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Brightness awardBrightness award

. .

The International Ion Source Prize “Brightness Award” for the 
“Development of an Electron String Source of Highly Charged Ions”
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(( ))

BEAM INTENSITY

p 5·1010

d 5·1010

4He 3·109

7Li 1·109

10B 2·108

12C 2·109

14N 1·107

BEAM INTENSITY
16O 7·108

24Mg 1·108

40Ar 3·107

56Fe 1.2·106

84Kr 1·103

124Xe 1·102

d 3·108
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Australia:
The University of Sidney

Belarus: The Institute of Radiative Physical-
Chemical Problems of NASB, The Academy of 
Scientific and Engineering Complex ‘SOSNY’, 
(Minsk) …Bulgaria: Institute for Nuclear 

Research and Nuclear Energy of 
BAS, University of Chemical 
Technology and Metallurgy (UCTM) 
(Sofia) …

Czech Republic: Nuclear Physics Institute ( ež), 
Charles University, Czech Technical University 
(Prague) …

Germany: Technishe Hochschule Darmstadt –
Institut f r Kernphysik (Darmstadt), Universität
(Siegen,  Karlsruhe), Philipps-Universität
Marburg (Marburg), Forschungszentrum J lich
GmbH (J lich) …

Greece:
Aristotle University of 
Thessaloniki
(Thessaloniki)

Italy: Istituto Nazionale di Fisica
Nucleare. Sezione di Firenze 
(Florence) …

Mongolia: Institute of Physics and 
Technology  of MAS, National University of 
Mongolia  (Ulaanbaatar)

Poland: Niewodniczanski Institute 
of Nuclear Physics (Cracow), The 
Andrzej Soltan Institute for 
Nuclear Studies (Otwock, Warsaw) 
…

Slovak Republic: Institute of Experimental Physics, P.J. Šafárik University 
(Kosi e), Institute of Physics SAS, Comenius University  (Bratislava) …

Russia: Institute for Nuclear Research of RAS (Troitsk), Lebedev Physical Institute of 
RAS (FIAN), Skobeltsyn Research Institute of Nuclear Physics at the Moscow State 
University, Russian Nuclear Research Institute of Experimental Physics (Sarov), 
Institute of Atomic Energy (Obninsk) …

And the Scientific Centers in Armenia, Georgia, Egypt, Kazakhstan, Romania, USA, 
Uzbekistan, Ukraine, France, Japan
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NuclotronNuclotron--based Ion Collider based Ion Collider fAcilityfAcility
(NICA)(NICA)

. .

. .

U + U collisions sNN = 9 GeV
Average luminosity 1027 cm-2s-1
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MultiPurposeMultiPurpose DetectorDetector (MPD)(MPD)
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TOF

Silicon Vertex
System

TPC

Zero Degree
Calorimeter

TOF
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I + I I   1 + 2 + 3 + …

b ik  =  -  ( u i -  u k ) 2

u i =   p i /m i
u k  =  p k /m k

i ,  k  =  I ,  I I ,  1 ,  2 ,  3 ,  …

.. ..
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bik ~  10-2

Classical Nuclear Physics

0.1 bik < 1
Transition region

bik >> 1
Quark Gluon Systems
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PIKASOPIKASO,, LNSLNS,, pHe3,pHe3,
BECQUERELBECQUEREL, DELTA, , DELTA, 
GIBSGIBS,, ETAETA--NUCLEINUCLEI,,
FAZAFAZA,, NA49NA49,, PHENIXPHENIX
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5 GeV protons
2.25×10-6 photon/(proton·sr)

2.2 ·GeV C12 nuclei
9.76×10-5 photon/(nuclei·sr)

. .
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Rdp = [d /d (nd)]/[d /d (np)]

--

Rdp(0o) = 2/3·[d /d SD(np)]/[d /d (np)]

. .

. .
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Id 1010 d/cycle
( available 3·108 d/cycle)
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50 years of CERN
Dear Dr Malakhov,
Great research has been conducted and new
discoveries made during the 50 years of CERN. 
To get an impression of this research, please visit
our website www.elsevier.com/locate/cern where
you will find a selection of 50 most highly cited
papers written by scientists affiliated with CERN 
and published with Elsevier. 
We wish everybody at CERN another successful 50 
years of great research.
Kind regards, 
Carl Schwarz
Publisher Nuclear and High Energy Physics
Elsevier
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Heavy Iron Physics
ANOMALOUS J / PSI SUPPRESSION IN PB + PB COLLISIONS AT 158-A-GEV/C

NA50 Collaboration (M. Gonin et al.); published in: Nuclear Physics A

HADRON PRODUCTION IN NUCLEAR COLLISIONS FROM THE NA49 EXPERIMENT AT 158-GEV/C/A
NA49 Collaboration (J. Bachler et al.); published in: Nuclear Physics A

HADRON YIELDS AND HADRON SPECTRA FROM THE NA49 EXPERIMENT
NA49 Collaboration (P.G. Jones et al.); published in: Nuclear Physics A

Heavy Ion Physics

ANOMALOUS J / PSI SUPPRESSION IN PB + PB COLLISIONS AT 
158-A-GEV/C NA50 Collaboration (M. Gonin et al.); published in: Nuclear
Physics A

HADRON PRODUCTION IN NUCLEAR COLLISIONS FROM THE 
NA49 EXPERIMENT AT 158-GEV/C/A NA49 Collaboration (Authors from 
LHE JINR: V.I.Kolesnikov, A.I.Malakhov, G.L.Melkumov, 
A.Yu.Semenov); published in: Nuclear Physics A661 (1999) 45c-54c.

HADRON YIELDS AND HADRON SPECTRA FROM THE NA49 
EXPERIMENT NA49 Collaboration (Authors from LHE JINR: S.V.Afanasiev, 
V.I.Kolesnikov, A.I.Malakhov, G.L.Melkumov, A.Yu.Semenov);
published in: Nuclear Physics A610 (1996) 188c-199c.
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Dubna, LHE
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Silicon
Tracking
Station

Dipol
magnet

TheThe CompressedCompressed BaryonicBaryonic Matter ExperimentMatter Experiment

Ring Imaging
Cherenkov
Detector

Transition
Radiation
Detectors

Resistive
Plate
Chambers

Electromagnetic
Calorimeter
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RHICRHIC

STAR

. .

. .



69



70

. .

61



71

Bragg peak measured with  Diamond detector
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Bragg peak measured with  Diamond detector
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Al Monitor

Beam direction 

20 cm

5 cm
20 cm

8 cm

30 cm

85 cm

Lead target

Paraffin moderator 

1 2 3 4 5
6 7 8 9 10

La sensors

. .

.

. .

.



74

--22

. -.

.



75

++

.

.

.

.

. -

.

.



76



77

Dependence of T0 parameter for pion at 180o for p-Cu collisions on the 
energy of incident proton Tp. Pion cross-section parameterized by the form 
E·d /dp3 = C·exp(-T/T0), where T is the pion laboratory kinetic energy

L.S.Schroeder et al. Phys. Rev. Lett., v.43, No.24, 1979, p.1787
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Invariant Definition of 
Hadron Jets

The jet is a cluster of hadrons  with small 
relative b i k.

      The jet axis (a unit four-vector): 

V = (ui / ( ui)2)

Vo
2 - V 2 = 1.

The summation is performed over all the 
particles belonging to the selected particle 
group (cluster). 

It is possible to determine the squared four-
velocity with respect to the jet axis: 

bk = - (V - uk)2.
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- bk
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(p, , p-, C, ... ) 

<bk>  = 4
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I  +  II   1 + ...

PI =m0uI p1 =m1u1

PII=m0uII

(NIPI + NIIPII - p1)2=
=(NIm0 +NIIm0 + )2

is the mass of the particle
providing conservation of the
barion number, strangness and
other quantum numbers
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Baldin A.M., Malakhov A.I. 
JINR Rapid Communications, 
No.1(87)-98, 1998, pp.5-12.
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PREDICTIONS
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=  - p V

bI II = - (uI – uII)2 = - (1 - 2uIuII – 1)  = 

= 2(uIuII - 1) =2(EI /mI – 1)

I + II 1 + 2 + …

bI II = 2 EI /mI EI = (mI /2) bI II = - p V

p = - (mI /2) bI II / V)

V = 2r0A1/3

p = - [mI /4 r0A1/3] bI II /

V = 2r0A1/3 V = 2r0A1/3
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Dependence of T0 parameter for pion at 180o for p+Cu collisions on the 
energy of incident proton Tp. Pion cross-section parameterized by the form 
E·d3 /dp3 = C·exp(-T/T0), where T is the pion laboratory kinetic energy

bI II > 0

> 0

p < 0

exp ( - T /T0)

p = - [mI /4 r0A1/3] bI II /
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=  - p V

bk

V

P =  - / V bk/ bk = tg

P tg
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d /dbI1 = A· exp(-bI1/B)
b I1 b I1

d /dbI1 d /dbI1

A.I.Malakhov, G.L.Melkumov. JINR Rapid Commun., No.19-86 
(1986) pp.32-39).
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As it possible see in figure 
asymptotic regime is 
beginning with pion
momentum p 25 GeV
which is correspond bI II 380.
Thus we can propose that at
bI II 380            beginning 
manifestation of the internal 
structure of quarks and in this 
region possible to study 
internal structure of quarks.
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bI II = - (u – up)2 = - (1 - 2u up – 1)  = 

= 2(u up -1) = 2(E /m – 1) = 2T /m

2· 25/0.130 380.
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bik ~  10-2 -

0.1 bik < 1 -

bik ~ 5 -

bik > 5 -

400 > bik >> 5 - -

bik >400 -
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