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Factorization in “s” — and “t" — channels: GDAs and

TDAs

LO TDA fact.

LO GDA fact.
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Factorization in overlap region: GDAs vs. TDAs

When both “s” and “t" are small compared to Q?, both GDA- and
TDA- schemes of factorization can be performed for v*v — n.

Therefore, the question now is:
ADDITIVITY: GDA + TDA
or

DUALITY: GDA=TDA ?
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Duality in 3 model
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Asymptotic Formula (Laplace int.)<=> Factorization Formula
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The contribution of the leading "box” diagram can be written as
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where D = (1523384 + ... + B132B354 and B; = 1 — ;.
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Three Regimes

(a) sk Q2 while t is of order Q2:
(b) t < Q2 while s is of order Q?;
(c) s, t < Q%
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Regime (a): s < @2 while t is of order Q% (GDA)

s/N\? = 1,t/A\?> = 50.0, Q%/A? = 100.0.
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e the O>-wing = 85% to the whole amplitude
e the region : 31, 32 €]0,0.1] = 5%
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By analytic integration over the region where 51 ~ 0
(corresponding to the " GDA factorization™):
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where Dy = (253084 + 23334 + 32033 54.
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One should stress that when s/A? = 1.0, t/A? = 50.0, the ratio
between the asymptotic and the exact amplitude is

T as
R = ZGPA _101.
A
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Regime (b): t < Q2 while s is of order @ (TDA)

For this regime, the asymptotic formula is given by the following
replacement:

A3 (s, t, m?) E=2 A A (L, s, m?) .
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. t,5 < Q% (overlap)
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Option 1: A~ { f + [+ J } = 80% of the ex.ampl.
Reg.-1  Reg.-3  Reg.-4

Option 2: A~ A%, (s, t, m?)

= R=Ax,/A

t—s
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Analyzing the ratio R = A2, /A in terms of t/A?, we obtain that
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Conclusions for ¢3-model

Regime (a) and (b): NO Ambiguity in Factorization.
Regime (c)

Option 1: NO Factorization =
A= (81 — wing) @ (82 — wing) = “ADDITIVITY”

Option 2: Factorization =

A = either A%, or A%, = “DUALITY"
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Duality in QCD

We consider the process:

71(q) +77(q") = 7(p1)(p2).

The conditions to observe duality are
e the helicity amplitude: A ) = 5&0) Té‘;ﬂs{/(ﬂ
e { ~ 1 (small s) for TDA Factorization

e ¢~ 0 (small t) for GDA Factorization
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LO GDA fact.
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LO TDA fact.
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Parametrization of photon-to-pion matrix elements

The v — m~ matrix elements, entering the TDA-factorized
amplitude, can be parameterized in the form

1

< “(P)[P(=2/2)7a5[—2/2; 2/21¢(2/2) |7 (4, €'))
f—aT ATPLAL(x,E,t)

where P = (p2+q')/2, and A =p, — ¢'.
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To normalize the axial-vector TDA, A;, we express A; in terms of
the axial-vector form factor measured in the weak decay m — /vy,
ie.,

1
/dxAl(x, € 1) = 2F. Fa(t)/me,
%1

where f; = 0.131 GeV, m; = 0.140 GeV, and F4(0) ~ 0.012.
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Thus, the helicity amplitude associated with the TDA mechanism
reads

/U)'AT]_—TDA

ATPA = €
(0) Q
Cr
S (12 01 (im-2 100).

FTPA = 47 as(Q?)]

where

(w2 00) - (1)

<tw—2 TDA> :/dxAl(X,f,t) <€?x o £j(—jx>’
21

where 671 = 14 2W?2/Q?; the 1-loop as(Q?) in the MS-scheme
with /\QCD = 0.312 GeV for Nf = 3.
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The GDA helicity amplitude is (Wandzura-Wilczek approx.)

GDA __ e'0). AT}—GDA

Aoy =g )
2 2
JFOPA _ QWQ—ZQ(eg +€2) <tw3 GDA WW>,

where

7o
(tw3 GDAWW) = /dy A1y, ¢, W2)<'”yy - ”yy> :
0

where 2¢ — 1 = Bcosf7 and cosOT = 2t/(W?+ @) — 1 and
the partial derivative is defined by 0, = 9/0(2¢ — 1).
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Modeling of non-perturbative objects

o Twist 2 TDA Ay(x,¢) 23
0y (152) ~ {af — 0.5, a, €[0.3, 0.6], a4 € [0.4, 0.8]}

e Twist 3 GDA ®¥W(z (), VW (z,¢) =
o1(2) ~ {Blo(W2)7 élz(wz)}

B1o(W?) can be discarded, while By>(W?2) can be modeled
either by simplest ansatz 3210R,. /(9N¢) or by the resonance
formula .

(The relevant phase shift of the w7 scattering is defined by
(52(W0 = 08) ~ 0.0371')
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——GDA,R=0.5; - - -TDA, a,=0.6,a,=0.8

j ---- TDA, a,=0.5,a,=0.6; —-—-TDA, a,=0.3,a,=0.4
144\ 0 GDA with B, (s) as in (23)
1,24
1,04

F - amplitude
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Duality in QCD

Thus, duality in QCD we observed means that

/(+

AJPAS mea (Q?)] <tw—2 DA) <tw—2 TDA)
(8 Eo s ’

and
GDA e/t AT
A(O+ - T tW—3 GDA y

are equivalent each other.
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SSA and Duality
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Conclusions

% We have shown that when it happens that both Mandelstam
variables s and t are much less than the large momentum
scale Q2, with the variables s/Q? and t/@? varying in the
interval (0.001, 0.7), then the TDA and the GDA
factorization mechanisms are equivalent to each other and
operate in parallel.

% We demonstrated that duality may serve as a tool for
selecting suitable models for the non-perturbative ingredients
of QCD factorization of various exclusive amplitudes.

* We also observed that twist-3 GDAs appear to be dual to the
convolutions of leading-twist TDAs and DAs, multiplied by a
QCD effective coupling.
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