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Introduction

We analyse the high precision HERA F2 data in the low-x, x < 0.01, and
very-low-x, x < 0.001, regions using λ-fits.
λ is a measure of the rate of rise of F2 defined by F2 ∝ (1/x)λ.
We show that λ determined in these two regions, at various Q2 values, is
systematically smaller in the very-low-x region as compared to the low-x
region.
We discuss some possible physical interpretations of this effect.
The analysis is based on publication: “Investigation of High Energy Behaviour
of HERA Data”, A.Luszczak, H.Kowalski, Phys.Lett.B802 (2020), 135199.
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Description of fits

We determine the λ parameter from a fit of the function F2 = A (1/x)λ to
the final, high precision H1 and ZEUS data, measured at HERA. Here, A is a
normalisation constant dependent on Q2.
The fits are made in the range: x < 0.01 and x < 0.001, for each Q2 value
separately, with 0.3 < Q2 < 250 GeV2.
The final data are given as reduced cross sections, which are connected to F2

and FL by:

σred ≈ F2 −
y2

Y+
FL,

with Y+ = 1 + (1− y)2, where y denotes the inelasticity parameter. In the
selected kinematic region, the contribution of the structure function F3 can
be neglected.
Following the discussion of the properties of FL in the H1 papers we assume
that FL is proportional to F2. This is also in agreement with the ZEUS
results.
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Description of fits

We have then
F2 =

σred

1− y2R
Y+(1+R)

,

where R = FL/(F2 − FL). The evaluation of FL shows that the ratio R is
only weakly dependent on x and Q2, especially in the kinematic region of the
present investigation, 0.01 < y < 0.8. Thus we assumed R = 0.25, in
agreement with data, the QCD DGLAP predictions and the dipole models.
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Results of fits

Table 1 shows the values of λ constant with its error δλ for two low-x
regions, x < 0.01 and x < 0.001. The fits are of good quality, as the average
value of χ2/Ndf is 1.05, at x < 0.01.
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Results of fits

Table 2 shows the values of A constant and its errors in the same x regions.
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Results of fits
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Figure: The power λ as determined from the fits in the x < 0.01 region, at all accessible
Q2 values, Table 1.
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Results of fits
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Figure: Comparison of the results of the λ-fit in the low-x, x < 0.01, and very-low-x,
x < 0.001, regions. Only points determined with differing data are shown, see Table 1.
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Results of fits
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Figure: The fitted curves, F2 ∝ (1/x)λ, are shown together with the data at indicated
Q2 values. The full line shows the fit in the range x < 0.01, the dotted line in the range
x < 0.001.
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Results of fits

In these plots we compare the fitted curves to the corresponding data for
Q2 = 2.7 and 3.5 GeV2. The curves are drawn with the values of the
constants λ and A given in Tables 1 and 2.
The full line shows the fit in the region x < 0.01 and the dashed one the fit
to the region x < 0.001.
The curves are drawn in a larger region than the fit are performed, to
emphasise the systematic differences between them.
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Results of fits
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Results of fits
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Results of fits
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Results of fits
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Results of fits
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Results of fits
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Results of fits

In all plots we compare the fitted curves to the corresponding data in Q2

regions, between 2.7 and 45 GeV2.
The figures show quite clearly that the dashed lines are almost always below
the full lines in the region of very small x < 0.001.
On the opposite end, around x ≈ 0.01, the full line is almost always above
the dashed one. It is possible to see (even clearly in some cases) a slight
"bowing" of data due to a systematic decrease of λ at smaller x values,
e.g Figure from page.7.
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Results of fits

-0.02

0

0.02

0.04

0.06

0.08

1 10
Q

2
 (GeV

2
)

Figure: Plot of differences between the values of λ determined in the low-x and
very-low-x region, ∆λ = λx<0.01 − λx<0.001. The black dots show the results for
R = 0.25, the triangles pointing down show the results for R = 0.2 and the triangles
pointing up show the results for R = 0.3. The errors of black dots were obtained from
the quadratic addition of errors, δ∆λ =

√
δ2
λx<0.01

+ δ2
λx<0.001

.
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Summary

We have confirmed that the simple phenomenological function, F2 ∝ (1/x)λ, fits
very well the high precision HERA data in the low x region, x < 0.01, at all Q2

values between 0.3 < Q2 < 250 GeV2.

Moreover, we have shown that this is also true for the very low x region, x < 0.001.

The new result of this investigation is that the rate of rise λ, determined in the two
regions, indicate that λ is systematically smaller in the very low x region as
compared to the low x region, for Q2 > 6 GeV2. This result is obtained due to the
high precision of the latest HERA data (the earlier investigations concluded that the
power λ is not dependent on x, within the experimental errors.)

This observation may indicate the onset of BFKL behaviour in the very low x

region, x < 0.001, Q2 > 6 GeV2, in agreement with the analysis of H. Kowalski,
L.N. Lipatov, D. A. Ross, O. Schulz, Eur. Phys. J C77 (2017).

Our observation indicates that measurements at the future ep colliders, like LHeC
or VHEeP will become exciting, as they will approach the high energy limit of the
virtual photon-hadron cross sections, where DGLAP and BFKL meets and the
confinement effects should become simple.
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