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ABSTRACT 

A simple scale violating quark parton model incorporating only power 
- 

suppressed correction to scaling is shown to describe simultaneously the 

deep inelastic lepton scattering, and the Drell-Yan lepton pair produc- 

tion data without the need for the K-factor. In contrast, additional 

large higher order correction to scaling through the K-factor is 

considered essential in quantum chromodynamics to explain the Drell-Yan 

data. 
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The universality hypothesis of quark parton dynamics at short 

distance implies that the Drell-Yan (DY) Cl1 lepton pair production at 

high energy be calculable using the quark parton distributions measured 

in deep inelastic (lepton-hadron) scattering (DIS). Consider, e.g., the 

differential mass and rapidity distributions of the lepton pairs given 

by [11,[21 

+ 44(x1,m2) qt(x2 ,m2) I , (1) 

qf(xl,m2) ty(x2,m2) 

+ ittx1,m2) qT(x2,m2) 1 (2) 

2 2 where A, B refer to the beam and target hadrons, r = m /s, s = (pA+pB) , 

2 = invariant (mass) 2 . m of the lepton pairs, y = c.m. rapidity, 

x1 = & ey, x2 = 14 em', xF = x1 -x2 and other terms have their usual 

meaning. The lower limit of integration in eq. (1) corresponds to the 

experimental constraint xF 2 0. According to the hypothesis, these cross 

sections are calculable with the parton distributions determined in DIS 

as inputs along with the identification Q 2- 2 -m . Several general 

expectations of the DY mechanism such as scaling, angular distributions 

and beam dependence of cross sections are in remarkable agreement with 

experiments C31. 
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However, quantum chromodynamics (QCD) predicts [41 large higher order 

corrections (HOC) in DY process unlike in DIS with the implication that 

the nature and magnitude of scaling violations may be substantially 

different in the two processes. QCD based parton models [21 incorporating 

leading order (LO) scaling violation are not successful in explaining the 

DY-data through eqs. (l)-(2). The inclusion of HOC through the K-factor 

given by C4l 

K-1 = (%)($)(I+ $)+ . . . (3) 

is deemed essential [3] for comparison with the experimental data. In 

the present range of measurements the HOC req. (3)] result in an overall 

approximately constant normalization of‘L0 expressions, e.g., 

(do/dmdy)LO -f K(do/dmdy)LO. For reasonable values of es w 0.2-0.3 

inferred from DIS, the corrections in (3) are quite large.(60-80%) 

leading to K z 2. However, these large corrections raise grave doubts 

regarding the validity of a perturbative treatment pending calculation 

in the next order. 

In this note we wish to present a consistent simultaneous description 

of DIS- and DY-data as demanded by the simple parton mechanism underlying 

these processes without the requirement of any additional inputs such as 

the K-factor. Consider the following parametrization of the parton 

distributions given in standard notation by, 
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xuv(x,Q2) = 
2& (l-x) 

;,(Q2) 

B(% , l+?ju(Q2) > 

xd,b,92) = & (l-x) 
"Bd(Q2) 

B(% , l+?i,(Q2)) 

xS(x,Q2) = x(Q2) (l-x) BS , 

BG xG(x,Q2) = %(Q2)(1-x) , 

where we assume 

"BU(Q2) = 6,Q2/(Q2+q:). , 

- 
"Bd(Q2) = 8,Q2/(Q2 + Q;) , 

x(Q2) = AQ2/ (Q2 +mf) , 

The above ansatz constitutes a very simple 

, 

, 

(4) 

(5) 

Bs=7 , (6) 

f3G=5 , (7) 

(8) 

(9) 

2 2 m = p(mass) . (10) 
P 

Eramework [51 capable of 

simultaneous incorporation of the general requirements of positivity, 

asymptotic scaling, Regge behavior, quark counting rules, gauge 

invariance (i.e., correct behavior in the real photon limit, Q 2 
+ 01, 

vector meson dominance in the low x (low Q 2 ) limit and the valency sum 

rules. 

The correction to scaling implied by eqs. (8)-(10) is purely power 

suppressed, 

qi(X,Q2) ~ 4i(x) + (11) 
Q large 
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where xqi is any of the parton distributions in eqs. (4)-(7). The main 

motivations for considering a purely power-correction to scaling arise 

from several recent observations: (a) the moments of the structure 

functions are [51,[61 straight lines in 1/Q2. (b) Recent high energy 

DIS data C71-Cl01 are consistent with the absence of any appreciable 

scale-breaking for Q2 2 20-30 GeV2 and with finite and nontrivial 

asymptotic limits for all measured values of x. (c) There is indication 

in these data of substantial nonperturbative QCD contribution Cl11 to 

scaling violations. 

Note that the parton distributions (and hence, the structure 

functions) have nontrivial scaling limits according to (4)-(7). This 

is unlike the situation in QCD where the parton-distributions vanish in 

the scaling limit, xqi(x) w ais( except for x= 0. Therefore, the 

-pattern of scaling violation Ceq. (ll)] is characteristically different 

from that suggested by QCD both in the leading -- and higher twist cl21 

approximations. 

Such a parametrization, in its simplest form, was shown in ref. c51 

to provide a very economical and simultaneous description of the SLAC-MIT- 

CHIO data [131,[141 on F;"u', F2 edyud; the corresponding moments [141; 

!JN the CDHS neutrino data cl51; and the MSU-FNAL data Cl61 on F2 . The 

Callan-Gross Cl71 and energy momentum sum rules Cl81 given respectively 

by 
1 1 

/ 
FFYn(x) dx = Cp n and 

, /[ 
FiN(x,Q2)+xG(x,Q2) dx = 1 

I 
0 0 

were used C51 to fix the sea- and the gluon-normalizations respectively. 
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The constants1 C 
p,n 

were chosen to be those given by the Kuti-Weisskopf 

model C19l,C201: Cp=13/81, Cn=10/81 which agree excellently CSl,C201 

with the data on the second moments of F; and F d 
2' These imply a value 

for A=8/45 assuming a SU(4) symmetric sea. The threshold exponents for 

the valence distributions were chosen equal in the scaling limit, 

B,= Bd= 3 implying uV(x)=2dv(x). The only parameters left free were 

the two scales Q:, Qz which were determined C51 from the fits to the 

SLAC-MIT-CHIO data and given by Qf = 2.1kO.23 GeV2 , Qz = 0.75kO.26 GeV2. 

Here, we extend the analysis to include the recent high energy 

measurements of the structure functions by the EMC C71,CSl, BCDNS C91 

and CDHS [lo] collaborations. We then confront the prediction of the 

model with the DY-data through eqs. (l)-(2). To accommodate the correct 

e,l-ltp) threshold behavior of the data r-211 on the ratios Fi/F; and FiP/F2 

-it is necessary to relax the assumption C5l: u,(x) = 2dv(x). Here, we 

assume C221, f3, = flu+1 implying the d/u threshold suppression: 

dv 64 /uv b> xyl (l-x) which is required by the data C21l. 

The EMC data [7] on F;P is shown in fig. l(a). The fits correspond 

to B, = 3.25kO.05 with other parameters determined as in ref. [51 . 

Also shown in this figure are the SLAC-MIT data for comparison. The 

normalization discrepancy (-10%) between the two sets of the data 

[fig. l(a)] may account for the slightly higher value of f3, required 

by the EMC data compared to the SLAC-MIT data cl31 which are consistent 

with the canonical value B,= 3. In fig. l(b) the low-x region of the 

' In QCD with four effective flavors these numbers are Cp=Cn=5/42 which 
do not seem to agree with the data on the second moments, see refs. C5l 
and C61 for discussion on this point. 
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data is emphasized. Again, the discrepancy between the EMC [‘II and the 

CHIO data Cl41 is prominent.2 Besides, the EMC data show considerably 

less variation [fig. l(b)] in both x and Q2 compared to the CHIO data. 

The present model, with its sea-distribution normalized to the SLAC-MIT- 

CHIO data cannot simultaneously describe the EMC-data at low-x for the 

above reasons. The agreement can, however, be easily achieved by 

decreasing the sea-normalization from the value dictated by the CHIO data. 

The above parametrization also describes excellently the EMC CSI- 

BCDMS 191 data on F;N, vN vN the new CDHS data Cl01 on F2 and xF3 and the 

data C211 on the ratios F;n'en/F;P'ep, F~p/F~yup. As remarked earlier, 

the assumption dv/uv - 0 is crucial for a correct description of these 
x+1 

ratios. These latter fits are not shown for lack of space. 

In fig. 2(a), the prediction of the model for the cross section 

-m3do/dmdyl y=. for proton induced dimuons computed using eq. (2) is 

confronted with the data C231 at & = 63 GeV. There is no appreciable 

change (except for fi 5 0.1) in the predicted cross section at lower 

values of & because of precocious scaling. The agreement with the data 

is remarkably good [fig. 2(a)]. We note that these data do not favor 

the use of a sea-distribution normalized to the EMC data at low-x, which 

tends to worsen the agreement for fi -< 0.15. 

For comparison, we also display in fig. 2(a) the predictions of two 

popular QCD-parton models [241,[251 with parton distributions determined 

by LO fits to DIS data. The Owens-Reya (OR) model C241 predicts the cross 

2 A part of the discrepancy may be accounted for the different assumptions 
about R = oL/oT employed by the different group in the extraction of 
structure functions [R(CHIO) =0.52, R(SLAC-MIT) =0.2, R(EMC) =O]. 
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section which is consistently below the data by a factor =2-2.5 whereas 

the Buras-Gaemers (BG) model C251 shows a much steeper decrease at large 

47 2 0.15. Of course, these QCD-predictions are based upon fits to the 

low energy data corresponding to the value of the QCD scale-parameter 

A LO = 0.3-0.5 GeV which is probably not consistent with the recent high 

energy measurements C71-ClOl. 

In fig. 2(b), the data c261 on m3do/dm XF'O for pp and pN induced 

dimuons are compared with the prediction of the present model computed 

through eq. (1). The agreement is reasonably good considering that no 

attempt has been made to fit the data and that systematic errors are not 

shown. The fit corresponds to pL=400 GeV. Again there is no appreciable 

difference between the predictions at lower pL values except for 

T ^5 0.04. The corresponding prediction of the OR-model falls much below 

.the data [fig. 2(b)]. 

Before concluding, a few observations are in order: 

(a) The above simultaneous description of the data on DIS- and DY- 

processes provides perhaps a very clear demonstration of the consistency 

of the hard scattering mechanism in these processes. No additional inputs, 

such as the K-factor, have been found necessary to describe the DY-data. 

This is the main result of the note. 

(b) On the other hand, the inability of the LO-QCD predictions to 

account for the DY-data perhaps reflects, in our opinion, the consequence 

of an entirely different pattern of scaling violation. Note that the DY- 

process provides an excellent testing ground for asymptotic scaling laws 

because of the easy access to much larger values of m2 than those of Q2 

attainable in DIS. Thus, for example, m2 ;s 225 GeV2 for fi 2 0.25 at 
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& = 60 GeV. Both the DIS- and the DY-data are probably indicating the 

necessity for nontrivial scaling limits for parton distributions in 

contrast to the situation in QCD. This could explain the lack of any 

appreciable scaling violations observed in DIS- [71,[101 and DY-processes 

C271 at such large values of Q2 or m 2. 

(c) We note that a substantial portion of the HOC in QCD for the 

DY-process is associated with the so-called 1%2-terms11 [eq. (3)1 which 

arise C281 because of analytic continuation in Q2 from space-like (DIS)- 

to time-like (DY) regions and is closely related to the logarithmic nature 

of scaling violation. Such large corrections are naturally absent in the 

present model which employs functional forms for scale-breaking consistent 

with analyticity [291 in Q2. Consequently, the scaling behavior (and its 
- 

violations) are the same for both time-like and space-like Q2 as long as 

-the value of Q2 in the former case lies in the continuum -far above the 

mass thresholds. 

(d) The so claimed "experimental support" [30] for the K-factor might 

possibly be correlated with the use of QCD-based parton distributions 

which, as shown above, indeed require a further normalization correction. 

Besides, it has been shown [311 that the inferred value of K depends 

somewhat sensitively on the input value of A QcD decreasing with the latter. 

It is not surprising, therefore, to find Km 1 in the present model which 

corresponds to hQCD=O. 

In conclusion, we have explicitly demonstrated the validity of the 

simple Drell-Yan conjecture in lepton-pair production. The nature and 

magnitude of scaling violations in the deep inelastic lepton scattering, 

and lepton-pair production may substantially be the same -- no additional 
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inputs, such as the K-factor, may be necessary to explain the lepton-pair 

production data. It is remarkable to find a simultaneous explanation of 

the vast amount of experimental information in the two processes in the 

framework of a simple quark-parton description using canonical inputs and 

purely power-law correction to scaling, 

The author thanks K. C. Wali and R. Blankenbecler for hospitality 

at the Physics Department, Syracuse University and at Stanford Linear 

Accelerator Center respectively. Useful discussions with S. J. Brodsky 

and F. E. Close are gratefully acknowledged. 
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FIGURE CAPTIONS 

Fig. l(a) The proton structure function Fip measured by the EMC group 

(ref. C71) shown for x 2 0.25 along with the SLAC-MIT data 

for comparison. The figure is taken from H. Whalen (ref. C 101). 

The fits are described in the text. 

(b) The SLAC-MIT-CHIO data (ref. c141) on Fejpyup shown as a func- 

tion of x for different Q2-bins along with the EMC data 

(ref. C71) (dark squares) for comparison. The fits (solid 

curves) are described in the text. The dashed curves are the 

predictions of the BG model (ref. c251). 

Fig. 2(a) The data (ref. C231) on m'da/dmdy 
I y=o for proton induced 

dimuons compared with the predictions -of the present model 

and those of the OR (ref. C241) and BG (ref. C251) models. 

(b) The data (ref. C261) on m3do/dm XF 2 0 for the pp, pN-dimuons 

compared with the prediction of the present model (solid 

curve) and that of the OR model (ref. 1241) (dashed curve). 
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