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1 The Fa
ilities1.1 Opti
s Commissioning (Contributed by N. Liyanage)The spe
trometer opti
s data taken in De
ember of 1999 show that the history ofQ2 and Q3 magnets has a noti
eable e�e
t on opti
s. The most a�e
ted matrixelements were hyjyi and hÆj�i, whi
h a�e
ted the transverse position and momen-tum resolution. The re
onstru
tion of horizontal and verti
al angles was found tobe insensitive to these e�e
ts.To eliminate the hysteresis e�e
ts on spe
trometer opti
s, a new magnet 
y-
ling pro
edure was adapted for Q2 and Q3 magnets. Use of this 
y
ling pro
edureensures that the spe
trometer opti
s properties are 
onstant for a given momen-tum.A 
omplete 
alibration data set was obtained using the new 
y
ling pro
edure.These data were analyzed to obtain opti
s data bases that 
over the full momen-tum range of ea
h spe
trometer. These databases should 
over the requirementsof the future Hall A experiments that do not use the septum magnets. Futureexperiments need to take only a minimal opti
s 
alibration dataset to 
he
k theexisting databases and to determine the dete
tor o�sets.After the dete
tor swap between the two spe
trometers in September, 2000,opti
s data were obtained for both spe
trometers. Analysis of these data indi
atesthat the spe
trometer opti
s are una�e
ted by the dete
tor swap and that theexisting databases 
an also be used with the new spe
trometer 
on�gurations.
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1.2 Absolute Energy Measurements (Contributed by A. Saha)Date Pass ARC ep ep [(ep/Ar
)-1℄(MeV) (MeV) Strip �10�3De
 11, 1999 1 Pass 842:6 � 0:2 843:1 � 0:2 2 0:6 � 0:4De
 15, 1999 5 Pass 4035:9 � 0:8Feb 3, 2000 3 Pass 2906:3 � 0:6 2902:2 � 0:5 5 �1:4� 0:4Feb 6, 2000 2 Pass 1954:8 � 0:4 1955:6 � 0:4 4 0:4 � 0:4Feb 10, 2000 2 Pass 1954:2 � 0:4 1955:4 � 0:4 4 0:6 � 0:4Feb 14, 2000 5 Pass 4806:8 � 0:9 4807:9 � 2:7 7 0:2 � 0:7Feb 20, 2000 5 Pass 4804:1 � 3:0 7Mar
h 4, 2000 1 Pass 644:5 � 0:1 644:8 � 0:3 1 0:3 � 0:6Mar
h 5, 2000 2 Pass 1255:0 � 0:2 1255:5 � 0:3 2 0:4 � 0:4Mar
h 28, 2000 2 Pass 1255:3 � 0:2 1255:3 � 0:5 2 0� 0:4April 2, 2000 5 Pass 3085:8 � 0:6 3082:7 � 0:3 5 �1:0� 0:4May 5, 2000 4 Pass 4237:5 � 2:0 4239:4 � 0:3 6 0:4 � 0:7May 23, 2000 4 Pass 4530:6 � 0:9 4530:3 � 1:0 6 �0:1� 0:4June 20, 2000 4 Pass 4531:0 � 1:0 4530:0 � 1:0 6 �0:2� 0:4O
t 10, 2000 4 Pass 3170:4 � 0:6 3165:3 � 0:5 5 �1:6� 0:4O
t 27, 2000 3 Pass 2389:0 � 0:5 2389:4 � 0:5 4 0:2 � 0:4Nov 6, 2000 4 Pass 4606:7 � 1:5 4606:7 � 0:6 6 0� 0:4Table 1: Summary of Re
ent Hall A Beam Energy measurementsA series of systemati
 beam energy measurements has been performed withboth the Hall A Ar
-Energy method and the ep method. Dis
repan
ies were sur-fa
ing at beam energies other than around 3 GeV between the two methods andthis warranted a systemati
 
he
k of the results. As des
ribed earlier, the Ar
method uses instrumentation in the Hall A ar
 se
tion (S
anners, BdL measure-ments of the ar
 dipoles et
...) developed initially by the Fren
h Collaboration(Pas
al Vernin and the Sa
lay group). The ep method has been developed by theClermont-Ferrand group of the Fren
h Collaboration (Pierre Bertin et al.,) and isa stand-alone devi
e along the Hall A beamline lo
ated 17 meters upstream of thetarget.The algorithm to determine the Hall A Ar
 integral in the Ar
 method had6



an in
onsisten
y of approximately one part in 1000, and this 
orre
tion has to beapplied to all previous Ar
 energy measurements. Moreover, the ep results havealso to be 
orre
ted by a small amount due to a more pre
ise determination of theep target position. These 
orre
tions modify the previously reported 
omparisonsof the Ar
 and ep methods. Table 1 reports the results of all measurements madeby both methods during the past year after these 
orre
tions have been applied.Measurements taken with the same energy per pass are lumped together for theFebruary and Mar
h 2000 runs. Both methods show good agreement with ea
hother within their respe
tive un
ertainties ex
ept at around 3 GeV, where thereseems to be a non-linearity with pass number for the ep method. Sin
e for di�erentenergy ranges, di�erent mi
rostrip dete
tors are employed for the ep method, itseems that the knowledge of the pla
ement of the 5th mi
rostrip for the ep dete
tormay be in
orre
t. This needs to be further veri�ed with dedi
ated measurementsand re
ti�ed in the near future.
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1.3 M�ller Polarimeter (Contributed by E. Chudakov)The Hall A beam line is equipped with a M�ller polarimeter, whose purpose isto measure the polarization of the ele
tron beam delivered to the hall. Duringthe period from 01 O
t. 1999 to 30 Sept. 2000, 28 measurements of the beampolarization were made. The systemati
 error of ea
h measurement is estimatedto be about 3% relative, while the statisti
al error is about 0.3%.At the beginning of 2000, the three M�ller polarimeter quadrupole magnetswere equipped with new power supplies able to provide up to 300 A - the maximum
urrent allowed for the magnets. The old power supplies 
ould only provide upto 120 A. The new power supplies also 
onsiderably improved the stability ofoperation, sin
e the old supplies used to trip about 2-3 times per month requiringan entry into the hall to reset them.The beam line downstream of the M�ller polarimeter has been equipped withtwo new quadrupole magnets providing a better possibility to use a 
ommon beamline setting for di�erent regimes, as the regular physi
s running, M�ller measure-ments and Compton polarimetry measurements.The target foil magnetization was re-measured using a di�erent, more reliable,te
hnique. The new measurements found a non-uniformity of the foils used. Thetarget polarization obtained is about 3% higher than the old value. Thereforeall the beam polarizations measured so far have to be shifted by 3% downwards,relative, whi
h is about one standard deviation of the systemati
 error quoted.The M�ller polarimeter spe
trometer also was used to test and 
alibrate sev-eral dete
tor prototypes, namely a lead glass 
alorimeter and a Lu
ite �Cerenkov
ounter.
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1.4 The Compton polarimeter (Contributed by F. Marie)1.4.1 Introdu
tionThis Compton polarimeter status report is dedi
ated to the new hardware andsoftware developments realized in the year 2000. In 2000, the Compton polarimeterran during the E91-011 and 99-007 experiments. The 
omplete analysis of earlierHAPPEX runs, in addition to a preliminary analysis of the data obtained duringE91-011, now allow the Compton polarimeter measurements to rea
h a systemati
un
ertainty level under 3%.1.4.2 New te
hni
al developmentsSin
e the end of the HAPPEX run in July, 1999, several te
hni
al improvementshave been brought to the Compton polarimeter apparatus:� The slow feedba
k of the magnet 
urrent in the 4 dipoles of the 
hi
aneallows a lo
k of the verti
al position of the ele
tron beam with respe
t toa nominal value. This pro
edure, whi
h has been applied during the entireE91-011 run, together with the fast feedba
k system, limit the short andlong time beam position variations to a 10 �m range.� A fast a
quisition of the ele
tron dete
tor together with the photon dete
torhas been installed and allows the dete
tion of the s
attered photons andele
trons at a total rate of 150 kHz at 40 �A, with a dead time of the orderof 10%. With the ele
tron dete
tor, a 
omplementary analyzing method withsigni�
antly di�erent systemati
s sour
es will be theoreti
ally available.� Use of V-to-F to measure beam position with the BPM's instead of \borniers".� Change of the mirrors of the Fabry-Perrot 
avity in order to raise the powerinside the 
avity up to 1500 W.1.4.3 Preliminary results for E91-011 and error budgetThe Compton polarimeter ran during the entire data taking of E91-011. Wepresent here preliminary results for 102 polarization runs (over 170) in July (seeFig. 1).The main improvement of the systemati
s (see Table 2) sin
e HAPPEX run isthe redu
tion of false asymmetries due to beam position variations. This is due tothe te
hni
al developments des
ribed above and also be
ause photon polarizationreversals have been made more frequently (every 2 min). We have also listed inTable 2 the errors expe
ted after new analysis software (su
h as for the energy-
orrelated method) is implemented. Expe
ted errors may also in
lude, in some
ases, the residual un
ertainty after 
orre
tion (run by run) of the e�e
t.9



Error sour
es Present [%℄ Expe
ted [%℄Analyzing powerResolution & Threshold 1.9 1.0ADC Pill up 0.5 0.1ADC linearity 0.5 0.2Calibration 1.0 0.3Laser beamPolarization 1.0 1.0Experimental asymmetryBeam positions 0.5 0.1Ba
kground 0.3 0.2Dead time 0.2 0.1total 2.6 1.5Statisti
 (in 30 min) 1 0.7Table 2: Contributions to the systemati
 un
ertainty of beam polarization mea-surements made by the Compton Polarimeter.Statisti
s have been also improved, mainly due to the in
rease of the nominalbeam energy of E91-011 
ompared to HAPPEX, and better stability of the beamparameters. Typi
ally a 1% relative statisti
al pre
ision has been a
hieved in 30minutes.1.4.4 Pe+=Pe� determinationAs a 
onsequen
e of photon polarization reversals, one 
an theoreti
ally determineseparately the right and left ele
tron polarization. One needs to 
al
ulate theexperimental asymmetry A+ and A� between 2 photon reversals for ea
h ele
tronheli
ity state. The following relation gives the di�eren
e of polarization in absolutevalue for the two heli
ity states �Pe:A+ +A�2 =< Ath > P
�Pe + FaR=LThe problem is that the false asymmetry FaR=L is of the same order of magnitudeas the theoreti
al asymmetry < Ath >. But, if we use the energy dependen
eof the asymmetry A(k) (see Fig. 2), taking advantage of the fa
t that FaR=Ldoes not depend on the photon energy, one 
an easily separate a 
onstant andan asymmetry-dependent term (see Fig. 3). The preliminary analysis shows (andthis is the �rst experimental proof at Je�erson Lab) an agreement between thetwo ele
tron heli
ity states at the level of 1.5% during 10 minutes.10
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1.5 The Hall A Fo
al Plane Polarimeter (Contributed by S. Nanda)1.5.1 OverviewA large number of the experiments in Hall A measure re
oil proton polarization.Two polarimeter experiments so far have results that are among the most inter-esting �ndings from Je�erson Lab to date. First, Exp. 93-027 determined thatthe distributions of 
harge and magnetization in the proton are di�erent. Se
ond,Exp. 89-019 determined that the indu
ed polarization in deuteron photodisinte-gration vanishes, giving no indi
ation of strong nu
leon-resonan
e 
ontributionsgenerally expe
ted in meson-baryon models. A list of experiments using the po-larimeter is given in Table 3 - this list does not in
lude experiments that areyet to be s
heduled. Although publi
ations are not yet available for most of theexperiments, almost all have presented invited talks at international 
onferen
es.Experiment Conta
t Person Run Ended Status/Publi
ations89-033 C. Glashausser Aug. 1997 S. Malov et al.,Phys. Rev. C, in press93-027 C.F. Perdrisat Aug. 1998 M. Jones et al.,Phys. Rev. Lett. 84, 1398 (2000)89-028 P. Ulmer Aug. 1999 analysis underway89-019 R. Gilman Nov. 1999 K. Wijesooriya et al.,submitted to Phys. Rev. Lett.94-012 R. Gilman Nov. 1999 analysis underway93-049 R. Ent May 2000 analysis underway91-011 A. Sarty Jul. 2000 analysis underway99-007 C.F. Perdrisat De
. 2000Table 3: Status of some FPP experiments in Hall A.1.5.2 The polarimeterTransverse polarization of the proton leads to an azimuthal asymmetry in s
atter-ing from an analyzer. The Fo
al Plane Polarimeter in the hadron HRS measuresthis asymmetry from whi
h the transverse 
omponents of the polarization in thefo
al plane are extra
ted with Fourier analysis. Knowledge of the spin transfermatrix of the spe
trometer is used to tra
e the fo
al plane polarizations ba
k tothe target.The polarimeter 
onsists of straw tube drift 
hambers that determine the tra-je
tory of in
ident and s
attered protons from a graphite or polyethylene analyzer.There are four 
hambers with about 5000 wires. A s
hemati
 layout of the FPP13
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Figure 4: HRS Dete
tor sta
k with the FPPis shown in Fig. 4. The 
hambers are operated at a positive high voltage of about1900 V with a 
onstant 
ow of 68% argon and 32% ethane gas mixture. A detaileddes
ription of the polarimeter and its performan
e is in preparation for publi
a-tion [9℄. Online do
umentation is available at http://www.jlab.org/�malov/fpp home/fpp home.htmland http://www.jlab.org/�gilman/fpp-homepage.html.The polarimeter hardware has been largely stable sin
e it was �rst in
orporatedinto the hadron dete
tor sta
k at the end of 1996. The positioning of the graphiteanayzer has been in
orporated into the Hall A EPICS 
ontrol system. Maintenan
ethe wire 
hambers and gas handling system is performed annually.

Figure 5: FPP 
hamber 4 repairThe larger rear 
hambers developed several gas leaks during the 
ourse of14



operation. The supply gas 
ow rates were boosted a

ordingly in order to maintaindete
tion eÆ
ien
ies for ea
h wire plane at an a

eptable level. The 
ammablegas level sensor in the Hadron spe
trometer showed a 
orresponding in
rease inthe ethane level in the shield house. Several trips of the sensor alarm (above the10% LEL setting for ethane) were observed. Most of these trips were however,were 
aused by helium 
ontamination in the hall and unrelated to ethane buildupin the shield house.During the summer 2000 shutdown, the 
hambers were taken out of the dete
-tor sta
k and leak-
he
ked with helium by Rutgers 
ollaborators R. Gilman, R.Ransome, and G. Kumbartzki. The leaks appear to be primarily due to dislo
ationof the small feed tubes to the individual straws shown in Fig. 5. A number of su
hwell-lo
alized leaks were repaired bringing down the leak rates of the 
hambers toa

eptable levels. For the longer term, plans to refurbish the gas supply of therear 
hambers or to swit
h to a non-
ammable gas mixture are under evaluation.A new CH2 analyzer with an improved �gure of merit for higher energy protonswas developed and 
oordinated by C. Perdrisat. Installation of the CH2 analyzerwas tested during the last shutdown (See Fig. 6). The �rst use of the analyzerwas for Exp. 99-007 during Nov.-De
., 2000.

Figure 6: CH2 Analyzer test assembly1.5.3 Analysis SoftwareOnline data a
quisition software has also largely remained stable over the past fewyears. The major improvement is the \straw eÆ
ien
y" replay, set up by M. Jonesfollowing up on work done by E. Brash, whi
h analyzes a large number of eventsto determine the wire by wire eÆ
ien
y of the straw 
hambers. At this point, the15



group has not made an e�ort to adapt this FORTRAN 
ode to C++ so that it
an be used under ROOT, whi
h is expe
ted to repla
e ESPACE as the Hall Aanalyzer in the next one to two years.O�ine analysis software has undergone several improvements. A variety ofalignment and tra
king algorithms are available, from E. Brash, M. Jones, K. Wi-jesooriya, and S. Malov. In addition to naive 
entral-ray spin transport and fulldipole spin transport, a more general spin transport 
ode dire
ted at ep elasti
s
attering was written by G. Que �me�ner. S. Strau
h further generalized it to al-low all six proton polarization 
omponents (three indu
ed plus three polarizationtransfer) to be determined from the data.The new 
ode takes full advantage of the variation of the proton spin pre
essiona
ross the spe
trometer's a

eptan
e; in di�erent parts of the fo
al plane di�erentlinear 
ombinations of the proton's spin 
omponents 
ontribute to the azimuthaldistributions after the 
arbon analyzer. These azimuthal distributions are used toestimate the three indu
ed and three transferred polarization 
omponents. Theestimate is based on the Maximum Likelihood method. Additional 
onstraints,su
h as the normal 
omponent of the transferred polarization being zero in twobody rea
tions, may be used within the 
ode to improve the estimates.These more general spin transport 
odes both use COSY spin matrix elementsto model the spe
trometer, as COSY appears to provide a better des
ription ofspe
trometer opti
al properties than other 
odes, su
h as SNAKE or TRANS-PORT.1.5.4 Calibration DatabaseThere is now a large data base of analyzing power and eÆ
ien
y measurements.The 
arbon in
lusive analying powers are generally in good agreement with previ-ous measurements of Los Alamos [10℄ and Sa
lay [11℄. As an example, analyzingpowers are shown in Fig. 7 as a fun
tion of proton kineti
 energy, averaged overa polar s
attering angular range of 5Æ to 20Æ. The solid triangles are previousmeasurements of M
Naughton [10℄ and the squares are the measurements withthe Hall A FPP.The geometry of the Hall A polarimeter allows for mu
h larger polar s
atteringangle 
overage than previous polarimeters. This 
an be exploited at higher protonenergies to obtain a better overall �gure of merit. Calibration data for both thetraditional 5-20Æ and the wider 3-70Æ a

eptan
es are given in Table 4.
16



Figure 7: Carbon In
lusive Analyzing powers from the 1999 \gammap" experi-ments 
ompared to the results of M
Naughton [10℄.

17



Table 4: Carbon Analyzing power databaseProton Carbon 5Æ � �
 � 20Æ 3Æ � �
 � 70ÆMomentum thi
kness A
 e�. A
 e�. �Ge=Gm(MeV/
) (
m) (%) (%)594 3.81 0.375 �0.059 2.9 0.198�0.063 7.6 0.930 � 0.067619 3.81 0.394 �0.044 2.5 0.225�0.050 5.8 0.910 � 0.061658 7.62 0.345 �0.023 4.7 0.141�0.032 14.8 0.961 � 0.033725 7.62 0.501 �0.021 3.7 0.265�0.026 8.7 0.952 � 0.034750 11.43 0.508 � 0.010 0.259�0.013 8.7 0.966 � 0.022765 11.43 0.481 � 0.023 5.33 0.259�0.020 14.7 0.933� 0.026815 11.43 0.471 � 0.025 5.5 0.249�0.031 12.9 0.959 � .039961 19.05 0.389 � 0.019 8.2 0.236�0.021 17.1 0.966 � .033984 22.86 0.364 � 0.006 0.220�0.007 20.0 0.950 � 0.0151037 22.86 0.344 � 0.016 10.1 0.226�0.018 20.4 0.865 � .0291056 22.86 0.302 � 0.049 13.8 0.213�0.048 27.6 0.923 � .0861142 26.67 0.287 � 0.021 16.8 0.209�0.020 33.8 0.900 � .0381148 34.29 0.298�0.011 12.97 0.219�0.009 27.5 0.848�0.0181216 34.29 0.268 � 0.016 12.7 0.205�0.015 23.8 0.825 � .0271251 34.29 0.245 � 0.027 15.0 0.192�0.025 28.4 0.851 � .0501260 41.91 0.190�0.008 25.0 0.869 � 0.0141452 41.91 0.211�0.021 25.0 0.798 � 0.0331460 49.53 .230 � 0.040 23.5 0.198�0.034 43.8 0.733 � .0581547 45.72 0.216�0.0121 16.50 0.185�0.010 34.3 0.753�0.0151626 49.53 0.166 � 0.087 17.1 0.143�0.073 32.2 0.816 � .1151638 49.53 0.198 � 0.027 0.172�0.023 30.0 0.728 � 0.0261698 49.53 0.160�0.030 28.0 0.720 � 0.0312053 49.53 0.126�0.022 31.0 0.726 � 0.0272341 49.53 0.095�0.017 32.0 0.612 � 0.0322623 49.53 0.100 � 0.019 0.078�0.017 32.0 0.609 � 0.047
18



1.6 Ele
tron Calorimeter for E99-007 (Contributed by O. Gayou)1.6.1 Introdu
tionThe pre
ision of the measurement of the ratio GpE=GpM at Q2 = 5:6 GeV2 with abeam energy of 5:7 GeV (Nov.-De
., 2000) 
an be improved if the solid angle of theele
tron dete
tor is mat
hed to that of the re
oil proton dete
tor. This solid anglemat
hing 
annot be a
hieved with the HRS. At the kinemati
s of experiment E99-007, the ele
tron s
attering angle is larger than the proton re
oil angle; thereforethe Ja
obian for the ele
tron is larger than one, and the solid angle for the ele
trondete
tor must be twi
e as large as that of the proton dete
tor.

Figure 8: Hydrogen elasti
 peak from the hadron arm momentum-di�eren
e spe
-trum. See text for details.Figure 8 illustrates the ne
essity of dete
ting the ele
tron in 
oin
iden
e. Itshows the momentum-di�eren
e spe
trum (in MeV/
) between the 
al
ulated pro-ton momentum from the observed s
attering angle assuming the event was elasti
,and the observed proton momentum. The elasti
 events are under the peak 
en-19



tered at 0. A simple 
ut on this spe
trum is not suÆ
ient to separate elasti
 eventsfrom a

identals and target-wall 
ontamination in a 
lean way.We have adopted the te
hnique of using a 
alorimeter made of lead-glass blo
ksto dete
t the ele
tron. We tested this te
hnique in the spring, 2000, using forty-�ve 15� 15 
m2 blo
ks (most of them 
oming from the pion reje
tor) in an arrayof 5 (horizontal) � 9 (verti
al). The test had 2 purposes: to 
he
k the validity ofthe method by measuring the ratio GEp=GMp at Q2 = 3:0 GeV2 and 
omparingit with the published result of E93-027, and to measure the ba
kground radiationfrom the beam dump and the target walls.1.6.2 Calorimeter TestsThe blo
ks had a 15 � 15 
m2 
ross se
tion and were 30 or 35 
m long. The�Cerenkov light was dete
ted by XP2050 photomultipliers and the signal was sentto LeCroy 1881 ADC's. The standard deviation for the position resolution of thedete
tor was approximately 15=p12 = 4:3 
m when the position is de�ned by oneblo
k only. For about 30% of the events, the resolution was improved by takinginto a

ount the energy deposited in the neighboring blo
ks.During the test 
ondu
ted in May, 2000, the beam energy was 3:395 GeV, witha 
urrent of 50 �A. The 
alorimeter was pla
ed at an angle of 41Æ at 8 m from thetarget. The data a
quisition was triggered by an event in the right HRS (protonside), set at 30Æ.The results are shown in Fig. 9. To evaluate the usefulness of TOF information,2 blo
ks in the middle of the 
alorimeter were 
onne
ted to TDC's (LeCroy 1875).The �rst row of the �gure shows that the use of TDC's is of 
onsiderable help inre
onstru
ting 
lusters, i.e. in
luding only the blo
ks that have been hit by theele
tron, and eliminating random hits on the left of the elasti
 peak in the left-most plot (about 4 times as many as in the elasti
 peak). On the right-most �gureof this row, elasti
 events are under the peak at 1800 MeV. The events to the leftof the elasti
 peak are in part from the radiative tail, in part from spill-over ofshowers in the neighboring blo
ks, whi
h need to be in
luded in the 
luster.The middle row of Fig. 9 shows Emiss = Ebeam +Mp � Ep � E
alo. Elasti
events are under the peak at Emiss = 0. The right-most �gure shows the peakwhen 
uts are applied on both the hadron-side elasti
 peak and on the angular
orrelation. The angular 
orrelation 
ut is made on the diagonal of the �rst 2plots of the last row in the �gure.We 
olle
ted data with an empty 
ell to study ba
kground in the Hall, mostlyfrom the beam dump. We saw almost no signal in the 
alorimeter, probablybe
ause the HRS that was between the dete
tor and the beam dump o�eredvery good shielding. Beam was then sent onto the dummy target, so that the
ontribution of the target walls 
ould be estimated: it was found to be of theorder of 10�4 under the elasti
 peak, as shown in the last plot of Fig. 9. We alsomeasured a

identals by delaying the ADC gate during a LH2 run; no a

identals20



were present in the elasti
 peak.1.6.3 Con
lusionThe test has shown that the use of a simple 
alorimeter made of large blo
ks issuÆ
ient to obtain a 
lean separation of elasti
 events from ba
kground radiation,
overing a large solid angle at high luminosity. The ratio GpE=GpM at 3:0 GeV2was measured to be 0:62 � 0:048, to be 
ompared with the result of E93-027,0:61 � 0:032 (un
ertainties are statisti
al only). A 
alorimeter of similar designwas assembled for use in E99-007, using blo
ks from the pion reje
tor and fromthe shower 
ounter of the right HRS (ele
tron side), with a total of 147 blo
ksread by both ADC's and TDC's.
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Figure 9: Results of the 
alorimeter test for E99-007. From left to right: Row 1:raw ADC spe
trum for one lead-glass blo
k; raw TDC spe
trum for the same blo
k;same ADC spe
trum after 
ut on elasti
 peak in TDC; Row 2: Emiss-spe
trumfor all events; Emiss-spe
trum after 
ut on the elasti
 peak in the HRS fo
al plane(not shown here); Emiss-spe
trum with additional 
ut on the � and � ep angular
orrelation; the elasti
 peak now stands alone; Row 3: �e-�p angular 
orrelation,all events; �e-�p angular 
orrelation, all events; raw ADC spe
trum, LH2 andempty target for one blo
k.
22



1.7 The RCS Photon Spe
trometer (Contributed by A. Nathan,for the RCS Collaboration)1.7.1 Introdu
tionThe Real Compton S
attering experiment (E99-114) will measure the di�erential
ross se
tion for Compton s
attering from the proton at in
ident photon ener-gies between 3 and 6 GeV and over a wide range of CM s
attering angles. Ahigh duty fa
tor ele
tron beam with 
urrent � 10 �A is in
ident on a 6% 
op-per radiator lo
ated just upstream of the s
attering target. The mixed beam ofele
trons and bremsstrahlung photons is in
ident on a 15-
m LH2 target. Theexperimental layout is shown s
hemati
ally in Fig. 10. For in
ident photons nearthe bremsstrahlung endpoint, the re
oil proton and s
attered photon are dete
tedwith high angular pre
ision in a magneti
 spe
trometer and photon spe
trometer,respe
tively. The magneti
 spe
trometer is one of the pair of High ResolutionSpe
trometers (HRS) that are part of the standard Hall A equipment. The 
ryo-geni
 hydrogen target and bremsstrahlung radiator to be used are also part of thestandard Hall A equipment. The photon spe
trometer is a new pie
e of equip-ment whi
h is being 
onstru
ted for this experiment. It 
onsists of a large-area,highly segmented 
alorimeter of lead glass (Se
tion 1.7.2), a segmented veto dete
-tor (Se
tion 1.7.3), and a de
e
tion magnet. The 
omplexity of this \third-arm"dete
tor required a 
ompletely new data a
quisition system (Se
tion 1.7.4).1.7.2 Photon CalorimeterThe prin
ipal dete
tor in the photon spe
trometer is a lead glass 
alorimeter (seeFig. 11), whi
h is used to measure the energy and angle of the s
attered photon.During the 1998 and 1999 test runs, a 
alorimeter prototype - 
ontaining 25(5 � 5) lead glass modules - was installed and tested under a
tual experimental
onditions. An energy resolution better than �ÆE=E = 1%+6%=pE and a spatialresolution of 4.3 mm was a
hieved with the prototype. Other results, in
ludingstudies of luminosity limitations, gain stability, algorithms for 
alorimeter 
alibra-tion and position resolution optimization, et
., are addressed in the 1998 and 1999RCS Internal Reports and Status Report on A
tivities in Hall A | 1999.During the last year the following progress was a
hieved in development and
onstru
tion of the photon 
alorimeter:| More than 720 dete
tor modules have been assembled and 704 of them havebeen installed in the dete
tor;| Cooling system and 
able 
ommuni
ation have been developed;| The 
alorimeter modules gain-monitoring system has been developed.The 
alorimeter 
onsists of 32 layers, ea
h having 22 lead glass modules | 704modules in total. In Fig. 11 two views of the assembled 
alorimeter with the frame23
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Figure 10: Plan view of the RCS experiment in Hall A.are shown. The frame has been designed for 88 � 128 
m2 a

eptan
e (22 � 32blo
ks), with possibility to extend the a

eptan
e up to 104 � 144 
m2 (26 � 36blo
ks).Ea
h 
alorimeter module is a 4�4�40 
m3 lead glass of type TF{1. �Cerenkovlight produ
ed by intera
ting photons and ele
trons in the lead glass is measuredby a 34 mm diameter photomultiplier of type FEU-84-3. Opti
al 
oupling betweenthe lead glass and PMT is made using BC-630 opti
al grease. The PMT is pressedto the lead glass with a 5 kg permanent for
e applied along the PMT axis. Stabilityof this kind of opti
al 
oupling was 
he
ked during one week of tests in 70Æ Ctemperature. The performan
e of ea
h PMT and HV divider was also tested.Cooling of photomultipliers and bases is a

omplished using for
ed air
owthrough the PMT housings. A system of 176 outgoing 1/4 in
h diameter tubeswas 
onstru
ted with an air
ow of 0.5 l/s in ea
h individual tube. The PMTs andbases are thus kept at a temperature of 37 Æ C.Cooling and 
abling pat
h panels are mounted on eleven swinging supports,whi
h allows 
onvenient a

ess to the PMT housings for installation and repairing.A light monitoring system was developed for gain measurement of ea
h 
alorime-ter element during the experiment. A s
hemati
 of the monitoring system is shownin Fig. 12. UV light pulses 5 ns long from a nitrogen laser are dire
ted to a plasti
24



s
intillator produ
ing blue light pulses. The light from the s
intillator is sent by aset of plasti
 �bers to a Lu
ite plate installed in front of the lead glass array. Thelight s
attered from the plate and dete
ted by the 
alorimeter PMTs is used forgain monitoring. The stability of the system is being studied.All high voltage 
rates have been installed and tested. The 
rates have remote
ontrol, and are 
ontrolled by Java software. A system of 
abling for appli
ationof HV is under 
onstru
tion.All work on the photon 
alorimeter development is done in the Test Lab atJLab.
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a) b)Figure 11: Side view | (a), and front view | (b) of the RCS Photon Calorimeterframe.
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Figure 12: S
hemati
 of the RCS Calorimeter light monitoring system.
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1.7.3 Veto Dete
torBe
ause the RCS experiment uses a mixed beam of bremsstrahlung photons andele
trons, and be
ause the kinemati
s of ep elasti
 s
attering is essentially identi
alto that of RCS, it is ne
essary to provide some means of identifying 
hargedparti
les in the photon dete
tor. Consequently, the RCS experiment will utilize a
harged-parti
le veto dete
tor 
onsisting of two planes of dete
tors (verti
al andhorizontal) pla
ed just in front of the 
alorimeter. Feasibility studies utilizingboth parasiti
 and dedi
ated beam time have shown that the 
ounting rates inthe veto will be large, so that it is ne
essary to segment the dete
tors to keep therate in any given dete
tor less than about 1 MHz. The segmentation also allowsfor spatial 
orrelations between the veto and 
alorimeter. Multi-hit TDC's willbe used to improve the veto eÆ
ien
y at high 
ounting rates. Although the totalrate in ea
h plane of veto 
ounters will be high, demanding a spatially 
orrelated
oin
iden
e between the two planes redu
es the a

idental-veto probability to ana

eptably small level.Ea
h plane of the dete
tor 
onsists of two rows of solid ultra-violet transmitting(UVT) Plexiglas (a
ryli
) radiators in a geometry that mat
hes the a

eptan
e ofthe 
alorimeter (1.28 m verti
al by 0.88 m horizontal). There are a total of 216dete
tors. Ea
h of the 128 horizontal dete
tors is 44 
m long, and ea
h of the 88verti
al dete
tors is 64 
m long; all dete
tors are 2 
m wide by 2 
m thi
k. A�Cerenkov dete
tor was 
hosen over the more standard plasti
 s
intillator be
auseextensive studies have shown that this redu
es the ba
kground 
ounting rate inthe high-radiation ba
kground of Hall A by at least a fa
tor of two. Ea
h dete
toris viewed by a single PMT of type XP2972. The low light output of the dete
torsne
essitates the use of an ampli�er. We are utilizing a design of the JLab dete
torgroup (V. Popov) that in
orporates an ampli�er dire
tly in the voltage divider,without the need for any additional power supply beyond the high voltage. Ea
hdete
tor is 
oupled to an opti
al �ber, whi
h will ultimately be tied in to the samegain monitoring system that will be used for the 
alorimeter.The design and 
onstru
tion of the dete
tor, in
luding the me
hani
al frameonto whi
h the dete
tors are mounted, have been taking pla
e at the Universityof Illinois sin
e January, 2000. All the parts 
onstru
ted at Illinois are 
ompleteand have been delivered to JLab for assembly in the Test Lab. The voltagedividers/ampli�ers are under 
onstru
tion by Photonis and will be delivered bythe end of 2000.
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1.7.4 Data A
quisitionThe data a
quisition system of the RCS experiment utilizes the standard HRSreadout pa
kage and a separate Photon-Arm readout pa
kage. This Photon-Armreadout pa
kage is newly built and is designed espe
ially for reading out datafrom the Photon-Arm { in
luding the 
alorimeter, the veto 
ounter, and possiblya MWPC. A standard Hall-A Trigger Supervisor is installed on the Photon-Armto 
oordinate the event readout from the photon arm and the hadron arm andto provide the gate signals. When running in the stand-alone mode, the TriggerSupervisor serves as gate provider, event pres
aler, and s
aler 
ounter. The mainele
troni
s for digitizing the data are the LeCroy FASTBUS 1800 series mod-ules. The readout 
ontroller of the Photon-Arm is a MVME Single Board CPUmounted in the SFI FASTBUS-VME interfa
e. The analog signals from ea
h ofthe 
alorimeter blo
ks (704 blo
ks total) and the veto 
ounter (216 
hannels total)are sent to the FASTBUS ADCs and the hit pulses on the veto 
ounters are sentto the multihit FASTBUS TDCs. The hit pulses of the summed signals from the
alorimeter are sent to the ADC and TDC also. The MWPC will only be usedduring the position 
alibration and the readout will utilize CAMAC ele
troni
s.The hadron trigger from the S0 s
intillator 
ounter and the photon trigger fromthe 
alorimeter are sent to the Photon-Arm ele
troni
s logi
 and are ultimatelyfed into the Trigger Supervisor. The timing relation of both triggers is 
arefullymeasured and the signals are properly delayed so that a 
oin
iden
e event willgenerate a 
oin
iden
e trigger. The 
oin
iden
e window is determined by thewidth of the hadron trigger pulse and is set to 100 ns. The width of the photontrigger pulse is set to 10 ns so that the 
oin
iden
e events are syn
hronized withthe photon trigger. Upon re
eiving a trigger signal, the Trigger Supervisor willissue a Level 1 A

ept (L1A) signal, whi
h is used to gate the ADCs and to stopthe TDCs in the photon and hadron arms. This is illustrated in Fig. 13.The photon trigger is provided by the 
alorimeter. The RCS 
alorimeter has22 x 32 blo
ks; the signals from every 2 x 4 array of blo
ks, ex
ept the outermostlayer of blo
ks, are �rst summed by a 
ustom-made linear-summing module. Thenfour of the summed signals from the 2 x 4 array are summed again to form asignal summed over 32 blo
ks. This arrangement provides suÆ
ient overlap sothat events o

urring at the boundaries of the blo
ks are in
luded in the trigger.The s
heme is illustrated in Fig. 14. The signals from the sum of 32 blo
ks formsa master OR, the output of whi
h gives the photon trigger.The 
onstru
tion of the RCS DAQ began in September, 1999. The setupis lo
ated in the Test Lab and utilizes a Linux PC platform to run the 
ontrolsoftware (CODA). Most of the ele
troni
s and 
ables have been installed and thesystem has been tested under stand-alone 
ondition sin
e May, 2000. The systemhas been utilized to diagnose various parts of the photon-arm dete
tor pa
kage.It is expe
ted that the system will move into Hall-A during the shutdown in thespring of 2001, and subsequently test the full system with the HRS readout.29
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Figure 13: A s
hemati
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Edge blocks do not
contribute to
triggering

2 x 4 array forms a
summed signal

A signal summed over 32 blocks
is formed by summing the signals from
four 2x4 blockFigure 14: The trigger s
heme for the RCS 
alorimeter.
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1.8 The Hall A Photon Radiator (Contributed by R. Gilman)1.8.1 OverviewThere exists a number of real photon experiments in Hall A, studying real Comp-ton S
attering (E99-114), deuteron photodisintegration (E89-019�, E99-008�, E00-007, E00-107), and pion produ
tion (E94-012�, E94-104). (Note: The � marksexperiments that have already su

essfully taken data with the radiator.) Realphotons are produ
ed through bremsstrahlung radiation in a thin 
opper foil up-stream of the main target. There is no 
hi
ane nor radiator dump 
urrently inHall A, so both the photon and ele
tron beams intera
t with the target, and thephoto- and ele
tro- rea
tions must be separated.1.8.2 The radiatorThe radiator 
onsists of a U-shaped frame with 5 positions in whi
h foils aremounted - this allows the radiator to be moved when beam is on. In general, theradiator is blo
ked at the out limit when not in use. There is no reason to set theradiator to the in limit. People wanting to use the radiator should 
oordinate withEd Folts to ensure that the radiator, and its asso
iated water 
ooler, are hookedup, along with the 
ooler FSDs. The 
ontrol box power supplies also need to beturned on, and the radiator unblo
ked. After use, the power should be turned o�,and the radiator should be blo
ked o� again. Dis
onne
ting the water 
ooler andFSDs should be done by Hall A sta� 
oordinating with a

elerator sta�.The radiator 
an be operated with either manual or remote 
ontrols; the man-ual 
ontrol system used a fun
tion generator borrowed from, and returned to, thepolarized ~3He target group. The remote 
ontrols were written by Dave Wether-holt, and are operated by phoning MCC with your request. The 
ontrols 
an bebrought up from the main Monti
ello EPICS GUI, and monitored in the 
ountinghouse. The manual 
ontrols were used for the �rst set of experiments; the remote
ontrols have now been tested - though not with the radiator under va
uum - andwill be used for future experiments.At the start of an experiment, the radiator foil positions should be 
alibrated.Table 5 shows approximate information, whi
h should not 
hange greatly, butneeds to be veri�ed. (Note: initially the radiator was mounted above the beamline;it is now mounted below the beamline so as not to interfere with the LVDTpositioning system. Sin
e the beam is not exa
tly 
entered in the beamline, therewill be some o�set.) The voltage readba
k values assume a 5.02 V supply.The position 
alibration pro
edure is to move the radiator, while monitoringthe ion 
hamber readba
ks. A 5 �A unrastered beam should be used. Ion 
hamberlevels will be large when the beam hits the foils, but small in the gap between thefoils. The size of the gap 
orresponds to a range of about 0.03 to 0.04 V in thereadba
k. The 
enter of the foils 
an be determined by �nding the gaps betweenfoils 2/3, 3/4, 4/5, and 5/6. The 
alibration needs to be 
oordinated with Dave32



Wetherholt; only he 
an adjust the foil positions in the software.Position Thi
kness (% Lrad) Readba
k Voltage (V)out limit - 0.151 (no foil) 0.512 2.04 1.353 3.06 2.194 4.08 3.035 5.10 3.876 6.12 4.70Table 5: Radiator foils, with readba
k voltage from the linear en
oder.More information about the radiator 
an be found in web pages maintainedby R. Gilman; seehttp://www.jlab.org/�gilman/gammap99.
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1.9 The Polarized 3He Target (Contributed by J.-P. Chen)The Hall A polarized 3He target [1℄ uses opti
ally pumped Rubidium vapor to po-larize 3He nu
lei via spin ex
hange. It has been su

essfully used for the �rst roundof experiments E94-010 [2℄ and E95-001 [3℄. The target polarization was monitoredwith NMR using Adiabati
 Fast Passage (AFP). NMR AFP measurements onwater and Ele
tron-Paramagneti
-Resonan
e (EPR) measurements were used 
al-ibrate to the 3He NMR signal. The NMR water 
alibration analysis was reportedin last year's status report. The EPR analysis was 
ompleted this year. The resultwas reported in a student thesis [4℄. The �nal 
alibration 
onstants from the NMRwater 
alibration and from the EPR analysis are �water = 5:67 � 10�4(1 � 2:3%)(mV/%/amgats/
m2), and �EPR = 5:56� 10�4(1� 2:4%) (mV/%/amgats/
m2).They agree with ea
h other very well. The �nal error on the polarization measure-ment is � 4%, of whi
h the largest 
ontribution 
omes from the un
ertainty in thetarget density. Often, as in the GDH experiment (E94-010), the physi
s quantitygoes into the spin stru
ture fun
tions (g1 and g2) and the extended GDH sum isthe produ
t of the target polarization and the target density. This produ
t has asmaller error of � 3% sin
e the 
ontribution of the target density in the produ
t
an
els the density 
ontribution in the target polarization determination.A third independent 
he
k was performed by measuring the elasti
 s
atteringasymmetry. The ratio of the measured asymmetry to the world data gives ameasure of the produ
t of the beam polarization and the target polarization. Thededu
ed target polarization is in ex
ellent agreement with the NMR water andEPR results. The di�eren
e is � 2%� 5%.The polarized target has been set up in the target lab in the EEL building.The NMR system has been 
ompletely 
he
ked out and is fully fun
tional. Anumber of water 
alibrations were performed, and were 
onsistent with the resultsobtained during the �rst round of experiments. EPR system was also set up. The�rst EPR signal was seen re
ently. A number of tests are still ongoing to fullydebug the system, and improvements are being 
onsidered. One attra
tive optionis to 
ontinuously monitor the target polarization with EPR, whi
h will requireadditional testing and work. We are still studying the feasibility of su
h an option.Most of the surviving target 
ells have been re-
hara
terized: their maximumpolarization and lifetime were re-measured. At least one 40 
m and two 25 
m 
ellsare good 
ells (have good polarizations and lifetimes). The Prin
eton/UVa group(G. Cates) is 
ontinuing to produ
e 
ells until the setup is moved to the Universityof Virginia (mid-O
t.). At least one good 40 
m 
ell with very good lifetime hasbeen produ
ed. On
e the setup is moved to UVa, it will be immediately set up toresume 
ell produ
tion. In the meantime, the William & Mary group (T. Averett)has started to produ
e 
ells with help of a glass blower at UVa. The �rst 
ell wasprodu
ed in O
tober, 2000, and ruptured before it was tested. A se
ond 
ell wasalso produ
ed in O
tober, and will be in November, 2000. The e�ort will 
ontinuewith a goal of produ
ing at least 5 ea
h of good 40 
m and 25 
m 
ells for the two34



planned experiments in 2001 (E99-117 and E97-113).We plan to have six new 30 W diode lasers for the opti
al pumping, along withseveral used ones as spares. There are only two new ones now. Sin
e the vendorwho supplied the 
urrent 30 W diode lasers has stopped produ
ing lasers at thiswavelength, we have swit
hed to a new vendor (Coherent). A new demo laser fromCoherent has been tested at JLab. The new laser works very well. With smallmodi�
ation of the opti
s, the new laser 
an be mixed in with the old lasers. Fourmore new lasers will be pur
hased shortly by JLab (2), U. Kentu
ky (1) and U.Virginia (1).Design has started to a

ommodate the new kinemati
s requirements as wellas to add new features and improvements. The Helmholtz 
oil mount will be re-designed to provide rotation 
apability. There will be a new motion subsystemand improved target ladder subsystem. The referen
e 
ell mount and 
oupling willbe re-designed. New RTD mount and wire harness will be available for reliablemonitoring of the target temperature. Other improvements in
lude a 
orre
tionto the laser hut and an improvement for easy alignment.The target 
ontrol system is going through a transition. The EPICS 
ontrolsoftware developed by the polarized 3He 
ollaboration for the last round of exper-iments will be
ome the responsibility of the JLab EPICS group. New improve-ments will also be developed by the EPICS group with help from the polarized3He 
ollaboration. The temperature readout part has been worked on. Work onall the other parts are just starting. The new tasks in
lude the new motion system
ontrol, the new laser system 
ontrol and the two way 
ommuni
ations betweenEPICS and LabView, whi
h is used for the target polarimetry.
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1.10 The Cryogeni
 Target (
ontributed by J.-P. Chen)The Hall A 
ryotarget system [5℄ 
onsists of 3 loops: loop 1 for gaseous helium(either 3He or 4He), loop 2 liquid hydrogen and loop 3 liquid deuterium. Thenominal operation 
onditions are summarized in Table 6.Target T [K℄ P [psi℄ � [(g/
m3)℄ length [
m℄LH2 19 26 0.0712 15, 4LD2 22 22 0.162 15, 43He 6 200 0.081 104He 6 220 0.144 10Table 6: Nominal working temperatures and pressures. The target densities andlengths are listed too.The liquid hydrogen and deuterium loops have already been su

essfully usedin a number of experiments. The helium loop was installed and 
ommissionedduring the period 
overed by this report.The helium 
ryotarget was installed in November-De
ember, 1999. A new3He gas handling system was 
onstru
ted and tested. About 3700 liters of 3Hegas were taken over from Bates, whi
h �lled loop 1 to about 110 psi at 6.3K.When Hall C is not using its 3He target, their 3He gas supply 
an be 
ombinedwith the Hall A supply, and there then should be enough 3He gas to �ll to above200 psi at 6K. During the initial helium target 
ool-down test there was a loopfan failure. All three loop fans were repla
ed to have the 
orre
t type of fans.They have been working �ne sin
e then. The helium target was then su

essfully
ommissioned. The density 
u
tuation with beam 
urrent was studied to be abouta few per
ent at less than 100 �A with a nominal loop fan speed (60 Hz) [6℄.During the 
ommissioning, it was dis
overed that the 
oolant 
ow was limited bythe pipe size of the heat ex
hanger. The heat ex
hanger was designed for the liquidhydrogen/deuterium target whi
h uses the `15 K' 
oolant. The 15 K 
oolant has apressure drop of 13 atm. The 1/4" size pipe of the heat ex
hange is not a limitationfor the 
oolant 
ow in this 
ase. However, the helium target uses the `5 K' 
oolantwhi
h has a pressure drop of less than 2 atm. With su
h a small pressure drop,the heat ex
hange pipe be
ame the limiting fa
tor for the 
oolant 
ow. With thislimitation, the total available 
ooling power was only about 220 W. During theJanuary, 2000, maintenan
e period, the helium 
ryotarget was re
on�gured to usetwo (both loop 1 and loop 3) heat ex
hanges in parallel to in
rease (double) the
ooling power for helium target. This arrangement was temporary sin
e it usedup two loops, making the deuterium loop unavailable for experiments.The helium target was then su

essfully used for two experiments, E89-044(3He) and E93-049 (4He) with maximum 
ooling power up to about 440 W.The target 
hange from liquid hydrogen to liquid deuterium or vi
e versa isrelatively fast (5 minutes). However, sin
e the helium target uses 5 K 
oolant36



while the liquid hydrogen and deuterium targets use 15 K 
oolant, the 
hange-over would take about 16 hours.During the August/September, 2000, maintenan
e period, a new heat ex-
hanger with proper pipe size for the helium loop was installed in loop 1. Theloop 3 heat ex
hanger has been re-
onne
ted to the deuterium target. Noisy highpower heater power supplies were repla
ed. A number of old temperature sensorswere repla
ed. Some pressure transdu
ers were re-
alibrated. A new opti
s target(a sta
k of 12C foils) was installed in the old 10 
m dummy target lo
ation. The 10
m dummy target was moved to the original 4 
m dummy target position and the4 
m dummy target was removed from the target ladder and will not be availablefor experiments (with spe
ial request, it 
an be re-installed). A helium-
ooledlead target was installed with 
oolant supply 
oming from the loop 3 (deuteriumloop) 
oolant supply. The hydrogen and deuterium storage/re
overy tanks wererelo
ated from Hall A to a gas shed outside the hall.The 
oolant 
ontrol J-T valves have both manual (in the 
ounting house andin Hall A) and 
omputer 
ontrol. Currently only the manual 
ontrol works.Due to the limited supply of the \beer 
ans" used for the liquid hydrogen anddeuterium 
ells, and due to the experimental requirements of redu
ed multiples
attering after the main intera
tion, repla
ement of the beer-
an 
ells with im-proved ma
hined 
ells has been under study. One option is the design by the
ryotarget group whi
h has been installed in Hall C. We are waiting for the HallC performan
e to see if it is a suitable solution for us. Another option is thedesign by the Cal State LA group whi
h is mostly fo
ussed on redu
ing multiples
attering. Prototype 
ells were made and study is still underway.
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1.11 Ele
troni
s Dead-Time Measurements (Contributed by. R.Mi
haels)Several of the experiments in Hall A aim to measure a 
ross se
tion to at least3% a

ura
y and need to know the absolute eÆ
ien
y of the apparatus. Mu
h ofthe running in Hall A has seen very high rates approa
hing 1 MHz in the s
intil-lators, even if the trigger 
leaned this up to a mu
h lower rate, and therefore theele
troni
s dead-time 
orre
tion 
an be
ome 
omparable to the required a

ura
y.Up until summer of 2000 we did not measure the ele
troni
s dead-time dire
tly.This report dis
usses the following issues: 1) The proposed measurement s
hemeto be fully implemented in early 2001; 2) Results from a partial s
heme whi
hwas installed during the E91-011 experiment and is being upgraded between ex-periments; 3) Impli
ations for earlier experiments; and 4) Plans to redu
e thedead-time.The prin
iple behind the measurement is as follows: we send a well-de�ned,re
ognizable pulse into the front-end of the trigger and see if it makes it throughto the trigger supervisor, whi
h is the point at whi
h the DAQ is triggered. Also,if the DAQ is alive, the trigger supervisor will a

ept this pulser trigger and it willshow up in the datastream as a tagged event. The fra
tion of su
h events that getlost is the dead-time 
orre
tion. Note, one 
an measure both the ele
troni
s andthe DAQ dead-time separately this way.There are two spe
trometers in hall A whose s
intillator trigger systems arenearly identi
al. In ea
h, there are two planes of s
intillators, 
alled S1 and S2.Ea
h plane is divided into six s
intillator paddles whi
h have a phototube (PMT)on either end. The trigger �rst forms the logi
al \and" between the left andright PMTs of paddles. These 
oin
iden
es 
lean up some noise. The results arethen used to form a 
oin
iden
e of the S1 and S2 planes in a memory lookupunit (MLU). Triggers typi
ally involve paddle N in S1 mat
hing the same paddlenumber (N) in S2. This des
ription is not 
omplete but is suÆ
ient to understandthe dead-time measurement.To measure the dead-time we will send a signal into the four PMTs requiredto make a trigger (left and right on one paddle in S1 and S2). Ea
h paddle willhave its dead-time measured in turn, i.e. we �rst pulse paddle 1, then paddle 2,et
., up to 6. The pulser will be sent to a TDC as a 
ag, and also the \and" of thepulser and trigger will be sent to s
alers to measure the dead-time dire
tly. Therate of pulsing an individual paddle will be about 1 Hz and will be proportional tobeam 
urrent. The pulser signals will be 
oupled to the PMTs using linear fan-in
ir
uits whi
h preserve the resolution and low-noise of the apparatus.The s
heme des
ribed above is the full system 
overing the entire fo
al planewhi
h we plan to install in early 2001. Another method to study the dead-timethat will be implemented as soon as possible will be to send signals from variousstages of the trigger to multi-hit TDCs and analyze the losses in a sample of\minimum bias" triggers. This 
an help us lo
ate the bottlene
ks in the system;38



a suspe
ted but unproven bottlene
k is the �rst MLU.During the summer of 2000, we partially implemented the pulser s
heme, in-volving only one s
intillator paddle. Analysis from Mark Jones of the data fromthe E91-011 experiment is shown in Fig. 15. The ele
troni
s dead-time (EDT) isplotted against the sum of the strobe rates on the two spe
trometers. The moti-vation for su
h a plot is that we expe
ted the strobing of the MLU to be the mainsour
e of EDT. Evidently the EDT depends on other experimental 
onditions in away still to be determined. A detailed report on the EDT during E91-011 is avail-able from Mark Jones (see www.jlab.org/~jones/e91011/report on deadtime.ps).During the September shutdown, the system was upgraded so that two paddlesare pulsed, with the pulses timed to follow the hadron momentum, allowing theEDT to be measured separately in ea
h spe
trometer in s
alers { although at themoment, one must use TDC information to de
ide whi
h pulsed paddle made thetrigger. The full fo
al plane measurement system des
ribed above will involve
ustom ele
troni
s being built by the JLab ele
troni
s group.For prior experiments, there were no dire
t measurements of the EDT. Onepossible way to re
over is to parameterize the EDT in terms of the rates on thes
intillators, whi
h have always been measured, using present and future EDTmeasurements. Also the \I s
ans", whi
h study the 
atness of the 
ross se
tionas beam 
urrent is in
reased, are useful, espe
ially using a target like 12C whi
hdoes not boil. Finally, all experiments have large samples of loose triggers whi
honly require the \or" of S1 and S2 planes whi
h appear to show dead-time e�e
ts.The dead-time slope in Fig. 15 is approximately 200 ns, and one 
an expe
t tobuild a trigger with mu
h less dead-time. A simple improvement planned for Fallof 2000 is to install \width adjustor" modules whi
h will allow us to have narrow(� 40 ns) signals throughout the trigger, while sending wider signals (100 ns) to thedigital delays. Currently our signal widths are 100 nsbe
ause of the requirementof these delays. Another possibility being explored is to repla
e the MLUs withsimple overlap logi
 ele
troni
s; however, proof that this will be helpful requiresan analysis of the bottlene
ks, whi
h we hope to obtain from \minimum bias"triggers as des
ribed above. We should also 
ompare the dead-time of the MLU intransparent versus strobed modes, either using beam or a high-rate random pulserduring a shutdown.
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1.12 Analysis Software (Contributed by J.-O. Hansen)1.12.1 ESPACEOver the last year, the 
hanges to the Hall A analysis program ESPACE have beenrelatively minor. This has been mainly due to the fa
t that re
ent experimentshave had little need for new fun
tionality in ESPACE, but also indi
ates that theprogram is stable and mature. Up
oming experiments for fall/winter 2000, andspring 2001, are likely to 
hange this as dete
tor relo
ations and additions willpla
e stronger demands on the analysis software.Sin
e O
tober, 1999, three new oÆ
ial versions of ESPACE have been released:� With version 2.8.0 (3 Nov 1999), improvements to the � and 
oin
iden
eToF 
al
ulations were added, 
ontributed by Nilanga Liyanage, and ROC15was in
luded to support 2daq running mode (two independent DAQs, onefor ea
h spe
trometer).Further, ESPACE 
an now be 
ompiled with three di�erent preallo
atedmemory sizes: \lite", \medium", and \large", where \large" 
orrespondsto the allo
ation of earlier program versions. The \large" 
on�guration
onsumes about 50MB of virtual memory, whi
h is not always pra
ti
alwith laptops, heavily loaded, or older 
omputers. The \medium" and \lite"models require only about 20MB and 12MB, respe
tively. Of 
ourse, thesmaller 
on�gurations do not allow de�nition of as many histograms andlogi
al tests as the large 
on�guration.In addition, a number of small 
onvenien
e 
hanges were made.� For version 2.8.1 (26 Jan 2000), full support for RedHat Linux 6.x was added,and the Make�les were improved to require less manual 
on�guration. TheMake�les now attempt to determine automati
ally the required Fortran run-time library on Linux. In addition, the stati
 linking of the exe
utable is nowthe default on Linux, whi
h improves portability between the many availableversions and distributions of Linux whose shared library 
on�gurations arenot ne
essarily 
ompatible with ea
h other.Along with these improvements of ESPACE, we had to 
ompile CERNLIB99 for RedHat 6.x ourselves be
ause the oÆ
ial version from CERN wasin
ompatible with ESPACE/RH6. This allowed ESPACE to run on RH6 forthe �rst time. As of spring 2000, the Computer Center supports a RedHat6.x version of CERNLIB 2000, whi
h should be used for 
ompiling ESPACE.� In version 2.8.2 (12 Mar 2000), minor 
hanges were made to improve 
om-patibility with di�erent versions of Linux.Version 2.9 of ESPACE is 
urrently in preparation and will be released inO
tober, 2000. It will in
lude support for a new BPM readout s
heme and variousother maintenan
e improvements. 41



1.12.2 The Hall A Obje
t-Oriented AnalyzerAn e�ort is underway in Hall A to write a new analysis pa
kage using obje
t-oriented programming implemented in C++. This program will eventually repla
eESPACE. The new analyzer is based on the ROOT system [7,8℄, an obje
t-orientedframework that has been under development at CERN sin
e 1995 and has beenadopted by several major 
ollaborations at FNAL, BNL, and elsewhere. Sin
emany physi
s-spe
i�
 
apabilities (e.g. histogramming, data stru
ture I/O) havealready been implemented in ROOT, they do not have to be reinvented for ourpurposes; and sin
e ROOT is widely used elsewhere, a large 
ode base as well assupport is readily available.The 
hief goal in designing the new analyzer has been 
exibility and maintain-ability of the 
ode in an environment where frequent 
hanges of the experimental
on�guration (dete
tor 
omponents, entire spe
trometers) o

ur. To this end, de-te
tors and apparatuses (
olle
tions of dete
tors, e.g. a spe
trometer) are de�nedas 
lasses that are derived from abstra
t Dete
tor and Apparatus base 
lasses.More spe
ialized Dete
tors and Apparatuses 
an either be 
onstru
ted by inheri-tan
e from the generi
 Dete
tor and Apparatus obje
ts whi
h are provided withthe 
ore analyzer pa
kage, or by writing a new 
lass whi
h inherits dire
tly fromthe abstra
t base 
lass. All 
lasses spe
i�
 to an experiment are in
luded into theanalyzer by dynami
 loading of shared libraries. As a result, neither the 
ode basenor the libraries and exe
utable of the 
ore analyzer require any modi�
ationsto a

ommodate a new experiment; all experiment-spe
i�
 
ode is 
ontained inseparate 
lasses and shared libraries.To 
ommuni
ate results, Dete
tor and Apparatus obje
ts 
an de�ne \globalvariables", whi
h are a

essible by symboli
 names and are managed by a singleton
lass that 
ontains a hash list of the names. A

ess to su
h global data is by read-only pointer, so the name needs to be resolved only on
e, the data are always
urrent, and no 
opying is required.Steering of the analysis is done through CINT, the intera
tive C/C++ in-terpreter that is part of ROOT. The main advantages of using CINT are dire
tintera
tive a

ess to all de�ned 
lasses and easy 
ompilation of analysis s
ripts.S
ripts are written in C++, although in-depth knowledge of C++ is not ne
essaryto write basi
 analysis s
ripts. Unlike other ROOT-based analysis pa
kages, theevent loop of the Hall A analyzer is not implemented as a CINT s
ript (althoughit 
ould) but as a pre
ompiled 
lass (Analyzer). To modify the analysis 
ow andparameters, various member fun
tions 
an be 
alled on this 
lass. Experimentsrequiring spe
ial analysis usually will write their own Analyzer as a 
lass derivedfrom the standard Analyzer.The standard Analyzer implements a three-step analysis 
hain. In the �rststep, a method 
alled De
ode() is exe
uted on ea
h de�ned Dete
tor obje
t.De
ode() performs any operations on dete
tor data that 
an be 
arried out with-out knowledge of the data from any other dete
tors. This in
ludes retrieving raw42



data from the event bu�er and s
aling them to physi
ally meaningful values, forinstan
e photoele
trons or drift times. In the se
ond step, Re
onstru
t() is 
alledfor ea
h de�ned Apparatus. This fun
tion 
arries out any 
omputations that re-quire knowledge of data from other dete
tors within the Apparatus, for example�tting of tra
ks through several drift 
hamber planes using 
alorimeter 
lustersfor further guidan
e, or re
onstru
tion of target quantities. Finally, in the thirdstep, the information from all Apparatuses is 
ombined. This typi
ally involves
omputation of physi
s quantities su
h as missing energy and relative 
oin
iden
etime. The third step is implemented in a spe
ial \Physi
s" 
lass. Several stan-dard Physi
s 
lasses are provided by the 
ore analyzer pa
kage, for instan
e for(e; e0) and (e; e0p) rea
tions. Experiments 
an either extend these existing 
lassesor de�ne a 
ompletely new one.At the end of ea
h analysis step, an optional set of logi
al tests 
an be exe
uted,and further pro
essing of the 
urrent event 
an be terminated if 
ertain 
onditionsare not satis�ed. Additionally, sets of histograms 
an be �lled. Tests and his-tograms 
an be de�ned on the 
y, i.e. without requiring any program 
ompilation.This is fun
tionally similar to the COOLHANDS pa
kage used in ESPACE. Testsand histograms are typi
ally de�ned in plain-text �les whi
h are read from theCINT steering s
ript before the start of the analysis. The expression parser for thetest and histogramming 
lasses allows pro
essing of 
omplex arithmeti
 formulae,trans
endental fun
tions, et
. The parser 
lass dire
tly inherits from the ROOTTFormula 
lass.The format of the analyzer output 
an be de�ned in a spe
ial \event" 
lass.Di�erent Event 
lasses may be de�ned for an experiment, for instan
e one 
lass foronline analysis that 
ontains mostly raw dete
tor data and diagnosti
 informationand another for o�ine analysis 
ontaining mostly physi
s quantities. The Eventobje
t that is desired for an analysis is de�ned in the steering s
ript, and a pointerto it is passed to the Analyzer. For ea
h event, a method 
alled Fill() is exe
utedon the 
urrently de�ned Event 
lass. Fill() typi
ally 
opies data from \globalvariables" of interest to member variables of Event. Typi
ally, the output 
onsistsof a ROOT tree, but 
an also be a more simple stru
ture.The implementation of the obje
t-oriented analyzer is in progress at the time ofthis writing. Preliminary tests without any tra
k re
onstru
tion but with signi�-
ant dete
tor analysis give a very reasonable pro
essing speed of 500-1000 events/son a 500MHz Linux PC, indi
ating that a speed 
omparable to that of ESPACEwill probably be a
hieved in the end.Up-to-date information about this proje
t 
an be found on the Web athttp://hallaweb.jlab.org/root.
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1.13 Slow Controls (
ontributed by J. Gomez)The main e�ort during the last year went into transferring the Hall A slow 
ontrolsto the A

elerator Controls Group (ACG) as agreed about one and a half years ago.Under this agreement, ACG will maintain and upgrade existing Hall A systems,as well as develop any new appli
ation whi
h may be required.Initial progress was slow. Basi
ally, it took longer than expe
ted to:� get fully operational the agreed upon EPICS version (3.13) at whi
h thetransfer was going to take pla
e.� develop new EPICS drivers for Hall A devi
es 
onforming to both ACGstandards and the 3.13 version of EPICS.At this point, however, a major set of devi
e drivers has been 
ompleted and tested.Transfer of the signal databases is also pro
eeding well. Most of the present/future
hanges des
ribed below should be invisible to the users. The present status/plansare:� Three Input/Output Controllers (IOCs) have been 
ompletely transferredto ACG: hallas
17 (gas shed), hallas
4 (hadron dete
tors), and hallas
11(ele
tron dete
tors).� An IOC has been established for handling the gas system of the RICH
ounter under 
onstru
tion.� Transfer of the drivers and signal databases for hallas
5 (beam 
urrent mon-itors) is nearing 
ompletion. It is expe
ted that by the end of 
alendar 2000,both hallas
5 and hallas
9 (Hall A 
ryogeni
s monitoring) will be transferredto ACG.� Hall A 
ontrols-related displays are being redone following the standardACG display hierar
hy. This 
hange should fa
ilitate problem reporting byboth Hall A users as well as Ma
hine Control Center (MCC) operators tothe ACG on-
all software person. Swap between the presently used displaysand the new set should take pla
e in the beginning of 2001, along with theinstallation of a dedi
ated �le server for 
ontrols.1.14 Spe
trometer Alignment (
ontributed by J. Gomez)The displa
ement gauge system (so 
alled Linear Variable Di�erential Transformer- LVDT system) 
ontinued being used for spe
trometer pointing, while anotherattempt was made to make operational the 
able extension en
oders. Based onprevious inspe
tion/tests of the 
able extension en
oders themselves, several prob-lems were identi�ed: 44



� the en
oder support platform of ea
h spe
trometer (two en
oders per plat-form) does not have verti
al 
omplian
e to 
ompensate for verti
al mis-alignments 
aused by either me
hani
al installation or spe
trometer verti
almotion.� mounting of ea
h en
oder on its support platform does not have any horizon-tal 
omplian
e to 
ompensate for me
hani
al errors like the a
tual distan
ebetween the ring and the en
oders.� \walk" of the en
oder steel 
ables on the 
entral aluminum ring relativelyshallow (45Æ) V-groove walls.The �rst two problems manifest themselves as grooves (1 - 2 mm deep) 
ut intothe guiding bushing of the en
oders, whi
h qui
kly redu
e their useful life. Theirsolution requires substantial engineering work sin
e one has to provide freedom ofrotation (translation) around (along) several axes while keeping minimal 
ouplingamong axes. The third problem is believed to be the 
ause of the errati
 behaviorof the en
oders. It is also related to the �rst problem. Sin
e the en
oder supportplatform of ea
h spe
trometer does not have verti
al 
omplian
e, the en
oder
ables are pushed up/down the V-groove walls when they are not aligned to the
enter of their 
orresponding groove. One possible solution has already beenmentioned above, another is to redu
e the 
oeÆ
ient of fri
tion between the steel
ables and the aluminum ring. We attempted this se
ond solution. A Te
on
oating was applied to the grooves of the ring, but the system still 
ould not bemade to work reliably.Alternative ways to measure the spe
trometer angle/pointing have been dis-
ussed with JLab's survey group. We lean towards using a method similar to theone used to set the spe
trometer angle ex
ept that one makes use of a \s
ale"lo
ated at the 
entral ring below the target. Ways to implement the \s
ale" and\reading" method are being evaluated and the viability of some of the proposedmethods is been tested.Finally, during the August/September shutdown, the spe
trometers were sur-veyed to 
he
k the lo
ation of the slits with respe
t to the spe
trometer opti
alaxis. Tests were also 
arried out to determine the in
uen
e of spe
trometer va
-uum on slit lo
ation.1.15 Spe
trometer Collimator O�sets (Contributed by J. LeRose)During August and September of 2000, the survey group at JLab remeasured thepositions of the 
ollimators and sieves in both spe
trometers. The formal reportsfrom the survey group are: JLab Alignment Group DT #'s: A627 & A629. Theresults are shown below in Table 7) . For a more detailed dis
ussion of the resultssee http://hallaweb.jlab.org/news/minutes/sieves 2000.htm.45



�x (mm) �y (mm) z (mm)Right (formerly Hadron) Sieve 0.92 -1.46 1175.5Right Large Collimator 2.44 -0.17 1101.0Left (formerly Ele
tron) Sieve -0.38 3.46 1184.3Left Large Collimator -1.86 4.06 1109.9Table 7: Surveyed Positions of Spe
trometer Collimators and Sieves. �x is thehorizontal displa
ement of the Sieve or Collimator from its ideal position. +x isto the left when fa
ing the spe
trometer. �y is the verti
al displa
ement of theSieve or Collimator from its ideal position. +y is up. z is the distan
e from theideal target position to the sieve or 
ollimator.
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2 Hall A Instrumentation Upgrade for an 11 GeV beam2.1 Physi
s RequirementsWith the 12 GeV upgrade (11 GeV for Halls A, B and C) a large kinemati
 domainbe
omes available for studies of deep inelasti
 s
attering. The 
ombination of highluminosity and high polarization of beam and targets will pla
e Je�erson Lab in aunique position to make signi�
ant 
ontributions to the understanding of nu
leonand nu
lear stru
ture and of the strong intera
tion in the high-x region. Pre
isiondata are s
ar
e in this region (espe
ially for the spin-dependent nu
leon stru
ture),due to the fa
t that the quark distribution drops rapidly when x be
omes large.Table 8 lists the physi
s requirements of a number of experiments whi
h need alarge a

eptan
e spe
trometer, mainly in the high-x region.Nr. Exp. Pmax Angle Mom. Mom. Hor. ang. Vert. ang. Min.a

. a

. res. res. res. angle[GeV/
℄ [msr℄ % % [mrad℄ [mrad℄ [degrees℄1 3H/3He 6 15-30 30 0.3 1 3 15-302 An1 , g1n 5-7 15-30 30 0.3 2 3 15-303 gn2 5 20-30 30 0.3 2 3 15-254 Ap1, g1p 5-7 15-30 30 0.3 2 3 15-305 DIS-PV 6 30 30 0.3 1 3 15-256 semi-� 6-7 10-30 30 0.3 2 3 12-157 semi-K 6-7 10-30 30 0.3 2 3 12-158 
harm 6.5 30 30 0.3 1 2 12-159 b1 6 15-30 30 0.3 1 3 20-3010 re
oil p 5-7 10-30 30 0.3 1 3 15-25Table 8: Instrumentation requirements for experiments needing a large a

eptan
edete
tor.In the �rst listed example [12℄, unpolarized in
lusive ele
tron s
attering on 3Hand 3He will provide pre
ision measurements of the down quark to up quark ratioat high x. The present knowledge of this ratio, extra
ted from F2 data on thedeuteron, is severely hampered by the sizable 
orre
tions for Fermi motion andbinding e�e
ts. The proposed data will de
rease the un
ertainty in the d=u ratioby an order of magnitude at large x.In the se
ond experiment, the spin stru
ture fun
tions g1 and A1 of the neutronwill be measured a

urately by using a polarized 3He target. It will unambiguouslyestablish the trend of An1 as x goes to 1, whi
h will provide a ben
hmark test ofpQCD and 
onstituent quark models. Equivalent measurements for the proton47
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Figure 16: Lay-out of Hall A showing the 
on�guration in
luding the MAD spe
-trometer and the polarized 3He target.are also intended, as well as measurements of the gn2 spin stru
ture fun
tion andits moments. The latter measurements will provide a 
lean measure of a highertwist e�e
t (twist 3), whi
h is related to the quark-gluon intera
tion.A further dis
ussion of the experiments listed is given in Ref. [13℄. Threeinstrumentation upgrades are proposed to allow an optimal study of the intendedexperiments: a large a

eptan
e spe
trometer, an ele
tro-magneti
 
alorimeterand a 3H target. The proposed instrumentation is presented in more detail in Ref.[14℄.2.2 The large-a

eptan
e spe
trometerThe spe
trometer would provide a tool for high-x studies of the properties of nu-
leons with an 11 GeV beam, where a large a

eptan
e in both solid angle andmomentum 
oupled to a moderate momentum resolution are needed. The pro-posed MAD (Medium A

eptan
e Dete
tor) devi
e is a magneti
 spe
trometerbuilt from two 
ombined-fun
tion (quadrupole and dipole) super
ondu
ting mag-nets that 
an simultaneously produ
e a 1.5 T dipole �eld and a 4.5 T/m quadrupole�eld inside a warm bore of 120 
m. The quadrupole 
omponents provide the fo-48




using ne
essary to a
hieve the desired solid angle while the dipole 
omponentsprovide the dispersion needed for momentum resolution. A magneti
 design usingTOSCA3D has been performed to establish the basi
 magneti
 requirements andto provide 3D �eld maps for opti
s analysis. A two-se
tor 
os(�)/
os(2�) designwith a low nominal 
urrent density has been sele
ted and analyzed. Extra ver-satility 
an be a
hieved by varying the drift distan
e to the �rst magnet. Largerdrift distan
es allow smaller s
attering angles (down to 12Æ) at the 
ost of redu
eda

eptan
e. Opti
al properties and their impa
t on the performan
e have beenstudied, resulting in a momentum a

eptan
e (resolution) of �15 (0.2)% and anangular a

eptan
e (resolution) of 30 msr (2 mrad). The maximum 
entral mo-mentum is 6 GeV/
 at a total bend angle of 20Æ, but 
an in prin
iple be in
reasedby de
reasing the bend angle.The basi
 dete
tor pa
kage for the MAD spe
trometer will serve for most ele
-tron s
attering experiments. The dete
tors have been designed to 
over the fullmomentum and angular a

eptan
e. The design in
ludes an optional hadron 
on-�guration with a 
exible parti
le identi�
ation system in the trigger and a verypowerful PID in the o�-line analysis. The main 
omponents of the basi
 dete
torpa
kage are: high resolution drift 
hambers, a hydrogen gas �Cerenkov 
ounter,trigger s
intillator 
ounters and a lead glass hadron reje
tor. The main 
ompo-nents of the hadron 
on�guration are: a variable pressure gas �Cerenkov 
ounter,two di�use re
e
tive aerogel 
ounters and a Ring Imaging �Cerenkov 
ounter. A
on
eptual design for the MAD support stru
ture has been 
ompleted. The devi
e
an be withdrawn up the tru
k ramp to allow operation with the existing HRSpair (see Fig. 16).2.3 High Performan
e Ele
tromagneti
 CalorimetryA highly segmented total absorption 
alorimeter is proposed for use in 
onjun
-tion with the magneti
 spe
trometers in high-luminosity Compton experiments(real and virtual) at 11 GeV. The 
alorimeter must 
ombine high spatial resolu-tion, good energy resolution, fast time response, and be very radiation hard. A
alorimeter of 1000 PbF2 
rystals, ea
h 2:5�2:5�15 
m3 is proposed. Ea
h 
rystalwill be 
oupled to a mesh PMT for optimum time resolution. The PMT signalswill be digitized by a 1 GHz fast sampling ADC system, for o�-line suppression ofpile-up. PbF2 is an attra
tive �Cerenkov medium for ele
tromagneti
 
alorimetry,but additional tests are required for the sele
tion of 
alorimeter material.The 
alorimetry requirements are most stringent for Deeply Virtual ComptonS
attering (DVCS) in whi
h an energeti
 photon must be dete
ted in the dire
-tion of the ~q-ve
tor (angles as small as 10Æ) and with a luminosity of at least1037/
m2/s. It is important to resolve the ex
lusive DVCS pro
ess from 
om-peting inelasti
 pro
esses. For di�erent 
alorimetry materials, Fig. 17 illustratesthe kinemati
 limit for separation at the 1-� level of the ex
lusive 
hannel byp(e; e0
)X double 
oin
iden
es alone. Beyond the limits illustrated in the �gure,49



Figure 17: Photon resolution on a plot Q2 vs. s. Contours of 
onstant xBj and
onstant in
ident energy E0 are indi
ated separately.the ex
lusive ep ! ep
 
hannel 
an be resolved by dete
ting the re
oil protonin triple 
oin
iden
e. In the DVCS limit, the angular resolution required on thedete
tion of the proton is approximately a fa
tor of 10 less stringent then therequirements for the photon. A high performan
e 
alorimeter 
an greatly enhan
ethe 
apabilities for real and virtual Compton s
attering experiments at 11 GeV,and other experiments will no doubt also bene�t from su
h a dete
tor.2.4 A 3H TargetThe major 
onsiderations in the design of the tritium target are: minimize theamount of tritium, minimize the un
ertainty in density, mat
h the spe
trometera

eptan
e, and maximize the luminosity. For safety 
onsiderations, the maximum50



amount of tritium should not ex
eed 30 kCi. Be
ause of the ability to do 
oin
i-den
e experiments, the better mat
h to the spe
trometer solid angle, less stringent
ooling requirements, and the more stable density as a fun
tion of 
urrent, a gastarget is preferred, with a storage bed to remove the tritium from the target toa me
hani
ally strong 
ontainer for work on the target or for safety reasons. Themajor improvement required for the hall will be a tritium exhaust sta
k in orderto vent the tritium out of the hall with suÆ
ient height and speed to keep theexposure at ground level to an a

eptable level.
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3 Summaries of Experimental A
tivities3.1 E89-019/E94-012/E99-008Deuteron Photodisintegration and �0 Photoprodu
tion from the ProtonR. Gilman, R. Holt, and Z.-E. Meziani, Spokespersons,andthe Hall A Collaboration.These three experiments shared beamtime during the period from Augustthrough early November, 1999. E89-019 measured re
oil proton polarization indeuteron photodisintegration at �
m = 90Æ for photon energies form 0.5 to 2.5 GeV.With these measurements requiring only the hadron arm, E99-008 measured an-gular distributions of the photodisintegration 
ross se
tion parasiti
ally, using theele
tron arm set for positive polarity. E94-012 measured the rea
tion 
p ! p�0,using both spe
trometers so that the ep s
attering 
ould be identi�ed.The analysis of E89-019 is 
omplete. Results have been presented at several
onferen
es, and a paper (K. Wijesooriya et al.) submitted to Physi
al ReviewLetters on Sep. 15, 2000. Polarimeter 
alibrations during the experiments alsogenerated a number of measurements of the proton form fa
tors, for whi
h theanalysis is 
omplete.Analysis for the 
ross-se
tion measurements of E99-008 forms part of the Ph.D.thesis of E. S
hulte (U. of Illinois), who is also analyzing higher energy photodisin-tegration 
ross se
tions from Hall C E96-003. At three beam energies, 1.67, 1.95,and 2.5 GeV, eight point angular distributions for the 
ross se
tion were measured,with �
m = 30Æ to 143Æ. With the Hall C results nearly �nal, analysis of E99-008is now underway.Ee 45Æ
m 60Æ
m 75Æ
m 90Æ
m 105Æ
m 120Æ
m0.86 p p p p p p1.15 - - - p - p1.27 - - p p p p1.67 p p p p p p1.95 p p p p p p2.50 p p p p p p3.12 - - p p p p4.11 - - p p p p4.80 - - - - p -Table 9: Kinemati
 
overage of E94-012 measurements.E94-012 was intended as a short survey of �0 photoprodu
tion. We attemptedto measure angular distributions for the re
oil proton polarizations, with one to52



two days of beam time at ea
h energy. A summary of the data points taken is givenin Table 9. Note that the angles given are the proton angles, not the �0 angles.With one ex
eption, data was taken for every angle and energy planned. Withpolarized beam at all energies ex
ept 1.15 GeV, polarization transfer 
oeÆ
ients
an be determined as well as indu
ed polarizations.With the analysis of E89-019 
omplete, Krishni Wijesooriya and XiaodongJiang have now started on the analysis of E94-012. Some preliminary resultswere presented at the Williamsburg Division of Nu
lear Physi
s meeting duringO
tober, 2000.
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3.2 E89-028Polarization Transfer Measurements in the D(e; e0p)n Rea
tionP. E. Ulmer, J. M. Finn and M. K. Jones , Spokespersons,andK. Baker, E. Chudakov, A. Co
hran, J. Calar
o, S. Dumalski, R. Ent,S. Frullani, F. Garibaldi, S. Gilad, R. Gilman, C. Glashausser, V. Gorbenko,J. Hovebo, B. Hu, X. Jiang, T. Keppel, A. Klein, S. Kuhn, G. Kumbartski,P. Markowitz, D. Meekins, J. Mit
hell, Z. Papandreou, C. Perdrisat, V. Punjabi,R. Ro
he, D. Rowntree, L. Todor, G. Ur
iuoli, K. Wijesooriya, R. Woo.The goal of this experiment is to provide a test of the validity of deuteronmodels by providing data on the re
oil polarization observables in d(~e; e0~p )n. Inaddition to enhan
ing our understanding of the deuteron stru
ture and rea
tionme
hanisms in (e; e0p), the information gained here will be 
riti
al in interpretingthe GnE experiment of Madey et al: The Madey experiment employs an analogousrea
tion, d(~e; e0~n )p, to extra
t the ratio of the neutron form fa
tors GnE=GnM ,assuming that the deuteron provides a sour
e of essentially free neutrons. Various
al
ulations suggest that polarization transfer at quasifree kinemati
s is expe
tedto be free from the e�e
ts whi
h have frustrated extra
tion of form fa
tors inRosenbluth L=T separations, most notably �nal state intera
tions (FSI). However,the GnE measurement 
annot test the quasifree assumption. Experiment E89-028
an test this assumption by 
omparing measurements on hydrogen and deuteriumtargets.E89-028 measured the re
oil polarization observables of the 1H(~e; e0~p ) rea
-tion and the 2H(~e; e0~p ) rea
tion in quasifree kinemati
s (i.e. 
entered at zerore
oil momentum) at the three Q2 points of the Madey experiment: 0.43, 1.0 and1.61 (GeV/
)2. In Fig. 18, the GpE/GpM ratio measured for 1H(~e; e0~p ) in this ex-periment is plotted and 
ompared to previous measurement of E93-027 [15℄. Theagreement with the previous experiment is ex
ellent.In Fig. 19, preliminary results for the double ratio of the ratio of transverse,PT , to longitudinal, PL, polarization for 2H(~e; e0~p ) to the ratio for 1H(~e; e0~p ) areplotted. Only statisti
al error bars are shown. The 1H(~e; e0~p ) and 2H(~e; e0~p ) datawere taken at exa
tly the same spe
trometer settings, so that systemati
 errorswould be minimized when measuring the ratio of polarization variables. Previousmeasurements [16℄ of the 2H(~e; e0~p ) rea
tion, from an experiment at Bates, areplotted in Fig. 19. Where the two data sets overlap at low Q2, they agree. Thenew JLab data exhibit a signi�
ant redu
tion of the statisti
al error bar.Sin
e the Madey experiment will need to sample a fairly large range of re-
oil momenta (in order to a
hieve the required statisti
al pre
ision), it is alsoimportant to test the quasifree assumption away from zero re
oil momentum.Measurements were made of the three polarization 
omponents of 2H(~e; e0~p ) atQ2 = 1 (GeV/
)2 and 
entered at re
oil momentum of 160 MeV/
, whi
h spans54



Figure 18: Comparison betweenGEp/GMp for the 1H(~e; e0~p ) rea
tionmeasured in E89-028 and in E93-027(open 
ir
les) [15℄.
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Figure 19: Preliminary results for thedouble ratio, (PT /PL)D/(PT /PL)H , ofthe ratio of transverse to longitudinal po-larization for 2H(~e; e0~p ) to the ratio for1H(~e; e0~p ). The open 
ir
les are mea-surements from Ref. [16℄the range of the Madey experiment. The longitudinal and transverse 
omponentsof the polarization were measured to a pre
ision of 5%. At this re
oil momen-tum, the measurement of the normal polarization, whi
h is zero in the absen
e ofFSI, will provide another 
onstraint for this important aspe
t of the theory. Atthis point, we need to make 
omparisons to theoreti
al 
al
ulations before any
on
lusions 
an be drawn and a paper submitted.
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3.3 E89-044Sele
ted Studies of the 3He and 4He Nu
lei through Ele
trodisintegration atHigh Momentum TransferD. W. Higinbotham for the E89-044 Collaboration 1Coin
iden
e experiments have proven to be very useful tools in studying spe-
i�
 aspe
ts of the nu
leus. In parti
ular the (e,e'p) rea
tion has been used notonly to study the single-nu
leon stru
ture of nu
lei but also to study the behaviorof nu
leons embedded in the nu
lear medium. The high energy, high duty 
y
lebeam at Je�erson Lab will allow us to fully develop su
h studies. This will bea

omplished by extending the domain of momentum transfers towards highervalues where short-range e�e
ts and possibly the internal stru
ture of the nu
le-ons are manifested, by exploring nu
lear stru
ture in its extreme 
onditions, byinvestigating the high momentum part of the wave fun
tions, and by in
reasingthe spe
i�
ity of the probe by separating the response fun
tions asso
iated withdi�erent polarization states of the virtual photon.The E89-044 
ollaboration plans to exploit these new possibilities by undertak-ing a series of (e,e'p) measurements on the Helium isotopes. Next to the deuteron,the A=3 and A=4 nu
lei are the simplest systems in whi
h all the basi
 ingredi-ents of a 
omplex nu
leus exist. Sophisti
ated methods to solve the S
hr�odingerequation almost exa
tly have been applied to the A=3 nu
lei and have been ex-tended to 4He. Mi
ros
opi
 
al
ulations of FSI and MEC 
ontributions have beendeveloped and applied to rea
tions on few-nu
leon systems. The data provided bythe E89-044 experiment will test the validity of these models in the high Q2 andhigh missing momentum regime.The 
ollaboration 
ompleted the 3He(e,e'p) portion of this study in Mar
h,2000, after re
eiving nearly three months of beam time. In perpendi
ular kine-mati
s, with a 
onstant momentum transfer of 1.5 GeV/
 and a 
onstant energytransfer of 0.837 GeV, 
ross se
tions were measured at missing momentum 0, 150,300, 425, 550, 750, and 1000 MeV/
. The RL+TT , RT , and RLT response fun
tionswill be extra
ted for missing momenta of 0, 150, 300, 425, and 550 MeV/
. Inparallel kinemati
s, where the proton is emitted in the dire
tion of the momentumtransfer ve
tor, the Q2 dependen
e from 0.8 to 4.1 [GeV/
℄2 will be determinedby performing longitudinal/transverse separations. These measurements were per-formed for -300, 0, 300 MeV/
 missing momentum and for momentum transfers1.0, 1.9 and 3.0 GeV/
. In addition, the experiment measured 
ross se
tions inthe 
ontinuum region to study 
orrelated nu
leon pairs.An overview of the measured kinemati
s is shown in Table 10. The missingenergy and missing momenta spe
tra from one of the high missing momentumkinemati
s, Kin 10, is shown in Figure 3.3. The s
aler information from these1http://hallaweb.jlab.org/physi
s/experiments/E89-044/
ollaboration.ps56
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Figure 20: Shown on the left is the missing energy spe
trum for perpendi
ularkinemati
s 10. The two-body break-up peak 
an be seen around 5.5 MeV while thestrength in the 
ontinuum region is seen at the higher missing energies. Shown onthe right is the missing momentum spe
trum for the same kinemati
s.measurements has been pla
ed in a MySQL database lo
ated at http://marat-rva
hev2.jlab.org/php. To normalize the measured 3He 
ross se
tions, extensivesingle-arm elasti
 s
attering data was taken. Between elasti
 s
attering measure-ments, single arm events were re
orded to monitor relative luminosity during the3He(e,e'p) measurements. Combining the known elasti
 
ross se
tions with our lu-minosity monitoring data will provide an absolute normalization for the 3He(e,e'p)
ross se
tions.The analysis of the data is being performed primarily by four groups, Cal-State, Grenoble, MIT, and Rutgers. Three graduate students, Fatiha Benmokhtar(Rutgers), Emilie Penel (Grenoble), Marat Rva
hev (MIT), will re
eive their dis-sertation data from this experiment. Also, several undergraduates at CalStatehave been working with the elasti
 s
attering data to get their �rst experien
eanalyzing nu
lear physi
s data. Further details and up to data information on theanalysis 
an be found at http://hallaweb.jlab.org/physi
s/experiments/E89-044.
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Perpendi
ular ~q E0 ! � PmKinemati
s [GeV/
℄ [GeV℄ [GeV℄ [GeV/
℄Kin01 1.50 4.80 0.837 0.943 0.00Kin02 1.50 4.80 0.837 0.934 0.00Kin03 1.50 1.25 0.837 0.108 0.00Kin04 1.50 4.80 0.837 0.943 0.150Kin05 1.50 4.80 0.837 0.943 0.150Kin06 1.50 1.25 0.837 0.108 0.150Kin07 1.50 4.80 0.837 0.943 0.300Kin08 1.50 4.80 0.837 0.943 0.300Kin09 1.50 1.25 0.837 0.108 0.300Kin10 1.50 4.80 0.837 0.943 0.425Kin11 1.50 4.80 0.837 0.943 0.425Kin12 1.50 1.25 0.837 0.108 0.425Kin13 1.50 4.80 0.837 0.943 0.550Kin14 1.50 4.80 0.837 0.943 0.550Kin15 1.50 1.25 0.837 0.108 0.550Kin28 1.50 4.80 0.837 0.943 0.750Kin29 1.50 4.80 0.837 0.943 1.00Kin31 1.50 1.25 0.880 0.069 0.401Kin32 1.50 1.25 0.880 0.069 0.509Kin33 1.50 1.95 0.837 0.615 0.000Kin34 1.50 1.95 0.837 0.615 0.150Kin35 1.50 1.95 0.837 0.615 0.150Parallel ~q E0 ! � PmKinemati
s [GeV/
℄ [GeV℄ [GeV℄ [GeV/
℄Kin16 1.00 4.04 0.438 0.966 0.00Kin17 1.00 0.845 0.438 0.221 0.00Kin18 1.94 4.80 1.22 0.898 0.00Kin19 1.94 1.95 1.22 0.314 0.00Kin20 3.00 4.80 2.21 0.718 0.00Kin21 3.00 2.90 2.21 0.180 0.00Kin22 1.00 2.90 0.700 0.925 -0.300Kin23 1.00 1.25 0.700 0.527 -0.300Kin24 1.94 4.80 1.52 0.891 -0.300Kin25 1.94 1.95 1.52 0.204 -0.300Kin26 1.00 4.05 0.262 0.968 +0.300Kin27 1.00 0.845 0.262 0.342 +0.300Kin36 1.00 1.95 0.439 0.847 0.000Table 10: The perpendi
ular and parallel kinemati
s measured during the re
ently
ompleted E89-044 3He(e,e'p) experiment.58



3.4 E91-010The Hall A Proton Parity Experiment (HAPPEX)J.M. Finn and P.A. Souder, Spokespersons,andthe HAPPEX and Hall A Collaborations.HAPPEX has measured the parity-violating ele
troweak asymmetry in theelasti
 s
attering of polarized ele
trons from the proton. This experiment tookpla
e in Hall A at the Thomas Je�erson National A

elerator Fa
ility. An ap-proximately 35�A beam of 67-76% polarized ele
trons with an energy of 3.3 GeVs
attered from a 15 
m liquid hydrogen target. Elasti
 events were dete
ted byintegrating the signal in total-absorption 
ounters lo
ated at the fo
al plane ofa pair of high-resolution magneti
 spe
trometers. [17℄ This measurement is the�rst �xed-target parity violation experiment that used either a \strained" GaAsphoto
athode to produ
e highly polarized ele
trons or a Compton polarimeter to
ontinuously monitor the ele
tron beam polarization.Strange form fa
tors 
an be isolated from up and down quark form fa
tors bymeasuring the parity-violating asymmetry A = (�R��L)=(�R+�L) in the elasti
s
attering of polarized ele
trons from protons. The experiments are 
hallengingsin
e A � A0� � 10 parts per million (ppm) for typi
al kinemati
s. Here A0 =(GFM2p )=(p2��) = 316:7 ppm, where GF is the Fermi 
onstant for muon de
ayand Mp is the proton mass. Also � = Q2=4M2p where Q2 is the square of the four-momentum transfer. Nevertheless, several experiments have re
ently publishedsigni�
antly non-zero values for A [17{19℄.Measurements of elasti
 ele
tromagneti
 and ele
troweak nu
leon s
atteringprovide three sets of ve
tor form fa
tors. From this information, the form fa
torsfor ea
h of the light 
avor quarks may be determined [20℄: GuE;M , GdE;M , andGsE;M . A 
onvenient alternate set, whi
h is dire
tly a

essible in experimentalmeasurements, is the ele
tromagneti
 form fa
tors Gp
E;M ; Gn
E;M , plus G0E;M . HereG0 = (Gu + Gd + Gs)=3; Gp
 = 23Gu � 13Gd � 13Gs;and Gn
 = 23Gd � 13Gu �13Gs;where the last expression assumes 
harge symmetry.G0 
annot be a

essedin ele
tromagneti
 s
attering and thus represents new information on nu
leondynami
s that 
an be a

essed only via measurements of the weak neutral 
urrentamplitude.The theoreti
al asymmetry in the Standard Model has a 
onvenient form interms of G0:Ath = �A0��0(2� 4�̂0eq sin2 �W � "�p"�2p + ��2p G0E + �G0M(G
pM=�p) )�AAwhere �p(�n) � 2:79(�1:91) is the proton(neutron) magneti
 moment in nu
learmagnetons,�p = �p(Q2) = Gp
E (Q2)=(Gp
M (Q2)=�p); " = (1+ 2(1+ �) tan2 �=2)�1 is59



thelongitudinal photon polarization, and � = ��p=("�p). The s
attering angle ofthe ele
tron in the laboratory is �. The 
ontribution from the proton axial formfa
tor, AA = (0:56 � 0:23) ppm, is 
al
ulated to be small for our kinemati
s [21,22℄. Re
ent data from the SAMPLE 
ollaboration [23℄ is not in
onsistent withRefs. [21,22℄ but has larger errors. The parameters �0eq = 0:9879 and �̂0eq =1:0029 in
lude the e�e
t of ele
troweak radiative 
orre
tions [24℄,and sin2 �W =0:2314.If, in addition to G0E;M , the proton and neutron ele
tromagneti
 form fa
torsGp
E;M and Gn
E;M are known, the strange form fa
tors may be determined fromGsE;M = G0E;M �Gp
E;M �Gn
E;M :It is 
onvenient to normalize the form fa
tors to Gp
M=�psin
e the normalized formfa
tors depend less on experimental un
ertainties and tend to vary less with � .The quantities extra
ted are GsE=(Gp
M=�p) ! ��s and GsM=(Gp
M =�p) ! �s forthe limit � ! 0. Models suggest that the radius parameter �s 
ould be of theorder of �2 and the strangeness 
ontribution to the magneti
 moment �s 
ouldbe of the order of -0.3. If the strange form fa
tors are indeed of this s
ale, ourexperiment along with other experiments in progress should be able to establishtheir presen
e.It is important that the signal be purely elasti
, sin
e ba
kground pro
essesmay have large asymmetries. For example, the produ
tion of the prominent��resonan
e has 3 times the asymmetry of elasti
 s
attering. [20℄ To measurethe reje
tion of unwanted events by our system, we measured the response of thedete
tor, both in 
ounting and integrating mode, as a fun
tion of the mismat
hbetween the spe
trometer setting and the momentum of elasti
 events. Based onthese data, we determined that only 0.2% of our signal arises from inelasti
 ba
k-ground pro
esses. Quasi-elasti
 s
attering from the Al target windows 
ontributed1.5% to the measured signal.A new feature of the experiment is that the beam polarization Pe � 70%. Thiswas a
hieved by using photoemission by 
ir
ularly polarized laser light impingingon a \strained" GaAs 
rystal. The Compton devi
e 
ontinuously monitored thepolarization of the beam on target and ruled out possible signi�
ant variationsin polarizations between the daily M�ller measurements. Both devi
es have anoverall systemati
 error �Pe=Pe � 3:2%:To study possible systemati
 errors in our small asymmetry, we inserted ahalf-wave (�=2) plate in the laser beam at the sour
e to reverse the sign of theheli
ity. Data were obtained in sets of 24-48 hour duration, and the state of the�=2 plate was reversed for ea
h set. The resulting asymmetries are shown in Fig.21a. The asymmetries reverse as expe
ted but otherwise behave statisti
ally. Thestrained GaAs 
rystal, in 
ontrast to the bulk GaAs used for our previous result,has a large analyzing power for linearly polarized light.The analyzing power tends to promote heli
ity-
orrelated di�eren
es in beamparameters su
h as position, energy, and intensity. The intensity asymmetry was60



nulled with a feedba
k system. In addition, the intensity asymmetry in the beamin another hall also had to be nulled.The position and energy di�eren
es were measured with pre
ision mi
rowavemonitors. One example of monitor data is shown in Fig. 21b. The e�e
t of thesebeam di�eren
es on the asymmetry was measured by 
alibrating the apparatuswith beam 
orre
tion 
oils and an energy vernier. The resultant 
orre
tion, shownin Fig. 21
, proved to have an average of 0:02 � 0:02 ppm.The experimental asymmetry, 
orre
ted for the measured beam polarization,is Aexp = �15:1 ppm at Q2 = 0:477 (GeV/
)2 for the 1999 data.We also in
ludethe previously reported 1998 data, [17℄ whi
h gives Aexp = �14:7 ppm whenextrapolated to the same Q2 value but with approximately twi
e the statisti
aland systemati
 errors.In addition, three small 
orre
tions based on subsequent data analysis weremade to the 1998 data: i. the ba
kground 
orre
tion was in
luded; ii. the mea-sured beam polarization was redu
ed by 1.5%; and iii. the Q2 value was deter-mined to be 0.474 (GeV/
)2. instead of 0.479 (GeV/
)2. An in
rease of 1% in Q2is expe
ted to in
rease the magnitude of the asymmetry by 1.5%.Systemati
 errors in the beam polarimetry and in the measurement of the spe
-trometer angle were the most signi�
ant sour
es.The 
ombined result is Aexp =�15:05 � 0:98(stat) � 0:56(syst) ppm at the average kinemati
s Q2 = 0:477(GeV/
)2 and � = 12:3Æ. This is the average asymmetry over the �nite solid angleof the spe
trometers; we estimate the value at the nominal kinemati
s is smallerby 0.7%. We obtain (G0E+�G0M )=(Gp
M=�p) = 1:527�0:048�0:027�0:011, wherethe �rst error is statisti
al, the se
ond systemati
, and the last error is due tothe un
ertainty from AA; � = 0:392 in our kinemati
s. The sensitivity to �p isnegligible. For our kinemati
s, (Gp
M=�p) � 0:36:We analyse the 
ontribution due to strange form fa
tors in a paper that wehave re
ently submitted to Physi
s Letters.We wish to thank the entire sta� at JLab for their tireless work in devel-oping this new fa
ility, and parti
ularly C. K. Sin
lair and M. Poelker for theirtimely work on the polarized sour
e. This work was supported by DOE 
ontra
tDE-AC05-84ER40150 under whi
h the Southeastern Universities Resear
h Asso-
iation (SURA) operates the Thomas Je�erson National A

elerator Fa
ility, theDepartment of Energy, the National S
ien
e Foundation, the Korean S
ien
e andEngineering Foundation (Korea), the INFN (Italy), the Natural S
ien
es and En-gineering Resear
h Coun
il of Canada, the Commissariat �a l'�Energie Atomique(Fran
e), and the Centre National de Resear
h S
ienti�que (Fran
e).
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Figure 21: (a) Raw asymmetry versus data set. Solid(open) 
ir
les are from theleft(right) spe
trometer. The step pattern is due to the insertion of the half-waveplate. The �2 = 33:7 for 39 degrees of freedom. b) Heli
ity-
orrelated horizontalposition di�eren
e measured near the target. 
) Corre
tion to left spe
trometerdata due to all of the beam parameter di�eren
es.
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3.5 E91-011Investigation of the N ! � Transition via Polarization Observables in Hall AS. Frullani, J.J. Kelly, and A.J. Sarty, Spokespersons,andthe Hall A Collaboration.Re
oil polarization observables 
an provide new insight into properties of nu-
leon resonan
es and the rea
tion me
hanisms for ele
troprodu
tion of mesons byproviding a

ess to interferen
e between small amplitudes and dominant ampli-tudes. The dominant amplitude for pion ele
troprodu
tion at the � resonan
e istheM1+ multipole, but there is mu
h 
urrent interest in the smaller S1+ amplitudethat arises from 
on�guration mixing within the quark 
ore [25℄, often des
ribedas quadrupole deformation, or from meson and gluon ex
hange 
urrents betweenquarks [26℄, or 
oupling to the pion 
loud outside the quark 
ore [27,28℄. Observ-ables whi
h depend upon real parts of interferen
e produ
ts are sensitive to thesequadrupole amplitudes, but reliable interpretation of su
h data requires under-standing ba
kground 
ontributions from nonresonant produ
tion me
hanisms andfrom underlying nondominant resonan
es. Sensitivity to ba
kground amplitudesis provided by observables whi
h depend upon the imaginary parts of similar in-terferen
e produ
ts. Experiment E91-011 was designed to measure both types ofobservables for the p(~e; e0~p)�0 rea
tion using the fo
al-plane polarimeter.The experiment ran between May 19 and July 31, 2000, and re
eived an average
urrent of 45 �A for 36.5 days, 
orresponding to about 64% of s
heduled 
alendartime. The beam polarization for several 
athode lo
ations varied between 67and 79% and was monitored almost 
ontinuously by the Compton polarimeter.Polarized beam was delivered to Hall A during the June 8 to July 1 period usingtwo lasers and a
hieved a re
ord 
urrent of 110 �A with high polarization, althoughthe lifetime was relatively short.The produ
tion kinemati
s are summarized in Table 11. The nominal beamenergy, E0 = 4:535 GeV, ele
tron s
attering angle, �e = 14:09Æ, and s
atteredele
tron momentum, kf = 3:066 GeV/
, were 
onstant for the produ
tion data.The proton momenta and angles were 
hosen to give 
entral values of W = 1:232GeV and Q2 = 1:0 (GeV/
)2 while optimally 
overing the 
enter-of-mass angulardistribution. The table lists nominal 
enter-of-mass angles �
m where positive(negative) angles refer to nu
leon momenta forward (ba
kward) with respe
t tothe virtual photon momentum ~q. The total 
harge 
olle
ted for ea
h setting isgiven in 
oulombs. For ea
h setting, a portion of the data was 
olle
ted with 6msr 
ollimators in ea
h spe
trometer, but for most settings the bulk of the datawas a
quired without 
ollimators. Extensive measurements for opti
s, pointing,luminosity, and dead time were made also.The high singles rates on the forward side of ~q and relatively large �+ 
on-tamination ne
essitate 
areful parti
le identi�
ation and ba
kground reje
tion.63



Table 11: Kinemati
s summary for E91-011.�
m �lab plab 
hargedeg. deg. GeV/
 C-155 49.72 0.742 11.5-135 53.64 0.819 20.2-90 54.79 1.066 13.7-50 50.18 1.270 10.5-25 46.33 1.350 4.60 42.30 1.378 16.725 38.12 1.350 6.250 34.29 1.270 13.090 29.81 1.066 12.0135 30.81 0.819 11.1155 34.71 0.742 11.1180 42.28 0.703 3.8Figure 22 illustrates the e�e
tiveness of several sele
tion 
riteria. A 
ut on the
orrelation between vertex position and 
oin
iden
e time eliminates most of thea

idental 
oin
iden
es. A 
ut on mean pulse height in the s
intillators versus �eliminates most of the pion 
ontamination. An aerogel dete
tor was used for mostof the forward-angle running to redu
e the trigger rate and dead time 
ontributedby pions. An additional 
ut on missing energy versus missing mass also redu
esba
kground, parti
ularly on the large-angle side of ~q where the elasti
 radiativetail is responsible for the strong peak at small missing mass; this peak is 
ut o�on its lower side by a

eptan
e. Very little ba
kground remains under the �nalmissing-mass peak. Note that the missing-mass resolution is better on the large-angle than on the small-angle side of ~q where the sensitivity to angular resolutionis greater.Even though the hadron spe
trometer is 
on�ned to a horizontal plane, Fig. 23demonstrates that kinemati
 fo
using of the rea
tion 
one to a laboratory openingangle of about 13Æ provides 
onsiderable out-of-plane a

eptan
e. The nearly 
om-plete 
overage for �
m < 50Æ will permit extra
tion of response fun
tions whi
hrequire out-of-plane momenta. Therefore, we have developed an analysis pro
e-dure that exploits the various � dependen
ies of 
ross se
tion and polarizationobservables to extra
t most of the response fun
tions that do not require Rosen-bluth separation. This pro
edure was tested by Monte Carlo simulation beforethe experiment and will be applied to the data after the 
alibration analysis. Thedata analysis is pro
eeding smoothly and we expe
t to have preliminary data forpolarized and unpolarized response fun
tions by spring of 2001.64
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Figure 22: The e�e
tiveness of event sele
tion 
riteria is illustrated for �
m =�90Æ. The dashed 
urves have only a loose 
ut on 
oin
iden
e time; the dash-dotted 
urves have 
uts applied to both 
oin
iden
e time versus rea
tion-vertexand � versus pulse-height parti
le identi�
ation; and the solid 
urves add a 
ut tosele
t pion produ
tion in Em versus pm.
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Figure 23: Angular a

eptan
e for 1:207 � W � 1:257 GeV and 0:9 � Q2 � 1:1(GeV/
)2. Contours of normalized yield are shown for (�
m; �
m), 
ombining thevarious spe
trometer settings. 65



3.6 E93-049Polarization Transfer in the Rea
tion 4He(~e; e0~p ) 3H in the Quasi-elasti
S
attering RegionR. Ent and P.E. Ulmer, Spokespersons,andthe E93-049 Collaboration.Experiment E93-049 measured polarization observables in the 4He(~e; e0~p ) 3Hrea
tion at Q2 of 0.5, 1.0, 1.6, and 2.6 (GeV/
)2. Data taking was 
ompleted inMay of 2000.Polarization transfer in quasi-elasti
 nu
leon kno
kout is sensitive to the prop-erties of the nu
leon in the nu
lear medium in
luding possible modi�
ation of thenu
leon form fa
tor and/or spinor. The experiment 
onsisted in measuring thepolarization transfer 
oeÆ
ients over the range of Q2 from 0.5 to 2.6 (GeV/
)2and as a fun
tion of missing momentum in the range 0 to 250 MeV/
 in order todetermine the ele
tri
 to magneti
 form fa
tor ratio for protons bound in the 4Henu
leus. 4He was sele
ted for study sin
e its relative simpli
ity allows for realisti
mi
ros
opi
 
al
ulations and sin
e its high density enhan
es any possible mediume�e
ts. Also, a variety of 
al
ulations indi
ate polarization observables for the4He(~e; e0~p ) 3H rea
tion have minimal in
uen
e from �nal-state intera
tions (FSI)and meson-ex
hange 
urrents (MEC). It is pre
isely these e�e
ts (espe
ially FSI)that have so far prevented a 
lean determination of nu
leon medium modi�
ationsfrom unpolarized response fun
tions in (e; e0p) experiments.A re
ent 
al
ulation by D.H. Lu et al. [29℄ shown in Fig. 24 suggests a mea-surable deviation from the free spa
e ratio over the Q2 range of this experiment.Note that the 
al
ulation is 
onsistent with present 
onstraints on possible mediummodi�
ations for both the ele
tri
 form fa
tor (from the Coulomb Sum Rule, withQ2 < 0.5 (GeV/
)2), and the magneti
 form fa
tor (from a y-s
aling analysis) forQ2 < 2 (GeV/
)2. The 
al
ulation seems to predi
t too large an e�e
t for themagneti
 form fa
tor at higher Q2; however, it has been suggested that in orderto interpolate smoothly between 
on�ned and de
on�ned phases, as the baryondensity in
reases the bag 
onstant might de
rease. Su
h an e�e
t would redu
ethe Q2 dependen
e of the medium modi�
ation of the magneti
 form fa
tor, whilestill having a measurable e�e
t in the ratio of GE=GM . Similar measurable e�e
tshave been 
al
ulated in the model of Frank et al. [30℄.As the experiment was designed to dete
t di�eren
es between the in-mediumpolarizations 
ompared to the free values, both 4He and 1H targets were employed(due to beam time 
onstraints, at Q2 = 2:6 (GeV/
)2 only 4He data was a
quired).The statisti
al pre
ision for the polarization double ratio is roughly 5%, 4%, 4%and 10% at Q2 of 0.5, 1.0, 1.6, and 2.6 (GeV/
)2 respe
tively (the dominant errorat the high Q2 point is from our interpolation on the existing Hall A GE=GM66



data for the proton from Jones et al. [15℄). Systemati
 errors are expe
ted to besigni�
antly less than the statisti
al errors.A �rst-pass analysis was re
ently 
ompleted. We have begun a

eptan
e-averaged, radiatively-folded, 
al
ulations for 
omparison to data. Although theindividual polarizations (and espe
ially the indu
ed normal 
omponent) are moresensitive to systemati
s than the polarization ratio, we plan to extra
t the in-dividual 
omponents as well, as they provide additional 
onstraints on rea
tionmodels for 4He. This experiment forms the Ph.D. thesis proje
t of Sonja Dieteri
hfrom Rutgers University. Two postdo
s, Bitao Hu from Hampton University andSte�en Strau
h from Rutgers University, are working on the analysis. We expe
tto have �nal results in about one year.
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Figure 24: Ratio of in-medium to free spa
e ele
tri
 and magneti
 form fa
tors ofthe proton in 4He [29℄. The free bag radius was taken to be 0.8 fm.
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3.7 E93-050 Virtual Compton S
atteringP.-Y. Bertin, P.A.M. Gui
hon, C.E. Hyde-Wright, 
o-spokespersonsIn experiment 93-050 we measured the H(e; e0p)
 rea
tion, using the Hall A 
ry-otarget and the HRS2 pair to dete
t the s
attered ele
tron and re
oil proton in
oin
iden
e. To lowest order in �QED, this rea
tion is a 
oherent superposition ofradiation from the in
ident or s
attered ele
tron in elasti
 ep s
attering ( Bethe-Heitler{BH) and ex
lusive produ
tion of a photon on the proton, by absorption ofa virtual photon (Virtual Compton S
attering{VCS). Experimentally, we separatethe ex
lusive photon �nal state from �0 ele
troprodu
tion and other 
hannels byre
onstru
ting the missing mass of the unobserved parti
le(s). This experiment isthe subje
t of the Ph.D. theses of N. Degrande (Gent), S. Jaminion (Clermont-Ferrand), C. Jutier (ODU - Clermont-Ferrand), G. Laveisi�ere (Clermont-Ferrand),and L. Todor (ODU).The kinemati
s of the VCS rea
tion are 
hara
terized by the invariant mo-mentum transfer squared from the ele
tron: Q2 = �q2 = (k � k0)2, the invariantmass of the photon-proton system: s = W 2 = (q + P )2, and the polar and az-imuthal angles �

 and �

 of the outgoing photon relative to the dire
tion ~q ofthe momentum transfered from the ele
tron.The virtual 
ompton amplitude in
ludes a 
oherent sum of all possible in-termediate states. In the low energy limit (s ! M2p , for arbitrary Q2) the lowenergy theorems des
ribe the VCS amplitude as a sum of the Born term (protonbremsstrahlung) plus a set of generalized polarizabilities.[31℄ The Q2 variation ofthe generalized polarizabilities measures the spatial variation of the ele
tri
 andmagneti
 polarization indu
ed in the proton by external ele
tri
 and magneti
�elds.In E93050, we took data below pion threshold (M2p < s < (Mp + m�)2) atQ2 = 1:0 and 1:9 GeV2. In these measurements, a single ele
tron arm settingspanned the entire region below threshold, and we moved the proton arm to spana large range in �

 . At Q2 = 1, we also measured a resonan
e ex
itation s
an fornine 
entral values of s from 1.3 GeV2 to 3.6 GeV2, with the 
oin
iden
e angularkinemati
s 
entered on �

 = �.The VCS pro
ess in the nu
leon resonan
e region is 
omplementary to mesonele
troprodu
tion. In parti
ular, sin
e this is a purely ele
tromagneti
 pro
ess,the VCS 
ross se
tion should be a stringent test of resonan
e ele
troprodu
tionamplitudes extra
ted from meson ele
troprodu
tion.In addition to physi
s data, we took extensive data in E93050 to 
alibratethe opti
s of the spe
trometers at high momenta and with extended targets. Theopti
s 
alibrations were done primarily with sieve slit data. To eliminate the depthof �eld problems from the extended target, we re
onstru
ted the traje
tories ofelasti
ally s
attered ele
trons at the fa
e of the 
olimator. An essential element68



in these 
alibrations was the phase shift and attenuation in the instantaneousreadout of the beam position monitors in the Hall A beam-line. We 
alibrated thebeam energy by requiring agreement between the simulated and observed positionof the missing mass peak. Typi
al values of the 
alibrated beam energy are 15� 3MeV lower than the nominal 4045 MeV beam energy. The analysis is illustratedin Fig. 25 Details of these analysis 
an be found on the VCS web page.[32℄

Figure 25: VCS Analysis for setting s = 2:5 GeV2 and Q2 = 1:0 GeV2. Left:Coin
iden
e time of 
ight (ns) between the ele
tron and proton arms, 
orre
ted forthe path length variation in the two spe
trometers. Middle: Two-arm-x { Beam-x (m). This is the the horizontal vertex 
oordinate re
onstru
ted from the twospe
trometers minus the instantaneous beam position. Right: H(e; e0p)X missingmass squared, illustrating the VCS and �0 peaks.Below pion threshold, we extra
t the di�erential 
ross se
tion by 
omparing theintegrated yield in a bin with a simulated 
ross se
tion in
luding the Bethe-Heitlerand Born terms[33℄ and the radiative tail (se
ond photon emission) of the 
ompleteVCS pro
ess.[34℄ Our preliminary 
ross se
tions at Q2 = 1:9 GeV2 are illustratedin Fig. 26. The gap in the angular distribution at �CM

 � 100Æ 
orresponds tothe two large BH peaks in the dire
tions of the in
ident and s
attered ele
trons.The broad peak at �CM

 � �180Æ is dominated by the Born term (approximatelya dipole radiation pattern from the re
oil proton). At ea
h angle �

 the e�e
t ofthe polarizabilities will grow linearly with q0.Fig. 27 shows the preliminary VCS 
ross se
tions in the nu
leon resonan
eregion, averaged over our �-a

eptan
e as a fun
tion of W in a bin of �
p and Q2.The � peak is shifted below 1230 MeV by the strong interferen
e with the BH69



Figure 26: VCS 
ross se
tion below pion threshold. The kinemati
s are de�ned forQ2 = 1:9 GeV2 and E0 = 4:028 GeV. q0CM = (s�M2)=(2ps) is the �nal photonenergy in the photon-proton CM frame. Positive values of �CM

 
orrespond to�

 = 0; negative values of �CM

 
orrespond to �

 = �. The left hand plots showthe di�erential 
ross se
tion for q0CM = 37:5, 72.5, and 107.5 MeV. The solid dotsare the experimental 
ross se
tion with statisti
al error bars. The open 
rosses arethe 
ross se
tions from the low energy theorem (Bethe-Heitler + Born only). Theright hand plots show the fra
tional deviation of the experimental results from theBH + Born theory. The systemati
 errors are estimated to be 15% in the angulardomain [�180;�50℄[ [+150;+180℄ and 25-30% in the angular domain [�50;+50℄.70



Figure 27: VCS di�erential 
ross se
-tion in the nu
leon resonan
e region, av-eraged over the experimental a

eptan
e in�

 as a fun
tion of W in a bin 0:95 <
os �CM
p � 1:0 and 0:95 � Q2 � 1:05GeV2. �CM
p is the angle between the q-ve
tor and the re
oil proton, in the photon-proton CM frame.
Figure 28: H(
�; p)�0 virtual photo-produ
tion 
ross se
tion d�=d
CM
� av-eraged over the experimental a

eptan
ewithin j�

 j < 60Æ, �1:0 < 
os �0 � �0:9,and 0:85 � Q2 � 0:95 GeV2, as a fun
tionof W = ps. �0 is the angle between the vir-tual photon and the dete
ted re
oil proton,in the photon-proton CM frame.and Born amplitudes. The di�erent symbols in the plot 
orrespond to di�erentspe
trometer settings. The overlapping points are not ne
essarily expe
ted toagree, sin
e the �-a

eptan
e varies with W for ea
h setting.In Fig. 28 we present our 
ross se
tions for [virtual℄ photo-produ
tion of a �0,averaged over our a

eptan
e as a fun
tion of W in a bin in Q2 and 
os �CM
� . Thesolid line is the MAID[35℄ 
ross se
tion model, averaged over the experimentala

eptan
e. The integral of our result in the interval 1:15 < W < 1:35 GeV agreeswith the MAID model to within 7%. Phys. Rev. C62, 025501 (2000)
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3.8 E94-004In-plane Separations and High Momentum Stru
ture in d(e; e0p)nM.K. Jones and P.E. Ulmer, Spokespersons,andthe Hall A Collaboration.Experiment E94-004 involves separating the various response fun
tions in thed(e; e0p)n rea
tion for a variety of quasi-elasti
 kinemati
s. The 3 
alendar daysof beam taken in O
tober of 1999 (about 5% of the 29 days of approved beamtime) were used to measure the unseparated 
ross se
tion only. The 
ross se
tionwas measured at Q2 = 0:66 (GeV/
)2 for re
oil momenta from 0 to 0.55 GeV/
.The ele
tron kinemati
s were �xed and the re
oil momentum range was spannedby varying the proton angle and momentum.The deuteron, as the only bound two-nu
leon system represents the simplestmanifestation of the nu
lear for
e. It therefore is a vital starting point from whi
hto understand heavier nu
lei in
luding issues su
h as 3- or N -body for
es and
orrelations. Understanding the deuteron is also ne
essary for the interpretationof various GEn measurements employing deuterium targets.By examining high re
oil momenta, this preliminary measurement gives a

essto the short distan
e 
hara
ter of the nu
leon-nu
leon (NN) intera
tion. Althoughhigh re
oil momenta have been measured previously at Sa
lay and Mainz, therelatively low energies of these fa
ilities 
ompared to JLab required performingthese measurements away from the quasi-elasti
 peak. Thus, 
ontributions frommeson-ex
hange 
urrents and virtual nu
leoni
 ex
itations make the extra
tionof information about the ground-state stru
ture of the deuteron highly modeldependent. In 
ontrast, the higher beam energies of JLab allowed our experimentto be the �rst to sample high re
oil momenta at quasifree kinemati
s, and thuswe expe
t a 
leaner interpretation in terms of deuteron stru
ture.We obtained statisti
s (per 20 MeV/
 bin in re
oil momentum) of 2% (4% forthe highest re
oil momenta). Systemati
 errors are expe
ted to be roughly 5%.A �rst-pass analysis has been made and a preliminary spe
trum will be availableshortly. Pending the results of this analysis, we expe
t to submit an updatedproposal to PAC19.
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3.9 E94-010Measurement of the Neutron (3He) Spin Stru
ture Fun
tion at Low Q2; a
onne
tion between the BJ and DHG sum rules.G.D. Cates, J.-P. Chen, and Z.-E. Meziani, Spokespersons,andthe E94-010 Collaboration.E94-010 took data on the in
lusive s
attering of polarized ele
trons from po-larized 3He thus providing some of the �rst detailed information on the spin stru
-ture of 3He at low Q2. A 
entral goal of the experiment is the study of theextended Gerasimov-Drell-Hearn (GDH) sum rule. The data analysis is nearly
omplete, and preliminary results on the Q2-dependen
e of the GDH sum havebeen presented at several 
onferen
es. Results have also been presented on spinasymmetries, absolute 
ross se
tions, and the spin stru
ture fun
tions g1(x;Q2)and g2(x;Q2).The original GDH sum rule relates the spin-dependent photoabsorption 
rossse
tions to the square of the anomalous magneti
 moment of the obje
t o� whi
hone is s
attering. While the GDH sum rule involves the s
attering of real photons,
orresponding to Q2 = 0, it is natural to 
onsider the s
attering of virtual photonswhere Q2 6= 0. It has been re
ognized for some time that it is possible to de�ne asum that is 
onstrained by the GDH sum rule at Q2 = 0, and by high energy dataon spin stru
ture for Q2 >> 1GeV2. Re
ently, however, Ji and Osborne wereable to de�ne a rigorous new sum rule that relates the spin stru
ture fun
tiong1(x;Q2) to the forward virtual Compton s
attering amplitudes [36℄. This sumrule, whi
h is well de�ned at all values of Q2, redu
es to the GDH sum rule atQ2 = 0, and reprodu
es high energy results su
h as the Bjorken Sum Rule atQ2 >> 1GeV2. With the extended GDH sum rule, one has an experimentallya

essible observable that 
an be studied from a regime that is best des
ribed withquark degrees of freedom, to a regime that is best des
ribed with hadroni
 degreesof freedom. Many theoreti
al results exist with whi
h to 
ompare our results.Near Q2 = 0, one 
an use Chiral perturbation theory [37,38℄. At large values ofQ2, the GDH sum 
an be predi
ted using a twist expansion (with 
onstraints fromexperimental data) [39,40℄. In the intermediate range of Q2, it may be ne
essaryto use latti
e gauge theory to arrive at a

urate predi
tions. We note also thatphenomenologi
al models make predi
tions for the GDH sum [41℄. The study ofthe extended GDH sum rule thus provides an ex
ellent opportunity to study thedynami
s of the strong intera
tion.Data were 
olle
ted at six energies (862, 1720, 2591, 3384, 4240, and 5070 MeV)and numerous spe
trometer settings, all at a s
attering angle of 15.5Æ. In energyloss, we had kinemati
 
overage from the quasielasti
 peak to the beginning ofthe deep inelasti
 regime. In Q2, our data are suÆ
ient to make meaningfulstatements about the GDH integral over the range 0:1GeV2 � Q2 � 1:0GeV2.73



Be
ause we were studying in
lusive s
attering, both of the Hall A spe
trometerswere used to dete
t ele
trons. A shower 
ounter was built and installed in theHadron Arm to aid in pion reje
tion. During some of our running, two DAQsystems were used (one for ea
h arm) permitting data a
quisition rates as highas 5 kBytes/se
. Polarized ele
trons were provided by a strained GaAs 
athode,yielding polarizations of roughly 70%.A major te
hni
al a
hievement of our experiment was a 
on
entrated e�ortby our 
ollaboration to build and 
ommission the Hall A polarized 3He target(see se
tion 1.9), whi
h has the highest �gure of merit in terms of thi
kness andpolarization that has ever been a
hieved for a target of its type. The targetlength was 40 
m, and the density 
orresponded to 10{12 atmospheres. Despitebeam 
urrents as high as 15�A, the target polarization was maintained at 32{40%throughout most of our data taking. Somewhat higher polarizations were possiblewhen using lower beam 
urrents. Two separate methods were used to 
alibratethe polarization of the target that agreed well within errors, and resulted in apolarimetry error of 4.0%. The target polarization was also 
he
ked against theasymmetries observed in elasti
 s
attering, and again good agreement was seen.Be
ause we are measuring absolute 
ross se
tions, we spent 
onsiderable e�ortunderstanding the spe
trometer opti
s. For this purpose, we used some of ourbeam time to a
quire what at the time was the most 
omplete set of opti
s datato date by s
attering o� seven 
arefully spa
ed 
arbon foils. The seven foils wereimportant to understand our 3He target whi
h is quite extended in length. Weused our opti
s data to re�ne a monte 
arlo simulation so that we would have agood understanding of our a

eptan
e for all of our many kinemati
 points.We have 
ompleted all major phases of the data analysis, and are now in thepro
ess of 
he
king and re�ning our results. In the analysis of our raw data, wehave studied many issues, in
luding s
intillator eÆ
ien
ies, �Cerenkov eÆ
ien
ies,dead-time 
orre
tions, and shower 
ounter 
alibrations.With our raw asymmetries and 
ross se
tions in hand, we applied radiative
orre
tions using a modi�ed version of the program POLRAD. We also a

ountedfor dilution due to small amounts of N2 in our target. We thus extra
ted bothspin-averaged and spin-dependent 
ross se
tions for the six energies we studied.These results 
an be used to extra
t g1(x;Q2) and g2(x;Q2) over the same ranges.The extended GDH sum rule involves evaluating the GDH sum at 
onstant Q2.To do this, we must extra
t g1 and g2 at 
onstant Q2 from our measured quantities.Over most of the kinemati
 range of interest, we are able to do this by interpolatingbetween our a
tual measured points. We have a

ordingly 
onstru
ted values forg1 and g2 at ten values of Q2 ranging from 0:1GeV2 to 1:0GeV2. From thesedata, we 
an 
ompute the GDH sum.We are 
urrently preparing a manus
ript des
ribing our results while we 
he
kand �nalize our analysis. We expe
t to submit this manus
ript for publi
ationin early 2001. We note �nally that two students have re
eived Ph.D.'s for workrelated to E94-010, and that three more expe
t to re
eive Ph.D.'s shortly.74
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