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G. Constraining strange quark elastic form factors
at high momentum transfer

The strange quark content of a nucleon wave function
became a prominent subject in physics with the discov-
ery of the EMC effect and follow-up theoretical investi-
gations [101].1 The method for extracting strange quark
form factors from a combination of parity conserving and
parity violating elastic scattering measurements was for-
mulated in Refs. [102, 103]. Studies were performed by
the SAMPLE and G0 experiments and HAPPEXs and
PVA4. (See data points in Fig. 19.) High accuracy re-
sults were obtained for Q2 less than 0.6 GeV2, and much
less precise results for Q2 up to almost 1 GeV2. However,
the role of F p

s could be larger at several GeV2. For exam-
ple, the neutron electric form factor is zero at Q

2=0 yet
grows relative to the dipole form factor up to 2-3 GeV2. A
recent analysis of the possible value for the strange form
factor suggests that F p

s could be even larger than GDipole ,
or 0.03 at Q2=3.4 GeV2. (See Fig. 19, where outer band
present one sigma limit and yellow band corrresponds to
two sigma limit.)

In a single measurement, the parity non-conserving
asymmetry has contributions from the electrical and
magnetic form factors from strange quarks and axial nu-
cleon form factors. Quasi-elastic scattering of the elec-
trons from a deuteron allows us to constrain the axial
form factor as discussed in Ref. [104]. Here we present
specific ideas for a new experiment to determine F

p
s in

a coincidence measurement using SBS equipment. The
proposed measurements on the proton and deuteron tar-
gets will provide empirical constraints on those form fac-
tors in a higher Q2 range which was not explored before.
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FIG. 19. The strange form factor vs. Q
2 data and projec-

tions per Refs. [105, 106].

The nucleon form factors for the virtual photon have

1 This section is an abbreviated version of material presented at
the ECT* 2019 workshop, https://arxiv.org/abs/2001.02190 .

three contributions:
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The Z boson analogs of equation 5 have a similar struc-
ture, but with the quark charges replaced by the vec-
tor weak charges of the quarks. A new measurement
of the parity violating asymmetry of longitudinally po-
larized electrons scattering from a proton at high Q

2,
combined with the existing world data for G

�
E,M for the

proton and neutron, the assumption of isospin symmetry,
and constraints on the axial contributions from other ex-
periments, will enable a complete flavor decomposition
of the nucleon form factors and determine a linear com-
bination of Gs

E,M
[107].

There are two experimental difficulties in doing the
F

p
s measurement at large Q

2: the relatively low counting
rate and the large background from inelastic electron-
proton scattering. The reduction of the counting rate,
which is due to reduction of the �MottG

2
Dipole

, is partly
compensated by a linear increase of the total asymmetry
for high Q

2. To suppress the inelastic events, one can use
the tight time and the angular correlations between the
scattered electron and recoil proton as was proposed in
Ref. [108].

The solid angle of the apparatus should cover a suit-
able range of the momentum transfer �Q

2
/Q

2 ⇠ 0.2
for which the event rate variation over the detector
solid angle is acceptable. The equipment needed for
such an experiment could be obtained from the SBS
where a highly segmented hadron calorimeter and elec-
tromagnetic calorimeters will be used for the GEp exper-
iment [109]. Figure 20 shows the proposed configuration
of the detectors. Modern electronics such as a flash ADC
allows dead-time free data collection.

The proposed detector configuration has an electron
arm with a solid angle of 0.06 sr at a scattering angle
of 15.5±1.5 degrees. Within 30 days of data taking with
a 6.6 GeV beam, the PV asymmetry will be measured
to 3% relative accuracy which corresponds to an uncer-
tainty of F p

s of 0.002. (Work is in progress to determine
to what extent the uncertainty of the long distance scale
corrections to the axial asymmetry will limit the inter-
pretability.) Such a measurement will provide the first
experimental limit on F

p
s at large momentum transfer of

2.5 GeV2 (or discover its non-zero value) and reduce the
current uncertainty from the strangeness contribution in
the flavor separated proton form factors such as F d

2 by a
factor of 6.

The concept above is close to the one in Ref. [108]
but relies on the existing hadron calorimeter, existing
radiation hard electron calorimeter, and advanced DAQ
currently available. The JLab PAC29 had a concern
about the impact of the proton transverse polarization,
see [110], on determination of the proton coordinate in
the shower detector. A recent study [111] found that po-
larization of the recoil proton will shift the detected coor-
dinate by ⇠10 µm, in close agreement with our analytical


