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FIG. 20. Top: Side view of the apparatus. The electron
beam goes from right to left. The proton detector is shown in
green and the electron detector in purple; the liquid hydrogen
target is shown in blue. Bottom: Front view of the apparatus.
The blocks in orange get signals from the electron and the
proton whose directions are shown in red.

estimate. Such a value of the coordinate shift contributes
1% experimental uncertainty in PV asymmetry.

H. Precision Measurement of Hyperon Decay

Almost five decades after the discovery of ⇤0 polariza-
tion in inclusive unpolarized p-Be scattering [112], the
exact physical origin of this spontaneous (self) polar-
ization phenomena remains a mystery. Quark helicity
conservation and the small magnitude of spin-flip ampli-
tudes arising from higher twist contributions along with
the high multiplicity of inclusive reactions imply that the
large self polarizations cannot be understood in pertur-
bative QCD. In fact this is just as (or even more) se-
rious a problem as the nucleon spin problem and are
probably closely related [113]. It even led to the intro-
duction of new type of leading twist fragmentation func-
tions (FF) called polarizing FF that depend on the quark

transverse polarization [114]. The hyperon polarization is
typically determined from their self-analyzing parity vio-
lating weak decay by measuring the angular distribution
of the decay products. These self-analyzing hyperon de-
cays are a strangeness key to study confinement in QCD.
This is primarily because the mass of the strange quark
(⇠ 95 MeV/c2) is closest to the QCD cut-off ⇤QCD ⇡
200 MeV/c2, the scale where quarks are confined into
hadrons.

Triple coincidence measurements with the HMS,
SHMS and NPS can provide a unique precision window
into hyperon self polarization. In the case of the ⇤0 and
⌃0 decay, the seldom used ⇤0 ! ⇡

0
n and ⌃0 ! ⇤0

�

decay channels can be employed. The triple coincidence
reactions p(~e, e

0
K

+
⇡
0)n and p(~e, e

0
K

+
�)⇤0 can be mea-

sured with the scattered electron detected in the HMS
and the K

++⇡
0
/� detected in the SHMS+NPS com-

bined spectrometer system. The polarized electron beam
and the parity violating weak decay of the hyperons im-
ply that in the rest frame of the hyperon the angular
distribution of the decay products is given by [115];
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where ✓ is the C.M. angle of the decaying ⇡
0
/�, ↵ is the

parity violating decay parameter, P 0 is the induced (self
polarization), Pb is the beam polarization and P

0
is the

polarization transfer. The high luminosity and the high
resolution spectrometers of Hall C will enable precision
measurement of P 0 and P

0
in hyperon decay over a large

range of W, t and Q
2. This will allow precision tests of

the strange quark spin, orbital angular momentum and
final state interactions and provide unique insight into
confinement in QCD. Similar measurements with nuclear
targets will provide precision information on the hyperon
response functions RTL0 and RTT 0 and their A depen-
dence. All of this will help unravel the five decade old
puzzle of hyperon self-polarization.

In addition, the measurement of a non-zero angular
asymmetry in the ~⌃0 ! ⇤0

� decay via the reaction
p(~e, e

0
K

+
�)⇤0 or p(~e, e

0
⇡
�
�)p would serve as an indi-

cation of strong CP violation beyond the SM [116]. This
reaction provides an alternate test of CP violation that
is a hybrid of the traditional weak decay of baryons and
electric dipole moment (EDM) searches. It was recently
pointed out that this angular asymmetry has never been
measured to date [116]. Given the challenges of mea-
suring ⌃0 decays, this measurement is only possible in a
high luminosity facility such as Hall C.

Furthermore, with a focal plane polarimeter (FPP) in
the SHMS one can measure the parity violating decay
parameter of the ⌃+ hyperon with unprecedented pre-
cision. Note that the PDG value of this decay parame-
ter is based on a measurement from the 1960s with less
than 1500 events [115]. The triple coincidence reactions
p(~e, e

0
~p⇡

0)K0 can be used to measure the decay param-
eters of the ⌃+ hyperon (~⌃+ ! p⇡

0). The polarization


