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8 37. Kinemalics

The second form is obtained using the identity dy/dp, = 1/FE, apd the third form
represents the average over ¢.

Feynman’s ¢ variable iz given by

Pz E + Pz
r= £ {pr € . 37.39
Pzmax (E +Pz)ma.x IPZD ( )

In the c.m. frame, )
— 2pzem _ 2m., 8inh Yem

R G (37.40)

and
= (Yem)max = In{v/3/m) . (37.41)

For p > m, the rapidity {Eq. (37.37)] may be expaunded to obtain

1. cos®(0/2) + mE/4p? + ...
V=2 Sn%(0/2) + m2 /4 + ..

=~ —In tan{6/2) =5 (37.42)

where cosf = p, /p. The pseudorapidity # defined by the second line is approximately

equal to the rapidity y for p > m and 6 >> 1/, and in any case can be measured when
the mass and momentum of the particle is unknown. From the definition one can obtain
the identities

ginhy =cot® , coshy=1/sinf , tanhy = cosd. (37.43)

37.5.3. _Partial waves: The amplitude in the center of mass for elastic scattering of
spiniess particles may be expanded in Legendre polynomials

F(k,0) = % 3 (28 + DayPy(cost) (37.44)
£

where k is the c.m. momentum, @ is the c.m. scattering angle, a; = (15,62%% — 1)/2i,
0 < 5, < 1, and &, is the phase shift of the £** partial wave. For purely elastic scattering,
1y = 1. The differential cross section is

2
— = &)|° . 37.45
o = 11(k,0) (37.45)
The optical theorem states that
Thot = %Im JF{k,0) ; (37.46)

and the cross section in the £2% partial wave is therefore bounded:

4n(2£ + 1)

o3 (37.47)

' 47
o = —k-g(ﬂ +1)|ag)? <
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Figure 37.8: Argand plot showing a partial-wave amplitude a; as & function of
energy. The amplitude leaves the unitary circle where inelasticity sets in (n, < 1).

The evolution with energy of a partial-wave amplitude @, can be displayed as a trajectory
in an Argand plot, as shown in Fig. 37.6. :

The usual Lorentz-invariant matrix element .# (see Sec. 37.3 above) for the elastic
process is related to f{k,9) by

M = —8x/5 f(k,0), (37.48)
80 1
Fiot = *m Im .zd’(t == 0) y (3749)

where s and ¢ are the center-of-mass energy squared and momentum transfer squared,
respectively (see Sec. 37.4.1).

37.5.8.1. Resonances: The Breit-Wigner (nonrelativistic) form for an elastic amplitude
ag with a resonance at ¢c.m. energy Ep, elastic width I, and total width Tyot is

— Ley/2
“= Epr—E —iTyo/2° (37.50)

where E is the c.m. energy. As shown in Fig. 37.7, in the absence of background the
elastic amplitude traces a counterclockwise circle with center iz)/2 and radius z4/2,
where the elasticity T,y = I'g/Tiot. The amplitude has a pole at E = Eg — il'yn/2.

The spin-averaged Breit-Wigner cross section for a spin-J resonance produced in the
collision of particles of spin Sy and 7 is

27+1) 71 BinBowTiy
(251 + 1)(282 + 1) k2 (E— Eg)* +T%,/4’

opw(E) = (37-51)_

where k is the c.m. momentum, F is the c.m. energy, and Bj, and B,y are the
branching fractions of the resonance into the entrance and exit channels. The 25 + 1
factors are the multiplicities of the incident spin states, and are replaced by 2 for photons.

June 18, 2002 13:58
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