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Cross section ratios for deep-inelastic scattering from "N and *He with respect to H have
been measured by the HERMES experiment at DESY using a 27.5 GeV positron beam. The data
cover a range in the Bjorken scaling variable z between 0.013 and 0.65, while the negative squared
four-momentum transfer Q* varies from 0.5 to 15 GeV?. The data are compared to measurements
performed by NMC, E665, and SLAC on *He and 2C, and are found to be different for z < 0.06 and
Q* < 1.5 GeV?. The observed difference is attributed to an A-dependence of the ratio R = o /or
of longitudinal to transverse deep-inelastic scattering cross sections at low # and low Q.

PACS numbers: 13.60.Hb, 13.60.-r, 24.85.4p, 12.38.-t



The energy scales relevant to deep-inelastic lepton nu-
cleon scattering (multi-GeV) greatly differ from those
relevant to the atomic nucleus (multi-MeV). Hence, it
came as a surprise that the structure function F¥(z),
which in the Quark-Parton Model represents the quark
momentum distribution inside the nucleon, was found to
This

phenomenon is known as the EMC' effect at large values

depend on the mass A of the atomic nucleus [1].

of the Bjorken scaling variable z, i.e. z > 0.1, and as
shadowing at lower values of z [2].

With Fy(z) found to be A-dependent, it is relevant
to investigate whether this dependence is the same for
its longitudinal and transverse components, Fr(z) and
Fi(z). The latter two structure functions are related to
Fy(z) via Fr(z) = (1 + Q*/v?) Fy(z) — 22 Fy(z) with Q2
the negative of the four-momentum transfer squared ¢2,
v the energy transfer, z = Q?/2Mv and M the nucleon
mass. A possible difference of the A-dependence of Fy (z)
and Fi(z) can be investigated by measuring the ratio of
longitudinal to transverse deep-inelastic scattering (DIS)
cross sections R = or/or = Fr(z)/2zFy(z) for various
nuclear targets.

Theoretically, a possible A-dependence of R has been
suggested by several authors. In ref. [3] the Fermi mo-
tion of the nucleons is seen to enhance higher-twist ef-
fects, which will lead to an enhancement of Fr,(z) at low
values of  and Q2. It has also been argued [4] that an
increase of the nuclear gluon distribution may lead to an
enhancement of R. On the other hand, in ref. [5] it is
suggested that nuclear shadowing might be different for
the longitudinal and transverse DIS cross sections. The
predicted size and (z,Q?%)-dependence of these effects are
all different. However, no experimental evidence for an
A-dependence of R has been found to date [6-9].

In this Letter we present data from the HERMES
experiment on the cross section ratio for deep-inelastic
positron scattering off nitrogen and helium-3 with respect
to deuterium. These ratios are compared to similar ra-
tios measured in deep-inelastic scattering by NMC [10],
E665 [11], and SLAC [12]. The ratio of the inclusive DIS
cross sections on *N (3He) and ?H is presented in fig-
ure 1. A significant difference between the present data
and previous data is observed for z < 0.06. In this do-
main the HERMES data for both nuclei are smaller than
the NMC and E665 data and the deviation increases to-
wards smaller values of . At high values of z the HER-
MES data are in agreement with the SLAC data. In
the following it is shown how the difference between the
NMC and HERMES measurements can be attributed to
an A-dependence of R at low values of z and Q2.

Apart from the data shown in figure 1, other data exist
which show a strong reduction of o4 /op for 0.01 < z <
0.1 and 0.05 < Q? < 1.5 GeV? that is similar to that of
the HERMES data on *N [13,14]. However, these data
were never used to study a possible A-dependence of R,
either because of insufficient statistics [14], or because of

their limited kinematic coverage [13].

In deep-inelastic charged lepton scattering from an un-
polarised target, the double-differential cross section per
nucleon can be written in the one-photon exchange ap-
proximation as

d’c _ 4ra? Fy(z, Q%) "
dedQ? Q4 x
zyM  y? <1+4M2z2/Q2)]

2E 2 \_ 1+ R(z,Q?)
_ TMott 7I'F2 (I; Q2) [1 + ER(I) Q2)] (1)
T FE'FE e 1+ R(z,Q% ]’

where y = v/ E, ooy Tepresents the cross section for lep-
ton scattering from a point charge, and F and E’ are the
initial and final lepton energy, respectively. The virtual
photon polarisation parameter is given by

. 4(1-y) — %=
41—y +22+ &

(2)

The ratio of DIS cross sections from nucleus A and deu-
terium D (=?H) is then given by:

oA _ F_2A(1+€RA)(1+RD) 3)
op FP (14 Ra)(1+€¢Rp)’

where R4 and Rp represent the ratio oy, /o for nucleus
A and deuterium. For € — 1 the cross section ratio equals
the ratio of structure functions Fi'/F. For smaller val-
ues of ¢ the cross section ratio is equal to Fy'/FP only
if R4 = Rp. A difference between R4 and Rp will thus
introduce an e-dependence of o4/0p. Hence, measure-
ments of 04 /0p as a function of € can be used to extract
experimental information on Ra/Rp, if Rp is known.
The data presented in this paper were collected by the
HERMES experiment at DESY using 'H, 2H, 3He, and
14N internal gas targets in the 27.5 GeV positron stor-
age ring of HERA. The target gases were injected into a
tubular open-ended storage cell inside the positron ring.
The cell provides a 40 cm long target with areal densities
of up to 6 x 105 nucleons/cm? for *N. The luminos-
ity was measured by detecting Bhabha-scattered target
electrons in coincidence with the scattered positrons, in a
pair of NaBi(WO4); electromagnetic calorimeters. Dead
times of less than 5% were observed even at the highest
luminosities of about 10%* nucleons/(cm?s). Systematic
uncertainties in the measurements of the cross section
ratios were minimized by cycling among different target
gases every 2 — 4 hours during part of the data taking.
In the HERMES spectrometer [15] both the scattered
positrons and the produced hadrons can be detected and
identified within an angular acceptance & 170 mrad hor-
izontally, and 40 — 140 mrad vertically. The trigger was
formed from a coincidence between a pair of scintillator
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FIG. 1. Ratio of cross sections of inclusive deep-inelastic
lepton scattering from nucleus A and D versus x. The er-
ror bars of the HERMES measurement represent the statisti-
cal uncertainties, the systematic uncertainty of the HERMES
data is given by the error band. The error bars of the NMC,
E665, and SLAC data are given by the quadratic sum of the
statistical and systematic uncertainties.

hodoscope planes and a lead-glass calorimeter. The trig-
ger required an energy of more than 3.5 GeV deposited
in the calorimeter, resulting in a typical trigger rate of
100 Hz. Positron identification was accomplished using
the calorimeter, the second hodoscope, which functioned
as a preshower counter, a transition radiation detector,
and a threshold gas Cerenkov counter. This system pro-
vided positron identification with an average efficiency of
99 % and a hadron contamination of less than 1 %.

Deep-inelastic scattering events were extracted from
the data by imposing constraints on @2, W (the invariant
mass of the photon-nucleon system), and y. For each
event it was required that Q2 > 0.3 GeV?, W > 2 GeV
and y < 0.85.

As the ratio o4 /op involves nuclei with different num-
bers of protons, radiative corrections do not cancel in the
ratio. In particular, the radiative processes associated
with elastic and quasi-elastic scattering are different for

the two target nuclei. These radiative corrections have
been computed using the methods outlined in Ref. [16].
In the cross section ratio the correction associated with
elastic (i.e. coherent) scattering from the target nucleus
is dominant.

Several input parameters are needed for the calcula-
tion of the radiative corrections. For the evaluation of
the coherent radiative tails, the nuclear elastic form fac-
tors must be known. Parameterisations of the form fac-
tors of 2H, *He, and '"*N were taken from the literature
[17-19]. For the quasi-elastic tails, the nucleon form fac-
tor parameterisation of Gari and Kriimpelmann [20] was
used. The reduction of the bound nucleon cross section
with respect to the free nucleon one (quasi-elastic sup-
pression) was evaluated using the results of a calculation
by Bernabeu [21] for deuterium and the non-relativistic
Fermi gas model for *He and '*N [22]. The evaluation
of the inelastic higher order QED processes requires the
knowledge of both Fy and R over a wide range of z and
Q% The structure function FP(z,Q?) was described
by a parameterisation of the NMC, SLAC, and BCDMS
data [23]; for Rp the Whitlow parameterisation [24] was
used. As the values of Fi'(z, Q%) and Ra(z,Q?) are un-
known for 3He and '#N, an iterative procedure has been
used. As a starting point the nuclear structure functions
F3'(z,Q?) were taken from phenomenological fits to the
SLAC and NMC data, and Ra(z,@?) was assumed to
be equal to Rp(z,Q?). The resulting radiatively cor-
rected values of 04/0p were used to determine Fjt/FP
and Rus/Rp, which were given as input to the radia-
tive correction code in the next step until convergence
was reached. Tt is noted that the large difference be-
tween the NMC/E665 and HERMES values of o4/0p
is already present if the NMC and SLAC parameterisa-
tions are used for Fy(z,Q?) and R(z,Q?). The iteration
procedure, which converges in three steps, enlarges the
difference by about 40 % (for '*N) in the lowest z bins.

The size of the radiative corrections is largest in the
lowest z-bin, where it amounts to 0.552, 0.461, and 0.372
for 2H, 3He, and '*N, respectively. The systematic un-
certainty in the radiative corrections was estimated by
using upper and lower limits of the parameterisations, or
alternative parameterisations [23-26] for all the above in-
put parameters. The total systematic uncertainty in the
cross section ratios varies from 5 % (4 %) at low z to 2
% (1 %) at high z for "*N (®He). Tt includes the normal-
ization uncertainty of 2 % (1 %) and the uncertainty in
the radiative corrections, which is dominant.

The effects originating from the finite resolution of the
spectrometer and from the hadron contamination in the
positron sample have been determined and found to be
negligible. As a cross check of the understanding of the
entire analysis chain including the radiative corrections,
the cross section ratio of deuterium and hydrogen has
been determined as a function of z and Q2. The



