
MEASUREMENT OF THE WEAK PION-NUCLEONCOUPLING CONSTANT, H1�, FROM BACKWARD PIONPHOTO-PRODUCTION NEAR THRESHOLD ON THEPROTONR. SULEIMANJe�erson Lab, MS 12H, 12000 Je�erson Ave, Newport News VA 23606, USAE-mail: suleiman�jlab.orgThe longest range weak pion-nu
leon 
oupling 
onstant, h1� , is important for nu-
lear parity violation. However, after 
onsiderable e�ort in the past two de
ades,its value is still poorly known largely due to many-body theoreti
al un
ertain-ties. Prospe
ts of a new measurement of h1� in a theoreti
ally 
lean pro
essare presented. A measurement of the parity-violating asymmetry in pion photo-produ
tion o� the proton is related to h1� in a low-energy theorem for the photonpolarization asymmetry at threshold in the 
hiral limit. At present two 
ompletedexperiments - photon 
ir
ular polarization for 18F and the anapole moment of133Cs - have been interpreted to give very di�erent values of h1�. This experimentwill be the �rst attempt to measure h1� in the single nu
leon system. A reliablemeasurement of h1� provides a 
ru
ial test of the meson-ex
hange pi
ture of theweak NN intera
tion. Su
h a test of the meson-ex
hange pi
ture will shed lighton low energy QCD.1 Introdu
tionThe nu
leon-nu
leon (NN) weak intera
tion is the last se
tor of the weakintera
tion where the main aspe
ts of the ele
troweak theory have not beenveri�ed. In the presen
e of the nu
lear intera
tion, the weak NN intera
tion
an be isolated via parity violation. The most 
omprehensive theoreti
altreatment to date to des
ribe the weak NN intera
tion is given in a reviewby Desplanques, Donoghue, and Holstein (DDH) 1. Their best guess value ofthe weak pion-nu
leon 
oupling 
onstant is h1� = 4:6� 10�7.The determination of h1� from experimental measurements in nu
lei aredis
ussed in Referen
e 2. There are substantial un
ertainties in interpretingmost experiments in nu
lei be
ause one 
an not make reliable 
al
ulationsof the amplitudes of the weak meson-nu
leon ex
hange potential operators.This measurement is free from nu
lear stru
ture un
ertainties and is a 
leanmeasurement of h1�.pro
eedings: submitted to World S
ienti�
 on April 30, 2002 1



Figure 1. Asymmetry of the di�erential 
ross se
tion for ~
p ! n�+ as a fun
tion of thepion Lab angle (h1� = 4:6� 10�7).2 Pion Photoprodu
tion at ThresholdThe weak intera
tion indu
ed parity-violating asymmetry in low energy pionphotoprodu
tion was 
al
ulated by Chen and Ji 3. They found that the photonheli
ity asymmetry: A
 = d�(�
 = +1)� d�(�
 = �1)d�(�
 = +1) + d�(�
 = �1) (1)at the �rst non-vanishing order (NLO) in heavy-baryon 
hiral perturbationtheory (HB�PT) at threshold is:A
(~
p! �+n)jth = p2f�(�p � �n)gAmN h1� � h1�=2 (2)where f� is the pion de
ay 
onstant and gA is the neutron de
ay 
onstant.There is an extended threshold region in whi
h the e�e
tive theory des
riptionremains e�e
tive and, at the same time, the 
ross se
tion is appre
iable. Thisregion is between 180 and 230 MeV in laboratory photon energy. The higher-order 
orre
tions are expe
ted to be O(E
=MN ) � 20%.pro
eedings: submitted to World S
ienti�
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Table 1. Experimental 
onditions for the proposed measurement.Beam Energy 230 MeVBeam Current 400 �ABeam Polarization 80%Radiator Thi
kness 3% r:l: Cu (0.043 
m)Photon Energy (E
) 230-180 MeVf (N
=Ne) 0.006Photon Polarization 75%Target 80 
m LH2Luminosity (L) 0:5� 1038 
m�2 se
�1Average Cross Se
tion d�d
 (
p! n�+) 5� 10�30 
m2/srSolid Angle A

eptan
e 1.0 srExperimental Asymmetry (A) 1:7� 10�7The asymmetry A
(��) in the di�erential 
ross se
tion for ~
p! n�+ as afun
tion of the pion Lab angle is shown in Fig. 1. Note the strong dominan
eof the photon polarization asymmetry at forward and ba
kward angles inthe threshold region. Only at angles near 90Æ and E
 > 200 MeV does themodi�
ation from high partial waves be
ome signi�
ant.3 Experimental ConsiderationsA polarized ele
tron beam will be used to produ
e a 
ir
ularly polarized pho-tons by hitting a radiator. The ele
tron beam will be de
e
ted away througha 
hi
ane to a beam dump. The photon beam will be in
ident on a liquidhydrogen target. A toroidal magnet will bend the ba
kward produ
ed pionsto a total absorption plasti
 s
intillator dete
tor. The expe
ted 
ounting rateis approximately 250 MHz. The dete
tor will be out of dire
t view of thetarget and will operate in 
urrent mode.The experimental 
onditions are listed in Table 1. 1000 hours of beamtime are required for 20% statisti
al a

ura
y. A high quality ele
tron beamwill be used to produ
e the photon beam with no ampli�
ation of any ofthe heli
ity 
orrelated di�eren
es in beam parameters (energy, angle, andposition). The total systemati
 un
ertainty is anti
ipated to be smaller thanthe statisti
al one.pro
eedings: submitted to World S
ienti�
 on April 30, 2002 3



Figure 2. The proje
ted error bar from this experiment 
ompared to DDH theoreti
al esti-mate and other 
ompleted and planned experiments.4 SummaryThe weak pion-nu
leon 
oupling 
onstant will be measured in pion photopro-du
tion to a high level of a

ura
y in a reasonable beam time. Fig. 2 showsvalues of h1�: (from left to right) DDH theoreti
al estimate, 18F experiments 4,133Cs experiment 5, and expe
ted statisti
al un
ertainty from LANSCE ex-periment 6 (it will a
hieve this un
ertainty in 9 months of data taking). Thelast value represents the expe
ted statisti
al un
ertainty from this experimentin 1.5 months of data taking.Referen
es1. B. Desplanques, J. Donoghue, and B.R. Holstein, Ann. Phys. 124, 449(1980).2. E.G. Adelberger et al, Ann. Rev. Nu
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