Extracting a free neutron structure function
from proton and deuteron deep inelastic
scattering data

O. Her, E. Piasetzky, R. Shnear, L. B. Weinsteiri and D. W.
Higinbothani*

*Tel Aviv University, Tel Aviv 69978, Israel
TOld Dominion University, Norfolk, Virginia 23529, USA
**Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606, USA

Abstract. Due to the lack of a free neutron target the structure functibthe neutron cannot
be measured directly and is therefore extracted from demtand proton DIS data. Because the
deuteron is a bound nuclear system, in order to extract th&rarestructure function, one needs
to apply model dependent theoretical corrections whichidata the uncertainty at the largg
region. We present here a correlation between the magnitiutiee EMC effect and the amount of
two nucleon Short Range Correlation (2N-SRC) pairs in riutlsing this correlation we propose
a phenomenological procedure to extract the free neutraotate function in thesg range of 0.3
to 0.7.
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Knowledge of the partoni.€., quark and gluon) distribution functions of nucleons is
of fundamental importance to study the structure of nudeam the search for new
physics in collider experiments, and in analysis of neotoscillation experiments [1].
The F, structure function of the proton and tbheParton Distribution Function (uPDF)
are relatively well constrained from proton Deep InelaSioattering (DIS) over the full
Bjorkenxg range of 0 to 1. As was discussed by several speakers in thiisrence [2,3]
the lack of a free neutron target makes the knowledge of th& o structure function
and thed distribution (dPDF) much less certain. This is especialacin the valence
quark dominant (larggg) range.

The classic way to extract the neutron structure functiahtaed quark distribution
is by performing DIS measurements on deuterium. The fre&rovestructure function
is then obtained by subtracting the known proton structunetion from the deuteron
structure function. The dPDF can be extracted from the fretop and neutron structure
functions, assuming isospin symmetry of the structuretions. These extractions are
done under the assumption that the deuteron is loosely banddcan therefore be
approximated to a freep (neutron proton) pair. The problem in this procedure is that
deuteron, even if only loosely bound, is not a frgesystem. To extract information on
the free neutron from the deuteron one needs to make nuaeactons that include
both “standard” effects such as Fermi motion and binding a8 as relativistic and
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FIGURE 1. The EMC slopes verses the SRC scale factors. The fit paraméberintersept of the line.
For more details see [5].

off shell corrections, which depend on the virtuality of thecleons. These nuclear
corrections and their uncertainty propagate through tredyais procedure described
above and yield a large uncertainty on the extracted nestranture function and dPDF,
especially at largeg [4].

We propose here an alternative phenomenological procekatrallow to extract the
free neutron structure function and the dPDF from DIS off pneton and deuteron
without any theoretical calculations. The procedure isebdam a recent report [5] that
showed that the magnitude of the EMC effect, measured irtrele®IS, is linearly
related to the Short Range Correlation (SRC) scaling factogimdd from electron
inclusive scattering atg > 1.

Figure 1, taken from [5], shows the strength of the EMC ef({defined by its slope,
dRemc/dxg [6]) versus the SRC scale factamsy(A/d) measured for different nuclei
[7,8]. As can be seen clearly in the figure, the EMC strengththa SRC scaling factors
are linearly correlated. Under the assumption that theevaly (A/d) = O is the limit
of a freenp pair with no SRC, one can use this striking correlation to @dlate to
apn(A/d) = 0 and obtain a phenomenological value to the deuteron teafygair DIS
cross section ratio as a functionxy in the range of B < xg < 0.7. Extrapolating the
best fit line in Fig. 1 taan (A/d)=0 gives an intercept dliRepmc /dxg| = 0.079+0.006.
The difference between this value and the deuteron EMC sibpes a measure of the
difference between the deuteron and a free np pair. Becaa$eMIC effect is linear for
0.3 < xg < 0.7, we can parametrize the cross section ratio for the dautetative to a
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FIGURE 2. The structure function ratio of the proton and neutron assettd from DIS off the deuteron
and proton. The open squares (blue online) are from [12kcted for the nucleon motion only. The full
squares (red online) include the phenomenological caooreédr nuclear effects as discussed here and in
[5]. The shaded areas show the structure function ratiesilzied using CT10 (green online) and CT10W
(orange online) PDFs [11]. The width of these areas corm$pmone standard deviation.
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whereay, gp, ando, are the DIS scattering cross sections for scattering offeateum,
the free proton and the free neutron, respectiveele. 0.079+ 0.006 as extracted from
Fig. 1 andb = 0.31+ 0.04 is the average value &g where the EMC ratio is unity as
determined from Refs. [6,9], taking into account the quotachralization uncertainties.

If the structure functior is proportional to the DIS cross sectione(, the ratio
of the longitudinal to transverse cross sections is the sknnéhe proton, neutron
and deuterium, see discussion in [10]), then the free newhwicture function can be
extracted from the measured deuteron and proton struatnctions:

2FS (xg, Q%)
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which leads to:
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Figure 2 shows different extractions Bf'(xs, Q%) /F, (X, Q%) including our extrac-
tion using Eq. 2 and the world data for the ratio of the deuteand proton structure



functions, an extraction using the same world data, cacefir the Fermi motion of
nucleons in deuterium alone [12], and two different PDF wses of the CTEQ group
[11].

The data with the phenomenological correction agrees rbefte the CT10W fit
which include3dN asymmetry an@lV-lepton asymmetry data [13]. The phenomenologi-
cal correction which also takes into account possible mgatitin of the bound nucleon
structure functions reduces thg dependence of the neutron to proton structure func-
tion ratio at largexg. In collaboration with the CTEQ group, we plan to continue and
examine the effect of the extracted neutron structure fanain the uncertainty in the
d/uratio at largexg.
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