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H ~ 1017 Gs

E~ 1019  V/cm



New component of Nuclear Matter

Discovery and Investigation with Different Probes 
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Structure of Matter

Two ways that
structure is
revealed:

True from atoms
to particles…..

F. Close

p ++ + → +

*A A → +
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The same time Cronin team at FNAL have seen about the same
A-dependence for pA(for 200, 300, 400 GeV protons) high pT

Particle production 8
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Other processes to investigate the high dense state 
of the cold nuclear matter – high pT physics. Stavinsky 
tried to describe by the same way as cumulative 
processes. 
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V.S. Stavinsky JINR Rapid Communications N18-86, p.5 (1986)

(XIMI) + (XIIMII) → mc + [XIMI + XIIMII + m2 ]

1/2 1/2 1/2
IImin min( ) min[( ) ]I I IIS S X P X P= =  + 

Common case for AA-collisions
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A.A. Baldin’s parameterization

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

12



13

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

1E-10

1E-9

1E-8

1E-7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

10

  45 Gev  159o

 Al

 Ti

 Mo

 W

10.14 GeV    97o

 Al

 Cu

 Ta


in

v 
A

1
−


1  
A

2
−


2  

 [
m

b
  
G

e
v -

2   
c3   

s
r -

1   
]



A+A→π-
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Cumulative processes. Twice cumulative processes.
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Twice cumulative deep subthreshold 
processes with heavy nuclei.
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Antimatter production.



DIS in the cumulative 
region.
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Phys.Rev.Lett. 96 (2006) 082501
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Having these data, we know almost full (99%) nucleonic picture of nuclei with 
A  56

Single particle (%) 2N SRC (%) 3N SRC (%)

56Fe 76 ± 0.2 ± 4.7 23.0 ± 0.2 ± 4.7 0.79 ± 0.03 ± 0.25

12C 80 ± 02 ± 4.1 19.3 ± 0.2 ± 4.1 0.55 ± 0.03 ± 0.18

4He 86 ± 0.2 ± 3.3 15.4 ± 0.2 ± 3.3 0.42 ± 0.02 ± 0.14

3He 92 ± 1.6 8.0 ± 1.6 0.18 ± 0.06

2H 96         ± 0.8 4.0 ± 0.8 -----

Fractions

Nucleus

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

app(12C)  4 ± 2 %

a2N(12C)  20 ± 0.2 ± 4.1 %                       apn(12C)  12 ± 4 %

ann(12C)  4 ± 2 %

JLAB Phys Seminar Dec05  K. Egiyan
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eA – program at JLab
R.Subedi et al., Science 320 (2008) 1476-1478  
e-Print: arXiv:0908.1514 [nucl-ex]

12C - structure

RNP – program at JINR
V.V.B., V.K.Lukyanov, A.I.Titov, PLB, 67, 46(1977)
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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
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L.S. Azhgirei et al., Sov. Phys. JETP 5, 911–919 (1957).
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P + “D” ---> P + D 
G.A. Leksin

L.S. Azhgirei et al.



22



23

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.



High pT processes



,,(o),… high pt

А2

Fluctons

Dense baryon system

А: С,Ве,Не,…

А1

FLINT@ITEP:12С + Ве→ γ + Х
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Knot out cold dense nuclear configurations

SRC configuration

Multiquark
configuration

p

<B>  ~  1

<B>  ?
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Flucton case

<B>  >  1

<B>  <  1

Knock out of a nuclear fragments

Collision with hot flucton - small 

explosion
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Flucton case

<B>  >  1 (?)

The fluctons Knock out of in an excited state





N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
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Average baryon number <B>
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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
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1.Cold - exists inside ordinary nuclear matter 
as a quantum component of the wave function 
(with some probability and life time).

2. superDense - 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).

CsDBM
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«I 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 I 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. I 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.»

Тема Re: Cumulative at high p_T

От Boris Kopeliovich

Кому Stepan

Ответить bzk@mpi-hd.mpg.de

Дата 23.01.2012 7:42
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