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Motivation

The string picture’s main measurable universal consequences of the
Luscher subleading correction to the QQ potential and flux-tube
logarithmic growth law have been verified with the lattice data at large
distances.

The study of the stringlike behaviour of flux tubes in multi-quark systems
sis less visited on the lattice due to the practical difficulty of the noisy
signal.

There have been difficulties to unravel an unbiased form of the action
density distribution. This has presented hitherto a challenge to directly
scrutinize the baryonic strings on the lattice unambiguously.

The action density correlation with three Polyakov loops has displayed a
filled A-shaped profile. This filled A-shaped arrangement surprisingly
persists to large inter-quark separations.

A look at the signatures of the baryonic strings in lattice data is interesting
topic for quark confinement that has not been yet addressed in SU(3) pure
gauge theory.
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L attice Measurments: Flux correlation function

- The form of the correlation function for the action density,

<W3Q(7?19 7?27 7?31 T) S(ga 7/2)>
(Wag(71,72,73; 7)) (S(%,7/2))

C(y,71,72,73,T) =

(1)

C Is a scalar field in three dim.

C=1
C<1l

C <1, signaling the expulsion of the
vacuum fluctuation from the interior of 'th,
the baryonic system.




Flux correlation function

Constructing the baryon by Wilson 3Q operator

ab'c

The generic form of the three-quark d
[] [ L H
Wilson loop is given by, "

A
W _1 ! 77bb! 7 rect
3Q — 3] Eabe Earbrer UL Up” UF’

With the path-ordered link
variables,

U; = Pe:cp{ig/l_ dx, A¥(xz)}
S

<W3Q(7?17 7?27 7?3v T) S(ﬁa 7/2)>
<W3Q(7?17 D, T3; T)> <S(?j, 7/2)>

C(?j, 7?17 7?27 ’F37 T) —

(1)




Biasing by the quark source operator

For a fixed source geometry, many different string
configurations are possible.

Dependence on the choice of the source operator
Indicates that non-ground state contaminations
contribute to the correlation function .




. Difficulty in isolating the ground state

(W3 (1, 72,473 7) S(¥,7/2))
C(y.7r1.7>. 7 —
LT3 = (7. 733 1)) (8. 7/2))

The two-point corre__,lraﬁon function,

— e~ £0T(Q|0(0)|0) (0|0(0)|R2)

The three-point correlation function,

L (QOMPHOO)Q) = Sy BT~ Eut
X (Q|0(0)|n) (n|P(0)n) (n

— ¢~507(Q|0(0)(0} (0] P(0)0) (0

(1)

(QI0(T)0(0)|Q) = 5, e~ EnT(Q]0(0)|n) (n|O(0)[<2)

0(0)|2)
0(0)1%)




The correlation function which gives the field distribution is then,

Flux-probe

(Q|0(T)P(+)0(0)[2)

“® = Gomo) PO

{0[P(0)][0)

(©2|P(0)[€2)

O <<t T

The correlation function is a measure of the ground state
expectation value of the operator to that of the vacuum.

Biasing by the shape of the source strings must mean that
non-ground state contaminations contribute to the correlation

function .



Constructing the baryon by
three-Polyakov loops

(Pag (1, 72,73) S(y,t))

C(?j, ’Fla 7?27 7?3) —

(P3g(71,72,73)) (S(y,1))

where P3(m,72,73) = P(1) P(72) P(73).




Method (Noise Reduction).

A- Stout-Link smearing.
B- Lattice symmetries.
C- Monte-Carlo Updates.

D- Quark configuration symmetries.



Simulation set up

The gauge configurations were generated using the standard Wilson gauge action. The two
lattices employed in this investigations are being of a typical spatial size of
Ns=36X36x36,Nt=10, Ns=36X36x36,Nt=8.

Performing the simulations on large enough lattice sizes would be beneficial to gain high
statistics in a gauge-independent manner and also minimizing the mirror effects and
correlations across the boundaries as a by-product.

The SU(3) gluonic gauge configurations has been generated employing a pseudo-heatbath
algorithm “Fabricius,Kennedy” updating the corresponding three SU(2) subgroup elements.

Each update step consists of one heat bath and 5 micro-canonical reflections. We choose to
perform our analysis with lattices as fine as a = 0.1 fm by adopting a coupling of value

beta = 6.00, with temporal extents of Nt = 8, and Nt= 10 slices, which correspond to
temperatures T = 0.8, 0.9 Tc,

We perform a set of measurements n=20 separated by 70 sweeps of updates. Each set of
measurments is taken following a 2000 of updating sweeps. These sub-measurements are
binned together in evaluating. The total measurements taken on 500 bins.

In this investigation, we have taken 10,000 measurement at each temperature.
The measurements are taken on hierarchically generated configurations.



Simulation set up

The gauge configurations were generated using the standard Wilson gauge action. The two
lattices employed in this investigations are being of a typical spatial size of
Ns=36X36x36,Nt=10, Ns=36X36x36,Nt=8.

Performing the simulations on large enough lattice sizes would be beneficial to gain high
statistics in a gauge-independent manner and also minimizing the mirror effects and
correlations across the boundaries as a by-product.

The SU(3) gluonic gauge configurations has been generated employing a pseudo-heatbath
algorithm “Fabricius,Kennedy” updating the corresponding three SU(2) subgroup elements.

Each update step consists of one heat bath and 5 micro-canonical reflections. We choose to
perform our analysis with lattices as fine as a = 0.1 fm by adopting a coupling of value

beta = 6.00, with temporal extents of Nt = 8, and Nt= 10 slices, which correspond to
temperatures T = 0.8, 0.9 Tc,

We perform a set of measurements n=20 separated by 70 sweeps of updates. Each set of
measurments is taken following a 2000 of updating sweeps. These sub-measurements are
binned together in evaluating. The total measurements taken on 500 bins.

In this investigation, we have taken 10,000 measurement at each temperature.
The measurements are taken on hierarchically generated configurations.



Smearing Radius 04 R
035F x * :E&Eé% x0T
A=0.6 fm sl = o2t S
£ . L I _
:0.25- ! Q
To ensure minimal effect of 4 -D 02} T
smearingon the 3Q potential the smearing "o o o 1 12
R (fm)
Sphere around each quark should be g
. g B=6.0,T=09TT, ]
Non-overlapping. A0.8 fm b g
§ o3f *om o4 Hoa .
& =t ' | - ]
= 02sf * L I
¢ |
02 %
0.15 0'.4 0|.6 d.s 1 1'.2
Rs R (fm)
a2
A
A ~ 0.4 = F=60,T 09T, ]
T - o
8N A=1.0 fm ~r o B
;io.zs- ,E'i : ' ; ’ Q g
0.15 0'.4 0|.6 d.s i 1'.2 :
. A. Bakry et al., Phys. Rev. D 82 (2010) 094503, arXiv:1004.0782 [hep-lat]. R(fm)
b : -

e S EEEEE—




Baryonic String Model

In the Y-baryonic string model, the elementary constituents
of hadronic matter (quarks) are confined together due to
formation of very thin flux tubes.

The quarks are connected by three strings that meet at a
junction, the Y-string configuration is expected to be the
dominant configuration in the IR regiorl) of the baryon.
The classical configuration is the one

that minimizes the area of the string

world sheets.

The position of the junction is determined
by the requirement of minimal total string °
length.



Baryonic string models

The first test of the baryonic string model predictions with LGT at
zero temperature (3 Potts model) for three quark potential has

been reported by Deforcrand and Jahn. ( verification of Luscher
Like term) Ph. De Forcrand and O. Jahn, N phys A 755(2005)

Pfufer, Bali, and Panero physRevD.79.025022 extended the

calculations of the above model to the thickness of the
fluctuating baryonic junction

They have shown a logarithmic growth of the junction width.

a2y 2 Z :
R = mw? +aw)_;coth(w L;)

9

with w = 27n/Ly.




Expanding the NG action around the equilibrium configuration
yields

o 0 05 ( f" | .2)
S=S+ EZ oo aetm(Teg | deer).
where again (;. (s are world sheet parameters and

S =a~¥(£ﬁ+/&te& ot ]) —olyT. (2)

E .I'_ abay& dEHﬂt&i the taotal Etr‘ing length Classical ground state: minimal area => "Y configuration”
=\D] In the T — oo limit

o

(m} e o Y law': .‘/cl = Jmeson(Ll + LQ + L3)
Ly




We are interested in the expectation value

() = (2 + (1) = £+ 1, (1)

where

I —_—/Dg.al:,.:nuaxp{ - %Z [mw + ow thh(wf_ ]]

J_lz

x|owl® ¢ - (2)

| P | 1
I =/D:,ﬂ”:,.::”2m:p { Z [ 3 (mw + ow Z coth( wL ])
x|l P+ el L PAc + |l PA, + ), 124,

+2 (Re(pl, ,JRe(l, ) + Im{l, Jim(el, ) Aﬁ} } . (3)

oo =y - = =




The Conformal mapping

Jahn and De Forcrand calculated the baryonic potential,
by evaluating the determinant of the Laplacian based
on conformally mapping generalized domains of the
blade (corresponding to each string) to rectangles.

O Jahn and Ph. Deforcrand, hep-1at/0209062, Ph. De Forcrand and O. Jahn, N phys A
755(2005)

This is done after regularization, by Conformally
mapping a rectangle to fluctuating blade.

1 ea.qgf_h'
f.['::“ e ofs e : ' e
JalZ) V":f'l £ Slnh(l'-’_"La-)

=)

/ ]

First order in
fluctuations



The general domains [; describing the world sheet of each
blade can now be described with the aid of the convoluting

scalar function ¢ such that the conformal mapping to a
rectagle is /

: ‘ € "n'ﬁ...l'fal s L
fi(z) =z+—= e, (1
—7 Z sinh(wL;) 1)
The integration over Fourier modes of t uating junction

¢ can be performed in a similar way as detailed in Ref. [?].
The mean-square width of the perpendicular fluctuation of the
junction acquires a simple modification after solving for the
position of the junction £, ; for each blade

with the convoluted position

1 sinh(ws)

£mmr - VFT = P Li & (W L )mﬁrm : (E}

O )
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Junction Fluctuations at finite temperature

Smoothing scalar can be fou
from the mesonic limit.

hit

The action is given by,

“ #-Z/ ‘__3,('.",' lf}j

! R. 1 Ohx& /R

Nh'f e / dt / ,1“‘ ' __I‘_”
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A. Allais and M. Caselle, J. High Energy Phys. 01 (2009) 073, arXiv:0812.0284 [ﬁep-lat].
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Width of the junction_

Following the same procedure as PhysRevD.79.025022 for the (Pfufer, Bali, and Panero)
| calculation of the thickness of the junction, this results in a
simple modification for the perpendicular fluctuations to

. 2 1 1
"r-'!E = —_— f ‘ 1
L Ly Z 7 mw? 4 ow ), coth(wl; v (w. Lj) W

w =0

The form of this convoluting scalar can be derived from the
mesonic limit.

v(w. L) = 5 coth(wL;) 2wl coth(wL,)

with y(7) 0(0:7)

a

~0(0:7)
As indicated above, the parameter m shifts the mean-square
width of the fluctuations by a constant. The parameter m can
be chosen such that R, cancels out from both sides




(b) In-plane after orthogonalization and including thermal
corrections would read:
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Lattice Results
Lattice QCD findings regarding the 3-quark potential are settled
bbout a confining potential that admits two possible models
depending on the inter-quark separation distances:
3Q Potential

The so-called Delta parametrization for small quark separation

distances of R<0.7 fm and the Y-ansatz for 0.7<R fm. ph. pe Forcrand
and O. Jahn, N phys A 755(200%)

Gluonic distributior

The revealed flux distributions displays an action-density profile
consistent with a filled Delta shape iso-surface.

(even at large distances) up to R=1.3 fm.

N Ahmed S. Bakry, Derek B. Leinweber, Anthony G. Williams, arXiv:1107.0150 [hep-lat!




Y-String signatures:a)filled Delta-shaped

The action density does not look like a flux tube that form around the
perimeterof the triangle. The distribution maximum is inside the triangle. ‘




Y-String signatures: b)Two-Gausian Distribution

In the meson a single Gaussian corresponds to the profile of
one single string.

In the Baryon, our results show that the action density
profile well fits to a two Gaussian form.
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The two Gaussian Profile

u(x)

The plots shows how the separation between
the two Gaussians varies with the movement of
third quark at the top of the triangle and with
the change of the length of the triangle base A.

We call the position x, at which u(x)=0, the mean
Position of the junction.
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This a schematic plot of the profile of the two Gaussians
Superimposed over the rendered action density.

R= 0.3 fm

R=0.4 fm

The profile of the trings at small quark
separation looks like a Delta shape.

R=0.5 fm







The profile at larger quark separation
Is Y-shaped.
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Qualitative properties

Filled Delta Shape Flux profile.

Underlying structure of Y-shaped Gaussian
string profile.

Minimal length for the Y-Profile at the end

of QCD plateau, Maximum near deconfinment
point.

Aspect ratio greater than 1, indicating a larger
restoring force in the quark plane.
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Lattice data versus String Model

The broadening of the flux tube with the increase of the source
separation is compared to the corresponding string model predictions.

This can provide a first indication of the compatibility of
the baryonic string model with the measured LGT junction
profile, the position of the junction and its proposed insight.
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Returned fits of the gluon flux to strlna width orofile
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Returned fits of the gluon flux to string W|dth proflle

a) In-plane Fluctuations
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' Returned fits of the gluon flux to Y-string width profile

b)Perpendicular Fluctuation
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' Returned fits of the gluon flux to Y-string width profile

b)Perpendicular Fluctuation
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Conclusion
The signatures of the baryonic string has been identified in the

gualitative properties of the energy profile and directly via fit
behaviour of a form consisting of a sum of two-Gaussian.

The Y-baryonic string model has been discussed at high
temperature for the Width profile of the junction.

The lattice data for the mean-square width of the gluonic action
density has been compared to the corresponding width calculated
based on string model at finite temperature.

The best fits for the string model are returned for large quark source
separation R> 0.8 fm. Only assuming the classical position of the
strings at the Fermat point of the configuration (point that minimizes
the length of Y-strings).

In this analysis, it is the first time we can directly look and identify a
clear formation of Y-shaped confining strings in the baryonic filled
A-shaped action.

The revealed form of the flux in the baryon presents a potential
candidate for the exact geometry of the flux-tubes at zero
temperature.



Prospective:-
Extending the calculations to zero temperature

Noise reduction: Noise reduction by combining smearing
with multi-level integration methods. ahmed s. Bakry, Xurong Chen,

Pengming Zhang. International Journal of Modern Physics E 07/2014; 23(6):1460008

The simultaneous application of both link-blocking and path-
Integral factorization techniques is based on the observation
that Monte Carlo updating of the three-dimensional smeared
lattices preserves the key features of the long distance
physics.

Thank you!



	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
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40

