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Overview

e QCD Sum Rules

e S—>l/¥ Coupling Constant

e /5Py Coupling Constant
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q=u.,d,...
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D, =0,+igA T*

1
4n 3, ln(Qz/AéCD)

a,(Q") =

Non-perturbative methods:

* Phenomenological quark models
* Potential models

* Bag models

- Effective lagrangian methods
* QCD sum rules

confinsment

asympt.
freedom

Agen  1GeV

hadronization perturkative QCD

At small distances:

» Asymptotic freedom
* Quasi-free quark propagation
* QCD perturbation theory

At large distances (>0.1 fm):

- Confinement
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* Quarks build coherent bound states - hadrons
+ QCD perturbation theory is inapplicable
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QCD Sum Rules E
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(Shifman & Vainshtein & Zakharov (SVZ), 1979)
This method is a framework which connects hadronic parameters with QCD parameters.

The correlation function describes an evolution of a colorless quark-antiquark pair
emitted and absorbed by external currents

(g% =ifd*x ¢ (0| T{j. ()i ()} 10) (1)

The T-ordered product of currents Wilson operator product expansion (OPE)

ifd'x e (0] T4 (i }10) = C 1+ € (4)0, @

1 : Identity operator
C,, C, : Wilson coefficients

n

0, : local gauge invariant operators

n
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H,,v(qz):Cf <0|1|0>+ZC5(Q2)<0 0,10) (3)  riBiTAK
" Short-distance vacuum condensates
coefficient <ch> , <CZSG2>,...
The dispersion relation
d
I, (qz) = 12 j P (S)z "+ substr.terms 0’ =-q° (4)

T s+Q

The spectral density  p,, (S) = 7ZZZ:<O|JF (x)|n> <n|JF (O)|O>

n

As a result, we have two different representations for the polarization operator.
One of them is the Wilson expansion and the other one is the general dispersion
relation. By means of equating these representations, we get the sum rules:

0,

n

1 I,OW (S)dS ()> (5)
e

1O + substr.terms = C, <O|I|O> + Zﬂ: C, (qz )<O



O

Finally, the sum rules: @

Z<O|JF (x)[m)(nJy (O)|0>e_’"’%/M2 = BIT"" +ZH:BCnF (q2 )<O|On |0) FUBITAK

n

low limit on M-. m, (M

30%

upper limit on M?

R

R="
/ I ds p°E (s)e ™
50% J,

/ q ]\412<]\/[2<M22
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S—Vy  Coupling Constant

The Correlation function
[, (p.p)=d*x d*ye' e (0|T {7 (05 (x)” (v)f0)
S—>f,,a,;V—=>p, 0

The interpolating currents in terms of quark fields

J, = L(_u +c7d)sin6’+§scosé’ @ ; scalar mixing angle

GG
J :%(ﬁu—gd)

ay

J, =%(ﬁ7vu—c77vd)

J? =%(L7yvu+3yvd)

The electromagnetic current:  J =e¢, (L_t}/ﬂu) +e, (gy/ﬂd)
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Figure 1. Possible diagrams for the three-point correlation function for d<é (a) lowest order
bare-loop diagram, (b) bare loop with a virtual gluon, (c) gluon condansate diagrams, (d) quark
condensate diagrams, (e) quark condansate diagrams with one external field, (f) diagrams
obtained by simultanous cutting of two quark lines in the diagrams. Solid lines denote the
quarks, dashed lines - gluons, wavy line external - currents.
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Table 1: The propagators and vertex in QCD

Quark propagator i
D;(p) =
p—m
Gluon propagator ) o 1
D(‘?aﬁ(k) = _gaBS ° F

Quark-gluon vertex

Figure 2: The bare loop diagram

The contribution of the bare loop diagram

FNj

27)

T’”[D( )FID(k +p')F2D(k +p)r3]
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In the fixed-point gauge, x,4" =0 fermion and potential fields TOBITAK
1
We(x)=y,(0)+x, [vﬁ”ﬁ (X)LZO + Exzxz' [vaﬂ//ﬁ (x)]x:0 (7)
1
+gxixi,xi,, [VAV”VMUﬁ (x)]xzo +...
A0 =—L6° )2 (2n )'5*-L(,6° ) 2 (2m ) 8% (k) + (8)
2 2 7 ok 3« ok ke
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Wﬁ(x) ¥, I

(a) (b) (©
Figure 3: The quark condensate diagrams

T

For the first diagrams in Fig 3(a)

By, = N(0] 72 (O[T Dy (0)T,D, ()T |, v (%) 0) ©)
Using fermion field

Foo = N[ De (00D ()T, ], (0 1920w (%) 0)
= N[[,D, (9)T,D, (0T L, {0 00 (0) 0+ x, (0

—a |
YV, (O)[vaw\VB (X)L:o‘0> + g X, X5 X <O

72 0V, v, )], |0) (10)

VOV, V,.Vu, (0] |0)+...}

+%XXXN<O
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(d): (©) ()
Figure 4. The quark condansate diagrams with one external field.

For the first diagrams in Fig 4(a)

F, = Nc<O Y, (O)[FIDF(p')F2DF(p)(F4 )" Dy (p-K)I'; :LB \VE (X)‘ 0>
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And we obtain
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F,.=N.(0

W3(0)|:F1DF(p')rzDF(p)(F4)ij[ig%ypAg(k)jDF(p'k)r3:| \VE(X)‘O>
ap

=N.(0

WZ(O)[FJ)F(p')rzDF(p)(ig%cj Yo (12)

82
ok ok,

o

i a 8 4q4 _l a
x[—EGM(O)aQn )*8* (k) 3(Da.pr(0))

n )454(k)+...jDF(p-k)r3}

ap
X (wE(O) +X, [VX‘VB(X)]XZO + %kax [vax"i’ﬁ(x)]x:o + j‘0>

=F, (5d)+F, (6d), +F,(6d), +...
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Figure 5. Diagrams obtained by simultanous cutting of two quark lines in the diagrams.

| , , A AN i

=N.g (0] |0) Tr[T, D, (p-p') v,D; (P)Ty, Dy (-p )FI}F{ > j(— p,zj
4 2 - 2 i ] !

=Ncm (W) —p7 Tr[FzDF(p-p)vaF(p)ngpDF(-p )Fl]
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| Physical part of the sum rule ?

TUBITAK
M, (p.p') = O 7)) V(S {SwIVal0) (14)
(p* = m o ~m)
Overlap amplitudes;
OV =ael  (o]S)=4,
The matrix element of the electromagnetic current
V(p)(q)S(p') =—i migsz @*)p-ge,-2-qp,) (15)

vV

The gauge-invariant structure p, p;, -p-pg v

Correlation function

_ 1 me( 1 1 1 1
Hﬂv:C1C2Nc<l//w> T 2+ + 12 4 L 14 2 (16)

pp- 4
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f, = plw)y coupling constants

g =(e, Fe,) 27 o) "o ME M) M3y > | — 3my 5my sin @
for(@)y w TS, 2 /Ip(w) /Ifo 3 M12 22
(eu—ed)ZI for &0 (eu+ed):1/3 for & 0y
a, = pl®)y coupling constants
— N 3w - 3my 5 my
g%p@”,z(qJ+ed) e e <uu>|-3-——0--=—=
41,0(0))/1% 8M; 8M,

(eu+ed)=l/3 for g, (eu—ed)zl for &0y
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Figure 6. The coupling constant g, ,. as a function of the Borel parameter M

M. =12 GeV =

063<g, , <125
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Figure 7. The coupling constant g, , as a function of the Borel
parameter M. at 6=30°

M; =10 GeV’ = 09%<g, <2 at 6=30°
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Figure 9. The coupling constant 8oy A0 function of the Borel
parameter A 22 at 9=30°
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V' —Py Coupling Constant
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The Correlation function
IT,, (p,p')=d’x d*ye'” e ' <O‘T {JZ (o)) (x)JP(y)}‘ O> (19)
P—>KO ;V > K”

The interpolating currents in terms of quark fields

J o =5iy,vsd

K" _ = — —
JE =5y,d m,=m,=0, m #0
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M=N,| (;41( (O|77[D (k)T D (p' + k)T, D (p + k)T, ]|0)

n)*

d*k i J ;
=N T
C.[(zn)“ r{lé—m Vol p+k—m, 7”p+k—md 7V}
ort 1 4 4 2 2 '
pap _ - (m (-Q +2(s—s) +Q (—5S—S)
4(Q4 +(s—s P +20°(s+ s'))/2
o (Qs +2s(s—s") +O’s'(3s +5')+ 0*(3s+ 23’))
+S(Q6 +25(s—s') +0*(4s—5")+ O’ (SS2 —7ss'—2s" )))

1
p,"" = —(m*-0* +2(s—s")’
4(Q4 +(S—s’)2 +2Q2(S+S,))A ( (
+Q2(— 5S—S’)+ m2(— 0° —Q4(s+s')+(s—s')27(s +S')+ Q2<7S2 +s’2))

#5(0° +25(s ') +0* (45— 57)+ 02557 ~ 755"~ 25" )
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Physical part of the sum rule

JV

V(p)(V (p)J:| P(p")){P(p’)

J2|0

I, (p,p')= 0. A0,

(02 =)™ =)

Overlap amplitudes;

(0111|P)= 2,7, (O |y =2y
The matrix element of the electromagnetic current

V(P (g)P(p) = egyr, K(a? Jesme sl p° p'°

! .0 _ 10

eg,» K (q2 )5 s ERAyEs Appl D’ D
(p* = m)p* = m})

I, (p.p)=

(20)

(21)

(22)
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Figure 12. The coupling constant g ..  asa function of the
Borel parameter M at M; =1 GeV’
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Conclusion: 1iBiTAK

e The coupling Costants S—l» and V —FPy were
calculated in three point QCD sum rules

e Results:

063<g, , <125

0.96<g, <2

Zuey =146 £0.37

€0 =121£0.15

0.28<|g 00 | <0.68




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26

