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SPD project preparation

➢ Formal JINR project for the SPD design (i.e. for preparation 

of the Technical Design Report, TDR) and submission of the 

project to the PAC for Particle Physics:

– status report (Jan. 2018);

– submission to the PAC in Nov. 

2018 for the PAC meeting in Jan.

2019, i.e. complete draft must be 

ready beginning of October 2018;
➢ Expressions of Interest by the interested institutes are 

expected at this stage

➢ Editorial Board will be set up very soon → first draft to be 

ready by middle of September!



HIGH pT ISSUES at SPD

1. Diquark properties. 

2. The Confinement laws.

3. Nature of the spin effects.

4. The Deuteron spin structure.

5. FSI (with s,c-quarks participation).

6. Nature of CsDBM.

7. np dilepton production anomaly.

8. Exotic states.

9. Subthreshold J/ production.
… 
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Nuclei and NN-interaction
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1937: Theory of nuclear forces (H. Yukawa)

Existence of a new light particle (“meson”)

as the carrier of nuclear forces

Relation between interaction radius and meson mass m:

mc
R


=int

mc2  200 MeV  
for  Rint  10 -13

cm

Hideki Yukawa

1947: Discovery of the  – meson (the “real” Yukawa particle)

Four events showing the decay of a +

coming to rest in nuclear emulsion 

Observation of the + → m+ → e+ decay 

chain in nuclear  emulsion

exposed to cosmic rays at high altitudes

m = 139.57 MeV/c2   ; spin = 0

Dominant decay mode: + → m+ + n

(and  – → m– + n )

Mean life at rest: t = 2.6 x 10-8 s = 26 ns 

7



Feynman diagrams for chromomagnetic interaction

“strength”

g x g/4pi ~1/10
=  “s”

g

g

qqqq qq

gluon
and also

Like QED, QCD has

“s” falls with p
= is big at small p
“STRONG” force
= small at large p
“pQCD” in HEPhys

F. Close
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Quark Interaction - QCD



s constant of the strong interaction

9



10

Parton Distribution Function



•
• Deuteron is 

weakly bound 

• Large radius

• di-neutron and 
di-proton
unbound
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•
• Deuteron is 

weakly bound 

• Large radius

•
• Deuteron is            

weakly bound

•
• Deuteron

•

Let us look at the nucleon-nucleon 
interaction:    

Rnp
The Cold High Dense Nuclear Matter

Internal momentum  250 MeV/c
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DEUTERON STATIC PROPERTIES FROM 
NN-POTENTIALS
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“SPIN PROBLEMS” and NN-interaction 
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C.W. Akerlof et al., Phys.Rev., vol.159, N5, 1138-1149, 1967

pT ~ 2 GeV/c

pp -> pp (900)

Krisch A. and Leksin G. –

non pointlike structure

of nucleon



pT ~ 2 GeV/c region
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C. Baglin et al., Phys.Lett. B, vol.225, N3, 296-300, 1989

p p
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DIQUARK
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DIQURK DYNAMIC
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Diquarks V.T. Kim (1987)pp -> p+X, pp -> pp+X
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arXiv:1007.4705v5 [hep-ph] 25 Sep 2010
&Phys.Rev. C83 (2011) 054606
Carlos Granados and Misak Sargsian



EXOTICS
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Ya.I.Azimov, PNPI Winter School 2013



StephenLars Olsen, ISHEPP XXII, 18.09.2014
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Way to resolve these problems
MPI and Exclusive reaction
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NN Elastic scattering with
polarized deuteron beams :

n
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+

+

for calibration

New data!

By the way we will have the 
counting rules verification!

pd, nd and dd – too!
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B (p,n,, …), M (, K , …)
B MMN BN → + +

Exclusive NN study at xT ~ 1

( )N N

N

BB K

N N NN

N

K → +

→





→ 

}

}

The counting rules and isotopic symmetry
studies, pT ~ 2 GeV/c anomaly 

Detail vertexes studies 
and spin structure of 
the interaction vertex:

( ) ( )

( ) ( )

( ) ( ) ( )

q q quark quark

q qq quark diquark

qq qq diquark diquark

+ - -

+ - -

+ - -

Mechanisms of hyperons polarization  
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High pT exclusive reactions -> MPI

diquark
diquark

diquark

Without
diquark

( ) 0n ppA → Diquark (S=0)



- reactions with tetraquarks 
production 

Kim’s-bar mechanisms

d-bar

d-bar

d-bar

d

d

d

d-bar

d
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q-bar

q

qq-bar

Diquark proof

Exotic states production

pp

Exotic states production



- reaction with tetraquarks 
+pentaquark production

d-bar

d

d

d+d-bar

q-bar+d+d
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q-bar

D

pd

p
d
d

Exotic states production



pp - reactions with diquarks and
тетракварки

Kim’s mechanisms

d

d

d

d
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pp - reactions with pentaquarks production 
and …
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q-bar

d
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q
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qq

K - interaction

Exotic states production
d

q

q q



The Counting Rules
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( 2)
~ ( )A B C Dn n n n

A B C D
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In 1973 were published two artiles :

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)

Predictions that for momentum p
beam

≥ 5 GeV/c in any binary 

large-angle scattering (cm > 40o) reaction at large momentum 

transfers          :

A + B -> C + D 

where n
A
,n

B
,n

C
and n

D
the amounts of elementary constituents  in 

A,B,C and D.

s=(p
A
+p

B
)2 and     t=(p

A
-p

C
)2,

and
8

~
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S.J. Brodsky, J.F.Gunion 
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Deuteron structure
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np - puzzle of dilepton 
production 
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DLS HADES

R. J. Porter et al.,

Phys. Rev. Lett. 79 (1997) 1229.

Столкновения легких ядер 

при энергии 1 ГэВ/нуклон

G. Agakishiev et al.,

Phys. Lett. B 663 (2008) 43.

K. Shekhter et al. 

Phys. Rev. C68 (2003) P. 014904.
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Сравнение данных

DLS – ХАДЕС

G. Agakishiev et al.,

Phys. Lett. B 663 (2008) 43.
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Promising candidate: neutron-proton bremsstrahlung

❑ Radiation of (virtual) photon in NN scattering

❑ σnp >> σpp

❑ recent theoretical consideration by L.P. Kaptari 

and B. Kämpfer, NPA 764 (2006) 338, gives much 

bigger cross section than previous calculations

❑ no definitive predictions, see also R. Shyam and 

U. Mosel, PRC 67 (2003) 065202

Bottomline: 

np-brem predicted to be very important process 

in context of pair production at energies ~1 GeV/u

Need for experimental study

n + p bremsstrahlung
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Анализ выхода электрон-позитронных пар

FW (выделение np):

1. MFW > 0 

2. 1.6 < p < 2.6 ГэВ/c

Ограничения на пары:

1. no double hit

2. openangle > 9.

3. closestnonfitted cuts

4. RKchi2 < 100000.

Комбинаторный фон: 

(e+e+ + e−e−)/2

Корректировка на 

эффективность регистрации

лептонов 

(GEANT моделирование)

Абсолютная нормировка

(pp-упругое)
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Сравнение экспериментальных данных с 

модельными расчетами (II)

Теоретические расчеты:

модель однобозонного обмена

Kaptari L.P, Kampfer B.

Nucl. Phys. 2006. Vol. A764. P. 338



Сравнение выхода е+е−-пар

в нуклон-нуклонных и 12C+12C реакциях

• Вклад η-мезона вычтен из спектров 

• Хорошее согласие СС и NN спектров

• Выход в СС обусловлен n+p реакциями

☐ СС 1 ГэВ

NN 1.25 ГэВ
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arXiv:1208.3668v1 [nucl-th] 17 Aug 2012
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Color(nuclear) transparency in 900 c.m.
quasielastic A(p,2p) reactions

The incident momenta varied from 5.9 to 14.4 GeV/c, 
corresponding to 4.8 <Q2 <12.7 (GeV/c)2.



1.55 1.83 2.07 2.28 2.48 2.66pT

?



Как возникает мистика в научных исследованиях.

Я.Азимов
(ПИЯФ)
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