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Abstract 
The simple jarton model leads to the Bjorken 

scaling law only for rather large values of the transfer. For 
small values, the scale invariance is broken by a purely 
kineraatical effect which is shown to depend on : 

4 M2 v 2 1/2 (1 + ) ^ - 1, M being the mass of the target nucléon. 
Thus, one has tc consider : v > 5 M (5 GeV) and : 
Q* > 10 M2x (9 (GeV/c)* for the whole x range) i f i t i s demanded 

that scaling holds within 10 % to error. 

IPNO.-TH 79-36 June 1979 

Laboratoire associé au C.N.R.S. 



1. 

The parton model has been proposed [1] to 
explain the scaling property of the inclusive deep inelas
tic cross-section for Lepton-nucle.on scattering. For the 
scattering : ep -*• eX , this is : /J o(ep -» eX) , where X 

x 
is any set of particles (or resonances) with the same 
quantum numbers as the initial proton. By the Optical 
theorem it is proportional to Im A, where A is the amplitude 
corresponding to the fig.l graph. 

How, in the parton model this amplitude A 
is analyzed as a sum over amplitudes A. like the one of 
Fig.2. Each p, is the four-momentum of a point-like parton 
which is not observable alope, in contradistinction with 
the hadrons of X ; but some sets of partons (colour 
singlets) may be considered as couplet to observable hadrons, 
with the usual Feyiunan rules, namely : 

1) The vertex N of Fig.(2) is characterized by a vertex 
function r N(p i r...,p } with : 

P, + - - - + P n = P (D 

P being the proton four-momentum. 
To this principe is added an assumption of independence 
of the partons : 

2) The interactions between them are negligible : they will 
arise only In following orders of a perturbation theory. 
And more precisely : 

3) The partons related to a vertex like N are very near to 
their mass-shell : p? = - m? (with the metric +++-) . 



With these principles only are relevant the Insertions on 
the same parton-line for the virtual photons of four-
momentum Q, like in Fig.2. Indeed, this is the line of a 
charged quark with charge e, ; with the usual propagator 
of a spin 1/2 particle between 1 and 2, one obtains : 

im A i * •*|r H(p i...p n)|' «<Q2 + 2p±.Q) 

Henceforth, my calculation differs from the 
usual ones and exhibits the kinematical deviations from the 
scale invariance. 

With the usual definitions : 
Q 2 Q 2 u - - P.Q x = —"— = —— , where v = -* 

-2P.Q 2MV M 
u 2 + 2p±.Q =• 2(p rg - x P.Q) 

S(Q2 + 2 P l.Q) = — 1 — <5{x - w.) 
1 -2P.Q x 

if : w. = - i — 
1 P.Q 

I calculate this ratio of invariants in the 
reference frame of the target proton (P « 0) , where 
v = Q°, and with the axis 3 of coordinates in the direction 
of - Q : 

- P.Q = MQ° 
- Pi-Q = Vl Q° " Pi Q 3 = 9°i Q° + P^lQl 

where ! |Q| = <Q2 + u 2 ) 1 / 2 
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»^k(*i + *i&) =è[pï + pi«*5> 1 / 2] 

I V If s 2i- = ^r^-<l ! then 
2v* Q ! 

, which has an intrinsic meaning 

with respect to the i parton. 

The S(x-wt) factor compels u< to the value x, a kinematical 

datum. After summation upon n, upon all the four-momenta 

other than pL, and finally all the p, coordinates diffe-

OIIIUJ, one obtair 

Im A^ = e^f^tx) 

i.e. the usual result with structure functions depending 

on x only. 

Like in the usual treatment also, one has 

from (1), in the proton rest-frame : 

1 i 

Every u^ being positive (|p±| < p? near the 

mass shall), 0 < u^ <l : each u^ is in the same range as x. 

Indeed, going to the infinite momentum 

frame, one recovers the usual expression for n,, because 

PÎ + P| 
— — — * is invariant by any boost along Oz : 
p» + pi 

*ï * *V _. PÎ + P! = U 

P" + P'3 P° + P 3 1 
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whereas : p ^ = p ^ 

For a velocity - c la the direction of Oz : 

Pi 3 p''" P " * ? ' 3 , PÎ°K P' gives: U ; l * -i-
II 

Vf If the correction term proportional to S — is 

Important, w. has no more an intrinsic meaning with respect 

to the i parton, and the relation w, = x will no more 

lead to the scale invariance. Therefore, the relative 
IWJ-UHI 

shift is examined. 

With the notation : 

*\V2 / iM'v* \V2 ("?7 - 1 

«herefrom, for a small shift : 

l*-i~a* I „ 2Mx 2MX ,. 
( 3) 4 _ i * _£_ |P.| « _ |p.|< __ |5 | 

I will assume that the scaling is still observed if this 

relative shift is smaller than 0.1 for any 1. 

a) Nhen the masses of all the partons are negligible with 

respect to M, the exact upper bound of \p. | is •$ , this 

coming from t 

| 5 » ' = l e PjhEiPji - «- IP.I 
j=2 j 
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In general, ] £ lp.,1 < J j P ? = M - p? (4) 
i i 

and the Sup* of |p,| Is smaller than M/2, the difference 

Increasing with the masses m.. Taking the masses commonly 

accepted for u ana d quarks (m= 35 MeV, m- = 50 MeV) the 

corrective factor for x = 1 (only valence quarks) is found 

to be : 1 -
M 2 

Thus putting M/2 into (3). one has to 

fulfil the condition : 

•i ^ «B.l • or \i >5M = 4.69 <3eV (for K = M ) 

Then : Q a > 10 M*x » 8.8 x (GeV/c)2 

p^ (or p'^) in this simple partem model. 

b) If the masses of the quarks are large (e.g. - 300 MeV 

as in some bag models), the Sup. of |p,| would be 

appreciably smaller than •*, and this would lower the 

preceding bounds. 

c) If the nucléon is considered as a system of quarks and 

compared to other known Fermion systems (atoms, nuclei) 

where the Bosons are only virtual and space-like, one is 

tempted to relax the assumption 3) for gluons. If some of 

tham are space-like the gap between the two members of the 

inequality (4) is reduced, or even (4) could be reversed 

leading to a larger Sup. value for IPj| a u a rt s» hence to 

larger values for the preceding bounds. However (2) is 

still verified and, with some of u. (gluons) possibly 
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negative, would lead to some u, (quarks) larger than 1 : this seems 

hardly compatible with the shape of the structure functions 

near x = 1. 

Conclusions 

The values of a) will be accepted. 

Now there are two different approaches 

concerning this simple parton model, both of them being in the 

framework of Q.C.D. which is generally believed to be the 

ultimate theory £or hadrons. 

1"/ The simple model may be thought of as the good 0 order appro

ximation for starting- higher order perturbative corrections which 

take into account guark-gluon and gluon-gluon couplings. 

This correction leads to a dynamical breaking of scale 

invariance for high Q 2 , the "structure" of the nucléon 

being modified by the incoming four momentum Q. This theo

retical approach is used in calculations like I 2] .In 

order to test the Q.C.D. corrections in the structure 

functions (e.g. F 2 (x,Q
2) ) it is then necessary to choose 

values of Q 2 higher than the preceding lower bounds : 

Q 2 >Q\ where Q\ » 9(GeV/c)J if the whole x range is to be 

considered, whereas the experimentalists take generally 

Q z = 3 (or even 2 or 1.6). 

<t 

2°/ Other theorists consider that the simple parton model 

was just a start for Q.C.D., which has to be "forgotten" now 

and '•hoy are able to obtain globally some results &-9- the 

moments of the structure functions - see [3] ) ; there are still 

lower bounds for v and Q1 , but much more involved. 
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Our calculation is not relevant with this 
second point of view. However since the connexion between 
infra-red singularities and confinement in Q.C.D. is far 
from being understood, the two philosophies will have to 
coexist for many years, and it is safer to keep our lower 
bounds for tests of Q.C.D. corrections. 

Some other authors have calculated also kinematical 
corrections to scaling in the simple parton model, as for 
isntance [ 4) , but have not drawed conclusions about Qj, 
to our knowledge. 

Finally, notice that in the rest frame 
of the nucléon, the calculations are transparent as regards 
the structure of this particle, in agreement with the 
traditional experience of physicists. Indeed, the 
infinite momentum frame is well suited for the experi
mental study of colliding high velocity particles. 
But when used to eliminate (or postpone) the problem of 
the masses of quarks, it eliminates also accuracy. 
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I 
Figure Captions 

Fig. 1 P is the four-momentum of the initial proton, 
Q the four-momentum transferred from the 
electron, carried by a virtual photon. 

virtual Compton effect on a quark parton 
of four-momentum p,. 

Fig. 2 
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