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QCD in the IR(I)

« QCD is « free » in the UV and confining in the IR. Hence the
interest in IR behaviour. There exists different models for
confinement which usually imply some consequences about the
IR behaviour of Green functions.

« Zwanziger's conjecture that confinement has to do with Gribov
horizon has such implications.



QCD in the IR(l)

* QCDis « free » in the UV and confining in the IR. Hence the
interest in IR behaviour. There exists different models for

confinement which usually imply some consequences about the
IR behaviour of Green functions.

« Zwanziger's conjecture that confinement has to do with Gribov
horizon has such implications.

Existing tools ?

« There are two sets of very usefus analytic relations to learn about QCD in
the IR: Ward-Slavnhov-Taylor (WST) identities and the infinite tower of

Dyson-Schwinger (DS) integral equations. Lattice QCD give also essential
numerical indications.

The best would be to have an analytic solution, however this is not
possible:

« WST relates Green-Functions, not enough constraints.

¢ DS are too complicated, highly non linear, it is not known how many
solutions exist, but there is presumably a large number.

Common way out ?

¢ Use truncated DS with some hypotheses about vertex functions and
compare output to LQCD



WE PREFER

1- Combine informations from LQCD and analytic
methods: not only using LQCD as an a posteriori
check, but use it as an input for DSE. We believe that
this allows a better control on systematic uncertainties of
all methods.

2- Use WST identities (usually overlooked). This however
leads today to a unsolved problem.

3- 1 and 2 are complemented with mild regularity
assumptions about vertex functions

4- Take due care of the UV behaviour (known since
QCD is asymptotically free) and use a well defined

renormalisation procedure (no renormalisation at u=0
because of possible IR singularities).



Notations

+ G(p?) is the gluon dressing function, = p?Gl?(p?), G?(p?) being
the gluon propagator, ¢ Like GLUON; Z(n?)= G(u?) MOM renormalisation
constant of the gluon propagator]

(frequent notation (fn): D(p?)instead of G(2)(p2)),

* F(p?) is the ghost dressing function, = p2F(2(p?), F2)(p?) being
the ghost propagator, r Like FANTEOME; Zy(u2)= F(u2) (Mow

renormalisation constant of the ghost propagator]

(fn: G(p?)instead of F(2)(p?))
* Inthe deep IR it is assumed G(p?) « (p?)ee
(fn: p? D(p?)  (p?)*@ or (p?)%; 0tg=2k)

* Inthe deep IR it is assumed F(p?) « (p?)°F
(fn: p2 G(p?) « 1/(p?)°eor (p?)29" ] Olp=-k)



QCD in the IR(1V)

NON-PERTURBATIVE DEFINITIONS OF
THE STRONG COUPLING CONSTANT

Compute a three-gluon or ghost-ghost-gluon Green function, in
a well defined kinematics depending on a scale u, and the gluon
and ghost propagators.

From there compute the corresponding bare vertex
function 1

Then: gg (n?) = 9oG(n?)*? 'y or gg(n?)= go F (n?) G (n?)"? Ty
Special and preferred case (Von Smekal) : one
vanishing ghost momentum. Taylor: I'z=1

gr (W) =go F (u?) G (n?)'?

ar (u?) = go?/(4m) F (u9)* G (n?)



One starting remark:

F(p?)?G(p?) is thus proportional to o (u?)

Lattice indicates ag ~1, o~ 0_ , F(u?)?’G(n?) =0, gf(n) = 0

A frequent analysis of the ghost propagator DS equation
Leads to 2o + ag=0 (fn: oy =2 o or 5,=-2 5= 2x) i.e. F(p?)°G(p?) —ct
and F(p?) —= o

In contradiction with lattice

This is a strong, non truncated PS equation
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I The Ghost-propagator DSE
(1)

I 1



The Ghost-propagator DSE
(1)

1 g | FAGa-0D) [ (k0?2 5]
1-5:‘.:']f'*v=-/. L= | | (g k)
Fik=) J (2m) q-1g—k) K-

where:
d.v 5 A
;r.l |-_’ H r_’ ﬁ.] (. —1{] uH':' EJ{L] ]
-3 — {]J’l | gyl g, llljlr Wiz (q,K)
a.k c.q

All in Landau gauge!!




The Ghost-propagator DSE
(1)

| 1 “Hf-]" F(f-’f}_]f;“ff—ktlzt] F(k-f;f]z ;
wrET 14 E.ﬁfﬁlp':- r— — 7 E — g
FK) J 2| k) &

where:
- F”ﬂf{m vH1(q,R) + (g —k)Ha(q,k) )
i e . !,
a.k c.q |

All in Landau gauge!!




The Ghost-propagator DSE
(1)

After MOM renormalization: gr(i’) = Z A", A)gg(A)
Gr(k.i*) = Z7'(u*,A)G(K*,A)
Fe(k', i) = Zy (i, AF(K,A)
Z = Z._L’Z.’i'ﬂf-’*-
One obtains:




I The Ghost-propagator DSE
(1)

One obtains:

|
Fr(k*, 1)

= Za(pz-ﬂ) +ch21 3‘%(}!3) ER(E-PEZM



I The Ghost-propagator DSE
(1)

One obtains:

F (klz_ ) = Z3(4 )+ Nela g Za(K D

}
H1 R(i} k: L ))

L’f"'l.d‘]'
k,uf"a

f; k k? _E}

( (q° y Oe ((g—k)- p){(k-fﬂz



I The Ghost-propagator DSE
(1)

One obtains:

!
Fr(k?, 1)

= 734 A) +NcZs ghGAER(R 1 A))
f
|

‘I(-fr <A a'4 q



I The Ghost-propagator DSE
(1)

One obtains:

| .
P = BN N iRk A

v 9 @ ﬂijrfj
Yr(k“,u“:A) P(ZE)L]'
Hyr(q. ki ))

X (Pk(ff-ﬂz)ﬂa((qk)z-pz) {(k-cﬂ
» The integral is UV divergent!!

7 ; 3 _fj'
¢*(q—k)* k*




I The Ghost-propagator DSE
(1)

One obtains:

] = =
———~ = Z3(° NcZy gp() Zr(k* 1
Fr(k=, )

v

UV-cutoff dependences cancel to each other!!
(in virtue of the interplay of ghost and gluon anomalous dimensions)




The Ghost-propagator DSE
(1)

One obtains:

| .y
= Za(u° Ne Ye(k?
- ;(p@m  6h07) Zxl p@

v

UV-cutoff dependences cancel to each other!!
(in virtue of the interplay of ghost and gluon anomalous dimensions)

For not to have to deal with UV, on can subtract:

| |
Fe(Rke2) | Fr(MRE i)




The Ghost-propagator DSE
(1)

One obtains:

| 5 -
———~ = Z3(° NcZy gp() Zr(k* 1
Fr(k=, )

v

UV-cutoff dependences cancel to each other!!
(in virtue of the interplay of ghost and gluon anomalous dimensions)

For not to have to deal with UV, on can subtract:

| 1 .
— — —A) s N[;g%e(‘uz)zl

FA(W K2, 12) F&?szz,uz)
(2028300~ 2020 45

A will ultimately goto 0




The Ghost-propagator DSE
(1)

One obtains:

| .y
= Za(u° Ne Ye(k?
- ;(p@m  6h07) Zxl p@

v

UV-cutoff dependences cancel to each other!!
(in virtue of the interplay of ghost and gluon anomalous dimensions)

For not to have to deal with UV, on can subtract:
T = Ne i)
FR(AZK2, 1) m(k(szm ROk

L}L‘ will ultimately go to O
K js positive and non-zero



I The Ghost-propagator DSE
(111)

1 1 N
Y17 .92\ Y 1T 0 = Ncgrl”) 2
I RO ROaeiER) - es&ln) 4

?‘;.WHI uI.tl_mater gotoO (Zﬁ(lzkzjﬂz;m) _ Eﬁ(szszJﬂzgm))
K is positive and non-zero




The Ghost-propagator DSE
(1)

I 1 G o By B
1.7 0N Y3717 0 = Ncgrl”) 2
RO ROaeiER) - es&ln) 4

?‘;.WHI uI.tl_mater gotoO (Zﬁ(lzkzjﬂz;m) _ Eﬁ(szszJﬂzgm))
K is positive and non-zero

Then:
LR(A*K?, 1P 00) — ZR(MKAK? 1 500) = Ir(A) + Tyv(M)



The Ghost-propagator DSE
(1)

I 1 G o By B
1.7 0N Y3717 0 = Ncgrl”) 2
RO ROaeiER) - es&ln) 4

?‘;.WHI uI.tl_mater gotoO (Zﬁ(lzkzjﬂz;m) _ Eﬁ(szszJﬂzgm))
K is positive and non-zero

Then:
LR(A°K?, pr%;00) — ER(AMPK°K? 7 500) = Ig(M) +
Iuv(A) ~ A2




I The Ghost-propagator DSE

1

(1)

1
= Nc gp(i®) Zy

Fr(A2k212)  Fr(ATk2K2 42

}glwnl uI.tl_mater gotoO (ZR(;szzjﬂz;m) B ZR(szszJpz;m))
K is positive and non-zero

Then:

H gk, q;u%) = 1

- o)

Fin(q47) =AG) ()" Gr(q17) = B4) (7)™ I Fv (1) ~ A2
Uv S




The Ghost-propagator DSE
(11)

1 1 B N

(P R)  ROECED) . Nesln) 4

A 2 3 2D
will ultimately go to O ER(?LEk Jﬂz;m) _ER(szzk 1 ;m)

K is positive and non-zero

Then:
luv

pAN)) :‘HI-'] . ] ,
2ag-+ag) go/ S lﬁ GO ?f O+ 0p < 1
IR(N) ~ ASEGTO / dg @93 o0 A2 if agtap=1
| |V if oG+ 0o > 1




The Ghost-propagator DSE
solutions (1)

ROZKZ )RR Z) A

?‘;.Will uI.ti.mater goto O (Zﬁ(kzkzjﬂz;m) - ER(szzkzjﬂzgm))
K is positive and non-zero

Then:

( AH%6Her) if g+ o <1
Yr(A2K2, 11 00) — Zp(A212k?, 1P 00) i A? InA if Olg+0F =1
7LE if dg+or > 1



The Ghost-propagator DSE
solutions (1)

1 1 5
ROk 42)  Fe(W2IE %) 0 C

?‘;.Will uI.ti.mater goto O (Zﬁ(ﬁkz,pz;m) - Eg(kzxzkz,ngoo))
K is positive and non-zero

Then:

( AH%6Her) if g+ o <1
Yr(A2K?, 11 00) — Zp(A212k?, 12 5 00) wi A? InA if Olg+0F =1

A° if o+ oF > 1
while (o £ 0)
s [PRA)
ﬂl R 9 : 9 ad (I_K_‘.OEF) ( )
Fr(A?k?,p?)  Fr(M*k2k?, p12) A(p?)



The Ghost-propagator DSE
solutions (1)

ROZKZ )RR Z) A

?‘;.Will uI.ti.mater goto O (Zﬁ(kzkzjﬂz;m) - ER(szzkzjﬂzgm))
K is positive and non-zero

Then:
o o ( AH%6Her) if g+ o <1
i o [fog+tor>1 = | dal.
%]

o fogt+or=1 =

o lfog+or<l = |20 +0;=0

e 3

TRV ) TR AT



The Ghost-propagator DSE
solutions (1)

ROZKZ )RR Z) A

?‘;.Will uI.ti.mater goto O (Zﬁ(kzkzjﬂz;m) - ER(szzkzjﬂzgm))
K is positive and non-zero

Then:
o 7 0 > 200p + 0 =0

> Fz(qz)(}'(qz) — cte.,as g — 0,

T L 212 UG 2
> Negr(k’) ZuAG)B() o (- =E 06) = 16m



The Ghost-propagator DSE
solutions (I)

1 1 g i O =
_ — N~ o2(u?) 7
RO FRQeam) . Neglr) 4
?‘;.Will uI.ti.mater goto O @Ek{f;m) TR (2R, E
K is positive and non-zero
Then:
or # 0 > 200p + 0 =0
> ,TE(QE)G(QE) —cte.,as g — 0,
>y Ne gr(i’) Zi(Aw?)) B
- —%(f(OtF,OlG—2)+f(05F=OCG—1)+f(01F—1=016—1))
+ Z( flor—1,006—2)+ f(ar —1,0G) + f(ar+ 1,06 —2))
_ TQ+a)T2+b)(—a—b—2)
flab) = — o TChT@tath)




The Ghost-propagator DSE
solutions (Il)

ROZKZ )RR Z) A

?‘;.Will uI.ti.mater goto O (Zﬁ(kzkzjﬂz;m) - ER(szzkzjﬂzgm))
K is positive and non-zero

Then:

( AH%6Her) if g+ o <1
Yr(A2K2, 11 00) — Zp(A212k?, 1P 00) i A? InA if Olg+0F =1
7LE if dg+or > 1



The Ghost-propagator DSE
solutions(ll)

1 1 5
ROk 42)  Fe(W2IE %) 0 C

?‘_u.will uI.ti.mater goto O (Eﬁ(kzkzjﬂz;m) - Zg(kzxzk:’",ngm))
K is positive and non-zero

Then:
( AH%6Her) if g+ o <1
Yr(A2K?, 11 00) — Zp(A212k?, 12 5 00) wi A? InA if Olg+0F =1
/i if oG+ apF > 1

while (o = 0)

9 Ekl'
] 1 AE(H&) 9 T\ A 2 7 .
- — o~ — =< kS(1-x)A°InA”  ifoag=1
FROZER) OB~ AP { 2ol




The Ghost-propagator DSE
solutions (Il)

1 1 5
ROk 42)  Fe(W2IE %) 0 C

?‘_u.will uI.ti.mater goto O (Eﬁ(kzkzjﬂz;m) - Zg(kzxzk:’",ngm))
K is positive and non-zero

Then:
L L ( AH%6Her) if g+ o <1
42 (1-000.00) EELA G2 B0 )% 0 <1
Fr(q* 1) = < A(?) (1 + fd(riz)Az(pz)B(pz) qzlnqz) oG =1
| A(?) + A2 (1P)g? oG > 1
with 2% (1%) = Negr(1?)Z) FFF} MWW)(I =) ifag > 1




The Ghost-propagator DSE
solutions (lll)

| |
Fr(A2k212)  Fr(ATk2K2 42

A will ultimately go to 0 (ZR(?LEIC?' 12;00) — Zp(A22K2 Hz.m))

K is positive and non-zero

Then:

o 7 0 > 200p + 0 =0

O =0

4

F[R(QZHUZ) = { A(HE) (1+§2

| AQ) + Az (1P

Auﬁ)(l—f'

g (i 2

) 232802 ) oG <1
167

' (HZ) X 3 I 2

ez A W)B() ¢"Ing oG =1

)t}z G’.(;>1




The Ghost-propagator DSE
solutions (lll)

1 1 5
ROk 42)  Fe(W2IE %) 0 C

}glwnl uI.tl_mater gotoO (ZR(;szzjﬂz;m) B ZR(szszJpz;m))
K is positive and non-zero

Then:
o 7 0 > 200p + 0 =0
]
( 2 _ §2(H2) 2
Al )(1 | Tom2
2 — o2 (1 o) ) o)
Fr(q" i) = | A(Hz)(Hgﬁiiz)AZ(M‘”)B(ﬂz) q“lnq"‘)
| A(?) + A2 (1P)q?




The Ghost-propagator DSE
solutions (lll)

| |
Fe(RRE2) | Fr(RRR i)

};.will uI.ti.mater goto O (ZR(lzkzjﬂz;m) ZR(szzkzjﬂz;m))
K is positive and non-zero

= Nc gp(i®) Zy

Then:

To summarise

. If ot <0, 20 + ag=0, F(p?)2G(p?2) —ct #0 and fixed coupling
constant at a finite scale; o =-2 a =2«

From arXiv:0801.2762, Alkofer et al, -0.75 <o <-0.5, 1=05<1.5

1. f =0, F(p?) =ct#0 | and no fixed coupling constant
Notice: solution Il agrees rather well with lattice !



I Numerical GPDSE solutions

1
- » - q-k
a k b
1



Numerical GPDSE solutions

I e d*q Fr(q®) ((k.g)° 0
Fak)  Falw) B4 ) Gy g ( e )
Gr((¢ — k)°)Hir(g,k) Gr((g —90)*)Hir(g, QD)}
((g—k)2)? ((g — g0)?)?

 To solve this equation one needs an input for the
gluon propagator Gy (we take it from LQCD, extended to
the UV via perturbative QCD) and for the ghost-ghost-
gluon vertex H1RZ regularity is usually assumed from Taylor
identity and confirmed by LQCD.

 To be more specific, we take H, to be constant, and G from

lattice data interpolated with the O!.G=1 IR power. For simplicity
we subtract at k'=0. We take u=1.5 GeV. '



Numerical GPDSE solutions

with g2(1?) = Negr(1?)Z,

0 4 0
(fs) Fﬁiqﬁ ‘/ d§ Fﬁqﬁ ((k'? _qg)

-z
Gr((q— k)*)Hrr(q,k) Gkl q—qﬁ)gm[ﬂ}
(g —k)?)? ((q —46)?)°

 To solve this equation one needs an input for the
gluon propagator Gy (we take it from LQCD, extended to
the UV via perturbative QCD) and for the ghost-ghost-
gluon vertex H1RZ regularity is usually assumed from Taylor
identity and confirmed by LQCD.

 To be more specific, we take H, to be constant, and G from

lattice data interpolated with the as=1 IR power. For S|mpI|C|ty
we subtract at k'=0. We take u=1.5 GeV.




Numerical GPDSE solutions

with g% () = Ncgr( %)z,

u
Fr(k F(k2
L _/ Py (1_(;{_@2)}{ 7(k2) = F(K)/3(n)
F(k2)  F(0) (2m)4 k2 q?

Grlla—Kk?)  Cr((@?)
}{[(q—k)?}i’ (@27 }F“”

 To solve this equation one needs an input for the
gluon propagator Gy (we take it from LQCD, extended to
the UV via perturbative QCD) and for the ghost-ghost-
gluon vertex H1RZ regularity is usually assumed from Taylor
identity and confirmed by LQCD.

 To be more specific, we take H, to be constant, and G from

lattice data interpolated with the as=1 IR power. For S|mpI|C|ty
we subtract at k'=0. We take u=1.5 GeV.




Numerical GPDSE solutions
Dressing function:

4
p=5.8,V=32
=% dressing function lattice r€S
\\ — bestSDsomaton
\\ -t

-- singular SD solution

o
h
|

Fo(@)

Ph. Boucaud, J-P. Leroy, A.Le Yaouanc,
1.5

J. Micheli, O. Pene, J. Rodriguez--Quintero
e-Print: arXiv:0801.2721 [hep-ph]



Numerical GPDSE solutions
Dressing function:

X
\

4
/ =au, =22

dressing function lattice r€s
— bestSDsorauon.

singular SD solution

) ~29.

Ph. Boucaud, J-P. Leroy, A.Le Yaouanc,
1.5

J. Micheli, O. Pene, J. Rodriguez--Quintero
e-Print: arXiv:0801.2721 [hep-ph]



Numerical GPDSE solutions
Dressing function:

- X
\

=5.8,V=32*

dressing function lattice r€S
— bestSDsorauon.

-- singular SD solution

) ~29

(u=1.5GeV) ~ 33.197

Ph. Boucaud, J-P. Leroy, A.Le Yaouanc,
1.5

J. Micheli, O. Pene, J. Rodriguez--Quintero
e-Print: arXiv:0801.2721 [hep-ph]



Numerical GPDSE solutions
Dressing function:

g=5.8,v=32*

=% dressing function lattice Tesute

~5)

— best SO sorton 1187 (Ju =1.5 GEV) ~ 29

-- singular SD solution

\
\
\
\
\
\
\
\
\
25 —
. \
\
\
\
G \
R
a4
&

22(u=1.5GeV) ~ 33.197

The input gluon propagator is fitted from LQCD. The DSE is solved numerically for
2|- | several coupling constants. The resulting Fg is compared to lattice results. For

g2=29, i.e. solution Il (Fx( _=0) the agreement is striking. The solution |
| | , dotted line, does not fit at all.

~~_

Ph. Boucaud, J-P. Leroy, A.Le Yaouanc,
0.25 0.5 075 4 | 1.25 1.5 J. Micheli, O. Pene, J. Rodriguez--Quintero
e-Print: arXiv:0801.2721 [hep-ph]




I Numerical GPDSE solutions
Asymptotic behavior

F(k)
2.60

2.20

1.80

1.40

1.00

600 |

0.0

1.000

| [
k{GeV)
2.000

3.000

4.000

<10

Solid line is the numerical
dressing function
previously shown



I Numerical GPDSE solutions
I Asymptotic behavior

Fk id li ' '
&) L s B Solid line is the numerical
260 |- dressing function

- previously shown
220
180 [ ..

I otted line is:
140 | . . o ) 55 B e

: 1 Ay = a0 (1+ S 60862) #1ne?
100 |- -
600 | -

| | | | | | | | | | | | | |

| | |
k{GeV) -1
0.0 1.000 2.000 3.000 4.000 x10



Numerical GPDSE solutions
Asymptotic behavior

ik id i ' '
(k) e N L e Solid line is the numerical
260 |- . dressing function
- - previously shown
220 |- 5
180 L C
i otted line is:
140 | -
100 |- -
600 [ . 1.64 GeV™
e 'Ge'v)' R obtained from the gluon and ghost

0.0 1000 2000~ 3000 4000 10" dressing functions at zero momentum
and the value of the coupling applied
to solve GPDSE!!!



Numerical GPDSE solutions
ghost-gluon coupling:

10




I Numerical GPDSE solutions
I ghost-gluon coupling:

I Solution | (scaling) >
4 —TTTTTT

10




I Numerical GPDSE solutions
I ghost-gluon coupling:

I Solution I (scaling) >

3\ ]
\
d

2

D
)
S

< Solution Il (decoupli

0.0001 , : } 10



I Numerical GPDSE solutions
I ghost-gluon coupling:

I Solution | (scaling) >

-~ o Boucaud et al. [11]
~— [ # Sternbeck et al. (2005)
S2F — DSE
S [ - Present work

< Solution Il (decoupling AN 1

10 10 10 10 10 10 10



Numerical GPDSE solutions

To summarize:

« We find one and only one solution for any positive value of
F(0). F(0)=c0 corresponds to a critical value:

g.2= 10x%/(Fr2(0) GRrX(0)) (fn: 10122/(Dx(0) lim p2Gr(p?))
1. €. R. Bloch, Few Body Syst. 33 (2003) 111 [arXiv:hep-ph/0303125]
* This critical solution corresponds to F(0)= =, It is the solution
|, with 20+ 0g=0, F(p)2G(p?) —ct #0, a diverging ghost dressing
function and a fixed coupling constant.

* The non-critical solutions, have F(0) finite, i.e. a.-= 0, the
behaviour F(k?)=F(0) + c k? log(k?) has been checked.

 Not much is changed if we assume a logarithmic divergence of
the gluon propagator for k— 0: F;(k2)=F5(0) - ¢’ k2 log2(k?)



Lattice (recent) results (1)

. B ‘ T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| I IIIIIII|_

Gluon propagator: o | B=57 64% (14 conf) —m—1
- 72* (20 conf.) F—<—1 ]

i 80" (25 conf.) F-©-4 -

10 - L 88 (68 conf.) - ]

. - .9 % 96° (67 conf.) |--e-4

N ?

(massive solution) 6 -
= 7 i

Q4 - N

2 b ]

O i ‘ | | IIIIIII| | IIIIIII| | IIIIIII| |11 :

0 0.001 0.01 0.1 1 10 100
q° [GeV?]

|.L. Bogolubsky, E.M. ligenfritz,M. Mulluer-Preussker, A. Sternbeck; arXiv:0901.0736[hep-lat]



Lattice (recent) results (1l)

Ghost dressing
function:
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(solution type I,
called also decoupling)
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I Ghost and gluon coupled
I DSE's system

A.C.Aguilar, D.Binosi, J.Papavassiliou;
I eln the BFM-PT scheme: PRD78(2008)025010
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I Ghost and gluon coupled
I DSE's system

A.C.Aqguilar, D.Binosi, J.Papavassiliou;
I /n the BFM-PT scheme: PRD78(2008)025010

> A massive gluon propagator is obtained
(‘XG:]-)

> A finite ghost dressing function at zero
momentum is also obtained («.=0)



I Ghost and gluon coupled
I DSE's system

A.C.Aquilar, D.Binosi, J.Papavassiliou;
I ln the BFM-PT scheme: PRD78(2008)025010
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I Ghost and gluon coupled
I DSE's system

A.C.Aquilar, D.Binosi, J.Papavassiliou;
I ln the BFM-PT scheme: PRD78(2008)025010
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Ghost and gluon coupled

DSE's system

A.C.Aquilar, D.Binosi, J.Papavassiliou;
I ln the BFM-PT scheme: PRD78(2008)025010

The BFM-PT ghost solutions are very well described by the
asymptotic formula!!!
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I Ghost and gluon coupled
I DSE's system

A.C.Aquilar, D.Binosi, J.Papavassiliou;
I ln the BFM-PT scheme: PRD78(2008)025010
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I Ghost and gluon coupled
I DSE's system

A.C.Aquilar, D.Binosi, J.Papavassiliou;
I ln the BFM-PT scheme: PRD78(2008)025010
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I Ghost and gluon coupled
I DSE's system

A.C.Aquilar, D.Binosi, J.Papavassiliou;
I ln the BFM-PT scheme: PRD78(2008)025010
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I Ghost and gluon coupled
I DSE's system

A.C.Aquilar, D.Binosi, J.Papavassiliou;
I ln the BFM-PT scheme: PRD78(2008)025010
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Ghost and gluon coupled
DSE's system

A.C.Aquilar, D.Binosi, J.Papavassiliou;
ln the BFM-PT scheme: PRD78(2008)025010

2

When solving the Coupled DSE system, one also obtains “decoupled”
solutions for any coupling below a “critical” value which corresponds
to the “fixed” IR coupling of the “scaling” solution...
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Ghost and gluon coupled
DSE's system

A.C.Aquilar, D.Binosi, J.Papavassiliou;
ln the BFM-PT scheme: PRD78(2008)025010

2 ! ! IIIIII| ! ! IIIIII| ! ! | PR R W VR |

When solving the Coupled DSE system, one also obtains “decoupled”
solutions for any coupling below a “critical” value which corresponds
to the “fixed” IR coupling of the “scaling” solution...




Ultra—violet

ULTR M(}LET

Theory stands here on a much stronger ground
The 1ssue 1s to compute A to be compared to

Experiment. There are several ways of computing

AQCD.
1§ THIS UNDERC CONTROL ?



The ghost-gluon coupling

Another MOM coupling definition

In Landau gauge




The ghost-gluon coupling

Another MOM coupling definition

In Landau gauge
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The ghost-gluon coupling

Another MOM coupling definition

In Landau gauge

i
|I':.:
|h::.
e L’- e e —

" g3(A) F2(12,A)G(u*, A
\_"1(#") — lim 20 (A) FA", NG A)

e Z(?)




The ghost-gluon coupling

Another MOM coupling definition

In Landau gauge




The ghost-gluon coupling

Another MOM coupling definition

In Landau gauge

\““*ﬂ@%=mH£()#w{)ﬂfa)
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In renormalization scheme:



The ghost-gluon coupling

Another MOM coupling definition

In Landau gauge

\—'&(ﬂzh im 50 )Fz(xuza )G(u*,A)

4r
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A5+ 5) = 5o (U0 U )
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gauge: [minimizing Fulg :RCZZ (1 E %g(x)Uﬂ(x}g (x —|—,E.-})
X H

Gab(k) _ [d«’-lx d«’-lyefk-(x—y] (M—l)‘:f I D Sab

renormalization scheme:



The ghost-gluon coupling

~ In Landau gauge

k_ 2 RA S )
ofp’) = lim == F=(u, A)G(u", A)

e Lattice data




I The ghost-gluon coupling
(1)
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The ghost-gluon coupling:
OPE contributions
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The ghost-gluon coupling:
OPE contributions

e [ attice data
(Nf = O):




The ghost-gluon coupling:
OPE contributions

9gx( ) 1 )
4(NzZ—1) 4°

o Lattice data




The ghost-gluon coupling:

Preliminary unquenched results

o Lattice data (Nf = 2):
B = 3.9(24° x 48)
pu=10.083
B = 4.05(24° x 48)
u = 0.060
B =4.2(24° x 48)
u = 0.002

Axs = 267(11) MeV, gz(A%)r =9.6" 17 GeV?




The ghost-gluon coupling:

Preliminary unquenched results

o Lattice data (Nf = 2):
B = 3.9(24° x 48)
pu=10.083
B = 4.05(24° x 48)
u = 0.060
B =4.2(24° x 48)
u = 0.002

Axs = 267(11) MeV, gz(A%)r =9.6" 17 GeV?




The ghost-gluon coupling:

Preliminary unquenched results

(3)
Ayis 2 (MeV)
233(28) 2247+8 6.7(1.2)

- 267(11)(?) =




I The ghost-gluon coupling:

summary

o Boucaud et al. [11]
o [ Sternbeck et al. (2005)
B2t — DSE

3 - Present work
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I The ghost-gluon coupling:
I summary

GPDSE solution I

o Boucaud et al. [N
o [ Sternbeck et al. (2§05)
B2t — DSE
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I The ghost-gluon coupling:
I summary

2
GPDSE solution | P (¢, Are :a(lni) (1+9gR
C

Axrs
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o [ Sternbeck et al. (2§05)
B2t — DSE

8  -- Present work




I The ghost-gluon coupling:
I summary
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Conclusions:

NICTHLL K
THE

OTHERS
Ilc ghost propagator DSE allows for solutions observing

W\eltypes of IR behaviors:

. Divergent ghost dressing function and a finite ghost-gluon
coupling at zero momentum (“scaling” or “conformal”)

> |I: Finite ghost dressing function and massive gluon propagator,
with a vanishing ghost-gluon coupling at zero-momentum.

*(Yang-Mills) Lattice QCD clearly favors the type-Il
solution (decoupling).

In the BFM-PT scheme, the DSE coupled system for
ghost and gluon propagators, massive gluon and not-
enhanced ghost (type-Il) solutions emerge.

A low-momentum asymptotic formula for the ghost
dressing function has be obtained for the type-Il
solutions and checked with numerical evaluations.



Conclusions:

OTHERS

iRels MOM ghost-gluon coupling constant in Taylor
scheme is computed only from gluon and ghost
propagator (involving no three-point function) on the
lattice.

*Discretization errors seem pretty under control and the
perturbative regime is achieved only above around 3 GeV
(provided that a dimension-two gluon condensate is
accounted).

Different estimates of the pure Yang-Mills Lambda QCD
parameter agree fairly well and the job for 2 and 2+1+1
dynamical flavors is in progress.



