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Observation of nuclear scaling in theA(e,e’) reaction at xg>1
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The ratios of inclusive electron scattering cross sectiorftHaf, 12C, and®Fe to ®*He have been measured
for the first time. It is shown that these ratios are independerg @t Q2>1.4 Ge\? for xg>1.5, where the
inclusive cross section depends primarily on the high momentum components of the nuclear wave function.
The observed scaling shows that the momentum distributions at high-momenta have the same shape for all
nuclei and differ only by a scale factor. The observed onset of the scali@f-afl.4 GeV andxg>1.5 is
consistent with the kinematical expectation that two-nucleon short range correlé8B@ dominate the
nuclear wave function gi,,=300 MeV/c. The values of these ratios in the scaling region can be related to the
relative probabilities of SRC in nuclei with=3. Our data, combined with calculations and other measure-
ments of the®He/deuterium ratio, demonstrate that for nuclei witk 12 these probabilities are 4.9—5.9 times
larger than in deuterium, while fdtHe it is larger by a factor of about 3.8.

DOI: 10.1103/PhysRevC.68.0143XX PACS num(ser25.10:+s, 25.30.Fj

[. INTRODUCTION side of the quasielastic peak. In E¢l), Q? is the four-
momentum squared of the virtual photoi®%= —q“d,
Due to the strong interaction and short distances betweer 0), v is the energy transfeM is the nucleon mass, ang
the nucleons in nuclei, there is a significant probability foris the Bjorken scaling variable.
nucleon wave functions to overlap, resulting in short range Many previous analyses of data in this kinematic region
nucleon-nucleon correlatiot$RQ in nuclei[1]. Investiga-  concentrate on using scaling to deconvolute the nuclear
tion of SRC is important for at least two reasons. FirSt, beWave function from the inclusive cross Sectimee, e.g.,
cause of the short range nature of these correlations, theyefs.[2,3]). This deconvolution, while necessary for extract-
should contribute significantly to the high-momentum com-jng momentum distributions, significantly increases the sys-
ponent of the nuclear wave function. Second, scattering fromematic uncertainty in the extraction of SRC probabilities.
nucleons in SRC will provide unique data on the modifica-poreover, since the contribution from the final state interac-
tion of deeply bound nucleons, which is extremely importantijon is basically unknown, the extraction of the SRC prob-
for a complete understanding of nucleon structure in generagpjjities in the ground state nuclear wave function became
High-energy inclusive electron scattering from nuclei, more problematic.
A(e,e’), is one of the simplest ways to investigate SRC. In peanwhile, the data az> 1 can be used to directly mea-
particular, it is probably the best way to measure the probsyre the probability of finding SRC in nuclei using another
abilities of SRC in nuclei. The main problem in these studiegechnique. There are theoretical predictions that at momenta
is Selecting the electron-SRC Scattering events from thﬁ|gher than the Fermi momentum, nucleon momentum dis-
orders-of-magnitude larger background of inelastic and/okriputions in light and heavy nuclei are similaee, e.g., Ref.
quasielastic interaction of electrons with the uncorrelatec[4] in which this result is obtained based on variational cal-
low-momentum nucleons. culations of ground state wave function 0 using realistic
By measuring cross sections at 2N and & interactions, as well as Rg5] in which a simi-
) lar result is obtained foPHe and infinite nuclear matter
Xg= =1 (1) _ Th|s_|mplles that they originate predorr_nnantly from the
2My~ 7 interaction between two nearby nucleons, i.e., due to SRC. If
the A(e,e’) cross section depends primarily on the nuclear
contributions from inelastic electron-nucleon scattering andvave function, and the shape of this wave function at high
meson exchange currentat high Q) can be significantly momentum is really universal, then in this high-momentum
reduced, which corresponds to studying the low-energy-loseegion the ratio of weightede(e’) cross sections for differ-
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FIG. 1. Two mechanisms ofA(e,e’) scattering.(a) Single

nucleon model{b) short range correlation model. % 06
Qos E
ent nuclet should scale, i.e., they should be independent of s— 0.4 [
electron scattering variable®¢ and xg), with the magni- Ef“
tude of the scaling factor being proportional to the relative S:i
probability of SRC in the two nucldi6,7]. 0 B
In Ref.[7] this was checked by analyzing existing SLAC
A(e,e’) data for deuteriuni8—10] and heavier nucldill]. i

They found an indication of scaling @?>1 GeV? and o ] )
xg=1.5. However, since the data for deuterium and the F!G.2. The minimum rzec_oﬂ momentum as a functiorxgt. (a)
heavy nuclei were collected in different experiments at simiF0r deuterium at sever&? (in GeV?); (b) for different nuclei at
2 : : N 2=2.0 Ge\,. Horizontal lines at 250 Me\d indicate the Fermi
lar Q< but at different electron scattering angles and inciden . . . .
electron energies, to find the ratios at the same values &mmentum typical of the uncorrelated motion of nucleons in nuclei.
(xg,Q?), a complicated fitting and interpolation procedure
was applied 7] to the data. The main problem was that the
cross sections varied very strongly with angle, incident en i
ergy, andQ?. To simplify the interpolation, the electron- Xnocked-out nucleon, respectivelgote that onlyg and pa
deuteron cross section was first divided by the theoreticaf® known. From Eq.(2), one obtains
calculation within the impulse approximation. Therefore, the

2
data are not purely experimental, since they include the the- AM2— Q2+ Q (M A— /Mi 1+5 2)_25.5
— m m

whereq, pa, Pa_1, and p; are the four-momenta of the
virtual photon, target nucleus, residuA1 system, and

oretical calculations, and the ratios may have been affected MyXg
by the fitting and interpolation procedures. 5 —
In this work, the yields of the reactiof(e,e’) for 3He, —2MpAVMy 1+ pn°=0, ©)

“He, 12C, and °®Fe targets are measured in the same kine-

matical conditions, and the ratiége,e’)/*He(e,e’) are ob- whereAM2=M2+M2_,—m? andp,=p;— 0= —Pa_1 IS
tained for I<xz<2 andQ*>0.65 Ge\f. Furthermore, Us- the recoil momentum involved in the reactiégsometimes
ing the Scaling behavior of these ratiOS, the relativereferred to as the “missing momentum” ire’(e’p) reac-
probability of NN SRC for the various nuclei have been tions). Equation(3) defines a simple relationship between

extracted. |p™" andxg at fixed Q2. At xg>1, this minimum occurs

when theA— 1 system is in the ground state apgl|q. This
Il. KINEMATICS AND PREDICTIONS relation for deuterium at various values @f is shown in
Fig. 2(a). Figure Zb) shows the same relationship for various
In order to suppress the background from quasielastic inpyclei atQ?=2 Ge\A. Note that this relationship is different
teractions of electrons with the uncorrelated low-momentunior the different nuclei, due primarily to differences in the
nucleons[see Fig. 1a)], we further restrict the kinematic mass of the recoid—1 system. This minimum recoil mo-

variablesxg andQ®. _ ~ mentum is one of the possible definitions of the scaling vari-
For quasielastié\(e,e’) scatteringxg, Q?, and the mini- abley.

mumA—1 recoil momentum Contributing to the reaction are One can see from F|g 2 that for any nucléuand fixed

related by energy and momentum conservation: Q2, we can find the valug$ such that akg > x3 the mag-
nitude of the minimum recoil momenturfp™™, contribut-
(Q+Pa—Pa_1)’=p7=m3, (20 ing to the reaction, exceeds the average Fermi momentum in
nucleusA.

It should be pointed out that the initial momentum of the

'Hereafter, by the ratio of the cross sections we will mean theStruck nucleorp; is equal topp, only in the simplest model
ratios of the cross sections weighted AyWe will separately dis- ~Where the virtual photon is absorbed on one nucleon and that

cuss effects due to,,> o, Which are important foPHe due toz ~ nucleon leaves the nucleus without further interactitthe
not equal toN. plane wave impulse approximatipnin reality, the €,e’)
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reaction effectively integrates over many values mf
=pm'™. In addition, this simple relation between recoil mo-
mentum and initial momentum is modified by final state in-

teractions(FSI) and the excitation energy of the residual

nucleus. These make it difficult to determine the nuclear

wave function directly from é,e’) cross sections. However,
for our purposes, it is sufficient to know that when the mini-
mum recoil momentum contributing to the reaction is much
larger than the Fermi momentum, the initial momentum of
the struck nucleon will also be larger.

Let us now consider various predictions of the ratios of
weighted €,e’) cross sections for different nuclei. In the
mechanism for inclusiveg,e’) scattering akg>1 with vir-
tual photon absorption on a single nucleon and #el
system recoiling intact without F$see Fig. 13)], the mini-
mum recoil momentum for different nuclei at fix&@f dif-
fers, and this difference increases wigh(see Fig. 2. There-
fore, the cross section ratio between different nuclei will
increase with increasingg and will not scale.

In the short range correlation model of Frankfurt and
Strikman[1] [see Fig. 1b)] the high-momentum part of the
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nuclear momentum distribution is due to correlated nucleon

pairs. This means that when the electron scatters from
high-momentum nucleon in the nucleus, we can consider thi

a FIG. 3. SRC model predictions for the normalized inclusive
sross section ratio as a function x§ for several values of? in

scattering as an electron-deuterium interaction with the Spe@evz. Note the scaling behavior predicted fas>1.4. (a) **C to

tator A— 2 system at res{The effect of pair motion is dis-
cussed below. Therefore, according to Fig.(®, starting
from some threshold? for fixed Q? the cross section ratio

O'(Al ,QZ,XB)/A]_

R(A{ ,A)= ——,
(o) o(Ay,Q%xg)A,

(4)

where o(A;,Q%,xg) and o(A,,Q? xg) are the inclusive

He, (b) %%Fe to °He.

The ratios in Fig. 3 show a nice plateau starting fregn
>1.5 for both nuclei and alQ?. The experimentally ob-
tained ratio in the scaling region can be used to determine the
relative probability of finding correlateM N pairs in differ-
ent nuclei. However, one needs to take into account the fol-
lowing factors: (i) the final state interactions of a nucleon
with the residual system(jii) the NN pair center-of-mass

electron scattering cross sections from nuclei with atomianotion, and(iii) the differences ok-p ande-n interaction

numbersA; and A,, respectively, will scalgwill be con-
stan). Scaling results from the dominance of SRC in the
high-momentum component of the nuclear wave function

cross sectiongfor the latter, see Sec. IV)B
In the SRC model, FSI do not destroy the scaling behav-
jor of the ratioR. Indeed, in the light-cone approximation of

and it should be observed, for example, for the cross sectiothe SRC model, if the invariant mass of the fihaN system

ratios of heavy nuclei to light nuclei such &sle.

Figure 3a) showsR(*?C,®He) as a function okg for Q2
from 1.5 to 2.5 GeY calculated in the SRC modgL2](for
details, see also Ref13]). The ratio forA;="%Fe andA,
=3He is shown in Fig. ®). The calculations used the Fad-
deev wave function foPHe calculated using the BorlN

is sufficiently large,\(q+ mp)?—mp>50-100 MeV, then
the scattering amplitude will depend mainly on the light-
cone fraction of the interacting nucleon’s momentum
=(E—p,)/M, and has only a weak dependence on the con-
jugated variable€+p, and p; [7,20,2]. As a result, the
closure approximation can be applied in the light-cone refer-

potential[14]. The momentum distributions for heavier nu- ence frame, allowing us to sum over all final states and use
clei have been modeled through a two component of momerthe fact that this sum is normalized to unity. After using the
tum distribution using mean field distributions for small closure approximation the inclusive cross section will de-
nucleon momenta and using the deuteron momentum distrpend on the light-cone momentum distribution of the
bution for p>250 MeV/c, scaled by factora,(A), per- nucleon in the nucleus, integrated over the transverse mo-
nucleon probability oNN SRC in nucleus\, estimated from mentum of the nucleorps(«) [6]. Thus, within the light-
Ref. [7]. The mean field momentum distributions used thecone description Eq(4) measures the ratio gbs(a) for
harmonic oscillator wave function fo’C and the quasipar- nucleiA; andA, in the high-momentum range of the target
ticle Lagrange method of Ref15] for *®Fe. For the descrip- nucleon.

tion of the eN interaction, the inelastic form factor param-  In the lab frame descriptiofin the virtual nucleon ap-
etrization of Ref.[16] and the dipole elastic form factors proach, however, the closure approximation cannot be ap-
have been used. These calculations are in reasonable agredied for large values of interacting nucleon momenta, and
ment with existingA(e,e’)X experimental data from the FSI should be calculated explicitlysee, i.e., Ref[20]).
SLAC [17] and from the Jefferson Lab Hall @9]. Within the SRC model at high recoil momenta, FSI are
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dominated by the rescattering of the knocked-out nucleosults in a strongA dependence of the ratio since the amount
with the correlated nucleon in the SRT,20]. Therefore, FSI  of the FSI suppression depends on the number of nucleons
will be localized in SRC, and will cancel in the ratio As a  participating in the rescattering.
result, Eq.(4) at xg>x3 could be related to the ratio of ~ The main predictions of the CGA model for the nuclear
high-momentum part of nucleon-momentum distributions inCroSS section ratios are as follow$) No scaling is predicted

: 2>1 Ge\V? and xg<2. (2) The nuclear ratios should
A; andA, nuclei[20]. atQ B <

Having an underlying model of the nuclear spectral func-v&ry With Q% (3) The ratiozs should depend ok (4) The
model is not applicable &@?<1 Ge\~.

tions, one can relate the measured ratios in @g.to the ; ) : . , .
Thus, measuring the ratios of inclusive,é’) scattering

SRC properties of the nuclear wave function. Within theatx ~1 andQ?>1 Ge\? will yield important information
spectral function modglL], in which correlated nucleon pair B . ) AU
P ¢lL] b bout the reaction dynamics. If scaling is observed, then the

is assumed at rest with the nucle istributi . . A .
on momentum distributio dominance of the SRC in the nuclear wave function is mani-

g‘epzli:;iﬁntlf;;géh?; l?h((jaemeerrr(\)l;]c’:lter; rastlF(e)Cln Iier)bC(l))l{IIIi? infested and the measured ratios will contain information about
y P Probabilily Nipe probability of two-nucleon short range correlations in

nucleusA relative to deuteriuma,(A). nuclei
In models of the nuclear spectral functip®2] in which '

two-nucleon correlations are moving in the mean field of the

spectatorA—2 system, the analysis of E@4) will yield

slightly smaller values foa,(A). Calculations by Ciofi degli In this paper we present the first experimental studies of

Atti [23] and Simula[24] indicate that this motion does not ratios of normalized and acceptance- and radiative-corrected

agfect the scaling but can decrease the extraetgd) for  inclusive yields of electrons scattered frathle, 12C, 5°Fe,

Fe by up to 20%. However, it is important to emphasizeand 3He measured under identical kinematical conditions.
that both models lead to a similar ratio of the light-cone The measurements were performed with the CEBAF large
momentum distribution for the kinematics of the present €X-acceptance spectrometé@@LAS) in Hall B at the Thomas
periment. _ o Jefferson National Accelerator Facility. This is the first

One can summarize the predictions of the SRC model foc| AS experiment with nuclear targets. Electrons with 2.261
the ratios of the inclusive cross sections from different nucleng 4.461 Gev energies incident e, “He, 2C, and
as follows (see Fig. & (1) Scaling &g independenceis  56re targets have been used. We used helium liquefied in
expected forQ?=1.5 GeV? and xg=<xg<2< wherexg is  cylindrical target cells 1 cm in diameter and 4 cm long, po-
the threshold for high recoil momenturf2) No scaling is  sitioned on the beam approximately in the center of the
expected foIQ?<1 Ge\2. (3) Forxg=xJ the ratios should CLAS. The solid targets were thin foils dfC (1 mm) and
have a minimum akg=1 and should grow withxg since  %Fe (0.15 mm positioned 1.5 cm downstream of the exit
heavy nuclei have a broader momentum distribution thamwindow of the liquid target. Data on solid targets have been
light nuclei for p<<0.3 GeVEk. (4) The onset of scaling de- taken with an empty cell of liquid targets. The CLAS vertex
pends orQ?; xg should decrease with increasi@. (5) In position resolution is better than 2.2 mnax)( allowing us to
the scaling regime, the ratios should be independe®?f completly cut out the target cell contribution in the solid
(6) In the scaling regime the ratios should depend onlytarget data. In the case of liquid targef$ie¢ and*He) we
weakly onA for A=10. This reflects nuclear saturatidi) make 3-cm vertex cuts in the central part of cells. The esti-
Ratios in the scaling regiofcorrected for the difference be- mated contribution from the two 1am target cell windows
tween proton and neutron form factpese equal to the ratios is less than 0.1%.
of the two-nucleon SRC probabilities in the two nuclei with  The CLAS detectof28] consists of six sectors, each func-
accuracy greater than 20%. tioning as an independent magnetic spectrometer. Six super-

Another possible mechanism for inclusive €’) scatter-  conducting coils generate a toroidal magnetic field primarily
ing atxg>1 is virtual photon absorption on a single nucleonin the azimuthal direction. Each sector is instrumented with
followed by NN rescatterind25,26. Benharet al.[25] use  multiwire drift chamberd29] and time-of-flight scintillator
the nuclear spectral function in the lab system and calculateounterg30] that cover the angular range from 8° to 143°,
the FSI using a correlated Glauber approximatié®A), in  and, in the forward region (8260<45°), with gas-filled
which the initial momenta of the rescattered nucleons ar¢hreshold Cherenkov countei@C) [31] and lead-scintillator
neglected. In this model the cross sectiongt 1 originates  sandwich-type electromagnetic calorimetées) [32]. Azi-
mainly from FSI, and therefore the cross section ratios willmuthal coverage for CLAS is limited only by the magnetic
not scale. This model predicts that these ratios also depermbils, and is approximately 90% at large polar angles and
on Q2, since it includes a noticeable reduction of FSI in 50% at forward angles. The CLAS was triggered on scattered
order to agree with the data @°=2 Ge\?. Benharetal.  electrons by a CC-EC coincidence at 2.2-GeV and by the EC
attribute this reduction in FSI to color transparency effécts. alone with a~1 GeV electron threshold at 4.4 GeV.

The requirement of large color transparency effects also re- For our analysis, electrons are selected in the kinematical
region Q?>0.65 Ge\f and xg>1 where the contribution
from the high-momentum components of the nuclear wave

230 far, no color transparency effects are observeti(me’p)X  function should be enhanced.
reactions a?<8 Ge\? [27]. We also require that the energy transfershould be

IIl. EXPERIMENT

014313-5



K. SH. EGIYAN et al. PHYSICAL REVIEW C 68, 014313(2003

1 0.6 ¢
0.9 g :
0.8F 05 - i °
0.7F 04 F 2 cooe’® ...
06} g .| "t ceceece
O E o r -
D:LI-Io_sg <0.3;OOOOOOOOOOOEOOOOOOOOOOO
04F i 0.2 o
03f (i i -, F e
02 S 01F Q=155 - Q=185
01F i . 0\\\\
OBl v v 1 ; B
26 28 3 32 34 36 38 4 42 44 0.5F
g | Ceee
P, (GeV/c) 04 eee®eeqe _ofe ®%ee,0
Q = g [O)NG)
O 03F - o050
FIG. 4. The ratioRg¢ of energy deposited in the CLAS electro- < E o 0000000000 ereoro
magnetic calorimetefEC) to the electron momentum, as a func- 0.2p 3
tion of p, at beam energy 4.461 GeV. The line Rt-~0.25 is 01k Q%215 i Q%245
located three standard deviations below the mean, as determined by F ‘ ‘ ‘ F ‘ ‘ ‘
measurements at several valuepgf This cut was used to identify 092515 175 2 1 125 15 175 2
electrons.

X X

B B

>300 MeV (the characteristic missing energy for SRC is  FIG. 5. The acceptance correction factors as a functioxgof
~260 MeV [1]). In this region one expects that inclusive @ is for *He andO for '°C. Q? are in Ge\’.
A(e,e’") scattering will proceed through the interaction of the
incoming electron with a correlated nucleon in a SRC. the data event by event, i.e., each event was weighted by the
acceptance factor obtained for the corresponding
(Axg,AQ?) kinematic bin, and the cross sections were cal-
culated as a function ofg andQ?. For the second iteration

Electrons were selected in the fiducial region of the CLASthe obtained cross sections were fitted and the fit functions
sectors. The fiducial region is a region of azimuthal anglewere used to generate a new set of data, and the process was
for a given momentum and polar angle, where the electromepeated. Figure 5 shows the electron acceptance factors af-
detection efficiency is constant. Then a cut on the ratio of theer the second iteration for liquicfide) and solid t°C) tar-
energy deposited in the EC to the measured electron momegets. We used the difference between the iterations as the
tum p. (Rec) was used for final selection. In Fig. Bz vs  uncertainty in the acceptance correction factor. Note that the
p. for the *°Fe target at 4.4 GeV is shown. The line showsacceptance for the carbon target is smaller than that for the
the applied cut aRg~0.25, which is located three standard helium target. This is due to the closer location of the solid
deviations below the mean as determined by measuremertiargets to the CLAS coils, which limits azimuthal angular
at several values gf,. A Monte Carlo simulation showed coverage of the detectors.
that these cuts reduce tide,e’) yield by less than 0.5%.

We estimated thew~ contamination in the electron C. Radiative corrections
sample for a wide angular range using the photoelectron dis-

tributions in the CLAS Cherenkov counters. We found that The cross §ept|on rat|o§ were corrected for radlatl\{e ef-
o - fects. The radiative correction for each target as a function of
this is negligible forxg>1.

Q? andxg was calculated as the ratio

A. Electron identification

B. Acceptance corrections do"@9(xg,Q?)

We used the Monte Carlo techniques to determine the Craa(xe Q%)= domradix, ,Q?)’ ®)
electron acceptance correction factors. Two iterations were B
done to optimize the cross section model for this purpose. livhere do"2%(xg,Q?) and do"°"24(x5,Q?) are the radia-
the first iteration we generated events using the SRC modehely corrected and uncorrected theoretical cross sections,
[12] and determined the CLAS detector response using theespectively. The cross sections have been calculated using
GEANT-based CLAS simulation program, taking into accountRref. [33] which is based on the adaptation of the formalism

“bad” or “dead” hardware channels in various components of Ref.[34] for inclusive and semi-inclusivee(e’) reactions
of CLAS, as well as realistic position resolution for the on nuclear targets.

CLAS drift chambers. We then used the CLAS data analysis

package to reconstruct these events using the same electron IV. RESULTS

identification criterion that was applied to the real data. The

acceptance correction factors were found as the ratios of the We constructed ratios of normalized, and acceptance- and
number of reconstructed and simulated events in each kingadiative-corrected inclusive electron yields on nudgie,
matic bin. Then the acceptance corrections were applied td°C, and *®Fe divided by the yield ofHe in the range of
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kinematics K xg<<2. Assuming that electron detection effi-

ciency from different targets is the same, these ratios, 3_2 3
weighted by atomic number, are equivalent to the ratios of 3E Q%14 o
cross sections in Ed4). 5:1725 3 % &
The normalized yields for eacky andQ? bin have been “’O. '2 3 4 & A
calculated as g qsb n g
e E . &
dy Ner 1 o5f & B a)
20y AO?2 Acc’ ©®) S w
dQ%dxg AQ?AxgN.Nt AcC 0F
35¢F ,
whereN, and Ny are the number of incident electrons and & 3 3 o %
target nuclei, respectively, Acc is the acceptance correction T 25 ¢ AD O g g
factor, andAQ? andAxg are the bin sizes iQ? and inxg, O 2F 5 570 A 7
respectively. Since electron detection efficiency in CLAS is HE:’ 15F 8
expected to be>96%, we compare the obtained yields with 1p A & B
radiated cross sections calculated by R&2] code. Within 05 F b)
systematic uncertaintigsee beloy, satisfactory agreement ot ‘1 1‘2 1‘ 7 1‘6‘ 1‘8 >

has been found between our results and the calculations from
Ref. [12], which were tuned on SLAC datgl7] and de-
scribed reasonably welll8] at the Jefferson Lab Hall C19]
data.

The ratiosR(A,3He), also corrected for radiative effects,
are defined as

FIG. 6. R(*?C,2He), the pernucleon yield ratios fdfC to He.
(@ O is for 0.65<Q?<0.85, O for 0.9<Q?<1.1, andA for
1.15< Q%< 1.35 GeV?, all at incident energy 2.261 Ge\h) O is
for 1.4<Q?<1.6 GeV at incident energy 2.261 Ge¥] for 1.4
<Q?<2.0, andA 2.0<Q?<2.6 GeV?, both at incident energy

3J(A) Céad 4.461 GeV. Statistical errors are shown only.
R(A*He)= ———— ——, (7)
AY(°He) CR';% those on the beam current and the target density divide out,
giving a total systematic uncertainty of 0.7%.
where) is the normalized yield in a giverQ?,xg) bin and For the solid target tdHe ratios, only the electron detec-

CRaq s the radiative correction factor from E¢p) for each tion efficiency cancels. The quadratic sum of the other un-
nucleus. The ratio of the radiative correction factors in Eq.certainties is between 5% and 7%, depending@m The

(7) is independent okg atxg>1, and is~0.95 and 0.92 for systematic uncertainties on the ratios for all targets @Ad

12C and *%Fe, respectively. are presented in Table I. Note that, since the cross sections

Figure 6 shows these ratios fdfC at several values of are rapidly varying withxg, the weighted centroid of each
Q2. Figures 7 and 8 show these ratios file and °®Fe,  bin is not at the center of the bin. However, since in the
respectively. These data have the following important charscaling region the cross section ratios are constant, this effect
acteristics. cancels.

(a) There is a clea®? evolution of the shape of ratios. At
low Q? (Q?< 1.4 GeV?), R(A,3He) increases witlg in the
entire 1<xg<2 range[see Figs. @), 7(a), and &a)]. At
high Q? (Q?=1.4 GeVF), R(A,%He) is independent okg
for xg>x3~1.5 [see Figs. @), 7(b), and 8b)]. (b) The
value of R(A,3He) in the scaling regime is independent of
Q2. (c) The value ofR(A,3He) in the scaling regime foA
>10 suggests a weak dependence on target mass.

b Q%14

R(*He*He)
= [N

o
o 0o 01N 01O O B O N 01 W

A. Systematic errors

N

The systematic errors in this measurement are different
for different targets and include uncertainties(a fiducial
cut applied:~1%, (b) radiative correction factors=2%,
(c) target densities and thicknesses0.5% and 1.0% for
solid targets, and 0.5% and 3.5% for liquid targets, respec-
tively. (d) acceptance correction factor@{ dependent be- L
tween 2.2% and 4.0% for solid targets and between 1.8% and 1 12 14 16 18 2
4.3% for liquid targets. Xg

Some of systematic uncertainties will cancel out in the
yield ratios. For the*He/*He ratio, all uncertainties except FIG. 7. The same as Fig. 6, but f8He.

R(*He*He)
[y

o
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4 TABLE Il. The ratios R(A,°He), measured in 14Q?
35F o <2.6 GeV interval. Errors are statistical only.
. 3k Q%<1.4 o n
ﬁ 55 7 - é Xg “He zc *Fe
P 2 3 A @ 2 n 0.95+0.05 0.86-£0.004 0.72-0.003 0.86:-0.004
5935:,1.5 3 @ o) 1.05+0.05 0.78:0.004 0.72-0.003 0.72-0.004
Oé 3 s 2 1.15+0.05 0.94-0.006 0.96:0.006 0.94-0.007
'0 i ‘ ‘ 1.25+0.05 1.19-0.012 1.330.012 1.33:0.015
35 F 1.35+0.05 1.410.021 1.77:0.025 1.8%0.030
_3F Q%14 1.45+0.05 1.58-0.033 2.12:0.044 2.17%0.055
o5k B g $ $ 155£0.05 1710049 2120059  2.64:0.087
G 2k é 94 9 ‘} 1.65+0.05 1.70-0.063 2.290.085 2.4x0.109
{1_5 2 A 1.75+0.05 1.85-0.089 2.32-0.110 2.450.139
x 1t A 1.85+0.05 1.65-0.100 2.210.128 2.7¢0.190
05 &8 b) 1.95+0.05 1.710.124 2.170.157 2.570.227
O L | | | | |

B AQ2ap+ o)

r(A,*He)=R(A*He) X oo————. 9
FIG. 8. The same as Fig. 6, but fofFe. ( )=R( ) 3(Zap+Noy) ©

B. Probabilities of two-nucleon short range correlations
in nuclei

To obtain the numerical values fo(R,3He), we calculated
the second factor in Eq9) using parametrizations for the
Our data are clearly consistent with the predictions of theneutron and proton form factof85]. We found the average
NN SRC model. The obtained ratid®(A,3He) for 1.4 Values of these factors to be 1:18.02 for “He and *°C,
<Q2<2.6 Ge\? region are shown in Table Il as a function and 1.18-0.02 for *Fe. Note that these factors vary slowly
of xg. Figure 9 shows these ratios for tHéC and ®°Fe  Over ourQ? range. Forr(A,3He) calculations, the experi-
targets together with the SRC calculation results using Refnental data were integrated ov€@”>1.4 GeV? and xg
[12], which used the estimated scaling factarfA) (per- >1.5 for each nucleus. The ratio of integrated vyields,
nucleon probabilitiy oNN SRC in nucleus\) from Ref.[7].  R(A,°He), is presented in the first row of Table Ill and in
Good agreement between our data and calculation is seefild. 10@) (open circles The ratiosr (A,°He) are shown in
Note that one of the goa|s of the present paper is to detefhe second row of Table Il and by the filled circles in Flg
mine these factors more precisQBee below. 10(a). One can see that the rati0$A,3He) are 2.5-3.0 for
Experimental data in the scaling region can be used to°C and *°Fe, and approximately 1.95 fdiHe.
estimate the relative probabilities BN SRC in nuclei com-
pared to®He. According to Ref[1] the ratio of these prob-

abilities is proportional to 3.?—; 3
—~ 3F
5 ;
(A 3He) = — 27T T T(A) ®) 251 PR T S
(Zop+Nay)o(*He) H 2¢
E{l.i 7 . . . ~
where o(A) and o(°He) are theA(e,e’) and 3He(e,e’) o5L ** a)
inclusive cross sections, respectivety, and o, are the '05 !
electron-proton and electron-neutron elastic scattering cross 35F
sections respectivelZ andN are the number of protons and __ 3F
neutrons in nucleué. Using Eq.(4) the ratio of Eq.(8) can f£o5F 4 ® o o ® .
be related to the experimentally measured raR¢4,>He) mﬂf 2 F Sl ® T
as 8_15F et
TABLE |. Systematic uncertaintieSR(A), SR(*He) for the ra- 05F b)
tios of normalized inclusive yieldsR(A,%He) (A='2C,%°Fe) and ot ‘ ‘ ‘ ‘ ‘

R(4He,3He) . AQZZ +0.15 Ge\? 1 1.2 1.4 1.6 1.8 2

X
B
Q? (GeV)y? 1.55 1.85 2.15 2.45 s _ )
FIG. 9. R(A,%He) as a function okg for 1.4<Q?<2.6 GeV,
SR(A) 7.1 5.8 4.9 5.1 statistical errors are shown only. Curves are SRC model predictions
SR(*He) 0.7 0.7 0.7 0.7 for differentQ? in the range 1.4 Ge¥/(curve 1 to 2.6 Ge\f (curve

4), respectively, fora) 12C, (b) *°Fe.
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TABLE lIl. R(A,%He) andr(A,%He) are the ratios of normalizee,g’) yields for nucleusA to *He, and
the relative per nucleon probabilities of SRC for the two nucg{A)E*Pt and a,(A)"°" are thea,(A)
parameters obtained by multiplyingA,*He) with the experimental and/or theoretical valuesg(3). The
statistical(first) and systemati¢second errors are shown. In statistical errors fy(A)E*Pt anda,(A)he°",
the uncertainties of,(3) are included. Systematic errors fC and %°Fe are calculated using the accep-
tance uncertainties averaged over enferange(see Table)l Note that there is a theoretical uncertainty
convertingR(A,%He) ratios into SRC probabilities, which is maximum f§Fe and is no more than 20%
[23]. a,(A)®¢" is an averagdweighted of a,(A)F*Pt and a,(A)™"e°". To obtain the systematic errors of
a,(A)2®", the systematic uncertainties af(A)=*Pt anda,(A)"¢°" were added in quadrature.

‘He 2c 56re
R(A,3He) 1.72+0.03+=0.012 2.26:0.04+0.12 2.54-0.06:0.14
r(A,3He) 1.96-0.05+-0.014 2.51+0.06:0.14 3.06:0.08+0.17
az(A)EXpL 3.33+0.59+0.023 427 0.76:0.24 5.1+ 0.91+0.29
az(A)theor 3.92+0.22+0.027 5.02-0.28+0.29 6.00-0.34+0.34
a,(A)2ver 3.85+0.21+0.027 4.930.27+0.28 5.90-0.32+-0.34

The pernucleon SRC probability in nucleAsrelative to  culation using the wave function for deuterium afHe,
®He is proportional tor(A,°He)~a,(A)/ay(3), where a,(3)=2+0.1. Similar results were obtained in RE26].
a,(A) and a,(3) are the pernucleon probabilities of SRC  The pernucleon probability of SRC for nuclefgelative
relative to deuterium for nucleus and *He. As was dis-  to deuterium is shown in the third and fourth rows of Table
cussed earlier, the direct relation ofA,%He) to the per- Il and in Fig. 10b) where the results from Ref7] are
nucleon probabilities of SRC has an uncertainty of up toshown as well.

20% due to pair center-of-mass motion. Within this uncer- |n fifth row of the Table Ill, averages d,(A)5*P* and
tainty, we will define the pernucleon SRC probabilities of a,(A)t"e°" are shown. One can see thsi(A) changes rap-
nuclei relative to deuterium as idly from A=4 to A=12, while for A=12 it changes very
slowly. There are approximately 4.9-5.9 times as much SRC
for A=12 than for deuterium, and approximately 3.8 times
as much SRC for*He as for deuterium. These results are
consistent with the analysis of the previous SLAEH()
_Two values ofa,(3) have been used to calcul@g(A).  gata[7]. They are also consistent with calculations of Ref.
First is the experimentally obtained value from RET], [36]. Figure 11 shows the measur@f dependence of the
a,(3)=1.7£0.3, and the second is the value from the cal-(g|ative SRC probabilitya,(A), which appears to b&?2
independent for all targets.

2x(A)=ry - 2s(3). (10

4.
535
m:l:_ 3F [ ] 10
<Lo25F ) 0 9L
~ 2F @ © 8
Tisp”
< 1) 7
€05 F 3 6L ‘
o A
43 & 2
6 F 4L by
__ 5} N A A A
< 4t 3F
& 316 N
2?@ F
1r b) 17 V0 7777777777777777)
0010 20 30 40 50 60 12 14 16 18 2 22 24 26
A Q% (GeV/o)*

FIG. 10. (a) R(A,3He) (O) andr(A,3He) (@) versusA. (b) FIG. 11. Q? dependences @f,(A) parameters obtained by mul-
a,(A) versusA. O—a,(A) obtained from Eq(10) using the ex- tiplying r(A,%He) with the theoretical values @f,(3). Error bars
perimental value 0&,(3) from Ref.[7]; (]—a,(A) obtained using are statistical onlysee caption of Table Il Shadowed area shows
the theoretical value of,(3). A—data from Ref[7]. For errors  systematic error ban®@? bin sizes are-0.15 Ge\f. @ is for ®Fe,
shown, see caption of Table Il O for 1?C, andA for “He.
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V. SUMMARY probability of short range correlations in nuclei relative to

deuterium is~3.8 times larger for*He and approximately

The A(e,e’) inclusive electron scattering cross sectlon4.9 and 5.9 times larger folC and 5°Fe.

ratios of “He, 2C, and°®Fe to *He have been measured for
the first time under identical kinematical conditions. The fol-
lowing are shown.

(1) These ratios are independent xf (scalg for xg
>1.5 andQ?>1.4 GeV, i.e., for high recoil momentum. We acknowledge the efforts of the staff of the Accelerator
The ratios do not scale f@@?<1.4 Ge\’. and Physics Divisiongespecially the Hall B target groujat

(2) These ratios in the scaling region are independent ofhe Jefferson Lab in their support of this experiment. We also
Q?, and change very slowly iA=12 range. acknowledge useful discussions with D. Day and E. Pias-

(3) These features were predicted by the short range coetzki. This work was supported in part by the U.S. Depart-
relation model and consistent with the kinematical expectament of Energy, the National Science Foundation, the French
tion that two-nucleon short range correlations are dominatingcommissariat a I'Energie Atomique, the French Center Na-
in the nuclear wave function at,,=300 MeV/c. tional de la Recherche Scientifique, the Italian Istituto Nazio-

(4) The observed scaling shows that momentum distribunale di Fisica Nucleare, and the Korea Research Foundation.
tions at high momenta have the same shape for all nuclei and.T. acknowledges an “Emmy Noether” grant from the
differ only by a scale factor. Deutsche Forschungsgemeinschaft. The Southeastern Uni-

(5) Using the SRC model, combined with tlimeasured versities Research AssociatiGBURA) operates the Thomas
and/or calculated 3He/D ratio, the values of ratios in the Jefferson National Accelerator Facility for the United States
scaling region were used to derive the relative probabilitieDepartment of Energy under Contract No. DE-ACO05-
of SRC in nuclei compared to deuterium. The pernucleorB4ER40150.
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