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INTRODUCTION

In this seminar we discuss about the properties of the flux
tube in the gauge theory DUAL to the percolation model

Results about Polyakov-Polyakov correlation (P(0) P*(R))

* BOND and SITE percolation;

* different lattices: Simple Cube (SC) and
Body-Centered Cube (BCC);

* different values of critical occupation probability p,;

We test different REGULARIZATIONS — results true in the
continuum limit
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PERCOLATION MODEL (1)

* We set the bonds (sites) of a 3d lattice on or of f
according to probabilities p and 1 — p:
BOND (SITE) percolation

* Networks of connected on links appear (clusters)

* There exists a value p. at wich an infinite cluster
appears (second order critical point)

We have a chain of maps (in 3d):

S,-gauge theory < g-Potts model (Kramers-Wannier duality)

(eﬁgauge _ 1)(6/3potts _ 1) —q

g-Potts model < percolation model (Fortuin-Kasteleyn reformulation)
p=1— e Protts
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PERCOLATION MODEL (2)

Using them, one is led to define the Wilson loop W (C), in a
given configuration C, as:

W =1 if no clusters are linked to the the loop; W = 0 otherwise

We study the lim,_,; of the theory, i.e. we study the gauge
theory DUAL to the “random” percolation model

p < pe finite size clusters = deconfinement
p > p. Infinite cluster = confinement

Finite temperature theory defined in a 2d infinite slice with
thickness L=1/T

The same definitions = Polyakov-Polyakov correlators
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PERCOLATION MODEL (3)

ome properties of this gauge theory:

* Well defined string tensionat 7' =0

* Glueball spectrumatT =0

* Finite temperature transition at 7.

* Well defined string tension at finite temperature

* Universality of the adimensional ratio 7../\/c ~ 1.5

* |t is possible to study monopoles properties
(See S.Lottini’'s Talk)
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String picture

"« The vacuum acts on the chromo-magnetic field as a
“dual superconductor”, keeping the flux between two
color sources squeezed in a string-like tube

* The energy is (in first approximation) proportional to its
length = V(R) x o R

* In the rough phase (where the string fluctuates
guantistically on any length scale) there are many
predictions that can be tested on the lattice
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NLO approximation

(0)P*(R)) is expected to exhibit the following
next-to-leading (NLO) functional form:

(d—2)n2L[2E4(7)—E3(7)]
11520 R3

n(r)*

Simulations on 128 x L; L = 1/T is chosen such that
0.37. < T < 0.87.; 10° measures;

o~ cL—oRL- +O(1/R5)

(P(0)P(R)) =

Fit in the range R,.;, S R S Ryae ~ 50
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RESULTS

ND percolation; SC lattice; p = 0.272380 => critical for L = 6;

O 128x128x9 20T (5 1280 128%0
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<] 128x128x13 1.4 <] 128x128x13
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128x128x15 < 12¢ 128x128x15
F - 'CJ 1. O—
0.013056000600000000MOGOND  gat. 10° <08 st 10°
__ p=0.272380 0.6 p=0.272380
RIS ,Aa]‘.i"« < 0.4}
R =50 [ _
e 0.2t Rina=>0
NLO 00 ST ONLO
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min R .

We see stable “plateau” for R,,;,, > 8: the NLO is very good !!!
x?/dof ~1= 10> L > 15

Note: different L, different 5 plateaux !!!
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RESULTS
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min min

p IS critical for L = 7; p IS critical for L = §;
BOND percolation; SC lattice; BOND percolation; SC lattice;
x?/dof ~1=12>L > 15 x?/dof ~1= 13> L > 17
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RESULTS

O'0100:' 50 0D [O 128x128x11 0'0585' o O 128x128x4
: 110 128x128x12 : [ 128x128x5
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| 8 . ° i
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0.0095: SAUAAAARY Y RS0 ST R =45
3 . ] NLO o.046p NLO
0.00945 15 20 25 30 510 15
Rmin
pis critical for L = 7, p is critical for L = 3;

SITE percolation; SC lattice; BOND percolation; BCC lattice;
x?/dof ~1=11>L > 17 x2/dof ~1=4>L > 10
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L dependence

depends on L;
What is the dependence using the N LO approximation ?

2
R—o0 - T T
o(L,R)ypo — o(L) =0 — — — ——
Ly R)wvzo (L) 6L T25LA
Using this relation we determine the behaviour of o(L):
0.020 T T T T T T T T
: stat. 10° ,
I lattice 128 XL
0.015r p=0.272380 |
: © 0 0000 0 | . . _ .
0010 ~ 1 Note: in this case p Is critical
T g o Y _
5 m | forL=6=0(L=L.)=0
0.005- [ O ofromNLO _
' O o-1(6L%)-16/(720L ™| ]

00008 9 10 {1 12 13 14 15 16
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s

Beyond NLO

ecause the N LO terms are not enough to describe the correct
behaviour, we introduce a new term oc L=°

3

6L2 2001 | Co2Lb

We determine the “correct” value of oy and C

model 00 C x2/dof
pr.—e6, SC, BOND 0.012612(6) | 291(7) 0.15
pr—7, SC, BOND 0.009234(5) | 281(5) 1.20
pr—s, SC, BOND 0.007059(5) | 297(5) 0.38
pr—7, SC, SITE 0.009399(8) | 307(9) 0.20
pr,—3, BCC, BOND | 0.0474(4) 295(14) | 0.81
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O 128x128x9
0 128x128x10

1 1< 128x128x11

A 128x128x12

| [< 128x128x13

ample: pr—g, BOND percolation; SC lattice.

RESULTS

-1 |O 128x128x9

0 128x128x10
< 128x128x11
A 128x128x12

114 128x128x13

| |V 128x128x14 0.01260

R RIS [ v/ 128x128x14
128x128x15 - g | 128x128x15
o o : _
0.013Q000000000000000000h  ¢at. 10° 0.01255 stat. 10°
' A p=0.272380 G p=0.272380
Rmax:50 L 1 R0
- 1 6
NLO R N B T NL O+cL
0012505 ——"95"""20"""25"""30 =001

For 10 < L < 15 data are on the same “plateau”
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0017 —

[ stat. 10° ]
| lattice 128°xL |
| p=0.272380 D ]

0.0135f

0.0130F o

0.064%+00 " 5.06.07 '1'oéo'6' 15606 2.0e06
L

different method to determine C
(useful to highlight sistematic effects):

We know & has L—2 and L—* corrections, so: & = ag + 5

A different method to determine C

3

2 216
model | og C

1 0.012612(6)[6] | 291(7)[23]
2 0.009234(5)[8] | 281(5)[26]
3 0.007059(5)[6] | 297(5)[32]
4 0.009399(8)[7] | 307(9)[30]
5 0.0474(4)[2] 295(14)[61]

Lattice 2008, 18/July/2008 — p.14/21



T./\/o, comment

nd percolation, SC:

(method 1) | (method 2)
T./oo | Te/\/&o
1.4841(4) 1.4837(4)
1.4866(5) 1.4860(5)
1.4878(5) 1.4871(5)

QIN|O |

There is a small difference due to “correction-to-scaling” but with only 3 data we cannot
determine the “correct” value of T./\/o¢

This correction tends to increase the value of 7. /,/og S0 (since these simulations are
more precise) we accept as percolation value the following:

T./\/oo = 1.4878(5)[7]
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Correctionto o

nd percolation, SC, ps, simulations on N2 x 10:

N | &
128 | 0.00848(3)
194 | 0.00854(3)
256 | 0.00856(3)
320 | 0.00859(2)

The finite volume effects are evident!

We can determine the correctionto N — oo
5(1/N)=5(0)—cN~V¥ 1y =4/3

&(0) = 0.00870(5), c = 0.0083(27), x2/dof = 0.04

l Same observations for L = 11. ..
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Universality

e would like to know if our results are “regularization”
Independent...

0.4f -
- 4 OA@ @
4
)
) 03f ® & ] model | T./\/o0
£l Po., : 1 1.4841(4)
E 0oL ]
5 0015 L =6 bond perc. SC o . 2 1.4866(5)
| | o L _=7bond perc. SC
01k |° L =8 bond perc. SC e ] 3 1.4878(5)
) a L =7steperc. SC 4 1 4735(6)
. | <« L _=3bond perc. BCC ] )
00 s e B 0403 02010 > 1.531(7)

We do not see a “true” universality because 7. /,/0q are different!
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Universality

ow we impose the value of 7./, /0¢:

0.40;'.’.’\)1I )
- e, T JSqrt(c)=14878 |
i %“@ 1
0.30[ oty ]
=0 P, 1 - All data on the same curve!
% 020F (5 zgbondsc h 1 - Alinear behaviour
[ | o L_=7hond SC T ]
[ | & L=8bond SC EES - The curve passes through
0.10r | , L =7siteSC B ..
| L=3bond BCC ] the origin
000 g 05040303010
(T-T)IT,

Data are in the scaling region!!!
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An indipendent way to determine  C

e can determine C' and T./,/oq with only two pieces of
Information:

| o T—T,
* Scaling region in the range —0.55 < ¢t < —0.225 (t = *%

* Linear behaviour with a straight line which goes through the
origin

We know that (S = 2% and z = £):

Te
0(/;) :S_zxz_W_Zx4+7T_32w6 C =290
T 6 15 CS S — 0.45138
T,
- — 1.4884
0 — 8843
= A(x — 1)

C
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Universality

different way to show the universality of our results:

25|||||||
N o L _=6bond SC 1
'—'20'_\‘ o L=7bond SC ]
PR T o L=spbondsc | 1 Nambu-Goto:
= I \%\ ALC =7 site SC ]
2 150 . 4 L=3bond BCC| ]
s . : {@A - Nambu Goto T2
= Tl
E 1.0f R e . ong(T) = o0\ [1 - =
) S 1
= \\\?}D@a@
# 05 %0, ] withT?=3% =
\ < d ¢
oQbl— et 1 Mt I — /3 ~0.9772
84 05 06 07 08 09 1 11 Vo, T :
T/sqrt[o)]

) /oo T \? 1
T\/O'() T 3 \/ 00 X 3



CONCLUSION

It is possible to use N LO approximation in percolation
® We have determined the coeff. of the L=° term: C = 297(5)[32]

* T./\/o = 1.4878(5)[7] is far from NG result ﬁ ~0.9772. ..
0

o \/T—G_O and C are constrained each other in the “scaling region”

® We have shown our results do not depend on the
REGULARIZATION used

(they are well defined also in the continuum)

Once more, we can conclude that, also in the “gauge theory” DUAL to
the percolation model, there exists a flux tube, that can be described
by the effective string picture
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