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Abstract

One of the original motivations for building Je erson Lab wasto understand short-rangenucleon-
nucleon (NN) correlations. Our rst high luminosity triple coincidence experiment, E01-015,
measuredthe (e;e%p) and (e;e%n) reactions over the (e;e%) missing momertum range from
300 to 500 MeV/c and was sensitive to the short-range NN tensor force. We now propose to
measurethese reactions on *He over the missing momertum range from 400to 875 MeV/c in
order to study the NN short-range repulsive force. The proposedkinematic conditions (large
Q? and xg > 1) allow us to extract the abundanceof np and pp correlated pairs with minimal
obstaclesfrom nal state interactions, mesonexdange currents, and resonanceproduction.

The experiment will usethe standard Hall A cryotarget and the two standard high resolution
spectrometersto measurethe “He(e;e%) part of the reaction. The BigBite spectrometer and
an array of scirtillation counters will detect the recoiling protons and neutrons; allowing us to
measurethe (e;ebp) and (e;e%n) reactions simultaneously.

We are requesting 29 days of beamtime to perform these measuremets.

1 corntact person:Eli Piasetzky, eip@taupty.tau.ac.il




1 Intro duction

1.1 Scienti c backgiound

\The structure of correlated many-body systems,particularly at distance scalessmall
comparedto the radius of the constituert nucleons,presens a formidable challengeto
both experimert and theory" - Nuclear Science’A Long RangePlan, February 1996[1].

The interplay between the attractive and the repulsive short-range componerts of the
nucleon-nucleon force causessome of the nucleonsinside a nucleusto form pairs that
have a low certer-of-massmomertum and a high relative momertum [2{4] (relative to the
Fermi sealevel, kg ). We referto sud pairs hereinastwo-nucleonshort-rangecorrelations
(2N-SRC).

In the last decade utilizing high energyelectron-rucleusscatteringmeasuremets at JLab,
we have identied 2N-SRC, studied their structure, and related them to the underlying
basic short-rangenucleon-rucleon (NN) interaction.

At short distancesthe dominating NN forcesinvolved are the tensor force and the short-
range repulsive force. Experimert E0Q1-015[5,6] measured2N-SRC assaiated with elec-
trons interacting with protonsabove the Fermi sealevel with momertum of 300-600MeV/c.
The results of that experimert, as presetted in this proposal, indicate that in this range
the dominart cortribution is from the tensor force. This prop osal will extend the
study to larger momenta in order to explore the elusive repulsiv e core of the
NN interactions.

For Q2 > 1 (GeV=c)?, measuremets in Hall B [7,8] obsened xg scalingin the ratios
of inclusive (e;e%) crosssectionson heavy nuclei to the crosssectionson *He when xg
is larger than 1.4. These measuremets con rmed the earlier obsenation of scaling for
nucleus-to-deuteroncrosssectionratios [9], indicating that the electron probeshigh mo-
mertum nucleonscoming from local sourcesin the nuclei (i.e SRC). These sourcesare
sensitive to the short-rangeforcesbetweentwo closenucleonsbut in generalare indepen-
dert of the non-correlatedresidual nucleus. The overall probability for a nucleonin *2C
to be a member of a two-nucleon SRC state, proton-proton (pp), neutron-proton (np), or
neutron-neutron (nn), was estimated from the xg -dependenceof inclusive (e;e) data to
be (20 5)% [7,8]. The samework [8] shaws that the probability of 3N-SRC is about an
order of magnitude lower that the probability of nding a SRC pair in the nucleus.The
inclusiv e (e;€) measurements do not supply any information on the isospin
structure of the 2N-SR C.

The indicationsthat inclusive electronscatteringat largexg probe high momertum bound
nucleonsfrom 2N-SRC has been con rmed by high energy large momertum transfer
2C(p;pp) and *2C(p; ppn) measuremets [10{13]doneat EVA/BNL (Figure 1). This triple
coincidencemeasuremendirectly obsenedthe existenceof correlatednp pairs with ayield
consisten with the (e;€% results[14].
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Fig. 1. The correlation between the neutron momertum p, and its direction relative to
the momertum of the struck proton. Data labeled by 94 and 98 are from Ref. [10] and [11]
respectively. The momenta are the beam momena. The dotted vertical line corresponds to
ke = 220MeV/c [15].

Recen analysis[13] of thesedata shows that the high momertum tail in nucleiis domi-
nated by 2N-SRC and that the 2N-SRC are dominatedby np-SRC pairs.In *2C, 74 100%
of the protons with momertum above 275MeV/c are menmbers of an np-SRC pair. The
EVA/BNL results indicate a large abundance of np-SRC over pp-SRC. The
errors on this determination are large so that the EVA/BNL data alone can
only allow to set an upper limit of about 17% on the pp-SRC/ np-SRC ratio in
12c_

The pp-SRC pairs were obsened in a subsequeth measuremen at JLab (E01-015)[5,6].

A simultaneousmeasuremenof the triple coincidence?C(e;e%p) and double coincidence
12C(e;€e%) reactionsreveal that the ratio of (e;e%p) to (e;e%) everts for (e;eh) missing
momertum above 300 MeV/c is (7 2)% (showvn in Figure 2). Combining this with the

EVA/BNL data, leadsto the estimate of 92°3% of np-SRC pairsand (3:5 1)% pp-SRC

pairs for protons above 300 MeV/c in *C.

If one combines the determination of the np-SRC amount from the EVA/BNL
measurement with the amount of the pp-SRC, from the EO01-015 data, one
obtains a much better upper limit to the pp-SRC/ np-SRC ratio:

pp SRC 35 1%

= 0,
np SRC 74 95% 6% @)
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Fig. 2. The measured(A) and extrapolated (B) ratios of yields for the 2C(e;e%p) and the
12¢(e;e%) reactions. The full squaresin A are the yield ratios and the open squaresare the
corresponding ratios of the di eren tial crosssectionsfor the 1°C(e;e%p) reaction to the 2C(e;e%)
reaction. The gray areain B represerts a band of 5 , uncertainty in the width of the CM
momertum of the pair. This value and its ass@iated uncertainty were extracted from the data.

Data from experimert EO1-015allows a direct determination of the ratio of pp-SRC to
np-SRC pairs from the measuredratio of 2C(e;e%p)/ >C(e;epn) reactions. Preliminary
results, to be preserted to this PAC, are consistert with the value shavn above in Eq.(1).

The small ratio of pp=npas obsened by the EVA/BNL and E01-015experimerts stim-
ulated work by two theoretical groups [16,17]. Both theoretical groups show that the
measuredpp-SRC/ np-SRC ratio is expected and is a clear indication of the NN ten-
sor force at the probed distancesand relative momenium of the nucleonsin the SRC
pair. R. Sdiavilla and M. Strikman preserted preliminary results at the SRC2006Work-
shop [18]. The Argonne group already submitted a letter [17,19] on this work. These
theoretical conclusionsare in agreemen with earlier studies of n(k) for large momena
that alsoindicated dominanceof tensor correlations[20,21].

R. Sdiavilla et al. [17,19] calculated the 2N momertum distributions for the ground
statesof light nuclei (A 8) using variational Monte Carlo wave functions derived from
a realistic Hamiltonian with two- and three-nucleonpotertials (shown in Figure 3). Their
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Fig. 3. The momerntum distribution for np (lines) and pp (symbols) pairs in various nuclei [19].
The calculations assumepairs at rest (Q = 0) as a function of the relative momertum of the
nucleonsin the pair (q).

calculation for CM motion at rest (Q = 0) shawv a large np=ppratio at the relative
momenum range,q= 300 600MeV=¢ which hasa universalcharacter originating from
the tensor componert of the NN force. They also predict the ratio for larger g values.

M. Sargsianet al. [16,22],in the framework of generalizedEikonal approximation, calcu-
lated for *He the deca function and di erential crosssectionfor the (e;e%p) and (e;e%n)
reactionstaking into accourt the ground state properties aswell as FSI (seede nition of
the deca function in Section2.1.1). This calculation usesrealistic wave functions with
two- and three-nucleonforces.In Figure 4, we show the density distribution for np and pp
pairs in He. This calculation represets integration over a CM momertum of the pair in
the rangeof 0 150MeV/c. For the purposeof this proposalwe correctedthe calculated
pp=npratio for 3He by a conbinatorial factor that takesinto accour the di erence in
the ratio of ppto np pairs in the two nuclei. We neglectany di erence resulting from the
di erent ground state wave functions.
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Fig. 4. The density distribution for np (red) and pp (blue) pairs in 3He [16,22]. The calculations
assumethat the pairs have CM momertum up to 150MeV/c and usethe Argonne V18 potential
(solid) or the Bonne potential (dashed). The three nucleon forcesare included in the left gure
but not in the right one. The lower gure shows the pp=npratio with/without three nucleon
forces(dashed/solid lines) included for V18 (red) and Bonne (blue) potentials.



Just to clarify, Figure 5 presens an estimate of the (e;e%p)/( e;ebn) ratio for “He based
on the of pp=npdensity calculations by the Argonne group [17,19]and M. Sargsianfor
3He [22] (scaledto take into accourt the ratio of ppto np pairs in “He). Overlaid are the
data for *2C deducedfrom the BNL and E01-015experimerts (scaledto take into accourt
the pair courting in 2C comparedto “He). The proposednew measuremets are also
shawn, arbitrarily set betweenthe V18 and the Bonne potential calculationsof Ref. [22].
All quartities shavn hereare functions of q = pmiss. The measuremenuncertainty of the
proposedpoints are dominated by the statistics of the (e;e%n) measuremen (assumedto
be 25%).

1.2 The motivation for the current proposal

The assaiation of the small 2C(e;ebp)/ 12C(e;e%n) ratio ( 6 %) with the dominance
of the NN-SRC tensor force leadsnaturally to the questto increasethe missingmomen-
tum and to look for pairs which are even closerto ead other, at sud distancesthat
are dominated by the repulsive core. The repulsive core, which is essetially unexplored
experimertally, is consideredto be a scalerforce.

If we look at the calculatedratio for pairsin 3He, we can seethat above about 850MeV/c
the ratio of pp/np in 3He is about 0.5-0.7.This is about an order of magnitude higher
than what was measuredfor *C at pmiss below 500 MeV/c [5,6,23].The expectedrise of
the ratio is theoretically assaiated with the onsetof the repulsive force dominance.The
increasein the ratio can be due to a reduction in the number of np-SRC, an increasein
the number of pp-SRC, or both decreasingbut with a very di erent slope (the np-SRC
decreasingmuch faster than the pp-SRC asa function of the missingmomertum).

We proposeto simultaneouslymeasurethe “He(e;epp)/ *He(e;eYb), “He(e;epn)/ “He(e;ed),
and *He(e;epp)/ *He(e;ePn) ratios for missingmomerta in the 400-875MeV/c rangeand
to learn about the elusive NN repulsive core. Since there are already two theoretical
groupsinterestedin the results and sincethe repulsive corein the NN interaction is suth
an important fundamertal subject, we are certain that the new data, perhapseven this
proposal, will trigger theoretical works that will relate the obsenablesto the underlying
short-rangeNN physics.
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Fig. 5. The predicted “He(e;e%p)/ “He(e;ehn) ratio as a function of pmiss. The preliminary
measuredratio for C (open squares)scaledto “He and the proposed measuremets (open
circles) arealsoshown. Thesepoints weresetarbitrarily betweenthe V18 and the Bonne potential

calculations of Ref. [22].



2 The Prop osed Measuremen t
2.1 The seleted kinematics for the measurement

The kinematics chosenfor E01-015and for the current proposal are optimized to allow
identi cation of the 2N-SRC pairs and to suppresscortributions from competing e ects.

2.1.1 Kinematical characteristics of NN SRC at rest

The signature of the short range nature of a NN interaction is the strong correlation
betweenthe momentaof the correlated nucleons.Thus, for a pair at rest, when knocking
out oneof the nucleons,the second(spectator) nucleonwill have a momernium (ps) which
is balancedwith the missingmomertum of the knocked out nucleon: (ps Pm). Since
SRC will exist predominartly in the high momertum tail of the nuclear wave function,
sud a spectator shouldhave a largeps, ps ke 250MeV=c

We discussthe quasi-freebreak-up reaction of the pair at rest and we denotethe pair, at
restin the nucleus,asd (deuteron):

e+d! €+ p+n: (2)
The kinematical conditions of the quasi-elasticreaction sets:

(9+ pa  pr)>=m? ®3)

whereq = (p; &), ps = (Mg;0) and pr = (Ef;pr) are the four-momeria of the virtual

photon, the target pair and the detected nal nucleon, respectively. From the (e;e})

information we determinethe missingmomertum asp, = pr & and the missingenergy
asEn, =@ (Ef m). From Eq.(3) we obtain the following relation between missing
momertum and energy:

Ph.

q —
Em= m2+p2+m my o

(4)

Thus, in the breakup of a pair, there is a strong correlation betweenthe measuredmissing
momenum p,, and the missingenergyE,,.

The decyg function is the joint probability to remove a nucleon from the nucleus with

missingenergy/momernium E,=p, andto havearecoil nucleonin the residual A-1 nucleus
with ps. In terms of the decg function we conceitrate on:

D(Em = prznzzm;pm > Ke;Bs = Pm): (5)
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2.1.2 Suppessionof competing e ects.

Historically, the interpretation of electron scattering data in terms of SRC has been
plaguedby cortributions from the large singleparticle (mean eld) cortribution aswell as
mesonexdangecurrents (MEC), isobar currents (IC) and nal-state interactions (FSI).
The kinematics for the measuremen descriked herein were chosento allow the study of
the small spatial sizeof SRCs and minimize thesecompeting e ects.

The kinematics we chosefor EO1-015and for the current proposal are at a high beam
energy alargeQ?, xg > 1, alarge (e;eP) missingmomerntum and large matching missing
energy Theseconditions, together with the exclusivenessof the triple coincidencemea-
suremen, allow usto identify clearly the 2N-SRC and measuretheir abundance[5,6,23].

A large Q? is required if onewishesto study the structure of an object of the sizeof the
2N-SRC. A high Q? value alsoreducesthe MEC cortributions, which decreasesis 1=Q?,
relative to the SRC cortribution [24,25].A large Q? is alsorequiredto probe high missing-
momertum valuesin the (e;e%) reactionwith xg > 1, which reducesdrastically the isobar
production cortribution. Finally, we minimize FSI by having a large pmiss COMponert anti-
parallel to the virtual photon direction [26].

The FSlin the (e;€%p) and (e;ebn) reactionsoccur betweenthe nucleonsin the SRC pair,
aswell asinteractions of thesepairs with the other nucleonsin the residual A-2 system.
The interaction betweennucleonsin the pair consenesthe isospin structure of the pair
(i.e. pp=nppairs remain as pp=nppairs). The FSI betweenmenbersof the SRC pair also
do not changethe CM momenium of the pair as reconstructedfrom the momertum of
the detectedparticles.

The FSI of the recoiling protons with the rest of the nucleusis strongly suppressediue
to Pauli blocking [27]. Moreover, accordingto Ref. [26], the large anti-parallel componert
of pmiss €nsuresthe scattering was on an SRC pair and reducesthe FSI cortribution.
The elastic (real) part of the FSI can alter the momena, sud that to make Pnmiss 6 p1,
Prec & P2 and pcu di erent from

Bcm = Prec t Purs R & (6)

The absorptive (imaginary) part canreducethe 2C(e;ebp)/ 2C(e;e%) ratio, while single
charge exchange can turn np-SRC pairs into 2C(e;ebp) ewerts, thereby increasingthe
measuredratio. Thesetwo latter e ects almost balanceead other. Our simple estimates
of the FSI e ects, basedon a Glauber approximation using the method descriked in
Ref. [28], indicate that the cortribution of FSI with the A-2 systemare small compared
to the expectedstatistical uncertainties in the measuremen

This conclusionis supported by the E01-015data [23]. The CM momertum of the pair,

extracted asdescriked above, is a combination of the CM motion and the e ect of FSI. The
fact that we getwidths of both longitudinal and transversecomponerts of CM momertum
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distributions that are narrow and consiste with a previousmeasuremet) indicatesthat
the FSI contribution to this obsenable cannot be dominart. We will be able to test this
prediction by comparingthe “He and ?C measuremets.

The small result of the measuredratio of *>C(e;ebp)/ 12C(e;epn), which is a result of the
tensornature of the NN interaction, is another indication that FSI do not smearthe basic
NN SRC physics.Onewould expect the nodein the pp momertum distribution to be lled
in by the FSI. Howeer, as the EO1-015data indicate, the measuredcross-sectiorratio
still re ect the geruine ground state momertum distribution. To extract from the data
the exact ground state properties, one needsrealistic treatment of the SRC and the FSI.
The proposedstudy on light nuclei (*He) will make these calculations more accessible.
We expect that even without the exact calculation the measuredratio will re ect the
underlying physicsof the transition from the tensor force minimum in the ratio to larger
ratios induced by the repulsive core part of the short-rangeinteraction.

2.1.3 The Detailed Kinematics for the Measurements

We proposeto measurethe triple coincidenceof a small crosssection(pb/MeVsr 2) corre-
sponding to an elusive feature in nuclear physics. We have chosena large incident energy
( 5GeV), large Q?, largetarget proton momertum, and large xg to minimize competing
nuclear e ects.

The proposedmeasuremen is reasonably exible with the incident electron energy(be-
tween4.5 and 5.1 GeV). Table 1 summarizesthe proposedkinematics, assumingan in-
cidert electron energyof 4.8 GeV. The Left HRS is xed to detect 3.95 GeV scattered
electronsat 18.7 to obtain Q2 = 2:0 (GeV/c)?. The Right HRS momentum and an-
gle is scannedto cover a range of missing momertum pniss in the (e;eP) reaction of
400MeV/c to 875MeV/c. For all of the kinematicslisted jgf = 1:131GeV/c, 4= 501,
and xg = 1.25. To detect the recoiling nucleon, the BigBite spectrometer and neutron
detector will be placedat about 96 for K1 through K3, and about 89 for K4 and K5.

Kinematic Priss Proton Momentum | Proton Angle | Recoil Angle
[GeVic] [GeVic] degree degree
K1 0.405 1.415 37.7 98.6
K2 0.491 1.370 34.7 98.0
K3 0.627 1.285 30.0 95.0
K4 0.755 1.190 25.5 91.2
K5 0.873 1.090 21.2 87.2

Table 1

Proposed kinematics showing the range of missing momertum ppiss Obtained by selecting the
momenrtum and angle of the quasi-elasticbreakup proton with the Right HRS. With an incident
beamenergyof 4.8 GeV and the Left HRS detecting 3.95 GeV scattered electronsat 18.7 , the
BigBite spectrometer and the neutron array will be positioned at about 96 for K1 through K3
and about 89 for K4 and K5.
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3 Experimental Setup

The experimertal setup for the proposedmeasuremet) parallelsthat which was usedfor
Experimert E01-015.In this section, we review the E01-015setup and then state the
proposedchangesrequired for the new measuremets. We concludewith an estimation
of the triple coincidencerates for ead kinematic and a summary of our requestedbeam
time.

3.1 Experiment EQ1-015setup

Experiment E01-015wasperformedin Hall A of the ThomasJe erson National Accelera-
tor Facility (JLab) using an incidert electronbeamof 4.627GeV with a current between
5and 30 A. The target wasa 0.25mm graphite foil tilted 20 with respect to the beam
line to minimize the material through which the low-energyrecoiling proton passed.The
Hall A two high-resolutionspectrometers(HRS) [29] were usedto measurethe 2C(e;eD)
reaction.

The scattered electronswere detected in the left HRS (HRS-L) at a certral scattering
angle (momertum) of 19.5 (3.723GeV/c). This correspndsto the quasi-freeknockout
of a singleproton with transferredthree-momerntum jg = 1.67GeV/c, transferredenergy
| = 0:904GeV, Q% = 2 (GeV/c)2, and xg = 3+ = 1:2.

The knocked-out protons were detected using the right HRS (HRS-R) which was set at
3 di erent conmbinations of certral angle and momertum: 40.1 & 1.45GeV/c, 35.8 &
1.42 GeV/c and 32.0 & 1.36 GeV/c. These kinematic settings correspnd to missing-
momertum values pniss = 0.31, 0.41 and 0.52 GeV/c, respectively. Figure 6 shows a
schematic of the layout for the highest pmiss kinematic. The conbined acceptanceof the
two HRSsrestricted the missing-mometum rangein ead setting to about 0:050GeV/c.

BigBite was usedto detect the recoiling proton in the '2C(e;e%p) ewernts. The BigBite
spectrometer [30] (shown in Figure 7) consistsof a large-acceptancenon-focusingdipole
magnet located at an angle of 99 and 1.1 m from the target with a resulting angular
acceptanceof about 96 msr and a nearly unlimited momernium acceptancestarting from
0.25 GeV/c. A custom, unshielded BigBite detection padkage was constructed for this
experimert. It consistedof three planesof plastic scirtillator segmeted in the dispersive
direction. The rst scirtillator plane (the auxiliary plane) was placed at the exit of the
dipole, parallel to the magnetic eld boundary and was made-upof 56 narrow scirtillator

bars of dimension 250x25x2.5mm?3. The second( E) and third (E) scirtillator planes
weremounted togetherand werelocated 1 meter downstreamof the rst plane.The second
and third layersconsistedof 24 scirtillator barsead, with dimensions500x86x3mm? and
500x86x30mm? respectively. The scirtillator barsin thesetwo layerswereo set from one
another by half a bar in the dispersive plane, improving their position resolution by a
factor of two to 43 mm. Each of the scirtillator barsin the auxiliary plane was read out

13
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Fig. 6. The layout of E01-015for the largest Pmiss kinematics of 0.5 GeV/c.

by one photomultiplier tube (PMT), while ead of the E and E scirtillator was read
out by two PMTs on both endsof ead bar. This unshieldedsystemwas able to run in
Hall A up to a luminosity of 10°® cm 2s 1.

The recoil neutrons were detected using 88 plastic scirtillator bars covering an area of
1x3 m? and 0.4 m deep.Eacd bar was 10 cm thick in the beamdirection and 1 m long.
The barswere arrangedin four planes,with height varying from 10 cm for the rst plane
to 25 cm for the fourth plane. In front of the rst layer of bars there wasa 5 cm lead
wall designedto block low-energy photons and most of the charge particles. This was
followed by a layer made up of 2 cm thick 64 plastic courters that sened to identify
charge particles that passedthe lead wall. The neutron detector array was placed six
metersfrom the target, just behind BigBite, covering a similar solid angle as BigBite.

A model of the neutron detection e ciency, incorporating the transmittance of neutrons
through material betweenthe target and detector [31] and the e ciency of the scirtillator

planes[32], is showvn in Figure 8 as a function of the momertum of the neutron. This
model shaws excellen agreemen with the data obtained in E01-015.

3.2 Changesin the exgerimental setupfor the proposal measurement

3.2.1 The “He target
We plan to usethe standard Hall A cryogenictarget ladder cortaining 4 cm and 15 cm

cells. Our production target will be “He gaswith LH,, LD,, solid carbon optics and
aluminum foils for detector and magnet optics calibrations.

14



Fig. 7. The BigBite spectrometer system, the neutron array with the lead wall, and the large
aperture scattering chamber to match their acceptanceare shown in this photo. BigBite consisted
of a one Tesladipole, and two scirtillator padageslabeled the auxiliary plane and the trigger
plane. The neutron array had one veto layer and four scirtillator bar layers.

3.2.2 BigBite

The recoiling protons will be detectedby the BigBite spectrometer,which will be located
1.1metersfrom the target - similar to the setupof E01-015(seeSection3.1). We planto use
the two badk scirtillator planes, E andE, for particle identi cation and TOF, asusedin

E01-015.Howewer, we plan to replacethe auxiliary plane by a thin plane of scirtillating

b ers, eadh with a crosssection of 2x2 mm?, laid along the transversedirection. The
b erswill be bunchedin the dispersive direction in groupsof 12into PMTs on both sides
of the b ers, but staggeredby 6 b erson either side to facilitate resolution of 6 b ers
(12 mm) in the dispersive direction. The overall dimensionsof the auxiliary plane will

remain 1400x250mm?. In comparisonto the auxiliary plane usedin E01-015,the new
auxiliary plane will provide:
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Fig. 8. The simulated and measuredneutron detection e ciency in E01-015.In this experimental
setup, the lead wall was 5 cm thick and the neutron detector was composedof four scirtillator
planes.

A better resolution in the dispersive direction by a factor of 2, resulting in a better
momertum resolution.

A position resolution of about 3 cm in the transversedirection (25 cm in the \old"
auxiliary plane). Togetherwith similar information from the E and E planes,this
will enabletracing everts bad to the target which will be very usefulin distinguishing
\good" from \random" tracks.

Much better timing information from the 2 PMTs on both sidesof the b ers(the \old"
auxiliary plane had PMTs only on oneside of its scirtillators).

3.2.3 The shieldwall and the neutron-array

Analysis of the neutron data collectedduring E01-015showved that the lead wall thickness
was more than adequatefor attenuating charged particles and photons originating from
the target or showering from material betweenthe target and the neutron detector veto
layer. Sincethe current lead wall attenuated the neutron ux by roughly 50%, we plan
to decreasethe lead wall thicknessto 2.5 cm, reducing the attenuation to about 25%.
Simulations of this thinner wall indicate that we will still have adequateattenuation of
the photon ux from the target and reasonablesinglesrates in the scirtillator bars. We
alsoplan to modify the existing neutron detector support structure to add two additional
layersof 10cmthick by 1 m long by 25cm high scirtillator bars. Thesescirtillator barswill
be provided by Kent State University. Thesemaodi cations to the neutron detector array
and lead wall will increasethe overall e ciency for neutron detectionfrom a typical value
of 17%(Figure 8) for the neutron momertum rangeof interest, to roughly 30% (Figure 9).
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Fig. 9. The simulated neutron detection e ciency for an experimental setup using a lead wall
thicknessof 2.5 cm and six scirtillator planesin the neutron detector.

3.3 Rates

The estimated courting rates for this proposal are basedon the E01-015experimert.

The limiting factor in this triple coincidenceexperimert with very small crosssectionsand

large solid angledetectorsis the nucleonluminosity. In E01-015we provedthat with 30 A

on a 20 tilted 0.25mm thick '2C foil, we canidertify clearly the real triple coincidence
signal. The signalto badground ratio for the (e;e%p) and the (e;ebn) measuremets, as
measuredin E01-015are showvn in Figure 10. We proposeto do the measuremen at the

samenucleonluminosity as EQ1-015was done.

In E01-015,for the highest pyiss setting of 500 MeV/c, we detected about 100 (e;e%bp)
and 100 (e;e%n) ewerts. This was donewith an integrated charge of 15 Coulombs, at a
beamcurrent of 30 A for 140hours (i.e about 6 days). Therefore,the measuredrate for
an incidert electron beamwith E = 4:627 GeV and Q? = 2 (GeV/c)? on a 2C target
with certral missingmomertum of 500 MeV/c is:

20 (e;e%p) and 20 (e;ePn) events=day:

This rate is the basefor the rate estimate in this proposal. As discussedabove we plan
to changethe lead wall and the neutron array to increasethe overall neutron detection
e ciency . This experimert will run bestat the maximum possibleenergy(5.1 GeV). The
higher the energy the larger the the crosssection. For the rate estimateswe will assume
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with electronsand protons in the two HRSs. The TOF was corrected for the trajectory length
and the momertum as measuredin BigBite without using the TOF information. Right: same
for neutrons detected in the neutron array. The peak shavn clearly in all spectra is thus due
to real triple coincidencesand the at badkground is due to random coincidencesbetween the
12¢(e;e%) reaction and protons in BigBite (left) or neutrons in the array (right).
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Fig. 11. Solid line: the number of 12C(e;e%) everts per Coulomb of charge as a function of
missing momertum as measuredin E01-015.Dashedline: the number of 12C(e;e%) everts per
Coulomb multiplied by the focusingfactor. The dashedline is proportional to the expectedtriple
coincidencerate in this proposal, seetext for explanation.

4.8 GeV which will increasethe rates, comparedto E01-015,by 10%. Therefore,the basic
rate for 2C and missingmomerntum of 500 MeV/c is expectedfor this proposalto be:

22 (e;ePp) and 40 (e;epn) everts=day:
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Figure 11 shavsthe number of (e;e%) everts per Coulomb of beamon target asa function

of Pmiss; a@swas measuredin E01-015.We also shav the number of everts expected per
Coulomb, correctedfor the focusing e ect. The later is due to a smaller angular spread
causedby the CM motion of the pair as pmiss increases,as well as the nite size of
the BigBite/n-array detectors. The focusing factor was estimated using a simulation of

scatteringo of a moving pair with CM parameterasdeterminedin E01-015[5,6,23].As

one can deducefrom the gure, the expectedrate is essetially constart, independen of

the missing momertum. To a good appraximation the probability for nding a 2N-SRC

(as determined from the inclusive (e;e” data [7,8]), the xed nucleon luminosity, and

the nuclear transparencyalso createa xed rate independert of the nucleus.We assume
that the 2N-SRC fraction of the (e;e%) is equal at all proposedpoints. For the court

rate estimate, we adjust the (e;e€%n) and (e;e%p) ratesto the expectedratio asshown in

Figure 5.

We would like to emphasizethe exploratory/speculative nature of the highest missing
momertum measuremen At this point the momertum of the recoil and the scattered
protons are about equal. Interferenceterms, as well as non-negligiblerelativistic e ects,
might play an important role and may maskthe ground state properties of the 2N inter-
action.

Basedon the argumert above, the proposedmeasuremenplan, the total number of triple
coincidenceevens and the beamtime is summarizedin the Table 2.

target | pmiss | days | (e;ePp) | (e;ebn)
[MeVi/c] evens evernts
“He 400 5 110 200
“He 500 5 110 200
“He 625 5 235 160
“He 750 5 280 150
“He 875 5 320 140

Table 2
Beam time requestand expectedtriple coincidencerate.

3.4 Requestd beam time
Set up, establishingcoincidencesgalibrations, badkground cheds: 100 hours
Measuremets at Q? = 2 (GeV=0?2. About 1000 (np-SRC) and 1000 (pp-SRC) ewerts

in the pn, = 400 875MeV=c region. 25 days
TOTAL REQUESTED BEAM HOURS: 29 days

3.5 Resoures

We summarizeherethe special resourcesieededfor the experimert. Thesearein addition
to what we already usedin the previous EO1-015experimert.
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“He target, LD2, LH2 - available as a standard Hall A cryogenictargets.

More neutron courters - Thesewill be acquiredfrom Kent State and JLab (Hall A G
experimert, E02-013).At JLab there are enoughpower supplies,cables fast electronics,
and readout channelsto extend the width of the neutron array to the desiredvalue.
Frame - We needto designand build a new frame to hold the extra layers of neutron
courters.

A line of sight shield wall. We have to designand build a new lead wall, thiner than
the oneusedfor EO1-015.

Readoutelectronics:We will perform the measuremenwith the existing readoutsystem
that sened the E01-015and the Hall A G experimert (E02-013).Howewer, we prefer
to use ash ADCs sowe will not have to decideon thresholdsfor the neutron detectors
but rather determinethem using software in the analysis.

Manpower: The currernt proposalis essetially the sameasEQ1-015that wasperformed
successfullyn Hall A during 2004/2005.The group proposingthis is the EQ1-015collab-
oration which is su cien tly large and experiencedto perform the proposedexperimert.
Graduate studerts from KSU, TAU, and MIT are expectedto take part in this project.
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