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Abstra
tThis te
hni
al note des
ribes the M�ller polarimetry in the se
ond engineering run and the forward-anglephysi
s data run of the G0 experiment (E00-006) in Hall C at Thomas Je�erson National A

elerator Fa
ilityfrom November 2003 through May 2004. This note 
overs the M�ller apparatus, the longitudinal polarizationmeasurements performed during the experiment, the spin-dan
e studies done to sele
t the proper Wien angle forthe maximum longitudinal polarization and transverse polarization, the e�e
t of Hall A and B leakage on the HallC beam polarization, the analysis of the polarization data, and the �nal polarization numbers and plots for theforward angle physi
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Introdu
tionFor a parity-violation experiment su
h as the G0 experiment, it is very important to know the polarizationof the ele
trons in the beam. In order to extra
t the physi
s asymmetry from the experimentally mea-sured asymmetry, it is ne
essary to 
orre
t the measured raw asymmetry value for the longitudinal beampolarization, as well as other dilution fa
tors. The physi
s asymmetry Aphysi
s is related to the measuredasymmetry Ameasured and the polarization PB byAphysi
s = AmeasuredPB :There is an additional additive 
orre
tion fa
tor that 
ontributes from any residual transverse beampolarization. Although only the longitudinally-polarized ele
trons 
ontribute to the parity-violating asym-metry that we are interested in, any transverse beam polarization is a potential sour
e of false asymmetrysin
e the transversely-polarized ele
trons 
an 
ontribute to a parity-
onserving Mott asymmetry. Unlikethe parity-violating asymmetry, this is a left-right asymmetry, but it does 
ontribute if the dete
tor is not
ompletely symmetri
 about the axis of the transverse ele
tron polarization. This left-right asymmetryarises from the transverse ele
tron spin intera
ting with the 
urrent generated by the proton's movementin the ele
tron rest frame (two-photon ex
hange e�e
t) [1℄. The 
orre
tion KT to the parity-violatingasymmetry 
an be written as KT = AT PBTPB FS ;where AT is the measured asymmetry for purely transversely polarized beam, PBT is the transversebeam polarization, PB is the total beam polarization, and FS is the degree of dete
tor asymmetry [2℄. Ameasurement of the transverse 
omponent of the ele
tron beam polarization is 
learly needed to 
onstrainthe size of this systemati
 false asymmetry, so a series of measurements with transversely polarized beamwere performed to extra
t AT . The generation and indire
t determination of the transversely polarizedbeam are dis
ussed in this note; the dis
ussion of the 
ontribution of the transverse 
omponent of the beamto a systemati
 false asymmetry is lo
ated in another te
hni
al note [3℄.In addition to these 
on
erns, it is by using the beam polarization data from the M�ller polarimeter thatwe 
hoose the optimal Wien �lter angle setting to 
ompensate for the beam spin-transport through thea

elerator and thus obtain the maximum possible longitudinal polarization in the experimental hall. Thesign of the polarization data is also used to determine the a
tual ele
tron orientation in the two designatedheli
ity states for ea
h insertable half-wave plate setting. The measurements performed to optimize theWien �lter angles are dis
ussed in this report; for more information about the determination of the trueele
tron heli
ity, refer to the separate te
hni
al note 
overing that topi
 [4℄.Happily, Hall C is equipped with a M�ller polarimeter that is able to measure the polarization of theele
tron beam to great a

ura
y. Although the Hall C M�ller 
annot dire
tly measure the transverse beampolarization, it was possible to indire
tly infer the transversely-polarized 
omponent of the beam.The Polarized Ele
tron Beam at Je�erson LabThe G0 experiment typi
ally made use of 40 �A of a 3 GeV polarized ele
tron beam delivered into experi-mental Hall C by the a

elerator at Je�erson Lab. The polarized ele
tron beam available at Je�erson lab isvery 
lean, with little beam halo and small heli
ity-
orrelated di�eren
es in beam properties su
h as 
harge,position, and angle, making the lab the ideal pla
e to 
ondu
t a pre
ision parity-violation measurementlike G0.The Generation of Polarized Ele
tron BeamsThe highly polarized ele
tron beam produ
ed at Je�erson Lab is produ
ed by shining 
ir
ularly polarizedlaser light onto a strained gallium arsenide (GaAs) 
rystal. The 
ir
ularly polarized laser light is generatedfrom the linearly polarized light from the titanium(Ti)::sapphire G0 laser by a Po
kels 
ell. A Po
kels 
ellis a birefringent 
rystal where the indi
es of refra
tion vary in dire
t proportion to the voltage applied toit. The voltage applied to it e�e
tively makes the Po
kels 
ell a �=4 (quarter-wave) plate, whi
h 
onvertsthe linearly polarized laser light into left- or right- 
ir
ularly polarized light. When the 
ir
ularly-polarized2



laser light is made in
ident on the GaAs 
rystal, ele
trons es
ape the 
rystal via the photoele
tri
 e�e
t,and have a net polarization due to in
ident photon's polarization and the allowed transitions in the GaAs
rystal. The 
hoi
e of left- or right- 
ir
ularly polarized light in
ident on the the GaAs 
rystal determinesthe heli
ity state, \h+" or \h�", of the emitted ele
trons [2℄.The heli
ity signals for the experiment are generated in quartets: +��+ or �++�, where the �rstmember of the quartet is 
hosen pseudo-randomly and the next member is the 
omplement of the �rst.The ele
tron heli
ity is 
ipped every 30 ms, or ma
ro-pulse (MPS). This s
heme allows a 
an
ellation oflinear drifts over the times
ale of the quartet sequen
e. The heli
ity information signals a transition atthe instant the Po
kels 
ell is set to the new state, and then the signals \h+" and \h�" are sent to theG0 ele
troni
s in the Hall C 
ounting house from the polarized sour
e heli
ity 
ontrol box in \delayedreporting mode" (delayed by a present number of 30 Hz pulses) [5℄. These signals are used to designatethe heli
ity of a given MPS, although the labels \h+" and \h�" only des
ribe the heli
ity state and its
omplement, respe
tively, and do not ne
essarily 
ontain the state that the label implies.As a systemati
s 
he
k, the G0 experiment uses an insertable half-wave plate (IHWP) on the lasertable. The insertion of this IHWP reverses the heli
ity of the beam ele
trons with respe
t to the heli
itysignal reported to the G0 ele
troni
s, so that the ele
trons labeled as \h+" are 
ipped to the oppositeheli
ity state that they were formerly. The parity-violating physi
s asymmetry reverses sign, but theele
troni
s asymmetry does not under the insertion or removal of the IHWP. Sin
e all other aspe
ts of theexperiment have remained the same, any heli
ity-
orrelated di�eren
es in the ele
troni
s be
ome apparentwhen physi
s asymmetries from data taken with the IHWP in and out are summed together. If thereare no heli
ity-
orrelated di�eren
es present in the ele
troni
s, the physi
s asymmetries summed over thetwo IHWP states will be zero. As the polarization reported by the M�ller analyzer is 
al
ulated from theM�ller asymmetry measured by the polarimeter, the sign of the M�ller asymmetry also 
hanges sign withthe IHWP setting. This 
auses the polarization to be reported as positive or negative, depending on thea
tual heli
ity of the beam ele
trons in that IHWP setting.Beam Transport and Spin Pre
essionThe ele
trons that are emitted from the GaAs 
rystal are longitudinally polarized. However, as the ele
tronbeam is transported through the a

elerator to Hall C, the beam is bent by a series of dipole magnets that
ause the beam polarization to pre
ess relative to the momentum ve
tor due to the anomalous magneti
moment of the ele
tron. This rotation happens be
ause the gyro-magneti
 ratio of the ele
tron is 2.0023193,instead of pre
isely 2. To 
ompensate for the g � 2 pre
ession and ensure that the ele
trons that arrive atthe G0 target are longitudinally polarized, the beam passes through a Wien �lter before the beam entersthe a

elerator.The Wien �lter 
onsists of a pair of ele
trostati
 plates and a magneti
 dipole. The ele
tri
 �eld fromthe plates is perpendi
ular to the magneti
 �eld from the dipole, and both are perpendi
ular to the beamvelo
ity. The ele
tri
 and magneti
 �elds are set to 
an
el ea
h other out, that is, the net Lorentz for
e onthe ele
trons must be zero: F = q(E+ ~� �B) = 0;where ~� = v
 is the ele
tron velo
ity, and E and B are the ele
tri
 and magneti
 �eld ve
tors, respe
tively.Sin
e there is no net for
e on the beam ele
trons, the traje
tory of the beam is un
hanged as it passesthrough the �lter. However, the spin ve
tor of the ele
tron will pre
ess about the magneti
 �eld. Thepre
ession is given by [6℄, [2℄: dsdt = em
s�B �g2(1 + �2)� 2�1� 1
�� ;where s is the ele
tron's spin ve
tor, g2 is the magneti
 moment of the ele
tron in units of Bohr magnetons��B = e�h2me�, and 
 = 1p1��2 . Assuming a perfe
t Wien �lter of length L, the total spin rotation angle isgiven by � = L
� eBm
 hg2 �1 + �2�� 2i :The optimization of the Wien �lter setting is done experimentally by using the M�ller polarimeter toperform a spin-dan
e measurement, but it 
an be roughly set by using the knowledge of the beam energyand pre
ession through the a

elerator. 3



The Hall C M�ller PolarimeterM�ller S
atteringThe M�ller polarimeter is used to measure the polarization of the ele
tron beam entering Hall C. Toa

omplish this goal, the polarimeter measures the spin-dependent asymmetry in the 
ross se
tion for theelasti
 s
attering of polarized ele
trons from polarized ele
trons (~e+ ~e! e+ e), or M�ller s
attering. The
ross se
tion asymmetry for M�ller s
attering 
an be 
al
ulated exa
tly in quantum ele
trodynami
s. For alongitudinally-polarized (in the z-dire
tion) beam and target, the 
ross se
tion in the 
enter-of-mass (CM)referen
e frame is given by [7℄: d�d
 = d�Æd
 �1 + PBz P Tz Azz(�)	 ;where d�Æd
 is the unpolarized 
ross se
tion, Azz(�) is the analyzing power, and PBz and P Tz are the beamand target foil longitudinal polarization, respe
tively.The asymmetry for the 
ross-se
tional di�eren
e between right-handed and left-handed in
ident beamele
trons 
an be 
omputed by the expression [7℄AM�ller = � d�d
�"" � � d�d
�#"� d�d
�"" + � d�d
�#" = jPBz jjP Tz jAzz(�);At 90ÆCM , the analyzing power is large (Azz(�) = � 79 ), and with a known target polarization P Tz , adetermination of the beam polarization 
an be made by measuring AM�ller .The M�ller Polarimeter ApparatusThe Hall C M�ller polarimeter measures the absolute polarization of the ele
tron beam that arrives in HallC with an a

ura
y of better than 0.5%. The polarimeter is lo
ated in the Hall C beam al
ove, whi
h isupstream of the entran
e to Hall C, but downstream of the last dipole magnets that steer the ele
tron beaminto Hall C from the beam swit
hyard. This lo
ation ensures that there will be no further polarization
hanges due to spin pre
ession 
aused by beam transport before the ele
tron beam rea
hes the G0 targetin Hall C.A s
hemati
 of the polarimeter apparatus is shown in Figure 1. The M�ller target that the experimentused for the typi
al polarization measurement was a 4 �m thi
k iron foil target that was magnetized by a3 T magneti
 �eld produ
ed by the super
ondu
ting M�ller solenoid. The high magneti
 �eld ensures a
omplete saturation, so the spin polarization of the outer shell target ele
trons in the target is well known(8:036� 0:015%). The target foil is mounted in a remotely 
ontrolled target ladder that is used to insertor retra
t the desired target into or out of the beam path. The M�ller ele
trons that s
atter at 90ÆCM(1:06Æ in the lab frame at the 3 GeV beam energy for G0) pass through a small quadrupole, a series ofdensimet (a tungsten alloy) 
ollimators, and a large quadrupole magnet to a
hieve a satisfa
tory separationof the s
attered M�ller ele
trons and the beam line (a horizontal spread of 49 
m). The system of movable
ollimators and the pair of quadrupoles allows the system to be tuned for di�erent beam energies fromabout 0.8 to 6 (GeV/
)2. In order to suppress the Mott ba
kground, the M�ller polarimeter uses two leadglass total absorption dete
tors in 
oin
iden
e. The narrow 
oin
iden
e time gate (5 ns width) redu
es thea

idental ba
kground and the shower 
ounters, whi
h provide energy information, allow the suppressionof any low-energy ba
kground. A M�ller ele
tron pair is de�ned as a 
oin
iden
e between both the left andthe right lead-glass shower 
ounters. M�ller ele
trons separated 43 to 55 
m from the beam line (whi
h
orresponds to 83ÆCM to 97ÆCM ) are a

epted past the 
ollimators that are pla
ed dire
tly in front of thelead-glass dete
tors [7℄. A diagram of the position of the 
ollimators and quadrupoles is shown in Figure2.Polarization MeasurementsThe majority of the measurements made with the M�ller polarimeter were to determine the longitudinalpolarization of the ele
tron beam. However, the M�ller was also used to determine the optimal Wien anglesetting for the longitudinal running, as well as the optimal setting for the transverse polarized running.4



Figure 1: A diagram of the Hall C M�ller polarimeter.From this, the transverse polarization 
ould be indire
tly determined. Some polarization measurements ofthe leakage beam from the Hall A and B lasers were also performed.Longitudinal Polarization MeasurementsTypi
ally, polarization measurements were performed when the insertable half-wave plate setting was
hanged, or about every two or three days in the G0 experiment. The pro
edure for taking data withthe M�ller polarimeter is simple, and was even more so for the G0 experiment, sin
e the experiment ranwith the M�ller quadrupoles on and part of the nominal beam opti
s. Dire
tly before a measurement,while normal physi
s data-taking was pro
eeding, the inje
tor parameters were re
orded to verify that theM�ller data were taken in a state as 
lose to normal G0 produ
tion data-taking 
onditions as possible.After re
ording the inje
tor parameters and the state of the beam to the other two experimental halls, theperson performing the measurement would 
onta
t the ma
hine 
ontrol 
enter (MCC), requesting that thea

elerator operators tune the beam for a M�ller measurement in Hall C. MCC would turn o� the beamand the G0 target would be retra
ted. The M�ller solenoid was usually left ramped up to the operating�eld of 3 T for most of the data run, but if ne
essary, the M�ller solenoid was ramped up to the operating�eld at this point. In this interval, the high voltage to the G0 main dete
tors and halo monitors would beturned o�, the high voltage to the M�ller dete
tors would be turned on, and the gain setting for BCM2 (abeam 
urrent monitor) would be swit
hed up to gain setting 4 from 3. MCC would then tune the beamand adjust the beam positions for the M�ller measurement. After the beam positions were a

eptable,MCC would turn o� the beam and M�ller target 3 (the 4 �m thi
k iron foil target) would be inserted intothe beam path. The person performing the measurement would then request 2 �A of beam. The 
urrentfor these measurements was redu
ed using the slit, so the leakage fra
tion remains the same at 2�A and40 �A. After verifying that the M�ller s
alers were all 
ounting at a 
oin
iden
e rate of about 10 - 100kHz, the M�ller operator would start the M�ller data a
quisition system. A typi
al M�ller data run forthe G0 experiment was about 5 minutes long and would have at least 5 million 
oin
iden
es. While theM�ller data were being taken, the inje
tor parameters were re
orded again to 
ompare to the usual G0running 
onditions. After taking two or three data runs, the person doing the M�ller measurement wouldask MCC to 
hange the half-wave plate setting, and then would take two more M�ller data runs. Afterea
h run �nished, the M�ller operator replayed the run with the M�ller analyzer to verify that the beampolarization and the sign of the beam polarization were as expe
ted. After �nishing the measurement, theM�ller operator would reverse the set-up steps to restore the normal running 
onditions and re
ord theresults of the measurement in the G0 ele
troni
 logbook.Tables that list all of the polarization measurements performed during the se
ond engineering run andthe forward-angle physi
s run of the G0 experiment are in
luded in Appendix A.5



Figure 2: A diagram of the M�ller lay-out and opti
s.Spin Dan
e MeasurementsBe
ause of the spin pre
ession that takes pla
e during beam transport to Hall C, it is ne
essary to 
alibratethe Wien �lter to the optimal setting that will maximize the longitudinal polarization at the G0 target.Sin
e the M�ller polarimeter is lo
ated after the last of the major bending magnets that steer the beaminto Hall C, it is used to perform this 
alibration.To perform the 
alibration, data were 
olle
ted with the M�ller polarimeter for several Wien anglesetting spanning about 200Æ. The polarization of the beam at ea
h Wien angle setting was determinedfrom the measured data, and then plotted versus the Wien angles. The data showing the dependen
e ofthe measured polarization on the Wien angle was �tted usingPmeas = Pe 
os(�Wien + �);where Pe is the beam polarization amplitude, �Wien is the Wien angle setting, and � is the net spin rotationbetween the Wien �lter and the Hall C polarimeter. From the �t, the net spin rotation � at the maximumlongitudinal polarization 
an be found, and the Wien �lter 
an be set to the negative of this value to
ompensate for the spin rotation. An example of the data and the �t using the data from the February 10,2004 spin dan
e is shown in Figure 3. after the spin dan
e, the Wien angle was set to �12:62Æ to maximizethe longitudinal polarization [8℄.Ideally, the Wien �lter setting should remain the same throughout an experiment if nothing else 
hangesin the beam path. However, due to a pass/energy 
on�guration 
hange and the transverse data-taking,other spin-dan
e measurements were required and the Wien angle settings were adjusted several timesduring the G0 experiment.Tables that list all of the spin-dan
e polarization measurements performed at ea
h spin-dan
e during these
ond engineering run and the forward-angle physi
s run of the G0 experiment are in
luded in AppendixC, along with the plots and �ts to the data. 6



Figure 3: A �t of the form Pmeas = Pe 
os(�Wien + �) to the polarization data from the February 10 spin dan
e.Transverse Polarization MeasurementsThe Hall C M�ller polarimeter is unable to dire
tly measure the transverse polarization sin
e it does notat present have the 
apa
ity to have a transversely-polarized target. However, an indire
t determinationof the transverse 
omponent of the polarization 
an be made by 
onstraints set by a spin dan
e.By doing the sinusoidal �t to the measured polarization data at the di�erent Wien angles and solvingfor the zero-
rossings, the two Wien angles for purely transversely polarized beam were as
ertained for thetransverse running of G0. To verify the Wien angle setting, polarization measurements were then taken.A longitudinal polarization measurement with the Hall C M�ller polarimeter that is 
onsistent with zeroimplies that the polarization is purely transverse. In the spin dan
e for the G0 transverse running on Mar
h22, the measurements gave an optimal longitudinal Wien angle of +3.69 degrees and two zero-
rossingsfor the optimal transverse polarization at -84.99 and +93.90 degrees. The Wien was set to -85.23 degrees,whi
h yielded a longitudinal polarization measurement 
onsistent with zero, as expe
ted. However, it wasfound that in the four days of transverse running, the spin dire
tion of the polarization relative to purelylongitudinal had drifted 2:75Æ � 0:50(stat)�0:55(sys), when the Mar
h 26 spin dan
e measured a zero
rossing of �87:98Æ � 0:71 [9℄.Tables that list the polarization measurements, in
luding the indire
t transverse measurements, per-formed during the se
ond engineering run and the forward-angle physi
s run of the G0 experiment arein
luded in Appendix A.Leakage Polarization MeasurementsDuring the experiment, polarization data were taken to determine the e�e
t of the leakage beam 
urrentfrom Halls A and B on the Hall C polarization. These data were were taken at di�erent slit settings anddi�erent 
on�gurations of the other two halls, and were taken throughout the run.One of the studies was performed to as
ertain the worst-
ase s
enario of the e�e
t of the leakage 
urrenton the polarization in Hall C. To do this, the 
urrent was 
hanged using the attenuator instead of the slit,and the slit was set wide open. This gave the maximum sensitivity to the leakage 
urrent from halls A andB. It was determined that even with Hall A running at 120 �A and Hall B at 25 nA, the leakage 
urrentwas quite small, about 50 nA. The e�e
t of this leakage was to drop the measured polarization by about3% at 2 �A with the Hall C slit wide open using the attenuator instead of the slit. From this informationit 
an be determined that when taking data at 10 �A, the leakage 
urrent de
reases the beam polarizationby about 0.6%, at 20 muA by 0.3%, and at 40 �A it drops by about 0.15%, assuming the the 
urrentis 
hanged using the attenuator [10℄. Under normal data-taking 
onditions, using the slit instead of the7



attenuator to 
hange the 
urrent, the maximum possible e�e
t from the leakage was 0.2% (fra
tional) onthe polarization.Tables that list the leakage beam polarization measurements performed during the se
ond engineeringrun and the forward-angle physi
s run of the G0 experiment are in
luded in Appendix B.Analysis of the Polarization DataTransverse Polarization AnalysisThe determination of the transverse polarization was done by assuming that the longitudinal polarizationmeasured for the spin dan
e on Mar
h 26 was the value of the polarization during the transverse running.The error bars were assigned based on the interpolation between the two spin dan
es on Mar
h 22 and26, with some in
ation due to the indire
t nature of the determination and the drift of 2:75 degrees thato

urred during that period. People using these transverse numbers may wish to assume some additionalsystemati
 un
ertainty sin
e the transverse polarization was not dire
tly measured.Based on the 
onstraints from the spin dan
e, the interpolated polarization values for the transverserunning are shown in Table 1.Run Range Polarization (%) IHWP Time Period Comments20791-20900 74:18� 0:74 in 3/22 - 3/26 Transverse20791-20900 74:45� 0:74 out 3/22 - 3/26 TransverseTable 1: The absolute polarization for the transverse running. Error bars are quasi-statisti
al with some interpolationerror folded inLongitudinal Polarization AnalysisThe beam polarization value is 
al
ulated by the equationPBz = AM�l � fB ;where AM�l is the measured M�ller asymmetry de�ned byAM�l = h+ � h�h+ + h� ;and fB is the beam polarization fa
tor. The beam polarization fa
tor is de�ned asfB = 1P TAzz ;where P T is the target polarization and Azz is the analyzing power integrated over the entire a

eptan
e ofthe M�ller dete
tors. Azz is generated by the M�ller Monte Carlo, and in
ludes the 
orre
tions for multiples
attering, radiative 
orre
tions, and the Lev
huk e�e
t (atomi
 Fermi motion). In prin
iple, it gives whatwould be measured if the beam was 100% polarized. The error on the beam polarization is given by [7℄�PBPB =vuut��AM�lAM�l �2stat +��AzzAzz �2sys +��P TP T �2stat+sys:The polarization was high and very stable throughout the running of the G0 experiment. However,
hanges in the sour
e, su
h as laser spot moves and inje
tor 
on�guration 
hanges, had an impa
t on themeasured polarization in Hall C. In addition, there is suggestive eviden
e that 
hanges to the PITA voltagemay have had some impa
t on the polarization. The time length of the run was divided into periods de�nedby 
hanges in the sour
e that a�e
ted the measured polarization, and the �nal values are reported basedon these intervals of stable beam. Other fa
tors that a�e
ted the were leakage from the other halls, whi
hwas measured and 
orre
ted, and potential mis-settings of the Wien �lter, whi
h are dis
ussed later.8
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Figure 4: A plot of the ratio of the sigmas from the twopolarization 
orre
tion methods versus measured asym-metry.
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Figure 5: A plot of the ratio of the sigmas from the twopolarization 
orre
tion methods versus the rate.Polarization Stability StudiesThe beam polarization was extremely stable for the period of the G0 physi
s data run. The question ofjust how stable was then posed to as
ertain whether the physi
s asymmetries had to be 
orre
ted for thepolarization on a run-by-run basis by the nearest polarization measurement, or 
ould be 
orre
ted by theglobal average polarization value for the entire physi
s run. To make this determination, a simple studyby simulation was done.A simulation of the data-taking was set up, using the assumptions that the rate was 1 MHz and thata polarization measurement was taken every 47 hours, or about two days. The program 
al
ulated thepolarization-
orre
ted asymmetry for that period and a given measured asymmetry, and then used thisinformation to randomly �ll a Gaussian distribution for a measurement using eight o
tants for 47 hours.This was done for �fteen polarization measurements. The �fteen Gaussian of the 
orre
ted measurementfrom ea
h period were summed, and then �tted. This was done for a range of measured asymmetriesvarying from 5.0 to 150.0 ppm.This was repeated for three di�erent polarization data set: the �rst �fteen average measurements fromthe real data set, whi
h has about a 1% variation, a fabri
ated set with a 5% symmetri
 variation, anda seoond fabri
ated set with a 10% symmetri
 variation. The variation of the two fabri
ated polarizationdata sets was 
hosen to be symmetri
 (with the last value left untou
hed sin
e the set has an odd numberof measurements) so that the mean polarization value for the run would be the same for all three sets.The simulation also 
al
ulated the polarization-
orre
ted asymmetry using the global average polar-ization of the �fteen measurements from the entire run and a given measured asymmetry for the entirephysi
s run, and the used that information to randomly �ll a Gaussian distribution for a measurement of705 hours using all eight o
tants. The resulting Gaussian was �tted, just as in the 
ase before. This wasalso done for the same sixteen measured asymmetry values and three polarization data sets, although themean value for ea
h polarization set was identi
al.The results from this exer
ise are shown in Figure 4. Figure 4 is a plot of the sigma from the �t ofthe Gaussian of the run-averaged polarization-
orre
ted asymmetry divided by the sigma from the �t ofthe individual measurement-
orre
ted Gaussian versus the varied asymmetry values, for ea
h of the threepolarization data sets. The plot shows that for asymmetries less than 40 ppm, there is no obvious e�e
t.For asymmetries greater than 40 ppm, the dis
repan
y of the di�erent polarization 
orre
tions be
omesin
reasingly signi�
ant as the sigma for the individually-
orre
ted asymmetry be
omes larger than therun-averaged 
orre
ted sigma. The dis
repan
y is greater for the greater variation in the polarization dataset, and not dis
ernible within the error bars for the 1% variation in the polarization data, whi
h is the realdata set. This plot is a
tually done with twi
e the number of hours of the experiment to a
hieve smallererror bars. 9
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Figure 6: A histogram of the polarization measurements.A se
ond study was then performed, this one following the same basi
 pro
edure, but this time usinga 
onstant measured asymmetry of 120 ppm and varying the rate from 0.5 to 4.0 MHz. The simulation�lled the Gaussian for ea
h of the three polarization data sets and �tted the resulting distribution. Thiswas also done for twi
e the number of hours of the a
tual experiment to in
rease the number of statisti
s.The results of this study are shown in Figure 5, whi
h shows the sigma from the �t of the Gaussian ofthe run-averaged polarization-
orre
ted asymmetry divided by the sigma from the �t of the individualmeasurement-
orre
ted Gaussian versus the di�erent rates, for ea
h of the three polarization data sets. Asbefore, the real polarization data set (the 1% variation) does not display mu
h of a dis
repan
y with thein
reasing rates in this range, but the 5% and the 10% show an in
reasingly larger e�e
t.The study showed that there does not appear that there is any real dis
repan
y between the two
orre
tion methods for the asymmetries and rates in the range of the a
tual experiment. The simulation wasrepeated using asymmetri
ally varied polarization sets, and thus di�erent mean values, but there was littledi�eren
e from the results of the symmetri
al 
ase. To determine whether the polarization measurementsare a
tually symmetri
ally varied, all nineteen average measurements were �lled into a histogram and �ttedwith a Gaussian, shown in Figure 6. The �t is somewhat Gaussian, but the information to be gained fromit is limited by the low statisti
s [11℄.M�ller Systemati
 ErrorThe un
ertainty of the polarization measurement has 
ontributions from the foil polarization, target heatingand warping, and various other errors in the set-up and tuning of the equipment. The 
ontributions tothe systemati
 error are summarized in Table 2. The systemati
 error un
ertainties due to potential mis-tuning or misalignment of the various parts of the polarimeter have been well studied before, as have the
ontributions of the un
ertainty of the beam position measurement, the 
orre
tions for the Lev
huk e�e
t(the motion of the atomi
 ele
trons in the iron target), and the 
ontribution of multiple s
attering [12℄,[13℄.For the G0 run, the M�ller solenoid �eld was set to 3T instead of 4T, due to histori
al reasons. This�eld setting gave a target polarization of 0:08036� 0:00015, so there is a +0.1% 
orre
tion to the beampolarization numbers, and a 
ontribution of 0.19% to the un
ertainty.1 At 3T, 2Æ of target warping yieldsan un
ertainty of 0.37%. For the measurement 
urrent of 2 �A, and a beam spot size of 100 �m, the e�e
ton the polarization of target heating from the beam on the iron foil is 0.2%, with a random un
ertainty of0.1%.Leakage beam from the other halls gives a 
ontribution of 0.2% fra
tional error on the polarization inthe worst 
ase s
enario. The 
orre
tion for the 
harge measurement is very small, at most Q+=Q� � 1:008,and usually smaller. The 
harge asymmetry is even smaller. The gain of the BCMs is nonlinear at the 0.21For a 4T �eld, the target foil polarization is 8:043� 0:015%. 10



- 0.3% level, whi
h is negligible for these measurements. Assuming the o�set is un
ertain at the 10 kHzlevel (0.25 
ounts/MHz versus 0.24), this leads to a 0.02% e�e
t.The level translators have 15 ns gates, as opposed to the 6 ns gate of the 
alorimeters. For a typi
alM�ller run, the rates are � 25 kHz, and so the e�e
t on the M�ller asymmetry of the ele
troni
 deadtimeis 0.04%.To be 
onservative, we have added two more sour
es of error: one for the high-
urrent extrapolation, andanother for a

elerator ambiguities. There is no 
urrent dependen
e of the polarization measurement at the1 % level up to 10 �A, veri�ed by tests with the M�ller raster in 2003, and there is no 
onvin
ing argumentfor a 
hange in beam polarization at higher 
urrents. However, there have been no good measurementsof the beam polarization in this 
urrent range. Tests with the M�ller ki
ker in 2004 looked good at the 1- 2% level at 40 �A, but the sour
e was too unstable for a pre
ise measurement. In the interest of being
onservative, a 1% fra
tional un
ertainty is assumed for the extrapolation from 2 �A to 40 �A. The 0.5%designated for a

elerator ambiguities is meant to a

ount for any laser spot moves, quantum eÆ
ien
y
hanges, or other a

elerator 
on�guration 
hanges that a�e
ted the polarization but were not re
orded.There is a global systemati
 shift of +0.3% up in polarization for all points (not yet applied to thesepoints in this note) for the 
orre
tion for the target polarization and target heating. The 
onservativenumber for the total systemati
 un
ertainty, in
luding the 
ontributions from the high-
urrent extrapolationand the a

elerator ambiguitites, is 1.32%. The total sytemati
 un
ertainty without the high-
urrentextrapolation, but with the a

elerator-ambiguity, is 0.86%, and without either of these errors, 0.70%. Allthese are fra
tional [14℄.Table 2 summarizes these un
ertainties and give the total, 
onservative e�e
t on the polarization.Sour
e Un
ertainty E�e
t on A (%)Beam position x 0.5 mm 0.15Beam position y 0.5 mm 0.03Beam angle x 0.15 mr 0.04Beam angle y 0.15 mr 0.04Current Q1 2 % 0.10Current Q2 1 % 0.07Position Q2 1 mm 0.02Multiple S
attering 10 % 0.12Lev
huk E�e
t 10 % 0.30Collimator Position 0.5 mm 0.06Target Temperature 5Æ 0.2Dire
tion B-�eld 2Æ 0.06Value B-�eld 5 % 0.03Spin Polarization in Fe 0.19% 0.1Target Warping 2Æ 0.37Leakage 0.2High-Current 1.0Solenoid Monte-Carlo 0.1Ele
troni
 Deadtime 0.04Charge Measurement 0.02Monte Carlo Statisti
s 0.28A

elerator Ambiguities 0.5Total Corre
tions +0.3Total Un
ertainty 1.32Table 2: Sour
es of error in the determination of the beam polarization (solenoid at 3T). The per
entages are fra
tional.
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Final Beam Polarization ResultsThe �nal numbers for the polarization of the ele
tron beam for the G0 experiment are listed in Table 3.The values are shown for the appropriate time periods and data run number ranges that that polarizationis valid for, and they 
over the time from January to the end of the run in May. The justi�
ation for thedivision of the runs into these ranges is given in Appendix D. Figure 7 shows the absolute polarizationversus date for the experiment, shown by IHWP state, with dotted lines to indi
ate the time periodsof 
onstant polarization. The �ts for ea
h time period are also shown on the plot. The error bars arestatisti
al, ex
ept for the transverse numbers, whi
h are quasi-statisti
al with some interpolation errorfolded in. Figure 8 is a plot of the absolute polarization versus date for both IHWP states, with a global�t for ea
h half-wave plate state [14℄. It is important to note that the Wien �lter was not at a spin-dan
e veri�ed setting for optimal longitudinal polarization before the spin dan
e on February 10th, whenthe Wien angle was 
hanged from -9.5 to -12.64 degrees. After the 
hange to four-pass beam on Mar
h15th, the Wien angle was not 
hanged to 
ompensate for the additional pass through the a

elerator untilMar
h 16th. The Wien angle was 
hanged to +11.50 from -12.64, but this was not the optimal angle forlongitudinal polarization and was not veri�ed by a spin dan
e. After the transverse running and the Mar
h26th spin dan
e, the Wien angle was again optimized at an angle of +2.5 degrees.Run Range Polarization (%) IHWP Time Period Comments18868-19238 74:03� 0:46 in 1/11 - 1/2218868-19238 73:16� 0:50 out 1/11 - 1/2219239-19571 74:57� 0:21 in 1/22 - 2/319239-19571 74:49� 0:30 out 1/22 - 2/319597-19774 72:05� 0:43 in 2/5 - 2/1019780-20055 73:02� 0:21 in 2/10 - 2/2019780-20055 72:57� 0:20 out 2/10 - 2/2020056-20576 73:29� 0:19 in 2/20 - 3/920056-20576 73:45� 0:18 out 2/20 - 3/920633-20743 74:46� 0:42 in 3/16 - 3/2020633-20743 73:84� 0:31 out 3/16 - 3/2020744-20790 73:49� 0:36 in 3/20 - 3/2220791-20900 74:18� 0:74 in 3/22 - 3/26 Transverse20791-20900 74:45� 0:74 out 3/22 - 3/26 Transverse20901-21222 74:19� 0:18 in 3/26 - 4/720901-21222 74:46� 0:19 out 3/26 - 4/721223-21347 73:79� 0:30 in 4/7 - 4/1221223-21347 74:12� 0:36 out 4/7 - 4/1221348-22003 74:27� 0:21 in 4/12 - 5/1221348-22003 73:72� 0:16 out 4/12 - 5/1222004-999999 74:67� 0:29 in 5/12 - end22004-999999 74:75� 0:27 out 5/12 - endTable 3: The absolute polarization for the G0 se
ond-engineering and physi
s data runs. Error bars are statisti
al,ex
ept for the transverse numbers, whi
h are quasi-statisti
al with some interpolation error folded in.12



Absolute Electron Polarization versus Date
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Figure 7: The absolute polarization for the G0 se
ond-engineering and physi
s data runs, shown by IHWP state. Errorbars are statisti
al, ex
ept for the transverse numbers, whi
h are quasi-statisti
al with interpolation error folded in.I gratefully a
knowledge all the help that Dave Gaskell has given to me while working on this proje
t.He has helped to make this work fun and interesting. I also want to re
ognize the other members of thetalented M�ller group for their ex
ellent work and logbook entries during the run: Dave Gaskell, DamonSpayde, and Tanja Horn. Without their well-written entries, many mysteries would remain unsolved.For more information about the lovely Hall C M�ller polarimeter, read Matthias Loppa
her's Ph.D. the-sis entitledM�ller Polarimetry for CEBAF Hall C [7℄, or visit http://www.jlab.org/�moller/literature moller.html.
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Absolute Electron Polarization versus Date
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Figure 8: The absolute polarization for the G0 se
ond-engineering and physi
s data runs, shown with a global �t byIHWP state. Error bars are statisti
al, ex
ept for the transverse numbers, whi
h are quasi-statisti
al with interpolationerror folded in.
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A Polarization MeasurementsThe following tables 
ontain listings of the polarization measurements made with the M�ller polarimeterduring the se
ond engineering run and the forward-angle physi
s run of the G0 experiment.Leakage polarization measurements are in
luded.
Date Polarization (%) CommentHalf-Wave Plate IN Half-Wave Plate OUTDe
ember 8, 2003 || +65:75� 0:43 Hall B leakage, laser wavelength not optimizedDe
ember 9, 2003 || �71:71� 0:45 After beam spot move 1/9De
ember 13, 2003 || �72:08� 0:11De
ember 23, 2003 +70:82� 0:45 || Spot move 12/21; needs leakage 
orre
tionDe
ember 24, 2003 +70:42� 0:34 || With ki
ker; needs leakage 
orre
tionDe
ember 23-24, 2003 +72:80� 0:34 || Combined good runs; leakage 
orre
tedJanuary 20, 2004 +74:03� 0:46 �73:16� 0:50 Spot moves on 1/7 and 1/13January 20, 2004 �34:46� 39:77 || Hall B leakage, � 10nAJanuary 23, 2004 +74:30� 0:33 || Spot move 1/22, before this measurementJanuary 26, 2004 +74:62� 0:44 �74:14� 0:41January 26, 2004 || �39:31� 77:03 Hall A and B leakage, � 10nAJanuary 26, 2004 || +60:54� 17:95 Hall A and B leakage, � 15nAJanuary 29, 2004 +74:81� 0:33 �74:92� 0:45Table 4: The measured beam polarization in De
ember and January during the G0 Experiment.
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Date Polarization (%) CommentHalf-Wave Plate IN Half-Wave Plate OUTFebruary 10, 2004 +72:05� 0:43 || Wien angle = -9.50February 10, 2004 +72:50� 0:53 || Wien angle = -12.62February 11, 2004 +73:14� 0:75 �72:90� 0:55February 13, 2004 +73:63� 0:52 �72:44� 0:47February 13, 2004 || +55:35� 11:83 Hall B leakage, � 10nA (g0log 76516).February 15, 2004 +73:79� 0:42 �72:64� 0:40February 17, 2004 +72:80� 0:45 �72:54� 0:48February 19, 2004 +73:49� 0:51 �72:46� 0:41February 21, 2004 +72:80� 0:48 �73:52� 0:42February 23, 2004 || �73:16� 0:42February 25, 2004 +72:66� 0:41 �73:37� 0:48February 29, 2004 +74:23� 0:48 �73:17� 0:44Mar
h 2, 2004 +73:47� 0:41 �73:52� 0:41Mar
h 6, 2004 +73:39� 0:40 �74:16� 0:52Mar
h 17, 2004 || +73:97� 0:48 Sign 
hange due to pass/energy 
hange Mar
h 8.Mar
h 20, 2004 �74:46� 0:42 +73:75� 0:40Mar
h 22, 2004 �72:79� 0:51 || Prior to spin dan
e, Wien at +11.50Mar
h 22, 2004 �0:01� 0:55 || Transverse running, Wien at -85.23Mar
h 26, 2004 �3:67� 0:52 || Transverse running, Wien at -85.23Mar
h 26, 2004 �73:96� 0:41 || Resume longitudinal running, Wien at +2.50Mar
h 29, 2004 �74:18� 0:51 +74:82� 0:41Mar
h 31, 2004 �74:39� 0:42 +73:38� 0:51Table 5: The measured beam polarization in February and Mar
h during the G0 Experiment.
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Date Polarization (%) CommentHalf-Wave Plate IN Half-Wave Plate OUTApril 2, 2004 �73:79� 0:52 +74:81� 0:42April 4, 2004 �74:59� 0:42 +74:28� 0:42April 7, 2004 �74:09� 0:42 +74:01� 0:42April 7, 2004 �73:91� 0:38 +73:93� 0:51 Seven hours later, after spot 
hange.April 10, 2004 �73:57� 0:51 +74:31� 0:52April 15, 2004 || +74:83� 0:52 Hall A at 100�A.April 15, 2004 || +74:40� 0:52 Hall A at 100�A, Hall B at 25 nA.April 15, 2004 || �35:37� 5:53 Hall A and B leakage (g0log 82207).April 19, 2004 �74:34� 0:39 +73:60� 0:42April 22, 2004 �74:90� 0:52 +74:47� 0:42April 25, 2004 �73:95� 0:42 +72:98� 0:38April 25, 2004 +55:97� 4:76 || Hall A and B leakage, � 50�A, C slit wide openApril 28, 2004 �73:93� 0:42 || 10�A attenuator settingApril 28, 2004 �74:29� 0:52 || 40�A attenuator settingMay 1, 2004 �73:97� 0:52 +73:23� 0:34May 1, 2004 || �50� 5 Leakage measurement, g0log 83734May 10, 2004 || +73:35� 0:58May 12, 2004 �74:20� 0:44 +74:19� 0:52May 16, 2004 �74:95� 0:40 +74:90� 0:31Table 6: The measured beam polarization in April and May during the G0 Experiment.
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B Leakage Polarization MeasurementsThe following table 
ontains a listing of the leakage polarization measurements made with the M�llerpolarimeter during the se
ond engineering run and the forward-angle physi
s run of the G0 experiment.
Date Polarization (%) CommentHalf-Wave Plate IN Half-Wave Plate OUTDe
ember 24, 2004 Current Current Hall B leakage, Current Measurement,� 30nA,Measurement Only Measurement Only (g0log 72512), with ki
ker.January 20, 2004 �34:46� 39:77 || Hall B leakage, � 10nA (extrapolated),(g0log 74610), Hall C slit at 2�A position.January 26, 2004 || �39:31� 77:03 Hall A and B leakage, � 10nA,(g0log 74610), Hall C slit at 2�A position.January 26, 2004 || +60:54� 17:95 Hall A and B leakage, � 15nA,(g0log 74610), Hall C slit at 40�A position.February 13, 2004 || +55:35� 11:83 Hall B leakage, � 10nA,(g0log 76516).April 15, 2004 || �35:37� 5:53 Hall A and B leakage,(g0log 82207).April 25, 2004 +55:97� 4:76 || Hall A and B leakage, � 50nA,C slit wide open.May 1, 2004 || �50� 5 Using attenuator, slit wide openg0log 83734Table 7: The measured leakage beam polarization from Halls A and B throughout the G0 Experiment.
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C Spin Dan
e Polarization MeasurementsFor the February 10, 2004 spin dan
e2, the IHWP was in. Table 8 lists the polarization measurements atea
h Wien angle setting. Figure 9 shows a �t to the measured data of the form Pmeas = Pe 
os(�Wien+�),where Pmeas is the measured beam polarization at ea
h Wien angle setting, �Wien is the Wien angle, and �is the relative phase. After the spin dan
e, the Wien was set to -12.62 degrees to maximize the longitudinalpolarization and minimize any transverse 
omponents of the beam [15℄, [8℄.Wien Angle (degrees) Polarization (%)-9.50 +72:05� 0:43-50.21 +58:84� 0:52-90.24 +15:19� 0:5835.20 +49:45� 0:5080.23 �2:98� 0:47-12.62 +72:50� 0:53Table 8: The measured beam polarization during the Spin Dan
e on February 10, 2004. The IHWP state was IN.

Figure 9: A plot of the measured polarization versus Wien angle, with the �t to the data of the form Pmeas =Pe 
os(�Wien + �).2A note on the terminology here: I have retained the terminology that the M�ller group used during the run and in the G0 ele
troni
logbook, that is that the three spin-dan
es are 
alled the spin dan
e, the mini-spin dan
e, and the mi
ro-spin dan
e, in that order. I havekept the usage we re
orded in the logbook, but there is no real reason that they should not all just be referred to as spin dan
es.19



For the Mar
h 22, 2004 mini-spin dan
e, the IHWP was in. The measurements gave an optimal longi-tudinal Wien setting of +3.69 degrees, and the two zero-
rossings for the optimal transverse polarizationWien settings: -84.99 degrees (small Wien angle) and +93.90 degrees (large Wien angle) [16℄, [17℄. TheWien angle was set to -85.23 degrees for the transverse running. Figure 10 shows a plot of the negative ofthe polarization (�Pmeas) versus the Wien angle setting with a �t of the form Pmeas = Pe 
os(�Wien + �),where �Wien is the Wien angle and � is the relative phase. Note that the optimal Wien angle for longitu-dinal polarization 
hanged signi�
antly between the February spin dan
e and this one, as expe
ted due tothe a

elerator energy-per-pass 
on�guration 
hange on Mar
h 8th.Wien Angle (degrees) Polarization (%) Comment+11.50 �72:79� 0:51+56.21 �46:57� 0:50+101.26 +9:76� 0:49-34.20 �61:05� 0:51-80.23 �5:62� 0:51-86.24 +1:05� 0:58-92.25 +9:15� 0:49-34.40 �61:38� 0:72-40.20 �56:02� 0:72-85.23 �0:01� 0:55 Transverse polarization settingTable 9: The measured beam polarization during the Mini-Spin Dan
e on Mar
h 22, 2004. The IHWP state was IN.

Figure 10: A �t of the form Pmeas = Pe 
os(�Wien + �) to the polarization data from the Mar
h 22 mini-spin dan
e.20



For the Mar
h 26, 2004 mi
ro-spin dan
e, the IHWP was in. Table 10 lists the polarization measure-ments at ea
h Wien angle setting of the spin dan
e. Figure 11 shows a �t to the measured data of the formPmeas = Pe 
os(�Wien + �) to the ele
tron polarization from the M�ller data versus the Wien angle, wherePmeas is the measured beam polarization at ea
h Wien angle setting, �Wien is the Wien angle, and � is therelative phase. The spin dan
e gave a zero 
rossing at �87:98� 0:71 degrees for the transverse running,whereas in the previous spin-dan
e the best �t 
rossing was �84:99� 0:68 degrees. It is not understoodwhy this drift in the zero-point 
rossing o

urred. After the spin dan
e, the Wien was 
hanged to +2.5degrees to maximize the longitudinal polarization and minimize any transverse 
omponents of the beam[18℄, [19℄. Note that the negative of the polarization (�Pmeas) is plotted for ease of viewing.There was a new high voltage setting on the shower 
ounters for all of these measurements.Wien Angle (degrees) Polarization (%) Comment-85.23 �3:67� 0:52 Beam o� for one hour before rest of data set.-90.24 +3:14� 0:50 New HV setting for all measurements.-20.20 �68:32� 0:51+25.20 �68:69� 0:42+2.50 �73:96� 0:41Table 10: The measured beam polarization during the Mi
ro-Spin Dan
e on Mar
h 26, 2004. The IHWP state was IN.

Figure 11: A plot of the measured polarization versus Wien angle, with the �t to the data of the form Pmeas =Pe 
os(�Wien + �). 21



D Justi�
ation of Polarization Time PeriodsThis appendix 
ontains the events that de�ned the 
hoi
e of the time periods that ea
h polarizationmeasurement applies to. Ea
h time period not only 
ontains the events that de�ned the start and end ofea
h time period, but also other events that may have had some slight impa
t upon the beam polarization.For the period in early January before physi
s data-taking:1/6/04 Spot at x/y = 1270, 1140; polog 11883291/9/04 Stepper motor problems; Spot shift due to this? polog 11890531/11/04 Spot at x/y = 1280,1140; polog 1189276For the period starting 1/13/04, ending 1/23/04 1-9 1270,11401/11/04 Spot at x/y = 1280,1140; polog 1189276 at 21:281/20/04 New Spot planned (x/y=1280,1140 to 1360,1160); Polog 11910961/22/04 Spot moved (x/y = 1300,1140) No polog entry about when.Moved between 15:02 (polog 1191629) and 19:52 (polog 1191704)We are assuming that it moved during downtime that lasted until 16:30 (g0log 74146)For the period starting 1/23/04, ending 2/3/041/22/04 Spot moved (x/y = 1300,1140) No polog entry about when.Moved between 15:02 (polog 1191629) and 19:52 (1191704)We are assuming that it moved during downtime that lasted until 16:30 (g0log 74146)1/23/04 Kaz does a bun
h of PZT stu� and 
hanges laser phase, also 
hanges quads at 20:04; g0log 742371/27/04 Kaz 
hanges the quads at midnight (00:12); g0log 74572, polog 11925062/3/04 Ma
hine downtime, maintenan
e period begins at 8:00am; g0log 752712/3/04 Inje
tor work - QPD re-installed, laser spots moved; polog 1193878,polog 1193896 (new spot lo
ation 1280,1120)Kaz 
alibrates QPD in polog entry 1193881For the period starting 2/5/04, ending 2/10/052/5/04 Ma
hine starts up on 2/5/04 with new spot lo
ation at 1280,1120(from old spot 1300,1140); polog 1193878, 1193896, 1194431Beam restored after maintenan
e (sort of) at 21:20; g0log 75384, 754102/10/04 Measurement at old Wien of -9.50 degrees.Spin Dan
e, new Wien angle at -12.62 degrees, spot at 1280,1120g0log 76002; polog 1195295,1195301,1195312For period starting 2/10/04, ending 2/20/042/10/04 Spin Dan
e, new Wien angle at -12.62 degrees, spot at 1280,1120g0log 76002; polog 1195295,1195301,11953122/10/04 Kaz does heli
ity magnet and IA/PZT tests at 15:38; g0log 76011, polog 11953382/10/04 "Conne
torization" in inje
tor at 12:50, g0log 760012/19/04 Kaz 
hanges PITA stu� 2:10am, g0log 770312/20/04 PZT system failure and repair at 15:05? polog 1196944
22



For the period starting 2/20/04, ending 3/9/042/20/04 PZT system failure and repair at 15:05? 11969443/8/04 Maintenan
e period at 8:00am, g0log 79006For the period starting 3/16/04, ending on 3/20/043/15/04 Beam restored after pass/energy 
hange (4-pass) at 16:003/16/04 Wien 
hanged to +11.496 (from -12.62) at 15:32, g0log 79364, 79370* Not optimized by spin dan
e! ** Also, runs before this point (20589-20632) have a dubious polarization!No Moller measurements for the runs (20589-20632)! *3/20/04 Kaz 
hanges PITAs at 19:38, g0log 79787For the period starting 3/20/04, ending on 3/22/04 with transverse running3/20/04 Wien at +11.50 for this period.3/20/04 Kaz 
hanges PITAs at 19:38 g0log 797873/22/04 Spin dan
e for transverse running (g0log 79972),Wien 
hanged to -85.23 degreesKaz 
hanges PITAs (g0log 80014)For period starting 3/22/04, ending on 3/26/04, transverse running3/22/04 spin dan
e for transverse running; g0log 79980,79983Wien now at -85.23 degrees, g0log 79972 at 13:043/22/04 Kaz 
hanges PITA at 22:16, g0log 800143/26/04 End of transverse run, spin-dan
e at noon; g0log 80445, 80448Wien now at +2.5 degrees.For the period starting 3/26/04 after transverse running, ending on 4/7/043/26/04 After transverse spin-dan
e, 12:30pm; g0log 80445, 80448Wien now at +2.5 degrees.4/7/04 Ends at spot move on 4/7/04 at 16:34; polog 1206943,1205059 andg0log 81727 and 81690For the period starting 4/7/04 after spot move to 4/12/044/7/04 Spot move to (1280,1050) from (1280,1120) at 16:34; polog 1205059 and 1206943,g0log 81727 and 816904/12/04 Spot moves itself ba
k to (1280,1120) at 5:17pm; polog 1206943For the period starting 4/12/04, ending 5/12/044/12/04 Spot moves itself ba
k to (1280,1120) at 5:17pm; polog 12069434/12/04 A

elerator down for maintenan
e and CD0 tours at 7:00am, g0log 821144/15/04 Beam restored to hall... Kaz 
hanges PZT, polog 1207009, g0log 821905/12/04 At 2:37 am, Kaz 
hanges PZT voltages again; g0log 84751, 84781For the period starting 5/12/04 to end of run5/12/04 At 2:37 am , Kaz 
hanges PZT voltages again; g0log 84751, 847815/17/04 End of Run 7:08am; g0log 85383 - last run 2218123
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