYJIATUBHOIO TUIIA

B.C.CtraBuHCKuUum

IIpensytoxeH enOHHBIE aJITOPHUTM BbBIUHCJISHHS HHKJIIIOSHBHBIX
cCeuveHHuN PpOXIOEeHHsI 4YacTHull C O6OJIBIHEMH IIOIIe€pEeUYHbBIMH HMIIYJIb—
caMME M aOpPOHOB KYyMyJISTHBHOIO THIIA. BO3MOXHOCTE €IOUHO-—
'O OIIHMCAaHHsA 3THX IIpOoIleCCoB OO0ycCcJiJioBJIeHA BBeIJeHHEeM HO—
BOIo apryMeHTAa — MHHHMAJIBHOHM SHEepI'HH CTAaJIKUBAalOMMXCSsI
KOHCTHTYEHTOB, HeOoOXOoOuMOH IJIA PpPOXIOEeHHsI HAaGiiiogaeMom
vacTHIbl. [IpoBemeHO CpaBHEeHHE C 3KCIepHMEeHT aryibHBIMH
OAaHHbIMH .

PaboTa BbpOIioJiHeHa B JlabopaTopHiH BhICOKHX 5SHeEepr#Ai#
OHnsAN.

Unique Algorithm for Calculation of Inclusive
Cross Sections of Particle Production

with Big Transverse Momenta and of Cumulative
Type Hadrons

V.S.Stavinskij

Unique algorithm is proposed for caiculating in—

clusive cross sections of particle production with
big transverse momenta and cumulative type hadrons.
A possibility of unique description of these proces-—
ses 1is due to introduction of a new argument — of mi-—
nimal energy of colliding constituents needed for the
production of observed particle.

The investigation has been performed at the Labo-
ratory of High Energies, JINR.



Common case for AA-collisions

V.S. Stavinsky JINR Rapid Communications N18-86, p.5 (1986)

(X,-M)) + (X, "M,) =>m_+[X M, +X,-M, +m,]

SY¥2 — min(SY%) = min[(X, - P, + X - Py )¥?]

min



V.S. Stavinsky JINR Rapid Communications N18-86, p.5 (1986)

(X,'M) + (X, "M,)) = m_+ [X,-M, + X,-M,, +m, ]
Quark-parton model

(X, P) + (X-Py) = M(X, X))

F)I
AI { X { Cumulative

_ .« particle

S>3,

Ar{

F)H

kinematic limit for
A1 A1’ free NN-interaction
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Kpamkue coobuenus OHUSIH 3[54]-92 JINR Rapid Communications No.3[54]-92
YK 539.12+539.17

BO3MOXEH JIM EIMHBIA MMOAXO01
K IIOATIOPOIOBbIM U KYMYJISTUBHBIM ITPOLIECCAM
B PEJISTUBUCTCKHUX SAIAEPHBIX CTOJIKHOBEHUAX?

A.A.Bangun*

ITpeanaraercs eAnHbIF NOAXON K OMMCAHMIO NOANOPONOBbIX , KYMYJISTHBHBIX
H IBAXX/1bl KYMYJIITUBHbIX MPOLIECCOB HA OCHOBE T'MNOTE3bI 00 aBTOMOAEILHOCTH
PEASTUBMCTCKMX SACPHBIX CTONKHOBEHMM. PacueTsl, npoBeaeHHbIE B paMKax
NPEVIOKEHHOH MOACAH, CPABHHUBAIOTCS C Pa3HOOOPA3HBIMM 3KCNEPUMEHTAb-
HbIMM 1AHHbIMH.

Pa6ora Beimosinena 8 UncTuTyTE snepubix uccaeposanmii PAH, Mockaa.

Is the Universal Approach
to the Subthreshold and Cumulative Processes
in Relativistic Nuclear Collisions Possible?

A.A.Baldin

The universal approach to the description of subthreshold, cumulative and
twice-cumulative processes based on the self-similarity hypothesis is presented
and applied to the various reactions. Large experimental material including
nucleus-nucleus and proton-nucleus interactions is analyzed.

The investigation has been performed at the Institute for Nuclear Research,
Russian Academy of Sciences, Moscow



A.A. Baldin's description

Phys. At. Nucl. 56(3), p.385(1993)

1 1
H=§(X|2+X|2| +2- X - Xy -7 )? :m'sr%in
(A -By)
7/"“_|V||°|V|||
Inclusive data
1 X 1 X
d3 —+- o+ I1
E-—CBT:Cl-A,?’ AT G -exp(—=),
dp C2

C, = 2200[mb -GeV 2 -¢3-sr1],C, = 0.127
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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'

Other proof can be received using the "flucton” model. In the frame of "flucton” model
the cumulative cross section for pA — h + X reactions can be describe by

o~ Pk -Gyg(K),

where Pk is a probability to find the "flucton” consisting of K nucleons inside the nucleus.
The G}k (K) gives probability to produce hadron A by this "flucton”. Main features of these
models are existence of the "fluctons” with some probability and universal function which
describe fragmentation "fluctons” into hadrons. Deep subthreshold particle production can
be described by "flucton” - "Hucton” — interactions in reactions AA — h + X. If it so the
cross section 1s

7~ G (K).

The parametrization from the item 1) give possibility direct estimation the slope of subthresh-
old particle production from the cumulative slope

Tcumufatiue

Tsubthresho!d ~
0 2

(1)

Comparison of the slopes for the cumulative pions [13] (at energy greater 4 GeV, Tgwmuative ~
60MeV') and the subthreshold pions [14] (at energy less 40 MeV /u, ’l'“'“'bth""‘33"“”'!“E ~ 2TMeV)
shows very nice coincidence with relation (1).




Subthreshold flucton-flucton production

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'

o ~ P%k -G%hk (K)

e
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Inverse slope for subthreshold production must be the less then T,/2
(near the phase space border).
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-Pc.mn ~ EeXp (_TfTﬂ) = -Psubfhresh ~ eXp (_T/Tﬂ) - exp (—T/TD) ~ X (—T/(Tﬂ/?):]
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Cumulative particle production pA
collisions at 10 GeV/c
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.INTERMEDIATE ENERGY NUCLEAR PHYSICS WITH

?

POLARISED DEUTERON BEAMS . -

| \ COLIN WILKIN =
‘University College London, London  WCAE 6BT, G.B,

Fig.4 : Predicted proton polarisation in an M = 1 deuteron -
with.ﬁ in the x-y plane. The brokenline results from the McGee
wave function [3], the solid from the Eumberston [2].
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K.Rith From Nuclei to Nucleons (Summary)
Nuclear Physics A532 (1991) 3c-14c
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Figure 1. Global behaviour of nuclear effects in parton distributions

Region 1: 0 < x < x; ~ 0.06 (z > 3 fm) .
. In this region the dominant contribution to the cross section comes from sea

quarks, the essential longitudinal distances 2z involved in the deep ';nelastlc inter-
! . . . .
action are z > 3 fm, much bigger than the size of individual nucleons. R#(x) is smaller

Region §: x3 < x < x4

For a nucleus with atomic mass A the quark distributions can in principle extend to
x4 =A. RA(x) is bigger than one. Its behaviour is strongly influenced by Fermi-motion,
final state interactions, nucleon-nucleon correlations, or the formation of multiquark
clusters. Experimentally this region is essentially unexplored.

than one. The effect (historically called "Shadowing’) increases with decreasing x, it
increases strongly with atomic mass A and depends very little on Q*. This behaviour
is also observed in the antiquark distributions §(x), measured in the Drell-Yan process,

Region & x; <x<x,~03 (3fm>z> 0.7 fm)
R*(x) shows a small increase of a few percent above one. This enhancement varies
very little with A and Q?, it is definitively not due to seaquarks alone but probably

dominantly a valence quark effect. There are indications that also the gluon distribution
g(x) is enhanced in this region.

Region 3: x, <x <x3~08 (2 <0.7fm)

In this region the sea quark distribution is essentially negligible and R(x) reflects
the behaviour of the valence-quark distributions. R4(x) is smaller than one with a
minimum at x ~ 0,65, The effect increases approximately like logA or the mean nuclear

density j4.
Region §: x =1

This is the special region of quasielastic scattering where possibly effects of 'colour-
transparency’ could be observed.

Region §: x3 < x < x4

For a nucleus with atomic mass A the quark distributions can in principle extend to
x4 =A. RA(x) is bigger than one. Its behaviour is strongly influenced by Fermi-motion.
final state interactions, nucleon-nucleon correlations, or the formation of multiquark
clusters. Experimentally this region is essentially unexplored.

Shimanskiy S.S.
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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
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FIG. 1. Measured structure function per nucleon for Fe vs x.
The Q? value at x =1 is also listed for the different kinematics. - -
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Figure 5. Theoretical predictions for
nuclear structure functions at x > 1
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Nuclear structure functions in carbon near x = 1

BCDMS Collaboration

A.C. Benvenuti, D. Bollini, T. Camporcsi‘, L. Monari*, F.L. Navarria
Dipartimente di Fisica dell’Universita and INFN, Bologna, Italy

A. Argento?, J. Cvach®, W. Lohmann®, L. Piemontese®

CERN, Geneva, Switzerland
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V.I. Genchev®, I. Hladky3, LA. Golutvin, Yu.T. Kiryushin, V.S. Kiselev, V.G. Krivokhizhin, V.V. Kukhtin,
S. Nemetek?, D.V. Peshekhonov, P. Reimer®, LA. Savin, G.I. Smirnov, S. Sultanov®, A.G. Volodko and J. Zatek”

Joint Institut for Nuclear Rescarch, Dubna, Russia

D. Jamnik®, R. Kopp®, U. Meyer-Berkhout, A. Staude, K.-M. Teichert, R. Tirler'®, R. Voss', C. Zupangi&

Sektion Physik der Universitit, Miinchen, Germany!!

J. Feltesse, A. Misztajn, A. Quraou, P. Rich-Hennion, Y. Sacquin, G. Smadja, P. Verrecchia, M. Virchaux

DAPNIA-SPP, Centre d'Etudes de Saclay, CEA, Gif-sur-Yvette, France

Abstract. Data from deep inelastic scattering of 200GeV
muons on a carbon target with squared four-momentum
transfer 52 GeV? < Q% < 200 GeV? were analysed in

the region of the Bjorken variable close to z = 1, which
is the kinematic limit for scattering on a free nucleon. At
this value of z, the carbon structure function is found to
be FF = 1.2-107% The z dependence of the structure
function for > 0.8 is well described by an exponential
Ff ox exp(—sz) with s = 16.5 + 0.6.

10
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10
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o

107°
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10*

v =
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Fig. 7. The nuclear structure function FEC(H:} as a function of =, at three

different values of % The hatched regions show the range of predictions
of [26]
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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. Asrvan,! H. Avakian,* H. Baghdasaryan,” N. Baillie,*® J.P. Ball 2

A(20., + 7o) 3V(A)

A 3 _
A e = s N AY(He)

Caar (2

where Z and N are the number of protons and neutrons
in mueleus A, gen is the electron-nucleon cross section.
YV is the normalized yield in a given (Q2,xg) bin [30] and
C'A | 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 S?éi:;iﬁ?;:i) is 1.14 4+ 0.02 for C and

4He and 1.18 + 0.02 for °*®Fe. Fig. 1 shows the resulting
ratios integrated over 1.4 < Q2% < 2.6 GeV?Z2,
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Having these data, we know almost full (x99%) nucleonic picture of nuclei with

a,,(tC)~ 4+2%

an(12C)~20£0.2+4.1% ) o (20)~12+4%

a,,(*C)= 4+2%

A < b6
Fractions Single patrticle (%) 2N SRC (%) 3N SRC (%)
S6Fe 76 +0.2+4.7 23.0+02+4.7 0.79 £+0.03+0.25
12C 80+02+4.1 19.3+0.2+4.1 0.55 +0.03+0.18
‘He 86+0.2+3.3 15.4+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 | -

12C
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12€ - structure

RNP - program at JINR

V.V.Burov, 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 9q

JINR - 1977

21.5%

78.15%

0.36%

I NN
B 2N SRC
I 3N SRC

JLab - 2008

19.33%

80.12%

0.55%

65

65



O
Q)

)

o,
<
=
=

D)
ﬂJ.
o)
O



F850/EVA (BNL)

Proton Solenoid
: X
X v
T feem, N
RN EE
S EERENEaw
Array 3 MNeutron
Array 1 Array 2
] meter EREEE AEEEEEE

Figure [.3: A schematic view of the EVA solenoid and the neutron counters in the 1998

measurement.
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n-p Short-Range Correlations from (p, 2p + n) Measurements

A Tang,! W Watson,' J. Aclander.” J. Alster.” G. Asrvan,*” Y. Averichev.® D. Barton,* V. Baturin,®”
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Figure I.5: The vertical component of the target nucleon momentum vs. the total neuatron
momentum. The positive vertical axis is the npward direction. The events shown are for
triple coincidences of the neutron with the two high energy protons emerging from the
QE Cip. 2p) reaction. The sguares are for the 5.9 GeV /¢ incident beam and the triangles
are for 7.5 GeV /e, The dots are preliminary nnpublished data from the 1998 runing
period. We associate the events in the upper right corner with NN SO
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Dense Cold Matter (DCM) project

Search for and study of cold dense baryonic matter
( Letter of intent )

O.A.Chernishov 1,A.A.Golubev!, V.S.Goryachev!, A.G.Dolgolenko', M.M.Kats1,
B.O.Kerbikov!, S.M.Kiselev!, Yu.T.Kiselev!, A.LKogevnikov ', K.R.Mikhailov],
N.A.Pivnyuk!, P.A.Polozov!, M.S.Prokudin’, D.V.Romanov!, V.K.Semyachkin,
A.V.Stavinskiy!, V.L.Stolin1, G.B.Sharkov', N.M.Zhigareva'!, Yu.M.Zaitsev],
A.Andronenkov?, A.Ya. BerdnikovZ, Ya.A. Berdnikov®, M.A. Braun2, V.V. VecherninZ,
L. VinogradovZ, V. GerebchevskiyZ, S. IgolkinZ, A.E. Ivanov®, V.T. Kim35,

A. Koloyvar?, V.Kondrat'evZ, V.A.Murzin3, V.A. Oreshkin?3, D.P. Suetin®,

G. FeofilovZ A.A.Baldin?, V.S.Batovskaya4, Yu.T. Borzunov4, A.V. Kulikov?,

A.V. Konstantinov4, L.V.Malinina*?,G.V.Mesheryakov* A.P.Nagaitsev4, V.K. Rodionov*,
S.S.Shimanskiy?4, O.Yu.Shevchenko*, A.V.Gapienko?, V.L.LKrishkin?, |.N.Dorofeeva’,
M.M.Merkin’, AA.Ershov’, N.P.Zotov’

1). ITEP NRC KI, Moscow, 2). SPbSU, S.Peterburg, 3). PINP NRC KI, S.Peterburg,
4). LPHE,JINR,Dubna, 5). IHEP NRC KI, Protvino , 6). SPbSPU, S.Peterburg,
7).MSU,Moscow



Experimental program:

1). Search for and the study of new state of matter at high density and low temperature corner of
phase diagram

— search for the dense baryonic droplet in correlation measurements with high p,
cumulative trigger

— femtoscopy measurements for the dense baryonic droplet
— izotopic properties of the droplet
— strangeness production in the droplet
— fluctuations
— search for an exotic in the droplet
2) Dense cold matter contribution in ordinary nuclear matter and its nature SRC, flucton,...
— nuclear fragmentation
— hard scattering
3) Modification of particles properties in nuclear matter

Proposed measurements:
1.Trigger’s particles: vy, m, K-, K*,p, d, ...(p; /E;~1)
2. Recoll particles: nucleon, multinucleon systems,
nuclear fragments, exotic states
3. Measurement values: <N(p, ,y)> vs X5 and E,(2-6GeV/nucleon);
-ratios(p/n, 3Helt,...);correlations between recoil particles



4.Detector for DCM study

View from target

A.Stavinskiv.DCM.ISSNP-2013.8/11/2013.Protvino




On the possibility to observe the transition of a
baryon pair state to a six-quark confinement state

V.l. Komarov
Dzelepov Laboratory of Nuclear Problems
JINR

The initial energy range for the lab target
experiments - about 1 GeV - 10 GeV

ISHEPP 2016



An effective signature of a six-quark system produced in the central collision may be
production of a deuteron as a lowest , ground state of the dibaryon system multiplet
considered in the framework of the SU(3) symmetry approaches.

MESONS

Je

Final state d or 1S, pp

The pioneer consideration: a classification of two-baryon states with the SU(6)
theory of strongly interacting particles F.J.Dyson and N.H. Xuong PRL 13(1964) :

Particle T Predicted masses (GeV) for the SU(3) multiplet

J
D21 0 1 1.877 Deuteron _
D12 1 0 1.877 1S,diproton
D12 1 2 2.121 S-wave AN resonance

D03 0 3 2.37 AAd*resonance



A SIGNATURE OF THE (3q) + (3q) = (6q),.,; TRANSITION

The effective way for search for the (3q) + (3q) = (6q).,; transition may be
the process

p+p9d900/X (orp+p 2{pP}pope+ X) /

studied in the about 1 GeV+ 10 GeV energy range

Inclusive detection of only the deuteron ( or {pp}<, yincludes different channels of
the (6q)_.decay :

cnf

(6q).,; 2d+m
(6q).; 2d +2x

(Gq)cnf >d+n v

max
A signature of the (3q) + (3q) =2 (6q).,; transition - observation of the
resonance-like peak (or peaks ) in the initial energy dependence of the reaction
differential cross section d o(90°)/ d£2 integrated over all the deuteron energy region or
selected parts of it - chosen ranges of the meson syst. invariant mass.



pp->pp+ X, pp->D+X
reactions with diquarks

d
d ﬁ L d Diquar-k pI"OOf
d

I d

q
d g
| Exotic states production

dd

Kim's mechanisms
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Dubna interest for 98's EVA/ES850 data
(from Stepan Shimanskiy)

The EVA trigger have made selection (with high suppression of the
background) events with more then 2 prongs and one particle which had
a momentum greater then some py (reflection of the p, cuts). It is some
less then for elastic pp-interaction (at 90° c.m.s). Dubna traditionally have
investigated the particle production for the kinematic region forbidden for
free particle NN (7 V) - interactions (we named its as cumulative particles).
One of the reasons that in these processes we have seen a hot and dense
states of nuclel matter (extremal states of nuclear matter). We have seen
in cumulative particle productions new features which now are looking for
as possible signals about QGP-stage of nuclear matter in high energy AA-
collisions (7 /K - ratio, strong A dependence for particle production a.o.).
It’s mean that in these processes we saw s which effectively is greater then
for free particle NN (7 N) - interactions s;. There are two alternative points
of view:

1) (Frankfurt& Strikman,Kobushkin a.0.) The fermi motion of nucleons
inside nuclei. For the motion with negative Z-component of the momentum
we will have s > sp. The momentum greater then 200MeV/e in these
models mean that a distance between two nucleons less then 1fm and
the nucleons are overlapped.There are huge problems to describe these
states (nonpointlike structure, relativistic effects, off-shell mass effects and
s.0.). We (Dubna) saw these problems more clear during investigation the
deuteron structure with polarized and nonpolarized deuteron beams (look
at "Dubna Deuteron Proc.”).

2) (Blokhintsev,Lukianov& Titov a.o.) Many nucleon bags inside the
nuclei. In this case we had interactions of the projectile particle with
2N,3N,4N... states and will have s > s too.

The theoretical models are spread between these two point of view.
Beside the nucleon degree of freedom we had models with the special quark-
parton structure functions for nuclei (Baldin,Efremov a.o.).

Before this time we had very detail investigations of the inclusive particle
production in the cumulative region, mainly in the backward hemisphere
(for pA-interaction) and can’t made separation between different models.
It have been realized that will need more complete information about events
with the cumulative particle production. The future facilities (STAR a.0.)
will give this opportunity.

EVA data must give the new unique information which can help to
make separation between different models because we have possibility to
investigate accompanying particles. [ will need to stress that the EVA
correlation investigation (ppn - final states) have taken into account only
one of these interpretations.
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= e FROM THE SUMMARY

RELATIVISTIC NUCLEAR PHYSICS:

2003 e OF THE ROUND TABLE
DISCUSSION AT VARNA
New program WORKSHOP*01
For nuclotron
PHYSICAL PROBLEMS

« Strangeness in light nuclei (deuterium, helium) and K-meson
asymmetry in the cumulative region.

* Exclusive pD break-up reaction at high transverse momentum ,
spin asymmetry and color transparency.

* The structure of relativistic compound systems.

» 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 T, 10M-10° 50s 2500 hours
2004 p,d,d7T 10M-107 10,0 s 3000 hours
2005 p,d,d 7T 10M-107 10,0's 3500 hours




HccaenoBanue KyMyJISTHBHBIX
npoueccos B obuacTu Goanumux Py
Ha ycranoske JIUCK

MariumHbIi cnekTpomeTp

Ksa3unynpyroe pp-paccesnue
noa yriiom 90° 8 CIIM kak meToxn
HCCJIeI0BAHUSA NPHPOALI KYMYJIATHBHOIO
3¢ dexTa
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Proceedings RNP 2005

S.S. nucl-ex/0604014
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 ...
The programm how to resolve the main question about validity of "flucton™ or SRC was
proposed in [16]. We need more complete studies in region of maximal py in semi-exclusive

and exclusive experiments to understand the nature of cumulative processes. It will need to
investigate:

- average number of baryons accompanied high pr cumulative particle production and its
Seumulat OT < X > dependances:

- average multiplicity accompanied high py cumulative particle production and 1ts 5,001
or < X > dependances;

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



«JloKasibHbl > MexXaHU3MbI KyMynsmmBHbI X
npoyeccos

SRC configuration

Multiquark
configuration

«HenokanbHbIEe» MeXaHU3MbL - MHOIOKpaTHOe paccedaHue, ciisHUe U T.N.
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SRCin VBLHEP

TEL AVIV UNIVERSITY

L

BB Massachusetts
I I Institute of
Technology

Eli Piasetzky

iy
Q\y) -
TEL AVIU UNIVERSITY

SRC@
aUNLCIOIrONgg,
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SRC and Fluctons

* Cold Dense Nuclear

Matter (CDNM) 2N-SRC Pair
fluctuations can come in >.—6 | Ay
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

domlﬂate (I €. FlUCtDﬂS). From S. 5. Shimanskiy, arXiv 1411.7211 (2014)
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Kakue HenoctTaTku uccnenosaHUU
B obnactu pparmeHtauum anep?

BO3MOXHO, YTO €CTb CUIbHOE BANAHUE B3aMMOAENCTBUIN B
HavyanbHOM (ISI) 1 KoHeuyHom cocToaHmAx (FSI). OgHako, ecnun ynTu B
obnactb 60nbWNX X; - > 1 AOMKHO JOMUHMPOBATL pacceaHme Ha
MHOTFOKBaPKOBbIX(MHOTOHYKNIOHHbIX) KOHPUTYPALMAX COrNACHO
pabote: EppemoBs, Knum, /ibikacos [AD 44 (1986) 241]

, T.e byaeT nogassieHO B3aMMOAENCTBUE B HAYa/IbHOM COCTOAHUM
(1S1).

is dominating. The model of multiple rescattering in which the mulii-
ple soft collisions suggested in this paper are taken into account
before the hard collision allows one to describe the multiple rescai-
~tering processes inside the nucleus correctly.

Ocrtaetca Bonpoc o FSI. bByaet an nopasneHo oHO B obnactm
6onbmnx p;?
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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
experiments with nuclei at momenta of reaction products < 1-2GeV/c.
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ECTb 300I3B!
PENATHUBWUCTCKKM ¥YTNEPCOO B MU B3 YCKOPEHKE
1 BEIBOO M3 ¥-70, TFAHCTIOFTVIPOBEA 110 KAHATY

Me22 11 PEMTMCTPAUMA HA YCTAHOBKE ©O0C

OoHa W3 3agay nepeoro ceanca 2012 rona cocToANa B YCKOPeHHH W BhIBOOE
H2 ¥-7T0 nyyka 12C, yCKOpPEHHOMO OO0 MONHOA 3Heprdd 25 M3BiHyknoH,
HCCNenoBaHHK XapaKTepHCTHE 3TOrD Ny4Ka W pA3BMTHW mMeToOoB padoThl C
TAKHM Ny4koM. Cnenyer OTMETHTh, YTO Ha OPYIHX YCKOPHTENAX HerT Ny4YKoB
Nerkux A0ep c napamMeTpaMm, CONOCTABMMBIMK C TEMH, 4TO QOCTHrakITCA Ha

YCKOpHTENBEHOM Komnnekce ¥Y-70,

24 anpenf 2012 roga B YckopuTensHoM koMmnnexce ¥Y-70 THU HDB3 (B
KacKa[e pe30oHaHCHBIX yockopuTened H-100-Y-1.5-¥Y-70) nony4yeno
YCTOHYHEOE YCKOpEeHHe CrycTKa Agep yrnepoga 12C oo yoensHoH
KHHeTHYeCKOH 3Heprud 24.1 MNa3Bidyknon (MardatHoe none 8590 Mc).
MakcHMansHas YCKOPEeHHAA HHTEHCHBHOCTE Ny4kKa gocturna 5-10° apep.

Takum oDpazonN, B BeCeHHeM ceaHdce 2012 roga nony4eH BaXHbIW
pesynerat — yCEOPeHHbIe 00 NonHoW 3Heprud 300 M3B wonwl yrnepona
EblEeOeHbl W3 YCKOpHTENnA Y-70, npooeMOHCTPHPOEAHE! BOZMOMHOCTH

KaHana Ne2? B Ka4YyecTee cenaparopa pparMeHToB.
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OT1 Yuli Shabelskii <shabel@fpaxpl.usc.es>
KoMy <Stepan.Shimanskiy@jinr.ru>
Odara 25.10.2011 14:49

Dear Stepan,

the important point is that your secondaries can be produced
in interaction with several target nucleons but from my
point of view they can not be absorbed, see

1. A.0.Waisenberg et al. Pisma v ZhETF 29 (1979) 719

2. L.M.Burkov et al Yad.Fiz. 37 (1983) 1232

3. A.A.Sibirtsev et al. Yad.Fiz. 53 (1991) 191

so they can not be rescattered.

You can find some additional comments in my book
C.Rajares, Yu.M.Shabelski. Relativistic Nuclear
Interactions, poublished by URSS, Moscow, 2007 (?)

Best regards, Yuli



Hucoma ¢ XKIT®, mom 29, evin. 11, cmp. 719'... 793 5 uona 19794.

CJIABOE MOI'JIONEHMUE AHTUNTPOTOHOB
[MPU POXJAEHUIN UX [TPOTOHAMIU C !/IMHYJ]bCOM 10 F_?B/c
B A/IPAX Be, Al, Cu U Au

A.0 . Baiicenbeps, 0.5 .Jenuxun, B.A.Cuupnumcrui,
.M HWaberverusi, B AW eiinxman

M3MepeHbl BBIXObI AHTUIIPOTOHOB U 7 -Me30HOB U3 sfiep Be, Al, Cuu
Au, obayuyaeMbix nporoHamu ¢ umnyJabcom 10 I'sB/c. CpaBrenne c Teope-
TUUYECKMMHU OlleHKaMM yKasbiBaeT Ha cJaboe TorJaolieHne aHTUIPOTOHOB sf-
paMu, B KOTODPBIX OHM POXIAIOTCH,



. Takxum o6pa3oM, naHHble ONbITA ABAAIOTCHA yKa3aHuUeM Ha TO, YTO BTO-
pUUYHble aHTUNPOTOHH ¢ uMnyJabcoM > 0,6 I'sB/c caabo B3auMoneiicTsyer

C fjepHO# MaTepﬁeﬁ "B MOMEHT poxaeHus'", ITOT pe3yJbTaT BLIMASOUT
HED . Ero MoxB0 noudrs, ecau npennonoxmb YTO QHT

06pa:3y10'rcﬂ U3 TOUYEUHHI a 1Jd Toro, 4tTobsl moc-

leHne 00beAUHUIUCD, oﬁpacnu cBOMM "MopeM" M HauaJlu BsaumoneﬁcTBo-
BaTb.C 4ApoM, Tpebyercs BpeMd (1,4).

lIpuHmunuansbuo Apyroe obnicHenne HabawaaeMbix 3¢dekToB Morio 6ol
3aKJI04YaThCA B TOM, YTO OCHOBHAA JOAA POXAANMMUXCH AHTUIIPOTOHOB 06-
pa3syeTcs NpHU pacnaje TAXENbIX ME30HHBIX pe30HaHCOB wupuHoit 20 MsB
[9], ceyenune nornouenns KOTOPLIX B Aape HeBelUKo ( ~~ 15 MOH). OgHako
Takag r'¥noTe3a NpejcTaBafeTCs HAM MajoBepOATHOM,

AsTopnt 6aarogapst O.K.Eroposa, B.®.Kysuuena 1 A.H.llpyauuxa 3a
OMOLib B NPOBEJEHUU ONBITA,

Asropni 6aarogapatr B.B.Auucosuua, B.H.I"pubosa, O0.B.Kanueun,
M.I".Ctpukmana, K.A.Tep- Mapmpocm{a .1, ®paukdpypra u B.M.llexrepa
3a NnoJae3Hbie 00CyXaeHus.

UucTuTyT TeopeTuueckoi [focTymuaa B penakumio
U SKCIepUMeHTalbHO# DU3uKu 14 mapra 1979 r.



Local processes in NN kinematic

p+A—h(0°)+ X

W3MEPEHUE CEYEHWI OBPA30BAHMUS AJIPOHOB .
C IMIYJIBCOM [I0 2 I'sB/¢ B IPOTOH-AIEPHBIX Sov.J.Nucl.Phys.37:732,1983

CTOJIKHOBEHUAX ITPHU (70 T>B |

BAPKOB JI. M., 30JI0TOPEB M. C., KOTOB B. .1, JEBEJEB I K  Hg REHAL B DA
- LL] - - - - . % - ;
MAKAPBHHA 1. A, MHIIAKOBA A. IL », OXAITKHH B. C., P3AEB P. A.n, JOURNAL OF NUCLEAR PHYSICS

CAXAPOB B. I 9, CMAXTHH B. II., IIAMAICKHH C. C. T. 37, spin. 5, 1983
HHCTHTYVT ALZEPHOH SHIAKH 0 AH CCCP

(IMoemynuaa 8 pedanyuio 2 astyema 1982 ¢.)
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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, T N. H. Lipman, and A. W. Merrison
CERN, Geneva, Switzerland
(Received June 1, 1960)

We present here some results of a mass anal-
o (a) POSITIVE PARTICLES
ysis of the secondary particles produced at 15.9 emitted at 8,7 15.9°
to the circulating beam in an aluminum target and measured at §1m

from tha target

bombarded by 25-Gev protons in the CERN proton 1| 4ma/em? Al
mg/em
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VOLUME 126, NUMEBER 3§ JUNE 1, 1962

Particle Production at Large Angles by 30- and 33-Bev Protons
Incident on Aluminum and Beryllium*

V. L. Frren, S. L. Mever,t anp P, A, Pirovk
Palmer Physical Laboratory, Princeton Universily, Princeton, New Jersey

(Received February 12, 1962)

A mass analysis has been made of the relatively low momentum particles emitted from Al and Be targets
when struck by 30- and 33-Bev protons. Measurements were made at 90° 45° and 131° relative to the
direction of the Brookhaven AGS proton beam. Magnetic deflection and time-of-flight technique were used
to determine the mass of the particles.
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Fi1c. 3. Momentum spectra of particles emitted at 45° from
aluminum and beryllium targets when struck by 30-Bev protons.
Tritons from Be were not measured. For general remarks refer to
Fig. 2 caption.
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SPIN data  N.N. Antonov et al., JETP Letters, Vol.101, No.10,
pp.670-673(2015)
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Invariant function found for positive pion, proton, deuteron and triton.
The vertical dashed lines indicate the kinematical limit for elastic nucleon—
nucleon scattering. The upper horizontal scale shows values of the transverse
momentum p+ .
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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
Average baryon number <B>
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FIELDS, PARTICLES,

AND NUCLEI

Knockout of Deuterons and Tritons with Large Transverse Momenta

in pA4 Collisions Involving 50-GeV Protons

N. N. Antonov?, A. A. Baldin®, V. A. Viktorov“, V. A. Gapienko® *, G. S. Gapienko?,
V. N. Gres™, M. A. Ilyushin “, V. A. Korotkov’, A. I. Mysnik?, A. F. Prudkoglyad®’,

A. A. Semak?, V. I. Terekhov?, V. Ya. Uglekov’, M. N. Ukhanov*,
B. V. Chuiko?”, and S. S. Shimanskii®

ot o3 A

4 =B, X

=
Cinel GPA Cinel GPp
Mean values of the B, parameter
Target C Al Cu W
B, x10%, GeVZ/c? 1.41x0.10 1.56 £0.08 1.51£0.07 1.41£0.06
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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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np - puzzle of dilepton
production



CTOonKHOBEHUSA Nerkux sigep
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R. J. Porter et al.,

Phys. Rev. Lett. 79 (1997) 1229.

K. Shekhter et al.
Phys. Rev. C68 (2003) P. 014904.
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CpaBHeHMe AaHHbIX
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n + p bremsstrahlung

Promising candidate: neutron-proton bremsstrahlung

U Radiation of (virtual) photon in NN scattering |

Qo,>»>0, | :j:-:j::

U recent theoretical consideration by L.P. Kaptari
and B. Kampfer, NPA 764 (2006) 338, gives much £
bigger cross section than previous calculations !

U no definitive predictions, see also R. Shyam and
U. Mosel, PRC 67 (2003) 065202

Bottomline;

np-brem predicted to be very important process
In context of pair production at energies ~1 GeV/u

Need for experimental study
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FW (BblgeneHue np):
2.1.6<p<26T3Blc

OrpaHnyeHunsa Ha napsl.
1. no double hit
2. openangle > 9.
3. closestnonfitted cuts
4. RKchi2 < 100000.

KomMOnHaTopHbIN GOOH:
(etet + e7e)/2

KoppekTupoBka Ha

9o (PeKTUBHOCTbL perncrtpaumm
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(GEANT mogenupoBaHue)
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PANDA experiment at FAIR

(JINR. Participation) JINR PAC, 2010

2.2. High pt pp collisions and deep inelastic nuclear reactions with PANDA
(5.S.Shimanskiy)

PANDA experiment provides an opportunity to study the properties of the color
high density nuclear matter (CHDNM), which differs from Quark Gluon Plasma
(QGP) state [1]. To detect the CHDNM one has to study the p A - collisions in
kinematical region beyond the kinematical limits for interacting with free
nucleons (named as cumulative processes).

We propose [7] to perform the measurement of three deep immelashic antiproton-nuclel
processes (DINP):

» The first one is a DINP p+ 4 — p+ < mN >, where m is an average number of nucleons.
The final state anfiproton must have x, =£~1, where 5 =Ep; + p. Y. The aim is to see

T
the dependence on the cumulative number X SEC mechanism predicts <m™= = 1 and no
dependence on X.

* The second process 15 the subthreshold J/'¥ (and D-mesons) production:
prA->J/Y+X »pwu +X at E__ 2 2-3GeV. Dimuon pair must have
E*™ 21.5GeV. The aim is to measure the cross section of this process which can be greater
than the subthreshold cross section of antiproton production p+ 4 — p+X [8] wluch 1s
already measured [4]. There 15 a prediction that the case ﬁl:_p+ A= TJ/¥+X)=0o(
p+d— E— X ) can be freated in faver of “flucton™ hypothesis. 111



Tema Re: Cumulative at highp T

OT Boris Kopeliovich
Komy Stepan

OTBETUTL bzk@mpi-hd.mpg.de
[aTa 23.01.2012 7:42

«l think that the main problem in understanding of highp T
hadrons at the energies of Serpukhov is why you see more
protons than pions. This was claimed long time ago by the
Sulyaev's group and | remember hot debates in that back in the
80s. Those debated ended up with no clear conclusion. Much
later an excess of baryons was observed by the STAR at RHIC and
was called "baryon anomaly". Again, no good explanation has
been proposed so far. | might have my own explanation, but
haven't written anything so far. Anyway, my point is, if we do not
understand the mechanism of production of baryons dominating
at high p_T, we should not make any certain conclusions about
the cumulative mechanisms».
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* Date: Wed, 27 Feb 2013 13:58:35 +0100

*  Subject: Re: test

*  From: yuri@Ipthe.jussieu.fr

¢ To: "Stepan" <Stepan.Shimanskiy@jinr.ru>
*  User-Agent: SquirrelMail/1.4.22-2.fc15

*  MIME-Version: 1.0

YBaxKaemble Konnerm,

ﬂossoanevnop,enMTbca HEeKOTOpbiMHU C006pa)KEHtiﬂ!\_l-|M no nosoAy nporpammbl KOppenaunoHHbIX MCCI’IEAOB&!:IMﬁ npu
B3anmoaeuncTtsmun aapoHoOB U aaep Ha ¢O£l,C, B TOU ee 4aCTu, KoTopana KacaeTcd MHOIronapToHHbIX COyaapeHUu.

C HepaBHero BpemeHV MHOronapToHHble B3aumogencteua (MP1) npusnekatot npuctanbHoe BHUMaHUE Kak TEOPETUKOB,
TaK U 3KcnepumeHTaTopoBs. C oagHOU cTOpOHbI, MPI — AO0NOAHUTENIbHBIA UCTOYHUK MHOTOCTPYUHbIX KX/, cobbiTun,
KoTopble ABNATCA GOHOBbIMU ANA NOUCKOB HOBOMU PpU3MKK Ha LHC. C gpyrou CTOPOHDI,

MPI — noTeHUMaNbHbIN UCTOYHUK HOBOM MHPOPMALLMM O NAPTOHHOMU CTPYKTYpE HYKAOHA. B KoHue 90-bix Hauane 00—-x
NOABUINCD Pe3y/ibTaTbl NEePBbIX IKCMEPUMEHTA/IbHbIX UCCIeA0BaHMI Ha Tevatron'e. OHM NPOAEMOHCTPUPOBAN, BO—
nepsbliX, CyLL,EeCTBOBAaHUE ABOMHbIX }KECTKMX COYAAPEHUNIA U, BO—BTOPbIX, CyLL,eCTBOBaHUE CYLLLEeCTBEHHbIX KOppenaumii
meXKAay NnapToHamum B npoToHe (ceueHne MPI oKa3zanocb BaBoe 6onbLue, yem ecnm 6bl gBa

NapToHa BHYTPY NPOTOHa bbinn He3aBucuMbI). Ha ceroaHAWHNMIA AeHb TeOpeTUKK pa3paboTanu apaeKBaTHbIN MHCT?YMEHT
ANA ONNCaHUA ABOVHbIX XXECTKNX coyaapeHuy — 0606WwEéHHOe ABYXNapToHHOE pacnpegeneHue (generalized double
parton distribution) G. AaekBaTHble MOHTEKAPNAOBCKMUE mogenu gna onucaHmua MPI HaxoaAaTtca

B CTaguun paspabortku. Ucnonb3ya gaHHblie HERA no eneKTpopoXKaeHuto BEKTOPHbIX M@30HOB, CTPYKTYpY 3TOro HOBOro
o06beKkTa MOXKHO NpeacKasatb B 06n1actu 0.001 < x < 0.1. B 1o XKe Bpemsa, B obnactu x > 0.1 uHpopmauua o G npakTUUECKHU
otcyrcreyer. NeptypbaTtusHbie 3dpdeKTbl B G (Becbma cepbé3Hble Npy 60bLMX NonepeyHbIX MMNYnbcax
perncTpupyembix YacTul, u/vunm cTpyi) HaxoaAaATca nog KoHTposiem. OgHaKo, 0 HenepTyp6aTMBHOM KOppPenaLun NapToOHOB
BHYTPU BO/IHOBOI GYyHKLUM agpoHa MHOpPMaLUK y Hac HeT. be3 npamoii

3KCNEepMMEHTaNbHOW MHOPMaLMK Nporpecc B 3Toi 0bnactv Bpaa, v BO3MOXKeEH. BaXKHO, UTO AN1A 3KCNEPUMEHTANIbHOTO
U3y4YeHUA 3TUX KOPPEeNALMN He HYXKHbI CBePXBbICOKME IHepruun. [,ocTaTouHO NPaBUAbHO 3a4aHHbIX BOMPOCOB U
rPaMOTHOro NOCTAB/NIEHHOIO 3KCNepUMeHTa. Ype3BblyailiHO BaXKHO NpeACcTaBAAETCA BO3MOXKHOCTb pa3ae/ieHunn
npoueccos nNo ¢paenBopy y4acTBYHOLMUX NAaPTOHOB. U3MmepATb KOppenaLumum 4acTul, B KOHEYHOM COCTOAHUM BMECTO

A POHHbIX CTPYii NpeaCcTaBAAETCA MHEe NPeAnoUYTUTENIbHbIM. [leNo B TOM, YTO 3Ta Habnlogaeman coaepKuT Ty XKe
MHpOpPMaLUIO O KOpPENALUMU Haua/IbHbIX NAPTOHOB, YTO U U3MepeHue CTPYH, OAHAKO cBO6oAHa OT HeonpeaenéHHOCTEN,
CBA3aHHbIX C BbIGOPOM M UCNO/Ib30BaHUEM aIFOPUTMA NO ONpeaeeHUIo

cTpyit. CepnyxoBCcKOMY ycKopuTenio u yctaHosKke ®OIC BaXkHaA 3a4a4a n3yueHUA NapTOHHbIX KOppenauuii B NpoToHe
BMOJIHE NO naeuvy.
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Cumulative kinematical region

X, > 1,
XII >1 So' kinemat.
y C D
|>1 XII > 1
>IN A AN
Yo

Cumulative processes:

1) X; £ 1 and X;; > 1 Fragmentation
2) X;; £1and X; > 1 }
3) X; >1 and X;; > 1 Central region

regions
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I:,beam(GeV/c)

1 0.93 2.66
2 1.5 3.35
10 3.06 4.96
20 3.75 5.65
50 4.67 6.57
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