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In the HERAPDF2.0 PDF analysis it was noted that thefitworsens significantly at lowQ?
for both NLO and NNLO fits. The turn over of the reduced crosgiea at lowx and low Q?
due to the contribution of the longitudinal cross secfpris also not very well described. In this
paper the prediction fdf_ is highlighted and the corresponding extractioriFpfrom the data is
further investigated, showing discrepancies with desioripof HERAPDF2.0 at lowk and Q2.
The effect of adding a simple higher twist term of the foffinx A/Q? to the description oF_ is
investigated. This results in a significantly better dggan of the reduced cross-sectioRsand
F_ at lowx, Q% and a significantly loweg? for the NNLO fit as compared to the NLO fit. This is
not the case if the higher twist term is addedrto
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Figure 1: The x? per degree of freedom vs the minimu@? of data entering the HERAPDF2.0 NLO and
NNLO fits and the corresponding HHT fits which include a higtvést term inF_. Left: using the default
RTOPT heavy flavour scheme. Right: using the FONLL heavy tlagocheme.

HERA data may shed light on lowphysics and the transition to the non-perturbative regime
at low Q?. Ever since the rise df, at lowx was observed it has been speculated that there may
be a need for QCD resummations beyond the conventional DGadg\Rtions, whether these be
In(1/x) resummations a la BFKL or the need for non-linear evolutigmagions which take account
of gluon recombination and the possibilty of gluon sataratiThe final combined data on NC and
CCe"pande pinclusive cross sections from H1 and ZEUS are now publishHd These data
were used as the input for next-to-leading order (NLO) and-tenext to leading order (NNLO)
QCD PDF fits resulting in a PDF set called HERAPDF2.0. The HER/&2.0 analysis used the
RTOPT heavy flavour scheme [4] as default and the fits destiibéhe present contribution are
done in this scheme unless otherwise stated. It has beervetighat thex? of the QCD fits in the
DGLAP formalism is worse at lovQ?. The kinematic reach of HERA is such that |@¥ is also
low x. It has been suggested that in this kinematic region diagsaith two, three and four gluons
in the t-channel could give rise to higher twist terms whiohtcibute to the longitudinal structure
function F_ while cancelling between the longitudinal and transvem@pmonents irF [2]. The
NC e p data includes data at different centre-of-mass energigs that different values of are
accessed at the samgQ?. This gives information on the longitudinal structure ftioo F_. The
present contribution looks at the QCD fits concentratinghenrble of the longitudinal structure
function F_. Further details are given in Ref. [3]

The dependence of the? on theQ? cut applied to the data was investigated in the HERA-
PDF2.0 analysis, and the results are shown in Fig. 1 whiciwsixd per degree of freedom vs
the minimumQy?;,, of data used in the fit, for the HERAPDF2.0 NLO and NNLO QCD fitsis
interesting to see whether the situation can be improved djifination of the leading twist QCD
predictions forF_ by a simple higher twist term such that(HT) = F_* (1+ A/Q?). The fits of
the HERAPDF2.0 analysis are repeated using this modHiedith A as a free parameter. All the
other conditions are set as for HERAPDF2.0. These fits aledctde HHT QCD fits. One can see
a very significant decrease ¥t particularly at NNLO, such that the NNLO fit is now significent
better than the NLO fit. The values Afextracted are quite highk = 4.2+0.7 Ge\? for NLO and
A=55+0.6 Ge\? for NNLO fits. Details of thex? are given in Table. 1



Higher twist at low x in HERA data A M Cooper-Sarkar

Type of fitQZ,, = 3.5Ge\? HERAPDF2.0 HHT Apt
NNLO x2/ndof 13631131 13161130 55+0.6
Xx2/ndp for NG+ p: Q% > Q2 , 451/377 422377

Xx2/ndp for NG* p: 2.0 Ge\V? < Q% < Q3;,, 41/25 32/25

NLO x2/ndof 13561145 13291145 42+0.7
x%ndp for NGt p:Q% > Q2. 447/377 431377

Xx2/ndp for NG* p: 2.0 Ge\V? < Q% < Q2,,, 46/25 46/25

Table 1: Table of x? per degree of freedom (ndof) for HERAPDF2.0 and HHT fits botthw@Z;, =
3.5 Ge\2. Also given are the(? per number of data points (ndp) for the high precision &@® data at
/=318 GeV forQ? > Qﬁin. The final row in each category represents xfegper number of data points
for predictions of the fits below the fitted region, fra@f = 3.5 to Q% = 2.0. In addition the values of the
higher twist parametek are given for the HHT fits.

HERAPDF2.0 NNLO
extrapolation

HT NNLO
extrapolation
HERAPDF2.0 NLO

w1 ® F H1
O F,ZEUS

08 —

extrapolation
HT NLO
extrapolation

06 —

OfEENEERE

04 —

0.2 —

Figure 2: The separate H1 and ZEUS measuremenk @bmpared to the HERAPDF2.0 NLO and NNLO
QCD fit predictions and to the corresponding predictionshefHIHT fits which include a modified higher
twist term inF_.

In the default RTOPT heavy flavour scheiReis calculated to Qf?) at NLO and at O¢?)
at NNLO. The behaviour of thg? asQ2,,, is raised can differ somewhat according to the heavy
flavour scheme used [1]. In particular tyé for low Q? data is lower for schemes in whi¢h is
calculated to Qfs). The HERAPDF2.0 and HHT fits have also been performed in ©NIEL [5]
schemes B and C in whidR_is calculated respectively to @) at NLO and at O¢Z2) at NNLO.
The results are also shown in Fig. 1. The NNLO fit behaves inlmthe same way as the fits
in the RTOPT scheme, with a much decrea;xédor the HHT fit. The NLO fit does not need a
large higher twist term essentially becausd-agalculation at Ods) already produces a largEy.
However as soon & is calculated to Qf?) or higher the need for a higher twist term appears.

Fig. 2 shows the HERAPDF2.0 and HHT predictions Fprsuperimposed on the separate H1

and ZEUS measurements. The corresponding prediction$éoreduced cross-sectioyeg =
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Figure 3: The combined HERA measurements@fquceq cOmpared to the predictions of HERAPDF2.0
NNLO(left) and the corresponding predictions of HHT NNL@ft).
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Figure 4. The combined HERA measurements [&f compared to the predictions of HERAPDF2.0
NNLO(left) and the corresponding predictions of HHT NNL@ft).

Fo—y2/Y.F, Y, =1+ (1—y?), for HERAPDF2.0 and HHT at NNLO are shown in Fig. 3 (NLO
results are similar). A clear improvement in the descriptidthe data is seen for the fits including
higher twist. This is mostly due to the improved descriptidithe turn-over at low which comes
from an increaseé .

It is also interesting to look at the predictions and extrdadata for, see Fig. 4. Measure-
ments ofF; are extracted aggracted — pPredided , gmeasired ) GPredided  gincer, js 3 dominant part
of the cross section this is a reasonable procedure, butyciearT@re js lower thana&edided
then Fz?‘”aded will also be low and the consequence for the HERAPDHR2.@xtraction is that
Furaded jself starts to take a turn-over at low4owQ? which is not in agreement with QCD pre-
dictions forF,. However, for the HHT fit this problem is mitigated, tF¢'2*® does not take a
significant turn-over and is in much better agreement wighpttedictions. Note that the predictions

for F, are very similar for the two fits since these depend only orPb&s and not on the higher
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Figure 5: The PDFs resulting from the HHT fits compared to those of HERAPR.0 at NLO(left) and at
NNLO(right). The gluon and sea distributions are scaledmbwa factor of 20. Experimental uncertainties
on both fits are shown

twist term. The PDFs extracted from the HHT fits are very samib the HERAPDF2.0 PDFS as
shown in Fig. 5. In particular, despite the fact that a goodefifjuires a largeF_ contribution at
low-x and lowQ?, the NNLO fit still requires a gluon parametrisation with d®stantial negative
term such that it the gluon starts to turn over at wandQ?. Using an alternative parametrisa-
tion without this term (such that the gluon is always positilefinite above the starting scale of
evolution) results in much highey? for both the HERAPDF2.0 fit and the HHT fit.

We have also investigated the inclusion of a higher twishtar F, such that(HT) = F %
(1+A/Q?). In this case there is only a small improvemenjfand the value oA is also small,
consistent with zeroA = 0.12+ 0.07Ge\2. If higher twist terms are inlcuded in bof andF_
the result is similar to including the term only fBy.

The fits shown in Figs. 3,4 were done f0f > 3.5 Ge\2 as for HERAPDF2.0. However it
can be seen that the predictions of the HHT fit describe trewlall down toQ? = 2.0 Ge\A. Thus
new HHT fits were performed witQ2, =2.0GeV2. The details of the(? are given in Table. 2

The fit quality for the data points in the ranged2 Q? < 3.5 Ge\? improves somewhat
particularly at NLO. However the fitted parameters are minehsame as for the fit witQ2, =
3.5 Ge\2. In particular the extracted values of the higher twist paeterA are almost the same.
Looking at the predictions fas, for even loweiQ? values, see Fig. 6, shows that the description is
apparently good even down@ = 1.2 Ge\2. However if we look at the corresponding predictions
for i, see Fig. 2, itis evident that this simple description isteoable forQ? <~ 2.0 Ge\~.

In summary, the introduction of a higher twist term in the afggion of the longitudinal
structure functiorf_, in the context of pQCD fits within the DGLAP formalism, si§oantly im-
proves the description of HERA data on deep inelastic s@adteat low x and low Q? down to
Q? <~ 2.0 Ge\2. The introduction of a similar term in the structure funotié, is unnecessary
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Type of fitQZ;, = 2.0Ge\V? HERAPDF2.0 HHT Apt
NNLO x?/ndof 14371171 13871170 52+0.7
x2ndp for NGt p:Q% > Q3 , 486/402 457402

Xx?/ndp for NGt p: 2.0GeV? < Q° < Q2 31/25 26/25

NLO x2/ndof 14331171 13981170 40+0.6
x2ndp for NGt p:Q% > Q3 , 487/402 466402

X*Indp for NGe* p: Q* > Qf;, < Q* < 2.0GeV*  40/25 31/25

Table 2: Table of x? per degree of freedom (ndof) for HERAPDF2.0 and HHT fits botthw@Z;, =
2.0 Ge\2. Also given are the(? per number of data points (ndp) for the high precision &@® data at
/=318 GeV forQ? > Qﬁin. The final row in each category represents xfegper number of data points
for predictions of the fits fron®? = 3.5 to Q? = 2.0. In addition the values of the higher twist paraméter
are given for the HHT fits.
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Figure 6: The predictions of the HHT fit done f@2,, = 2.0Ge\?, for lower Q? data.

confirming the expectation that higher twist terms cancélben the longitudinally and trans-
versely polarised photons . However further mechanisms are necessary to describefatata
Q? <~ 2.0 Ge\~
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