Observation of Nuclear Scaling
in the A(e,e’') Reaction at xp > 1
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The ratios of mchsive electron scattering cros sections of "He, "2, and * Fe to "He have been
memured for the first time. [t & shown that these ratios are mdependent of 7o at §F = 1.4 GeV? far
xm = L5 where the inehsive coss section de pends primarily on the high-momentum components of
the nudesr wave functiom. The abserved scaling shows that the momentum distributions at high-
mumenta have the same shape for all nucls and differ only by a scale factar. The observed anset
of the scaling at (7 > 14 GeV® and s > L3 & constent with the kinematical expectation that
two nuclkeon shart range correlations (S0C) are dominate the nuckear wave function at pe 2 300
MeV fe. The values of these ratics in the scaling region can be related to the mlatire poobabilities
af SR in mcde with A2 3. Our data, combined with calenlations and other measurements of the
THe Denterinm ratia, demonstrate that for nucled with 42> 12 theie probabilities are 4.9-5.9 times
barger than in deunterinm, while for "He it is brger by afactor of about 3.8,

PACH numbers: PACS @ 12.60.Le, 12.40.0p, 14.:30.0k

L INTRODUCTION

Dhige top thee strong Interaction amd short distanees be-
tween the maclesns in muclel, them ls a slgnificant prob-
abllity for nuclon wave lunctions to overlap, resulting
i short ramge nisleon-macleon correlations [(SRAC) In mu-
del [1]. Investigation of SRC Is important for at least
tw reasors.  Flst, hecase of the short range mature
ol these porrelations, they should eontribute slenlicantly
to the high-momentum component of the meclear wave
Tunction. Secpnd, seatbering mom nucleons in SRC will
pooyvide unlgue data on the modifieation of deeply hownd
nuclesns, which ls extremely Imporiant for a complets
understamding of mucleon striseture In gemeral.

High-emrgy Inclusiee electron scattering rom miclel,
Ale, "), Is ome of the simplest ways to nvestigate SRC.
In particular, It B probahly tle best way to measume
il probabilities of SRC In meclel. The main problem
In tlese studies s selecting the elciron-S8RC scattering
events from the orders-ol-magnitude larger hackgroumnd
ol Inelastle and/or guasi-elastle Interactlon of elecirons
with tlee wneorrels ted low- moment um meleons.

By measuring ¢ross seetlons at

I;]:J‘
= 1 1
e I - i [ :I
contributions rom Inelastie electron-nucleon scattering
and meson exchange currents [at high QF) can be slg-
nificantly meduced, which cormsponds 1o studying the

low-emergy-loss slde of the quasi-elastle peak. In Eq. (1)
0? B the four-momentum squared of the virtual photon
Q* = =My = 0), ¢ B the energy transher, M Is the
mugleon mass, awd £e 15 the Bjorken scaling varlahle.

Manmy previos analyses of data In this kinematic pe-
glon eoneentrate on wslng y-scaling to decomalute the
muclear wave lunethon [om the Inelusive croes soction
(see eg. Refs. (2], [3]). Thi deconvolution, whilk neces-
sary for exiracting momenium distributions, slenlficamtly
Ingreases the systematle wneertainty in the extraction of
SRC prohabilities. Moreover, slnce the eoniributlon from
tle final state Interaction ls hasieally wnknown, the ex-
traction of the SRC probabilities In the groumsd state ma-
clear wave lunetion became more problematie,

Meanwhile, the data at £, > 1 ¢can e wsed Lo directly
measure the probability of eding SREC In moclel uslng
another technlgue. There are theoretieal predictions ilat
at momenta higher than the Ferml momentum, macleon
momentum distributions In Oght and beavy moclel ave
similar (see .9 Rel [4] in which this result s obtained
based on varlational eakulations of growsd state wave
funetion of "0 sing walktle 2V and 3N Interactions
as well as Rel. [§] in which a similar result is obtained for
*He and Infinite meclear matter).

Thi implies that they originate predominantly from
the Imteraction hetween two nearby mscleoms, e due
to SRC. If the Afe, &) ooss section depends primarily
on the muclear wave lunctlon amd the shape of this wave
Tumetion at high-momentum Is peally universal, then In




thls high-momentium reglon the rath of welghted (& ')
cross sections for different nuclel [37] should scale, ie.
they should he lndependent of electron s¢attering varl-
ables (@ and xg), with the magnitude of the scaling
[actor belng proportional 1o the relative probablity of
SRC In the two mclel [6, 7).

InRef. [7] ths was checked by analyzing existing SLAC
Afe,e') data for denterium [8-10] and heavier maclel [11].
They found an indication of scaling at QF = 1 GeV* and
5 = L& Howewer, singe the data for denterlum and
tlee beavy mselel were collected In different experiments
at simillar F bt at different eleciron scattering angles
and Incldent electron emergles, to find the ratks at the
game values of [£g, ), a complicated fitting and inter-
polation progedure was applied [7] to the data. The main
prohlem was tlat the cross sectlons varled very stromgly
with angle, Incident energy, and . To slmplily the In-
terpolation, the electron-deuteron cross section was first
divided by the theoretical caleulation within the Impulse
approcdmation Therelore, the data are not purely o per-
imental, sinee they Inclisde the theoretleal caleulations,
and the ratios may have heen affected by the liting and
Imterpolation procediames.,

In this work, the ylels of the reaction Afe, ¢') for *He,
He, ", and **Fe targets are measured In the same
kinematical conditions, and the ratios Afe, &)/ He(e, &)
are obtained for 1 < ¢g < 2 and QF = 0.65 GeV*. Fur-
thermore, wing the scaling bebavior of these ratlos, the
relative probability of NN SRC lor the varlos moclel
have heen extracted.

n. KRINEMATICS AND PREDICTIONS

In order to suppress the bhackegroumd [om qupasi-
elastie Interactions of electmms with the wneorrelated
lowe-momentum mleons (see Flg. La), we lurther mestrict
the kinematic variables xg and Q°.

FIG. 1: Two mechanims of Afe, &) scattering.  a) single
nuclem madel; b Shart ange Comelation madel.

For quasi-elastic Afe, ') seattering, xp, F, and the
minimum A4 — 1 meeol]l momentum ¢ontributing to the
reactlon are related by energy and momentum oonserva-
AT

(g +pa —paa ' =p) = miy, (2]

3

where q, p 4, Pa_y, amd py are the fpurmomenta of the
virtisal photon, target mucles, resldual A—1 system, and
knocked-out mucleon respectively [mote that only g and
fa are koown.) From Eq. (2) one obtains:

. o f—j
ﬂMJ_QJ-I-mNJ‘.'.I; [M'ﬂ - Mj"'-l-ﬁml
—3f fl —2Ma (MG +Fa = 0, (3)

where AM® = M3+ M;_ |, —my and i =5 — §=
—f4_y 15 tle recol] momentum Imaolved n the reaction
(sometimes relerred 1o as the ‘mising momentum’ In
(e, &%) meactions). Eq. (3) delimses a glmple relatiomship
between |[fn™"| and ze at fixed F. At xp > 1 ihis
minlmum oeeurs when the A-1 system s In tle ground
state and fin | § This relation for denterium at varios
values of ¥ 1s shown in Fig. 2a. Fig. b shows the same
relatlonship for various nucle at QF =2 GeV®. Note that
this melatiomship k& diferent lor the dilferem maclel, due
primarlly to differences In the mass of the reeoll 4 — 1
sgyatem. This minimum ol momentum s one of the
possible definltions of the scaling variable .
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FIC:. 22 The minimum recal momentum 2 5 finctiom of x5 .
a) For denterinm at several £ fin GeV?]; b)) For different
nucded at §F =20 GeV?. Horontal lines at 250 MeV /¢ indi
cate the Fermi momentum typical of the mmcorrelated motion
of nucdeons in .

Cime eansee Iopm Fle. 2 that lor any meclews A and lxed
Q”, wie can find the value =f; such that at xg > 2 1hn
magnitede of the minimum reesll momentum, [§,™"|
comribiting to the peaction, sweeds the average Fermi
menrentum in mueleus A.

It shoild be polnted out that the nitial momentwm of
il struck mucleon & Is equal 1o iy only 1o the simplest
mupede] whene the virtual photon s alsorbed on one m-
cleon amd that msleon leaves the mucleus withoot hrther



Imteractions [tle Plane Wave Impulse Appeoedmation).
In reality, the [e,&") reaction effectively integrates over
many values of p, > g™, In addition, this simple re-
lation between reepl] momentum and Indtial moment um
s modified by Flual State Interactions [FSI) and the ex-
cliation energy of the resldusl necleis. These make It
difffcult to determine the mselear wave Tunction directly
from (& &) eooss sections. However, lor our purposes,
it Is sufflelemt to koow that when the minimem recol
momentum coniributing to the mactlon & mxh larger
than the Ferml momentun, the nltial momentiom of the
struck mucleon will also be larger.

Let us mow conslder varlms predictions of the ratks of
welghted (e, ') cross sections lor different maclel. In the
mechanizm for inclisive (e, 8') scatiering at 2 > 1 with
virtual photon alsorption on a single mecleon amd the
A -1 system recolling Intact without FSL [see Fig. 1a),
the minimum recoll momentum for differemt meclel at
fixed (F differs and this difference Inreases with 2 (see
Fig. 2. Therelore, the cross section raths hetween differ-
ent muclel will Increase with #e and will mot seale.

In the Short Ramge Correlations model of Frankliort
and Sulkman [1] (see Fig. 1b) the high- momentum part
al the muclear momentum ditribotion B due 1o corme-
lated mucleon palrs, This means that when the elecioon
seatters om a high-momenium nockon in the nockeus,
wee can ponslder this scattering as an electron-deuterinm
Interaction with the spectator 4 —2 system at rest. [The
ellect of palr motlon are dieissed helow), Therelore, ac-
cording to Flg. 2a, starting from some threshold =% for
fised Q7 the cross section catio

oAy, Q% 25) /A
oAz, Q7 zg) A’

where o[ Ay Q25 and oAy, (F,x5) are the inclusive
electron sea ttering eross sections oom maclel with atomic
mumbers Ay and Ay respectively, will scale [(will be oon-
stant). Scaling resulis from the dominance of SRC In the
high-momentum component of the meclear wave Tumetion,
and It should he gheerved, lor eample, for the eross sec-
tion milcs of beavy micdel o lght msclel such as ¥He.
Flg. 3ashows R["*C,*He) a5 a Tunctlon of 2g for Q*
from L5 to 25 GeV? caleulated In the SRC model [12]
(for detalk see ako [13]). The ratio for Ay= *Fe and
As= *He E shown in Fig. 3b. The caleulations used the
Faddeev wave function for *He caleulated using the Bonn
NN potential [14]. The momentum distributions for
heavier msclel bave been modeled through a two compo-
nent o momentum distribetien sing mean feld disteibo-
tlors for small mseleon momenta and sing the deuteron
mgmentum distribution for p = 2580 MeV /e, scaled hy
[actor aqlA), per-muclesn probablity of NN SRC In me-
cleis A, estimated from Rel. [7]. The mean feld mo-
et distributions wed the Harmonle Osclllator wave
function for "*C and the quasi-particle Lagrange Method
of [15] for **Fe. For ihe description of the &N Interaction,
the inelastie form factor parameterization of Rel. [16] and
the dipole elastk lorm-lactors have been sed.  These

RiAy, Az} = (4}
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cakulations are In reasomable agreement with existing
Afe, ¢’ )\ X experimental data from SLAC [17] and from
Jefferson Lab Hall C [19].

The ratios In Flg, 3 show a nke platean starting foom
rr > L& for both noeclel and all F. The experimen-
tally obiained ratio in the scaling reglon can he wsed Lo
determine the relative probahbility of oding corela ted
NN palrs In different maclel. Howoever one needs 1o take
Into aeeount the follewing [aetors: (1) the fimal state lo-
tevac thons of & mseleon with the resldual system, (1) the
NN palr cemter-ol-mas motion, and (1) the difoences
al (ep) and [en) Interaction ¢ross sectlons (for the later
sop seciion TV-B.

In the SR model, FSI do mot destroy the sealing be-
havior of the ratio, B, Indeed, In the lght-cone ap proxi-
meation of the SRC model, I the lnvariant mass of the fi-
nal NN system s sufflclently large, /g + mp )2 —my =
S0-100 MeV, tlen the scattering amplitude will depend
mainly on the leht-¢one raction of the Interacting m-
cleon's momentum a = [(E—p ) /M, and has only a weak
dependence on the conjugated varlables E 4 p. and p,
[T, 20, 21]. As a result, the closure approsdmation can be
applied in tle ght-oone relerence Trame, allowing us to
gum gver all final states amd we the fact that thik sum
Is mormalized to unity. Aller using tle closure appros-
Imation the Inclusie ooess section will depesd on the
light-come momentum distribution of the meleon In the
muacleus, Integrated over the tramsyvese momentum of the
mucleon, pafea) (6. Thus, within the light cone descrip-
tlon the Eq. [4) measums the ratio of pqle) for mcled
Ay and Az In the high-momentum range of the target
magle .

In tle lab [rame descdption (in the virtual macleon
approach ), lowever, the gosure approcimation canmot
he applied for large values of Interacting mscleon mo-
meenta, and FSL should be calenlated expliciily [see eg.
Rel. [2]). Within the SRC model at high reeoil mo-
menta, FSI are dominated by the rescatiering of the
knocked-out mucleon with the eorrelated mucleon in the
SRC [T, 7] Therefore, FSI will be localized n SRC,
and wil cancel In the ratio . As a mesult, Eq. (4) at
= _l:'f.‘:1 cold he related to the ratlo of high- momentom
part of micleon-momentum distributions In Ay amd Az
muclel  [30].

Having an underlylmg mode]l of the maclear speciral
Tunetions, one can relate the measured ratlos in Eq. (4) o
il SRC propertles of the meelear wave Tunction, Wiihin
the spectral function model [1], n which correla ted m-
clean palr ls assumed at pest with the mecleon momen-
tum distribtlon In pair ldemical 1o that In dewteron,
il ratlo In Eq. (4) could he direct]ly melated to the per-
muaclesn SR probablity In nscles A melative 1o des-
terium, agA).

In models of the nuclear speetral funetion [22] in which
twoeniclenn correlations are moving in the mean Geld of
tlee spectator A — 2 system, the amalysls of Eq. (4) wil
yield slightly smaller values for az(A). Caleulations by
Clofi degli Attl [23] and Simula [24] indicate that this



motion does not allect the scalimg but can decrease the
extracted as(A) for *Fe by up to 20%. However it is
Important to empasise that both models lead 1o a simllar
ratio of the lght-come momenium disidibution for the
Knematles of the present ex periment.

Qe can summarize the predictions of the SRC model
for the ratios of tle nclusive eross sectlons Tom Qe ot
mgelel as follows (see Fig, 33

e Scaling [z Independence) Is expected for QF >
LS GeV? and 2% < 28 = 2 < where £% 15 the
threshold for high recoll mone ntum.

# Mo sealing is expected for 2 < 1 GeV,

& For zp < % the ratlos should have a minimum at
# 5 = | and slould grow with £ g sinee heavy maclel
hawe a broader momentum distribution tlhan Hght
muaclel for p< (L3 GeV fe

& The onset of scaling depends on QF; #% should de-
erease with Incressing QF.

& [nihe sealing reglme, the ratlos should be Indepen-
dent of QF.

# [nntlhe sealing regime the ratios should depemsd only
weakly on A [or A > 10 This reflecis nuclear sat-
uration.

& Ratles In the seallng veglon [oormected lor the differ-
ence between proton amd meutron orm [actors) ame
equal 1o the ratios of the twoe-nucleon SRC proha-
hilitdes In the two muclel with accuracy better than

.

Another possible mechanizm for inclusive e, &) scatter-
img at £x = 1 15 virtuwal ploton alsorpiion on a single
mucleon followed by NN rescattering [25, 26]. Benhar
et al. [25) use the nuclear spectral fnetion in the lab
system aml cakulate the FSI using a cormelated Glauber
approsdmation (CGA), In which the inltial momenta of
the re-scatiered nucleons are neglecied. In this model
the cross sectlon at #e = 1 originates mainly from FSI
and therelore the ¢ross sectlon ratios will mot seale. This
model predicis that these ratlos also depend on QF, since
it Includes a moticeable reduetion of FSI in order 1o agree
with the data at Q* > 2 GeV?. Benhar e al. attribute
this reduction in FSI to color transparency effects [38].
The reguirement of large eolor tramsparency ellects ako
memulis In a strong A dependence of the ratio since the
amount of the FSI suppression depends on the mumber
of nucleoms participating In the rescatterdng.

The main predictions of the OGA model lor the miclear
eross eecilon raties are as Ionllows:

# Mo sealing s predicted at QF > 1 GeV? andz g < 2.
& The nuckear ratios should vary with Q.
& The ratios should depend on A,

&
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FIG. 3: 500 Model predictions for the normalized inchisie
cToms section matio as a fonction of o for several values of F
in GeV?. MNote the !r.aili:n.g' behavior predicted for o5 > L4
al " to "He, b) ®Fe to "He.

# The model 1s not applicable at QF < 1 GeV™.

Thus, measuring the ratios of ndusive (e,2') scatter-
ing at g > 1 and OF > 1 GeV? wil yvield important
Information about the reaction dynamics. I seallng is
obaeryved, then the dominance of the SRC in the nuelear
wave [unetion B manifested and the measured ratios will
gontain Information about tle probability of twoe-necleon
short ramge correlations in nueel

m. EXPERIMENT

Inthk paper we present the st experimental studles
af ratios of normalized, and acoeptance- and radiative-
gomected, Inelusive ylelds of elecirons seattered Trom
He, Y, ¥Fe, and *He measured under identical kime-
matieal comnditions.

The measwrements were performed with the CEBAF
Large Acceptance Spectrometer (CLAS) In Hall B at the
Thomas Jellerson Natlonal Aceelerator Facllity., This Is
il [rst CLAS experiment with nuelear targeis. Elec-
trons with 2,261 and 4461 GeV energles Incident on ¥He,
He, "*C, and *Fe targets have been used. We used he-
T Ngguefied in cylindrical target cells 1 em in diameter
and 4 em lomg, positioned on the beam approimately in
il center of CLAS. The solld targeits were thin loik of
30 (1 mm) and *Fe (0,15 mm) podtioned 1.5 cm down-
stream of the exit window of the lguid target. Data on
solld targets have heen taken with an empty oell of Hgueld
targeis. The CLAS vertex position resolutlon 1s hetter



then 2.2 mm [(slgma), allowing us to completly cut out
il target oell comtribution in the solld target data. In
the case of liguid targets | *He and "He) we make Jom
viertex ¢uts In the central pan of celk. The estimated
contributlon from the two 150 target cell windows s less
than .15,

The CLAS detector [28] conslsts of sl sectors, each
lunctioning as an Independent magnetile speeinometer.
Sk superconducting oolls generate a toroldal magnetic
field primarily in the azimuthal direction. Each sector
Is Instrumented with multkwire drift chambers [29] and
time-of-Aight scintillator counters [30] that cover the an-
gular ramge fom & 1o 1437, and, In the lorward eglon
(&% « & < 45°), with gas-illed threshold Cherenkoy
counters [CC) [31] and lead-scintillator sandwich-type
electromagnetic calorimeters (EC) [32]. Asimuthal cov-
erage for CLAS Is limited only by the magnetic eolls, and
Iz approximately 9% at large polar angles and M at
forward angles. The CLAS was trigeered on seattersd
alectromn by a CC-EC colncldence at 2.240:eV and by the
EC alome with a = 1 GeV electron threshold at 4.4 Ge'V.

For our analysis, electmms are selected in the Kimemat-
leal region QF = (LG5 GeV? and rp > 1 where the contri-
bution from the high-momentum components of tle m-
clear wave lunctlon should be enhaneed. We also peguine
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FIG. 4: The matio [Heo) of encrgy depasited in the CLAS
elecromagnetic calimeter {EC) to the elecom mamentum
pa @ afumction of @ at beam energy 4461 GeV'. The ne at
Hge = 0225 08 located 3 standard deviations below the mesm
ay determined by measurements at several wahes of @, Ths
cut was nsed to dentify electrons.

that the emrgy transber, », should be = 300 MeV [the
characteristic missing energy for SRC B ~ 260 MeV [1]).
Inthl reglon ome expects that nclusive Ale, ') scatter-
Img will procesd through the Interaction of the Ineoming
electron with a correlated mucleon in a SRC.

A. Electron Identification

Elerirons were selected In the Bdueclal reglon of the
CLAS sectors.  The Aduclal reglon s a reglon of as-
Imuthal angle, for a glven momentum amd polar angle,
where the eleciron detection eflcency B comstant. Then
a ¢ut on the ratle of the energy deposited In the EC 1o

L

il meeasured electron momentum p, (B go) was used lor
final selection. In Fig. 4 Ree ve. pe for the **Fe target
at 44 GeV s shown, The line shows the applied cut at
Rec = (025 which s located 3 standard deviations helow
il mean as determined by messuremenis at several val-
wes of pe. A Monte Carlo slmulation showed that these
cits rediuoe the Ale, ') vield by less then 0.5,
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FIG. 5: The acceptance correction factors as a functiom of
Tra. » "He, o 0. 07 are in GeV™.

We estimated the 77 contamimation In the elecinon
sample lor a wide angular ramge using the photo-electmon
diEtribntiens In the CLAS Cherenkov counters, We Iound
that for #g5 = 1 this s negligihle.

B. Acceptance Corrections

We 1sed the Monte Carle technlguees to determine the
alecton acoeptance correction lactors. Two Heratlons
wiere dome Lo optimise the ormss section model for this
purpose, In tle first teration we generated events wsing
the SRC model [12] and determined the CLAS detec-
tor mespome uslng the GEANT-hased CLAS simlation
program, taking lnte aceount “bad” or “dead™ hardware
chamnels In various components of CLAR, as well as re-
alistle position resoluton for the CLAS drifi chambes.
We then med the CLAS data amalysk package to reoon-
striet thess events 1slng the same electoon ldent 15eation
eriteria that was applied to the peal data. The acoeptanee
comection factors were found as the ratios of the numher
ol reeonstrieted and slmulated events In each kpematic
bin. Then tle aceptance cormectlons were applied to
il data event-by-event, Le. each event was welghied
by the aceeptance lactor obtalned lor the correspond lng



[(Ar g, A Kinematic bin and the cross sections wene
caleulated as a function of rg and Q°. For the second
Iteration the obiained eross eeciloms were Mited and the
ft-Tunetions were 1=ed 1o generate a new sel of data,
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FIG. & B{"C, He), the pernuceon vield ratios for O to
THe, a) o 065 < Q" < 085 008 <0 < LL A LIS <
07 < 135 GeV? | all at incident energy 2261 GeV.
b) oo 14 < 7 < LB GeV? at ncident energy 22681 GeV'; O
14 < Q% < 2.0; A20 < O < 26 GeV?, both at incident
energy 4481 GeV. Statistical errons are shown anly.

and the process was repeated. Flg. b shows the elecinon
apteptance [actors aflter the second eration for Nguid
(*He) and solld [**C) targets. We used the difference
between the lteratlons as the uncerialnty in the accep-
tame cormectlon factor. Note that the acoeptance for the
carbon farget & emaller than for the hellum target. This
Is due to the ceser locatlon of the solld targeis to the
CLAS oolls, which Imit azimisthal angular coverage of
1l detetors.

. Radiative Corrections

The ¢ross section raties were cormected lor radlative ef-
fegis. The radiative eomection lor each target as a lume-
tlon of Q* and zx was caleulated as the ratlo

de ™ (zg, ()

iz, GO 5]

Crad(2g, %) =
where do™ (2p, Q) and do™ ™ (zg, (*) are the radia-
tively corrected and wncorrected thesretleal cross sec-
tlons, mspectively. The oross sections have been caleu-
lated using Rel. [33] which is based on the adaptalon of
the formalism of Ref. [3] for inchisive and semiinelusive
(e,e") reactions on meclear targets.

. RESULTS

We comstrucied ratlos of normalkeed, acoeptance and
radlative-eorrected Inclusive electron yields on mscled
He, "*C and ¥Fe divided the yleld on *He In the range
of kKmematks | < x5 < 2 Assuming that electron de-
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FIGi. 8: The same as Fig. 8 for "Fe.

tection efficiency rom different targeis is tle same, lese
ratios, welghted by atomie number, are equivalent 1o the
ratios of ¢ross sections In Eq. [4).

The mormalized ylelds for each zg and @ bin have



been calenlated as:

dy  _ N - (%)
dPdry  AQPAxpN Ny Aec

where N, amd Np are the number of Ingddent elec s
and target nuelel, respectively, Ace ls the asceptance cor-
rection factor, and AQ? and Asp are the bin siss in
Q" and In rp, respectively. Since electron detection ef-
ficheney in CLAS Is expected to be > 965, we compare
obtalned yklds with radiated cross sectlons caleulated
Ly Rel [12] code. Within systematic uncertainies (see
below) tle satklactory agreement has been [ound he-
tween our resulis and the caleulations from Ref. [12] that
wiere tuned on SLAC date [17] and described reasonahly
well L8] the Jefferson Lab Hall C [19] data.
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FIG. % B{A He) as a function of g for 14 < Q7 < 26
GeV?, statitical ermom are shown onlye.  Curees are SHO
madel predictions for different 37 in the range 14 GeV?
anﬂu 1) ta 28 GeV? [curve 4), mmpectively, for a) 20, B)
Fe.

The ratiee R(A He), ako corrected Tor radiative el
fects, are delimed as:
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where ¥V Iz the mormalized vield in a given (7 25) bin,
amnd E"M s the radiative eorrection factor from Eq. (5]
for each mucleus. The rathe of the radiative correction
[actors In Eqg. (T) B Independent of #e at #g = 1, and Is
g (.05 and 0.92 for O and 3 Fe, mespectively.

Flg. 6 shows these raties for "*C at several values of
Q* Figs. T and & show these ratios for "He and **Fe,
mempectively. These data have the follewing Important
characieristics:

g
# There is a clear (37 evolution of the shape of ratios:

— At ow QF (P = 14 GeV™), R(A*He) in-
crpases with g I the emtiee 1| < 25 < 2
range [see Figs, Ga, Ta, 8a).

— At high {7 §* > 14 GeV") R(A,*He) is in-
dependent of 2 lor 25 > .l:'i':1 = Lh [Bee
Flgs. fih, Th, 8b.)

# The value of B{A *He) In the scaling regime is in-
dependent of Q°.

& The value of R{A *He) in ihe scallng regime for
A = lisuggestis a weak depesdence on target mass.

A. Systematic Errors

The systematic errors In this measurement a e different
for differemt tangets and Include wneertalntles in:

& fidueial ent applied: = 15:
& radiative eorreetion factors: = 25,

# target densities and thicknmsses: = 055 and 1.0°%%
for solid targets: 0.55% and 3.5% for lquid targets,
respes tively.

® acceptance correctlon factors (QF dependent): be-
tween 2.2 and 405 for solid targets and betwesn
L& and 4.35% for liquid targets.

Some of systematle uneertainmies will cancel gut in the
yleld ratios. For the *He /" He ratio, all uneertainiles ex-
copt those gn the heam eurrent amnd the target density
divide out, giving a total systematic uncertainty of 075,
For the solid-target to *He ratios, only the electmn de-

O GeV?|| 155 || 1a3 2135 245
dray | 71 f| s 49 5.1
d'He)|| o7 | a7 07 07

TABLE [: Systematic unoertainties SH{A), S6{"He) for the
ratios of normalimed inchsive vields (A, He) (A=""C""Fe)
and B{'"He, "He). AL = 4015 GeV7.

tegtlon eflicleney cancels. The quadratic sum of the giher
uncertainties B between 5% and 79, depending on 02,
The systematie uncertainties on the raths lor all targets
and F are presented in Table I, Note that, sioee the
ergss sections ave mpldly varying with zg, the welghiaed
centrold of each hin is mot at the center of the bin How-
ever, slnce In e scaling reglon the oross secton ratios
are ponstant, this elfect cancels,



B. Probabilities of Two-Nucleon Short
Range Correlations in Nuclei

Chr data are elearly conglstent with the predictions of
the NN SRC model. The obtalned ratios, R(A,*He), for
L4 = 7% = 2.6 GeV? peglon are shown in Table IT as
a Tunetlon of xg. Fig. 9 shows these ratlos Tor the "
and ¥ F targeis together with the SRC caleulation re-
sults using of Rel. |13 which used the estimated scaling
[actors, axlA), (per-mseleon probabilitly of &N N SRC in
mucleus A) from Rel. [7]. Good agreement between our
data amd caleulation s seen. Mote that ome of the goak
af the present paper B 1o determine these [actors more
precisely [see below ).

Experimental data In the scaling reglon can he sed to
estimate the melative probabilitles of N % SRC In muclel
com pared to *He. According toRel. 1] the ratio of these
prbabilities ls proportional to:

(Zer, + o, ) (A)
(Zap + Noo)o|*He)'

A He) = (&)

where o{A) and o(*He) are the Ale,e') and *Helg, &)
inclusive eross sections respectively. op and o, are the
electron-proton amd electron-neuiron elastle scattering
crpes sectloms respectively, £ and N oare the mumhber
ol protons amd neptirons In mucleis A Using Eg. [4)
tle ratlo of Eq. (8] can he related to the exporimentally
measured ratios R(A *He) as

Xa ‘He ap || R

the experimental data were integmted over (F = 14
GeV? and xg = L5 for each msclens. The ratio of in-
tegrated vields, KA He), are presented In the first mow
of Tahle I and in Fig. 10a [open ¢reles). The ratles
(A He) are shown In the second row of Table T and
by the filled clreles In Flg. s, One can see that the
ratioe (A *He) are 2.5 - 30 for Y and % Fe, and ap-
proximately 1.95 for He.
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1.15 & 0L05

.94 4= (L4

(.96 4= 0.006
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1.25 & 0L05

1.19 £ (.02
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1.33 £ (A5

1.35 4 0L05
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181 4 (013

145 L L0

1.58 £ (L0533
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21T L (155

1.55 £ 0L05
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212 £ 0.059

284 £ 0087

1AS £ 0L05

LT (L063

229 4= (.85

240 £ .1E

LTS & 005
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232 &= 0L 110

245 £ .13

185 4 0L.05

LAS £ (L 1]

2.21 4= 0. 128

270 £ (1%

195 L (.05

L.7T1 £ (L1324

41T £ 18T
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TABLE II: The ratios, B{A 'He), measuredin L4 < Q7 < 26

GeV™? interval. Emars are statistical only.

r[A* He)= R(A*He) »

Al2a, +o,)

3 Zay + Now )

To obtaln the numerieal values for vl A,* He ) we calenlated
il segond factor in Eq. () slng parameterizations lor
the neutron and proton form faetors [35. We found the
average values of these factors to be 1.14+0002 for *He
and "*C, and 1.1840.02 for * Fe. Note that these factors
vary slowly over our (F range. For r{4,*He) cakulations

TABLE [II: B{ A, "He) and r{A,"He) are the ratios of normalk
imed e, 2" viekls for nucens A to THe, and the melative per-
nucleim prababibties of SHO for the two nude, a2 A" and
ar{AY™M™ ame the ag{ A) parameters obtained by mukltiplying
r{A, He) with the experimental and/or theoretical vahes of
az(3). The statmtical [first) and systematic [secmd) errom
are shown., In statistical emoms for az{ AP and agf A=
the nmmcertainties of az{3) are incduded. Systomatic aromn for
L0 amdd ® e are calen lated nsing the acceptance umeer taint ies
averaged over entier ) range (see Table [J. Mote that there
is a theoretical umcertainty comerting A He) ratios into
SR probabiities which is madimmm for * Fe and is no mone
tham A% [23]. aa( A" is an average [weighted) of ag [ A
and a; [AV™™ . To obtain the systematic errom of ag{ A ™
the systemmtic uncertainties of a{ A" and 2 AT were
added in quadmat ure.

The per-mseleon SRC probablity In mucleus A relative
1o ¥He Is proportional to rf A, YHe)~ ag(A) fay(3), whene
ay(A) and as(3) are the per-micleon probability of SRO
relative to deuterinm for nuclens 4 and *He. As was dis-
cussed earlier, the direct relation of r{ A, *He) to the per-
muaclenn probahilities of SR has an uncertalnty of up
to i dise to palr eenter-of-mass motion. Within this
uncertainty, we wil define the per-nuclesn SR proba-
bilities of kel relative 1o dewierium as:

as(A) = riy, a3 (10

Tw values of az(3) have been sed to caleulate asz(A).
First & the experimentally obtained value from Ref. [7],
az[F1=1.Tx (L3, and the seoond tle value Ioom the cal-
culation using the wave function for deuterium and *He,
. (3)=240.1. Similar results were obtained in Rel. [346].

The per-nixcleon probability of SRC lor muclews A rela-
thve o dewterium Is shownin the thivd and urth ows of
Table ITT and in Fig. 10b whem the results from Ref. [7]
are shown as well In filth row of the Table T averages
of 8z [A)F and as(A )™ are ghown. One can see that
as[A) changes rapldly om A =4 to A = 12, while [or
A =120 changes wery slowly., There ate approsimately
4959 tlmes as much SR for A > 12 than loe dew-
terlum, and approcimately 3.8 times as much SRC lor
"He as for deuterium. These results are conslstent with
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wiing the thearetical walwe of a2(3). A - data from Hef. [7].
Far emmars shown see caption of Table [11.

the analysis of the previeus SLAC (¢, ) data [7]. They
are ako eonsktent with ealenlations of Rel. [36). Fig. 11
shows the measured QF dependence of the relative SRC
prohability, as(4), which appears to he OF independent
for all targeis.
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FIG. 1L €} - dependencoms of az{A) parameters obtained by
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riw bams ame statistical anly (see captiom of Tahble [LI). Shad-
owed area shows systematic emor band, () binsis ae
4015 GeV?. o "Fe, 0 ", & "He.

1

v, SUMMARY

The Ale,&") inclusive electron seattering ¢ross section
ratios of 1He, Y, and % Fe to *He have been measured
for the frst time weder identical kinematical opmdilons.
It Is shaywm 1lat:

L. These ratios are Independent of 2g [(seale) loreg =
Liand Q* = 14 GeV?¥, i.e. for high recoll momen-
tim. The raticos do mot scale for 7 < 1.4 GeV2,

2. These ratios In the scaling reglon are Independent
of F, and change very slowly In 4 > 12 range.

3. These features were predicied by tle Short Range
Correlation model and eonsstent with the Kisemat-
leal expeeta tion that two nuclesn short range ¢orme-
lations are dominating in the miclear wave e tlon
at po, & 300 MeV fe

4. The olserved scaling slows that momentum ditel-
bustioms at high-momenta have the same shape lor
all muclel and differ only by a s¢ale lactor,

. Uslng the SRC model, eombined with the [(mea-
gured and for caleulated) ¥He/D ratio, the values
af ratios In the sealing reglon were sed to derlve
tlee relative probahbilites ol 5RO In msclel oom pated
todenterium. The per-maclesn probability of Short
Range Correlatiom In nuclel relative to deuterinm
15 22 3.8 times larger for "He and approximately 4.9
and 5.9 times larger for "2 and 3¥Fe.

&
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