


. Part1cular 1nterest in experlmental and theoret1cal studles of modlﬁcatlons o
to the nucleon structure functlon Fy(z, QZ) in nuélei, tr1ggered by the d1scovery
~of the EMC effect, is explalned by the expectatlon of ﬁndmg a common descrlp- ~
- tion for both the free-nucleon and nuclear structure functlons in the framework
of quantum chromodynamlcs ST A g BT

- The effects of the. d1stortlon of a free nucleon structure by a nuclear medlum o
‘are usually observed as a deviation from unity of the ratio r4(z) = Fi(2)/FP (),
- where F. A(z) and FP(z)are the structure functlons per nucleon measured in a
, nucleus of mass A and a deuteron respectlvely o
T yplcal experlmental errors in- the measurements of the rA(.z) are often of
the same order.or larger than the values of dlstortlons In sucha case; the results
“ofa comparlson of d1stortlons obtalned at-fixed z in d1ﬁ'erent nuclear targets
suﬁ'er from large uncertainties.- In partlcular, this apphes to. measurements
“ with hght nuclei, such as helium" and 11th1um “which’ are -very- 1mportant for i
< can understandmg of - the A dependence of the distortions that, by’ definition -
- of 4(z); should ‘show" up for ’A.>"3." On the'other hand the conventlonal
B approach Wthh represents the A dependence at ﬁxed z by < : e

- o
~does not exp101t the conservatlon of total nucleon momentum carrled by par~
 tons. To put it another way, the d1stortlon of the nucleon structure function by
‘the nuclear rnedlum at some pomt T'is un_]ustly considered as 1ndependent of
S the dlStOI‘thIl observed at.the ad_]acent point z + Az. This’ has motlvated the - -
= alternative approach suggested in Ref [1], whlch determlnes the A dependence e
-oof distortions after s summing ‘them up over an interval (:1:1, ). *
.t 'The analys1s of the data on deep-inelastic scatterlng (DIS) of muons and i
electrons off nuclear targets perforrned in R,ef n demonstrates that the A~
dependence of dlstortlon magnltudes obtamed in each of three Tegions. under"‘“f
study*—- namely shadowmg, anti-shiadowing - and the EMC effect’ region — '
“follow the same functlonal form being different in the norrnahzrng factor only £
~ This observatlon gives strong ev1dence for ‘the unlversahty of the x and A ’
dependence of d1stortlons in-all'nuclei with mass A >4. o g
L ~In this paper we: present new’ ev1dence for such unlversahty, found in the .
analys1s of recent data collected from-the DIS of muons on nuclei by the NMC
(CERN) [2; 3] ‘and.E665 (Fermllab) [4] collaboratlons This data brings to 14
~ the number of nuclei studled in the DIS ‘of muons ‘and electrons, which offers a
" good opportunlty for studylng the A dependence of dlstortlons in the structure B
functlon in nuclel frorn 4He to 207Pb ' N

L Beldvsf; yve consi\der structure\_ functi_onidistortions'i'a;sf‘independentfof the Q?




at Wthh T'A(z) 13 measured Thls is Justlﬁed by conclus1ons about the Q2 L
mdependence of r4 in the range 0.2 Ge\/2 <@*< 200 GeV? (c.f. Refs. [2]-[6]): ‘
~ -~ In Ref. [1] 1t was found that the dependence of r4 () can be factorized into - =
three parts in the region 0.003 < = < 0.7, in-accordance with the d1fferences_‘ i
~“in the rA(:z:) behaviour found in- the three 1ntervals of the considered range i =

namely the (1) shadowmg, (2) antl shadowmg and (3) EMC effect reg1ons
4 (m)

FA(:L‘)/FD(.’L') = :1:"“ (1 + mg)(l —’m3:1:)

D e

Ref. 7], the nucleon structure funiction behaves as’ F2(:L‘) ~'zT

: The parameters my, i= 12 3 can: be treated as the d1stort1on magn1tude of the“:_ R AT
nucleon structure: functlon 1ntroduced for each interval. There are two phys1cal T IN
' reasons for: parametrlzmg rd(z) in the form of Eq (2) F irst, as was’ shown'i in. oot
/in thé" range e -
‘ of small z, which i is motlvated by BIF KL dynamlcs ‘Hence, comb1nat1ons such' -~ |
" as Fi(z) / FP(z) should obey a power law. as well ‘Second, the parameters my
and mg enter Eq. (2) ina manner, 51m11ar to the suggestion of Ref. 8], whereby,;

" local. nuclear dens1ty 1s related to the dev1at10n of rA (:c) from un1ty in the range S

":1:>03 g
L Asis shown in Ref [1], the use of Eq (2) is _]ustlﬁed in the range 0 5 < Q2
' ,200 GreV2

‘T << 1, Eq (2) reduces to the relatlon I

A Slmlla.l‘ rate of mcrease in shadowmg w1th a decrease in z was expected at
“high' Q2; due to the gluon fusion considered in Refs. [9]. The results of Ref. [1] = . =
“thus indicate that the gluon fusion mechamsm persxsts for Q2 as'low as 0.5 /L

GeV2. The NMC and E665 data obtamed in the range below z=10.003donot " -
~ deviate from Eq.’ (3) until z = 91074, Q? ~ 0.2 GeV2. At the lower values

“of z, which correspond in the kmernatlcs of NMC. and E665 to lower Q?; the.

» data indicate (c.f. ‘Refs. 3,4, 10 11] ) a smooth transxt1on to.the values of "~ .
photoabsorptlon cross-section rat1os ‘and thus cannot reflect: the d1stortxons of 7
~.parton dlStI‘lbllthIlS by the nuclear med1um Therefore, we cons1dered the data o

“in the range: Q2 > 0.3 GeV2 wh1ch excludes the tran51tlon reg1on z'<.0. 001

“The parameters m; - were determmed by, ﬁttmg ri(z), measured on seven.‘; “

Nuclear shadowmg is then: descrlbed by one term only, . since for\,

“nuclear targets — He [2, 5] Li [3],C [3 5], -Ca'[2,.5], Xe [10], Cu. [12] and Pb [4] -

— with Eq. (2) We used in the fit the: total expenmental error determlned

'by addlng statistical and. systemat1c errors at each point in quadrature For..

- each of seven nuclei, good' agreement (X2/d 0.£:<°1) with Eq. (2) was found,.
thus proving that the characteristic pattern of the structure functlon mod1ﬁ~
~ cations, well 'described for the hel1um nucleus by Eq. (2); remains unchanged

for heav1er nuclel We con51der th1s a man1festat1on of the. un1versahty of the T

T

s env1ronment

N avallable in the range 4 < A<I197T[1).

e Woods—-Saxon potent1al w1th parameters taken from Ref [14]

dependence of the dlStOI‘thIlS of the free—nucleon structure functlon ina nuclear

,.\’-;~_

-

o o The results of the ﬁt are- shown in F 1g 1 The obtamed parameters m,,

mwh1ch represent the distortion magnltudes increase’ from their minimum value
m.(He) at A -4 to m;(A) = 3m.(He) for A > 40, 1nd1cat1ng that distortions in -
heavy nuclei are 1ndependent of the size of the nucleus PreV1ously, saturation’ .
~of dlstort1ons was observed in the EMC effect reg1on from’ the analys1s of data '

~ The parameters m; vary s1m11ar1y with A in all three 1ntervals in thch the -
d1stort10ns were depicted. This s1m11ar1ty was ﬁrst observed in Ref. [1] on a ]
smaller sample of data The pomts in Flg 1 are approx1mated by the followmg
equatron ) Sl I T e

Thxs comcrdes except for the’ normahzatronparameter N;, w1th the factor/S(A)
suggested in. Ref [13] for exp1a1n1ng the A dependence of the EMC effect

CU1 - L5093 088 0.59)
A ) ;(5) :

A1/3 A3 + A + A4/3
: where the number of nucleons As at the nuclear surface was obtamed usmg a

As —47l'p0 / drr m ; R
g : ro(A) R

where pos— 0 17 fm-3’1s the central nuclear dens1ty, ru( ) (1 12Al/3

- 0. 86A"1/ 3). fm is a nuclear rad1us and a= 0 54 fm is the nuclear surface dlffu-
: slon coeﬂic1ent : : R Lo L ‘

, Thus the three lines i in F1g 1, a, b and c, dlffer only in the normahzatlon |
factor N,, wh1ch was found to be N1 ='0.130 =+ 0.004 for the shadowing region, .
N2 = 0.456 £ 0. 017" for the anti- shadowmg reglon and N3 = 0.773 £ 0.020 for =
the EMC. effect region. As shown in" the ¢ comparison. of m; with Eq. (4), the
A dependence of the dlStOI‘thIl magmtudes is consistent with that defined-by
Eqs (4). and (6). In’ other ‘words, our results-give evidence for a universal A
dependence of the dlstortlon magmtudes m; of the nucleon structure function

“ ~~in all three reglons ThlS universality can be expressed in terms of the relatlve :
Sl dlstortlons measured in nucle1 Al and Ag w1th the followmg relatlon

E ml(A2)

A Comg(A)
& L (A1)

m2(A2) __‘ (A " < l (7)
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: F1gure 1. The parameters m., i= 1 = 3 wh1ch deﬁne the magn1tude of d1stor- -
" tions of: the nucleon structure functlon in a nuclear env1ronment as-a function - --
of ‘atomic mass- A, determined in the regions- ‘of nuclear shadowing (a), “anti-: ¢

v shadow1ng (b) and the EMC effect ‘(c). Full lines show: a variation in.nuclear _ e r_::'\ ‘
: den51ty given by the Woods—Saxon potentlal ‘with- parameters fixed from the," AR BE TR
‘data on elastic electron—nucleus scatter1ng The three l1nes d1ffer only 1n the .’,\ L

,normal1zat1on found from the ﬁt to: m,

ik One can as well deﬁne the value of structure functlon dlstortlon in: un1ts of '

tha.t measured in the helium nucleus, sy = m;(A4) / mi(He). By deﬁnltlon, ,

: "*; sp=1for A =4, and, as follows from the obta1ned numerlcal values of m,, “Sh -
= 1ncreases w1th A to ~ v 3 for hea,vy, nucle1 mdependent of T ‘

The un1versahty of the z dependence of the nucleon structure functlon d1s-

tort1ons 1mphes that the pos1t10ns ‘of the three cross-over pomts Tyl —,1 -3,in

P fwh1ch rA(z) =1, are-A- 1ndependent if A> 4. Until recently, large experlmen-;’
i tal errors did- not allow. ver1ﬁcat1on of theoretlca.l predictions on _the position’

o fiand A dependence of i, d1scussed ina number of publications (c.f. Refs. [15]-
' [18]). . The. situation has not’ 1mproved for zmr: (~ 0.8); and one needs’ ‘both

. ,h1gher statlstlcal accuracy in rA( ) and a larger number of nuclei to’ establlshp

- -whether. zyi is- indeed: A—lndependent On the other: hand, the data on r (x)

G currently avallable in the EMC effect reglon ‘made it poss1ble to establish that,

; ~within exper1mental errors, the coordmate of the. ‘second cross over pomt does
not depend upon A in: the range 4 < A < 197 and equals :cn— 0. 273 :I: 0. 010 [1]

We ﬁnd zy as an 1ntersect10n pomt of a stralght line rA( ) = 1 w1th T (:c)

5 H'g1ven by Eq ( ). The parameters C and « have. been found by ﬁttlng DIS
.t data'in the range 0. 001 <z <0. 08 on He, L1 C and Ca by NMC [‘) 3] on Cu
T . f?by EMC. [12],7and on Xe [10] and Pb'[4] by E665 :

Agreement between the data’ obtalned on: the same nuclear target from

a Zi;ftwo different experlments 1s an: absolutely necessary ‘condition -for including
:'data from the two experlments 1n a study of the A dependence As shown in
= Ref. [4], the data onr C(z) and r° 2(z) from NMC and E665 are not’ cons1stent:

T w1th each other in: the Tange T <0 I and thus can not be combined for the

SR analys1s As in the case of the A dependence of m,, one’ would expect that the
A dependence of 7 ! shows ltself in’ the range ‘A < 40: _Consequently, in order
-+ to minimize systematlc errors we have kept in the analy51s the data on- C and

" Ca nuclei from the NMC, wh1ch complement the data on 'He and Li from the

. -same collaboration. At’the samé time we have included’ the data’ on the lead,

“. nucleus, collected by E665 only For consistency’s sake we use the 7F2(z) fronr
o Ref 4] wh1ch was obtamed usmg ‘the NMC procedure of radlatlve corrections.

The values zI obtalned as a funct1on of A are plotted in Fig. 2 Similar to

e L_ : the behav1our observed earller for zyy, w1thm exper1mcntal errors the results are
: "‘:‘cons1stent w1th :cI = const (xz/d of = 6 l/t) and correspond to :cl = 0 0615
:l: 0.0024 . AT S

- The A- mdependence of T demonstrated by the present analy51s prov1des a

“}Lclue for’ better understand1ng of the shadowing. ‘mechanism.  As follows from
the results shown in F]g 2, the 1dca of the- Avdependent :cl, W1dely explmted

-

~




Flgure 2 The coordmate of the ﬁrst cross over. pornt T as a functlon of atomlc,y : A

rnass VAL The average value :vI = 0 0615 1s shown w1th a dashed lrne

“in models [16] [18], has to be dlscarded Gomg back to the ﬁrst d1scuss1on of_:' L

the shadow1ng in the. parton model [19], a number of T papers relate the onset-of =
the- dev1at10n of rA(:v) from unity to the ‘size of. the region: where the’ partons,.:.'“
belonging to two or more nelghbourmg nucleons can be localrzed [16]- [18] “The e
- position of :vI is related in Ref [16] to the s1ze of a nucleon RN, and the numberf Sl

\

' of overlapplng nucleons noo S L I R e :

.‘!~ ,' ;’ R T ;,:ivr = (n = 1)2RNmN

where mN 1s the nucleon mass
precise Value of the proton root- -mean-square rad1us < R >1/ 2=

ing [20], we ﬁnd that n= 2 .98 :l: 0 08

The suggestlon of ref [13] to lise the nuclear surface to-volume ratlo to,f.f
“explain the modlﬁcatlon of the nucleon structure. function i in- the ‘EMC- effect‘ S
region has. also been expllc1tly cons1dered in Refs [21, 22] Our observatlon of
. the A dependence of T means that the nucleon structure is not modlﬁed 1f the A

Takmg our’, result for :vI and also the mostf“_}ﬂ pee
0 862 £ 0.012 T
fm, obtained from the analys1s of the data on. elastlc electron—proton scatter-

i

T A .

nucleon belongs to the nuclear surface, not only in the EMC effect reglon but,

also in the- reglons of nuclear shadowing and anti- shadowxng :
~The paramieters descrlblng nuclear structure in Eq. (6): have been deter—

" nined from’the elastic scattering of electrons on nuclei (ct ‘Ref.. [23]).. The .

" same parameters allow one to reproduce with Eq. (4) the A dependence of m;,

SRy O e S

S Y

* “obtained from experunents with momentum transfers of three orders of mag-

“nitude hlgher ‘Thus, the results shown in'Fig. 1 demonstrate remarkable con-

© - sistency between experlmental studies of nuclear struct’ure frorn deep melastzc T
' and elastic scattering of leptons off nuclei. — - -+ e -

The role of the nuclear siirface-to- volume ratlo in’ the observed modlﬁca-
tlons of the nucléon structure: functlon can”also be studied by means of the -

comparrson of F} 1(:c )-and’ F2A2 (.’L‘) when Al, Az >'4. The results of such. mea—v:

surements are expected soon from: the NMC Collaboratron [24]. ‘When Fp (z)is

“ obtained in the DIS regime in-the shadowmg reglon, the ratio of the: structure .
functlons is described by Eq. (3) where the parameter a(Al /Az) is related to :
d1stort10ns ml(A) in a tr‘lvral way

a(A1 /Ag) = ml(A ) S ml(Ag) :

by using Eq. (4) and the- normahzatlon parameters N; found by our’ analysis.

Obvrously, a(A1 / Ag) can also be calculated from the data on the EMC effectl‘jﬁ;

_“The similarity in the A dependence of the m; ]ustlﬁes the use of- Eq (7) to,

relate a( A1 /Ag) to mg(A), even if’ deviations from Eq. (4) are- found

:From the unlversallty of. the- z dependence ‘of - the -distortions. we expect

that the coordlnate of the.first Cross-over point- determined from the ratios

1(:v) / Fi2(z) is, Atlndependent and c01nc1des W1th that determlned by the e

present analy51s

Perturbatlve QCD prov1des a natural frarnework for the calculatlon of the! :

modlﬁcatlon to the structure functron arising’ from the fusmn of quarks anti- «
quarks ‘and” gluons [15, 25, 26]. ‘As has been shown in Ref. [26] QCD (to-

gether with effects of Q* rescahng) is capable of descrlblng the modifications to
Fg(:v ?) not only in the nuclear shadow1ng region; where it proved to be very.
successful but also in the: entlre z range. There. rernains, however, the prob-
“lem of the role of two-, three— and four-parton fus1on ‘mechanisms in the QCD

~ calculations. Judging frorn the agreement between the data on rHe(z) and cal-
culatlons which assime either a two- [9] of three- [13] gluon fusion mechamsm, o

one cannot give preference to either of the two approaches ‘New insight into - |

“this problem is provided by-our results on zj, whlch should be considered as an’

'- ‘argument in favour of contrlbutlon of the recomblnatlons of gluons from. three ‘

dlfferent nucleons




- Further 1mprovement of the theoret1cal descr1ptron of: d1stortlons 1n a free~:;‘ -
: nucleon structure function i is hardly poss1ble ‘until the mechamsm responsrble
“for .the " unlversallty of the x and A dependence of the EMC effect Is. fully :

: understood

- We suggest that modlﬁcatlons to the parton d1str1butlons of the nucleon?"‘_l'
“bound'in a nucleus evolve asa functlon of atomic mass A in two stages Inthe -

first stage, the d1str1butlons of partons belonging to the lightest nuclei; 2 < A’ <" S I :
: - of partons from three dlfferent nucleons SN

- 4, are modified drast1cally compared to those of a free nucleon, thus dlstortlngif; : .

’the structure function Fy(z). These d1stortlons “which' can’be’ observed ina
~1He nucleus as.a characterlstlc osc1llat10n of i around the line r4

' frozen in’ shape in the second stage of d1stort10ns wh1ch occur in nucle1 w1th

=1, remaln—‘f

" mass A>4.In contrast to the first stage, in the second there isno restructurmg - ‘; P
of parton d1str1butlons wh1ch can change the shape of the osclllatlon descr1bed e

by Eq. (2).

ent1re z range, follow1ng the functional form" (4)

Instead the d1stort10ns increase in- magmtude throughout the

“There : are ev1dent1y two different mechamsms beh1nd th1s p1cture Wthh' e
- we denote ‘as hard or soft d1stort10ns dependlng on' whether A<4orA S
4T Quantltatlvely, this can be’ expressed with the: parameter $h, which rapldly.‘.;.

““in the range of soft d1stortlons from 1 to:~3 (AA ~ 200) A part1cular case" i
- of the hard dlstortlon mechanlsm wh1ch works at A =4, ‘has ‘been ‘considered & -

“in Refs [27 28], 1n ’ h'ch‘EMC effect was explamed by the 12 quark structure: '

of nuclel

; ~In terms of the two mechamsm model the experlmental observatlons can - :
: be 1nterpreted as follows: a) the: pos1tlons of thethree cross- -over pomts are”

determined by hard distortions, and b) z; are: A lndependent in the range of .

T soft d1stortlons In other words hard. d1stortlons are saturated- at A = 4, wh1ch"““

_can be understood if modlﬁcatlons of parton d1str1butlons in the nuclear envi-

: ronment are closely related to short range,nuclear forces ‘In this p1cture T

o : should be dlfferent when it'is obta1ned in 3He and 4He nucle1 Before such data

are. avallable one can not exclude the poss1b111ty that the saturatlon 1s reachedA 5 ;"7'

o In summary, ‘we have shown that the recent data on the DIS of electrons? -
and muons oﬁ' nuclei br1ng new- ev1dence for the un1versahty of the z and- "

A dependence of distortions- ‘of a: free-nucleon structure function, F2( )y byi,:

~ a nuclear ‘medium, when A > 4 Such unlversallty and in’ partlcular the

*‘evidence for the A—mdependence of (T, 1mply that hard d1stortlons of parton -
~ distributions are saturated at’ A= -4 (or even at A = 3) and that the observed T
. dlfferences between the DIS cross sectrons for nucle1 w1th' masses Al, A2 > 4 are-;. . °

i 'due to soft dlStOI‘thIlS The latter are s1m11ar in the shadowmg, ant1 shadowmg‘, :

and EMC “effect’ reglons, and vary from 1'in 4He'to ~3 in. 207Pb ‘They can be .

well understood as a nuclear dens1ty effect if lthe surface nucleons are excluded :

: g from consideration.

*thus be reduced to the derivation- of FHe(x) “We see further progress inthis

It has been found that nuclear shadowmg begms at zx .'-— 0. 0615 + 0 0024 -

T Wthh is'consistent with models that relaté zy toa. plcture ‘of the recomblnatlon;' .

g

The problem. of descr1b1ng modlﬁcatlons of F2( ) 1n a nuclear medlum can‘ '-

tard

! _field in’ experlmental studles of hard distortions of the structure function in the
" 3He nucleus, and also i in the search for possible dev1at10ns from the A depen-

~dence.of r“(x) defined by the surface—to-volume ratlo (e 8- saturatlon of soft,
d1stortlons in heavy nuclel) T Rt DR e s o
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