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1- MOTIVATIONS

* This work is about the low energy behavior of Strongly Interacting systems
Experimentally only hadrons properties are available at low energies

From fundamental point of view there are quarks/gluons

* Relation between QCD degrees of freedom and hadrons

Different mechanism from instantons induced interactions ?
[would it yield double counting: instantons, condensates, polarization?]

* The method below was enough to produce a whole EFT
for pions and constituent quarks : S. Weinberg (2010) LARGE Nc effective theory
In F.L.B. EPJA 52, 134 (2016) and EPJA 54, 45 (2018)

* To some extend this method is parallel to SDE — rainbow ladder approximation



Mesons interactions with baryons can determine the nucleon and nuclear potentials

In particular for intermediary energies the light SU(2) vector mesons are relevant

And it is possible to identify chiral partners
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Mass m = 782.65 = 0.12 MeV (S = 1.9)

Mass m = 1281.9 = 0.5 MeV (S = 1.8)




From QCD to effective quark interactions
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Dressed Gluon mediated quark interaction from QCD
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Interaction is of part of QCD-Seff: yields NJL=longwavelength/local

-It will be assumed strength is enough for DChSB and
formation of condensate

-(dressed gluon propagator and g) 4



With a Fierz transformation: flavor structure
Color singlet terms are dominant (1/Nc)
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Flavor Currents will have the corresponding light mesons



Quarks = sea + valence
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l\-hgsl? ‘;0'" chiral condensate  Those that may form baryon state.
hd light mesons (and heavier mesons)

Auxiliary fields for meson fields

From the bilocal auxiliary fields

The local mesons are obtained



SU(2) or SU(3) GROUND STATE in 1l

With scalar qq condensate d3id 0,
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It can be calculated by NJL-type GAP equations

or by the corresponding SD equations

Usually Phenomenological

quark effective masses (u,d) or (u,d,;s) M*
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By neglecint quark field : 't Hooft large Nc

Model of weakly interacting quark-antiquark states (mesons)

Expansion presents the structure of the general

Expansion addressed by Manohar-Georgi:
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Here the scalar-pseudoscalar setor will be neglected... F.L.B.- EPJA- (2016)
EPJA (2018)

The leading terms from a large M* and Mg expansion

Loy =91 (VOO (20) + A () () + 9,1 (VA (0)j (x) +A, () 4 (x)).

g = g1 = 4N d; (@@ )Tt ((So(k)So(k)R(k))).

Gauge type couplings , dimensionless
All equal = it goes along universality idea
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Very large quark mass limit M*
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M* g1 2M* g, 2M* i M*

3 independent coupling constants for more than 20 couplings
All written in terms of components of gluon and propagators
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TABLE I. In the first column, the quark effective masses are displayed with the values of the factor &, that were
chosen to fix the coupling constant g,, = g,; = 12 as a typical numerical value considered in nucleon-nucleon
potential [ 15]. In the second column, the gluon propagators are indicated: D; (k) and D;(k) are the gluon propagators,
respectively, from Refs. [35,43] and Ref. [38]. In the other columns, results, which depend on the gluon propagator,
from the expressions (14), (17), and (19) are displayed. and also parameters do not depend on the gluon

- . . : : . Y (1
propagators (21) and (22). The momentum cutotf used for the integrations (21), (22) is indicated together with g} )

M* h, (GeV)  Dik)  gahy  Guasha (GeVTY  gpih, (GeVE) g (A) Gev) MY (GeV)

0.33, 3 D, 12 5.8 111 0.10 (2.0) 0.479
0.33, & Dy, 12 5.7 107
0.28, = D, 12 6.4 165 0.11 (2.0) 0.495
0.28, 55 Dy, 12 6.4 163
0.22, &= D, 12 6.8 279 0.13 (2.0) 0.512
0.22, 5% Dy, 12 6.7 285
0.07, 5t D, 12 7.2 4944 0.22 (2.0) 0.545
0.07, 2 Dy 12 7.6 3228
Di(k) = S perter y  SrTaER)
» Infr +(1+K/Agep)”] | — Tandy-Maris

D(k) = Ko/ (k2 + M?)2.
(k) BR M) Il — Cornwall - effective confining
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+ Goa—j ([(Vi + A0) + (V.2 + (AD)2)])s + VIV, + A AT)JS)

FIG. 6. By considering the gluon propagator 7 from
Refs. [35,43], the expressions for gig":(Q,, @, = +0Q,/2) and
g;f;Tj(Ql, Q, = —0,/2) are plotted, respectively, in the solid
thick line and dashed thick line; g7, (0, Q2 = +Q,/2) and

Gra—j(Q1, Q> = —(Q,/2) are plotted, respectively, in the solid line
and dashed line.
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Form factor with truncated expression (quark-kernel)
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FIG. 8. The strong vector mesons form factor g,,(Q) given in
expression (29) is presented for the two gluon propagators [/
[35,43], solid lines, and /7 |38], dashed lines. The quark eftective
mass was considered M* = 330 MeV for thick lines and M* =
280 MeV for thin lines. The normalized vector meson—nucleon
form factor from Ref. [46] 1s also presented for further com-
parison with corresponding normalization with results of the two
propagators above: F'/(0) = 9.2 (propagator I, thick dotted line)
and F[(0) = 6.7 (propagator 1, lines with circles).

v—g — 9 (Vf (-"{‘)jﬁrj (i’} +‘;1¢ (-’T }jﬁ” (i’} } + 9y1 ( V# (-’T }Jr,u (’T}

AL (x) 7y (X))

Fit from Faddeev equation
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Strong quadratic radius of RHO and the other vector mesons

— L rqm/110,
3.‘\ —=- Lrgmh /10| _
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FIG. 9. By considering propagators I and /1, the vector mesons
strong quadratic radius is exhibited as a function of the quark
effective mass M*. Results are shown with and without the factor /1,
explained in the table, with thick solid and thick dashed lines with
Dy (k), and they are multiplied by 1 /10 to be kept in the scale of the
figure. The cases for gluon propagator D,; are represented in dotted
and dotted-dashed lines, respectively, with and without /.
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The freedom to choose the
Quark gluon coupling constant
And the gluon propagator

Yield different absolute values...
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Leading and next leading terms from the expansion:
Phoron couplings to constituent quark currents and vector-axial mesons

Tay = G4a (A# (x)/3(x) + Eﬁﬂ (-i'Jj“(-i')) PHYS. REV. D 97, 014022 (2018)

Ipp = Z.Q'lf'f":'ja(F;u,-g}fwf;:- + F;H,-Ffwf?:*)~ (12)

"{FFH::.QIIF;m-F;?:Ljf—i_F;wFM j’—I-FMQ}ij.—I—FMg”;},

] ' g L ~pld YT
+3(Fu@jp+ FuF" js+Fu g+ F L, FE ),

Couplings with Abelian tensors

Couplings with vector-axial mesons
Iya = 2goiej3(A,VE js + ApA;JP) (14)

(Ab f,Jiﬁ + A !A,u.-"p + Ap V: JIS + A#A,u.-"p)

ad ]| =

Iyam = ¢ |APAj, + AFA 3 + AV, jo + AYV, 3 +

Iyp = gsi€ij3(Fps Vﬂ.h y + F Aﬂi_, )

Iap = .93“":‘;3(-?::;.5*’5"?&14' + g:;ﬁAﬂjL]],
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M* (L—% %) D;(k) Gr1 92 §§' f‘:;:f—%g')
ik A\‘JJ% (GeV) - --- - (GeV™) -
(1a) \ 0.33 (0, 0) D, 9.3 5.6 1.7
; ; 0.38 (0.2, 1.5) D, 8.2 4.7 1.8
| \, 0.45 (0.5, 5.2) D, 6.8 3.6 1.8
. 0.33 (0, 0) Dy 1.1 0.3 0.19
0.38 (0.2, 1.5) Dy 0.9 0.3 0.19
(1c) N‘ﬁr% (1d) (1e) ﬁ 0.45 (0.5, 5.2) Dy 0.8 0.2 0.19
\ 0.22 (0, 0) D, 12.7 8.6 1.4
‘ . . 0.25 (0.2, 0.6) D, 11.6 7.7 1.6
;r; \ \ ;th‘ \' 028 (0.5, 2) D, 107 6.8 1.6
0.22 (0, 0) Dy, 1.5 0.6 0.19
0.25 (0.2, 0.6) Dy 1.3 0.5 0.19
0.28 (0.5, 2) Dy 1.2 0.4 0.19
0.07 (0, 0) D, 20.3 147 0.5
0.085 (0.2, .08) D, 19.4 14.0 0.6
0.10 (0.5, 0.3) D, 18.5 13.3 0.7
0.07 (0, 0) Dy 2.4 0.9 0.06
0.085 (0.2, .08) Dy 2.3 0.9 0.08
0.10 (0.5, 0.3) Dy 2.1 0.9 0.1
IFF - ZQI"E:ﬁ( ,uug#yf.ﬂ + Fﬂu‘F?FﬁT}? {]2)

-3 v =3
"{FFm EJ-"I[Fr -:F% jf—i_FﬁuF#yjs—i_Fﬁugg J'p—i_F#ug#yJ'p
Iya = 2grie;3(A VY i+ AAY ), (14)
!'r’Am = o A Agfp + A#‘E‘pj?) —I—A"’Vﬁjs +Auvuj.? "’AF

Ivp = gsi€;j3(Fps

V?Jrj v+ Fps Aﬂfm)

= 93';Efj'3(‘F:;ﬁAﬂj?,V + g; Aﬂfj A))s
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dQ?

("ﬁ-)(ﬂ{]) = —6

Anysotropic correction

In the plane perpendicular to
The weak magnetic field (z)

lyp = HEEEfJ'Ti(FMV?j?,V +F A:J'J A):

Iap = 935ffj'3(-?::;ﬁﬂﬂff.tf + g:;ﬁﬁﬂjjﬂ) )

l.ﬁ T T i T T I T
L4 — =1
>
#*
12t =
NE %
el # 4
E et
=g ; *
i e 1
ES
b * #
* -
x
¢ *
0.8 - 7
'Y E
0.6 1 | 1 | 1 | 1 |
] 0.1 0.2 0.3 0.4 0.5
-
¢B/M

FIG. 4. The rho squared electromagnetic radius (rgm) with the
gluon propagator D;(k) from Refs. [37,38] for M*(B, = 0) =
330 MeV is shown as a function of the magnetic field in terms
of the effective mass (eB) ;‘M*j The qymbn] » indicates the
leading correction {F = o 1944 (0 ) in expnewan (41)
and the symbols * represent the tﬂta.(f values of {r (By) with the
anisotropic correction (eB)/M**.

Approximation: very weak magnetic field
first Landau orbit



Summary : few remarks
By analizing structureless mesons limit

‘Large variety of effective couplings and small number of
effective coupling constants (universality)

‘Need to test further the behavior of form factors/coupling constants
with gluon/quark propagators and g-g running coupling constant
*Only color singlet currents and interactions

*In a related work: vector mesons mixings due to weak magnetic field
Vector meson dominance under weak magnetic field

*To understand the strict relation between
coupling to constituent quark and coupling to nhucleon/baryon
(Faddeev equation?)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

