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. Pa~ticular interest in experimental and theoreticai studies of modifications 
to the nudeonstrudU:refun'Ction F2(;;;·Q2j in nu~lei,triggered by.the discovery 
of the EMC ~ffect,is explained by the expectation of finding a common descrip~ 
tioil for both the free~ nucleon aiid nuclear structure functions in the framework 
of·quantum chr~modynamics: 

. The effects ~f the. distortion of a free-nudeon st;u~tu~'e by a' nuclear medium -
are usuallyobseryed as a deviation from unity of the ratio rA(x).=: Ff(x)f Ff(x)~ 

·· <vh~re F:f(x) and'Ff(x)'are the.st;-~cture functions-per imcleon:measured in a 
nucleus ofmass A a.nd ·a deuteron, respectively.· · . , . · · · . .· 

Typica:l experimentalerrors in-the measurements~£ ther~(x) are often_ of 
. the same order o'r largeithan the values of distortions .. In such a case; the results 
of a corriparison Of distortions 'obtaill~d a( fixed X in different nuclear targets. 

. suff~~ fr'oin large uncertainti~s. · In· particU:lar, this. applies_ to measureinents 
.with light nuclei, such:as helium and lithium, whicharev~ryimp~rtant for 
an understanding o(the Adependence ofthe distortions that, by' definition .. 
ofrA(x),' should ~show up for. :it~ 3. On the other hand, the·~(mventi~nal 
approa. ch. ' whi~.· h represe. fits the A dependence 'at fixed X by ;_ .. . . . . . . . . -

• - ' >! 

·. rA ~:CA"'(x) 
' . '~ ' . - . ' ' . (1). 

does notexploit the C()nSer~ation' of total nucleon mqmentum.carried by par• 
.· ·tons. ·To pu,t it another way, the distortio:iJ of the nucleon-,structute function by 

the '!ni~lear mediimi at 's'bme p~int ;;·is unjustly considered as iridependent of 
the distortion'obs~rv_ed at the adj~cent point x + ~x. This has m~tivat~d the _ 
alternati~e app~oach, ·s~gg.este1 in Ref. [1] ,·which determ_pesthe A dependence· 
of distortions after summing them up over an interval (xbi2)· - . . . . . 

. The an~lysi~ of the data on deep~ inelastiC s.catt~ring. (DIS). of rini;:;ns and. 
electrons (}ff !luclear_targets performed in Ref. [1] deriron~trates that the A· 

. 'dependence of distortion magnitudes obtained in each of three regions under 
study··_:_. namely ·shadowing, anti-sh:adowing .·and ·the EM C effect. r~gion -:-
follow the same functional form, being different in the normalizing factor only~ 
This observation :gives strong evidence for the ~niv~rsality of ,the x. and A · 
dependence of distortions in all nuclei withmass A ~ 4; . .. . . - . 

In this paper we -present new evidence for such universality, found in the 
analysisofrecent data c"ollected froin the DIS of 'muons on nuclei by the NMC 
(CERN) [2, 3] and.E665 (F~rmilab) [4] collaborations. This data brings to 14 

-the numb~r of nuclei studi~d in the DIS ·of muons and electrons, which offers a 
·good opportunity for studying the A dependence of distortions in the structure 
. function in riuclei_from 4He to'207Ph. · - · 

. Below, we cmisider strueture function- distortions'~indeperident -or the Q2 
-' ·,.. . . . . .- ' ·, '- ~ . . . . - ' '. - - . 
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at which rA(x) is me~ured. ,_This" is ju~tified by c~nclusions abou( the Q2 

independence of rAin the range 0.2 GeV2 < Q2 < 200 GeV2 (c.f. Refs: [2]-,-[6]).-
" In Ref. (1] it was found that_the x depen<h~nce of rA(x) can be factorized into 

three parts in the region 0.003 < _x < 0.7,-in-accordance with the differences 
in the rA(x) behaviour found in the three intervals of the considered range:::___: 
namelythe.(1)shadowing, (2) anti-shadowinga.nd (3) EMCeff<e_ct region~: 

/ .•.. · ' ' ( .. ~.' -.. -

~1(x)i=Ft_(x)JFf(;) ~ x"'1 (l+m2)(1--m3x). - (2) 
- " --~-· -_ - . - ' ~. ---........ ·~ ' / ' 

The parameters m;,i=-1- 3, can-be treated as the distortion magnitud(C! of the 
nucleon 'structure function introduced f~r e_ach interval. There ar~ twophysical ·· 
reasons forpararri:etrizing rA(x) in the form of ;Eq: (2):_First, as was shown in 
Ref. [7], the ':inicleon structure function behav_es as F2( x) "" ·;;--''in the r~nge 
of small x, .which.isn1otivated by BFK(dynan:ics: Hence, combinations such 

· as Ft(x)/Ff(x) should obey a power law as well.-Sec9nd, the paramete~sm2 
and m3 enterEq .. (2) in aiiJ_annersimilarto the suggestion of Ref .. [8], whereby · 
local nuclear density is.related to the deviation ofrA(x) from unity in the range · x > 0.3: - . -- ' --- _ . - . · . _ · . -·- . . . • . . 

• As i; shown in Ref; 'rl], the use of Eq._ (2) is justified iritherang~ p.5 < Q2 ;:. -

200 _GeV2
• Nuclear shadowing is then describeti byone term only, since for 

x ~ 1, Eq: (2):ieduces to. the. relation: ·· · ·· 
,\ 

>- rA(x) =·cxdi . , (3) 
\ 

A similar rate.-of increase in shadowing with a decrease in X was expected at 
·high Q2

; due to the'gluonfusion considered inRefs. (9]. fJ:'heresults ~f.Ref.[1] ·-· 
thus indicate that the glu()n fusion_ mechanism persists for Q2 as low as· -v0 .. 5- 1 

GeV2
• The NMC and E665 data obtained in the range belo~ x = 0.003 do not. 

deviate from Eq:, (3) until X == 9·10:-\ Q2 ~ o.2 ,GeV2
·• Atthe low~r values ~· 

. of x, >yhich correspond in- the kinematics of NMC,a11d E~65 to lower Q2 ; the 
data-indicate (c.f. Refs: [3, 4, 10, 11]) a smooth transition. to thevaluesof 
photoabsorption cross-section ratios,and thus ca~~ot reflect the distortions of· 

. parton distributions by the p.uclear medium. Therefore, we considered the data 
in the rangeQ2 > 0.3 Gey2 , ~hich excludes the tra~sition r'egion X< Q.OOl: 

The parameter~ ~i·'were determined byfittiu'g rA(x), mea~ured on S(!Ven. 
. nuclear.targets ~ H~ [2,-5], Li [3], C [3i 5], f1<: [2, 5],Xe [10], 9u. [12] ar{d Ph [4] 

-:-.with Eq. (2). We used in the: fit the total experimental error determined 
·by adding statistical and systematic errors at each point itt quadrature. For. 
each of seven nuclei, good agreement(x2/d.o.f.S J) with Eq. (2) was found,. 
thus" proving that the characteristic pattern of the. structure function modifi
cations, ~ell described for thehelium nucleus byEq._ (2);.remains unchanged·' 
for heavier nuclei. We consider this a manifestation of the universality of the X 
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dependence of the distortions of the .free-nucleon structure function in a nuclear .. 
' environment: . ! ;; . ' -

. . 

The re~~lts of the fit are shown ip Fig. 1. . The obtai.ned parameters m;, 
'--:--whi~li repre~ent the distortion magnitudes,' increase from their minimum value ·. 

m;(He) at A= 4 to mi(A) ~ 3m;(He) for A> 40,indicating that distortions in· 
heavy nucl~i are independent Of the size of the nucleus; Previously, saturation 

· ·.of distortions was observed in the ,EMC effect region .from the analysis of data 
av~!lahle in the- range 4 S AS 197 [1]. ., . . 

The parameters- m; vary similarly with A in alFthree intervals in which the· 
distortions we~edepicted. This similarity was first obse'r~ed in Ref. [1]~n a"'.·· 
smaller sample of data .. The, points in F;i'g: lare approximated bythe following 

- equation: . ' . ' ' . -· . ' .· > ' •. ' 

. .- . m;(A):=N_;(l·_As) . (4) 
~--· , .... ·- . . 'A ._ 

This coi!lcides, except fm th~ noim~.Iization parameterN;, with the fa~tor/o(A) 
. ~uggestedin .Re~ .. [13] for explaining theA dependenceof the EMC .ef£ect:. 

.· ·· ' ·. · . . (. · · · As).· ·· / (,- .1 ~: i.145: 0.93 0.88 , 0.59) .. 
o(A) = N 1- 'A = N 1- Al/3- A2f3 -~ k +IA4f3 -=-A5f3 ' , (5) 

\v;here the nurri.b~r ofnucleons.t.!s at the nutlear surface was obtained using a 
Woods-Saxon potential with parameters taken from Re£:[14]: · 

·- " . ~ '• '. . .•,. . ~ . .. . ·. ' ' : -- . / . 
. 00 ' . 1 ' . ' 

'As= 47rpo I drr
2
1+ e!r-ro(A)]ja·'. 

ro,(A) · · . 

··. (6). 

~where p0 1 ~ 0:17 f~:::~~ the central nucl~ar density, r0(A).= (1.12A113 ,-: 

0.86A-113)fm is a nuclear radius; and a:::: 0.54 fm is thwnU:clear surface diffu
sion coefficient.' ~' 

Thus the three lines in Fig: 1, a, b ~nd :c, differ only in th~ ·normalization 
factor N;, whichwas found to be N1 = 0.130 ± 0.004 for the.~shadowing region, 
N 2 = o:456 ± 0.017 fo;-the a,riti-shadowing region and N3 = 0. 773 ± 0.020 -for 
the EMC effect region. As shown in the comparison ofm; with Eq. (4), the 

"A dependJnce of the distortion magnitudes is consistent with that defined-by 
Eqs. (4) and (6). In ~ther--:words; our results give evidence for a universal A 
depe~dence of the disto~tion magnitudes m; of the nucleon structure function 

·in all three regions: This universality can: be expressed in terms of the ielative 
,distortions; measu~ed in nucleiAt,and A2 with the following relation: -

. . --~ . . . ~- -- l . - ' 

m1(A2) 
. mt(At) ::-

nl~({b) 
m2(A1) 

''- 3 

' m3(A2) 
= m~(At) ,>-- (7f. 
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Figure 1.: The parameters m;, i~ 1-' 3; w:hich define the magnitude ~f distor
tions of the nucleon structure function iri a nuclear environment as ·a. function 
of·atm_nic mas~- A,. determined_in the r~gions of nu~l~ar _shaddwing. (a); anti
shadowing (b) and the EMC effect. (c). Full lines show. a: variation in,nuclear __ 
density given by the Woo~s_:_Saxon ·potential, wl.th parameters fixed ,from the 
data on elastic elec~ron-nucleus scatt~ring. The ihr~e lines differ o11ly in the 
normalization. found from the fit to mi: 
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On~ ~can as well define the .value of structure fundi on d!stortio~ in units- of 
.. that measured in the helium~nucleus~ sh· = m;(A) fm;(He). By definition, 

. . Sh = 1. for' A ,;, 4, and, as follows from the' obtained numerical values of m;' 'Sh 

·- increaseS~ith A to"" 3'for heavy_nuclei; independent of x. 

The 'universality of the X dependence oLthe nucleon ~tructure functio~ dis~ 
tortionsimplies thatthe'positions~f the three cross-over points x;, i = 1- 3,-in 
which rA(x) = 1

1 
a~eAcindepe!i'de:i-J.t if k~ 4. Until recently, large experimen- ·· 

tal errors did not . allow. verification of. theoretical· pr'edictions' on. the·. position' 
·and-A d~p~ndenc~ ofx;, discussed-in a numbe; ofpublications ( c.f. Refs. [15]-· 
[18]). The_situati~n h~s ~ot improved for xi11 H 0.8); and· one needs both 

. highef statistical accuracy iu rA (X) and a lil:rger number of nuclei to~establish 
whether;xm.is indeedA~independent .. On the other h~nd, the data on rA(x) 

. currently, available in the EMC effect ie.gion made it possible to establish that, 
within experimental ~n:ors; th~ coo~dimiie of the second cro~s-over 'point does.· 
~ot depend upon A in the range 4 ~A:::; 197 and equa~s xn=. 0.273 ± 0.010 [1]. 

. - ' ' ' . ' ., , . . . ., " . ~ . 

We find' Xy as ~n intersection point of a-straight lineiA(x) = r; with rA(x) 
given-by Eq. (3): . Th~ p~ra~~ters C and a hav~ be~n found by fitting DIS -

··-" ; __ data in pie range0.001 < x<0.08 on He,.Li; C and Caby NMC (2;3], on C~ 
,byEMC [12],-an'don Xe[10] and_Pb [4] by,E665.· · -- : , .· - . ~~-... : 

Agreement ,between . the .. qata · obtain~d on the. same nuClear t~rget from 
'two sJ.ifferent experiments is an absolutely-necessary condition .for including 
data-from)he two experiments in a stucty of the A dependence. As ~hown in 
Ref. [4]; th~ data:on rc(x) and rc~(x)'from NMC ~nd E665 arenot'co~sistent 
with each· ~ther in·the range X < 0;1 ·and thu'sj:all not, oe combined for the 

.·analysis. As in the case of the A aependence of m1, one· would expect that the 
A dependence of xi sh~ws .it~elf i~ the range A < 40: Consequently, in order 
to ~inimi~e system~ti~err~r; w~ have kept i~ the. a~alys~s the data on C and . 
Ca. riuelei from the NMC, \'vhich corn'plementthe data onHe and Li fromthe 

. same collaboration. At· the ~arne time we have inCluded the data 'on the lead 
nucleus, collected by E665 only. For consistency's ,sake we use the 7jPb(x) from 
Ref. [4] which was obtained tising theNMC procedure of radiative corrections. 

The vaiues x1 obtai~ed as a functi~~ of A are plotted in Fig. 2: Similar to 
th~ behaviour' observed earlier for xu, ~vi thin experimental errors th~ results are 

. , co~sistent with xi~ con~t(x2 fd.o.f. ~ 6.1/7) and ~orrespond t9 x1· = 0.0615 
/. ± 0.0024 . . - - . . 

The A:indqiendence of XJ demonstrated by the pre~ent ~nalysis provides a 
clue for b~tter understanding of the shadowing· m'echanism. As follows from 
the results sho~n in Fig. 2, the idea of thc-A~dependent .:z;Ji .widely exploited 

- . 
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. Figu~e 2. The coordinate of the first cross-over point XI as a function of atomic 
mass'A. The-averag~ valuex1 ~- O.Q615 is shown with_a dashed line.· 

in models [16]:-[18], has to be discarded. ,_Going back to th; first discussion of. 
the shadowing in the parton~odel[19], a number of papers relate. the onset-of 
thedevia~-ion of rA(x) §m unity to_ the si~e of th(! region whereth_e partoris 
belonging to two OF more neighbouring nucleoiJ.S can belocalize~ [16]-[18] .. The 
positioiiof xi is related in Ref. [16] to the size of a'riudeon, 'RN, arid the-number. 
of overlapp.ing nucleons. n: . . . .. · · · ·· · · · · ' . 

1 
. . . ' 

~ ~I= (n ~.1)2RNmN :(8) 
,..:.· 

where mN. is 'the n~cl~ou' ma~s. Taking our r~~~lt -for ;Land also the ~o-st 
precise value. of fhe pr~ton,root-m~an~square~adius <.R'fu >~12=.0:862 ± 0.012 · 
fm, obtained from the_analysis ·of the data on- elastic electron-proton scatter- . 
ing [20], we find that n = 2.98± 0.08~ ' - . ' 

. ' . , . .,.. ~ -- .., 

. The-su~g~stion of ref. [l3] to-~s~the nuclea~ s~rface-to-volume r·atioto -
explain the modification ofthe nucleon structure_ function in th~·EMC:effect 

-region has. also been e~plicitlyco~sidered in Refs. [21, 22]. O~r observatio~ of 
the A dependence of m; means that. the n~deon ·structure is not n10dified if the 
~ ' - . . . . ' . . ·- ' . . ~ 
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nucleon belongs to the nucle'a~surface, not only in the EMC effect region; bu:L 
also in the regions of nuclear shadowing and anti-shadowing. - - .- . 

The pa_rarri~t~rs des<:_ribing nuclear structure in Eq .. (6)have been deter
mined from: the elastic scattering of electrons on nuclei (c£ Ref. [23]). The 
sarrie parameters allow one to reproduce with Eq. (4) the A dependence of m;, 

-obtained from experiments with momentum transfers· of three orde~s of. mag-
' nitude higher. Thus, the results shown in'Fig. 1 demonstrate r~markable.con-. 
sistency between experimental studies ~f nuclear stnicttu'e from deep-inelastic 
and elastic scattering oflept~ns off nuclei. > ·· -· . 
; ~-- The role of the nuclear surface-to-volume ratio in the observed modifica
tions ofthe nucleon stru~ture function can also b~ studied by meaO:sof the 

. comparison.ofF2A
1 (x) and F:f2 (~), when A~, A2 ~-4. The results of such.mea

s11rem~nt~ are expected soon. from th~ NM c· Collaboration [24]. When F:f( X) is 
obtain~d in the ms regime in the shadowing reg"ion-,.the ratio ofthe struCture . 
functionsis described by Eq. \3), where.the parameter a(At/A2) is·related to 
distortions mi(A) in a trivial.way: · · - · · ·· .. 

. - - -:'-·""'"" 

. a(At/A2f = m1(A~) 
' . . ml(Ai)., (9.).' . 

.· , Obviou~ly, a(Ai/42Yc~n.~lso be calculatedfro~ the dat~_onthe EMC eff~ct, 
by usingEq. (4) and the-normalization piuametefs·Ni found by 'our analysis . 
The ·similaritY in the A. d~pendence' of.them; justifies the use of·Eq. (7) to 
r~late a(A1 /;h) to m3(A), even ifdeviatimis from Eq. (4) ar~ foun4. . . 
. From the uni~ersality.-ofthe·x dependence··ofthe distortions.we'exped 
that thecoordinat~ of the. first cross-over point determined from the ratios 
F:f1 ( x )/ F:f2 ( i) is A~iU:d~pendent and- coincides-with· that determined by the 
presenfarialysis. : : _·- · : · · · - · .. 

. :Pe~turbative QCDprovides a nat~ral framework for the:..calcula~ion.of the-
·: . m~dification to "the" structur~ funCtion arising· from the f~sion of quarks, anti- ' ' 

quarks:and~ gluons. [15, _25, 261. As ha; been shq~n in Ref. [26]QCD (to- · 
gether with effects of Q2 rescaling),is capable of describing the modifications to 
P2(x._ Q2)not only in the nuclear ~_hil:dowing region, where it proved to l>e very 
successful, but also in the:entire X range. There remains, however, the prob
lem of the .role oftwo-, three- and four-parton fusion mechanisms in the QCD' 
calcula:tions. Judging from the agre~ment between the data on rHe(~) and cal-. 
culations which assume either a two- [9] or three-. [13] gluon fusion mechanism; . 
o:rie ca~not give preference to either of the two approaches." New insight into 

·this problem is provided by·ourresults 60: x~, ~hicli sh6uid be considered as an' 
_ _ argument}n favour o,f contribution of the recombinations <:>f gluons from three 
- different nucleons.· · · 

7 
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- Furthe~-improvementof the the6reticai description. ~f distortions_ in ~ free~ 
nucleon structure function is har;dly possible 'until the mechanism responsible 
forthe universality ofthex and,A dependence ofthe EMCeffect isfully 
understood.'. ' ' : ' .•. ' ''. -~ '. ' ' ,' ' ' .·· . . ' ' ' '' ' ' ' 

We suggest that modifications to the partdn distributions of.the nucleon 
bound in a nucleus evolv~ as a f~nction of atomic in:ass A in two stages: Jri the 
first stage, the distributions of parto~s belonging to thelightest nudei, 2< A ~ · 
4, are modifiea drastica:Uy co:rripared to those of _a free i:mcleon, thus distorting' 
the structure function F2( X r These distortions, which can be observed in a 
4He nucleus as a characteristic oscillatior1o(rA aroun,d the line rA = 1, remain 
froz~n in shapt: in the second ~ta:ge of dist'ortions, which occur,in nuclei with<' 
mass A:> 4. Iri contrast to the first stage, in the second there is no restructuring 

'of parton distributions, which can change the shape of the_ oscillationdescribed 
by Eq. ( 2). · ·'Instead,> the distortions . incr~ase. in. magnitude_ throughout . the 
entire x range, following the functional form ( 4). . . · .. · . . 

There are evidently two different·.mechanisms behind this picture,'·which 
we denote as hard or soft. distortions, depending on--whether A:S; 4~or A :> 
4~ Quantitatively, this ~an beexpress~d with- th~ paramet~r sh, ~hich rapidly' 
changes in th~ range ofha~d distortions, fromO to 1 (.6.A= 2), and ~nly slowly. 
in the rangeof soft disto~tions, from 1 to"' 3 (.6.A'~ 200). A imrtiCularcase 
of,the hard dist~rtion. mechanism, which .works at A=. 4, h~s been considered 
in Refs .. [27, 28], in~hich EMCeffect was expla~ned by the 12~quarkstructure-
ofn!Jclei. ~··._.-•.. , · .. · •. · - .. _-·._:.· :·· .•. . . : '··-· •0

/ • -

In terms of the two-mechanism model, the. experimental observations· can ~
be interpreted as follows': a) 'the p~sitionsof:the thr~e cross~oveq)oi~ts·an:i,' 
determined ~by hard distortion~, and b) x;· a:re~tHndependent. in the range :<>f 
soft distortions. In other words, h<trd distortions are saturated-at A= 4, which 

' can be underst~od if rriodificatio~s of partori distributions in the nuClear envi-
- ,.-ronm~nt are. closely related. to short-~ange,nuclear forces .. · Iri this pict~re XIII 

should be different when it is obtained in 3H~ alld .4He nuclei: Before such data . · 
are available one can not exclude :the possibility 'that the saturatio~ is reached ' 
at· A,;, 3. · . "- · ·. .. ' . , . ·, .. · 

' /' ' ' ·' ' ' '·. : ' ' .' ' ' ' ' -- '' '' ' 

. In summary, we have shown that the recent data on the DIS. of electrons 
and muons off- nuclei bring new evidence for}be universality of 'the X and_ 
A dependence of distortions. of a free~nucleon structure function, F2(x), by . 
a nuclear medium,· when A _2:: 4. 'Such universality aria, in particular, the 
evidenc'e-for th~ A-independence·~fx~,_imply that hard distortions 6f partori 
distributions. are saturated at· .A~-4- (or -even at A::= 3) ,and'that the observ~d 
differences between the DIS cross-sectioris for nuclei with' ma:sses.A1 ,.A2 2.4 are· .. 

• ' • • ., I . ~ 

'\ 
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.due to soft dist~rtions. The latter are simila~ in the shadowi~g, anti~sh~dowing. 
and EMC -'effect regions, and vary from 1· in 4 He' to ""3 iri 207Pb. They can be 
well understood as a nuclear density effect if the surface nucleons are excluded 

;from consid~rat.ion. . . .. . . . - - , · · · ' . . ··. . ... · . 
lt has been found that nuclear shadmving-b~gins at XI = 0.0615 ± 0:0024, 

which is' consistent \vith models that relate xr. to a. picture of the recombination · 
of parton~ from three diff~rtmt nucleons. · .. . .. ·· · 
. The proble~ of describing:modifications·of F 2 (;;;) ina nuclear mediumcan _ 
thus be reduced tO the derivati~n .of F.re(x). We see further·pro~ess in this . " 
field in experimental studies of har~l distortions of the structure function in the 
3 H.e nucleus, and als~ in th~ search for possible deviations from the A depen
dence.of rA(x) defined by the stirface-t_o-volumeratio (e:g. satuniti~n of soft 
.distortions in heavy nuclei). : : . 

0 • -·- ,,__ 
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