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The struc t ure funct ion of nucleons inside nuclei is approximat ed 
by that of free nucleons, � i sobars and pions in the c ombinat ion 
given by nuclear studies.  The EMC effect is well reproduced,  the 
Qi - and A-dependence is discussed. 
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I 11rould like t o  report on the work done at the Uni verai ty of 
Nice :!.n c ollaboration with Joanna Kubar and Guy Plaut-+:l It concerns 
the EMC effect 1 > , already presented and discussed in previous 
talks, from what one can call - • the nuclear phyaica point of view ' .  
Our aim i s  to  describe an effective nucleon - i . e. a nucleon in­
side the nucleus applying some standard knowledge gained in nuclear 
studies. To be specific our main assumption approximates the deep 
inelastic scattering off nuclei by that off free nucleons, A iso­
bars smd pions . One sees that the appearance of nuclear forces and 
possible overlapping of nucleons is repreaented here by the pre­
aence of additional stat es (6, 'JT )  which undergo deep inelastic 
scattering. 

We write the ' effective nucleon ' structure funct ion of an iso­
scalar nucleus A as2• 3 ) 

A A A �/A(x) • J dzfN( z ) F:<i> + J dzfA( z )"�<i> + f dz:r"' ( z ) P'�Ci> ( 1 )  
)C x )( 

where z is the (+)  momentum fraction per nucleon of the interacting 
nucleon, 6 isobar or pion, z .. Ap+/p!, d. = N, 6, Tr. 
The distribution functions f"' ( z )  satisfy the .sum rules 

where <n6> (<n.7r >) is the average number of 6 isobars ( excess 
pions) per nucleon - as well as the momentum 1�onservation law 

A L J dzzf<i( z )  • 1 
cit: N,A,1T o 

The convolution formula ( 1 )  holds in the larg1e Q2 limit when the 
nuclear interactions are ' frozen ' during the hard photon-quark 
scattering. It s validity may be potentially questionable for the 
pionic contribution4> , we checked however thai� the shape of our 
pion distribution fn- (z ) ,  which is equivalent 1�0 the distribution 
in the ' +' momentum component , justifies the use of all three 
t erms of the convolution formula ( 1 ) .  

Let me discuss each part of Eq. ( 1 )  separately. 
The nucleons. Our main assumption requires the use of free nu­

cleon structure functions as measured in deep inelastic p p  and 
fd scattering (we prefer t o  stick to  one set c>f' data, and present 
here the results based only on the EMC data) . The quark distribu­
tions 

XU... = 0. 77x0• J ( 1  - x ) J ( 1  + 4x) , 



x� • 1 . 2Jx0· 5 c 1  - x)4, 
xq • 0. 2J ( 1  - x)6 . 
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describe well the aviable DIC data at <Q2> • 50 GeV2 5 )  
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Fig . 1 .  The x de-
pendence of (a) the 
proton structure 
function Ff (x) at Q:i • 50 GeV2 , 
(b)  the ratio Fr (x)/Ff (x) of the 
neutron t o  proton 
structure functions (c ) the difference Ff (x) - F;.' (x) 

The Fermi momentum distribution fN (z ) is taken to be that of a free,  
nonrelativistic Fermi gas : 

where mN i s  the nucleon mass, kF - the Fermi momentum and � - the 
average momentum carried by the nucleon ( �  = 1 in the absence of 
other components inside nuclei ) . 

The a isobars. In the absence of direct measurement of the a 
structure function we base on a construction proposed in Ref. [ 6 ] ,  
which I recall briefly : one starts with writing the nucleon struc-
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t ure funct ions � (x )  and � (x )  in t erms of the funct ions A1 (x) , 
I •  0 , 1 , which represent the scattering off valence quarks with 
the e1pectator valence quarks in spin-isoepin I stat e ,  and the sea 
c ontribut ion S (x )  

� (x )  • � A0 (x) + i A 1 (x) + S (x )  

� (x )  = � A0 (x) + � A1 (x) + S (x )  

Theoretical argument s as well as t h e  data suggest A1 (x) t o  de­
crease with x fast er t han A0 (x ) , A1 (x) � ( 1  - x ) A0 (x) for large x .  
The /J, i sobar structure function can be written remembering that 
the spect at or valence quarks are always in spin-is ospin 1 state 
( e . g .  for 6.- ) 

11·- (x) = i A 1 (x) + c S (x )  

The /J s e a  i s  assumed t o  be o f  the same shape as i n  t h e  nucleons 
with the normalizat ion fixed by the requirement that all charged 
part ons carry the same fract ion of momentum :inside nucleon s ,  6. iso­
bars and pion s .  The EMC effect is easily understood in the pre sence 
of 6. isobars. Any admixture of them increase s the coefficient of 
the function A1 (x) at the cost s of A0 (x) in the ' effective nucleon • 
st ructure funct ion . An example with 1 0% of 6. isobars inside the 
iron nucleus is shown in Fig. 2 with (dashed line ) and wit hout 
( dot t ed line ) the Fermi mot ion. One sees qualitatively right ef­
fect , however the amount of 6. isobars needed to explain the effect 
quant itat ively ( about 1 5 /o) seems to be t oo h:igh acc ording to pre­
sent est imat e s .  

The pions3 • 7 > .  Here we follow essentially the approach of Ref. 
[J ) ,  differing in t he paramet rizat i on of the pion st ructure func­
tion ( and using the free nucleon st ructure function in the first 
t erm of Eq. ( 1 ) ) .  The form 

xqsea (x) = 0 , 39 ( 1  - x ) 6  

fit s well t h e  pion structure function a s  known from massive lepton 
pair production8 ) . The pion distribution funet ion f11( z )  i s  cal­
culat ed by int egrati on over transverse momewca of the pion distri­
but ion inside nucleus p (k )  obtained9 ) by solving the many body 
Schrodinger equation with the pot ential which is a sum of pion ex­
change cont ribut ion and a phenomenological parametrization of 
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short-range nucleon-nucleon int eraction .  
The presenc e o f  pions influences the rat io R(x) o f  structure 

funct ions in two ways. The enhancement above 1 at l ow x is mainly 
due t o  the pion st ructure function, the decrease below 1 at large 
x is e ssent ially caused by the fact that baryons are slowed down 
when sharing momentum with pions .  

Having explained all three t erms o f  the convolution formula ( 1 ) 
I show the result ing rat io R(x) for iron where the amount of pions 
and A i sobars is, acc ording to the calculation of Ref. [9 ) ,  

0 . 1 2/nucleon and 0 . 04/nucleon re spectively . One sees ( Fig . 2 ) quite 
good agreement with the data in a large range of x .  

Let m e  finish with a few remarks concerning our approach : 
- the predicted Q2 dependence of the EMC effect is very weak. 

We evolut ed our curve down to Q2 = 1 . 5  GeV2 with nearly no effect . 
- the A dependence is given by the nuclear physic s calculation 

of Ref .  [9 ] where the amount of :rr• s  and A' s is given for various 
nuclei . The A-dependence is generally weak, as an exampl e  I show 
in Fig . J the result ing curve for the aluminium. 

- the errors c ome mainly from the paramet rization of the free 
structure functions of nucleons and pions - particularly at l ow 
x - and from the e st imat e s  for <n'.ll > and <nt?• One should not 
forget also about our main assumpt ion of t reating the nucleons, 
� isobars and pions as free stat e s  - it may receiv e  c orrections 
from possible int eract ions within nuclei4 > .  

- we repeat ed the same analysis on the set of SLAC data 1 0 )  pa­
rametrizing the ep and ed structure funct ions and drawing the EMC 
curve for iron . The result s are of the same quality as above and 
will be present ed with the result s for other nuclei elsewhere . 

To summarize : I pre sent ed a construction which is able t o  ex­
plain quant itat ively all features of the EMC effect .  It is based 
on what I called • st andard nuclear physics ' and this we regard as 
an important advant age , since it does not produc e unwant ed side­
effec t s  in low energy nuclear physic s .  Such a pot ential danger is 
present in many other models based on new quark structures inside 
nuclei. It is possible however t hat the se two approaches form two 
complement ary descript ions in two different language s .  
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Fig.2 
The ratio R(x) of the nucleon structure function 
in iron to that in deuetrium. The model calculations : 
10% of 6 isobars with the Fermi motion included ( da­
shed line ) , 10% of � isobars without the Fermi motion 
(dotted line ) , 4% of fi isobars and 1 2 %  of pions with 
the Fermi motion (solid line ) 
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Fig.3 
The ratio R(x) of the nucleon structure 
functions in aluminium and deuterium. The 
solid line shows the model calculation 
with 4% of � isobars and 1 1% pions and the 
Fermi motion included 
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