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INTRODUCTION

Motivation

What information can one obtain about hadronic (non-perturbative) physics
from the the operator product expansion?
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INTRODUCTION n corrections ooft model N¢ corrections Conclusions

Motivation

What information can one obtain about hadronic (non-perturbative) physics
from the the operator product expansion?
Let us first set the discussion for the vector-vector correlator

(9"q" — 9"")Nu(¢®) = f/ d*xe'™ (vac|J}; (x)Jy (0)|vac)
Ji =3, Qudrytapy, and its Adler function (@2 = —gP)

A(@) = —o2d02nv(02) D imny(t).

h 1
/0 (t+ (t+Q2)2n
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INTRODUCTION 1/n corrections t Hooft model

Motivation

What information can one obtain about hadronic (non-perturbative) physics
from the the operator product expansion?
Let us first set the discussion for the vector-vector correlator

(@"q" —g"")Nv(q") = f/d4xe"’x<vaC\J5(X)JG(0)IVaC>
Ji =3, Qrdeyapr, and its Adler function (Q7 = —qz)
1
2y 2 2 2
A@) = - L) =a / d’(t+ Qe £ ().
We now consider the large Nc limit

Fi(n)

A () =S Ui

Aope(QP) = 202[312’;2( + a4l @))

+%/3(a3(u))<vac|62(u)|vac) 0 (1 /QG)]
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Motivation

What information can one obtain about hadronic (non-perturbative) physics
from the the operator product expansion?
Let us first set the discussion for the vector-vector correlator

(@"q" —g"")Nv(q") = f/d4xe"’x<vaC\J5(X)JG(0)IVaC>
Ji =3, Qrdeyapr, and its Adler function (Q7 = —qz)
1
2y 2 2 2
A@) = - L) =a / d’(t+ Qe £ ().
We now consider the large Nc limit

Fi(n)

A () =S Ui

Aope(QP) = 202[312’;2( + a4l @))

+%/3(a3(u))<vac|62(u)|vac) 0 (1 /QG)]

Surprisingly enough, no systematic analysis beyond the parton model has
been done (the Q° dependence of as(Q?) is neglected).
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INTRODUCTION

We quantify this discussion in a (Regge) model in the large N limit.

M2 = Bn

and address the following question:

What information can we get from the combined use of the OPE of M(Q?)
and the mass spectrum if we go beyond the parton model and consider 1/n
corrections to the mass spectrum?
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Input:
1) Mass Spectrum (for large n)

C
Mﬁ(n)szn+Av+7‘/+~~

2) Aore

Output: F2(n)
For the decay constants, we will have a double expansionin 1/nand 1/Inn.

Fy () FJ2(n)
n2

Fo(n) = ZFVS *—Fvo( )+
where the coefficients Fj ;(n) have a logarithmic dependence on n:

Fi o) = Zc ()

Note that in this case we also have an expansionin 1/Inn.
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1/n corrections

Using the Euler MacLaurin asymptotic expansion (Agep < M*Agep < Q)

R s R
QZZ @ war X @ R
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Using the Euler-MacLaurin asymptotic expansion (Aqcp < N*Agep < Q)
A@) =& [ an D "Z” 1) R ¢ 1)
(C?2+/Vl2 (@ + M) Jo (Q2+ Mg(nm))?

@ F2(n*) |Bk\ k=1 F2(n)
2 (@ M () “’22( D" @h)! = (G2 MR ()

n=n*
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1/n corrections

Using the Euler- MacLaurin asymptotic expansion (Aqcp < N*Agep < Q)

Fi(n)
d
/ @+ M (m))2
This is the single term that produces In Q°
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Using the Euler-MacLaurin asymptotic expansion (Aqcp < n*Agep < Q)

Qz/ dnﬁﬂ(ﬂr]%))_F”'iAopE

This is the single term that produces In Q°

1 t
| o e e

rﬂ% s— 02 (In ?+ ) t—In° Q% +

We get a systematic method to get corrections to the decay constant for a
given spectrum.
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INTRODUCTION 1/n corrections

o(n) 1

5, = mnE (Bun).

or ("= nBv/Nss)

4 N, 1
Fio(n) = Bvg g2 Z { 22inA
1 [ 459 144 (243 11 1
+|n2h{ 1337 Mnn +ﬁ<@_7<( ))} *O(m)}

Fy1(n) Av d
n v dn

—Fgo(n)

4 N
3

3
Fia(n)=-Cvgiez ) OF {1 + g Neas(nBy)
f

287 —176¢(3) 1Ay, 35 B(as(v))(vac|G*(v)|vac)| 2 2
{ 1282 6472B,Cy, 88 By CyNZ Neais(nBv)

+O (ag(nBv))} .
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1/n corrections

Other currents

Axial-vector: By, Ay, Cy — Ba, Aa, Ca
One can not fix By = Ba from the OPE alone (Golterman-Peris for the OPE in
the parton model approximation)
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Other currents

Axial-vector: By, Ay, Cy — Ba, Aa, Ca

One can not fix By = Ba from the OPE alone (Golterman-Peris for the OPE in
the parton model approximation)

Scalar/Pseudo-scalar:

, B as(nBx)\ ® c(as(nBx) ]
Fooolm = grzM K i) Sy
X (1 +n QS(ZBX) + rgai(:sz) + rsag(:fx)) :
B.(n) = 252 (nFBo.0(m)
F(z)(),z(”)* l c(fjn( AxFx 1(”)+CXF(2x),0(”)>
ONe Noas(Bxn) [, 11 Neas(Bxn) B(as(v))(vac| G(v)|vac)
#g e (1 P o (T ) ) et IR
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INTRODUCTION 1/n corrections t Hooft model

By(l) = 1.525GeV*, Ay(l)=—1.038GeV>, Cy(I)=0.123GeV’,
By(Ill) = 1.128GeV*, Ay(ll) =0.353GeV*, Cy(II) = —0.885GeV’,
Br = 1278GeV’,  Ag=-0.100GeV’,  Ca=0.349GeV’.
] I n=1 \ n=2 \ n=3 \ n=4 \
| M,(1) [[ 781(775.5+0.4) | 1440(1459 + 11) [ 1892(1870 =+ 20) | 2257(2265 + 40) |
[ M,(1) || 772(775.5 +0.4) | 1472(1459 + 11) [ 1855(1870 + 20) | 2155(2149 +17) |
| Ma, || 1236(1230 + 40) | 1622(1647 £22) [ 1962(1930°%) | 2258(2270'%) |
[Fy(r) | 156(156+1) | 155 \ 154 \ 153 \
[Fv(m) [ 185(156+1) | 147 \ 139 \ 135 \
[Fa ]| 123(122+24) | 137 \ 139 \ 139 \

Table: We give the experimental values of the masses (in MeV) and electromagnetic
decay constants (when available) for vector and axial vector particles (within
parenthesis), compared with the values obtained from the fit. For the vector states we
consider two possible Regge trajectories that we label 1 and 11 respectively.
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INTRODUCTION 1/n corrections t Hooft model

Bs = 0.456GeV2  As 1.262GeV?  Cg = —0.746 GeV?
Bp =1.040GeV?  Ap = 1.589GeV®  Cp = —0.926GeV2.

n=1 n=2 n=3 n=4

LI | | | |
[ M, || 986(980+10) | 1342(18370) [ 1544(1507 +5) | 1703(1718 +6) |
[ M- ]| 1305(1300 + 100) [ 1791(1812 & 14) | 2098(2070 -+ 35) | 2349(2360 =+ 30) |
[Gs | 16585.5 \ 209 \ 1125 \ 95 \
[ Ge | 3049 \ 282 \ 224 \ 202 \

Table: We give the experimental values of the masses (in MeV) for scalar and
pseudoscalar particles (within parenthes:s compared with the values obtained from
the fit. We take as(1GeV) = 0.5 and 3(G?) = —(352MeV)*. The values of Gs and
Gp depend on the factorization scale. We have taken u? = Bs and u? = Bp for the
scalars and pseudoscalars respectively.
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INTRODUCTION 1/n corrections 't Hooft model

We can check the method in the 't Hooft model (QCD in two dimensions in
the large N limit)
hadr. 2 FX( )
A =a Z (VB + QP

Input:
M?(n) = n?3°n —28%Inn+ - -

5 -
A,;J(ert_z (1—%+DX <Q¢2¢>)+O(m27$)7

where Ds = 1 and Dp = —3.
Output

F2(n):7r[3272—’82+~~
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INTRODUCTION 1/n corrections 't Hooft model

2

> e . mR mg 1
MEon(0) = P20r(x0 = ("B 4 TR ) = o [ ayontypp s

~m [ 1 1 —om [ én(x)
Fs(n)_ﬁ‘/0 dxén(x) (;— T )_ ﬁ/o de for n odd

X

and zero otherwise. In particular this implies that in the sum the ground state
does not contribute. For the pseudoscalar we have

~m [ 1 1\ m [T n(X)
Fp(n)_ﬁ/0 dxén(x) (;—5-1_)()_%/0 ax X for n even,

én(x) = cox” (1 + 0o(x))

. ™
A, F(n) = 56

¢o = 1 but ¢, for large n?
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INTRODUCTION 1/n corrections 't Hooft model

Boundary-layer equation
”,R 2 > / / 1
= — — d R
9(€) = = 9(6) ﬁ/o AP ey
where

$(€) = im én(/Mp).

In the large n limit one can obtain expressions for F2(n) (Brower et al.):

MO _ B [T o
/Odféf , /Odﬁsb(f)ﬁm-

m
Therefore, for large values of n we obtain

ch=V34+0(1/n).
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't Hooft model

Preasymptotic effects in 1/n

We expect
1 2
ch=V3(1—-—=+001/r%)) .
n= 3 (1 5+ ol/m)
Cn
2.2
21 — =TT - -
,/ -
,/ L L L
/ 5 10 15 20 25 "
1.9 | /
/
1.8 - S PR — — .
BN ] = = S
1.7
- my=0.058 —— - my= 0.0013
16| — — m=0.013 — - -my= 0.00058
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1/ Ng corrections

Motivation (finite N)

Can we describe R(g?) with perturbation theory? In principle perturbation
theory only applies to Euclidean quantities.
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Motivation (finite N)

Can we describe R(g?) with perturbation theory? In principle perturbation
theory only applies to Euclidean quantities.

Euclidean

My(—q?) ~ In Q?
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INTRODUCTION 1/n corrections t Hooft model 1/ Ng corrections

Motivation (finite N)

Can we describe R(g?) with perturbation theory? In principle perturbation
theory only applies to Euclidean quantities.

Euclidean
My(—q?) ~ In Q?
Minkwoski cut

ImNv(q?) ~ R(q%) Z F2s(
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INTRODUCTION 1/n corrections t Hooft model 1/ Ng corrections

Motivation (finite N)

Can we describe R(g?) with perturbation theory? In principle perturbation
theory only applies to Euclidean quantities.

Euclidean
Ny(—¢%) ~ In @Q?
Minkwoski cut
ImNy(q°) ~ R(qP) Z F25(
This does not look like perturbation theory ...

Imn&e™ (g?) ~ constant

Large N: — example of maximal duality violation (Shifman)
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INTRODUCTION 1/n corrections t Hooft model 1/ Ng corrections

N¢ # oo (N: = 3). We expect that "in some way" we will have smoothing to
the perturbative curve.

Actually this is what we see from experiment (though actually not that easy to
quantify the "in some way" agreement) but this is not a "proof" that one can
do perturbation theory in the Minkowski cut.

SRmmasss : ] T
103%R M e T é
2| |
107 ®
E ® ]
10 E ) =
F PR prepe E
1 P -
E I E
R V5 [Gev] ]
P IR L Ll
1 10 102

Therefore, from the mathematical point of view, one should

1) Proof that one can do perturbation theory in the Minkowski cut at finite N
up to terms that vanishes when g2 — oo

2) Quantify the error associated to doing the OPE in the Minkowski cut. What
is left? What is the difference between OPE and the full theoretical result?
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1/N; corrections

o 2
@)= Fu(n)
(%) N )
For F2(n) =constant and MZ(n) = Byn, we recover the model of Shifman et

al.. In this case the duality-violating effects are exponentially suppressed.

wNe
I'IV(OZ) = I'IV,OPE(QZ) + exponential suppressed terms arg (g) <m

A2
ar q2 - T?VC
(6] e <7

Imny(— q2) = ImMNy ope(— q2) -+ exponential suppressed terms

In particular

Therefore,
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INTRODUCTION 1/n corrections t Hooft model 1/ Ng corrections

1/N; corrections

< 2
@)= Fu(n)
()T N )
For F2(n) =constant and MZ(n) = Byn, we recover the model of Shifman et

al.. In this case the duality-violating effects are exponentially suppressed.

wNe
My(Q%) = Ny, ope(QP) + exponential suppressed terms arg (g) <m

A2
ar q2 - T?VC
g N2 <7

ImMy(—q?) = Imn v,ope(— G°) + exponential suppressed terms

In particular

Therefore,

Does this model survives the inclusion of the perturbative logs of Q?
In order to do so we allow F2(n) to be n-dependent.

1/Nc and 1/ n preasymptotic effects in Current-Current correlators Antonio Pineda



1/ Ng corrections

INTRODUCTION 1/n corrections t Hooft model

In the large N limit

If we write

F&,O .A (1 trn M(an)) T B 5F570
T

A2 1_?%

with §F? ~ a4(B,)Innor

F\z/,o . Ao 14 w(Bvn +7rl%c) B 6F
R 1 ! N A2
with .
OF 1 2"1
AT 24 as(Bv)’

We still find that the the duality-violating effects are exponentially suppressed.
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Conclusions

Conclusions

We have addressed the following questions:

1) What information can we get from the combined use of the OPE of 1(Q?)
and the mass spectrum

a) If we go beyond the parton model and consider 1/n corrections to the
mass spectrum?

b) If we go beyond the large N limit and consider 1/N; corrections?
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1) What information can we get from the combined use of the OPE of M(Q?)
and the mass spectrum

a) If we go beyond the parton model and consider 1/n corrections to the
mass spectrum?

b) If we go beyond the large N limit and consider 1/N; corrections?

Using the OPE (going beyond the parton model) and the mass spectrum we
can fix the decay constant as a logarithmically modulated 1/n expansion.
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a) If we go beyond the parton model and consider 1/n corrections to the
mass spectrum?

b) If we go beyond the large N limit and consider 1/N; corrections?

Using the OPE (going beyond the parton model) and the mass spectrum we
can fix the decay constant as a logarithmically modulated 1/n expansion.
We have done so for vector, axial-vector, scalar, pseudoscalar currents.

We have also performed the same calculation in the 't Hooft model and we
have found consistency.
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Conclusions

We have addressed the following questions:

1) What information can we get from the combined use of the OPE of M(Q?)
and the mass spectrum

a) If we go beyond the parton model and consider 1/n corrections to the
mass spectrum?

b) If we go beyond the large N limit and consider 1 /N, corrections?

Using the OPE (going beyond the parton model) and the mass spectrum we
can fix the decay constant as a logarithmically modulated 1/n expansion.
We have done so for vector, axial-vector, scalar, pseudoscalar currents.

We have also performed the same calculation in the 't Hooft model and we
have found consistency.

The model of Shifman et al. for the current-current correlator at finite N, can
be improved by the incorporation of the perturbative In Q2. Even after the
inclussion of these logarithms the violating duality effects are exponentially
suppressed in this model.
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Conclusions

We have addressed the following questions:

1) What information can we get from the combined use of the OPE of M(Q?)
and the mass spectrum

a) If we go beyond the parton model and consider 1/n corrections to the
mass spectrum?

b) If we go beyond the large N limit and consider 1 /N, corrections?

Using the OPE (going beyond the parton model) and the mass spectrum we
can fix the decay constant as a logarithmically modulated 1/n expansion.
We have done so for vector, axial-vector, scalar, pseudoscalar currents.

We have also performed the same calculation in the 't Hooft model and we
have found consistency.

The model of Shifman et al. for the current-current correlator at finite N, can
be improved by the incorporation of the perturbative In Q2. Even after the
inclussion of these logarithms the violating duality effects are exponentially
suppressed in this model.

We find at finite N or a large N. that we can not fix By = B, from the OPE
alone.
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