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Outline

# Regge behavior: the loophole in DVCS factorization

#® Fixed pole in DVCS

(fllanes@fis.ucm.es  U. Complutense) Non-factorizability and fixed pole in DVCS DIS2009 2/25



Outline

# Regge behavior: the loophole in DVCS factorization

(fllanes@fis.ucm.es  U. Complutense) Non-factorizability and fixed pole in DVCS DIS2009 3/25



Phenomenology: Regge growth of hadron amplitudes
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Abundant data on high-energy hadron cross-sections
(see Particle Data Group Reviews)
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Phenomenology: Regge growth of hadron amplitudes
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Flat cross section 0 — s
implies growing amplitude A sa(t)
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Quark-Nucleon Scattering Amplitude

» Regge behavior independent of number of quarks...
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« ASSUME Regge behavior also for the quark-nucleon
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Quark-Nucleon Scattering Amplitude

» Regge behavior independent of number of quarks...

« ASSUME Regge behavior also for the quark-nucleon
scattering amplitude
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Consequence: Regge behavior of structure functions

x(1 — x)?
“Hxm? + (1 — x)u2P?

f(x) = W—,uzﬂ(l—x) / dm?ps(m?)1, = fy(x)+fr(x)
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Consequence: Regge behavior of structure functions

w2 x(1 — x)?
f(x) = 7/,L29(1—x)/dmz/)s(m2)l,,_1[xm2 il(l —)x)/ﬂ]z = fy(x)+fr(x)
m2 )
) = 60 (T5) i flx— 0) = x
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Consequence: Regge behavior of structure functions

2

1— 2
= %,u29(1—x)/dm2 In—1 x(1 = x)

[xm? 4+ (1 — x)u

P = fy(x)+fr(x)

—MRST2006 NNLO

(fllanes@fis.ucm.es  U. Complutense) Non-factorizability and fixed pole in DVCS DIS2009 7 /25



GPD's and Parton-nucleon amplitude

H(x, &, t)=p* [ (g;§45(xp+ —kt)A+ ...
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Consequence: Regge divergence at break-points
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Consequence: Breakdown of collinear factorization

1
T1(¢, t):—/ldxH(X,g, t) { 1 + 1 — 59

x+&—ie x—E&+ie
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Consequence: Breakdown of collinear factorization

1
T1(¢, t):—/ldxH(X,f, t) { 1 + 1 — 59

x+&—ie x—E&+ie

Loophole in factorization theorems:
They ASSUME that the parton-nucleon amplitude vanishes at large s
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Consequence: Non-scaling of exclusive amplitudes

T — —(5,\/>\e§ [n"p” + n'p" — g’ (n - p)]

KXB/Lz) Fs(XB)+<KM2> Fu(XB)}
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Consequence: Non-scaling of exclusive amplitudes

T — —(5,\/>\e§ [n"p” + n'p" — g’ (n - p)]

(5) Aeo+(5a) )

Meson electroproduction does not seem to scale well

Exclusive amplitudes are Regge-behaved for all xg
not only for xg — 0 (Bjorken and Kogut, PRD1973).
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Scaling in DVCS still debatable
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Consequence: Good-bye positivity

dy_ iy~ xx Pt -
>0 [ L )P 2 0

1—c/2y
| =< ((1 ~O0 - m/t))

P. Pobylitsa, PRD65, 077504
Not well defined with continuum quark-nucleon intermediate states
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Consequence: GPD's cannot be extracted at low —t

« Exclusive data requires process-dependent Regge
amplitudes
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» Reggeons recede at high —t
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Consequence: GPD's cannot be extracted at low —t

« Exclusive data requires process-dependent Regge
amplitudes

» Reggeons recede at high —t
« GPD's accessible for kinematics Mz < —t << Q?
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Outline

® Fixed pole in DVCS
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J = 0 Fixed pole: constant contribution to Compton
Dispersive representation of Compton amplitude

1 00 d 12
T1(Q%* v, t) = +—/ Y —ImT1(Q?, 7/, t)

/0
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th
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J = 0 Fixed pole: constant contribution to Compton
Dispersive representation of Compton amplitude

1 00 d 12
T1(Q%* v, t) = +—/ Y —ImT1(Q?, 7/, t)

T | V2 —102— e
th

Pointlike seagull coupling
Non-relativistic analog: Kramers-Heisenberg
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Fixed J =0 pole

Dominates the Compton amplitude for s >> —t > Mx
(other Reggeons have receded)

The J=0 fixed pole

eventually dominates

the amplitude -
Conventional Reggeons and th
pomeron RECEDE at large

_
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t-dependence: 1/x form factor F;,(t)

F,,, in the light-front quark model F,,(t) in perturbative diquark model

Coo(t) = T70t) =
—2 +2Z% t)+2z%“

a>0 a>0
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Fixed J = 0 pole in Real Compton Scattering

Can be expressed in terms of /m(Compton)

1
/=0 = T1(0) —2/ = (x Z%
0

a>0

f.(x) = % ImT1(x) — e

At large Q?, pdf interpretation

(fllanes@fis.ucm.es  U. Complutense) Non-factorizability and fixed pole in DVCS DIS2009 20 /25



Weisberger relation

SM?, 1 [*dx .
W = ?/o Y[fv7,(x)u+fv7,(x)u]

I

The valence part of the 1/x moment of pdf's appears in the dependence of the
nucleon mass with the quark mass (W. Weisberger, PRD 1972)
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Forward limit of GPD
« Often quoted:

lim H(x, 0, t) = f(x)

t—0
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Forward limit of GPD
« Often quoted:

lim H(x, 0, t) = f(x)

t—0

« With Regge subtraction:

!irrg) H(x,0,t) = f(x) 4+ cxd(x)

« Additional term not visible in DIS [ dxxd(x) =0

« Experimental access:
extrapolate 1/x form factor to t = 0
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Marginal evidence in Real Compton Scattering

Cornell and Jlab data on Compton scattering
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Marginal evidence in Real Compton Scattering

Cornell and Jlab data on Compton scattering
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Kinematics for fixed pole: s >> Q% >> —t > l\/l,%,
Task for Jlab@12GeV, e-RHIC, LHeC...
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Breakdown of collinear factorization in DVCS
« Quark-Nucleon scattering amplitude should show
Regge-behavior s*(t) yo(t).
GPD's then diverge at breakpoints

H(x — &€, t) = (x — €)1
Loophole in DVCS factorization theorem!

1
/ dx[ ! + ! H(x,&, t) — oo

1 xX+&E—ie x—E&E+ie

DVCS does not scale at low —t

Exclusive processes Regge behaved for all xg

GPD’s cannot be extracted at low —t
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1
1 1
H
/—1dX[X+§—i€+x—§+,‘€ (x, &, t) — o0

« DVCS does not scale at low —t

« Exclusive processes Regge behaved for all xg

e GPD’s cannot be extracted at low —t
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J = 0 fixed pole in DVCS
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J = 0 fixed pole in DVCS

« 77y seagull coupling dominant for s >> —t > Mx
e Real, s and Q?-independent contribution to DVCS
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J = 0 fixed pole in DVCS

« 77y seagull coupling dominant for s >> —t > Mx

e Real, s and Q?-independent contribution to DVCS

« t-dependence at large —t accepts GPD interpretation
Fiu(t) =[5 ©H(x,0, t)
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J = 0 fixed pole in DVCS

v+ seagull coupling dominant for s >> —t > M3,
Real, s and Q%independent contribution to DVCS
t-dependence at large —t accepts GPD interpretation
Fult) = J2; ZH(x,0, 1)

Kinematics accessible at upgraded Jlab, LHeC. ..
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J = 0 fixed pole in DVCS

v+ seagull coupling dominant for s >> —t > M3,
Real, s and Q%independent contribution to DVCS
t-dependence at large —t accepts GPD interpretation
Fult) = J2; ZH(x,0, 1)

Kinematics accessible at upgraded Jlab, LHeC. ..
Extrapolation of data to t = 0: Weisberger's

SM? 1 I 7
5m,2(7,) = 1 & [fv,( ) + fV,i(X)M]
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J = 0 fixed pole in DVCS

v+ seagull coupling dominant for s >> —t > M3,
Real, s and Q%independent contribution to DVCS
t-dependence at large —t accepts GPD interpretation
Fl/x(t) - f_ll %H(Xn 07 t)

Kinematics accessible at upgraded Jlab, LHeC. ..
Extrapolation of data to t = 0: Weisberger's
oy = & Jo LIR0u+ Fuilx),]

om;(u) ! IS

Szczepaniak, Londergan, Llanes-Estrada, arXiv:0707.1239 (APB)
Brodsky, Llanes-Estrada, Szczepaniak, arXiv:0812.0395(PRD)
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