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The ratio of deep inelastic structure functions of nuclear targets 

to the sum of free n~utron and proton structure functions has been calculated,. 

using a modified form of the Atwood and West technique for deuterium. Fermi 

qas momentum distributions were used with modifications to include high 

DOmentum tails resulting from nucleon-nucleon correlations. Tables of 

ll'lIearing ratios for WI' W2 and W are given as a function of x and 22 for3 

d~uterium and several heavy nuclei. We find that for X > 0.5 the scaling 

violations for heavy nuclei are 5mall~r than those for free nucleons. The 

shapes of the antiquark distributions are also changed. 

*Work supported in part by the U. S. Department of Energy 

+A1fred P. Sloan Foundation Fellow. 

I. INTRODUCTION 

The	 effects of nuclear binding in the case of deep inelastic lepta" scat

l•tering from the deuteron has been discussed in detail by Atwood and west In 

this communication we generalize the method to the caSe of heavy nuclei and 

present numerical results that can be used by recent2,3 experiments which make 

use of heavy nuclear targets. 

Deep inelastic lepton scattering is an important tool in the study of 

nucleon structure. Structure function measurements 1.1s1n9 electron, muon and 

neutrino beams have been used to test the quark parton model and to investi 

gate scaling violation effects predicted by quantum chromcdynamics	 (QeD). The 

comparison of neutrino measurements with measurements with electrons and muons 

provides information on the charges of nucleon constituents. The comparison 

of high energy muon experiments with the lower. energy experiments at SLAC pl'O

vide tests of the scaling violations predicted in QCD. 

An experimental difficulty in such comparisons is that different exp~ri

ments use different nuclear targets. The experiments at L~e Stanford Linear 

Accelerator Center (SLAe) use electron beams in conjunction with liquid 

hydrogen and liquid deuterium targets4• The high statietics neutrino and mUOn 

experiments typically use steel targets) In addition to complicating tile 

comparison of results from different experiments. Fermi motion effects make 

QeD ~ests more difficult since they change the shape of the structure function 

and thus can alter the magnitude of the scaling violations. 

Fermi motion effects are also of interest in another field which is the 

study of nuclear shadowing in inelastic electron and muon scattering experi~nts5 

in the low X, low 22 region. Here the separation of shadowing effects from Fe~ 

motion effects is important. This work was initially undertaken for the 

et a1 5).analysis of a nuclear shadowing experiment at SLAC (Ditzler 

FERMILAB-PUB-80-120-E



-3)	 ) 

In ~lis communication, we describe the Fermi motion effects which modify 

the measlll"ed structure functions for nuclear targets from the results expected 

for free neutrons and protons. We calculate the effects in the incoherent im

l
pulse approximation. We extend the Atwood-West technique for the deuteron to 

the case of a heavy nucleus. For the nuclear wave functions we use a Fermi gas 

6 7
momentum diatribution , modified to include a high momentum component that 

8•arises from nucleon-nucleon correlations inside the nucleus We will use 

off-shell kinematics to ensure that energy and momentum are conserved in the 

scattering process in the impulse apprOXimation, but we will assume on-shell 

dynamics, i.e., we will make a correspondence between off-shell structure 

functions and structure functions that are measured for free nucleons9,lO,ll. 

The results ars given in tables which can readily be used by various experi

menta. 

II.	 Kinematics 

A.	 Kinematics-free prot.ons 

Before we discuss the kinematics of the scattering from an off-shell 

nucleon in a deuterium or heavy target nucleus we consider the case of 

scattering from a free proton. We will take the case of electron scattering 

to represent the general lepton-nucleon scattering at high energies. The 

kinematics of the scattering from a free proton of mass H is shown in figure lao 
p 

The incident electron energy is Eo and the final scattering energy in the 

laboratory system is E'. The scattering angle in t~e laboratory is defined 

+ 
as 8. The four-momentum transfer to the target proton is q • (q3' qO)' We 

define the followin~ variables in terms of laboratory energies and angles. 

The	 square of the invariant four-lIIOIII8ntum transfer q is 

-4-	
) 

sin2(B/2) _ Q2q2 s	 _ 4 E E' III 
o 

The	 square of the initial target proton four-momentum Pi is 

p 2 
s	 H2 

i P 
The square of the final state proton momentum Pf (which is equal to the final 

state invariant mass) is 

22 22 22 2
P S	 W • (Pi + q) S Pi + 2P s M + 2Kv - Q (2)

f	 i'q + q p 

Q2/(2q'P,) = Q2/(2M v).where V E - E' qo (in the lab system). and X 
1 po 

B.	 Kinematics - scattering from an off-shell nucleon in the deuteron 

In the impulse approximation. the spectator nucleon In the deuteron is 

free and is on the mass shell. It is totally unaffected by the interaction. 

The interacting nucleon with momentum Pi must be off the mass shell in order 

to conserve energy and momentum in the scattering process. The kinematics is 

shown in figure lb. The Fermi motion does not change Q2 but it does change 

the final state invariant mass Wand the quantity Pi·q. Because the inter

acting nucleon is off the mass shell. its effective mass is less than the 

mass of the proton and is a function of it" momentum (see figure 2). The 

2)1/2.
on-shell spectator has momentum P and on-shell energy E _ Ip2 + M The 

s ssp 

off-shell interacting proton has momentum -P
+ 

and off-shell energy in the lab 
s 

E • H - E where H is the mass of the deuteron. i.e. 
i	 d s' d 

t - -t and E • M _ (P2 + H2 ) 1/ 2	 (3)
i sid 8 P 
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After the scattering the invariant mass of the final state (neglecting the 

free spectator) is 

222
Pf =W' - (Pi + q) P~ + 2 P. 0q _ Q2. 

1. 1. 

W,2 • (E~ - p2) + 2 E v - 2 P + 2	 
(4)1q3' - Q ,1.	 S i 3 

+
where P3 is the momentum along the direction of the q3 vector. 

c.	 Kinematics - scattering from an off shell nucleon in the nucleus (P < ~) 

For momenta less than the Fermi momenta ~, the nucleon interacts with 

the average potential of all the nucleons in the nucleus of atomic weight A. 

Therefore, in the impulse approximation, the interacting nucleon has momentum 

Pi which is balanced by a recoiling nucleus of atomic weight A-l and momentum 

P • -Pi' The interacting nucleon is off the mass shell, and the recoiling
A-l 

A-l nucleus is on the mass shell. After the collision the recoiling nucleus 

is not in a highly excited state, and all the particles are on the mass shell 

(see figure Lc) , In the lab system we have 

+ +	 + 2 2
P --p Ei - M / P + M

i s A s A_l 

and (5) 

W,2 r (E~ _ p2) + 2E v - 2 P 1
+ 
q3 1 - Q

2 
• 

1.	 S i 3 

D.	 Kinematics - scattering from an off shell nucleon in the nucleus (P » ~) 

In the simple Fermi gAS model the nucleons cannot have momenta greater than 

the Fermi momentum~. Such high momenta can only come from the interaction 

between individual nucleons through their hard core potential. In the case 

-6

where the nucleon has acquired its high momentum by interacting wich another 

single nucleon we can assume that a singls nucleon is recoiling against it. 

This case can be treated as having a quasi-deuteron in the nucleus with a 

spectator nucleus of atomic ~ight A-2 which is at rest in the laboratory 

system. The kinematics (shown in figure ld) are the same as the scattering 

from a nucleon bound in the deuteron. 

III.	 NUCLEAR MOMENTUM DISTRIBUTIONS 

We have used Fermi gas momentum distributions that were obtained from 

fits6 to quasielastic electron scattering data from heavy nuclei. In the 

Fermi gas model the momentum distribution is constant up to the maximum 

Fermi momentum ~ and is zero above K • We have added a high momentum tailF
7'which 

to the momentum distribution according to Moniz is based on calcula

tions of nucleon-nucleon correlations in nuclear matterS. The normalized 

momentum distributions used are: 

+ 2 1 [Kya) 
2 

for 0 <Ipl< KyI~(p) I • C [1 - 6 T )
 

2 4
 
for ~<Ipl< 4 Gev/c

• ~ 12R [Kn ~) I 

- 0	 for Ipl> 4 GeV (61 

with a • 2 GeV-l, c. ~ w ~ and R = 1/11 - ~41. These momentum distribu

tions satisfy the normalization 

4 GeV/c
f '+(PI1 2 
41!p2 dp· 1.0
 (71 

o 
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The Fermi momenta ~ given in reference 6 are plottted in figure 3 versus the 

atomic weight A. As in reference 6, the difference in the momentum distribu

tions for protons and neutrons was taken into account as follows: 

{ _~ (~Z]1/3 

(8) 

x; -K(~N] 1/3r 

where A - Z + N is the atomic weight, Z is the number of protons and N is the 

number of neutrons. For an isoscalar target Z = N = A/2 and ~ = ~ - ~. 

12), 28), (Fe 56) The momentum distribntions for carbon (C silicon (Si iron and 

208) lead (Pb are shown on linear and logarithmic scales in figure 4a and 4b. 

The Fermi momenta that are shown are: 0.221 GeV for C12, 0.239 GeV for Si 28, 

56 208• 0.257 GeV for Fe and 0.265 GeV for Pb

IV.	 IDENTIFICATION OF OFF-SHELL STRUCTURE FUNCT.IONS 

The on-shell structure functions W and W are functions of two variables
l 2 

Q2 and Q'P (or Q2 and W). The off-shell structure functions can depend on 

three variables Q2, q'P. and P~ (or Q2, q'P. and W'). The Fermi motion 
1. 1. 1

2does not .. ffect Q but it does affect q'Pi and W'. 

A reasonable procedure9,lO,ll is to assume that the off-shell structure 

functions are the same as on-shell structure functions with the s~ne Q2 and 

final state mass w' = W This identification ensures that when the final 

state mass is that of a free proton (i.e., no pion production), the process 

is clearly identified as quasielastic scattering and the nucleon elastic 

form factors are used for the structure functions. The same procedure 

ensures proper treatment9 of electroproduction of resonances and single pion 

production. 

In the case of scattering from bound nucleons inside the deuteron, the 

kinematics (and therefore W') are uniquely defined since the recoil spectator 

is a free nucleon (equation 4). 

In the case of the scattering from an off-shell nucleon in the nucleus, 

the invariant mass of the final state depends on the mass of the recoil spec

+ 
tator (see figure 2). We expect that for IPil « ~ the recoil is a nucleus 

with A~l nucleons since the nucleon interacts with the average potential of 

+
all	 the other nucleons. For the case of IP » ~ it is most likely a singlei' 

nucleon since such high momentum typically come from a single scattering. 

However, in the intermediate region we can have recoil spectator masses which 

are between these two extremes. In addition to quasi-deuterons from nucleon-

nucleon correlations, multi-nucleon correlations such as quasi-alpha particles 

12,24etc., can also lead to high momentum components In general we need a 

nuclear wave function which is a function not only of the three momentum 

ItI but also a function of the off-shell energy. As an approximation, we 

apply the case of the heavy A-l nucleus spectator (figure lc) to all momenta 

less than the Fermi momentum Ky' and apply the case of a dngle nucleon 

spectator (figure ld) to all momenta greater than Ky. 

V.	 THE SMEARING EXPRESSIONS 

The general expression for the cross section for scattering of high energy 

electrons from a nuclear target of momentum pA can be written in terms of 

two structure functions "i and ~. 

20d 2 A 2dndE' s 0MO'M'IW ,q'P) + 2tan eW (Q2 , q . pA) ]	 (9)
2(Q l 
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where 
26/2ri cos

(10)
°MOTT ~ 4EO sin46/2 

13 
The above expression is derived from the general electromagnetic tensor 

~V(p:)=- ~(Q2,q.pA) ~\lV - +'Y; )
q 

(11) 

A 2 A
W2(Q ,q'p )	 AA A(pA s.:.L.,U(P ~'\,)2 \I 2 .. VM q qA
 

l
A generalization of the west approach for the deuteron to the case of a 

heavy nucleus is to express the heavy target tensor ~V in terms of off-shell 

nucleon tensors. 

+ 2 3+ __0 
z 141 (p) I d P [w- (p. ,q) I + eimilar terms for the neutrons (12)~V f \IV 1. 

Equating individual ~ensor components we obtain equations for W and W which
l 2 

are identical to those derived for the deuteron in Ref. 1 except that nuclear 

momentum distributions are used for 1~(p)12. In addition, the identification 

of the off-shell kinematics is as described in the previous section. 

~~. z J 14I(pI1 2 
d 

3p [Wi + 
~ 

(p2 _ P~)J + similar term for the
2

2M
P neutrons (13) 

2 p2 _ p2
Q

Wi • Z 14I(p) d p 1(1 - --I - + 3 wP 
(14)A f + 12 3+ P3 [v,)2
 

MpV'Q3 V ---;T ~]l 2
 
P 

+ similar term for the neutrons 

+ 
Here P3 is the momentum component along the q3 direction and v' • pi'q!Hp' 

The identification of the off-shell structure functions (Wi,wi.w~,W~) 

was described in the previous section 

We express the Fermi motion effects in terms of a ratio of the SUID of 

structure functions for free neutrons and protons to the structure functions 

calculated for a heavy target. We define the smearing ratios for W and W
l 2 

ZWi + N~ 
= 1Sl 

~ (15)
N

Zwi + NW=__ 2 
S2 

~ 
We also define the normalized structure function for a nucleus as follows 

~. ~ • (2/A)	 (16)
2 2 

This average structure function should be about the same for all nuclei ex

cept for the Fermi motion effects and the difference between neutron and proton 

structure functions. 

We have calculated the smearing ratios Sl and S2 for the deuteron using 

Hamada-JOhnston14 wave functions and compare the results to the smearing 

ratios calculated for heavy nuclei. Detailed studies of the smearing ratios 

for the deuteron with various different wave functions have been performed 

westl,15 and Bodek9,10,11.by Atwood and 

VI.	 STRUC'nIRE FUNCTION FITS 

l l 
We have used fits to deep inelastic structure functions of Bodek et a1 

which used a parametrization due to Atwood and Stein16,17. The parametrization 

fits all the SLAC data published in Reference 11. It includes scaling viola

18 tions in terms of a modified scaling variab1. ~ and de.cribes the data w 
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over the entire SLAC Q2 range (0.1 GeV2 < Q2 < 20 GeV2). The structure function 

il 2 is described by 

2 2
VW2(V,Q ) • B(W,Q )g(",w) "'wi'" 

9 (", ). I C (I-II", ) 
v 01:1:3 n \It' 

2 (17)2M V + a 
p

\II 
W Q2 + b2 

The IIK)dulating function D(w ,Q2) contains 12 parameters representiu9 the masses, 

widths and amplitudes of the cross section for electroproduction of the four 

most prominent nucleon resonances, and eight parameters representing the W 

dependence of the low W non-resonant contribution and single pion production 

threshold. The modulating function B(W,Q2) is close to unity in the deep 

inelastic region IW > 2 GeV). The parameters from Bodek et alII are: 

2 2 
a • 1.642 and b • 0.376 for both the neutron and the proton. The other parameters 

Are: C3• 0.256, C4• 2.178, C5 • 0.898, C -6.716, and C = 3.756 for the
6• 7 

proton; and C3 a 0.064, C4 = 0.225, C • 4.106, C
6 

= 7.079, and C
7 

= 3.055 fors 
the neutron. (See figure 7) 

VII. RESULTS for ill and W
2 

calculate the smeared structure function for the deuteron and heavier elements. 

°LThe structure function WI was calculated assuming R - -- • 0.18, which is 
°T 

the assumption that was made when the fits to the SLAC data were performed. 

Tables 1 And 2 give the values of the proton and neutron structure func

tiona that were Wled in the calCUlations for representative values of X and Q2. 

The structure functions are presented in the form VW and The2M .X·W2 p l• 

structure functions in the resonance region (il < 2 GeV) vary rapidly across 

the resOnance peaks. The resonance contribution was included in detail in 

the calculations of the structure functions for the deuteron and heavier nuclei. 

The structure function including the resonanCe region are shown in figure 7. 

Tables 3 and 4 give the calculated normalized structure functions IW and 

W2) for deuteron and steel nuclei respectively. Tables 5,6,7,8 and 9 give the 

smearing ratios for WI and il in the deep inelastic region (W > 2 GeV) for
2 

deuterium, carbon, silicon, steel and lead respectively. As can be observed 

fram the tables the corrections for WI and il2 are the same. Consequently, the 

Fermi motion affects change R = 0LloT by less than 0.01. The fermi motion effects 

are similar to within 5\ for all nuclei except at large values of X (X > 0.5) 

where the effects are larger for the heavier nuclei. The smearing ratios are 

fairly independent of Q2 for fixed X at small X but have a larger Q2 dependpnce 

at large X. The variations are due to the fact that the shape of the X distribu

tions vary with Q2 due to the observed scaling deviations of the nucleon structure 

functions. The fermi motion effects tend to reduce the deviations from scaling 

for heavy nuclei at large values of X IX> 0.5). The effects are larger at 

large Q2 because the X distributions are steeper. This illustrates the im

portance of calculating the corrections for finite X and Q2. n,e smearing 

ratios S2 for deuterium and steel are shown in figure 5 for the case of 

Q2 = 100 GeV2 • 

The sensitivity of the smearinq ratios to various effects are shown in 

table 10. The ratios are calculated for steel at a Q2 of 100. The first 

column gives the nominal values, the second r.olumn shows the effect of cal

culating the kinematics with a heavy nucleus (A-I) as a spectator for all 

momenta (including It I > 1),), The third column gives the ratios calculated 
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with no nucleon-nucleon correlations (i.e., no momenta greater than the Fermi 

::r::>mentum ~). As can be seen from the table, the addition of the high momentum 

components changes the corrections considerably. The effect of the high momen

tum co.~nents is reduced when a single nucleon rather than the whole nucleus 

is balancing the momentum. 

VIII. DISCUSSION WI and W
2 

l
We have applied the smearing technique of Atwood and west to the case 

of a general heavy nucleus. We find that the Fermi momentum effects in heavy 

nuclei are similar to those in the deuteron, but are larger. These are most 

important for large X where the difference between the effects in the various 

nuclei are also large. However, that is the region where most experiments 

have little data. At large values of x (X > 0.5) the effects are such as to 

reduce the scaling deviation for heavy nuclei (see tables). This means that 

Fermi motion corrections must be applied to the structure functions before 

QCD tests are done. 

We suggest that experimental results be published without the application 

of Fermi motion correction as well as with the application of such corrections 

in order to facilitate more direct comparisons between experiments which use 

the same and different nuclear targets. The smearing ratios are provided in 

tables in a form which can be readily used by various experiments. 

Our Fermi motion corrections for nuclei are very similar to those for 

the deuteron for X < 0.5. The corrections are equal to unity at around x of 

0.5 for high A nuclei (0.6 for Deuter;um). At large X (X > 0.5) the deviations 

from	 unity cl.angs sign. This is in cOntrast to a recent calculation for 

19,carbon by Savin and ZAcek who have applied the Atwood and West technique 

They obtain larger corrections (for X < 0.5)to the case of a carbon nucleus. 
l Z 

Although they used a different form for the c wavewhich never equal unity. 

functions20, we think that the major difference is that they used on-shell 

kinematics in their calculation and did not conserve energy in the scattering 

We believe that care must be taken in conserving energy in the 

scattering process by taking the nucleon off-the mass shell. 

We recognize that, although we have used off-shell relativistic kine

matics! our approach is inherently non-relativistic in that we make use of 

non-relativistic nuclear wave functions. There have been studies of deuterun 
2l,22 

process. 

binding effects using relativistic vertex functions for the deuteron 

However, numerical results for the smearing ratio for deuteron in the deep 

inelastic scattering case using relativistic vertex functions have not been 

22 23 
published yet, but are expected soon Frankfurt and Strikman have studied 

deuteron binding effects using a light cone approach. Their calculations 

yield smearing ratios which are about 2' smaller than those calculated using 

the Atwood and West technique used here. The case of the nucleus is more 

24,complicated. Frankfurt and Strickman using a light cone approach, also 

find that the high momentum components from nucleon-nucleon and other correla

tions are important. They only present results for a heavy nucleus in the 

Q2 + ~ limit. These results compare well with our Q2_l 00 calculation for 

Pb20e (see figure 10). However, detailed calculations for finite X and Q2 

have not been done. We hope that detailed numerical results from other 

approaches to the· problem of nuclear binding corrections will be presented 

in the future at finite X and Q2 in a form which can be directly compared to 

our tables.
 

We note that experiments25 which have data using hydrogen as well as
 

heavy targets can directly rule out Ferm! motion calculations which yield
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extremely large corrections. This can be done by trying to extract the neutron 

llstructure function from the data according to 

~(measured) - Z • ~(meaSUred)/5~A 
W D 

2n N • 5NA (l81 

2 

PA NA
where 52 and 52 are the smearing ratios for the proton and neutron structure 

functions in a nucleus A. In the large X region. one might extract unphysical 

negative neutron structure functions if the Fermi motion corrections are not 

properly calculated. The resulting ratio of neutron and proton structure 

functions can be compared to the 5LAC resultsl l• 1S which indicate that W
2n/W2P 

approaches 1/4 as X + 1. The calculated smearing ratios for the proton and 

N Pneutron 52 and 52 are presented in tables 11. 12 and 13 for Deuterium, Carbon 

(C12) and Steel (FeS6) respectively. Note that we have only 

smeared the inelastic structure functions. inclUding contributions from the 

resonance region. We have not included the small contribution of the elastic 

scattering (which leads to a quasielastic peak). This is because the con

tribution of the quasielastic tail including the radiative effects. is 

typically subtracted from all deep inelastic electron scatteringS• 16 
and muon 

scattering data. The subtraction of the quanielastic radiative tail. in

cluding Fe~~ motion effects for the case of the deuteron is described in 

detail in Ref. 11. 

IX. DEEP INELASTIC NEUTRINO SCATTERING 

The general W~v tensor for the scattering of neutrinos from a target A 

26 
Can be written in tel'lDll of three structure functions

II p~q~ Wq~ A P'qq~ ) (pA 2
~v(q.pA) = -(g~v - ~ )Wl + (p - 2 - --IV 2 2 q ~ q q H

II 

_ i E~vaaPaqfl (191 
2H2 W3 

II 

For an incident neutrino energy Eo and a final state muon energy E' and a 

labOratory scattering angle 9 we obtain 

2 VJ V 2 28 A 2 Ad 0 G E, 2 2!F~ (Q2 q.pAI--- • --2- cos 2 2" ' + 2tan 2 wlvlQ .q·P
 
dQ2dV 211
 

E + E'+_0__ t 2! W,A(Q2 .pA)l (201H an 2 3V ,q 
A 

We can rewrite the last term for W with the proton mass in the denominator
3 

by defining 

W,A [HpJ (211~v 3v H
A 

We write a tensor for ~v equation analogous to equation (12). Equating the 

XX and 0.0 components of the tensor leads to equations (131 and (14) for Wl 

and W Equating the off-diagonal elements leads to an equation for W
2• 3 

A f + 2 3+ r~i _~d ~ (221I~(pll d p ~PW3V = z Hpq 3] 3v
 

We define the smearing ratio for W to be
3 

~\1 + h~\1 
(23153 • 

~\1 
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The structure functions WI' W and W) satisfy the inequality2 

2M XW M X\IW) 
v W ;........f......2l .... (24);. p -:-."..-,:-=
 

2 (1+{,22 jv2) (l+{,22 jv2) 1/2
 

In terms of the variables x and y the cross section is 

2M
2 v,v G E 
~. ~ ~l-Y)VW + ~ (2M -+ (y2 - y 212)X'JW)J (25) 

dxdy	 11 ~ 2 2 pXWl) 

where y - V/E •o
 
. . I I 21 2
For l1ght apan 1 2 quarks we have R • 0L 0T = Q v and therefore 

(26)VW .. 2M 
2 pXWl 

Within the quark-parton model, the structure functions can be written in 

ter~s of quark and antiquark distributions. 

vW c Q + Q
2 (27) 

X\IW) = Q - Q 

In our calculations we use 

Ul 

QV(X,Q2)	 (18 ) ! (I-X) 7 B(W Q2) (0) _w (2B)
5 2 w ,g w 

where B and c; are defined in equation 17, and 

X\lW • VW 2Q • 
3V 2V -	 (29) 

We take VW .. ~B vw em• These structure functions are plotted in figure 7.
2V 2 

These structure function fits yield (at large Q2) 

I
 

J (VW~p + \IW;n)dx = 0.275
 

o	 (30) 

\IW~p (X = O) + VW;n(X ~ 0) • 0.743 w w 

and our choice of antiquark distribution yields (at large Q2) 

f Q (X) dX 

.. 0.17
 

II Q{X)+Q(Xlldl(
 

We define the smearing ratio for the antiquark distribution SQ 

S .. z.QP + N~ 
Q fl 

Tables 14,	 IS, 16, 17 and lB give the smearing ratios S) and SQ for the 

12, 2B, 56 20 B 
deuteron, C Si Fe and Pb respectively. The smearing ratios 53 for 

the deuteron and steel are shown in figure B for Q2 • 100. The antiquark 

smearing ratios So are shown in figure 9. 

We find that the smearing ratios for W) are similar to those for WI and
 

W However, the Fermi motion effects on the antiquark distributions are

2• 

significant for values of X > D.). This is because the antiquark distributions 

have a very steep X dependence.
 

24,

Frankfurt and Strickman using a light cone approach, calculate the
 

smearing correction to the antiquark distribution for a heavy nucleus in the
 

Q2 + ~ scaling limit. They also find large effects at X > 0.3 which are
 

20B 
similar to what we obtain for Pb at Q2. 100 (see figure II). 
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certainties. However, presently there is little experimental data at such 

large value of X. 
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Figure Captions 

(Pb 20B) 11.	 The smearing ratio calculated by us for lead at Q2 = 100 Gev2 
1.	 Kinematics for on-shell and off-shell scattering. 

(solid line) and as calculated by Frankfurt and Strickman (Ref. 24) 
(a)	 Free nucleons (b) A nucleon bound in the deuteron (c) A nucleon 

for a heavy nucleus in the Q2 ~ ~ limit using a light cone approach. 
with momentum IPil < ~ in a heavy nucleus of atomic weight A. 

(d) A nucleon bound in a heavy nucleus having momentum ipi > ~ due to 

an interaction with another nucleon. 

2.	 A comparison of on-shell and off-shell kinematics. (a) The invariant 

mass square (b) The laboratory energy. Shown are the case of a heavy 

steel nucleus as a spectator (Fe) and a single nucleon as a spectator. 

3.	 The Fermi momenta ~ for various nuclei of atomic weight A from 

MOniz et al. (Ref. 6).
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6.	 The smearing ratio S2 for carbon (C calculated by us (solid line) 

and	 as calculated by Savin ar~ Zacek (Ref. 19), for the Q2 = 100 Gev2 case.
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7.	 Representative values of the structure funct10ns V(W2 + W2 ). 18 X (W3 + W )

3 

and is (QVp + Qvn). The values of w~P and w~n were obtained from fits
 

to the SLAC e-p and e··d data (Sadek et al.). The functional forms for
 

the other structure functions are discuss~d in the text. 

56 2•a,	 Smearing ratios for W for the deuteron and Fe for Q2 100 Gev
3 

9.	 Smearing ratios for the antiquark distributions for the deuteron and 

56 2.Fe for Q2 = 100 Gev
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10.	 The smearing ratio S2 calculated by us for lead (Pb at Q2 = 100 Gev

(solid line) and as calculated by Frankfurt and Strickman (Ref. 24) 

for a heavy nucleus in the Q2 ~ ~ scaling limit using a light cone. 

approach. 
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.4553 .5371 
.3951 .4661 
.3318 .3913 
.2689 .3171 
.2097 .2472 
.1566 .1846· 
01114 .1313 
.0749 .0883 
.0470 .0554 
.0271 .0319 
.0140 .0165 
.0062 .0073 
.0022 .0026 
.0005 .0006 
.0001 .0001 

0.01 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0035 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 

51 5~ 

1.015 1.014 
1.016 1.012 
1.018 1.010 
1.020 1.011 
1.023 1.013 - -- -- -- -- -- -- -- -- -- -- -- -- -

- -
DEUTERON 

51 

1.014 
1.015 
1.016 
1.018 
1.021 
1.023 
1.026 
1.028 
1.031 
1.033 
1.035 
1.035 
1,,031 

-------

5~ 

1.014 
1.014 
1.015 
h016 
1.018 
10021 
1.023 
1.026 
1.028 
1.031 
1.032 
1.033 
1.029 ---

--
-
-

51 

1.014 
1.015 
1.016 
1.018 
1.020 
1.023 
1.025 
1.028 
1.029 
1.030 
1.030 
1.028 
1.024 
1.015 
1.000 
0.970 

---

S2 SI 

1.014 1.014 
1.015 1.015 
1.016 1.011> 
1.017 1.018 
1.019 1.020 
1.022 1.023 
1.024· 1.025 
1.026 1.027 
1.028 1.028 
1.029 1.029 
1.029 1.027 
1.027 1.023 
1.023 1.016 
1.014 t .002 
0.999 0.980 
0.969 0.943 

- 0.882 
- 0.778 
- -- -

5~ 51 

1.014 1.014 
1.015 1.015 
1.016 1.016 
1.018 1.018 
1.020 1.020 
1.022 1.023 
1.0=:?4 1.025 
1.026 1.027 
1.028 1.027 
1.028 1.027 
1.026 1.024 
1.023 1.018 
1.015 1.007 
1.002·0.988 
0.979 0.955 
0.943 0.901 
0.882 0.812 
0.778 0.663 

- 0.430 
- 0.146 

52 51 

1.0141.014 
1.0151.015 
1.011>1.016 
1.018 1.018 
1.020 1.020 
1.022 1.023 
1.025 1.025 
1.026 1.026 
1.0271.027 
1.027 1.026 
1.024 1.023 
1.018 1.017 
1.007 1.005 
0.988 0.984 
0.9~5.0.949 
0.901 0.890 
0.812 0.791 
0.663 0.627 
0.430 0.374 
0.146 0.096 

52 

1.014 
1.01 :; 
1.016 
1.018 
1.020 
1.023 
1.025 
1.026 
1.027 
1.026 
1.023 
1.017 
1.005 
0.ge" 
0.949 
0.890 
0.791 
0.627 
0.374 
0.09(. 

, 
'i 1.0 5.0 10.0 20.0 100.0 1000.0 0

2 
1.0 5.0 10.0 20.0 100.0 1000.0 

x 
2"""'1 vw2 2""""1 ""2 2"""1 ""2 2""""1 ""2 2'"""1 ""2 2'"""1 ""2 

x 
51 52 51 52 51 52 SI 52 51 52 51 52 

0.-01 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.4:5 
0.50 
o.:;~ 

0.60 
0.6:5 
0.70 
0.75 
0.80 
0.85 
0.90 
0.9:5 

.4653 

.4926 

.5195 

.5385 

.S497 

.5529 

.5210 

.5605 

.5672 

.4428 

.3653 

.4200 

.6705 

.~543 

.2038 

.0714 

.0000 

.0000 

.0000 

.0000 

.5489 

.5762 

.5921 

.5888 

.5686 

.5347 

.4668 

.4621 

.4281 

.3050 

.2292 

.2400 

.3489 

.2629 

.0882 

.0282 

.OOOJ 

.0000 

.0000 

.0000 

.5879 .6937 

.5910 .6\161 

.5830 .6831 

.5608 .6514 

.5272 .6051 

.4856 .5489 

.43\10 .4871 

.3896 .4232 

.3394 .3599 

.2899 .2994 

.2424 .2432 

.1979 01925 

.1571 .1478 
~-f212-.1102 
.1082 .0949 
.0626 .0529 
.0453 .0368 
.0241 .0188 
.0163 .0123 
.0000 .0000 

.60!l3 

.6073 

.5936 

.5647 

.5232 
'.4730 
.4175 
.3598 
.3025 
.2477 
.1972 
01522 
01134 
.0811 
.0553 
.0355 
.0214 
.0118 
.0048 
.0014 

.7177 

.7160 

.6980 

.6611 

.6088 

.5461 

.4775 

.4070 

.3379 

.2729 

.2139 

.1623 

.1188 

.0833 

.0557 

.0350 
.0206 
.0111 
.0044 
.0013 

.6190 

.6159 

.5992 

.5668 

.5213 

.4666 

.4067 

.3448 

.2839 

.2266 
.1747 
.1296 
.0921 
.0621 
.0393 
.0231 
.0122 

,.00S7 
.0026 
.0006 

.7304 

.7264 

.7059 

.6662 

.6108 

.54"7 

.4724 

.3982 

.3259 

.2592 
01975 
01452 
.1021 
.0682 
.0427 
.0248 
.0130 
.0059 
.0027 
.0006 

.6279 

.6230 

.6039 

.5686 

.5198 

.4616 

.3980 

.3329 

.2692 

.2101 

.1574 

.1126 

.0763 

.0484 

.0284 

.0150 

.0069 

.0026 

.0007 

.~001 

.7409 

.7351 

.7123 

.6704 

.6125 

.5434· 

.4692 
.3\110 
.3159 
.2461 
.1841 
01314 
.0889 
.0563 
.0329 
.0173 
.0079 
.0030 
.0008 
.0001 

.6299 ~7433 

.6246 .7371 

.6050 .7138 

.5690 .6713 

.5194 .6128 

.460'1 .5432 

.3960 .4672 

.3301 .3894 

.2660 .3137 

.2064 .2434 
.• 1536 .1811. 
'.1089 .1283 
.0729 .085\1 
.0456 .0537 
.0262 .0308 
.0134 .0158 
.0059 .0070 
.0021 .0024 
.0005 .0006' 
• OOOO~" 00,!1. 

:0.01 1.0U. 
0.05 1.029 
0.10 1.033 
0.15 1.039 
0.20 1.044 
0.25 -
0.30 -
0.35 -
0.40 -
0.45 -

·0.50 -
0.55 -
0.60 -
0.6S -
0.70 -
0.75 -
0.80 -
0.85 -
0.90 -
0.95 CARIJDN 

1.024 
1.019 
1.017 
1.018 
1.023 

-
--------------

1.025 
1.026 
1.029 
1.032 
1.034 
1.037 
1.040 
10041 
1.042 
1.042 
1.039 
1.0Jl 
1.012 

-------

1.025 
1.024 
1.025 
1.027 
1,029 
1,031 
1.033 
1.035 
1.036 
1.036 
1.033 
1.025 
1.007 

------
-

1.025 
1.026 
1.028 
1.031 
1.033 
1.035 
1.037 
1.037 
1.035 
1.031 
1.023 
1.009 
0.988 
0.954 
0.905 
0.833 

-
-
--

1.025 
1.025 
1.026 
1.028 
1.030 
1.032 
1.034 
1.034 
1.032 
1.027 
1.019 
1.006 
0.984 
0.951 
0.902 
0.931 

-
-
-
-

1.025 
1.026 
1.028 
1.030 
1.033 
1.034 
1.035 
1.034 
1.031 
1.024 
1.012 
0.992 
0.\162 
0.918 
0.854 
0.766 
0.64\1 
0.501 

-
-

1.025 1.025 
1.0251.026 
1.027 1.027 
1.029 1.030 
1.031 1.032 
1.033 1.033 
1.034 1.034 
1.033'1.032 
1.0291.027 
1.022 1.018 
1.0101.002 
0.990 0.976 
0.9600.937 
0.9160.879 
0.853 0.797 
0.7650.685 
0.649 0.540 
0.501 0.368 

0.191-- 0.053 

1.025 1.025 
1.025 1.026 
1.027 1.027 
1.030 1. 030 
1.032 1.032 
1.033 1.033 
1.033 1.033 
1.032 1.032 
1.027 1.026 
1.017 1.016 
1.001 0.999 
0.975 0.972 
0.936 0.930 
0.879 0.B69 
0.797 0.782 
0.685 0.664 
0.540 C.512 
0.369· 0.335 
0.191 O.I~9 

0.053 O.U33 

1.025 
1.026 
1.027 
1.030 
1.032 
1.033 
1.033 
1.032 
1.0;?6 
1.016 
0.999 
0.972 
0.930 
0.869 
0.782 
0.66-4 
0.512 
0.335 
0.159 
0.033 

IRON 

Table 
4 Table 
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Table 
7 Table 

9 

0
2 1.0 

l< 
51 52 

0.01 1.031 1.029 
0.05 1.035 1.023 
0.10 1.041 1.020 
0.15 1.047 1.023 
0.20 1.05~ _ 1.928 
0.25 -
0.30 - -
0.35 - -
0.40 - -
0.45 - -
0.50 - -
0.55 - -
0.60 - -
0.65 - -
0.70 - -
0.75 - -
0,80 - -
0.85 - -
0.90 - -
0.95 SILICON -

5.0 

51 52 
1.030 1.030 
1.032 1.030 
1.035 1.031 
1.038 '1.033 
1.042 1.035 
1.045 1.038 
1.047 1.040 
1.049 1.041 
1.050 1.042 
1.049 1.042 
1.046 1.038 
1.035 1.028 
1.01" 1.007 - -- -- -- -- -- -- -

10.0 20.0 100.0 1000.0 

51 52 51 52 51 52 51 52 

1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 
1.032 1.030 1.031 1.031 1.031 1.031 1.031 1.031 
1.034 1.032 1.034 1.033 1.033 1.033 1.033 1.033 
1.037 1.034 1.037 1.035 1.036 1.036 1.036 1.036 
1.040 1.037 1.039 1.038 1.039 1.038 1.038 1.038 
1.042 1.039 1.041 1.039 1.040 1.040 1.040 1.040 
1.04" 1.040 1.042 1.040 1.040 1.040 '1.040 1.040 
1.044 1.040 1.041 1.038 1.038 1.037 1.037 1.037 
1.041 1.037 1.036 1.034 1.031 1.031 1.030 1.030 
1.036 1.031 1.027 1.025 1.020 1.019 1.018 1.018 
1.026 1"0021 1.012 1.010 1.000 0.999 0.997 0.997' 
1.009 1.005 0.989 0.986 0.969 0.969 0.964 0.96" 
0.983 0.979 0.953 0.951 0.924 0.923 0.916 0.916 
0.944 0.9"1 0.902 0.900'0.858 0.858 0.847 0;847 
0.889 0.885 0.831 0,829 0.768 0.768 0.752 0.752 
0,810 0.807 0,735 0,734 0.649 o.Ma 0.626 0,626 

- - 0,612 0.611 0.500 0.500 0,"72 0,472 
- - 0,"62 0.461 0.331 0.331 0.299 0,'199 
- - - - 0.166 0.166 0.136 0.136 
- - - - 0.044 0.044 0.027 0,027 

0 
2 

1.0 
l< 

51 52 
0.01 1.0.... 1.040 
0.05 1.0"9 1.033 
0.10 1.056 1.029 
0.15 1.065 1.033 
0.20 1.~7! 1!0..0 
0.25 -
0.30 - -
0.35 - -
0.40 - -
0.45 - -
0.50 - -
O.~5 - -
0.60 - -
0.65 - -
0.70 - -
0.75 - -
0.80 - -
0.85 - -
0.90 - -
0.95 LEAD -

5.0 10.0 20.0 100.0 

51 52 51 S2 SI 52 51 52 

1.042 1.042' 1.042 1.042 1.042 1.042 1.042 1.042 
1.045 1.041 1.044 1.042 1.044 1.043 1.043 1.043 
1.049 1.043 1.047 1.045 1.047 1.045 1.046 1.046 
1.053 1.045 1.051 1.047 1.050 1.048 1.049 1.049 
1.056 1.048 1.054 1.049 1.053 1.050 1.051 1.051 
1.059 1.050 1.056 1.051 1.054 1.051 1.052 1.052 
1.062 1.052 1.056 1.051 1.053 1.051 1.051 1.050 
1.063 1.053 1.055 1.049 1.050 1.047 1.046 1.046 
1.063 1.053 1.051 1.045 1.043 1.040 1.037 1.036 
1.060 1.050 1.042 1.036·1.031 1.028 1.021 1.020 
1.054 1.044 1.028 1.022 1.011 1.008 0.995 0.994 
1.040 1.031 1.006 1.001 0.981 0.978 0.957 0.956 
1.01.,\ 1.006 0.97" 0.969 0.937 0.934 0.901 0,901 

- - 0,927 0.922 0.S77 0.874 0.825 0.825 

- - 0.862 0.858 0.795 0.793 0• 72 5 0.72" 
- - 0.71" 0.711 0.690 0.688 0.597 0.597 

- - - - 0.561 0.560 0.447 0.447 

- - - - 0.412 0.411 0.286 0.286 

- - - - 0.138 0.138 
- - - - - - 0.035 0.035 

1000.0 

51 52 

1.042 1.042 
,1.043 1.043 
1.046 1.046 
1.049 1.049 
1 • O~i1 1.051 
1.052 1.052 
1.050 1.050 
1.045 1.045 
1.035 1.035 
1.018 1.018 
0.991 0.991 
0.951 0.950 
0.893 0.693 
0.813 0.813 
0.707 0.707 
0.57" 0.57.. 
0.419 0.419 
0.256 0.256 
0.112 0.112 
0.022 0.022 

I 

r;l 1.0 5.0 10.0 20.0 100.0 1000.0 

" 51 52 51 52 51 52 51 52 51 52 51 52 

0.01 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
(\.85 
0.90 
0.95 

f.039 
1.044 
1.050 
1.057
1.065 

--------
------

~f<ON 

1 -,035 
1.029 
1.026 
1.028 
1.035 

-----------
----

1.037 
1.037 
1.038 
1.040 
1.043 
1.045 
1.048 
1.049 
1.050 
1.049 
1.044 
1.032 
1.008 

-
------

1.023 
1.034 
1.045 
1.•053 
1.060 
1.065 
1.069 
1.072 
1.072 
1.070 
1.06" 
1.0~O 

1.023 
-
----
--

1.037 
1.039 
1.042 
1.046 
1.049 
1.051 
1.052 
1.052 
1.049 
1.041 
1.029 
1.009 
0.979 
0.935 
0.874 
0.788 

----

1.037 
1.038 
1.040 
1.042 
1.045 
1.047 
1.048 
1.047 
1.043 
1.036 
1.024 
1.004 
0.975 
0.931 
0.870 
0.786' 

-
-
--

1.037 
1,039 
1.042 
1.045 
1.048 
1.050 
1.050 
1.040 
1.042 
1.031 
1.013 
0.986 
0.945 
0.888 
0.810 
0.707 
0.579 
0.429 

--

1.037 1.037 
1.038 1.038 
1.040 1.041 
1.043 1.044 
1.046 1.047 
1.047 1.048 
1.047 1.048 
1.045 1.044 
1.039 1.036 
1.029 1.022 
1.011 0.999 
0.983 0.963 
0.943 0.912 
0.886 0.839 
0.808 0.741 
0.706 0.616 
0.578 0.465 
0."29 0.30S 

- 0.1 ..7 
- 0.038 

1.037 1.037 
1.038 1.038 
1.041 1.041 
1.044 1.044 
1.046 1.046 
1.048 10048 
1.047 1.047 
1.044 1.043 
1,036 1.035 
1.021 1.020 
0.998 0.995 
0.963 0,958 
0.9110.903 
0.839 0.827 
0.741 0.724 
0.616 0.593 
0."65 0.437 
0.301 0.270 
0.147 0.120 
0.038 0.023 

1.037 
1.038 
1.041 
1.044 
1.046 
1.048 
1.047 
1.043 
1.035 
1.020 
0.995 
0.958 
0.903 
0.027 
0.724 
0.593 
0."37 
0.270 
0.120 
0.023 

" 
0.01 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 

A 

1.037 
1.038 
1.040 
1.044 
1.046 
1.048 
1.047 
1.044 
1.036 
1.021 
0.998 
0.963 
0.911 
0.839 
0.741 
0.616 
0.465 
0.301 
0.1 ..7 
0.038 

B 

0.997 
0.997 
0.998 
0.998 
0.996 
0.992 
0.905 
0.97" 
O.9~6 

0.929 
0.091 
0.837 
0.764 
0.667 
0.550 
0."12 
0.269 
0.141 
0.052 
0.009 

C 
1.000 
1.001 
1.001 
1.002 
1.003 
1.003 
1.001 
0.998 
0.992 
0.982 
0.964 
0.936 
0.895 
0.036 
0.754 
0.644 
0.505 
0.345 
0.183 
0.053 

Table 
8 

Table 
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11 13 

0
2 

1.0 5.0 10.0 20.0 100.0 1000.0 0
2 

1.0 5.0 10.0 20.0 100.0 1000.0 

l< 

5ZP 52N 52P 52N 52P 52N 52P 52N 52P 52N 52p 52N 
X 

52p _ ~2N 52P 52N 52P 52N 52P 52N 52P 52N 52P 52N 

0.01 
O.;j~ 

0.10 
0.1'5 
0.:;:0 
O.2~ 

'0.3;) 
;O.J~ 
0.4':> 
:0.41 
~O. ~O 

~O. 55 
,0.60 
,0.b5 
,0.70 
0.75 

10.80 
iO.OS 
0.'70 
O.y~· 

1.014 1.':>14 
1.011 1.012 
1.009 1.011 
1.009 1.01:2 
1.012 1.014 
1.017 1.020 
0.969 0.972 

-
- -- -
- -- --

-
- -
-
-

OEUTH,ON 

1.014 
1.014 
1:014 
1.016 
1.010 
1.020 
1.023 
1.025 
1.028 
1.031 
1.033 
1.034 
1.031 
1.019 

1.014 
1.015 
1.016 
1.017 
1.019 
1.021 
1.024 
1.026 
1. O~!8 

1.030 
1.031 
1. OJ 1 
1.026 
1.012 

1.014 
1.014 
1.015 
1.016 
1.019 
1.021 
1.024 
1.026 
1.028 
1.030 
1.030 
1.029 
1.025 
1.018 
1.005 
0.977 
0.922 

1.014 
1.015 
LOll> 
1.018 
1.020 
1.022 
1.024 
1.026 
1.027 
1.021! 
1.02J 
1.024, 
1.017 
1.006 
0.906 
0.951 
0.886 

1.014 1.014 
1.014 1.015 
1.015 1.017 
1.017 1.018 
1.019 1.020 
1.022 1.023 
1.024 1.025 
1.021> 1.026 
1.028 1.027· 
1.029 1.026 
1.020 1.024 
1.025 1.018 
1.018 1.008 
1.007 0.990 
0.987 0.962 
0.9:;3 0.917 
0.897 0.844 
0.797: O.?25 

1.014 
1.014 
1.015 
1.017 
1.020 
1.022 
1.025 
1.027 
1.028 
1.020 
1.026 
1.021 
1.011 
0.994 
0.964 
0.91S 
0.830 
0.1>01> 
0.453 
0.15/ 

1.015 
1.015 
1.017 
1.019 
1.021 
1.023 
1.025 
1.021> 
1.026 
1.025 
1.020 
1.012 
0.998 
0.9·73 
0.933 
0.B68 
0.761 
0.595 
0.359 
0.112 

1.014 
1.014 
1.015 
1.017 
1.020 
1.022 
1.025 
1.027 
1.029 
1.020 
1.02S 
1.020 
1.009 
0.990 
0.958 
0.904 
0.010 
0.650 
0.396 
0.104 

1.015. 
1.015 
1.017 
1.019 
1.021 
1.023 
1.025 
1.026 
1.026 
1.024 
1.020 
1.011 
0.995 
0.969 
0.925 
0.854 
0.738 
0.557 
0.307 
0.072 

0.01 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
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1.033 1.038 
1.026 1.032 
1.021 1. 030 
1.023 1.033 
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-
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1.034 1.039 
1.033 1.040 
1.034 1.042 
1.037 1.044 
1.040 1.046 
1.043 1.048 
1.047 1.049 
1.050 1.049 
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1.039 1.020 
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1.034 
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1.045 
1.048 
1.049 
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1.041 
1.043 
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1.048 
1.047 
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0.021> 

1.040 
1.041 
1.045 
1.048 
1.049 
1.048 
1.045 
1.038 
1.026 
1.006 
0.975 
0.929 
0.863 
0.773 
0.656 
0.513 
0.355 
0.202 
0.083 
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1.031 1.034 
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1.0121.024 
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0.4270.394 

- 0.207 
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1.025 1.025 
1.026 1.025 
1.028 1.027 
1.030 1.029 
1.031 1.032 
1.031 1.035 
1.030 1.036 
1.026 1.035 
1.019 1.031 
1.006 1.023 
0.986 1.008 
0.954 0.983 
0.907 0.945 
0.840 0.888 
0.745 0.805 
0.620 0.691 
0.467 0.541 
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0.040 0.036 

1.025 
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1.021 0.912 
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0.146 0.002 
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,).9.5 
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0 1.0 5.0 10.0 20.0 100.0 1000.0 
x 

53 s9 5) 52 53 5 53 50 53 50 53 5Q 
x 

53 sO 53 SO 53 5Q 53 SQ 53 SQ 53 5" 

\).01 1.015 1.024 1.014 1.025 1.014 
o 

1.026 1.014 1.026 1.0;4 
.,.

1.0~6 1.0;4 1.0~6 
0.01 
0.05 

1.024 
1.038 

1.0371.023 
1.0241.034 

1.038 
1.038 

1.023 
1.034 

1.038 
1.039 

1.0n 
1.033 

1.038 
1.040 

1.023 
1.033 

1.038 
1.041 

1.023 
1.033 

1.038 
1.041 

0.05 1.024 1.0161.022 1.026 1.021 1.027 '1.021 1.027 1.0_1 1.0~7 1.0_1 1,0~7 0010 1.052 0.9911.045 1.030 1.044 1.034 1.044 1.037 1.043 1.038 1.043 1.038 
0010 1.034 0.993 1.029 1.0211.029 1.024.l.029 1.025 1.028 1.0;6 1.028 1,0~6 0.15 1.065 0.9481.053 1.014 1.052 1.022 1.051 1.026 1.051 1.029 1.051 1.030 
0.15 1.043 0.962 1.035 1.010 1.035 1.016 1.034 1.019 1.034 1.0_1 1.034 1.021 0.20 1.079 0.9001.060 0.988 1.058 1.002 1.057 1.009 1.056 1.014 1.056 1.015 
0.20 1.053 0.924 1.040 0.991 1.039 1.001 1.039 1.006. 1.039 1.01~. 1.039 1.011 0.25 1.090 0.8481.065 0.952 1.062 0.972 1.060 0.983 1.059 0.992 1.0~9 0.994 
0.25 - - 1.045 0.966 1.043 0.981 1.042 0.989 1.041 0.99J 1.040 0.996 0.30 _ - _ 1.069 0.907 1.064 0.934 1.061 0.949 1.059 0.961 1.0J6 0.964 
0.30 - - 1.048 0.932 1.045 0.952 ·1.043 0.963 1.041 0.973 1.041 0.975 0.35 _ _ 1.072 0.954 1.064 0.885 1.059 0.904 1.055 0.921 ].054 0.925 
0.35 - - 1.050 0.890 1.045 0.915 1.042 0.930 1.040 0.943 1.039 0.946 0.40 _ _ 1.072 0.794 1.060 0.826 1.053 0.647 1.047 0.869 1.045 0.874 
0.40 - - 1.052 0.8411.044 0.868 1.039 0.886 1.035 0.903 1.034 0.907 0.45 _ _ 1070 0730 1.052 0.758 1.042 0.779 1.0~12 0.803 1.030 0.8011 
0.45 - - 1.051 0.787 1.039 0.812 1.032 0.831 1.025 0.850 1.023 0.855 0.50 _ _ 1:064 0:666 1.039 0.683 1.023 0.700 1.008 0.722 1.004 0.728 
O.~C - - 1.049 0.7321.030 0.749 1.019 0.764 1.008 0.782 1.006 0.788 0.55 _ _ 1.050 0.606 1.018 0.605 0.994 0.611 0.971 0.626·0.966 0.631 
0.J5 - - 1.038 0.679 1.015 0.682 0.998 0.607 0.982 0.699 0.978 0.~02 0.60 _ _ 1.023 0.555 0.986 0.530 0.952 0.519 0.918 0.516 0.910 0.519 
0.60 - - 1.017 ').631 0.993 0.615 0.967 0.603 0.942 0.599 0.935 0.J98 0.65 _ _ _ 0.940 0.462 0.893 0.423 0.845 0.390 0.833 0.396. 
0.65 - - - _ 0.958 0.557 0.922 0.516 0.883 0.482 0.874 0.477 0.70 _ _ _ _ 0.876 0.414 0.013 0.334 0.746 0.200 0.729 0.271 
0.70 - - _ 0.906 0.524 0.857 0.432 0.800 0.358 0.786 0.343 0.75 _ _ - - 0.788 0.409 0.709 0.2~6 0.619 0.170 0.596 0.158 
0.75 - _ _ _ 0.833 0.~24 0.767 0.364 0.688 0.233 0.667 0.212 0.90 _ _ _ - - - 0.580 0.197 0.467 0.0133 0.439 0.071 
0.80 - - _ _ _ - 0.649 0.341 0.542 0.124 0.514 0.102 0.85 _ _ - - - - 0.429 0.186 0.302 0.028 0.271 0.021 
0.B5 - - - _ _ - 0.501 (o,:>'H. 0.369 0.045 0.336 0.032 0.90 _ _ - - - - - - 0.147 0.005· 0.120 0.003 
0.90 - - - _ _ - - - .0.192 0.008 0.159 0.004 0.95 IRON - - - - - - 0.038 0.000 0.023 P.,OOO 
0.95 CARBON - _ _ - - 0!053 0.000. 0.033 0.000 
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• 5~ S<l 53 SQ 5j sQ 53 5Q 5) 50: . 51 sQ U 5Q 5) sQ 5) sQ 53 SQ S3 5Q S3 s:i 
0.011.019 1.030 1.018 1.031 1.019 1.0~1 r.oi a 1.031 1.018 1.031 1.018 1.031 0.01 1.028 1.041·1.0;>6 1.04j 1.026 1.043 -'-~026 1.043 1.026 1.0431.026 1.043 
0.051.030 1.01'1 1.027 1.031 1.027 1.032 1.027 1.033 1.027 1.0331.027 1.033 0.05 1.043 1.027 1.039 1.043 1.038 1.044 1.038 1.045 1.038 1.0461.038 1.046 
0.101.042 0.992 1.036 1.025 1.036 1.028 1.035 1.030 1.035 1.0311.035 1.031 0.10 ~.~;: ~.::~ 1.0~1 1.034 1.050 1.038 1.050 1.041 1.049 1.0~2 1.0~9 1.043 
C.1S 1.053 0.955 1.043 1.011 1.042 1.0lB 1.042 1.021 1.042 1.0241.041 1.025 0.15. 0'894.1• 0 60 1.015 1.059 1.024 1.058 1.029 1.057 1.0321.057 1033 
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