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poB, A.A. Borym, JI. M. Tomunsank, H. M. lymeiiko).
Omna ceirpana 60MIBIIYIO POJIB B CTAHOBICHHH H yKperie-
HHUH TEOPETHYECKOMH, a BIIOCIEACTBHU H IKCTIEPUMEHTAIb-
HOIt pusnyueckoii mkonsl B benopyccuu.

Ciymarensm mIKOMbI, a CPEIH HUX OBLIO J0CTaTOYHO
MHOTO MOJIOJISKH, TIpe/iIarazack pasHoo6pasHas nporpam-
Mma. OHa OXBATBIBaJIa HCCIICIOBAHNS B 00IACTH BBICOKHX H
HU3KHX 9HEPrHif, HEYCKOPHTEIBHOH (DH3HKH, HOBBIC TCH-
JICHIIMH B KBAHTOBOH TeOpuH 1ois. bt u HeoObIuHbIe 171
TaKHX [IKOI JICKIHH 110 HAHOTEXHOTOTHAM, HOBBIM MaTepH-
aJ1aM M KBAaHTOBBIM TEXHOJIOTHAM. 32 BoceMb pabounx aHei
MOXKHO GBITO MO3HAKOMHTBCS ¢ MOCTCTHHMH YKCTICPHMEH-
TaJbHBIMH PE3yTBTaTaMH, MOTYUYCHHBIMH Ha YCKOPHTCIISAX

RHIC, HERA, toBarpone, DESY, a Tak:ke ¢ nepcrneKTHBoit
npoBesicHHs B Oyymiem uccienoBanuii va LHC.

3aMeTHBII HHTEpEeC ayJHTOPHH BBI3BAIH JICKIHH PEK-
Topa mkonsl H. Pycakouua (o 50-netnn OMSAM u mpo-
rpamme ATLAS), . MemkoBa (yCKOpHTEIH Buepa, Cero-
naHs, 3aBTpa). C 60IbMIMM BHUMaHHEM OBLITH MPOCTYIIaHBI
JICKIMH [0 CHHTE3Y CBEPXTAKEIBIX aneMeHToB (M. UTkHC),
06 HHpOpMaIHOHHBIX TexHOTOTHAX (B. MBaHOB) U H3yte-
HHH CTPYKTYPBI CILIOMIHBIX CPEl C MOMOMIBI PaccesHUs
HeHTpoHOB (A. BenymikiH). 3anoMHHIOCE SPKOE BBICTY-
TUICHHE MOTIONOTo HeenenoBaresns n3 bensrun @. Moprrara
(uccnenoBanus Ha aerekrope CMS).

MHoro 10K1a0B 6BLUTO CIETaHO GeTOPYyCCKUMH yde-
uevu.  Jokmang JI M. Tomuneunka ObT  mOCBSIIICH

Tomens (Benopyceus), 25 nionst — 5 asrycra. VIII Mexaynapoanas mkonaa-ceMuHap « AKTyaabHbIe TPoOaeMbl (GU3NKH MUKPOMHPa»

Gomel (Belarus), 25 July — 5 August. VIIT Intemational school-seminar «Actual Problems of Microworld Physics»

VIII International Physics School in Gomel

The traditional school-seminar «Actual Problems of
Microworld Physics» was held on 25 July — 5 August in
Gomel (Belarus). The history of this school dates back to
1971. Its initiators were physicists from JINR (N. N. Bo-
goliubov, V. G. Kadyshevsky, A. N. Sissakian, I. A. Savin,
N. B. Skachkov) and Belarus (F. I. Fedorov, A. A. Bogush,
L. M. Tomilchik, N. M. Shumeiko). It has played an impor-
tant role in establishing and strengthening the theoretical
and, later, experimental physics school in Belarus.

The school attendees, who were largely young scien-
tists, were offered a comprehensive programme. It included

research in high- and low-energy physics, nonaccelerator
physics, modemn trends in quantum field theory. Quite un-
usual for such schools, there were also lectures on nanotech-
nologies, new materials and quantum technologies. Over a
period of eight working days, the students of the school had
an opportunity of getting acquainted with the recent experi-
mental results obtained at the accelerators RHIC, HERA,
Tevatron, DESY, as well as with the prospects of conducting
future research at the LHC.

Great interest was shown by the audience in the lec-
tures of School Rector N. Russakovich (on JINR’s 50th an-
niversary and the ATLAS programme) and I. Meshkov (ac-
celerators of yesterday, today and tomorrow). Lectures on




HIGH p; ISSUES at SPD

. Diquark properties.

. The Confinement laws.

. Nature of the spin effects.

. The Deuteron spin structure.

. FSI (with s,c-quarks participation).
. Nature of CsDBM.

. np dilepton production anomaly.

. Exotic states.

. Subthreshold J/¥ production.



CsDBM investigation



UccnenoBannsg na konnaiinepe OUAN (/syy < 10 GeV').

ITTumarckuii C.C. 18.08.2006

1. ®Puznyeckas nmporpaMma.

Heranu duznyeckoit nporpammbl OyayT onybiankosansl. [IpenBapurensno stu Boupo-
CBI JIOKJIAJIBIBAINCE B 00Cyxaamucs, Ha cemunapax 8 OUAN (JIBD, JIT® u JIAI), a
rakxke B IDBY (r.llporsuno, 2-e copemanue 1no mojsipu3annoHHON mporpaMme Ha V-

70) u B [TNAD(r.Cank-Ilerepdypr, XL sumasis mxona [TNAD). 3necs n310KeHbl TOIBKO
BBIBO/IBI.

Dusznyeckas nporpaMma MOKeT OBITh pa3jiejieHa Ha JIBe YaCTH:

1) mouck m wmccnepoBanus ropsueil kBapk-ri0oHHON (dazel (IKI'®) (Brpamiennit
KBAPK-TUTFOOHHOI 111a3MBI) 00pa3yoneics: B sIpo-sIePHbIX B3anMOICHCTBISIX;

2) nceneposanne X000 KBapk-T00HHON (hassl (XKI'D) ¢ ucnonb3oBarnen npo-
eccoB B 00j1acTu OOBIINX Pp M HOJISIPH30BAHHBIX Iy YKOB.

WNeenenoanng XKI'D HernocpecTBEHHO CBSI3aHbl B BOIIPOCAMH CTPYKTY Pbl HYKJIOHOB
B 0DJIACTH JOMUHHPOBAHHS BAJIEHTHBIX KBApPKOB, Kopa [N N-B3anmozeiicTBust u CBOHCTB
XOJI0MHON AMepHOll MaTepun HpH IJIOTHOCTSX B HECKOJIBKO Pa3 MPEBOCXOIANINX OObIY-
Hy10. Bce 3Tn BONPOCHI HMEIOT pernralee 3HaTeHne 18 MOCTPOCHUs TeOPHH IBOJIIOIHH
3Be31 U IpeJICKa3anust CBOMCTB marepun B nenTpe 3Be37. [Iporpamya ncerenoBanuii mo
YHKTY 2) MOXKeT ObITh CJle/IaHa VHUKATLHOIL, eC/Ii IpeycMOTPeTh B IPoeKTe Ko uiaiigepa



The first QCD Phase Diagram

EXPONENTIAL HADRONIC SPECTRUM AND QUARK LIBERATION
N. Cabibbo and G. Parisi, Phys. Lett. B59 (1975) 67

The exponentially increasing spectrum proposed by Hagedorn is not necessarily connected with a limiting tempera-
ture, but it is present in any system which undergoes a second order phase transition. We suggest that the *‘observed”
exponential spectrum is connected to the existence of a different phase of the vacuum in which quarks are not confined.

pBT

>
T

Fig. 1. Schematic phase diagram of hadronic matter. pp is the
density of baryonic number. Quarks are confined in phase I
and unconfined in phase Il.

Curious “warnings” in the paper:

These results do not take into account the presence of ghosts.
The true phase diagram may actually be substantially more complex, due to other kinds of transitions,




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
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Figure 4: A phase diagram for QCD collisions.



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

A medium of 170 MeV is more than 100 000 times hotter !l



Remnants of the collapse: Neutron
stars

NS internal structure is determined
by equation of state which is poorly known

M ~1.4 M, R~10-14 km
— 8: BGN1
2.5 7 .
2 _
5: SLy i
o A 4: BBBZ
2 15 1 -
= ]
1 ]
EOCS in the ss,” 3: FPS ]
coreisa C ,/’ 2: BGN1H1
MYSTERY: 0.5 _ , _7 1: BPALIZ
soft? N - ,..l-- ol I
moderate? ~(3-9)p, Pe=2.8x10" g/cc= 0 5 10 15
stiff? g nuclear density R [km]

P=4x10" g/cc=
neutron drip




Summary of advanced nuclear burning

Advanced Nuclear Burning Stages

(e.g., 20 solar masses)

Fuel Main Secondary Temp Time
Product  Products (10°K)  (yr)
H / He “N 0.02 10’
He cCO 0, “Ne 0.2 10°
/ S- process
e Ne. Mg Na 0.8 10*
Ne é O.Mg  ALP 1.5 3
0O Si, S Cl, Ar 2.0 0.8
/ K, Ca
Si Fe 31, ¥, Cr 3.5 1 week

Mn. Co. Ni




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 VOLUME 6 (33), NUMBER 5 MAY, 1958

ON THE FLUCTUATIONS OF NUCLEAR MATTER

D.I1. BLOKHINTSEV
Joint Institute for Nuclear Research
Submitted to JETP editor July 1, 1957
J. Exptl. Theoret. Phys. (U.8.5.R.) 33, 1285-1299 (November, 1957)

It is shown that the production of energetic nuclear fragments in collisions with fast nucleons
can be interpreted in terms of collisions of the incoming nucleon with the density fluctuations
of the nuclear matter.

1. INTRODUCTION

THE motion of nucleons in nuclei can result in short-lived tight nucleon clusters, in other words, in
density fluctuations of nuclear matter. Since such clusters are relatively far removed from the other
nucleons of the nucleus, they become atomic nuclei of lower mass in a state of fluctuating compression,

In their study of the scattering of 875-Mev protons by light nuclei, Meshcheriakov and coworkers!»?
observed recently certain effects which confirm the existence of such fluctuations, at least for the sim-
plest nucleon-pair fluctuations, which lead to the formation of a compressed deuteron.

We recall in this connection reports in earlier works®? that high-energy nucleons can split nuclei into
“supra-barrier” fragments, i.e., fragments with an energy much larger than their binding energy and the
energy of the Coulomb barrier. However, there was a lack of quantitative experimental data on which to
base the theoretical analysis,

Some authors related this curious process, without foundation, to hypothetical long-range nuclear for-
ces. QOthers tried to connect it with nuclear many-body forces.

The experimental data on the emission of high-encrgy deuterons from light nuclei give support to the
idea that “supra-barrier” fragments are produced also by direct collision of an incoming nucleon with
a tight nucleon cluster that results from density fluctuations of the nuclear matter, We offer in the fol-
lowing a quantitative argument in favor of the production of fast deuterons and other “supra-~barrier”
fragments by such fluctuations.

Concerning the nuclear many-body forces, it should be noted that, according to existing estimates,?
there is no reason to believe that they are considerably stronger than the two-body forces. At the instant
of dense clustering both paired and collective interactions may take place. However, at present there
exists noexperimental information which would allow an explanation of this interaction, or in particular
allow a determination of the relative contributions of the paired and the collective interactions.

2. INTERACTION OF DEUTERONS WITH FAST PROTONS

It wag shown :metimcntallz‘" that scattering of 675-Mev protons by deuterium produces, in additionfo]

scattered nucleons, a small number of undestroyed deuterona of high energy (up to 660 Mev), This shows

that in such ecollisions the nucleon imparts an appreciable fraction of its momentum to the deuteron as
a whole,
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COOBIMEHUA
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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
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The first introduction of the term “cumulative

effect”
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Jim Baggott HIGGS

The Invention and Discovery of the ‘God Particle’
Oxford University Press, 2012

FOREWORD

by Steven Weinberg

“Like many other theorists, | did not fully accept the existence of quarks until the
1973 work of David Gross and Frank Wilczek, and David Politzer. They showed that in
the theory of quarks and strong nuclear forces known as quantum chromodynamics,
the strong force gets weaker with decreasing distance”.

“Kak n mHorme TeopeTtmku, A He BNoOJIHE NPUHMMA CYLLL,ECTBOBAHME CyLLeCTBOBaHUE
KBapKoB 8o 1973 ropga, po pabotbl AaBnaa Npocca, PpaHKa Bunabueka m Assuaa
Nonutuepa. OHM NOKa3anun, YTo B TEOPUM KBAPKOB U CUIbHbLIX AAEPHDbIX
B3aumoaencTtesum, Hasbisaemou KX/1, cunbHOe B3anmoaemucresme CTaHOBUTbLCHA
cnabee ¢ ymeHblwieHMem pacctoaHua”.
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ITEP data for proton spectra feas
(6. .

A_.Leksin et al.)
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SPECTRA



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))

AI { X { Cumulative

» particle

S>3,

I:)ll kinematic limit for free NN-
interaction
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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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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.



Fragmentation regions

utrN_..-m —->m.+[N_ . -m+A]

min

for E,>>m;, E,

(Ec — B, - R -cosb;)

X:Nmin:Q m

112

+___EX|(X”) Stavinsky (1970’s)

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,]

81/2 — min(Sllz) — mln[(X| : P| + X“ . P|| )1/2]

min
Shimanskiy S.S.
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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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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.

10% &

2 En%(mb GeVie

10
10°
The purpose of this note is to realize the idea [4] i
that the cumulative effect is connected largely with o=
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 . . . R =
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; Il — with fermi
Cross section [9] Compressmn al fluctuations of mass motion; III — the relativization effect. (b) The contributions

= km., of nucleons in the small volume V', =3 Trrg of separate fluctuons with mass My = kmy, where & is the

27.05.2015 Ame&m Shiganskiy order of cumulativit
- %ere re is ﬁ’l ﬂ] ctuon radius were assumed o
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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 nuclelons are
ingide a small volume, due to quantum fluctustions, and takes
the momentun transfer as s unique particle with nass My =kim
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

Shimanskiy S.S.
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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 ~
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, 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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FIG. 2. Comparison of calculated and experimenta
spectra. The input #° absorption cross sections are those
by the upper solid curve in Fig. 1. For the lower solid cu
that figure, the results shown here must be scaled dowr
factor of about 2. The data are taken from Refs. 6 and
the reaction '2C+'*C (upper four curves) and from Ref.
the reaction *N 4+ Ni (open triangles).

de/dT, (nb/ MeV )

FIG. 3. Pion kinetic energy spectrum (solid histogram) in the
laboratory frame for 35 MeV/nucleon N+ Ni integrated over
all pion emission angles 6, (top) and for various 8, bins. For the
meaning of the dashed histograms see the text. The straight

lines represent an exponential with an inverse slope constant of
23 MeV.

Stachel et al.
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FIG. 4. Experimental pion kinetic energy spectra at 35
MeV/nucleon for the Ni and Al target. The spectrum for the
Al target corresponds to the same measurements as shown in
Ref. 6 but differs from the spectrum shown there by subtraction
of the cosmic-ray background and use of the energy dependent
conversion efficiency as discussed in the text (as compared to no
cosmic subtraction and €, =0.7). The solid and dashed lines are
predictions of Refs. 27 and 30, respectively. The dashed dotted
line corresponds to a thermal spectrum (Ref. 20) with T'=12.2

MeV and is normalized to the data at low kinetic energies
(10—60 MeV).
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FIG. 2. (a) Laboratory kinetic energy distribution, (b) transverse momentum distribution, and (c) angular distribution for neutral pions . ‘ 0 . -
observed in the reaction E,,y/A =25 MeV 160+ Al— n0+ K. The dashed line in (a) is the prediction of Ref. 9 multiplied by a factor of 50. FIG. 3. Inclusive cross section for @ production, divided by

The solid line in (b) is a fit using Eq. (1) and yields 7=11.6 MeV. The solid lines in (2) and (c) are predictions of the simple thermal (44#°), where 4, and Ay are the projectile and target mass

model discussed in the text with T=11.6 MeV and source speeds 8,=0.083, 0.17, and 0.23. The legend at the top of (a) is the fraction of numbers, respectively, as a function of laboratory bombarding ener-

the c.m. energy required to produce a ¥ traveling at 0° in the laboratory. gy. (Open circles, Ref. 3; open triangles, Ref. 4; open squares, Ref.
2; closed diamond, present work.) The theoretical curves are from
Ref. 8 (dotted line), Ref. 9 (long dashed line), Ref. 11 (dash-dot
line), and Ref. 12 (solid line).
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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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A.A. Baldin's parameterization

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

1 .1 o
H=§(X|2+X|2| +2- X1 - Xy -7 )? :m°sr%in
P, -P
7/|,||=(| i)
M, -My

Inclusive data parameterization

C, = 2200[mb -GeV 2 -¢3-sr1],C, = 0.127
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Subthreshold flucton-flucton production
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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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DIS in the cumulative
region.



K.Rith From Nuclei to Nucleons (Summary)
s A532 (1991) 3c-14c

09

Nuclear Ph

ySic

T T T
‘Shadowing’ || Enhancement | Depletion IINN correlations
strong A-dependence | of Valence of multiquark b/ags
| little Q2-dependence | glue | Valence | z
| | P
| | / 3
| | | &
; | |/
| | |
| | '|
| | .
| | | | Quasielastic
| | || Colour-
| : ~log A |l transparency
i |
| | | |
0.01 0.1 h 28
X

3003-91 MPI H

Figure 1. Global behaviour of nuclear effects in parton distributions

e e aeat suntribution to the cross section comes from sea X4 =A RA(x) i iger than one. s behviouris trngly infuenced by Rermi-maion
n 1§ T

th ntial longitudinal distances z involved in the deep inelastic inter- final state interactions, nucleon-nucleon correlations, or the formation of multiquark
e esse

quarks,

action are z > 3 fm, much bigger than the size of ind

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 2 x; <x<x; 203 (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 J: x <x <x3 08 (2 < 0.7 fm)

In this region the sea quark distribution is essentially negligible and R*(x) reflects
the behaviour of the valence-quark distributions. R#(x) is smaller than one with 2
minimum at x  (.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

ividual nucleons. R*(x) is smaller  clusters. Experimentally this region is essentially unexplored.
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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. 48 48
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Nuclear structure functions in carbon near © =1

BCDMS Collaboration
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Abstract. Data from deep inelastic scattering of 200 GeV

muons on a carbon target with squared four-momentum x
transfer 52GeV? < @Q* < 200 GeV? were analysed in '
the region of the Bjorken variable close to = 1, which -
is the kinematic limit for scattering on a free nucleon. At o

this value of z, the carbon structure function i1s found to
be Ff = 1.2-107% The z dependence of the structure 10°
function for z > 0.8 is well described by an exponential
Ff o exp(—sz) with s = 16.5 £+ (.6.

10°

Fig. 7. The nuclear structure functicn F?‘F'(m) as a function of z, at three
different values of ¢2%. The hatched regions show the range of predictions
of [26]



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. 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]
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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,®”
M. Bukhtovarova,*” A. Carroll,* 5. Gushue,* S. Heppelmann,” A. Leksanov,” Y, I'-Iakdis.'],_i A Malki,” E. Minina.”
I. Navon,® H. Nicholson.” A. Ogawa.” Yu. Panebratsev.” E. Piasetzky.” A. Schetkovsky,™ S. Shimanskiv.® and
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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
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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
synchrotron. 10[- ‘a'g't‘{mm;;mz Pt
ar _,%*‘%,
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B o,
r L___ D 1)
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(c) RATIO DEUTERONS,/ PROTONS

as a function of momentum
for particles emittad at @:15.9°
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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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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, lllinois 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
Eda/d®p for the production of m*, 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, A's,
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 =11.0+ 0.4 and @ =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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SPIN data  N.N. Antonov et al., JETP Letters, Vol.101, No.10,
pp.670-673(2015)
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pp - >p + X, pp -> D + X reactions with diquarks

Kim's mechanisms
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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®
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B, x10%, GeV%/c? 1.41£0.10 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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New DETECTOR Generation
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“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’



http://upload.wikimedia.org/wikipedia/commons/3/3d/Freeman_Dyson.jpg

The PANDA Detector — —
(antiproton beams 1-15 GeV) p+A— p+{X}

- target
- generator

muon counters EM and hadron
TOF stop cajorimeters

p—pe——
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Picture:P. Rosier-IPN Orsay
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PANDA Spectrometer W‘Q
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Detector requirements:
e 411 acceptance

e High rate capability:
2x107 s! interactions
e Efficient event selection

d = Continuous acquisition

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

(ct =317 pm for D#)

= > Good tracking

e Good PID (v, e, p, T, K, p)

- | > Cherenkov, ToF, dE/dx

e y-detection MeV — 15 GeV

\. | ? Crystal Calorimeter o

F

L. Schmitt, Overview of PANDA

PANDA Russia Workshop, May 26th, 2015

V4
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J-PARC HI -2016

Top
View

Toroid

Beam View uon Tracker : J': .U' T 5

JHITS

FPARC Hzavy lon
Toroldal Spzciromziar

ZCAL

Toroid coils

Figure 32: The top view of the toroidal spectrometer (JHITS; J-PARC Heavy-lon
Toroidal Spectrometer).

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

The unique beams: - wide range of
kind of the beam particles (antiproton
and polarization) and Ap/p up to 10-°.

The unique detectors: AQ ~ 4n
(exclusive reactions, correlations,
backward range):; detection all kinds
of particles; working at luminosity ~
1032 cm-? s-! (the rare event can be
investigated): PID - close to full
energy range and high momentum
resolution.
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'
Requirements for the SPD CNICA}

oooooo

- close to 4m geometrical acceptance;

- high-precision (~50 um) and fast vertex detector;

- high-precision (~100 um) and fast tracker,

- good particle ID capabilities;

- efficient muon range system,

- good electromagnetic calorimeter,

- low material budget over the track paths,

- trigger and DAQ system able to cope with event rates at luminosity of 1032 (cm.s),

- modularity and easy access to the detector elements, that makes possible further
reconfiguration and upgrade of the facility.



Implementation of polarized beam program
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New for-injector LU-20 & SPI NICA

o

RUN #52, d+
Energy 750 MeV/u, intensity 10°

: : 1."".
May 16 2016: 15t beam in LU-20
June 12 2016: 15t beam from the SPI .



Polarization control in the Collider at vs = 0

option 1: combination of the solenoids and RF

KOxweti npoueymox (SPD)

m polarization control equipment
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NICA Collision place for SPIN physics
(deuteron and other beams, the first time all
isotope states for NN system: pp, pn,nn.)

pT

3 BHCAL&neutron

He T detector

ﬁ

Magne Magnet
— (p.d) B

Tagging station
\ SP _/
n \ Magnet Magnet n

zb Heatdle L — L = S=——= SE—w—w— e = = = = = > 20 Heas}

/Th

agging station

_ e (p.d)

!

Magnet Magnet
G
BHCAL&neutron d*
detector ‘He T
p?t

The tagging stations can be used as polarimeter!

84



Polarization control in the Collider at vs =

0 (1)

Solenoidal Snake

L, n/2

MFPD

at particle

v =0

momentum:

p=(2.5+13)GeV/c

L, n/2

\/’

1% Siberian Snalke

2™ Qiberian Snake

4/\

L, n/2

—

L, /2

Necessary integral of the magnetic field

protons:
(Bl | L)max=4x(5+25) Tm

A.D.Kovalenko et al

deuterons:




Colliders with polarized ions

Collider Momentum C(’lhfhng Spin Spin Tran-
range, GeV/c | particles Tune sparency
RHIC
(BNL) 25-250 pp 1/2 _
JLEIC (JLAB) S N ) N
(figure-8)
A 2.5-13.5 NN 0 1

(JINR)




Ion Polarization Control

Spin Polarization Spin Flipping
Collider Rotators Direction at IP Reversal Orbital
based on Time Parameters
RHIC ‘strong’ Transversal Few
(BNL) magnetic Longitudinal in Change
fields (w/0 deuterons)
JLEIC ‘weak’ éﬂi/ ilszlt:(l)is Few Do not
(JLAB) solenoids b d, HE, ...) ms change
NICA ‘weak’ éﬁij iljfffz?is Few Do not
(JINR) solenoids P ;1, HE, ) ms change

Spin Flipping System allows one to make spin reversal during an
experiment (high precision experiments with polarized 1ons).




Spin Flipping System at the NICA collider

New regimes of filling the rmgs: all bunches with the same
polarization in both rings. New modes of operation (spin-flippers are
turned on by turns):

1-string +++_ . |XXX|---... |--—-| - - ... |XXX| +++ |- +++
2-ndring +++... |- FHE O IXXX| - - - -] - - - XXX FHE L
(++) (- +) (--) (+-)  (++4)

|XxX| — spin-flipper 1s turned on. There 1s no data collection.
|----] — spin-flipper is not turned on. There 1s no data collection.

* The measurement of the luminosity between the bunches is resolved

* Operation with the same polarized ion mode in all bunches during
the filling ring



/2 model symmetry
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Ty-155 B nonere.

1. Camoner Ty-155;
2. YcTaHOBHKa a30TOCHAGMEHHR;
3. HomaHAaHbIM NYHHKT YNpPaBneHWs;
4. OnepaTHMBHanA PagHOCBA3b;
5. MNepeaBHHHOM BaAKYYMHBIH NocT;
6. Cuctema oOpolIeHHMA BOAOW BO3-
MOMHbBIX MEecT YTe4YHH BOAOPOAA;
7. Cuctema HanonHeHus BOAOPOAOM;
8. CpegcTBa NoOMapOTYLUEHMA.
(CM. HHIKHHUH PHCYHOK)

_NONETHbIN
OPEHAXK

ABAPHHAHDBN A
APEHAX

OTCEK 3KCNMEPUMEHTAJIb—
HOTO TONJSMBHOIO

BYDEPHARA 30HA

PABOYUE MECTHA KOHTPOSbHO—
3KCNEPUMEHWTATOPOB 3ANUCHIBAOW AR
AMNNAPATYPA

renun
KOMMOHOBOYHAA CXEMA CAMOJETA TY-155.

ABAPUAHDBINA
CAUB B MONETE

CUCTEMA NOXAPOTYWEHWA

SKCMEPUMEHTAMLHBIA
OBUFATENL HK-88
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