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Cumulative processes 





January 1971

…it is possible to obtain the record high energy 

particle beams by means of accelerating the heavy 

nuclei with large charges



The first introduction of the term 
“cumulative effect”



The first experimental data



SPECTRA
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A.V. Efremov (1976) Parton description
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27.05.2015      PANDA meeting 
Shimanskiy S.S.
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Fluctons Probability inside nuclei
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Schroeder L.S. et al. // Phys. Rev. Lett. 1979. V. 43, n. 24. P. 1787
[6] A.M.Baldin et al., Yad.Fiz., 20, 1975, p.1201



Leksin G.A.
Physics of Atomic Nuclei, Vol. 65, No. 11, 2002, 
pp. 1985–1994
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FHS, ITEP, S.Boyarinov et al.



“Flucton”

“SRC”





A.A. Baldin’s parameterization

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

11
2 2 22

, min

,

1 1
( 2 )

2 2

( )

I II I II I II

I II
I II

I II

X X X X S
m

P P

M M





 = + +    = 



=



1 13
3 3 3 3

13
2

2 3 1
1 2

exp( ),

2200[ ], 0.127

I IIX X

I II

d
E C A A

Cdp

C mb GeV c sr C

 + +

− −


 =    −

=    =

Inclusive data parameterization
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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.



Fluctons 
(cumulative particle production)

P

pA → h + X

/~ ( )h K h KP G K 
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Subthreshold flucton-flucton production

2 2
/~ ( )h K h KP G K 
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Stachel et al.
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T0 T0/2

Inverse slope for subthreshold production must be the less then T0/2
(near the phase space border).



DIS in the cumulative 
region.
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K.Rith
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Cumulative 
kinematical 
region
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N.P. Zotov, V.A. Saleev, V.A. Tsarev (Lebedev Inst.)
Published in JETP Lett. 40 (1984) 965-968, Pisma Zh.Eksp.Teor.Fiz. 40 (1984) 200-203
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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.Burov, V.K.Lukyanov, A.I.Titov, PLB, 67, 46(1977)
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High pT processes
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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 fragment

Collision with hot flucton - small explosion
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Flucton case

<B>  >  1 (?)

Knock out of a flucton in an excited state





h+ - spectrum
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Physics of Atomic Nuclei, 2013, Vol. 76, No. 10, pp. 1213–1218
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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
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Ratios
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Ratio d/p
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SPIN data



Ratio p/+ (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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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)

-/+
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SPIN data



Why CDBM?
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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



FUTURE
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From the inclusive experiments to the
correlations and the exclusive experiments
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FODS 
(proton energy 20-50 GeV and 
nuclear beams up to 30 GeV/u)
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END
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1978



«I think that the main problem in understanding of high 
p_T 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 p_T, 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

58

mailto:bzk@mpi-hd.mpg.de
mailto:Stepan.Shimanskiy@jinr.ru
mailto:bzk@mpi-hd.mpg.de


Local processes in NN kinematic

0(0 )p A h X+ → +

Sov.J.Nucl.Phys.37:732,1983

Production of anti-protons in the proton - nucleus interactions at 10.1-
Gev/c. A.A. Sibirtsev, G.A. Safronov, G.N. Smitnov, Yu.V. Trebuchovsky 
(Moscow, ITEP). 1991. Published in Yad.Fiz. 53 (1991) 191-199
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SRC in VBLHEP

64



65



66

arXiv:1208.3668v1 [nucl-th] 17 Aug 2012
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+ CERN Yellow Report
2007-005, p.75
2008-005

Nuclotron-SPS Time (CERN)

Nuclear Physics A 837 (2010) 65–86

RHIC Time(BNL)
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