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D(e,e’p) cross section The nucleon momentum distribution

in deuteron extracted from different
type experiments




The average *He(e,e’pp) cross section as a function of missing
momentum pm at E, = 750 MeV (the data of NIKHEF). The theoretical
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Diagrams used in Laget's model in the calculation of
the 3He(y,pp)n cross sections.
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Neutron spectator

* Present data

—  Laget full model

Laget (1+2)-body only -

Cross sections
Integrated over
the CLAS for the
neutron-
spectator
Kinematics
plotted as a
function of proton
energy.




Kinematics of the star configuration in the ppn center-of-mass
frame. The angles 8%, between the normal vector to the star
plane and the photon-beam direction, and ®*, the neutron
azimuthal angle in the star plane, define the reaction.
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full-model results
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space distributions
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Quasi-two-body breakup

¢ Present data

—— Laget full model
----- Laget (1+2)-body only
«o- Laget3-bodyonly -

p_
N

Cross sections
iIntegrated over
the CLAS for the
quasi-two-body
breakup plotted
as a function of
photon energy.
The data are
compared with
the results of the
full model (solid

curves) and of the
(1+2)-body-only
model (dashed
curves). The full-
model calculation

agrees
quantitatively with
our experimental
results
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Differential cross
sections integrated
over the CLAS for the
quasi-two-body
breakup with respect to
cos 0 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<E,<0.75 GeV, are
compared with the
results of the full model

(solid curves) and of
the (1+2)-body-only
model (dashed curves).
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FIG. 3. Radiatively corrected cross section in the 2bbu
channel. The curves are the result of a microscopic calculation
based on a diagrammatic expansion of tlhe cross section [31].



II. The concept of NN interaction based on intermediate dressed
dibarion production

N 5 G,T,p N N G,T,p N

bare dressed N
dibaryon dibaryon N N

The o-dressing of intermediate dibaryon shifts its mass downward
noticeably (A ~ 0.5 -0.7 GeV).

T he similar o-dressing of the Roper resonance:

s2(25)[3]) = |s°[3] + o)

reduces its mass about 0.5 GeV!



Roper Dibaryon
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Interpretation in terms of the 2zw-excited

See A. Faessler, V.I. Kukulin an
(2005) 71.
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The QCD sum rules consideration for hybrid current
in 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 o+N
decay mode for the Roper.

- The 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
magnitude larger than those of other resonances.




The effective potential VNQN induced by coupling the NN-channel
to the intermediate-dibaryon channel in form of a sum over simple
separable terms for each partial wave:

Vnen = Y. Vpilr, 1), (15)
S,J,L,L’
with
Vid(r,el) = Y Zi¥ @) My 1 /(B) ZI4E" (D), (16)

M
where Z{ 3 (r) are the potential form factors (vertex)

Zi3 (r) = ¢s(r) Vi§ () (17)
and the energy-dependent coupling constants AéL L,(E) are expressed
by integration of the product of two transition vertices B and con-
volution of the product of meson and quark-bag propagators over

the momentum k:
o0 BY . (k,E)BY .,. (k,E)
Npp(B) =Y [ 1P dh—2oES EEp .
SLL
L, "0

2
E —mg, — 2,‘;% — wo (k)

(18)




Table 1. Deuteron properties in the dressed bag model.

Model | E;(MeV) | Po(%) | rm(fm) | Qu(fm®) | pa(py) | As(fm™?) | 5(D/S)
RSC 2.22461 | 6.47 | 1.957 | 0.2796 |0.8429 | 0.8776 |0.0262
Moscow 99 | 2.22452 | 5.52 | 1.966 | 0.2722 | 0.8483 | 0.8844 |0.0255
Bonn 2001 | 2.224575 | 4.85 | 1.966 | 0.270 | 0.8521 | O0.8846 | 0.0256
DBM (1) | 2.22454 | 5.22 | 1.9715 | 0.2754 |0.8548 0.8864 |0.0259
P, = 3.66%
DBM (2) | 2.22459 | 5.31 | 1.970 | 0.2768 |0.8538 | 0.8866 | 0.0263
P, =25%
experiment | 2.224575 1.971 | 0.2859 0.8574| 0.8846 |0.0263




Properties of dibaryons in cold
nuclel



Three-nucleon system within dibaryon model

A 3N state V3 in the full three-body Hilbert space Hz = H5* @ = H" is a four-
component colnmn and the total Hamiltonian of the three-body system acting in Hs
can be written as (4 x 4) matrix:

'\II?':}': Hjnlhl Jnlil H]ﬁ.']ﬁ.'_‘j}h' H:::'il Jnlhl—" I}J"'h Hh Jnlh —"Jr:”"h
DN DN NN m B
V3 = ‘PE\' o M= Hhx NN i ; DN X
W.] o ' H - [] H-] ’ U
w?:ﬁ H”"‘ —NN 0 B H”"‘

The NN three-body Hamiltonian acts in the external NN space HE and includes
the total kinetic energyv T and the sum of external two-body interactions (OPE +
TPE): Hé“\".- T‘|‘an UFL+1FJ:

Writing the four- c.[mlpmm.ut Schrodinger equation with Hamiltoman Hs: and ex-
clnding three dibarvon components, one obtains an effective Schrodinger equation for
the NN component of three-body wavefunction W™ with the effective Hamiltonian
H“H(E}. which in the dibarvon model has a form:

H® =T + £{VPF + A(E — ¢¢/(2m)) |0a)(¢a

}.

But this model leads to appearance of a new three-body force in the 3N system
due to interaction between the dressed bag and third nueleon.



New dibaryon induced 3N force

N N N N
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These three-body forees are expressed (in momentium representation) by integral
operators with factorized kernel like:

B (Qa, d; E) p(pl),

3BF / T
‘1” [prl‘prl‘qfl‘q”".‘."’.]_'j""l:.prl_] (8
where p, 18 the relative momentum of pair micleons (37), q, 15 momentum of third
mcleon in respect to the pair center of mass, and F is the total three-nmcleon energy.

Adding these three-body forees to Ht  we get the total effective Hamiltonian in

the NN channel:

H™(E) = HE(E) + x W3BF(E)

il




Table 2. Results of the 3N calculations with two- and three-body forces for two
variants of the dibaryon model

Model E, MeV | Pp,% | Ps,% | Psqn,% | Contributions to H, MeV
T T_|_1I{ENJ 1!{31\’]
°H
DBM(I) gZQ.ET?{a) —8.482 | 6.87 | 0.67 10.99 | 112.8 —1.33 =(.1b
DBM(II) g=8.673® | —8.481 | 7.08 | 0.68 | 7.39 [[112.4] —3.79 | -4.69
AV18 4+ UIX -8.48 9.3 1.05 — 51.4 —7.27 -1.19
“He
DEM(I) =r.fir2 | 6.85 | 0.74 10.80 | 110.2 —0.90 —6.88
DBM(II) —=7.780 | 7.06 | 0.75 7.26 | 109.9 —3.28 -4.51
AV18 4+ UIX ~7.76 0.25 | 1.24 - 50.6 —6.54 -1.17

) These values of s NN coupling constant in 3H calculations have been chosen to

reproduce the exact binding eneray of *H nucleus. The calculations for *He have
been carried out without any free parameters.

theor _

AEFyy = 754 keV (with no one adjustable parameter)

AE

exp
Coul —

764 keV !




0.8

0 2 4 6 8 10
r, fm

Two-proton density in 3He (solid line) and two-neutron density in
3H for dibaryon model vs two-proton density in 3He for Bonn NN

potential (triangles).



Di- and multi-baryons as mixed phase
precursors.

Triplet xl and singlet xo components of ’H wavefunction in dibaryon-nucleon channel
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Phase 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
the vapour bubbles.



The weight of dibaryon component in a nucleus as

a function of excitation energy is
W(E) ~ -dN/dE
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Production of o-field in excited multiquark

configurations (in the lanauaae of quark shell
vUIULIVI 1\J \III Gl I\ 1Al |vuuuv s 1 \1““' IN Wi I\

model):

The one-gluon exchange
Interaction gives just these
multiquark configurations
as leading ones.

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



T he effects of strong o-field around six-quark bag.

This strong o-field leads to highly non-linear effects:
— (partial) restoration of chiral symmetry in the dressed bag;
— shrinking the multi-quark bag due to strong ‘pressure’ of scalar field;

— enhancement of scalar diquark correlations in the bag.
i %"'*--H_ A {(qu_.‘

== i
1

The o-field has mainly spherical symmetry due to L = 0 and high space
symmetry (55[6]Lq = 0) of the bag, and thus the field pulls quarks to the
center of the bag and results in effective strong attraction among all the six
quarks in the bag in this dressed bag state (DBS). As a net result of this
inter-quark effective attraction there arises a strong attraction between

two nucleons in NMN-channel.




Direct experimental evidence for o-
dressed dibaryon production in
hadronic collisions
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* medium effects of the nmw system

* nuclei as isospin filter:

Tt — system
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— pd — 3He ntm:
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Missing mass [ GeV/c?]
3.4 . —
N

(Abashian, Both, Crowe )

* |nclusive measurements:
pd — 3He X

Abashian et al. Berkeley

Banaigs et al. Saclay

pq = 3.14 GeV/c
B67 (1973)1 ~
o T, = 893 MeV

X ~l I,
+ * 1.0 I 12

0.9 4
P/Z (GeV/c)




First exclusive measurement: @ CELSIUS-WASA

pd—°He nn @T, =895 MeV
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First exclusive measurement: @ CELSIUS-WASA
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Direct experiment
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(CELSIUS-WASA Clollaboration)
(Dated: February 7, 2008)

The pp — ppyy reaction has been measured at CELSIUS using the WASA 4wr-detector with hy-
drogen pellet target. At7T, = 1.20 and 1.36 GeV, where most of the statistics has been acenmulated,
the v~ invariant mass spectrum exhibits a narrow structure around the 7w threshold, which possibly
may be associated with two-photon radiation of 77~ loops in the mesonic & channel.
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The spike around 2tr-threshold turns out to be very stable against
cuts. E.g., increase of the threshold EY= 50 MeV to EY= 100 MeV
has no significant effect on this intermediate spike.

Moreover, the model which incorporates very well the yy events
and M, from 1° and n production gives practically no events in
the intermediate area with M ,, ~300 — 400 MeV! Also from MC
simulation of t*11- production we do not get any contributions in

the M, spectrum.

“Since none of these simulated processes is able to account for
the structure observed near the T threshold and also detailed
and comprehensive tests of detector performance and event
structures have any hint for an artifact, we are led to
consider seriously the possibility that (at M
v ~300 —400 MeV)

In particular also since pp — pptmr*m and pp —
pp1°m? reactions are dominated by o production.*




The new yy-data with large
statistics

In these nice experiments done at the Dubna
Nuclotron machine the authors analyzed the yy-
spectra from pC and dC collisions at 5.5 GeV/c (for

protons) and 1.7-3.8 GeV/c per nucleon (for
deuterons).




Observation of a Resonance-like Structure in
the Invariant Mass Spectrum of two photons
from pC- and dC-Interactions
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Abstract

Along with 7% and 7 mesons, a resonance structure in the invariant
mass spectrum of two vy-quanta at M = 360+£7+9 MeV is first observed
in the reaction dC' — v+~ 4+ X at momentum 2.75 GeV /c per nucleon.
Preliminary estimates of its width and cross section are I' = 49.2 £+ 18.6
MeV and 0.~ ~ 98 pb. The collected statistics 18 2339+ 340 events of 1.5
10° triggered interactions of a total number of ~ 10?2 dC-interactions.
This structure is not observed in pC' collisions at the beam momentum
5.5 GeV /c. Possible mechanisms of this ABC-like effect are discussed.
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vy-vield from pC collisions at E=5.5 GeV/c
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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 1.5-10° triggered
interactions of a total number 2-10'2 of dC interactions

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)
interactions while the n meson is clearly seen in both the cases.

...This enhancement at M,, ~ (2=3)m,; 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 o-meson) in 1r1T interactions during the
evolution of the nuclear collision, formation of the R resonance with

participation of photons from the decay, the °m? interaction effect in the 3¢
channel of the n decay, a particular decoupled dibaryon mechanism.




Production of two y-quanta
according to dibaryon model
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dibaryons and other multibaryons in cold
matter can be considered as precursers of
phase transition to quark-meson-gluon plasma
state through the intermediate MIXED PHASE

state.




