Phy 523 PARTICLE PHYSICS
Solution Midsemester -11

Attempt all questions; All questions carry equal marks.

March 28th 2009

Time allowed 90 minutes

1. Consider the decay of A°(Py) — p(P,)+ 7~ (P,) whose matrix element
is given by

< pP,; P |M|A°Py >= Nu(P,)(A + Bys)u(Py)(27)*6*(Py — P, — P;)

where N is the normalisation constant.
Show that the terms @(P,)oasP5 PPu(Py) and U(P,)0as P PYu(Py) can
be converted to the terms of the form A and B. (0as = i(YaYs — V87a)/2)-

Solution:
We have P, = P, + P;. So

U(P,y)oas P PPu(Py)
= U(B,)oas Py (PY — Py )u(Pa)

l

= a(Pp)Q

(’704’75 - WﬁVa)Ppa(Pf - Ppﬁ)u(PA)
i 1
= U(Pp)i(fp Pr— Pr Fp)u(Py)
as 0ap Py PY = 0. Using the identity Py £, = — £, Fr + 2Pp.P,, we get
(P05 Py PYu(Py)
?
= baru(Pp)§(2 £y Pr — Pr.By)u(Py)
We noe use Ppru(Pp) = mau(Py) and u(P,) P, = u(P,)m, to get

U(P,y)oas P PPu(Py)

= baru(Pp)%(QmpmA — 2Py Py)u(Py)



which is of the formu(F,)Au(Py) with A = (2m,ms — 2P.P,) The term
baru(P,)oas P PYu(Py) can be written as ( using the conservation of mo-
mentum)

i
baru(F,) 5 (Yas = ¥8%) (— By PY)u(P))

here we have dropeed the term % (7,75 — 737a)(PaPa) as this = 0. This can
be simplified to

baru(P, )( Py Prt Pr Fp)u(Ph)

= baru(Pp)%(—2mpmA + 24 2Py .Py)u(Py)

This is of the form @(P,)Au(Py) with A = £(—2m,my + 2Py.F,).
kip 3mm 2. Consider the interaction of a Dirac particle ¥(z) with a scalar
field ¢(x) obeying the equation

(i §—m)¥(z) = —go(x)ys¥(z)

Show that
Wi(2) = (@) — g [ d'ySe(z = y)o(y)5Wi(y)

where Sg(x — y) is the free particle Feynman propagator.¥
Show that S-matrix element is given by

Spi = (2m)%0i5 + ige / d*yt s (y)o(y) s Vily)

where 1;(z), 1 f(x) are the free particle initial and final wave functions.e =
(—1)™ where n is the number of antiparticle at time —ooc.
(You can use the expression for the Feynman propagator

Se(o—1) = —i0a"") [ 0 5 i) +ioh—a®) [ T8 S wrai)

r=1,2

derived in the class. ¢ (z) are the plane wave solutions.)

2. Sp(xz —y) is defined as

(i p—m)Sp(x—y) =06z —y)



Thus
(i B —m)¥(x) = (i §—m)i(x)

—(i p—m)g / d'ySr(z — y)o(y)15¥i(y)
= —g [ d'y(i 9= m)Sp(@ ~ y)o(y)r5Wi(y)

— / d'yd* (z — y)d(y)75V4(y)

= —gd(z)ysVi(z)

we have used (i J —m)y;(xz) = 0 as ¢;(x) satisfies the free particle Dirac
eqaution

Bie) = )=y [ Ey-ia =) [ 5 5 i’ —) [ 55 5 i

r=1,2 (2m)3 r=3,4

For 20 > 4, we get for Sy; = [ d*x}(x)V;(z)

- [ Erijernt) —ia [ 5 32%/fm%@%@Wﬂmﬂm»

The first term is ( remembering ¢;(z) = Wu(pi)e*ipi"”

1
/d r— o (pz) i(py—pi).x
f

0

<%7490<mﬂwmw@q—p>@fnw

Since py = p; because of the 5—function7pf = p?0. This implies the four
vectors py and p; are equal. Thus the exponential factor PP

Using u(p)Tu(p) = 2p°, we get

J s

The second term again contains the integral

Yiu(p;)e!Pr =P = (2m)28% (py — pi) = (27)°0if

1
0
f

/ Bl (@) (z) = (2763 (py — p)ofr

3



thus we can perform the p- integration and the summation over r in the
second term and obtain

+ige / d*y s () (y) v i(y)

If 2° 9% the second term in Sy contributes which has a negative sign
compared to the first term. The calculation is identical to what has been
done for the case of 2° > 1°, except for the sign. This explains the presence
of € in the final expression for the S-matrix.



