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Eg. Then the resonance is symmetric and {d*(col S(EY/AE*], _ .. = 0.{I[ the
resonance is broad however, the phasc-space factor for decay varies apprecia-
bly over the width, and the resonance is asymmeinc). From (4.31)

i T2
cold —i (Ep— E)—iTy2

f(E = (4.52)

From {4.45) and (4.50), we obtain for the elastic scattering cross-section

IZ/a

W(E)=4r*(2 + 1 .
3 (B) = 4mCl+ 1) e

(4.53)

This is known as the Breit-Wigner formula. The resonance curve of ofE) 15
shown in Fig. 4.11. The width I is defincd so that the elastic cross scction g,
falls by a factor 2 from the peak value when |E — Egp| = +1/2.

As poinied out in Chapter 1, the width [ and lifetime t of the
resonant state are connecied by the relation £ = #/1. The energy dependence
of the amplitude (4.53) 15 simply the Fourier (ransform of an exponential time
pulse, corresponding to the radioactive decay of the resonance. The wave-
function of a nonstationary decaying state ol central angular frequency
twr = Eg/h and lifetime 1 = /T can be written

U(0) = PlOje™ g1
= () ~HHEr+112) (4.54)

in units A = ¢ = 1. The intensity I{z) = ynfr* = [{0)e™"" obeys lhe normal
cxponential law of radioactive decay. The Fourier transform of this expres-
101 18

o) = rw(c)em &,

0E - —

Fignee 4,11 Breil-Wignoer resonance curve.
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meoming wave arrives—it may be proved that j traces out a circle in the
anticlockwise direciion (for an attractive potential).

49. AN EXAMPLE OF A BARYON RESONANCE—THE A{1232)

Figure 4.4 shows the =¥ p and =~ p tolal cross-seclions as a function of kinetic
energy of the incident pion. There is a very obvious f = 3 resonance at
T, = 195 MeV, corresponding to a pion-proton mass of 1232 MeV. It was
discovered by Fermi and Anderson in 1949. It is designated P,,(1232),
meaning that it is a p-wave {{ = 1} pion-nucleon resonance, of I =32 and

=31, One can also distinguish other humps and bumps in of{total). For
example, in the I = 3 channel one can see evidence for the states D, 4{1520)
and F,,(1688) as peaks in o(n~p), and F,,(1950} as a peak in o(n*p), ic,
I=2.

For the lowesi-lying A(1232) N resonance, the amplitude is alimost
purely elastic because of the low mass, and the “tails” of higher-lying
resonances may be neglected. From (4.55) we expect o, = 2ai*(2J + 1) at
the peak. The limiting value for J = 3, &, = 8n#?, is shown dashed in Fig.
4.12, clearly proving the A{1236) 1o be A p-wave resonance of spin-parity
=3 .
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Figore 412 The 1 p total cross-section as & function of kinetic energy of the incident pion, or
the =¥ p mass, in the region of the 1232 MeV, [ = & j¥ = 2% resonance. Not all experimental
points have been incloded. The maximum cross-section, ¥rd?, allowed by conservation of
probabihity is shown dashed,
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= Triangle wave
Iaftli= PIE

IZ[renddtzaon, L, t] gives - 1f condagdon evalvabes Lo True, and £ :f 1t evaluaces
to Falss. Iff[gondicdon, ®, £, 1| giwves u 1f condition evaluabosz Lo neisher True ner Bzlae.

Infi5) = £lt_] = LE[t <1, £, TE[L <3, 2-t, t-4]]:

Inli7i— Plat[£[t], {t, D, 4115

1

Inf1gj:x b[n_] == 2/ T Integrata[E[t] Sin(nwt], {t, 0. 41F:

Infzé]:= Plot[Sum[b[n] sin[awt], {n, 1, 7}], {t, 0, 4}];

= Square wave

Infgifr= EJt_] = T£[t <2, 1, 07;



Chritfed= 1

Inrzzi:= Plotlf[t], {t, 0, 4}]¢

1:
7.8}

0.6

Ini23).= T=4;
w = 2Bi[m;

Tizdl:= kin_ ] = 2 /T Integratea([£[t] Bin[nwk], {t, O, 41]:

Inf2sl:= hll]

OusrEhi- —
AT

mnfzsj:= Plot[Sam[b[n] 8in[nwt], {n, 1, 711, {t, O, 4317
a.af

0.4y
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1=
5]

b
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oy

Plot [Su.m[h[n] Sin[nwt]r {:I'.h 1 30]‘]: {t..r 0. '1]']:
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