
The continuum contribution3 Comparison to F2 data
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Figure 1: F2 at low Q2: HERA ep data from ZEUS [20] compared to GVDM as in eq. (6)
(full curves). Model results are also given when the longitudinal contribution of the con-
tinuum is excluded (ξC = 0) and when excluding the continuous contribution altogether
(setting rC = 0) giving VDM.

The GVDM expression for F2 in eq. (6) gives a very good description of the HERA data
on F2 at low Q2, as shown in Fig. 1. The fit gives χ2/d.o.f. = 87/(70 − 4) = 1.3 with
parameter values as expected: ϵ = 0.091, ξ = 0.34, m0 = 1.5 GeV just above the discrete
vector meson masses and Aγ = 71 µb in accordance with the measured photon-proton cross
section (cf. [19]). This demonstrates that for Q2 clearly below 1 GeV2 the HERA ep cross
section can be fully accounted for by GVDM using parameter values as determined from
old investigations related to fixed target data.

For completeness, both the transverse and longitudinal contributions to the integral over
the continuous mass spectrum are here included, although the latter is numerically small
as demonstrated in Fig. 1. VDM, which lacks the continuum part, falls below the data
and decreases too fast with Q2. This Q2 behaviour becomes even worse if the longitudinal
contribution is neglected (i.e. ξV = 0), as is done in some simplified treatments of VDM.
The Q2 dependence of these different contributions is shown in Fig. 2.
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Why should there be !
a continuum part?!
!
- Data tell us that
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Figure 2: The Q2 dependence of F2 from GVDM (full curve) with its contributions from
transverse (T) and longitudinal (L) parts of the discrete vector meson spectrum (VDM) and
the continuous (Cont.) mass spectrum. Data from SLAC [21] are included for comparison.

We have also compared with data on F2 from SLAC [21] and NMC [22]. Due to the
lower energies of these fixed target experiments, one must here include also the reggeon
term in the Donnachie-Landshoff parameterisation of the total cross section and we use
η = 0.45, Bγ = 90 µb (cf. [19, 17]). Keeping the values of the other parameters fixed, we
obtain good agreement as long as x and Q2 are not too large (cf. [23]).

At larger Q2, this original GVDM does not have the correct behaviour since F2 in eq. (6)
increases with Q2 for all x. This can be cured phenomenologically by introducing for the
spectral weight function mentioned above a suitable form ρT = N ln (W 2/am2)/m4 [9].
With suitable values of the free parameters m0, N, a it is then possible to reproduce HERA
F2 data also at larger Q2. A theoretically more advanced alternative is to instead include
off-diagonal contributions [10, 12]. This connects naturally to the dipole formalism of DIS
and include effects of perturbative QCD evolution. This off-diagonal GVDM framework
should then apply in the full Q2 region, as long as x is sufficiently small, and HERA data
can here be reproduced [12].

At high Q2 the conventional description is in terms of parton density functions, which
also includes the large-x valence region. As argued above, this approach does not apply
at very small Q2 and one must therefore complement it with GVDM to account for this
region. To cover the full x and Q2 region one should combine these two descriptions, but
due to the confinement problem, there is no proper theoretical way to do the transition
from GVDM formulated in a hadron basis to the parton model in a parton basis. Although
GVDM can be extended to large Q2, this would imply double counting if combined with the
conventional parton description. To use the latter one must, therefore, phase out GVDM.

Thinking in terms of the resolution scale discussed above, it is quite natural that the
original hadron-based GVDM only applies at low Q2 and there should be a transition to
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The simple model (VDM + Continuum) works very well at Q² ≲ 1.5 GeV²!
Deviates afterwards; Continuum Longitudinal part stays small at low Q²



Saturation of the continuum contribution

W < 2GeV W < 4GeV W < 5GeV W < 10GeV All W

Q² < 1 GeV² 27.6% 42.7% 44.3% 46.4% 46.6%

Q² < 2 GeV² 33.3% 55.7% 58.2% 61.5% 62.2%

Q² < 3 GeV² 34.9% 61.5% 65.0% 69.3% 70.4%

All Q² 37.5% 74.5% 81.5% 94.8% 100%
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Q-Weak kinematics - in % of 1.92 × 10⁻³ (continuum)

About 38% comes from Q² > 2 GeV²(
!
- we don’t believe the model there!(
!
Compare Kc=0.65 by Hall et al.

Evaluate the continuum contribution (= uncertainty!) to γZ-box alone



Saturation of the continuum contribution
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Q² < 1 GeV² 27.6% 42.7% 44.3% 46.4% 46.6%
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Tame the continuum above (
some “critical” Q²=1.25  GeV²

0 0.5 1 1.5 2 2.5
Q² (GeV²)

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

C
on

ti
nu

um
 /

 T
ot

al

From PDF - Hall et al

From a fit to low-Q² data

(Q²!/Q²)²

(Q²!/Q²)⁴

(Q²𝑐/Q²)ªFollowing Alwall, Ingelman

a = 2: 1.92 × 10⁻³ → 1.19 × 10⁻³ (62.0%) 
a = 4: 1.92 × 10⁻³ → 1.10 × 10⁻³(57.3%)

Without taming: 1.92 × 10⁻³

With taming:



Isospin of the continuum contribution
Some limiting cases:(
!
• Pure isoscalar (like ω) - σᵧz/σᵧᵧ = -4sinθ²w ≈ -1(

!
• Pure isovector (like ρ) - σᵧz/σᵧᵧ = 2-4sinθ²w ≈ 1(

!
• Pure strange (like 𝜙) - σᵧz/σᵧᵧ = 3-4sinθ²w ≈ 2

At present: σᵧz/σᵧᵧ = 1 +- 1  between 2(=strange) and 0 (I=0 + I=1)(
!

It is clear what it should be in DIS: σᵧz/σᵧᵧ=0.65+-0.14 (Hall et al.)(
!
What about real photons?


