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ABSTRACT 

The dependence of < pf > on the masses of the Drell-Yan dileptons are 

studied using the quark transverse momentum distribution in hadrons. 
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The impulse approximation as applied to elementary particle interactions 

has been shown to be rather successful in deep inelastic scattering. Theore- 

tically, it should be valid only when the partons can be treated as instantane- 

ously free and when the energy is approximately conserved along with the 

momentum across the interaction vertex of the parton. L For these reasons, 

the fraction x = Q2/2p.q of the longitudinal momentum must be finite while Q2 

and 2p.q must be large enough in order to apply this approximation. Recently 

two dilepton very high energy experiments2 were performed with Q2 > 25 GeV2. 
da The measured dilepton cross section - 

I dQdy y=O agrees very well with the 

calculation of the Drell-Yan process. 4 Due to good statistics of the measured 

data, one can rule out several assumptions for the quark distribution functions. 

The mass dependence of these cross sections clearly indicates that the dis- 

tributions based on power counting rules 495 are valid. Also, it was observed 

in these experiments and others3 at low Q2 that the averaged transverse 

momenta of the dileptons increases with dilepton masses. This phenomenon 

can be explained by the quark transverse momentum distribution obeying these 

simple power counting rules. 

Consider a quark distribution function u. From the interchange model, 

one has6: 

u(x,k2,E) m , a 
2 

where $ is the wave function describing the breakup of the hadron into quarks 

and a core E. For example, the natural variable k2 reduces to a correlated 

combination of the quark momenta (1 - x) and kf . The contribution of this com- 

ponent of the quark wave function to the proton’s spin averaged form factor at 
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2 a momentum transfer t = -qL may be written as7: 

Taking 
n 

for large value of k2, one finds that near x = 1 

utx,k12) a (1 - x)2n-1 
- 2n (kl” + r) 

and 

(4) 

(5) 

According to the power counting rules 497 , for 5-quark minimal sea state, 

n = 4, and for the leading quarks, n = 2. The distribution function for the sea 

quarks is4 

f seatx’kf) a -+$+ 
o(, + 0) 

and for the leading quarks 

03) 

(7) 

In pp scattering, the low mass pairs are formed by convoluting sea-z dis- 

tributions: 
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I 
dkll dklZ 

4 
2 .- 8 

11 + q t$ + a,f 
(8) 

while the high mass pairs are formed by convoluting z-leading distributions: 

I dkll dk12 

(k 
2.-8 2-4 

11 +q (k 12 + a2) 

where 1 and 2 stand for the incident and target proton. 

The < pi” > of the dileptons can be calculated in terms of k 2 2 
11 and kL2 

and for any arbitrary powers nl and n2: 

and 

2 
PI = kl; + kl; +2k 11 k12Cos812 

J (k 11 2+kL;+2k llk12cos8 12 )k 11 dk n 2 11 dB 1 k 12 dk 12 dB 2 

2 ck2 11 +;;)nl (kL; +z2, 
< P, >= I 

I- kll dkll d $ ki2dk12ds, 

I Q2 nl n2 
11 + zl) +az) 

Performing the integral, taking the limits of kl from 0 to 00 (a very crude 

approximation): 

2 
<P > 

1 1 =i;: -+- 
1 [ y-2 n2-2 I. * 

(9) 

(10) 

(11) 

A more complicated value of < pf > is obtained if we take the proper kine- 

matical limits for kl. For low mass dileptons, nl = n2 = 8, and for the high 
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mass, n 1 = 8 and n2 = 4. Define R the ratio of the averaged transverse 

momentum squared of the high mass and the low mass dileptons, replacing 

appropriate values of n 1 and n2 in Eq. (11); one gets: 

2 
RE ’ ‘1 ‘high = 2 

< Pl” >low 
(12) 

We wish to stress that from this model, due to the nature of the power laws, the 

averaged transverse momentum does not grow indefinitely, but remains con- 

stant after attaining the limiting value dictated by 0 and the powers n 1 and n2. 

As seen from the nature of the argument presented, this crude calculation 

should give only qualitative predictions of the transverse momentum behaviors. 

The quantitative dependence of < pf > on the dilepton masses and on its xF 

distribution is under investigation, ‘and this dependence is much more com- 

plicated. 8 

From Eq. (6) and (7), one can intuitively see that the < pf > should 

increase with mass and also with xF, a phenomenon commonly observed in 

inclusive hadron production (the lfseagullll effect). In this Drell-Yan process 

Q2 is not a scaling variable and we suggest that for future presentation of the 

data, < p12 > should be plotted versus Q2/s for data taken at different energies. 

Since R differs for processes involving different incident particles and targets, 

the observed universal < pf > for different energies and projectiles is con- 

sidered coincidental. 

I wish to thank Robin Staffin,. Abe Seiden, Terry Schalk and D. Cheng for 

helpful discussions and S. Drell for his constant interest in this process; also 

J. Bjorken for reading the manuscript. 



-6- 

References 

1. S. D. Drell and T. M. Yan, Phys. Rev. Letters 24, 131 (1970). 

G. West, Phys. Rev. Letters 24, 1206 (1970). 

2. D. C. Horn et al., Phys. Rev. Letters 2, 237 (1976). I.,. Kluberg et al., 

Productions of Massive Muon Pairs by 300 and 400 GeV Protons, CP76-1, 

August 1976. 

3. K. J. Anderson et al. , Production of Continuum Muon Pairs at 225 GeV 

by Pion and Protons, paper Submitted to the XVIII Conference in High 

Energy Physics, Tbilisi, USSR, 1976. 

4. M. Duong-van, Phys. Letters 60B, 287 (1976). 

5. G. R. Farrar, Nucl. Phys. B77, 429 (1974). S. J. Brodsky and 

G. R. Farrar, Phys. Rev. Letters 31, 1153 (1973). - 

6. G. Chu, J. F. Gunion, LBL-3021, PITT-122, June 1974. 

7. For a review see, J. F. Gunion, Remarks on Inclusive Processes at High 

Transverse Momentum, Pavia Conference 1973, and S. J. Brodsky, 

Hadronic and Electromagnetic Interactions at High Transverse Momentum, 

Stony Brook Conference, 1973. 

8. We are currently investigating this problem in detail. 

Figure Caption 

Fig. 1: The dilepton mass distribution measured at the rapidity y = 0 from 

the two high Q2 experiments2 at FNAL. The dotted curve is the pre- 

diction based on the calculation and quark distribution in Ref. 4. 
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