“UccneposaHue CTPyKTYypbl aAPOHHOM
U aAepHOU maTtepuu B npoueccax ¢
xXt~1 n B kymynarusHou obnactu”

C.C. LLumaHcKkuy



TTporpammy uccnenosaHuU ¢ NyvKamm
GHTUNPOTOHOB MOXHO PACCMATPUBATDL
KaK NpoAosikeHue UccnefoBaHUMU
NpoOBOAUMBIX U NnaHupyembix B J1IZBJ.



Kak mbI moxem 3apeructpupoBatb COCTOSHUE
aApOHHOU (aaepHOU) maTtepumn C NAOTHOCTLIO
3HauUTenbHO bonbluien Yem cpepnHaa?

Heobxoaumo uccnepoeatb npoueccsr ¢
MAKCUMasnbHO 60nbWMMK Nepenavyamm.

Kakue ucnonbsosatb npobHUKU?

1. AppoHbr(aHTU-) U aapa (Haw cnyvau).

2. dnNeKTpOMArHUTHeIe NpobHUKK (Hawwu coceaun).



TTnaH

- Bonpocer k pp B3aumogeuctTeuam B8 obnactu
Xt~ 1 u3 uccneposaHuu PP

* THAP(kymynaTtueHbie) B obnactu 6onblimx pr Kak
30HALI NPU UCCNEeAOBAHUU XONOAHOU NJIOTHOM

afiepHOU marepum



The first exploration of subatomic structure, by Rutherford,
used Au atoms as targets and o particles as probes
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Seeing what the nucleons are made of

The deep inelastic scattering experiments made at SLAC in the 1960s established
the quark-parton model and our modern view of particle physics
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Spin Correlations, QCD Color Transparency, and Heavy-Quark Thresholds
in Proton-Proton Scattering

Stanley J. Brodsky and Guy F. de Teramond

Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305
(Received 14 January 1988)
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FIG. 1. Prediction (solid curve) for do/dr compared with
the data of Akerlof er al. (Ref. 16). The dotted line is the
background PQCD prediction.

16K. Abe er al., Phys. Rev. D 12, 1 (1975), and references
therein. The high-energy data for do/dr at 6. =r/2 are from
C. W. Akerlof er al., Phys. Rev. 159, 1138 (1967); G. Cocconi
et al., Phys. Rev. Lett. 11, 499 (1963); J. V. Allaby er al.,
Phys. Lett. 23, 389 (1966).
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Comparison of 20 exclusive reactions at large ¢

C. White,* R. Appel,"">! D. S. Barton,! G. Bunce,' A. S. Carroll,!
H. Courant,* G. Fang,** S. Gushue,! K. J. Heller,* S. Heppelmann,?
K. Johns,»$ M. Kmit,“l D. I. Lowenstein,! X. Ma,® Y. I. Makdisi,

M. L. Marshak,* J. J. Russell,?
and M. Shupe*?

1 JANUARY 19%4

TABLE IV. Cross sections at 90 degrees and 5.9 GeV/c incident beam momentum. Reaction
number refers to Fig. 27. The values represent interpolations where the range spans 90°.

Number Reaction Cross section [nb/(GeV/c)?]
1 mtp—prt 132+ 10
2 T p—pr 73+5
3 K*p—pK* 219 + 30
4 K p—-pK~ 1816
5 T p = ppt 214+ 30
6 T p=pp 99£13
7 Ktp—pK** 291 + 47 - 130
8 K p-pK*'™ 15+10-13
9 Kp-n It 50 £ 21
10 Kp—=nts~ 443
11 K™ p— An® < 80
12 77 p— AK® <5
13 atp o> atAT 45+10
14 Tp—=a AT 20+ 11
15 TpatA” 2445
16 K'p— KTAT < 230
17 PP — PP 3300 £ 40
18 7p — pp 75 + 8
19 ppo A 743
20 pp—- KTK"™ 2+2




TABLE V. The scaling between E755 and E838 has been measured for eight meson-baryon and
2 baryon-baryon interactions at 6..,. = 90°. The nominal beam momentum was 5.9 GeV /cand 9.9
GeV/c for E838 and E755, respectively. There is also an overall systematic error of Angye = £0.3
from systematic errors of £13% for E838 and +9% for E755.

| Cross section ‘ n-2

No. Interaction E838 E755 (% ~1/s"7?)
1 mtp = prt 132 + 10 4640.3 6.7+ 0.2

2 T p—pn 7345 1.74+0.2 7.5+0.3

3 K*p— pK* 219 + 30 34+14 83700

4 K p—pK~ 1846 0.9+0.9 > 3.9

5 mtp = ppt 214 + 30 3.440.7 8.3+0.5

6 T p—=pp 99 +13 1.3+0.6 8.7+ 1.0
13 tp o atAt 45 + 10 2.0 £ 0.6 6.2+ 0.8
15 T p—anTA” 24 +5 <0.12 > 10.1

17 PP — PP 3300 =+ 40 48+5 9.1+0.2
18 Pp — PP 75+ 8 <21 > 75




CoBpeMeHHbIe TeopeTUuveckue Moaenu He MoryT AaThb
KONMUYeCTBEHHbIX NPeACKa3aHUU ANa 3KCKNHO3UBHBIX
(NONY3KCKNHO3UBHBIX) NPOLECCOB. A 3HQYUT, HAAO UCKATb
BO3MOXHOCTb pa3obpaTbCa ¢ 0COOEHHOCTAMU CTPYKTYpbI
anep(HYKNOHOB) U B3GUMOAEUCTBUSA, UCNONb3YS
(peHOMeHONOoruko.

Hapo pabotatb B 06n1aCTU NpeaenbHOU KUHEMATUKM,
aHanorua ¢ NOporoesouv KuHemaTukou. B obnactu
npeaenbHO 60nblWUX p+ paboTaroT BaNEHTHbIE
coctasnarowmel



Ectb N xopowasa moaens
(cpeHOMeHOonoruyeckasa) 4ng ONUCAHUS
npoLeccos Npu npeaefibHoO 60nbWUX p+
N UTO OHA MOXeT CKasaTb O

CTPYKTYype B3aUMOAEUCTBYHOLUUX
06beKTOoB?

TTpasuna keapkosoro cueta (TTKC).



TTpaBunam Keapkosoro cyera

Matveev V.A., Muradyan R.M., Tavkhelidze A.N.
Lett. Nuovo Cimento 7,719 (1973);

Brodsky S., Farrar G. Phys. Rev. Lett. 31,1153 (1973)
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Unified description of inclusive and exclusive reactions at all momentum transfers*

R. Blankenbecler and S. J. Brodsky

TABLE I. The expected dominant subprocesses for selected hadronic inclusive reactions
E do A+B=C oy =N m2 i at large transverse momentum. The second column lists the important exclusive processes
d_&’»; (A+B=C+X)= ()" f = 's which contribute to each inclusive cross section at € ~ 0. The basic subprocesses expected in
5e 6 . the CIM, and the resulting form of the inclusive cross section Edo/d% ~ (p, %) Ve for p,2~w,
and € — 0, and fixed Bcm. are given in the last columns. The subprocesses that have the dominant
do PR ! P, dependence at fixed € are underlined. For some particular final-state quantum numbers,
E (A +B-C +D) - U’r ) f (E) the above powers of € should be increased.

Inclusive Exclusive-limit da 0~ 90°
process channel Subprocesses dp/E )
The entire kinematic range of high-energy in- N S
clusive reactions is illustrated on the Peyrou plot M+B—~M+X  M+B—~M+B* (n=10) _%4:54;‘3 ng))—s€1
o ; q +B —M +qq L) e
of Fig. 1. As usual we define M+B —~M+B* (P, %) Bt
— 2 — 2
s =(Pa+Pp), t=(Pa—-bc), B +B—~B +X B +B —B +B* (n=12) B +qg —~B+q @2 %3
. M —B-3
w=(py =po), IM*=(pa+hs—-po), d99)+(qq) ~B g @)
B +(gq) =B +qq ®LH 8
and B +B —B +B* (P10t
€=M?/s = (1= P/ Prax) » B +B —B +B*+ M* (n=14) q+q—B +7 @ Y%
q +(qq)—~B +M* LY %
X =D/ Pmaxs  Xp=Dr/Pmax=(t—1)/s. (qq) +B —B +M* +qq (b, 2 10%1
B +B —B +B*+M* I
B+B—M+X B +B—-M+B*+B* (n=14) q+(qq)—M +B * LY %8
g +B—gq (=M +q) +B* @)%
g +B =M +q +B * (P B~ 83
(aq) +B — M +B * +qq (p.H™1%!
B+B—~M+B*+B* T
B +B —M+M*+B*+B* (n =186) M iq —M +gq [
q+q—=q(—M~+q)+B>  (p,H)~®
q+q —~M+B¥+q i
M +B —M +B* (b2 85
B +B—+M+M*+M*+B*+B* (n=18) q+q—M+M* (pL %t
q+M—-qg(—M+q) +M* (pJ_E)--JiElI
B +B —+B +X B +B—~B+B*+B*+B* (n=18) q +q =B *+gq(—B +qq) (p, D) %!
q +q —B*+B +qq (1% %"
q +(qq)—~B +B*+B* (L2105




Mardor's thesis, 1997
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Figure 1.2: Scaled pp — pp differential cross sections. The dashed lines represent
perfect scaling. Their vertical position is arbitrary. Left - Ry = ((i)m ‘j—‘:(pp))“l
(so = 13 GeV?) at O = 90° versus incoming momentum. Data are from Ref. [19].
Right - R; = (1 - cos? 9m)47i—‘t’-(pp) (y = 1.6) at piap = 3.9 GeV/c versus 0., Data
are from Ref. [17].
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Light-Front QCD:-

Stanley J. Brodsky

SLAC-PUB-10871
November 2004
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Figure 8 Fits of the cross sections do/dt to s7'' for Pr > Pi" 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].
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Indication of asymptotic scaling in the reactions dd — p®H,
dd — n*He and pd — pd

Yu. N. Uzikov!)
Joint Institute for Nuclear Research, LNP, 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 — n*He and dd — p*H measured at
c.m.s. scattering angle #.,, = 60° in the interval of the deuteron beam energy 0.5-1.2 GeV demonstrate the
scaling behaviour, do/fdt ~ s 22, which follows from constituent guark counting rules. It is found also that the
differential cross section of the elastic dp — dp scattering at H.,, — 125—135 follows the scaling regime ~ s 1°©
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 f.,n = 127° (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),(c), (&),
(open square) and (e) are taken from [22 — 26], respectively.
The dashed curves give the s~ %2 (a) and s 1'% (¢) 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?, R? = 0.2 GeV 2,
Cy = 3.5, R = —0.1GeV™? (d) — C; = 7.2GeV?Z,
R = 0.5GeV 2, C2 = 1.8, R = —0.1GeV 2. The up-
per scales in (a) and (c¢) show the relative momentum gpn
(GeV /e) in the deuteron for the ONE mechanism
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Energy dependence of spin-spin effects in p -p elastic scattering at 90°_,

E. A. Crosbie, L. G. Ratner, and P. F. Schultz
Argonne National Faboratory, Argonne, Illinois 60439

J. R. O’Fallon

Argonne Universities Associarion, Argonne, Illinois 60439

D. G. Crabb, R. C. Fernow,* P. H. Hansen,” A. D. Krisch, A. J. Salthouse,! B. Sandler,? T. Shima, and
K. M. Terwilliger ' :
Randall Laboratory of Physics, The University of Michigan, Ann Arbor, Michigan 48109

N. L. Karmakar
University of Kiel, Kiel, Germany

S. L. Linn" and A. Perlimmutter
Department of Physics and Center for Theoretical Studies, The University of Miami, Coral Gables, Florida 33124

P. Kyberd
Nuclear Physics Laboratory, Oxford University, Oxford, England
(Received 31 March 1980).

The energy dependence of the spin-parallel and spin-antiparallel cross sections for p, + p,—p + p at 90°. ., was
measured for beam mornenta between 6 and 12.75 GeV./c. The ratio (do /dt), Ndo /dt ), at 90° is about 1.2
up to 8 GeV/c and then increases rapidly to a value of almost 4 near 11 GeV/c. Our data indicate that this ratio
may depend only on the variable P, ?, and suggests that the ratio may reach a limiting value of about 4 for large P, 2.
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QCD with and in nuclei: color transparency and
short-range correlations in nuclei - theory, observations,
directions for further studies

Mark Strikman
104 Davey Lab, Penn State University, University Park, PA 16802, USA

Abstract

We summarize basic theoretical ideas which let to the observation of the short-range correlations
(SRC) in nuclei using hard probes and outline directions for probing quark-gluon structure of
SRCs. Tmplications of the observations of color transparency for processes involving pions are
reviewed. Open questions and directions for further studies of color transparency phenomena
using hadronic projectiles are presented using as an example the PANDA detector at FAIR.

Key words: short-range correlations, color transparency
PACS: 25.30.-c, 25.40.-h, 24.85.+p

Farrar has expressed meson-baryon scattering ampli-
tudes as a sum of terms involving valence quark scat-
tering amplitudes [17). The amplitudes can be subdi-
vided into four basic categories, shown in Fig. 1, which
are described by pure gluon exchange (GEX), quark in-
terchange (INT) between the hadrons, quark-antiquark
annihilation (ANN) and pair creation, or a combination
(COMB) of the above. The quark scattering amplitudes

-3

coMB

GEX

INT

arXiv:0903.1941v2 [hep-ph] 2 Apr 2009

CoseujaHue PANDA mapt 2009

i. Study of the two body processes large angle processes with nucleon targets

Understanding of the large angle exclusive processes: @ + b — ¢ + d remains one of
the challenges for pQCD. Systematic study of a large variety of reactions is available
only for incident momentum of 6 and 9.9 GeV/c and below [27). Analysis 27] found
that cross sections of the processes where quark exchanges are allowed are much larger.
and the energy dependence is roughly consistent with quark counting rules. Among the
biggest puzzles is the ratio of 6., = 90° cross sections of pp and pp elastic scattering
which is below 4% at 6 GeV /c. At face value, it indicates extremely strong suppression of
the diagrams with gluon exchanges in t channel, though more systematic, more precise
studies are clearly necessary. Another puzzle is the oscillation of the differential cross
section of the elastic pp scattering at large ¢ around a smooth quark counting inspired
parametrization. Are these oscillations present in any of the pp channels?

It appears that PANDA will have excellent acceptance for numerous large angle pro-
cesses - from the simplest processes pp — pp, 7, KK to the processes of production of
multi particle states: baryon - antibaryon and meson pairs, etc. In the case of the pro-
ton beam the elastic channel is covered reasonably well, though the channels involving
A-isobars, nonresonance 7N production, etc are practically not known. Another gap in
the knowledge is pn scattering which could be studied using the 2H pellets. There is
a suggestion that the measurement of the pn/pp ratio may provide an insight on the
SU(6) structure of the nucleon wave function at large x [28]. Overall, comparing all these
channels in pN and pN scattering may lead to a break through in understanding hard
two body reactions.




Ecnu TTKC Tak XOpoLlwo cBa3aHbI €
COCTABHOW CTPYKTYpOW
B3AMMOAEUCTBYHOLWUX 06BEKTOB, TO MBI,
UccnenoBae NosefeHUe cevyeHUn
(uBeTOBOW NPO3PAYHOCTU,
KYMYNATUBHBIX MPOLIECCOB), MOXEeM
BbBb OOHAPYXUTb BKMAA
B3AMMOAEUCTBUMN C MHOTOKBAPKOBBLIMM
obbekTamu.



Yto XOoTUM U3yuaTtb?

TTpupoay aHomanbHOro nosegeHus
ceyeHUU U NoNApPU3IALUOHHLIX
XAapAaKTepUCTUK.



IKCKIIFOINBHEIE peakLmm B 0651aCTU 6OSTbLUNX
P HEMOJIIPUIOBAHHBEIU U MOSIPUIOBAHHBIN
11y YKL,

BpA, ) MK, e.)

pT+pT—B+B+MM




Kakue xapaktepuctuku byaem cmotpeTb U AnNa vero?

1. «ﬂeMOKPGTMﬂ» BO BBGMMO.D.ZIZCTBMM KBAPKOB U AUKBAPKOB.

o N(z"z7) 2
N(z°z%) 7
2. JoMUHMpOBaAHME onpefeneHHOro BUAA AUKBAPKOB

N(z"7")

= N(7z0 )

— 0




3. TTpoxoxpaeHue obnacten pe3oHaHCOB 3PPEKTUBHOU MACCOU

napeI(nt — p, KK —9, ... ) Kak nameHutca R v B kakom
CMUHOBOM COCTOSHUM byaeT napa?

4. Kak cBa3aHbI nnockoctu pp->pp u pp->MM ? (B cnyuyae avkeapkos
- HU KaK).



TTonapu3oBaHHLIM My4YOK U/UNU MuULLeHb

1. AHanusupyrowas cnocobHocTb BB -naper. ([ns
AVKBAPKOBOTO mMexaHu3ma «0»).

2. AHanusupyrowas cnocobHocte MM-naper. ([Ons

AUKBAPKOBOIO MeXaHWU3Ma 3aBUCUT OT BUAQA (q-
B3AUMOAEUCTBUA).



Problems for PANDA

. Elastic pp scattering at x+~ 1 (counting
rules violation, pr~ 2 Gev/c anomaly ...);

- Exclusive reactions p+p— BB+MM
where B - baryons N, A, AB*M

M - mesons or leptons
(diquarks, g0-vertex...).



The knowledge pp interactions at

Xt~ 1 are necessary to study
high pr DINR !l



DINR(cumuative) at high pras
probes of the cold dense nuclear
matter



Cumulative processes
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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.5.R.) 33, 1295-1299 (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 675-Mev protons by light nuclei, Meshcheriakov and coworkers!s?
cbhserved 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®#4 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. Others tried to connect it with nuclear many-body forces.

The experimental data on the cmission of high-energy deutcrons 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 reacon 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 no experimental 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 was shown experiment.al][:.;ir2 that scattering of 675-Mev protons by deuterium produces, in addition to
scattered nucleons, a small number of undestroyed deuterons of high energy (up to 660 Mev). This shows
that in such collisions the nucleon imparts an appreciable fraction of its momentum to the deuteron as
a whole,

|



FLUCTUONS AND HIGH MCMENTUM TRANSFER IN KUCLEAR PROCESSES ™

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

~ JINR, Dubma

Abatract

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

nueleon
and correlation region of an order of elementary particles.

The probability of fluctuon-formation is calculated by the
"guark bag" model. Tt ig arﬂch that the cumulative production
ig due to the hard scattering process (similar to Bigh b, had-
ron production) of beau particle partons with partons of a £luc-
tuon considered as a hedron made of 3k quarks.

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

cesses as a neW source of information sbout quark dynamics at

emall distance,

" A report submitted to the XIX International
on High Energy Paysics, Tokyo, 1978.

in the appearanﬁe'of "above~-barrier fragments

I. Pluetuons

It ip as early as the fifties theoretists became interested
/1}. The pheno=
menon consists in knocking out by protons of light nuclei (frag-
ments) from heavier nuclei when the momentum transferred to &
light nucleus ig much larger than the binding emergy of this
nucleus,

A% the same fime, the hyputhesisjef has been proposed that
8 large momenium can be transferred to a complex system of
nucleons as & whole only when at the moment of colligion with
an incident particle a number of internuclear nuclelons are
ingide a small volume, due to quantum fluctuetions, and takes
the momentun transfer as a unique particle with mass My =km

( w1 i the nucleon mass, k the number of nucleons in the

group). 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.

Conferance

Shimanskiy S.S.
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E2-85-537

A.V.Efremov, V.T.Kim, G.I.Lykasev

HARD HADRON-NUCLEUS PROCESSES

AND MULTIQUARK CONFIGURATIONS
IN NUCLEI1

Ve Conclusion

The analysis of the inclusive large K3 mneson production 1in the
hard haedron processes on nuclei has allowed one to understand the
relative contribution of multiple rescattering processes and the ex-
istence of multiquark fluctons in the nucleus in dependence on Xy
the multiple rescattering processes are dominating at A3 <0.7 + 0.8
whereas at lerger XA the mechanism of hard scattering on fluctons
is dominating, The model of multiple rescattering in which the multi-
ple soft collisions suggested in this paper are taken inte account
hefore the hard collision allows one to describe the multiple rescat-
~tering processes ingide the nucleus correctly.

The flucton model succesfully usmed earlier £foxr the description
of the cumuletive production and EMC-effect with such parameiers is
applied for the description of enomalous phenomena in the large [
processes in nuclei.

Shimanskiy S.S.
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Cumulative and Subthreshold processes

S > S,

cumulative
Xy = X4y =1 - for free NN-iInteraction
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Cumulative processes:

1) X, =1 and X;; > 13 Fragmentation
2) Xy, =1 and X, > 1} regions

3) X, >1and X;; >1 Central region



Fragmentation regions

p+ Npipm —mg + [ Nipin M+ Al

for E,>>m;, E,

(Ec —p, R -cos6;)

Nmin — Q m

112

+..= X (X)) Stavinsky (1970°s)

Common case for AA-collisions

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

(XM) + (X; M) = mg + [X-M, + XM +m, ]

Spip =min(S"?) = min[(X, - P, + Xy - Py)"?]



PM‘(‘BIOT[)HL‘I KBaBI/I6HHa,pHoe CTOJIKHOBeHHe B BllJe MaCC CTaJIKHBAIOIITHXCEL OO BLEeKTOB:
Xy -Mr+Xr-Mpp — M, Jr(‘X’I'ﬂJrIJr){’II'ﬂfII +JL_\)

B ciyuae cronknosennst smep Xy € [0, Af] m X7 € [0, Arr], e A; m App aromuble Beca
snep I 1 11 coorBeTcTBeHHO. B coyvae, ecomm [ mam 1T apoH Torma cooTBETCTBYIOIasd TlepeMeHHast
X € [0,1]. Ons ssmep My = My = my. tne my Macca HyKJIOHa. Ma - Macca KOMIEHCHDPYO-
mas BBIMOJIHEHHE MHHAMAJLHBIX 3aKOHOB COXpaHeHns B KBasnOmHapHOi peakinu. M. - macca
HabIrOTaeMoit 9acTHIIBI B KyMYJTATHRHOI 06/1acTmh.

MaxkcuMaJJIbLHYIO SHEPTHIO KyMYJIATHBHAA TacTHIA OVIeT UMEeTh KOTIa OCTAJIbHas Macca Oy-
JIeT KaK eIUHLIN 00BLeKT. 3aKoH COXpalelud SMePrUH-UMITYIbLCa I TaKolt KBasuOHUHapIo
peakIiii MOYKHO 3aIllcaTh B 0003HaYeHUAX 4-X BEeKTOPOB TakK:

Xr-Pr+ X7 Prr= P.+ Px.

3uechk P, geThipex-uMILyJIbC¢ KYMYJISTUBHON YacTullbl, a Py 9eThlpex-uMILyJIb¢ KOMIEHCHDY-
IOIel MacChl.

[lepenocum F,. B JieBy10 49acTh, BO3BOJUM B KBaJpaT H IPUBOIAUM HOHODHBIE, HOC/IE Yero
IIoJIy4aenM COOTHOIIeHHe:

M2 +2- Xy - Xy (Pp-Pry)—2-X;-(P-Pe) —2- Xy - (Py- Po) =
2. X7 X1 (JII 'ﬂfjj) +2- X7 - (J.Jir JL_\‘) +2.-Xrr- (ﬂfj} . J»ir,_\.) Jrjuri

CobupaeM Bee WiIelhl colepzKanie Xy B JeBoil 4acTH U BLIHOCHM X 77 B KadecTBe OBIIEro
MHOZKHTE/ISI TTOJTY TTHM:

Q’xX’II{‘YI[(PI’PII} *ﬂ»lrj’ﬂ»lrjj] — [(PII'PC}JrﬂfII AIIA]}Q‘X’I[(PIPC)JrJII J.L_\]Jrj.fi 711"_2

OTcrona mojiydaeMm cBa3b Mexxay Xy o Xpr:

- ){I “4+B
X = e @
rae | _
W |(Pr-Po) + Mp- Ma] @)
} [(Pr-Prr)— My - M)’ -
M2 — M2

B=s—o—p A T (3)

2 [(Pr - Pr1) — My - Mg
Cj _ [(PII " PC) + ﬂ'fj’j’ " J'IJ_\-] ('—l)

(Pr - Prr)— My - M)



Corsacuo CraBuackoMmy|l], a1 onpenesienns enncTBeHHBIX 3Hadennit X7 u X Beibepem
yCJIOBUE, UTO BeJIUIUHA S Olpelle/iIeHHad KakK:

5§ = (XI - Pr+ Xy - PII)Q = (X;‘rz . J.lrjz + XIQI . J.IIQI +2- Xy - JX’II(PI . PIIJJ‘ (

t
S

Nnn B npyrom Bue

s=(X? M} +X} M} +2-X;-Xy1-D). (6)

e

D = (Pr - Prr). (7)

s BbIpakeHHad Kak (6) uepes mepementbie X; u X Jo/DKHA HMETH MEHUMAJILHOE 3HAUEHIE.
ITpu sTom X7 Boipazkaercsa depes X o ¢popmysie (1). A,B.C u D xoncranTot gaiotcsa Gpopmy-
nami (2),(3),(4) u (7) coorsercrBerro. M u M Toxke koHCTAaHTBI. MOKHO Oy INTH AHAJATH-
YecKoe peIlleHus B o6IeM CJIytae UCHOJB3YS MaKeThl aHAJIUTHYIECKUX BBIUHC/IeHUN (HarpuMep
MATHEMATICA). [Toka He BUIHO 3/IETAHTHOTO BbIpazKeHHs, (DOPMYJIbI JOBOJIHHO I'POMO3IKHE.
JIerko HoJlyuuTh HEKOTOPbIE YAaCTHBIE ¢Jlydad, KOrja He HYXKHO J1eJIaTh MUHUMHU3AIUIO.

1. Knaccunaeckuii KymyiaartusHbiin sddekr p+ A — c+ X (X7 =1).

. A+ B
‘XII — ? (8)

2. IloomoporoBoe poXKIaeHHne, ABAYKIbl KyMyJIaTUBHbIe mpotiecchbl (X7 = X;f).

. . C+A C+ A)?
JXI - JXII - f + \/% + B (9)

Cceblaku

[1] V.S. Stavinsky, JINR Rapid Commun. IN18-86, p.5, 1986.
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2
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A.A. Baldin's parameterization

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

1 1
_ 1 _

2 2 : : : 2 =~ .§2
(X7 + X +2-X - Xy -7in) > m S min
(P -Pi)

M| -My

Inclusive data parameterization

d3o l+ﬁ Lrﬂ 1
E.dp3 =C - A ° A ‘eXP(—a,
C, =2200[mb-GeV 2 .¢c’-sr '],C, =0.127



A.A. Baldin's parameterization for cumulative and
subthreshold particle production

10 '

> @

1%4):4% %5) (45 reB2c3cp1)

-a
4

E(a%0/a%p)~A
b4

-]
10 o
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18 2.3 2.8 33 38 1]

ch(}.} 9?‘? CUMOCTb  MHBAPHAHTHbIX uddepeHUHANbHBIX  CevMeHMH , NENEHHbIX HA
A VYA me ay(X,) = 2/3 + X,/3 v ay(X,) = 2/3 + X,/3,0r napametpa I1 ans cre-
aywumux peakuni: * Si + Si— K- 2,0 MB/uyxaon, 0°[9]; x Si + Si»p 2,0 I'aB/nyk-
aon, 0°[9]; & Si + Si—= K- 1,4 MB/uyknon, 0°[8] o C + C—p 3,65 I'aB/uyknonu,
24°[11];0d + C—»p 3,65 T'aB/uyknon, 24°[11]; & C + C - K~ 2,5—3,65 '3B/uyknon,
24°(12]; Ad + C—» K~ 2,5—3,65 MB/uyxnon, 24°[12]; * p + C» K~ 9,2 IB/uyxnon,
119°[6]; O p + C->x" 9,2 MB/uyknon, 119°[7] =

30

E, d% E _ d%
JNa6. | Ja6. |o,, = —x 0, =S
Peaxims |Bom. | ma. |yron | ®%C p? apxad | PA° p? dpedn |Counxa
I'aB/H|'3B/C|BHJET 2,3 2,3
md/cp T'sB°/c MO/cp I'sB®/c
d+C ->p | 3.65| 0.8 | 249 | (1.5:0.6)<107* | 9.3 « 107 | 11
C+C ->p | 3.65| 0.8 | 24 | (1.2:0.3)x1073 | 7.4 x 107 | 11
C+Cu->p | 3.65| 0.8 | 24° | (6.2:2.0)x107° | 6.05 x 107 | 11
S1481->p | 2.0 | 1.0 | 0% |(B.7142.9)x1075 | 1.98 x 107* 9
S1451-p | 2.0 | 1.5 | 0° [(1.09:0.25)x107¢| 1.2 « 107* 9
S1+51-5p | 2.0 | 1.9 | 0° | (4.9:1.0)<1073 5.07 « 107° 9
S1+451->p | 1.65| 1.5 | 0° |(1.4140.38)«10°%| 9.1 « 10°® 9
d+C->k"| 2.5 | 0.8 | 24° | (4.1:2.0)x1072 5.7 = 1072 12
C+C->k"| 2.5 | 0.8 | 24° | (4.6¢1.0)x107" 4.4 « 10" 12
si+51->k"| 1.0 [ 1.0 | 0% | (1.2¢1.5)«1072 1.1 1073 8
S1+51-5k"| 1.26| 1.0 | 0% | (8.0:5.0)x1072 2.26 x 1072 8
S1+51->k[ 1.4 | 1.0 | 0° | (5.0¢1.5)x102 | 7.0 « 1072 8
Si+51->k7[ 1.4 | 1.5 | 0° | (5.0¢1.5)x10° | 7.56 « 1073 8
S1+51->k7| 2.0 | 2.37| 0% | (1.5¢1.0)«1072 1.66 « 1072 9
Si+51->k7| 2.0 | 1.5 | 0% | (2.5:0.5)x107" 3.46 = 107! 9
S1+51->k | 2.0 [ 1.0 | 0° | (1.5¢0.5)=1072 1.45 = 10° 9




Twice cumulative processes.

Cumulative processes. o -
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Energy Dependence of Charged Pions Produced at 180°
in 0.8 -4.89-GeV Proton-Nucleus Collisions

IL.. S. Schroeder, S. A. Chessin, J. V. Geaga, J. ¥. Grossiord, (2>
J. W. Harris, D. L. Hendrie, R. Treuhaft, and K. Van Bibber
Tawrernce Berkeley Laboratory, University of Califorrnia, Berkeley, California 94720
(Received 25 September 1979)

High—-energy charged pions produced at 180° in 0.8—4.89—GeV pProton—nucleus collis—
ions have been studied. Both the slopes of the energy spectra and the w/w* ratios in—
crease rapidly with primary energy up to — 3—4 GeV, where limiting values appear to
be reached. The dependence on target mass also changes over this energy range. Un-—
like forward pion—-production results, backward pions at these energies do not obey
the scaling law suggested by Schmidt and Blankenbecler.

We report on a systematic study of the energy collisions such production is kinematically re-
dependence of charged pions produced at 180° in stricted. Observation of pions beyond this kine —
the collisions of 0.8—-4.89-GeV protons with nu- matic limit may then be evidence for exotic pro-—
clei. A principal reason for studying production duction mechanisms such as production from
of energetic pions from nuclei in the backward clusters.'”® Early experiments by Baldin e# «l.°
direction is that in free nucleon-nucleon @V —-IN) using 5.14- and 7.52-GeV protons observed

© 1979 The American Physical Society 1787

. ; . , . . , . tering mechanism to one where nucleon clusters

- . — play an ever increasing role. To isolate the pro-
= /#/ (@) duction mechanism further, experiments are re-
g <o ¥ L L quired which will measure additional observables
" s /2 v Reference & such as associated multiplicities and two-par-
20 ticle correlations. However, it is clear that by
measuring the production of pions in kinematic
° regions beyond those available in free N-N colli-
T.OO I +’ T . sions, such as at 180° and high energies, one 'is
probing the short-range behavior of nucleons in
e - nuclei. This behavior might manifest itself as
E ©° ? large Fermi momenta or nucleon clusters,
o4 (b)
+* S RmImme
0.2
o L i ; ! L 1 1 1
o 1 2 3 a 5 =3 = .
T (GeV)

FIG. 1. Energy dependence of (a) Ty, 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).



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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SHAEPHAS DH3HKA, 2002, mom 65, Ne 11, ¢. 2042—2051

OB30PbI

IMYTH UCCJIEJOBAHUA SIAEPHOI'O BELLLIECTBA B YCJIOBUSX,
XAPAKTEPHbIX 1JIS1 ETO MEPEXOJA
B KBAPK-IJIOOHHYIO MJIASMY

© 2002 r.

I A. Jlexcuu

Hucmumym meopemuueckoll u skcnepumermansrol pusuru, Mockea, Poccus
IMoctynuna B peaakunio 07.02.2002 r.

Kpatko npeacrasienbl cBOHCTBA NIyGOKOHEYNPYTHX SIIePHBIX PEAKLMH, TPOMCXOJSALUNX HA TWIOTHBIX (hi1yK-
Tyauusax sAepHod marepus (dayxronax). ObcyskuamTes cBoHCTBA (WIYKTOHOB, KOTOPBIMH MOTYT ObITh
MHOTOKBAPKOBbIE “MELUKH" HJIH “Kanenbkh” KBAapK-TJII0OHHOM [1J1a3Mbl: XapaKTepHbIe MapamMeTphl s1epHOro
BelllecTBa BO (PIYKTOHE — “Temnepartypa” M IUIOTHOCTb MOPSIKA KPHTHUECKHX A7 (ha30oBoro rnepexosa.
HXx sHaueHHst MOTYT GbITh JIOCTHTHYThI HJIH IPEB30HIEHBI, €CJIH BBIIEIHTE COOBITHST (DIYKTOH-(hIyKTOHHBIX
cTOMKHOBeHHI. Q6cyKaaercsi criocod BblIeJeHHs.
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Shimanskiy S.S.



Flucton hypothesis

p+A—> i, J/,p,n,...+ X

oh ~ Pc -Gy k (K)

Shimanskiy S.S.



Fermi motion or Short Range Correlation (SRC) mechanism

Colligier' mode

D+A> 7, K I/, .+ X

o, ~nk)-o(pN = 7,K + p+ X)

E+A—> n, p,...+E+X

ON "’n(R)‘Uo

Shimanskiy S.S.
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LARGE MOMENTUM PION PRODUCTION IN PROTON NUCLEUS
COLLISIONS AND THE IDEA OF “FLUCTUONS” IN NUCLEI

V.V. BUROV
The Moscow Strare University, Moscow, USSR

and
V.K. LUKYANOV and A.I. TITOV
Joint Institute for Nuclear Research, Dubrna, 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.

The purpose of this note is to realize the idea [4] 2 E,T:;‘—S,s;mb Gev?) L)
that the cumulative effect is connected largely with 2¢ I 12c |
a suggestion on the existence in nuclei of the so-called g, 0ev | o_g Gev
fluctuons. Earlier fluctuons were proposed [7] in order o
to understand the nature of the “deuteron peak” in .
the pA-scattering cross section at large momentum ' :
transfers [8] and also to interpret the pd-scattering
cross section [9]. Compressional fluctuations of mass 08 00 0.4 0.8

M, = kmp of nucleons in the small volume V™ Inr
where reis the fluctuon radius were assumed.

3

E

T, (GeV)

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

section for 12C: I — for the free proton target; Il — with fermi
motion; III — the relativization effect. (b) The contributions
of separate fluctuons with mass My = kmyp where k is the
order of cumulativity.

Shimanskiy S.S.



12, BEPOATHOCTh CYIMECTBOBAHHA ®JIYKTOHOB B ANPAX

Dy, -h"'x
i +
107 H“g
I Ny +
= H‘M
70°% ~
B \
1077} '1\
i \
1077 \
=7.
1l L 55810 yl
10 __ | | B | .[

2 X 4 & & K

Purc. 19. BepoaTHOCTE  CYIIECTBOBA -
Hug (QIYHTOHOB ¢ Kk HYKIOHAMH B
Afgpax



VOLUME 87, NUMBER 2 PHY SICAL REVIEW LETTERS 9 JurLy 2001

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. Bc:)ngers,2 G. Borchert,2 W. Borgs,2 W. Br‘aiutigam,?' 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.2
L.v. Horn,”? L. Iarczyk,l?‘ A. Kacharava,” B. Kamys,!? A. Khoukaz,> T. Kirchner,® S. Kistryn,'? F. Klehr,!'?
H. R. Koch,? V. Komarov.? S. Kopyto,? 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,2 S. Merzliakov,? K. Meyer,2 S. Mikirtychiants,! H. Miiller,® P. Munhofen,? A. Mussgiller,?
V. Nelyubin,] M. Nioradze,?” H. Ohm.,2 A. Petrus,’ D. Prasuhn,? B. Prietzschk,® H.J. Probst,”> 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,2 H. Seyfarth,?2 A. Sibirtsev,? J. Smyrski,!3
H. Stechemesser,'2 E. Steffens,!® H.J. Stein,2 A. Strzalkowski,!? K.-H. Watzlawik,?2 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, 9 = 127, has been measured for a beam energy of 7, — 1.0 GeV, far

below the free NN 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.

d’o/dpdQ
(ub s’ GeV' c)

E/p® d*o/dpdQ
(ub & s’ GeV?)

n A | - L | S

100 200 300 400 500 600
p (MeV/c)
FIG. 2. (a) Double differential K *-production cross section for
the p(1.0 GeV)">C — K7 (# = 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)].



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

2.6. Region §

In the region x > 1 the struck quark is ’superfast’, its momentum is larger than
the momentum allowed for a stationary nucleon. The longitudinal distances involved
are 7 < 0.2 fm and therefore one is sensitive to correlations of nearby nucleons or more
complicated configurations like multiquark clusters. As an example the predictions for
a multiquark cluster calculation [32] are shown in figure 5.
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Figure 5. Theoretical predictions for Figure 6. Preliminary results for o' /G'H s

nuclear structure functions at x > 1 from NE-2 at SLAC

The height of the plateau in the range 1 < x < 2 s proportional to the ratio of
probabilities of finding 6-quark clusters in nuclei A and B, the range 2 < x < 3 reflects
the ratio of 9-quark cluster probabilities and so on,

Figure 6 shows preliminary results for the cross section ratio of Fe and He obtained
by NE-2 at SLAC [33], which took data for a series of nuclei Witk beam energies between
4 and 14 GeV. One could speculate that the plateau for 15 < x < 2 is an indication
for the step function expected in the multiquark cluster model. Note, however, that the
data are still substantially affected by quasielastic scattering as the ratio is smaller than
one near x = [,

STy mresaw pavpvow \1003)-
32 J. Vary, Proceedings of the 7th Int Conf. on High E '
: . : gh Lnergy Physics problems,
Dubna 1984,147, TR
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TOPICAL REVIEW

Hadrons in the nuclear medium

M M Sargsian!, J Arringt_unz, W Bertozzi’, W Boeglin!, C E Carlson
DB Dayﬁ, L L Frankfurt®, K Egiyan?, R Ent%, S Gilad®, K Griffioen®

D W Higinbotham®, S Kuhn®, W Melnitchouk®, G A Miller'?,
E Piasetzky®, S Stepanyan®®, M I Strikman'! and L. B Weinstein®

Abstract

Quantum chromodynamics (QCD). the microscopic theory of strong
interactions, has not yet been applied to the calculation of nuclear
wavefunctions. However, it certainly provokes a number of specific questions
and suggests the existence of novel phenomena in nuclear physics which are not
part of the traditional framework of the meson-nucleon description of nuclet.
Many of these phenomena are related to high nuclear densities and the role of
colour in nucleonic interactions. Quantum fluctuations in the spatial separation
between nucleons may lead to local high-density configurations of cold nuclear
matter in nuclei. up to four times larger than typical nuclear densities. We argue
here that experiments utilizing the higher energies available upon completion
of the Jefferson Laboratory energy upgrade will be able to probe the quark-
gluon structure of such high-density configurations and therefore elucidate
the fundamental nature of nuclear matter. We review three key experimental
programmes: quasi-elastic electro-disintegration of light nuclei, deep inelastic
scattering from nuclei at x > 1 and the measurement of tagged structure
functions. These interrelated programmes are all aimed at the exploration of
the quark structure of high-density nuclear configurations.

PIL: 50954-3899(03)534926-X

JLAB data

(a) Experiments performed at electron machines with low incident electron energies, Eyy. €
| GeV, in which the typical energy and momentum transfers, v and g, were comparable
to the nuclear scale

v I0MeY,  [71< 2k (1)

where k& 250 MeV/c is the characteristic Fermi momentum of nuclel, These reactions
were inclusive (e, ¢') and semi-inclusive (¢, ¢'N) and covered mainly the quasi-elastic
and the low lying resonance regions (the A isobars), corresponding to relatively large
values of Bjorken-x (x = Q%/2m,v, where 0 = ¢* = 1),

(b) Deep inelastic scattering (DIS) experiments which probed nuclei at x < 1 and large 0*
scales, greater than about 4 GeV2, which resolved the parton constituents of the nucleus.

The first class of experiments is unable to resolve the short-range structure of nuclei, and
the second, while having good resolution, typically involved inclusive measurements which
averaged out the fine details and were limited by low luminosities and other factors.

It is interesting to note that there is a clear gap between the kinematic regions of these
two classes of experiments. This corresponds exactly to the optimal range for the study of
the nucleonic degrees of freedom in nuclei, 1.5 € 0* € 4 GeV2. for which short-range
correlations (SRCs) between nucleons can be resolved, and the quark degrees of freedom are
only a small correction. Work at Jefferson Lab has started to fill this gap in a series of quasi-
elastic Ale, ), Ale,¢'N) and A(e, ¢'N|N,) experiments. Previously, this range was just
touched by inclusive experiments at SLAC [2-5] which also provided the first measurement
of A = 23,4 form factors at large 0. A number of these high-energy experiments probe
the light-cone projection of the nuclear wavefunction and in particular the light-cone nuclear
density matrix, pf (e, p1), in the kinematics where the light-cone momentum fraction 2 1
(A 2 & 2 0) so that short-range correlations between nucleons play an important role.

Shimanskiy S.S.
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JLAB data
JLAB Phys Seminar DecO5 K. Egiyan

Having these data, we know almost full (*99%) nucleonic picture
of nuclei with A < 56

Wns Single particle (%) 2N SRC (%) 3N SRC (%)
Nucleu
S6Fe 76 +0.2+4.7 23.0 0.2+ 4.7 0.79 +0.03 + 0.25
W2C 80 +x02+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
°H 96 + 0.8 4.0 +0.8 | = -----

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

a, (2C)~ 4+2%
a(?C)~2020224.1% mmmmmp a (2C)=12% 4%
a (2C)~ 4+2%

Shimanskiy S.S.
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Search for Sub-threshold Photoproduction of J/i» Mesons

P. Bosted,! J. Dunne? C. A, Lee® P. Junnarkar.® M. Strikman? J. Arrington ®
R. Asaturvan.® F. Benmokhtar,” M.E. Christy * E. Chudakov,! B. Clasie,”
S. H. Connell ' M. M. Dalton® A. Daniel!! D. Day.'® D. Dutta® R. Ent.!
N. Fomin,* D. Gaskell! T. Horn,™! N. Kalantarians,'! C E. Keppel.®
D.G. Meekins,! H. Mkrtchvan,® T. Navasardyan,” 1. Roche ! V. M. Rodriguez, 1
D. Kiselev (nee Rohe)™1® 1. Seely ® K. Slifer,!*1® 8. Tajima.!® G. Testa, 1
Roman Trojer, ¥ F.R. Wesselmann, '™ 5.A. Wood,! and X.C. Zheng!?

Abstract
A search was made for sub-threshold J/4 production from a carbon target using a mixed real
and quasi-real Bremsstrahlung photon beam with an endpoint energy of 5.76 GeV. No events were
observed, which is consistent with predictions assuming quasi-free production. The results place

limits on exotic mechanisms that strongly enhance quasi-free production.
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FIG. 6: The E,,-integrated probability of finding a nucleon with missing momentum P, as a
function of Py, The solid (dashed) lines are “high” and “low™ evehall extrapolations above (.6

GeV of the spectral function of Ref. [12].
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We used three different free nucleon cross sections (as motivated by the discussion in the

introduction):

I. do/dt
1. de/dt
ML do/dt

ae™ (4)
of (1 - )’ (5
a(l—)*/(1—bt)", (6)

where a and b are free parameters, and we used o = ((m + My)* — m?*)/(s — m*) For each

model, we varied the f-slope parameter b within a reasonable range and, for each value of b,

determined a such that the total cross section would agree with the Cornell measurement [13]

of 0.7nb at k = 11 GeV. The predicted counts are shown in Fig. 7 as a function of b for each
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Subthreshold antiproton production in proton—carbon
reactions

V I Komarov!, H Miiller? and A Sibirtsev?

Subthreshold particle production 1s a collective phenomenon which is far from being
completely understood. Data on subthreshold particle production can be reproduced within
the ROC model by considering the interaction of the projectile with few-nucleon systems in
complete analogy to the interaction with a single nucleon, also with respect to high-momentum
transfer processes. It 1s the simultaneous consideration of the data for all particle types
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Color(nuclear) transparency in 90° c.m.
quasielastic A(p,2p) reactions

The incident momenta varied from 5.9 to 14.4 Gel/c,
corresponding to 4.8 <Q¥ <12.7 (GeV/c).

L(p+"p" = p+p)

1" = do
Z%(p+p—p+Dp)

©

P
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The kinematics for quasi-elastic A(p,2p)X scattering,
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A relativistic framework to determine the

nuclear transparency from A(p,2p) reactions

B. Van Overmeire, J. Ryckebusch

Department of Subatomic and Radiation Physics, Ghent University,
Proeftuinstraat 86, B-9000 Gent, Belgium

Abstract

A relativistic framework for computing the nuclear transparency extractec
A(p,2p) scattering processes is presented. The model accounts for the initie
final-state interactions (IFSI) within the relativistic multiple-scattering Glaut
proximation (RMSGA). For the description of color transparency, two existing
els are used. The nuclear filtering mechanism is implemented as a possible ex
tion for the oscillatory energy dependence of the transparency. Results are pre
for the target nuclei “Li, 2C, 27Al, and %3Cu. An approximated, computati
less intensive version of the RMSGA framework is found to be sufficiently ac
for the calculation of the nuclear transparency. After including the nuclear fi
and color transparency mechanisms, our calculations are in acceptable agre
with the data.

0.6 L A B U B BN S L R
— RMSGA s Carroll [4] 1

[ --- RMSGA = Mardor [5] ]

0.5 RM&GA 7 * [ eksanov [6] ]
| RMSGA+CT ]

| RMSGA+CT+NE ]

04 5
~ 03 -
0.2 | .
01 .
0 -‘ oo b v b by by | Lo v by b 0w by .._

5 6 7 8 9 10 11 12 13 14 15
p, (GeVic)

Fig. 1. The nuclear transparency for the 2C(p,2p) reaction as a function
the incoming lab momentum p;. The full RMSGA (solid lines) are compared
the RMSGA’ (dashed lines) results. The different curves represent the RMSG.
RMSGA+CT and RMSGA+CT+NF calculations. The CT effects are calculat.
in the FLFS model [21] with AM? = 0.7 (GeV/c?)? and the results including t.
mechanism of NF are obtained using the positive sign of ¢ (s) + ;. Data are fro
Refs. [4,5,6].
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Energy Dependence of Nuclear Transparency in C(p.2p) Scattering
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The transparency of carbon for (p.2p) quasielastic events was measured at beam momenta rang-
ing from 5.9 to 14.5 GeV/c at 90° c.m. The four-momentum transfer squared (Q?) ranged from 4.7
to 12.7 (GeV/¢)?. We present the observed beam momentum dependence of the ratio of the carbon
to hydrogen cross sections. We also apply a model for the nuclear momentum distribution of carbon to
obtain the nuclear transparency. We find a sharp rise in transparency as the beam momentum is increased
to 9 GeV /c and a reduction to approximately the Glauber level at higher energies.
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FIG. 2. Top: The transparency ratio Tcp as a function of the
beam momentum for both the present result and two points
from the 1993 publication [3]. Bottom: The transparency T
versus beam momentum. The vertical errors shown here are
all statistical errors, which dominate for these measurements.
The horizontal errors reflect the a bin used. The shaded band
represents the Glauber calculation for carbon [9]. The solid
curve shows the shape R™! as defined in the text. The 1998
data cover the c.m. angular region from 86°—90°. For the new
data, a similar angular region is covered as is discusse ig the
text. The 1988 data cover 81°—90° c.m2himanskiy S.S.



High p; suppression in AA-collisions

7 W directy (PHENIX preliminary)
% inclusive h* (STAR)
@ =" (PHENIX preliminary)
GLV parton energy loss (dN&/dy = 1100)

1T=
T Cronin effect and CT
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Evidence for Color Transparency and Direct
Hadron Production at RHIC -

Stanley J. Brodsky
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309

The QCD color transparency of higher-twist contributions to the inclusive hadropro-
duction cross section, where the trigger proton is produced directly in a short-distance
subprocess, can explain several remarkable features of high-py proton production in
heavy ion collisions which have recently heen observed at RHIC: (a) the anomalous
increase of the p — 7 ratio with centrality (b): the more rapid power-law fall-off at
fixed 2+ = 2pp/+/s of the charged particle production cross section in high central-
ity nuclear collisions, and (c): the anomalous decrease of the number of same-side
hadrons produced in association with a proton trigger as the centrality increases.
These phenomena illustrate how heavy ion collisions can provide sensitive tools for
interpreting and testing fundamental properties of QCD.



The main questions for DINR at PANDA

Do we see multiquark states inside nuclei
or it's SRC of nucleons?

Which properties of these objects?

Shimanskiy S.S.



S.S. RNP 2005 Proceedings
nucl-ex/0604014

- average number of baryons accompanied high pr cumulative particle production
and 1ts S.umuie: dependance;

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

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

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

A Tang,' J.W Watson,' J. Aclander.” 1. Alster.” G. Asryan,*” Y. Averichev.® D. Barton.* V. Baturin,"
N. Bukhtoyarova,** A. Carroll.* 8. Gushue.* S. Heppelmann,® A. Leksanov,” Y. Makdisi,* A. Malki,* E. Minina,”
I. Navon,” H. Nicholson,” A. Ogawa,” Yu. Panebratsev.” E. Piasetzky,” A. Schetkovsky,™ S. Shimanskiv.® and

D. Zhalov®
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Figure I.5: The vertical component of the target nucleon momentum vs. the total nentron
morreentiim. The positive vertical axis is the upward 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 squares are for the 5.9 GeV /e incident beam and the triangles
are for 7.5 GeVWV,/¢c. The dots are preliminary unpublished data from the 1998 runing
period. We associate the events in the upper right corner with NN SRO.
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We can see the cold Q& phase in
ordinary nuclear mater and highlight
this state in pA- and AA-collisions.
This state directly

connected with properties of the core
for NN-interaction. We don't know
well NN-interaction in overlapping

range.
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RHIC Physics: 3 Lectures”® + CERN Yellow Report
Larry McLerran 2007-005: P-75

Physics Department PO Box 5000 Brookhaven National Laboratory Upton, NY 11973 USA

September 13, 2003
The Evolving QCD Phase Transition
t~ 1980

Quark Gluon Critical Temperature 150 - 200 MeV (ng =0)
Critical Density 1/2-2 Baryons/Fm® (T=0)
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Hadron Gas
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Figure 4: A phase diagram for QCD collisions.
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Strangeness in Neutron Stars dST[D-pthISUMZZ vl 20 Apl 2006

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

qgark—hyhrid traditional neutron star
star
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Fig. 1. Competing structures and novel phases of subatomic matter predicted by theory to make
their appearances in the cores (RS8 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 (25C) phase. Other possible condensation patters

Cflor_supercl?ndtﬁting K. Rajagopal and F. Wilczek, The Condensed Matter Physic}s of QCD, At the Frontier
?urgnsgelj‘a”rﬁg) MAUET 7" of Particle Physics / Handbook of QCD, ed. M. Shifman, (World Scientific) (2001).
Al M. Alford, Ann. Rev. Nucl, Part. Sci. 51 (2001) 131.



Ham Heob6xoammo oTBeTUTL Ha ABA BOMPOCA:

- eCTb N1 MHOTOKBAPKOBbIE COCTOAHUA B OOLIMHOU
afepHOU Matepum Unu peanusyetca cueHapum
SRC(pepmu-geuxeHue)?

- KQKMe CBOUCTBA MHOMOKBAPKOBBLIX COCTOAHUM UNU
HYKIIOHOB B CUNbHO HepaBHOBeCHOM cnyuvae (SRC-
cueHapuu)?



UccnepoeaHue ceveHuum B obnactu
npeaenbHo 6onbwunx pr( U x=1) 8
UHKNFO3UBHBIX, IKCKNHO3UBHBLIX U
NOY3KCKIMHO3UBHLIX peakumax
MOTYT OAHO3HAYHO OTBETUTb Ha
BONPOC O CYLLeCTBOBAHUMU
MHOIOKBAPKOBLIX COCTOAHUM B
afepHOU MaTepum U, ecnum oHU
CYLLeCTBYHOT, MOMOUb UCCIen0BAaTb

CBOUCTBA 3TUX COCTOSHUM.

Kakasa aonxHa 6bITb Nporpamma
UCCNeaOoBAHUMN?



3aaaum ana PANDA

KymyriarusHere ripoueccsr B
r10J1Y3KCKIIFO3NBHOU U IKCKITFO3NBHOU
rocraHosKke B obsiacTu rpenesibHo

6omsumx pr (Npypoaa CT u
KYMYNATUBHBIX 9Bf1EHUU,
noanoporosoe poxaeHue J/¥ ..)



Cnacubo 3a uHTepec K 3TUM
npobnemam!



“spin crisis" of 70's
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Figure 4: A,, is plotted against Py ..
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Figure 5: A, is plotted against P°.
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Figure 6: The A polarization is plotted against P,>.
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Figure 7: A, is plotted against Xz
for inclusive m-meson production.
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