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• The nucleon momentum distribution D(e,e’p) cross section
in deuteron extracted from different 
type experiments

D(e,e p) cross section



The average 3He(e,e’pp) cross section as a function of missing 
momentum pm at Ee = 750 MeV (the data of NIKHEF). The theoretical 
predictions without (solid line) and with (dashed line) pair 2N currentspredictions without (solid line) and with (dashed line) pair 2N currents 
are based on full Faddeev 3N calculations with three‐nucleon force 
included





Diagrams used in Laget’s model in the calculation ofDiagrams used in Laget s model in the calculation of 
the 3He(γ,pp)n cross sections.



Cross sections 
i t t dintegrated over 
the CLAS for the 
neutron-
spectator 
kinematics 
plotted as a p
function of proton 
energy. 



Ki ti f th t fi ti i th t fKinematics of the star configuration in the ppn center-of-mass 
frame. The angles θ*, between  the normal vector to the star 
plane and the photon-beam direction and Φ* the neutronplane and the photon-beam direction, and Φ , the neutron 
azimuthal angle  in the star plane, define the reaction.



CLAS-integrated 
differential crossdifferential cross 
sections with respect to 
θ* for the star 
confguration. The data,confguration. The data, 
for photon energies 
between 0.35 and 1.30 
GeV, are compared with , p
the full-model results 
(solid curves) and the 
one-plus two-body-only 
part (dashed curves). 
The dotted curves are 
the phase-space 
distributions multiplied, 
for each photon-energy 
bin, by the constants 

d t li thused to normalize the 
full-Dalitz cross sections.



CLAS-integrated 
differential cross 
sections with respectsections with respect 
to φ* for the star 
confguration. The 
data for photondata, for photon 
energies between 
0.35 and 1.30 GeV, 

d ith thare compared with the 
full-model results 
(solid curves) and the 
one-plus two-body-
only part (dashed 
curves). The dotted )
curves are the phase-
space distributions 
multiplied for eachmultiplied, for each 
photon-energy bin, by 
the constants used to 
normalize the fullnormalize the full-
Dalitz cross sections.



Cross sections 
integrated over 
the CLAS for thethe CLAS for the 
quasi-two-body 
breakup plotted 
as a function ofas a function of 
photon energy. 
The data are 

d ithcompared with 
the results of the 
full model (solid 
curves) and of the 
(1+2)-body-only 
model (dashed (
curves). The full-
model calculation 
agreesagrees 
quantitatively with 
our experimental 
results only up toresults only up to 
about 0.55 GeV



Differential cross 
sections integratedsections integrated 
over the CLAS for the 
quasi-two-body 
b k ith t tbreakup with respect to 
cos θ of the high-
energy proton in the 
center-of-mass frame 
for photon energies 
between 0.35 and 1.30 
GeV. Our data, for 
0.35<Eγ<0.75 GeV, are 
compared with thecompared with the 
results of the full model 
(solid curves) and of 
the (1+2) body onlythe (1+2)-body-only 
model (dashed curves).



The comparison for the 4He(e,e’p)3H cross section between 
experimental data and Laget calculations with PWIAexperimental data and Laget calculations with PWIA, 
PWIA+FSI PWIA+FSI+MEC. Disagreement is large !







Interpretation in terms of the 2hω‐excited 
stringstring.

See  A. Faessler, V.I. Kukulin and M.A.Shikhalev, Ann. Phys. 320
(2005) 71(2005) 71.



The QCD sum rules consideration for hybrid current 
in nucleon and Roper resonance has demonstratedin nucleon and Roper resonance has demonstrated 
that:

‐ The nucleon has a very small  hybrid component, while for 
the Roper the purely hybrid current give a noticeable  
contribution (see e.g . L.S. Kisslinger and Z. Li, Phys.Lett. B 
445 (1999) 271).  So, they predicted a dominating  σ+N 
decay mode for the Roper.

‐ The direct experimental data (of H. Clement et al. and manyThe direct experimental data (of H. Clement et al. and many 
others)  suggest  that  the  width of Roper resonance  
decaying into sigma+N  final states  is  generally  an oder of y g g g y
magnitude  larger than  those of other resonances.







Properties of dibaryons in cold 
nuclei



Three-nucleon system within dibaryon model



New dibaryon induced 3N force
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3H for dibaryon model vs  two-proton density in 3He  for Bonn NN 
potential (triangles).



Di- and multi-baryons as mixed phase 
precursors.



Phase transition (e g from a liquid to vapour) starts fromPhase transition (e.g. from a liquid to vapour) starts from 
formation of microbubbles:

The faster  the energy  application to the water the faster  rising of gy pp g
the vapour bubbles.



The weight of dibaryon component  in a nucleus as g y p
a function of excitation energy is

W(E) ∼ -dλ/dE( )



Production of σ-field in excited multiquark 
configurations (in the language of quark shell

4 2 6

configurations (in the language of quark shell 
model):

2N:  s4p2 → s6 + σ
The one-gluon exchange 

3N:  s5p4 → s9 + 2σ interaction gives just these 
multiquark configurations 

4N:  s6p6 → s12 + 3σ as leading ones.

When temperature of nuclear matter is rising the 
admixture of multiquark bags (dressed with mesonadmixture of multiquark bags (dressed with meson 
fields) is rising as well. Eventually when the temperature 
becomes sufficiently high the whole nuclear matter goesbecomes sufficiently high the whole nuclear matter goes 
to quark-meson-gluon plasma state.





Direct experimental evidence for σ-p
dressed dibaryon production in 

h d i lli ihadronic collisions



pp → npπ+
MM                                 MM

(WASA)

RR

MMppππ++                                MMnnπ+π+

Tp = 1.1 GeV
ΔΔ RoperRoper

p

Tp = 1.3 GeV

Data prefer Roper values:
M ≈ 1355 MeV 
Γ≈ 140 MeV

(nucl-ex/0612015) 



ππ Production in Nucleiππ Production in Nuclei

d ff f h  • medium effects of the ππ system

• nuclei as isospin filter:
ππ system0 0ππ – system

– pp → pp  ππ          I = 0, 1, 2

– pn → d     ππ                         0, 1 }– pd → 3He ππ:                        0, 1                                          
– dd → 4He ππ:                        0

} ABC effect



The dibaryon model mechanism for the two‐
pion production via σ meson in p+n or p+ppion production via σ‐meson in p+n or p+p

collisions



ABC effect
Missing mass  [ GeV/cMissing mass  [ GeV/c22 ]]

..3  3  ..4      4      ..5     5     →  →  
| | |ABC effect

I l i

|  |      |

((AAbashian, bashian, BBoth, oth, CCrowe )rowe )  

• Inclusive measurements:
pd → 3He X

Abashian et al.        Berkeley

B i t l S lBanaigs et al.          Saclay         

⇒⇒

low‐mass enhancement !
Θ = 0.3 degg

pd = 3.14 GeV/c
NP B67 (1973)1 ≅

Tp = 893 MeV
NP B67 (1973)1



First exclusive measurement:    @ CELSIUSFirst exclusive measurement:    @ CELSIUS--WASAWASA
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First exclusive measurement:    @ CELSIUSFirst exclusive measurement:    @ CELSIUS--WASAWASA

p d p d →→ d d ππ00ππ00 + p+ pspectatorspectatorpp ppspectatorspectator
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Energy Dependence of ABCEnergy Dependence of ABC
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Direct experimental evidence for the s-channel 
dibaryon induced σ-meson productiondibaryon induced σ-meson production



Mγγ spectra  for  the processγγ
pp → ppγγ at Tp=1.36 GeV
before (b) and after (c) 
kinematic fit The plot (d) iskinematic fit. The plot (d) is 
the same as (c) but  for  
Tp=1.20 GeVTp 1.20 GeV



The spike around 2π-threshold turns out to be very stable against 
cuts. E.g., increase of the threshold Eγ= 50 MeV to Eγ = 100 MeV 
h i ifi ff hi i di ikhas no significant effect on this intermediate spike. 
Moreover, the model which incorporates very well the γγ events 
and M from π0 and η production gives practically no events inand M γγ from π0 and η production gives practically no events in 
the intermediate area with M γγ ~300 – 400 MeV! Also from MC 
simulation of  π+π- production we do not get any contributions in p g y
the M γγ spectrum. 

Then the experimentalists (CELSIUS WASA) conlude:Then the experimentalists (CELSIUS-WASA) conlude:

“Since none of these simulated processes is able to account for 
the structure observed near the ππ threshold and also detailed 
and comprehensive tests of detector performance and event 
structures have not given any hint for an artifact we are led tostructures have not given any hint for an artifact, we are led to 
consider seriously the possibility that the observed structure (at M
γγ ~300 – 400 MeV) is real and might be due to the process pp →γγ 300 400 MeV) is real and might be due to the process pp →
ppσ → ppγγ, in particular also since  pp → ppπ+π- and pp →
ppπ0π0 reactions are dominated by σ production.“



The new γγ‐data with large 
statistics

In these nice experiments done at the Dubna 
Nuclotron machine the authors analyzed the γγ-
spectra from pC and dC collisions at 5.5 GeV/c (for 
protons) and 1.7-3.8 GeV/c per nucleon (for 
deuterons).





γγ-yield from dC collisions at E=2.75 GeV/cA



γγ-yield from pC collisions at E=5.5 GeV/c



From authors’ conclusion:

Thus, based on a thorough analysis of experimental data measured at the JINR 
Nuclotron and record statistics of 2339 ± 340 events of 1.5·106 triggered 
interactions of a total number 2·1012 of dC interactions there was observed a 
resonance-like enhancement at the mass Mγγ = 360 ± 7 ± 9 MeV, width Γ= 49 ±
19 MeV at momentum of incident deuterons 2.75 GeV/c per nucleon. A 
structure like this is not observed in the M spectrum from pC (5 5 GeV/c)structure like this is not observed in the Mγγ spectrum from pC (5.5 GeV/c) 
interactions while the η meson is clearly seen in both the cases.

This enhancement at M (2−3)m is similar to the puzzling ABC effect…This enhancement at Mγγ (2−3)mπ is similar  to the puzzling  ABC effect 
observed for  two-pion pairs from nucleon-nucleon and lightest  nuclei  
collisions at  the  near  threshold energy. 

…Several dynamic mechanisms were attempted: production of the hypothetic R 
resonance (really it is a renormalized σ-meson) in ππ interactions during the 
evolution of the nuclear collision, formation of the R resonance with 
participation of photons from the  decay, the π0π0 interaction effect in the 3π0

channel of the η decay, a particular decoupled  dibaryon mechanism. η y p p y
Unfortunately, none of these mechanisms is able to explain the measured value 
of the resonance-like enhancement



Production of two γ-quanta 
according to dibaryon model



To summarize:To summarize: 
dibaryons and other multibaryons in cold 

tt b id d fmatter can be considered as precursers of 
phase transition to quark-meson-gluon plasma 
state through the intermediate MIXED PHASE 
state.state.


