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Abstract

Elastic electron scattering from the deuteron and near-threshold electro-
disintegration have long provided bendimarks against which models of the
nucleon-rucleon interaction are evaluated. Recen measuremets of T, in
elastic scattering have tightenedthe constrairts but still leave room for ambi-
guity. We proposeto make similar improvemerts in the constrairts imposed
by electradisintegration with an exclusive study of the reaction d(e;e%)n at
Q% = 12fm % and E,p, = 2, 4, 6, 8 MeV. Under these kinematics, non-
nucleonicas well as nucleonicdegreesof freedomand relativistic e ects are
expectedto play major roles. The experimert will be conductedin Hall A at
JLab usingthe polarized CW electronbeam,an HRS spectrometerto detect
the electron, and the BigBite spectrometerto detect the proton. The rst
part of the experimert will be to extract the structure functions f 1, f171,
and f % at an electron beam energy of 3200 MeV and electron scattering
angle of 12.5. The secondpart of the experimernt will be to separatethe
longitudinal and transverse structure functions, f| and f+, by performing
complemetary measuremets with a beamenergyof 550 MeV and electron
scattering angle of 90 . The individual structure functions are expected to
be particularly sensitive to di erent componerts of the interaction. For ex-
ample, f 1 is expectedto be sensitive to relativistic e ects, f1 is expected
to be dominated by MEC e ects, and f % vanishesunless nal state interac-
tions are presen and is expectedto be insensitive to non-nucleonicdegrees
of freedom. The longitudinal crosssectionfor elastic scattering dependson
the isoscalarchargecurrent whereasf | for electradisintegration dependspri-
marily on the isovector chargecurrent. Comparisonof the two, asmeasured
at the sametime will allow usto separatethe two cortributions. A compar-
ison of thesedata with theoretical modelswill isolate individual interaction
componerts and thus provide more stringent tests of calculations.

This experimert was approved by PAC 22 in July, 2002,subject to the con-
dition that we demonstratethat the experimert canberun at within a factor
of two of the proposedluminosity. The speci ¢ concernwas the singlesrate
in the BigBite spectrometer. Reasonableextrapolations from experimerts
conductedsincethen have demonstratedthat the luminosity proposedhere
can be used with adequate detection e ciencies and track reconstruction
e ciencies.



1 Intro duction

The de ning goal of nuclear physicsis to understand the composition and
dynamics of nuclei in terms of their constituerts. A rst step towards this
goal is to understand the interaction betweennucleons. As the only stable
two-nucleon system, the deuteron is the ideal choice to study this interac-
tion. Electrodisintegration is an excelleth probe for seeral reasons. First,
the fundamertal interaction is well-understood and weak. Second the struc-
ture functions describingelectradisintegration are functions of both Q2, the
4-momerium transfer, and W, the invariant massof the two-nucleonsystem.
The dependenciesof the structure functions on Q? and W are di erentially
sensitive to various aspects of the physicsinvolved. By investigating a par-
ticular region of the Q> W plane one can examinespeci ¢ aspects of the
physicsinvolved. Third, by using a polarized electron beam and measuring
the momertum of the ejectedproton it is possibleto isolate individual struc-
ture functions. Sud detailed information will yield an even greater insight
into the physicsof the deuteron.

Elastic electron scattering from the deuteron and near-threshold electro-
disintegration have long beena testing ground for models of the nucleon-
nucleoninteraction. Measuremets of T g in elasticscattering have tightened
the constraints but still leave room for ambiguity. We proposeto further
tighten these constrairts through simultaneous measuremets of the reac-
tions d(e;ed) and d(e;e%)n near threshold at Q2 = 12 fm 2. Under these
kinematics, non-nucleonic as well as nucleonic degreesof freedomand rela-
tivistic e ects are expectedto play major roles.

The potential signi cance of thesestudieswashighlighted at the PAC14 Few-
Body Workshop[1]. There, the rst of three \Key Questions"wasidenti ed
as Canfew-body systemsbe understood in terms of a \ standad model” for
nuclear physicswith only nucleon degrees-of-freedom?' Under this the rst
three key issueswereidenti ed as

Is a consisten and \exact" descriptionof 2H, *H, *He, and “*He possible
within a standard model? (i.e. can a single interaction and current
operator accourt for all nuclei?)



Preciseand completetests of the \ standaid model” needto beidenti ed
and carried out experimenrtally.

A complete \ standaid madel" requires correct incorporation of rela-
tivistic e ects, meson-exbangecurrerts, and isobar currens.

In looking to a program of measuremets to addresstheseissueshe rst item
listed under \Exp erimertal Opportunities for the Future" was \Thr eshold
deuteon electrodisintegration: Measurements of this reaction at Je erson
Lab could extendthe explomtion of the role of meson-exchangeurrents to
higher momentumtransfer." While the current proposal doesnot focuson
the highest momertum transfers possible,it doesaddressdirectly both the
nucleonic and non-nucleonic currerts in the deuteron. Thus, the proposed
measuremets constitute the rst step on this important path.

In the caseof unpolarized beam and target, the coincidencecrosssection
cortains four dynamical functions, the longitudinal (f_ ), transverse (f 1),
transverse-transerse (f r1), and the longitudinal-transverse (f 1) interfer-
enceterms. A fth structure function (f %) will be involved when a polar-
ized electron beam s used. Earlier studies shoved the strong sensitivity of
deuteronelectradisintegration to non-nucleondegreesf freedom. Therefore,
it is animportant stepto study in detail e ects sud asmeson-exbangecur-
rents (MEC) and isobarcon guration (IC), aswell asrelativistic corrections
(RC) to the structure functions. From the theoretical side, theseinteraction
e ects can be cleanly investigatedin the two-nucleonsystemsincethere are
no problemsarising from many-particle e ects.

Inclusive data [2] on the reactiond(e; e pn nearthreshold shavedthat almost
100%o0f the experimertal crosssectionnearQ? = 12f m 2 canbe accourted
for by the inclusion of MECs. While this establishedthat non-nucleonic
degreesof freedomare important, the availability of only crosssectiondata
limits the interpretive and thus predictive power of the calculations. The
MECs are expectedto be particularly important to the transversestructure
function f+ so extracting f+ will be one of the most important foci of the
proposedwork. A precisedetermination of f+ asa function of |, the angle
at which the proton emergesin the certer of masssystem, and E,, (the
relative energyof the neutron and proton in the nal state) will placetight



constrairts on models of non-nucleonice ects.

The structure functions f+ and f| will be extracted via a Rosemluth sepa-
ration. The function f will provide us an opportunity to study the isovector
charge cortribution. This will be the secondmajor focus of the experimert.

While the transversecomponernt has beenextensiwely studied by badkward

angleelectron scattering, the longitudinal term hasbeenlargely ignored; ex-
tracting it requiresa preciseL=T separation. The high energy CW beam
at Jlab and the high resolution HRS spectrometer makes sud a separation
feasible.

It wasfound from theoretical calculations[3] [4] and from data [5] [6] [7] that
the longitudinal-transversecomponert f 1 is speci cally sensitive to RCs. It
was alsoshavn [4] that relativistic e ects becomevisible above Q2 = 5f m ?
and increasewith the momertum transfer. Closeto the quasi-elastic(QE)
regionthe relativistic two-body cortribution is small, but the e ect increases
asonemovesaway from QE kinematics. Sincemost of the previousdata were
obtained in the QE regionand at low Q?, measuremets near threshold and
at higher Q? will enableusto obsene a sizablecortribution from relativistic
e ects. The importance of understandingrelativistic e ects is clear; it will
pave the way for seartiing for a quark-gluonsignaturein future investigations
at higher Q2. This will be the third major focus of our experimert.

With the polarized electron beam, the fth structure function f % can be
obtained. The function f% vanishesin plane wave approximation, so a
nite f2 will enableusto study nal state interactions (FSI) if for no other
reasonthan to accoun for their e ects in our measuremets of the other
structure functions.

To date, few measuremets of either photo- or electradisintegration of the
deuteronnearthreshold have beenmade. Total, unpolarizedphotodisintegra-
tion crosssectionsfor E 2:75MeV [8], correspndingto E,,  0:5 MeV,
have been measured,as have di erential crosssections(at selected ) for
E  20MeV [8]. Measuremets of d( ;n) for E = 2:75MeV and a variety
of neutron anglesas well as for a variety of energiesE 35 MeV and a
neutron angle of 90 have also beenmade [9]. During the last few years, a
UVA/Saskatchewan/Duk e collaboration has measuredthe reaction d(~; n)p



at E = 3.5,4.0,6.0,10.0,14.0,and 16.0 MeV correspnding to E,,= 1.3,
1.8,2.8,4.8,6.8,and 7.8 MeV [10, 11]. Onerecen electradisintegration mea-
suremen closeto threshold was madeat Darmstadt with E,, 8 16 MeV
and Q? near 0.07fm? [12].

The kinematics of the threshold electradisintegration reaction are almost
identical to those of elastic scattering sowe will obsene simultaneously elec-
trons scattered elastically from the deuteron. The very large momertum

acceptanceof the BigBite spectrometer will enableus to measurethe mo-
mertum of the recoiling deuteronaswell. Time-of- ight and E-dE cuts will

enableus to distinguish them cleanly from protons. Thus, we will measure
the two reactionsunder the sameconditions, making possibleprecisecom-
parisons.

In summary we proposean out-of-plane measuremen of deuteron electro-
disintegration in Hall A at Q> 12f m 2 nearthreshold (En,,= 2to 8 MeV),
where MEC, IC, and RC e ects are expected to be eminert and distin-
guishable. The Q? chosencorrespndsto a minimum in the crosssectionas
calculatedwithout non-nucleonice ects, thusthesee ects canbe magni ed.
The momertum transfer Q? is high enoughto investigatethesee ects while
low enoughto avoid involving quark-gluon e ects. The experimert consists
of two parts. The data measuredusing E= 3200MeV will be usedto extract
the three interferencestructure functions, f .1 ; ft1; f% , aswell asa sumof
the longitudinal and the transversecrosssections. The data measuredusing
E= 550MeV will be usedin combination with the data taken at E= 3200
MeV to separatethe longitudinal and transversestructure functions, f, and
fr. The particular sensitivity of f| to the isovector chargecurrens, that of
fr to MECs, that of f 1 to RCs, and that of f% to FSI will enableus
to test existing models of the nucleon-rucleoninteraction and to rigorously
constrain future calculations. We also will gather precisedata on deuteron
elastic scattering with longitudinal ( ) and transverse crosssection ( 1)
separated.



2 Previous Data

Over the past forty yearsthere have been many studies of deuteron elec-
trodisintegration, mostly by meansof inclusive measuremets. Starting in
1962[13]at Q% = 0:16f m 2 the measuremets were extendedto 28f m 2 in
1985[2] and to 40f m 2 in 1991[14] [15. The high Q> measuremets were
performedat badkward anglesand involved the interaction of transversevir-
tual photonswith the current and magnetization densitiesof the deuteron.
Within a few MeV of threshold, the M1 transition from the isospin sin-
glet 3S; +3 D, ground state to the nal scattering state, isospintriplet S,
dominatesthe crosssection. Near Q2 = 12f m 2, the plane wave impulse
approximation readiesa deepminimum due to the destructive interference
between3S; ! 1S, and 3D, ! 1Sy transition [2]. The lling in of this dip
by the inclusion of MEC constituted a major step forward in our theoretical
understandingof nucleoninteractions.

Coincidencemeasuremets on the deuteronwere performedat Kharkov [16]
[17] and Sacly [18. They were all in coplanar kinematics and no attempt
was madeto dissectthe crosssection. The measuremen of coincidencecross
sectionsfor deuteronelectradisintegration in out-of-planekinematicswas pio-
neeredby Tamaeet al. at Sendai[19]for Q% = 0:1%f m ?andEn, = 18MeV.
The two interferenceterms and the sum of longitudinal and transverseterms
were studied. The results were in good agreemeh with theoretical calcula-
tions basedon the Paris potertial.

A proposal for coplanar measuremets [20] at Q? = 8:7f m 2 was approved
at the MIT-Bates Laboratory. Unfortunately, due to the decommissioning
of the MEPS spectrometer, the project was canceled.At Bonn, data for f 1
wasobtainedat Q? = 4:5f m 2andEp, = 15M eV [21]. One measuremenof
the fth structure function in the QE regionat Q2 = 3:3f m 2 wasperformed
at the MIT-Bates Laboratory [22], but it su ered from large uncertairties.
Another measuremen conducted at the MIT-Bates Laboratory with E. =
800MeV and Q2 =3.8 f m 2 [23]focusedon the dip regionbelov the  peak.
The interferencetermsandthe fth structure functionswereobtained, clearly
revealing strong evidencefor RCs and FSls. There are also data setsfrom
NIKHEF in the QE and regions[24 [25]. Thesedata are summarizedin



Table 1. Most of thesedata are either near the QE or  regionsand are
at lower momertum transfers. There is no uniform set of data from which
all the v e structure functions have been extracted. Since most of these
data were taken with low-duty factor beam, the statistical precisionwas, in
general,poor.

The MIT data at 3.8f m 2 [26] shaved an agreemeh with theory on f,
while the f| data were 25% lower than calculation. On the other hand, the
MIT data of ft agreedwith the NIKHEF data [24], but f_ diered 40%.
Apparertly, the longitudinal componert is lessunderstood in both theory
and experimert. As for f 1, the NIKHEF data [6] shaved a signature of
relativistic corrections, while similar data from Saclgy [27] canbe t by a
non-relativistic calculation. Thesediscrepanciesobsened in the QE region
could be claried by pushing the measuremets to higher Q? and to the
threshold region, wherethe interaction e ects are anticipated to be stronger.

Most recerily, an out-of-plane measuremenof the reaction ?H (e;eh)n near
threshold was carried out at Darmstadt using an electron energyof 85 MeV
and scattering angle of 40 corresmpnding to a Q? of 0.07fm 2. Protons
correspndingto En, = 8-16MeV [12 weredetectedat , = 0; 45, 135,and
180. While it wasfound that the dataon | + t arein good agreemen
with the calculationsof Arenhevel et al: whenthe proton is emitted parallel
to&( p < 75), they lie afactor of two above the calculationin the minimum
near , 85 and 30-40%belov the calculation for , > 150. The data
on .t lie about 40% below the calculationsfor , 40 where [+ goes
maximally negative; the data for , > 150 point to a similar discrepancy
where |1 is positive.

That sud large discrepanciesxist at sud low Q? wherewe expect calcula-
tions to be valid strongly suggestghat our understandingof the deuteronis
far from complete,that it may befar poorerthan we generallybelieve. A sys-
tematic, out-of-planestudy of nearthreshold electradisintegration carried out
under kinematics whereall relevant degreesof freedomplay signi cant roles
and paired with a simultaneous measuremen of elastic scattering promises
to be the bestway to clarify theseissues.

Existing data on threshold electradisintegration in the rangeof Q? of interest



areshavnin gure 1. Thesedata represeh measuremets integrated over the
proton emissionangle for valuesof E,, 3:0 MeV. The data nearQ? =
12f m 2 have uncertairties of about 10%. The data belov Q2 = 12fm ?
are consistem at the 10%, following a uniform exponertial slope. The data
above Q2 = 12fm 2 areconsistem at a similar level and follow an idertical
slope. Howeer, they are displacedby about 30% from the exponertial line
t to the lower Q? data. No data whereinthe dependenceof the crosssection
on proton emissionangle has beenextracted exist in this range of Q2 .

Threshold photodisintegration results posesimilar questions. while measure-
merts of the unpolarized total and di erential crosssectionsare reasonably
well reproduced by theoretical calculations, those involving polarization de-
greesof freedomare not [9]. The neutron induced polarizations obsened
in the reactiond( ;R) at , = 90 appearto agreereasonablywith theory
belov E 10 MeV. Howewer, more extensive measuremets over a wider
rangeof , for E = 2:75 MeV generallydisagreeby about 40% at neutron
emissionanglesof around45 and 135. The data onthe reactiond(~; n) also
show nortrivial disagreemenwith potential model calculations. The origins
of these discrepanciess under investigation but at this point they remain
mysteries.



10_33 T T T T T T T T T T T T ]
10734 — —
- - i
~ i I ]
[ B . h
™~ B x T
> ¥
% 10735 |~ x Auffret x —
) r = Bernheim x .
Fg . Schmitt B ]
~ N Simon ]
% Ganichot LY
E - "X 4
oz,
10-36 | ]
- SE ]
10_37 1 1 1 1 | 1 | | | | | | | | |
0 5 10 15
Q° (tm™?)

Figure 1: Existing data reported by Auret et al. [2], Bernheim et al. [18],
Sdimitt et al. [15, Simonet al. [28], and Ganichot et al. [29] on the reaction
d(e;eP)n near threshold in the momertum transfer range of interest for the
proposedexperimert. In eat casethe angle of emissionof the proton is
summedover. The crosssection is integrated from threshold to E,, =
3 MeV. The dotted line is an exponertial t to the data belov Q* =
12fm 2.



Lab. Q? Region | Goal Ref.
(fm ?)

Kharkov 4.1 QE Pn, d [16]
Kharkov 7.2 QE Pn [17]
Sacly 1.66 d [18]
Sacly 11 QE LT.LT [27]
Sendai 0.11 Thrs L+T,L T,TT |[19]
Bonn 4.5 d [30]
Bonn 3.7 QE LT [7]

Bonn 3.1 d [21]
NIKHEF 7 QE LT [31]
NIKHEF 5.4 QE LT,LT [24]
NIKHEF | 0.77 TT [25]
NIKHEF 5.15 QE LT, d [6]

Bates 3.8 QE LT,LT [26]
Bates 3.3 QE LT [22]
Bates 3.86 Dip LT,TT,.LT | [23]
Bates 5.15 QE LT,TT.LT | [32]
Mainz 9.3 QE- Pm [33]
Mainz 2-4 Dip LT [34]
SLAC >30 QE Pm [35]
Darmstadt | 0.07 Thrs L+T, LT [12]

Table 1. Previous data from coincidencemeasuremets of deuteron elec-
trodisintegration, py and p, represen the nucleon momerium and missing
momertum respectively.
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3 Scientic Motiv ation

3.1 Theoretical Development

Early theoretical work on exclusive deuteron electradisintegration was car-
ried out by Fabian and Arenhevel [36], within a non-relativistic framework
including MEC and IC. The T-matrix was calculatedin a multip ole expan-
sionup to L=6 (including the FSI) while for all higher multip olesthe Born
appraximation for the nal-state wasused. The calculatedcrosssectionsare
in good agreemeh with inclusive data for 0< Q? < 20f m 2.

In [37], Arenhevel reported an interpretation of the d(e,e'p) data from Sacla
[38 in which FSI, MEC and IC were studied. The e ects turned out to be
very important exceptfor the QE region. Taking into accoun thesee ects
led to a satisfactoryagreemenwith experimert, whereaghe Born or impulse
appraximation failed to give even a fair description.

Laget's calculation [39] included FSI and MEC. His analysisof existing data
provided strong constrairts on the high momertum part of the wave function
of the few-body system. The correctionsto the impulse appraximation are
a ected by gaugeinvariance and reproduce a wide range of data obtained
under very di erent kinematic conditions. He emphasizedthat a more ac-
curate determination requiresa signi cant increaseof the duty factor and
extensionof the study to higher momertum.

Relativistic aspects of the theoretical approades were explored by Cambi,
Mosconiand Ricci [40] [41]. They concludedthat although relativistic cor-
rectionsto the chargedensity in deuteronphotodisintegration areimportant,
thesehave not beenexaminedfor electron scattering experimerts, yet.

Mosconiand Ricci [3] studied the e ects of nucleonicand pionic relativistic
correctionson the structure functions for the d(e;e%)n reaction in the QE
region. The functionsf , f 7, andf % show remarkablevariations in forward
and badckward directions.

Obsenables originating from polarized electron and polarized target were
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investigated by Arenhevel et al. [42] within a non-relativistic framework,
but with lowestorder relativistic cortributions to the one-body current. The
structure functions and the asymmetriescorrespnding to the variousnucleon
polarization componerts were studied with respect to their sensitivity to the
potential model, subrucleonic degreesof freedom, and relativistic e ects in
di erent kinematic regions.

A thorough relativistic analysisof both elastic electron scattering from the

deuteron and electradisintegration of the deuteron has been performed by

J. A. Tjon et al. [43] Their calculations are basedon a relativistic covari-

ant eld theoretical Bethe-Salgeter equation approad and cortain a consis-

tent relativistic treatment of both the electromagneticcurrent and nucleon-

nucleoninteraction. Contributions from mesonexdangecurrens including
I and! areincorporated.

Recertly, a consisten treatment of relativistic e ects in deuteronelectradis-
integration was systematically investigatedin various regionsof energyand
momertum transfer by Ritz et al. [4]. In this work the equation-of-motion
and the unitarily equivalert S-matrix approadies were used. In a (p=M)
expansion,all leadingorder relativistic ~ exdangecortributions consisten
with the Bonn one-toson-exbange potertial model are included. In addi-
tion, static heary-meson-exbange currents including boost terms, =!
currents, and iIsobar cortributions were considered. Sizablee ects from
the various relativistic two-body cortributions, mainly from exdange,
were found in inclusive form factors and exclusiwe structure functions for a
variety of kinematic regions. The variation dueto di erent potential models
was examinedand the di erences were found to be small.

3.2 Kinematics and Cross Section

There are two planesinvolved in the measuremen One is the scattering
plane, de ned by the momertum of the scatteredelectron and the incident
beam axis; the other is the reaction plane, de ned by the momeria of the
virtual photon and the emitted proton, as showvn in Fig. 2. The incident
(scattered) electronbeamenergyis E (E9, and the scattering angle ..
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/ .
/ .
/_scattering plane reaction plane

Figure 2: Scematic geometry of the deuteron disintegration reaction. In
this gure the incidert (scattered) electronis e (e").

The squaredfour-momertum transfer ¢ carried by the virtual photon is
o = Q% = 4EE i’ Ee;

Q? is related to the invariant massof the nal state W by
W?=2m +m* Q%

where is the energycarried by the virtual photon, m is the massof the
deuteronand

=E E@
The excitation energyor the relative energyof the two nucleonsystematfter
the scatteringis de ned as
Ep= W=W m, m,

wherem, and m, are the massof proton and neutron respectively.

Accordingto [37], the triply di erential crosssectionfor deuteronelectrodis-
integration can be written as
d3

Wedp: Co( LfL+ tfr+ gfycos p+ grfrrcos2 p+
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hPrflrsin g ()

whered . isthe di erential solid anglesubtendedby the electronarm in the
laboratory frame,andd |, is for proton in the proton-neutron CM frame with
» the azimuthal angleof the proton relative to the virtual photon direction;

EO

“17 6 QE

and is the ne structure constart; f o are nuclear structure functions.
The kinematic functions o descrilbe the polarization density matrix of the
exchangedvirtual photon, and the virtual photon density matrix is given by
[36]

(- __E
o - 0,
2 2EQ*
with = O for longitudinal and = 1 for transverse polarization of the

virtual photon. The ratio of | and t will be usedasrelative longitudinal
polarization accordingto

- _ L.
L= (2)

In the above expressionf_ and f; arethe transverseand longitudinal struc-
ture functions, in principal, they can be separatedby choosingtwo di erent
sets of beam energy and scattering angle at xed Q? and . The rest are
the interferenceterms betweenlongitudinal and transverse(f 1), aswell as
transverseand transverse(f t1). The f % term is proportional to the helicity
of the electronbeam, h, and sin ,. Theseinterferenceterms are not visible
in inclusive measuremets, sincetheir cortribution cancelsin the summation
over the azimuthal angle ,. Howeer, theseterms are expectedto cortain
new information about the N-N interaction.

The azimuthal angledependenceof the crosssectioncan be usedto separate
the interferenceterms. While f |, ft andf_t can,in principal, be determined
using coplanar geometryfor , = Oand , frr will require an out-of-plane
measuremen Similarly, in principal f % can be measuredat = 90 with
h=1andh = 1. Howewr, in order to extract these relatively small
guartities with a minimal sensitivity to systematic uncertainties one must
perform a measuremenwith as much out-of-plane acceptanceas possible.
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3.3 Theoretical Predictions

The aforemertioned calculationsas well as others not listed give reasonable
descriptionsof the inclusive crosssectionsin this rangeof momerum transfer
that have beenmeasuredto date. An exclusive measuremen will provide a
more rigoroustest of the model. For the purposeof illustrating the sensitiv-
ities of the various obsenablesto the componerts of the underlying physics
we have chosento focuson the calculationsof Arenhevel.

Figs. 3 and 4 show the predictionsof Arenhevel [44]for all v e structure func-
tions for E,, = 2and 6 MeV and Q2 = 14X m 2. In these gures, the dotted
curves represem his \Normal" calculation which is basedon the Impulse
Approximation (IA) plus FSI; the dashedcurves represeh Normal+MEC;
the dash-dot curves represen Normal+MEC+IC; and the solid represets
Normal+MEC+IC+R C.

Sincef | originateswith the chargedensity, it is not expectedto be sensitive
to MEC. Consequetly, in the f| panelsof all two gures the dashed(Nor-
mal+MEC) curve lies atop the dotted (Normal) curve (creating a dot-long
dashcurve). In addition, this calculation setsa scalefor the IC cortribution

to f, at about 15% and that of the RC at about 6%. The calculation indi-
catesthat in our kinematicsthe IC and RC cortributions generatea constart
shift of f_ and f+. Thus, the shape and magnitude of f|_ ( ) can provide a
sensitiwe test of the isovector chargecurrent cortribution prediction of calcu-
lations whereinthe isoscalarchargecurrert cortribution hasbeenconstrained
by the elastic scattering results.

Unlike f , the f+ is very sensitie to MECs. For E,, = 2 MeV the MECs
generateabout 65% of the crosssectionwhile ICs and RCs cortribute about
20%and 15% respectively. By comparingf at di erent valuesof E,,, one
seeghat the MEC e ects are larger at smaller Epp.

One attractiv e feature of f 1t is its selective sensitivity to the relativistic
corrections. While MECs and ICs do not make a big changeto f 1, the
relativistic correctionsa ect not only the amplitude but alsothe shape; there
is even a sign changenear 90 . At , = 140, RCs increasef v by 45% for
Enp=6 MeV. In cortrast to the e ect of MECs on f, the e ect of RCs on
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Figure 3: Theoreticalstructure functionsfor Q> = 12 m 2 and Enp = 2MeV.
The dotted (black) curve is for the Normal calculation; the dashed(green)
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solid (red) for Normal+MEC+IC+R C. Note that in the f plot the dotted
and dashedcurvesare indistinguishable.
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fir increasesasE,, increases.

In the kinematic regionunder investigation neither MECs, ICs, nor RCs are
computedto have much e ect on f 1. Howewer, if Arenhevel's calculations
of this obsenable are reasonablyaccurate then the amplitude of f+ will
be an order of magnitude smallerthan that of f ;. Consequetly, the error
bars for f11 are expectedto be larger. It may, newertheless,be possibleto
determine the amplitude of this term even if we cannot determineits shape
with any precision.

To extract the fth structure function f% , onehasto usea polarized elec-
tron beam. Sincef % originatesfrom the imaginary part of the interference
betweenthe longitudinal and transversecomponernts, it vanishesin a plane
wave calculation as shovn in [44]. Moreover, Arenhevel's calculations sug-
gestthat f 2 is lesssensitive to MECs, ICs and RCs. Therefore,f 2% data
will be a direct measureof FSI insofar as we understand the nuclear wave
function. The possibleuncertainty in our knowledge of the nuclear wave
function indicated by the recen results from Darmstadt suggeststhat our
measuremets of f % and f++ may yield valuable information despite their
relatively larger error bars.

While the details of the above discussionare speci ¢ to the calculation of
Arenhevel, generalconclusionscan be drawn. First, the previous succesf
this calculation suggestghat it will at leastsetthe scalefor the obsenables
to be measured. This gives us con dence that the precision anticipated
in the proposedmeasuremets will be adequateto illuminate new physics.
Secondthe particular sensitivitiesof the various obsenablesto cortributions
from the underlying physicsderive not from speci cs of any one calculation
but from more generalprinciples. Consequetly, the complemetarity of the
proposedmeasuremets of a set of obsenablespromises,in a quasi model-
independent way, to delineatethesecortributions.
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4 Exp eriment

4.1 Objectiv es and Equipmen t

The proposedexperimert will measureall v e structure functions simultane-
ously at four valuesof E,,,. Due to their selecti\e sensitivities, eat structure
function will illuminate a di erent aspect of the underlying physics.

We will employ one HRS to detect the scattered electronsand the BigBite

spectrometerto detect the recoiling protons (as well as recoiling deuterons
from elastic scattering everts). The high resolution of the HRS will allow

a precise determination of W (henceE,;) and ;. The large acceptance
of the BigBite will subtend a large fraction of the forward-emitted protons
along . The liquid deuterium target cell will be 6 cm long and 1 inch in

diameter with 5 mil thick 7075aluminum end capsand sidewall. A snout
extending towards the target minimizesthe areaand hencethe thicknessof

the entrance window to the helium bagwhich preceedghe rst detector. The

experimertal con guration will be essetially the sameas for the upcoming
experimert to measurethreshold ° electropraduction from the proton (E04-

007[45)]).

It is currertly plannedto run the experimert with the BigBite spectrometer
onthe right sideof the beamlineand to usethe LHRS to detectthe electrons.
To minimize the time required for changesof the BigBite angleit is planned
to move the RHRS to its largest possibleangle and have the BigBite always
forward of it. There is somepossibility that this may not be possiblewhen
the BigBite is at the largest planned angle of 77.8 asit may collide with
the RHRS. If this turns out to be the casethen we can run the experiment
with the BigBite spectrometer on the left side, using the RHRS to detect
the electrons. This is possiblebecausethe energiesof the electronsto be
detectedwill not exceed3200MeV.
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The devicewhich makesthis experimert feasibleis the non-focusingBigBite
spectrometer with its large solid angle (96 msr) and large momertum bite
(200-900MeV/c). The important parametersof this device and HRS are
givenin Table 2. Its certral elemen is a non-focusing dipole magnet. The
detector systemto be usedwhenthe spectrometeris usedto analyzehadrons
consistsof two three-plane MWPCs and fast scirtillator planeswith which
accuratetiming ( =0.75 ns) will be obtained.

The two MWPCs have active areasof 1400 350 mm? and 2000 500 mm?,
respectively, and cortain 2600 sensewires in total. The sensewires in the
two chambers are separatedl cm. One plane of wiresis tilted at +60 , the
secondat -60 , and the third horizortally.

HRS BigBite

p-range (MeV/c) 300-4000 200-900
acceptanceH (mrad) 20 80
acceptanceV (mrad) 60 300
solid angle (msr) 4.8 96
p/p 10 4 5 10°3
n (mrad) 0.6 3.2
v (mrad) 2.0 3.2
measure Pe, VeErtex | py,vertex
vertex (CM) 0.064 0.32
focusing <xj >=0 none

Table 2: Comparisonof HRS and BigBite.

4.3 Kinematics

To separatethe transverse(ft) from the longitudinal (f ) componerts, we
e) settingswhile Q% and E,,, are kept

needto take data at two di erent (E
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Figure 5: Sthematic of the BigBite spectrometercon gured for the detection
of hadrons. The two helium bagswill minimize the multiple scattering of the
protons and deuterons. The snout extending towards the target minimizes
the areaand hencethe thicknessof the ertrance window to the rst helium
bag. Chargedparticles are detectedby the pair of three-planewire chambers
and the E-E scirillators.
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constart; we changeonly the valueof | . The two longitudinal polarizations
must di er by a sizableamourt but the direction of g (the direction of the
BigBite) cannotbe too far forward or the singlesrates will becometoo high.
With the above considerationsn mind, we chose(3200MeV, 12.5) and (550
MeV, 90.0). Table 3 lists the major kinematic parametersfor thesesettings,
where g is the recoil angledeterminedby the virtual photon direction, and
the relative longitudinal polarization | is obtained by Eq. 2.

E e (HRS) | Q° r (BB) | L ‘
(MeV) | (deg.) (fm 2) | (deg.)

3200 | 125 12.0 72.8 0.976
550 90.0 12.0 37.3 0.344‘

Table 3: Kinematic conditions for L/T separation.

The overlap betweenthe nite acceptance®f the two spectrometersde nes
the kinematic spaceto be covered by the proposedmeasuremets. Fig. 6
shows the coveredregionfor ead of the two kinematic conditions as de ned
by the HRS. The area bounded by the solid line is the region covered in
the higher energy(3200MeV, 12.5) measuremets while the areabounded
by the combination of dotted and solid lines is the region covered in the
lower energy(550MeV, 90.0) measuremets. The interferenceterms will be
extracted from data taken with the higher electron energydue to the larger
crosssections.Consequetly, theseterms will samplea larger Q? rangefrom
10to 13.2f m 2. At the lower electron energythe measuremets will cover
a narrower Q? rangefrom 11.6to 12.2f m 2.

Fig. 7 shows the dependenceof the kinetic energyof the proton on the lab-
oratory angle 4 of the proton relative to the virtual photon direction at
Q%= 1X m 2. The radially dashedcurvesrepreset the CM polar angle ,
ranging from 10 to 170 clockwise. The most energeticprotons are emitted
at a CM angleof , = 0; for E,, = 8 MeV they have a kinetic energy of
98 MeV, correspnding to a momerium of 440 M eV=c The correspnding
least energeticproton (for ,=180 in the CM frame) has an energy of 35
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MeV, 90.0) measuremets.
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MeV and is also emitted at 4 = 0. Thesemomena easily fall within the
acceptanceof the BigBite spectrometer.

If the BigBite spectrometeris certered on the nominal direction of ¢ then
only protons emitted at , from O to 50 and from 140 to 180 will be
detectedwhen E,, = 2 MeV. Howeer, if two spectrometer positions are
usedfor ead HRS setting and the running time divided between the two
con gurations, then data will be taken for all valuesof , and |, up to
Enp = 4MeV at Q> = 12 m 2. We therefore plan to take data with the
BigBite positioned along either side of the nominal direction of & for eat of
the two HRS settings.

4.4 Calibration of BigBite

A detailed plan for BigBite calibration is descriked in ref. [45], Proposal
04-007\Precision Measuremeh of © at Threshold: A Test of Chiral QCD
Dynamics". The calibration reactionwill be elastic scattering from hydrogen
in a CH, target. Similarly, the momertum calibration of the BigBite will
be determinedwith a precisionof 0.5%.

By the time the proposedexperimert runs, the BigBite spectrometer will

have beenwell calibrated during earlier experimerts. In particular, the °
electropraduction experimert will involve the detection of protons with ap-
proximately the sameenergiesas this experimert. Thus, we will have only
to con rm the calibrations of the angular precisionand the momertum res-
olution. For this purposewe will useelastic scattering from the proton with
a beam energyof 2400MeV, an electron scattering angle of 12.5, and the
BigBite spectrometer positionedat 67.8 (in position for the rst d(e;eP)n

kinematics setting). The recoiling proton will emergeat 69 with a momen-
tum of 530 MeV/c, well within the acceptanceof the BigBite spectrometer.

Nearthreshold,the momenum of a deuteronrecoilingfrom an elasticscatter-
ing ewvert is appraximately twice that of protons from electradisintegration.
Theserecoiling deuteronswill be used as an online calibration of the Big-
Bite detector sincethey can easily be separatedfrom the protons by either
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Figure 7: Proton kinetic energydependenceon the polar anglerelative to the
virtual photon in the laboratory systemfor Q*=12 f m 2 and E,,= 2 MeV
to 8 MeV. The dashedcurveslabel the CM polar angle of the proton from
10 to 170.
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5 Exp erimen tal Simulation

5.1 Resolution

The major kinematic variables sud as Q?, W, ., and henceE,, are de-
termined by the electron arm. The direction of ¢ to which the proton is
referencedis also derived from these quartities. The resolution in Q? and
W obtainedfor E = 3200M eV and = 125 by running the Monte Carlo
simulation code MCEEP [46], is shavn in Fig. 8. The Full Width at Half
Maximum (FWHM) for W is 0.63MeV. According to [46], MCEEP under-
estimatesthe resolution about a factor of two. Howe\er, it is assumedn the
MCEEP codethat the HRS is air coupledto the scattering chamber whereas
we plan to usea vacuum coupling. Therefore, it can be expectedthat the
Enp resolution will be better than the 1.3 MeV indicated by the MCEEP
calculation. The electron energylosswill be measuredwith respect to the
deuteron elastic peak, thus limiting the systematicuncertainty in W to less
than the aforemenioned instrumental uncertainty. Moreover, by referencing
to the deuteronelasticpeakwe limit the e ect of uncertairties in the absolute
beamenergyand HRS momertum resolutionto a small changein Q2.

The proton arm was simulated (assumingE = 3200M eV, = 125; gg =
72:8 ) using a code written by V. Nelyubin [45. The excitation energyE,
was spreadbetween 3 and 5 MeV. Fig. 9 shaws the resolution of the polar
and azimuthal angleof the proton momenum in the CM system. With the
predicted angular resolution, it is practical to choosea bin size of 20 for
both , and ,.

5.2 Systematic Uncertain ties

Under the heading of systematic or non-statistical uncertainties we include
four groups. First, there are uncertairties in our knowledgeof the acceptance
of the BigBite spectrometer. Sincethis will be measuredin situ using the
deuteron elastic scattering everts and will be cortinuously monitored we
estimate that it will introduce only about a 2% \acceptance” uncertainty;
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lessfor low valuesof E,,,, somewhatmore for high valuesof E,,. Second,
there are the e ects of the momerium and angular resolutions of the HRS.
Becausethe crosssectionsare strong functions of both electron energyand
anglethesecan causea \skewing" of the results. In principle, thesee ects can
be removed but we have not investigatedthe degreeto which this is possible
sowe assumethat we could remove only 50%o0f their e ect, leaving aresidual
uncertainty of about 1%. We list them asa \resolution” uncertairty. In our
calculationswe assumedcWHM valuesof 1 10 4 for E%E°and 2 mrad for
e- Third, thereisthe uncertainty in our knowledgeof the beamcurrent and
target thickness. These combine to produce a \normalization" uncertainty
of 2%. One would hope that any systematicerror in the beam current and
target thicknesswould be the samefor both the forward and badkward angle
data. Howeer, in determining the e ects of this \normalization" uncertainty
in our extraction of f_ and f+ we have consenratively assumedthat the two
data sets have statistically independent \normalization"” uncertairties and
we have addedtheir e ects in quadrature. Fourth, there are the \absolute”
uncertainties assaiated with our absolute knowledge of the electron beam
energy E=E (=2 10 %) and of the central angle of the HRS, 4grs
(=0.2 mrad). Thesealsoare expectedto cortribute at the level about 1%.

Signi cantly, uncertainties in the positioning and absolutemomenum setting
of the BigBite spectrometerhave not beenlisted. There are two reasonsfor
this. First, wewill measuresimultaneouslythe kinematically over determined
d(e,e'd) reaction. All determination of proton momertum will be madewith
respect to this ducial. Secondwe will employ the technique which wasused
to calibrate 180 electron scattering systemsat the MIT-Bates Laboratory
[47] and elsewhere.We will selectelectronewents in the HRS for which the
direction of ¢ is the samebut for which E, rangesfrom 0 MeV to some nite
value. The phasespacefactorsin Eq. 1 make the crosssectionrise quickly as
Enp increasedrom 0 MeV, independen (for small E,,;) of azimuthal angle.
Consequetly, the distribution of protons asa function of the angle between
their momena and gwill bea parabola certeredon g. Similarly their energies
will be distributed in a predictable pattern about a value calculablefrom the
electron kinematics. The error in the calibration of the direction of g was
estimatedby simulating a represetativ e distribution of protons generatedby
monochromatic electronsscattering (nominally) through a xed angle with
a xed energyloss;the actual scattering angle and energylosswere varied
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accordingto the HRS resolutions. A simple t of the angleand momeria of
the recoiling protons yielded a measureof the g direction within about 0.3
mrad, a little more than the electron energyor angle. Thus, asin the case
of 180 electron scattering we will usethe data themselhesto calibrate the
data.

In evaluating the e ects of systematic or non-statistical uncertairties upon
the extracted quartities one must note 1) that the dependenceof the de-
terminations of the interferencestructure functions, f 1, frr,and f%, on
systematic uncertairties di ers greatly from that of the Rosemluth extrac-
tion of f_ and f and 2) that the direction of g is determined solely by the
electron kinematics. Since the interferencestructure functions, f 1, frr,
andf 2 aredeterminedfrom the distribution of protons about ¢ the system-
atic uncertairties assaiated with them comemainly from the multiplicativ e
acceptanceand normalization uncertainties. Thesecombine to give a system-
atic uncertainty of about 4%. For the longitudinal and transversestructure
functions extracted from a Roserbluth separation,the e ects of the system-
atic uncertairties were determined by applying them separatelyto ead of
the forward and badkward angle measuremets and then extracting f, and
ft. The results of this calculation are shawvn in table 4.

Resolution | Normalization | Absolute
(%) (%) (%)

fi |21 5.3 1.0

fr+ 2.8 5.7 1.0

Table 4: E ects of systematicuncertairties in the Rosefbpluth separationof
fL andfy. The absolutecortribution is from the uncertainty of beamenergy
certral angleof the HRS. The normalization uncertainty includesthe target
thicknessand the beam current measuremetl The resolution e ect is from
instrumentation.



31

5.3 Backgrounds and Acciden tal Coincidences

The kinematics of the proposed measuremets involve the highest energy
scatteredelectronspossiblefrom a deuterium target. Consequetly, there is
no other single processthat can generatean (e,p) or (e,d) coincidencethat

could be mistakenfor an ewvert of interest. Figure 10shaws, for measuremets

at (3200 MeV, 12.5) the distribution of electron energiesversusscattering
angle within the HRS acceptancefor the rst three processes:elastic scat-
tering, electradisintegration (E,, = 0 MeV and 10 MeV), and quasi-elastic
scattering. The crosssectionsfor thesethree processesinder thesekinemat-
ics are

p elastic 1 10 % cmé/sr,
d elastic 2 10 * cm?/sr, and
d electradisintegration 1 10 * cm?/sr (dependson E™).

Thus, the courting rate in the HRS for quasi-elasticscattering will dominate
by a factor greater than 300 the rates of the other processes. We plan,
therefore, to replacethe S scirtillator by onethat will cover only the lower
(higher electron energy)region of the focal plane with its upper edgeangled
sothat electronswith energiesabove the indicated dashedline in g. 10 will
trigger it. We could, if necessarytune the HRS magnet such that lower
energyelectronsfrom QE scattering will not strike the detectors. However,
we would prefer to have the electronsfrom electradisintegration and elastic
scattering everts strike the certer of the focal plane wherethe resolution is
the best.

Accidertal coincidencesetweenproducts of di erent reaction everts are not
a signi cant concern. The elastic d(e;e™) reaction is completeso knowledge
of the electronkinematics, measuredpreciselyin the HRS, dictate wherethe
correspnding deuteronmust be. In the caseof the d(e; €)n reaction, knowl-
edgeof the electron kinematics de nes the conewithin which correspnding
protons must emerge.And, for ead direction within the coneonly two mo-
merta are possiblefor the proton. Consequetly, accidenal coincidencewill

be se\erely suppressed.

The principal potertial concernwith respect to rates/badkgrounds is the



32

3150 T | T T T T T T T T T T T T T T T T T

3100 — —

3050

3000

E, (MeV)

2950

2900 — 1

2850 L L1 | [ | L1 L1 1
11.5 12 125 13 135

g, (deg)

Figure 10: Distribution of electronson the HRS focal plane. Electrons from
elastic (upper short-dashedline) and threshold electradisintegration evens
(upper solid line - Enp = 0 MeV, upper long-dashedline - E,, = 10 MeV)
are clearly separatedfrom from those coming from quasi-elasticeverts. The
lower long-dashed(solid) line indicates the electron energy correspnding
to a scattering from a proton with initial momenum equal to the Fermi
momertum anti-parallel (parallel) to & A scirtillator with its upper edge
(correspnding to lower energy) as indicated by the short-dashedline will
enableus to reducethe singlesrate in the HRS by acceptingonly ewerts in
which an electrontriggers this scirtillator.
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singlesrates in the wire chambers of the BigBite spectrometer. During
the GEn experimert it was obsened that an e ective \total luminosity”
of 0:5 10* wasthe maximum usable. At this level the instantaneousrate
in the wirechambers was about 20 MHz correspnding to a per-wire rate of
appraximately 150-200kHz, or about 4 kHz/cm. We plan to run at a lumi-
nosity of 3 10%, a factor of 6 higher. To understandhow we will be ableto
run at this luminosity we must considerboth the sourceof theseewens and
how theserates limit the experiment [48].

In the GEn experimert, the instantaneousrate was dominated by random
everts in individual chambers. Theseweretracedto a high ux of low energy
photons producing low energyelectronseither shortly beforeor within a wire
chamber. For ead valid trigger a large number of events were recordedin
the wire chambers. Reconstructing the valid tracks of 1+ GeV electrons
required searding through a large number of combinations of everts in the
front and rear chambers. At atotal luminosity of 0:5 10*' nucleons/cn?/s
the track reconstruction e ciency was about 75% and the computational
demandswere approading practical limits. In the proposedexperimert, we
will have three advantagesin this regard:

the reaction vertex will be isolatedto within lessthan 1 cm dueto the
high precisionof the HRS usedto detect the scatteredelectron;

the direction of the momenum transfer vector will be preciselyknown
so the direction of emitted protons or deuteronswill be tightly con-
strained. In the caseof the protons from d(e;e%)n, knowledgeof where
they strikethe rst chamber sewerely constrainswherethey must strike
the secondchamber;

the momena of the particles of interest (p, d) are at leasta factor of 2
lower than the momena of electronsdetectedin the GEn experimert.
This meansthe curvature of their tracks will be at least a factor of 2
tighter, making the sensitivity of their position at the secondchamber
with respect to their momena that much greater; and

in the GEn experimert the particles of interest in the BigBite spec-
trometer were electrons. As a result, the thresholds on the chamber
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signalshad to be set low enoughto register these particles. During
the proposedexperimert the relatively low momertum protons and
deuteronsto be detectedin the BigBite spectrometerwill deposit sig-
ni cantly more energy in eah chamber than do minimally ionizing
electrons. We will, therefore, raise the thresholdson the chambers to
minimize their sensitivity to electrons. Even if we are overly careful so
asto ensurethat noneof the highestenergyprotons of interest are lost,
we conseratively estimatethat raising thesethresholdswill reducethe
singlesrate due to electronsby at least a factor of two.

Consequetly, we are con dent that track reconstructionissueswill not limit
the proposedexperimernt.

The overall singlesrates in the BigBite wire chambers during the GEn ex-
perimert were high, but within the capability of the chambers to handle
without undue lossof e ciency. The per-channel readout rate of lessthan
200kHz posedno special problem. Similar chambers performedequally well
at comparablerates during the Hall C hypernuclear experimen.

Three factors lead us to concludethat we can achieve a singlesrate approx-
imately equal to that obsened in the GEn experimert despite the higher
luminosity:

The target usedin the GEn experimert was the 40-cmlong polarized
3He cell with ertrance and exit windows of thicknessescomparable
to the target material and necessarilyvery open geometry It was
obsened during that experimert that about 1/3 of the badkgrounds
did not comedirectly from the target, but from surrounding material

from which there was a line-of-sight path to the detectors. We will

use the standard scattering chamber with a snout constructed of 1
inch thick aluminum extending almost to the target cell. The snout
will be designedsimilarly to the oneto be usedin the threshold °
electropraduction experimert and will maskthe end capsof the target
cell. The target cell will be the 6 cm long cell being constructedfor the
threshold © experimert. Additional shieldingasneededwill be placed
around the chamber. Thesechangesshouldreducethe badkgroundsby

a factor of two thirds.
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A shieldinghut for the BigBite detector padageis currerntly under de-
sign [49] and will be available when the proposedexperimert runs. It
will consistof plates of steel 0.5 inchesthick on all four sidesand, if
necessarythe top of the detectors. It is anticipated basedon previ-
ous experiencethat this will result in appraximately a factor of two
reduction in badkground rate.

Helium bagswill be inserted betweenthe target and the rst chamber
as well as between the two chambers. Inasmuch as this will reduce
the electron density in front of the chambers by a factor of about 7
over air, it will greatly reducethe ux of electronsfrom this region. It
should be noted that helium gaswas o wed around the target during
the GEn experiment so the advantage to be realized in comparison
to that experimert will be less. Newertheless,we can expect that an
improvemen of about a factor of two can be realized.

Combining thesefactors alone, we expect a singlesrate in the BigBite spec-
trometer on the orderof (2=3 1=2 1=2 12 20MHz =) 40 MHz. By
increasingthe detector thresholdsto excludeat least a large fraction of the
minimally ionizing particleswill reducethe ratesto or below the levelsof the
GEn experimert.

Maintaining a relatively high e ciency and, more importantly, monitoring
the value of that e ciency will be necessaryto obtain the desiredprecision
in the proposedexperimert. For this reason,time will be dewoted speci cally
to measuringrates as a function of luminosity. In this regardit should be
noted that similar chambers were constructedand usedat KVI with similar
rates of energydeposition [50]. Stable e ciencies of greater than 95% were
measuredto a precisionof better than 0.5%. Moreover, sincethe high rates
in the BigBite spectrometerare primarily dueto low energyphotons which
strike the chambers uniformly any deterioration of e ciency will be much
more uniform than wasthe caseat KVI. Consequetly, the KVI experience
aswell givesus con dencethat we can make a precisemeasuremen

It shouldalsobe notedthat the deuteronelasticcrosssectionis well known at
this momentum transfer. Figure 11 (takenfrom ref. [51]) shows existing data
for the elastic structure function A (Q?). For the momertum transfer of the
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Figure 11: Existing data for the elastic structure function A(Q?). Figure was
takendirectly from ref. [51]. Referencedisted in the gure referto references
in that article. Note that for the momerium transfer of the proposedmea-
suremen [Q? = 0:47 (GeV=0?] the data are consistem at the few percen

level and well reproducedby theory.

proposedmeasuremen[Q? = 0:47 (GeV=0?] the data are consisten at the
few percen level and well reproduced by theory. Consequetly, the results
for the separatestructure functions for d(e;e%)n can be normalizedto this
crosssection, thereby minimizing the impact of detection e ciencies. While
it is our intention to make the best possible absolute measuremety sud
normalized structure functions would be almost as valuable for dissecting
the various cortributions within the cortext of a given model.

After removing the quasi-elastic,, etc. electronsthe remaining rate in the
HRS will be not more than 2 kHz. With a coincidencewindow of 40 ns,
one obtains an acciderial coincidencerate of about 250 Hz, well within the
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capabilities of the data acquisition system. The rates for the backward angle
measuremets will be much lower.

PAC22recommendedhat \The experimerters shoulddemonstratethat this
experimert can be run within a factor of two of the stated luminosity."
We requestedbeamtime to make direct measuremets under representativ e
conditions but were unable to be accommalated due to the tight sdedule
of experimerts. Howewer, we beliewe that the above reasonableextrapola-
tions from experienceconstitute a su cient demonstration. The upcoming
p(e;e%) ° measuremenwill be performedunder conditions very similar to
those proposedhere. We fully anticipate learning a great deal from that ex-
perimert which will enableus to make the proposedexperimert even more
e ective.

5.4 Rate Estimate

To get an estimate of the precisionin the nal obsenables,we usethe cross
sectionformulas in Eq. 1 and the full calculation from Arenhevel at E,,, =

2 MeV asshown in Fig. 3. The rate shovn in Table 5 is basedon a 6 cm
long deuterium target and 15 A beamcurrert (L = 3 10*'=cn?=s). The
solid angle of the HRS is takento be 6 msr.

E e Q° W rate
(MeV) | (deg.) | (fm 2) | (fm?=sr/MeV) | (1=S)
3200 | 125 |12.0 3.96 10 8 144

550 90.0 |12.0 1.04 10° 3.8

Table 5: Rate estimate for eaty HRS setting at E,, = 2 1 MeV.

The high energy forward angle setting covers a larger kinematic region.
Hence, the e ective courting rate for data useful in the L=T separation
should be divided by a factor of 6. Table 6 lists the total courts for 96
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hours (4 days) of running at high energyand 48 hours (2 days) at low en-
ergy. Sincethe BigBite will have two placemers for eath HRS setting, the
total beamtime will be twice this.

For an 8-day run at high energywith two BigBite settings, approximately
83 10° ewerts will be accunulated in eah 2 MeV Ep, and 0.6 fm 2 Q?
bin. Sincethe longitudinal and the transversecomponerts of the structure
functions are morethan oneorder larger than the interferenceterms, to reath
the sameprecision,the courts at low energycan be dropped oneorder down
to that at high energy For a 4-day run at 550MeV, appraximately 0:64 10°
ewerts will be accunulated in ead Epp, bin.

E e rate | beamtime | couns
(MeV) | (deg.) | (1=9) | (hour) (M)
3200 | 125 |13 96 8.3
550 90.0 | 3.8 48 0.64

Table 6: Projected data for 2 MeV bins in E,, and 0.6 fm 2 bin for Q2.

We will alsocollect appraximately 80 10° (0.8 1) deuteronelastic everts
during the higher (lower) energyrun. This large number of kinematically
over-determinedeverts will be usefulasa meansof on-line calibration.

5.5 Projected Results

Usingthe full (Normal+MEC+IC+R C) calculation of Arenhevel asthe gen-
erating function the experimert was simulated. The interferencestructure
functions wereextracted usingthe dataat E,, = 2 1 MeV, 3200MeV beam
and 12.5 HRS angle. The longitudinal and transversestructure functions
were extracted using the data from the restricted range of Q?> measuredat
both 12.5 and 90 . Figure 12 shows the simulated data for f ; atop the
calculation of Arenhevel. The error bars are statistical only; the systematic
uncertainty is comparableto the statistical.
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Figure 12: Simulated data at E,, = 2 MeV. The curvesrepresem the Normal
calculation (dotted), the Normal+MEC (dashed), the Normal+MEC+IC
(dash-dotted), and the Normal+MEC+IC+R C calculation (solid). The data
spanthe rangein Q? from 10to 13.2fm 2.
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Figure 13 shows the simulated data for fr1 and f%& . The error bars are
statistical only; in this casethe systematic uncertainty is smaller than the
statistical.

To simulate the separationof the longitudinal from the transversestructure
functions, we used 8.3 M ewerts from 3200 MeV, and 0.64 M ewers from
550 MeV, sincethe Q? rangeis limited by the low energyset up. Figure 14
shows the simulated ft and f . The statistical error bars are smaller than
the systematicuncertainty.

Comparedto the high quality of the data for f,, fr andf ;; f% and frt
will be measuredwith poorer precision. Newertheless,they will o er mea-
suremerts of the averagedamplitudes aswell astheir generalshapes.

The data from this experimert will be the rst comprehensie set of high
guality measuremets of threshold deuteronelectradisintegration under kine-
matic conditionswherenon-nucleonicdegreeof freedomare expectedto play
major roles. The selectivity of the di erent structure functions to ead non-
nucleonice ect providesa powerful tool to focuson ead componert. It will
alsobe the rst set of electradisintegration data to be obtained simultane-
ously with elastic scattering data, thus permitting a precisecomparisonof
the two closelyrelated reactions.

5.6 Beam Time Request

Table 7 lists beamtime distribution for ead kinematic condition. 4rs and

gp arethe orientation anglesof the HRS and BigBite spectrometersrespec-
tively. The data from part | will provide the three interferencestructure
functions; the purposeof the part Il run is to perform a Roserbluth sepa-
ration of f|, and ft. We request 18 days of beamtime, 12 days for data
acquisition, 4 days for auxiliary set up, and 2 days for detector rate and
badkground studies.
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Figure 13: Simulated data at E,, = 2 MeV. The curvesrepresen the Normal
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Figure 14: Simulated data at E,, = 2 MeV. The curvesrepresem the Normal
calculation (dotted), the Normal+MEC (dashed), the Normal+MEC+IC
(dash-dotted), and the Normal+MEC+IC+R C calculation (solid). The error
barsre ect data at Q? from 11.6to 12.2fm 2



E HRS BB target | time
(MeV) | (deg.) | (deg.) (hour)
part | 3200 |125 |67.8 |LD, |96
3200 | 125 (778 |LD, |96
part 11 550 90.0 | 323 |LD, |48
550 90.0 (423 |LD, |48
subtotal 288
calibration 2400 | 125 |67.8 |LH, 12
energychange(2) 12
detector move (3) 48
detector tuning 24
rates & bkgd studies 48
subtotal 144
total | | 432 |

Table 7: Beamtime requested.

43
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6 Summary

We proposean exclusiwe study of the reaction d(e;ed)n at Q> = 12fm 2

and E,p = 2to 8MeV in Hall A with the HRS and BigBite spectrometers.
Deuteron elastic scattering will be measuredsimultaneously We request16

days of beamtime, of which 12 days will be for data acquisition and 4 days

for detector placemen and calibration. This will be the rst systematic
measuremen of near threshold electradisintegration of the deuteronin out-

of-planekinematicsat a momerntum transfer Q2 wherenon-nucleonicdegrees
of freedomare expectedto play major roles.

The proposedmeasuremets will provide a new set of bendimarks against
which nucleon-rucleoninteraction calculationscanbetestedto a higherlevel.
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