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n) From 1. (14.25) of the previous problem, we have that in the
|
Irawme in which the proton is at rest:

g = (k" — kM) = ((E_TE) (k- EI))’ (14.42)

PF = (myc,0),

(" in the problem should be identified with ¢". The four-vectors
used in this specific problem are defined with factors of ¢ different
from what is given in the Appendix.) Through direct evaluation,
we have

2 /
P gc® = myc x St B x ¢ = myve?. (14.43)
c

This is a Lorentz invariant quantity, and is therefore independent of
the frame of reference. In particular, it holds even in the frame in
which the proton has an exceedingly large spatial momentum (the
“infinite momentum frame”).

(b) Let us assume that only one parton of the proton participates in
the reaction, and that its four-momentum is given by (see Fig. 14.17):

Pllv

parton

= a2 P", (14.44)

where z represents the fraction of the proton’s four-momentum that
is carried by the parton. The effective reaction (see accompanying
Fig. 14.17) is given by :

e + parton — e~ + parton. (14.45)
Denoting by Pl o, Pragion the four-momenta of the incident and the

final-state partons, respectively, conservation of energy-momentum

Fig. 14.17.  Deep-inelastic scattering (DIS) in the infinite momentum frame.
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Fig. 14.18. Kinematics of deep-inelastic scattering.

leads to

+kF = PR 4k

B :arton parton
or  (zPH+ (k" — kM) = P,
where we have used Eq. (14.44). If we assume the parton to be mass-
less, then squaring the above relationship we obtain
(xP+(k-K):=P?=0
or (zP+q)’=2’P2+¢@*+2eP - q~0  (14.47)

Q@
and  2?m2c® — X+ 2zmyr ~ 0,
P o2 (4

(14.46)

where we have used Eq. (14.43) as well as the definition in (14.29).
If we assume that

@ > moct, (14.48)

then, we can neglect the first term in the above equation and this
leads to the expected result

2
z= —_2mQuc2' (14.49)
P

(c) The plots of interest are given in Fig. 14.18.




