A
“OT poXXaeHUA aHTUNPOTOHOB

[0 XONOAHOU CBEPXN/IOTHOMU
6apnoHHOU maTepun”

LLlumaHckuu C.C.(/19B3, ONAN)



AHRaJIEMHK

I U. BY/IKEP

O4YEPKH
BOCIIOMHHAHHA

OraeTeTRennsil pagaRTap
amagenmr A, H. CHPHHCENR

PaapmAOARLE KOANAriA BT

RARAL-HOPEnmanTeE AH CCCP ' W ,'JJ-'I}{-L'IH, d. II. KF¥ITHHOB,
L I FEITOR, B, A, CHROPGHE, BE. B YHPHEGE,
anuTop GEanEs-vEmedaTedscknx nayx B, H, MEMEOE

HOBOCAEATCH
A AV H A
CHEHPCEQGE OTIEIEHHE
160

O BHAYEHUM HAVYHOM NIKOJILI PACCKA3BIBAET
ARAJEMUK T. BYJHKEP *
* Bospact mosmanma.— M.: Moux. reappmsa, 1974.— C. 124—142.

BerynaromeMy B mayKy He HYMKHO JIOKasblBaTh, KaK BayKHO HMETHh
mobporo u yMmoro macraBumka. a/Kmpiit yYeHbIil, €Clim €To CIPOCHTD,
BCErJla BCIIOMIMT, KOMY OH 00f3aH M IEPBHIM, €/(Ba IIPOCHYBIIMMCA WH-
TEpecoM K BHAHWAM, W MOOPHIM COBETOM TPHW BHIOOpE TepBOil HayYHOU
paboTsl, 63 KOTOpPOro Henb3sd HAYYUTHCA IPEONOJIeBATH NPEIMATCTBUSA,
M MHOTMM-MHOTHM JpyruM, 0e3 dero He BHIPACTAeT HH OTUH WCCIE[O-
BATEIb.

Yaurnca Tonpko mo yuebmmraM, MomnorpamsM W CTATLAM — BCE
PaBHO, 9TO NIBITATHCA OBJIANETh TAlHAMH MAacTePCTBa IHAHHUCTA IO Ca-
MoyunTeno. Mme, Kak deJoBeKy TOYHOTO B3HAHWA, TPYAHO gaske 00B-
ACHATH, IoYeMy 310 HeBozMo;kHO. Ho tem me Memee 310 Tax. Hecmosmmo

HaBepHoe, Hara MOJOJEXB MOOJMHa IIpeMae BCero Ioaydars Xo-
poiiee MOPAJBHO-ITHYCCKOE BOCIHTAHIHE, Jro JOJIRHO IIOMOYbL [Jaie
MOJ0J0OMY UYeJOBEeRY OTIHMYATh YIEHOTO0 OT JIKEeY4YEeHOTO.

S yme xax-TO TOBOPHWJ, YTO BCEM, KTO OTIPABIAAETCA B NAJLIMIT
IyTh, O0BIYHO KemaloT momyTwmoro Berpa. Ho ecam y cymma Kpenmkmit
PYJib W OMBITHHIA PYJAEBOH, TO OHO MOMKET IJLITh, ¥ HE TOJHLKO IO BeT-
Py, HO M IIOIIEpeK BeTpa, ¥ Ja)ke IPOTUB BeTpa. Boxee TOTO, eciam Tebe
BeTep BCe BpeMs OyeT B CIHHY, TO OCTAHOBHCh M IOAYMa#: TyAa IK
THI IJIBIBEIIL, HE IJILIBEIIL JH THI 10 Boxe BeTpa? B Hayke oueHnb omac-
HO IIBITH II0 BOJIE BeTpa: IOCTOSIHHO CO3[aeTCs WIIIO3UA, UTO THI [IBH-
JKeImbes, a Ha caMoM Jelie Te0A Hecer...



NMnaH

1. HIY -> UAD -> 1ab.2

2. AHTUNpoToHbl B UAD n Koe-uto 0
KYMYAATUBHbIX Npoueccax.

3. KymynatusHble npoueccobl B JIB2 OUAN.

4. KymynatusHble npoueccbl U XoN04HanA
cBepxnsoTtHaa 6apmoHHaa martepus.



MIY unmn HI'Y

Kadenpa AP



Y Koro genartb gunsiom?




AHTUNPOTOHbI B UAD U Koe-4To O
KYMYAATUBHbIX NpoLeccax



1. KaHan mepaneHHbix yactuy B UPBI (3ono0TopéEBs)
2. ApepHble aMyNbCUU ANA UHKAO3UBHDIX NpoueccoB (CmaxTuH)

3. Teopetnkn UAD 06 aHTUNPOTOHAX
(BANN,Wypak, upos n TalopcKuit)
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AQDEPHAR ODU3HKA
JOURNAL OF NUCLEAR PHYSICS
‘ T. 28, BbINn. 2(8), 1978

IIPOCTASA MOJEJH KOJJIEKTUBHBIX YOOEKTOB
B ATPOH-SITEPHBIX COYTAPEHUAX BBICOKUX DHEPTUAN

0. B, JKAPOB, 9. B. IIIYPAKR
HHCTHTYT AZEPHOH PH3HKH 0 AH CCCP

(Tocmynuaa 6 pedaxyuw 8 dexabpn 1977 2.)

AnpoH-AlepHbIE PeaKNuud BBICOKHX JHEPTrHM pacCMATPHBAIOTCA KAR KOJJeKTHBHOE
COyAapeHde ¢ ONpejesieHHOH YacTbio AApa — 9PPeKTHBHON MHUNIEHbIO, Pa3MePsl KOTOpOH
pacTyT ¢ sHeprueil coymapenuda. IlpeackasaHusa Mopgenm coriacyoTcs ¢ IIEPOKEM HabopoM
OKCIePHMEHTAJbHEIX JaHHbIX, HOHKPeTHO pacCMOTpeHBI: 3aBHCHMOCTL MHOMKECTBEHHOCTH
OT 3HEPruM COyJapeHHs W ATOMHOTO HOMepa MHNIeHW, MHKJIIO3WBHGIE PACIPEe/NeHHA HO
OpICTpOTaM (B TOM 4YHCJIe M B KYMYJATHBHOK 0GJIACTH), POKACHHE TMKeNbIX YaCTHI
(aHTHIIPOTOHOB), KOPPEJIANHE ¢ YHCIOM HYyKJIOHOB OTHAYH M JP.




5. KymyaarusHsriii agdert .

Taxoe HasBamme TOAYIWIO ABJIEHHE, COCTOAINEe B POMASHHH Ha SAApax
qacTAI 3a OpefesaMy KUHEMATHYeCKH PaspenIeHHOH B COYAApPEHUH C OJHHUM
HYKJIOHOM 00JacTh, BOepBHe oOHapys;kenHoe B pabore [*°]. 910 sBrenne Hau-
Ooiiee sCHO IEMOHCTPUPYET KOMIEKTHBHBIH XapaKTep COYNAPEeHHH C ANPOM.
MHTepecHO, UTO CIEKTP YACTHUI, B KyMYJIATHUBHON 00s1aCTU OKasbIBAeTCHA LIaB-
HbIM IPOJIOJIZKEHNeM CITeKTPa B PA3PEIICHHOI 00IaCTH, 9TO HABOJUT HA MBICIb
00 X eJHHOM MeXaHU3Me.

Jaa omMcaHHA CIEKTPOB KYMYVJIATHBHOE o0gacTH HeO0XOJUMO YTOUYHHTH
clielaHHEBIe BHIDE mpegnoio;kenus. I'ayccoBa mapamerpmsarus (5) xopoma B

dNidy -
/A aN/dy

b/l

b/

N &l

ad

Puc. 6 _ Puc, 7

Puc. 6. Pacnpenenenne mo OLICTPOTaM {~ ¢ p, =0 NpH cOyJapeHAAX IPOTOHOB ¢ ® — Pb,
O— Al W —d [*®], O-Pb, A —Be [2¢]. Kpussle N0Ka3sBakT CHEKTPEl B COYJapeHUIX
¢ adpextusaniMn Maccama M.i;=m, (upasas kpusas) u M.;;=24m, (1eBasx)

Puc. 7. Pacupesiesienue mo OBICTPOTaM aHTHOPOTOHOB, POXKAAKIMXCA HA MUIICHAX H3 Be
(kpusnie I, 3) u Pb (2, 4) npn saepruax 24 I'se [28] u 300 I'ss (kpussie 3, 4). HlTpuxosas
HPHBas OTBeYaeT BRIAAY HepudepHuecKEX COyZApeHHEH, 3amiTpHXoBagHaA o0XacTs MOKa-
3KBaeT HEOHPEJeJIeHHOCTh CIEKTPA MATKHX AHTHIOPOTOHOB K3-32 HX IOIIOMEHHA B SApe






Tucoma ¢ XIT®, mom 29, swvin. 11, cmp. 719'... 793 5 uwona 19791,

CJAABOE [TOINJIONEHUE AHTUITPOTOHOB
[MPU POXJAEHUIN UX [TPOTOHAMIU C MMHYJIbCOM 10 F_?B/c
B 1/IPAX Be, Al, Cu M Au

A.0 Baiicenbeps, 0.5 .Jenuxun, B.A.Cuupnumcrui,
.M Uabervcxui, B.A.Weinkman

M3MepeHb! BBIXOZbI AHTUIIPOTOHOB 1 7 -Me30HOB U3 siflep Be, Al, Cuu
Au, o6ayvyaeMbix npoToHamu ¢ ummnyJabcom 10 ['sB/c. CpaBrenne ¢ Teope-
TUUYECKUMHU OlIEHKAMM yKasbiBaeT Ha cJaboe TorJolleHne aHTUIPOTOHOB sA-
paMu, B KOTOPbIX OHM POXAAITCH,



. Taxum o6pa3oM, naHHbie ONbITA ABJAAIOTCH yKa3aHUEM Ha TO, YTO BTO:
yHble aHTUNPOTOHH ¢ uMnyabcom > 0,6 'sB/c caabo B3aumoneiicTeyer
c Agep pueit ''B MOMeHT poxaeHus"., 3TOT pe3yJbTAT
HeOXuJaHHbIM. E£ro MOXHO MOHATH, €CJAM MPEeANOJ0XUTb YTO AHTUIPOTOHHI
06pa3ylTcs U3 TOYEUHBIX aHTU- KBAPKOB-IAPTOHOB, a AJf TOr'o, YTOOBI MOC-
nenHue obbveauHUANCH, obpacay cBouM "MopeM" U Hayaau B3auMolelicTBO-
BaTb ¢ A4poM, Tpebyercsa Bpemd (1,4).

lIpuHIMIMaAbHO Apyroe obbicHeHue HabawaaeMbix 3bdekToB MO0 Ol
3aKJI0UYaThCcd B TOM, YTO OCHOBHASA A0JA POXAAWNMMUXCH aHTUIPOTOHOB 00-
pa3yeTcs IpM pacnaje TAxXeJblX Me30HHBIX pe30HAaHCOB wupukoi 20 mMaB
[9], cedyenne noriouenns KOTOPLIX B Aape HeBeduKo ( ~~ 15 M6H). OgHako
Takas CMNoTe3a MpefcTaBiAsdeTcAd HaM MaJioBEpPOATHOM’,

Asropnt 6aaropapsat O.K.Eroposa, B.®.Kysuuesa u A.H.Tlpynnuka 3a
NOMOLi{b B MPOBEJEHUY ONbBITA,

AsTopni 6aarogapar B.B.Auucosuua, B.H.I"'pubosa, O.B.Kaunuean,
M.I".Crpuxkmana, K.A.Tep-MapTupocsana, J1.Jl.®pankdypra u B.M.llexTepa
3a noJe3Hbie obcyxaeHus. |

UuctuTyT TeopeTuueckoi [focTynmuaa B penakumio
M SKClIepUMeHTalbHO#i DU3uKu 14 mapra 1979 r.

Hawa ctatbfa B NMucbma B XKOTOD



|JHVCTIEPCTBO BHCHETO ¥ CPEOHEI'C CIELMALBHCI0 ObPA30BAINA

PCe@CP

HOBOCHBI/PCKI TOCYEAPCTBEHHHY YHWBEPCHTET o

mvenn JEHVHCKCTO KOUCOMOIA
QuBsnYeCKnl jaKyiabTeT

Hajempa samepuoil gusukn, Jadoparopna [i 2
lHcTUTYTa Anepuoil gusuku CO AH CCCP

[ e e s et i s o -

IMAHCKI Ceenan CrenaHoBNY

W3EPEHIE BUXQEA AHTHITPOTOHOB HWSKOX
SHEPTVM [A CEPIYXOBCHOM JYCKOPLTEIE

Hoyyupil pyKOBOTLTEJb:
CTopumii nHIeHep

CHMAXTVH B.ll.

==

bapkoB — pacnucaHue
Ha Heoenwo
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HHCTUTYT PU3IUKH BHCOKUX QHEPTUR
y“r,V“(évM
! He B3 79-92
’Yv“i/,,?y on
34Se

/.M. Bapkos, M.C. 3onorapes, B.U.Koros, I1.K. /leGenes,
/l.A. Maxapsimma, A.T1. Mmnaxosa,B.C., Oxanxir, P.A.Paaes,
B.IT.Caxapos, B.IT.Cmaxmiti, C.C. [llmvanckdt

XAPAKTEPUCTHKHA KAHAJIA
MHTEHCHBHEIX BTOPUYHBLIX ITYYKOB HU3KOR 3HEPTHM
HA TIPOTOHHOM CHHXPOTPOHE H$B3

Cepriyxos 1979

lpBeennse XPHELIE COOTBETCTBYWT pacwTaM 63 YUTA MOMOWEHHS AKTH-
MPOTOHOB B smpe. BRAHO, 9TO M3MepeHHLH! BRIXON AHTHIDOTOHOB AMS  AMOME-
HEq COPVacyeTCd C mpenckasanueM Monend. WMSMepeHHMI! BHIXON aHTMIPOTOHOB
Ha BOTBpaMe CymecTBeHHO MeHnlie OxmIaeMoro. HaGmonawmeecs pacxomae—
HHe MOKT GLThb OGYC/ORNEHO MOPIOmEHMSM MENMRRHLX AHTENPOTOHOB B wape
BOZEfpAaMa.

Ha nywke monox®rensmex BTOPIHMEX $acTHI 6bulH npoBefieH sl H3Mepe—
HES BEIXONOB MHOHOB ¥ NPOTOHOB. [IpedBapHTe/imibie Pe3YALTATEH  E3MEpDeHHR
mpiBefeH:! B Tabamue. B macTosmee BpeMs MponomKaeTcH npocMoTp  oTo-
SMY/IECHOHHBIX CNOGB C Uebi0 NOTYYeHHA NAHHEX N0 BLIXONAM NedTpoHOB
Gonee TOKeMMX YACTHI B My¥Ke MOMOKWTENLHHIX BTOPHYHAIX YACTHI,

B saxmowenwe apropm Bhpaxawr 6iaromapocts W, Y. I'ypesuwy,
C.C.Tepwreftuy, B.A. fipbe, E.B. Epemerxo aa WHTepeC E comeficTBEe B pabo-
e, A.T.Adonmay, 1. Bprremay, M.M. 3aituesy, B.C, Mensuixony, .. Jlero-
craeey, B.H.Pymsmuesy sa nomoms B paGote no samycky xamam, 3,A. Kyme-
Py ¥ B.B.Penkopy 3a paspaborky anextpormkm, O.B. XKmposy, B.A.Tawpckomy
7 3.B. llypsxy 3a noneansie obcyxnenus,

TUTEPATYPA

1. a) OB.XKupos, 3,B.lliypsx. fd, 28, 485 (1878).
6) IE.Meprur, B.A. Taopekuit, [penprar UAP 78-2, Hosocubrpcx, 1978.

2. I'M.Bynxep, A.H.Cxpmeckmi. YHd, 124, 561 (1978).

3 C.C.Tepurrelin, A.M.3afinen, A.K. /lmxonen ® ap. [lpempuur WGB3 71-60,
Cepnyxos, 1971.

4. AT. Adomm, A.W. [lpoxamn, A.A. [lorotaps ¥ mp. Mpempizir HOB3 76-85,
Cepnyxos, 1976.

5. A.B.Anexcees, M.Jl. Bacenos, B.C.Kyareuos u mp. Mpenpmr HOBI 63-62,
Cepmyxos, 1968.

6 ¢.Bmon, C.IN. llerucos, IT. orelias & mp. Mpempmir OB 69-78, Cepny-
xoB, 1969; Phys, Lett., ggg, 506 (1969).

PYKOTHCH MOCTYNHAY B H34aTeMLCKY0 IpYymIy
22 monst 1979 ropma.
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MHCTUTYT SALEPHOW ®U3UKKU
CO AH CCCP

JI.M.bapkos, O.B.)Kupos, [1.K.JleGenes,
JI.A.Makapbuia, A.[l.Muwaxkosa, H.H.[llectos,

I'.B.®enoroBuu

U3MEPEHUE CEYEHWUHX OBPA3OBAHHUA AILPOHOB
HU3KUX SHEPTMU B MPOTOH—SAAEPHbBIX
CTOJIKHOBEHHUAX HA YCKOPHUTEJIE H® B3

(MpoekT akcnepumenta)

NMPENPUHT 82—96




AREPHAR DH3IHKA
JOURNAL OF NUCLEAR PHYSICS
T. 34, ewn. 5, 1082

OBT'ASOBAHIE ATIPOHOB HESKUX SHEPI'HE B NPOTOH-
ANEPHBIX CTOJNRHOBEHHAX MPA YHEPTHH 70 I'aB NOJ
HYJEBBIM ¥TJI0M

BAPKOB JL. M. ", BACHIILYEHKO B, T, BAINHEBCKMH L. K., JTAITKO B. C.,
HBAHOB 10. M.*), KOTOB B. H., JAINAH B, T, AEBEIEB IL. K. 1,
MBICHEK A. 0., BYPYIIER C. B., PSAER P. A.,

POMGKEN A, W, PBIKAJHH B. ., CAXAPOB B. I,
HHCTHTFT &H3NEH BRCOEHX EEE‘PI'Hﬂ', CEPOFXOR

{ Hogwm yuwas ¢ pedaxgin B8 wions 1081 . )

2z g

Pmc. 3. 3asucaMocTs BEIXOA AHTHUOPOTOHGE OT OBICTPOTH AHTAEEPOTO-
Ha y a.c. Tourn: A — Al m—Cu, @ — W

doNg -z 2
b -6
2n3 FaB
1.0-10 2k
L5
1 J 2
~
g 1% 1 1 [ I S SN N B B B A BN B
a4 7 2 F 4 55 789M12141618p,,,T3B/c

Pme. 4. BaBRCEMOCTH BEAHIHHBL pd’Nﬁ/dp"‘ 0T EMIYAbBCA AHTHIPOTOHOR.

TlnagBsle KPHBEIE COOTBETCTEYIOT FAyCcCOBOH HAPAMETPHIANOH BeAHTIUHBL
pd*Nz/dp®, npusenensoi Ha puc. 3. OGozmaTeEAs TGUeK W KPUBLIX Taade,

Hax ma pmc. 3 18



AREPHAR ®HIHKA
JOURNAL OF NUCLEAR PHYSICS
T. 37, awin. 5, 1583

H3MEPEHHE CEYEHHHN OBEPA3OBAHHA ANPOHOB
C HMIO¥JTBCOM 10 2 T'eB/e B HPOTOH-AJIEPHBIX
CTONKHOBEHHAX IIPH 70 I'sB

BAPHOB J. M., 30JTOTOPEE M. G, KOTOB B. H. '), JEBEJAER II. K.,
MARAPEHHA J. A. %, MEIIAROBA A. I1, ®, OXATIKHH B, C., P3AER P. Ay,
CAXAPOBR B. IL Y, CMAXTHH E. I, DIHIMAHCENH C. C.

HEHCTHTVT. AIEFPHOE PHIHKH 0 AH 000F
(Mocm yawar o peleswyun F gesgpema I9EL ¢.)

Hasepensl cewenms o?_paaanam UHOHOR, TPOTOROR ¥ ERTHNPOTOHGE H08 HYAeBLIM
yraom p coypapenmax 70 T'sD mporomos ¢ afpami Al @ W. Hasmepemns Brmormens: npE
HMIYILCAN BTOPHHEHEX agpomon 0.4; 0.6; 0,8; 1,07 m 2,0 MaBfe. Taa POrHCTPAIAE W BemE-

HOUR BTOPHYNLY NPOE0E HCNOILIORAICH MeTON AJepHNX QOTODMYIBCHH,

Beenenpe

B mocnmegmme rogm ssammopeiicTeme anpnuoﬁ BRICOKON SHEPTAM ¢ aTOMHEL-
MH AAPAME BLIBHBaeT Conemoill mETEpec (oM., Hanpasep, of20pLi [1—4]).
Wayaenne nomegesEns cIeKTPOR BTODITIHEIN 9acTHI, oDpasynIAXCA B afpoH-
ARePHLXY BEAHMOACHCTRRANY, ABIHETCH BAMAGH COCTABHON YACTBE DTHX HeCTe-
TOmA AW,

Tlopepenne BHCOROPHEPTETHMHELIX WACTEH CHOKTPOR BTOPHMYARIY CaCTHIL
HCCABQORAHG Ha COB[EMENHEY YCORODHTEIAX NOCTATOYHO mogpofHo. B To me
BHEMA OPAKTHUECKE OTCYTCTRYAT nnt]mpua.mﬂt O DOBEJeHHH CHeKTpon ajipo-
HOR B O0ACTH HHIKWX DHeDrAd, HOTOPaA BAMKHA T8 IPORePRE TEOPETHIRCKHAX
MoueIel BRANMOIEIECTRAA AMPOHOB © AJDAME, Tak KaKk coleps#suT § cede e
TPaibHY0 00JacTE BIaRMOMeHCTENA B ofxacTs dparMedTaIn HApa.

C DpaRTEIeCKOl TOTEI 3peHERA HETEPEC OTPeIeTaRIAST A3MePEHEE BRXOT0E
AHTHIPOTOROR, O0DASYHIMEXCA B OPOTOH-ATePHRX COYIADEHESY NPH BHCOHON
SHepPraN, JHAHHE AHNTHOPOTOHHBIY COSKTPOR HEOOXOTHMO B CRASE C paspator-
ROH DPOeNTOR p-BCTPEYHEIX HARKOOHTETRHBIX HOTEL [53], B ocofenmocTE wWe-
OOIEIYVIOIAX MeTo) JAeKTPOHHOTG oxiammesns [6] npn HakoIeERE apTH-
O POTOHOE.

B macrosmeii pafore maMepens ceuennsa obpaSOBANNT IO HYMEBLIM YTa0M
DOMOAHTNBERY B OTPHIATENLHEY THOHOR, TPOTOHOE H aBRTANPOTOHOE NP
BIAMMOeHCTENE OpoToRos ¢ sneprueit 70 ['sB ¢ agpasn Al w W. Hauepenns
BEINMMIHEHE! OPE BEMOYALee BTOpEYERLE wactam O04; 0,6; 0.8; 1,07 o 2 TaB/e.
[an permerpanan »m nueETRHUKANAE BTOPHIHLIX SacTHI OpPH 9THX B3HATEHHAY
MMOYALCA OKASAIOCE BOAMOIKHEM B YI0GHEIM HCHONLIOBATE METO]| ANEDHEIX
foToasmyascuii. B sTtoMm cayuae MMEHD HCOOTEIOBATE GHCTPRE BRIBOJ OPOTOH-
HOTO NYy49KES H3 YOHOPHTENA H SHAYETEILHO COKPATHTE BPEMST MDOBe@HNA SHC-
OepAMEHTA.

PesyaesraTsr 3Toll padoTsl JOTOAMAKT cepmm paboT 1m0 H3VIEHHDD TOBELe-
HUA ceTeHEll 00pasoBalua BTOPHYHEX ANPONOE B NPOTOH-ANePHEX CTONRUOBE-

HAAX BEa ycropETene HMMBI [T—-14].
1. ImenepuMenTansHan yeraHoska u obaysenne GoToIMYIBCHR

Hamepennn Guam BREINOIHEREE Ha Kapate BTOPHYIHEIX WACTHI] HASKEX DHOP-
vmit IIMB3 [9, 12]. Haman npegcrasnser coboil ogmonmedesod coekTpoMerp,
paforammmil 0T BHemHEed MHINeEW, pacnoImEeREON ma Tpacce DEHCTPOTG

' MmcToryT (ronen srcorAx sueprail, Capoyros,
* HeetnryT atomaol suepram, Mockea,

Izaz

19



KymynatusHble npoueccol B /1B
OUAN




RHIC Physics: 3 Lectures®
v + CERN Yellow Report

Larry McLerran 2007-005' p . 75

Physics Department PO Box 5000 Brookhaven National Laboratory Upton, NY 11973 USA 200 005
September 13, 2003

The Evolving QCD Phase Transition
t~ 1980

Quark Gluon Critical Temperature 150 - 200 MeV (P g = =0)
Critical Density 1/2-2 Bmyons/Fm (T=0)

Plasma

Nuclear Physics A 837 (2010) 65-86

Hadron Gas

i Nuclotron-SPS Time (CERN) JEHIC Time(BNL)

t ~ 1990 t ~ 2000
L Quark Gludn - ark Gluon T

T| ™~ Plasma .8

RN . Plasma

N
b
A

Hadron Gas “s Hadron Gas

Color

Superconducto Hadronic

Liquid-Gas

HB up
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Strangeness in Neutron Stars astro-ph/0604422 vI 20 Apr 2006

FRIDOLIN WEBER? ALEXANDER HO! RODRIGO P. NEGREIROS!

PHILIP ROSENFIELD glgifk—hybrid

traditional neutron star

hyperon

star neutron star with

pion condensate

H~ 10 Gs
Fe

color-superconductin 6 3
strangeguark matterg 10 " glcm
u,d,s quarks

E~ 101° V/Cm (tds quarke) 10" giem 3
2sC  Sir o+ 10™ giem 3
2SC+s

~-__ Hydrogen/He
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 is heavy enough to be ignored, then up and down quarks may pair in
the two-flavor superconducting (2SC) phase. Other possible condensation patters

Cflor—supercEndLﬁ;ting/ K. Rajagopal and F. Wilczek, The Condensed Matter Physic:ss of QQC'D, At the Frontier
(U d Sauhrk) e 7 of Particle Physics / Handbook of QCD. cd. M. Shifman, (World Scientific) (2001).
Y M. Alford, Ann. Rev. Nucl. Part. Sci. 51 (2001) 131.
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COOBIMEHHU A

no
OPU3HUHKRE

Ne | grnaapo 1971

AKAJJEMHA HAYH CCCP

Opaena Aenuna

Dy puwecxuld uncruryr usx [TH. Acbeacna

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—

\?ET 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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F. Close

Two ways that

structure is j>
revealed:

J

Structure of Matter

A — Aty
1. SPECTRA

S o
[ —
——

— —

1

AT —>p+xa”

2. SCATTERING FRoM "HARY' CENTRE 3

True from atoms
to particles.....
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Cumulative kinematical region

X, > 1,
X,>1 S.- kinemat.

/’X”>1

Yo

Cumulative processes:

1) X; £ 1 and X,; > 1 j;agmentation
2) X;; £1and X; > 1
3) X; > 1 and X;; > 1 Central region

egions
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The first experimental data



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 7~ /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

MyTHU UCCJIEJOBAHHUSA AJEPHOI'O BELLLECTBA B YCJIOBUSX,
XAPAKTEPHbIX OJisli ETO MEPEXOJA
B KBAPK-IJIOOHHYIO MJIASMY

© 2002 r. T A. Jlekcun

Hucmumym meopemuueckoll u axcnepumenmarvrnotl pusuru, Mocksa, Poccus
[Toctynuaa B pepakupio 07.02.2002 1.

Kpartko npeacrasiienbl CBOHCTBA TTyGOKOHEYIPYTHX SIAEPHBIX PEaKLHi, TTPOMCXO/ISILUUX HA TTOTHBIX (hJIyK-
Tyauusix siiepHoil Marepun (uiykronax). OGcy»KIaloTcss CBOACTBA (hJIyKTOHOB, KOTOPBIMH MOTYT GbITh
MHOTOKBAPKOBBbIE “MEIUKH~ HJIH “KanesbKkn’ KBapK-TJIIOOHHON IJ1a3Mbl: XapaKTepHbIe apaMeTphl AepPHOr0
BellecTBa BO (IIYKTOHE — “TemrniepaTypa” M MJOTHOCTB MOPSIKA KPUTHUECKHX Uit (hasoBOro mnepexosa.
Mx 3HaueHHsI MOTYT GbITb JIOCTUTHYTHI MJIH NIPEB30H/IEHbI, €CJIH BbIAEAHTL COOBITHS (ITYKTOH-(hIyKTOHHBIX
CTONKHOBEHUH. O6Cy»KAaeTcst Crocos BhLISIEHHSI.
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nyboKo Heynpyroe paccessHue NenToHoOB B
KYMYNATUBHOU obnactu



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 nueclens A, gon 18 the electron-nueleon eross 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 (C2, = 0.95 and 0.92 for *C and *°Fe respec-
tively). In our Q2 range, the elementary cross section

correction factor EALZJ‘-’P“LT”:' is 1.14 4+ 0.02 for C and
([ Loep+Noen)

‘He and 1.18 4+ 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 (=99%) nucleonic picture of nuclei

with A <56
Fractions Single particle (%) 2N SRC (%) 3N SRC (%)
56Fe 76 £0.2+4.7 23.0+x0.2+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
4He 86+0.2+£3.3 15.4+£0.2+3.3 0.42+0.02+0.14
3He 92 +16 8.0 +16 0.18 +0.06
’H 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, ()~ 4£2%
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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]

I \N
JINR - 1977 M 6
I
21.5%
78.15%
0.36%

I NN
B 2N SRC
I 3N SRC

JLab - 2008

19.33%

80.12%

0.55%
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Ham Heobxoammo oTeeTUTb Ha ABRa
BOMNpOCA:

- eCTb I MYJIbTUKBAPKOBbIE COCTOSAHUSA B

OObIUHOW 94epHOU MaTepum Unu
peanusyeTtca cueHapuu SRC ?

- KAKUe CBOUCTBA MYJIbTUKBAPKOBBIX
COCTOSHUU UNU HYKSTOHOB B CUJSTbHO
HepaBHOBecHOM crnydae (SRC-cueHapum) ?

36
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«BNYKTOHHLIN>» MeXaHU3M

MexaHusm SRC
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KymMynaTuBHbie npouecchbl U XornoaHas
cBepxnnoTHasa bapnoHHasa maTepus



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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«JloKkasibHbl €>» MexXaHU3Mbl KyMynsmmBHbI X
npoyeccos

SRC configuration

Multiquark
configuration

«HenokanbHbIE» MexXaHU3IMBLL - MHOrOKpaTHoOe paccesHue, cnusHue u T.n. “1
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Kakue Hepoctatkv uccnenosaHun
B obnactu pparmeHtrauum aaep?

BO3MOKHO, YTO €CTb CUNIbHOE BAUSAHUE B3aUMOAENCTBUI B
HavyanbHOM (ISI1) 1 KoHeuyHom cocToaHMAxX (FSI). OgHaKo, ecnun ynTU B
obnactb 60nbWUX X; - > 1 AOMKHO AOMUHMPOBATL pacceaHme Ha
MHOTFOKBaPKOBbIX(MHOTOHYKAOHHbIX) KOHOUTYPALUAX COMMacHO
pabote: Ebpemos, Kum, Jibikacos [AD 44 (1986) 241]

, 1.6 6y,£|,eT NnoaaB1eHO BBE]MN\O,EI,GVICTBVIE B HA44d/IbHOM COCTOAHUNNA
(1S1).
is dominmting. The model of multiple rescattering in which the mul¥fi-
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.

OcTtaetca Bonpoc o FSI. byaeTt a1 nopasneHo oHO B 06nactu
6onbwinx 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
18 06.2012€Xperiments, with nuclei at momenta of reaction products < 1-2GeV/c.

Lesna, Slovakia
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O1 Yuli Shabelskii <shabel@fpaxpl.usc.es>
KoMy <Stepan.Shimanskiy@jinr.ru>
Oata 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



Local processes in NN kinematic

p+A—h(0°)+ X

W3MEPEHNE CEYEHUI OBPA30BAHNS ATTPOHOB
C IMIYJIBCOM [I0 2 I'sB/¢ B IPOTOH-AIEPHBIX Sov.J.Nucl.Phys.37:732,1983
CTOJKHOBEHMAX IIPH (70 TaR] |
BAPKOB JI. M., 30JJ0TOPEB M. C., KOTOB B. U.", JIEBEJIEB II. K., Shfk HPREAL I A

MAKAPBHHA 1. A, MHIIAKOBA A. IL », OXAITKHH B. C., P3AEB P. A.n, JOURNAL OF NUCLEAR PHYSICS
CAXAPOB B. II. ¥, CMAXTHH B. II., IINMAHCKHMH C. C. T. 37, 8uin. 5, 1983
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H.H. AHTOHOB 1 Aap., Mucbma B XKITP, 1.101, N210, 746-749 (2015)
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Particle Production at Large Angles by 30- and 33-Bev Protons
Incident on Aluminum and Beryllium*

V. L. Frrcm, S. L. MEyER,T anp P. A. Provk
Palmer Physical Laboratory, Princeton University, 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 133° 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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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
ceyeHun).

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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The NICA complex ( NfCAs

existing facilities to be constructed

- ‘. -

Collider



Civil Construction, bld.17
September 2018

" Western
semiring

S

readiness for equipment installation in the MPD Hall - 2019

September 20, 2018 V.Kekelidze, SC-124 58



Spin Physics Detector (SPD) gn

Physics tasks O k)
Timeline
**open a project for the SPD design:
Jan. 2019
*»*preparation of CDR:
2019
*»preparation of TDR (+ prototyping); stage I: 2020 -2022

' . . ' stage I]:.
», spin effects in production of hadrons wﬁh lugh Pt
s*construction of the detector:

Polarized beams 2022 - 2025
2iRTPb&urdseds12 - 27 GeV, L,, ~ 103 cm st
= dTdT at Vsyy = 4 - 13 GeV

» Jongitudinal and transverse polarization in SPD and MPD

SPD/NICA will provide a unique opportunity not available at other facilities
to study all the eight nucleon PDF in one experiment
and obtain comprehensive information on the nucleon spin structure

at high statistical level and with minimal systematic uncertainties.
September 20, 2018 V.Kekelidze, SC-124 oY
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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
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