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

FRIDOLIN WEBER? ALEXANDER HO! RODRIGO P. NEGREIROS!
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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

COIOr—SuPerCEndUCting K. Rajagopal and F. Wilczek, The Condensed Matter Physiés of @CD, At the Frontier
(Sflrgnggjaﬁg) matter .t Particle Physics / Handbook of QCD, ed. M. Shifman, (World Scientific) (2001).
T M. Alford, Ann. Rev. Nucl. Part. Sei. 51 (2001) 131.



New component of Nuclear Matter
Discovery and Investigation with Different Probes
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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.l. TITOV
Joint Institute for Nuclear Research, Dubna, USSR

Received 27 January 1977

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

The purpose gf this not.e is to realize the idea .[4] 26 Bimb GVl 3',) ' |
that the cumulative effect is connected largely with "dP ]
a suggestion on the existence in nuclei of the so-called
fluctuons. Earlier fluctuons were proposed [7] in order
to understand the nature of the “deuteron peak” in
the pA-scattering cross section at large momentum

transfers [8] and also to interpret the pd-scattering
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Cross section [9] : Compressmnal fluctuations of ma Fig. 1. (a) Calculations of the invariant pion production cross

Mk = km.. of nucleons in the small volume VE = % mp section for 12C: I — for the free proton target; II — with fermi
p motion; III — the relativization effect. (b) The contributions

where Fe 18 the fluctuon radius were assumed. of separate fluctuons with mass My = kmp, where & is the
- order of cumulativity.



A - dependence (1974-...)

do [ A—heavy nuclei
e—(pP+A->m)~<1 . |
d A —light _nuclei

([ ASII3
R I
dp - A" —for _t

The same time Cronin team at FNAL have seen about the same
A-dependence for pA(for 200, 300, 400 GeV protons) high p+
Particle production
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Other processes to investigate the high dense state
of the cold nuclear matter - high p; physics. Stavinsky
tried to describe by the same way as cumulative

processes.

Kparxue coobwyernun OHIAH N°18-86 JINR Rapid Comrnunications No. 18-86
YOK §39. 12, 01

EAUHBLIA AJIFCOPUTM BbLIYUCITIEHMA UHKINO3UBHBLIX CEYEHUMA
POXAOEHMA YACTUL C BOJIbWKMMK TNMOMEPEYHBIMU UMY JIbC AMU
M AAPOHOB KYMYJIATUBHOIO THUINA

B.C.CrtaBuHCKUM

IIpensioxeH eOguHbBIN AaJITOPHTM BBIUHCIJIEHHS HHKJITIOSHBHBIX
CeuyeHHuH POXIOEeHHsI 4YacCcTHUIl C O60JIBIHMH IIOIepPpEeUYHbBIMIH HMIYJIIbL—
caMM H aOpPpOHOB KYyMyJIATHBHOI'O THIIA. BO3MOXHOCTE €OHHO-—
'O OINHMCaHHsA STHX IIPpOoIeCCOoOB OOyCryioBJyIeHa BBegeHHueM HO-—

BOI'o apryMeHTAa — MHHHMAJIBHOMH 5SHEepPI'HH CTAaAJIKHMBAaWIHMXCSs
KOHCTHTYEHTOB, HeOobOXoOogumMOoM IJIS POXIOeHHsI HaGlIwIoaemMom
gyacTHIbl. lIpOoBengeHO CpaBHEHHEe C SKCIrIepHMeHT aryibHbIMHA

OAHHDBIMH .
Pa6oTa BbOioJiHeHa B JlaGopaTopHH BbhICOKHX 5SHepIrudi
Onusin.

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 1s 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.
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Common case for AA-collisions

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

(XM) + (X, M) - m + XM + X, M +m, ]

Spic = min(SY%) = min[(X, - B + X, - B )M?]

min

11



A.A. Baldin's parameterization

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

1 2 1 3
H=§(X|2+X|2| +2- Xy - Xy - 7in)? :m'sr%in
P -P
7/|’“:(I i)
M -My

Inclusive data parameterization

T U S
E'd—pSZC]_'Al 'A“ -eXp(—C—Z,

C, = 2200[mb - GeV 2 -¢c3-sr1],C, = 0.127
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Cumulative processes.
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DIS in the cumulative
region.



PHYSICAL REVIEW C VOLUME 45, NUMBER 4 APRIL 1992

Nuclear structure functions at x > 1

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

D. B. Day, J. S. McCarthy, Z. Meziani,i R. Minehardt, R. Sealock, and S. T. Thornton
Institute of Nuclear and Particle Physics and Department of Physics, University of Virginia, Charlotresville, Virginia 229071

10~ 1

10~%

1073

vwzrufﬁ
H 4+ 0O < X

x 15

FIG. 1. Measured structure function per nucleon for Fe vs x.
The Q% value at x =1 is also listed for the different kinematics.
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Phys.Rev.Lett. 96 (2006) 082501

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

K.S. Egivan,! N.B. Dashyan,! M.M. Sargsian,'® M.I. Strikman,?® L.B. Weinstein *™ G. Adams,*® P. Ambrozewicz,'°
M. Anghinolfi,'® B. Asavapibhop.”? G. Asryan,! H. Avakian* H. Baghdasaryan,” N. Baillie,*® J.P. Ball 2

A(20ep + Ten)  3V(A) Ca, (2)

w4 3 —
r(A, HE) = S{dep T Jy\*rgeﬂ) 1"—1}’(31‘19} Tz

where Z and N are the number of protons and neutrons
in nucleus A, oo is the electron-nmcleon cross section,
YV is the normalized yield in a given (Q2,xp) bin [30] and
C is the ratio of the radiative correction factors for A
and “He (C2, = 0.95 and 0.92 for '2C and *°Fe respec-
tively). In our @2 range. the elementary cross section

correction factor 3‘4‘[20‘91"4'?‘9“:' is 1.14 4+ 0.02 for C and
(Zoep+Noen)

1He and 1.18 4 0.02 for *°Fe. Fig. 1 shows the resulting
ratios integrated over 1.4 < Q2 < 2.6 GeVZ2,

r (Fre/He) r(tc/H

| | | | | | |
1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75
X
B
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JLAB Phys Seminar DecO5 K. Egiyan

A < b6

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

Fractions
m

Single particle (%)

2N SRC (%)

3N SRC (%)

6Fe 76 £0.2+4.7 23.0+£0.2+4.7 0.79+0.03+0.25
e 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 +t08 | -

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

a, (20~ 4£2%

an(12C)~20£0.2+4.1% =—) 5 (120)x 12+ 4%

a, (20~ 4+2%

17
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12€ - structure

RNP - program at JINR

V.V.B., V.K.Lukyanov, A.lL.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]

JINR - 1977

78.15%

0.36%

JLab - 2008

B NN
B 2N SRC
B 3N SRC
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. 32.  JKypraa skcnepumenmansroti u meopemuueckoii ¢usuxu. Bein. 3
1957

G.A. Leksin, Elastic and quasielastic scattering of 660-MeV protons by deuterons
Published in: Sov.Phys.JETP 5 (1957) 371-377, Zh.Eksp.Teor.Fiz. 32 (1957) 440-444

YIIPYIOE U KBA3UYIIPYIOE PACCESAHHUE IMPOTOHOB
C 3HEPITMEHN 660 MeV HA JIEMTOHAX!

I'. A. Jlekcun

[Ipu sHeprun majarmonix nporoHoB 660 MeV mertonom conpsikeHHbIX TeJIECKOIIOB H3MepeHHl
JippepeHIIHaNbHbIE CeUCHHS YIIPYToro (p—d)-paccessHus B Ananasone yraosB 40—150° B ¢. 11. H.
I KBABUYTIPYTOro (p—p)-paccesiiusi B guanasone yrjosB 50—90° B ¢. L. H. IBYX HYKJIOHOB. JKCIIe-
JHMEHTaJibHbIe JaHHbIE YKasbhiBalOT Kak Ha IMPeHMYIIecTBEHHOe B3aHMOJIEHCTBHE HAJeTalollero
IPOTOHA C OTZEJIbHBIM HYKJIOHOM B JIedTOHe, TaK M Ha CYLIeCTBOBaHHE KOJIJIEKTHBHOTO B3auMojieil-
(1BHSI TPEX HYKJIOHOB. M3mepeHa Takike 3HepreTHueckast 3aBUCHMOCTDb AH(PDHepeHIHaJbLHOTO ce-

WHHSI KBA3HYNpyroro (p—n)-paccesnus Ha yroa 90° B ¢. 1. H. ABYX HYKJIOHOB B 06JIACTH 3Hep:
it 460—660 MeV.




I. 33. JKyprar asxcnepumentarsvHoil u Teopetuuecxkou ¢usuku. Boin. 5(11)
1957

L.S. Azhgirei et al., Sov. Phys. JETP 5, 911-919 (1957).

BbIBUBAHHUE JEWTPOHOB U3 IJIEP Li, Be, C u O NPOTOHAMH
C DHEPTHEH 675 MeV !

JI. C. Aoceupeit, H. K. Bsopos, B. II. 3pencs, M. I'. Mewepskos,
b. C. Heecanos, A. D. [llabyoun

HMsyuyeHbl HMIyJIbCHBIE CTIEKTPH 3apiZKeHHBIX YaCTHIL, HCIyCKaeMblX npu GoMOapaupoBKe jeiis
Tepus, JIMTHS, OepUaJHA, yriiepolia W KHCJI0OPoJAa NpoToHaMHu ¢ 3Hepruein 675 MeV. Hccaenona
HHe TIPOM3BO/IMJIOCH METO/IOM MarHUTHOTO aHaJiu3a r °
[l1s BceX sJieMeHTOB 0OHAapYIKEHO HCIyCKaHHe IPynnbl AeATPOHOB ¢ 3Heprueil okoyo 600 MeV.
B ciyuae meiliTepsi HCTOUHHKOM OHICTPBIX JeHTPOHOB fBJisiercsi ynpyroe (p — d)-paccesiHne; B
0CTaJbHBIX CJayvasX HCIyCKaHHe JeliTPOHOB NPOHCXOANT B peakuuu p -+ (Z, A)—d + p + (Z—1,
A—2), npexcrasasionieii coboil paccesiHHe NPOTOHOB Ha KBasHIETPOHHLIX TPyNNax BHYTPY
arep. C Tounocthio okoso 20% manddepeHlnaNbHble CeueHHsl 3TOH peakLUM cOCTaBJAAOT 2,9,
2,2, 3,7 n 4,6-107*7 cu?/.mepad cooteerctBenHo aas Li, Be, C u O. {5 Tex xe sijiep cpeAHss
SHePTHs IBHMKEHHSI KBasHJCHTPOHHLIX TPyNi olieHeHa paBHoil mpuMepHo 8, 11, 14 u 14 MeV.
B BHICOKOHMITYJIBCHOH YacCTH CIeKTPOB He 0OHapyXeHO B 3aMeTHHIX KoJIMuecTBaX BHIGUTHIX sep
TPUTHSI .

BrinosiHeHHbIe 3KCMEPHMEHTh! MIOKA3bIBAIOT, YTO B COYAAPEHHSX HYKJOHOB JIaHHOI SHEPrHH
C JETKUMH $1[paMH HMEIOT MeCTO Mpoliecchl TPeXuaCTHYHOIO B3aUMOJEHCTBHS, CONPOBOXK alOLIHe-
cs mepefaded GosibIUMX UMMYJAbcoB. IlosyueHHble pe3ybTaTH COTJIACYIOTCS C MPeJCTaBAeHUSIMH,
TeKallHMH B OCHOBE BBICOKOHMIYJIbCHOM MoJleJIH sJIpa.

20
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L.S. Azhgirei et al.



SOVIET PHYSICS JETP VOLUME 6 (33), NUMBER 5 MAY, 1958

ON THE FLUCTUATIONS OF NUCLEAR MATTER

D.I. BLOKHINTSEV

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

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 coworkersi*?
observed recently certain effects which confirm the existence of such fluctuations, at least for the sim-
plest nucleon-pair fluctuations, which lead to the formatjop of a compressed deuteron.

22



Beck(Editor), Clusters in Nuclei Volume 1,2010

p.v
A great deal of research work has been performed in the

field of alpha clustering since the pioneering discovery, by D.
A. Bromley and co-workers half a century ago, of molecular
resonances in the excitation functions for 12C + 12C
scattering. The aim of this new series of Lecture Notes in
Physics entitled Clusters in Nuclei is to deepen our
knowledge of this field of nuclear molecular physics whose
history was so well recounted in 1995 by W. Greiner, J. Y.
Park and W. Scheid in their famous book on Nuclear
Molecules (World Scientific Publishing Co.).

Nuclear clustering remains, however, one of the most
fruitful domains of nuclear physics, and faces some of the
greatest challenges and opportunities in the years ahead. 23



High p; processes



FLINT@ITEP:12C + Be— y + X

TC,’Y,’Y(TCO), .-« high p,
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Fluctons A:C,Be,He,...

Dense baryon system



Knot out cold dense nuclear configurations
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Flucton case

Knock out of a nuclear fragments
®

<B> > 1 /
[ >Q¢~ PK
Collision with hot flucton - small

explosion
<B> < 1 /
¢ oh ~ P

.dU"eI"(K)

dt

. dOjnel (K)
dt




Flucton case

The fluctons Knock out of in an excited state

<B> > 1 (?)
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SPIN - narrow acceptance spectrometer,
beam line #8

protons
1012 - 1013/s



N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
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PHYSICAL REVIEW VOLUME 126, NUMBER 35 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,} anp P. A. Provk
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 13}° 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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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
Average baryon number <B>
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The first data on the yield of the lightest nuclear fragments (protons p, deuterons ¢, and tritons 7) with high
transverse momenta py at an angle of 40° in the laboratory reference frame from nuclear targets bombarded

by 50-GeV/c protons and 204-GeV/c carbon nuclei obtained in the SPIN experiment (IHEP, Protvino, Rus-

sia) have been reported. It has been shown that the p4 and CA data can be described within a common scaling
approach, which possibly indicates that the mechanism of formation of high-pr nuclear fragments is common

for these reactions.
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Fig. 1. Spectra of (circles) protons, (rectangles) deuterons,
and (triangles) tritons in four different collisions. The ver-
tical dashed straight lines indicate the kinematic limit of

elastic nucleon—nucleon scattering at 40°.



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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Tema Re: Cumulative at highp T

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