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The gluon flux distribution of a static three quark systemlesn revealed at finite temperature
in the pure SU(3) Yang-Mills theory. An action density opgerais correlated with three
Polyakov loops representing the baryonic state at a ternperaear the end of the QCD plateau,
T/Tc =~ 0.8, and another just before the deconfinement pdifle ~ 0.9. The flux distributions
display an action-density profile consistent with a filledhape iso-surface that persists even at
large inter-quark separations for both temperatures.

The profile of the baryonic gluonic distribution is compaseith the width of the Y-string pic-
ture’s fluctuations. The comparison reveals that when thgudce between at least two quarks
is large the best fits are for quantum fluctuations of a Y-stidgaeyonic string with the classical
junction’s position at the Fermat point. This result suppdhne view that thé\ shape emerges
through the fluctuations of underlying Y-shaped stringlikix tubes.
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1. Introduction

Revealing the color-field distribution in the nucleon is a subject of fundarenpertance
to our understanding of quantum chromodynamics (QCD) and confinerhatiice QCD simu-
lations provide a first principles source of knowledge about how theggrigstribution manifests
itself among a system of three static quarks (3Q). Ambiguities are known & hawever, in the
calculations of the gluonic distribution in the 3Q system at zero temperatueseridrgy distribu-
tion may be vulnerable to systematic errors associated with excited-state cattam]t] when
constructing the static baryon using a Wilson loop operator. The confiiguiaf the spatial links
that best minimize the potential has to be adopted before hand. Associatatiwiinbitrariness
in tuning the ground state operator are the excited state potentials which m#mfieselves in
the revealed gluonic profiles as a bias reflecting the form of spatial linkseddVilson loop oper-
ator [1]. TheL shape baryon operator provides pronounced evidence where xhdidttibution
mimics the source [2].

In this investigation, the gluon flux distribution of a three quark system in Bu3) Yang-
Mills vacuum has been revealed at finite temperature. The static baryotes ata accounted for
by means of Polyakov loops. This provides a gauge invariant oper&ichwacquires a method-
ological importance due to the ability to construct an unbiased 3-quarlatmpeVe have con-
sidered two temperatures one at the end of the QCD platedyTat~ 0.8, and one just before
the deconfinement poifit/T. ~ 0.9. This has two advantages: the first is that we can unravel the
changes in the shape of the gluonic distribution with the temperature. Intheee are significant
differences between the behavior of the flux tube just before the fieearent and at the end of
QCD plateau. The second is that the analysis near the end of the QCD praggauovide insights
about the corresponding distribution at zero temperature. This is geddoy the small changes
in the string tension [3] and admits the possibility of non-uniformity in the grodaté gluonic
profile [4].

2. Measurements and statistics

A scalar field that characterizes the gluonic field can be defined with thenatgisity,S, as

(P3q(M,T2,73) S(P))

¢ (P,T1,T2,T3) = L 2.1
PTG 72) (S(P) &y

with the static baryon constructed by three Polyakov loops
P3q(M,T2,T3) = (P(F1)P(T2)P(T3)), (2.2)

where(...... denotes averaging over configurations and lattice symmetries, the vEéctmine
the positions of the quarks arithe position of the flux probe. Cluster decomposition implies
C — 1 away from the quarks. The action density operator is calculated via &+ingproved
¢ (a*) three-loop improved lattice field strength tensor [7].

In this investigation, we have taken D00 measurements at temperatiirél; ~ 0.8, and
6,000 measurements at temperatlirél. ~ 0.9. The measurements are taken on hierarchically
generated configurations. The gauge configurations are genesatgdhe standard Wilson gauge
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action on lattices with a spatial volume of®3&auge configurations are generated with a coupling
value of 3 = 6.00. The lattice spacing at this couplingas= 0.1 fm and the temporal extents are
N; = 10 andN; = 8 for T /T ~ 0.8 andT /T; ~ 0.9, respectively. After each 1000 updating sweeps,
Nsup = 20 or 12 measurements separated by 70 sweeps of updates are tattentfoo lattices
corresponding td /T; ~ 0.8 andT /T, ~ 0.9 respectively. These sub-measurements are binned
together in evaluating Eq. (2.1). The total measurements are taken on 500 bin

3. Gluon action density
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Figure 1: Compares the flux contour lines of the density distributiothie 3Q plané& for triangular base
A= 1.0 fm and third quark separatidd= 0.9 fm atT /T, ~ 0.8 (Left) andT /T ~ 0.9 (Right).

We have revealed the characteristics of the flux action-density measurigulde sets of geo-
metrical 3-quark configurations and the corresponding changes beliagior due to the tempera-
ture. Each set corresponds to isosceles triangle bases of kagth6 fm, A= 0.8 fm andA= 1.0
fm. The origin of the co-ordinate system is placed at the middle between theuavks§), 3 on
they axis at positiong0,+4,0) and at distanc® from the third quarkQs, at (x = R,0,0). The
quarks reside on the plarie,y,0) (Note thatA andR are indicated in Fig. 1. The second moment
rg(x) and the amplitudey(x), of the flux density at each ling(x;,y,0) is measured by means of
Gaussian fits to the complementary distributi®n= 1 — %

% (B(%,Y,0)) = Hy(x) e ¥/™ (3.1)

The characteristics of the isosurface, the radius and the amplitude podfitesaction density
correlations, in addition to the broadening pattern of the flux distribution beasummarized in
the following main points:

A. The iso-surfaceof the flux action-density displays a family of concavshapes at small
as well as large quark separations. Thasshaped gluonic distributions persist and do not change
into a Y-shape as the distances between the quark sources are idcréasalensity plots in the
qguark plane display a nonuniform distribution at all distance separat®iikistrated in Fig. 2.
This contrasts the Wilson loop results at zero temperature which exhibitroméotion density
along each arm of the Y-shaped profile. A remarkable feature of tlealey map of the contour
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Figure 2: (Left) Surface plot of the action density in the quark plangether with projected contour lines.
The A-shape is filled with maximum action inside the triangle agement near Fermat point. The height
and base of the left pld® = 1.2 fm andA = 0.8 fm.

(Right) The flux action iso-surface at the quark positionattpd together with a surface plot for the density
distribution%’ (), in the 3Q plane at temperatufgT; ~ 0.9, for equilateral triangular configuratiéh= 1.1

fm andA= 1.0 fm.
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Figure 3: The profile of the action density amplituddy(x;) (scaled by a factor of 10 for each isosceles
configuration with basé = 0.6 fm, A = 0.8 fm andA = 1.0 fm, for the two temperature/T; ~ 0.8
(above),T /T; = 0.9 (below). The legend signifies the third quark position.

lines of the flux strength is that the shape of the contour lines do not shaificigt sensitivity to
the temperature for the two temperatures considered here.

B. The amplitude profile analysis of the flux density depicted in Fig. 3 shows a maximum
vacuum-fluctuation suppression at the plane nearest to the Fermat pthiatmanar three-quark
configurations for intermediate separation distances. The distributioals geases to localize
around the Fermat point of the 3Q isosceles configurations when the Heighgreater than.0
fm. The peak shifts to the outside of the triangle mad@& Af; ~ 0.9 and shifts in the reverse
direction to the inside of the triangle far/T. ~ 0.8.

C. The flux mean-square widthdoes not always broaden with the increase of the quark
source separation as is the case in the meson. For the lowest tempéFdiire; 0.8, the flux
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Figure 4. The squared-width of the flux tube at each plangersus the third quark separati®¥for an
isosceles base length Af= 1.0 fm at the two temperatur&s/T; ~ 0.8 (above),T /T ~ 0.9 (below).

distribution shrinks in width for large quark separations. The change iwitig of the flux tube
shows a non-broadening aspect which is a property of certain coatiigs of the multi-quark
system. The width as depicted in Fig. 4, however, grows linearly near tenfleement point,
T/T. =~ 0.9, with the increase of the height of the triangle, R. In general, the sloieeafecrease
or increase in the width, at both temperatures, depends on the length égdiiggetbase. The wider
the base of the triangle set up by the quark positions, the lower or higherstoje at temperatures
T/Tc~ 0.8 andT /T =~ 0.9, respectively.

D. The aspect ratio between the mean square width of the flux distribution in the quark
plane and the width in the perpendicular plane exhibits an asymmetry. Thaegflumtuations in
the plane of the quarks are greater than that in the perpendicular diseationnd Fermat point,
indicating a greater restoring force for the system out of the plane ofubheks. This result is
consistent with the expectations of the Y-string system.

4. Baryonic strings

The analysis of the action density reveals that the obsetvsldaped flux tube arrangement
are not of the shapes of tubes that form a triangle around the perimeher thfree-quark system.

In fact the lattice data indicate a fillé@dshape where the maximal effect on the action density is at
the center of the three-quark system (near the Fermat point). Togeithethe observation of an
underlying Y-like shape of the radius profile at large distance, this prantlegeunderstanding that
these observed fillefl shapes come about through the delocalization of the Y-shaped tube tracing
out a filledA shape.

The strong coupling results as well as the lattice results at zero temperapyertstine Y-
shaped string picture for the flux tubes in the baryon. In addition to this,utteess of the string
model near the deconfinement point in the meson indicates that the assurptlmmsough phase
of Yang-Mills theory, which justifies the use of the collective co-ordinatedte flux-tubes or the
junction, still holds at finite temperatures. This motivates us to consider aalieee Y-shaped
baryonic string. In the following, we compare the width of the flux distributibtha Fermat point
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of the triangle set up with the corresponding predictions of the baryositiiyg model after the
inclusion of the thermal effects.

{

Figure 5: The world sheets of the string in a baryon and a meson. Thegstrithe static meson is modeled
as being composed by two strings connected by a junctioreimiddle.

The thickness of the fluctuating baryonic junction can be calculated basstting model,
assuming Nambu Goto action, by evaluating the expectation value

2A—S
9% = @)+ 9h = Ll @1)

The solution of the above integral has been worked out in detail in R&J. [Lhe parallel
fluctuations (see Fig. 5) read

(9?) = 11 kw/o + (1—aw?)0, Ty
| OT &g Wk2w2 /02 + 2k/ o w(1 — aw?) O, — 4aw? (@1)2+ %(1+avvz)2@2
1
O = 3 IZCO'[h(WLi) Y(wL)
0, — % 3 sir? <2rr(| . ”) coth(wLi) ((w, L) cothiwL) s(w,L ) 4.2)
i<)
with —
. . Wl /T—
wwL) = —kw  (wT-m) 2L x(ti)+1 7 4.3)
2o cothiwly)  2wTcothiwLy) \ 2L x (1) — 1
with x(7) = gfggg 6 are Jacobi theta functions. The baryonic blades of lebgth,, L3 are
1 1

measured from the position of the junctign

We present here our analysis of the width of the action density in the plathe 8Q system
for T/T. ~ 0.9. The measured lattice data are fit to the string model formula of Eq. (4.2it We
the string model formula Eq. (4.2) to the measured mean square width at theptanesx = 1,
x =2 andx = 3. The returned value of the fit parameters are summarized in Table 1 bledZTa
for isosceles baseés= 0.6 fm andA = 0.8 fm, respectively. The closest plane to the Fermat point
isSX=2.

The returned values of thez ; for the isosceles base of two quarks= 0.6 fm indicate the
acceptable fits to the string model formula are for quark separa®on®.6 fm. The string model
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Table 1: The returned fit parameters of the Y-shaped string modeExo{4.2) for the quark configuration
of baseA = 6 fm, and planex=2, T ~ 0.9T.

Fitrange| x% [ x&;| k | u |
4-9 9.11 | 2.27| 0.01092| 1.602
4-11 11.30| 1.88 | 0.01109| 1.587
4-13 11.45| 1.43 | 0.01110| 1.588
6-13 7.02 | 1.17| 0.01103]| 1.639

Table 2: Same as above table for bake- 8 fm, and planx=2, T ~ 0.9T,.

Fitrange| x2 | x3:| k | u |
4-09 4.04] 1.01| 0.00316| 6.815
4-13 8.92| 1.12| 0.00511]| 6.070
6-13 3.65| 0.61| 0.01168]| 4.259

formula fits the lattice data well for distancBs> 0.6 fm reflecting the applicability of the string
picture only at large quark separations. Recalling that the Fermat pdimisgfarticular configura-
tion lies atx =~ 1.7, this is the only plane where Eq. (4.2) can be expected to describe thealata
Indeed, the returne;;lgOf is much larger than unity at= 1 andx = 3. We conclude that the string
picture which indicates the formation of three thin flux tubes that meet at thé thainminimize
the length of the flux tube is compatible with the lattice dat&@ Af; ~ 0.9. We report the results
for T /T. ~ 0.8 elsewhere in the near future.

In Table 2, the values also indicate the smal@;f occurs at the plang = 2 which is the
closest plane to the Fermat point of this configuratiorxt.e= 2.3. With the larger basé = 0.8
fm, smaller values oR provide acceptable fits and we fiRt> 0.4 fm is acceptable.
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